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uﬁld oxidation is one of

hﬁ pPrimary factors

courting the shelf-life of
(q ked meats during storage

Pp ¥ and Pearson, 1987).
QXPdUQtS of the auto-
%édation of unsaturated

ﬁﬁvy aids adversely affgct

vVay Sur, colour, nutritive
€ (Pearson et al.,

of ) and also the safety
Meats (Addis, 1986).
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fatt the polyunsaturated
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Syp.2tial  components of

brs ~Sllular membranes, are
the arily responsible for
day, initial rapid
ﬁ\elopment of oxidized

ay :
l%atours in raw and cooked

lggs_products (Younathan,
W87’ Gray and Pearson,
e 2 Rupturing of the

m
%%E:Ptmentalized cellular
m of muscle,
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particularly by mincing or
restructuring, results in
the exposure of the labile
phospholipid components to
a pro-oxidative environment
and facilitates the
formation of free radicals
capable of propagating the
oxidative reaction.

Lipid oxidation is
catalysed by myoglobin,
haemoglobin and cytochromes
(Tappel, 1962). However,
free 1iron, released from
myoglobin during cooking,
appears to be the key pro-
oxidant in cooked meats
(Pearson et al., 1983).
While there is considerable
interest in the mechanism
of Fipid peroxidation,
ma,jor attention is now
focused on the methods of
preventing off-flavour
development and extension
of shelf-1life. The role of
various exogenous anti-
oxidants has been examined
and reviewed (Gray and
Pearson, 1987) and in
recent times dietary «-
tocopherol has been shown
to improve the oxidative
stability of muscle systems
(Buckley and Connolly,
1980).

The ob.jectives of the

present study were to
investigate the effect of
long-term dietary a-

tocopherol supplementation

on (i) the a-tocopherol
status of the pig; (ool )
the susceptibility of

muscle and other tissues to
oxidation; and (iii) the
oxidative stability of raw
and cooked pork products
during storage.




MATERIALS AND METHODS

Thirty-two Landrace x Large
White pigs, weighing
approximately 7 kg each at
weaning,were randomly

divided into two groups of
sixteen (8 male, 8 female).
One group was fed a control
diet (30 mg a-tocopherol
acetate/kg feed) and the
other group was fed a diet
supplemented with Q=
tocopherol (200 mg/kg feed)
in the form of a-tocopherol

acetate from the time of
weaning to slaughter. The
pigs were given water and
feed ad libitum. The

average weight of the pigs
at slaughter was 84 kg.
Blood and tissue (L
muscle, liver, lung, heart,
kidney) samples were taken
at slaughter. The plasma
fraction and tissues were
stored at -20°C until
required. a-Tocopherol in
plasma and tissue samples
was determined by the HPLC
methods of Bieri et al.
(1979) and Buttriss and
Diplock (1984), respect-
ively. The extent of
lipid oxidation 1in meat
products was assessed by
the 2-thiobarbituric acid
method of Ke et al. (1977)
Thiobarbituric acid-
reacting substances (TBARS)
numbers were expressed as
mg malonaldehyde per kg of

tissue. Mitochondrial and
microsomal subcellular
fractions were isolated

from muscle by differential
centrifugation (Asghar et.

Al oy 1988). The lability
of the liver, lung, heart
and kidney tissue
homogenates, and the
subcellular fractions of
muscle, to iron-induced
D pael peroxidation was

determined by a modifi-

. Dorsi
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cation of the method of
Kornbrust and Mavis (1980) .
TBARS were determined by
the method of Buege and
Aust (1973) and reported as
nmoles malonaldehyde per mg
of protein.

RESULTS AND DISCUSSION
a-Tocopherol Levels

The average a-tocopherol

levels of plasma and
tissues of pigs fed the
control diet and diet
supplemented with a-
tocopherol are presented in
Table 1. The mean a-

tocopherol level in plasm2
was significantly (p< 0.01)
influenced by diet and
increased from 2.03 to 5.48
ug ml-! on increasing the
dietary level to 200 mg/kég
feed. The mean a~
tocopherol levels of
muscle, liver, lung, heart
and kidney increased 2.9
ZeDy o 255, 256 and  ZEiEs
fold, respectively, in pig%s
receiving the high dietary
a-tocopherol level.

Muscle TBARS numbers.

The TBARS results indicat®€
that pork patties, both ra¥
and cooked, from pigs fe
the a-tocopherol - enriche
diet were more stable thal
those from the control pig?®
(Tables 2 and 3). Raw pOrk
patties from pigs fed hig
levels of a-tocopherol h2
significantly lower (P

0.01) TBARS numbers thaP
those from the control pig®
after 9 days of storag€:
The TBARS data (Table d
also showed that coOke’
pork patties from the a
tocopherol - supplemeﬂte,
group had consistentl§
lower TBARS numbers thag
cooked patties from th




OrltrOl group of pigs.
lgrllflcant differences
0E<0 01) in TBARS were
%SEPVed after storage for
at 4G, Oxidation

storage occurred
more readily in all
cooked samples in
dZ?traSt to the more slowly
ba‘eloping rancidity in the
r Y pPatties. Similar
oh.-tlonships have been
(LserVed in broiler meat

n et al., 1988).
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h
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nmoles Malonaldehyde/mg prolein

{ :
;pn‘lnduced lipid per-

a@tion

E;iure 1 shows the rates of
U-induced 1lipid per-

}Q;datlon in liver, lung, 0

M.Pt and kidney tissue of

%@S fed the control diet

Sy the a-tocopherol -

D l em Sig f-
l ented diet. igni Figure 1. Effect of dietary a-tocopherol su lementation
%an reductlons (p<0.01) g 15 % P PR

on the susceptibility of porcine tissues to iron-inducad
lduc rates of iron- lipid peroxidation. eliver (30 mg a-tocopherol/kg feed):
®d lipid peroxidation = liver (200 mg a-tocopherol/kg feed):4;heart (30 mq

50 100 150

Time,min

he observed in- liver, a-tocopherol/kg feed); =,heart (200 mg a-tocopherol/kg
fl‘gmt and kidney tissue feed); a,kidney (30 mg o-tocopherol/kg feed); = kidney
gr-o the high a-tocopherol (200 mg a-tocopheral/kg feed); a ,lung (30 mg
Cq 9P (200 mg/kg feed) when a-tocopherol/kg feed); 4 ,lung (200 mg a-tocopheral/kg
gropared to the control feed).
Dfup- The higher levels
hs ¥~tocopherol in the
tog Sue of PEEsS e thela— our laboratory.
(TaEpherol - enriched diet o ‘ '
drg le 1) appeared to Membranal lipid peroxidation
agatect these tissues
hﬁ St peroxidation. Lung a-Tocopherol was found to
Cop Sue from both the be =8 times more
hhtrOl and experimental concentrated in muscle
1buD was resistant to mitochondrial and micro-
QYln induced lipid per- somal fractions than in the
log tion and no signif- tissue homogenate (Table
8rq difference between 4). The concentration of
Nﬁ DS was observed. The a-tocopherol in the muscle
ty “Stance of- lung tissue membranal fractions of pigs
%e 'Pid peroxidation has fed_ the a-tocopherol -
the Teported previously in enriched diet was ~2.6 -
Yy, Tat (Kornbrust and fold higher than that of
hll » 1980) and in the pigs fed the control diet.
Mq Cken (unpublished re- Figure 2 shows ?hg rate of
g ts from our laboratory) iron-induced lipid per-
%bt the subject of oxidation in the mito-

her investigation in chondrial and microsomal
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fractions isolated from the
L. dorsi muscles of pigs
fed the control diet and a-
tocopherol - enriched diet.
Membranal fractions from
the control group of pigs
were more susceptible
(p<0-01) to iron-induced
lipid peroxidation than
those from the high «a-
tocopherol group.

Conclusions

The results of this study
indicate that feeding a
supplement of a-tocopherol
to pigs from the time of
weaning to slaughter
significantly increases the
a-tocopherol content of a
number of porcine tissues
and reduces the sus-
ceptibility of these
tissues to oxidative deter-
ioration. In the case of
muscle tissue, 1incorpor-
ation of a-tocopherol into
the membranes stabilizes
the highly unsaturated
membranal phospholipids and
significantly increases.the
oxidative stability of raw

and cooked products.
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Table 1: Mean a-tocopherol content and standard error of the
mean of plasma and tissue samples of pigs maintained
on low (30 mg/kg feed) and high (200 mg/kg feed)
levels of a-tocopherol acetate.

Item Dietary a-tocopherol acetate

30 mg/kg feed 200 mg/kg feed
Plasma ag-tocopherol

(mg ml-! plasma) 200N N0 028 5.5 £ 0.4
Tissue a-tocopherol
(ng mg-! protein)
Muscle §.9 £ 0.4» 20068 =23
Lung 22.5 £ 3.3" 95301500
Liver 34,0 * 6.8 85.8 £ 11.9
Heart 25030 £ 120 65.3 * 10.4
Kidney 9.0 £ 0.9s 24.7 * 2.4

*a-Tocopherol levels differ significantly (p<0.01) between treatments

®g-Tocopherol levels differ significantly (p<0.05) between treatments
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Table 2: Effect of dietary a-tocopherol supplementation on the
TBARS numbers of raw pork patties during refrigerated
storage at 4°C for up to 9 days.

Treatment Storage time, days
0 3 6 9
Control diet 0.18 (032 (8t & 0.89
Supplemented diet 013 D521 0120 0.45

(200 mg/kg feed)

Table 3: Effect of dietary a-tocopherol supplementation on the
TBARS numbers of pork patties measured immediately after
cooking, and after holding at 4°C for up to 6 days.

Treatment Storage time, days
0} 2 4 6
Control diet 0527 5..00 A 6.83
Supplemented diet 0.24 2.89 4,01 4.57

(200 mg/kg feed)

Table 4: The effect of dietary a-Tocopherol supplementation on the S Aag
a-tocopherol content of the subcellular fractions of muscle tis$

Fraction a-Tocopherol, ng/mg protein 2
‘s diet
control diet supplemented
(30 mg/kg) (200 mg/kg)
Homogenate 6.9 + 0.4 20.6 + 2.3
Mitochondria 40.9 * 9.4 112.3 + 18.4
Microsomes 56.4 + 3.4 148.0 + 7.9

a2 Mean values and SEM of six analyses
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