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INTRODUCTION
The consum er's  in itia l decision  to buy  fresh  m eat is in fluenced  by the surface appearance of the m eat 

(Cornforth, 1994). In red m eats, consum ers associate a b righ t red colour w ith  freshness and discrim inate against m eat 
w hich  has tu rn ed  b row n  in colour. U nderly ing  the undesirab le  colour change from  brigh t red  to brow n is the 
oxidation  of the m uscle p igm en t oxym yoglobin to m etm yoglobin. The rate and extent of m etm yoglobin form ation is 
in fluenced  by factors in trinsic  to the m uscle itself (m uscle type, pH , ox ida tion -reduction  reactions) and by 
environm ental factors (tem perature, oxygen pressure, packaging) (Renerre, 1990).

It has been established that, in  certain  feeding regim es, supplem entation  of beef anim al diets w ith  the natural 
an tiox idan t v itam in  E (a-tocopherol) can enhance the colour stability  of bovine m uscle post-m ortem  (Faustm an et 
al., 1989; Vega et al., 1996). The m echanism  by w hich vitam in E, a lipid soluble antioxidant, inhibits the oxidation of 
m yoglobin, a w ater soluble pro tein , rem ains to be clarified. In the p resen t study , the effect of m uscle a-to co p h ero l 
level on lipid and  oxym yoglobin oxidation w as investigated  in bovine m uscle system s.

MATERIALS AND METHODS
Vitam in E levels. M. longissimus dorsi sam ples w ere obtained from  Rom agnola x Friesian and P iedm ontese x 

F riesian  steers fed e ith er a con tro l d ie t con ta in ing  silage and  concentra tes o r a control d ie t supp lem en ted  w ith 
v itam in  E (2000 I .U ./d ay ) for 40 days before slaughter. The a-tocophero l conten t of M. longissitmis dorsi sam ples (3 
control, 3 supplem ented) w as determ ined by HPLC.

Lipid and oxym yoglobin  oxidation in a m icrosom e-enriched m uscle fraction. A m icrosom e-enriched muscle 
fraction (MF) w as p repared  by first subjecting a M. longissitmis dorsi hom ogenate to centrifugations at 17,600g for 30 
m in as described by A pgar and H ultin  (1982). H alf of the superna tan t obtained w as centrifuged at 104,000g for 60 min 
to y ield  a m icrosom e pellet and  a soluble fraction (SF) contain ing oxym yoglobin and  o ther w ater-soluble proteins. 
The SF w as re ta ined  and the m icrosom al pellet ob ta ined  w as resuspended  in the o ther half of the superna tan t 
ob ta ined  at 17,600g to give a m icrosom e-enriched fraction (MF). Lipid oxidation w as initiated in incubations of MF 
and SF by the add ition  of 45gM F eC fi/ascorba te  (1:1) (O 'G rady et al., 1995). Lipid oxidation (2-thiobarbituric acid 
reactive substances, TBARS) and  oxym yoglobin oxidation (Krzywicki, 1982) w ere assessed over a 24h storage period.

RESULTS AND DISCUSSION
M. longissitmis dorsi sam ples from  contro l and v itam in  E -supplem ented anim als w ere grouped  on the basis 

of a -to co p h ero l con ten t in to  low  v itam in  E (<2.0 gg  a - to c o p h e ro l/g  m uscle) and  h igh  v itam in  E (>2.5 gg a- 
to co p h ero l/g  muscle) sam ples. The m ean m uscle a-tocopherol levels for the low  vitam in E group w as 1.6 ± 0.4 g g /g  
and 2.8 ± 0.4 g g /g  for the high vitam in E group.

In the m odel system  stim ulation  of lipid oxidation w ith F eC li/ascorbate  led to an increase in both lipid and 
oxym yoglobin  ox ida tion  (Figure 1A). O xym yoglobin ox idation  d id  not occur w hen  the m icrosom al lip ids were 
om itted  from  the incubations contain ing the proox idan t (Table 1). The data show  that oxym yoglobin oxidation can 
be catalysed by oxidising lipids. A possible m echanism  for catalysis of oxym yoglobin oxidation is th rough interaction 
of free radical in term ediates of lipid oxidation w ith  oxym yoglobin (Sevanian and  H ochstein, 1985).

In the m odel system  containing bovine m icrosom al lip ids and oxym yoglobin isolated from the high vitam in E 
group , both  lipid and m yoglobin oxidation  w ere inhibited  (Figure IB). Thus, a likely m echanism  for the inhibition 
of oxym yoglobin  ox idation  in red  m eats con tain ing  e leva ted  v itam in  E levels is th ro u g h  the inh ib ition  of the 
form ation of free radical lipid in term ediates of lipid oxidation.

It ap p ears  from  the data  ob ta ined  in  this experim en t tha t a th reshold  level of lipid oxidation  needs to be 
a ttained  for m yoglobin oxidation  to occur. Thus, w hile considerable lipid oxidation occurred in the soluble fraction 
(SF) obtained after rem oval of the m icrosom es, oxym yoglobin w as largely unoxidised in these sam ples (Table 1). To 
effect oxidation  of oxym yoglobin, enrichm ent of the extract w ith  m icrosom al lipid w as necessary suggesting  that a 
critical ratio of oxidisable lipid to oxym yoglobin needs to be present.

The m odel system  used in this s tudy  differs from  that used in previous studies (Lin and H ultin, 1977; A nton et 
al., 1991; O 'G rady et al., 1995): (i) the pH  used (pH  5.5) is typical of that in post-m ortem  muscle, (ii) the tem perature 
used (4°C) is typical of that used for m eat storage, (iii) lip ids and m yoglobin native to the m uscle are used, (iv) w ater 
so luble com ponents of m uscle w hich can affect susceptib ility  to oxidation, e.g. antiox idant enzym es, are p resen t in 
the system , (v) the p ro o x id an t used  to in itiate  lip id  ox idation  does not cause ox idation  of oxym yoglobin in the 
absence of lipids. H ow ever, it rem ains a m odel system  and  fu tu re  stud ies should  focus on exam ining oxidative 
changes at the exposed m uscle surface.
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i c o n c l u s io n
The data p resented  suppo rt the contention that oxidising lipids could cause oxidation of oxym yoglobin in fresh 

J fed m eats and tha t the m echanism  of enhancem ent of colour stability by vitam in E is via its role as lipid antioxidant.
The w ork  w as u n d erta k en  w ith  m odel system s in w hich lip id  ox ida tion  w as stim u la ted  by the add ition  of a 
Pm oxidant system  capable of deg rad ing  preform ed lipid hydroperoxides. Further stud ies of oxidation w ith  muscle 
lipids and  oxym yoglobin in situ are necessary to verify these results.

Re f e r e n c e s
^nton, M., G atellier, P. and Renerre, M. (1991). M icrosom al lipid peroxidation  in relation w ith oxidation of bovine 
Myoglobin. Proceedings of the 37th In ternational Congress of M eat Science and Technology, Kulm bach, Germ any, pp
320-323.
^Pgar, M.E. and H ultin , H.O. (1982). Lipid peroxidation  in fish m uscle m icrosom es in the frozen state. Cryobiology 
*9- 154-162.
Cornforth, D. Color - its basis and im portance. A dvances in M eat Research 9, 34-78.
d u stm an , C., Cassens, R.G., Schaefer, D.M., Buege, D.R., W illiams, S.N. and Scheller, K.K. (1989). Im provem ent of 
P'gment and lipid stability  in Elolstein steer beef by d ietary supplem entation  w ith vitam in E.. J. Food Sci. 54, 858-862. 
Rrzywicki, K. (1982). The determ ination  of haem  pigm ents in meat. M eat Sci. 7, 29-36.

T.-S. and  H ultin , H.O. (1977). O xidation  of m yoglobin in v itro  m ediated  by lipid oxidation  in m icrosom al 
/■actions of muscle. J. Food Sci. 42, 136-140.
[" G rady, M .N., M onahan , F.J., Y eom ans, T.C., M ooney, M.T., Butler, F. and  Buckley, D.J. (1995). R elationship 
etween oxym yoglobin  ox idation  and  bovine m icrosom al lip id  oxidation. Irish  Journal of A gricultural and Food 

Research, 34(2), 204.
enerre, M. (1990). Review: factors involved in the discoloration of beef. Int. J. Food Sci. Technol. 25, 613-630. 
evanian, A. and H ochstein, P. (1985). M echanism  and consequences of lipid peroxidation  in biological systems. Ann. 

J ev- N utr. 5, 365-390.
^ ega, L„ Enser, M., R ichardson, R.I. and W ood, J.D. (1996). Effects of supranu tritional vitam in E on m eat quality in 

airy cross steers fed grass silage and concentrates. In Proceedings of the Brit. Soc. Anim. Sci. W inter M eeting, 
carborough, M arch 1996.

p.
^BUre j. Lipid and m yoglobin oxidation in a m icrosom e-enriched m uscle fraction from (A) low vitam in E and 

‘Bh vitam in E M. longissimus dorsi.
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Tabi
c Je 1. Lipid and oxym yoglobin

Gaining high an d  low vitam in E levels.

In,

oxidation  in m icrosom e-enriched m uscle extracts from M. longissimus dorsi

Storage tim e @ 4°CCubatiion
0 h 4 h

1 r. TBARS1 OMb, %2 TBARS OMb, %
COu, p

11 muscle: MF3 + Fe/ascorbate 0.056 ± 0.026a 87.3 ± 3.5a 0.793 ± 0.043a 31.8 ± 7.7a
MF 0.028 ± 0.009b 88.0 ± 3.0a 0.028 ± 0.006c 87.8 + 1.3b
SF4 + Fe/ascorbate 0.059 ± 0.0311 90.7 ± 1.9a 0.485 ± 0.059b 84.2 ± 2.5h

Hi L S F
0.027 ± 0.006b 91.7 ± 1.4a 0.025 ± 0.009c 91.0 ± 1.3b

k41 E muscle: MF + Fe/ascorbate 0.022 ± 0.007b 87.8 + 4.6a 0.023 ± 0.007c 88.7 ± 4.5b
M F 0.011 ±0.008b 87.7 ± 4.5a 0.010 ± 0.005c 87.5 ± 4.8b
SF + Fe/ascorbate 0.014 ± 0.003b 91.0 ± 4.4a 0.022 ± 0.002c 90.0 ± 3.5b
SF 0.011 + 0.005b 90.7 ± 4.5a 0.013 ± 0.007c 90.5 ± 4.8b

fr> l e s  m a lo n d ia ld eh y d e /m g  protein. 2O xym yoglobin, % of total. 3M icrosom e-enriched m uscle fraction. 4Soluble 
ct’°n. a,b,c,d M ean values in the sam e colum n bearing different superscrip ts are significantly different, P<0.05.
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