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Relationship between fat content, connective tissue and objective tenderness measurement in porcine

longissimus dorsi,

E. KIRKEGAARD, A.J. MOLLER and J. WISMER-PEDERSEN,

Royal Vet, - and Agricultural University, Department of Meat Science and Technology.
Copenhagen, Denmark.

Heat-induced changes in tenderness parameters in pork loins with differing’ intramuscular fat content
were studied in relation to some qualitative characters of collagen. The meat was heated to 55°C,
65°C and 75°C. Objective tenderness measurements by an Instron Universal Testing apparatus were
performed including Warner-Bratzler shear and compression. Parameters derived from the force-

deformation curves were correlated with the chemical analyses,

The intramuscular fat content in the samples varied between 1,5 percent - 5,5 percent and significant
negative correlations between percent fat and the percentage of cooking loss were found, The tenderness
parameters reflecting the connective tissue component in the heat treated meat were most strongly
correlated to the percent intramuscular fat, However the correlations between percent fat an ana-

lyses of pepsin-soluble collagen and also the amount of collagentype 1 and III were generally low.

The effect of percent fat on the studied tenderness parameters was mainly pronounced, when the fat

content was below 2,5 percent.

Beziehungen zwischen Fettgehalt, Bindegewebe und Objektiven Konsistenzmessungen in Porcine

Longissimus Dorsi,

E, KIRKEGAARD, A.J. MQLLER und J. WISMER-PEDERSEN.,

Royal Vet, - and Agricultural University, Department of Meat Science and Technology.
Copenhagen. Denmark.

Erwirmungabgdingte anderungen der Konsistenzparameter im Schweinekamm mit varierendem
intramuskularem Fettgehalt wurden in Relation zu einigen qualitativen Kollageneigenschaften unter-
sucht, Das Fleisch wurde bei 55°C, 65°C und 75°C warmebehandelt, Objektive Konsistenzmessun-
gen einbegriffen Warner-Bratzler {berschneidung und Kompression wurden ausgefuhrt, Unterschied-

liche Parameter vom Kraft-deformations Kurven wurden mit den chemischen Analysen korreliert,

Der Fettgehalt in den Proben varierte zwischen 1,5 - 5,5 prozenten und signifikante negative Korre-
lationen zwischen prozent Fett und prozent Schwund bei Warmebehandlung wurden erwiesen, Die
Konsistenzparameter,dis die Bindegewebe -komponenten im warmebehandelten Fleigch wiedergeben
waren am meisten mit den prozentualen intramuskularen Fettgehalt Korreliert, Die Korrelationen
zwischen prozent Fett und Analysen fur pepsinloslichem Kollagen samt fur gehalt vom Kollagen-
typus I und III waren jedoch generel niedrig, Die Wirkung von prozent Fett der untersuchten

Konsistenzparameter war hauplséchlich nur zugegen, wenn der Fettgehalt € 2,5 prozent war,
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Relations entre contenus de matiéres grasses caractéristiques des tissus connectifs, et mesures de

tendreté dans longissimus dorsi du porc,

E. KIRKEGAARD, A,J, MPLLER et J, WISMER-PEDERSEN.,

Royal Vet, - and Agricultural University, Department of Meat Science and Technology,

Copenhagen, Denmark,

Les changements des param&tres de consistance produits par chauffage de filets de porc ont été
etudi€és et mis en rapport avec des qualités caractéristiques des collagenes dans les tissus connec-
tifs des filets, Echantillons 3 differentes pourcentages de matiéres grasses intramusculaires ont

€ traitées X 55°C, 2 65°C et 2 75°C. Mesaures de tendreté étaient obtenues avec un appareil Instron
par Warner-Bratzler coupages et compressions, Les paramétres de consistance étaient calculées de

graphes des forces appliqués contre les déformations réalisées.

.8 contenus de matieéres grasses intramusculaires dans les échantillons ont varié dé 1,5% 3 5,5%.
:a corrélation entre ces pourcentages et les pertes de poids pendant les traitements ge trouve signi-
iante et négative, Les pourcentages de matiéres grasses intramusculaires et les paramétres de
consistance, qui dépendent des qualités des tiesus connectifs, sont parmi les plus corrélés, Les
corrélations des pourcentages de matidres grasses avec les contenus de collagenes soluble 3 pépsine,
avec les contenus de collagenes de type I et avec de type III, sont moins pronongées, C'est seulement
pour les contenus de matieres grasses moins de 2,5%, qu'il se trouve une corrélation entre les pour-

‘> ~ i ;
centages de matieres grasses et les parametres erudiées de consistance.

QTHOWOHNE MOXXy CONGDXAHWOM XUpa, COGAMRMTENSHOR TKAHED M O0CBOKTHBHNMY VBMEDEHUAM
MATKOCTY B cBuWHMHe (JNonaTouHo#t gacTH).

E KUPKEDAAPI 4. AWM MENIEP w [ BUCMEP-IIELEP3EH,

Kopozescrult JHWBepCHTET BETODOHADUM W CONBCKOI'D X03AMCTBA,0TAEN TOXHONOTWM H MCCHE—
AoBaHWs MAca, Konemrarex,llanus,

BHIY MCCNEA0BAHH YCHOBHHE HAI'DOBAHNEM WBMOHEHWSA B NEDPAMETPAX MATKOCTH B CBRHWHS (NONe-
TOYHO# yacTy) ¢  BAPBMPYOMMM IPOLEHTOM WHTPAMHNEYHOr'O XMpA IO OTHONEHUD O Hexowopg-
M¥ KAYECTBEHHHMM KOJIAreH-0BOMcTBaMM, Mfco GHmo Harpers Ao coorTBeTcTBeHHo 55°C, 65 C
# 75°C, O0zexTuBHNe MBMODEHUA MATKOCTH BHOONHANNCH HA WHCYpOH~ANMADAT® ANA WBMEDEHWA
MATKOCTY YYWTHBAA BapHep-BparTunep nepepesanue W CXaTHe. PasHHe NapaMeTpH cunozedop-
MBIUOHHHX KDWBHX KODPENUDOBANNCEH C XWMUYECKUMM 8HANUBAMA.
Cozepxanue XUpDA B ONHTAX KOoxedanochk B mpezenax or I,5 xo 5,5% u OHio ykasaHo HE X8=
PAKRTODHHE OTPHIATONBHHE KODDONANMN MOXZY NMPONEGHTOM XWDA W NMDPOLEHTOM yOHJW BO BpeMd
Harpesanua,. [lapaMeTpH, KOTOPHE 0TPAXEDT KOMIOHEHT COGAWHMTEMEHOX TKAHM B HArpeBEGMOM
Mrc8, OHIM CHIBHE® BCEr0 KODPENAWDOBAHH C NMPOLGHTOM WHTPAMHUSYHOIr'0 Xupa, Koppexauwd
MBXZy NMpPONGHTOM XWpa ¥ SHAAWSAMN TNENCHH-PACTBODMMOr0 KOJNJNSIEHA 8 TAKXE MEXAy NMpONEH=
TOM Z¥pa ¥ KONHY6CTBOM Koxanarena-tuna I w xoxnarena III «6uam OZHAKO BooOmEe HWBKHE.
JleficTBue npoONeHTA XUpPA HA MCCNEZOBAHHHE MADAMETDH MATKOCTH npncyrcrnonano I'J18 BHEM
00pasoM TONBKO TOrAA , KOUZA COZEPRAHWE XWpa OHID Huxe 2,5%.
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,&ijﬂi(_)gship between fat content, connective tissue and objective Iend(-rgvi-_uj”i\c.wurmncm in porcine

J"\”gﬁsimns dorsi,

E, Ki!‘kegaard, A.J. Mgller and J, Wismer-Pedersen,

Roya) Vet. - and Agricultural University, Department of Meat Science and Technology.
C'JPt‘nhagen, Denmark,

Reducing the fat content of carcasses is a prime objective in swine improvement programmes and sclection
for this trait has increased the lean/fat ratio . Against this, however, there is a widespread belief that a
€ertain amount of external and intramuscular fat is essential to ensure satisfactory cooked flavour and ten
derness, Comprehensive studies have been conducted about the correlation between the fat content and factors
Telating to eating quality of meat (Bray 1966, Parrish 1974), Inconsistent results about the importance of
Percent intramuscular fat have arised in ealier reports, but more recently significant correlations between

Measurements of fatness and tenderness have been found (Davis et al¥ 1975, Martin and Fredeen 1974).

In some breeds which are superior in carcass muscling it seems that the content of intramuscular fat are of
increaeing importance for the sensoric properties (Buchter and Zeuthen 1971), The fat content in muscles

is Mainly located in the perimysium and it has been suggested that this may aid in the ultimate alteration of

i Collagen during cookery (Carpenter et al. 1963). Culler et al. 1978 found a significant correlation betwe-
N myofibril fragmentation index and marbling in beef which may indicate that the fat content may be associ-

3ted with factors modifying the myofibril proteins as well,

The Purpose of this experiment is to study the effect of heat induced changes in objective tenderness measure .
Ments and relating these to the content of intramuscular fat and characteristics of collagen including pepsin-
Soluble collagen and the amount of collagen type I and IIl. Studies have proved that the latter reflects different

degrees of cross-linking of collagen (Bailey and Sims 1977).

Materiqis and methods.

Carcarases from 10 pigs of Danish Landrace and 10 pigs of Duroc were slaughtered at approximately 90 kg
liveweight. After a 24 hr. chill the loin sections were excised and aged at 2-4°C for a period of 7 days.

All animals had ultimate pH value around 5.5 - 5.7.

I""amuscular fat was determined by a physical and a chemical method. The physical evaluation of fat was
Made on slices of both endsections of the loins. A grid 0.5x 0.5 cm was vsedto quantitate the amount of fat pre-
Sent in the sections of m,longissimus dorsi, The fat measure was expressed as the percent of intersections
falling on fat tissue, A representative sample of the two sections was analysed for percent intramuscular

fat by a refractometrical method (Rudischer 1965)

The total amount of collagen was determined as percent hydroxyprolin (Wyler 1972), The CRneative tisue
Was isolated from the samples after homogenization and extraction procedure using 0.9 percent NaCl and

I m KCl, The collagenous tissues were separated into collagen type I and type 1II by fractional precipita-

tion from the pepsin solubilised collagen essentially as Bailey and Sims (1977), In addition to this the per-
Cent of collagen made soluble by the pepsin treatment was calculated as well as contained in the procedure
to fractionate collagen., Subsamples of the longissimus dorsi muscle frorr: each animal were cooked for 20
rninutes in glass tubes containing 0.9 percent NaCl at 550C. 65°C and 75° C. Samples were weighed before

and after cooking to determine cooking losses,

An Instron Universal Testing machine table model 1140 was used to measure Warner-Bratzler (W-B) shear
ind Compression with the following operation parameters: Crosshead speed 100 mm pr, minute and chart

SPeed 100 mm pr. minute. The raw meat subsamples for heat treatment were 6 cm along the muscle fibre
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The W-B slope of yield represents the rate of change of init

force and was calculated from the force defor

mation curve as a measure of hardness, As shown in Table 2 the correlation coefficients between the W-B

slope of yield and percent intramuscular fat were highly significant at all three cooking temperatures, This
means that a decreasing amount of intramuscular fat causes a more rigid structure of the cooked meat,
Parameters derived or calculated from the compression curves have been used as a measurement of hard-
nese, elasticity and cohesiveness of meat (Friedmann et al, 1963), In a study comparing different methods
for determining meat tenderness, Bouton and Harris (1972) found that the compression measurements account

mainly for the variation in tenderness caused by the connective tissue component,

In this experiment the difference between the force required to achieve the first and second curve produced

by the plunger was taken as a measurement of elasticity, When differences were small, this was taken as

an indication of higher elasticity. As shown in Table 2, highly significant correlation were found between

pPercent intramuscular fat and the amount of elasticity at cooking temperatures at 55°C and 65°C (P < ,01),
Algo the derived parameters concerning hardness were highly correlated with percent intramuscular fat

at all cooking temperatures, Samples containing a decreasing amount of fat therefore have a decreasing
elasticity but increasing hardness compared to the more fatty samples, When the cocking temperature

0, Lo %4 viter .3 Sl 3 "
was raised to 75 C the correlation between elasticity and percent intramuscular fat decreased, This is

probably caused by the higher degree of coagulation cf the myofibrillar proteins assuming that the main

effect of fat is connected to the connective tissue component,

The cohesiveness of meat after heat treatment is related to the gelatinization of collapen as shown by the high
er correlations between cohesivness and percent intramuscular fat at cookingtemperature at 7%'}(‘, Carpenter
et al, (1963) suggested, that increasing amd int of intramuscular fat may aid in the alteration of collagen
durin;g cooking. According to this the effect of fat on cohesiviness may be more pronounced by cooking at

75°C.

SPUl!ing the total material into three subgroups based upon the percentage of intramuscular fat, the relation-
ship between fat levels and W-B peak shear as well as W-B slope of yield is shown in Fig, 2. The effect of
Percent intramuscular fat on the tenderness parameters appeared to be more pronounced at decreased level

of fat in the samples, Increasing amount of fat beyond 2.5 percent had no further effect on the W-.B peak
3 Pl 2

shear or the W-B slope of yield as seen from Fig. 2.

In Table 3 the correlation coefficients between the different tenderness parameters are presented. The

; w rield a ; 881 ars S5
hlghps! correlations were found between the W-B slope of yield and the compression parameters, Most

Probably both of these parameters measure the same characteristics of meat namely the connective tissue
20 < e

component. Therefore it is assumed that the effect of intramuscular fat on the tenderness of meat is main-

ly manifested through an effect on the connective tissue component,

. wdroxyprolin analyses vari between , 88 ¢ 1.3 e )
Total collagen contents calculated from hydroxyprolin ynalyses varied between and 2 percent in the

is > between , 85 a 1.04 percent in the o -
8roup of animals belonging to the Danish Landrace and between , and percent in the group of Duroc,

S a8 determine rom the isolated and freeze dried connective tissue
The amount of pepsin soluble collagen was determined from o = i ; .

: ac A nepative correlation was found between percent intramuscu
after removal of the saltsoluble fraction. A nega co F é

- 56 ) 5 5
lar fat and the amount of non-pepsin-soluble collagen (r -.33 and r -.56 P05 for resp, the chemical

and physical determination of fat), Therefore, an increasing content of fat in the samples was related to

: RS A high eoree of cross-linking in the telopeptid region of the
hlgher amount of pepsin soluble collagen. A higher deg ¥ Pef 24

1 s ¢ latio P -jents betw s cant
trop”c"llﬂs'(‘n reduces the solubility effect of pepsin, However, the correlation co~fficients b een percen

al | - 3 - s
Pepsin soluble collagen and the various tenderness parameters were in genera yw and not significant, The

A . 5 and c.26 percent, the latter amount in accordance with re-
&m()u“' of cnllayen type 1 and 111 was resp. C. and c. F

8ults found by Bailey and Sims (1976). The analyses of collagen types were, however, not rela ed to the va

Tiation in the fat content nor the variation in the tenderness parameters studied,
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Table 1, Simple correlation coefficients between percent intramuscular fat and percent

cooking loss at different cooking temperatures,

Percent cooking loss Percent intramuscular fat

Chemical Physical

55°C - 56 R T e
65°C -. 48" e s
75°C e e 5 ' g

x=P¢ .05, xx=P< .01, xxx = P< ,001 , n=20
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Table 2,

cular fat at different cooking temperatures,

Cooking temperature

Simple correlation coefficients among tenderness parameters and percent intramuas.

55°C 65°C 8°C
Percent intramuscular fat

chemical physical chemical physical chemical physical
Warner-Bratzler shear,
Peak shear value S 65 L G —2d -.38 S182 R
Slope of yield 554" R - S 07T LT T Y Rl Y P oy
Instron compression,
Elasticity e OR T LL TaE STk R s =527 . 41
Hardness I =, 46™ oy { w20 -.50% -. 46 -.64*%
Hardness II S e S ;24 -.50% =33 o 525
Cohesiveness =, 35 o e -. 36 -.45 BN ) Vi -.(»lxx
x=Pc¢,05, xx = P< .01, xxx= P< ,001 , n=20

Table 3,

Simple correlation coefficients between tenderness parameters at different cooking temperatures.

W-B peak shear value W_-B slope of yield

;::Ei":l’e’::" 55°C  65°C 75°¢C 55°¢ 65°C 75°¢
88 Kg** .39 ML, () o I ) o S 7 5
Elasticity 65 58 .28 . 49% i Lo R S e |
29 65 60** ST ST R
55 42 .24 . 55% S R T
Hardness I 65 33 52% = Y ¥ .55% . 49%
75 45% 58*% 66™* 65** o Lt R
58 g 27 49* 63** rf et
Hardness II 65 .39 .46* ¥ e T i 57 2T
TR 28 22 48* 55% B 5 , 55"
55 .40 .25 49* .51% 45% 54%
Cohesiveness 65 52% .45% Y R 41 .35
75  .45% .07 i 21 .41 7Y . 54%
xs PC0.05, xx =P 0.01l , xxx = P< 0.001 n=20




Cooking loss (%)

Warner-Bratzler slope of yield (kg/mm)
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Cooking temp, 550(3
D Cooking temp, 65°C

E Cooking temp, 75°¢C

% intramuscular fat
1,50- 2,.50- 3.00-

2.25 2.80 5.00
(n=6) (n=7) (n=7)

Fig,1,

Cooking loss in porok loins with different intramuscular fat content after heatin
55°C, 65°C and 75°C. (The vertical bars are the 95% confidence limits),
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