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Sakata, R., Oshida T., Okiura, T., Okumura, T., Morimatsu, F. and Yamada, R.

EUROPEAN CONSUMER ACCEPTABILITY OF LAMB MEAT FROM DIFFERENT ORIGINS AND
PRODUCTION SYSTEMS

San Julian, R., Safiudo, C., Campo, M.M., Olleta, J.L., Oliver, M., Font, M., Barluenga, 1., Guerrero, L.,
Caiieque, V., Alvarez, 1., Branscheid, W., Wicke, M , Nute, G.R. and Montossi, F.

THE EFFECT OF REFRIGERATION CONDITIONS IN THE QUALITY OF LAMB MEAT
Santos-Silva, J., Santos, R., Mendes, 1., Prates, J., Fraqueza, M.J., Ferreira, C.M., Barreto, A.S. and Lemos,
J.P.C.

CARCASS QUALITY OF SEVERAL EUROPEAN CATTLE BREEDS: PRELIMINARY RESULTS
Safiudo, C., Panea, B., Olleta, J.L., Monson, F., Sierra, 1., Alberti, P., Ertbjerg, P., Christiansen, M., Gigli, S.,
Failla, S., Gaddini, A., Hocquette, J.F., Jailler, R., Nute, G.R. and Williams, J.L

THE RELATIONSHIP BETWEEN CIE L* AND pH AT 1 DAY POSTMORTEM IN PORCINE
SEMIMEMBRANOSUS MUSCLES HARVESTED FROM NATIONAL PORK DEVELOPMENT HOGS
Schilling, M.W., Marriott, N.G. and Wang, H.

THE EFFECTS OF RUMINALLY-PROTECTED DIETARY LIPID ON THE FATTY ACID
COMPOSITION AND QUALITY OF BEEF MUSCLE
Scollan, N.D., Enser, M., Richardson, R.1., Gulati, S., Hallett, K.G., Nute, G.R. and Wood, J.D.

EFFECT OF VACUUM PACKAGE STORAGE ON PORK PURGE AND COLOR
Sebbana, S., Pommier, S.A., Murray, A.C., Gibson, L., Sosnicki, A. and Klont, R.
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IMAGE ANALYSIS FOR CHARACTERIZATION OF THE INTRAMUSCULAR CONNECTIVE
TISSUE IN MEAT
Sifre-Maunier, L., Taylor, R.G., Berge, P. and Bonny, J.M.

EFFECTS OF PELVIC SUSPENSION ON THE TENDERNESS OF MEAT FROM FALLOW DEER
(DAMA DAMA)
Sims, K. L., Wiklund, E., Hutchison, C. L., Mulley, R. C. and Littlejohn, R. P.

EFFECTS OF HIGH OXYGEN PACKAGING ON TENDERNESS AND QUALITY CHARACTERISTICS
OF BEEF LONGISSIMUS MUSCLES
Serheim, O., Wahlgren, M., Narum Nilsen, B. and Lea, P.

HOW DIFFERENT OPERATING CONDITIONS OF FILTER PAPER PRESS METHOD AFFECT MEAT
WATER HOLDING CAPACITY MEASUREMENT
Tassone, S., Barbera, S. and Battaglini L.M.

EFFECTS OF INTRAMUSCULAR FAT DEPOSITION ON THE BEEF
TRAITS OF JAPANESE BLACK STEERS
Ueda, Y., Watanabe, A., Higuchi, M., Shingu, H., Kushibiki, S. and Shinoda, M.

EFFECT OF CARCASS SUSPENSION METHOD ON WATER HOLDING CAPACITY OF M.
LONGISSIMUS FROM FALLOW DEER (DAMA DAMA) AND LAMB
Wiklund, E., Mulley, R. C., Hutchison, C. L. and Littlejohn, R. P.




1CoMST 2004
50th International Congress of Meat Science and Technology, Helsinki, Finland

Session 3
Microbiology and safety

THE SAFETY OF PASTEURISED IN-PACK CHILLED MEAT PRODUCTS WITH RESPECT TO THE
FOODBORNE BOTULISM HAZARD
Peck, M.W. and Stringer, S.C.

MICROBIAL ECOLOGY OF MARINATED MEAT PRODUCTS
Bjorkroth, J.

EVALUATION OF PORK HYGIENE QUALITY USING BIODETECTING METHODS
Chen, M.T., Kuo, H.1., Lin, S.M., Lin, D. and Kuo, M.G.

INFLUENCE OF THE ONION VARIETY ON THE SHELF LIFE OF THE BLOOD SAUSAGE
“MORCILLA DE BURGOS”
Diez, A. M., Gonzalez, L., Ena, J. M., Jaime, I. and Rovira, J.

COMPARISON BETWEEN TRADITIONAL AND PCR TECHNIQUES IN THE IDENTIFICATION OF
FOODBORNE PATHOGENS IN BLOOD SAUSAGE
Diez, A.M., Gonzalez, L., Jaime, 1., Llanos, A., Santos, J.A. and Rovira, J.

AN APPLICATION OF BLEND OF NATURAL ANTIOXIDANTS IN DRY-FERMENTED SAUSAGES
Dragoev, S. and Balev, D.

A TECHNOLOGYCAL STUDY ON THE LIPID PEROXIDATION IN GROUND MEAT AND
PROLONGTION THE SHELF LIVE. CHEMICAL AND MICROBIOLOGICAL PROPERTIES
Dragoev, S., Balev, D. and Stoychev D.

METHODS FOR LISTERIA INOCULATION; VALIDATION OF A SURFACE AND
A MIXING METHOD
Enthoven, P., Kaathoven, R., Geesink, G., Gerris, C. and Hemke, G.

EFFECT OF AR/CO2 MODIFIED ATMOSTHERE PAKAGING ON TURKEY MEAT
CHARACTERISTICS
Fraqueza, M.J., Bessa, R.J.B., Pereira, M.S., Ferreira, M.C. and Barreto, A.S.

COMPARISON OF MICROFLORA OF TRADITIONAL FERMENTED SAUSAGES IDENTIFIED WITH
TRADITIONAL AND MOLECULAR METHODS
Gasparik-Reichardt, J., Cocolin, L., Drosinos, E. and Gaitis, F.

EFFECT OF LACTIC ACID BACTERIA OR GLUCONODELTALACTONE ON TEXTURAL
AND PHYSICOCHEMICAL PROPERTIES OF CALCIUM CHLORIDE MARINATED BOVINE
BRACHIOCEPHALICUS MUSCLE

Gonzalez-Tenorio, R., Mateo-Oyagiie, J., Totosaus, A. and Pérez-Chabela, M.L.

COMPETITIVE INHIBITION OF MEAT SPOILAGE BACTERIA AND PATHOGENS
Greer, G.G. and Dilts, B.D.

THE EFFECT OF DISINFECTANTS ON LISTERIA MONOCYTOGENES ADHERENT TO
MEAT BIOFILM
Gunvig, A.
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MOLECULAR EPIDEMIOLOGY AND DISINFECTANT SUSCEPTIBILITY OF LISTERIA
MONOCYTOGENES FROM MEAT PROCESSING PLANTS AND HUMAN INFECTIONS
Heir, E., Retterud, O.-J., Lindstedt, B.-A., Vardund, T., Kapperud, G. and Nesbakken, T.

HYGIENIC CONDITIONS OF A MEXICAN LOCAL SLAUGHTERHOUSE
Hernandez, S., Zuniga, A., Rovira, J., Jaime, 1., Sanchez, 1. and Santos E.M.

STUDY OF CONTAMINATION VARIATION LEVEL OF STAPHYLOCOCCUS AUREUS IN POULTRY
SLAUGHTER PREMISES WITH HACCP SYSTEM
Javadi, A., Ranzavilar, V. and Jalali, M.

KINETICS OF COLOUR LOSS FOR SLICES OF FERMENTED SAUSAGE DISPLAYED IN
LIGHT OF VARYING INTENSITY
Jydegaard, A-M., Nielsen, H.J.S., Dawson, P.L.. and Acton, J.C.

QUANTITATIVE ASSESMENT OF ANTIBIOTIC AND ANABOLIC AGENTS IN BROILER
MEAT CHICKEN
Kadim, [.T., Mahgoub, O., Al-Magbaly, R.S. and Annamali, K.

DNA-FINGERPRINTING OF Campylobacter spp. FROM POULTRY AND GENETIC RELATIONSHIP
OF SELECTED STRAINS TO HUMAN ISOLATES
Klein, G., Beckmann, L., Luber, P. and Bartelt, E.

INFLUENCE OF FERMENTATION ON CREATINE AND LACTATE CONCENTRATIONS IN WHITE
EFFLORESCENCES ON DRY FERMENTED SAUSAGE
Krockel, L.

PHYSIOCHEMICAL PROPERTIES OF DRY-CURED HAMS FROM TAIWAN BLACK PIGS AND LYD
HYBRID PIGS
Liu, D-C., Huang, P-C., Shiao, C-L., Chen, M-T., and Tan, F-J.

CHARACTERIZATION OF STAPHYLOCOCCUS AUREUS ISOLATED FROM A SLAUGHTERHOUSE
FOR PIGEONS BY RAPD-PCR AND REA-PFGE
Losito, P., Blaiotta, G., Vergara, A., Villani F. and lanieri, A.

COLONISATION OF PIGLETS BY GENOTYPES OF CAMPYLOBACTER COLI
Madden, R. H. and Soultos, N.

OPTIMISATION OF THE ISOLATION OF CAMPYLOBACTER SPP. FROM RETAIL PACKS OF
RAW POULTRY
Madden, R. H., Moran, L. and Scates, P.

IDENTIFICATION OF IMPORTANT SPOILAGE BACTERIA AND FUNGI FROM TWO TYPES OF
PORTUGUESE SMOKED DRY SAUSAGES AFTER SHELF-LIFE PERIOD IN MODIFIED
ATMOSPHERE PACKAGE

Matos, T.J.S., Jensen, B.B., Barreto, A. and Hojberg, O.

INVESTIGATING OZONE TREATMENT AS A REMEDIAL ACTION FOR MICROBIAL SPOILAGE OF
MEAT BY MEASURING VOLATILES USING PROTON-TRANSFER-REACTION
MASS-SPECTROMETRY

Mayr, D., Mikoviny, T., Skalny, J.D., Hartungen, E., Mason, N.J. and Mérk, T.D.
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APPLICATION OF LACTATE AND DIACETATE TO IMPROVE THE SHELF-LIFE OF THE BLOOD
SAUSAGE “MORCILLA DE BURGOS”
Molinero, C., Diez, A. M., Gonzalez, L., Santos, E.M., Jaime, 1. and Rovira, J.

EFFECTS OF HOT WATER AND LACTIC ACID TREATMENT OF PORK CARCASS PRIOR TO
COOLING ON MICROBIAL AND ULTIMATE PORK QUALITY
Moon, S-H., Yang, H-S., Hwang, Y-H., Sung, N-J., Park,G-B. and Joo, S-T.

LETHAL EFFECTS OF NON-DEHEATED (HOT) MUSTARD FLOUR ON E. COLI O157:H7 IN
REFRIGERATED NITROGEN PACKAGED GROUND BEEF
Muthukumarasamy, P., Han, J.H. and Holley, R.A.

SHELF LIFE OF MEAT FROM PODOLIAN YOUNG BULLS IN RELATION TO THE
AGEING METHOD
Napolitano, F., Braghieri, A., Pacelli, C., Cifuni, G.F., Riviezzi, A. M., Grasso, F. and Girolami, A.

OPTIMUM PROCESS CONDITIONS FOR SINGLE-SIDED PAN-FRYING OF HAMBURGERS
FOR SAFETY
Ou, D. and Mittal, G.S.

MICROBIOLOGICAL, CHEMICAL AND PHYSICAL CHANGES IN ITALIAN “LONZA”
Paparella, Antonello, Chaves Lopez, Clemencia , Pittia, Paola and Di Berardo, Luca

MICROBIOLOGICAL CONDITIONS OF SHEEP CARCASSES FROM HIGH-CAPACITY
SLAUGHTERHOUSE: A PRELIMINARY STUDY
Pennisi, L., Colavita, G., Vergara, A. and De Castelli, L.

INFLUENCE OF INJECTION, PACKAGING AND STORAGE CONDITIONS ON THE MICROBIAL
AND COLOUR STABILITY OF BEEF AND BISON STEAKS
Pietrasik, 7., Dhanda, J.S., Pegg, R.B. and Shand, P.J.

EFFECT OF MILD CHEMICAL AND PHYSICAL HURDLES ON THE SHELF LIFE OF VACUUM-
PACKED PORTIONS OF ITALIAN MORTADELLA SAUSAGES
Pizza A., Pedrielli R., Quintavalla S., Bergamaschi M., Franceschini M., Barbieri G. and Larini A.

A PROPOSAL ON SETTING PERFORMANCE OBJECTIVES FOR CAMPYLOBACTER AND EHEC IN
MEAT INDUSTRY
Rahkio, M. and Kérkkéinen, T.

QUANTITATIVE RISK ASSESSMENT OF PATHOGENIC YERSINIA AND LISTERIA
MONOCYTOGENES CONTAMINATION PROCESS ALONG PRODUCTION STAGES OF ORGANIC
AND TRADITIONAL PORK MEAT

Ranta, J., Siekkinen, K.-M., Laukkanen, R., Ortiz, P., Korkeala, H. and Maijala, R.

EFFECT OF MODIFIED ATMOSPHERES PACKAGING ON THE HYGIENIC AND ORGANOLEPTIC
QUALITY OF “CECINA DE LEON” KEPT FOR EXTENDED STORAGE
Rubio, B., Molinero, C., Martinez, B., Gonzalez-Fernandez, C. and Garcia-Cachan, M.D.

SENSORY AND MICROBIOLOGICAL PROPERTIES OF DRIED HAMS TREATED WITH HIGH
HYDROSTATIC PRESSURE (HP)
Saccani, G., Parolari,-G., Tanzi, E. and Barbuti, S.
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MANUFACTURING PROCESS DEVELOPMENT ON A READY TO HEAT AND EAT PORTUGUESE
TRADITIONAL PRODUCT: “MARANHOS”
Salavessa, J. J. and Barreto, A. S.

CHEMICAL CHANGES IN THE LIPID FRACTION OF TRADITIONAL DRY FERMENTED SAUSAGE
“PAINHO DE PORTALEGRE” DURING RIPENING
Santos, C., Partidario, A., Padilha, M., Silva, L., Roseiro, C. and Elias, M.

PREDICTING THE RISK OF HIDE CROSS-CONTAMINATION IN THE CATTLE LAIRAGE DURING
HOLDING PRIOR TO SLAUGHTER
Small, A. and Buncic, S.

IDENTIFICATION OF PEDIOCIN PA-1 PRODUCING PEDIOCOCCUS PENTOSACEUS TISTR 536
ISOLATED FROM NHAM (THAI FERMENTED MEAT)
Swetwiwathana Adisorn, Zendo Takeshi, Lotong Napha, Nakayama Jiro, and Sonomoto Kenji

MICROBIOLOGICAL SAFETY IN SUCCEDANEUM ITALIAN SALAMI
Terra, N. N., Fries, L. L. M., Terra, A., Pefia, C. V. M., Terra, L. M. and Milani, L.

ENRICHMENT OF THE ITALIAN SALAMI WITH INSOLUBLE WHEAT FIBER
Terra, N.N., Terra, A. M., Pefia, C. V. M., Terra, L. M., Milani, L. and Fries, L. L. M.

MICROBIOLOGICAL QUALITY OF FRESH MEAT PRODUCTS STORED UNDER
MODIFIED ATMOSPHERES
Tremonte, P., Sorrentino, E., Succi, M., Di Renzo, T., Reale, A., Maiorano, G. and Coppola, R.

RESULTS OF PHYSICOCHEMICAL AND SENSORIAL INVESTIGATION OF DIFFERENT TYPE OF
FERMENTED SAUSAGES DURING FERMENTATION AND RIPENING PROCESS
Turubatovié, L., HadZiosmanovi¢, M., Caklovica, F., and Gaitis, F.

COMPARISON OF SENSORY AND ANALYTICAL PROPERTIES OF DRY SAUSAGE PRODUCED
WITH DIFFERENT PROCESSING PROCEDURES
Ulmer, K. and Fischer, A.

MICROBIOLOGICAL CONTAMINATION OF LAMB CARCASSES: EFFECT OF ABATTOIR SIZE,
SAMPLING SITE AND TIME OF STORAGE
Vergara, H., Berruga, M.1., Linares, M.B. and Gallego, L.

A MECHANISTIC SIMULATION MODEL TO STUDY THE EFFECTIVENESS OF INTERVENTIONS
AGAINST E.COLI O157 IN A CATTLE SLAUGHTERHOUSE
Vosough Ahmadi, B., Velthuis, A.G.J., Hogeveen, H. and Huirne, R.B.M.

THE EFFECTS OF NITRITE AND TRADITIONAL COOKING PROCESS ON THE SURVIVAL OF
CLOSTRIDIUM SPOROGENES AND AUTOXIDATION IN KAVURMA, A TRADITIONAL TURKISH
FRIED MEAT PRODUCT

Yetim, H., Kayacier, A., Gungor, Z. and Ockerman, H.W.
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Session 4
Meat technology

RECENT CONCERNS ABOUT STUNNING AND SLAUGHTER
Gregory, N.G.

EFFECTS OF HEAT ON MEAT PROTEINS-IMPLICATIONS ON STRUCTURE AND QUALITY OF
MEAT PRODUCTS
Tornberg, E.

PHYSICOCHEMICAL PROPERTIES OF MEAT BATTERS WITH ADDED WALNUT: EFFECT OF
SALT LEVELS
Ayo, M. J., Jiménez Colmenero, F., Carballo, J. and Ruiz-Capillas, C.

EFFECT OF ADDING TUMERIC AND LEMON GRASS DURING MARINATION ON THE QUALITY
OF ROAST CHICKEN
Babji, A.S., Hui Vern, N., Ch’ng, S.E. and Siaw, C. L.

EFFECTS OF COOKING ON CAROTENE AND FREE FATTY ACID CONTENTS OF CHICKEN
BURGER INCORPORATED WITH PALM FATS
Babji, A.S., Nor Aishah, M.S ., Alina, A.R ., Wan Rosli, W.I. and Ch’ng S.E.

STUDY ON SALT-INDUCED CHEMICAL CHANGES IN PORK MUSCLE BY FT-IR IMAGING
Bocker, U., Ofstad, R., Egelandsdal, B. and Kohler, A.

pH, WATER ACTIVITY, AND PROXIMATE COMPOSITION OF MORCILLA DE LEON, A
TRADITIONAL EUROPEAN BLOOD SAUSAGE
Cabeza, E., Zumalacarregui, J.M., Antiduelo, A.and Mateo, J.

LOW VOLTAGE ELECTRICAL STIMULATION, HOT BONING AND HIGH TEMPERATURE
CONDITIONING OF LONGISSIMUS LUMBORUM MUSCLE FROM BOS INDICUS: DRIP AND
COOKING LOSS, WATER HOLDING CAPACITY AND COLOUR

Cardoso, S., Beraquet, N.J. and Pinto Neto, M.

EFFECT OF PHOSPHATE, ASCORBIC ACID AND ALPHA-TOCOPHEROL WITH CONTINUOUS
NON-VACUUM OR VACUUM TUMBLING PROCESS ON LIPID OXIDATION OF PRECOOKED
ROAST BEEF

Cheng, J-H. and Ockerman, H.W.

FACTORS AFFECTING ACCEPTABILITY OF DRY-CURED HAM THROUGOUT EXTENDED
RIPENING UNDER “BODEGA” CONDITIONS
Cilla, I., Martinez, L.A., Beltran, J.A. and Roncalés, P.

EFFECT OF WALNUT, MICROBIAL TRANSGLUTAMINASE AND STORAGE TIME ON THE WATER
AND FAT BINDING CAPACITY OF SALT-FREE BEEF BATTERS
Cofrades, S., Serrano, A., Ayo, J., Carballo, J., Ruiz-Capillas, C. and Jiménez Colmenero, F.

ADDITION OF WHEY PROTEIN CONCENTRATE AND SODIUM CHLORIDE TO BEEF MUSCLES:
EFFECTS OF TUMBLING PROCEDURES AND SOUS VIDE COOKING TREATMENT ON
TECHNOLOGICAL PARAMETERS, PHYSICAL PROPERTIES AND SENSORY QUALITY

Corrales, D.D., Gonzalez, C. B., Szerman, N., Sancho, A. M., Carduza, F., Sanchez, G., Irurueta, M. and
Vaudagna, S.R.
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OPTIMISING THE MEASURING OF MEAT FLAVOURS BY MEANS OF AN ELECTRONIC NOSE
VIA SENSOR SELECTION
Dederer, 1.

SENSORIAL AND RHEOLOGICAL PROPERTIES OF “PAINHO DE PORTALEGRE”. THE
INFLUENCE OF MEAT AND FAT SIZE PORTIONS AND NACL CONCENTRATION
Elias, M., Santos, A. C., Palma, V., Santos, C. and Roseiro, L.C.

EFFECT OF THE ADDITION OF SAGE AND ROSEMARY EXTRACTS ON THE OXIDATIVE
STABILITY OF DIFFERENT TYPES OF LIVER PATES
Estevez, M., Morcuende, D.,Ventanas, J. and Cava, R.

LIPID OXIDATION DURING REFRIGERATED STORAGE OF LIVER PATES FROM EXTENSIVELY
REARED IBERIAN PIGS AND INTENSIVELY REARED WHITE PIGS
Estevez, M., Ventanas, S., Ramrez, R. and Cava, R.

CALCIUM CHLORIDE MARINATION OF BOVINE BRACHIOCEPHALICUS MUSCLE: EFFECT OF
TUMBLING ON TEXTURAL PROPERTIES
Gonzalez-Tenorio, R., Mateo-Oyagiie, J., Totosaus, A. and Pérez-Chabela, M.L.

DISTRIBUTION OF RELATIVE HUMIDITY IN DEPENDENCE OF THE INLET AIRFLOW
DIRECTION IN DRY SAUSAGE RIPENING CHAMBERS
Hermle, M., Jesinger, T., Gschwind, P., Kottke, V. and Fischer, A.

PROTEOMIC CHARACTERISATION OF NORMAL AND PASTY SPANISH DRY-CURED HAMS
Hortos, M., Santé-Lhoutellier, V., Arnau, J. and Monin, G.

EFFECTS OF COOKING TEMPERATURE AND TIME ON GEL FORMATION ABILITY AND COLOR
OF SURIMI-LIKE PORK
Hwang, Y-H., Kang, G-H., Sung, N-J., Park, G-B. and Joo, S-T.

EFFECTS OF HIGH-PRESSURE TREATMENT ON INTRAMUSCULAR COLLAGEN MOLECULE
Ichinoseki, S., Nishiumi, T., Sakata, R. and Suzuki, A.

GEL PROPERTY OF SURIMI-LIKE MATERIAL FROM PRE- OR POST-RIGOR PORCINE MUSCLE
Kang, G-H., Yang, H-S., Hur, S-J., Joo, S-T. and Park, G-B.

THE EFFECT OF SODIUM CHLORIDE, SOYBEAN PROTEIN AND STARCH ON GEL PROPERTIES
AND COLOR OF BEEF SURIMI
Kong Baohua, Chi Yujie, Li Boxun and Jin Zhong

METHOD AND DEGREE OF MECHANICAL TENDERISATION OF BEEF MUSCLES FOR USE IN
RE-FORMED JOINTS MADE WITH A COLD-SET BINDER
Lennon, A.M., Moon, S.S., Kenny, T.A. and Ward, P.

HEAT-INDUCED CHANGES IN THE MECHANICAL PROPERTIES OF PERIMYSIAL CONNECTIVE
TISSUE FROM TWO BEEF BREEDS
Lepetit, J., Damez, J.L., Favier, R. and Listrat, A.

DEVELOPMENT OF TECHNOLOGY FOR PRODUCTION OF MEAT-PLANT EXTRUDATES
Lisitsyn, A.B., Krylova, V.B., Oleinikov, V.V.
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EFFECT OF DIFFERENT CONCENTRATIONS OF NATURAL COLORANTS ON THE COLOUR OF
FRESH PORK SAUSAGES PACKAGED IN MODIFIED ATMOSPHERE
Martinez, L., Cilla, 1., Beltran, J. A. and Roncalés, Pedro.

RESIDUAL LEVELS OF THREE PRESERVATIVES AND ECONOMICAL VIABILITY OF SURFACE
TREATMENTS APPLIED IN PORTUGUESE SMOKED DRY SAUSAGES
Matos, T.J.S., Barreto, A. and Bernardo, F.

THE INFLUENCE OF WINE COMPONENTS ON THE TENDERNESS AND HISTOLOGICAL
STRUCTURE OF COOKED MEAT
Mega, A., Mitsuhashi, T. and Tajima, M.

INFLUENCE OF ANATOMICAL ORIGIN OF RAW MEAT ON THE SENSORY AND CHEMICAL
CHARACTERISTIC OF DRIED BEEF “CECINA DE LEON”
Molinero, C., Rubio, B., Gonzalez-Fernandez, C., Martinez, B. and Garcia-Cachan, M.D.

DEVELOPMENT OF BEEF BURGER MEAT PATTIES ENRICHED IN CLA
Murray, B.E., Sarries, V., Dalton, D., Maloney, A.P., and Troy, D.J.

EFFECTS OF POLYGONUM HYDROPIPER L. EXTRACTS ON THE QUALITY OF CHILLED BEEF
STEAK
Noriham, A., Babji, A.S. and Nulkirah, M.

EFFECT OF ANTIOXIDANTS ON COLOR CHANGE AND LIPID OXIDATION OF SLICED
ROAST BEEF
Okayama, T., Iwanaga, S., Kamisoyama, H., Numata, M., Sakata,R. and Muguruma, M.

IMPROVEMENT OF PROPERTIES OF PRODUCTS MADE FROM PSE MEAT BY ADDITION OF
SODIUM CASEINATE AND MTGASE
Olkiewicz, M., Pospiech, E., Grzes, B. and Klossowska, B.

COLOUR PHOTOGRAPHS TO ESTIMATE HETEROCYCLIC AMINE INTAKE FROM PORK OF
DIFFERENT RN GENOTYPES
Olsson, V., Skog, K., Lundstrom, K. and Jagerstad, M.

SOUS VIDE COOKED BEEF MUSCLE. EFFECT OF SALT ADDITION ON BIOCHEMICAL
PARAMETERS

Pazos, A.A., Guidi, S., Vaudagna, S.R., Sancho, A., Carp, D., Toledo, A.E., Langman, L.E., Sanchez, G. and
Gonzalez, C.B.

ANALYSIS OF UNIQUE FLAVOR OF CHINESE TRADITIONAL XUANWEI HAM
Qiao, F., Ma, C., and WU, X.

INDONESIAN BAKSO MEATBALL PROPERTIES WITH POSTMORTEM MEAT TIME AND TAPIOCA
STARCH CONCENTRATIONS
Rahardiyan, D. and McMillin, K.W.

WATER LOSS FROM PORK DURING COOKING — DOES pH DURING COOKING HAVE AN
IMPACT?
Rosenvold, K., Baltzer, M., Aaslyng, M.D. and Stgier, S.
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DESCRIPTIVE EMPIRICAL MODEL OF INSTRUMENTAL HARDNESS CHANGES IN DRY-CURED
SEMIMEMBRANOSUS AND BICEPS FEMORIS MUSCLES AS A FUNCTION OF WATER CONTENT,
NaCl AND pH

Ruiz-Ramirez, J., Arnau, J., Guerrero, L. and Gou, P.

ANTIOXIDANT ACTIVITY OF BORAGE (BORAGO OFFICINALIS) IN FRESH AND COOKED
BEEF PATTIES
Sanchez-Escalante, A., Davila, J.L., Torrescano, G., Valenzuela, M. and Roncalés, P.

QUALITY OF LOW-FAT MEATBALLS CONTAINING LEGUME FLOURS AS EXTENDERS
Serdaroglu Meltem, Yildiz-Turp Giilen and Abdoimov Kiyalbek

TEXTURE PROPERTIES OF SAUSAGE EMULSIONS ANALYSED BY EXTRUSION METHODS AS
PREDICTION INDEX OF SAUSAGE TEXTURE
Severiano Pérez P., Rovira J., Gonzalez-Sanjosé M.L. and Jaime, [.

PREDICTION OF INTER-MUSCULAR FAT IN THE FRESH PORK LEG
Stetzer, A.J., Klont, R.E., Sosnicki, A.A. and McKeith, F.K

THE INFLUENCE OF PHYSICAL AND CHEMICAL PROPERTIES OF PORK FAT ON THE QUALITY
OF HEAT TREATED MEAT PRODUCTS
Svenstrup, G., Kristensen, L., Risbo, J. and Skibsted, L..H.

PHYSICAL AND SENSORY CHARACTERISTICS OF MARINATED CHICKEN DRUMSTICKS
TREATED WITH THE LACTOPEROXIDASE SYSTEM AND THERMAL TREATMENT
Tan, F-J. and Ockerman, H.W.

PHYSICAL PROPERTIES AND FOLDING TEST OF COMMERCIAL MEAT BALLS IN THAILAND
Taprap R., Surapunpisid Y., Fungladda E., and Jiatrakul, P.

VISIBLE-NIR SPECTROSCOPY: A NON-DESTRUCTIVE RAPID TECHNIQUE TO ASSESS END-
POINT TEMPERATURE OF KAMABOKO GEL
Uddin, M., Okazaki, E., Uddin, Ahmad, M. U., Fukuda, Y. and Tanaka, M.

EFFECTS OF BLENDING CHICKEN BY-PRODUCTS WITH PALM FAT OXIDATION AND SENSORY
PROPERTIES OF CHICKEN BOLOGNA DURING FROZEN STORAGE (-18°C)
Wolyna, P. and Babji, A.S.

EFFECTS OF PROTEIN CONCENTRATION, pH, IONIC STRENGTH ON HEAT-INDUCED GELATION
PROPERTIES OF MYOSIN FROM RABBIT SKELETAL MUSCLES
Xu, X.L., Zhou, G.H. and Huang, H.B.

TEXTURAL AND SENSORY PROPERTIES OF OATMEAL ADDED LOW FAT SAUSAGE WITH
DIFFERENT TYPES OF MEATS
Yang, H-S., Chol, S-G., Lee, J-1., Kang, G-H., Joo, S-T. and Park, G-B.
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Session 5
Meat in nutrition and health

MEAT AS A COMPONENT OF A HEALTHY DIET — ARE THERE ANY RISKS OR BENEFITS IF MEAT
IS AVOIDED IN THE DIET
Biesalski, H-K.

MEAT FATS IN NUTRITION
Valsta, L., Tapanainen, H. and Ménnisto, S.

SODIUM IN MEAT PRODUCTS
Ruusunen, M. and Puolanne, E.

BREED AND FEEDING EFFECT ON FATTY ACID COMPOSITION OF INTRAMUSCULAR FAT IN
YEARLING BULLS
Aldai, N., Murray, B.E., Troy, D.J., Olivan, M., Martinez, A., N4jera, A.I. and Osoro, K.

CONJUGATED OCTADECADIENOIC ACID ISOMERS (CLA) IN PORTUGUESE VEAL FROM
AROUQUESA AND BARROSA AUTOCHTHONOUS BREED CALVES SLAUGHTERED IN
EARLY AUTUMN

Alfaia, C.M., Quaresma, M.A., Portugal, A.P., Bessa, R.J., Castro, M.L. and Prates, J.A.

ANTIHYPERTENSIVE ACTIVITIES GENERATED FROM PORCINE SKELETAL MUSCLE PROTEINS
BY LACTIC ACID BACTERIA
Arihara, K., Nakashima, Y., Ishikawa, S. and Itoh, M.

FATTY ACID CONTENT AND COMPOSITION OF MUSCLE LIPIDS OF GOAT KIDS FED
SUNFLOWER OIL SUPPLEMENTED DIET
Banskalieva, V., Marinova, P., Renerre, M. and Tzvetkova, V.

ABOUT SOME REGULAR FEATURES OF CHANGE OF BEEF FAT FRACTIONAL COMPOSITION
DURING FERMENTATIVE GLYCEROLYSIS
Berdutina A.V., Nikitina E.S., Mitaleva S.I., Karpo B.S. and Trubnikova O.N.

ASSESMENT OF EFFICIENCY OF CHICK-PEA USE FOR SELENIUM ENRICHMENT OF STEER
BEEF AND POULTRY MEAT
Chernukha .M., Belyakina N.E.and Gorlov N.F.

COMMON DIETS: NUTRITION AND OBESITY
Chikere, K.R.

EFFECT OF BREED ON MEAT QUALITY AND FATTY ACID COMPOSITION OF KOREAN NATIVE
BLACK PIGS, LANDRACE AND YORKSHIRE
Cho, S-H., Park, B-Y., Kim, J-H., Hwang, I-H., Kim, M-J., Kim, Y-J. and Lee, J-M.

FIBER TYPE PROFILE AND CHEMICAL COMPOSITION OF THREE MARONESA VEAL MUSCLES
Costa, P., Roseiro, L.C., Oliveira, D., Gongalves, H., Alves, V. and Santos, C.

HORSEMEAT AS A PROMISING RAW MATERIAL FOR PRODUCTION OF CANNED MEAT
FOR CHILDREN
Cretov M.A., Ustinova A.V. and Belyakina N.E.
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FATTY ACID COMPOSITION OF LAMB MEAT FROM SPAIN, BRITAIN,

GERMANY AND URUGUAY

Diaz, M.T., Alvarez, 1., De la Fuente, J., Safiudo, C., Campo, M.M., Oliver, M.A., Font i Furnols, M.,
Montossi, F., San Julian, R., Branscheid, W., Nute, G. R. and Caiieque, V.

EFFECT OF A LINSEED OIL SUPPLEMENTATION ON TOTAL FATTY ACIDS OF MUSCLES AND
ON COLOUR STABILITY AND LIPID OXIDATION OF BOVINE MEAT
Gatellier, P., Bauchart, D., Durand, and Renerre, M.

EFFECT OF ROSEMARY EXTRACT ON THE FORMATION OF HETEROCYCLIC AROMATIC
AMINES IN FRIED BEEF PATTIES
Gibis, M., Jautz, U. and Fischer, A.

THE EFFECT OF GENDER ON THE MEAT QUALITY CHARACTERISTICS OF KUDU
(TRAGELAPHUS STREPSICEROS)
Hoffman, L.C.

COMPARISON OF IMPORTED VS. DOMESTIC BEEF CUTS FOR RESTAURANT USE IN
VENEZUELA. 1. COOKERY TRAITS, CONSUMER IMPRESSIONS AND SHEAR FORCE
Huerta-Sanchez, D., Huerta-Leidenz, N. and Rodas-Gonzalez, A.

COMPARISON OF IMPORTED VS. DOMESTIC BEEF CUTS FOR RESTAURANT USE IN
VENEZUELA. II. MARBLING LEVELS, PROXIMATE AND MINERAL COMPOSITION
Huerta-Sanchez, D., Villa, V., Arenas de Moreno, L., Huerta-Leidenz, N., Guiffrida de Mendoza, M.and
Rodas-Gonzalez, A.

BIOLOGICAL ACTIVITIES OF ACE INHIBITORY PEPTIDES DERIVED FROM
BEEF HYDROLYSATES
Jang, A., Lee, M., Lim, D.G., and Kang, K-S.

ANEW METHOD FOR QUANTIFICATION OF APOLAR HETEROCYCLIC AROMATIC AMINES
WITH PLANAR CHROMATOGRAPHY
Jautz, U., Morlock, G., Gibis, M., Schwack, W. and Fischer, A.

HEME IRON AND B VITAMINS AS QUALITY MARKERS IN COOKED MEATS
Lanzi S., D’Evoli L., Salvatore P., Aguzzi A., Nicoli S., Marletta L. and Lombardi-Boccia G.

EFFECT OF SUPRANUTRITIONAL AND ORGANICALLY-BOUND DIETARY SELENIUM ON THE
NUTRITIVE VALUE AND CASE LONGEVITY OF BEEF
Lawler, T.L., Marchello, M.J., Taylor, J.B. and Caton, J.S.

UP-TO-DATE KNOWLEDGE ON THE NUTRITIONAL COMPOSITION OF POULTRY MEAT
Lesiow, T. and Xiong Y.L.

INTRODUCTION INTO FOODS COMBINATORICS
Lipatov, N.N., Bashkirov, O.1. and Gevorgyan A.L.

NON-TRADITIONAL IDEAS ABOUT ECOLOGICAL SAFETY AND NUTRITIONAL
ADEQUACY OF FOODSTUFFS (including meat-based ones)
Lipatov, N.N., Bashkirov, O.1. and Gevorgyan, A.L.

ROLE OF THE CHOSEN DIETARY FIBRE PREPARATIONS IN SHAPING OF STRUCTURE AND
QUALITY OF MODEL MEAT PRODUCT
Makata H. and Olkiewicz M.
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EFFECT OF ADDITION OF TEA CATECHINS AND VITAMIN C ON SENSORY EVALUATION,
COLOUR AND LIPID STABILITY IN COOKED OR RAW BEEF AND CHICKEN PATTIES
Mitsumoto M., O’Grady M. N., Kerry J. P. and Buckley D. J.

THE COMPOSITION AND OXIDATIVE STABILITY OF LIPIDS IN LONGISSIMUS MUSCLE FROM
GRAZING CATTLE SUPPLEMENTED WITH SUNFLOWER OIL OR LINSEED OIL
Moloney, A. P., Noci, F., Monahan, F.J., O’Grady, M.N. and Kerry, J.P.

ISOLATION AND PURIFICATION OF ACE INHIBITORY PEPTIDE DERIVED FROM CHICKEN
BONE EXTRACT

Nakade, K., Muguruma, M., Inoue, Y., Kawahara, S., Yamauchi, K., Nakayama, T., Maruyama, M.,
Okayama, T. and Numata, M.

IDENTIFICATION OF SOURNESS-SUPPRESSING PEPTIDES IN COOKED PORK LOINS
Nishimura, T., Okumura, T., Morimatsu, F. and Yamada, R.

EFFECT OF MILK-REPLACER REARING VS NATURAL REARING ON FATTY ACID COMPOSITION
OF SUCKLING LAMB LIVER
Osorio, M. T., Bermejo, B., Lopez, O. A., Zumalacarregui, J.M. and Mateo, J.

MEAT PROTEIN-TANNIN INTERACTIONS: OBSERVED ANTIOXIDANT ACTIVITY AND
POTENTIAL HEALTH BENEFITS
Pegg, R.B. and Amarowicz, R.

SUCKLING LAMB FATTY ACIDS AS AFFECTED BY EWES FEEDING SYSTEM
Priolo, A., Bella, M., Biondi, L., Fasone, V., Galofaro, V., Scerra, M., Valvo, M.A.and Lanza, M.

COMPARISON OF TOTAL CONTENT OF LIPID AND CHOLESTEROL IN PORTUGUESE BOVINE
MEATS-PDO FROM FOUR DIFFERENT AUTOCHTHONOUS BREEDS (BARROSA, AROUQUESA,
ALENTEJANA AND MERTOLENGA)

Quaresma, M.A.G., Alfaia, C.M.M., Castro, M.L.F., Bessa, R.J.B. and Prates, J.A.M.

EFFECTS OF MODIFICATION OF FATTY ACID COMPOSITION OF ANIMAL PRODUCTS ON
ADOLESCENT FATTY ACID INTAKE IN BELGIUM

De Smet, S., Matthys, C., Bilau, M., Van Camp, J., Warnants, N., Raes, K., Sturtewagen, G. and

De Henauw, S.

EFFECT OF HIGH PRESSURE TREATMENT ON THE ALLERGENICITY OF BOVINE SERUM
ALBUMIN EVALUATED BY HISTAMINE RELEASE ASSAY USING SERA FROM ALLERGIC
PATIENTS AND HUMAN BASOPHILIC KU812F CELLS

Suzuki, A., Hara, T., Koyama, H., Nogami, N., Han, G.D., Odani, S., Matsuno, M., Joh, T. and Nishiumi, T.

PHYSICO-CHEMICAL CHARACTERISTICS OF RAW AND CANNED OSTRICH MEAT
Torrescano, G., Jiménez, R., Sanchez-Escalante, A., Estrada, M., Gonzalez, N., Valenzuela, M., Cumplido,
G. and Davila, J.L.

PIG HOUSING AFFECTS THE FATTY ACID COMPOSITION OF PORK FAT
Trezona, M., Pluske, J.R., Mullan, B.P. and D’Souza, D.N.

BULL PRODUCTION FACTORS AFFECTING PROXIMATE AND MINERAL COMPOSITION OF
COOKED LONGISSIMUS STEAKS
Uzcategui Bracho, S., Arenas de Moreno, L., Jerez-Timaure, N., Huerta-Leidenz, N. and Byers, F. M.
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FATTY ACID COMPOSITION OF INTRAMUSCULAR LIPIDS IN VARIOUS BEEF BREEDS
AND GENOTYPES
Wagenhoffer, Zs. and Szabo, F.

THE CHEMICAL COMPOSITION OF THE MEAT TYPE DRAKES MUSCLES FROM BREEDING
STRAINS
Woloszyn, J., Ksiazkiewicz, J., Skrabka—Blotnicka T., Biernat, J., Kisiel, T. and Orkusz, A.

SALIVA INCORPORATION DURING MEAT BOLI FORMATION IN RELATION TO
CHEWING EFFICIENCY
Yven, C. and Mioche, L.

CONJUGATED LINOLEIC ACID AND THE RATIO OF w6:®3 FATTY ACIDS ON THE OXIDATIVE
STABILITY OF CHICKEN MEAT
Zanini, S.F., Colnago, G.L., Fernandes, G.S., Bastos, M.R., Pessotti, B.M.S., Casagrande, F.P. and Lima, V.R.

CONJUGATED LINOLEIC ACID AND THE RATIO OF w6:w3 FATTY ACIDS ON THE LIPID
METABOLISM OF BROILER CHICKENS
Zanini, S.F.%, Colnago, G.L., ? Pessotti, B.M.S.!, Bastos, M.R.!, Casagrande, F.P.!, and VR Lima!

LIPID COMPOSITION OF LAMB MEAT, AFFECTED BY GENOTYPE AND SEX

~

Zlender, B., Rajar, A., Polak, T., Ga$perlin, L., and Cepin, S.
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Session 6
Hot topics in meat science

FEEDING AND MEAT QUALITY
Andersen, H.J., Oksbjerg, N., Young, J.F. and Therkildsen, M.

THE FUTURE OF BSE FROM THE GLOBAL PERSPECTIVE
Heim, D. and Mumford, L.

PRELIMINARY RAMAN SPECTROSCOPIC INVESTIGATION OF THE CHANGES IN BEEF
STERNOMANDIBULARIS MUSCLE DURING THE THAWING OF MUSCLE STRIPS
FROZEN PRE-RIGOR

Beattie J.R , Bell, S.J. and Moss, B.W.

EFFECT OF OUTDOOR REARING SYSTEM ON FAT DEPOSITION AND EATING QUALITY IN
ORGANIC HEAVY PIGS
Bondesan, V., Sartori, A. and Danesi, P.

QUANTITATIVE EVALUATION OF CHLORAMPHENICOL CONTENT IN CHICKEN MEAT
PRODUCED BY DOMESTIC PRODUCERS WITH ELISA - TEST
Brdarié, N., Zahirovi¢, L., Hajri¢, D. and Be¢ar, E.

FLAVOUR PERCEPTION OF OXIDATION IN BEEF
Campo, M.M., Nute, G.R., Hughes, S.I., Enser, M., Wood, J.D. and Richardson, R.I.

EFFECTS OF DIETARY LINSEED OIL ON FATTY ACID COMPOSITION OF LAMB MEAT
Caputi Jambrenghi, A., Giannico, F., Sanapo, S., Bozzo, F., Colonna, M.A., Vicenti, A. and Vonghia, G.

PREPARATION AND PROPERTIES OF HAEMOSTATIC POWDER AND FILM
Chen, M.T., Tseng, T-F. and Tsai, T-M.

EFFECTS OF KID FEEDING WITH A DE-STONED OLIVE POMACE ON THE QUALITY OF RAW
AND COOKED MEAT
Colonna, M.A., Vicenti, A., Toteda, F., Facciolongo, A.M., Pennisi, P. and Cocca, C.

USING DENSITY TO MEASURE MYOFIBRILLAR DENATURATION
Dobbie, P.M., Falconer, S.J., Simmons, N.J. and Daly, C.C.

SHIFTING SENSORY THRESHOLDS OF PRE-COOKED ENTIRE MALE MEAT USING THE
MARINATING TECHNOLOGY
Egelandsdal, B., Levlund, E., Choinsky, J., Koller, A. and Mielnik, M.

PERFORMANCES AND MEAT QALITY OF LEPRINO VITERBESE BREED RABBIT, BRED WITH
THREE DIFFERENT HOUSING SYSTEM.
Failla, S., Conto, M., Ballico, S., Concetti, S. and Negretti, P.

LEVEL OF GAMMA RADIATION IN SOME MEAT PRODUCTS MARKETED IN UPPER EGYPT
Fathi, Sh. , Ismail, M. , Nassar, A. and Afaf Mahmoud

EFFECT OF CURRENT, VOLTAGE, FREQUENCY AND CARCASS TEMPERATURE ON IMPEDANCE
MEASUREMENTS OF LAMB CARCASSES
Forsyth, S., Cosgrave, P., Allen, P. and Butler, F.
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THE AUTOFOM AND CVT-2 FOR PREDICTING SALABLE MEAT YIELD IN PORK CARCASSES
Fortin, A., Tong, A.K.W. and Robertson, W.M.

REGULATION OF TASTE-ACTIVE COMPONENTS OF MEAT BY DIETARY PROTEIN LEVELS
Fujimura, S., Eguchi A., Kobayashi, T., Sakai, F. and Kadowaki, M.

REGULATION OF TASTE-ACTIVE COMPONENTS OF MEAT BY DIETARY BRANCHED-CHAIN
AMINO ACIDS
Imanari, M., Kadowaki, M. and Fujimura, S.

VACUUM COOLING OF COOKED MEATS
Jin, T.X., Zhu, H.M., Feng, H.D. and Xu, L.

CHEMICAL PROPERTIES OF THE MEAT AND BLUBBER OF THE CAPE FUR SEAL
(ARCTOCEPHALUS PUSILLUS PUSILLUS)
Koep, K.S.C., Hoffman, L.C., Slinde, E. and Dicks, L.

METABOLIC MECHANISM OF COMPENSATORY GROWTH IN PIGS
Lametsch, R., Kristensen, L., Therkilsen, M., Oksbjerg, N., Larsen, MR. and Ertbjerg, P.

MEAT QUALITY OF HEIFERS AS INFLUENCED BY GRAZING, FINISHING FEEDING AND
CARCASS SUSPENSION METHOD
Lundesj6 Ahnstrom, M., Enfilt, A-C., Hessle, A. Johansson, L. and Lundstrom, K.

QUALITY CHARACTERISTICS OF MEAT FROM PODOLICA AND CROSSBRED CALVES REARED
ON FEED CONTAINING GRAPE SKINS
Marsico, G., Dimatteo, S., Ragni, M., Rasulo, A., Di Turi, L. and Vicenti, A.

DECOCTIONS OF NORWEGIAN HERBS STABILISE MARINATED TURKEY THIGHS
Mielnik, M.B., Sem, S., Egelandsdal, B. and Skrede, G.

EFFECT OF FORAGE LEGUME, STOCKING RATE AND CONDENSED TANNINS ON CORRIEDALE
LAMB MEAT QUALITY IN URUGUAY

Montossi, F., San Julian, R., Brito, G., De Barbieri, 1., Dighiero, A., Iglesias, M., Ramos, N., Nolla, M. and
Risso, D.F.

EFFECT OF HIGH PRESSURE TREATMENT AND SUBSEQUENT STORAGE ON THE COLOUR OF A
BEEF PUREE
Moss, B., Johnston, D.E, Graham, W.D. and Stewart, E.M.

FRENCH CONSUMER APPRECIATION OF A NOVEL POLISH-STYLE SAUSAGE
Ngapo, T.M., Kubiak, M.S., Batura, J., and Dransfield, E.

CONSUMER PREFERENCE OF PORK CHOPS: RESULTS OF AN INTERNATIONAL
CROSS-CULTURAL COMPARISON
Ngapo, T.M., Martin, J.F. and Dransfield, E.

MONITORING ACCELERATION (G-FORCE) DURING ANIMAL TRANSPORTS
Negddegaard, F. and Brusgaard, N.

EFFECT OF LINSEED AND GRASS FEEDING ON THE FLAVOUR PROFILE AND TASTE-PANEL
EVALUATIONS OF BEEF FROM BELGIAN BLUE DOUBLE-MUSCLED BULLS
Raes, K., Claeys, E., De Winne, A., Dirinck, P., Balcaen, A. and De Smet, S.
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EFFECT OF LAMB FEEDING WITH LINSEED MEAL ON SOME MEAT QUALITY TRAITS
Ragni, M., Di Turi, L., Melodia, L., Caputi Jambrenghi, A., Colonna, M.A. and Vonghia, G.

QUALITY OF MEAT FROM STEERS OF TWO DIFFERENT FRAME SIZES GRAZING HIGH
QUALITY PASTURES SUPPLEMENTED WITH HIGH MOISTURE MAIZE GRAIN OR WHOLE
PLANT MAIZE SILAGE

Santini, F.J., Villarreal, E., Grigera Naén, J.J. , Cossu, M. E., Grigera, J. M., Pavan, E. and Schor, A.

CARBON MONOXIDE AS A SUBSTITUTE FOR NITRITE IN MEAT BATTER SYSTEMS
Serheim, O., Johannessen, T. Chr., Cornforth, D., Langsrud, @., Berg, P. and Nesbakken, T.

EARLY PREDICTION OF CARCASS YIELD GRADE BY ULTRASOUND IN HANWOO (KOREAN
CATTLE)
Song, Y. H., Kim, J. Y., Rhee, Y. J. and Lee, S. K.

EFFECT OF DIETARY OIL AND PROTEIN LEVEL ON CARCASS AND FAT QUALITIES AND
PROCESSING CHARACTERISTICS IN PIGS
Teye, G.A., Sheard, P.R., Whittington, F.W., Stewart, A. and Wood, J.D.

THE FAITH OF THE UMAMI COMPOUND AND FLAVOUR PRECURSOR INOSINE
MONOPHOSPHATE DURING AGING AND COOKING OF PORK
Tikk, M., Tikk, K., Karlsson, A. H. and Andersen, H. J.

EFFECT OF SLAUGHTER WEIGHT AND DIET COMPOSITION OF CALVES ON MEAT AND
FAT QUALITY
Vieira, C., Garcia-Cachan, M.D., Martinez, B., Cerdefio, A. and Mantecon, A. R.

PASTORAL-FLAVOUR DETECTION IN BEEF FAT USING SPME-GCMS
Watanabe.A., Ueda,Y. and Higuchi, M.
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FROM EMMRW TO ICoMST - SOME FEATURES OF THE BIRTH AND
DEVELOPMENT OF INTERNATIONAL COOPERATION

Professor emeritus F.P. Niinivaara, Finland.

The organizing committee has asked me as promoter of the cooperation and as the organizer of the first
congress 1955 to tell you about the birth and development of this congress.

The first congress was held in Hdmeenlinna in August 1955. It was attended by a group of 22 meat
researchers from seven European countries. As this 50™ congress is being held again in Finland, it could be
said that, the congress has returned to its roots.

This congress was first called “The European Meeting of Meat Research Workers”, EMMRW.

It soon expanded, as participants from other continents attended it, too. In 1987 the name was changed to
“International Congress of Meat Science and Technology”, ICOMST. We, the “founding fathers”, could not
even imagine that a small group of European meat researchers would grow into a large international
congress.

Meat is connecting people over the world.

I am very happy to have the opportunity to tell the prominence of the meat scientists of the world about some
memories of the birth of the first meeting.

My own career as meat researcher started after the World War Il in 1946. European cities had been bombed
to ruins. Finland had its share of bombs. Helsinki was badly ruined. The main building of this University was
burned. This festival hall we are sitting now looked like a black ghostly skeleton after the fire. After
spending five years in grisly war, I could continue my studies. We did not win the war, but we reached our
goal: Finland kept her freedom and was never occupied.

The University was rebuilt, opened its doors again, and I was able to continue my studies of biochemistry.
As a mentor and teacher I had the famous biochemist Professor Virtanen, who just had received the Nobel-
prize in chemistry. This acknowledgment — a Nobel-prize to a Finnish scientist- was like a shot of stimulant
to the depressed people of a ruined country. I had been participating in the research work which he presented
in his Nobel-speech in Stockholm.

When I passed my final examinations in December 1946, Profesor Virtanen came to me and asked if [ would
be interested in starting to work as head of a meat research institute. He said: “I have been asked for a
suitable person, and I consider you suitable for this mission”. And he continued and said unforgettable
words:” I think meat research is an important task. Valuable research has been done with dairy science,
which I also have taken part in. Meat is economically and nutritionally just as important as milk. That is why
I wish that you would take on this task and start developing meat science in our country.”

This was the testament of the Nobel laureate to a young biochemist. I promised to take on this task and I
think I have fulfilled it. Meat research and teaching meat technology has become my life work. For this task
I have given my best years. It has been 57 years since I took on this task, and here I stand — still lecturing
about meat. When I started in 1947, I was perplexed. Meat science. What ever is it? Dairy science and
professor Virtanen were well known, but what would meat science be like?

I decided to leave for an excursion abroad in hope for finding ideas from the world. In 1952 T visited
Sweden, Norway and Denmark without finding any research work being done on meat. In Germany, I found
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one very modest meat research institute. It was founded in Berlin, but was destroyed in the bombings. The
rest of it had evacuated to a small South-German town called Kulmbach. With this institute | had many years
of cooperation. As an acknowledgment for this, I was first foreigner to receive the Rievel-medal, which is
given by this institute to scientists for outstanding work in meat research.

Next year, in 1953, I had the opportunity to visit the American Meat Institute Foundation in Chicago. This
Institute had somewhat more capacity. A discussion with Dr. Niven gave me the idea of studying useful
bacteria in fermented sausages. After returning I concentrated in this research and in 1955 was able to
publish my thesis about this subject. This was the foundation both for the research of Starter cultures and
their use in producing dry sausage.

During my excursions I met many distinguished and sympathetic meat scientists. We discussed the possible
cooperation between research institutes and scientists. I noticed that the scientists did not know each other
personally, but were only reading the publications of one another. It would be very much more useful if
information about the work and goals of the institutes would be better available. It also would be more
economic and efficient.

Everybody seemed very interested in developing cooperation. It was suggested that all of us scientists
should meet to discuss how to start and how to carry out the cooperation. I promised to organize the meeting
if it were held in Finland. Everybody was ready for this. So in the spring of 1955 I sent invitations to
institutes and persons I knew would be interested in this meeting. This was to be the first meeting of the
“European Meeting of Meat Research Workers”. There were representatives from seven countries attending
this meeting.

They were:
Prof. Reinhold Grau, Germany, Dipl. ing. Mogens Jul, Denmark Dr. Hans Baretta, Holland
Dr. Olle Dahl, Scans laboratorium, Sweden, Spice manufacturer and butcher J.-P. Daul,
France Dr. Hans Wyttenbach, Switzerland Director Hermann Herzer, Switzerland
Dipl.ing. Martti Knuuttila, congress secretary, Finland
Dr. F.P. Niinivaara, congress chairman, Finland

The congress was also attended by a number of representatives of the Finnish food industry, Altogether, 22
persons were attending the meeting. This committee worked out the guidelines, which have been followed
for 50 years. The most important issue of the first congress was how to create the cooperation. These
individuals created the main lines and the content of the future conferences.

The program of this first meeting consisted of the same topics, which have for half a century remained as
part of the meeting. So, in addition to being an occasion for discussing the scope of cooperation, the meeting
was also the first congress of meat researchers. There were eight lectures: Professor Grau talked about the
meaning of chemistry in meat research; Mogens Jul talked about gas stunning of pigs, Martti Knuuttila
talked about microwave heating in meat industry, Hans Baretta about the importance of education; I talked
about using starter cultures in producing dry sausage; Olle Dahl about the influence of the race on quality of
beef. Eino Niemisto talked about a modern solution in handling slaughter by-products, and Eini Laakkonen
talked about the meat products in domestic economy. J.P. Daul suggested an alternative solution for the
cooperation in form of a subcommittee in the Council of Europe. This solution was considered inefficient
and complicated.

The congresses have been held fifty times without a fixed secretariat. It has only had to be cancelled once.
This was in the year 1968 in Czechoslovakia. The “Proceedings of the Congress” was already printed, but
instead of congress participants the country the country was occupied. Part of the congress participants had
already arrived and were caught in the middle of a riot. This would have been the end of the congress series,
as the next host country was not elected yet. An emergency meeting was held in Vienna, and it was settled
that I should host the 15th congress in Finland. There was only eight months time for the organization, but
the congress series was saved. The spirit of meat was stronger than the tanks.
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This congress series is a miracle. From a small European beginning it has grown into a world congress,
which today is held for the 50" time and with 330 participants. It has always acted on a voluntarily basis,
without an elected board or fixed secretariat. In 1955, with high border walls between countries and
obligatory visas, we could not as far as imagine this amount of popularity. East and West were divided by the
iron curtain, Europe was in ruin, and above these ruins political storms were raging. In these conditions we
were building up a co-operation between the meat researchers of different countries. The whole thing seemed
utopic. But we made it.

Kenneth Johnson writes that the driving power has been the “spirit of meat” -which he thinks was born in the
finish sauna. Meat is tender, but the spirit of meat is always strong. 1 hope the spirit of meat will be the
driving force for Meat Congresses in the future, too.

R. B. Sleeth said in the 41% congress in Texas:
“Friendships that last a lifetime are one of the greatest conference benefits.’

’

I wish to all of you pleasant days in Finland, in the birth country of ICoMST.
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Abstract

Functional genomics, including analysis of the transcriptome and proteome, provides new opportunities for
understanding the molecular processes in muscle and how these influence its conversion to meat. The
Quality Pork Genes project was established to identify genes associated with variation in different aspects of
raw material (muscle) quality and to then develop genetic tools that could be utilized to improve this quality.
DNA polymorphisms identified in the porcine PRKAG3 and CAST genes illustrate the impact that such tools
can have in improving meat quality. The resources developed in Quality Pork Genes provide the basis for
identifying more of these tools.

Keywords: Pigs; Pork, Meat quality; Muscle genes, Functional genomics
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(Note! The Figures 1-5 on Pages 14-18.)
Introduction

Pig breeding companies are now paying more attention to meat quality and are including quality traits as an
integral part of selection programmes. This has been in part driven by consolidation and integration in the
meat processing industry and the retail sector together with an increasing consumer awareness of food
quality. In addition, the development of the field of genomics has also stimulated interest in breeding for
meat quality as this “trait” constitutes the classic case where DNA marker based selection is at its most
efficient: where the trait cannot be measured on the selection candidate and can only be measured at high
costs on its relatives post-mortem. Once a DNA marker (a polymorphism, see below) has been shown to be
associated with variation in the target trait, then it can be used to genetically type young animals for pre-
selection before performance testing. This is a distinct advantage over sib slaughter schemes which are
increasingly difficult and expensive to implement (see Knap, Sosnicki, Klont, & Lacoste, 2002). Even so sib
slaughter schemes will continue to play a role, both for the identification of new markers and for monitoring
breeding lines in order to optimize the breeding direction. The advantage of incorporating markers into
selection programmes can be sustained when new markers are identified to replace older markers that begin
to reach fixation. The database builds up over time to provide a very useful resource for this purpose or
further validation of DNA markers identified in experimental populations or to test candidate genes.

In the last decade DNA tests have been developed that allow much more effective eradication of undesirable
alleles of the major genes negatively impacting pork quality, such as the Hal gene (HAL-1843™, as licensed
from the Innovations Foundation, Toronto, Canada, owner of the trademark. Fujii et al., 1991) and the RN
gene (Milan et al., 2000) which are associated with pale, soft and exudative meat and processed ham yield
respectively.

Breed differences in meat quality traits are large (Sellier, 1998) and commercially relevant. Duroc,
Hampshire and Berkshire lines are commonly marketed as "meat quality lines" and several industry lines
have been based on these breeds. However, significant variation in meat quality related traits is also present
within breeds (e.g. Gil et al., 2003). The discovery of the Hal and RN genes also encouraged researchers to
consider single gene effects as an alternative to breed effects. As indicated above, once DNA markers for
meat quality are identified they can be used in a wide range of breeds by changing allele frequencies through
selection and/or introgression.

Recent examples of these marker effects include polymorphism in the genes for calpastatin (CAST) and
PRKAGS3 that are associated with quantitative variation in tenderness (CAST) and pH and colour (PRKAG3)
(Ciobanu et al., 2001, 2002, 2004). Future success for the industry will require the production of consistent
and predictable high product quality to ensure customer satisfaction. The target should be to combine
efficient growth with the best possible meat quality or alternatively the aim can be described as optimizing
meat quality with the lowest cost production.

To date DNA markers have been identified using two basic approaches: quantitative trait loci (QTL)
mapping or the “candidate gene approach”. The first utilizes specific genetic designs (for example three
generation families based on divergent breed crosses such as Chinese Meishan or Wild Boar and Large
White) to find the location of QTL on the genetic map. Several QTL studies have addressed pork quality
traits (summarized in Bidanel and Rothschild 2002) and they provide the starting point for the identification
of individual genes (or markers) influencing these traits (the positional candidate gene approach). Indeed, the
RN mutation, identified initially by a mapping approach was then elucidated using positional cloning and a
“BAC contig” constructed for that region of the genome (a physical representation of the DNA sequence
from the QTL region) (Milan et al 2000).

It is now possible to add functional genomics to the range of options available for understanding the
molecular basis of pork quality. The objective of this study was to develop the resources required to do
undertake this approach. The QualityPorkGENES project (http://www.qualityporkgenes.com) was initiated
in order to create a unique phenotypic resource that could be exploited through the application of new
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functional genomics tools that determine differences in the transcriptome and proteome of muscle and relate
this to the different aspects of meat quality. This approach has the potential advantage of generating
information, in parallel, on multiple genes and gene products which, in turn provides the opportunity to
identify pathways and interacting genes (see Maltin & Plastow, 2004). In this way the efficiency of marker
detection is increased as well as providing insight into epistatic effects that can further the understanding of
the genetic component of meat quality.

Materials and Methods

Animals and samples

Five closed populations (breeding lines) were chosen for the project. These were based on Large White,
Landrace, Duroc, Piétrain and Meishan breeds (although in the latter case a Meishan/Large White crossbred
line was used) in order to represent a significant proportion of European pig production. The Piétrain line
was normal for the “Halothane” gene. In addition, initial characterization of lines (at IRTA Monells, Spain)
indicated that these lines would provide significant variation both within and between populations. Animals
were reared under the same environment and production regime in a breeding nucleus farm in France. Data
was collected on farm for growth, ultrasonic backfat and basal stress hormone levels. At approximately 140
days of age the animals were transported in batches of around 25 to overnight lairage at a research abbatoir
in Spain (IRTA Monells). Animals were harvested after CO2 stunning and carcass, meat quality,
biochemical and sensory data were collected for 100 animals per line (in 22 batches). Urine samples were
taken after transport on arrival at lairage and the next morning before they were moved to the CO2 chamber.
Immediately after harvest loin (Longissimus thoracis) and ham (Semimembranosus - SM) muscles were
collected and samples prepared for fibre type and proteome analysis (after mounting and freezing in liquid
nitrogen) and RNA isolation (RNAlater).

Phenotypic traits

Measurements of fat depths at 45 minutes postmortem (p.m.) were made using the Fat-O-Meat’er equipment
at 60mm from the mid-line at the level of the last rib (LRFOM). At 24 hours p.m., the surface area of the eye
of the Longissimus thoracis (AREALT) was measured between the 3™ and 4™ last rib level. This was done
by making a transversal cut at this point and taking a digital image. This image was used to calculate the
AREALT using a specific program. Each left half carcass was cut and dissected following the method of
Walstra and Merkus (1995). In order to have more commercial cuts some parts were jointed as hind hand
plus leg (ham), loin minus subcutaneous fat of the loin (loin) and belly plus to ventral part of the belly
(belly). Estimated carcass lean content (PLEAN) was calculated using the Spanish official equation (Gispert
and Diestre, 1994).

The left side of each carcass was used to assess meat quality. Muscle pH was measured using a Crison
portable meter equipped with a xerolyt electrode in the Longissimus thoracis muscle (LT) at 45 min.
(pH4sLT) and 24 h. (pH, LT) p.m. Colour measurements were taken 24 h. p.m. on the exposed cut surface of
the LT at the last rib level, using a Spectrophotometer Minolta C2002 in the CIELAB space (CIE, 1976).
Drip loss was determined in the muscle LT according to the method of Honikel (1998).

The metabolic traits of the muscle were determined by measuring the lactate dehydrogenase (LDH) activity
according to Ansay (1974) and the isocitrate dehydrogenase (ICDH) activity according to Briand, Talmant,
Briand, Monin and Durand (1981). Enzyme activities are expressed as pmol NADH per minute per g of
muscle (LDH) and as nmol NADPH per minute per g of muscle (ICDH). The percentage of slow myosin
heavy chain (MHC-I) in the muscle was determined with a specific MHC-I monoclonal antibody by the
ELISA technique (Picard et al., 1994).

Cathepsin B activity was assayed with N-CBZ-L-arginyl-L-arginine 7-amido-4-methylcoumarin (Z-Arg-Arg-
NHMec) (Etherington and Wardale, 1982). One unit of activity was defined as the amount of enzyme
hydrolysing 1 nmol of substrate per min at 37°C. Activities were given in enzyme units per mg of extracted
protein. The protein concentration of the enzyme extracts was measured according to Lowry, Rosebrough, Farr
and Randall (1951), using bovine serum albumin as standard.
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Intramuscular fat (IMF) content was determined by a NIT (Near Infrared Transmittance) apparatus. Fat was
extracted by the method of Folch, Lees and Stanley (1957) and aliquots of the extracts were collected to
perform the analysis of fatty acids and triglycerides. Fatty acids were determined by GC-FID as methyl
esters (FAMES) by the method described by AOCS. A capillary column coated with
cyanopropylpolysiloxane was used (SGE, BPX-70) 30 m x 250 pm, width film 0.25 pm. Triglycerides were
determined by HPLC with RI detector.

Sensory characterization of the samples was performed through a Qualitative Descriptive Analysis (QDA)
using 6 selected trained assessors including texture descriptors in cooked meat. Samples of LT (1.5 cm thick)
were stored at 4 °C during 24 h and afterwards frozen. Twenty-four hours before the evaluation, the samples
were thawed at 4 °C. They were cooked in an electric oven at 110 °C until reaching an internal temperature
of 65 °C and then cut and evaluated. The samples were quantified for hardness and juiciness using a 10 point
scoring scale where 0 means 'absence or minimum intensity' and 10 means 'very strong or maximum
intensity'

Texture Profile Analysis (TPA) was undertaken in sample cubes of 1.5 cm x 2 cm x 2 ¢cm obtained from an
adjacent slice of that used for sensory analysis. Samples were cooked as described in sensory analysis. All
the measurements were carried out using a Texture Analyser TA.TX2 (Stable Micro systems Ltd) with a 25
kg load cell and using a crosshead speed of 5 mm/second.

The statistical analysis of the phenotypic traits was performed using the GLM procedure of SAS (1999). The
effect of the genetic type was included in the model as a fixed effect. The slaughter day was included as a
block effect and the carcass weight as a covariable if they were significant. Family relationships were not
accounted for as the dataset contains too few offspring within both full- or half-sib families. Significant
differences (P<0.05) between means were obtained with the Tukey test. For the sensory analysis, GLM
procedure was also used. Genetic line and session were in the model as fixed effects. Significant differences
between means were obtained with the Tukey test.

Proteomics

Loin muscle samples from each animal for the five breeds were subjected to two dimensional gel
electrophoresis (2DGE) over the p/ range of 3 to 10 and molecular weight range of 10 to 200 kDa,
enabling the separation of more than 750 spots per gel. Image analysis (Phoretix Evolution) was
used to generate a master proteome map representing the proteomes of the five divergent porcine
breeds. Areas of saturation and poor resolution were removed digitally prior to analysis.

Preparation of cDNA libraries and Real-time PCR

Total RNA and mRNA were prepared from muscle samples preserved in RNAlater (Ambion Inc.). RNA was
analysed for quality by Northern blot analysis and visualization using the Agilent BioAnalyser. The RNA
was then used for the construction of suppression subtractive hybridisation (SSH) porcine muscle cDNA
libraries from animals within and between divergent genotypes and for the construction of a full-length
representative pig muscle cDNA library.

Suppression subtractive hybridisation was performed using the PCR-select cDNA Subtraction kit (BD
Biosciences Clontech UK). Eight SSH libraries were constructed based on specific contrasts available in the
project (breed, muscle type, meat quality and stress). A standard full-length pig muscle cDNA library was
prepared to facilitate the isolation of full-length cDNA for candidate genes to be identified from the SSH
libraries, microarray screening and proteomics analysis. The full-length cDNA library was constructed using
the A Zap Express cDNA synthesis/Gigapack cloning kit (Stratagene Cloning Systems) using 5 pg of mRNA
pooled from LT and SM muscle from all five pig lines, and different slaughter days. The quality of this
library was assessed by titration of library size and cDNA fragment length analysis using PCR with the M13
forward and reverse primers.

The expression pattern of the candidate gene PRKAG3 was analysed by quantitative real-time polymerase
chain reaction (PCR) using either the lightcycler system (Roche) or the MX3000P 96 well real-time PCR
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System (Stratagene), and the Quantitect SYBR green one-step RT-PCR kit (Qiagen). A PCR fragment of
118bp was generated using primers located at 310-428bp in the gene sequence (Genbank AF214520),

sense: PRKAG3LCF2: (5’ )CAGTCCAGGCCAGTTGCTGAGTC
antisense: PRKAG3LCR2: (5’ )GCTCTGTTGGGGGGTTGTCCAC

Total RNAs were selected from LT and SM muscle from Landrace and Meishan animals that had been
selected as showing variation in meat quality on the basis of pH, and LMinolta colour values. A typical
experiment analysed expression of PRKAG3 in RNA from at least eight different animals (up to 14).
Samples were analysed in triplicate and each experiment was repeated on two or three separate occasions.
Expression level was inferred from the cycle threshold (Ct) value, or Ct values were converted to copy
number per pl using a standard curve of cRNA standards in vitro transcribed from cloned cDNA products.
Results were analysed statistically using ANOVA with Tukey post hoc analysis.

Microarray construction

Microarrays have been constructed using purified PCR products generated from cDNA clones. These clones
were derived from the SSH libraries plus additional muscle expressed candidate genes. All PCRs were
prepared in a sodium phosphate/ SDS spotting buffer using a 384 well format prior to printing. The products
were spotted onto Corning GAPS 2™ slides along with Cy3 and Cy5 orientation spots and control elements,
using a 48 x 100 wm pin tool and a BioRobotics Microspot 2500 microarrayer. For the prototype array every
element was spotted in duplicate using a 17 x 18 subarray, giving a total of 14688 elements per slide. The
second generation slides have been spotted in triplicate using a 21 x 21 subarray allowing a total of 21168
elements per slide.

Post spotting, slides were baked for 2 hrs at 80°C. They were then blocked in 1% BSA (Molecular Biology
grade, Sigma Aldrich B 2518), 0.1% SDS in 3x SSC at 55 °C for 1 hour. This was immediately followed by
denaturation in a 95 °C water bath for 2 min, rinsing in isopropanol, spinning dry, and storage in dark, dry
conditions at RT prior to hybridization.

Microarray hybridization

20 ug of each RNA sample selected for hybridization to the slides was labelled with either Cy3 or Cy5 using
an indirect method. RT-PCR (SuperScript 11, Invitrogen) with a polyT primer was used to generate complex
cDNA in the presence of aminoallyl dUTP (Sigma). The reaction was followed by a post-PCR coupling to
the reactive CyDye (Amersham Pharmacia) in the presence of sodium bicarbonate/ hydroxylamine buffer.
Samples were then purified using a Qiagen PCR Purification Kit column prior to precipitation in the
presence of 10 ug of pig genomic DNA plus 500 ng of cloned pig SINE repeat element. The resulting pellet
was resuspended in 100 pl of formamide hybridization buffer (Sigma) along with 1 pl of yeast tRNA
(Sigma) and 1 pl of poly dA (Amersham Pharmacia Biotech). Hybridization mixes were applied to the
slides, and incubated at 42 °C for 18 hours before washing in an SSC series to a final concentration of 0.1 X.
Slides were scanned on an Axon 4100 scanner, at 10 um resolution, and images captured with the GenePix
software.

Image analysis

All images were analysed for the pixel intensities in each of the two channels (Cy 3 and Cy5) using BlueFuse
(BlueGnome Ltd.). Background signal was removed from the spot signals, and replicate data fused to
produce single values, with a high confidence probability, for each clone represented on the array.

Microarray experimental design and analysis

Animals for the first experiments (investigating water holding capacity and intramuscular fat content) were
selected on the basis of a factor analysis, where the first four factors were descriptive of (1) fatness versus
leanness (2) water holding capacity (pH, LMinolta, driploss) (3) intramuscular fat and (4) percentage loin.
The lines with the greatest variance for each factor were identified: the Meishan — factor (1), Large White
and Piétrain — factor (2), Duroc and Meishan — factor (3) and Landrace — factor (4). Animals were ranked on
their individual factor scores and the top ten and bottom ten animals for each factor were selected within the
lines of interest. Outliers, animals with residual values more than three standard deviations from their
respective within-line means, were removed.
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For each factor comparison, cDNA samples prepared from animals with high or low scores from at least two
different breeds were hybridized to the prototype array using a loop design. At each point within the loop one
high scoring sample is compared against one low. Each sample occurs twice within the loop with an intrinsic
dye swap. (Figure 1a, Page 14) (Kerr and Churchill, 2001a, 2001b).

A second experiment will be undertaken to enable the relationship between gene expression and tenderness
and sensorial traits to be established. One hundred individual animals, twenty animals from each line, will be
arrayed. Samples will be compared against a common pooled control sample (reference design: Figure 1b,
Page 14) for this second expression experiment.

For both microarray experiments the data will be analysed using microarray ANOVA (Kerr, Martin and
Churchill, 2000). ANOVA methods can be used to normalize the microarray data, for example by taking
account of variation between slides, and also to provide estimates of changes in gene expression that are
corrected for potential confounding effects, such as slaughter batch.

3. Results and Discussion

Carcass, biochemical and meat quality traits

More than 150,000 datapoints have been collected to describe the phenotypic characteristics of the animals
in this study. These can be assigned to 358 measured and 62 derived traits for the following groups;
performance (7), carcass (20), cutting (84), meat quality (20), biochemical (e.g. enzyme activity) (16)
endocrine (18), sensory (13), texture (12), fatty acid content (198) and fibre type (32).

Table 1 (Page 19) shows the mean values and standard deviation of the parameters of carcass quality and
also the differences between and within line. The Meishan based line showed lowest value for carcass weight
and the Duroc based line the highest value, although not significantly different from the Landrace and Large
White based lines. It is important to note that the variation within line (STD) is relatively large and similar in
all the lines. In relation to the carcass quality, the Piétrain line had the leanest carcass, showing — with
significant differences - the least fat depth and, accordingly, the highest muscular area (57.4 cm®) and lean
content in the carcass (60.3%). The fattest line was the Meishan line, showing 20.9 mm of LRFOM and
48.8% of lean content. The other lines were intermediate. These results were in accordance with Gil et al.
(2003).

Meat quality parameters are shown in Table 2 (Page 19). It can be seen that the Landrace based line
presented the lowest pHys and the highest L* value, indicating lighter meat. None of the lines presented PSE
meat. Ultimate pH was significantly higher in the Large White, Duroc and Piétrain lines. Drip losses were
always lower than 3% with the exception of the Landrace line (3.3%).

The activities of the enzymes LDH and ICDH and the glycolytic ratio LDH/ICDH were determined to assess
the metabolic traits of the muscles (Table 3, Page 20). The within line variability for the LDH was between
19.1 and 25.5%. This variable showed no significant differences between the five lines studied. The within
line variability for ICDH activity and for the ratio LDH/ICDH were in the range 26.3 — 39.5%. ICDH
differed significantly between lines: The Duroc and Piétrain lines presented higher activity than the other
lines. In accordance with this, the glycolytic ratio for the Meishan line was higher than for the Duroc and
Piétrain lines, with the Landrace and Large White lines having intermediate values. The percentage of MHCI
differed between lines and the Duroc line had the highest value (8.65%) whereas the Meishan line had the
lowest (6.96 %). The other three lines presented intermediate values. The within line variability of this
variable was between 32.9% and 41.3 %. The values obtained for these variables were similar to those
reported before for different porcine genetic lines or crosses (Henckel et al., 1997; Petersen Henckel,
Oksbjerg and Sorensen, 1998, Gil et al., 2003). Cathepsin B activity also showed a high variability in all the
lines (between 40.9 % in the Large White line and 48.1% in the Piétrain line). The Duroc based line had
higher proteolytic activity than the Meishan line, and the other lines showed values in between. Herndndez,
Zomefo, Arifio and Blasco (2004) also report differences in cathepsin B activity between different porcine
lines.
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Table 4 (Pade20) shows the means and standard deviations for IMF, fatty acids and triglycerides in LT
muscle. IMF showed a high within line variability. The highest values of IMF were found in the Duroc and
Meishan lines. The other lines showed similar values, with the Piétrain line having a higher marbling content
than the other two lines. Regarding the fatty acids, the percentage of stearic was higher in the Duroc line —
that also presented a high IMF content — than in the other four lines. The Meishan line although having a
high percentage of IMF, did not show a percentage of stearic acid as high as the Duroc line. It is interesting
to note that the within line variability for this acid was quite low (5.8-7.7%). The percentage of linoleic acid
was significantly higher in the Landrace, Large White and Piétrain lines than in the Duroc and Meishan lines.
These data, together with the values of stearic acid, would suggest that the metabolism for the C18 acids was
different between lines, which could be related with the genetics and, thus, with specific genes directly or
indirectly associated with lipid metabolism. With respect to the minority triglycerides, dioleyl-steaoryl-
glycerol (SOO) and disteaoryl-oleyl-glycerol (SSO), that are important because they are related with the
consistency of the fat, the Duroc and Piétrain lines showed higher values for SOO than the other lines; the
lowest percentage was for the Large White line, which contained high linoleic acid % but not a very high
stearic acid %. For the SSO, no significant differences between lines were observed - possibly due to the
high within line variability - but the Landrace and Duroc lines showed the highest percentages. This result
could be related to the higher fat firmness in these two lines.

Table 5 (Page 21)shows the least square means and the significant differences per genetic line for hardness
and juiciness sensory attributes. Hardness was lower in Meishan, Duroc and Piétrain lines and higher in
Landrace and Large White lines. Regarding juiciness it seems that the lean lines were those with the lowest
score for juiciness.

Table 6 (Page 21) shows the average values (means) and the significant differences per genetic line (Tukey
test) for hardness from instrumental texture analysis (TPA test). Regarding this parameter obtained from the
TPA curve, it seemed that the Piétrain line was different from the rest with the exception of the Meishan line.
Hardness was evaluated differently by the instrumental test than by the sensory panel. The conditions in the
mouth during chewing possibly could explain the different assessment of the sensorial hardness compared
with the instrumental evaluation. Further analysis is needed regarding relations or correlations with other
variables in order to interpret these results.

Stress hormone analysis

Urine was sampled when spontaneously voided in the farm (basal conditions), when the animals
arrived in the lairage area (after approximately 10 hours of transportation in a lorry) and the next
morning before slaughter. Levels of cortisol and catecholamines (adrenaline and noradrenaline)
were measured in these urine samples as described (Hay and Mormeéde, 1997a&b). Blood was
sampled during exsanguination, and creatine kinase activity, cortisol, glucose, lactate and free fatty
acid (FFA) levels were measured in serum. A strong relationship between the urinary
concentrations of cortisol in basal conditions and after transportation stress, were found indicating
that genetic factors primarily influence the intrinsic activity / reactivity of the corticotropic axis.
Across genetic types, concentrations of cortisol in urine were also correlated with carcass fat
content, except for Piétrain pigs that combine a very low adiposity together with high urinary
cortisol levels. This result confirms previous data demonstrating the genetic linkage between the
hypothalamic-pituitary adrenal axis activity and fat accumulation, with Cbg, encoding
corticosteroid-binding globulin, the carrier of cortisol in plasma, as a strong candidate gene
(Désautés et al., 2002; Ousova et al., 2004). A correlation between cortisol levels measured in urine
collected after slaughter and adiposity was also demonstrated in a segregating F2 intercross between
Large White and Duroc pigs (Foury et al., 2002). Since urinary cortisol levels are directly related to
cortisol secretion by the adrenal gland, the present data, together with available literature, suggest
that adrenal secretory activity is another candidate for genetic polymorphism that could influence
carcass composition. It will be interesting to see if this pathway is identified in the transcriptome
analysis to be undertaken in the next stage of the project.
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Secretion of catabolic hormones (cortisol and catecholamines) was the lowest in Large White pigs
that also showed the lowest levels of energy mobilisation under slaughter stress (low levels of
plasma lactate and FFA). Low levels of plasma glucose in Meishan and Duroc pigs suggest that
their metabolism is more oriented towards energy storage, in accordance with the higher carcass fat
content. Altogether these measures also showed that in the present experiments animals experienced
very low levels of stress before and at the time of slaughter, so that the phenotypic and molecular
data can be considered as representing ‘basal’ values with a minimal influence of pre-slaughter
stress, that is a main component of meat quality, in interaction with genetic factors (Sellier and
Monin, 1994, Mormede et al., 2004).

Longissimus thoracis proteome

Proteomics technology is becoming increasingly popular in the identification of gene products to aid in
determining meat quality. Recent studies have utilised two dimensional gel electrophoresis (2DGE) to
investigate changes in the Longissimus thoracis (LT) muscle proteome over 72 hours post-mortem in relation
to meat quality (Lametsch and Bendixen, 2001, Lametsch, Roepstorff and Bendixen, 2002 and Lametsch et
al., 2003; Morzel et al., 2004). The degradation of specific structural and metabolic proteins was
demonstrated that varied significantly with aging time. In contrast, the current study presents the first major
investigation comparing the proteome of the LT muscle for five divergent porcine breeds at the time of
slaughter. This will enable us to detect breed differences in perimortem muscle metabolism in relation with
organoleptic characteristics and phenotype.

A master proteome map was constructed for conditions yielding nearly 800 spots (a typical gel is
shown in Figure 2, Page 15). The identity of a number of key muscle proteins was confirmed after
excision and analysis by MALDI-TOF mass spectrometry and their expression is comparable with
previous studies (Lametsch and Bendixen, 2001, Lametsch, Roepstorff and Bendixen, 2002, Yan et
al., 2001). Initial comparison of the proteome of the five breeds has identified 21 spots that
significantly differ (p<0.01; data not shown). These proteins are now being identified using
MALDI-TOF mass spectrometry. Any novel proteins will be characterised by Electrospray mass
spectrometry and comparison with translated sequences from the cDNA libraries generated within
the project.

cDNA libraries

One of the main aims of the project is the analysis of the transcriptome of muscle at the time of
slaughter and to relate this to differences observed in the phenotypic characteristics of the muscle.
In order to do this, specific cDNA libraries were prepared from both loin and ham muscle to
provide the basis for the construction of microarray tools that could be used for this analysis. The
quality of the SSH cDNA libraries was assessed by careful analysis of each step during the
subtraction process and by hybridisation of subtracted cDNAs to known housekeeping genes that
should decrease in representation during the subtraction process (see Figure 3 for examples, Page
16). Furthermore approx 500 clones from each of the eight SSH libraries have now been sequenced
using the M 13 reverse primer, and this analysis has revealed a low-level of sequence redundancy,
another indicator of the quality of the SSH libraries. This analysis also suggests that these libraries
may prove a useful resource for the isolation and characterization of candidate genes associated
with meat quality as each library forms a unique population of cDNAs. A standard full-length pig
muscle cDNA library was prepared to facilitate the isolation of full-length cDNA for candidate
genes to be identified from the SSH libraries, microarray screening and proteomics analysis. The
quality of this library was assessed by titration of library size and cDNA fragment length analysis.
The results obtained showed that the size of the cDNA library (4.8 x 10° pfu) was above the bench-
mark figure of 10° cDNA clones required to have a good probability that all rare mRNA transcripts
would be represented in the library. Analysis of the size of cDNA inserts from random clones
showed the largest cDNA insert to be 3.3 kb in length, with the majority of clones > 0.7 kb and an
average insert size of approximately 1.4 kb. The quality of the libraries has also been investigated
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by DNA sequence analysis. Using contig assembly followed by BLAST to NR and EST databases
to assign tentative gene identities to the SSH library clones, over 900 separate genes are detected,
with many genes represented by different non-overlapping sequences.

Microarray development

The SSH libraries have formed the basis of the first microarrays constructed for initial
transcriptional profiling using muscle mRNA from animals selected on the basis of variation in key
aspects of quality such as pH and colour, drip loss, loin area or marbling. The rationale behind using
these clones is that they have already been taken through a pre-selection process, and therefore
should be enriched for those transcripts with differential expression profiles at the extremities of
commercially important phenotypic traits. Additional clones for candidate genes were selected from
the literature or from prior knowledge, and genes defined as muscle specific or muscle variant
(based on the human HUGe index analysis of skeletal muscle: Hsiao ef al., 2001) were also
included on the array. Every element occurs more than once within the microarray grid design.

This prototype array has been verified by hybridization with samples from pooled LT against
pooled SM (Figure 4, Page 17). Genes that showed up or down regulation in LT were verified from
the known characteristics of the muscle types. In addition, genes enriched in LT by SSH were up-
regulated in LT on the array, giving greater confidence that the SSH libraries will provide a
valuable resource of potential candidate genes for the phenotypes compared in the subtraction
process. This will be particularly important where changes at the transcriptional level are more
subtle than can be detected with an array-based approach. The first large-scale microarray
experiments are now being undertaken using this array focusing on the relationship between
variation in gene expression and the water holding capacity of meat (measured by drip loss, pH and
colour) and its intramuscular fat content.

The second-generation microarray now under construction will contain fewer individual elements,
with some of the redundancy removed from the gene set, but additional clones from the most
unique SSH libraries and further candidates supplementing it, giving approximately 7000 different
elements. The reduction in clone number will allow a triplicate printing of all the elements: this
means that the internal validation of data by comparison of pixel values from replicate elements on
a slide will not be compromised by loss of information from one replicate. This can occur owing to
background or hybridization anomalies, and with a duplicate system, singleton data is often
discarded owing to lack of confirmation of the intensity ratios.

This second-generation array will be used to assess the correlation of gene expression results with
phenotypic measurements of tenderness and sensorial traits, together with other detailed measurements such
as fatty acid composition. The five batches of animals selected for this experiment have detailed phenotypic
measurements and also proteomics results. One hundred individual animals, twenty animals from each line,
will be arrayed and compared against a common pooled control sample in a reference design (Figure 1b,
Pagel4). By using a common reference, data from each animal can be compared against any other animal in
the experiment. In addition, some samples from the first series of loop designs occur within the second
experiment. As both arrays contain a core common set of elements, these animals are potentially useful for
the comparison of data between the experimental designs. In the first experiment genes which show
significant differential expression between high and low scoring animals will be identified. In the second
experiment the objective will be to find significant correlations between phenotypic trait values and the
normalized residual gene expression values, after correction for dye, array and batch effects.

New tools for understanding variation in muscle phenotype

The project was established in order to exploit new technology developments that allow parallel analysis of
gene expression (the transcriptome and proteome). The ultimate aim being to identify variation in the genes
which contribute to variation in meat quality. The assumption was that some of these genes will be expressed
in muscle at the time of slaughter and that variation in expression levels would be associated with variation
in quality parameters of meat derived from this muscle. When these genes are identified the resources
developed in the project (e.g. cDNA libraries) will enable further analysis of them and also the search for



ICOMST 2004 \
50" International Congress of Meat Science and Technology, Helsinki, Finland L2

variation in the sequence of the genes. Once sequence polymorphism is identified this can then be tested for
association with variation in the traits of interest. The project database allows for simultaneous analysis of
effects on related or secondary traits including aspects of performance and also the yield of some cuts.

This approach is illustrated by the results obtained for the “RN” gene, PRKAG3 (see Milan et al., 2000,
Ciobanu et al., 2001), and the protease inhibitor calpastatin, CAST (see Ciobanu et al., 2002, 2004).
Variation in the gene sequence has been identified that explains significant variation in the pH and colour or
the tenderness of meat. Simple DNA screening tests can then be developed to select for animals having the
preferred genotype. One interesting observation made with respect to the effect of variation in PRKAG3 was
that the impact on pH and colour seemed to be more pronounced in ham than loin (Ciobanu et al., 2001).
One explanation may be that this difference relates to a difference in the levels of expression in these two
muscles. The resources developed in this project allowed this hypothesis to be tested. Initial real time PCR
analysis of samples from Landrace and Meishan lines revealed a significant line difference in the expression
level of PRKAG3, with expression been higher in Landrace (results not shown). Furthermore the expression
level of PRKAG3 in LT muscle was greater than SM (p = 0.06)) and this disparity was more evident in the
Meishan line than the Landrace line. In a second analysis RNA was selected from LT and SM muscle from
randomly chosen Piétrain animals. The expression level of PRKAG3 in this line was again greater in loin
samples than in ham (mean LT versus SM copy number p=0.041) although there was also substantial
individual variation in expression of this gene (Figure 5, Page 18). The next step will be to see if PRKAG3
genotype can explain some of this individual variation. The expression results suggest that the PRKAG3 gene
may be expressed differentially between muscles and this may play a role in the variation of metabolism (and
ultimately meat quality) between muscles.

Conclusions

DNA markers for meat quality traits have already been identified and are being used by pig breeding
companies as part of genetic improvement programmes (see Knap et al., 2002). The Quality Pork Genes
project has established a phenotypic database and collection of RNA/DNA samples that will enable the
search for new genes responsible for variation in pork meat quality, including the interaction with stress. It
is anticipated that this unique resource will result in the identification of markers (which may be metabolic,
biochemical, and neuroendocrine as well as genetic markers) associated with variation in quality. These
markers will then be delivered for further research and/or validation of their utility in breeding and selection
or screening, in order to provide the basis for the development of new tools to improve raw material quality.

The project database and samples together with the new research tools (e.g. muscle specific cDNA
microarrays), represent important resources that can be used to advance research in muscle physiology and
meat quality. Ultimately, these tools will play a role in delivering consistently better product quality to the
consumer.
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Figure 1. a) Loop design: all samples appear twice within the loop, with an intrinsic dye swap. Samples are
labelled red (CyS5) or green (Cy3) and each pairwise comparison includes samples from one high and one
low scoring animal . b) Reference design: each test sample is compared against a common reference. For
QPG the reference will be a pool of RNA from LT muscles, taken from approximately 100 animals and
equally representing all five breeds. The reference will be labelled uniformly for all slides.
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Figure 2. A typical two dimensional gel electropherogram used for proteomic analysis. The p/ range (3-8.5)
used for analysis, which excludes areas of saturation and poor resolution, is shown to the left of the dotted

line.
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Figure 3. Analysis of the quality of SSH libraries — reduction of the abundance of housekeeping genes in
subtracted cDNA libraries
A) SSH 3 and 4 hybridisation to actin
B) SSH 3 and 4 hybridisation to o-tubulin
Lane 1,2,3 SSH3 secondary PCR subtracted cDNA cycle 10, 12 and 14 respectively.
Lane 4, 5, 6 secondary PCR unsubtracted cDNA cycle 10, 12 and 14 respectively
Lane 7, 11 blank lanes
Lane 8, 9, 10 SSH4 secondary PCR subtracted cDNA cycle 10, 12 and 14 respectively
Lane 12, 13, 14 secondary PCR unsubtracted cDNA cycle 10, 12 and 14 respectively
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Figure 4. a) Example of a section of a microarray hybridized with LT (Cy3) and SM (Cy5). The boxes
highlight duplication of elements within the subarray. Most elements are expressed equally, giving shades of
yellow, but a few genes are upregulated in LT (green) or SM (red).
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Figure 4 b) Following extraction of pixel intensity data from LT v SM experiments, ratio
information has been entered into GeneSpring (Silicon Genetics). This shows a section of the output
with the 1:1 ratio line and flanking 1.75 fold up or down regulated.



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

1.00E+06

9.01E+05

8.01E+05

7.01E+05 -

6.01E+05 -

5.01E+05 - OMEAN LD

EMEAN SM

4.01E+05 -

Copy number

3.01E+05
2.01E+05 -
1.01E+05 -

1.00E+03 -

Tissue

Figure 5. Differential expression of PRKAG3 in Loin (LT) and Ham (SM) muscle samples from Piétrain
animals as determined by real-time PCR.
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Table 1: Means and standard deviations (std) of carcass characteristics depending on the genetic line*.
Landrace Large White Duroc Pietrain Meishan

n mean std mean std mean std mean std mean std
Carcass weight (kg) 500 89.62 *® 6.62 90.83*  5.90 91.90° 6.81 88.76° 6.19 85.73° 6.53
Fat depth at the last rib measured with FOM (mm) 499 13.81 °© 2.91 13.38° 2.75 16.36° 3.60 11.54° 2.67 20.94° 454
Area of LT muscle (cm?) 500 4785 ® 585 47.38°  5.39 49.54° 6.38 57.39° 6.65 39.95¢ 543
Estimated lean with FOM (%) 500 5711 ° 263 57.30°  2.97 55.12° 2.75 60.34° 2.34 48.79° 4.75

*Values in a row with a common superscript are not significantly different (P>0.05)

Table 2: Means and standard deviations (std) of meat quality parameters measured in the Longissimus thoracis muscle depending on the genetic line*

Landrace Large White Duroc Pietrain Meishan

n mean std mean std mean std mean std mean std
pH45 500 6.48° 0.23 6.62° 0.22 6.57%  0.19 6.56% 0.18 6.58% 0.17
pHuU i 500 5.58° 0.13 563% 0.13 564% 0.1 564% 0.14 5.59° 0.1
L* (lightness) 500 48.49° 273 46.41 343 46.14° 248 46.69> 3.22 47.22° 238
A* (redness) 500 2.72° 1.10 2.90° 0.85 295 095 3.32%®° 117 3.38% 1.16
B* (yellowness) 500 4292  1.51 3.63° 1.86 3.40°  1.36 3.87* 1.67 4217 127
Drip loss 461 3.31°  1.43 2.86% 1.20 244°  1.09 2.84° 1.25 2.81° 144

*Values in a row with a common superscript are not significantly different (P>0.05)
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Table 3: Means and standard deviations (std) of biochemical parameters measured in the Longissimus thoracis muscle depending on the genetic line*

Landrace Large White Duroc Pietrain Meishan

n mean std mean std mean std mean std mean std
Lactate dehydrogenase (LDH)
(umol NADH-min™-g™) 249 3133.03 717.62 3047.38 777.03 3102.32 593.91 329529 787.66  3143.02 675.77
Isocitrate dehydrogenase (ICDH)
(nmol NADPH min™"-g™) 249 1.33°  0.40 1.33° 047 157% 0.53 157%  0.56 1.23°  0.39
ratio (LDH/ICDH)-10" (umol -nmol™") 249 2.49%® 0.69 245%®  0.65 2.18°  0.81 2.32°  0.83 2.80%  1.11
Myosin Heavy Chain-I (%) 248 7.43%° 269 7.49%° 282 8.65% 2.85 8.46% 3.49 6.96° 2.71
Cathepsin B (units - mg protein™) 244 0.034* 0.015 0.031™ 0.0125 0.039% 0.0172 0.032" 0.0153 0.025° 0.011

*Values in a row with a common superscript are not significantly different (P>0.05)

Table 4: Means and standard deviations (std) of intramuscular fat, fatty acids and tryglicerides of the Longissimus thoracis muscle depending on the genetic line*

Landrace Large White Duroc Pietrain Meishan
n mean std mean std mean std mean std mean std
Intramuscular fat (%) 498 1.11%  0.34 1.00°  0.44 1.82%  0.54 1.24°  0.37 1.96%  1.00
Stearic acid (%) 247 12.31°  0.78 12.39°  0.85 13.45%  1.03 11.95°  0.69 12.19°  0.83
Linoleic acid (%) 247 13.72% 298 13.80°  3.00 10.61°  2.14 13.05%  2.67 9.49° 1.93
Dioleyl-steaoryl-glycerol (%) 93 533 1.03 5.09°  1.02 5.83%  0.90 5.82%° 0.56 561%* 1.12
Disteaoryl-oleyl-glycerol (%) 93 1.58 0.77 1.16 0.52 1.46 0.48 1.18 0.35 1.12 0.47

*Values in a row with a common superscript are not significantly different (P>0.05)
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Table 5: Least squares means (Ismeans) of the sensory characteristics of the Longissimus thoracis muscle*

Landrace Large White Duroc Pietrain Meishan
n Ismeans Ismeans Ismeans Ismeans Ismeans RMSE"
Hardness 250 5.3° 5.1° 46° 46° 42°  0.8508
Juiciness 250 2.5° 2.6° 3.1° 3.1° 37 0.6222

*Values in a row with a common superscript are not significantly different (P>0.05)
* RMSE: Root mean standard error

*

Table 6: Means and standard deviations (std) of the instrumental texture analysis of the Longissimus thoracis muscle

Landrace Large White Duroc Pietrain Meishan
n mean std mean std mean std mean std mean std
Hardness 247 15.36% 2.57 15.36% 3.13 15.12% 2.59 13.86° 2.51 15.09% 2.08

*Values in a row with a common superscript are not significantly different (P>0.05)
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*Note to readers:* This article has not been peer-reviewed and may be corrected by the authors. Therefore the text
could change before final publication. The final, reviewed version of the article will appear in Meat Science.

CARBOHYDRATE METABOLISM IN MEAT ANIMALS

P6sd, A.R." and Puolanne, E.?
'Department of Basic Veterinary Sciences
’Department of Food Technology
University of Helsinki
Viikki EE, P.O. Box 66, FIN - 00014 Helsinki, Finland

Introduction

This review deals with the perimortem oxidative/glycolytic capacity of meat animals, especially in muscle
tissue. We discuss carbohydrate metabolism focusing on the relationships between the pre-mortem and post-
mortem phenomena. The nutritional and hormonal regulation of energy metabolism in skeletal muscles of
meat animals has recently been thoroughly reviewed e.g. by Hocquette, Ortigues-Marty, Pethick, Herpin &
Fernanadez (1998) and will not be treated here. The subject discussed here has also been presented by the
authors of the current review also elsewhere, at Reciprocal Meat Conference (Puolanne, P6s6, Ruusunen,
Sepponen & Kyléd-Puhju, 2002)

Carbohydrates are essential in the conversion of muscle to high quality meat, but in live animals they are
stored in the muscles to provide the animal with a rapidly available source of energy. In “fight-or-flight”
situations the muscles have to produce energy at the highest possible rate and even in animals with high
aerobic capacity part of this energy production will involve anaerobic pathways and accumulation lactic acid,
which is the end product of anaerobic glycogen breakdown. Within the animal kingdom horses have a high
oxidative capacity, as indicated by maximal oxygen uptake up to 160 ml/kg body weight per min (Tyler,
Golland, Evans, Hodgson & Rose, 1996; Langsetmo, Weigle, Fedde, Erickson, Barstow & Poole, 1997).
This is more than twice the value measured in human athletes and about three times that in cattle (Kayar et
al., 1994) and almost 6 times the value measured in pigs (Perez-de-S4a, Cunha-Goncalves, Schou, Jonmarker
& Werner, 2003). Theoretically, if it is assumed that during intense exercise 90% of oxygen is consumed by
exercising muscles and that approximately 40% of the body weight is muscle, it can be calculated that with
the reported maximal oxygen uptake of horses, aerobic ATP production in the equine muscle may approach
2 umol/g per s and a similar calculation for pigs gives a value of 0.35 pumol/g per s. Although this calculation
underestimates the true production of ATP in working muscles, because all muscles are not equally active as
assumed in the calculation above, the values are well below the approximated maximal ATP demand, the
calculated value of which for human muscle is about 3 to 5 pumol/g per s (Newsholme & Leech, review
1986). The difference between the demand and aerobic production has to be met by anaerobic glycolysis, the
end product of which is lactic acid. This is possible, because the capacity of glycolytic enzymes, at least in
equine and porcine muscles, is high enough to support the ATP production that allows maximal rate of ATP
consumption (Essén-Gustavsson, Karlstrom & Lindholm, 1984; Newsholme & Leech, review 1986;
Cutmore, Snow & Newsholme, 1993; Karlstrom, 1995).

The aerobic capacity is determined by the capacity of cardiovascular system and muscle related factors, such
as fibre composition and mitochondrial density. On the cardiovascular side, the cardiac output and capillary
density in muscles determine the availability of oxygen and inside the muscle the mitochondrial density is a
key factor in determining the rate of oxygen utilization. In meat animals the aerobic capacity decreases in the
following order cattle > pig > poultry. The size of the heart in beef cattle has been reported to be
approximately 0.44% of live weight (Sainz & Bentley, 1997) and in pigs 0.33% (Ruusunen & Puolanne,
unpublished), and even greater difference is seen in the capillary density. In the longissimus muscle of cattle
the capillary density is approximately 450/mm* (Karlstrdm, Essén-Gustavsson & Lindholm, 1994), but in
pigs the value is only 150/mm” (Ruusunen & Puolanne, 2004). It is generally accepted that the blood flow
into skeletal muscle at rest is about 20% of cardiac output, but it may increase to up to 80% of cardiac output
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during intense exercise. When this is combined with the increase in cardiac output, the actual increase in
blood flow may be 15-fold (or in the case of athletic animals such as horses even more). In such situations
the capillary density of the muscles may play an important role. Higher capillary density in the muscles of
cattle may result in a better supply of oxygen and efflux of end products of metabolism than is possible in
porcine muscles. Thus it can be speculated that during stress both the production of lactic acid as well as
accumulation of lactate will be greater in the muscles of pigs than of cattle.

The amount of glycogen in muscles varies from species to species. In the longissimus muscle of cattle the
measured concentrations vary between 60-100 mmol/kg (wet) tissue (Immonen, Kauffman, Schaefer &
Puolanne, 2000a), in pigs values are around 85 mmol/kg (Rosenvold, Laerke, Jensen, Karlsson, Lundstrém
& Andersen, 2001), but in horses glycogen concentration is usually 1.5 times the concentration measured in
cattle (Lindholm, Bjerneld & Saltin, 1974; Hyypp4, Résidnen & P6so, 1995).

The Glycogen Molecule Complex

The glycogen molecule contains a core protein, glycogenin (MW 37,300 Da), which has enzyme-like
properties and supports and catalyses the synthesis of an 8 glucosyl-unit-long primer, necessary for the
activity of glycogen synthase (Nelson & Cox, review 2005). As glycogen synthase takes over, the chain
grows and forms a branched structure. Each linear glucose chain contains 13 units, bound together with a-
1,4-glycosyl bonds. At the fourth and eighth glucosyl units, each branched chain (B-chain) has a 1,6-bond
which gives rise to new unbranched chains of 13 units (A-chains) (Figure 1). Consequently, after twelve
branchings (13" tier) the number of chains is 142, or about 4,100. A glycogen molecule with the molecular
weight of nine to ten million Da contains about 55,000 glucose residues, the diameter of the molecule is
close to 40 nm and the number of available non-reducing ends is approximately 2,100. The full outermost
tier contains always roughly 50% of the total carbohydrate of the molecule. Each glycogen particle is
covered with up to 40-50 phosphorylase dimers (or 20-25 tetramers). The structure of the glycogen molecule
optimizes its usefulness: it packs glucose into the smallest possible volume, maximizes the number of non-
reducing ends, and thus maximizes the proportion of glucose units to be removed by phosphorylase before
the proximity of a branching point stops its activity (Meléndes-Hevia, Waddel & Shelton, 1993).

Proglycogen and Macroglycogen

The glycogen molecules exist in two forms: proglycogen (PG) and macroglycogen (MG) (Adamo and
Graham, 1998). In resting human muscle, in which glycogen stores are full, the acid insoluble proglycogen
(protein content about 10 %, MW 400,000 Da) represents approximately 60% of the total glycogen, while in
stressed muscle with less glycogen, its proportion is about 90% (Adamo & Graham, 1993). The relative
amount of the acid soluble macroglycogen (0.4% protein, MW 10’ Da ) accounts for the rest of the total
glucose content, 10-40%. In pigs, similar PG/MG ratios, approximately 68-82% to 18-32%, have been
reported, the variation depending on the level of stress and diet (Rosenvold, Essén-Gustafsson & Andersen,
2002). It remains to be seen, how much of glycogen in the form of acid-insoluble PG has not been taken into
account in the earlier published studies in which the glycogen has been extracted by acid.

As each chain, also in PG, has 13 glucosyl residues (MW: 13*162 = 2106/chain) it can be calculated that the
PG molecules have 6 (MW ca 300,000 including glycogenin) to 7 tiers (MW ca 575,000). In theory, this
provides 64 to 128 non-reducing ends and thus sites for phosphorylase action. This also means that the
number of phosphorylase units bound to each PG molecule and the number of non-reducing ends are
practically the same. In comparison, in a MG molecule, the number of tiers with a molecular weight of 10’
Da is 13 and the number of non-reducing ends approximately 2,100.
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Figure 1. Scheme showing the structure of the glycogen molecule as stated in Whelan's model (Adopted
from Immonen, 2000)

Glycogen breakdown: phosphorylase

In muscle, the main sources of glucose are blood glucose (from liver glycogen) and glycogen stored in
muscles (Hocquette et al., review 1998). During stress, hormonal mechanisms are important for the
mobilization and utilization of carbohydrates. In muscle, catecholamines, released from sympathetic neurons
and adrenal medulla, induce rapid degradation of glycogen through the activation of glycogen phosphorylase
and the inhibition of glycogen synthesis. In addition phosphorylase is under allosteric (AMP and/or Ca""
activated) control. Activated phosphorylase cleaves glucosyl units as glucose-1-P from a glycogen molecule
at an extremely high speed. The reaction cascade is explicitly described in every textbook of biochemistry
and therefore, will not be presented here. The sequence is blocked when the influx of blood glucose meets
the demand of energy, and when the enzymes of glycogen synthesis are activated (Nelson & Cox, review
2005).

The catalytic subunit of a glycogen phosphorylase dimer (or tetrame) is bound to glycogen, whereas the
other subunit regulates the function of the enzyme (Goldsmith, Sprang & Fletterick, 1982). The
phosphorylase content is very high, about 2% of the total protein in muscles (Ryman & Whelan, 1971).
Glucose residues from the non-reducing end of the uppermost, unbranched A-chains, are cleaved until the
fourth glucosyl unit from the branching point. Phosphorylase cannot cleave glucosyl units from the
branched B-chain that is too short. Thus, theoretically 34.6% of the units of the outermost tier are available
to phosphorylase, i.e. in the case of 100 mmol/kg glycogen (as glucosyl units) in muscle about 35 mmol/kg
glucose-1-P will be produced. This results in the formation of 70 mmol/kg lactate (and 105 mmol/kg ATP),
if all energy were produced anaerobically (which is not the case in vivo). It has been shown that an increase
in the number of non-reducing ends enhances, for spatial reasons, the binding of phosphorylase to the
glycogen molecule and therefore, enhances the phosphorylase activity as well. The same spatial factor may
limit the release of glucosyl units of the lowermost tiers, when the glycogen content is low (Meléndes-Hevia
etal., 1993).
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Recently it has been shown in humans and horses that MG is preferentially used in long-lasting aerobic stress
(Asp et al., 1999; Essén-Gustavsson & Jensen-Waern 2002), but PG is utilized more during anaerobic stress
(Graham, Adamo, Shearer, Marchand & Saltin, 2001; Brojer, Jonasson, Schuback & Essén-Gustavsson
2002) as well as in pigs post mortem (Rosenvold et al., 2002). It can be speculated that the mechanism of
phosphorylase activation is different in these cases. Although exact mechanisms are not known, these may
involve the allosteric activation of phosphorylase b kinase by calcium ions and/or by AMP (Nelson & Cox,
review 2005).

Glycogen breakdown: Debranching Enzyme

When phosporylase has cleaved the glucosyl units to the level of four units from the 1,6-branching point
(limit dextrin), the bifunctional glycogen debranching enzyme (GDE) transfers maltotriosyl groups from the
1,6-branching point (A-chain) (transferase function) and then cleaves the remaining 1,6-glucosyl unit as free
glucose (1,6-glucosidase function). This enables the continuation of the action of phosphorylase (Nelson &
Cox, review 2005). Taking both activities of the debranching enzyme into account the total activity is less
than 10% of that of phosphorylase. While phosphorylase is able to cleave 12 glucose residues as glucose-1-
P, the debranching enzyme cleaves only one as glucose (Meléndes-Hevia et al., 1993). There is some
evidence that the activity of the debranching enzyme limits the rate of glycogen breakdown in situations
where more than the uppermost layer is to be used (Nelson, White & Gillard, 1969). It can also be
anticipated that because of the activity of phosphorylase on glycogen molecules with low number of non-
reducing ends is reduced due to spatial reasons, the glycogen molecule may not be fully utilized.
Experimental results show that at least 10 to 20 mmol/kg glycogen is always left in muscles, even post
mortem and in well-fed, non-stressed animals the residual glycogen may be much higher, up to 80 mmol/kg,
even when the ultimate pH is 5.5 (Immonen & Puolanne, 2000).

Kyléa-Puhju, Ruusunen & Puolanne (2004b, c) were able to show that the activity of GDE is not particularly
affected by the pH in the pH range 5.5-7. But, on the contrary, temperature fall had a very strong effect on
the activity, which was close to zero at temperatures below 15 °C. This may indicate that the positive effects
of fast chilling of porcine PSE carcasses (Honikel, review 1984; Offer & Knight, review 1988; Schéfer,
Rosenvold, Purslow, Andersen & Henckel, 2002) may be partly based on the elimination of a source of
rapidly fermentable glucose due to inactivation of GDE. In the case of beef, where the rate of
glycogenolysis as well as carcass chilling are much slower, the lowering of the temperature may block the
GDE activity. However, it is not known, how long the A-chains are at death or how long it takes before 15
°C is reached. Thus there could be variable amounts of glucose-1-P available. The lactate derived from
glucose is effective at lowering the pH. Although the buffering capacity, depending on animal species and
type of muscle, is from 40 to 60 mmol/(kg-pH), already small decreases in pH, e.g. 0.2—0.3 pH units, that can
be a result from the accumulation of 10 to 20 mmol/kg of lactic acid derived from 5 to 10 mmol of glucose
equivalents, are relevant and have a marked effect on water-holding, colour and tenderness. In addition,
small differences in the rate of post mortem pH decline have huge effects on the traits mentioned above.

A limited meta analysis of the data EU Concerted Action CT94-1881 coordinated by Joseph and Troy (1998,
see the references in the Proceedings; numbers refer to the papers in the Tomes 1, 2 and 3) revealed that in
most cases fast chilling produced beef where the pH,4 was ca. 0.1-3 units higher than by conventional
cooling (e.g. Sheridan, McGeehin & Butler, 1.10; Ronchales & Beltram, 2.23; Beltram & Ronchales, 2.24;
Beltran, Jaime & Ronchales, 2.5; Ronchales, Jaime & Beltran, 2.8; Beltran, Tomas & Ronchales, 3.14;
Tomas 11176, Steen, Claeys & Demeyer, 3.6, Claeys, Demeyer & Van de Voorde, 3.12; Richardson & Perry,
3.15), although in several studies this was not found, or it was even the opposite (e.g. Klont & Eikelenboom,
1.11; Montanac-Bissay & Lepetit, 2.10; Troy & Vidal, 3.4; Taylor, Richardson & Perry, 3.10; O’Mahony,
Joseph, McKenna, 3.17; Trevisani, Loshi & Severini, 3.19; Smulders, van Laack & Hofbauer, 3.20).
Sometimes there was only an initial reduction in pH fall suggesting that the remaining activity of
phosphorylase and GDE could be enough when the time available is long enough (White, Troy & McKenna,
1.13; Steen, Claeys & Demeyer, 3.6; Trevisani, Loshi & Severini, 3.11). This, however, needs further
research, and a similar study on electrically stimulated carcasses should be done. It should also be pointed
out that pH and temperature change rates differ much in carcasses, which makes the scrutiny of these aspect
difficult for practical considerations (Puolanne & Ruusunen, 1998).
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Lactate Dehydrogenases

Pyruvate is the junction point in carbohydrate metabolism. When oxygen is available and the density of
mitochondria is not a limiting factor, the citric acid cycle and oxidative phosphorylation are the preferred
pathways of oxidation and energy production. When the demand for ATP exceeds the capacity of aerobic
metabolism, ATP will be produced anerobically, which, as previously explained, involves the reduction of
pyruvate to lactate. The reaction is catalyzed by lactate dehydrogenases in cell cytosol (Nelson & Cox,
review 2005). In muscles, as in other tissues, lactate dehydogenases occur as five tetrameric isoenzymes
(LDH-1 ... LDH-5). The four units in each LDH molecule are composed of muscle-type (M) or heart-type
(H) chains. The extreme combinations are Hy (LDH-1) and M, (LDH-5) (Dawson, Goodfriend & Kaplan,
1964; Fieldhouser & Masters, 1966). LDH-5 has a high K, for pyruvate, thus favoring the formation of
lactic acid when the rate of glycolysis is high. Furthermore it is not inhibited by an excess of pyruvate as is
LDH-1. Although the M-type dominates in dark and white muscles, the dark muscles contain more H-type
activity when compared to light muscles. For example in infraspinatus muscle about 30% of the chains in
LDH isoenzymes are H-type while the percentage in longissimus muscle is only 4 (Ruusunen, Sepponen,
Puolanne & P§so, unpublished). Porcine muscles have an exceptionally high LDH activity (Hamm & ElI-
Badawi, 1991; Suuronen, 1995). Acute stress, coupled with a low capillary and mitochondrial density, will
favor the formation of lactic acid, which as it is a utilizable source of energy, is later converted back to
pyruvate. This takes place more efficiently in the heart and dark (oxidative) muscles than in light
(glycolytic) muscles.

The Formation of Lactic Acid

In the muscle fibres of a living animal, small amounts of lactic acid is produced almost constantly. The
activation of glycogen phosphorylase during stress increases the accumulation of lactic acid and
consequently that of protons causing fatigue, and ultimately, pain and distress (Gregory, review 1998). The
acidification of the muscles leads to attenuation of the rate of glycolysis, because protons inhibit the
activities of glycogen phosphorylase and phosphofructokinase and thus energy production from
carbohydrates (Fitts, review 1994). Protons may also inhibit the function of myosin ATPase (Fitts, review
1994; Schiaffino & Reggiani, review 1996) and thus impair muscle contractions. Furthermore, both the
uptake and release of calcium ions from the sarcoplasmic reticulum are disturbed due to acidification
(Westerblad, Lee, Lannergren, & Allen, review 1991; Williams & Klug, review 1995). In fatigued muscle
the pH may be as low as 6.5 to 6.3 (Lowell, Reid & Rose, 1987; Juel, review 1996), but this value is
significantly higher than the ultimate pH in muscles after slaughter that is usually around 5.4-5.8

When a glucose molecule is broken down into two molecules of pyruvate, two to three molecules of ATP are
generated. In addition, two molecules of NAD" are reduced to NADH, which must be reoxidized in order to
maintain the rate of glycolysis. When oxygen is available, electrons from NADH are transferred to molecular
oxygen via the mitochondrial electron transport chain. However, when oxygen is lacking, oxidation of
NADH is coupled with the reduction of pyruvate to lactate, i.e. lactate formation is a prerequisite for
anaerobic energy production (Nelson & Cox, review 2005). Lactic acid formed is either converted back to
pyruvic acid to be used oxidatively via the tricarboxylate acid cycle, or when there is a lack of oxygen and/or
mitochondria, transported out of the fibre.

When pH in muscles is 6.2, the concentration of lactic acid in the muscle fibres must be about 50 to 60
mmol/kg. In a 100-kg live weight modern lean pig (47 kg muscle tissue) this would mean 47 kg*55
mmol/kg*90 mg/mmol lactic acid, i.e. ca 230 g. Whether or not this overestimates the amount of lactic acid
formed (all the muscles do not produce simultaneously this maximal amount of lactic acid), it means that
after a stress situation this amount should be utilised in the adjacent fibres or released to blood. For aerobic
tissues lactate is an excellent source of energy, because it contains most of the energy of glucose. In live
animals all the lactate formed during stressful situations is either oxidized in heart, liver and aerobic muscles
or converted back to glucose in liver (P6sd, 2002). It is also generally accepted that, within the muscle tissue,
some lactate may be transported via the interstitial fluid from white, glycolytic, fibres to red fibres (type 1
and IIA) which have higher mitochondrial density. It can be speculated that in domestic pigs this
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phenomenon is of minor importance, because the percentage of red fibres is small in muscles such as M.
longissimus, gluteus and semimembranosus (Ruusunen 1994; Karlstrom, 1995; Ruusunen & Puolanne 2004).
Without uptake of lactic acid into tissues for oxidation, only small amounts can be released into blood.
Lactic acid concentration in blood may vary between 5-25 mmol/l, which in a 100-kg pig corresponds to
about 10 g. The imbalance between formation and transport capacity of blood is non-physiological, and
problems caused by the low oxidative capacity of modern pigs and poultry can be expected to rise if the
increase in percentage of glycolytic muscle tissue will continue, due to the better feed conversion rate of
glycolytic fibres (Hocquette et al., review 1998). The problem is not as severe in ruminants, which are
lethargic and have higher oxidative capacity than pigs. When they are stressed and catecholamines evoke
glycogenolysis, a large part of pyruvic acid will be utilised aerobically, and therefore large variation in pH in
living muscle will not be probable.

The Buffering Capacity

Muscles are well adapted to their function. The buffering capacity keeps their pH at a level that allows an
effective function of vital enzymes. The buffering capacity is greater in muscles needed for fast, bursts of
short duration, and lower in muscles prone to long-lasting activity at relatively low intensity. Therefore, as a
general rule, buffering capacity is greater in large glycolytic muscles with large-diameter muscle fibres and
sparse capillarization. This suggests primarily anaerobic metabolism. Oxidative muscles with a small fibre
diameter and high capillary density have a lower buffering capacity.

At rest the pH of porcine longissimus muscle varies from 7 to 7.2 (Tarrant, McLoughlin & Harrington, 1972;
Kivikari, 1996; Kyla-Puhju, Ruusunen, Kivikari & Puolanne, 2004a). Because oxidative pathways produce
carbon dioxide, protons are continuously formed in muscle cells according to the following equation:

C02 + HzO — H2C03 — H+ + HCO_3.

Large part of the carbon dioxide diffuses from the muscle into red blood cells and protons that are formed
there are buffered by hemoglobin. In the muscle cells the formation of protons activates Na'/H" exchange
protein that carries one H™ out from the cell and simultaneously one Na" into the cell (Madshus, 1988). This
carrier is driven by the Na+ gradient (Madshus, 1988). There are no studies on the activity of Na'/H"
exchange in the muscles of meat animals, but in human muscle this carrier plays the key role in the
regulation of cell pH at rest (Juel, Lundby, Sander, Calbet & van Hall, 2003).

A major difference in buffers between muscle and meat is the bicarbonate system that is very efficient in the
live animals, but does not have any major role post mortem. Low pH acts as a signal to peripheral
chemoreceptors and causes an increase in the rate and intensity of respiration. In lungs the reactions that in
the tissues lead to formation of protons proceed in the opposite direction and the carbon dioxide is
subsequently exhaled:

H + HCO;3 — H,CO; — CO, + H,O .

Together these two reactions show that for each mole of CO, exhaled through the lungs one mole of protons
is neutralized. Furthermore, the kidneys participate in the compensation by increasing the reabsorption of
bicarbonate and also synthesizing it. In live animals lactate is also used in tissues, such as heart and liver,
where metabolism is aerobic. Bicarbonate buffering system and the use of lactic acid in oxidative tissues
prevent the drop of pH in live animals to such a low values seen post mortem, but after slaughter, the two
mechanisms above have no bearing.

Most studies have found the buffering maximum at pH 6.8 and the minimum at pH 5.0. If pH is further
lowered to values below 5, there is again a large increase in buffering capacity (Kivikari, review 1996). The
latter increase is due to accumulation of lactic acid (Kivikari, review 1996). In addition to pH, the buffering
capacity of post mortem muscles also varies according to the method used for its determination. Especially
important is the amount of water used in the titration method determination. Kivikari (1996) and Puolanne
& Kivikari (2000) found that with high water additions, the buffering capacity f= dA/dpH (A= the amount of
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added acid or base) has the maximum of ca 70 mmol H'/(pH*kg) at the pH of ca 7.0, and the minimum of ca
30 mmol H'/(pH*kg) at the pH of ca 5.5. This is in accordance with many other studies. With lower water
additions, the minimum and maximum tend to level off. Kivikari (1996) also suggests that the buffering
capacity in an intact muscle is somewhat lower, ca 40 mmol H'/(pH*kg).

In the physiological pH range myofibrillar proteins have a buffering capacity of about 20 to 25 mmol
H'/(pH*kg). The soluble components influence the buffering capacity by about 10 (pH 5.5) to 30 mmol
H'/(pH*kg) (pH 6.8), carnosine and inorganic phosphate being the most important compounds (Kivikari,
review 1996). Because post mortem reactions cause and increase in buffering capacity of about 8 to 10%,
the buffering capacity in most post mortem muscles is between 40 to 60 mmol H'/(pH*kg), but both lower
and higher values have been reported. The reported values in beef are slightly lower and less variable than in
pork (can be compared only if determined in the same study). In practical terms and within the pH limits
from 7 to 5.5, lactic acid is by far the most important free variable in muscle to determine the actual pH value
at any given time. The low pKa value of lactic acid (3.86) means that at the physiological pH range it is
almost completely dissociated to a lactate anion and a proton. Without buffers, accumulation of lactic acid
would mean a very rapid drop of pH. For example, Lindinger, McKelvie and Heigenhauser (review 1995)
have estimated that without buffers, human arterial blood lactate concentrations would be 162 mmol/l and
that plasma pH would drop almost to 1 after four 30-second bouts of high-intensity exercise. Kivikari (1996)
concludes that the buffering capacity value of 'S0 mmol H'/(pH*kg)' can be used as a "rule of thumb" in
calculations to estimate the relationship of lactic acid content and pH value within the physiological range.

We have done a meta-analysis on literature data on relationships between glycogen contents, lactic acid
contents, pH-values and buffering capacities in M. longissimus dorsi (Puolanne, Yli-Hemminki & Kyla-
Puhju, 2004). The pH value of 7.2 was used as the zero lactate value. Based on the meta-analysis we found
that the best fit between lactic acid, pH value and buffering capacity can be found when using buffering
capacity value of 62 mmol H'/(pH*kg). This was markedly higher than the 49 mmol H"/(pH*kg) found by
Kyléa-Puhju et al. (2004a), who calculated the values on the basis of pH-lactic acid data of muscle analyses.
These findings show once again that the buffering capacities depend on the methods by which they are
determined, and much still remains to be studied.

Monocarboxylate transporters

When the rate of the formation of protons is high in living animals, buffering capacity alone is not sufficient
to maintain pH homeostasis. In addition to Na"/H" exchange, low pH activates also another proton carrier,
the monocarboxylate transporter (MCT). MCTs form a transmembrane protein family, which cotransport a
proton together with a lactate anion. In addition to lactate, MCTs also facilitate the transport of other
monocarboxylate anions, such as short chain fatty acids (SCFA) and ketone bodies, through cell membranes
(Halestrap & Meredith, review 2004). MCT-proteins are also involved in the absorption and delivery of
monocarboxylic drugs, such as salicylic acid and simvastatin (Enerson & Drewes, review 2003). Recently
isoform 8 (MCT8) was shown to transport thyroid hormones into cells (Friesema, Ganguly, Abdalla,
Manning Fox, Halestrap & Visser, 2003).

Monocarboxylate transporter family is comprised of at least 14 members, which differ in their tissue and
species specificity as well as in substrate affinity (Halestrap & Price, review 1999; Halestrap & Meredith
review 2004). Among the best characterized are isoforms 1-4, but the role and characteristics of several
isoforms are not known. Very little is also known about the regulation of MCT genes. Leptin has been shown
to upregulate MCT1 mediated butyrate uptake in colonocytes (Buyse, Sitaraman, Liu, Bado, & Merlin, 2002)
and erythropoietin increases the amount of MCT1 protein in erythrocyte membranes (Connes , Caillaud,
Mercier, Bouix & Casties, 2004).

The topology of MCTs shows that they have 12 transmembrane domains with both C- and N-terminae in the
cell (Halestrap & Price, review 1999; Halestrap & Meredith, review 2004). At least 3 isoforms, MCT1,
MCT2 and MCT4, are expressed in skeletal muscle tissue (Juel & Halestrap, review 1999). MCT]1 is a 53
kDa protein which, when expressed in Xenopus oocytes, has a K, for lactate of 3-5 mM. Similarly expressed
MCT2 has low K, for lactate, 0.7 mM, while MCT4 expressed especially in glycolytic tissues has a much
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lower affinity for lactate (K,, 28 mM) (Halestrap & Price , review 1999; Halestrap & Meredith, review
2004). The apparent V.« values for the influx of lactate into Xenopus oocytes are rather similar in MCT1
and MCT4, which is about 17-18 times that of MCT2 (Broer, Broer, Schneider, Stegen & Halestrap, 1999;
Dimmer, Friedrich, Lang, Deitmer & Broer, 2000). MCT1 and MCT4, but not MCT2, need a chaperone
protein CD147 (basigin, EMMPRIN, neurothelin) to translocate and obtain active conformation in the cell
membrane where they form a complex that consists of two MCT molecules and two CD147 molecules
(Halestrap & Meredith, review 2004).

In most species including beef cattle (Koho & P&sd, unpublished results), MCT isoforms 1 and 4 are
expressed in muscle tissue (Halestrap & Meredith, review 2004). In glycolytic muscle fibres both MCT1
and MCT4 facilitate the efflux of lactate when the rate of its production is high, whereas in oxidative fibres
(type 1) the dominant isoform is MCT1 which facilitates either influx or efflux of lactate depending on the
prevailing electrochemical gradient of lactate (Halestrap & Meredith, review 2004).

In the muscles of domestic pig (Sepponen, Koho, Puolanne, Ruusunen & Posd, 2003) and also those of wild
boar (Sepponen, Ruusunen, Puolanne & P6s6, unpublished) only traces of MCT1 can be found. The low
amount of MCT1 is not due to the lack of the MCT1 gene, since in porcine heart and intestines it is
expressed (Sepponen, Ruusunen & P3s6, manuscript in preparation). Instead, the pig muscles express
MCT2, which has high affinity for lactate (Halestrap & Meredith, review 2004). We have speculated that
MCT?2 is needed, because of the anaerobic nature of the porcine muscle fibres, which may involve
continuous production of small amounts of lactate (Sepponen et al., 2003). The role of MCT2 would thus be
to facilitate the efflux of lactate from cells where mitochondrial density is low. Although our knowledge on
monocarboxylate transporters is increasing, there is no data available on their role post mortem.

The Rate of ATP Consumption and Production

ATP is used for contraction of sarcomeres and other processes in muscle, maximally 3 to 5 pmol/(g*s)
(Lister, 1988). In a resting muscle, the consumption is about 1/100 of the maximum (0.03-0.05 pmol/(g*s))
which is needed to maintain the ionic balance and provide the basic heat of the body (69% of the energy
produced in the reaction ATP - ADP + P + heat). It can be calculated that during maximal exercise an
animal can increase its oxygen muscle consumption by more than 20 to 40 fold from the resting level. The
increase is based on increase in cardiac output, increased relative amount of circulation through muscles, and
increased release of oxygen from blood to muscles. Because the energy consumption may increase 100 fold,
the difference must come from some other source, which is the anaerobic energy production via
glycogenolysis. It can be estimated that in an extreme case, the pH value of living muscle may fall to 6.2-6.4
in less than 30 seconds. This is the case only in an anaerobic muscle, because in dark muscles do not easily
show such an extensive decrease in pH in vivo. This pH change would need about 40-60 mmol H'/kg.

Post-mortem the rate of pH fall may be in beef and sheep 0.005 and in porcine muscle 0.01 pH units/minute
(Pearson & Young, 1989) or in PSE pig 0.02 (extreme PSE pig 0.1), in normal turkey 0.03 and in PSE turkey
0.06 pH units/minute (Sosnicki, Creaser, Piertrzak, Pospiech & Santé, review 1998). From that it can be
estimated, using the buffering capacity of 60 mmol H'/(pHskg) and ATP/lactic acid molar rate of 1.5/1, that
the ATP production varies in post mortem muscles of different species from 0.008 (beef and sheep), 0.015—
0.03 (pig — PSE pig) (0.15 extreme PSE pig) to 0.05-0.09 umol/(g=s) (turkey — PSE turkey) which is well in
accordance with the values estimated in living resting muscle. It is not fully known, what are all the relevant
reactions where ATP is consumed post mortem and why there are differences like between normal muscle —
PSE muscle.

Immediately post mortem ATP is used in muscles for involuntary slow contractions, maintenance of
membrane potential and especially to keep the calcium ions within the sarcoplasmic reticulum. Bendall
(1979) showed that the ATP content remains at the normal level (8—10 mmol/kg) until half of the ultimate
amount of lactic acid has been produced. Then the ATP content starts to decline, and when it reaches about
1 mmol/kg, there will be the onset of rigor mortis (which depend on the temperature of the muscle) (Honikel,
Ronchales & Hamm, 1983).
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ATP, creatine phospate, and oxygen bound to myoglobin contribute to the ATP level during the immediate
post mortem phase. When one molecule of lactic acid is produced, 1 or 1.5 molecules of ATP/lactate are
also produced. Therefore, all the metabolic factors discussed here are inter-linked and should be handled
simultaneously when discussing the pH of muscle and meat and its effects on meat quality.

Post Mortem Oxygen Utilization

In a living animal, the partial pressure of oxygen in venous blood from resting muscles is about 40 torr, with
oxygen saturation of haemoglobin of about 75% and in intensively working muscle the respective values are
20 torr or less and about 38%. If the physical stress further increases, myoglobin which is saturated up to
90%, starts to provide oxygen. When oxygen derived from myoglobin has been utilised, the oxygen pressure
is approaching zero, and the fibre will be produce energy anaerobically via glycogen breakdown as described
above. Consequently, both routes of ATP production are active simultaneously. The literature provides very
variable data on the myoglobin contents of various meats. Generally, the content in light muscles ranges
from 0.06 to 0.2 and in dark muscles 0.2 to 0.3 mmol/kg. In beef, the myoglobin content is higher and
strongly age-dependent ranging from 0.1 to 1 mmol/kg. The full oxygen saturation of heme would then
mean equivalent concentration of molecular oxygen. One 1 mmol oxygen enables an aerobic production of 6
mmol ATP. Consequently, the oxygen stored in myoglobin, allows the production of 0.06*6=0.4 to 1*6=6
mmol ATP, depending on animal species, age and muscle type. In addition, meat contains minute amounts
of blood. Depending on the degree of bleeding and the oxygen saturation of blood in various muscles,
additional oxygen would be available. No published data on this is available, but based on our preliminary
data on hemoglobin hemi (not published) we estimate that the amount of available oxygen is no larger than
the myoglobin reservoirs. The amount of oxygen in sarcoplasma is also very small.

The amount of ATP produced by the formation of about 80 mmol/kg lactic acid is 120 mmol/kg (the post
mortem formation of lactic acid molecule results in 1.5 molecules ATP). Consequently, we suggest that
oxygen in total heme content theoretically equals about 5% of the post mortem production of ATP via
glycolysis in beef and less than 1% in pork. This difference might be one of the factors causing the lower
initial rate of pH decline in beef than in pork. The variation in the oxidative status of muscles at death and
amount of residual blood may also have an influence on the onset and rate of glycolysis, respectively.

Creatine Phosphate

The content of creatine phosphate is in vivo 20-25 mmol/kg. The production of ATP through the reaction
catalyzed by creatine phosphokinase represents roughly 1/5 of the amount of ATP formed via glycogenolysis
post mortem. When CP is broken to C and inorganic P, one proton is bound, which means an increase in pH
as follows (Hyyppé & P6so, review 1998).

CP* + ADP* +H' > ATP* + H,0 + C

This might, explain the initial increase in pH that is sometimes seen to take place during the slaughter
process (unpublished observations). Taking the direct formation of ATP and also the elimination of protons
into the account it can be calculated that this means a transient initial “buffering of the pH fall of almost one
pH unit” compared to the situation when all creatine phosphate resources have been exhausted, and ATP will
immediately be formed directly via glycolysis. Later ATP will, however, be formed by glycolysis anyway,
and only the effect of the utilisation of protons (see equation above) will remain. Therefore, the content of
creatine phosphate at the moment of slaughtering could be of importance. This has been recently thoroughly
discussed by the similar way by Henkel, Karlsson, Jensen, Oksbjerg & Pedersen (2002).
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Concluding Remarks

In living animals, the accumulation of lactic acid causes pain and distress and can result in a reduction in life
quality. Our present knowledge of the cardio-respiratory capacity of meat animals, especially modern pigs
and poultry is insufficient. This, together with glycogen and the anaerobic end product of its metabolism,
lactate, has a strong influence on animal welfare and meat quality, which underlines the importance of
further research on this field.
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Background

The quality of pork covers several properties, which have to meet the increasing demands of consumers and
processors. The main attributes of interest are color, pH and water-holding capacity, fat content and
composition, and also the oxidative stability.

The meat is very sensitive to oxidation leading to quality deterioration and loss of value. The tissues contain
antioxidant defence systems. Superoxide dismutase, catalase and glutathione peroxidase are antioxidative
enzymes contributing to the oxidative defence, as well as the fat-soluble a-tocopherol and ubiquinone, along
with the water-soluble ascorbic acid and glutathione. The adequate activity of these defence systems are
essential to develop appropriate meat quality.

The perimortal effects on meat quality and animal welfare are widely investigated. It is generally accepted,
that the different environmental factors have a stronger impact than the genetic background. On the other
hand the decreasing variance of Hal and RN genes, moreover the elimination of these genes makes it
necessary to reevaluate the effect of environmental factors. Many studies showed differences in case of these
effects when the experiments were carried out with halothane negative pigs.

The optimum lairage time for pigs is a question of compromise. Very short lairage time does not allow
sufficient time for recovery leading to a higher incidence of PSE-meat. No prolonged lairage time is
recommended after a long-term transportation, because the animals are already exhausted, so the further
lairage may increase the incidence of DFD-meat.

Objectives

e study the effect of transportation as a stress factor,
e the effect of transportation and lairage on the antioxidant defence system,
e effect of lairage time on physiological and meat quality traits.

Materials and methods

The present study was conducted at the Gyula Packing Plant Ltd (Hungary). A total of 40 Dumeco hybrid
pigs were transported from one of the largest producer of the meat company were transported to the abattoir.
The pigs were assumed to be halothane negative (NN), even though they were not tested, as the gene has
been practically eliminated from the breeds used by the pig farm.

Animal were fed 4 hours prior to transportation. They were driven out from the piggery to the waiting pen
right before the blood samples were taken. For further identification, the animals were marked individually
by ear tag. After sampling the animals were driven up to a three-decker lorry. The experimental animals
traveled on the lowest level. The distance between the pig farm and the slaughter-house is 70 km, which
lasted 1,5 hr for the lorry. After arrival the animals were weighted, which was followed by the second blood
sample taking. Then the pigs were divided into two groups: one hour lairage time (Group A), and 16 hours
lairage time (Group B) according to the local practice. Showering was used only in the case of the longer
lairage.

After lairage the animals were stunned using electrical stunning method and slaughtered. During
exsanguination the third series of blood samples were taken. The further processing method was carried out
according to the local practice. After evisceration liver samples were taken from the lobus caudatus. The
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meat quality traits were measured two times: (1) 45 minutes after slaughtering, right after the slaughter value
determination by Fat’o’Meater and (2) after chilling, at the 24™ hour.

The blood samples were taken from v. jugularis before and after transportation and during exsanguination.
The following indicators of stress were determined from the samples: cortisol, NEFA, lactic acid and
glucose. Blood sampling tubes contained sodium-fluoride and potassium-oxalate. After centrifugation (10
min, 2500 rpm) the samples taken were stored at -20 °C until further analysis. For the cortisol assay a direct
RIA method, developed in the laboratory of Szent Istvan University, Faculty for Veterinary Sciences
(Budapest, Hungary) was applied. For determination in blood plasma 1,2,6,7-3H-cortisol (TRK 407,
Radiochemical Centre, Amersham, UK) and a highly specific polyclonal antibody raised against cortisol-21-
HS-BSA in rabbit was used. The radiactivity was measured by Beckman Instrument Typ LS 1701 liquid
scintillation counter.

NEFA, lactic acid and glucose was analysed with enzyme-colorimetric method using standard kits (L-
Lactate (PAP) kit, Cat. No. LC 2389, Randox Laboratories Ltd., UK; NEFA kit, Cat. No. FA 115, Randox
Laboratories Ltd. UK; Glucose kit (Cat. No. 40851, Diagnosticum Ltd.., Hungary ).

Indicators of lipid peroxidation processes and antioxidant defence system were measured as follows: MDA
(malondialdehyde), GSH (reduced glutathione), GSHPx (glutathione-peroxidase activity) and ascorbic acid.
The MDA, GSH and GSHPx values were determined from liver, blood plasma and red blood cells (RBC).
The concentration of ascorbic acid was analyzed in liver samples and blood plasma. The blood samples were
collected into heparine containing tubes, and centrifugated for 10 minutes (2500 rpm). The RBC hemolisate
consisted of 1 vol RBC and 9 vol distilled water. Both hemolisate and blood plasma were stored at -20 °C
until analyses.

The liver sample taking was followed by marking, packaging and storing at -20 °C. Immediately before
analyses a sample of 0.5 g was homogenized in 9 vol of 4 °C physiological saline using Ultra Turrax (Donau
Lab AG, Switzerland) homogenizer. For determination of MDA concentration the original homogenate, for
the GSHPx, GSH and protein content the supernatant of the homogenate (centrifugation 10000 g, 20 min, 4
°C ) were used.

MDA content describing the level of lipid peroxidation was carried out with 2-thiobarbituric acid
determination. In case of blood plasma and RBC hemolizate the method of Placer et al. (1966) was
followed, while the liver samples were analysed by the method described by Mihara et al. (1980).

The examination of antioxidant defence system included the determination of GSH concentration and
GSHPx activity. The methods of Sedlak et al. (1968) and Matkovics et al. (1988) were used, respectively.
The protein content of blood plasma and RBC homogenizate was estimated by a modified biuret method
(Weichselbaum, 1948), using egg protein (Randox Laboratories, UK) as standard. The protein content of
liver homogenates was analyzed using Folin-Ciocalteau phenol reagent (Lowry et al., 1951), and bovine
serum albumin (Reanal, Hungary) as standard.

For the ascorbic acid determination 1 ml blood plasma was added to 1 ml 10 % TCA (trichloric-acid) and
followed by centrifugation (20 min, 3500 rpm). 0,5 ml of the supernatant was stored at -20 °C until the
further analyses. A liver sample of 0,5 g was homogenized in 9 vol 5% TCA, which was followed by
centrifugation (20 min, 3500 rpm). The analyses were carried out using the method described by Omaye et
al. (1979).

Meat quality parameters were measured two times: 45 minutes after slaughtering and after chilling at the 24™
hour. The first measurement included pH and core temperature determination in the most valuable muscles:
m. longissimus dorsi and m. semimembranosus. We registered the chilling loss, which was computed from
the difference of carcass weight before (approx. 50 min after slaughtering) and after chilling. 24 hour after
slaughtering we measured the pH and the color properties (L', a’, b, Japanese color scale) of the loin.
Temperature was measured with common meat industrial core thermometer, the pH measurement with a
WTW 330 portable pH meter (WTW Gmbh., Germany) attached with WTW SenTix sp electrode and the
color determination with a Minolta Chromameter CR-300 (Minolta Co., Japan) were carried out.

The data were analyzed with SPSS for Windows 10.0 Program Package, using t-test with independent
samples and paired samples.

Results and discussion

Transportation as a stress factor is considerable in case of properties measured. The significance values are
summarized in Table 1.
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The activation of hypothalamus-pitiutary-adrenal cortex (HPA) axis results in a higher cortisol level, which
is followed by the increase of NEFA, glucose and lactic acid values. The state of antioxidant defence system
is affected by transportation, which is demonstrated by reduced GSH level. However, the oxidative load is
not so significant to enhance the activity of GSHPx, moreover both in blood plasma and RBC hemolizate
decreasing has obsessed. The MDA concentration differs significantly only in case of RBC hemolizate. The
transportation affects also the ascorbic acid concentration, although the level of significance is low (P<0,05).
The effects of lairage on biochemical parameters measured are summarized in Table 2. The data measured at
arrival and during exsanguinations and the data of the two different lairage time were compared.

Both 1 hour and 16 hour lairage increases the level of lactic acid, glucose and ascorbic acid. No significant
difference is revealed in case of cortisol and NEFA or in the most of the parameters characterizing the
antioxidant defence system.

Statistical analysis did not reveal any difference between the two groups. Only the GSHPx activity measured
in RBC hemolizate increases at a low significance level (P<0,05).

The results of the liver samples analysis are shown in Table 2. Significant differences were found in case of
GSH and ascorbic acid. The level of lipid peroxidation increases, which is illustrated with the reducing MDA
values, although it is not significant in consequence of high individual variance. No difference is experienced
in case of GSHPx.

The results of meat quality measurements are summarized in 7able 3. Significant differences were found in
case of pHys and core temperature, along with the chilling loss. No difference was revealed in any of the
meat quality traits measured after chilling, at the 24™ hour.

Considering the biochemical parameters measured, we can state that the transportation causes high stress for
the animals. The activation of HPA-axis results in an increased cortisol level. This hormone has a key-role in
the gluconeogenesis. It is conducive to transform some amino acids and other gluconeogenetic substances
(lactic acid, proprionic acid, glycerin) to glucose and glycogen. Addition to the stimulation of
gluconeogenesis, the cortisol inhibits glycolisis. The enhanced production and decreased metabolism of
glucose resulted in approx. 25 % higher blood glucose level, in spite of the short transportation time. The
catabolic effect of cortisol on lipid metabolism is also manifested. This physiological process is important to
ensure the energy requirement of animals during stress. The effect of lipid mobilization is revealed in level
of NEFA, which increased approx. 100 %.

The increase of lactic acid is a bit surprising. As it was mentioned above, one effect of cortisol is to enhance
gluconeogenesis, which changes the lactic acid level negatively. This phenomenon can be explained by the
high physical exertion caused by transportation and the surrounding animal handling. These physical loads
can enhance the depletion of lactic acid from muscles to blood.

The effect of transportation on the antioxidant defence system is revealed. The considerable oxidative load
results in lower level of GSH both in blood plasma and RBC hemolizate. These changes are not so
significant to enhance the activity of GSHPx, moreover a slight decrease can be seen. The reduced level of
ascorbic acid was induced by stress. The change can be explained by its role in antioxidant defence system,
and in the synthesis of cortisol in adrenal cortex.

During 1 hour lairage the stress was further enhanced. It is shown by increasing cortisol level, although it
was not significant. The lactic acid enhanced three-times higher during lairage, which means that driving to
stunning creates a very stressfull situation. The 16 hour lairage has quite similar results. No significant
change in cortisol comparing the arrival state with the exsanguinations state is revealed. The level of lactic
acid and glucose enhances with a high degree, along with the other group. The NEFA level do not changes
either of the two groups, remains at the level measured at time of arrival. Changes of antioxidant defence
system are obsessed only in case of blood plasma, the GSH reduces during lairage.

No significant differences were revealed between the two different groups. Two conclusions might be drawn
from the results. (1) It is possible, that the lairage conditions are not adequate, and it not ensures enough rest
for the animals. (2) It is also possible, that driving to stunning, and the stunning itself causes such a high
stress for the animals, which is enough to eliminate the positive effect of lairage. This is suggested by the
biochemical parameters.

The results of the meat quality measurements are in agreement with the biochemical measurements. Even
though the pHss and temperature values were lower in case of Group B (the lactic acid values were also
higher at the time of stunning), these differences were equalized up to the second measurements. Thus, no
significant differences are revealed in case of pH,4 and meat color.

The analyses carried out on liver samples resulted in differences for two parameters. Ascorbic acid reduces
drastically, which is caused by the enhanced metabolism, and depletion to blood. The GSH also decreases
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significantly. It is presumable that the large-scale changes in both parameters are caused by fasting. At the
case of longer lairage the fasting time exceeded 20 hours, so the reduced GSH level is explainable with the
lack of supply of amino acids required for GSH synthesis.

Summing up the results, we can conclude that transportation, lairage and driving to stunning cause a heavy
distress effect for the animals. On the other hand, these factors do not cause such a high oxidative damage,
which appears in the meat quality. Negative changes in the antioxidant defence system are shown, which is
traceable in the level of glutathione and ascorbic acid. The lipid peroxidation processes are not influenced
significantly by short-term transportation or lairage. The oxidative stability of liver after long lairage was
highly reduced, thus, if it is planned to have further processing from the liver, long lairage and fasting is not
recommended.

Conclusions

It can be concluded that when using halothane free animals, meat quality is largely independent of lairage
time. It is important to underline, that the decision of lairage time is a question of compromise. In addition to
meat quality it is influenced by hygiene and the question of work organization. It can be required to have the
animal transportation on the day before slaughtering to have a safely continuous working of the abattoir.
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Table 1.: Effect of transport and lairage on biochemical parameters measured

Parameter Transportation Arrival- Arrival- 1 hour lairage-
1 hour lairage | 16 hour lairage | 16 hour lairage
P P P P
Lactic acid 0.013" 0.000"" 0.000"" 0.571%
NEFA 0.000"" 0.071™° 0.378™ 0.918"
Glucose 0.001"" 0.000"" 0.000"" 0.463"°
Cortisol 0.001"" 0.572™° 0324 0.946™°
Ascorbic acid 0.019" 0.007" 0.001"" 0.360™°
MDA (blood plasma) 0.482™° 0.000"" 0.000"" 0.981"
GSH(blood plasma) 0.026 0.458™ 0.004" 0.083N°
GSHPx 0.021" 0.911™ 0.127™ 0.250™
(blood plasma)
MDA (RBC) 0.000"" 0.358™° 0.360™° 0.032°
GSH (RBC) 0.000"" 0.035" 0.859™° 0.279"
GSHPx (RBC) 0.000"" 0.975™° 0.553" 0.040°
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Table 2.: Effect of lairage on parameters measured in liver

Parameter 1 hour lairage 16 hour lairage P
Mean SD cv % Mean SD cv %

MDA (pmolg/g) 2.229 1359 60.96 % 3.558 2.299 64.61 % 0.108™
GSH (umol/ g protein) 21.173 3.048 14.39 % 17.338 5.994 34.57 % 0.000"
GSHPx (U/ g protein) 28.240 6.822 24.15% | 28.108 9.614 34.20 % 0.963™

Ascorbic acid (ug/g) 508.436 95280 | 18.73% | 369.444 | 74.267 | 20.10 % 0.000""
Table 3.: Effect of lairage on meat quality
Parameter 1 hour lairage 16 hour lairage P
Mean SD Mean SD

PHusham 6.495 0.160 6.201 0.272 0.000""
PHus10im 6.213 0.221 5.902 0.225 0.000""

Tioini 41.042 0.562 40.650 0.519 0.034"

L 40.967 13.194 45.622 11.938 0.269™

a 5.018 2.566 3.831 1.546 0.099™

b 2.777 0.802 1.660 1.359 0.006"

pH,, 5.606 0.077 5.651 0.098 0.132™
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Background

There is an increasing concern in developed countries about the consumption of dietary fat due to its
association with cardiovascular and other lifestyle diseases, and for many years there has been emphasis on
reducing the fat content from our diets. Meat producers have responded by reducing the fat content of beef
by selective breeding, feeding practices and also by new butchery techniques (Hornick et al., 1998).

Both the amount and the composition of fat depots in beef may be influenced by factors such as breed or
genotype, age or live weight, castration and gender, and feeding regime (Rule ez al., 1995). In this sense,
some breed effects on meat quality have been described out of two local breeds from Asturias in Northern
Spain: “Asturiana de los Valles” and “Asturiana de la Montafia” (Olivan et al., 1999; Gil et al., 2001). On
the other hand, steer production is gaining renewed interest because its effect on physico-chemical and
sensory traits of meat (Steen, 1995; Osoro et al., 2001).

Objectives

The purpose of the present study was to examine the differences in fatty acid composition of muscle fat
between bulls and steers in two different Spanish beef breeds (“Asturiana de los Valles” & “Asturiana de la
Montafia”) managed under grazing conditions.

Materials and methods

Animal management

Eight yearling bulls from “Asturiana de los Valles” (AV) (beef breed adapted to extensive production
systems) and eight yearling bulls from “Asturiana de la Montafia” (AM) (small to medium-sized hardy
animals, adapted to mountain systems) were reared under extensive conditions on ryegrass and clover
pastures. Four animals from each breed were castrated between 10-12 months of age. All animals received a
finishing concentrate diet during 60 days (84% barley meal, 10% soya meal, 3% fat, 3% minerals, vitamins
and oligoelements) and barley straw ad [ibitum at the housing facilities of the Institute (S.E.R.I.LD.A.).
Animals were slaughtered with an average weight of 504 kg for AV bulls and 534 kg for AV steers, and 461
kg for AM bulls and 481 kg for AV steers. Slaughtering was performed in a commercial abattoir according
to a routine procedure, and after dressing the carcasses were chilled at 3°C for 24h.

Measurements

Twenty four hours post-slaughter the left half carcass was quartered and the part of the rib joint comprised
between the 6™ and 9" ribs extracted and transported to the laboratory. The 6™ rib was excised and
Longissimus thoracis (LT) muscle was separated, aged at 4°C for 7 days and then minced with an electrical
chopper, vacuum packed and kept at —20°C until determination of intramuscular fat content by near infrared
spectroscopy (Olivan et al., 2002). The LT of the 8" rib was extracted, vacuum packed and frozen at —80°C
for subsequent fatty acid composition analysis by gas chromatography (GC).

Total fatty acid analysis

The fatty acids were extracted in SM KOH in methanol/water (50:50) at 60°C for 1 hour and esterified at
40°C during 10 min with 2M trimethylsilyl-diazomethane in n-hexane according to Elmore et al. (1999) with
some modifications. Separation of fatty acid methyl esters was performed on a Varian CX3400 GC with a
flame ionisation detector (FID) and a split/splitless injection port (50:1). GC analysis was performed using a
B-PX 70 for FAME column (120m x 0.25mm i.d., 0.2um film thickness) with programmed oven
temperature. Injector and detector ports were set at 270°C and 300°C respectively. The carrier gas was
hydrogen and the flow rate 1.6ml/min. measured at the initial temperature. Esterified fatty acids were
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identified according to similar peak retention times using standards and quantified according to internal
standard method (C,3.o methyl ester) with its addition prior to saponification.

Statistical analysis
The statistical analysis was conducted using the SPSS11.5 program (2002). The effect of breed, castration
and their interaction were studied by ANOVA analysis. Significance level of p<0.1 was also considered.

Results and discussion
Table 1 shows the effect of breed, separately in bull and steers, and the effect of castration within both breeds
on intramuscular fat and total fatty acid contents of Longissumus thoracis.

Breed effect on intramuscular fat percentage was seen in steers, but not in bulls, where AM steers showed
more (4.74%) IM fat than AV steers (2.59%). Castration effect was significant only for AM breed where
steers had (4.74%) a higher IM fat level than bulls (2.80%).

Breed effect on total FA composition was more pronounced in steers where significant (p<0.1) differences
were observed in 37% of the individual FAs, while in bulls only 18% of the individual FAs where
significantly affected. In castrated animals, AV showed significantly higher quantities of n-3 FAs than AM
animals, and C,;.;c13 and Cys,; n-6 were also significantly higher in AV castrated animals. However, these
differences were not observed in entire animals.

Studying FA groups, in general, breed effect was not significant, except for PUFA group because AV steers
showed more PUFAs than AM steers. It should also be emphasised the significant difference in n-6/n-3 and
P/S ratio between steers of both breeds; AV steers showed lower n-6/n-3 ratio (4.07) than AM steers (5.50).
Higher P/S ratio was found in AV (0.49) than in AM (0.22) steers. Therefore, AV castrated animals meat
would be the best adapted to the nutritional guidelines recommendations (P/S ratio between 0.45 and 0.70
and n-6/n-3 ratio about 4.0) (Williams, 2000), and could happened due to a lower IM fat level of AV steers
in comparison to AM steers (related also with the overall fatness; Osoro et al. 2001) probably reflecting the
greater contribution of polar lipids located in membranes (phospholipids) and characterised with a high
PUFA content in comparison to neutral lipids, storage lipid fraction (triacylglycerides) that are mainly
composed of SFAs and MUFAs (Eichhorn et al., 1985; Choi et al., 2000; Lorenz et al., 2003).

Castration effect on total FA composition was low in AV breed, it significantly affected only to 22% of
individual FAs where all of them were unsaturated FAs and appeared in higher quantities in steers than in
bulls. This could be because of hormonal differences on enzyme activities (elongation & desaturation)
(Malau-Aduli et al., 1998). However, castration effect was more remarkably for AM breed where significant
differences were given for 70% of the individual FAs studied. AM steers showed in general higher quantities
in comparison to AM bulls, particularly for saturated, branched and monounsaturated FAs, resulting
significantly different also SFA and MUFA groups. But, it has to be pointed out that some FAs (Cis., n-6,
Cyon n-6 and Cig3 n-3) appeared in higher quantities in bulls than in steers. These differences could be
explained also with the lower fat quantity of bulls in comparison to steers and the greater contribution of
phospholipids (PUFA) in comparison to triacylglycerides (MUFA & SFA) in this animals. In AM steers,
they have higher IM fat proportions, individual FA variations may be more related to this fat content instead
of to hormonal differences and enzyme activities caused by castration as might have happened in AV steers.
Studying FA ratios, there was not castration effect in n-6/n-3 ratio for any breed. However, castration effect
was observed in P/S ratio for AM breed, where bulls showed (0.48) a higher P/S ratio than steers (0.22).

Conclusions

Data from this preliminary study indicated that breed effect on intramuscular fat quality was more
pronounced in steers than in bulls, what meant that breed effect was significant only when comparing
animals with high IM fat level. Castration effect was more remarkable in AM breed than in AV breed. In
general, AV steers produced the most nutritionally recommendable meat because of the good n-6/n-3 and
P/S ratios presented, and AM bulls produced a healthy meat from the P/S point of view.
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Table 1. Mean values of intramuscular fat (% IM fat) and total fatty acid (mg/100g meat) contents of
Longissimus thoracis muscle. Signification level of differences observed depending on breed and

castration.
AV AM Breed Castration

Bull Steer Bull Steer Bull Steer AV AM
% IM fat 1.80 2.59 2.80 4.74 NS * NS *
Fatty acid
C14:0 19.80 41.08 29.71 92.10 NS NS NS NS
C15:0 3.96 7.56 4.27 12.75 NS NS NS *
Cl16:0 292.32 492.25 365.46 793.15 NS NS NS *
C17:0 11.73 19.17 12.57 31.28 NS + NS *ok
C18:0 209.23 278.02 232.63 362.42 NS NS NS +
i-C15:0 0.75 1.70 0.85 1.79 NS NS NS +
ai-C15:0 1.72 3.07 1.77 3.04 NS NS NS +
i-C16:0 1.79 2.89 1.73 3.28 NS NS NS +
i-C17:0 4.01 4.07 1.95 3.27 * NS NS +

NS

Cl14:1¢9 6.38 11.80 5.49 19.85 NS NS NS +
C16:1¢9 23.62 59.31 38.85 122.79 * NS NS +
Cl17:1¢10 6.93 15.88 8.74 28.37 NS + NS *ok
C18:1¢11 38.40 66.26 42.42 89.26 NS NS NS *
C18:1¢9 254.53 600.60 406.90 1015.89 + NS NS *
Cl18:1cl1 21.83 3593 28.82 57.13 + NS + *
C22:1c13 1.65 3.12 1.65 1.57 NS wkx * NS
C18:2n-6 229.26 186.21 187.40 149.33 NS * NS *
C18:3n-6 1.34 2.30 1.18 1.89 NS NS * NS
C20:2n-6 1.90 1.79 1.87 1.53 NS + NS *
C20:3n-6 10.94 14.11 9.43 11.77 NS NS * NS
C20:4n-6 54.55 56.82 45.79 45.75 NS NS NS NS
C22:4n-6 3.13 4.14 3.64 5.23 NS + NS *
C18:3n-3 24.36 20.74 17.23 11.25 NS wkk NS *ok
C20:5n-3 15.65 16.46 9.08 8.50 * *ok NS NS
C22:5n-3 16.92 24.74 15.40 17.57 NS *ok *k NS
C22:6n-3 1.35 348 1.49 2.26 NS * Hok NS
9,t11 CLA 2.86 11.18 348 6.84 NS NS NS +
X SFA 537.05 838.09 644.66  1291.71 NS NS NS +
X MUFA 353.33 792.90 532.87 1334.86 + NS NS *
2 PUFA 362.28 342.00 296.02 261.94 NS *% NS NS
n-6/n-3 5.37 4.07 5.76 5.50 NS *ok NS NS
P/S 0.69 0.49 0.48 0.22 NS + NS *

+: p<0.1; *: p<0.05; **: p<0.01; ***: p<0.001; NS: p>0.1. AV: Asturiana de los Valles; AM: Asturiana de la
Montafia. ¢9,/11 CLA: ¢9,/11 C18:2; YSFA = sum of all saturated fatty acids; Y MUFA = sum of all
monounsaturated fatty acids; > PUFA = sum of all polyunsaturated fatty acids; n-6/n-3 = (C18:2n-6 + C18:3n-6 +
C20:2n-6 + C20:3n-6 + C20:4n-6 + C22:4n-6) / (C18:3n-3 + C20:5n-3 + C22:5n-3 + C22:6n-3); P/S = YPUFA /
> SFA.
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LARGE WHITE AND DUROC HEAVYWEIGHT CROSSBRED PIGS: INTERACTIVE
EFFECTS OF GENETIC TYPE, REARING AND SLAUGHTER CONDITIONS ON
STRESS REACTIVITY AND TECHNOLOGICAL AND SENSORY MEAT QUALITY
ASPECTS

Thierry Astruc, Alban Berne, Gabriel Monin, Martine Morzel, Véronique Santé-Lhoutellier, Pierre Vernin
and Claudia Terlouw

Meat Research Unit, INRA de Theix, 63122 St-Genés-Champanelle, France

Background

There is an increasing demand for alternatively produced pork. Outdoors produced pork has a good image.
However, the effect of rearing environment on technological meat quality varies across studies. To our
knowledge, no study reports an improvement in meat quality from outdoor pigs. Use of other genetic types
of pigs might improve gustatory acceptability of outdoor produced pork. Increased slaughter weight may
increase the effects of rearing environment. As stress at slaughter may reduce or cancel potentially improved
pork quality, it is necessary to determine effects of genetic background and rearing environment on reactivity
to potentially stressful situations, including slaughter.

Objectives

To study 1) interactive effects of genetic background and rearing environment on stress reactivity and 2)
interactive effects of genetic background, rearing environment and slaughter conditions on technological and
sensory quality of pork slaughtered at 150 kg live weight.

Materials and methods

Twenty-five Large White (LW) and 52 Duroc (D) crossbreds (barrows and females) were reared indoors
(slatted floor, 6.3 m?) or outdoors (850 m” fields with huts) over two consecutive years (April-October), in an
unequally balanced design. To study cardiac reactivity, each individual has been subjected to a 5 h isolation
test at about 70 kg. In order to obtain similar pre-slaughter and carcass weights, in contrast to outdoor pigs,
indoor pigs have been slightly food restricted. At 150 kg, half of the pigs were mixed for 1.5 h and
transported for 30 min to the abattoir on the day before slaughter. The other half was unmixed, and
slaughtered immediately upon arrival. All pigs had been food deprived for 22 h before slaughter. After
bleeding, temperature (15 and 45 min and 24 h), glycogen and lactate content and pH (45 min, 24 h), colour
(days 1, 4, 8) and drip (days 3 and 5) were measured on the Longissimus lumborum (LL), the Semispinalis
capitis (SC) and the Semimembranosus (SM). Glycolytic potential ([lactate]+2x[glycogen]; GP) was
calculated for samples obtained 45 minutes post-bleeding as it reflects muscle glycogen content at the
moment of slaughter (Monin and Sellier, 1985). Sensory analysis was performed on half of the loins and on a
quarter of the hams, after dry curing, by 12 and 8 trained pannellists, respectively. Data were analysed with
analysis of (co-)variance and with pooled Pearson correlations which take into account the means of each
treatment group, rather than the overall means. Only main significant effects are reported.

Results and discussion

All pigs showed a similar initial heart rate acceleration following start of isolation, but outdoor pigs
showed subsequently a faster decrease (p<<0.01). Thus, rearing environment influenced cardiac reactivity.

Compared to the no mixing/no lairage group, pigs of the mixing/lairage group had generally lower
glycogen levels for the three muscles (Table 1). Compared to indoor pigs, outdoor pigs had generally higher
glycogen content for the three muscles. GP of the SM and SC of outdoors pigs was also higher. Effects on
glycogen content were partly due to a rearing and slaughter conditions interaction as indoor reared pigs of
the mixing/lairage group had lower glycogen content (LL: 24 h, Table 3; SC: 45 min, p<0.05 and SM: 45
min, p=0.06) than the other three groups. Ultimate pH of the LL and SC reflected main differences in
glycogen (Table 2). Lactate content at 24 h was negatively correlated with ultimate pH for the SM (r=-0.30;
p<0.01) and LL (r=-0.45; p<0.0001) muscles. A slaughter treatment effect was found for lactate content (24
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h) of the LL (Table 1). Absence of differences in lactate content (24 h) in the SC despite variations in
ultimate pH may be explained by the overall lower lactate production in this muscle, due to its lower
glycogen content (Bendall, 1973). Despite their effects on pre-slaughter glycogen content, genetic and
rearing background did not influence pH values of the SM. Correlations between pre-slaughter glycogen
(glycolytic potential, 45 min) and ultimate pH were stronger for the LL (Pearson, pooled over two years and
over LW and D: (r=-0.42; p=0.0001) and SC (r=-0.53; p<0.00001) than for the SM (r=-0.30; p<0.01)
suggesting that compared to the SC and LL, ultimate pH of the SM was more strongly influenced by other
factors.

The effect of gender depended on genetic type and rearing conditions: female LW had a higher LL
glycogen content (Table 3) while outdoor reared barrows had a higher SM glycogen content (24 h; 16.3 £1.6
umol/g) than indoor reared barrows (7.9 = 1.3 pumol/g; p<0.01).

The effect of year depended on the parameter and muscle: for example, the first year, higher levels were
obtained for GP of the LL (p<0.001), while the SC had lower glycogen content (45 min, 24 h; p<0.0001) and
GP (p<0.05). Ultimate pH did not vary between years, but the first year, at 45 min pH of the LL was higher
(p<0.01) and of the SM was lower (p<0.05). Colour was strongly influenced by slaughter, and to a lesser
extent by rearing conditions. LL and SM meat produced by the mixing/lairage group showed overall lower
b* and L* values (p varying between 0.06 and 0.0001). Lower a* and b* values (p<0.05) of this group of the
SC muscle were partly due to the LW of the lairage/mixing group that had significantly lower a* (day 4;
p<0.02) and b* values (days 4 and 8; p<0.01) than the other three groups. Outdoor reared pigs produced
meat with higher a* (SM, LL; p<0.01) and b* values (LL; p<0.01).

In contrast to objective colour data, dry-cured hams of the mixing/lairage group were perceived as redder
and in addition, with a higher overall intensity of taste (Table 4). Their loins were also perceived as pinker
(p<0.08), with a higher colour intensity (p<0.07). Dry-cured hams from outdoor produced and D pigs had
higher marbling scores and were perceived as fattier. Their hams were overall better appreciated: easier to
chew, more tender, less dry although pastier. D hams were found less smoky, while outdoor reared pigs gave
softer meat, with more piquant and a longer persistence of taste. Loins from D were also more marbled
(p<0.001) and had less intense colour (p<0.05), pig odour (p<0.05) and abnormal taste (p<0.05). Outdoor
produced pigs gave loins with a stronger grilled aspect (p<0.03) which was probably due to an increased
Maillard reaction due to their lower humid aspect (p<0.06; Bejerholm and Aaslyng, 2003) as these two
aspects were negatively correlated (p<0.02). Loins from barrows were described as more marbled (p<0.01)
and with more intramuscular fat (p<0.001). Their hams were more also marbled (p<0.05) and had a thicker
fat layer than females (p<<0.01), were drier (p<0.05) and had a saltier taste (p<0.05). Interactions between
gender and crossbreed showed that hams from female D had less rancid and spicy odour, and less acid,
piquant and spicy taste than the other three groups (p<0.05). D barrows produced hams with a peppery taste
(p<0.05).

Technological and sensory meat quality aspects were not correlated with cardiac stress reactivity measured
during rearing, suggesting that rearing or genetic effects are not explained by differences in cardiac reactivity
to the slaughter procedure.

Conclusions

Overall, data show that in heavy pigs, meat from an outdoor production or a Duroc genetic background is
better appreciated, especially dry-cured ham. Present data show no synergism between outdoor production
and Duroc genetic background. The increased appreciation may be related to increased fat content of outdoor
or Duroc types of pigs which would also support the advantage of using heavier pigs for high quality dry-
cured ham production. However, although fatter than females, castrated males of the Duroc cross were
slightly less appreciated, probably due to hormonal differences. Despite large effects of year of
experimentation, reported effects of outdoor rearing, genetic type and slaughter conditions were consistent.
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Tables

Table la. Main effects of slaughter conditions, housing system and genetic type on glycogen and lactate

content of the LL muscle

Slaughter conditions housing system genetic type
mixing/lairage no mix/no lair. in out LW D
F(1,54); p F(1,54); p F(1,54); p
lactate 24 h 63.79 £2.24 71.55+1.86
9.18; 0.004
glycogen 45 min | 36.60 £ 1.91 43.19 + 2.00 43.76 £2.70  37.93 +1.60
4.18; 0.04 3.11; 0.08
glycogen 24 h 8.89 £ 0.81 12.89 £ 0.70 9.41+0.88 12.44 £ .067 | 13.70+1.05 9.46 + 0.61
15.57; 0.0002 13.34; 0.0006 19.51; 0.0001
GP 45 min 110.4+4.0 125.8+3.2 131.0+496 111.5+2.79
8.74; 0.005 9.7, 0.0003

Table 1b. Main effects of slaughter conditions and housing system on glycogen and lactate content of the SC
muscle. No effects of genetic type were found.

| Slaughter conditions housing system
mixing/lairage | no mix/no lair | F(1,54); p in out F(1,54); p
lactate | 45 min 27.90 + 1.31 | 23.60 + 1.37 | 15.06; 0.0003
glycogen 45 min 17.53+£2.13 | 24.72+1.93 3.70; 0.06 1593 +£1.44 | 26.57+£2.35 | 15.26; 0.000
glycogen | 24h | | 330+0.67 | 15.72+2.18 | 17.16; 0.0001
GP 45 min 59.78 £4.11 | 76.32+3.38 4.70; 0.03 | 59.75+£3.13 | 76.74 £ 4.31 6.58; 0.01

Table 1c. Main effects of slaughter conditions, housing system, and genetic type on glycogen and lactate

content of the SM muscle

Slaughter conditions housing system genetic type
mixing/lairage  no mix/no lair. in out LW D
F(1,54); p F(1,54); p F(1,54); p
glycogen 45min | 39.66 £ 1.85 4488+ 1.64 | 39.05+1.63 45.64+1.81 | 4599+2.54 40.38+1.35
3.04; 0.08 7.38; 0.009 4.26; 0.04
glycogen 24 h 9.87+1.06 14.46 = 1.04 9.64+£097 14.69+1.05 | 15.82+1.60 10.33+£0.70
11.78; 0.001 11.81; 0.001 12.24; 0.001
GP 45 min 109.0+3.3 120.0 2.7 108.9+3.2 120.3+2.8 122.6 +4.2 110.4 +£2.38
4.22; 0.04 6.59; 0.01 4.11;0.05
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Table 2. Main effects of slaughter conditions, housing system and genetic type on temperature, pH and drip
loss of the LL, SC and SM muscles

slaughter housing system genetic type
mixing/lairage  no mix/no lairage in out Lw D
F(1,54); p F(1,54), p F(1,54); p
pH LL 24 h 5.59 +0.03 5.49+0.01 5.58+0.03 5.50+0.02
8.65; 0.005 3.65; 0.06
drip3 LL 3 days 5.24+040 4.16+0.26
4.72; 0.03
T SC 45 min 37.2+£05 355+0.6
3.55;0.07
pH SC 45 min 6.58 £ 0.02 6.51+0.02
7.23; 0.01
pH SC 24 h 5.97 £ 0.05 5.85+0.02 6.00+0.04 5.82+0.03
6.15; 0.02 6.05; 0.02
T SM 15 min 40.2 £ 0.1 39.5+0.2 40.1£0.12 39.6+0.2
12.12; 0.001 9.65; 0.001

Table 3. Interactive effects of slaughter conditions, housing system, genetic type and gender on glycogen of

the LL muscle

slaughter * housing genetic type * gender
mixing/lairage no mixing/no lairage Lw D
in out in out CM CM F
F(1,54); p F(1,54); p
Glycogen (45 min) 37.4°+37 49.7°+34 384°+23 374°+23
4.62; 0.04
Glycogen (24h) |6.4°+1.0 11.5°+1.2 124°+1.1 134°+0.8| 11.4*°+13 158°+15 95°+1.0 94°+0.7
10.82; 0.002 7.73; 0.007
housing * genetic type
LW D
in | out in | out F(1,54); p
Lactate (24 h) 75.60" +2.78 67.07*° + 4.42 61.22° +2.99 70.41%* £+ 1.69 16.35, 0.0002
Table 4. Significant main treatment effects on sensory analysis of dry-cured ham.
slaughter conditions housing system genetic type
mix/lairage no 111;1i>r<./n0 F(,8); p indoors outdoors F(1,8); p LW D F(,8); p
appearance
fat betw. muscles | 1.10£0.11 | 1.42£0.10 | 7.92; 0.02
redness 3.95+0.15]| 3.45+0.15 | 5.55, 0.05
marbling 1.94+0.28 |2.65£024 | 4.71;0.06 | 1.72+0.18 | 2.87+£0.26 | 19.3; 0.007
hardness 1.24+0.13 |0.89+0.09 | 5.16; 0.05
uneven colour | 2.10+0.14 | 2.83+0.17 | 7.86, 0.02
texture

casy to chew

3.57+0.08 [4.05+0.11 | 10.65; 0.01

3.65+0.11 | 3.98+0.12 [ 7.34; 0.03

tender 321+0.10 | 3.66 £0.16 | 5.89,0.04 |3.21+0.13 | 3.66+0.13 | 7.30, 0.03
pasty 0.75+0.16 | 1.29 £0.21 4.98,0.06 |0.64+0.15|1.41+0.18 | 711.9; 0.009
dry 3.06+0.11 | 240+ 0.16 | 20.6, 0.002 | 3.01+0.11 | 2.46+0.17 | 20.5; 0.002
fatty 1.14+0.14 | 1.46 +0.12 | 5.55;, 0.05 | 1.08+0.10 | 1.51£0.14 | 8.50, 0.02 1.17+0.11 | 1.41 +£0.15 | 6.65; 0.03
taste
overall intensity | 4.20+0.05 | 3.92+0.08 | 5.97; 0.04 | 3.97£0.07 |4.15+0.08 | 5.18, 0.05
smoky 0.12 £0.03 | 0.03 +£0.02 | 6.23; 0.04
piquant 0.77+£0.09 1096 £0.13 | 5.02; 0.06

persistence

3.10+0.07 [ 3.40£0.09 | 6.26; 0.04
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MORPHOMETRIC CHARACTERISTICS OF PIG CARCASSES: EFFECTS OF GENETIC
AND REARING BACKGROUND AND CONSEQUENCES FOR POST-MORTEM
METABOLISM

Thierry Astruc, Elisabeth Laville, Thierry Sayd and Claudia Terlouw
Meat Research Unit, INRA de Theix, 63122 St-Genés-Champanelle, France

Background

Pig selection companies aim to improve simultaneously carcass morphology, especially muscularity, defined
as muscle thickness relative to skeleton dimensions (Purchas, 1991), and meat leanness. It is likely that post-
mortem metabolism and muscle morphology are related. Post-mortem metabolism is strongly influenced by
metabolism during the pre-slaughter period (Lawrie, 1966). During this period, muscle morphology, which
influences the way muscles are used, probably affects post-mortem metabolism and consequently
technological meat qualities. Improvement of muscularity may influence post-mortem metabolism in relation
to changes in contractile and metabolic fibre type (Klont et al. 1998, Laville et al., 2002). As alternative pork
production (outdoor production, different genetic types) gains an increasingly important place on the market,
it is further relevant to evaluate effects of rearing environment and genetic background on carcass
composition and meat quality. This study is part of a larger study (see Astruc et al, 2004, for more details).

Objectives

To study 1) effects of rearing environment and genetic background on carcass morphology and on
technological meat quality and 2) possible relationships between shape and size of body parts and post-
mortem metabolism.

Materials and methods

Twenty-five Large White (LW) and 52 Duroc (D) crosses (pure bred LW and D sires, LW x French
Landrace dams) were reared indoors (slatted floor, 6.3 m®) or in fields (850 m®) with huts over two
consecutive years (April-October), in an unequally balanced design. Pigs were slaughtered at 150 kg body
weight; half of each treatment group after mixing and overnight lairage, the other half immediately upon
arrival at the abattoir. Various morphometric measurements were taken on carcass images (Fig. 1). Glycogen
and lactate content, temperature and pH, at 45 min and 24 h after bleeding, were evaluated in the
Longissimus lumborum (LL) and the Semimembranosis (SM). Treatment effects have been assessed with
analyses of variance. For the study of correlations, simple and multiple regression analyses have been
associated analyses of covariance to correct for treatment effects and with pooled Pearson correlations,
which take into account the means of each treatment group, rather than the overall means.

Results and discussion

The second year, summer temperatures were exceptionally high, repeatedly reaching 35 to 40 °C. Carcass
weight was not influenced by genetic background or type of housing, but tended to be lower the second year
(128.8 £ 2.5 vs 123.1 + 1.5; p=0.08). Carcass weight was positively correlated with leg and body lengths for
the both crosses (Table 1). Due to these combined effect, leg and body lengths were lower the second year.
LW crosses or indoor reared pigs had longer legs (p<0.05) and this was not caused by differences in carcass
weight. The D cross had a larger external angle of the ham (p<0.05) while outdoor bred pigs had greater
thoracic depth (p<<0.00001). Compared to the first year, the second year, length of the iliac bone and thoracic
depth were reduced and pelvis width, and posterior and internal angles of the ham were increased (p between
0.03 and 0.00001), but these variables were unrelated to carcass weight. For the LW cross, body length was
negatively and for the D cross, positively correlated with posterior angle of the ham (Table 2). Internal angle
of the ham was correlated with iliac bone length, pelvis width and posterior angle of the ham for the D cross
(Table 2). Similar tendencies existed for the LW cross, but Pearson correlations, pooled over the two years
did not reach significance, possibly to insufficient animal numbers. For example, unpooled Pearson
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correlations found a positive correlation between internal and posterior angle of the ham (r=0.43; p<0.05) for
the LW cross.

Thus, data show only a few direct effects of genetic and rearing background on morphometric characteristics.
Year of rearing had more pronounced effects on all parameters. Data on the D cross show that shapes and
sizes of different body parts are related to each other: pigs with a rounder interior angle of the ham have a
rounder posterior angle of the ham and a larger pelvis with a shorter iliac bone. The different fused bones of
the pelvis receive attachments from various muscles of the thigh and from the Psoas major, allowing posture
maintenance and flexing of the thigh upon the pelvis (Barone, 1980). Muscles and bones act together in
growth and movement (Barone, 1980) and the observed relationships show that size and length of the pelvis
and shape of the ham are connected. More data are needed to determine exact relationships between shape of
the pelvis and of ham muscles in the LW cross. The two genetic types showed opposite correlations between
body length and posterior angle of the ham indicating that differences between breeds exist also.

Glycogen content was higher in LW than D crosses at both times in both muscles (p between 0.08 and 0.001)
and higher in outdoors than indoors reared pigs (p<0.001). Lactate content was higher the first year for both
sampling times in both muscles (p<0.01). For the LL, lactate content (24 h) was lower and ultimate pH was
higher in pigs slaughtered after mixing and lairage (p<0.01).

For the D cross, SM glycogen content (both times), and lactate content (24 h), were negatively correlated
with external angle of the ham (Table 3; Fig. 2). These correlations were probably due to negative
correlations between this angle of the ham and pre-slaughter glycogen of the SM muscle: glycolytic potential
(GP; [lactate]+2x[glycogen]) at 45 minutes, reflecting muscle glycogen content at the moment of slaughter
(Monin and Sellier, 1985), was also negatively correlated with external angle of the ham. GP was further
positively correlated with glycogen content of the SM at both times (p<0.0001) and lactate content at 24 h
(p<0.0001). SM lactate content (24 h) was simultaneously, negatively correlated with iliac bone length
(Table 3). For the LW cross, the external angle of the ham was negatively correlated with SM lactate content
(24 h) and positively with SM and LL temperature (45 min; Table 3). Lactate content of the LL (24 h) was
negatively correlated with the iliac bone length and positively with pelvis width for D and LW crosses,
respectively (Table 3). Temperature (both times) of the LL was positively correlated with iliac bone length
for the D cross (Table 3).

For both genetic types and for both muscles, at 45 min, pH was positively correlated with glycogen content
(e.g. D, SM: r=0.45; p<0.01) and negatively with lactate content (e.g. D, SM: r=-0.73; p<0.001). Ultimate
pH was negatively correlated with GP (e.g. D, SM: r=-0.31; p<0.05) and with lactate content at 24 h (e.g. D,
SM: r=-0.28; p<0.05). Despite these correlations, initial and ultimate pH’s of the 2 muscles were not
correlated with morphometric measurements.

Thus, morphometric characteristics are related to post-mortem metabolism, with similarities and differences
between the two genetic types. LL post-mortem metabolism was related to pelvis shape and size, differently
according to genetic cross. Pigs of both genetic types with rounder posterior angles of the ham had lower SM
lactate content. Data on the D cross suggest that lower pre-mortem glycogen levels explain at least part of
this effect. Data show further that D crossbreds with a longer iliac bone produce less post-mortem lactate.
Lower pre-mortem glycogen content may be simultaneously related to lower resting glycogen levels (i.e.
before mixing/transport) and higher energy expenditure of the muscle during the pre-slaughter period.
However, generally, the larger a given muscle is, the more glycolytic fibres it contains (Laville et al., 2002),
it is therefore expected that pigs with rounder external angles of the ham had higher muscle glycogen
content. Shape of the external angle measures predominantly the thickness of the Biceps femoris and may be
a poor estimate of SM size, more closely related to the posterior angle of the ham. Possibly, pigs with a
rounder external angle or longer iliac bone had higher energy expenditure during the pre-slaughter period,
indicating that efficiency of certain muscles in terms of energy use depends on shape or other characteristics
of surrounding muscle and bone structures.

Conclusions

Shape and size of bones and muscles influence post-mortem metabolism. While data on the D cross show
clearly relationships between the shape of pelvis and ham and post-mortem glycogen metabolism, more data
on LW crosses are needed to confirm that at least part of these relationships exists in this breed. The
observed variations between genetic types and years suggest that other factors (possibly related to pre-
slaughter stress reactions) may intervene and modify or cancel some of the relationships between
conformation and post-mortem metabolism.
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Table 1. Pearson correlations (pooled over the two years) between carcass weight and leg and body length,
for the two genetic types separately.

Large White cross Duroc cross
r p r p
Carcass weight, with
Leg length 1 0.55 0.005 0.46 0.001
Leg length 2 0.47 0.02 0.33 0.02
Lumbar/thoracic length | 0.50 | 0.01 | 0.54 | 0.0001

Table 2. Morphometric characteristics described by r-values for simple (pooled over the two years) and
multiple regression analyses for the two genetic types separately.

Large White cross | Duroc cross
Simple regression
Pooled r p Pooled r p
Lumbar/thoracic length, with
Posterior angle of the ham -0.63 0.001 0.32 0.02
| | | Multiple regression
Semi-partial r p
Internal angle of the ham, with
Pelvis width 0.41 0.001
Iliac bone length -0.42 0.001
Posterior angle of the ham | | 0.33 | 0.01

Table 3. Pearson correlations (pooled over the two years) between morphometric characteristics and post-
mortem metabolism-related parameters, for the two genetic types separately.

Large White cross Duroc cross
r p r p
External angle of the ham, with
SM glycolytic potential, 45 min -0.41 0.01
SM glycogen content, 45 min -0.45 0.01
SM glycogen content, 24 h -0.39 0.01
SM lactate content, 24 h -0.44 0.05 -0.54 0.001
SM temperature, 45 min 0.53 0.02
LL temperature 45 min 0.63 0.01
1liac bone length, with
SM lactate content, 24 h -0.48 0.01
LL lactate content, 24 h -0.56 0.0001
LL temperature, 45 min 0.30 0.04
LL temperature, 24 h 0.44 0.01
Pelvis width, with
LL lactate content, 24 h 0.69 0.001
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THE EFFECT OF INTRAMUSCULAR WATER FLUID TRANSPORT ON RIGOR
MORTIS

Balevik, S.B.', Botha, S.St.C.%, Hoffman, L.C.% Slinde, E.!

"nstitute of Marine Research, P.O.Box 1870, Nordnes, N-5817 Bergen, Norway, and 2Department of Animal Sciences,
Private Bag X1, Matieland 7602, South Africa.

Background

Rigor mortis is one of the main macroscopic events after death in all animals, and it is of importance to
understand how this event affects the quality and quantity of meat. For the meat producer it is important to
understand rigor mortis in order to optimise slaughter and processing procedures for different meats. Our
understanding of the biochemical reactions post mortem and how these affect the meat quantity and quality
from different animals is limited (Devine et al., 1999, Erikson, 2001).

Development of rigor mortis has been studied by several methods such as loss of extensibility (Bendall,
1973, Briskey et al., 1962, Honikel et al., 1983, Schmidt et al., 1968) muscle shortening (Currie and Wolfe,
1979), tension development (Nuss and Wolfe, 1980-81), resistance to strain (Lepetit et al., 1998) and by
combination of muscle tension and shortening (Hertzman et al., 1993, Olsson et al., 1994, Rosenvold et al.,
2003).

After death, catabolic reactions predominate. ATP concentrations decline, and pH in mammalian meat are
lowered to around 5.6 as a result of the formation of lactic acid. ATP is continuously used for muscle
relaxation and transport of Ca®" across the sarcoplasmatic membrane. Partially due to the interactions
between actin and myosin after death, ATP is lowered to around zero and the actomyosin bridges formed are
used to explain rigor mortis. These bridges are also used to explain the stiffness that characterizes rigor
mortis. The actomyosin bridges are judged as irreversible. However, it is also agreed that the stiffness is
resolved without any changes in the binding between actin and myosin. Thus, another factor has to be
introduced to explain the resolution of rigor mortis.

All the catabolic reactions after death increase the number of molecules within the muscle. Glycogen is
converted to glucose that is further metabolised to lactate. Proteolysis and lipolysis give amino- and fatty
acids and ions are released. Together with other enzymatic reactions the increased number of molecules
changes the osmotic pressure (m = cRT) to a higher value. It has been found that the osmotic pressure
increased from an at-death level of 379 to 528 mOsmole in lamb M. longissimus dorsi, and one-third of the
increase occurred after 24 hours (Veiseth et al., 2003). It was also found that the conductivity changed from
11.3 to 5.7 mS/cm during the 12 first hours.

The volume of muscle cells, however, does not change during rigor mortis (Kobayashi et al., 2001). In
addition, our morphological study of muscle cells, immediately after death and in the rigor state, indicates
that the shape of cells changes from a circular to a more squared form, and this is calculated to be statistically
significant (Slinde et al., 2003). Since the volume of the whole muscle is the same at slaughter and in rigor
this means that the intracellular volume has increased, and this space filling create stiffness.

Tenderness of meat is a very important quality parameter, but the tenderisation process is very variable in
meat. Different apparatus determines the toughness of meat that characterizes the tenderness mechanically,
and the Warner-Bratzler (WB) shear force is often used. Unfortunately, most experimental measurements are
generally done after the animal has passed through rigor mortis. These texture analyses have in general a
rather high standard deviation since it is measured in many individuals, but also due to the difference in
muscle fibre types and variation in the amount of connective tissue. We have found that when WB shear
forces are measured from slaughter and onwards in Atlantic salmon, the WB shear force decline from the
first measurement onwards (Roth et al., 2002, Slinde et al., 2003). Partman (1963) showed that texture
analysis of fish and other animals showed such high standard deviations after slaughter that the effect of
rigor mortis was not detected.
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Objectives

It is generally agreed that after death, the main catabolic biochemical reactions and formation of the
actomyosin bridges leading to rigor mortis are the same in muscle of animals, birds, reptiles and fish
(Partman, 1963). The purpose of the present study was to strengthen the evidence that changes in osmolarity
and the flow of water into the cells are the main cause of the macroscopic felt stiffness of rigor mortis (Roth
et al., 2002, Slinde et al., 2003),

Materials and methods

Atlantic salmons (Salmo salar) were stunned by a blow to the head, and gill arches were cut. Muscle samples
were taken from the region behind the dorsal fin. A blow by a nail through the crocodile’s (Crocodylus
niloticus) head followed by decapitation killed the animal. Crocodiles, approximately 150 cm long, were
reared at ambient temperature 18 — 20°C. Right and left tail muscles M. caudal femoral, M. longissimuis
caudalis and M. ilioishiocaudalis were used for measurements.

Shear forces were measured on individual fishes and crocodiles using a Warner-Bratzler blade connected to a
texture analyser. Rigor index was measured as “tail bending” and calculated as IR=(L¢-L;)/Ly x100 where L
represents the vertical drop of the tail when half of the length was outside the table. L, represents the vertical
drop at start and L; represents measurement during the experiment (Bito et al., 1983).

Results and discussion

We have selected fish muscle as a model to study development of rigor mortis, since the large swimming
muscle is very homogenous with regard to fibre- and connective tissue composition. Partman (1963) states
that penetration measurements show high average deviations in different fish species and an increase in
rigidity in each fish during rigor is therefore not seen. There are also great deviations in rigor development
within a single species. When following rigor development in each salmon separately as shown in Figure 1,
the variation in both rigor index and shear force is clearly different. This is due to the biochemical status of
each individual animal at slaughter. But it is very clear that the animal’s shear force decreases from slaughter
through rigor mortis while the measured rigor index goes through a maximum. Crocodiles are regarded as
more developed than fish and have a fibre- and connective tissue structure that is more complex. Figure 2
shows that the shear force spans a much wider range in individual crocodiles reared at similar conditions
when chilled at 20 and 30°C when compared to fish. The changes in shear force from slaughter and onwards
decrease slightly but the standard deviations are high. We have therefore concluded that another factor
besides the actomyosin binding has to contribute to the stiffness observed in rigor mortis, and this has to be a
property that is of general nature, and must be found in all animals.
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Figure 1. Measurements of Warner-Bratzler (WB) shear force and rigor index in four Atlantic salmon
(Salmo salar).
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Figure 2. Change in Warner-Bratzler (WB) shear force (kg) in individual crocodile tail muscles during rigor
mortis.

Catabolic reactions are a general property in all animals after death. Veiseth et al. (2004) have performed
measurements of osmolar changes. Figure 3 shows the osmolarity within lamb muscle together with the
change in pH. We can see that these two properties are mirror images of each other. The rather large change
in osmolarity causes water to flow from the extracellular space into the cell. The volume of the cells expands
and the cell walls follow the surrounding connective tissue more closely (Slinde et al., 2002). In Figure 4, a
model of this water transport between intra- and extracellular space within a muscle has been drawn. The
increase in cell volume strengthens the structure of the connective tissue and give rise to stiffness. A better
understanding of the osmotic behaviour in the muscle after slaughter might increase our understanding of
meat texture, as well as its water binding properties. Preliminary studies indicate that the conductivity in
cells are low after slaughter, but a sudden raise is observed after some time indicating cellular membrane
rupture. The osmotic changes found (Veiseth et al., 2004) and shown in Figure 3 may also be studied using
NIR (Near Infrared Reflectance), since this method has the property of measuring water in different
environments i.e. the intra- and extra cellular compartments.
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Conclusions

Figure 1 and 2 shows the same tendency, that in individual animals, the water being intra- or extracellular
does not affect the WB shear force. The WB shear force is not affected by rigor mortis as opposed to the
rigor index (Figure 1 and 2). The post mortem reactions increase the number of molecules within the muscle
cells and causes an alternation in the osmotic potential (Veiseth et al., 2004). Since the volume of the muscle
is constant (Kobayashi et al., 2001) the increased cell volume makes the muscle stiff. Further investigation of
the transport of muscle juice will increase our understanding of rigor mortis, the DFD and PSE syndrome as
well as the water holding capacity of meat. It will also increase our understanding of tenderisation.
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METMYOGLOBIN REDUCING ACTIVITY IN VEAL AND VENISON MEATS

Bekhit, A. E. D ., Cassidy, L., Dobbie, P., Simmons, N. and Daly, C.
Food systems and Technology, MIRINZ Centre, Agresearch Limited, Hamilton, New Zealand

Background

The colour of fresh meat is an important quality attribute which influence the consumers purchase decision.
The failure to have an attractive colour will affect the dynamics of meat sales and have financial
consequences'”. Meat discolouration is caused by the accumulation of metmyoglobin (MetMb) during
aerobic retail display’. The existence of enzymatic system/s capable of reducing MetMb has been reported”.
Such system/s can reduce MetMb to myoglobin (Mb), hence potentially decrease the degree of discolouration
and increase shelf life. While there is agreement on the presence of MetMb reducing systems in meat, their
role in maintaining fresh meat colour is more controversial. Metmyoglobin reducing activities were measured
and characterized in beef’, pork® and lamb’. To our knowledge such information is not available for other
economically important meats, depending on availability and cultural preference, such as veal and venison. In
normal fresh meat when colour stability is not altered through special dietary or processing regimes, different
species exhibits different colour stabilities and consequently different shelf lives. Information on MetMb
reducing activities in meat from these species could advance our knowledge on the relationship between
MetMb reducing activity and fresh meat colour stability.

Objectives

The current study was undertaken to characterize and measure MetMb reducing activity in veal and venison
and to compare the activity in these meats with the reported MetMb reducing activities in beef, pork and
lamb meats with the aim of investigating whether a meaningful relationship could be found between MetMb
reducing activity and the known shelf life of these meats.

Materials and methods

Venison: samples from longissimus dorsi (LD) muscles of two years old stags (n=8) were obtained from
carcasses (average weight 55.3 = 4.1 kg) and vacuum packed for 3 weeks (standard aging time according to
the New Zealand game industry board specifications).

Veal: samples were obtained at 48 h post mortem from LD muscles of 75 (£ 2) days old male calves (n=6,
average live wt 88 + 5 kg).

Metmyoglobin reducing activity. A sarcoplasmic and particulate metmyoglobin reducing activity (SMRA
and PMRA, respectively) were obtained from the samples as described ealier’. The supernatant and the
particulate extracts were oxidised with a slight excess of K3Fe(CN)g, dialysed (10000 MW cut-off membrane)
against 2.0 mM phosphate buffer (pH 7.0) at 4 °C several times. Metmyoglobin reductase activity was
determined as described®’ using VERSA,,,,x microplate reader (Molecular Devices, Sunnyvale, CA, USA)
after scaling down the assay final volume to 200ul. The standard assay mixture contained 15 ul 5 mM EDTA;
15 pl 50 mM phosphate buffer (pH 7.0); 15 pL 3.0 mM K4 Fe (CN)g; 50 pl 0.75 mM Mb Fe(Ill) in 2.0 mM
phosphate buffer (pH7.0); 10 ul 2.0 mM NADH; muscle extract (50 ul for SMRA and 10 uL, of 5x dilution
of dialysed samples, for MMRA) and water to a final volume of 20 pul assay mixture. The standard assay
mixture pH was 6.8 and the assay was carried out at 25 °C. The reaction was initiated by adding NADH and
followed by the change in absorbance at 580 nm. Blanks contained all the additions except NADH, which
was replaced by water. The activity was calculated as the mean of three replicates and expressed as
nanomoles of MetMb reduced per min per gram of meat.

Results and discussion

High propotions (82- 88 %) of the total MetMb reducing activity, were present in the pellet fraction of LD
muscles in veal and venison meat (Table 1). SMRA in veal LD muscle was higher than those reported for
pork®’ and less than that in beef or lamb meats”'°. PMRA in veal LD was less than that in beef, but higher
than thalt0 in lamb LD muscle. Venison on the other hand, had comparable SMRA and PMRA to those reported
in beef .

The effects of different assay pH and NADH concentrations on MetMb reducing activities in the different
fractions of the muscle is presented in Figure 1. The pellet fractions from veal and venison seems to be more



ICOMST 2004 \
50" International Congress of Meat Science and Technology, Helsinki, Finland L2

sensitive to changes in pH and NADH which indicate the possibility of different MetMb reducing system/s
from that present in the supernatant. Earlier'’, it was suggested that this activity could be activity remained in
the pellet fraction due to the hydrophobic segment that binds NADH cytochrome bs metmyoglobin reductase
to membranes'', because the current methodology do not employ a detergent to solubilize the enzyme or
unsufficient mechanical release of microsomes and mitochondria by homogennization. However, the
behaviour of sarcoplasmic and pellet MetMb reducing activities in regard to the effects of assay pH and
NADH concentration indicate to a possible different MetMb reducing systems in these two fractions. The
capacity of SMRA, beef= venison > lamb > veal > pork, do not correspond with the expected display shelf-
life of these meats, beef > veal > lamb > pork > venison. Moreover, given that beef and venison exhibit
similar SMRA and PMRA and the shelf-life of beef >> venison, it is unlikely that MetMb reducing activity is
contributing to the colour stability of fresh meat during display storage.

Conclusions
MetMb reducing activity is higher in venison than in veal LD muscles. Since the order of the MetMb
reducing activity in beef, lamb, veal , pork and venison do not generate a meaninful relationship with their
expected shelf-life display, MetMb reducing activity is unlikely to contribute to fresh meat colour stability.
However, from a physiological point of view, differences in SMRA and PMRA presented in this study could
be of interest.
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PROXIMATE COMPOSITION AND COLLAGEN CONTENT OF BEEF AND PORK
MEAT CUTS

DELLA TORRE, Jussara C. M.'; BERAQUET, Nelson J.”
'Adolfo Lutz Institute / Sdo Paulo / Brazil *Meat Technology Centre of Institute of Food Technology / Campinas

Background

Both physical and chemical composition parameters and pH of beef- and pork-cuts are highly important for
the meat processor, since such parameters are closely connected with the ability of the meats to retain water
and fat.

One concern in finely comminuted emulsion-like products such as frankfurter and mortadellas is with levels
of collagen free proteins (CFP) and fat. These compounds affect directly emulsion stability and fat and water
retention during processing. Meat connective tissue is constituted mainly of collagen that is part of muscle
and adipose tissue. Collagen is characterized by a high content of glycine, proline and hydroxyproline and
total lack of sulfur containing aminoacids and tryptophane.

Meats with high collagen content or containing tough collagen are used in sausage processing, where
collagen is comminuted by the action of grinders, cutters or mills (Bailey and Ligth, 1980; Olivo and
Shimokomaki, 2002). The addition of cooked pigskin to sausages also increases its collagen content. Sausage
manufacturers use meat with high collagen content although they are aware that its amount in the sausages
should be limited to prevent defects like gelatin release, difficulty in peeling, shrinkage, and poor texture
(Rao and Henrickson, 1983; Kenney et al., 1992; Olivo and Shimokomaki, 2002). It is clear that the
determination of collagen content and proximate composition in meats is essential to predict sausage and
other meat processed products quality and for the use of least cost formulation formulae. In Brazil there is a
lack of available information on the proximate composition of the main beef and pork cuts used to produce
sausages. This knowledge would help industry to better formulate meat products and help inspection services
to enforce legislation concerning meat products composition.

Objectives

The purpose of this work was to determine moisture, fat, total protein, collagen content, and pH of meat cuts
of hybrid pork and bovine (Nelore) used in the processing of sausage and other meat products.

Materials and methods

Three castrated Nelore (Bos indicus) 30 to 36 months of age, pasture fed, with an average weight of 437,5 kg
(£16,2) were slaughtered in intervals of 15 days. The half-carcasses were chilled at 0 + 4°C for 24 hours. The
half carcasses were split into forequarters and hindquarters between the 5™ and the 6™ ribs. The forequarter
beef meat cuts chuck, shoulder, brisket, neck, inside skirt (diaphragm), thick skirt, neck trimmings,
foreshank, and plate were analyzed.

Three hybrid male pigs cross from Large White x Pietrain males with Large White x Landrace females and
with a live weight of approximately 125-130Kg were slaughtered on the same day. After chilling in storage
room kept at 0 £ 4°C for 24 hours, the half carcasses were cut into picnic shoulder, fresh ham, loin, tender
loin, shoulder butt, belly, spareribs, neck trimmings and skin. The whole cuts of beef were ground three
times in a Hermann grinder with Smm holes plates. The pork cuts were ground two times in the same grinder
with holes plates of 3mm. The cuts were not dressed, to simulate industry procedures. Physico-chemical
analysis: moisture (oven at 102-105°C), total protein (Kjeldahl, Nx6,25), fat (diethyl ether extractable) and
ash contents were determined following Instituto Adolfo Lutz procedures (Sao Paulo, 1985). pH values were
measured with a spear-tip electrode attached to a digital pH-meter (HANNA Instruments — HI9321
microprocessor). The hydroxyproline assay was carried out according to the method described by AOAC
(1996). Hydroxyproline was quantitatively determined, in order to measure the collagen content. Samples
were hydrolyzed with 6N HCI for 8h at 110°C. After hydrolysis, 4-hydroxyproline was converted to pyrrole
with chloramine T in acetate-citrate buffer pH 6.0, and pyrrole was converted to a red-coloured complex
(absorption at 558nm) by reaction with Ehrlich reagent [p-(dimethylamino) benzaldehyde in perchloric
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acid/2-propanol]. Total collagen protein was determined by multiplying hydroxyproline contents by 8. The
physico-chemical analyses were carried out in duplicate for each pork and beef cut, the average being
calculated from the three animals. Statistical analysis: all data underwent analysis of variance and Tukey’s
Test to determine differences (p<0.05) between pairs of means, using GraphPad InStat tm, Copyright 1990-
1993, V2.01.

Results and discussion

The weights of the hot half carcasses of the three bovines were 124.6, 130.6, and 135.4 Kg. The weights of
the chilled forequarters were respectively 41.1, 46.5, and 51.6 Kg. On Table 1 are shown the means for the
proximate composition parameters, hydroxyproline, collagen and relative collagen and pH. Significant
differences (p<0,05) were observed for all parameters among the different meat cuts except for ash content,
which was not significantly different between the different meat cuts. For the three forequarter beef meat
cuts of the categories chuck, shoulder, brisket, neck, inside skirt (diaphragm), thick skirt, neck trimmings,
foreshank and plate, ranges of percent moisture were 66.5 (plate) to 75.4% (neck); fat, 4.0 (neck) to 15.9%
(plate); total protein, 16.4 (plate) to 19.9% (foreshank); ash, 0.8 (plate) to 1.0% (diaphragm); hydroxyproline,
0.19 (diaphragm) to 0.61% (foreshank); collagen (COL) from 1.5 to 4.9%; relative collagen from 8.4
(diaphragm) to 24.77% (foreshank); pH varied from 5.73 (brisket) to 6.00 (plate). Largest variation in
composition was found for the brisket, which presented the largest coefficient of variation for most of
parameters evaluated. The diaphragm meat was the one with the smallest coefficient of variation for most of
the products evaluated.

The swines' hot half carcasses weighted 43.4, 46.2, and 49.0 Kg. The proximate composition,
hydroxyproline content, collagen content, relative collagen content, and pH are presented on Table 2. There
were significant differences among different cuts for all parameters studied. In the evaluations of pork cuts
from picnic shoulder, fresh ham, loin, tender loin, shoulder butt, belly, spareribs, neck trimmings and skin,
large variation was found for moisture 20.6 (neck trimmings) to 73.2% (tender loin), fat 5.2 (tender loin) to
75.6% (neck trimmings), total protein 5,4 (neck trimmings) to 20,8% (tender loin), ash 0.3 (neck trimmings)
to 1.2%(tenderloin), hydroxyproline 0.08 (tenderloin) to 1.28% (skin), collagen (COL) from 0.6 to 10,2%,
relative COL 3.0 (tender loin) to 66.1%(skin), and pH 5.79 (belly) to 6.24 (shoulder butt). The largest
variances between the animals in the determinations were those for neck trimmings, while the smallest were
those for picnic shoulder and loin. It is important to underline that the variations observed reflect variations
between samples from the animals and not analytical. The pork-cuts (except the skin) presented the greatest
content of fat and the lowest of water, hydroxyproline and COL, if compared with those of beef-cuts meat.

Conclusions

As expected, the moisture, fat, protein, and collagen content and pH of the different meat cuts from pigs and
bovines forequarters showed a large variability. The pig cuts comparable to those of beef had lower moisture
and hydroxyproline (collagen) content and higher fat content. It is believed that the meats composition mean
values determined in this study can be used in formulating meat products to comply with pertinent Brazilian
legislation.
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Table 1. Proximate composition, pH and hydroxyproline contents of beef cuts

Determinations®
Beef cuts Moisture | Fat Total Ash |Hydroxy-| COL® | COL" | pH
(%) (%) Protein (%) proline (%) rel. (%)
(%0) (%)

Chuck Average | 74.7° 5.8" 18.4°" 0.9° 0.3"% | 2.4 | 133 5.9%
SD 1.9 1.7 0.3 0.1 0.04 0.3 0.02

CV(%) 2.5 29.7 1.4 6.5 14.1 13.9 0.34
Shoulder |Average | 74.6" 4.8 19.6 0.9° 0.4™ 3.1 16.0 | 5.83*
SD 14 1.7 0.7 0.1 0.1 0.6 0.10

CV(%) 1.9 34.6 3.7 10.6 20.0 20.4 1.72

Brisket Average | 72.6" 7.8" 18.3 1.0° 0.3 2.0° 11.1 5.73¢
SD 3.8 4.4 1.3 0.2 0.1 0.5 0.06

CV(%) 5.2 55.7 7.2 16.8 25.6 25.6 1.05

Neck Average | 75.4° 4.0 19.3° 0.9° 0.4" 2.9 14.9 588"
SD 15 1.3 0.2 0.04 0.1 0.5 0.06

CV(%) 2.0 32.3 1.2 4.3 18.0 18.0 1.02
Diaphragm | Average | 73.0" 7.2° 18.2°" | 0.98" 0.2° 1.5° 8.4 5.87%"
SD 0.2 0.3 0.2 0.02 0.02 0.1 0.04

CV(%) 0.3 4.0 0.9 2.0 9.4 9.2 0.68
Thick skirt | Average | 74.9° 6.4" 17.1° 0.9 0.2 1.9% 103 | 597"
SD 0.5 1.5 0.4 0.1 0.03 0.3 0.05

CV(%) 0.6 23.8 2.3 9.2 15.8 16.0 0.84
Neck Average | 70.9" 9.9 | 18.8" 0.9 04" 3.0 182 | 577"
trimmings SD 3.2 4.0 0.9 0.1 0.03 0.2 0.03
CV(%) 4.5 40.9 4.8 8.7 6.1 6.1 0.52
Foreshank |Average | 74.5" 5.1" 19.9° 0.9° 0.6 4.9 248 | 5.88"
SD 0.9 1.3 0.8 0.1 0.06 0.5 0.16

CV(%) 1.2 25.3 3.9 6.8 9.6 9.6 2.72

Plate Average | 66.5" 15.9° 16.4" 0.8 0.4" 3.3 19.8 6.00"
SD 3.7 5.4 0.8 0.06 0.03 0.2 0.06

CV(%) 5.6 34.2 4.8 7.2 6.9 7.1 1.00

Minimum value 66.5 4.0 16.4 0.8 0.2 1.5 8.4 5.73
Maximum value 75.4 15.9 19.6 0.98 0.6 4.9 24 8 6.00
Median 74.5 6.8 18.2 0.9 0.4 2.9 14.9 5.87

Mean 73.0 7.7 18.2 0.9 0.4 2.8 15.2 5.87

S.D. 2.8 3.8 1.0 0.05 0.1 1.0 5.2 0.09

C.V. (%) 3.9 48.9 5.7 5.6 36.0 36.1 33.9 1.45

* Means of three forequarters
COL * = collagen content estimated from hydroxyproline content X § COL Prel. = (COL/ total protein) x 100
S.D.= Standard deviation C.V.= Coefficient of variation
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Table 2. Proximate composition, pH and hydroxyproline contents of pork cuts

Determinations®

Moisture | Fat Total Ash |Hydroxy-| COL® | CcOL" pH

Pork cuts (%) (%) Protein (%) proline (%) |rel (%)

(%) (%)

Chuck Average | 71.8" 74 | 200* 1.1° 0.2¢ 1.2 5.9 5.89"
SD 0.8 1.3 0.2 0.1 0.01 0.1 0.19
CV(%) 1.1 17.5 1.1 2.8 9.5 9.3 3.23
Shoulder |Average | 70.1* 10.6° | 18.6" | 1.0™ 0.2" 1.8" 9.7 6.12*"
SD 0.3 0.2 0.1 0.02 0.04 0.3 0.25
CV(%) 0.4 2.0 0.7 2.0 18.7 18.9 4.08
Brisket Average | 64.0° 18.8° | 16.9° | 1.0% 0.2" 1.4" 8.4 6.24°
SD 1.2 1.8 0.6 0.1 0.01 0.1 0.39
CV(%) 1.8 9.4 3.6 5.3 6.2 5.6 6.25
Neck Average | 68.0" 12.3° | 198" | 1.0™ 0.2" 1.2" 6.3 5.80"
SD 0.8 0.3 0.1 0.02 0.01 0.04 0.15
CV(%) 1.2 2.6 0.5 2.0 3.2 3.2 2.59
Diaphragm | Average | 73.1° 5.3" 20.8° 1.2° 0.1 0.6" 3.0 5.80"
SD 0.5 0.8 0.1 0.1 0.02 0.1 0.10
CV(%) 0.7 16.0 0.3 4.3 19.5 19.4 1.72
Thick skirt | Average | 55.2° 30.0°¢ 14.9° 0.8° 0.2" 1.6 10.9 5.79"
SD 0.9 2.3 0.3 0.03 0.01 0.1 0.05
CV(%) 1.5 7.8 1.8 3.8 4.0 43 0.86
Neck Average | 20.6' 75.6 5.4" 0.32 0.2 1.7 319 | 6.05"
trimmings SD 1.7 2.3 0.8 0.04 0.1 0.4 0.02
CV(%) 8.3 3.1 15.5 12.9 23.2 23.7 0.33
Foreshank |Average | 38.0° 46.0° | 155" 0.4' 1.3 10.2° 66.1 6.13"
SD 0.5 3.0 1.7 0.03 0.3 1.9 0.06
CV(%) 1.3 6.5 11.1 6.8 18.6 18.6 0.98
Plate Average | 62.5° 19.7 | 171 0.9° 0.2" 1.4" 8.3 5.91*
SD 1.9 2.0 0.7 0.04 0.02 0.2 0.14
CV(%) 3.0 10.1 4.1 4.4 10.7 11.4 2.37
Minimum value 20.6 5.3 5.4 0.3 0.1 0.6 3.0 5.79
Maximum value 73.1 75.6 20.8 1.2 1.3 10.2 66.1 6.24
Median 64.0 18.8 17.1 1.0 0.2 1.4 8.4 591
Mean 58.1 25.1 16.6 1.0 0.3 2.4 16.7 5.97
S.D. 17.8 22.9 4.7 0.3 0.4 3.0 20.3 0.17
C.V. (%) 30.6 90.9 28.2 34.9 125.9 125.8 | 121.7 | 2.83

*Means of three pig forequarters
COL * = collagen content COL " rel. = (COL/ total protein) x 100
SD = standard deviation C.V.= coefficient of variation
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TECHNOLOGICAL QUALITY OF BROILER BREAST MEAT IN RELATION TO MUSCLE HYPERTROPHY

'Berri, C., 'Debut, M., 'Le Bihan-Duval, E., ’Santé-Lhoutellier, V., 1Haj Hattab, N., *Jehl, N. and 'Duclos, M.J.
INRA, 'Avian Research Centre, 37380 Nouzilly, 2Meat Research Centre, 63122 Saint-Genes-Champanelle, 3ITAVI, 75008 Paris, FRANCE.

Background

In broiler, recent studies reported a great variability of the muscle post mortem metabolism with both the animal genetic background and the pre-slaughter stresses.
Indeed, selection for rapid growth and/or muscle development can produce breast meat with slower pH decline, higher ultimate pH and consequently lower drip loss
(Le Bihan-Duval et al., 1999; Berri et al., 2001) and therefore affect processing quality of meat. While some of pre-slaughter conditions which affect post mortem pH
fall are well identified (Debut et al., 2003), the muscle characteristics responsible of the pH fall variations remains uncertain. In broiler, there is no evidence of
changes in breast fibre typing with selection for growth (Rémignon et al., 1995). By contrast, fibre radial and longitudinal growth significantly increased with
selection for breast yield (Guernec et al., 2003) but, as far as we know, the impact of such structural changes on further broiler breast meat quality has never been
evaluated.

Objectives

The purpose of this study was to relate breast muscle development, including muscle fibre size, to post mortem metabolism and further breast meat quality.
Phenotypic and genetic relationships between fibre and meat traits were estimated for a total of 600 commercial broilers. For all birds, we measured muscle fibre
cross-sectional area, glycolytic potential, lactate content, post mortem pH fall and classical meat traits (colour, drip and thawing-cooking loss, Warner-Bratzler shear
force). We also determined the proportion of connective tissue and the occurrence of giant fibres in relation to muscle fibre size or post mortem metabolism.

Materials and methods

Animals and muscle sampling

A total of 600 broilers (males and females), originating from a commercial grand-parental male line (Hubbard Europe, Chateaubourg, France), were reared under
similar conditions in a conventional poultry house at the INRA Avian Research Centre (Nouzilly, France). Birds were reared in 2 successive batches of 300 birds.
Feed and water were provided ad [libitum throughout the growth period. After a 8-h feed withdrawal, six week-old broilers were weighed then slaughtered in the
experimental processing plant of the Avian Research Centre. Broilers were electrically stunned in a water bath (60 mA; 125 Hz; 5 s) before bleeding by ventral neck
cutting. After scalding (51°C; 3 min), plucking and manual gut removal, whole carcasses were air chilled in a cold room at 2°C for 24 h.

Fifteen minutes after slaughter, two samples of the right Pectoralis major (PM) were collected. One sample was rapidly frozen in isopentane cooled with liquid
nitrogen and stored at -80°C until histology assays. The other was mixed in 0.55M perchloric acid (1 g/ 10 mL) then stored at -20°C until metabolite measurements.
Pectoralis major muscle trait analyses

Lactate, free glucose, glucose from glycogen and glucose-6-phosphate were measured according to Dalrymphe and Hamm (1973). The glycolytic potential was
calculated using the equation of Monin and Sellier (1985): glycolytic potential = 2 x [glycogen + glucose-6-phosphate + free glucose] + lactate. The mean cross
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sectional area (CSA) of muscle fibres was determined as described by Rémignon et al. (1995) on 12 um thick-cross sections stained with red azorubin. For 40 birds
diverging for fibre CSA, the proportion of connective tissue was quantified by image analysis using the Visilog software (Noesis, France). For 54 animals diverging
for fibre CSA and/or pH at 15 min post mortem, the occurrence of giant fibres was determined by using a micrometric ocular that comprises 25 intersection points.
For each sample, we classified a total of 1000 intersection points in either ‘normal fibre’, ‘giant fibre’ or ‘connective tissue’ to assess the ratio giant fibres/normal
fibres.

Meat trait measurements

Fifteen minutes after slaughter, pH of the right PM muscle (pH15) was recorded according to the ‘iodoacetate reference method’ described by Santé and Fernandez
(2000). At this time, the muscle temperature was also checked. Twenty four hours post mortem, carcasses were dissected and measured for breast (pectoralis major
and minor) weight and yield (calculated in relation to body weight). At this time, the PM muscle ultimate pH (pHu) and colour parameters (L*, a*, b*) were measured
according to Berri et al. (2001). The upper half part of the PM muscle was hanged in plastic bag to determine drip loss during a 2 day-storage at 2°C (Debut et al.,
2003). At 3 day post-mortem, the PM muscle was vacuum packaged, rapidly frozen in ethanol then stored at -20°C until thawing and cooking treatments. Thawing-
cooking loss (One night at 4°C and 15 min at 85°C) was determined as: (muscle weight after cooking/muscle weight before freezing) x 100. The Warner-Bratzler
maximal shear force (N/cm?) was measured on cooked muscle samples (1 x 1 x 3 cm). Samples were sheared perpendicular to the longitudinal orientation of fibres
using an Instron Universal Testing Machine with a triangular blade (height = 5.2 cm, width = 6.1 c¢m, thickness = 0.11 cm; speed = 80 mm/min).

Statistics

To assess the relationship between muscle fibre CSA and the other traits, phenotypic correlations were analysed with the CORR procedure of SAS (SAS Institute,
1989). Muscles were also classified in 5 classes of equal numbers according to their mean fibre CSA (RANK procedure of SAS) and a one-way analysis of variance
was performed to test the effect of fibre CSA classes on other muscle traits (GLM procedure of SAS). Then, means were compared using a Newman-Keuls test for
multiple mean comparisons. A multiple regression test was performed to assess the relative involvement of fibre CSA or muscle pH on the water retention and
textural properties of breast meat. Finally, the genetic correlations between fibre CSA and other muscle traits were estimated by the REML (Restricted Maximum
Likehood) methodology using the VCE software (Neumaier and Groeneveld, 1998) on a total of 600 birds born of 15 males and 64 females.

Results and discussion

Relationship between the fibre CSA and other muscle traits

The fibre cross sectional area (CSA) was highly phenotypically related to body weight (+0.51) and breast muscle weight (+0.65) and yield (+0.51). The increase in
fibre CSA did not affect the proportion of connective tissue (about 21% of the muscle cross section surface) and did not induce fibre necrosis as it has been previously
reported in turkey (Sosnicki et al., 1998). According to both the phenotypic and genetic correlations (table 1), as the fibre CSA increased the glycogen reserve of
muscle before death (glycolytic potential) decreased. As a consequence, PM muscles with the largest fibres exhibited the highest ultimate pH. Besides, they contained
the lowest lactate at 15 minutes post mortem and thus exhibited the highest pH15. As a consequence of their post mortem metabolism, PM muscles with the largest
fibres exhibited the lowest L*, drip and thawing-cooking losses and were more tender after cooking. According to the multiple regression test (table 2), the drip loss
and L* of meat appeared chiefly determined by the pHu and at a lower extent by the pH15 of muscle. By contrast, the properties of cooked meat (thawing-cooking
loss and shear force) were also partly determined by the fibre CSA and therefore the muscle weight. The analysis of variance by class of fibre CSA confirmed that
breast meat traits were greatly affected by muscle hypertrophy (table 3). Indeed, the drip and thawing-cooking losses as well as the maximal shear force of cooked
meat were respectively 30% and 16% lower for breast from the highest fibre CSA class (average fibre CSA of 2447 pm?) than for breast from the lowest fibre CSA
class (average fibre CSA of 1257 pm?®).
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Occurrence of giant fibres in relation to muscle fibre CSA and rate of pH fall

According to our observations, the occurrence of giant fibres in breast muscle was chiefly determined by the rate of pH fall (Table 4). Whatever the muscle weight
and fibre diameter, the occurrence of giant fibres greatly increased when muscle pH15 was below 6.30. However, in muscles with pH15 above 6.30, the proportion of
muscles in which giant fibre occurred was dependant of the fibre size. It was greater in muscles exhibiting large fibre CSA than in muscles exhibiting small fibre
CSA. Therefore, the occurrence of giant fibres would be more sensitive to pH fall rate in muscles with large fibres than in muscle with small fibres.

Conclusions

According to the present study, the fibre diameter is closely phenotypically and genetically related to the overall and muscle growth of broilers, the increase in breast
muscle weight resulting essentially from fibre hypertrophy. We reported that muscle hypertrophy did not alter overall breast muscle structure but induced a significant
decrease in muscle glycogen reserve before death and lowered the rate of muscle pH fall post mortem. These changes resulted in breast meat with higher pH15 and
pHu, and consequently a better water holding ability and a greater tenderness after cooking. In conclusion, this study did not evidence any genetic antagonism
between growth rate or muscle development and breast meat quality and suggested that meat of current broiler genotypes selected for growth and breast yield are well
adapted to further processing.
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Table 1: Phenotypic and genetic correlation between the fibre CSA Tableau 2: Multiple regression test (n = 600).
and other PM muscle traits (n = 600). : — >
Correlation with fibre CSA Dependant variables - Par;—llai R — Total R
phenotypic genetic ] P pH I3
. . Drip loss 0.168 0.089 0.001 0.293
Glycolytic potential -0.25 -0.52 s s
Lactate (15 min post mortem) -0.27 -0.41 q 15 AnSST
pH (15 min post mortem) 0.38 0.40 pHiu P
- 022 0.61 L* 0.374 0.070 0.002 0.446
i*u 027 041 = = =
a* 0.08 -0.12 AST pHu — pH 15
b* 0.002 042 Thawing-cooking loss 0.145 0.081 0.062 0.289
: : fookok sookk gk
Drip loss -0.24 -0.44
Thawing-cooking loss -0.38 -0.63 ) pHu AST pHIS
Maximal shear force 031 0.64 Maximal shear force 0.112 0.058 0.016 0.186
skksk skksk skoksk
Table 3: Growth and PM muscle traits in relation to fibre CSA (n = 600). ns = non significatif ; ***P <0.001

Class 1 Class 2 Class 3 Class 4 Class 5 P

. . 0 . .
1257um?  1582um®  1812um® 2048um® 2447um? Table 4: occurrence of giant fibre (% GF) in relation to muscle

fibre CSA and pH15 (n = 54).

Body wgight (g) 1861¢ 2025°d 2208° 2248: 2328f ok Fibre CSA pH15 % GF N
PM weight (g) 118.8° 139.0 151.2° 159.3 170.6° -

Breast yield (%) 16.5¢ 17.6° 17.7¢ 18.4° 18.8°  xx 1238 pm pH<6.30 3.59 80%
Lactate (15 min; pM/g) 36.1° 34.8° 34.1° 31.3° 28.9°  Hxk 6.30 <pH < 6.40 0.38 11%
Glycolytic potential (uM/g) 111.6°  113.8*°  107.9*  105.0° 10249  *** pH > 6.50 0 0%
T° (15 min) 38.0d 38.4 38.3 38.5b 38'4j ns 2147 lJ-mZ pH < 6.30 3.92 83%
pH (15 min) 6.39b 6.42; 6.44¢ 6.48 6.53%  kk 630<pH<640 114 0%
pHu 5.62 5.61 5.65° 5.66" 5.68° ek

L* 55.9°  555% 5520 543°  538b  wkx pH>6.50 0.52 30%
a* -0.87 -0.89 -0.79 -0.79 -0.70 ns CSA effect ns

b* 11.7 11.9 11.8 11.9 11.8 ns pH15 effect ok

Drip loss (%) 1.89° 1.77° 1.56° 1.36° 133¢  wkx CSA x pHIS5 effect ns
Thawing-cooking loss (%) 17.5° 15.5° 14.9° 12.9° 12.4° ek ns = non significant; ***P<0.001

Maximal shear force (N/cm?) 15.7° 15.2° 14.5° 14° 13.2¢ okok N = percentage of muscles in which giant fibre occurred

Means with different letter in the same row differ (P<0.05); ns = non significant; ***P<0.001
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SEMIQUANTITATIVE DETERMINATION OF GOAT TISSUE IN MEAT PRODUCTS BY
MEANS OF PCR

Binke, R., Altmann, K., Honikel, K.O., Schwégele, F.
Federal Research Centre for Nutrition and Food (Kulmbach),
E.-C.-Baumann-Strafle 20, 95326 Kulmbach, Germany

Background

The “Quantitative Ingredient Declaration” (QUID) for important components in food products was put into
force as EU-regulation. Therefore for meat products reliable methods for species identification and
quantification gained importance. In a previous paper a species-specific primer system BC290501 for the
identification of goat in meat products was presented (Altmann et al., 2004). Both primers bind in the 5'-
flanking promotor region of the nuclear single-copy gene beta-casein. Twelve different species were tested,
but only goat-DNA leads to amplification of a specific product by means of PCR.

At the moment PCR systems for quantification of animal tissue in food or feed are only available for the
commercially most important species cattle and pig (Wolf and Liithy 2001; Calvo et al., 2002; Palisch et al.,
2003; Frezza et al., 2003) but not for minor relevant species like goat and sheep.

Objectives
In this paper we report about a PCR assay using two different detection systems based on the primer system
BC29051 for semiquantitative determination of goat meat in meat products.

Methods

DNA-extraction was carried out applying the CTAB method optimised for meat and meat products (Binke et
al., 2003). Emulsified type sausages with varying goat meat content (Tab. 1) filled into cans with a volume
of 50 ml were heated under different temperature regimes: home made cans “KK” (20 min/82 °C; Fc < 0.9),
“normal” cans “VK” (33 min/116 °C; Fc = 3.4), up to cans for use under extreme conditions “TK” (60
min/116 °C; Fc=12.3).

Tab. 1: Composition of emulsified type sausages

Goatmeat /
Reference .
Ingredients muscle meat
product 0
[%]
50 % goat meat; 25 % oil; 23 % ice; 1.5 % salt; 0.25 % spices; 100
Sausage 1 | 0.25 % additives (phosphate; ascorbate)
50 % goat meat; 25 % fat (pork); 23 % ice; 1.5 % salt; 0.25% 100
Sausage 2 | spices; 0.25% additives (phosphate; ascorbate)
25 % goat meat; 25 % pork meat; 25 % fat (pork); 23 % ice; 1.5 50
Sausage 3 % salt; 0.25 % spices; 0.25 % additives (phosphate; ascorbate)
10 % goat meat; 40 % pork meat; 25 % fat (pork); 23 % ice; 1.5 20
Sausage 4 | % salt; 0.25 % spices; 0.25 % additives (phosphate; ascorbate)
1 % goat meat; 49 % pork; 25 % fat (pork); 23 % ice; 1.5 % salt; 20
Sausage 5 | 0.25 % spices; 0.2 5% additives (phosphate; ascorbate) ’

The goat specific primers BC290501 F (5" TCTGGTCCAATTGGTGAGAG 3") and BC290501 R
(5" AGGCCACAGGTGAAAAAGTC 3’) were commercially synthesized by Qiagen (Hilden, Germany).
The amplification products were detected by means of a dual labeled probe BC290501 P (FAM-
5’ AGGGAAATGTTGAATGGGAAGGATATGC 3’-Tamra) as well as by the intercalating dye SYBR-



ICOMST 2004 \
50" International Congress of Meat Science and Technology, Helsinki, Finland L2

Green 1. A 97 bp animal specific DNA fragment based on the myostatin gene, designed by Laube et al.,
(2002) and a dual labeled probe were used as a reference system for relative quantification.

The amplification of the DNA fragments was performed by Real-Time PCR in a Rotor Gene 2000 with vials
containing a final volume of 20 pl: 1x reaction-buffer (Qiagen), 4.5 mM magnesium chloride, 0.05 mM of
each ANTP, 0.8 uM of each primer, 0.4 uM dual labeled probe (Qiagen) or 1 pL SYBR-Green 1 diluted
3000 fold, 1.25 unit of HotStarTaq"™ DNA-polymerase (Qiagen) and 5 pl DNA solution diluted 40 fold.

The applied PCR-program was the following (40-45 cycles): Initial DNA-denaturation at 95 °C for 15 min;
95 °C for 30 s, 58 °C for 30 s, 65 °C for 30 s for the probe detection system and 72°C for 30 s for SYBR-
Green 1 system.

The determination of relative amounts of goat meat per total meat in meat products was calculated according
to the equation based on the delta-delta Ct method modified by Pfaffl (2001). Sausage 4 containing 20 %
goat meat with a Fc- value at < 0.9 was used as calibrator (tab. 1).

Results and Discussion

For relative quantification it is necessary to have a reference gene which has a constant efficiency for each
commercially relevant animal species. DNA from muscle tissue of 12 animal species (Fig. 1) was extracted
and diluted under the same conditions.

Figure 1 shows that the most aminal species like goat, pig, cattle have a comparable course of amplification
using the myostatin gene. For these animal species the 97 bp fragment of the myostatin gene is suitable as
reference gene. In contrast to this the course of amplification in the case of duck, ostrich and kangaroo is
different.

Maorm. Fluoro.
03] pig duck (1)
cattle ostrich (2)
0,25 horse kangaroo (3)
sheep
b2l goat
turke
015 ey
5 chicken
o wild boar
deer
0,05|
0]  Threshald
o Iz Mo Mg T b 30 '35 4o Cycle

Fig. 1: Course of amplification of the 97 bp myostatin gene fragment of 12
commercially relevant animal muscle tissues

The reaction efficiency is the second critical point for quantification. The efficiency of amplification was
calculated for the myostatin and beta-casein systems by means of standard curves (Fig. 2 and 3). A
standardized DNA solution (10 pg/ml) obtained from goat meat was 4-fold diluted (2.50, 0.63, 0.16, 0.04
and 0.01 pg/ml). Amplification with a reaction efficiency of 2 means a doubling of amplification product for
each cycle resulting in a standard curve graph slope of -3.322. Figure 2 and 3 show a comparable optimum
reaction efficiency over 3 magnitudes for the 97 bp myostatin reference gene fragment and the 161 bp goat
specific beta-casein gene fragment. A significant difference of efficiency in comparison of the probe and
SYBR-Green 1 - systems was not detectable.
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Fig. 2: Determination of reaction efficiencies for the
probe assay

The obtained reaction efficiencies for both assays were applied to determine the content of goat meat in
reference products (Tab. 2 and 3). The data show that the probe assay represents a better comparability of the
real and calculated content of goat meat than the SYBR-Green 1 assay with a mean coefficient of variation

(CV) of 20 %.

Furthermore sausage 2 containing 25 % pork fat shows a lower goat meat content than sausage 1 prepared
without pork fat (tab. 1 and 2). Fat tissue contains also DNA like other animal tissues and leads to an
increase of total DNA copy number. For this reason the relative content of goat meat is decreasing in
comparison to the total meat content. This effect is especially important for the quantification of animal
species in liver sausages as liver shows an extremely high DNA content, which is at least tenfold higher than
in muscle tissue. In contrast to this the DNA content of fatty tissue is approximately only a quarter in

comparison to muscle meat.

With respect to this fact applying this assay a semiquantitative determination of goat meat in meat products

Fig. 3: Determination of reaction efficiencies for
SYBR-Green 1 assay

is possible for sausages treated at low or medium heating conditions (Tab. 2 and 3).

Tab. 2: Contents of goat meat in reference sausages with standard deviations calculated according to
the equation of Pfaffl (2001) in the case of the probe assay (N = 4)

theoretical calculated [%]
probe [% goat] unheated
Sausage 1 100 103 + 25
Sausage 2 100 85+7
Sausage 3 50 37+10
Sausage 4 20 20+ 4
Sausage 5 2 2.3+0.2

calculated [%] calculated [%] calculated [%]
KK' VK? K’
95+ 25 57+ 12 29+ 3
83+10 60+ 14 277
43+ 9 28+ 6 15+ 2
24 £2 101 8§+1
2.1+ 0.1 1.1+£0.3 0.3+0.2

Tab. 3: Contents of goat meat in reference sausages with standard deviations calculated according to
the equation of Pfaffl (2003) in the case of the SYBR-Green (SG) 1 assay (N =4)

Assay theoretical cal([:ll/}f]‘ted

SG 1 [% goat] unheated
Sausage 1 100 129 + 25
Sausage 2 100 112 + 27
Sausage 3 50 66 =7
Sausage 4 20 19+2
Sausage 5 2 35+1.8

calculated calculated calculated
[Yo] [Yo] [Yo]
KK' VK? TK’
161 + 22 97 +£23 63+12
124 + 21 98 +8 48 + 4
73 +£23 50 +12 31+ 13
29 +4 14+3 10 +2
2.6 +0.2 1.3+£0.2 1.5+1.1

'KK = home made cans (Fc-value < 0.9 means 20 min at 82 °C), *VK = “normal” cans (Fc-value = 3.4
means 33 min at 116 °C), > TK = cans treated for use under extreme conditions (Fc-value = 12.3 means

60 min at 116 °C)
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Reference samples heated under extreme conditions are resulting in a significantly reduced content for each
sausage. Using the probe assay for samples heated at Fc = 3.4 (VK) a content of about 50 % of the added
amounts was determined, whereas samples heated at Fc = 12.3 (TK) showed only about 30 % mean goat
meat content (tab. 2). The decreasing content of goat meat is caused by an increase of DNA fragmentation
(Binke et al., 2003). Applying a modified myostatin gene fragment with a length of 154 bp (Laube et al.,
2002) instead of 97 bp a semiquantitative determination of goat meat in meat products heat treated up to a
Fc-value of 3.4 (VK) is also possible. However, the latter system is also not able to quantify the animal
species turkey and chicken.

Conclusion

The presented PCR assays are suitable for a semiquantitative determination of goat meat in meat products. A
quantitative determination with a small error of determination is only possible if there is sufficient
knowledge about the quality and purity of the DNA extracted from processed products. Therefore
quantification procedures demand suitable reference standards with a comparable composition and
procedure. Further critical points are the specific variations caused by the thermocycler and the DNA
extraction as well as the DNA polymerase and the applied dye.

In summary: A quantitative analytical determination of meat (here goat) content in processed food for
control of the QUID regulation is not yet possible and needs further studies.
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PARAMETERS MEAT QUALITY OF BROILERS FROM DIFFERENT REARING
SYSTEMS'

Snezana Bogosavljevic-Boskovic, Zivorad Gajic, Sreten Mitrovic®
Addresses

Background

The share of certain tissues in major basic carcass parts is no doubt an important element determining broiler
meat quality (Karan-Djuric et al., 1977).

The quality trait mentioned and also carcass quality are affected by a number of factors. Of the biological
ones, the greatest effect was exerted by genotype, sex and age (Preston et al., 1973, Antonijevic et al., 1982,
Orr and Hund 1984 etc.). Among numerous non-genetic factors that may considerably influence meat
quality, the rearing systems, or broiler keeping systems have been particularly stressed by some authors over
the past years (Bogosavljevic-Boskovic et al., 1999, Paviovski et al., 2001, Milosevic et al., 2003). The
authors also maintained that intensive industrial production in poultry farming results, among other things, in
lower product quality, due to which there is an increasing number of advocates of non-industrial broiler
rearing system among not only researchers and consumers but also among producers, particularly with the
aim of producing better quality meat.

Objectives

The aim of this paper was to analyze the meat quality of the broilers reared in two different non-industrial
ways of rearing (extensive rearing in a chicken pen and free-range rearing). The basic tissues shares in major
broiler carcass parts serving as quality parameters were examined. The aim of the paper was a comparative
analysis of the broiler meat quality trait mentioned in terms of the effect of the non-industrial rearing systems
used.

Materials and methods

The initial experimental material consisted of 200 one-day-old chicks of the line hybrid Hybro G. The
fattening of the broilers lasted 56 days. In the first four weeks the rearing was conducted within the same
construction with the deep floor covering. Then, at 28 days, the experimental chicks were divided into two
groups. One group was reared within a closed object, in a chicken pen, at population density of 12 broilers
per square metre (under the extensive production conditions in the chicken pen) - according to the European
Union regulations on non-industrial poultry meat production, mentioned by Tolimir and Masic 2000, as well
as by Ristic 2003. The second group was provided with the same useful area within the closed construction,
but there were outlets overgrown with grass for these chickens, too. The free-range area size was such to
provide each chicken with 1 square metre of the area. The trial chickens were fed two appropriate complete
feed mixtures: the initial one (up to 28" day) and the final one (from the 28™ to the 49" day of fattening). In
the last week of the fattening period, the chicks diet consisted of 70 % ground corn mixture and about 30 %
of concentrate mixture.

Following the fattening period, with the aim of examining major meat quality characteristics, 12 broilers
were chosen at random from each experimental group. The dressed and cooled carcasses were then dissected
into basic parts (breasts, thighs, drumsticks, wings, pelvis and back). After the dissection, for the purpose of
determining the yield and share of basic tissues (muscles, bones and skin) in major carcass parts, the breast
and right thigh dissections were made.

The research data analysis was made by using the usual variation statistics methods. The testing of the
significance of differences was conducted through the following mathematical variation analysis model:

Yijk = u+ S; + (SR);; + ek

! Original scientific paper
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that is, the model corresponding to the two-factor experimental plan 2x2 (2 sexes -S and 2 systems of rearing
-SR).

Results and discussion

Table 1 shows values of slaughter yields and shares of basic tissues in both hens and cocks reared in two
different non-industrial rearing systems (I group — in the free-range rearing and the II one — in the extensive
chicken-pen rearing system).

T1

From table 1 one can see a somewhat higher muscular tissue share in breast mass in both hens and cocks of
the first experimental group (free-range rearing) compared to the broilers reared extensively, in the chicken-
pen (II experimental group). A somewhat higher bone share was registered with the chick of the other trial
group. Skin share in the breast mass ranged from 10.96 (males of the II trial group) to 13. 53 % (females of
the same group). However, from the point of view of both meat share and bone and skin share in breast mass,
the emerged differences between both sexes and the rearing systems investigated were not significant.

The mentioned study results on the participation of basic tissues in broiler breasts are in between the results
for free-range-reared chicks by Bogosavijevic-Boskovic et al. (1999) and Milosevic et al. (2003).

Table 2 presents the yields and shares of basic tissues in drumstick mass of the males and females
investigated.

T2

Based upon the table 2 data it could be concluded that a somewhat higher muscular tissue share in the
drumstick mass was recorded in the I experimental group chicks. Furthermore, a somewhat higher
participation of the muscular tissue in the basic carcass part mentioned was registered with the females in
both rearing systems. However, the emerged differences were not statistically significant neither from the
point of view of the sex influence, nor from the viewpoint of the effect of the rearing systems investigated.
Further data in table 2 show that the bone share in the experimental broiler drumsticks ranged from 23.52
(females of the I experimental group) to 28.21 % (males of the I investigated group). The data also indicate
that the lowest and highest skin shares in drumstick mass were registered with the males fattened extensively
in the chicken-pen (9.30%) and with the free-range-reared males (10. 89 %), respectively. However, the
differences in terms of both the bone share and the skin share in the drumstick mass between the trial broilers
were also not significant.

The established relative values of the occurrence of muscular tissue in drumstick mass were somewhat
higher than the results of Bogosavljevic-Boskovic et al. (1999) and were in accordance with the results of
Milosevic et al. (2003).

Conclusions

Based upon the study results on the basic tissue shares in major carcass parts of broilers reared in
two different non-industrial rearing systems (I group — rearing using free-range and II — extensive rearing in
the chicken-pen), the following may be inferred:

e The free-range-reared broilers had a somewhat higher meat share in breast mass and
drumstick mass compared to the ones reared extensively in the chicken-pen.

e A somewhat higher meat share in drumstick mass was recorded with the females than with
the males, whereas the other differences in terms of the sex effect were also slight.

e The analysis of the significance of the emerged differences in terms of the effect of the
rearing systems investigated and the sex of broilers on the share of certain tissues in major
carcass parts has shown that the differences were not statistically significant.
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Table 1. Percentage of meat, skin and bone in breast(%)

Experimental Sex Breast Meat Bone Skin

group

% % %

g g g g
818,98 | 615,20 | 75,09 | 99,58 | 12,32 | 99,44 | 12,01
Male Sq 65,80 61,03 4,05 | 23,95 | 3,67 | 34,75 | 3,38

I Cy 8,03 9,92 5,39 | 24,05 | 29,79 | 34,94 | 28,14
; 728,50 | 560,16 | 76,78 | 77,44 | 10,77 | 86,28 | 11,83

Female | Sq4 71,99 67,48 2,97 | 10,63 | 1,85 | 22,54 | 2,75

Cy 9,88 12,04 3,87 | 13,67 | 17,18 | 26,12 | 23,24

; 752,46 | 563,38 | 74,58 | 103,0 | 13,89 | 81,74 | 10,96

Male Sq 100,82 99,46 3,72 | 23,49 | 3,61 7,32 1,23

II Cy 13,40 17,65 4,99 | 22,80 | 25,99 | 8,95 | 11,22

695,52 | 506,16 | 72,67 | 89,90 | 12,99 | 94,06 | 13,53

Female | Sy 77,21 63,59 1,49 | 10,23 | 1,46 | 17,66 | 1,94
Cy 11,10 12,56 2,05 | 11,38 | 11,24 | 18,77 | 14,34

F, 2,52 2,58 0,90 2,23 0,23 0,08
Fexp F, 2,83 0,01 | 4,54* | 0,94 0,00 1,17
Fi, 0,00 1,56 0,28 0,07 1,56 1,56
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Table 2. Percentage of meat, skin and bone in drumstick(%)

Experimental Sex Drumstick Meat Bone Skin
group g g % g Yo g Yo
X 189,38 119,56 | 63,14 | 46,84 | 24,80 | 20,76 | 10,89
Male Sq 18,82 13,63 | 3,61 7,32 3,73 4,96 1,93
I Cy 9,94 11,40 | 5,72 15,63 15,04 | 23,89 | 17,72
X 156,00 101,18 | 64,80 | 36,50 | 23,52 | 16,54 | 10,52
Female | S4 10,02 8,75 2,39 4,09 3,46 | 4,23 2,16
Cy 6,42 8,65 3,69 11,20 14,71 | 25,57 | 20,53
X 182,78 113,00 | 62,46 | 51,20 | 28,21 | 17,28 | 9,30
Male Sq 26,84 18,47 | 3,84 6,58 3,56 5,32 1,66
I Cy 14,68 16,34 | 6,15 12,85 12,62 | 30,78 | 17,85
X 156,02 100,46 | 64,28 | 37,52 | 24,04 | 16,74 | 10,68
Female | S4 9,56 5,89 3,03 4,81 2,68 3,34 1,70
Cvy 6,13 586 | 4,71 12,82 11,15 | 19,95 | 15,92
F, 0,42 0,17 1,06 1,70 0,66 0,74
Fexp F, 7,49%*% | 142 | 21,11%* | 3,25 1,38 0,36
Fi, 0,27 0,01 0,41 0,91 0,83 1,09
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STUDIES ON CHANGES OF SOME SELECTED PORK MEAT QUALITY TRAITS IN
RELATION TO THE TIME AFTER SLAUGHTER

Borzuta K., Borys A., Grzeskowiak E., Strzelecki J., Lisiak D., Rogalski J.
Meat and Fat Research Institute, ul. Glogowska 239, 60-111 Poznan, Poland

Background

One trait, which can be used to characterise meat technological quality, is meat pH measured 45 minutes
after slaughter. This measurement is employed to reveal meat quality defects and is highly correlated with
meat colour (Briskey 1964).

For many years two main pork meat quality defects have been discussed in literature, namely watery meat
and acid meat. Their occurrence is associated with genetic factors and is attributed to the presence of RYR1
and RN genes (Fujii et al. 1991, Monin and Sellier 1985).

Meat colour is an important trait to be taken into account when assessing the commercial meat quality. With
regard to the subjective meat colour assessment, the greatest attention is paid to its lightness, which is
affected by the optical properties of the surface meat layer.

Objectives

The objective of the performed investigations was to determine changes in colour lightness, pH and electrical
conductivity ascertained at different times after slaughter in the longissimus lumborum muscle (m. LL) in
swine carcasses with normal and watery meat.

Materials and methods

The experimental material consisted of 1050 pork carcasses derived from different swine genotypes.

Within 45 minutes after stunning, pH was determined in the LL muscle at the level of the 1% — 2™ lumbar
vertebra with the aim to select experimental carcasses. From the population, 25 carcasses with PSE meat
(pHy4s < 6.0) and 25 carcasses with normal meat (pHys 6.50 — 7.00) were selected randomly for further
investigations (Kortz 2001, Borzuta et al 1975).

In the LL muscles of both groups of carcasses pH values, electrical conductivity (LF) and colour lightness
(L) measurements were performed at the following times after pig stunning: about 45 minutes and 2, 3 and
24 hours.

The values of pH were determined using the Radiometer PHM 80 Portable pH-meter equipped in a complex
electrode, whereas electrical conductivity was measured using a pork meat quality tester of MT-03 type
manufactured in Poland.

Meat colour lightness was determined in the LL muscle after cutting out a slice at the following times post
mortem: 45 minutes and 2, 3 and 24 hours. The above-mentioned measurements were performed using the
Minolta Chroma Metter CR 300 apparatus (Oziembtowski and Grashorn 1997).

Results and discussion

The pH values determined in the group of pigs with normal meat at the examined times after slaughter
indicate proper acidification of the muscle tissue (Tab.1). Two and three hours after stunning pH values
dropped, on average, by 0.37 unit (pH=6.36), while 24 hours after slaughter — by 0.91 unit. The obtained
final pHy4 — 5.82 value of these muscles indicates the proper process of glycolysis as confirmed by numerous
publications (Lambooij et al. 2004, Bertram et al 2003, Kortz 2001).

The examined muscles were characterised by low electrical conductivity ranging from 2.93 to 3.45 mS,
which was found not to be dependent on the measurement time after slaughter. The electrical conductivity
obtained for this group of carcasses was typical for normal meat (Ko¢win-Podsiadla et al 1998).

Furthermore, in this group of carcasses no significant differences were found between the meat colour
lightness measured 45 minutes as well as 2 and 3 hours after slaughter. However, a significant brightening of
the colour was observed 24 hours after slaughter.

In the group of carcasses with watery meat, the pH value remained on a similar level 2, 3 and 24 hours after
slaughter (pH 5.64 to 5.83). The pH value determined 45 minutes after stunning was only slightly higher (by
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0.19 unit). These observations are corroborated by data reported by Simek et al. (2004), who also did not
record significant differences between the pHys and pH,s. On the other hand, significant differences were
found between the degree of tissue acidification of normal and PSE meat 45 minutes and 2 and 3 hours after
slaughter. However, 24 hours after slaughter pH values of both groups of muscles were quite similar.

The analysis of values of electrical conductivities of the PSE meat revealed its significant increase during the
initial hours after slaughter changes. An increase in the electrical conductivity of 3.10 mS was recorded in
the period from 45 minutes to 2 hours after slaughter. On the other hand, between the second and third hour
after slaughter only a slight, but statistically significant, increase in electrical conductivity (by 0.95 mS) was
observed. In the period from 3 hours to 24 hours after slaughter, a significant drop in the LF of 2.61 mS was
observed. Nevertheless, the difference in the electrical conductivity between normal and PSE meat became
quite conspicuous already 45 minutes after slaughter (3.45 and 7.41 mS, respectively), which indicates that
this measurement can be very useful for the identification of PSE meat already 45 minutes after slaughter.
Also LF measurements 2, 3 and 24 hours after slaughter were significantly different between the two groups
of carcasses.

45 minutes after slaughter the colour of PSE meat was uneven and pale with the colour brightness reaching
43.2%. The colour became much lighter in the following hours. In the period from 45 minutes to two and
three hours after slaughter, a significant increase of the light reflection, on average by 8.6%, was recorded
and 24 hours after slaughter this value increased by 11.5%, in relation to the colour lightness measured 45
minutes after slaughter. The PSE meat 24 hours after slaughter was usually pale and exudative on the entire
slice surface.

During the analysed periods of time the percent of light reflected from the watery meat tissue was higher and
differed significantly when compared with normal meat (<0.01). The recorded differences were as follows:
after 45 min. — 4.08%, after 2 and 3 hours — 13.35%, after 24 hours — 8.26%. It is evident from the above-
presented data that the measurement of colour 45 minutes after slaughter was not a good indicator for the
identification of PSE meat as differences in the colour brightness were the smallest at this point in time.
However, this indicator can certainly be used effectively already 2 hours post mortem.

Conclusions

e The pH of PSE meat after 45 minutes as well as 2, 3 and 24 hours after slaughter exhibited almost
similar values, whereas in the case of normal meat, a gradual acidification of tissue occurred.

e The electrical conductivity of PSE meat increased the 3" hour after slaughter, while that of normal meat
remained at similar level during the entire 24-hour period. It was stated that the measurement of
electrical conductivity 45 minute after slaughter could serve as a good parameter identifying PSE meat.

e The colour lightness of PSE meat, from the 2™ hour post mortem, increased progressively, but measured
after 45 minutes was not a good indicator of PSE meat. In normal meat, colour lightness remained on a
similar level during the period from 45 minutes to 24 hours after slaughter.

References

1. Bertram H.M., Andersen H.J., Karlsson A.H., Horn P., Hedegaard J., Norgaard L., Engelsen S.B.
2003. Prediction of technological quality (cooking loss and Napole Yield) of pork based on fresh meat
characteristics, Meat Science 65, 707-712.

2. Borzuta K., Borys A., Grzeskowiak E., Wajda S., Strzelecki J., Lisiak D., 2003. Variability of
slaughter value and meat quality of fatteners shlaughtered in summer 2002. Roczniki Instytutu
Przemystu Migsnego i Ttuszczowego, 40, 5-11.

3. Briskey E.J., 1964. Etiological status and associated studies of pale, soft, exudative porcine
musculature. Adv. Food Res. 13, 89 — 143.

4, Fujii J., Otsu K., Zorzato F., De Leon S., Khanna V.K., Weiler J.E., O Brien P., MacLennan D.H.
1991. Identification of a mutation in porcine ryanodine receptor associated with malignant
hyperthermia. Science 253, 448 — 451.

5. Ko¢win-Podsiadta M., Przybylski W., Kaczorek S., Krzecio E., 1998. Quality and technological yield
of pork PSE, acid and normal pork. Pol. J. Food Nutr. Sci. Vol. 7/48, No 2, 217-222.

6. Kortz J. 2001. The chief defects of meat and tethods of detection. Pol. J. Food Nutr. Sci. Vol. 10/51,
No 3(s), 6-10.



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

7. Lambooij W., Hulsegge B., Klont R.E., Winkelman-Goedhart H.A., Reimert H.G.M., Kranen R.W.,
2004. Effects of housing conditions of slaughter pigs on some post mortem muscle metabolites and
pork quality characteristics. Meat Science 66, 855-862.

8. Monin G., Sellier P. 1985. Pork of low technological quality with a normal rate of muscle pH fall in
the immediate post portem perod: The case of the Hampshire breed. Meat Sci. 13, 49 — 63.

9. Oziembtowski M., Grashorn M.A., 1997. Estimating roche colour fan numbers L*a*b* values
methodological aspects. VII European Symposium on the quality of Eggs and Egg Products, Pr, AR
Poznan 3, 74-79.

10.  Simek J., Grolichova M., Steinhauserova I., Steinhauser L., 2004. Carcass and meat quality of selected
final hybrids of pigs in the Czech Republic. Meat Science, 66, 383-386.

Table 1. Measurement results of pH, LF and colour lightness L (%) in LL muscle

Time
after Normal meat PSE meat Significant
slaughter differences

pH LF L pH LF L pH LF L
mean SD mean SD mean SD mean SD mean SD mean SD

45min  6,73% 0,17 345 0,71 39,12% 1,53 583 0,13 7.41% 2,55 4320 5,11 *kx kR k%
2h 6,35 027 3,18 043 3870 1,49 567 0,14 1051 359 51,11% 4,99 #x ek ek
3h 6,37° 026 293 0,61 3829% 257 566 0,10 11,46 336 52,59% 4,45 ek ek ek

24 h 582° 0,18 336 084 46,74 469 564 0,11 877° 258 54,70 424 ns ¥k kx

o - significant differences between normal and PSE meat at P < 0,01

A,B,C,D - significant differences between time of measure at P <0,01
ns - non-significant differences
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THE EFFECT OF STORAGE ON THE OXYGEN CONSUMPTION RATE OF BOVINE M. LONGISSIMUS
DORSI AND M. PSOAS MAJOR

K. Brandon', F. Butler' and P. Allen®

'Department of Biosystems Engineering, National University of Ireland, University College Dublin, Earlsfort Terrace,
Dublin 2, Ireland.
The National Food Centre, Teagasc, Ashtown, Dublin 15, Ireland.

Background

Colour is the most important factor determining acceptability of beef steaks. Consumers associate a bright
cherry red colour with quality. The longissimus dorsi (LD) and psoas major (PM) muscles exhibit very
different colour stabilities. The LD is considered to be a colour stable muscle with a colour shelf life of 4 - 5
days, while the PM has a colour shelf life of 1 - 1.5 days and is thus regarded as being very colour unstable
(O’Keeffe and Hood, 1982; Isdell et al, 1999). The oxygen consumption rate (OCR) influences colour
stability by altering the depth at which the metmyoglobin (brown) layer forms. When the OCR is high,
oxygen does not penetrate far into the meat, the metmyoglobin layer that forms at the limit of penetration
will be near the surface, and colour deteriorates rapidly as this thickens and reaches the surface (Madhavi
and Carpenter, 1993).

Objectives

The objective was to determine if time post mortem has an affect on the OCR of bovine LD and PM muscles.
A secondary objective was to determine whether the OCR is affected by anatomical location within the
muscle and whether there is variability within individual steaks.

Materials and methods

M. longissimus dorsi and M. psoas major (n=6) (pH 5.4 - 5.8) were excised from steers (< 36 months) at
48h post mortem at a commercial meat plant (Kepak Group, Clonee, Ireland). A steak (20 - 25mm thick) was
cut from three areas of each muscle — posterior, centre and anterior to account for variability within muscle.
The steaks were then placed in laminated retail polystyrene trays (Linpac 2-37 EPS) and overwrapped with a
high oxygen permeable film (OTR: 20,000cm® m™ 24hr" atm™). All steaks were stored in a cooled incubator
(LMS, Davidson & Hardy Ltd, Ireland) at 4 = 0.5°C for 2 hours in the dark to allow them to bloom. The
remaining portion of each muscle was vacuum packed (20/70 PA/PE; OTR: 40-50cm’ m™ 24hr" atm™ at
23°C, 75% RH) and stored at 0 =+ 0.5°C in a coldroom until 4, 7, 14 and 21 days post mortem. The
temperature in the coldroom and incubator was recorded every 5 minutes using a Tinyview temperature
logger (Gemini Data Loggers (UK) Ltd, Chichester, UK).

Bloomed steaks were vacuum packed (20/70 PA/PE; OTR: 40-50cm® m™ 24hr" atm™ at 23°C, 75% RH). To
account for any variability within the steaks, circles (3 for the LD and 2 for the PM) were marked on each
pack and labelled ‘a’, ‘b’ and ‘¢’ so that colour readings during storage could be taken at the same places.
Reflectance spectra (360-750nm at 10nm intervals) were taken after 0, 10, 20, 30, 40, 50, 60 minutes in a
vacuum pack using a HunterLab UltraScan™ XE spectrophotometer (Hunter Associates Laboratory, Inc.
Reston, USA). During this time the samples were held in the incubator at 4 = 1°C in the dark, except while
reflectance measurements were being taken. Reflectance values were used to determine the proportions of
the three colour pigments (oxymyoglobin, myoglobin and metmyoglobin) present, using the method
described by Kryzwicki (1979). Reflectance values at wavelengths not given by the instrument (473, 525 and
572nm) were calculated using linear interpolation. The OCR was determined by following the pigment
changes that occur since oxygen, present as oxymyoglobin would be converted to myoglobin or
metmyoglobin after vacuum packaging (Madhavi and Carpenter, 1993). The OCR was expressed as
‘oxymyoglobin converted to myoglobin after 10 minutes in vacuum’.
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Statistical analysis

At each storage time the effects of anatomical location and within steak location on the percentage of each
form of myoglobin and on the OCR were tested using a tow-way ANOVA using SYSTAT (Systat Inc.
Illinois, USA). For OCR, the difference between the two muscles was tested in a one-way ANOVA.

Results and discussion

There was no significant difference in oxygen consumption rate as a result of positional effects within the
muscle or within the steak for the LD at each time post mortem. This is in agreement with Young, Priolo,
Simmons and West (1999) who found no significant positional effects for bovine LD pieces. There was no
significant difference within the PM steak (‘a’ and ‘b’). However on days 7, 14 and 21 the posterior section
was more susceptible to metmyoglobin formation than the centre and anterior sections (P<0.01).

The initial oxymyoglobin concentration increased with time post mortem from 58% to 66% on days 2 and 21
respectively. This trend was reflected in a decrease in the % myoglobin from 20% on day 2 to 14 % on day
21. The initial percentage metmyoglobin was consistent with respect to storage time at 20-22%. This
increase in the % oxymyoglobin and decrease in the % myoglobin during storage would be expected to
reflect a decline in the OCR of the LD with time post mortem.

The rate of conversion of oxymyoglobin to myoglobin for the LD was highest on day 2 post mortem,
intermediate on days 4 and 7 and almost non-existant on days 14 and 21 post mortem (Figure 1).
Oxymyoglobin was converted mainly to myoglobin and to a lesser extent to metmyoglobin on days 2, 4 and
7 post mortem. The metmyoglobin concentration remained constant on days 14 and 21, with a slight decline
in oxymyoglobin and increase in myoglobin. This suggests that LD steaks are more susceptible to
metmyoglobin formation in the first days post mortem.

PM oxymyoglobin concentration varied between 55% (day 2) and 66% (day 21) and decreased rapidly with
time in vacuum at all days post mortem, the rate of decline being highest at day 2. As in the LD, storage time
had no effect on the initial % metmyoglobin, but the % myoglobin ranged from 12% at days 7, 14 and 21 to
23% at day 2 post mortem. A concurrent increase in the myoglobin concentration occurred at each storage
interval. Unlike the LD, the metmyoglobin concentration increased with time in vacuum for all storage
times, indicating that the PM is susceptible to metmyoglobin formation up to 21 days post mortem.

The OCR of both muscles decreased with time post mortem (Figure 2), however there were differences
between the muscles at each storage time. PM had a higher OCR than the LD at all times post mortem
(P<0.01). The OCR of the LD was almost completely exhausted by day 7. The OCR has a direct influence on
the colour stability of a muscle through its effect on the penetration depth of the oxygen; therefore the
findings here are in agreement with O’Keeffe and Hood (1982) who found that the PM is the most colour
unstable, has a high OCR and a colour shelf-life significantly shorter than that of any other muscle. On the
other hand they found that the LD was the most colour stable. Madhavi and Carpenter (1993), when
comparing the biochemical characteristics of LD and PM discovered that PM had a significantly higher OCR
and lower NAD (P<0.05) than LD steaks up to day 7 post mortem. However, on days 14 and 21 they did not
detect a significant difference between the LD and PM, which is not in agreement with the present work.

Conclusions

The OCR of the PM is higher than that of the LD, with the PM continuing to have an active OCR up to 21
days post mortem. The OCR of both the LD and PM stabilised from 7 days post mortem onwards. From this
it can be concluded that the optimum storage time prior to anoxic packaging of beef steaks is on or after 7
days post mortem.
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THE CORRELATION OF SLIGHT, MEDIUM AND EXTREME RIGOR MORTIS
CARCASS TO HALOTHANE GENOTYPE, SARCOPLASMIC CALCIUM AND PROTEIN
FUNCTIONAL CHARACTERISTICS IN ABATTOIR SLAUGHTERED PIGS
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Background

Halothane gene (HAL gene) is a genetic defect that can be triggered by stress during hog’s handling
treatments . The clinical symptoms of Halothane gene are gross muscular rigidity, high temperature, and
arrhythmia. After the exsanguination of the animals, the blood circulation stops, and consequently, the hogs
muscle couldn’t obtain energy by respiration. Then, the energy is depleted which results in the development
of carcass’s rigor mortis. Glycogen transfers to ATP as an energy resource during rigor mortis and
consequently affects the rigor development, because of the accelerated rigor mortis caused by the lack of
calcium ion recovery activity during rigor mortis. After the hogs have been hanged and have been dressed,
shaking hand method (Swatland, 1995) might give information about softening and tendering of the meat in
which softening and tendering are in relation to muscle protein functional characteristics.

There have been shown three kinds of rigor mortis degrees (extreme, medium and slight) in abattoir
slaughtered pigs in Taiwan. The different kinds of developed rigor mortis carcasses are measured by shaking
hand method in early abattoir slaughtered pigs. The sarcoplasmic calcium concentration and glycolysis may
be involved in extreme, medium and slight rigor mortis carcasses. The sarcoplasmic calcium concentration
and glycolysis at postmortem carcasses play important roles in the formation of normal or pale, soft and
exudative meat. The rate of glycolysis is controlled by sarcoplasmic calcuim levels; the carcass’s rigor
mortis might be affected by sarcoplasmic calcium concentration and rate of glycolysis. Rapid glycolysis
within the first hour post mortem results in a low muscle pH value and high body temperature, leading to
denaturation of muscle protein and development of inferior meat quality.

Objectives

The objective of this study was to determine the correlation of slight, medium and extreme rigor mortis
carcass to halothane genotype, sarcoplasmic calcium and protein functional characteristics in abattoir
slaughtered pigs.

Materials and methods

Materials

The live weight of the hogs were approximately 100-110 kg. They were slaughtered at local abattoir and
stunned electrically. Within 45 min after exsanguination, the three groups of rigor mortis degree carcasses
(slight, medium and extreme) were determined by tension load tester (Fig. 1). Longissimus dorsi (LD, from
4th to 5th rib ) samples were subsequently excised within 45 min and 24 h after post mortem from 10
carcasses of three groups of rigor mortis degree, respectively, and immediately stored at -70°C until analysis.

Methods

Halothane genotype identified

Halothane genotype of three kinds of rigor mortis degree carcasses were identified by mutagenically
separated polymerase chain reaction ( MS-PCR ) (Liaw et al., 2000).



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

Measurements of sarcoplasmic calcium concentration and the products of glycolytic metabolic
response

Sarcoplasmic Ca*" concentration in LD muscle was determined by using 10 g sample in 10ml of 150mM
KCI (Cheach et al., 1984). The Ca®>" was analyzed by an atomic absorption spectrophotometer at 422.7 nm.
The concentration of glycogen was analyzed by a method of Hartschun et al. (2002), and glucose, glucose-6-
phosphate, adenosine triphosphate (ATP), and creatine phosphate (CP) concentration were analyzed by a
enzyme analyze method (Yang, 1993). The R value was analyzed by a method of Thompson et al. (1987).

Measurements of protein functional characteristics

The pH, lightness value, protein solubility, myofibrillar ATPase activity, water-holding capacity(WHC), and
myofibril fragmentation index (MFI) were determined at 45 min and 24 h post mortem, respectively. The
protein solubility and WHC were measured by Joo et al. (1999). The assayed method of myofibrillar
ATPase activity was modified from Lin ez al. (1999). MFI was determined by Hopkins and Thompson
(2002).

Statistical analysis
The data from the three kinds of rigor mortis degree carcasses were compared by analysis of variance
(ANOVA) using the General Linear Model ( GLM ) of SAS (1988).

Results and discussion

The results showed that there was one heterozygote in the samples of extreme rigor and medium rigor mortis
carcasses; however, the Halothane gene did not exist in the samples of the slight rigor mortis carcasses.
Within 45 min of post mortem, both sarcoplasmic Ca*" and R value in the extreme rigor mortis carcasses
were significantly higher than those in the others (p<0.05); on the other hand, the adenosine triphosphate
(ATP) and the creatine phosphate (CP) content in the extreme rigor mortis carcasses were lower than those in
the slight rigor mortis carcasses (p<0.05), and the sarcoplasmic Ca’" concentration did not have difference
among the three groups at 24 h of post mortem. The results were similar to Cheah et al.(1984).

The increased level of sarcoplasmic Ca®” in extreme rigor mortis carcasses was due to a disturbed regulation
of calcium release channel in sarcoplasmic reticulum, and Ca>" was fast releasing in sarcoplasmic reticulum.
Cheah ef al.(1986) indicated that Ca®* release of sarcoplasmic reticulum might be caused by the mechamism
of Ca**-induced Ca”*" released. Monin et al.(1980) indicated that the rigor mortis score was higher in
Halothane positive pigs at 1 hour post mortem, for explaining that the extreme rigor mortis might to have a
mutational Halothane gene. The faster rate of glycolysis in extreme rigor mortis carcasses is caused by the
higher sarcoplasmic Ca®" concentration they have. The rate of glycolysis was controlled by Ca**
concentration which stimulated the degradation of glycogen. This study showed that the extreme rigor mortis
carcasses were higher in free sarcoplasmic Ca®" concentration and the ATP as well as the CP content to be
lower. The results also indicated that the rate of glycolysis was faster within 45 min post mortem due to the
extreme rigor mortis carcasses which had a higher Ca*" concentration in sarcoplasmic.

Additionally, the solubility of sarcoplasmic protein, total protein, myofibrillar ATPase activity and WHC in
the extreme rigor mortis carcasses were lower than those in the slight rigor mortis carcasses (p<0.05), but the
extreme rigor mortis carcasses had significantly higher lightness value, drip loss and MFI than the other
rigor mortis carcasses (p<0.05). Protein denaturation was quantified by myofibrillar ATPase activity and
protein solubility. Within 45 min post mortem the extreme rigor mortis carcasses had a faster rate of
glycolysis and it would result in lactate accumulation, pH value decrease and protein denaturation in muscle.
Our study showed that extreme rigor carcasses had lower protein solubility and ATPase activity, in which it
supported that extreme rigor carcasses had lower protein function characteristics than the others.

Conclusions

The results showed that although the relationship between hog carcasses and halothane genotypes did not
reach to a significant level, extreme rigor mortis carcass had significantly higher sarcoplasmic Ca*" level and
caused rapid glycolysis and decreased pH value in pork muscle. Thus, the meat qualities were seriously
affected.
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Fig. 1. The degree of rigor mortis carcass was measured by tension load tester.

Table 1. Sarcoplasmic Ca?", glycolytic metablic response concentration and R value in LD muscle at 45 min
post mortem of different degree rigor mortis carcass

extreme rigor ~ medium rigor slight rigor
sarcoplasmic Ca®" (ug/g) 12.41£1.45°  12.35+1.88" 8.75+2.34°
Glycogen(mg/g) 109.58+11.28 110.27+11.90  111.83+11.44
Glucose (mg/g) 7.293+2.41 6.690+2.24 8.111+3.50
G-6-p (mg/g) 0.121340.044*  0.0549+0.013°  0.0363+0.020°
ATP  (Hmol/g) 0.1368+0.039°  0.1673+0.031* 0.1717+0.025
CP (Mmol /g) 4.126+1.41°  6.591+2.7° 6.206+2.28"
R value 1.2943+0.035* 1.2862+0.027% 1.2687+0.017"

Different superscripts(a, b)indicate significant differences between means.(p<<0.05)

Table 2. Protein solubility, pH;, WHC, MFI, myofibrilar ATPase activity, lightness in LD muscle at 45 min post mortem of
different degree rigor mortis carcass
extreme rigor ~ medium rigor  slight rigor

pH, 6.19+0.33° 6.37+0.10° 6.43+0.06"
protein solubility(mg/g)

sarcoplasmic protein(mg/g) 71.47+£7.03 74.3949.07 74.06+6.14
total protein (mg/g) 212.94+23.12  220.29+15.57  216.36+11.75
WHC(%) 69.66£1.95"  71.57+0.78" 71.71+1.22°
MFI 0.138+£0.012*  0.116£0.008"  0.115+0.008"

myofibrillar ATPase activity ~ 0.2958+0.077° 0.3680+0.064°  0.4286+0.099%
(umol/min/mg protein)
lightness value 3436+0.97°  33.17+1.73° 32.96+0.98°

Different superscripts(a, b, c)indicate significant differences between means.(p<<0.05)

Table 3. Sarcoplasmic Ca®*, pHu, protein solubility, WHC, drip loss, myofibril fragmentation index, myofibrilar ATPase activity and
lightness in LD muscle at 24 h post mortem of different degree rigor mortis carcass
extreme rigor medium rigor  slight rigor

pHu 5.84+0.20° 6.10£0.21° 6.11+0.36°
sarcoplasmic Ca®>" (u g/g) 8.25+1.74 8.83+£2.90 7.81+1.38
protein solubility

Sarcoplasmic protein (mg/g)  64.64+1.74° 67.27£2.90®  70.73+1.38"

total protein (mg/g) 169.70+15.87°  174.39+10.70° 181.27+13.04°
WHC(%) 66.17+0.82  6837+0.90  68.93 £1.06
drip loss 3.16+0.83° 1.78+0.35° 1.2120.19°
MFI 0.187 £0.010*  0.166 £0.008"  0.145 £0.004°
myofibrillar ATPase 0.281+0.11°  0.362+0.08®  0.425+0.139°
activity( 1 mol/min/mg protein)

lightness value 4275 +1.54*  40.73+0.87°  37.79 £2.04°

Different superscripts(a, b, c)indicate significant differences between means.(p<<0.05)
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EFFECT OF HCG STIMULATION ON ANDROSTENONE, SKATOLE AND INDOLE
LEVELS IN ENTIRE MALE PIGS

Chen, G., Zamaratskaia, G. and Lundstrom, K.
Department of Food Science, PO Box 7051, 750 07 Uppsala, Sweden

Background

Skatole, indole and androstenone are the compounds responsible for boar taint, an offensive odour detectable
when cooking pork. Due to their lipophilic properties, they accumulate in adipose tissue of some entire male
pigs. Skatole and indole are formed from tryptophan in the colon of pigs (Claus et al., 1994). Skatole passes
through the liver where most of it is metabolised by cytochrome P450. The activity of this enzyme system,
therefore, affects skatole levels (Babol et al., 1998). Environmental factors and nutrition are also important in
the regulation of skatole levels (Walstra et al., 1999).

Androstenone is a testicular steroid and its production is linked to the synthesis of anabolic testicular
hormones. Puberty development results in increased androstenone levels (Claus et al., 1994). Environmental
factors such as season, photoperiod (Andersson et al., 1998) and nutrition levels can influence the time of
puberty and thus androstenone levels in adipose tissue at slaughter.

HCG injection causes an abrupt increase in androstenone both in plasma and fat (Carlstrém et al., 1975;
Andresen, 1975; Bonneau et al., 1982), but to our knowledge an eventual effect on skatole has not been
studied. High level of androstenone may inhibit the expression of CYP 2E1 in liver (Doran et al., 2002), one
of the enzymes involved in skatole metabolism. Subsequently, much skatole remains unmetabolised and can
then accumulate into fat. Some researchers showed that androstenone levels correlated positively with
skatole levels in adipose tissue at slaughter age as reviewed by Walstra et al. (1999). A positive correlation
between androstenone and skatole levels in plasma at 20 weeks of age was also found (Zamaratskaia et al.,
2004a). Generally, however, results vary on the relationship between androstenone and skatole levels.

Objectives

The aim of the present study was to investigate the effect of hCG stimulation and the relationships of
androstenone, skatole and indole levels in plasma and fat after hCG stimulation in entire male pigs.

Materials and methods

Animals

A total of 34 entire male pigs of a crossbred (Swedish Yorkshire dams x Landrace sires) were used in this
study. Animals were raised in single-sex pens with 7 pigs in each. All pigs were fed the same commercial
diet according to the standard feeding regimen for finishing pigs in Sweden (restricted, 12 MJ ME per kg,
digestible CP 13%).

HCG injection was performed (Pregnyl, 30 IU/kg body weight) 4 days prior to slaughter. Control pigs were
injected with sterile saline the same day. Blood samples were taken from all pigs twice: before injection and
the day before slaughter. Plasma samples were kept in -80°C until analysis. Back fat was taken at slaughter

and kept in -20°C until analysis.

Analysis of skatole, indole and androstenone

Skatole and indole levels in plasma were measured with HPLC as described by Zamaratskaia et al. (2004a).
Skatole levels in fat were measured with a colorimetric procedure (Mortensen and Segrensen, 1984).
Androstenone levels in plasma and fat were measured with an ELISA method described by Squires and
Lundstrém (1997). Androstenone was extracted from plasma with ethyl acetate and from fat with methanol.
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Statistical analysis

All data were analysed with the Statistical Analysis System, version 8.2 (SAS Institute, Cary, NC, USA).
Procedure Mixed was used for evaluating the results. The model included treatment and time of sampling as
fixed factors, and individual pig within sire, dam and treatment as random factors. A logarithmic
transformation was applied to the levels of skatole, indole and androstenone to normalise the distributions of
observed values. Results are presented after back transformation.

Results and discussion

Androstenone analysis in plasma with ELISA method has been used by many researchers. The direct plasma
analysis (without extraction), however, led to overestimation and extreme values could be observed (above
200 ng/ml). To avoid this overestimating effect, extraction procedure was used prior to analysis in this study.

Three pigs were used in a pilot study to evaluate the experimental design. The blood samples were taken at
five occasions: before hCG injection, each day during three days after injection and the day prior to
slaughter. The results showed a rapid increase in androstenone level, a plateau on the second day and a
subsequent decline. This is in line with the former Swedish results (Carlstrdm et al., 1975), where maximum
levels of androstenone in plasma were found the second day after hCG-injection. Overall, no effect on
skatole or indole levels was observed; however, a pronounced increase in both compounds was observed
within some individuals causing a high variation (Figure 1).

HCG stimulation significantly increased androstenone levels in plasma (P < 0.001; Table 1), whereas skatole
levels in plasma did not differ between treatments. Surprisingly, plasma indole levels increased significantly
(P =0.03; Table 1). This increase is difficult to explain. Probably, high androstenone levels inhibit the
enzymes involved in indole metabolism more efficiently than skatole levels. Both skatole and indole are
metabolised in the liver with the same enzymatic system (Gillam et al., 2000). However, the precise
metabolism of indole has not been the subject of intensive research, and factors affecting indole metabolism
are not yet known. The effect of hCG administration on both skatole and indole levels needs to be further
studied.

HCG injection also caused a significant increase in androstenone levels in fat (P < 0.001; Table 1). The mean
androstenone level for the control group was 1.03 pg/g and for hCG treatment group 4.22 ug/g,
approximately four fold higher than the control. Skatole levels in fat were significantly higher in the hCG-
treated group compared to the control. It should be noted that skatole levels in fat in this study were
measured by the colorimetric method. This method is not specific for skatole, but measures the total amount
of indolic compounds. Therefore, the observed differences between treatments in fat might rather be due to
indole than skatole concentrations. Indole may also partially contribute to boar taint (Garca-Regueiro and
Diaz, 1989). However, the level above which consumers can perceive indole odour is not specified. It is
assumed that indole is not of the same importance for boar taint as skatole and androstenone because of
weaker odour.

The mean skatole levels in fat in control and hCG injection groups were 0.09 pg/g and 0.13 pg/g, with 1 and
4 pigs exceeding the rejection level of 0.20 pug/g respectively. The androstenone levels were relatively high
even in pigs without hCG-stimulation. The mean value for androstenone in the control group was 1.03 pg/g.
In this group, 13 and 8 out of 17 pigs exceeded the threshold levels for androstenone in fat of 0.5 and 1.0
ng/g respectively.

The correlation coefficients between skatole and androstenone levels in plasma at the two sampling
occasions were 0.22 (P = 0.44) before hCG stimulation, and 0.03 (P = 0.88) after hCG stimulation. The
relationship between skatole and androstenone levels in plasma after hCG stimulation has not been studied
previously. Androstenone might be involved in skatole metabolism by the inhibition of CYP2E1 in vitro
(Doran et al., 2002). High androstenone levels would then lead to high skatole levels. However, in an in vivo
study, high androstenone levels did not result in immediately increased skatole levels (Zamaratskaia et al.,
2004a, b). In these studies, the pubertal increases in testicular steroids preceded the rise in skatole levels. In
the present study, skatole and androstenone in plasma were measured three days after hCG stimulation.
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Probably, this time was not enough for androstenone to perform its action on liver enzymes. In this case, the
increase in skatole levels can be delayed. The other explanation could be that androstenone levels after h(CG
stimulation still did not reach a sufficient level to inhibit CYP2E]1 in vivo. The androstenone levels used in
the in vitro study by Doran et al. (2002) were probably much higher than can be achieved in the liver in vivo.
If so, no increase in skatole as a result of inhibiting action of testicular steroids could be anticipated.

The positive correlation between skatole and indole levels in plasma (r = 0.49) is probably due to the same
intestinal origin and the linked metabolic pathway. Skatole levels in plasma and fat strongly correlated (r =
0.83). This is in agreement with previous studies (Zamaratskaia et al., 2004a). The correlation between
androstenone and skatole levels in fat at slaughter was 0.47 in control animals and 0.39 after hCG
stimulation. The lower correlation coefficient in the hCG-treated group may be related to the fact that
androstenone levels in this group increased rapidly, whereas no such high increase in skatole levels was
observed.

Conclusions

HCG stimulation significantly increased androstenone levels in both plasma and fat. Skatole levels in fat
were also higher in hCG-treated pigs. This increase might be related to the variations in indole levels, since
indole but not skatole levels in plasma were higher after hCG stimulation. High androstenone levels did not
cause increased skatole levels in plasma with the sampling pattern used in this study. This would have been
expected if androstenone inhibited the expression of the main enzymes of skatole metabolism.
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Table 1. Concentrations of androstenone, skatole and indole in plasma and fat from entire male pigs before
and after hCG injection or at slaughter (least-square means)

Control group hCG injection group
Before e poame P e poa
g -value e -value
injection Slaughter day injection Slaughter day
Plasma (ng/ml)
Androstenone 1.01 1.32 0.22 1.19 6.42 0.001
Skatole 2.97 2.75 0.59 3.54 4.10 0.29
Indole 2.25 2.66 0.33 2.74 3.98 0.03
Fat (ug/g)
Androstenone 1.03 4.22 0.001
Skatole 0.09 0.13 0.03
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Figure 1. Androstenone, skatole and indole levels in plasma after hCG stimulation in three entire male pigs
(mean value + standard deviation).
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EFFECT OF LACTOFERRIN LEVELS ON TBARS AND NONHEME IRON OF GROUND
PORK

Chiu, C. H. and Kuo, C. C.
Department of Food Science, Tunghai University, Taichung, Taiwan

Background

Lactoferrin is an iron-binding glycoprotein that belongs to the transferring family, and mainly exists in
mammalian milk. Iron ions are an important catalyst of lipid oxidation which could be bound by lactoferrin
(Naidu, 2002). Probably due to this reason, the natural bovine lactoferrin could inhibit lipid oxidation in corn
oil emulsions and lecithin liposome systems (Huang et al., 1999). Lactoferrin could be used as a dual-
purpose additive in infant formulas and similar food products for its antioxidant and antimicrobial properties
(Satué-Gracia et al., 2000). In the USA, lactoferrin is permitted at levels of 65.2 mg/kg of beef. In Taiwan,
lactoferrin may be used in special nutritional foods under the condition “only for supplementing foods with
an insufficient nutritional content and may be used in appropriate amounts according to actual requirements”.
Currently, the European Union does not have a specific regulation for lactoferrin. Higher levels of bovine
lactoferrin had been administered orally to mice and rats, as high as 20 g/L of milk for fourteen days and 20
g/kg for thirty weeks, respectively, with no known side effects (Naidu, 2002).

Objectives

Lactoferrin was reported to inhibit various microorganisms, but only limited information has been reported
on the effect of lactoferrin on lipid oxidation in food systems and to what extent the antioxidative effect of
this additive exerts when used in ground pork and what influence it could have. The purpose of this study
was to investigate the effect of lactoferrin levels on TBARS wvalues, total and nonheme iron and pH of
ground pork during storage at 4 'C for 9 days.

Materials and methods

Bovine lactoferrin was obtained from DMV International (Veghel, the Netherlands).

Ground meat samples were divided into three batches (1 kg/batch). To each batch was added 0, 40 or 80 mg
lactoferrin/kg meat, respectively. Samples were stored at 4 ‘C for 0, 3, 6 and 9 days. TBARS (2-
thiobarbituric acid reactive substances) values of meat samples were determined by using the distillation
method (Ockerman, 1985). TBARS values were expressed as mg malonaldehyde/kg meat. Total iron
concentration of the samples was determined on dry ashed samples by an atomic absorption
spectrophotometry (Hitachi Z-8000, Tokyo, Japan) according to the AOAC method (1995). A modification
of the method of Rhee and Ziprin (1987) as described by Schricker et al. (1982) was used to determine
nonheme iron. The pH values of ground pork were determined according to Ockerman (1985).

Results and discussion

Mean total and nonheme iron concentration of samples is shown in Fig. 1. Due to that lactoferrin is an iron-
containing protein; therefore, the treatments with the addition of lactoferrin (40 and 80 mg/kg) had higher
(P<0.05) total iron concentration than the controls. The higher the levels of lactoferrin added, the higher the
total iron. However, the differences in total iron concentration between the treatments with the addition of 40
and 80 mg/kg lactoferrin were not significant (P>0.05). On the contrary, nonheme (free) iron concentration
was higher for the controls (14.2 pg/g), compared to the treatments with the addition of 40 mg/kg (12.0 pg/g)
or 80 mg/kg lactoferrin (10.5 pg/g). The higher the levels of lactoferrin added, the lower were the nonheme
iron. The differences in nonheme iron between the controls and the treatment with the addition of 80 mg/kg
lactoferrin were significant (P<0.05). Lactoferrin used in this study is partially saturated with iron, which has
the ability to bind free iron; therefore, nonheme iron concentration was lower, but total iron concentration
was higher, in the treatments with the addition of lactoferrin when compared to the controls. In general,
nonheme iron in all treatments increased slightly during storage at 4 ‘C for 9 days; however, the results were
not consistent (data not shown). Kanner et al. (1988) reported that free iron in raw turkey and chicken
muscles increased during storage at 4 C, and suggested that this free iron increase was important in lipid
oxidation in stored meat.
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TBARS values were lower (P<0.05) in lactoferrin-treated samples (40 and 80 mg/kg) than in controls at 3, 6
and 9 days of storage, except at day O (Fig. 2). This suggested that lactoferrin addition could inhibit lipid
oxidation and decrease TBARS values in ground pork. This was due to the iron-binding properties of
lactoferrin (Naidu, 2002). From our results, it seemed that nonheme (free) iron was probably more important
than total iron in lipid oxidation in ground pork. Satué-Gracia et al. (2000) reported that lactoferrin could be
used as an additive in infant formulas and similar food products for its antioxidant properties. The
differences in TBARS values between the treatments with the addition of 40 and 80 mg/kg lactoferrin were
not significant at each interval of storage time. Increasing the concentration of lactoferrin at 80 mg/kg could
only slightly enhance its antioxidant activity in ground pork. This suggested that the addition of 40 mg/kg
lactoferrin in ground pork (20% fat) was probably sufficient to retard the lipid oxidative rancidity. TBARS
values in controls increased as the storage time increased up to 9 days. TBARS values in the treatments with
the addition of 40 and 80 mg/kg lactoferrin were not significantly changed at 3 days of storage; however, the
TBARS values significantly increased at 6 and 9 days of storage. It seemed that lactoferrin could be more
effective in inhibiting lipid oxidation in ground pork at the early storage time. All samples with or without
the addition of lactoferrin had TBARS values below 0.5 during 9 days of storage, which were relatively low
and well below the threshold value (1.0 mg malonaldehyde/kg meat) for detection of warm-over flavor
(Boles and Parrish, 1990).

The differences in pH values among the treatments were not significant (P>0.05) at each storage interval
(Table 1). The results indicated that lactoferrin addition has little effect on pH values of ground pork. The pH
values of all meat samples slightly increased (from 6.19 to 6.31) during 9 days of storage; however, the
differences were very small.

Conclusions

Ground pork containing 20% fat was treated with 0, 40 and 80 mg/kg bovine lactoferrin and stored at 4 C
for 0, 3, 6 and 9 days. Total iron concentration was lower, but nonheme iron was higher in controls than in
lactoferrin-treated samples. The higher the levels of lactoferrin added, the higher were the total iron, and the
lower were the nonheme iron. The addition of lactoferrin decreases TBARS (thiobarbituric acid reactive
substances) in ground pork. The antioxidant activity increased with lactoferrin concentration.
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Table 1

Effect of lactoferrin on pH value of ground pork during storage at 4 'C (n=12)
Lactoferrin (mg / kg meat)

Days 0 40 80
0 6.19+0.16 6.19+0.16 6.19+0.16
3 6.26+0.17 6.26+0.17 6.26+0.18
6 6.28+0.18 6.26+0.18 6.26+0.18
9 6.31+0.16 6.31+£0.16 6.31£0.16

Each value is the mean + 1 standard deviation.
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Figure 1. Effect of lactoferrin levels on total and nonheme iron of ground pork during storage at 4 C (n=27).
Error bars represent = 1 standard deviation. Each bar represents the average of three replicates. Bars with
different letters are significantly different (P<<0.05).
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Figure 2. Effect of lactoferrin (LF) levels on TBARS values of ground pork during storage at 4 ‘C
(n=8). Error bars represent + 1 standard deviation. Each bar represents the average of three replicates. Bars
with different letters are significantly different (P<<0.05).
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ASSOCIATION BETWEEN DNA MARKERS OF CANDIDATE GENES AND CARCASS
COMPOSITION AND MEAT QUALITY IN KOREAN CATTLE

Chung, K.Y.", Kim, W.T.?, Shin, S.C.%, and Chung, E.R.

Department of Animal Science, University of Missouri, Columbia 65201
Nutreco Swine Research Centre, P.O Box 220, 5830 AE Boxmeer, The Netherlands

Background

The challenge to the beef industry is the production of cattle that exhibit favorable or superior carcass
composition and meat quality due to the increasing demand of the consumer for high quality meat. Advances
in molecular techniques have made it possible to select animals based upon desirable genotypes to meat
production, regardless of age or sex of individual. It has been proposed that candidate gene analysis can be
used to identify individual genes affecting the carcass traits and meat quality in beef cattle (Beever et al.,
1990; Sellier, 1994; Haegeman et al., 2003). Candidate genes are selected on the basis of known relationship
between physiological or biochemical processes and quantitative traits of interest. Leptin is a hormone in the
fat metabolism pathway that has been shown to affect the amount of marbling in beef (Willis et al., 1998).
The myogenic factor 5 (MYF5) gene plays a role in myogenic lineage determination and/or myocyte
differentiation (Li et al., 2004). Heart fatty acid-binding proteins (H-FABP) are involved in fatty acid
transport from the cell membrane to the intracellular sites of fatty acid utilization (Gerbens et al., 1999).
Therefore, the leptin, MYF5 and H-FABP genes are important candidate genes for the identification of
genetic markers for carcass composition and meat quality in Korean cattle.

Objectives

The objectives of this study were to analyze DNA markers of three candidate genes and to investigate their
possible association with carcass composition and meat quality in Korean cattle.

Materials and methods

A total of 215 Korean cattle registered in the official performance-testing program from the National
Livestock Research Institute, R.D.A. were used in this study. Carcass traits studied were carcass weight
(CW), dressing percentage (DP), eye muscle area(EMA), backfat thickness(BMT) and marbling score(MS).
The meat quality was classified according to Korean beef carcass grading from 1(high quality grade) to
3(low quality grade). Genomic DNA was extracted from blood samples and dissolved in TE buffer and kept
at -20°C. Genotyping of the leptin, MYF5, and H-FABP genes were carried out using the PCR-RFLP
technique. Primer sequences and restriction enzymes used in PCR-RFLP analysis are presented in Table 1.
Allele frequencies in the two groups selected for high and low quality grades were tested using chi-square
test. The GLM procedure of SAS was used to test the association between the genotypes of the candidate
genes and the carcass traits.

Table 1. Primer sequences and restriction enzymes of candidate genes used in PCR-RFLP analysis

Candidate gene Primer sequence (5" to 3") Enzyme Fragment size (bp)
Leptin GTCACCAGGATCAATGACAT Bgl 1I 1,820
AGCCCAGAATGAAGTCCAA
MYF5 ACAGCGTCTACTGTCCTGATG Taq I 890
CGTGGCATATACTAAGGACAC
H-FABP TACCTGGAAGTTAGTGGACAGC Msp | 612

CTTGGCTCTGCTTTATTGACCT
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Results and discussion

The three candidate genes of leptin, MYF5 and H-FABP were genotyped using PCR-RFLP method to
determine their association with carcass composition and meat quality in Korean cattle. Representative
results of PCR-RFLP analysis detected on polyacrylamide gel electrophoresis are shown in Figure 1, 2 and 3.

1 2 3 4 5 6 7 & 921011 12 15 14 15 16 17 08 19 20 21 22 25 24 35 26 2T 28
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Fig. 1. RFLP genotype markers of leptin gene in 12% polyacrylamide gel following digestion with Bgl II
restriction enzyme of PCR products. In the gel, lanes 3~5, 8, 11, 16, 18, 20~22 and 23 represent AA
genotype, lanes 1, 2, 6, 7, 10, 12~15, 24~26 and 27 represent AB genotype and lanes 9, 17, 19 and 28
represent BB genotype.
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Fig. 2. RFLP genotype markers of MYF5 in 13% polyacrylamide gel following digestion with Taq 1
restriction enzyme of PCR products. In the gel, lanes 12, 13, 23 and 25 represent AA genotype, lanes 1~3, 9,
15, 18, 19, 21 and 24 represent AB genotype and lanes 4~8, 10, 11, 14, 16, 17, 20, 22, 26, 27 and 28
represent BB genotype. M : molecular size marker(100bp DNA ladder)
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Fig. 3. RFLP genotype markers of H-FABP in 12% polyacrylamide gel following digestion with Rsa [
restriction enzyme of PCR products. In the gel, lanes 1, 5~12, 14, 15, 18~24 and 25 represent AA genotype,
lanes 2, 3,4, 13, 16 and 17 represent AB genotype. M : molecular size marker(100bp DNA ladder)

The gene frequencies for A and B alleles in all animals were 0.57 and 0.43 for leptin, 0.61 and 0.39 for
MYFS5 and 0.90 and 0.10 for H-FABP, respectively. The difference in allele frequencies between the two
groups selected for high and low quality grades was significant (P<.05) at leptin and MYF5 genes (Table 2).
Least squares means and standard errors of carcass traits for different genotypes of three candidate genes are
given in Table 3. The gene frequencies for A and B alleles in all animals were 0.57 and 0.43 for leptin, 0.61
and 0.39 for MYF5, and 0.90 and 0.10 for H-FABP, respectively. The difference in allele frequencies
between the two groups selected for high and low quality grades was significant (P<.05) at leptin and MYF5
genes(Table 2).

The effect of leptin gene was significant for backfat thickness (P<.01). The backfat thickness of animals with
the BB genotype (1.4310.64cm) was significantly higher than that of animals with the AA genotype
(0.660.52cm). The MYFS5 gene was found to be significantly associated with eye muscle area (P<.05).
Animals with the AA genotype (98.82+7.92cm?) produced a higher eye muscle area than animals with the
BB genotype (81.94%8.37cm?).
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Table 2. Comparisons of allele frequency between the two groups selected for high (n=52) and low(n=43)
quality grades using chi-square test

Candidate gene 7 df P
Leptin 5.6461 1 P<.010
MYFS5 4.4731 1 P<.025

H-FABP 1.7412 1 P<.100

Table 3. Least square means and standard errors of carcass composition for leptin, MYF5 and H-FABP
genotypes in Korean cattle

Candidate Genotype Carcass traits
gene CW(kg) DP(%) BFT(cm) EMA (cm®) MS
LSM+SE LSM=SE LSM=SE LSM=SE LSM+SE
Leptin AA 481.43178.47 60.80+2.35 0.66+0.52° 91.63£7.92  3.92+1.01
AB 479.43£78.02 60.54%1.56  0.94+0.38  89.2348.53 3.8310.94
BB 486.82+77.25 60.51+2.84 1.4310.64" 88.2618.23 3.82+0.48
MYF5 AA 482.35481.71 61.29+2.13 0.94+0.38 98.82+7.92°  3.9440.98
AB 487.58194.47 60.27+2.22 1.0410.45 86.52+8.22"  3.77+0.96
BB 479.754£90.46 61.2612.52 1.03+0.54 81.94+8.37°  3.59+0.72
H-FABP AA 485.39494.25 59.27+2.46  0.98+0.42 93.00£7.60  3.71+0.83
AB 488.76198.94 61.6632.04 1.09+0.53 96.13£7.60  3.64+0.88

Superscripts with different letters in the same column significantly differ (P<.05).
CW=Carcass weight; DP=Dressing percentage; BFT=Backfat thickness;
MS=Marbling score (ranges 1-5)

EMA=Eye muscle area;

However, there were no significant effects of H-FABP gene on carcass traits. The significant association
between the specific gene and quantitative traits suggests that the gene may be one of the causative genes or
that the gene is very close to the causative gene(s)(Li et al., 2004). These results suggest that the leptin and
MYF5 may be candidate genes that influences some carcass traits and meat quality in Korean cattle. The
gene-specific RFLP markers of leptin and MYF5 genes could be used as genetic markers to select for
increased backfat thickness and eye muscle area in breeding programs. Further investigations are needed in
other populations of Korean cattle to verify the associated effects of the candidate gene-specific DNA
marker.

Conclusions

In other to find DNA markers to improve the carcass and meat quality of Korean cattle we studied the
association between genotypes in the three candidate genes (leptin, MYF5 and H-FABP) and carcass
composition and meat quality. Genotypes of three candidate genes were determined for 215 animals using
PCR-RFLP method. Allele and genotype frequencies were calculated for each genes. The allele frequencies
were different between the two groups selected for high and low quality grades at leptin and MYFS5 genes
(P<.05). The leptin genotype was found to have significant association (P<.05) with backfat thickness. A
significant association (P<.05) was also found between the MYF5 genotype and eye muscle area. No
significant association, however, was defected for the H-FABP genotype. The results indicate that the leptin
and MYF5 gene-specific RFLP markers could be used as DNA markers to select animals with desirable meat
quality.

References

Beever, J.E., George, P.D., Fernando, R.L., Stormont, C.J. and Lewin, H.A. 1990. Associations between

genetic markers and growth and carcass traits in a paternal half-sib family of Angus cattle. J. Anim. Sci.
68:337-344.



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

Gerbens, F., van Erp, A.J.M., Harders, F.L., Verburg, F.J., Meuwissen, T.H.E., Veerkamp, J.H. and te Pas,
M.F.W. 1999. Effect of genetic variants of the heart fatty acid-binding protein gene on intramuscular fat
performance traits in pigs. J.Anim. Sci. 77:846-852.

Haegeman, A., Williams, J.L., Van Zereren, A. Law and Peelman, L.J. 2003. Mapping and SNP analysis of
bovine candidate genes for meat and carcass quality. Anim. Genet. 34:349-353.

Li, C., Basarab, J., Snelling, W.M., Benkel, B., Murdoch, B., Hansen, C. and Moore, S.S. 2004. Assessment
of positional candidate genes myf5 and igfl for growth on bovine chromosome 5 in commercial lines of Bos
Taurus. J.Anim. Sci. 82:1-7.

Sellier, P. 1994. The future role of molecular genetics in the control of meat production and meat quality.
Meat Sci. 36:29-44.

Willis, J.S., Scott, R.R. and Spurlock, M.E. 1998. Partial cloning and expression of the bovine leptin gene.
Anim. Biotechnol. 9:1-14.



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

ASSOCIATION OF NEW CALPASTATIN ALLELES WITH MEAT QUALITY TRAITS
OF COMMERCIAL PIGS!

Ciobanu, D.C.", Lonergan, S.M.?, Bastiaansen, J.W.M.?, Mileham A.*, Miculinich, B.%, Schultz — Kaster, C.’,
Sosnicki, A.A.*, Plastow, G.S.%, and Rothschild, M.F.
! Sygen International, Franklin, KY 42134, U.S.A.
2 Department of Animal Science, lowa State University, Ames, [A 50011, U.S.A.
3 Sygen International, Rosmalen, 5241 LN, The Netherlands
4 PIC U.S.A., Franklin, KY 42134, U.S.A.
5 Premium Standard Farms, Milan, MO 63556, U.S.A.
% Sygen International, Kingston Bagpuize, 0X13 5AS, UK.
"Center for Integrated Animal Genomics, Iowa State University, Ames, IA 50011, U.S.A.

Background

The calpain system, a Ca*"-activated protease family, and indirectly calpastatin (CAST), a calpain inhibitor,
plays an important role in postmortem tenderization of skeletal muscle due to its involvement in the
degradation of important myofibrillar and structural proteins (Koohmaraie, 1992; Sensky et al., 2001;
Ciobanu et al., 2002). Two new CAST polymorphisms, CAST Arg249Lys and Ser638Arg, are located in or
close to subdomain C of their respective domains. This subdomain potentiates the inhibitory activity of
CAST. In order to investigate whether the alleles/haplotypes of the CAST gene are associated with meat
quality traits such as ultimate pH, Minolta L*, cooking loss, tenderness and juiciness, a large number of pigs
was harvested at commercial processing plants and screened for these two markers.

Objectives

Estimate the association of the CAST alleles with meat quality traits using a large number of commercial pigs
harvested at commercial processing plants.

Materials and methods

Tissue Sampling and DNA Isolation. Tail and muscle samples and phenotypic data were collected from four
different groups of commercial pigs. Genomic DNA was isolated using the DNeasy tissue kit (Qiagen,
Valencia, CA).

Phenotypic measurements. Four separate experiments were conducted on four different commercial pig
crosses: Group A: N=205; Group B: N=161; Group C: N=691; Group D: N=1829. All test pigs were
harvested at two different commercial processing plants. Longissimus dorsi and Gluteus medius (ham)
muscle pH was measured 24 hours post-mortem directly on the carcass using a Start Probe pH meter.
Additional meat quality measurements such as Minolta L*, a*, a, b* (both muscles), instrumental tenderness
(shear force, star-probe), cooking loss, sensory measurements (juiciness and tenderness), and pH
(Longissimus muscle) were evaluated after 14 days of ageing. In experiment A, shear force was measured
with an Instron 1222 Universal Testing Machine (Instron, Canton, MS) fitted with a Warner-Bratzler shear
attachment. In experiment B, two chops were evaluated for instrumental texture using a circular, five-pointed
star-probe attached to a texture analyzer (Texture Technologies, Scarsdale, NY). The star probe attachment
was used to determine the amount of force needed to puncture and compress the chop 80% of the sample
height. Subjective juiciness and tenderness were scored from 1 to 10 with higher values indicating more
tender/juicier meat. For cooking loss measurements, a chop was cut from the muscle after ageing, weighed,
cooked to 70C° in a Faberware open hearth electric grill, refrigerated until cool, and re-weighed. During the
time of cooking, temperature in each chop was monitored in its center with thermocouples. Cooking loss was
calculated from weights taken before and after cooking and was expressed as a percentage.

Genotyping and PCR-RFLP Analysis. The region flanking each missense polymoprhism
(Arg249Lys and Ser6384rg) was amplified by PCR and then digested with Hpy1881 (4rg249Lys)
and Pvull (Ser638A4rg).

Statistical Analysis. Haplotypes defined by the CAST Arg249Lys and CAST Ser638A4rg polymorphisms were
assigned based on inferences derived from the genotypes of homozygous individuals: haplotype 1, 249Lys —
638A4rg; haplotype 2, 249A4rg — 638Arg and haplotype 3, 249A4rg — 638Ser. All the predicted haplotypes were
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present in all four groups of commercial pigs analyzed. The substitution effects of the haplotypes were
estimated using a mixed model (SAS procedure MIXED, SAS Institute Inc., Cary, NC) and were considered
as deviations from the effect of haplotype 3, which was arbitrarily set to zero. Analysis of haplotype
associations was based on a model with genetic background of the four commercial pig groups included as a
fixed effect.

Results and discussion

CAST Arg249Lys and Ser638Arg, are located in or close to subdomain C of their respective domains. This
subdomain potentiates the inhibitory activity of CAST (Takano and Maki, 1999). Both substitutions
(Arg249Lys and Ser638Arg) are outside the most conserved area of subdomain C: KPxxEDDxIDALSxDF
(reviewed by Takano and Maki, 1999), but Ser638A4rg is separated by just one amino acid from this
sequence. An additional substitution, the Ser66A4sn, is situated in Domain L. The function of this domain is
not clear even though its sequence is well conserved among mammalian species. Recently, a role of the L
domain was identified in regulation of L-type Ca®" channels in guinea pig cardiac myocytes, suggesting the
involvement of CAST in restoring Ca®" channel activity, which facilitates Ca®" influx and subsequently
activation of calpain (Hao et al., 2000).

Detailed results representing Group A test pigs (N=205) are provided in Table 1. For all traits measured in
this group of pigs, haplotype 1 was the favorable one and it was associated with higher pH, better tenderness
and juiciness, lower shear force and cooking loss (Table 1). For instance, the effect of haplotype 1 was
significantly different from the effect of haplotype 2 for shear force (P < 0.04), and for percentage of cooking
loss (P < 0.001). The effect of haplotype 1 was also significantly different from that of haplotype 3 for
muscle pH (P < 0.03), cooking loss (P < 0.002), juiciness (P < 0.008), and tenderness (P < 0.09) in this test

group.

The results were not so clear for Group B test pigs (N=161), although some associations were
detected. For example, for meat firmness, haplotype 2 had a higher substitution effect than that of
haplotype 1 (P<0.05), and haplotype 3 (P<0.01). A suggestive association was also discovered for
star probe with haplotype 1 being associated with a better meat quality than haplotype 2 (as for
Group A). No significant differences were found for meat pH at 24hr and cooking loss.

Data from Group C pigs (N=691) revealed that haplotype 1 and haplotype 3 were again associated
with higher quality pork. These haplotypes were significantly different from haplotype 2 for loin pH
at 24 hr (P<0.01), and ham Minolta L* (P<0.05).

Commercial pigs from Group D (N=1829) were characterized by a significant association of Loin
Minolta a* with haplotype 1 (P < 0.0001) and haplotype 3 (P < 0.05). Haplotype 1 and 3 were
associated with lower value for this component of color and were significantly different from
haplotype 2.

Conclusions

The results indicate that the porcine calpastatin variants have significant effects on meat ultimate pH,
tenderness, cooking loss, and other economically important pork quality traits. It remains to be further
demonstrated if the observed effects were caused by these polymorphisms alone or by their linkage
disequilibrium with the causative mutations. Genetic background may be responsible for the differences in
effects observed in the different commercial populations analyzed. The polymorphisms, or DNA markers,
can potentially be incorporated into breeding programs to improve overall meat quality and hence the
economic value for the pork supply chain and quality products for consumers.
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Table 1. Haplotype substitution effects for Longissimus dorsi meat quality traits

Trait Mean (s.e.) s.d. Estimate” Contrast P values
Haplotype Haplotypes

1 2 3 Ivs2 1vs3 2vs3
pH 5.73 (0.02) 0.18 0.055 0.026 0 0.34 0.03 0.37
Shear Force 1.92 (0.04) 0.55 -0.074  0.097 0 0.04 0.28 0.22
Cooking loss % 24.23 (0.36) 5.01 -1.916  0.727 0 0.001  0.002 0.30
Tenderness score ® 7.33 (0.10) 1.32 0.276  0.199 0 0.69 0.09 0.29
Juiciness score ” 8.02 (0.08) 1.14 0.381 0.253 0 0.45 0.008 0.12

“haplotype 1: 249Lys — 638A4rg (frequency = 0.48); haplotype 2: 2494rg — 638Arg (0.21); haplotype 3:
249A4rg — 638Ser (0.31);
® Tenderness and Juiciness scores are assigned using a subjective method;

Number of observations = 158 — 205 depending on the trait measured
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Background

The carcass and meat quality of ruminants is influenced by various factors such as transport (vehicle type,
animals/m’, and journey times), loading and unloading, stay of the animals in the slaughterhouses, type of
stockyard, climate, and breed, among others. In a wide review, Ciria and Asenjo (2000) indicates that the
genetic type, feeding, sex, age, season, handling during breeding or prior to slaughter can affect that quality.
The low checking of these factors is a constant threat to the organoleptic, technological and sanitary quality
of meat in Venezuela, and particularly in Lara state, opposed to the European Union and USA where some
minimum conditions prior to the sacrifice are imposed by means of the "Animal Well-being" and the "Law
of Humanitarian slaughter (Humane Slaughter act)", respectively. On the other hand, transport is an event
highly stressor for the bovine (Van de Water et al., 2003), and might have a tremendous significance in
Venezuela because of the existence of lines of high crossbred Brahman that they are easily excitable and
susceptible to suffer of stress. Preslaughter conditions, therefore, can affect muscle pH, color, texture and
water-holding capacity of meat.

Objectives

With the purpose of evaluating in the Venezuelan tropic the influence of the preslaughter parameters on the
carcass and meat quality of crossbred Brahman, a series of experiments are carrying out. The pH and
temperature at 0 and 24 hours postslaughter of young bulls, cows, heifers, and steers that arrive to the
slaughterhouse were observed in this particular study.

Materials and methods

This study was developed at the Western Center Slaughterhouse localized in the semi-arid climate of Lara
state, Venezuela with an annual half temperature between 22° and 28° Celsius, annual precipitations greater
than 1000 mm and a relative humidity between 77 and 85%. A total of 78 crossbred Brahman animals were
slaughtered as discriminated as followed. Thirty-eight young bulls (whole males) of 2.5 to 3.5 years old and
average half carcass weight of 135.6 Kg and 15 steers (castrated males) of 2.5 to 3.5 years and average half
carcass weight of 134.4 Kg. Twelve 2.5 year-old heifers with average half carcass weight of 83.4 Kg, and
thirteen 3 to 6 years old cows with average half carcass weight of 95.8 Kg. The animals were loaded among
14:30 to 17:00, and traveled for 4 to 6 hours. Arrival in slaughterhouse occurred between at 20:00 and 20:30.
The animals were placed by discharge lots in stockyard separated by metallic rails with free readiness of
water. Stay time in slaughterhouse went from 11 to 12 hours. After giving a shower with cold water, the
animals were stunned with gun of captive bullet in the cranial region. Chronological age was estimated
through the dental characteristics, and approximately 25 minutes after the stunned state of the animal, both
initial pH and temperature (pH O and Temp O) were measured in the Gracilis muscle of the half left carcass
by using a pHmeter (3030N Neukum) with penetration electrode and sensor of temperature. A final pH and
temperature (pH 24 and Temp 24) were also measured after 24 hours refrigerated. Values obtained were
analyzed by the general lineal model of variant analysis of computer software SPSS, version 10.0 for
Windows.

Results and discussion

Temp 0 of carcass were lower (p <0.01) for young bulls than for cows, heifers and steers probably due to
differences in the way genders handle the preslaughter stress. Safiudo (1992) explains that the females of
calmer character increases the corporal temperature when suffering stress in the moment prior to the
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sacrifice, accelerating glycogen degradation and glycolisis. The fat cover of the carcass might also affect the
initial and final temperature by avoiding heat dispertion, since according to Aalhus et al. (2001), thicker back
fat corresponded with slower temperature decline. Young bulls may deposit less fat cover because of their
hormonal condition. On the other hand, Temp 24 was higher (p <0.01) in steers and cows as compared to
heifers and young bulls.

Table 1.Values of pH 0, pH 24, Temp 0, and Temp 24 in crossbred Brahman of different gender

Young bulls Cows Heifers Steers Signification

pHO 6,66a 6,52a,b 6,48b 6,51b *k
+0,21 +0,26 +0,15 +0,21

pH 24 5,90a 5,85a 5,64b 5,63b *k
+0,20 +0,14 +0,08 +0,19

Temp 0 35,01a 38,38b,c 37,59b 39,50c H*
+2,22 +1,91 +0,60 +0,99

Temp 24 3,86a 6,58b 3,09a 9,58¢ **
+2.36 +1,79 +0,58 +1,93

* * Significative difference (p =0.01)
Differents letters in the same row means significant differences between young bulls, cows, young bulls and heifers. (p
=0.01).

The pH 0 and pH 24 were higher (p <0,01) for the young bulls than all the other groups evaluated. These
results suggest a greater glycogen consumption preslaughter (Mojto et al, 1998), because of greater physical
activity, biggest excitability, maintained muscular contraction and catecolamines hipersecretion before the
sacrifice (Tarrant, 1981). In fatigued animals prior to sacrifice, the pH descends little and very slowly,
because glycogen depletion which causes elevated values of final pH (Safiudo 1992).

The steers and heifers had lower values of pH 24 (p <0,01) as compared to the cows and young bulls,
however, the total average of pH 24 (5,79) is higher than the observed in other studies (Page et to the, 2001),
which could indicate that the preslaughter conditions are significantly affecting muscle glucogen in this
group of animals.

Conclusions

With the material and used methods, and starting from the results obtained in this study and lower these
experimental conditions, we can conclude that the sexual condition has influence in the initial and ultimate
pH and temperature of the meat of crossbred Brahman.
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Background

Little is known about the combined or interactive effect of growth rate and final weight of pigs on
pork carcass and meat quality characteristics. Increasing slaughter weight has the advantage of
reducing overhead costs per unit weight of output for producer, slaughterer and processor,
increasing carcass yields, improving meat to bone ratio and reducing chilling and processing losses
(Ellis and Bertol, 2001). However, research showed that starting from 100 kg live weight each
increment of 10 kg in body weight leads to a slightly lower average daily gain, a significant
deterioration in feed efficiency, reduced lean deposition and poorer meat quality (Albar et al., 1990;
Cisneros et al., 1996; Latorre et al., 2004). To get to heavier weights without affecting carcass
leanness, the simplest approach is to restrict the amount of feed supplied to the animal, especially in
the later stage of the finishing period when fat deposition rates increase dramatically (Ellis et al.,
1996; Candek-Potokar et al., 1998). However, this practice may eventually lead to negative age-
related effects, such as slower growth rate and reduced intramuscular fat content and, consequently,
poorer quality of pork meat (Candek-Potokar et al., 1998). The use of modern, high-lean growth
potential genotypes may represent a valid solution as in theory they can be taken to heavier weights
without compromising growth performances and carcass traits.

Objectives

The aim of this project was to evaluate the effects of growth rate, sex and slaughter weight on
carcass and meat quality traits in commercial pigs.

Materials and methods

A total of three hundred and forty (340) Duroc x (Landrace x Yorkshire) crossbred piglets were
allotted into 28 pens and raised until slaughter at the experimental farm of the Centre de
développement du porc du Québec (CDPQ) in Deschambault (QC, Canada). The animals were
equally distributed according to an experimental design including the following independent
variables: 1) growth rate, which was set according to two different EBVs (estimated breeding
values) for age at 100 kg (fast growth: around -10 days and slow growth: around + 2 days) of the
sire-line, 2) the sex (barrows and gilts) and 3) the liveweight at slaughter (107, 115 and 125 kg).
The selected sire-lines had similar EBVs for backfat thickness at 100 kg slaughter weight. At the
end of the finishing period, a sub-population of 119 pigs (10 carcasses per treatment) was selected
for the carcass and meat quality evaluation trials.

After slaughter, warm carcass weight (kg) and loin eye area (cm?) between the 3™ and 4™ last ribs
level were recorded. After conventional overnight chilling, one side of each carcass was dissected in
order to estimate the effects of the treatments on the proportions of the lean, fat and bone tissue in
the carcass. Full dissection did not include the front shank and the belly. Meat quality was assessed
on the longissimus (L) muscle by measuring pH1 on the day of slaughter (45 min. post mortem) and
ultimate pH (pHu), drip loss (%) and light reflectance (Minolta Chromameter CR 300) at 24 h post
mortem. Furthermore, L muscle chops were ground and frozen pending the analysis of dry matter,



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

collagen and collagen heat-solubility, protein and intramuscular fat (IMF) content (Soxtec
extraction with ethanol and dichloromethane). All analyses were conducted as described by AOAC
(1990). Data were analysed according to a 2 x 2 x 3 factorial design by using the GLM Procedure of
the SAS System (SAS, 1999).

Results and discussion

The selection by the EBV for growth rate of the sire-line successfully led to a difference in the age
at slaughter, with pigs from the high growth rate line being a week younger than the slower growth
rate ones. As liveweight at slaughter increased there were significant increases in hot carcass weight
(p<0.001) and dressing percentage (p<0.05) (Table 1). These results are in agreement with those
reported by Garcia-Macias et al. (1996) and Candek-Potokar et al. (1998). However, contrary to
Garcia-Macias et al. (1996) and Beattie et al. (1999), in our study the increase of carcass weight did
not result in a variation of lean and fat proportions (%). Globally, loin eye area (LEA) increased
(p<0.001) with weight and gilts showed greater loin eye area than barrows. Loin eye area was
dependant on a significant triple interaction of treatments. LEA increased with weight and this
effect was more pronounced and larger in gilts. Main variation, however, arose from fast growing
barrows which have readily completed their cross sectional muscle growth as they reached 115 kg,
while, in opposite, a late but rapid development occurred from 115 to 125 in the slow growing ones
which attained a LEA comparable to that of gilts of the same group. Final LEA of fast growing
barrows was much smaller at 125 kg than that of the three other sex and growth rate combination of
treatments at the same weight. Bone proportion was globally affected (p<0.05) by sex and growth
rate, with gilts and slower growing pigs having higher proportions than barrows and fast growing
pigs, respectively. However, a significant triple interaction also characterizes bone content (%).
Percentage in gilts increased with weight, but the slope was more pronounced in the fast growing
group, although slower gilts displayed a larger overall content. Slower growing barrows had lower
bone content than their female counterpart and the changes from 107 to 125 kg followed a "V"
shape pattern, while the opposite characterized faster growing barrows. These results are in contrast
with Beattie et al. (1999) who reported a clear effect of weight increase on bone proportion in the
carcass.

As already observed by Cisneros et al. (1996) and Eggert et al. (1996), gilt carcasses had higher
(p>0.001) lean proportion and, thus, lower (p>0.001) fat proportion than barrow. Furthermore,
slower growing pigs had a higher lean and lower fat proportion compared to high growth rate pigs,
similar to McGloughlin et al. (1988) who have reported a negative relationship between high
growth rate and carcass quality in Duroc parental line of pigs.

Muscle pH, drip loss and reflectance values were not affected by growth rate, sex and slaughter
weight (Table 2). Except for Latorre et al. (2004), who reported a higher initial pH in the
semimembranosus muscle and a lower L* value in the longissimus muscle with a weight increase
from 116 to 133 kg, no consistent pattern of changes in these pork quality traits with weight have
been reported in the literature (Eggert et al., 1996; Ellis and Bertol, 2001).

Only protein, IMF and collagen contents were affected by the factors under study. Protein was
affected by slaughter weight and sex. Indeed, a lower (p<0.05) muscle protein content was found at
107 kg compared to 115 and 125 kg in the L muscle of both growth rate pigs. The effect of weight
on protein content is in disagreement with a number of studies which showed inconsistent changes
in protein content with slaughter weight (Ellis and Bertol, 2001; Latorre et al., 2004). In accordance
with Latorre et al. (2004), muscle protein content was higher (p<0.05) in gilts than in barrows. As
reported by several authors (Beattie et al., 1999; Ellis and Bertol, 2001; Latorre et al., 2004), no
change in IMF was observed with increasing slaughter weight. On the other hand, IMF content was
higher in barrows (p<0.01) than in gilts, as found by Barton-Gade (1987) and Van Oeckel and
Warnants (2003). Contrary to Candek-Potokar et al. (1998) and Beattie et al. (1999), slaughter
weight did not influence dry matter and total collagen content. However, the content of heat-soluble
collagen content decreased (p<0.001) with weight. This may mean that tenderness of cooked pork
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could be somewhat reduced in heavier animals, as already reported by Ellis et al. (1996) and
Candek-Potokar et al. (1998).

Conclusions

Generally, the results of this study suggest that pigs can be slaughtered at heavier weights without
compromising carcass quality and meat quality. However, given the lower lean proportion found in
the fast growing genotypes used in this study, the increase in slaughter weight should be combined
with appropriate genetics in order to avoid economical losses.
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Table 1. Least Squares Means for growth rate, sex and slaughter weight for carcass composition.

Slaughter weight (VV)C 107 kg 115kg 125kg
Growth rate (GR)" A B A B A B Significance Interactions
Sex ()" B G B G B G B G B G B G GR S W GR*S*W
Carcass weight (kg) 856 856 || 863 847 ([ 920 922 | 922 9.7 || 1002 991 || 101,4 99,2 NS NS ok NS
Dressing (%) 792 7198 || 80,1 79,7 |[ 80,2 80,0 || 80,5 804 | 80,7 798 [ 80,8 80,5 NS NS * NS
Loineyearea(en) || 424 453 || 432 457 || 464 481 | 438 490 || 454 544 [ 489 501 [ NS e e ok
Total lean (%) 429 455 || 46,1 471 | 437 460 || 443 481 || 41,8 468 [[ 450 484 || ok NS NS
Total fat (%) 236 205 205 198 | 221 208 | 21,9 191 [ 244 199 || 220 190 || *** ok NS NS
Total bone (%) 81 8,0 84 85 85 82 8,0 8,6 7,7 85 82 8,6 * * NS *
@ GR: Growth rate = A :fast, B : slow, PS: Sex=B: barows, G: Gilts ¢ W :Slaughter weight
NS : Not significant, * : p <0,05, ™ : p<0,01, ***: p<0,001.
Table 2. Least Squares Means for growth rate, sex and slaughter weight for meat quality characteristics
Slaughter weight (W) 107 kg 115kg 125kg
Growth rate (GR)" A B A B A B Significance
Sex (S)° B G B G B G B G B G B G || GR S W
45min. pH 62 63| 61 6262 63 63 63| 62 63 63 63| NS NS NS
Ultimate pH 56 57 57 56 56 56| 57 56|57 56|56 56| NS NS NS
L* 51,5 508 49,9 SL1Jf 50,9 503 502 500 (f 50,3 51,0 50,5 500 NS NS NS
Drip loss (%) 51 45| 49 54 56 58| 49 58| 49 51 48 55| NS NS NS
Dry matter (%) 26,1 262 26,1 260 26,0 257 26,2 262 264 261 264 259| NS NS NS
Protein (%) 233 23,7| 232 235 23,8 23,6 23,6 239 234 238|239 239 NS * *
IMF (%) 22 200122 L8| L7 L5 20 L8| 23 L7 22 15| NS *¥* NS
Soluble collagen (%) 13,5 133 132 134 129 119 124 11,8( 11,4 1L5] 10,8 11,2]] NS NS  ***
Total collagen (g 1()0g‘1) 04 041 04 o041( 04 041 04 O05) 04 05 05 05| NS NS NS

@ GR: Growth rate = A :fast, B : slow,
NS : Not significant, *: p <0,05, **: p<0,01, ***: p <0,001.

S Sex =B : barrows, G : Gilts

¢ W :Slaughter weight
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ANALYSIS OF THE RELATIONSHIP BETWEEN DNA POLYMORPHISMS IN
CANDIDATE GENES AND BEEF TENDERNESS

Costello, S.', O’Dobherty, E.', Mullen, A.M.", Kim, K.-S.>, Ernst, C.W.? and Sweeney, T
'Meat Technology Department, The National Food Centre, Teagasc, Ashtown, Dublin 15, Ireland

*Department of Animal Husbandry and Production, Faculty of Veterinary Medicine, National University of
Ireland Dublin, Belfield, Dublin 4, Ireland.

*Department of Animal Science, Michigan State University, East Lansing, MI 48824, US

Background

The factors underlying meat quality, while poorly understood, have a molecular basis, which are
responsive to nutrition, environment and animal breeding. Major progress is being made worldwide in
identifying variations in DNA (polymorphisms) which are related to genes influencing meat quality,
growth and carcass yield. Some of these polymorphisms may have the potential to serve as markers of
meat quality. These include polymorphisms in the calpain I and Il and growth hormone genes. The
calpain family are postulated to affect meat quality by initiating muscle protein degradation. Exons 9
and 14 of the calpain I gene were found to contain single nucleotide polymorphisms (SNPs), predicted
to alter the protein sequence of calpain I. Analysis of these polymorphisms with Warner Bratzler shear
force (WBSF) values showed that a relationship existed between the alleles containing the SNP and
decreased meat tenderness (Page et al., 2002). A restriction fragment length polymorphism (RFLP) in
the calpain II gene has also been identified (Zhang et al., 1996), which may have an effect on meat
quality. Growth hormone has proven to be the major regulator of postnatal growth and metabolism in
mammals and thus affects growth rate, body composition, health, milk production, and aging by
modulating the expression of many genes. PCR-RFLP analysis was used to identify a polymorphism
in intron 3 of the bovine growth hormone gene (Zhang et al., 1993). A population of Piedmontese
cattle was genotyped for this growth polymorphism and an association was found between WBSF at
day 11 post-mortem and the polymorphic allele of bovine growth hormone (Di Stasio et al., 2003).

Objective
The objective of this study was to evaluate the association of polymorphisms in bovine Calpain I exon
9 and 14, Calpain II and Growth Hormone genes with tenderness in Irish bovine M.longissimus dorsi.

Materials and methods

Genomic DNA was isolated from 25mg of M. longissismus dorsi muscles (n=284) on which quality
attributes were also characterised, using the QIAamp® DNA minikit. Tenderness was measured by
WBSF (Shackelford, 1991). Compositional analysis was conducted to determine any variation in
intramuscular fat, protein and moisture levels. Sarcomere lengths were determined according to the
laser diffraction method (Cross et al., 1980). Polymerase Chain Reaction (PCR) was performed using
primers specific for calpain I exon 9 and 14 (Costello et al., in preparation), calpain II (Zhang et al.,
1996) and growth hormone genes (Zhang et al., 1993). Restriction digests were carried out using the
restriction enzymes Brgl (calpain I exon 9), Dpnll (caplain 1 exon 14) Hhal (calpain II) and Mspl
(growth hormone). Digests were analysed on agarose gels using electrophoresis (Figure 1).

Associations between the four polymorphisms and WBSF day 14 values were tested using the GLM
procedure of SAS. Association analysis was performed between the observed genotypes and WBSF at
day 14 post-mortem. In a controlled data set, confounding factors were excluded, in particular animals
with extreme values of sarcomere length and intramuscular fat (IMF). For sarcomere length, cut off
points of 1.4um and 1.85um were employed. Samples with percentage of IMF greater than 5% were
also removed from the sample set.

Results and discussion
A significant association was observed between the calpain I exon 9 genotypes and WBSF in both the
controlled (P = 0.0333) and uncontrolled (P = 0.0033) data-sets (Tables 1 and 2). Animals with the
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GA genotype exhibited decreased WBSF when compared to animals with the GG genotype. No
association was observed between WBSF and calpain I exon 14 genotypes in either sample set. The V
to I transition occurred in domain III of the protein, representing a conservative substitution of non-
polar amino acids with no apparent function in terms of calpain enzyme activity. In contrast the G to A
transition, which occurs in domain II of the protein, which has been identified as the proteolysis
domain, thus this polymorphism could alter calpain I enzyme activity.

No significant association was observed between the growth hormone or calpain II polymorphisms,
and WBSF. Di Stasio et al., (2003) observed a significant association between the C allele of growth
hormone and WBSF at day 11, but cautioned that the statistical model used to calculate the effect
could lead to biased estimates of single gene effects, and that the highly unbalanced genotype
distribution observed was undesirable for association analysis. However, our observed genotypic and
allelic frequencies indicate that there is a higher frequency of C alleles over D alleles in general. Low
frequencies for the D allele have previously been observed across Northern European breeds (Lagziel
et al., 2000), suggesting difficulties in finding a “balanced” genotype distribution in the Irish national
herd.

Conclusions

It was found that the calpain 1 exon 9 genotypes had a statistically significant association with WBSF
such that animals with the GA genotype exhibited decreased WBSF and increased tenderness, when
compared to animals with the GG genotype. This observation concurs with that of earlier studies (Page
et al., 2002), strongly suggesting that this polymorphism is a functional marker for increased beef
tenderness. None of the other genotypes examined were observed to have an effect on tenderness.
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Figure 1: Agarose gels showing RFLP patterns and corresponding genotypes for each of the
polymorphisms. M = marker, UC = uncut fragment, bp = base pairs.
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Table 1: Association analysis between observed genotypes and Warner Bratzler shear force
(WBSF) values in bovine M.longissimus dorsi - Uncontrolled data-set

Gene Genotype Warner-Bratzler n P
Shear Force (N)
(mean=SDEYV)
Calpain I, exon 9 GG 49.42 +£23.61 208 0.0033
GA 39.05+11.50 63
AA 34.15 1
Calpain I, exon 14 \'AY% 46.20 = 19.3 177 NS
VI 51.82 +30.58 57
Calpain 11 AA 46.02 £ 16.36 41 NS
AB 43.80 £ 16.63 143
BB 49.06 +£27.58 86
Growth Hormone DD 33.53+11.44 5 NS
CD 46.61 £27.12 43
CC 47.59 +20.89 220

NS = non significant; N = newtons

Table 2: Association analysis between observed genotypes and Warner Bratzler shear force
(WBSF) values in bovine M.longissimus dorsi - Controlled data-set

Gene Genotype Warner-Bratzler n P
Shear Force (N)
(meantSDEYV)
Calpain I, exon 9 GG 51.34£17.60 82 0.0333
GA 42.24 +£12.81 27
AA 34.15 1
Calpain I, exon 14 \'A% 47.60 £ 15.04 77 NS
VI 48.62 +15.74 28
Calpain I1 AA 46.68 = 17.36 18 NS
AB 46.90 £ 16.77 58
BB 50.72 £ 16.19 34
Growth Hormone CC 48.62 = 16.24 99 NS
CD 50.38 +£21.72 13

NS = non-significant. N = newtons

Note: Genotypes were assigned according to published literature. Genotypes for calpain I exon 9 and
exon 14 refer to the coded amino acid (ie Exon 9: G refers to the amino acid glycine, A refers to
alanine; exon 14: V refers to valine, I refers to isoleucine). Genotypes for calpain II and growth
hormone were arbitrarily assigned.
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FEEDING PROTEIN DEFICIENT DIETS DURING THE GROWER PHASE INCREASES
INTRAMUSCULAR FAT DEPOSITION AND IMPROVES EATING QUALITY OF PORK

D’Souza D.N.', Dunshea F.R.?, Pethick D.W.?, Pluske J.R.>, Mullan B.P.!
lDepartment of Agriculture, South Perth, WA, Australia, 6151.
?Victorian Institute of Animal Science, DNRE, Victoria, Australia, 3030.
*Division of Veterinary and Biomedical Sciences, Murdoch University, Murdoch, WA, Australia, 6150.

Background

The Australian pork industry has implemented significant changes to its production systems to produce
leaner and ‘healthier’ pork. This has seen the introduction of leaner genetic lines, improved feed
formulations, and the use of metabolic modifiers to improve carcass leanness. The gains in ‘carcass
leanness’ have resulted in reduced intramuscular fat (IM fat) levels or marbling, and the perception is that
pork is now tougher, less moist and has reduced flavour. Recent studies have shown that IM fat levels in
male and female pigs are as low as 1% in some genotypes while in others, levels can vary between <1% to
4% (Channon et al., 2001).

Cisneros et al. (1996) investigated the use of nutrition to improve the quality of pork and reported that
reducing the protein to energy ratio of the finisher phase increased IM fat deposition, but was also associated
with a corresponding increase in carcass fat and decreased feed conversion. However, results from a recent
pilot experiment (D’Souza et al., 2003) indicated that feeding individually housed pigs grower diets with
15% reduced protein to energy ratio, and grower and finisher diets restricted in Vit A improved the IM fat
levels in the Longissimus muscle from 1.3% to 2%. Also, the improvements in IM fat did not negatively
affect the subcutaneous fat levels of the pigs. The highest IM fat levels (2.7%) were obtained when pigs
were fed a 30% reduced protein to energy ratio diet. However, this increase was accompanied by a negative
impact on growth performance and increased subcutaneous fat.

Objectives

The objectives of this experiment was to (i) determine if feeding pigs either a grower diet with 15% reduced
protein to energy ratio, or grower and finisher diets restricted in Vit A increased IM fat in pigs under
commercial conditions without affecting growth performance and carcass quality, and (ii) to determine if
nutritionally increased IM fat in pigs resulted in improved eating quality of pork.

Methods

A total of 63 Large White x Landrace x Duroc crossbred female pigs of similar age were used in this
experiment. At approximately 14-16 days of age the pigs were transported to the Department of
Agriculture, WA, Research Unit, Medina, and group housed in an environmentally controlled weaner room
for three weeks (15-20kg LW), after which they were moved to a naturally ventilated experimental
grower/finisher shed. The pigs were group-housed (7 pigs per pen). The pigs were stratified on a weight
basis and randomly allocated to one of the 3 diet treatments. The dietary treatments were (i) Control
(commercial grower and finisher diets), (ii) 15% reduced protein to energy ratio during the grower growth
phase (commercial diet during the finisher growth phase), and (iii) Vit A restricted diet during the grower
and finisher growth phase (commercial finisher diet without any added Vit A). All pigs had ad libitum
access to feed, and water via nipple drinkers. At 23 weeks of age, the pigs were transported to a
commercial abattoir and slaughtered according to standard commercial procedures.

Carcass weight and depth of backfat (Hennessy probe) were measured on the hot carcass as per commercial
practice. Intramuscular fat in the Longissimus thoracis was chemically determined using the method of
direct soxhlet extraction of fat by a solvent (hexane) and expressed as the weight percentage of wet muscle
tissue (AOAC, 1990). The pH of the Longissimus thoracis muscle between the 12th and 13th rib was
determined at 24h (pH,) post-slaughter using a portable pH/temperature meter (Jenco Electronic Ltd, Model
6009) fitted with a polypropylene spear-type gel electrode (Ionode 1J42S, Brisbane, QLD) and a
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temperature probe. Drip loss from the Longissimus muscle was measured using the filter paper method
(Honikel, 1987). Surface lightness (L") of the Longissimus muscle was measured using a Minolta
Chromameter CR-400, using Dgs lighting, a 2° standard observer and a measuring aperture of 8mm,
standardised to a white tile. Loin samples were also used to measure cook loss and shear force. Shear force
of the cooked sample was determined using a Warner Bratzler shear blade fitted to an Instron Universal
Testing Machine.

One hundred and fifty boneless Longissimus thoracis steaks were used for the sensory analysis in this study.
The steaks were individually vacuum packaged and frozen approximately 24 hours post-slaughter. Ten pigs
per treatment were used. Five steaks per loin (12cm portion between the 10™ and the 14" rib, 2 cm thick)
were used. Thirty-two boar taint free Longissimus steaks (20mm thickness) were also collected for use as
“warm-up steaks” during the cooking of pork samples. The steaks were thawed and cooked according to a
standard protocol. The pork steaks were cooked using a Silex flat-plate grill for approximately five minutes
to a standardised degree of doneness (medium/well-done, 190°C until an internal temperature of 75°C was
reached). The cooking method ensured that steaks were not contaminated with flavour components from
other steaks being tested concurrently. The cooked steaks were rested for 2 min, cut into half (width-ways)
and immediately presented to consumers for evaluation. Consumers assessed the steaks for odour,
tenderness, juiciness, flavour and overall acceptance using a line scale where 1 = dislike extremely to 100 =
like extremely. The consumer taste panel were also asked to grade the pork into one of 5 quality grades
where, 1 = unsatisfactory, 2 = below average, 3 = average, 4 = above average, 5 = premium

Results and Discussion

The results indicate that there was no significant difference (P>0.005) in carcass weight and carcass dressing
% Dbetween the dietary treatments. There were no significant differences (P>0.05) in P2 backfat depth
between the dietary treatments. The results indicate that pigs fed the 15% reduced protein:energy diet had
significantly higher (P<0.05) IM fat levels (1.8%) compared to pigs fed the control (1.4%) and the Vit A
restricted diets (1.5%). These results are in contrast to that reported by D’Souza et al. (2003) where pigs fed
either the 15% reduced protein to energy ratio diet, or the vitamin A restricted diet had significantly higher
IM fat levels compared to pigs fed the control diets.

It has been hypothesised that the effect of Vit A on IM fat deposition is mediated by retinoic acid, a
derivative of Vit A, which regulates the adipogenic differentiation of fibroblasts, inhibiting the terminal
differentiation of intramuscular adipose tissue in cattle (Kuri-Harcuch, 1982). It has also been proposed that
retinoic acid regulates growth hormone gene expression (Bedo et al., 1989), which in turn decreases fat
deposition and marbling in steers (Dalke et al., 1992). The results from the previous study by D’Souza et al.
(2003) indicated that feeding pigs a Vit A restricted diet during the grower and finisher phase significantly
lowered liver Vit A levels compared to the pigs fed a control diet. Hence it is possible that the Vit A levels
in the Vit A restricted pigs in this experiment were not depleted sufficiently to result in increased IM fat
levels. A similar variable response to Vit A restricted diet has been observed in cattle. Vitamin A depletion
was found to be dependant Vit A levels at birth of the new born calf (in turn dependant on its the mother’s
Vit A levels) and hence time taken to deplete the Vit A levels sufficiently to increase IM fat levels was
significantly different (D. Pethick, Personal communication).

Pork from the 15% reduced protein:energy treatment had significantly lower (P=0.010) ultimate muscle pH,
was paler (P=0.004) (higher L*) and had a higher (P=0.006) b* value (yellowness-blueness) compared to
pork from the control treatment group. There was no significant difference (P>0.05) in surface exudate,
cook loss % and shear force of pork between the dietary treatments. The sensory pork quality results
indicate that there was no significant difference (P>0.05) in aroma and flavour of pork from the different
dietary treatments, although pork from pigs fed the 15% reduced protein:energy diet tended to have better
flavour (P=0.098) scores compared to pigs fed the Vit A restricted diet. Pork from pigs fed the 15% reduced
protein:energy diet was considered to have the best (P=0.001) juiciness, tenderness, and overall acceptability,
followed by pork from the control treatment, while pork from the Vit A restricted diet was least preferred.
Although significantly higher (P=0.004), consumers rated the pork from pigs fed the 15% reduced
protein:energy diet with the same quality grade (ie Grade 3) compared to pork from control pigs.
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Threshold levels of IM fat required for optimal eating quality have been reported to be about 2.5 %
(Bejerholm and Barton Gade, 1986). While the IM fat levels in the 15% reduced protein to energy diet
group in this experiment were below the threshold levels required for optimal eating quality, the pork was
considered to have better juiciness, tenderness and overall acceptability compared to pigs fed the control and
the Vit A restricted diet. However, the quality grade assigned by the consumer panel in this experiment
suggests that consumers still class the eating quality of pork from the 15% reduced protein to energy diet
treatment as having average eating quality and being similar to pork from the control diet treatment. This
suggests that the IM fat levels needs to be near or above the threshold of 2.5% to significantly improve the
eating quality of pork to a higher quality grade (ie quality grade 4 or 5).

Conclusions

The results from this experiment indicate that feeding pigs a 15% reduced protein to energy ratio diet
significantly increased IM fat levels compared to pigs fed a control diet and pigs fed a Vit A restricted diet
during the grower and finisher growth phase. Pork from pigs fed the 15% reduced protein to energy ratio
diet were found to have better tenderness, juiciness and overall acceptability scores compared to pork from
the control and Vit A restricted diet treatments.
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Table 1. The effect of grower and finisher phase dictary treatments on carcass quality and objective and
sensory (consumer taste panel) pork quality of the Longissimus thoracis muscle of group housed female pigs.

Dietary Treatments

Control -15% P:E -Vit A L.s.d. P-values
No. of Pigs 21 21 21 - -
Liveweight (kg) 107.0 103.4 106.1 6.59 0.520
Carcass weight (kg) 72.3 70.7 71.4 4.78 0.798
P2 (mm) 12.7 12.3 13.4 1.46 0.304
IM FAT % 1.4 1.8 1.5 0.255 0.007
Muscle pH (24h) 5.63 5.44 5.54 0.121 0.010
Muscle colour
L* 48.9 52.9 51.0 2.31 0.004
a* 6.09 6.79 5.98 0.853 0.127
b* 4.17 5.27 4.48 0.678 0.006
Surface exudate (mg)  55.6 49.8 40.2 16.4 0.172
Cook loss (%) 32.5 32.8 30.8 2.27 0.163
Shear force (kg) 53 4.7 4.7 0.825 0.185
Consumer taste panel:
Aroma® 68 66 65 6.74 0.635
Flavour® 68 72 65 6.83 0.098
Juiciness” 57 67 49 9.09 0.001
Tenderness” 55 69 52 8.96 0.001
Overall acceptability® 67 74 58 7.85 0.001
Quality grade® 34 3.7 3.1 0.358 0.004

ALine score; 1 = dislike extremely; 100 = like extremely
BQuality grade score; 1 = unsatisfactory, 2 = below average, 3 = average, 4 = above average, 5 = premium
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INFLUENCE OF SEASONS ON INCIDENCE OF DIFFERENT M. SEMIMEMBRANOSUS
QUALITY OF PIG HALVES OF THREE-RACE HYBRIDS

Dzini¢, N.lj Petrovic¢ Lj.l, Tomovié, V., Manojlovic, D.!, Timanovi¢, S.2, Trigié-Ili¢, S.2, Kurjakov N.2
'Faculty of Technology, Bul. Cara Lazara 1, 21000 Novi Sad, University of Novi Sad, Serbia and Montenegro
MI "Neoplanta", Primorska 90, 21000 Novi Sad, Serbia and Montenegro

Background

Climate conditions may affect significantly the quality of meat post mortem. Pigs are particularly sensitive to
high tempertures (Lengerken and Hennebach, 1980; Church and Wood, 1992). Ludvigsen, according to
Briskey (1964) has found pale, soft and exudative (PSE) muscle incidence to be higher in warmer periods.
Patricia Barton-Gade (1971), in Denmark, found more PSE meat in summer and autumn, than in winter.
Krzecio et al. (2001), were investigating different HAL genotypes in different seasons and pointed to higher
incidence of PSE meat in spring-summer compared to autumn-winter. However, Schepper (1971), in
Germany, found PSE and DFD meat incidences to be higher in autumn and winter than in spring and
summer. Danica Manojlovi¢ and Raheli¢ (1978) found almost two times higher incidence of PSE meat in the
period when the climare factors are changing, e.g. spring and autumn than in summer and winter. Okanovié¢
et al. (1992) showed that the highest incidence of PSE meat, regarding total mass of ham, is in spring.

Objectives

The objective of this study was to investigate the influence of seasons on quality of halves and meat of three-
race pigs determining the incidence of different quality M. semimembranosus (RFN, RSE, PSE, DFD) on the
basis of technological parameters: pH;, pH,, WHC and L* and our criteria for quality estimation (Tomovic,
2002; Natalija Dzini¢ et al., 2003, 2004)).

Materials and methods

The investigations included 43 pigs of three-race hybrids, from the crosbreeding program performed at a
farm in Serbia and Montenegro. The pigs were slaughtered and investigated in autumn (n=14), winter
(n=13), and spring (n=16). The pigs were fed standard feed during fattening, and heads of approximately
uniform age and mass were transported to the slaughterhouse. After a night rest, the pigs were stunned,
debleeded and processed by the standard technological procedure.

Meat yield (%) was determined by partial dissection method (Walstra and Merkus, 1996) of cooled left
halves.

The pH; was determined on right halves 45 min post mortem, and pH, 24 hrs p.m. in M. semimembranosus
(MSM), caudo-medial part, using the pH-meter ULTRA X, type UX 390, Gronert (Germany) INGOLD
penetrating electrode.

Samples (200 — 300 g) taken from the caudo-cranial part (MSM) were used 24 hrs p.m. for the determination
of colour, water holding capacity (WHC), marbleness and chemical composition. The color was determined
sensorily (1 — very pale; 7 — very dark) and with MOM Color 100 and the color characteristics were
expressed in CIE L*a*b* system (Robertson, 1977). WHC was determined by compression method and
expressed as % of bound water (Grau and Hamm, 1953). Marbleness was determined sensorily, applying the
analytical descriptive test (1 — without marbleness; 10 — very expressed marbleness).

The content of moisture, proteins, free fat and total ash was determined by standard methods (AOAC, 1999).
The incidence of different MSM quality in different seasons was determined on the basis of parameters and
criteria for MSM quality: PSE: pH;<5,8, pH,<5,4, WHC<50%, L*>55; RSE: pH;=5,8-6,0, pH,=5,85-6,2;
WHC=50-60, L*=50-55; RFN: pH>6,0, pH,=5,4-5,85, WHC=60-70, L*=45-50; DFD: pH,>6,2, WHC>70,
L*<45).
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Results and discussion

Significantly higher meat yield (P<0,01) was found in halves of hybrids in spring (55,83%), compared with
meat yield in halves of hybrids in winter (55,06%). However, it was not significantly higher in halves in
autumn (55,32%) (P>0,05).

Table 1. Meat yield in halves determined in different seasons by partial dissection

Characteristic Season ¢ test
Autumn Winter Spring A-W A-S W-S
Mass (‘l’(fg')‘alves 38,28+1,77 | 40,77+1,.88 | 36,672,49 x NS NS
Meat y“zll:'g;“ halves | 5118516 | 22774141 | 20435132 | *+ NS -
Meat y‘e('oi;“ halves | 55324233 | 55,0643,40 | 55,8342,61 |  ** NS -

NSp>0,05 *P<0,05 ** P<0,01

The investigation of technological characteristics (Table 2) showed that the average pH; (6,27) and pH,
(5,63) measured in MSM of three-race hybrids were significantly higher (P<0,01) in autumn compared with
the same parameters in winter (6,08 and 5,53), but not in spring. The average pH; values of MSM respond to
the values of muscles which are potentially of normal quality (pH;>6,0) (Tomovi¢, 2002). WHC (%) of
MSM in autumn was significantly higher (P<0,01) compared with values determined in winter, but not
compared with results in spring. The lowest WHC value (39,18%) was found in winter. On the basis of
criterion for WHC, all investigated MSM are of PSE quality, on the average (WHC<50%).

Table 2. Effect of seasons on technological quality of M. semimembranosus

Characteristic Season t — test
Autumn Winter Spring A-W A-S W-S

pH; 6,2740,22 | 6,08£0,24 | 6,06£0,31 = NS ok
pH. 5,63£0,11 | 5,53+0,07 | 5,53+0,15 * NS ok
WHC (%) 44,55+79 | 39,1846,73 | 41,64+7,27 o NS o
Marbleness 4,44+1,44 | 3,00£1,07 | 3,33+0,98 ok NS *
Colour (sensory) 3,57+0,77 2,99+0,52 3,54+0,75 ok NS ok
L 53,1542,49 | 51,39+2,49 | 51,02+3,41 ok o NS
a* 10,99+2,93 | 9,86+1,14 | 4,284+4,29 * * *
b* 13,81£1,26 | 8,97+1,02 | 7,33+1,87 ok o NS
E?isot(‘)‘gr)e 76.09£0.36 | 75924041 | 75.56£0.71 |  ** . =
Zg r/‘l’:)e(:'g‘) 21,65£0,35 | 22,144039 | 22,35£0,44 |  ** = =
(Fgr/‘;‘a;g 1,1240,26 | 0,724022 | 0,85+0,31 xox * =
T(‘g’/t;‘(')ggsi‘ 1,1840,05 | 1,24+022 | 1,24+0,2 o NS NS

The color — lightness L* — of MSM was also determined (Table 2). It was found that the investigated MSM
were significantly lighter in autumn (L*=53,15) compared to winter (51,39%) and spring (L*=51,02).
According to our criteria for L*, the investigated MSM were of PSE characteristics, on the average, in all
investigated seasons. The moisture content of MSM in autumn was significantly (P<0,05) and highly
significantly (P<0,01) higher (76,09) compared to winter, e.g. spring. The sensory assesment showed that the
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average color of MSM was significantly lighter (P<0,01) in autumn (3,57), compared to winter, however not
significantly lighter compared to spring. The average grade for marbleness of MSM in winter (3,0) was
significantly lower (P<0,01) and (P<0,05) compared to autumn, e.g. spring. The differences in protein
content of MSM in different seasons are significant (P<0,01), however, it was also found that the protein
content was higher than 21% in all MSM samples. This is an important finding, since this aim has to be
fulfilled in contemporary breeding of pigs (Vidovi¢, 1999).

The analysis of average technological quality of MSM of three race hybrids, in different seasons, confirmed
that the seasons affect the quality of meat.

On the basis of criterion for pH;, it was found (Table 3), that the highest potential incidence of PSE
characteristics of MSM was in spring, 31,25%, and significantly lower in autumn (7,7%). Further, on the
basis of criterion for pH,, all investigated MSM were of RFN quality in winter, 7,2% of MSM were of RSE
quality in autumn, and 6,7% of MSM were of DFD characteristics in spring. According to criterion for L*, it
was found that the highest incidence of PSE characteristics in MSM was in spring (50%), and the highest
incidence of RSE characteristics of MSM, 64,3%, was found in autumn.The obtained results further show
that according to criterion for WHC, all MSM in winter were of PSE quality, e.g. 81,2% and 71,6% in spring
and autumn, respectively.

Table 3. Effect of seasons on incidence of different meat quality of M. semimembranosus in halves

of three race hybrids
P ¢ Qualit Season
arameters uali
y Autumn Winter Spring

PSE (%) 0 7,7 31,25

pH; RSE (%) 21,4 23,1 12,5
REN (%) 78,6 69,2 56,25
PSE (%) 0 0 0

H RSE (%) 7,2 0 0

P RFN (%) 92,8 100 933
DFD (%) 0 0 6,7
PSE (%) 28,6 15,4 50,0

L RSE (%) 64,3 46,2 37,5
RFEN (%) 7,1 30,7 12,50
DFD (%) 0 7,7 0,0
PSE (%) 71,6 100 81,2

WHC RSE (%) 21,3 0 12,5
REN (%) 7,1 0 6,3
DFD (%) 0 0 0

Conclusions

The highest average meat yield in halves of three-race hybrids was found in spring (55,83%), and the lowest
in winter (55,06%) (P<0,01). The investigated MSM, in all seasons, were on the average of PSE and RSE
quality regarding criteria for WHC e.g. color L*, respectively. The highest incidence of normal quality 100%
(according to criterion for pH,) and 30,7% (criterion for L*) was in winter. The incidence of MSM of normal
(RFN) quality was 7,1%, according to criteria for color L* and WHC in autumn. In spring, 12,5% and 6,3%
of MSM were of normal quality, according to criteria for color L* and WHC, respectively. Accrding to
criterion for color L*, the highest incidence of PSE quality (50%) was found in spring. According to criterion
for WHC, 100%, 81,2% and 71,6% of MSM was of PSE quality, from carcasses of pigs slaughtered in
winter, spring and winter, respectively.
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MECHANICAL STIMULATION OF C2C12 CELLS INCREASES M-CALPAIN
EXPRESSION, FOCAL ADHESION PLAQUE PROTEIN DEGRADATION AND CELL
DIFFERENTIATION

Alberto Grossi and Moira A. Lawson

Department of Food Science, Royal Veterinary and Agricultural University, Frederiksberg C, Denmark

Background

The process of muscle growth is a central issue in the business of producing animals for meat. At the most
fundamental level, the process of muscle development and growth is a complex sequence of events whereby
muscle cells respond to a number of stimuli in order to form organised muscle tissue. Increase in muscle
mass is greatly influenced by the rate of skeletal muscle protein synthesis, a process that can be altered by
mechanical forces. Stretch- or load-induced signaling is now beginning to be understood as a factor which
affects the mass and phenotype of muscles as well as the expression of a number of proteins within muscle
cells (Carsen et al.,, 1996; Winchester et al.,, 1991). Use of magnetic field to produce mechanical forces to
stimulate cell populations has been well documented (Glogauer ef al., 1998). Magnetic field stimulation has
been shown to affect transcription of specific gene sequences, protein synthesis, the immune system and
increase in Ca”" influx (Tatsumi et al, 2002).

The past 10 years has seen a dramatic increase in the understanding of how proteolytic enzymes such as
calpains can affect the growth of muscle (Goll et al, 1992). In vivo studies have shown that m-calpain is
necessary for myoblast fusion leading to the formation of muscle fibres (Barnoy et al., 1998; Joffroy et al.,
2000), and that inhibition of this enzyme restricts myotube formation (Temm-Grove et al., 1999). Whether
there is a link between stretch- or load induced signaling and m-calpain expression and activation is not
known.

Objectives

The purpose of this study was to investigate the role of mechanical signals in m-calpain induced muscle cell
fusion. The specific goal of this work was to determine whether a mechanically stimulated cell population
showed differences in expression and localization of m-calpain, an enzyme required for myotube formation
in vitro.

Materials and methods

C2C12 cells from ATCC (American Type Culture Collection, Manassus, VA), were maintained under a 5%
CO, stream at 37°C, plated at 7,500 cells/cm” on tissue culture surfaces and grown to 75% confluence in
DMEM containing 10% foetal calf serum (FCS).

For stimulation experiments, cells were incubated with laminin or fibronectin coated 1 wm Encapsulated
Super-Paramagnetic Microspheres (EMI- 100/40) for 30 minutes to allow for bead attachment and then
rinsed to remove unattached beads. Stimulated cultures were placed on a heating plate maintained at 37 °C
under the electromagnet for a period of 6 hrs. Control cultures were kept in incubator at 37 °C during that
period. Where indicated, cells were incubated for 1 h at 37°C in PBS containing a 1:100 dilution of anti-
integrin blocking antibody prior to the attachment of the microspheres.

A magnetic field of 0.5 mT was generated by an electromagnet (Power Generator 0-30 Volts, 0.1-100 Hz;
Elcanic A/S, Denmark). The magnet produced alternating MF at frequency of 1 Hz. Magnet was placed 10
mm over the monolayer of cells during the stimulation period. Cells lacking beads but placed under the
magnetic field were used as an additional control.
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For immunohistochemical analysis, cells were fixed with 4% paraformaldehyde, permeabilised with saponin
and stained the indicated primary antibodies, followed by Alexa 488 secondary antibodies (Molecular
Probes, Eugene Oregon). Images were obtained using a Leica DmIRB inverted microscope (Leica, DK)
couples to a Coolsnap digital camera (Roper Scientific, DE). Images were obtained and analysed using the
Image Pro Plus system (Image House, DK).

The activity of the enzyme creatine phosphokinase (CPK) increases as myoblasts fuse into myotubes. The
level of CPK was therefore assayed as a measure of cell differentiation and myotube formation in the
different culture conditions, using the CPK assay kit (Sigma, St. Louis, MO), on cell suspensions whose total
protein concentration was determined using a BCA kit (Pierce, Rockford, IL), on homogenised cell
suspensions.

Results and discussion

Cells mechanically stimulated with laminin coated microspheres show increased CPK activity. The activity
of CPK increases as myoblasts differentiate into myotubes. When cells were stimulated with laminin coated
microspheres, the CPK activity seen in the culture rose approximately 40% (Figure 1). Similar increases
were not seen in any of the control cultures, whether they were exposed to the magnetic field in the absence
of spheres or had the microsperes present without being exposed to the magnetic field. No differences in
CPK activity were seen when cells were stimulated with fibronectin coated beads. or in cell populations that
had been stimulated with fibronectin coated microspheres. These results indicate that mechanical stimulation
of myoblasts through laminin but not fibronectin receptors can significantly stimulate myoblast
differentiation. Additionally, the response was not due to the simple binding of spheres to ECM receptors or
to the exposure of cells to a magnetic field.

Expression of m-calpain but not y-calpain is up regulated in cells exposed to mechanical stimulation. M-
calpain is thought to be an essential enzyme in the differentiation and fusion of myoblasts. Cells
mechanically stimulated with laminin coated microspheres express a higher amount of m-calpain, while the
expression of the related enzyme p-calpain is unaffected by this stimulation (Figure 2).  Similarly, cells
mechanically stimulated with fibronectin coated spheres do not show an increase in m-calpain expression
(data not shown).

Mechanical stimulation through laminin receptors causes a re-localization of m-calpain to focal adhesion,
followed by a disappearance of the enzyme from these regions. In control cells, m-calpain is found
throughout the cytoplasm and in small quantities at the cell surface (Figure 3a). After 30 min. of mechanical
stimulation, the amount of enzyme is increased in these focal adhesions, as it is in the whole cell (Figure 3b).
3 hours later, the amount of m-calpain in the cells remains high, but less is found in the focal adhesion sites
(Figure 3c). The decrease in staining may be due to autolysis of the enzyme after activation.

Mechanical stimulation via laminin receptors leads to a breakdown of paxillin in focal adhesion complexes.
m-calpain is known to associate with focal adhesion complexes at the cell membrane of muscle cells and
focal adhesion proteins are known substrates for this enzyme. After mechanical stimulation of C2C12 cells
via the laminin receptor, staining for paxillin is not longer found in punctuate regions on the cell surface
(Figure 4). Similar results have been seen when cells are stained for talin, and B1-integrin, also known
substrates for m-calpain (data not shown). Previous work in our laboratory has shown that blocking m-
calpain activity with specific enzyme inhibitors blocks the breakdown of focal adhesion proteins on the cell
surface.

Conclusions

Muscle cells are exposed to both a chemically and mechanically active environment during differentiation.
During the developmental process, myoblasts come in contact with different extracellular matrix proteins,
through which mechanical signals can be generated. We have shown that mechanical signals transmitted

through the C2C12 cells interaction with laminin cause an increase in cellular differentiation. At the same
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time, this signaling results in not only an increase in the expression of the proteolytic enzyme m-calpain, but
a resultant breakdown of focal adhesion proteins on the cell surface. This breakdown may well be due to the
activation and subsequent autolysis of the enzyme in this region.
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a Figure 1. The effect of mechanical stimulation on
CPK activity in C2C12 cells. C2C12 cell cultures

stimulated with laminin coated microspheres
I H showed a higher CPK activity than controls (a).

CPK Activity (Mlunits/ug)

CPK activity was unaffected by either the
presence of, or stimulation by fibronectin coated
microspheres (b).

Y

b Il Control without microspheres;

3 B

I magnetic field (+) microspheres;
[ magnetic field (-) microspheres;
1 control cells (+) microspheres.

Figure 2. The effect of
mechanical stimulation via
laminin receptors on m-
calpain expression in C2C12
cells. Mechanically stimulated
(a,c) and un-stimulated (b,d)
myoblasts stained for either
m-calpain (a,b) and m-calpain
(c,d). Mechanical stimulation
increases m-calpain but not
m-calpain expression.

CPK Activity (Miunits/ug)

Y

o o~

Figure 3. Localization of m-calpain after mechanical
stimulation with laminin coated spheres. A. Prior to
stimulation. B. 30 min of stimulation. C. 4 h of stimulation.
Arrows - focal adhesion complexes. Expression of m-
calpain increases shortly after mechanical stimulation
begins, and the enzyme relocates to the cell surface. After
a longer stimulation time, the staining at the cell surface
disappears.

Figure 4. Breakdown of focal adhesions after mechanical
stimulation of myoblasts. Stimulated (Bottom) and un-
stimulated (Top) myoblasts were stained for the focal
adhesion plaque protein paxillin. Paxillin staining can be
seen in punctate focal adhesions in un-stimulated cells but
not in stimulated cells.
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BEHAVIOR OF CHICKEN BREAST MUSCLE MYOSIN SOLUBILIZED IN NEUTRAL
AND LOW IONIC STRENGTH SOLUTIONS

Hayakawa, T., Wakamatsu, J., Nishimura, T. & Hattori, A.

Meat Science Laboratory, Graduate School of Agriculture, Hokkaido University, Kita-ku, Sapporo, Hokkaido 060-8589,
Japan

Background

Meat, an essential food for humans, is a very rich source of proteins and contains all essential amino acids.
However, its usage is limited because it is maintained in a solid state even after cooking. If the proteins in
meat could be solubilized in water or a solution of low ionic strength, utilization of meat could be extended
in various ways, as a liquid diet for elderly people. We have already established a method to solubilize more
than 80% of chicken breast muscle myofibrillar proteins in water (Ito et al., 2003). To accomplish
solubilization, it is essential to maintain myofibrillar suspensions at neutral pH with L-histidine (L-His) and
low ionic strength and to disrupt the high-ordered structures of myofibrils by ultrasonication. Furthermore,
we have shown that myosin prepared from chicken skeletal muscle, one of the major myofibrillar proteins, is
also solubilized in a solution of low ionic strength by ultrasonication (Ito et al., 2002). However, it has not
been determined whether ultrasonication and presence of L-His are essential for solubilization of myosin in a
solution of low ionic strength.

Objectives

The objective of this study was to examine the behavior of myosin solubilized in neutral and low ionic
strength solutions without ultrasonication.

Materials and methods

Myosin was prepared from chicken breast muscle (Perry, 1955) and solubilized in 0.6 M KCI, pH 6.5.
Myosin was dialyzed against neutral and low ionic strength solutions containing 1 mM KCI and various
concentrations of L-His. Each dialyzed myosin suspension was centrifuged for 120 min at 100,000 X g, and
the obtained supernatant was defined as water-soluble myosin. The solubility of myosin in low ionic strength
solutions was determined.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to the method of
Laemmli et al. Water-soluble myosin molecules stained by the method of negative staining and subjected to
rotary shadowing were observed under a transmission electron microscope. Gel-formation ability of water-
soluble myosin was tested by heating for 10 minutes in a water bath at 70 °C.

Results and discussion

In the presence of L-His, myosin was solubilized in neutral and low ionic strength solution without
ultrasonication (Figure 1). As shown in the SDS-PAGE patterns (Figure 2), water-soluble myosin contained
intact heavy chains and light chains. The solubility increased with increase in the concentration of L-His to 7
mM. However, the solubility decreased when the concentration of L-His exceeded 10 mM. This indicates
that the solubility is dependent on L-His concentration. The solubility was also dependent on protein
concentration of myosin. When a water-soluble myosin solution was dialyzed against a solution of
physiological ionic strength, myosin molecules aggregated and were precipitated by centrifugation.
Therefore, it is concluded that water-soluble myosin maintains the ability of self-assembly under
physiological conditions.

Using the method of negative staining, we observed that water-soluble myosin formed a very thin
filament-like structure (Figure 3A, B). This structure clearly differed from the thick filament observed under
the physiological condition. Also, using the method of rotary shadowing, we confirmed the existence of
myosin monomers that have two heads and a long rod as do native myosin molecules (Figure 3C). The rod of
water-soluble myosin was longer than that of native myosin soluble in a solution of high ionic strength
(Figure 4). These observations indicate that water-soluble myosin in neutral and low ionic strength solutions
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exists in two forms, separated monomers and very thin filament-like structures. Heating could not induce any
gelation of water-soluble myosin.

Conclusions

Myosin is soluble in a solution of low ionic strength in the presence of L-His without ultrasonication. In
such a condition, myosin molecules exist in two forms, separated monomers and very thin filament-like
structures. The rod of the separated monomer is longer than that of the native myosin molecule. These results
suggest that low ionic strength and L-His cause some conformational changes in myosin molecules resulting
in lengthening of its rod portion. Water-soluble myosin could not be changed into gel by heating.
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Electron micrographs of water-soluble myosin (left) and native myosin (right). Both are
rotary shadowed with platinum. Bars are 100 nm.



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

THE EFFECT OF SELECTION FOR GROWTH RATE ON SENSORY
CHARACTERISTICS OF RABBIT MEAT

Hernandez P.!, Guerrero L.?, Ramirez J.%, Mekkawy W. ! PlaM. ", Arifio B. !,
Ibafiez N. !, Blasco A.
' Departamento de Ciencia Animal. Universidad Politécnica de Valencia. P. O. Box 22012. 46071 Valencia. Spain

? Institut de Recerca i Tecnologia Agroalimentaries (IRTA), Centre de Tecnologia de la Carn, Granja camps i Armet,
17121, Monells, Girona. Spain

Background

Selection for growth rate is currently practiced in commercial sire lines of genetic schemes for rabbit genetic
improvement (BASELGA and BLASCO, 1989; LEBAS et al., 1996). Meat rabbit production is based on
three-way crosses. Does are crossbred females from lines selected by litter size, whereas terminal sires come
from lines selected for growth rate. Selection for growth rate decreases food conversion rate and improves
efficiency, but may decrease carcass and meat quality. In rabbits only two experiments have assessed the
consequences of selection for growth rate in carcass and meat quality, PILES et al. (2000) and LARZUL et
al. (2003). PILES et al. (2000) comparing a control group and a group selected for growth rate, found a
worse water holding capacity of the meat in the selected group and a decrease in the fat content of the
carcass, but did not find clear differences in fat content of the hind leg between groups. LARZUL et al.
(2003) in a divergent selection experiment on 63 days weight found that, as body weight increases, the
percentage of skin decreased, carcass yield was slowly affected and perirenal fat increased. However, at
present there are not studies about the influence of selection for growth rate on the sensory properties of
rabbit meat.

Sensory analyses are usually performed with small samples. Until now, classical statistics has been the usual
way of expressing uncertainty with meat quality analysis, whereas Bayesian analysis have been mainly
applied by animal breeders to solve complicated genetic problems (see BLASCO, 2001, for a review). An
advantage of the Bayesian approach trough MCMC procedures is the possibility of easy construction of all
kind of confidence intervals. This allows asking questions that we could not ask within the classical
inference approach, or that had complex procedures to be answered. For example, we can find intervals of
the type [k, +00) having a 95% of the probability area of the marginal posterior distribution. With these
intervals we know that the probability of the trait of being lower than k is a 95%. We can also find the
probability of finding relevant differences for a trait between two or more treatments. This gives a high
flexibility to this type of analyses.

Objectives

Our objective is to study the effect of selection for growth rate on the sensory characteristics of rabbit meat.
We use a Bayesian approach.

Materials and methods

Animal material

The animals used in this experiment were originated from a synthetic line selected for growth rate between
the 4th and 9th week of life (ESTANY et al., 1992), in the Animal Science Department of Universidad
Politécnica de Valencia. Embryos belonging to generation 7th were frozen, thawed and implanted in does in
order to produce the control group. The procedure is described by VICENTE et al. (1999). The control group
was formed from the offspring of the embryos belonging to the 7th generation, to avoid the effect of
cryoconservation. Selected animals belonging to 21st generation were compared with animals of the control
group. Control (C) and selected (S) groups were contemporary. Forty animals per group were slaughtered at
9-weeks-old. Animals were slaughtered at the abattoir on the farm, thus they did not suffer stress due to
transport. No fasting was practiced. At 24 hours post-mortem the Longissimus dorsi muscles were dissected
and vacuum packed and frozen at —20°C until they were required for sensory analysis.
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Sensory evaluation

A quantitative descriptive analysis (STONE et al., 1974) was performed by four trained tasters of rabbit meat
in 20 sessions. The parameters evaluated were: intensity of rabbit flavour (IRF), aniseed odour (AO), aniseed
flavour (AF), liver flavour (LF), tenderness (T), juiciness (J), fibrousness (F). The sensory analysis was
carried out on samples of the Longissimus dorsi muscle following a complete block design (STEEL and
TORRIE, 1980). Samples were vacuum packed and cooked in a water bath at 80°C for 1 hour. Samples were
cut into four pieces and distributed in such way to the panellist to eliminate any location effect within the
loin.

Statistical analysis

As panellists had different ranges when scoring sensory traits, variables were transformed dividing by the
standard deviation of each panellist, as recommended by (BROCKHOFF et al., 1996). The model used
included, group (with two levels, S and C corresponding to selection and control groups respectively),
panellist (four panellists), session (20 levels), muscle location (four zones) and sex effects. A Bayesian
analysis was performed. Bounded flat priors were used for all unknowns. Data were assumed to be normally
distributed. Marginal posterior distributions of all unknowns were estimated by using Gibbs Sampling. After
some exploratory analyses we used one chain of 10,000 samples, with a burning period of 2,000, thus
marginal posterior distributions were estimated with 8,000 samples each one. Convergence was tested for
each chain using the Z criterion of Geweke. Details of the procedure can be found in SORENSEN and
GIANOLA (2002).

In sensory analyses, it is difficult to determine what a relevant difference is, thus instead of assessing the
differences between the selected and control populations, the ratio of the selection and control effects is
analyzed. This is easily made from the results of the Gibbs sampling chains and allows expressing the
superiority of the selected over the control population (or conversely the superiority of the control over the
selected population) in percentage.

Results and discussion

Features of the estimated marginal posterior distributions of the sensory properties are presented in tables 1
and 2. Monte Carlo standard errors were very small. The Geweke test did not detect lack of convergence in
any case. Posterior distributions of sensory properties were symmetrical. This is reflected in the similar
values for means and medians, and in the symmetrical high posterior density interval around the mean.

Table 1 shows the features of the marginal posterior distributions of the ratio of the group effects,
selection/control (S/C). When S/C >1, we consider that selected and control groups are different if the
probability of S/C > 1 is more than 0.95 (P> in table 1 more than 0.95). When S/C <1 we consider that
selected and control groups are different if the probability of S/C < 1 is more than 0.95; i.e., when P>/ in
table 1 is less than 0.05. According to the values of P>/ in table 1, there is a difference between selected and
control groups for intensity of rabbit flavour (IRF), aniseed odour (AO), aniseed flavour (AF) and liver
flavour (LF). Conversely, no differences were found in tenderness (T), juiciness (J) and fibrousness (F)
between groups.

Selected group had a 3% higher value of IRF than control group, with a HPD(95%) from 1.00% to 1.07%.
We consider that a relevant difference appears when one group is at least a 10% higher than the other one
with a probability higher than 0.95 (Pr: probability of relevance). Although a selection effect appeared for
IRF, this effect was not relevant, since the probability that the selected group being at least a 10% higher
than the control group was only 0.01.

Conversely, a relevant effect of selection on aniseed odour (AO) and aniseed flavour (AF) appeared (Pr=1),
with lower values for selected animals. By calculating the interval (-0, k] of the marginal posterior
distribution containing a 95% of the probability, we can assess the maximum value that the ratio S/C can
have with a probability of 0.95. This value was a 0.69 and a 0.63 for AO and AF, respectively, which means
that the probability of the selected group being higher than a 69% and a 63% of the control group
respectively is only 0.05. These sensory attributes have been previously described in rabbit meat by OLIVER
et al. (1997) and HERNANDEZ et al. (2000). The greater intensity of these attributes could provide positive
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aromatic notes. In these sense, we could consider that selection for growth rate has a negative effect for
aroma characteristics, although it is not clear that these differences could be detected by consumers.

An effect of selection for growth rate on liver flavour is also shown in table 1, being a 23% higher the
selected group than the control, with a HPD (95%) from 1.03 to 1.44. This attribute is a common descriptor
in meat flavour and it has been described previously in beef (FONT et al., 1995). OLIVER et al. (1997) and
HERNANDEZ et al. (2000) reported the same descriptor in rabbit meat. These authors considered that an
increase of liver flavour could have a negative effect on consumer acceptability. However, the probability
that the selected group being at least a 10% higher than the control group was only 0.88, lower than 0.95 that
it is minimum value that we have considered relevant.

Table 2 shows the features of the marginal posterior distributions of the ratio of the group effects,
males/females (M/F). According to the values of P>/ in table 2, there is a difference between males and
females groups for intensity of rabbit flavour (IRF), with a 4% higher in males than in females. However,
this difference was not relevant, since the probability that the selected group being at least a 10% higher than
the control group was only 0.01. No differences were found for the rest of the characteristics evaluated.

Table 1. Sensory properties of rabbit meat. Features of the marginal posterior distributions of the ratio of the
group effects, selection/control (S/C).

S/C | Mean Median HPD(95%) P>] | Pr k, ks MCse V4

IRF | 1.03 1.03 1.00, 1.07 0.96 |0.01 |1.06 |1.00 | 0.0002 -0.11
AO |0.59 0.58 0.47, 0.71 0.00 | 1.00 |0.69 | 049 | 0.0007 -1.82
AF | 0.52 0.51 0.39, 0.65 0.00 | 1.00 | 0.63 | 0.41 | 0.0007 0.49
LF 1.23 1.22 1.03, 1.44 099 088 |1.41 |1.06 |0.0011 1.21
T 1.00 0.99 0.96, 1.04 0.49 |0.00 |1.04 | 097 | 0.0002 -0.18
J 1.01 1.01 0.95,1.07 0.57 |[0.01 |1.06 | 096 | 0.0004 -0.32
F 1.02 1.02 0.95, 1.09 0.70 | 0.01 | 1.08 | 096 | 0.0003 1.18

IRF: intensity of rabbit flavour. AO: aniseed odour. AF: aniseed flavour. LF: liver flavour. T: tenderness. J:
juiciness. F: fibrousness.

HPD (95%): high posterior density interval at a 95% of probability. P>1: Probability of S/C > 1. Pr:
Probability of relevance, the probability that one group being at least a 10% higher than the other group. k;:
limit of the interval (-o0,k;] containing a probability of 95%. k,: limit of the interval [k;,+o) containing a
probability of 95%. MCse: Monte Carlo Standard error. Z: Z-score of the Geweke test.

Table 2. Sensory properties of rabbit meat. Features of the marginal posterior distributions of the ratio of the
group effects, males/females (M/F).

M/F Mean Median | HPD(95%) | P>1 |k k, MCse Z

IRF 1.04 1.04 1.00, 1.07 098 | 1.07 1.01 0.0002 -0.81
AO 1.03 1.02 0.83,1.22 042 | 1.20 0.87 0.0010 0.14
AF 1.11 1.10 0.87,1.37 0.80 | 1.34 0.91 0.0016 -0.56
LF 0.98 0.98 0.81,1.14 0.40 | 1.13 0.84 0.0009 1.12
T 0.97 0.97 0.93,1.01 0.09 | 1.01 0.94 0.0003 -1.54
J 0.97 0.91 0.91,1.03 0.16 | 1.02 0.92 0.0003 -0.21
F 1.04 1.04 0.97,1.10 0.84 | 1.09 0.98 0.0003 -0.47

IRF: intensity of rabbit flavour. AO: aniseed odour. AF: aniseed flavour. LF: liver flavour. T: tenderness. J:
juiciness. F: fibrousness.

HPD (95%): high posterior density interval at a 95% of probability. P>1: Probability of S/C > 1. k;: limit of
the interval (-o0,k;] containing a probability of 95%. k: limit of the interval [k,,+0) containing a probability
0of 95%. MCse: Monte Carlo Standard error. Z: Z-score of the Geweke test.

Conclusions

Selection for growth rate has not affected the main characteristics of meat rabbit, like tenderness and
juiciness, but it has a negative effect for some flavor characteristics.
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Background

The promotion of organic pig production is an EU-wide political goal. However, expansion of organic pig
production is slow, possibly due to insufficient certitude about final product quality, such as carcass and
meat quality. Carcass and technological meat quality traits of outdoor raised pigs are widely discussed in
literature. Further, the breed cross may affect carcass and meat quality traits and therefore interact differently
in indoor and outdoor housing systems.

Objectives

The aim of this study was to compare organic and conventional production systems of growing/finishing pigs
with regard to their carcass and technological meat quality. Further, the influence of two different types of
breed crosses on these quality traits was investigated.

Materials and methods

During two years, 280 growing/finishing pigs were raised to approximately 107 kg live weight in four
different production systems; they were equally distributed to housing system (outdoor/indoor), breed cross
(D*LW/L*LW) and gender (castrates/females). Outdoor pigs were fed ad libitum, with either an organic diet
diluted with 20% alfalfa roughage throughout (org.dil.) or with first the diluted diet and thereafter this
organic diet undiluted (org. dil./org. undil.). In two indoor treatments, pigs were fed restrictively with either
the undiluted organic diet (org. undil.) or a conventional diet (conv.).

Hot carcass weight and back fat thickness over the middle of M. longissimus dorsi (LD) were recorded. Lean
meat content was estimated as [lean meat percentage = -49.781 + (0.899* ham in carcass) + (0.612* meat
and bone in ham) + (0.651*loin in carcass) + (0.252*meat and bone in loin) + 0.249 (for females)] (Hansson,
pers. comm.). Ultimate pH (portable pH-meter equipped with a combination gel electrode SE104, Knick,
Berlin, Germany, calibrated to chilling room temperature), internal reflectance (FOP, 900 nm; TBL Fibre
Optics Group Ltd., Leeds, UK) and surface reflectance (Minolta Chroma Meter CR 300, DP-301, Osaka,
Japan) were measured on LD. Drip loss was determined on a 2-cm-thick slice, taken from LD directly in
front of the last rib towards the forepart, stored in a plastic bag and hanging on a thread at 4°C for 48 h.
Thawing loss was determined as the difference between the weight of fresh and thawed 300-g piece of LD
after frozen storage at -20°C. On the same piece of meat, cooking loss was determined as the weight
difference before and after cooking in a water bath at 70°C during 90 min. Maximal Warner-Bratzler (WB)
shear force and total WB-work were measured on 8 strings (10x10x50 mm), sheared across the fibre
direction of cooked LD (speed: 55 mm/min, TA-HDI texture Analyser; Stable Micro Systems, Surrey, UK).

Statistical analyses were performed with the MIXED procedure in SAS (SAS Institute Inc., Cary, N.C.,
USA, version 8.02) with treatment, breed cross and gender as fixed factors. Sire within breed cross and dam
within breed cross and sire were treated as random.

Results and discussion

Carcass quality

From both years, average carcass weight of indoor raised pigs was higher compared with outdoor raised pigs
(Table 1). The lower dressing percentage of outdoor pigs might depend on the higher gut filling, because the
diluted diet contained more indigestible fibre than the undiluted diet; moreover, the outdoor pigs had access
to pasture. Lean meat content is often reported to be higher in outdoor raised pigs, compared with indoor
pigs, when receiving identical diets (Stern et al., 2003). In our study, outdoor pigs fed the diluted organic diet
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had significantly higher lean meat content (year 2), probably due to the lower energy content of the diet, and
consequently lower daily weight gain. The higher energy requirement of outdoor pigs due to their higher
agility could not be covered by the diluted diet, even when given ad libitum. The uniformity between indoor
raised pigs in dressing percentage, lean meat content and back fat thickness indicates that an organic diet can
give carcass quality results comparable with those from a conventional diet.

Between breed crosses, no differences in carcass quality could be observed (Table 2). This is not in
accordance with other studies, where higher back fat in Duroc breed crosses compared with Large White
breed crosses have been reported (Enfilt et al., 1997).

Technological meat quality

Technological meat quality traits, such as pH, internal and surface reflectance, WB shear forces and water-
holding capacity, in terms of drip, thawing and cooking losses, differed only in some cases between the
production systems (Table 1). However, pH values of both muscles did not differ between the treatments,
whereas FOPgr values were higher in outdoor pigs, compared with indoor pigs. The pH and FOP values
seemed not to be related to each other, which might indicate that these values depend less on production
system than on e.g. slaughter conditions. Meat in LD was paler (higher L* values) in indoor raised pigs (year
1), which could be a consequence of the higher FOP values in that muscle. However, Lindahl et al. (2001)
stated, that L* values depended mostly on pigment content and myoglobin forms than on internal reflectance.
In our study, water-holding capacity was not affected by production system, which might partly be explained
by the consistent pHyp. Shear forces in meat from indoor and outdoor raised pigs are widely investigated
with various results. Olsson et al. (2003) found significantly higher, whereas Stern et al. (2003) found lower
WB shear forces for outdoor pigs. In our study, WB shear forces were mostly unaffected; solely year 2,
outdoor raised pigs had lower maximal shear force, compared with indoor raised pigs, given the organic diet.

Generally, pH, FOP and colour values did not differ between Duroc and Landrace breed crosses, whereas
water-holding capacity was higher and WB shear force values were lower (year 1) for the Duroc breed
crosses (Table 2). This is in accordance with Blanchard et al. (1999), who reported a decrease in shear force
with increasing proportion of Duroc in the final breed cross.

Conclusions

It can be concluded that the production system influenced mainly carcass composition and, to a lesser extent,
technological meat quality. Indoor raised pigs fed either organic or conventional diet did not differ in carcass
and meat quality traits. Breed cross did not influence carcass traits and colour, pH and FOP values.
Indications of higher water-holding capacity and lower WB shear force for D*LW pigs could be found.
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Table 1. Carcass and technological meat quality traits (LS-means and pooled standard error) of growing/finishing pigs raised
outdoors and indoors with different diets

Year 1 Year 2
Outdoor Indoor Outdoor Indoor
org. dil.  org. dil./ org. SE P- org. dil.  org. dil./ org. conv. SE P-
org. undil. undil. value org. undil. undil. value

No. of animals 40 37 40 40 39 39 40
Hot carcass weight, kg 81.7° 82.5% 83.5% 0.44  0.0187 79.3° 80.1° 84.6° 83.3°¢ 0.46  0.0001
Dressing percentage 75.8° 76.6° 77.5° 0.35  0.0001 74.2° 75.4° 78.5*  77.6° 0.47  0.0001
Estm. lean meat, % 58.3 57.5 57.6 1.19  0.2005 60.3° 58.6° 58.8° 59.5%® 0.40 0.0044
Back fat', mm 13.2° 14.5° 15.0° 1.47  0.0055 12.4° 13.9° 142°  14.0° 0.65  0.0068
pH value

LD 5.52 5.53 5.49 0.019 0.1575 5.55 5.52 5.53 5.51 0.022 0.5235

BF 5.65 5.67 5.65 0.022 0.7769 5.65 5.60 5.66 5.65 0.028 0.1557
FOP value

LD 28.8% 26.2° 29.6" 1.04  0.0035 29.0 29.4 27.9 27.9 1.10  0.4985

BF 34.4° 33.2% 31.7% 0.07 0.0190 32.2° 35.6° 27.7% 29.3% 0.79  0.0001
Minolta value; p

L* (lightness) 47.8° 46.9° 49.1% 0.60  0.0001 47.1 47.5 47.8 479 0.44 0.1917

a* (redness) 5.9 5.9 5.7 0.15 0.3361 6.1 6.3 6.1 6.1 0.18 0.8613

b* (yellowness) 2.2 1.8 1.8 0.16 0.0737 2.0% 2.1° 1.5° 1.7%¢ 0.12  0.0009
Drip loss.p, % 4.6 4.0 39 0.03 0.1134 4.2 49 4.1 4.9 0.35 0.1041
Thawing loss;p, % 7.2 7.0 7.3 0.59 009521 9.8 10.4 10.7 11.6 0.48 0.0912
Cooking loss.p, % 21.4 21.1 22.1 0.57 0.5576 18.8 17.8 18.4 19.2 0.44 0.1359
Warner-Bratzler

max. shear force;p, N 30.5 28.9 30.6 1.39  0.5056 28.1° 27.6° 33.8% 31.7% 1.83  0.0064

total work;p, Nmm 175.2 161.9 167.8 5.58 0.2426 150.8 144.6 163.1 155.8 6.01 0.1428

'Over the middle of M. longissimus dorsi at the cut behind the last rib.
Means with different superscript within row and year differ significantly (p<0.05).
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Table 2. Carcass and technological meat quality traits (LS-means and pooled standard error) of D*LW and L*LW crossbred pigs

Year 1 Year 2
D*LW L*LW SE P-value D*LW L*LW SE P-value

No. of animals 57 60 79 79
Hot carcass weight, kg 82.5 82.6 0.35 0.8683 82.0 81.7 0.32 0.6061
Dressing percentage 77.0 76.3 0.41 0.2564 76.3 76.6 0.23 0.3881
Estm. lean meat, % 57.8 57.4 1.18 0.8573 59.3 58.9 0.32 0.4923
Back fat', mm 14.6 13.9 2.01 0.7972 13.6 13.7 0.76 0.8790
pH value

LD 5.52 5.50 0.018 0.5067 5.56 5.50 0.021 0.0791

BF 5.65 5.66 0.021 0.9639 5.65 5.63 0.032 0.6340
FOP value

LD 28.7 27.7 0.20 0.5654 27.9 29.0 0.10 0.2442

BF 34.5 31.7 0.53 0.0009 32.1 30.3 0.55 0.0505
Minolta valuerp

L* (lightness) 47.4 48.5 0.78 0.3978 46.9 48.2 0.50 0.0990

a* (redness) 6.1 5.6 0.16 0.3361 6.1 6.2 0.19 0.5781

b* (yellowness) 2.0 1.8 0.20 0.4666 1.8 1.9 0.11 0.6009
Drip loss.p, % 3.6 4.8 0.39 0.0643 3.7 5.3 0.34 0.0091
Thawing loss;p, % 6.7 7.6 0.47 0.2316 10.0 11.2 0.33 0.0314
Cooking loss.p, % 20.3 22.7 0.64 0.0451 18.1 19.1 0.31 0.0513
WB shear force

total work; p, Nmm 156.5 180.1 4.47 0.0136 152.5 154.6 5.21 0.7870

max. shear force;p, N 27.8 32.2 1.21 0.0482 28.9 31.6 1.93 0.3602

'Over the middle of M. longissimus dorsi at the cut behind the last rib.
Means with different superscript within row and year differ significantly (p<0.05).
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EFFECTS OF EXOGENOUS PROTEASE EFFECTORS ON CALPAINS ACTIVITY AND
ULTRASTRUCTURAL CHANGES OF BEEF

Ming Huang, Guanghong Zhou and Xingliang Xu

Department of Food Science and Technology Nanjing Agricultural University Nanjing China 210095

Background

Beef tenderness increases gradually during postmortem aging, and as a result, the improved palatability.
This is an established phenomenon which has long been discovered, however, to date, which factors
contribute to this process and how the tenderization is initiated is an unresolved problem.

Koohmaraie and others(Koohmaraie et al.1996, Dransfield 1999) suggested that postmortem meat
tenderization is primarily the result of calpain(especially 1 -calpain)-mediated degradation of key
myofibrillar and cytoskeletal proteins which can cause weakening of the muscle structure, and therefore,
meat becomes tender. On the contrary, Takahashi et al. (1999) supposed that with the postmortem time
extended, the concentration of calcium ion in muscle sarcoplasm increased, and the calcium alone could lead
to the degradation of myofibrillar proteins and the improved meat tenderness, and that calpain was
considered to be inactive due to the low concentration of sarcoplasmic calcium ions, and therefore, has little
contribution to the tenderization of meat throughout postmortem aging. Consequently, in order to control and
regulate meat tenderization, it is indispensable to elucidate the mechanism of meat aging.

Objectives

The purpose of this study was to, through injection treatments, investigate the role of calcium or
calpains in beef aging in situ.

Materials and methods

Sampling procedures and treatment of muscle samples

Three 2.5 years old Chinese yellow cattle (LuxixLimusin with liveweight 500 2=20kg) were slaughtered
according to standard slaughtering practices. After being chilled for 20h, one strip loins were sampled per
cattle, and was divided into 21 steaks. After being trimmed of all external fat and connective tissue, the
steaks(25 = 3g) were randomly assigned to seven sample groups, which were injected (10%raw weight)
distilled water(control),200mMCaCl,, 200mMEGTA, 200mMZnCl, , 0.2mg/ml Leupeptin ,0.2mg/ml
Leupeptin plus 1%TritonX-100 and 1%TritonX-100 respectively. Then the samples were vacuum packaged
individually, and stored at 4°C for 3, 8, 16 days respectively.
Casein Zymography

Casein Zymography was based on the protocol described by Veiseth et al.(2001) with minor
modifications. At each storage time, 300mg of muscle were homogenized in 3vol of extraction buffer
(100mMTris,10mMEDTA,0.05%2-mercaptoethanol[MCE],pHS8.3) using hand operated homogenizer.The
homogenate was centrifuged at 10,000%g..x for 20min, and the volume of the supernate was measured and
used for casein zymography. Hammersten Casein(0.2%, wt/vol) was incorporaed in 12% separating
gels(80:1 ratio of acrylamide to bisacrylamide, 375mM Tris-HCI, pH8.8), and 4% stacking gels(80:1,
125mMTris-HCI, pH6.8) without Hammersten Casein was used. TEMED and ammonium persulfate were
used to catalyse the polymerisation. Sample buffer(150mM Tris-HCI, pH6.8, 20% glycerol, 0.8%MCE,
0.02% bromophenol blue) was added to supernate (4:1 ratio of buffer to supernate). The gels(1mm) were
prerun at 100V for 15 min, 4°C, with a running buffer containing 25mMTris-HCI, 0.05%MCE,192mM
glycine, and ImMEDTA (pH&8.3) before samples were loaded into the wells. The gels were run at 100V for
15h, 4°C, removed, and incubated at room temperature (RT) in 50mMTris-HCI, 0.05%MCE and 4mM
CaCly(pH7.5) with slow shaking for 1h, then followed by 16h incubation in the same buffer at RT, before
staining for 1h with Coomassie blue and destaining with 20% methanol and 7%acetic acid.
Muscle ultrastructure

At 3, 8, and 16 days storage periods, samples were cut parallel to muscle fibre and fixed by immersion
in cold 2.5% glutaraldehyde in phosphate buffer (pH7.3), postfixed in 1% osmium. dehydrated in ethanol,
embedded in Epon812 resin. For all samples, thin sections of the same thickness were cut parallel to the
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fibres. Sections were stained with uranyl acetate and lead citrate, and then examined using a JEM-100CX- [T
transmission electron microscope(TEM).

Results and discussion

Effects of injection treatment on calpain activity

Results presented in Figurel indicate that the 1 -calpain activity treated by distilled water, EGTA and
TritionX-100 respectively declined quickly with aging time and after 16 days storage, L -calpain activity
could not be detected at all by Casein zymography. In contrast, U -calpain activity in samples injected with
ZnCl,, Leupeptin, and Leupeptin plus TritionX-100 respectively can still be detected up to 16 days
postmortem. As compared to M -calpain activity , m-calpain activity did not changed dramatically at a 16
days storage period in all treatments except for CaCl, injected group in which both 1 -calpain and m-calpain
activity almost lost completely even after 3 days storage. Two or more band showing activity also appeared
in figure 1. Calpain system occurring in animal skeletal muscle cells has three major components ie. U -
calpain, m-calapin and their specific inhibitor calpastatin. A unique property of the calpains is that, when
exposed to sufficient calcium, they undergo autolysis, which initially reduces the 80kDa subunit of calpain to
78 or 76kDa, and the 28kDa subunit to 18kDa (Geensink et al.2000). Further autolysis leads to more
extensive degradation of large subnunit and loss of proteolytic activity. Znic chloride, Leupeptin are
exogenous inhibitor of calpains, the activity of 1 -calpain in muscles incorporated into these two components,
therefore, declined more slower compared to other treated groups. Calpains quickly lost activity in CaCl,
injected group, which demonstrated that sufficient calcium can activate calpains and then calpains
themselves lose activity through autolysis. Two or more active bands of U -calpain supported the calpain
autolysis theory. Except for CaCl, treated samples, the activity of m-calpain did not change greatly, which
indicated that under the condition of this experiment, m-calpain kept inactivity due to low level of calcium,
and hence, is not a potential contributor to beef tenderization.
Effects of injection treatment on beef ultrastructure

These experiments conducted demonstrated that injected treatments had great influence on beef
ultrastructural changes (Fig.2). Myofibrils kept intact at d3 postmortem (Fig.2 A). At d16, some breaks in
myofibrils appeared in control groups (Fig.2 B). While in Leupeptin treated samples, even after 16 days of
storage, there was not any significant changes occurred for myofibrils (Fig.2 C). By contrast, myofibrillar
breaks was readily perceived at d3 in CaCl, treated group (Fig.2 D). It has been well documented that muscle
fiber changes were mainly caused by the degradation of key myofibrillar proteins, especially, titin, nebulin
desmin etc. (Koohmaeaie 1996). When calpains were inhibited by Leupeptin, muscle ultrastructural changes
were also inhibited, while, when calpains were activated by calcium, muscle ultrastructural changes quickly
happened, which is consistent with calpain hypothesis. In agreement with Taylor et al.(1995), another change
that occured in muscle during postmortem tenderization was the fracture in the I band adjacent to the Z
line(Fig.2 E), not in the middle of Z line as suggested by other reporters.

Conclusions

Calpain, especially 1 -calpain is the most important factor responsible for meat tenderization, while
calcium may has indirect influence on meat aging by activating calpains.
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Fig.1 Casein zymography profiles(A, B, C) of beef calpains at 3d, 8d, 16d postmortem respectively.
Lane 1 distilled water. Lane 2 calcium chloride. Lane 3 EGTA. Lane 4 Znic chloride. Lane 5 Leupeptin.
Lane 6 Leupeptin plus Triton X-100. Lane 7 Triton X-100.

Fig. 2 Micrographs of ultrastructure of different treated beef .
A control sample aged for three days B control sample aged for sixteen days.
C Leupeptin treated sample aged for sixteen days D calcium treated sample aged for three days.

E. location of myofibril breaks.
Corresponding author. Dr G.H.Zhou E-mail: ghzhou@njau.edu.cn This study was funded by natural science foundation(30371016),doctoral programme of
ministry of education(2002037006),natural science foundation of Jiangsu(BK2003078)
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EFFECTS OF POSTMORTEM PH/TEMPERATURE DECLINE ON CHANGES IN FREE
AMINO ACIDS DURING AGEING IN PIG LONGISSIMUS MUSCLE

Hwang, [.H., Park, B.Y., Kim, J.H., Cho, S.H., Kim, H.J., Kim, D. H., Lee, J.M
National Livestock Research Institute, 564 Omockchun-dong, Suwon, Korea

Background

Structural and cytoplasmic proteins of meats are exposed to proteolytic actions of endogenous
proteolysis during ageing and result in polypeptides. The degradation of products consequently generate
small peptide and free amino acids by subsequent actions of peptidases and aminopeptidases, respectively
(Toldra et al., 2000). It has been well documented that interaction between pH and temperature during rigor
development directly affects the incidence of PSE meats (Henckel et al, 2000). Moya et al. (2001) showed
that changes in free amino acids during ageing varied between PSE, RFN, RSE, and DFD in pork. These
changes are related to aminopeptidases activity under a particular class of pork (Toldra and Flores, 2000).
The results mirrored that pH/temperature window during the onset of rigor can have an effect on changes in
free amino acids during ageing. Lawrie (1991) noted that the accumulation of some free amino acids could
result in an undesirable flavor and decrease in the water-holding capacity. However, free amino acids are of
great importance in eating quality due to their specific tastes (Nishimura and Kato, 1988). Their subsequent
degradation generates volatile compounds (Toldra, 1998; Hernandez-Jover et al., 1996).

Objective

To determine the effects of pH/temperature profile during rigor development on changes in the
concentration of free amino acids for 7 days at 1°C.

Materials and methods

Animals, experimental design, and treatment. A total of 20 male pigs weighing an average of 118 kg (10
head of 194-day-old Yorkshire and 10 head of 201-day-old Landrace) were sampled from the National
Livestock Research Institute (NLRI) feeding program. The pigs were conventionally transported to the NLRI
abattoir, approximately 65 km away, with minimum transit stress, and kept off feed but with access to water,
a day before they were slaughtered. To generate a large range of declines in pH and temperature, researchers
placed the pigs in a -3°C chiller (five of each breed), or in a 5°C chiller (for the rest of the five of each breed)
until the following day. All pigs were conventionally slaughtered over two consecutive days with an
electronic stunner (230 volts for 2.5 sec).

pH, temperature, sampling, and objective quality measurements. Muscle temperature was logged at a 5-
min interval from approximately 30 min after stunning for 24 hours (Thermo Recorder, TR-50C, Japan) by
using thermocouples inserted into the geometrical center of the muscle between the 3™ and 4" lumbar
vertebrae. The pH was measured by using a portable needle-tipped combination electrode (NWKbinar pH-
K21, Germany) inserted into the center of the muscle between the 3™ and 4™ lumbar vertebrae at a 15-min
interval from approximately 30 min postmortem, until the muscle was judged to have reached the ultimate
pH. Another measurement was made the following day, approximately 24 h postmortem.

The day after slaughter, m. longissimus muscles (from the 7™ thoracic vertebrae to the last lumbar
vertebrae) were removed, cut into three portions, vacuum-packed, and randomly assigned to one of three
ageing periods (1, 3, and 7 d). These were used to get the objective measurements of WB-shear force, meat
color, drip loss, and cooking loss. The samples were held at 1°C for the relevant ageing period.

For amino acid analysis, approximately 2 g of muscle tissue were taken at the end of the lumbar
vertebrae by using a home-made biopsy sampler during breeding (i.e., 0 h), 4, 12, and 24 h postmortem.
Similar amounts of muscle tissues were also sampled at 3 and 7 days postmortem from the WB-shear force
block. Muscle tissue was frozen in liquid nitrogen immediately after sampling, powdered in liquid nitrogen
by using a mortar-based homogenizer (Warning, Dynamics Corp., USA), and stored at -70°C until analysis.
WB-shear force, meat color, and cooking loss were determined according to the procedures of Hwang et al.
(2004).

Free amino acids. Level of free amino acids was determined at 1 and 7 d postmortem, largely according
to the method reported by Moya et al. (2001), but with minor modification. Briefly, one (1) gram of liquid
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nitrogen powdered sample was homogenized in 0.01N HCI with a polytron (3x15 sec) at 4C and centrifuged
at 10000g for 20 min. About 300 uL of supernatant was filtered and deproteinised for 30 min at room
temperature after mixing with 690 ul of acetonitrile and 10 ulL of internal standard (L-Citrulline, 250
pmol/uL). Samples were centrifuged at 10000g for 15 min and 16 primary amino acids were determined by
online derivatization using o-phthalaldhyde (OPA). Amount of free amino acids were analyzed by using the
Agilent 1100 HPLC system (Agilent Tech, Waldbronm, Germany) at diode array UV detector (338 nm, 10
nm band wide) with ZORBAX Eclipse-AAA C18 column (4.6x150 mm, 5 um, Agilent Tech, Waldbronm,
Germany). Separation for each sample was completed in 20 min at 40C. A gradient mobile phase between 40
mM Na,HPO,, pH 7.8 and acetonitril-methanol-water (45:45:10, v/v) was used and expressed as pmol. The
effects of breed and ageing time on objective meat quality and free amino acid contentrations were examined
by applying a general linear model (SAS, 1997), where the effects were tested against residual error.

Results and discussion

The temperature treatments (ie., -3°C and 5°C) did not affect pH/temperature profile in longissimus
muscle during rigor development, but the experiment design resulted in wide ranges in pH (6.0-6.9 at 3 h
pm) and temperature (20-29°C, data not shown). An average sarcomere length of 1.74 um without any
treatment effect indicated that there was no muscle shortening despite the temperature of 0.6 to 36°C with a
pH of 6.2 (Table 1). The pH/temperature profile did not significantly differ between breeds, but slow rate in
pH decline was noticeable in this study (ie. 6.2 at 4 h pm), with a normal ultimate pH of approximately 5.4
(data not shown). The result was not clearly understood as our previous data showed a pH of ca. 6.1 at 3 h
by applying the same procedure (Hwang et al., 2004). But it might be in part related to a delayed transit time
with extreme traffic jam. Landrace showed significantly (P<0.05) lower WB-shear force and higher hunter
L* value than Yorkshire, but there was no correlation between breed and ageing time.

It has been well documented that proteolysis takes place in structural and cytoplasmic protein during
ageing, and this significantly is affected by pH/temperature decline during rigor development (Dransfield,
1994; Hwang and Thompson, 2001). The latter study showed a significantly faster reduction in u-calpain
activity when muscle had a rapid pH decline with slow pH decline, resulting in early exhaustion of the
calpain and slow ageing rate. Despite activities of exopeptidases (ie, dipeptidylpeptidases and
aminopeptidases) significantly varying between pig breeds (Armero et al., 1999) and muscles (Cronet and
Bousset, 1999), the result of Toldra and Flores (2000) implied that pH/temperature profile at early
postmortem might affect the rate and extent of aminopeptidase activities. These consequently affect changes
in free amino acids during ageing.

In the current study, two amino acids (Gly and Cyc) out of 16 primary amino acids were significantly
(P<0.05) affected by breed, where landrace had higher concentrations (Table 1). While concentration of all
examined amino acids (except Met) increased over 7 days, the interaction between breed and ageing was not
detectable. To examine the effects of pH/temperature profile during rigor development on changes in free
amino acids for 7 d, the amino acid concentrations at 0 day (sampled during bleeding) were subtracted from
those at the 7th day, and estimated the levels as a function of muscle temperature at pH 6.2 (Tehmph62).
Tehmph62 has been used as an important threshold, because it could be an indirect indication of cold and
heat shortening (Pearson & Young, 1989), denaturation of myofibril and sarcoplasmic proteins (Offer &
Cousins, 1992), and proteolytic and/or autolytic activity of l-calpain (Dransfield, 1994).

Tempph62 had simple correlation coefficients (r) of -0.9 and —0.93 with pH at 2 and 4 h; respectively,
and of 0.4 and 0.5 with temperature at 2 and 4 h , respectively. Tempph62 did not affect changes in
extractable concentrations for His, Tyr, Cyc, Gly, Iso, Ala. On the other hand, Tempph62 had significant
curvelinear effects on eight amino acids (Asp, Glu, Leu, Lys, Val, Thr, Ser, Arg), varying in magnitude,
while it showed only a linear effect on Met and Phe (Figure 1). Although the curvelinear effect was relatively
weak for most amino acids, as seen in figure 1, there was a clear tendency of free amino acids to have higher
concentration when muscle temperature at pH 6.2 (say during rigor development) was low. Aminopeptidase
activities were not determined. However, an early study (Toldra and Flores, 2000) reported that Alanyl had a
significantly lower activity in PSE meat than in DFD meat at 2 h pm. Alanyl, arginyl, and leucyl in PSE meat
had significantly lower activities than those in DFD meat. Although, in our data set , changes in Ala were not
affected by Tempph62, the results implied that pH/temperature interaction during rigor development not only
affected the rate of proteolysis (Hwang et al., 2004), but also affected subsequent release of free amino acids.
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Conclusion

Prelimarily data of current study show that pH/temperature significantly affect the release of free amino
acids during ageing, with higher levels at a lower temperature and pH of 6.2. However, some amino acids are
not affected by declines in pH and temperature. This may have a relation to taste development during ageing
and cooking.
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Table 1. Least square mean and significance level of carcass traits, objective meat quality and changes in

concentration of free amino acids from death to 7 d postmortem as a function of breed and ageing time.

Breed Ageing Model terms
Landrace Yorkshire 1 7 Av.Se  breed ageing

Carcarss traits and objective meat quality
pH at4 hpm 6.2 6.2 na na 0.07 ns
Temperature at 4 h pm (°C) 22.1 21.1 na na 0.09 ns
Temperature at pH 6.2 (°C) 21.5 20.4 na na 3.05 ns
Sarcomere length (um) 1.74 1.74 na na 0.02 ns
WB-Shear force (kg) 6.25 7.50 8.04 5.71 0.26 ko koA
Hunter L* 45.02 42.34 41.95 45.41 0.91 * *
Concentration free amino acids (mg/ 100g wet tissue)
ASP 0.9 0.8 0.0 1.7 0.20 ns HoAk
GLU 7.1 7.7 5.5 9.3 1.03 ns *
SER 33 2.9 1.2 5.1 0.32 ns Ak
HIS 2.4 2.7 0.0 5.1 0.35 ns oAk
GLY 6.3 5.4 4.2 7.5 0.29 * **
THR 2.5 2.3 1.9 2.9 0.28 ns *
ARG 3.7 3.8 1.9 5.6 0.39 ns oAk
ALA 65.8 66.0 14.0 117.8  5.68 ns oAk
TYR 7.2 6.4 3.5 10.1 0.64 ns oAk
CYC 0.5 0.2 0.0 0.8 0.09 * oAk
VAL 3.5 3.1 2.1 4.6 0.30 ns Ak
MET 33 3.1 ns ns 0.70 ns ns
PHE 4.0 3.9 1.8 6.0 0.22 ns HoA*
ISO 2.9 3.0 1.1 4.8 0.21 ns oAk
LEU 3.5 34 1.2 5.7 0.34 ns oAk
LYS 4.6 4.3 1.3 7.6 0.49 ns oAk
df* 1/18(1/37) 1/18(1/37

na-Not applicable, ns- P > 0.05, * P < 0.05, **P<0.01, ***P<0.001.

a -Numerator/denominator degree of freedom (where ageing term was applicable).
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INHIBITON OF POST-MORTEM MUSCLE SOFTENING FOLLOWING IN SITU
PERFUSION OF PROTEASE INHIBITORS IN FISH

Ishida, N.!, Yamashita, M.", Terayama, M.%, Minami, T.? and Sugita, T.?
' National Research Institute of Fisheries Science, Yokohama, Kanagawa 236-8648, Japan
* Miyazaki Prefectural Fisheries Experimental Station, Miyazaki, Miyazaki 889-2162, Japan
* National Research Institute of Aquaculture, Nansei, Watarai, Mie 516-019, Japan

Background

Fish and shellfish are kept in cold storage after capture and are generally consumed within several days, but
the muscle freshness deteriorates even under cold storage. Because Japanese people like fresh slices of raw
fish, consumers are interested in the freshness and the muscle texture is an especially important factor for
freshness. The muscle structure is known to deteriorate during the 1st day of cold storage, affecting the
muscle texture before rigor mortis occurs (Toyohara and Shimizu 1988, Ando ef a/.1991). Such a muscle-
softening phenomenon in post-mortem is thought to be caused about by proteolysis of the muscle structure.
Several proteases have been studied as being causative factor for fish muscle softening such as cathepsins B,
D, H and L (Yamashita 1994), calpain (Tsuchiya ef al. 1992) and matrix metalloproteinase (Kubota et al.
2000). Because of the low level of protease activities in ordinary fish muscle, the material in most of these
studies was drawn from particular meat that has an unusually soft texture and extremely high protease
activity such as jellied meat from Japanese flounder and matured semelparity fish. In addition, anadromous
and amphidromous fish die certainly after spawning and the death is thought to be programmed as apoptosis.
If the soft muscle texture at the spawning stage is also programmed as part of apoptosis, there are some
possibilities that caspase, a key protease of apoptosis (Yamashita 2003), relates to post-mortem muscle
softening.

Objectives

In order to demonstrate involvement of protease in the post-mortem softening in ordinary fish muscle, we
have developed an in situ perfusion technique, which introduced other chemicals into blood vessels in fish
muscle. In the present study, using the in situ perfusion technique, protease inhibitors were perfused to
identify the type of proteases that led to post-mortem muscle softening in fish, tilapia and yellowtail.

Materials and methods

In situ perfusion: Tilapia Oreochromis niloticus and Yellowtail Seriola quinqueradiata were obtained from
a private fish farm and reared for several months before use. Fish were anesthetized with 200 ppm MS222
(Tricaine methanesulfonate, Acros Organics, NJ, USA) and a cannula connected to a hypodermic syringe
that was filled with physiological saline (0.7489% NaCl, 0.1294% KCl, 0.199% CaCl,) was inserted into the
bulbus arteriosus. A polyethylene tube (1.5 mm in diameter, 10 cm long) was inserted into the ventricle to
bring the venous blood out of the fish body, so that it prevented the circulation of the venous blood and
helped the physiological saline perfusion.
Soon after the operation, the color of the =
fish gills changed to white from red and the — . .,
color of the fluid from the polyethylene tube

became clear about 10 min later. Finally
after approximately 30 min, the liver color
was observed to become whitish (Fig. 2).

Eosin perfusion: Eosin (Wako Pure
Chemical Industries, Osaka, Japan) was
dissolved in physiological saline to obtain a
10% solution and this solution was perfused

. 0 lapi . .p he i Fig. 1 In situ perfusion technique

mto tilapia (359 - 404 ga n= 2) using the in A cannula was inserted into the bulbus arteriosus of anesthetized fish with
situ perfusion technique. After the MS222. Protease inhibitors were dissolved in physiological saline and perfused
perfusion of 40 mL of eosin solution (about through the cannula
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40 min), the cannula was removed and the upper dorsal muscle was dissected. The muscle section was
observed under a fluorescence stereoscopic microscope (R-400; Edge Scientific Instruments, CA, USA)
using ultraviolet light to confirm the occurrence of fluorescence from the eosin.

[*°S]-methionine perfusion: [*>S]-methionine (Amersham Biosciences, NJ, USA) was dissolved in
physiological saline to obtain a 1,000 Bg/mL solution. After the perfusion of 25 mL [*’S]-methionine
solution into the tilapia (448+71 g, n = 3), fish were individually dissected to obtain four samples of dorsal
muscle and one liver sample. Each 1 g-tissue sample was dissolved in 0.1 M NaOH and mixed with
scintillation cocktail (PICO-FLOUR 40, Packard Instrument, CT, USA), and the radioactivity was measured
using a liquid scintillation analyzer (TRY-CARB 200CA, Packard Instrument).

Protease inhibitor perfusion: Each protease inhibitor, leupeptin (Peptide Institute, Osaka, Japan; 1 mg/mL,
a serine and cysteine protease inhibitor), chymostatin (Peptide Institute, 1 mg/mL, a serine protease inhibitor),
benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone (Z-VAD-fmk, Peptide Institute, 1 mg/mL, a caspase
inhibitor), and E-64 (Peptide Institute; 1 mg/mL, a cysteine protease inhibitor) was dissolved in
physiological saline. o-phenanthroline (Aldrich Chemical, WI, USA, 1 mM, a metalloprotease inhibitor) was
dissolved in a small volume of methanol and diluted with physiological saline. These inhibitor solutions and
physiological saline as the control sample were perfused into fish for 60 min. Every fish was perfused with
at least 30 mL perfusion solution. Each experimental group consisted of ten tilapias (867+195 g) or six
yellowtails (608184 g). The cannula was removed and the upper dorsal muscle was sliced to give 1-cm-
width strips. The sample slices were wrapped in plastic film wrap individually and kept in a 4 °C refrigerator
until each measurement time. The breaking strength of the slices as a parameter of muscle toughness was
measured using a rheometer (NRM-20002J, Hudoh, Tokyo, Japan) equipped with a cylindrical plunger of 3
mm diameter. The plunger was applied at the interspace between the myocomma membranes at the cut
surface of the dorsal muscle. Measurements were taken at five points for each strip and the average value
was calculated. Because in our unpublished experiment of tilapia, E-64 was found not to be effective to
prevent muscle softening, E-64 was not used for tilapia perfusion.

Results and discussion

In situ perfusion: Approximately 30 min after the perfusion of 10 mL physiological saline, the color of the
fluid from the polyethylene tube became clear in the case of a 200-g tilapia (Fig. 2). This technique excludes
the effect of blood fluid in fish muscle, in which factors inducing muscle softening may exist (Ando et al.
1999), and is able to examine the effectiveness in muscle components than in blood fluid.

Fig. 3 Fluorescence in the whole body of the eosin-
perfused tilapia. Tilapia was anesthetized with

Fig. 2 Color change of the fluid from the ventricle.

The tilapia was anesthetized with M S222 and
physiological saline was perfused by a cannula
inserted into the bulbus arteriosus (A). Finally after
approximately 30 min (B), the liver color was
observed to become whitish.

M S222 and eosin was perfused by a cannula inserted
into the bulbus arteriosus. Orange fluorescence of
eosin was observed in the muscle, gill, liver and
intestine under ultraviolet light.
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Eosin perfusion: Eosin was used for visible confirmation of the in situ perfusion technique. Visible
fluorescence was observed in the solution from the polyethylene tube, which confirmed the occurrence of
eosin, approximately 3 min after the start of the eosin perfusion. Eosin perfusion into the interior organs was
confirmed under ultraviolet rays after the upper lateral muscle was removed. Visible fluorescence was
observed in the gill, liver, intestine, and dorsal muscle of the eosin treated tilapia (Fig. 3). Eosin perfusion in
the blood vessel of the dorsal muscle was confirmed under a fluorescence stereoscopic microscope with
ultraviolet rays, and was not observed in the control muscle sample (Ishida et a/.2003).

[**S]- methionine perfusion: **S-methionine was used as a marker substance for quantitative analysis. The
radioactivity measured in the **S-methionine perfused tilapia showed that this solution was taken into the
dorsal muscle and liver at a rate of 7.8 1 L/g and 70.2 b L/g, respectively. As the liver received the
radioactive substance much more than the dorsal muscle did, the difference between the two organs possibly
depended on the blood circulating volume. From these results of the eosin and [*°S]-methionine perfusion
experiments, this perfusion technique was concluded to be suitable to introduce chemical substances into fish
muscle and was applied to protease inhibitor perfusion in the further experiments.

Tibph
‘i
0
difference was not seen between the

inhibitor-perfused tllapla,' On the other hand, Fig.4 The breaking strength of the tilapia muscle stored under 4°C
those of o-phenanthroline-perfused fish at after the perfusion of the four types of protease inhibitors (leupeptin,
even 0 h was significantly different from | Z-VAD-fik, chymostatin and o-phenanthroline) into the replicate
other inhibitors by analysis of variance. Then samples (n = 10). Vertical bars represent standard deviation.

all . the op henarllthr(zlllne_Perfusleld * The breaking strength at 23 h storage of leupeptin and Z-VAD-
experiments were not analyzed statistically fmk were significantly different by analysis of variance.

(23 h, 10620 gw, 50.5 h, 86+11 gw) and + The effect of o-phenanthroline at 23 and 50.5 h were not analyzed
were not able to be compared with the statistically, because the breaking strength of o-phenanthroline at 0 h

Kubota et al. (2001) that showed involvement was significantly different from other inhibitor groups by analysis of
variance.

Protease inhibitor perfusion into tilapia:
Figure 4 shows the breaking strength of the
tilapia in each inhibitor group. At the
beginning of storage (0 h), the breaking
strength of all the inhibitor-perfused tilapia
was 144 - 197 gw with a large variance. At
23 h storage, significant difference was found
in the leupeptin (140£36 gw, P = 0.0140) and
Z-VAD-fmk (139436 gw, P = 0.0162) -
perfused tilapia, whereas no remarkable
effect was seen in the chymostatin-perfused
fish (104+25 gw). At 50.5 h storage, the
breaking strength was 86 - 98 gw and statistic
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of metalloprotease in muscle softening.

Protease inhibitor perfusion into yellowtail: Figure 5 shows the breaking strength of the yellowtail in each
inhibitor group. At the beginning of storage (0 h), the breaking strength of all the inhibitor-perfused
yellowtail was 191 - 235 gw with a large variance. The E-64 perfused yellowtail was slightly different at 9 h
(199431 gw, P = 0.1102) and significantly different at 46 h (143x13 gw, P = 0.0412) from other perfused
fish.

Conclusions

In tilapia, leupeptin (serine and cysteine protease inhibitor) was effective to prevent the muscle softening and
it is suggested that trypsin-like protease is the most probable candidate for causative protease of muscle
softening. In addition, caspase-3 (Yabu et al. 2001) activity was induced in tilapia muscle after death and
apoptosis might occur in muscle cells. In yellowtail, E-64 (cysteine protease inhibitor) was effective and
cysteine protease was thought to be causative protease in muscle softening. These findings also showed that
proteolysis was the one of causative factors for post-mortem muscle softening.
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Fig.5 The breaking strength of the yellowtail muscle stored under 4° C
after the perfusion of the five types of protease inhibitors (leupeptin, Z-
VAD-fmk, chymostatin, o-phenanthroline and E-64) into the replicate
samples (n = 6). Vertical bars represent standard deviation.

* The breaking strength of E-64 perfused fish at 9 h and 23 h were
different by analysis of variance.
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EFFECT OF FREEZE-THAW PROCESS ON MYOGLOBIN OXIDATION
OF PORK LOIN DURING COLD STORAGE

Jin-Yeon Jeong, Han-Sul Yang, Sang-Hun Moon, Gu-Boo Park, and Seon-Tea Joo
Division of Applied Life Science, Gyeongsang National University, Jinju, Kyeongnam 660-701, Korea.

Background and Objective

Although frozen storage is an important preservation method for muscle foods, quality deterioration cannot
be avoid during freezing because of the formation of ice crystals, distorting the tissue structure, mechanical
damage and denaturation of protein. Especially, the rapid meat color deterioration has been often observed in
thawed meat compared to fresh meat at a commercial meat market. Myoglobin (Mb) oxidation is a major
nonmicrobial factor responsible for the quality deterioration of fresh meat, and it is commonly assumed that
lipid oxidation is closely related to Mb oxidation. Recently, we observed the formation of MetMb without
lipid oxidation in thawed pork chop steak. During retail display, the rate of Mb oxidation is related to many
factors, and physical and biochemical factors influence the displayable life of meat. Enzymes and other
components are released during freezing and thawing. The release of mitochondrial enzymes such as B -
hydroxyacyl CoA-dehydrogenase (HADH) into sarcoplasm have been reported (Gottesmann and Hamm,
1984; Chen et al., 1988; Toldra et al., 1991). Decker and Welch (1990) also reported that the rate of iron
release from ferritin was influenced by temperature in muscle foods. In this research, we hypothesized that
HADH activity could be partially responsible for the observed formation of MetMb without lipid oxidation
in thawed pork loin during cold storage. The objective of this study was to determine whether HADH
activity increased by freeze-thaw process could impact myoglobin oxidation without lipid oxidation in pork
loin during cold storage.

Materials and methods

Commercial 10 pork loins were selected randomly at 24h postmortem, and the longissimus [umborum was
used to make steaks (3 cm thickness). The steaks of each loin were packaged in a polyethylene bag, and
samples were subjected to fresh group (Control), one cycle freeze-thaw group (Treatment 1) and two cycles
freeze-thaw group (Treatment 2), respectively. All freeze-thaw samples were kept at -65°C for 12 hours for
freezing and stored at 4°C for 12 hours for thawing. After thawing, samples were stored at 4°C for 7 days to
measure meat color (CIE L*a*b*), percentage of MetMb, thiobarbituric acid reactive substance (TBARS)
value and HADH activity at 0, 3 and 7 days of storage.

Meat color (CIE L*a*b*) was measured by using a Minolta Chromameter (Minolta CR 301; Tokyo, Japan).
Seven random readings were made from the surface of samples. Myoglobin was extracted from meat
samples with phosphate buffer of pH 6.8. Samples were homogenized, centrifuged and filtered to obtain the
absorbance of the resulting supernatant solution at 572, 565, 545, and 525 nm, respectively. Lipid oxidation
was measured by TBARS value. Five grams of meat was weighed into a 50ml test tube and homogenized
with 15 ml of deionized distilled. One ml of homogenate was transferred to a disposable test tube, and
butylated hydroxyanisole (50, 10%) and thiobarbituric acid/trichloroacetic acid (TBA/TCA) (2 ml) were
added, and then incubated in a boiling water bath for 15 min. The absorbance at 531 nm was used for
TBARS value as milligrams of malondialdehyde per kilogram of meat. HADH activity was measured
according to the method of Fernandez et al. (1999). Extract was obtained from meat sample by immersion in
two volumes (4-6ml) of 0.1M phosphate buffer, pH 6.0, at room temperature. The HADH released in the
extracts was assayed by mixing in a methacrylate disposable semi-micro spectrophotometer cell (10mm light
path length, nominal working volume 1.5ml), 34 extract, 70 ethylenediaminetetraacetic acid (EDTA; 34.4ml)
and 880  phosphate buffer (0.1M, pH 6.0). The mixture was kept at room temperature for 3 min and 20
NADH (1.5mM) and 20 acetoactyl-CoA (5.9mM) were added. The HADH activity was determined by
measuring immediately the absorbance of the mixtures at 340nm.

Results and discussion

Sampes of control showed significantly (p<0.05) higher CIE a* value compared to those of treatments at 7
days of cold storage. Moreover the a* value of Treatment 1 was higher than that of Treatment 2. On the
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contrary, MetMb percentages of Treatments were significantly (p<0.05) higher than those of control at 3 and
7 days of cold storage. Treatment 2 showed significantly (p<0.05) higher MetMb percentage compared to
Treatment 1 at 3 days of storage. There were no significant (p>0.05) differences in TBARS values between
control and treatments during cold storage. However there were significant (p<0.05) differences in HADH
activity between control and treatments at 3 days of cold storage. Samples of treatments showed higher
HADH activity compared to those of control. There was no significant (p>0.05) difference in HADH activity
between Treatment 1 and Treatment 2.

These results suggested that the freeze-thaw process could accelerate meat color deterioration, i.e. decreased
redness and increased MetMb percentage in pork loin during cold storage. However the freeze-thaw process
did not affect on lipid oxidation of pork. This implied that autoxidation of Mb in freeze-thaw pork loin was
influenced by somehow except lipid oxidation products. It could be possible that the freeze-thaw process
leads to a local concentration effect of metal ions that might accelerate Mb oxidation. The rate of iron release
from ferritin could be influenced by temperature in muscle foods (Decker and Welch, 1990). It could be also
possible that the thawing process likely makes for a lower solubility of oxygen in the tissue that would lead
to decreased OxyMb. The damage to cellular and sub-cellular compartments form physical disruption by ice
crystals during freezing and thawing could release enzymes into sarcoplasm, and the enzymes could
potentially be involved in MetMb formation in thawed meat finally. In this research, we confirmed the
increasing of HADH activity by freeze-thaw process. HADH is involved in generation of NADH that has
MetMb reductase activity in mitochondira intermembrane space. Because NAD" (Nicotinamide adenine
dinucleotide) could not generate NADH (Reduced Nicotinamide adenine dinucleotide) effectively with
presence of HADH, MetMb reductase activity might be reduced by increased HADH activity in postmortem
muscles. Therefore, results suggested that the rapid Mb oxidation without lipid oxidation could be affected
by partially the increased HADH activity during freezing and thawing of pork loin.

Conclusions

Freeze-thaw process of pork loin accelerated color deterioration during cold storage. The oxidation of Mb
was not related to lipid oxidation. It was suggested that released HADH into sarcoplasmic from mitochondria
could be involved in the autoxidation of Mb in freeze-thaw pork loin.
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Table 1. Changes in CIE a*, MetMb %, TBARS and HADH activity by freeze-thaw cycles of pork loin
during 7days of cold storage.

Measurements Treatments D 0 Storage 12 eglod (days) -
C 7.26+1.15 7.1140.79 6.24+0.37°
CIE a* T1 7.2940.66 7.20+1.09 5.80+0.64%®
T2 6.83+1.15 6.58+0.94 5.15+0.44°
MetMb C 8.03 43,720 8.304+2.314¢ 14.00+4.01%°
%) Tl 42940.35% 13.35+1.79%° 15.35+3.83°
0
T2 8.684+2.58* 17.3740.95 20.984+1.10%
TBARS C 0.044+0.01% 0.144+0.01* 0.16+0.01%4
(MA mg/g) Tl 0.0440.028 0.124+0.01* 0.1440.01*
&8 ™ 0.04+0.01° 0.124+0.01 0.1440.01*
. C 3.264+0.25 5.554+0.17%° 9.65+0.24"
HADH activit
(Unitic W)l Y Tl 3.66+0.91° 9.00+0.10" 9.60+0.47"
T2 3.304+0.23" 9.0240.174 9.5940.45"

A8 Means+ SD with different superscript in the same row are significantly different(p<0.05)
*® Means+ SD with different superscript in the same column are significantly different(p<0.05)
' C: Control, T1: Treatment 1(one cycle freeze- thaw), T2: Treatment 2(two cycles freeze-thaw)
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MECHANISM OF THE PRODUCTION OF TROPONIN T FRAGMENTS DURING
POSTMORTEM AGING OF PORCINE MUSCLE

Kitamura S.', Muroya S.2, Tanabe S.!, Okumura T.?, Chikuni K.? and Nishimura T.!
! Graduate School of Biosphere Science, Hiroshima University, Higashi-Hiroshima 739-8528, Japan
2 Department of Animal Products, National Institute of Livestock and Grassland Science, Tsukuba, Ibaraki 305-0907,
Japan
3 Research and Development Center, Nippon Meat Packers, Inc., 3-3 Midorigahara, Tsukuba, Ibaraki 300-2646, Japan

Background

It is well known that muscle is converted to meat as food during postmortem aging. Due to the increase of
peptides and free amino acids during postmortem aging, meat taste is improved. During postmortem aging, a
peptide APPPPAEVHEVHEEVH derived from troponin T (TnT) was found not only to contribute to
improvement of taste (sour-suppressing) but also to be useful as a conditioning indicator in meat (Okumura
et al., 2003). However, the details of TnT degradation and the relationship between TnT degradation and
muscle tenderization remain poorly understood.

Objectives

The objectives of this study were to determine N-terminal amino acid sequences of TnT degradation
fragments during postmortem aging and to clarify the involvement of calpain in the degradation.

Materials and methods

Preparation of myofibrillar proteins
In all steps of myofibrillar proteins preparation from porcine longissimus thoracis muscle (LT), samples were
kept on ice. The meat samples were minced and homogenized with 0.04M Tris-HCI1 buffer (pH 7.4)
containing 0.16M KCI. The precipitate obtained was washed and centrifuged three times in 0.16M KCI for
15min at 3,000 x g. After centrifugation, pellet was suspended in 0.16M KCI containing 5mM NaN;. Finally,
the solubilized myofibrillar proteins was filtered by nyron net to remove connective tissue.

Hydrolysis of myofibrillar proteins by m-calpain
m-Calpain from rabbit skeletal muscle was purchased from Sigma (Germany). Myofibrillar proteins were
prepared from LT stored for 2 days after slaughter. Myofibrillar proteins (2.5mg) were hydrolyzed with m-
calpain (125U) at 30°C for 180 min in 50mM acetate buffer (pH 6.2) containing CaCl, (5SmM) and 2-
mercaptoethanol (0.1%). The portion of this mixture (200 v 1) was taken after 0, 10, 30, 60, and 180 min and
added with 30mM Tris-HCl (pH6.8) buffer (100 u 1) containing 60% glycerol, 3% SDS, 3% 2-
mercaptoethanol, and 0.03% bromophenol blue to stop the reaction.

SDS-PAGE and electroblotting
All steps of SDS-PAGE and western blot analysis were performed at room temperature. The solubilized
myofibrillar proteins (300 1 g) were loaded onto 55mm-wide lane of SDS-PAGE gels. The 12.5% gel was
run in 25mM Tris buffer containing 192mM glycine and 0.1% SDS at a constant current (14mA) for 2 hr 45
min. Prestained Precision Protein Standard (Bio-Rad, Hercules, CA) was used as the marker.

Western blot analysis
After SDS-PAGE, the gel was soaked in a transfer buffer (25mM Tris, 192mM glycine, 15% methanol,
0.05% SDS). Then, the proteins on the gel were transferred to a polyvinylidenedifluoride (PVDF) membrane
(Immobilon-Pgy Millpore, Bedford, MA) in the same transfer buffer. The current was set at 3mA/cm?’-
membrane for 90 min. The electroblotted membrane was then blocked by blocking buffer (PBS containing
1% BSA and 0.1% Tween-20) for 30 min. After blocking, the membrane was incubated for 30 min with anti-
fTnT polyclonal goat antibodies raised against a peptide corresponding to the internal region of human fTnT
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA). The primary antibodies were used at a 1:100 dilution in
an antibody buffer (PBS containing 0.1% BSA and 0.01% Tween-20). After three washes with 0.1% Tween-
20/PBS for 5 min each and being blocked with blocking buffer for 30 min, the membrane was incubated with
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biotin-conjugated anti-goat secondary antibodies (Santa Cruz Biotechnology). The secondary antibodies
were used at a 1:500 dilution in the antibody buffer for 30 min. After three washes, the membrane was
incubated with avidin-DH and biotin-conjugated HRP (VECTORSTAIN® ABC-PO kit, Vector Laboratories,
Burlingame, CA) according to the manufacturer’s protocol. After three washes, the membrane was finally
stained with a DAB substrate kit (Vector Laboratories).

Determination of N-terminal amino acid sequence of proteins
The electroblotted proteins on PVDF membrane were stained with Coomassie Brilliant Blue R-250 (CBB;
Bio-Rad). The bands of interest were excised, and then the N-terminal amino acid sequences were analyzed
by a G1000A Protein Sequencer (Hewlett Packard, Palo Alto, CA).

Results and discussion

The results of Western blot analysis revealed that multiple degradation products of TnT were generated in
porcine LT during postmortem aging (Fig. 1) and by calpain hydrolysis (Fig. 2). Before aging and hydrolysis,
four fTnT bands were detected molecular masses of around 37 kDa. These bands were thought to be intact
TnT isoforms. These bands were decreased with aging and by calpain hydrolysis, and their degraded
fragments with molecular masses of around 30 kDa increased. At 7 days postmortem, anti-fTnT-positive six
bands were detected, and three of six bands were determined their N-terminal sequences with molecular
masses of approximately 29, 28, and 27 kDa. The N-terminal amino acid sequences of 29, 28, and 27 kDa
bands were EVHEPEEKPRPKLTAP, EKPRPKLTAPKIPEG, and APKIPEGEKVDF, respectively. After
calpain hydrolysis, five anti-fTnT-positive bands were detected and three of five bands were determined their
N-terminal amino acid sequences with molecular masses of approximately 30, 29, and 27 kDa. The N-
terminal amino acid sequences of 30, 29, and 27 kDa bands were APPPPAEV, EVHEPEEK, and APK,
respectively.

In our previous study, we have determined the amino acid sequences of porcine fTnT isoforms deduced from
the DNA sequences (accession nos. AB176595- AB176602 in DDBJ/EMBL/GenBank nucleotide sequence
databases). The number of amino acid residues of the fast and slow TnT isoforms were 270 (fTnT1), 265
(fTnT2), 259 (fTnT3), 249 (fTnT4), 261 (sTnT1), and 250 (sTnT2). The N-terminal sequence EVHEPEEK
was found only in fTnT2 and fTnT3 (Fig. 3). As shown in Fig. 4, the cleavage sites His;;-Glusg (al and b2)
and Thrs;-Alas, (a3 and b3) were cleaved after postmortem aging as well as by calpain hydrolysis. On the
while, Gluy;-Gluy, (a2) was cleaved only after postmortem aging, and Glu,-Ala,, (b1) was cleaved only by
calpain hydrolysis. These results suggested that His;;-Glusg and Thrsi-Alas, were cleaved by calpain
hydrolysis in postmortem aging, while Glug;-Gluss was by another proteinases hydrolysis, such as cathepsins.
Recently, we found the sour-suppressing peptide APPPPAEVHEVHEEVH from postmortem aged pork
(Okumura et al., 2003). From the results in the present study (Fig. 4), the sour-suppressing peptide would be
produced by calpain hydrolysis at Gluy;-Alay, and His;;-Glusg sites. Howevere, APPPPAEVHEVHEEVH
sequence was not detected from the N-terminal sequences of TnT fragments in postmortem aged porcine
meat. The following thing is a probable reason; in postmortem aged pork, several proteinases, such as
calpains and cathepsins, were involved in TnT degradation and, as a result, the peptide was liberated from
TnT. On the while, in postmortem aged beef, the sequence APPPPAEVHEVHEEVH was determined from
32.1 kDa fragment (Muroya et al., 2004). These results indicated the ratio of proteinases might be different
in porcine and bovine.

In this study, we clarirfied effect of calpain on TnT degradation. Howevere, the involvement of other
proteinases such as cathepsins in the TnT degradation needs to be also clarified.

Conclusion

It is highly possible that a peptidle APPPPAEVHEVHEEVH is derived from TnT by calpain during
postmortem aging.
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Fig. 1 Western blot analysis of TnT fragments using anti-fast TnT antibody.

Myofibrillar proteins from porcine longissimus thoracis muscle at 1, 3, 5, 7 days postmortem were analyzed.
The N-terminal amino acid sequences of the bands (indicated with arrows) were shown in the figure.

M, molecular mass markers.



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland L2

Ant:fast TnT

Calpaihl /@eatment '@

eee® ) M 0 10 30 60 180

50kDa P>
APPPPAEV EEEEE
37kDa P> W=
. . ..., @ EVHEPEEK EEFEE

25kDa >
APK!| EEEEE

Fig. 2 Western blot analysis of TnT fragments using anti-fast TnT antibody.

Calpain hydrolysate of myofibrillar proteins from porcine longissimus thoracis muscle were analyzed.
The N-terminal amino acid sequences of the bands (indicated with arrows) were shown in the figure.
M, molecular mass markers.

fInT116 SDEEVEHVEEEYEEEEEAQE PPPPAEVHEVHEEVHEVHEPEEVQEEEKPRPKL55
fInT117 ! SDEEVEHVEEEYEEEEEAQEEAPPPPAEVHEVHEEVHEVHEPEEVQEEEKPRPKL »
fInT216 ! SDEEVEHVEEEYEEEEEAQEEAPPPPAEVHEVHEEVHEVHEP|--------- EEKPRPKL>’
fInT217 ! SDEEVEHVEEEYEEEEEAQEEAPPPPAEVHEVHEEVHEVHEP|--------- EEKPRPKL>’
fInT316 'SDEEVEHV - EEEEAQEEAPPPPAEVHEVHEEVHEVHEP --------- EEKPRPKL"
fInT317 !SDEEVEHV ---rm- EEEEAQEHEAPPPPAEVHEVHEEVHEVHEP --------- EEKPRPKL"
fInT416 SDEEVEHVEEEYEEEEEAQEE EEVQEEEKPRPKL 3
fInT417 ! SDEEVEHVEEEYEEEEEAQEE EEVQEEEKPRPKL 3

Fig. 3 The amino acid sequences of N-terminal region of eight porcine fTnT isoforms.
Sour-suppressing peptide is boxed.

--- indicates exon regions of alternative splicing.



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

fI'nT2 a,P a2 a3

14 v ¥ V5

EEEEAQEEAPPPPAEVHEVHEEVHEVHEPEEKPRPKLTAPKIPE EEE

Sour-suppressing
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Fig. 4 The amino acid sequence of N-terminal region of porcine fast-TnT2 (fTnT2) and its cleavage sites.
a, indicates cleavage sites observed after postmortem aging.

b, indicates cleavage sites observed by calpain hydrolysis.

Sour-suppressing peptide is underlined.
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Background

Pork quality traits are composite, being affected by major genes (RYR1 RN) and the candidates e.g. mapped
on 2 chromosome calpastatine gene — an endogenous inhibitor of calpain (Ko¢win-Podsiadta et al. 1995,
Przybylski et al.1995, Sellier 1998, Sensky et al. 1999).

Objectives

The present study was conducted to estimate the polymorphism of calpastatin (CAST) gene identified with
Hinfl, Mspl and Rsal restriction endonucleases, and the effect of RN gene (determined on the basis of
glycolytic potential), on meat quality traits.

Materials and methods

The investigations were carried out on 169 fatteners of three genetic groups: Landrace (41), Landrace x
Duroc (67) and Landrace x Yorkshire (61), obtained from F, animals, imported from Denmark. The animals
were kept under the same environmental conditions and fed a full bath feed. The animals were slaughtered at
the live weight about 110 kg (hot carcass weight 85 kg), 4-5 hours after transportation, using the electrical
stunning method and recumbent bleeding out. Immediately after slaughter blood samples were collected in
EDTA-coated tubes for subsequent DNA analysis for the RYR1 and CAST genotype. The RYR1 genotypes
were established according to Fuji et al. (1991). The polymorphism of CAST gene was identified with Hinfl,
Mspl and Rsal restriction endonucleases, according to Ernst et al. (1998). At 45 min post mortem the
samples from Longissimus [umborum (LL) muscle were collected into tubes with 0,5 M PCA for
determination of glycogen (Darympale and Hamm, 1973) and lactate (Bergmayer, 1974). On the basis of
them, the glycolytic potential (GP) was calculated according to formula proposed by Monin and Sellier
(1985). The RN genotypes were identified on

Fig.1 The distribution of glycolytic potential (GP)

the basis of glycolytic potential (GP) and its 40
bimodal distribution: rn'rn" (GP<130umol/g) % R —
RN7/? (GP>130umol/g) (Fig.1). The pH was . =

measured directly in the tissue of Longissimus
lumborum muscle, using a pH-meter Master
produced by Draminski (Poland). The
electrical conductivity was evaluated using a

25

20

No of animals

LF-Star apparatus, produced by Matthaus 10

(Germany). The lightness (L*) of the muscle s ]

tissue was measured 24 hours post mortem |

using a Minolta CR-310 apparatus (Japan) in % 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 150

Glycolytic potential (umol/g)

CIE L*a*b* colour system. The drip loss at
48, 96 and 144 hours after slaughter was
evaluated in accordance with the method of Prange et al. (1977). The shear force was determined in (144h)
on cooked meat slices, using an Instron 1140 apparatus with Warner-Bratzler device. The data was analysed,
using a two-way analysis of variance in a non-orthogonal scheme. The significance of differences between
means of groups for the investigated traits, was calculated using Tukey’s test.
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Results and discussion

The high muscle glycolytic potential (GP>130umol/g) has an effect on pH decline (at 24, 48 and 96 hours
after slaughter), and higher meat lightness [Tab.1]. The low pH, is connected with a higher drip loss from
pork meat (Kauffman et al. 1993, Bertram et al. 2000). The deeper glycogenolysis (as the effect of RN
allele), affected fluid loss from fresh meat during post mortem storage, giving higher (about 0,7 percent
points) drip loss in 48 hours after slaughter. Josell et al. (2003) suggested, that high amount of glycogen, the
most important substrate for ATP regeneration, might contribute to hinder muscle contraction in RN’
carriers, while Deng et al. (2002) showed, that the low water-holding capacity of meat from RN" carriers,
was caused by high degree of denaturation of proteins. The tenderness (expressed by shear force) has been
shown to be related to RN gene, which is in agreement with studies by different authors (Lundstrom et al.
1994, Enfalt et al. 1997, Josell et al. 2003).

In table 1 showed the effect of calpastatin gene (regardless RN™ gene) on analysed meat quality traits. The
AA genotype at the CAST/Hinfl locus affected the initial pH, given (in comparison to animals with AB and
BB genotypes) lower at about 0,15 units pHjss and 0,22-0,25 units pH;. In contradiction to this experiment, in
the investigations of Ko¢win-Podsiadta et al. (2003), carried out on fatteners differentiated by RYR1 gene,
the faster pHss decline, in group of fatteners with BB genotype at CAST/Hinfl locus, was noted. There was
no effect of GP (RN gene) on drip loss measured in 96 and 144 hours post mortem but the influence of
CAST/Hinfl gene on fluid loss, was noted. It should suggest that CAST/Hinfl genotype is connected with a
later drip loss from fresh meat during storage. The AA animals compared with AB and BB porkers at the
CAST/Hinf1 locus given about 4 pp. higher drip loss measured in 96 and 144 hours post mortem. During the
storage from 48 to 144 hours after slaughter, a highest fluid loss has been shown from fresh meat of AA
genotype porkers at the CAST/Hinfl locus (8, 5 and 6 pp. respectively for AA, AB and BB genotype at the
CAST/Hinf1 locus).

In contrast, the BB genotype porkers at CAST/Rsal locus (compared with AA and AB animals) affected fluid
loss, given about 2 pp. higher drip loss measured in 144 hours post mortem. During the storage from 48 to
144 hours after slaughter, a highest fluid loss has been shown from fresh meat of BB genotype porkers at the
CAST/Rsal locus (8, 6 and 5 pp. respectively for BB, AA and AB genotype at the CAST/Rsal locus).

It should the mention that both genotypes with highest
Fig.2 The interaction between CAST/Msp | x RN for drip loss drlp loss (AA at CAST/HZI’lﬂ and BB at CAST/RSGI) had
a lowest percentage share in analysed population of
s e o fatteners (8,88 and 6,51% respectively).

1338 The AA genotype at the CAST/Mspl affected the
glycolytic changes in Longissimus lumborum muscle,
given about 0,05 units higher pH at 24 and 144 hours

13740 O

130

Sy

Drip loss 144h[%]

e 1259 after slaughter. The effect of calpastatin gene
e (CAST/Mspl and CAST/Rsal) on meat quality traits, in
' 1852b == the investigations of Emnet et al. (2000), was not found.
s 15ta o= WPl In this experiment, the interaction was found between

- RN gene and CAST/Mspl for a drip loss measured in
W = = 144 hours after slaughter (Fig.2). The AA genotype at

the CAST/Mspl locus was differed by RN gene, given
1,9 pp. lower drip loss (144h) in non-carriers of RN gene. Among non-carriers of RN gene, were two groups
related CAST/Mspl genotype and differed by drip loss measured in 144 hours post mortem. The AB animals
compared with BB porkers at the CAST/Mspl given 2,23 pp. lower drip loss from Longissimus lumborum
muscle.

Conclusions

Meat from RN carriers, compared to meat from non-carriers had higher glycogen content, lower ultimate pH
and higher meat lightness (L*) and drip loss (48h).

The highest fluid loss from fresh meat during storage in a group of porkers with AA genotype at the
CAST/Hinfl and BB genotype at the CAST/Rsal locus, was noted. The frequency of mentioned above
genotypes with highest drip loss was lowest in analysed population and reached 8,88 and 6,51% respectively.
In this experiment, we also found the interaction between RN gene and CAST/Mspl for a drip loss evaluated
in 144 hours after slaughter. The non-carriers of RN™ gene, but with AB genotype at the CAST/Mspl locucs
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porkers compared with BB genotype animals at the same locus of CAST and RN, given 2,23 pp. lower drip
loss (144h after slaughter) during storage of fresh Longissimus lumborum muscle samples.
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Table 1. The effect of RN™ and calpastatine (CAST) gene on analysed meat quality traits.

CAST/Hinfl CAST/Mspl CAST/Rsal - RN/? _
AA AB BB Sien AA AB BB Sien AA AB BB Sien | n=95 | n=74 Sign
n=15 | n=70 | n=84 & n=31 n=73 | n=65 & n=71 n=87 | n=11 &

124,52 | 127,13 | 126,36 122,23 | 126,72 | 128,33 126,59 | 127,39 | 119,10 111,47A | 145,84B

GP [umol/gl | 41001 | 40570 | #2622 | N | s0586 | #2101 | #2847 | N> | s751 | #2372 | #1659 | N> | 41619 | 420,60 *

Glycogen | 44,65 46,35 46,06 NS 4342 | 46,00 | 47,37 NS 4721 45,71 41,30 NS 38,15A | 56,20B i
[umol/g] +832 | +14,87 | +13,67 +1540 | £13.,56 | 14,22 +13,96 | *13,70 | +12,79 + +10,50

Lactate 35,22 3509 | 34,22 NS 35,40 35,34 33,56 NS 32,83 3594 | 36,51 NS 35,14 34,07 NS
[umol/g] | +11,02 | #1037 | +10,62 9,97 | *1045 | +10,85 +9.54 | +10,75 | *13,31 +10,61 | *10,39

q 6,49a | 622b | 6,58 « 6,59 6,60 6,57 NS 6,59 6,59 6,52 NS 6,56a | 6,62b .
PHss +0,11 +0,17 +0,16 1020 | 0,16 +0,19 +0,17 +0,18 +0,23 40,19 +0,16

. 6,0la | 626b | 623b « 6,19 6,23 6,23 NS 6,22b | 6,24b 6,0la . 6,19 6,26 NS
P +0,21 40,21 40,25 +0,26 | 024 | 1023 4025 | +022 | 4032 0,26 | +0,21

H 5,56 5,56 5,54 NS 561B | 552A | 5,55A o 5,55 5,55 5,58 NS 557B | 5,52A o
P4 +0,08 40,12 +0,09 40,11 40,10 +0,08 +0,09 +0,12 40,08 40,11 +0,09
537 5,41 5,40 5,43 5,40 5,39 5,40 5,41 5,41 5,42b 5,38a

PHas +0,06 40,11 +0,08 NS 40,11 40,09 +0,08 NS +0,09 +0,10 | 0,09 NS 40,10 +0,08 i
537 5,39 5,40 5,42 5,40 5,38 5,39 5,40 5,42 543B | 536A

pHos +0,08 | +0,11 +0,09 NS +0,09 | +0,11 +0,08 NS +0,08 | +0,11 +0,07 NS +0,09 | +0,08 o
5,55 5,49 5,49 5,55b 5,49a 5,48a 5,50 5,48 5,59 5,52 5,46

PHiss +0,09 +0,12 +0,10 NS 40,13 40,11 +0,10 i +0,10 | 0,12 +0,02 NS 40,12 +0,09 NS

EC,q 3,42 3,49 3,90 NS 3,6lab | 3,47a | 3,97b . 3,67 3,73 3,44 NS 3,79 3,50 NS
[mS/cm] +1,08 | £1,18 | £1,18 1,20 | £1,02 | +1,30 +1,07 | £127 | +1,20 1,16 | £1,19

L 53,47 54,69 | 54,70 NS 53,97 54,74 54,71 NS 54,38 54,89 53,54 NS 53,90a | 55,48b .
43,03 | +320 | +2.86 +292 | #3,14 | £295 279 | £327 | +2,15 +298 | 42,87

Drip loss 8,02 7,08 6,73 NS 6,95 7,19 6,80 NS 6,88 6,97 7,89 NS 6,69a 7,38b .
48h [%)] +288 | £2,14 | 42,18 £2,15 | 1249 | +2,02 +237 | £2,08 | 12,74 £2,18 | 42,29

Drip loss | 14,06B | 10,89A | 10,79A e 11,42 11,05 10,99 NS 11,01 10,96 13,07 NS 11,03 11,18 NS
96h [%] +479 | 2,54 | 2,73 +348 | #328 | 4237 +294 | +£284 | +438 3,13 | 42,81

Drip loss | 16,19b | 12,48a | 12,75a . 12,38 12,41 13,19 NS 13,02a | 12,34a | 15,98b . 12,46 13,04 NS
144 [%)] +1,69 | £2,59 | 43,01 £290 | £290 | +2.79 43,10 | 42,61 +1,63 +288 | 42,82

Shear force | 45,41 62,36 | 56,26 NS 60,32 60,59 54,43 NS 59,97 55,77 56,11 NS 63,22B | 47,24A o
[N/em?] +994 | +1506 | +13,26 +11,42 | £12,77 | +15,67 +14,79 | +13,71 | +17,76 +13,62 | 4835

Results are given as means = SD; **, A, B signigicant at P<0,01; *, a, b signigicant at P<0,05
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Krzecio E. ', Kuryt J.%, Koéwin-Podsiadta M.', Monin G.?
lUniversity of Podlasie, Chair of Pig Breeding and Meat Science, 08-110 Siedlce, 14 Prusa Str., Poland
*Polish Academy of Sciences, Institute of Genetics and Animal Breeding, Jastrzebiec, 05-552 Woélka Kosowska, Poland
3INRA, Station de Recherches sur la Viande, 63122 Saint Genes Champanelle, Theix, France

Background

Post mortem proteolysis of myofibrillar proteins is associated with activity of the calpain system (-i and -m
calpain) and their inhibitor calpastatin (Sensky et al. 1999, Hao et. al 2000). Calcium channel activity is
regulated by domain L of calpastatin (Hao et al. 2000). Ca ** level in sceletal muscle is also regulated by
RYRI gene. Activity of calpastatin (as endogenous inhibitor of calpain) in sceletal muscle is highly related to
rate of meat tenderization and protein turnover after slaughter (Goll et al. 1998). Thus, CAST represents an
excellent candidate gene for studying variation in pork quality (Ernst et al. 1998).

Objectives

The aim of this study is analysis of the effect of polymorphism of RYR/and calpastatin (CAST) genes for
some meat quality traits taking into consideration group of meatiness. An effect of interactions between
variants of RYRI and CAST gene and group of meatiness for investigated meat quality traits was also
analysed.

Materials and methods

Investigations were carried out on 201 fatteners being crosses of [(Polish Large White x Polish Landrace) x
(Duroc x Pietrain)] (77), [(Landrace x Yorkshire) x (Duroc x Pietrain)] (40) and [(Polish Large White x
Polish Landrace) x (Hampshire x Pietrain)] (84). The animals were kept in similar environmental conditions,
fed balanced mixtures and slaughtered using electrical stunning ("Inarco" system) at 4-5 hours after
transportation on the distance 300 km. Immediately after slaughter blood samples were collected in EDTA-
coated tubes for subsequent DNA analysis for the RYRI and CAST genotype.

Average warm carcass weight of analysed animals was 78.4010,54 kg (mean value * se). Carcasses belonged
to three groups of meatiness: 1 <50.0; II from 50.1 to 55 and III >55 percent of meat in carcass respectively.
Average meatiness of carcasses analysed population of fatteners was 51.28+0.40 %. In each group was
similar number of gilts and castrates.

The following meat quality characteristics immediately after slaughter were determined: pH of Longissimus
Lumborum (LL) muscle tissue (immediately in carcass - pHss) and in water homogenate of muscle tissue
(pHas); Ry expressed as IMP/ATP ratio at 45 min post mortem according to Honikel and Fischer (1977). At
24 h post mortem pH, meat lightness (measured with Minolta CR310 Chroma Meter in CIE L*a*b* system),
water holding capacity (WHC) according to Grau and Hamm (1952) and Pohja and Niniivaara (1957)
modification and losses of weight of meat in cooking process were determined. Drip loss from muscle tissue
at 48 and 96 h after slaughter was determined according to Prange et al. (1977). Besides, analysis of protein,
water and dry matter content in LL muscle tissue were determined. Meat lightness and pH,4 in
Semimembranosus (SM) muscle were also executed. At 45 min post mortem samples from Longissimus
Lumborum muscle were collected into tubes with 0.5 M PCA for determination of glycogen (Dalrymple and
Hamm 1973) and lactate (Bergmeyer, 1974). On the basis of them the glycolytic potential (GP) was
calculated according to formula proposed by Monin and Sellier (1985).

The RYRI genotypes were established according to Fujii et al. (1991). Polymorphism of CAST gene was
identified with Mspl endonuclease according to Ernst et al. (1998).

Statistical elaboration of the data was executed using three-way non-orthogonal ANOVA. Statistical model
comprised: RYRI and CAST genes polymorphism, group of meatiness and their interactions:

Detailed comparison of average values of analysed groups was made using Tukey’ test.
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Results and discussion

In analysed population of animals a highly significant influence of RYRI genotype on pH value
measured at 35 min post mortem immediately in Longissimus lumborum muscle (pHjss) as well as at
45 min post mortem in water homogenate of muscle tissue (pHss) and on lightness of LL muscle
(P<0.01) was observed. The RYRI gene polymorphism affected also lactate level in LL muscle tissue, R,
value, WHC and drip loss in both terms of measurements (P<0.05). It should be stressed that analysed
animals were of CC and CT genotype of the RYRI locus. Most profitable values of above mentioned
parameters in stress resistant (CC) group of fatteners were noted.

A significant influence of CAST gene polymorphism identified with Mspl enzyme (CAST/Mspl) was noted
for R, coefficient value, drip loss

from muscle tissue at 48 and 96 h post
mortem (P<0.01) and for lactate
level, WHC and protein and water
content (P<0.05).

We have observed that animals with
BB genotype at this locus were

Fig. 1. Differences between mean values of
meat quality traits of animals with AA and BB
genotypes at the CAST/Mspl locus, expressed
in SD units of the traits

1 76 characterised by most profitable

0,51 values of all these traits. High and
significant influence of CAST/Mspl

SD 0 gene on drip loss from muscle tissue

-0,5 obtained in these investigations is

- especially interesting, taking into

1 2 3 4 5 6 7 consideration  important  problem

1-Lactate level; 2-Ry; 3-WHC; 4-drip loss at 48h; 5-drip loss at 96h; ~ concerning a high variation of this
6-% of protein; 7-% of water in LL muscle trait (from 2 to 16%) signalised by

several authors (Honkavaara 1997,
Bertram et al. 2000, Schéfer et al. 2002).
Among analysed meat quality traits affected by CAST genotype, differences between average phenotypic
values of 44 and BB homozygotes in relation to CAST/Mspl locus were close to 1 SD unit for drip loss at 48
h as WCH as at 96 h pOSt mortem (0’92 Fig. 2. Interactive effect of =~ CAST/Mspl and RYR1genotypes
and 0,96 SD respectively) (Fig. 1). for drip loss from LL muscle at 48h
This indicates that CAST/Mspl genotype 1
has an effect close to the major effect 0 9.88 2
for drip loss from LL muscle tissue.
Statistically ~ significant  interaction
between RYRI and CAST/Mspl loci was
noted for: drip loss at 48 h post mortem
(P<0.01) (Fig. 2), and pHys of LL
muscle (P<0.05) (Fig. 3). Value of drip

6.16 AB

" e

Drip loss from LL muscle aat 48h (%)

loss at 48 h post mortem was ° 5214 4'76RYR1 rotvoes
differentiated between CC and CT 4 428 A e
animals at RYRI locus being A4 g == G
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Among animals of CT genotype at cast/iep T genotypes

RYRI IOCU.S Carrying AA or BB Explanations: A,B mean values showed at the plot, signed by different capital letter differ significantly at P<
genotypes at CAST/Mspl locus drip loss

at 48 h post mortem differed significantly (9,88 and 4,28% respectively). Conducted additionally one-way
ANOVA analysis showed that animals with AA4/CT genotype at CAST/Mspl and RYRI loci, respectively,
showed significantly highest drip loss at 48 h post mortem (9,88 %), higher drip loss at 96 h and R; value,
worse WHC and protein content than BB/CT animals, whereas meatiness of these two groups did not
statistically differ.
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It is known that animals with 7T or CT genotype at the RYR/ locus show higher level of Ca> ions released
from cells as a result of defective functioning of calcium channels under stress conditions. Next, proteolytic
activity of calpain system (calpains and their inhibitor - calpastatin) is significantly dependent on Ca*" ions
level. One should suppose that different variants of calpastatin conditioned by polymorphism of CAST gene
Fig. 3. Interactive effectof  CastMsp land RYRT genotypes could have different sensibility to
forpH 2 In L muscle tissue level of Ca’" ions, and the same
different activity stopping proteolytic
activity of calpain. This may explain
the differences in drip loss and pH
573 = values noted between fatteners with
the same RYRI genotype but
570 = differentiated by CAST/Mspl
genotypes.
RYR? genolypes: Investigations carried out by Koc¢win-
~ cc Podsiadta et al. (2003) in similar
A A8 88 .= ¢t scheme but only on (Polish Large
btssicne e e s o o i, i White  x  Polish Landrace) x
Gifferent smail letter differ significantly at Pes0 08 Y (Hampshire X Pietrain) crossbreeds
showed significant interaction
between RYRI and CAST/Hinfl genotypes for drip loss from Longissimus Lumborum muscle at 48 h post
mortem.
Ciobanu et al. (2002) confirmed the effect of polymorphism of CAST gene identified with Hpy188l and
Pvull restriction enzymes on drip loss.
The polymorphisms of the CAST gene genotyped in this study were located in intron 7 and it is difficult to
conclude their effect on calpastatin level or activity. The effect of analysed mutations on meat quality traits
may be due to the linkage to any other mutation within the coding or regulatory regions of the CAST gene
being the causal mutation.
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Conclusions

In analysed fatteners’ population highly significant influence of RYRI gene polymorphism on pHjs, pHys, R;
values that are basis of PSE meat classification and also on lactate level in Longissimus Lumborum muscle
was noted.

Fatteners with BB genotype at the Cast/Mspl locus by lower lactate level (7.59 umol/g), R; value (0.05),
WHC (0.93 cm?), drip loss at 48 h (3.03%) and at 96 h post mortem (3.36%) values, lower water content
(1.31%) and also by about 0.5% higher protein content were characterized in comparison to fatteners with
AA genotype at this locus. Relationships between polymorphism at the CAST locus and some meat quality
traits, especially the high effect of CAST/Mspl polymorphism on drip loss of muscle tissue at 48 h as well as
at 96 h post mortem (0,92 and 0,96 SD respectively) suggest that effect of the CAST gene is close to a major
effect for this trait.

Interactions between genotypes CAST/Mspl and RYRI indicate that quality of meat influenced by RYRI
genotype may be modifying by simultaneous influence of genotype as regards CAST locus. The
polymorphism at the CAST/Mspl locus was closely related with drip loss from LL muscle tissue at 48 h
among animals with CT genotype at the RYRI locus (with similar meat content in carcass) whereas this
relationship among stress resistant (CC) animals was not confirm.

Obtained interesting results indicate that relationships between polymorphism of CAST gene and meat
quality of pigs should be further investigated.
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Background

It is well known that the tenderness of meat increases during storage and it is generally believed to be caused
by an enzymatic degradation of muscle proteins post mortem (PM). Two enzyme systems have continually
been suggested as possible candidates for the proteolytic degradation PM. Several studies have suggested the
lysosomal cathepsins to be involved in the tenderization process (Dutson, 1983; Etherington et al., 1987;
Mikami et al., 1987; O'Halloran et al., 1997; Ouali et al., 1987). Cathepsins are able to degrade a wide
spectrum of muscle proteins and have a pH optimum close to normal ultimate pH in meat which makes
lysosomal enzymes good candidates for catalysing PM proteolysis and meat tenderization. In the last decade
much work has implicated a major role of the calpain system for tenderization of beef and lamb. In beef the
initial at-slaughter levels of the calpain system have been found to be related to the PM tenderization process
and ultimate tenderness (Shackelford et al., 1991; Whipple et al., 1990; Zamora et al., 1996) and the calpain
system has also been suggested to be primarily responsible for PM protein degradation and tenderness
development during refrigerated storage leaving little or no importance of the lysosomal enzyme system
(Hopkins and Thompson, 2002; Koohmaraie, 1996; Taylor, 2003). In pork, sparse data exists on the
relationship between the initial level of enzyme activity and PM protein degradation and tenderness.
However, a recent study on pork suggests that both enzyme systems could play a role (Ertbjerg et al., 1999a).

Objectives

The intentions of the present paper are to report data related to PM proteolysis in fresh pork and discuss the
mechanisms of PM proteolysis and to what extent calpains and cathepsins are involved in this.

Materials and methods

Nine litters of three female pigs and three male pigs were allocated to three diet groups. Diets composition,
slaughter procedure and sampling procedure were as described in Therkildsen et al. (2004). Briefly, samples
for m-calpain, p-calpain, calpastatin, cathepsin B+L, cathepsin B, B-glucuronidase and cystatin were taken
15 min after slaughter and frozen in liquid nitrogen. Temperature decline in the carcasses were measured
over 24 h PM by inserting a temperature logger 10 min PM at left side LD at last rib. Samples for
myofibrillar fragmentation index (MFI) were taken day 1, day 2 and day 4 PM. Calpastatin, m-calpain, p-
calpain and MFI were determined as described (Kristensen et al., 2002). Lysosomal enzyme activity and
cystatin activity were done as described in Kristensen (2003). The data were tested for normal distribution
using the Shapiro-Wilk test within the UNIVARIATE procedure of SAS (SAS Inst. Inc., 1999 - 2000).
Variables not satisfying the requirement of a normal distribution were transformed. The effects of diet and
sex were removed from all variables using the GLM procedure of SAS. Multiple linear regression models
were obtained by the REG procedure of SAS using stepwise regression. A P-value of 0.15 was used to
introduce and keep variables in the models.

Results

The effects of diet, sex and the interaction have consequently been removed from all data before modeling.
Multiple linear regressions models were obtained using the MFI values as dependent variables and the at-
slaughter activities of up-calpain, calpastatin, cathepsin B, cystatin and the temperature decline from 60
minutes until 180 minutes PM as independent variables (Table 1). Calpastatin correlated to m-calpain (r =
0.37; P =0.009), B-glucuronidase and cathepsin B+L to cathepsin B (r = 0.63, 0.68; P =< 0.001 & < 0.001)
and p-calpain, cathepsin B, cystatin, and temperature decline to pH45 (R =-0.30, 0.37, 0.33, -0.50; P = 0.03,
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0.01, 0.02, < 0.001). To fulfill the requirement of non-covarying independent variables m-calpain, cathepsin
B+L, B-glucuronidase and pH45 were excluded from the models. Modeling MFI values resulted in highly
significant models explaining almost 50 % of the variation (Table 1). Calpastatin had the highest explainable
power followed by cathepsin B in the models obtained for MFI values day 1 and 2 PM. At 4 days PM
cathepsin B had the highest explainable power followed by calpastatin. Cystatin activity and temperature
decline were included in all three models.

Table 1. Multiple linear regression models on MFI-values 1, 2 and 4 days PM.

MFTI day 1 MFI day 2 MFI day 4
Variable Partial R Variable Partial R* Variable Partial R?
Calpastatin 0.18 Calpastatin 0.24 Cathepsin B 0.24
Cathepsin B 0.10 Cathepsin B 0.18 Calpastatin 0.15
Tdecline 0.04 Cystatin 0.04 Tdecline 0.04
Cystatin 0.04 T dectine 0.03 Cystatin 0.03
u-calpain 0.03
Model R* 0.46 0.48 0.46
P-value <0.001 <0.001 <0.001
Discussion

The tenderization of meat is mainly caused by proteolytic degradation of muscle proteins PM. The
fragmentation of myofibrils has for long been associated with tenderness development of meat (Davey and
Gilbert, 1969; Moller et al., 1973) and a method to measure it has been termed MFI (Olson and Parrish,
1977). The calpain system has been suggested as the primary catalyst of the PM tenderization process in beef
(Huff-Lonergan et al., 1996; Koohmaraie et al., 1986) and has also been linked to the tenderization process
in pork (Ertbjerg et al., 1999a; Kristensen et al., 2002; Kristensen et al., 2003). Likewise indicators of
lysosomal proteolysis PM have been linked to tenderisation in beef (Calkins et al., 1987; Ertbjerg et al.,
1999b; Shackelford et al., 1991). Ouali (1992) argued that the changes in the structure of meat PM caused by
proteolysis only can be explained by a synergistic action between lysosomal enzymes and the calpain
system. To test this, multiple linear regression models were developed using MFI as dependent variables and
the at-slaughter activity of both the calpain system and indicators of the lysosomal enzymes as independent
variables (Table 1). The models obtained at all time points clearly showed that calpastatin and cathepsin B
explained more of the variation in MFI collectively than each of them did in isolation, suggesting that
calpastatin and cathepsin B have a co-operative action in PM proteolysis. If the calpastatin activity and the
activity of cathepsin B are taken as representatives of the calpain system and of the lysosomal system,
respectively, the results presented in Table 1 strongly suggest a role for both enzyme systems in PM
proteolysis of pork as proposed by (Ouali, 1992).

There has been some debate regarding the involvement of the calpain system and lysosomal system in PM
proteolysis and tenderization of meat, and some researchers have argued against the importance of the
lysosomal system and favored the importance of the calpain system (Hopkins and Thompson, 2002;
Koohmaraie, 1996; Taylor, 2003). Koohmaraie (1996) argued that no role can be assigned to the lysosomal
enzymes until it is clearly confirmed that the enzymes are released from the lysosomal system during PM
storage. The lysosomal proteases are encapsulated within the lysosomal system and therefore have no direct
access to the myofibrillar proteins in the living animal. However, several papers report an increased activity
of free lysosomal enzymes during PM storage, indicating a release from the lysosomal system after
slaughter. Dutson and Lawrie (1974) observed a two fold increase in the free activity of B-glucuconidase in
beef 24 hours PM which increased to three fold after 5 days storage. Ertbjerg et al. (1999b) also observed an
increase of free B-glucuconidase activity and in addition an increase of the free activity of cathepsin B+L in
beef during storage for 21 days. Release of cathepsin C and B-glucuconidase was also observed in lamb PM
(Dutson et al., 1980). Using electron microscopy of rabbit muscle stained with anti-cathepsin D (Kubo et al.,
2002) observed a gradual diffusion of cathepsin D from the lysosomes to the myofibrils during storage for 14
days. Almost all cathepsin D were released from the lysosomes and absorbed onto the myofibrils after 14
days storage. These results signify that lysosomal enzymes are released during PM storage of meat and are
therefore likely to contribute to PM proteolysis. Also a significant part of the total activity of cathepsin B and
cathepsin B+L can be measured in drip (Purslow et al., 2000; Kristensen, 2003). The only way cathepsin
activity can be measured in drip is via a release from the lysosomal system. An other major argument against
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a role for the lysosomal enzymes in muscle proteolysis during PM storage has been that no adequate
explanation is provided for lack of actin and myosin degradation PM, as cathepsins can degrade myosin and
actin in vitro and neither are degraded during PM storage of meat (Hopkins and Thompson, 2002;
Koohmaraie, 1996; Taylor, 2003). However, degradation of both myosin and actin has recently been
reported during PM storage of meat (Berge et al., 2001; Ertbjerg et al., 1999b; Lametsch et al., 2002).

The information revealed above suggest that both the lysosomal system and the calpain system significantly
contribute to PM proteolysis and tenderization of meat, which is in accordance with several other studies
(Dutson, 1983; O'Halloran et al., 1997; Ouali, 1992; Ouali and Valin, 1981). Ouali (1992) studied how
structural changes, biochemical changes and proteolysis were affected by tenderization of beef and rabbit.
The effects of tenderization were compared to the effects of incubating purified myofibrils with either
lysosomal proteases or calpains. Ouali (1992) concluded that the observed changes in beef and rabbit during
tenderization only can be explained by a synergistic effect of both enzyme systems. It was further suggested
that the calpain system primarily is responsible for changes occurring early PM and the lysosomal system
primarily responsible for changes occurring later PM. The involvement of both enzyme systems in PM
proteolysis is supported by the results presented in Table 1. The at-slaughter activity of a representative of
the lysosomal system (cathepsin B) and of the calpain system (calpastatin) were used to model the MFI
values obtained from pork 1, 2 and 4 days PM. Both enzyme systems were important contributors to the
three models obtained. However, calpastatin had the highest partial correlation coefficient at 1 and 2 days
PM and cathepsin B the highest at 4 days PM, which fit well into the suggested time dependency of the two
enzyme systems (Ouali, 1992).

Conclusions

Taken together the results presented in this paper and previous studies suggest that both the calpain system
and the lysosomal enzyme system are involved in PM protein degradation in pork, and that a co-operative
mode of action is a likely mechanism.
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Background

Preslaughter stress is generally thought to be of influence on meat quality parameters, mostly with a
negative effect. However, the results of published experiments are not unequivocal. Genotype,
transportation, lairage time, season of the year, environmental conditions and many other factors are
also of effect on meat quality. One problem is to evaluate the effective level of stress on the animal.
Heart rate can be used as one indication.

Although tenderness is mostly taken into account in beef investigations, it is also an essential
parameter for pig meat quality. Tenderness of meat develops by the proteolytic action of the
calpain/calpastatin system on different interfilament proteins, loosening the myofibrillar structure.
Calpain is activated by Ca®", indicating the role of the intracellular Ca®" concentration on the
tenderness. The effect of Ca’>" is manifested by several investigations injecting Ca®" (Kerth et al,
1995), marinating meat in Ca®" containing solutions (Young et al., 1995) or inducing Ca*" release by
high pressure (Okamoto et al., 1995). Generally, a disturbed regulation of the intracellular Ca**
concentration results in inferior meat quality parameters pH, drip, and colour, but on the other hand an
increased Ca>" concentration may activate the protease calpain, tenderising the meat. So, it seems
worthwhile to investigate the relationships between Ca®" transport, meat quality and tenderness.

Objectives

The objective of this study was to elucidate the impact of different kinds of stress (nose snare,
electrical goad, control) just before slaughter on the development of meat quality. Especially the effect
of the SR-Ca”" transport in post mortem muscle samples on the development of tenderness was of
interest. To estimate the reaction of the used kinds of stress on the pigs, the heart rate was determined.

Materials and methods

Animals and stress

Thirty female German Landrace pigs were used. The pigs were produced and raised in single boxes in
an experimental unit of the institute up to a live weight of 105 — 115 kg. The animals of this
experimental unit are free of the mutation of the calcium release channel (CRC).

The evening before slaughter the three heaviest pigs were transported to the slaughter facility of the
institute. The heart rate was measured for about half an hour before slaughter by using a Polar Heart
Rate Monitor.

About 5 min before the slaughter one pig was gently driven into the stunning pen and stunned
electrically. The second pig was also driven into the stunning box but received an additional stress by
the application of a nose snare for 5 min. The third pig was stressed for five minutes before slaughter
by using an electrical goad according to D'Souza et al. (1999). Immediately following the stress just
before stunning a biopsy (shot biopsy device) was taken. The stunning and the following procedures
were identical for all pigs. Immediately following exsanguination a muscle sample (0 h sample) of the
longissimus muscle between the 13" and 15" rib was removed by shot biopsy. Also, at 45 min p.m.
and at 4 h p.m. samples were taken.

Sample preparation and Ca’" uptake determination

About 0.5 g of muscle tissue were homogenised and the Ca”>" uptake of the muscle homogenate was
determined as described by Kiichenmeister (1999a). A part of the homogenate was stored at -70° C
and later used for protein determination and different biochemical investigations. The calcium release
channel was manipulated as described earlier (Kiichenmeister et al., 1999a).
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Meat quality measurements

Meat quality parameters of the Jongissimus muscle were measured by standard procedures
(Kiichenmeister et al., 1999b). The R-value as an indication for p.m. energy metabolism was
determined on 45 min samples (Honickel et al., 1977). For determination of tenderness, two slices of
longissimus muscle (13th-15th rib) were sampled 24 h p.m. One slice was used for tenderness
determination on this sampling day and the second slice was stored at about 5° C for 6 days and then
the tenderness was determined using a Texture Analyser with Warner-Bratzler accessories.

Results and discussion

The effect of the applied stress on the pigs is not easy to evaluate. One parameter to indicate the stress
is the heart rate (HR). Figure 1 shows that the HR of the control animals (no additional stress)
increased slowly in the course of the gentle movement (start about 5 min before slaughter) from the
lairage box to the stunning from about 100 beats per minute (bpm) to 175 bpm. The nose snare stress
started 5 min before slaughter after gently moving the pig into the stunning pan (with increasing heart
rate comparable to the control animals). So, the heart rate started at about 175 bpm (comparable to
Control). Surprisingly, however, the heart rate decreased in the time course of snare use down to 100
bpm, although the pigs were shrieking and pulling. This phenomenon is in agreement with earlier
investigations (Geverink et al., 2002), but a plausible explanation is missing. The use of the electrical
goad not only increased the HR in a short time interval up to 200 bpm, but also the pigs were running
to avoid the electrical shock. So, this seems to be an effective stress.

These different levels of stress are reflected on the meat quality parameters (Tab. 1). There were no
significant differences between control and nose snare pigs. However, the use of the electrical goad
resulted in significant lower pH45 values and a brighter colour. Also, the drip loss and conductivity 24
h p.m. were highest in the goad group. Figure 2 shows the pH in the time course p.m. Four h p.m. the
pH values were almost identical. However, the use of the goad resulted in lower values already
immediately after slaughter and 45 min p.m., indicating an increased energy consumption and
glycolysis p.m. by the application of the goad. This is verified by a higher R-value (IMP/ATP) 45 min.
p-m.

The Ca®" uptake of the sarcoplasmic reticulum (SR) of the homogenate (Tab. 2) shows generally lower
values in the goad group, although not always significantly different from the other groups. The
uptake 45 min p.m. was significantly lower following goad stress (independent of the state of the
calcium release channel: basic or closed), but there were no differences between control and nose
snare. As expected, the uptake decreased in the time course p.m. The rate of decrease was higher with
basic CRC, compared to closed CRC. While the level of decrease with closed CRC indicates
deterioration of SR-ATPase and SR membranes, the rate with basic CRC implies an opening effect on
the CRC. A very fast and significant decrease of uptake between biopsy and 0 h samples with basic
CRC was the result of applying goad stress. A reduced SR Ca®" transport is supposed to increase the
intracellular Ca*" concentration compared to undisturbed Ca>" regulation.

Our hypothesis, that a reduced Ca®" uptake will be of effect on the tenderness by activation of calpains
because of a higher intracellular Ca** concentration could not be verified. The tenderness, determined
at 24 h p.m. samples, was not different between experimental groups (Fig. 3). This also applies for
samples stored for six days before tenderness measurement. The shear values were significantly
reduced after the storage of the loin chops compared to the 24 h p.m. measurements, however, the
increase in tenderness was not influenced by the kind of stress. The rate of glycolysis affects the
extend of the tenderisation at least in beef. A low glycolytic rate p.m. results in high shear force,
whereas a high glycolytic rate leads to lower shear values (O Halloran et al., 1997), probably related
to lower or higher intracellular Ca®" concentrations, respectively.

Conclusions

The immobilisation by a nose snare seems to have a very limited stress effect, indicated by decreasing
HR and no significant effects on meat quality and Ca®" transport. The use of an electrical goad had a
major effect on all measured parameters: Heart rate, Ca®" transport, meat quality, except tenderness. A
reduced Ca”" transport, induced by the high goad stress resulted as expected in inferior meat quality.
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However, the hypothesis, that a reduced Ca®" transport implies a higher intracellular Ca*"
concentration resulting in more tender meat could not be verified. Altogether, a stress before slaughter
has to have a high level to be of significant influence on meat quality.
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Fig. 1: Heart rate of pigs before slaughter.
Control: the pigs could walk into the
stunning pen without additionally stress;
Nose snare: The pigs were immobilized for
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50 - pigs were stressed with an electrical goad
for 5 min. The X-axis indicates the seconds
before stunning (at 0 sec).
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Tab. 1: Effect of different stress before slaughter on meat quality parameters *

Control Nose snare Goad SE

Live weight at slaughter (kg) 108.4 107.7 105.8 1.10
Lean meat (%) 55.4 53.5 549 099
pH 45 6.28 a 624 a 586b 0.11
Conductivity 24 h p.m. (mS) 570a 6.15ab 8.49b 0.88
Colour (Minolta) L* 499 a 492 a 53.7b 1.22
Drip loss (%) 4.82ab 4430 6.83a 0.82
R-value 0.85a 0.86 a 097b 0.03

* different letters indicate significant differences between experimental groups
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Fig. 2: Development of pH in the time
course post mortem
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Tab. 2: Ca®" uptake rate (nM/min x homogenate protein) of longissimus homogenate, sampled at
different intervals post mortem and immediately before stunning (shot biopsy). The calcium release
channel (CRC) was closed by ryanodine treatment or basic without ryanodine treatment *

Closed CRC Basic CRC
Control Nose snare  Goad SE Control Nose snare  Goad SE
Biopsy 1143 A 1172 A 1209 A 7.9 663 A 592 A 596 A 53
Oh 1276 A 1184 A 1139 A 75 642aA 566abA 502bB 45
45min 105.0aB 1045a A 84.7bB 6.1 441aB 417a B 31.1bC 34
4h 929aC 833abB 714bC 5.5 315 C 265 C 247 D 28

* different lower case letters indicate differences between experimental groups
different upper case letters indicate differences between sampling times
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Fig. 3: Effect of stress on tenderness of
longissimus samples, measured 24 h
p.m. and following a 6 day storage
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DOES THE ACTIVITY OF GLYCOGEN DEBRANCHING ENZYME LIMIT THE RATE
OF THE GLYCOLYSIS?

Kyla-Puhju, M., Ruusunen, M. and Puolanne, E.
Department of Food Technology, PO Box 66, FIN-00014 University of Helsinki, Finland

Background

In living muscle glycogen provides local fuel storage for short-term energy consumption. After slaughter
glycogen degradation to lactate causes post mortem pH to decline in muscles. The rate and the extent of the
pH decrease affects several meat quality traits. The complete degradation of glycogen is achieved by two
enzymes: glycogen phosphorylase (phosphorylase) and glycogen debranching enzyme (GDE) (Brown and
Brown, 1966). Mammalian GDE is a monomeric protein containing two independent catalytic activities: a
glycan transferase (EC2.4.1.25) (transferase), and amylo-1,6-glucosidase (EC3.2.1.33) (glucosidase).

Phosphorylase catalyses the sequential phosphorolysis of the outer chains of the glycogen molecule until it
reaches the fourth glucose unit from the branch point of the molecule (Walker and Whelan, 1960). Glycogen
with four glucose units in every branch is called the limit dextrin state. The outer layer of limit dextrin has
symmetric structure and it is converted back to an asymmetric structure by the transferase activity of GDE.
This occurs by transferring a maltotriosyl group from the side chain to the main chain. The glucosidase
hydrolyses the remaining glucosyl branch, producing free glucose. The debranched dextrin formed has long
outer chains which are again susceptible to further degradation by phosphorylase (Brown and Brown, 1966;
Nelson, Kolb and Larner, 1969; Nelson and Larner, 1970).

Yurovitzky and Milman (1975) suggested that the rate of glycogenolysis is limited by the activity of GDE.
Furthermore, Immonen (2000) showed that post mortem glycogenolysis may stop even if there is glycogen
left in the muscle and speculated that GDE may play a role in this process. However, there is very little
information available about the activity of GDE in meat production animals.

Objectives

The aim of the present study was to investigate the activity of GDE in relation to temperature in porcine light
longissimus dorsi (LD) muscle and dark masseter (M) muscle. If temperature affects the activity of GDE, it
may influence the rate of post mortem glycogenolysis and glycolysis and thus the ultimate pH of meat. The
method for determining the activity of GDE used in the present study measures activities of both the
transferase and the glucosidase, not the individual activities of the enzyme.

Materials and methods

Muscle samples (LD and M) from 10 pigs were obtained from a commercial abattoir. The LD sample was
dissected from the last rib about 35 min after stunning. The samples were frozen and stored in liquid
nitrogen. The analyses were performed within two days after sampling. The activity of GDE was first
determined in the muscles of four animals at temperatures 4, 15, 25, 35, 39 and 42 °C and was further
determined at higher temperatures (39, 42, 50 and 60 °C) in six additional animals.

The activity of GDE was determined using the method of Nelson, Palmer and Larner (1970) with minor
modifications. The method follows the change in the iodine-complex spectrum of glycogen phosphorylase
limit dextrin (limit dextrin), a natural substrate for GDE. In the present study the assay solution contained
only 0.1 ml 1% limit dextrin and 0.020 ml 0.5 M sodium maleate (A24979, Sigma-Aldrich). The pH of the
reaction mixture was adjusted to 6.3 £ 0.05 and then incubated at 4, 15, 25, 35, 39, 42, 50 or 60 °C before the
reaction was started by adding 0.08 ml meat extract. The meat extract was prepared daily, using 2.5 ml
buffer which contained 0.05% KHCO; and 0.004 M EDTA (pH approx. 7.8 at 25 °C) per 1 g wet weight
muscle. The mixture was homogenised (Ultra-Turrax T25, Janke and Kunkel, Germany) and centrifuged
(Sorvall Instruments RC5C) 10 min, 10 °C and 30000 G and the supernatant was used in the measurements.
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The reaction was stopped in a boiling-water bath followed by immersion in an ice bath. The reaction times
were 1, 1.5 and 2.5 min for LD muscle and 1, 2.5 and 4.0 min for M muscle. Iodine reagent (2.6 ml) was
added to the stopped reaction mixture and the absorbance (525 nm) recorded after 20 min. The iodine
reagent was prepared according to Nelson et al. (1970). The pH value (6.3) and the reaction times used for
determining the temperature-activity profiles of GDE in both muscles were determined in preliminary
experiments. Method blanks (zero time controls) were prepared by denaturing the meat extract protein in the
boiling-water bath before adding the other reagents.

The conversion of limit dextrin to glycogen was ensured from the absorption spectra between 375 - 800 nm.
Samples and the method blank were diluted 5-fold with additional iodine reagent. All the absorbance and
absorption spectra measurements were obtained with a Lambda 2 spectrometer (Perkin Elmer, Ueberlinger,
Germany).

Phosphorylase limit dextrin was synthesised in our laboratory according to the method of Werries, Franz and
Geisemeyer (1990) as it is not available commercially. Commercially available phosphorylase a was passed
through a column of m-aminobutyl agarose (Werries et al. 1990). The activity of purified, dried
phosphorylase a was measured spectrophotometrically according to Bass, Brdiczka, Eyer, Hofer and Pette
(1969). Purified phosphorylase a was added to 350 mg glycogen (bovine liver, GO885, Sigma-Aldrich) in 5
ml 0.05 M phosphate buffer (pH 6.8). In the present study the solution also contained 0.1 mM 5’AMP
(01930, Fluga). The solution was dialysed at 37 °C against 150 ml of the same buffer. The digest was mixed
with trichloroacetic acid (final concentration 10% v/v), dialysed against water and centrifuged for 10 min at
1000 G. The limit dextrin formed was precipitated with 4 volumes of ethanol, centrifuged (5 min, 1000 G),
washed twice with ethanol and dried.

Statistical analysis was performed with the Statistical Analysis System version 8.02 (SAS, 1990). The mixed
procedure with Bonferroni adjustment was applied when calculating the least squares means of the variables
in the temperature-activity profiles of GDE. The curves were fitted using SAS/insight and the curves were
plotted with Microsoft Excell 97 SR-2 (XY(scatter), polynomial trendline). The temperature values for
maximum enzymatic activity were read from the curves if possible.

Results and discussion

In both muscles the activity of GDE was higher (P < 0.001) at the temperatures found in the carcass just after
slaughter (39 °C and 42 °C) than at temperatures found during cooling (4 °C and 15 °C) (Figure 1). In M
muscle significant (P < 0.01) difference was also shown in activity of GDE between temperatures of 39 °C
and 25 °C. The temperature-activity profiles indicated that GDE was more active in light LD muscle than in
dark M muscle.

In LD muscle the optimum temperature for GDE activity was 39 °C. The activity began rapidly to fall when
the temperature decreased to below 35 °C, and the enzyme was practically inactive at temperatures below 15

°C. The other glycogen degrading enzyme, phosphorylase, is also most active at normal body temperatures
(Cori, Cori and Green, 1943).
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Figure 1. The activity of GDE in porcine longissimus dorsi (0) and masseter (o) muscles in relation to
temperature.

For masseter muscle the optimum temperature for GDE was near 50 °C and the decrease in activity began
before the temperature had decreased to below the body temperature (38.5+£0.65 °C; Hannon, Bossone and
Wade, 1990). The decrease in activity of LD muscle GDE did not begin until the temperature had decreased
to below 35 °C. Nelson and Watts (1974) have showed that the temperature optimum for rabbit muscle GDE
activity is near 50 °C and that the activity sharply decreases when the temperature decreases to 20 °C which
is consistent with the results of the present study. It seems that the activity of GDE does not block rapid
glycolysis and pH decrease when the temperature is high since the enzyme remains activity even at
temperatures above 45 °C. This may be important in pale soft and exudative (PSE) meat, where the pH
decreases rapidly at high temperatures. Rapid cooling could decrease GDE activity and thus the rate of
glycolysis, so reducing the formation of PSE meat.

We assume that the decrease in the activity of GDE caused by the temperature decrease also takes place in
carcasses after slaughter. During the normal chilling procedure used in Finland, the core temperature of
porcine LD muscle decreases to below 35 °C in about 1 h post mortem. At that time the pH has decreased to
about 6.3 and the glycogen (assumed concentration at the time of slaughter has been normal or high) is still
in a state which is susceptible for the degradation of phosphorylase. The temperature decrease of the muscles
goes on due to cooling of the carcass and, therefore, when the activity of GDE is needed to continue
glycogenolysis and glycolysis, its activity is not maximal. Thus, the decrease in the activity of GDE may
delay the rate of glycogenolysis and glycolysis post mortem.

In dark M muscle, the decrease in the activity of GDE and in the rate of glycogenolysis was faster than in the
light LD muscle. This is supported by the findings that M muscle temperature decreases faster and that even
a slight decrease in temperature significantly reduces the activity of GDE. Mélendez-Hevia et al. (1993) have
estimated that at most 34.6% of glycogen molecule is directly susceptible to the degradation of
phosphorylase. We estimated that this amount is enough to cause pH to decrease from 7.0 to about 6 in dark
porcine M muscle post mortem. After that the activity of GDE is needed so that glycogenolysis can continue.
However, the ultimate pH of M muscle does not usually decrease to below 6, which may be due to the
temperature decrease in M muscle during cooling which inhibits the activity of GDE and leads to delayed
glycogenolysis and thus to high ultimate pH. It is not known in which state the glycogen molecules are, in
other words, how many glucose units are in the outer layer of the glycogen molecule at the moment of
slaughter. Also is unclear, are all the glycogen molecules within a muscle in the same state.

Beecher, Briskey and Hoekstra (1965) showed that post mortem glycolysis is faster at 37 °C than at 4 °C
both in light and dark parts of porcine semitendinosus muscle. Their results showed that the glycolytic and
glycogenolytic enzymes remained active at low temperatures but were slower. The present study showed that
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the activity of GDE was very slow at low temperatures (below 15° C). Beecher et al. (1965) found no
significant differences between the ultimate pH values of the light parts of semitendinosus muscle held at 37
°C or at 4 °C, while the ultimate pH of the dark part of the semitendinosus muscle was significantly lower in
muscles held at 37 °C than at 4 °C. This is also consistent with our results where the light LD muscle GDE
also showed activity at temperatures below 25 °C but the dark M muscle enzyme did not. Thus, the decrease
in the activity of GDE due to temperature decrease may stop the glycolysis earlier in dark M muscle than in
light LD muscle.

Conclusions

It can be concluded that GDE is more active in porcine light LD muscle than in dark M muscle. In both
muscles, the post mortem decrease in temperature strongly reduces the activity of GDE, which may in turn
regulate the rate of glycolysis. The eventual impact of activity of GDE on PSE pork and cold shortening in
beef warrants further study.
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EFFECTS OF DIETARY VITAMIN E AND VITAMIN C SUPPLEMENTATION ON
LEVEL OF ALPHA -TOCOPHEROL AND L-ASCORBIC ACID IN MUSCLE AND ON
THE ANTIOXIDATIVE STATUS AND MEAT QUALITY OF PIGS

R. Lahucky, I. Bahelka, K. Novotna, K. Vasickova
Research Institute of Animal Production, 94992 Nitra, Slovak Republic

Background

Vitamin E and C are primary antioxidants in biological systems and break the chain of lipid peroxidation.
Many studies suggest that vitamin C and vitamin E act synergistically (Gay 1998). Previous studies
evaluating the efficiency of relatively high levels of vitamin have been inconsistent in producing a growth or
feed efficiency response. By Mahan et al. (1994) was used a stable source of vitamin C (magnesium-L-
ascorbyl-2-phosphate) in pig feeding experiment. Another stable source of vitamin C (L-ascorbyl-2-
polyphosphate, Rovimix® Stay-C® 25, Roche) was used by de Rodas et al. (1998) and Sahin et al. (2002).
Data from pig experiment introduced by Kremer et al. (1999) suggest that vitamin C supplementation before
slaughter can improve parameters of meat quality.

Objectives

The objective of this study was to evaluate further the effects of vitamins E and C supplementation on level
of o—tocopherol and ascorbic acid and lipid peroxidation status in fresh and chill-stored meat and on some
quality parameters

Materials and methods

Thirty Slovak White Meaty pigs were used in this experiment. Control group (n = 10) and two experimental
groups were homozygotes, negative on malignant hyperthermia (defined by DNA based test). Control group
was fed with a diet supplemented with basal level a—tocopherol (Table 1). Experimental groups received
a supplemental (Table 1) level a—tocopherol (500 mg/kg), (group E, n = 10) and a supplemental level a —
tocopherol (500 mg/kg) and ascorbic acid (200 mg/kg), (group EC, n = 10) for 30 days before slaughter.
Vitamin E (ROVIMIX® E-50 SD, stable source of vitamin E in feed) and vitamin C (ROVIMIX"® STAY-C®
35) were provided by a commercial company (Roche, Germany). Animals were slaughtered at average live
weight of 110 kg. The sample of longissimus dorsi (part lumborum, LD) muscle was used immediately (24
h) and the remaining samples were wrapped in aluminium film and stored in a refrigerator at 4°C for 5 days.
The concentration of vitamin E (o—tocopherol) of the samples (fresh, cooked, frozen) was measured by
HPLC and vitamin C (ascorbic acid) with 2,4-dinitrophenylhydrazin as a color reagent was estimated. Lipid
oxidation in samples (fresh and 5 days chill-stored) and the stability of the skeletal muscle (fresh samples)
lipids against stimulated (by Fe*"/ascorbate) lipid peroxidation were assessed by the 2-thiobarbituric acid
method (TBARS) and expressed in terms of malondyaldehyde (MDA, mg/kg tissue) as described earlier
(Lahucky et al., 2001). The pH value of the carcass (m. longissimus — between 13™ and 14™ rib) 45 min post
mortem, electrical conductivity 3 h, color by Miniscan 24 h, total water, protein and intramuscular fat were
also measured (Lahucky et al., 2001) . Drip loss analyses were made according to Honikel (1998). Shear
force was determined in cooked samples (internal temperature 80°C, used also for further analyses) with
Warner-Bratzler (W-B) apparatus. Statistical analyses were calculated as mean values and standard
deviations and differences were evaluated by t-test.

Results and discussion

The supplementation of vitamin E (o0—tocopheryl acetate) to pigs increased about 2 folds the o—tocopherol
levels (Fig 1) of fresh (24 h) and 5 days chill-stored meat. The levels of a—tocopherol in longissimus dorsi
muscle are higher or comparable with previously reported results (Honikel et al., 1998, Lahucky et al., 2000,
2001). Dietary supplementation of vitamin C increased fresh meat vitamin C concentrations (Fig 2) and in
some extense in stored meat (P<0.05). The values of the moisture, crude protein and intramuscular fat (Table
2) were not influenced by dietary treatments. Improvement in pH value (P=0.06) after vitamin C and
vitamin E supplementation (group E + C, Table 3) can support data from one experiment (Kremer et al.,
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1999). They suggest that adding sodium oxalate or vitamin C to final meal given to pigs before slaughter
resulted in higher early post-mortem pH, but further studies on glycolysis and glycogen metabolism would
be useful as vitamin C is known as precursor of oxalic acid and sodium oxalate inhibits a key glycolytic
enzyme, pyruvate kinase.

A tendency of improving drip loss (lower value) in longissimus dorsi in 24 h post mortem of normal on
malignant hyperthermia pigs supplemented with vitamin E (Table 3) and significant lower (P<0.05) value in
pigs supplemented with vitamin E and vitamin C (group E + C) were received. It seems that adding a high
level of vitamin E and/or vitamin C to the diet will reduce drip loss in some situations, but perhaps not in all
situations and genetic background (occurrence of mutation on ryanodine receptor gene, malignant
hyperthermia status) of experimental pigs could influence the results as was also discussed earlier (Lahucky
et al., 2000). Dietary levels of vitamin E (group E) and vitamin E and vitamin C (group E + C) did not
substantially affect the development of lipid oxidation (Fig 3) in the fresh meat (24 h), but significant
differences (P<0.05) we mainly received in chill-stored (5 days) between control vs. supplemented pigs
(group E and group EC). Whereas the MDA of the control were increasing during 30 min of incubation, the
increase was significantly (P<0.05) lower in supplemented groups. Significant differences (P<0.05) we also
received between vitamin E vs. vitamin E + C group (Fig 4).

Conclusions

Dietary supplementation of vitamin E (500 mg o—tocopheryl acetate/kg feed) and vitamin C (200 mg/kg
feed) to grow-finishing pigs increases the concentrations of a—tocopherol and ascorbic acid in meat
(longissimus dorsi). Supplementation vitamin E and vitamin C improves meat quality parameters (drip loss,
pH), but results can be influenced by genetic background of animals (occurrence of mutation on ryanodine
receptor gene, malignant hyperthermia status). Lipid oxidation measured as TBARS (MDA) and
antioxidative capacity (Fe*"/ascorbate induced) of meat can be positively influenced by supplementation of
vitamin E to grow-finishing pigs.
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Table 1. Composition and nutritive value of diet

Item % Item Control Vitamin E+C
Wheat 24.0 Organic matter (%) 82.15 82.15
Barley 40.0 Crude protein (%) 17.42 17.42
Oat 10.0 Crude fat (%) 2.79 2.79
Soybean meal 12.0 Crude fibre (%) 4.51 4.51
Wheat meal 4.0 N-free extract (%) 57.43 57.43
Lucerne meal 3.0 Ash (%) 5.63 5.63
Meat and bone meal 2.0 Metabolisable energy (MJ) 12.38 12.38
Fish meal 1.0 Lysine (%) 0.91 0.91
Mineral supplement 3.0 Vitamin A (m.j.) 5400.00 5500.00
Fodder salt 0.4 a-tocopherol — added (mg) - 500.00
Biofactor supplement 0.6 - analysed (mg) 33.60 515.00
Vitamin C — added (mg) - 200.00
- analysed (mg) 90.30 189.20

Table 2. Chemical composition of muscle longissimus dorsi

Item Control Vitamin E Vitamin E+C Significance
mean S.D. mean S.D. mean  S.D.

Total water, % 74.23  0.70 73.82 0.84 73.93  0.75 -

Total proteins, % 2241 041 22.53  0.50 2246  0.89 -

Intramuscular fat, % 276 0.76 281 094 2.81 0.81 -

Table 3. Pork quality (m. longissimus dorsi)

Trait Time Control Vitamin E Vitamin E+C  Significance
mean S.D. mean S.D. mean S.D.
pH 45 min 6.27 0.22 6.38 0.19 645 026 -
El. conductivity, puS 3h 4.06 1.01 3.67 1.22 393 1.12 -
Colour (L) 24 h 48.67 3.64 48.58 2.36 48.60 2.14 -
Free water, % 24 h 37.84 2095 36.73 3.33 36.41 325 -
Drip loss, % 24 h 4.86 1.03 4.12 1.05 4.05 0.88 *
Colour (L) 5 day 51.63 2.82 51.69 3.75 50.84 2.66 -
Free water, % 5 day 35.87 2.90 3426 2.94 3375 2.86 -
Shear force, kg 5 day 4.09 1.15 4.82 0.71 4.66 0.66 -

*P<0.05
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PORK QUALITY AS RELATED TO HALOTHANE GENOTYPE AND SLAUGHTER
CONDITIONS IN A BELGIAN STUDY
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! Dept. Food Science, Fac. vet. Med., University of Liége, Sart Tilman B43b, BE-4000 Liége, Belgium
? Dept. Animal Production, Fac. vet. Med., University of Liége, Sart Tilman B43b, BE-4000 Li¢ge, Belgium

Background

Pork quality is dependent on various genetic and environmental factors from whose halothane genotype and
pre-slaughter factors such as fasting time, transport, abattoir lairage are recognized of great importance for
final meat quality. However, most of our present knowledge is based on studies investigating the influence of
a single or at the most two factors (Rosenvold and Andersen, 2003). It is therefore necessary to understand
how different production or slaughter factors influence pork quality in actual practical conditions. This
approach could subsequently be used in the control of the quality of pork products.

Objectives

The objectives of this study were to evaluate technological and organoleptic properties of pork meat
representative of different Belgian production systems and to determine the contribution of significant
factors to meat quality variability, in particular the halothane genotype, fasting time, lairage time and
slaughtering plant.

Materials and methods

A total of 521 pigs were used in five Belgian commercial slaughtering plants over a 1 /2 year period.
79% of pigs belonged to four different quality production systems. The remaining 21% were randomly
sampled in standard production. In the slaughterline, pH; and electrical conductivity (PQM;) were measured
45 minutes post mortem in the longissimus dorsi muscle at the level of the two last thoracic vertebrae. The
weight of ‘white offals’ (entire intestinal tractus) was measured with a hanging electronic scale (Kern HCB
20K50). Hot carcass weight of all pigs was determined just before chilling. One 2.5 cm thick cut of the
longissimus dorsi muscle was removed 24 hours post mortem in order to measure the ultimate pH (pHu),
ultimate electrical conductivity (PQMu), water holding capacity (WHC), color (CIE L #a #b ) and tenderness
(WBPSF). The pH was measured by using an inserting combined pH electrode (Ingold ref 104063123) on a
Knick 913 pH-meter. Electrical conductivity was assessed with a Pork Quality Meter (Intek). The Labscan II
device (Hunterlab) was used to objectively measure CIE L * (brightness) and a* and b # (color) parameters.
The water holding capacity was estimated as drip loss and cooking loss. Drip loss was assessed as the
percentage weight loss after 4 days storage in a plastic bag at 2°C ; cooking loss was measured as the
percentage weight loss after cooking in an open plastic bag in a waterbath during 50 min at 75°C. Warner-
Bratzler Peak Shear Force (WBPSF) was determined with a Lloyd LR5K universal testing machine
perpendicular to the muscle fibre direction on ten 1.25 cm diameter cores obtained from heated cuts. Lairage
time, calculated from the time between animals arrival at the abattoir and stunning was divided into five
intervals (< 1, 1-2, 2-3, 3-4, >4 hours). In order to assess the fasting time, the weight of white offals was
expressed as a percentage of hot carcass weight. The slaughtering plants differ in several aspects :
slaughterline speed, the mean number of pigs slaughtered per week, handling treatment, stunning systems.
Halothane genotype was determined with a DNA test using a polymerase chain reaction technique according
to the method described by Nakajima et al. (1996). The data were analyzed using Statistical Analysis System
(SAS Institute inc., Cary, NC, USA, 1999). Several models were adjusted to the data using General Linear
Models (GLM) SAS procedure to estimate the influence of halothane genotypes -homozygote negative stress
(CC), heterozygote negative stress (CT) and homozygote positive stress (TT)-, lairage time (< 1, 1-2, 2-3,
3-4, >4 hours) and slaughterhouses (1, 2, 3, 4, 5) on the variability of pH;, PQM,, pHu, PQMu, drip loss,
cooking loss, CIE L #a+#b+and WBPSF. The relative weight of white offals on hot carcass was included in
the models as covariate. Least Squares Means (LSM) were computed for significant effect in the models and
compared pairwise by the Student’s t-test.
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Results and discussion

Table 1 shows the average results for the total population. A large variation for the results of pHj,
drip loss and brightness was observed, indicating the presence of pale, soft, exudative (PSE) meat. Missing
data for some parameters reduce the number of samples introduced in statistical models.

The proportion of variance explained by the GLM models (R?) and the significance level of the
effects in the models are summarized in Table 2. For all parameters -except for the pHu, cooking loss and the
WBPSF- a moderate to great part of variation was explained by the model (R* = 0.22-0.56). Similar
determination coefficients (R* = 0.04-0.59) were reported by Casteels ez al. (1995) when they studied the
influence of halothane genotypes, stunning method and slaughter weight on the variability of meat quality
using GLM models. The halothane genotype effect was highly significant (p<<0.001) on most meat quality
traits : pH;, PQM;, PQMu and color parameters (CIE L #a+#b+#) but not significant on pHu and cooking loss.
The lairage time had a highly significant influence on PQMu, CIE b # drip loss but for the other parameters it
had negligible or no influence. There was a highly significant effect of the slaughtering plant on pH;, PQM;,
PQMu and color parameters (CIE L #a#b*) and a significant influence (p<<0.01) on the variability of drip loss
and cooking loss. By contrast, the fasting time had no effect on most meat quality properties except on drip
(p<0.01) and cooking loss (p<0.001). These results are in accordance with those of De Smet et al. (1996)
whose found no effect of feed withdrawal on most meat quality traits. As indicated by the regression
coefficient, an increase of offals/hot carcass weight seems to be related to an increase of drip or cooking loss.

The halothane genotype Least Squares Means and their standard errors (SE) for all parameters are
listed in Table 3. Meat quality was negatively affected by the presence of the halothane gene. Drip loss
differed significantly between genotypes with the TT pigs having the highest drip loss (6.8%) while that of
the CC (5.5%) was the lowest and that of CT intermediate (6.1%). Cooking loss was also significantly higher
in TT pigs indicating lower water holding capacity. Significant differences between CC and TT genotypes
(P< 0.05) were observed in terms of pH; (6.12 vs 5.69), PQM; (4.9 vs 6.4) and PQMu (9.7 vs 12.7). The CIE
L# and b+ values (56.9% and 16.6) were significantly higher in homozygous stress positive animals (TT)
comparatively to CC (55.0% and 15.8) or CT pigs (54.6% and 15.4). The higher L# value of the TT
genotypes indicated paler meat. The WBPSF was the lowest for CT pigs with no significant difference
observed between the CC and TT genotypes.

The abattoir Least Squares Means and their standard errors for all parameters are listed in Table 4.
The slaughterhouse 1 had lower pH;, pHu, higher PQM, and CIE L * values compared with slaughterhouses
2, 3 ,4 and 5. Cooking loss, drip loss and PQMu means were the highest for the meat originating from
slaughterhouse 5. Although it would be necessary to determine the reasons for abattoirs differences, the
small and old structure of the abattoir 1 with no training of the staff could partially explain the results.

Conclusions

From these results, it can be concluded that the halothane genotype is the most important factor
determining organoleptic and technological properties of pork meat. A significant proportion of TT
stress-susceptible pigs which can develop PSE meat was found in this Belgian study. Additional efforts to
reduce halothane gene in pig population have to be realized to improve meat quality. Slaughterhouse and
lairage time are significant factors influencing quality attributes of pork. The influence of the fasting time
(assessed by offals/hot carcass weight) was low except on drip and cooking loss.

Further research is needed to evaluate the interaction terms slaughterhouse x genotype and lairage
time x genotype and to identify slaughtering factors which could explain slaughterhouse differences in terms
of meat quality.
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Table 1. Number, mean, standard deviation, minimum and maximum of the measured parameters

Number Mean Standard Minimum Maximum
Deviation

Parameter

pH, 497 6.00 0.35 5.30 6.85
pHu 403 5.40 0.10 5.10 5.95
PQM; (mS/cm) 418 5.1 2.4 2.8 224
PQMu (mS/cm) 372 10.9 34 2.8 19.2
CIE L*(%) 512 54.6 4.4 41.6 66.4
CIE a* 512 6.3 2.0 0.9 12.4
CIE b* 512 15.5 1.8 10.5 20.1
Drip loss (%) 396 6.5 2.0 1.2 114
Cooking loss (%) 490 30.2 2.5 20.2 39.2
WBPSF (N) 490 37.5 7.8 21.0 71.7

Table 2 : Proportion of variation explained by the GLM models (R?), the significance level (Pr > F) of the influencing factors and the
regression variable of the ‘white offals’/hot carcass weight on the parameter in the case of significance.

R Genotype Lairage time Slaughterhouse Offals / hot carcass weight
Pr >F Pr >F Pr >F

Parameter Pr >F Regres./%
pH, 0.56 0.0001"" 0.0272" 0.0001™" 0.3822 -
pHu 0.16 0.2117 0.1164 0.0489" 0.1648 -
PQM, 0.34 0.0001"" 0.8760 0.0001™" 0.6925 -
PQMu 0.33 0.0001"*" 0.0001" 0.0001" 0.5816 -
CIE L*(%) 0.46 0.0001"*" 0.0111" 0.0001"* 0.1384 -
CIE a* 0.26 0.0001"*" 0.0138" 0.0001"* 0.7278 -
CIE b* 0.35 0.0001"*" 0.0001" 0.0001"* 0.7448 -
Drip loss (%) 0.22 0.0224" 0.0001"" 0.0080" 0.0016™ 0.27
Cooking loss (%) 0.17 0.0519 0.0132" 0.0017* 0.0004™* 0.33

WBPSF (N) 0.11 0.0012™ 0.4696 0.2406 0.2047 -
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Table 3 : Halothane genotype least squares means + SE of meat quality traits

CC CT TT

Parameter Number | Means SE Number Means SE Number Means SE
pH, 57 6.12b 0.04 210 6.03b 0.02 87 5.69a 0.03
pHu 52 5.44a 0.02 190 5.42a 0.01 49 5.43a 0.02
PQM,; (mS/cm) 50 4.9a 0.3 185 4.5a 0.2 70 6.4b 0.3
PQMu (mS/cm) 50 9.7a 0.6 175 12.5b 0.4 47 12.7b 0.6
CIE L*(%) 59 55.0a 0.5 214 54.6a 0.3 87 56.9b 0.5
CIE a* 59 6.4b 0.3 214 5.6a 0.2 87 6.9b 0.2
CIE b* 59 15.8a 0.2 214 15.4a 0.1 87 16.6b 0.2
Drip loss (%) 52 5.5a 0.4 173 6.1ab 0.3 49 6.8b 0.4
Cooking loss (%) 59 30.5ab 0.4 205 30.2a 0.2 74 31.1b 0.3
WBPSF (N) 59 38.6b 1.3 205 35.8a 0.8 74 40.3b 1.1
Results followed by the same letter are not significantly different (p<<0.05)
Table 4 : Slaughterhouse least squares means + SE of meat quality traits

Slaughterhouse 1 Slaughterhouse 2 Slaughterhouse 3 | Slaughterhouse 4 | Slaughterhouse S
Parameter n | Means | SE n Means | SE | n | Means | SE | n | Means | SE n | Means | SE
pH, 78 5.71a  0.04 | 153 6.11c 003 |71 6.13¢ 0.04 |27 590b 0.05 | 25 5.90abc 0.11
pHu 79 S54la  0.02 | 155 5.46b 0.02 | - - - 27 54la  0.02 | 30 5.44ab 0.05
PQM,; (mS/cm) 55  7.3b 04 | 137 5.1a 03 |57 45a 03 |27 47a 04 | 29 47a 0.8
PQMu (mS/em) |73 9.4a 0.6 | 142 8.2a 05 | - - - 27 135b 06 | 30 155b 14
CIE L*(%) 79 593c 06 | 153 530a 05 |71 528a 05 |27 559b 0.7 | 30 56.3abc 1.5
CIE a* 79  7.0c 03 | 153 5.9b 02 |71 5.8b 03 |27 47a 04 | 30 8.1c 0.8
CIE b* 79 162b 03 | 153 147a 02 |71 151a 02 |27 150a 03 | 30 187c 0.7
Drip loss (%) 79  5.4a 04 | 138 5.0a 03 | - - - 27 5.8a 04 | 30 84b 09
Cooking loss (%) | 79 30.0b 04 | 155 29.1a 03 |47 300b 04 (27 308 0.5 | 30 33.1c 0.1
WBPSF (N) 79 372ab 14 | 155 3509a 1.1 |47 37.7ab 14 |27 40.2b 1.6 | 30 40.0ab 3.6

Results followed by the same letter are not significantly different (p<0.05)
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GIANT FIBRES IN BROILER CHICKENS

Mammoli, R., Branciari, R., Ranucci,D., Miraglia, D., Cioffi, A., Avellini, P., Severini, M.

Department of Food Science, Section of Quality and Safety of Food of Animal Origin, Via San Costanzo 06126
University of Perugia, Italy

Background

Giant fibres can be described as being generally rounded in shape, bigger than the normal fibres around
them, the shape of which can also be modified by them, and usually slightly separated from the surrounding
fibres and localized at the borders of muscle fascicles. This is a great simplification of the problem as proven
by the fact that their real origin and meaning has been the subject of discussion for over 30 years and still
there is no clear answer to the question.

The issue of giant fibres was first dealt with by Cassens et al. in 1969. These authors focused their attention
mainly on the frequency and on the histochemical characteristics of such fibres in the muscles of adult and
growing pigs. Considering their particular staining pattern following histochemical evaluation as well as the
fact that they were more frequent in muscles taken from stress-sensible pigs, these authors reached the
conclusion that giant fibres may represent a pathological muscle modification. In later years other authors
(Handel et al., 1986) focused their attention on giant fibres also observing them with the electron microscope
which revealed, among other things, a reduced quantity of sarcoplasmic reticulum and an irregular
disposition of the miofilaments inside the myofibres. This last point, as well as the lack of the characteristic
myofibrillar banding pattern seen on examination of longitudinal sections, might be explained by
supercontraction. These authors concluded that giant fibres might be due to a defect in single developing
muscle fibres and not to degenerative changes within the muscle. A recent study by Fazarinc et al. (2002)
deals with the influence of the halothane gene on the percentage of giant fibres. These authors reached the
conclusion that giant fibres are glycolitic fibres which, due to the accumulation of intracellular lactate during
post-mortem glycolisis, become swollen. Their appearance may also be facilitated by stress or stress
susceptibility.

All of the above articles deal with pigs, but this is by no means the only animal where giant fibres can be
found, as a matter of fact they have been observed in muscles of various species such as cattle and poultry. In
this regard there is a paper (Remignon et al., 2000) concerning the moment, post-mortem, in which giant
fibres appear in turkey muscles. These authors only found giant fibres in post-rigor (24h post-mortem) and
not in pre-rigor (3 minutes post-mortem) muscles and therefore hypothesized that they are due to alterations
in the developing muscle fibres that lead to structural and metabolic anomalies that give origin to their
appearance during the biochemical events typical of rigor mortis.

Objectives

The purpose of this study is to evaluate the number as well as the histological and histochemical
characteristics of giant fibres in various chicken muscles since literature concerning this topic is quite scarse.
Furthermore the post-mortem time of appearance of giant fibres will be taken into consideration in order to
compare their behaviour in chicken to that found by Remignon et al. (2000) in turkeys.

Materials and methods

A total of 11 male Ross broiler chickens were collected at the slaughterhouse just after plucking (10 minutes
port-mortem) and muscle samples, parallel to fibre direction, were immediately taken from the left half of
the carcasses, rolled in talcum powder, wrapped in aluminum foil, labelled, frozen and stored in liquid
nitrogen until analyses were performed. The carcasses were then placed in portable coolers and taken to the
laboratory where they were stored at 4°C until 24h post-mortem, when samples of the same muscles where
taken from the right half of the carcasses, prepared as described above and stored in liquid nitrogen. Four
muscles known, from literature and from previous studies, to have a different fibre distribution were
considered: 1. m. Pectoralis major; 2. m. Semimembranosus; 3. m.lleotibialis lateralis; 4. m. Femorotibialis
medius (samples of this muscle were only taken from 5 animals). Serial cross-sections were obtained in a
cryostat at -20°C and stained with hematoxylin-eosin (8um thick) for histological evaluations and using
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periodic acid schiff (PAS) (10 um thick) for evaluation of the glycogen content. Serial, 8 um thick, cross-
sections were also processed for myofibrillar ATPase activity after acid and alkaline pre-incubation
(Padykula and Herman, 1955; Guth & Samaha, 1969) and for succinate dehydrogenase (SDH) activity
(Nachlas et al., 1957) or for the combination of the two (Solomon and Dunn, 1988) depending on the muscle
considered. Myofibres were classified, according to the terminology introduced by Ashmore and Doerr
(1971), as types PR, aR, and aW. BR fibres are stable after acid pre-incubation, labile after alkaline pre-
incubation and SDH positive; both R and oW fibres are labile after acid pre-incubation and stable after
alkaline pre-incubation but while oR fibres are SDH positive, aW fibres are SDH negative.

Images were acquired and analysed, in order to determine percentages and cross sectional areas, using an
image analysis system (analySIS, Soft Imaging System) implemented on a workstation equipped with a
graphic card linked to a video camera placed on the microscope (Olympus BX51). Measurements were
determined on about 200 fibres, from a random field in each muscle sample section stained with
hematoxylin-eosin. Giant fibre percentages were calculated considering about 600 fibres from 3 random
fields in order to have a better estimate of their number.

Data were statistically evaluated using Student’s T test.

Results and discussion

The results concerning muscle fibre distribution of the different muscles are reported in table 1. Muscle
Pectoralis major and muscle Ileotibialis lateralis are composed of mostly glycolitic fibres that have the same
distribution throughout the muscle, while m. Semimembranosus and m. Femorotibialis medius are made up
of various parts with a different fibre type distribution. This explains why the results are not as homogeneous
for these last two muscles as they are for the first two, perhaps even a very small variation in the sampling
site can determine variations in the fibre distribution.

Giant fibres did not all react in exactly the same way when they were subjected to histochemical evaluation.
However, we can say that they could be classified as o type fibres as their oxidative capacity is variable yet
never extremely strong, and they are more positive than o type fibres when processed for myofibrillar
ATPase activity both after alkaline and after acid pre-incubation. This result is in contrast with that obtained
by Chiang et al. (1995) who classified giant fibres in chicken mostly as oR and BR. Giant fibres are also
always negative after PAS staining both 10 minutes and 24 hours after slaughter.

The percentage of giant fibres found in the muscle samples, 10 minutes and 24 hours post-mortem, is
reported in table 2. The tables indicate that while the number of giant fibres is similar in all four muscles 10
minutes post-mortem, 24 hours post-mortem giant fibres are much more numerous in m. lleotibialis lateralis
and especially in m. Pectoralis major. The latter muscles show a significant variation in giant fibre
percentage between the two sampling times (p<0,01) and it is interesting to notice that m. Pectoralis major,
which has the greatest variation for this parameter, is also the muscle with the biggest difference in glycogen
content between the two sampling times (table 3). This could imply that there is a link between the
appearance of giant fibres and the biochemical events involving glycogen and glycolitic enzymes that take
place post-mortem. This could also explain why there are usually more giant fibres in “white” muscles as
seen in this experiment as well as in previous work on poultry (Chiang et al., 1995). Nonetheless, all the
fibres composing these muscles are in the same condition, so it is not clear why only some of them become
giant fibres. As Severini et al. (1997) suggested in a study concerning the presence of giant fibres in normal
and PSE pig muscles, this could be due to a latent or very limited myopathy that could itself be accentuated
by stressful conditions or by stress-susceptibility, thus explaining the higher number of these fibres
sometimes seen in PSE pork. Remignon et al. (2000) in their study on turkey muscles found no giant fibres
in pre-rigor muscles, while in the present study some were found. This could be due either to a species
difference (chicken versus turkey) or to the small difference in sampling time (10 minutes versus 3 minutes
post mortem).

Contrary to their name giant fibres are not always bigger than normal fibres. Nonetheless, on average, the
mean cross sectional area of giant fibres is bigger than that of any other fibre type (tables 4 and 5).

While observing muscle samples coloured with hematoxylin-eosin, it was possible to notice that some of
them contained fibres with a lower staining intensity. The evaluation and comparison of the fields containing
such fibres for all of the enzymatic activities considered, proved that these fibres were always negative or
only slightly positive, thus their nature and classification was not clear. These fibres resemble those found by
Severini et al. (1998) in PSE pork muscle.
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Conclusions

Giant fibres were more common in “white” muscles and had staining patterns similar to o type
fibres. Some giant fibres also had some of the alterations usually seen in pathological muscle fibres
such as an apparent hypercontraction which could explain the higher staining intensity they
sometimes show. It could be said that the origin of giant fibres is connected to the biochemical
events that take place during post-mortem glycolitic metabolism. There must be a reason though,
that explains why only some of the fibres composing a muscle become giant fibres. This could be
due to an alteration occurring in the live animal.
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4 N L ; Figure 1: Giant fibre coloured with E.E.

Table 1: Mean muscle fibre distribution

P.major Llateralis Semimembranosus F.medius
aWw aWwW aR oW aR BR aWwW oR BR
Mean 100 71,5 28,5 62,8 33,9 3,3 58,8 40,3 0,9
St.Dev. 0 9,0 9,0 9,9 8,0 3,8 13,7 11,9 2,0
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Table 2: Percentage of giant fibres 10 minutes and 24 hours post-mortem

SAMPLE P.major Llateralis Semimembranosus F.medius
10 min | 24 hours | 10 min | 24 hours | 10 min | 24 hours 10 min 24 hours
1 0,7 5,1 4.4 2,8 1,2 2,1
2 0,6 3,6 1,8 4,2 1,1 3,6
3 0,2 4,1 0,6 2,3 0,4 1,1
4 1,0 5,1 3.8 3.8 4,5 3.4
5 1,8 12,5 1,7 8,2 1,3 7,2
6 0,1 7,2 0,7 2,5 0,5 3,0
7 0,3 7,1 2,4 7,1 0,6 1,0 0,2 0,5
8 0,2 7,0 1,9 2,2 1,3 0,7 0,2 0,8
9 0,2 12,7 1,8 6,7 0,0 0,5 0,6 0,8
10 0,1 11,8 0,8 5,9 0,3 0,2 1,4 0,5
11 0,5 15,9 1,0 2,9 0,2 0,5 0,5 0,4
Mean 0,5 8,4 1,9 4,4 1,0 2,1 0,6 0,6
St.Dev 0,5 4,1 1,2 2,2 1,2 2,1 0,5 0,2
Table 3: Amount of glycogen
P.major Llateralis Semimembranosus F.medius
Sample
10 min 24 h 10 min 24 h 10 min 24 h 10 min 24 h
% % % % % % % %
positive positive | positive positive | positive positive | positive positive
fibres fibres fibres fibres fibres fibres fibres fibres
1 42,1 + 0 26,8 | -+ 0 50,3 | +/- 0
2 66,9 + 0 49,6 + 0 5,4 + 0
3 70,8 | +/- 0 61,7 | +/- 0 52,3 | +/- 0
4 79,8 + 0 15,4 + 0 23,1 | +/- 0
5 88,1 + 0 64,3 + 0 71,0 + 0
6 87,6 | ++ 0 62,8 + 0 70,8 + 0
7 952 | ++ 0 49,1 + 0 253 | +/- 0 51,5 + 0
8 94,1 | ++ 0 61,8 | ++ 0 31,1 + 0 90,7 + 0
9 89,7 | ++ 0 4,0 +/- 0 0,6 +/- 0 4,5 +/- 0
10 84,5 + 0 38,3 + 0 1,4 +/- 0 29,5 | +/- 0
11 90,7 | ++ 0 23,0 + 0 1,7 + 0 3.8 +/- 0
+ and — signs stand for high or low staining intensity
Table 4: Giant fibre area (um®)
P.major Llateralis Semimembranosus F.medius
Mean area 5530,6 5872,3 6241,9 5478,4
St.Dev. 1342,7 14223 2006,2 2350,9
Table 5: Normal fibre area (um?)
P.major Llateralis Semimembranosus F.medius
aW oW aR oW aR BR oW oR BR
Mean 3486,4 | 3523,0 | 2304,2 | 3231,8 | 2954,3 | 2128,0 | 3516,6 | 2251,8 | 1184,0
St.Dev. 1307,3 | 1023,5 | 6529 4231 299,5 576,9 1072,2 | 705,6 234.9




ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

HOW DOES LACTATE ENHANCEMENT IMPROVE BEEF COLOR STABILITY?

Mancini, R.A., Kim, Y.H., Hunt, M.C., and Lawrence, T.E.
Department of Animal Sciences, 224 Weber Hall, Kansas State University, Manhattan, 66506, USA

Background

In both raw and cooked meat products, lactate limits discoloration by minimizing red color changes during
storage and display (Brewer et al. 1991; Papadopoulos et al. 1991; Prestat et al. 2002; Lawrence et al.,
2003). However, the mechanism by which lactate improves muscle color stability is unknown.

How does lactate improve muscle color stability?

We speculate that lactate’s ability to stabilize muscle color is linked to regeneration of nicotinamide adenine
dinucleotide (NADH), which is necessary for metmyoglobin reduction; a reaction that promotes color
stability. We believe this link between lactate and NADH regeneration is lactate dehydrogenase (LDH,;
Figure 1). From a meat quality standpoint, LDH may be an “overlooked” endogenous enzyme that has
potential to influence color life.

Metmyoglobin reduction

Oxidation of myoglobin is inevitable; thus, maximizing metmyoglobin reduction (gain of electrons) is
essential for color stability. It is widely accepted that NADH donates electrons to metmyoglobin via both
enzymatic and nonenzymatic pathways (Brown and Snyder 1969; Hagler et al. 1979; Livingston et al. 1985;
Renerre and Labas 1987; Stewart et al. 1965). However, the location of the NADH pool that provides
electrons to postmortem metmyoglobin reduction is unknown (Renerre and Labas 1987).

The NADH pool

Stewart et al. (1965) provided early speculation regarding replenishment of the NADH pool by suggesting
that LDH catalyzes the production of reduced pyridine nucleotides from lactate and diphosphopyridine.
These authors believed this mechanism was feasible because both lactate and LDH are abundant in
postmortem muscle. However, to date, this mechanism has not been evaluated or proven.

Objectives

Hypothesis: Enhancing beef with lactate increases LDH activity, which consequently improves meat color
stability by promoting metmyoglobin reduction (Figure 1).

Objective: Evaluate if enhancement of beef longissimus with potassium lactate increases postmortem lactate
dehydrogenase and metmyoglobin reducing activity.

Figure 1: Proposed mechanism by which lactate enhancement improves beef color stability.

Metmyoglobin > Deoxymyoglobin
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Materials and methods

Experiment 1: Whole loin enhancement

Five boneless beef strip loins (5 days postmortem) were divided into four equal sections. Each section within
a loin was assigned randomly to one of four treatments (1 = no enhancement; 2 = enahancement with water;
3 =1.5% potassium lactate in the finished product; 4 = 2.3% potassium lactate in the finished product). Strip
loin sections were pumped at 10% of their green weight using a multineedle injector. Pumped loin sections
were cut into 2.54 cm-thick steaks, overwrapped in polyvinyl chloride (PVC), and displayed for 7 days at
1°C in open-top display cases under 1614 lux of continuous fluorescent light (3000 K). Lactate
dehydrogenase activity was measured on day 1, day 3, and day 7 of display. The experimental design was a
split plot where the whole plot design structure was a completely randomized block (n = 5) with a one-way
treatment structure consisting of 4 treatments. Within the whole plot, loins served as blocks, and each of four
loin sections were the experimental units to which enhancement treatments were applied. Steaks within a
loin section (subplot experimental units) were assigned randomly to 1 of 3 display times.

Experiment 2: Model system enhancement

Eight randomly selected beef longissimus steaks from different animals were used in the model system. Each
steak was divided into three equally sized pieces. To each piece within a steak, one of three treatments was
assigned randomly (1 = nonenhanced; 2 = nonenhanced plus LDH inhibitor; and 3 = potassium lactate).
Pieces assigned to treatment 3 (lactate) were injected with a syringe to a concentration of 2% lactate in the
final product. Oxalate (LDH inhibitor in treatment 2) was added during quantification of LDH activity
(described below). Steaks were overwrapped in PVC and stored at 4°C for 7 days. Lactate dehydrogenase
activity and metmyoglobin reducing activity were measured after day 1 and day 7 of storage. The
experimental design was a randomized complete block (steaks were blocks) with repeated measures. For
both experiments, data were analyzed using SAS and significance is represented at P < 0.05.

LDH activity

Lactate dehydrogenase activity was measured using a spectrophotometric technique (Wahlefeld 1987). From
each loin, a 2.0 g sample was homogenized with 0.01 M potassium buffer (pH 7.2). Homogenates were
centrifuged for 30 minutes at 14,600 x g (4°C). In brief, B-Nicotinamide-adenine dinucleotide, Tris buffer,
and L-Lactate were added to 0.1 mL of homogenized muscle supernatant. After 5 minutes of incubation at
30°C, LDH activity was measured using absorbance at 339 nm, which indicates the production of NADH via
lactate oxidation (NAD reduction increases absorbance at 339 nm; L-Lactate + NAD" = Pyruvate + NADH
+ H"). To determine activity, absorbance at 339 nm was measured at 30-second intervals for 2.5 minutes.
Activity in U/L was calculated as: change in absorbance (AA/At) x 4.21 x 10°. For those samples assigned to
treatment 2 (LDH inhibitor), oxalate was added after centrifugation to the supernatant. All assays were
performed in duplicate and averaged for statistical analysis.

Metmyoglobin reducing activity

Step 1: Samples (3 x 2 x 1.27 cm?®) were submerged in 0.3% sodium nitrite. After 20 minutes, samples were
blotted dry, immediately vacuum packaged, and reflectance from 400 — 700 nm was measured. Step 2:
Samples were incubated at 30°C and reflectance was measured after 2 hours. Percent metmyoglobin was
determined according to AMSA (1991) and metmyoglobin reducing activity (MRA) was claculated as:
(Observed decrease in metmyoglobin during incubation + initial metmyoglobin concentration) x 100.

Results and discussion

Experiment 1: Whole loin enhancement

Enhancing loins with potassium lactate tended to increase LDH activity (Table 1). On day 7, both 1.5% and
2.3% lactate resulted in signifcantly more LDH activity than enhancement with only water. Using 2.3%
lactate significantly increased lactate dehydrogenase activity compared to nonenhanced control loins at the
end of display (day 7). Lactate dehydrogenase activity increased during display. Neither treatment influenced
muscle pH (Control samples = 5.8 and lactate enhanced samples = 5.9).

Experiment 2: Model system enhancement
Compared to nonenhanced controls at the end of storage (day 7), adding 2.0% potassium lactate to beef
longissimus significantly improved LDH and metmyoglobin reducing ability (Tables 2 and 3). However,
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there was no significant difference between nonenhanced steaks and lactate-enhanced steaks early in storage
(day 1). Thus, as storage time increased, the ability of potassium lactate to promote LDH and MRA activity
also increased. Conversely, there was no significant change in LDH activity during storage for nonenhanced
steaks. As expected, oxalate minimized LDH activity. Muscle pH was not influenced by treatment (pH =
5.9).

Lactate dehydrogenase activity in muscle has been used as an indicator of endpoint temperatures in meat
products (Collins et al. 1991; Keeton and Morris 1996; Stadler ef al. 1991 & 1997). However, food-safety
researchers commonly measure pyruvate reduction rather than lactate oxidation, which was measured in our
experiment. Nevertheless, previous work support our findings that LDH remains active postmortem.

Meat color stability is vital for maximizing consumer purchasing. Product inconsistency and central
packaging have driven beef purveyors to utilize enhancement technology aimed at improving shelf life and
product quality. In addition to water, salt, and phosphate, beef processors have a vested interest in color-
stabilizing, antimicrobial, and palatability-enhancing ingredients such as lactate. Determining mechanisms
present in postmortem muscle that support myoglobin reduction may be beneficial for developing future
enhancement technologies that improve the shelf life of muscle based food products.

Conclusions

There is a lack of knowledge regarding the mechanism of lactate-induced color stability. The role of
metmyoglobin reduction and NADH in meat color stability has been well documented. However,
mechanisms in postmortem muscle involved in replenishing the NADH pool have received little attention. It
is possible that lactate dehydrogenase is an endogenous enzyme involved in postmortem NADH production.

We conclude that enhancing beef longissimus with lactate can influence both postmortem LDH activity and
metmyoglobin reducing ability. We speculate that LDH converted postmortem-injected lactate to pyruvate
and NADH, which replenished the reducing equivalent pool of postmortem muscle and chemically reduced
metmyoglobin (increased MRA). This project suggests that lactate has potential to not only benefit beef
processors through improved shelf life, but also to benefit researchers by providing a better understanding of
postmortem replenishment of the NADH pool.
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Table 1: Effects of enhancing beef strip loins with potassium lactate on lactate dehydrogenase activity during
display at 1°C.

Display time Nonenhanced Enhanced with 1.5% Potassium 2.3% Potassium
(days) control water lactate lactate
1 342.6a 320.2a 379.4ab 407.6b
3 352.3ab 313.4a 358.9ab 386.6b
7 816.7ab 770.9a 858.3bc 916.7¢c
Average’ 503.8b 468.2a 532.2bc 570.3¢c

<l east square means (activity determined via NADH production and expressed as U/L) within a row with a
different letter differ (P < 0.05).

4Least square means averaged across display times.

Table 2: Effects of potassium lactate on beef longissimus lactate dehydrogenase activity during storage.

Storage time at 4°C Nonenhanced control 2.0% Potassium lactate Oxalate*
1 days 146.6ay 156.6ay 100.8by
7 days 190.0by 223.4az 120.0cy

®Treatment effects: least square means within a row with a different letter differ (P < 0.05).

Y“Storage time effects: least square means within a column with a different letter differ (P < 0.05).
*Longissimus was enhanced with lactate and oxalate was added during quantification of LDH activity.
Activity determined via NADH production and expressed as U/L.

Table 3: Effects of potassium lactate on beef longissimus metmyoglobin reducing activity* during storage.

Storage time at 4°C Nonenhanced control 2.0% Potassium lactate
1 days 88.5a 85.2a
7 days 51.3¢ 70.8b

| east square means with a different letter differ (P < 0.05).
*Metmyoglobin reducing activity (MRA) was calculated as: (Observed decrease in metmyoglobin during
incubation + initial metmyoglobin concentration) x 100.
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EFFECT OF TRANSPORT TIME AND SEASON ON ASPECTS OF RABBIT MEAT
QUALITY'

G.A. Maria*, G. Liste, M. Villarroel, T. Buil, C. Safiudo, J.L. Olletaand M. Lopez
Department of Animal Production & Food Science. University of Zaragoza, 50013 Zaragoza, Spain.

Background

The events involved in the transport chain, and other related factors, may induce stress in rabbits (Jolley,
1990) and can affect aspects of meat quality (Masoero et al., 1992). Little is known about the effect of
transport on rabbit meat texture or colour. Ultimate meat pH is the most commonly measured parameter in
studies that consider ante-mortem effects on meat quality. However, while it is clear that even travelling
short distances can reduce live weight (shrinkage), decrease glycogen reserves and increase meat
temperature (Jolley, 1990), this is not always reflected in changes in ultimate pH. There may be no effect
when transport is only a slight stress and the animals are in good condition. The relationship between initial
muscle glycogen content and ultimate pH is only linear at very low levels of glycogen. Thus, they are not
lowered enough to have a substantial effect on the ultimate pH, especially when the animals can recover
during lairage. Changes in meat texture and colour with respect to ante-mortem stress have been considered,
but normally the effect of transport time has been mixed with other confounding factors (e.g., breed,
production system, nutrition, etc.). In Spain, transport of commercial rabbits to the abattoir is relatively short,
typically less than 3 hours. Recently, a report by the Scientific Committee on Animal Health and Animal
Welfare has proposed important limitations on transport time and the European Parliament has suggested
decreasing all journeys for all species to less than nine hours. Although these measures may improve animal
welfare, it remains unclear whether imposing them on a commercial level will also improve meat quality.
This fact is even more important in commercial rabbits where little information is available.

Objectives

The aim of this study was to analyze whether transport times of up to 7 hours can have a significant effect
on instrumental meat quality traits in rabbits. Due to the characteristics of the Spanish climate, with very hot
summers and cold winters, replicates were performed in two seasons. We also considered the effect of
position on the truck as a factor which could affect meat quality.

Materials and methods

We analysed the instrumental quality of meat from 156 rabbits that were transported by road, together with
other non-target animals, for 1h or 7h in winter and summer with three replicates each. The average
temperature during transport was recorded every 5 minutes with a Testo thermometer at the level of the study
animals. The average temperatures were 11°C + 3 and 28°C £ 2 in winter and summer, respectively. Three
main effects were considered: transport time, season and position on the truck (top, middle or bottom) in a
multi floor cage rolling stand (MFRS). For each season and journey time, 36 animals were selected (12 in
each position). The stocking density during the transport was 360 cm” per animal. The cage size was 57 x 57
x 25 cm, in MFRS & Safiudo, 2001). For texture meat analyses, longissimnus dorsis muscles were vacuum
packaged and frozen at —18°C. The compression and Warner-Bratzler (WB) analyses were performed on
sample slices as in Campo et al. (2000) with an Instron with 12 cages each. The total capacity of the truck
was 2400 rabbits per trip. The rabbits were slaughtered after 3 h of lairage in the same MFRS. Average
carcass weight was 1192.50 g (£121). Carcasses were chilled under commercial conditions at 0°C for 24 h.
The meat pH was measured at 24 h post-mortem on the lumbar region with a Crison 507 electrode. Sixteen
additional rabbits were taken randomly to study the proportion of muscle, bone and fat of the carcasses by
dissection in the lab. The longissimus dorsi was removed from both sides and the right side was sliced into
three steaks for instrumental analysis. Water holding capacity (WHC) was measured 24 h after slaughter and
expressed as press juice using the Grau and Hamm method (Cafieque 4301. Briefly, thawed steaks (internal

! Funded by CICYT Ministry of Science and Technology of Spain. Project AGL 2002-01346 COTRANS.
* Corresponding author. Tel.: +34-976-762490; fax: +34-976-761612. Email address: levrino@posta.unizar.es. Departamento de
Produccion Animal y Ciencia de los Alimentos, Universidad de Zaragoza, Miguel Servet 177, 50013 Zaragoza, Spain.
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temperature 17-19°C) were cut transversally to be studied either as raw or cooked meat. Texture of the raw
meat was analysed using a modified compression device that avoids transversal elongation of the samples.
The stress was assessed at 20% (P20), 40% (P40), 60% (P60) and 80% (P80) of the maximum compression
(MS). Meat was vacuum packaged prior to cooking in a water bath at 75°C until the internal temperature
reached 70°C. Samples (1 cm® cross-section) were cut with muscle fibres parallel to the longitudinal axis of
the sample. Maximum load (ML) and toughness (TO) were assessed in heated meat using a Warner Bratzler
device, shearing until breaking the samples (10 mm wide and 10 mm thick). The sample gauge was 10 mm,
gauge length 30 mm, load cell 100 kg (minimum load level 0.001 kg), crosshead speed 150 mm /min (high
extension limit 30 mm) and sampling rate 20 points/second. Meat colour was measured in the reflectance
spectrum every 10 nm from 400 to 700 nm using a Minolta (2002) reflectometer-colorimeter. Measurements
were taken from the surface of a slice of meat from each animal transported. Slices were freshly cut at 24 h
post-mortem and measured after 24 h blooming. Each slice was placed at 4°C on individual plastic foam
trays and wrapped with an O, permeable film without touching the sample. The L*a*b* values were taken
using the standard illuminant D65 and 10° standard observer for all measurements. The data were analysed
using the least square methodology of the GLM procedure of SAS (SAS, 1988), fitting a three-way model
including the fixed effect of transport time (2 levels), season (2 levels) and position on the stand cages (3
levels) plus the interaction effect.

Results and discussion

The average percentage composition of the left middle carcass was 75.31 (£2.7) muscle, 4.62 (+1.09) fat
and 16.39 (£1.8) bone (n=16 animals). The significance of the main effects is presented in Table 1. The
effect of position on the truck was not significant. Season and journey time had significant effects on several
instrumental meat quality parameters. The interaction between time and season was only significant for
Warner Bratzler variables.

The least square means for all the instrumental variables are presented in terms of season and journey
time in Table 2. The parameters fell within the range of good quality meat. Similar results were found by
Trocino et al. (2002) and Xicato et al. (1994) in their studies on rabbit transport. Transport time did not
affect pH24, WHC or Warner Bratzler texture parameters. All the texture parameters evaluated by
compression were significantly affected by journey time (p<0.001). In general, the values were higher after
short journeys. Transport time slightly affected colour parameters, and a* was significantly higher after long
journeys (p<0.05), especially in winter. Other studies (Jolley, 1990; Masoero et al. 1990 and Dal Bosco et
al., 1997) have found that pH increase after longer journeys.

Season had a significant effect on all the response variables, with the exception of compression at 80%
and maximum stress. The pH 24 values were significantly higher in winter than in summer, but always
below 6. The same situation was observed for WHC. Some authors have found that transport affects WHC
(Trocino et al., 2002; Jolley, 1990). Nevertheless this parameter could be affected by the treatment applied
(Ouhayoun & Dalle Zotte, 1996). All texture variables analyzed by Warner Bratzler were higher in winter
than in summer. The same situation was true for 20% compression. The colour parameters were all affected
by season. Redness was higher in winter than in summer but the opposite occurred for yellowness. Lightness
varied less, but the difference was still significant (p<0.05) between long journeys, increasing for summer
trips. There was a significant interaction between journey time and season for texture traits evaluated by
Warner Bratzler (Figure 1). According to our results, instrumental meat quality could be affected by the
multifactor stressors involved in the transport process. Values for meat colour were similar to Trocino et al.
(2002), but higher than Jolley, 1990. Dal Bosco et al. (1997) found that meat from animals from short
journeys had significantly higher L*.

Few studies have considered the effect of transport on instrumental measurements of meat quality in
commercial rabbits. Under the controlled commercial conditions of this work, transport time of up to seven
hours significantly affected the instrumental quality of rabbit meat as measured by a modified compression
device, which reflects the mechanical resistance of the myofibrillar structure (P20) and connective tissue
strength (P80). No differences were found in ultimate pH between transport groups, which conditioned the
lack of variation in other variables such as WHC and other texture parameters assessed by Warner Bratzler
shear device and the slight effect of redness.

Season affected almost all the variables, but it was not completely independent from the effect of transport
time. Even when the effect of journey time was not significant (for WB variables), there was a significant
interaction between transport time and season, with the worst texture values after short journeys in winter
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and long journeys in summer. Independently of journey time, season did not have an effect on meat quality.
In summary, transport time had an effect on instrumental meat quality in terms of compression and a slight
effect on colour. Within the range of transport times analysed, there were no significant changes in pH,
which is the main parameter used to judge meat quality on an industrial level. Finally, position within the
multi floor cage stand did not affect instrumental meat quality.

Conclusions

The general conclusion of this study is that, even under optimum commercial conditions, rabbit meat
quality could be affected by the multiple stressors involved in the transport process. Transport affected
several measures of meat quality and this effect depended on the season of the year.
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Table 1. Summary table of the significance of the main effects and their interaction for instrumental meat
quality parameters.

Main Effects in the Full Model

Response

Variable Season  Time  Position S*T S*P  P*S S*T*P
pH24 A NS NS NS NS NS NS
Water holding capacity A NS NS NS NS NS NS
Warner-Bratzler

Shear force (Kgf) HoEkx NS NS *¥*k* NS NS NS
Toughness (Kgf/cm?2) Ak NS NS ¥**% NS NS NS
Compression

C20 (20%) wAK oAk NS NS NS NS NS
C80 (80%) NS * NS NS NS NS NS
Maximum Stress (N/cm2) NS HoAx NS NS NS NS NS
Colour

L* (lightness) * NS NS * NS NS NS
a* (redness) HoAk * NS NS NS NS NS
b* (yellowness) *oHk NS NS NS NS NS NS

The levels of significance were * p<0.05 ** p<0.01 *** p<(0.001. Season refers to summer or winter.
Time: journey time (1 hours or 7 hours). Position: position in the multi floor cage rolling stand (top, middle
or bottom cages) during transport.
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Table 2. Least square means (+S.E.) of instrumental meat quality parameters in summer and winter and after
two different transport times (1 h or 7 h).

Summer (1) Winter (2)
Response
Variable 1h 7h 1h 7h
pH24 5.75+0.02a 5.77£0.01a 5.97+£0.03b 5.90+0.02b
Water holding capacity 12.61+0.45a 12.12+0.44a  14.93+0.45b 14.57+£0.42b
Warner-Bratzler
Shear force (Kgf) 0.61+£0.04a  0.72+0.04a 1.04+£0.03b 0.91+0.04c¢
Toughness (Kgf/cm?) 0.25+0.01a  0.31+0.02b 0.42+0.02c  0.3140.02b
Compression
P20 (20%) 10.65+0.34a  9.69+0.33b  12.32+0.34c 11.39+0.35a
P80 (80%) 16.66+0.56a 17.01+0.57a  17.36+0.52a 14.92+0.51b
Maximum stress (N/cm?) 21.90+0.62a 20.61+0.0.61a 24.02+0.63b 20.74+0.60a
Colour
L* (lightness) 58.46+0.34ab 59.36+£0.36b 58.44+0.33ab 57.95+0.31a
a* (redness) 2.34+0.21a  2.4940.20a 3.45+0.22b  4.19+0.26¢
b* (yellowness) 4.09+0.25a 4.18+0.27a  2.92+0.20b 3.18+0.22b

Different letters in the same row indicate significant differences (p<0.05)

Figure 1. Interaction effect between transport time (short or long) and season
(winter or summer) for the Warner Bratzler texture traits.
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TRANSPORT RELATED BRUISING IN CATTLE

Midtveit, L., Johansen, J.!, Schwencke, H.> and Alvseike, O.!
'Norwegian Meat Research Centre, P.O. Box 396 @kern, N-0513 Oslo, Norway
*Norwegian Food Safety Authority, District Office of Nord-Gudbrandsdal, N-2670 Otta, Norway

Introduction

The bruising of cattle is used as an indicator for animal welfare problems during pre-slaughter
handling and can reduce meat quality (1). The aim of this study was to describe the prevalence of
carcass bruising in cattle observed at post-mortem meat inspection in a Norwegian abattoir and to
assess risk factors.

Materials and methods

The study was carried out in a commercial abattoir processing approximately 20,000 cattle a year. The
drivers recorded transport parameters. Carcass bruising were assessed by two official veterinarians at
post-mortem meat inspection. Bruises were categorised according to size as small (diameter < 4 cm),
medium (diameter 4 - 10 cm) or extensive (diameter > 10 cm). Only bruises adjacent to Tuber coxae,
Trochanter major or Tuber ischii were recorded. Data on carcass conformation, fat cover and weight
were obtained from the abattoir.

Carcass bruising was set as continuous response variable, and the regressor variables included both
categorical and continuous variables. Descriptive statistics were performed, and ANOVA was used for
hypothesis testing of risk factors. An ANOVA model was used for each bruise site and size.

Statistical analysis

The data were analysed using one-way cross tabs procedure for bruising, descriptive statistics and
analysis of variance (ANOVA) procedure for hypothesis testing of the risk factors. Carcass bruising
was set as response variable, and transport risk factors were set as regressors. The following model
was used (2):

=0 +B+..+ 5, +¢€

Where i = p number of bovine carcass bruisings, j = q number of transport risk factors

No interactions were included in the model.

The model was analysed using SYSTAT Version 10 © SPSS Inc. 2000 Standard Version, Statistics —
GLM - Estimate Model. Carcass bruising was set as continuous response variables, and the regressor
variables both included categorical and continuous variables.
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Results and discussion

Data from 84 transports comprising 1252 cattle were obtained during a period from May to August
2003. All animals were transported direct from the farms, and included The predominant breed in the
region is Norwegian dairy cattle. Transport times were generally short (Table 1).

Table 1. Transport time

Transport time (hours)

Minimum 0.25
Maximum 7.0
Mean 2.35
Median 2.0

The overall prevalence of carcasses with bruises > 4 cm was 36.2 %. Table 2 summarises the recorded
bruises.

Table 2. Prevalence (%) of bruises in cattle (n=1252) according to size and localisation

Bruise diameter (cm) <4 4-10 > 10

Site of bruising None Unilat. Bilat. None Unilat. Bilat. None Unilat. Bilat.
Tuber ischii 114 16.7 71.9 80.4 15.0 4.6 88.3 8.1 3.6
Trochanter major 3.7 13.4 82.9 87.3 10.3 2.4 94.5 4.4 1.1
Tuber coxae 2.1 10.9 87.0 89.9 8.8 1.3 96.7 3.0 0.3

The ANOVA identified animal category, driver, increasing transport time, increasing number of herds
mixed in vehicle pen, ascending order of loading and increasing area (m?) per animal as the primary
risk factors for carcass bruising. Details from the ANOVA analysis (Table 3).

Table 3. Effects of risk factors on bruising (univariable analyses)

Bruise site Tuber ischii Trochanter major Tuber coxae
Risk factor Bruise size (cm) <4 4-10 >10 <4 4-10 >10 <4 4-10 >10
Category (steer, heifer, cow, calf) HAK HAK * * NS NS HAK HAK NS
Driver ID * NS NS NS ** NS NS NS **
Transport time * NS * NS NS NS NS NS ok
No of herds mixed in vehicle pen NS NS woE * NS NS NS NS NS
Order of loading NS NS NS NS NS NS NS * wok
Area per animal (m?) NS NS NS NS NS NS * NS *k
Registrar NS NS NS NS NS NS NS NS wx
Number of stops for loading * NS NS * NS NS NS NS NS
Number of animals in vehicle pen NS NS NS NS NS NS NS NS *
Carcass weight (kg) NS NS NS NS NS NS NS NS NS
Carcass conformation (EUROP) NS NS NS NS NS NS NS NS NS
Carcass fat cover (EUROP) NS NS NS NS NS NS NS NS NS
Loose or tied NS NS NS NS NS NS NS NS NS
Vehicle pen (front, middle or rear) NS NS NS NS NS NS NS NS NS
Placement in pen if tied (front or rear) NS NS NS NS NS NS NS NS NS
Area per 100 kg carcass weight (m?) NS NS NS NS NS NS NS NS NS

*P-value 0.01 — 0.05, **P-value 0.001 — 0.01, *** P-value < 0.001, NS (non-significant) P-value > 0,05

The low prevalence of bruising found in this study contrasts earlier findings from the UK. Jarvis and
others (3) found that 97 % of carcasses observed were bruised, and that cattle from markets had more
bruises than cattle transported direct from farms. Weeks and others (4) found that in cattle transported
direct to abattoir 53.7 % of observed carcasses were bruised, while in cattle from markets 71.0 % were
bruised. The difference in prevalence of bruising found in this study and other studies can partly be
explained by differences in bruise recording system and type of lairage. All cattle in this study were
lairaged in individual pens, which eliminates mounting behaviour. Cows have a higher risk for
bruising than other categories of cattle. The same observation has been made in previous works by
Weeks and others (4) and Wythes and others (5). This may be due to poorer muscle conformation,
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reduced ability to cope with movements of the vehicle during transport, or a combination. The
predominant housing system for dairy cows in the region is tie stalls, while steers mainly are kept
loose in pens. Holleben and others (6) found higher bruising scores in cattle from tied housing.
Transport time is found to be a risk factor for bruising, indicating that transport time is relevant in
terms of animal welfare. Ascending order of loading is also identified as a risk factor, despite that
transport time is shorter for cattle loaded in the end of the journey. In previous work performed by
Tarrant and others (1988) stress was found to increase with pen localisation towards the tail of the
truck (7). The truck design is probably of importance in this matter and should receive further
investigation. The driver is showed to influence the risk of bruising. This could be explained by the
fact that driving skills varies between drivers. Careful braking and cornering is important for the
animals in order to avoid loss of balance (7).

Conclusion

The overall prevalence of bruising > 4 cm was 36.2 %. The primary risk factors for bruising were
found to be category, driver ID, transport time and number of animals mixed in vehicle pen.
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ANALYSIS OF POST MORTEM PRODUCTS OF PROTEOLYSIS IN PORCINE TCA SOLUBLE
EXTRACTS AND THEIR ASSOCIATION WITH TENDERNESS

O’Reilly, K. ! Morzel, M.2, Bouchut, C.2, Troy, D." and Mullen, A.M."
1: The National Food Centre, TEAGASC, Ashtown, Dublin 15, Ireland
2: INRA, Station de Recherche sur la Viande, 63122 Saint-Genés Champanelle, France

Background

Proteolytic degradation of myofibrillar proteins has been shown to contribute to post mortem tenderisation
with the rate and extent of proteolysis being associated with meat tenderness (Troy and Tarrant., 1987;
Sentandreu et al. 2002, & Sawdy et al., 2004). Analysis of the products of proteolysis has held much interest
in terms of developing diagnostic tests for meat tenderness. In the past a lot of focus has been directed to the
study of products of post mortem proteolysis in the myofibrillar fraction of muscle. In more recent years,
however, the analysis of more soluble proteolytic fragments has held much interest (Nakai et al., 1995;
Mullen et al., 1998; Stoeva et al., 2000). One dimensional gel electrophoresis (1DGE) allows visualising
products on the basis of molecular weight while two dimensional gel electrophoresis (2DGE) separates
proteins according to their isoelectric point and molecular weight. In this manner 2DGE provides a very high
resolution separation. Application of these techniques may add further definition to the pattern of proteolysis
over the post mortem ageing process and its association with pork tenderness.

Objectives

The objective was to apply 1-DGE and 2-DGE to track post mortem proteolytic events and their associations
with tenderness, in Trichloroacetic acid (TCA) soluble extracts from porcine M.longissimus dorsi.

Materials and methods

Forty pigs were slaughtered and carcasses treated conventionally in a commercial abbatoir. A sample was
excised from the M.longissimus dorsi (striploin, LD) at 1d, 3d and 7d post mortem. These samples were snap
frozen in liquid nitrogen and stored at —80°C. The LD was excised at 1d postmortem and chops were taken
for analysis of eating quality. Tenderness was measured by Warner Bratzler shear force (Shackelford et al.,
1991). Compositional analysis was conducted to determine any variation in intramuscular fat, protein and
moisture levels. Sarcomere lengths were determined according to the laser diffraction method (Cross ef al.,
1980). Other quality measurements included drip loss (Honikel and Hamm, 1994), cook loss, pH rate of
decline and temperature profile up to 1d postmortem.

Based on the quality analysis, carcasses which displayed extreme values of tenderness were selected while
controlling for extreme values of sarcomere length and intramuscular fat. Samples were alloted to three
catagories, namely tender (Class I), tough becoming tender (Class II) and tough (Class III). A representative
sample from each category was selected and TCA soluble extracts were prepared for both 1DGE and 2DGE
analysis. 2-D gels were produced in triplicate for each sample, according to the method described in Morzel
et al. (2004) with slight modifications.

Spots were detected and quantified by the image analysis software PDQuest. Spots of interest, i.e. those
more associated with the “tender” class, were defined as spots that were either specific to the class I sample,
or spots that were over-expressed at least three-fold in the class I (compared to class I1I) on day 7.

Results and discussion

Initially 1DGE analysis was conducted on extracts (1d, 7d, 14d) from each of the classes where bands of
various molecular weights were seen to increase and decrease over the ageing period (Figure 1). In the tender
sample increases were observed in lower molecular weight bands (Areas 3 & 4) which were not so obvious
in the tough sample. These bands may be the product of proteolysis of myofibrillar or sarcoplasmic proteins
over the postmortem ageing period. Two other areas of interest were noted (Areas 1 & 2). The tough
sample appeared to have a higher level of the higher molecular weight band in Area 1, compared to the
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tender sample. In addition in Area 3 the bands seem to appear sooner in the tough sample. Each lane
received similar protein loading, however in some instances some of the changes observed may be due to
larger proteins being held back in the gel matrix. However, repeated analysis of these gels have revealed
similar banding patterns.

A representative 2DGE image is presented in Figure 2. Approximately 120-160 spots were successfully
detected and quantified on all gels. Spots specific to class I are squared in blue, whereas spots over-expressed
in class I are squared in red. Spots are designated by their unique number attributed by PDQuest. As an
example, figure 3 shows the quantity (ppm) of spot 2504 in the three samples, as affected by post mortem
time. It is very likely that most of those potential biomarkers are protein fragments, generated by post
mortem proteolysis.

Both 1DGE and 2DGE will be repeated on further samples. Comparisons between gels will be invaluable in
the interpretation of 1D gels. Proteins of interest in both gel formats are being identified by MALDI-ToF
Mass Spectroscopsy.

Conclusions

Changes in banding protein patterns were evident in 1DGE gels. 2DGE electrophoresis allowed us to
propose a list of potential biomarkers of tenderness in pork meat. In order to confirm their relevance, these
need to be identified by MALDI-ToF Mass Spectroscopy and quantified in a larger set of samples.
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Figure 1. 1-D SDS PAGE of Class I and III TCA soluble protein extracts aged to 1d, 3d and 7d postmortem.
Blue arrows mark areas of interest.

h_; - —
L S T T N
& - . —
- .
. 26E4'fli - " -
- .-_
1
4608
. 560
250&I - 3E = %Eoﬁm
(402/0403 P £503 I?SM.
M H R, e
01 | o7 2403 2402 o

5
1 Zﬁ 07
0206 2&2' I%ZI01 .

O

Figure 2. 2DGE: Synthetic representation TCA-soluble proteins, separated according to their pI (3-10 left to
right) and MW (top to bottom). Potential biomarkers of pork meat tenderness are squared
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DIFFERENCE IN DEGRADATION OF TROPONIN-T ISOFORMS AMONG BOVINE
MUSCLES DURING POSTMORTEM AGING

Muroya, S., Nakajima, I. and Chikuni, K.

Department of Animal Products, National Institute of Livestock and Grassland Science, Tsukuba, Ibaraki 305-0901,
Japan

Background

The beef tenderization during postmortem aging, largely affected by protein degradation, differs among
the muscles (Olson et al., 1976; Koohmaraie et al., 1988). Though the activities of Ca2+—dependent protease
(calpains) and the inhibitor (calpastatin) vary among different type muscles, the ratio of calpain/calpastatin
does not seem to be different among the muscles examined (Olson et al., 1977; Koohmaraie et al., 1988;
Whipple and Koohmaraie, 1992). Each muscle has specific composition of four muscle fiber types which are
determined by expression pattern of myofibrillar contractile protein isoforms, such as myosin heavy chains
(MyHCs) (Schiaffino and Reggiani, 1996). The extent and rate of postmortem degradation of myofibrillar
proteins are presumptively affected by muscle fiber type. Olson et al. (1976) and Whipple and Koohmaraie
(1992) reported that degradation of myofibril proteins occurs faster in bovine white (faster type) muscles
(longissimus, biceps femoris, semitendinosus, or gluteus medius) than in the red (slower type) muscles
(psoas major or supraspinatus). In a detail investigation of pork aging by Christensen et al. (2004), the extent
and rate of troponin T (TnT) and desmin degradation did not depend solely on muscle fiber type determined
by MyHC ATPase histochemistry. Different type muscles have different isoform composition of myofibrillar
contractile proteins. The degradation pattern may be changed by the type of the isoforms, because the
cleavage pattern of the isoform proteins are thought to differ, depending on the molecular structures.
Actually, four recombinant isoforms of rabbit fast type TnT (fTnT) are degraded by calpain at different rates
in vitro (Gomes et al., 2001). Furthermore, we found that fast and slow type TnT isoforms are differently
degraded in postmortem bovine LT muscle (Muroya et al., 2004).

Objectives

The purpose of this study is to clarify the relationship among protein degradation patterns of muscles and
the isoforms types of the protein substrates. To this end, we investigated the difference in degradation pattern
of TnT isoforms among muscles with different isoform composition during beef aging.

Materials and methods

The lingual (TN), masseter (MS), diaphragm (DP), longissimus thoracis (LT) muscles for 0 d
postmortem samples were excised from a Japanese black steer within 1 hr after slaughter. After overnight
hanging of the carcass at 2°C, the muscle blocks were excised from the carcass. At 1, 5, and 14 d
postmortem, the muscle samples were prepared from the central part of the block bagged during aging at
2°C. For western blotting analysis, myofibrils were extracted from the muscles by 0.1 M potassium
phosphate buffer (pH 7.4) with 0.6 M KCI. The myofibrils were applied to SDS-PAGE using 12.5% or 15%
gel, followed by transfer to polyvinylidenefluoride membrane. In the western blotting, the TnT bands were
detected by using commercially-available anti fast- or slow-type polyclonal antibodies for TnT (Santa Cruz
Biotechnology, Santa Cruz, CA).

Results and discussion

According to our previous analysis investigating MyHC and TnT isoform expression in bovine skeletal
muscles by RT-PCR, MS and DP expressed slower type MyHC and TnT isoforms, while TN and LT
expressed the faster type isoforms (Muroya et al., 2002; Muroya et al., 2003). According to the MyHC
isoform expression pattern, TN is characterised to be slower than LT. Especially, MS exclusively expressed
the slow type isoform mRNAs, which agrees with the present results of isoform-specific TnT western
blotting (Figs. 1 and 2).
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Eight fast- and two slow-type TnT (sTnT) isoform mRNAs were detected by RT-PCR, and the
distribution of the isoforms varies among the muscles (Muroya et al.,, 2003). The fTnT isoforms are
classified into four types in SDS-PAGE by the amino acid numbers, or approximate molecular weight. The
four fTnT isoform types were detected in bovine TN, MS, DP, and LT muscles, with different distribution
among the muscles (Fig. 1). The DP and TN muscles expressed two sTnT isoforms, while MS and LT
muscles expressed only a higher molecular weight one (Fig. 2), as we detected by RT-PCR previously.

The degradation pattern of LT muscle revealed that fTnT and sTnT isoforms are degraded differently
from each other (Figs. 1 and 2). On the other hand, even though two high molecular weight fTnT and one
sTnT isoforms in DP and TN muscles were the same as those expressed in LT, all of the isoforms in DP and
TN did not appear to be degraded. The sTnT isoform in MS muscle appeared to be slightly degraded.

The results revealed that postmortem TnT degradation in beef varies depending on the muscle type. The
degradation was observed only in LT muscle that has faster contractile properties than MS, DP, and TN
muscles, suggesting that TnT proteins are degraded more easily in faster muscles than in slower muscles.
This is consistent with the previous results reported by Olson ef al. (1976) and Whipple and Koohmaraie
(1992). There might be differences in activity of calpain or calpastatin and in some metabolic effect among
the muscles examined. Though fTnT and sTnT isoforms are differently degraded, the difference in the rate
and extent of TnT degradation among fTnT or sTnT isoforms during postmortem aging in beef is still
unknown.

Conclusions

The results revealed that postmortem TnT degradation in beef differs depending on the muscle type. The
degradation was observed only in LT muscle that has faster contractile properties than MS, DP, and TN
muscles, suggesting that TnT proteins are degraded more easily in faster muscles than in slower muscles.
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Fig. 1. Postmortem degradation pattern
of fast type troponin T isoforms.
Numbers indicate day postmortem. TN:
lingual muscles, MS: masseter, DP:
diaphragm, LT: longissimus thoracis.
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Fig. 2. Postmortem degradation pattern
of slow type troponin T isoforms.
Numbers indicate day postmortem. TN:
lingual muscles, MS: masseter, DP:
diaphragm, LT: longissimus thoracis.
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SPECIES-SPECIFIC DIFFERENCE IN INDUCING PIG ADIPOSE CONVERSION FROM
THAT OF MOUSE
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Background

Subcutaneous adipose tissue in pigs represents a major source of both cost inefficiency and consumer
concerns. Numerous investigations have been carried out to regulate the carcass fat for the meat quality traits
through both nutritional controls and selective breeding. However, there are some difficulties to monitor
adipose development in vivo studies, due to the complicated interactions of all kinds of neural and hormonal
signals involved in adipocyte metabolism. Therefore, investigators have established in vitro cell culture
systems as useful tools for studying adipose development.

Much of the knowledge about cellular and molecular events accompanying adipose conversion in recent
years has been based on murine preadipocyte cell lines. Since no cell lines from porcine adipose tissue have
been established so far, understanding the control of adipocyte differentiation in pigs is limited in either the
approach of using these mouse cell lines or otherwise, primary culture systems. As a result, it can always
come into question whether the data from mouse cell lines and pig primary stromal-vascular cells with
cellular heterogeneity in its population, can represent the characteristics of pig adipocytes.

Objectives

We have established a preadipocyte clonal line from porcine subcutaneous tissue (PSPA) for the study of pig
adipose development (Nakajima et al., 2003). The present study was designed to demonstrate whether there
are species specificity in adipose conversion between mouse and pigs, by comparing the most widely studied
mouse 3T3-L1 cell line and PSPA cells.

Materials and methods

Cell culture: A clonal porcine subcutaneous preadipocyte (PSPA) cell line was maintained in the
preadipocyte condition by cultivation in Dulbecco’s modified Eagle’s medium (DMEM, 1 g/L glucose)
supplemented with 10% fetal bovine serum, 1000 IU/ml penicillin, and 1 mg/ml streptomycin. Cells were
passaged every 4 days, with the density of inoculation kept constant (1 x 10*cells/cm?).

For experiments, cells were plated at 2.1 x 10%cells/cm’ to obtain confluency within 3 days. After
reaching confluence (day 0), adipose conversion was induced in high-glucose (4.5 g/L) DMEM containing
10% FBS, 5 pg/ml insulin, 0.25 uM dexamethasone, 33 UM biotin, 17 UM pantothenate, 5 mM octanoate.
The medium was changed every other day and the cells were allowed to differentiate for 10 more days.

The mouse embryo 3T3-L1 cells were plated at a density of 0.5 x 10°cells/cm” in growth medium for 3
days. At confluence, the medium was then shifted to high-glucose DMEM supplemented with 10% FBS, 0.5
mM of 1-methyl-3-isobutylxanthine (MIX), and 0.25 uM dexamethasone, to induce differentiation. Forty-
eight hours later, this medium was replaced with 10% FBS high-glucose DMEM containing 5 pg/ml insulin
for the remaining 8 days.

Triglyceride Assay: Triglyceride (TG) in the cell lysate was extracted with chloroform-methanol and
quantified enzymatically using a Triglyceride G Test Wako Kit.

Extraction of mRNA and RT-PCR analysis: Messenger RNAs were isolated from PSPA cells using the
QuickPrep Micro mRNA Purification Kit and then reverse transcribed using the First-Strand cDNA
Synthesis Kit. The synthesized cDNA was amplified with AmpliTaq Gold by PCR using paired forward and
reverse primers with the ribosomal protein L7 (RPL7) as the internal control (Venuti et al., 1995). Primer
sequences were as follows: peroxisome proliferator-activated receptor (PPAR) y2 (GGTGAAACTCTGGGA
GATTCTCTTA, GGCTCTTCGTGAGGTTTGTTGTACAG); PPARYl (CCTTAAACGAAGAGTCATCTT
TTAGCG, GGCTCTTCGTGAGGTTTGTTGTACAG); CCAAT element-binding protein oo (C/EBPa, AAG
TCGGTGGACAAGAACAGCAACGAGTA, ATTGTCACTGGTCAGCTCCAGCACCTT); adenovirus E2
promoter-binding factor 1 (E2F1, TGGACCTGGAAACTGACCATCAGTACCT, TCTTGGACTTCTTGGC
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AATGAGCTGGATG); proliferating cell number antigen (PCNA, CTGGTGAATTTGCACGTATATGCCG
AG, AGGGGTACATCTGCAGACATACTGAGTGT); thymidine kinase (TK, TCGGACCCATGTTCTCG
GGAAAAAGT, ACTCCACGATGTCAGGGAAAAACTG); lipoprotein lipase (LPL, CATAGCAGCAAA
ACCTTTGTGGTGATCC, TTGGTCAGACTTCCTGCAATGCCAGCA); adipocyte-specific fatty acid
binding protein (aP2, TTTGCTACCAGGAAAGTGGCTGGCAT, GCAGTGACACCATTCATGACACAT
TCC); stearoyl CoA desaturase 1 (SCD1, ACCGTGCCCACCACAAGTTTTCAGAAA, GCTCCAAGTGA
AACCAGGATATTCTC); hormone-senstive lipase (HSL, CGCAGTGTGTCTGAAGCAGCACTGGC, AT
GACCGAGTCGTCCAGCATGGGGTC); RPL7 (GCAGAACCCAAATTGGCGTTTGTCATCAG, GATG
ATGCCGTATTTACCAAGAGATCGAGC).

Western blot analysis: Both nuclear proteins and cytoplasmic proteins were prepared by using the CelLytic
NuCLEAR Extraction Kit. Twenty-five micrograms of nuclear protein and 50 pg of cytoplasmic protein
were separated by electrophoresis through SDS-polyacrylamide 12.5% gels. After they were
electrotransferred onto nitrocellulose membranes, blotting membranes were incubated with primary
polyclonal antibodies specific to PPARy, C/EBPa, PCNA, E2F1, and glycerol-3-phosphate dehydrogenase
(GPDH). Secondary antibodies were horseradish perocidase-conjugated anti-rabbit, anti-mouse or anti-goat
antibodies. Antigen-antibody complexes were visualized by the ECL detection system.

Results and discussion

When confluent PSPA cells were stimulated with insulin, dexamethasone biotin, pantothenate, and
octanoate, growth was arrested, and the cells exhibited a marked increase in lipogenesis. However, adipose
conversion was not induced upon exposure of PSPA cells to a standard hormonal mixture of 3T3-L1 cells
(Student et al., 1980), and their cell numbers increased as did the preadipocytes in growth medium (Fig.1A).
Also, some differences in cell behavior were observed between PSPA cells and 3T3-L1 cells (Fig.1A and B).

To investigate whether every component of the PSPA medium was equally essential to the induction of
adipocytes, PSPA cells were exposed to differentiation media each of which was lacking one agent. Under
these culture conditions, the absence of either octanoate or dexamethasone from the medium resulted in a
marked decrease in lipid accumulation (data not shown). Furthermore, octanoate was the only factor able to
induce growth arrest. Octanoate supplementation to 3T3-L1 medium dramatically improved TG
accumulation of PSPA cells while accompanying growth arrest (data not shown). These data strongly
suggested a correlation between the growth-inhibiting effect of octanoate and terminal differentiation.
Additionally, based on the result of a dexamethasone-depleted medium in which the cell numbers were
maintained as normal adipocytes, it appears that dexamethasone regulates PSPA preadipocyte differentiation
through a different induction pathway from octanoate.

The expression of a number of adipogenic genes and proteins was studied by RT-PCR and Western blot
analysis. Expression patterns of E2F1, PCNA and TK were consistent with the results indicated so far by
means of cell numbers, and expression patterns of LPL, aP2, SCD1 and HSL consistent with TG content.
The most interesting result was that the expression of those master regulators of adipocyte gene transcription,
PPARY2 and C/EBPa. The absence of octanoate from the differentiation medium expressed only PPARY2
but not C/EBPq, and in contrast, removal of dexamethasone resulted in expression of C/EBPa but not
PPARY2 (Fig.2).

Conclusions

Species specificity in adipose conversion between mouse and pig preadipocytes has been shown as the
responsiveness to inducers was not equal between these two. Hormonal cocktail of 3T3-L1 cells failed to
induce adipose conversion of PSPA cells and kept on proliferating. Growth arrest by octanoate was required
for PSPA cells to enter terminal differentiation. Our results can probably provide an answer as to why
researchers often prefer serum-free conditions in porcine primary cultures instead of serum-containing
medium (Hentges and Hausman, 1989; Surywan and Hu, 1993; Gerfault et al., 1999). This was because none
of the agents added according to mouse reports were sufficient to make preadipocytes cease dividing,
whereas serum-free medium readily did so. We propose that mouse is not suitable for the study of porcine
adipose development.
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