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INTRODUCTION
im o  ^ ° f  led “ phtere P a g i n g  (MAP) is a usual system of meat retail sale. The atmospheres used combine oxygen (0 2), carbon dioxide 
(C02) and eventually nitrogen (N2) to maintain the quality of fresh red meat, both from a microbiological and an organoleptic point of view The
M b œ fw h ic h i S o S S tu °  S “  of meat <Clark et a/" 1976>- CO combines with myoglobin to form carboxymyoglobin

(MbCO), which s more stable than oxymyoglobin and gives an attractive cherry-red colour to meat (El-Badawi et a l  19641 Carbon monoxide is 
considered a toxic gas; therefore, its use for food packaging is not allowed in most countries. However, accord ng to thelntemarional SHnda d for 

m1Cltl ? fT8uS M(ISO ,0298’ 1995k the “ "centration of CO in a gas mixture necessary for reaching“  
r n n  g ?h y th? m ht' Th® N°rwue8lan meat industry, according to Sorheim et al. (1997a), has b iin  using a gas mixture containing 0.3- 

in v Î  ^ T 8 thC pSSt ’i l  years> and they concluded that gas mixtures with a low concentration of CO, up to about 0.5% do not present an)1 
toxre threat to consumers. The aim of the present research was to investigate the effect of various low CO concentrations on shelf-life extension of 
fresh red meat, as well as to determine the critical level of CO necessary for colour stabilisation. 0611 “Ie extenslon

MATERIALS AND METHODS
and a tr Sph?reS,M Longissimus lumborum was removed from 3 beef carcasses 48 hr post mortem and 2 cm thick steaks 

were cub Steaks were individually placed on polystyrene trays of 15.5 x 21.5 cm and sealed (after flushing with the selected gas mixtures) within a
24mhrd m W O  ° L ^  yHKy cnH r  E° 1  permeability of 5“7 g m‘2 24 hH at 23"C and oxygen permeability of 40-50 ml nr2
24 ! i  at 23 C(; supplied by Sidlaw Packaging-Soplaril (Barcelona, Spain), and stored at 1±1°C. Gas mixtures were supplied bv Abellô Linde S. 
n 1 8paln  ̂and conslsted of 70% O2 + 20% CO2 + 10% N2 (control modified atmosphere: CMA) 24 % 02 +P50% CCh + 25 9% N2 +

%° 2 + X %  C° 2 + 25'75% N2 + 0-25% CO (LO-CO 0.25), 24 % 02 + 50% 0 0 7 +  25 5% N, + 0 5% CO fLO CO 
0.5), 24 % 02 + 50% CÛ2 + 25.25% N2 + 0.75% CO (LO-CO 0.75) and 24 % 02 + 50% C 02 + 25% N2 + 1 % CO (LO-CO21 ) Steaks from each 

af £ ned to a» treatments. M icrobial analysis. Counts of aerobic psychrotrophic flora were determined in Pllte CounT Agat 
(Merck, Darmstadt, Germany) incubated at 7 C for 10 days (Elliott et al., 1983); lactic acid bacteria on MRS agar (Merck- Darmstadt Germany)*

f° r. an,d ^ rochothrbc thermosphacta in STAA agar (Oxoid; Basingstoke, UK) with streptomycin sulfate
7 7  C o o u r n s t r . T m f t f  mg } CyCl° 7 xlmide (5°  m? M) " lcubated aerobically at 25°C for 3 days. Counts were expressed as log cfu 
cm 2. Colour instrum ental measurement. Objective measurement of colour (CIE L*, a*, b*) was performed at the surface of meat samples 
using a reflectance spectrophotometer (Minolta Chroma Meter CM-2002), 30 min after paikage opening. E ^h  value w ^  ^  m ^ o f  TO ^ 
5 ? r7 H ns7?nS' Metmy°g |<,bl"  percentage. Metmyoglobin percentage was estimated spectrophotometncally by measuring the reflectance at 
525 and 572 nm according to Stewart et al. (1965). The maximum value of the quotient between K/S572 and K/S525 at the teginning of the

.070ÎIXP u °f° ^  Whi‘e 1(” *  7 ct,Mb was obtamed after oxidising a sample in a 1 % (w/v) solution of potassium femcyanide
Ln^rTh V 9 7 0 ' 7 iCh Va Ue WaS the mean °,f ??'25 determmatlons- Sensory analysis. Meat samples were evaluated by a six-member trained 
v 7  rvu7, 'n n dl|CUS+IOn ses,sl®ns held 1° familiarise the individual with the attributes and the scale to use. The attributes studied were:

w s s s r s s !
RESULTS AND DISCUSSION

liT p a re y " ' 1993) fo u n ts  17B r o c h m h r ^ Î h ^  res?lts^ ™ d 'Tithcthe we" known fact that LAB are relatively insensitive to C 02 (Farber.. ’ ‘ arry iyyj). Counts of Brochothnx thermosphacta (B. th.- Fig. 3) grew quite rapidly in CMA-packaaed samnles after l7 7 v s  of

( ^ O s Z b Z  maX1T  w t  ° f  5 “J  CfU,Cm'2 at 29 days- Samples packaged s p h e r e s  c o n t a i n i n g ^ œ ^ ï w e f f s t J o n f  deM  (p<0.05) in B. th. growth, which remained at a lower rate throughout all the storage period (<3 log cfu cm-2 at 29 days) This effect of CO7 on B- 
th. growth is in good agreement with the results reported by Blickstad and Molin (1983) and Gill and Harrison (1989).

of 0.50% CO provided a significant (dcO OH stahilicati™ r a There ôr^’ samples packaged in modified atmospheres with a minimum

LO C O 0 5  w ^ l 1*86-' frar  d,1i »  « *  i S t ,  

storage m l 1 ° A  7  h,. ,T t " 998) beef loin steaks packaged in an atmosphere containing 1 % CO had less than 30% MetMb at 29 days of

coIotV shelfdife of rriMt 1976'|9f^t ‘S ‘7  mOSt Used « ^ " ‘ration in order to stabilise red colour and increase

o T a ld S °C O y ¿°i 0ngi S ed C°fl0Ur- D ir ,0 r ti0 " ^ 5 ^d LO-CO 0. samples and 24 days for samples packaged in atmospheres containing 0.5% CO or moreP If wl consider a value of 2 as the
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samnf^ accePtance; which correspond to 0-10% discoloured area, beef steaks packaged in CMA would be refused after 15 days of storage, while 
agreemS PackaSed 111 atmospheres containing 0.5% CO or higher would not be refused until 24 days of storage. These results were in good 
Prohi<kienj Witl1 Previous 'vork (Luno et al., 1998). Fresh meat odour was better maintained in meat steaks packaged in LO-CO atmospheres, 
SatTj y due to the presence of 50% CO2 instead of 20 % CO2 of CMA, and related to microbial growth inhibition. After 19 days of storage 
■Paint6S PackaSed m CMA evidentiated still good odour, but slightly poorer than fresh meat. In contrast; steaks packaged in LO-CO atmospheres 
2 wl r med an excellent fresh meat odour independently of CO percentage. After 24 days, CMA, LO-CO 0.25 and LO-CO 0.1 were scored with a 
atmrre uatmospheres with 0.5% CO or more were scored with a 1. On day 29th, a clear difference, related to CO content, was evident amongst the 
These 6r?S; was scorec* with a 5, LO-CO 0.1 with a 4, LO-CO 0.25 with a 3 and atmospheres with 0.5% CO or more were scored with a 2. 
COi ¿es . s proved that increasing concentrations of CO were able to extend the odour shelf-life of meat, independently of the presence of 50% 
iaM i,evious resu t̂s (Luno et al., 1998) clearly showed that 1 % CO improved odour shelf life. Clark et al. (1976) already reported that CO 
woove 0.5%) extended meat odour shelf life.

C O N C L U S IO N
■Peat f  modified atmosPhere containing 0.5 to 0.75% CO, 50% CO2, 24% O2 and about 25% N2 combines a number of worthwhile effects for 
risk very §ood and stable colour and odour, extended microbiological shelf-life with minimum pathogen hazard and no fire or explosion

*" 1 his mixture is nontoxic according to ISO 10298. p

B, R E F E R E N C E S
cj>sktad and Moulin (1983). J. Food Prot. 46, 756.
El-Ra’T '  S" Lentz’ C: p- and Roth> L. A. (1976). Canadian Institute of Food Science and Technology Journal 9, 114.
Elliott d 1’ A' A" Cain’ R' Samue|s, C. E. and Anglemeier, A. F. (1964) . Food Technology 18 (Suppl. 5), 159.

Ar-riV,' S ’ c,ark’ D- S. and Lewis, K. H. (1983) ICMSF: Microorganisms in Foods. Their significance and methods of enumeration. Vol. 1. 
Ga c.r bla- Zaragoza.
GepClil'1V?atamoros’ E- and Moral-Rama, A. (1973). Proc. 19th Eur. Meet. Meat Res. Work., Paris, 317.
Qin’ “ ■ L. and Brown, W. D. (1978). J. Agric. Food Chem. 26, 274.
ISo’tn and Harrison, (1989). Meat Sci. 26, 313.
1 10298 (1995) Determination of toxicity of a gas or gas mixture.
reward, D. A. (1970). J. of Food Sci. 35, 33.
paa°’ Beltran, J.A. and Roncales, P. (1998). Meat Sci. 48, 75.

(1993) Principles and Applications of Modified Atmosphere Packaging of Foods. Blackie Academic & Professional. Chapman &
SilHk ’ 9 las8°w’ UK-
Sorh ■ 1  H” Woodruff’ R- E-’ Lugg, J- R-. Wolfe, S. K. and Brown, W. D. (1977). Meat Sci.
Sorh '"1’ ° ’’ KroPf’ D-H., Hunt, M.C., Karwoski, M.T. and Warren, K.E. (1996). Meat Sci. 43 
s netm, O., Aune, T. and Nesbakken, T. (1997a). Trends in Food Sci. and Technology 8, 307.
Steu m’ ° ” Nissen’ H- and Nesbakken, T. (1997b). ICoMST 97, 43, 694.

Wart, M. R., Zipser, M. W. and Watts, B. M. (1965). J. of Food Sci. 30, 464.

, 195. 
203.

Ac k n o w l e d g e m e n t s

ComiT-1*8!research work was supported in part by Abelló Linde, S.A. (Spain), which provided the packaging equipment and gas mixtures, the 
°n interministerial de Ciencia y Tecnología (Grant No ALI96-0587) and the Diputación General de Aragón (fellowship of author M. Luño).

paí! íai ; <i t i' 9 he Followin8 Gas Atmospheres: CM A (70% 0 2  + 20%  CO2 + 10% N2 ); LO-CO 0.1 (24% 0 2  + 50% CO? + 25 9°/, 
(24% n 5 °  ° '25 (24% ° 2 + ^  C° 2 + 2S 75% N2 + 0.25% CO), LO-CO 0.5  (24% O 2 + 50% CO2 + 25 5% N2 + 0  5% CO) LO-CO 0 75

^  O2 + 50% CO2 + 25.25% N 2 + 0.75% CO) and LO-CO 1 (24% O2 + 50% C 0 2  +  25% N2 + 1% CO) 2 '• ° '75

-e- AMC

1%C0
-4- 0,75% CO 

0,5% CO 

-S- 0,25% CO 

At- 0,1%CO
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