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The effect of improper feeding on the lipid peroxidation of 
meat animals 
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V e t e r i n a r y  M e d i c a l  R e s e a r c h  I n s t i t u t e ,  B u d a p e s t  ( H u n g a r y )  

Summary: Pigs of 50 kg bodyweight  were fed without  premix  for two months  
before slaughtering. Their loin samples showed a lower degree of lipid peroxidat ion 
( indicated by a higher ant ioxidat ive capacity) than other pig groups which had 
consumed various p remix  levels. 

Malonaldehyde concentrat ion increased in the blood sera and livers of 7-week-old 
chickens  treated with a high dose of an ionophoric coccidiostat ic agent, Salinomy- 
cin. P remix  deprivat ion resulted only in a t rend to decrease l ipid peroxidation.  

The possible  effects of l ipid peroxidat ion and its degradat ion products  on the 
physico-chemical  characterist ics of  meat  and human heal th is discussed.  The 
results  urge that  improper  feeding practices should be avoided and opt imal  p remix  
appl icat ions should be found which correspond to the actual requirements .  

Zusammenfassung: Schweine yon 50 kg K6rpergewicht  wurden vor dem 
Abschlachten  2 Monate lang ohne Premix  (Vitaminzusatz zum Grundfutter)  geftit- 
tert. Die Lendens t t icke  der  Schweine zeigten erh6hte ant ioxidat ive Ffihigkeit, d. h. 
niedrige Peroxidat ionsgrade ,  im Gegensatz zu anderen Schweinegruppen,  denen 
verschiedene  Mengen an Premix  geftittert wurden.  

Der Gehal t  an Malonaldehyd in Blutserum und Leber  yon 7wSchigen Htihnchen, 
denen hohe Dosen an Sal inomycin verabreicht  wurden, ist gestiegen. Als Resultat  
yon Premix-Entzug zeigte sich eine abnehmende  Tendenz in Lipidperoxidat ion.  

Es werden die mSglichen Einfltisse der Lip idperoxida t ion  und der Zersetzungs- 
p rodukte  auf die physikal isch-chemischen Eigenschaften yon Fleisch und auf die 
menschl iche  Gesundhei t  diskutiert .  Diese Ergebnisse  dr~ngen uns, M6glichkeiten 
einer opt imalen Erntihrung mit  opt imaler  Premix-Versorgung zu finden, die dem 
aktuel len Bedarf  entspricht.  

Key words: premix,  l ipid peroxidat ion,  coccidiostat ic agent, pigs and chickens,  
ant ioxidat ive  capaci ty  

In troduc t ion  

I n  r e c e n t  y e a r s ,  d e t r i m e n t a l  e f f ec t s  - d u e  m a i n l y  to  i m p r o p e r  f e e d i n g  
a n d  a n i m a l  k e e p i n g  p r a c t i c e s  - h a v e  b e e n  o b s e r v e d  in  t h e  p h y s i c o - c h e m i -  
ca l  c h a r a c t e r i s t i c s  a n d  c o m p o s i t i o n  o f  s l a u g h t e r e d  m e a t ,  e.g. t h e  f o r m a t i o n  
o f  D F D  ( d a r k - f i r m - d r y )  a n d  P S E  ( p a l e - s o f t - e x s u d a t i v e )  m e a t .  A m o n g  t h e  
p h e n o m e n a  t h e  y e l l o w i n g  o f  b a c o n  h a s  c a u s e d  m a n y  p r o b l e m s  (5). Of  t h e  
d e t r i m e n t a l  e f f ec t s  w e  c o n s i d e r e d  t h e  f o l l o w i n g  f ac to r s :  
1. D u r i n g  t h e  k e e p i n g  o f  m e a t  a n i m a l s  t h e  r e q u i r e m e n t  o f  v i t a m i n s ,  e s s e n -  

t i a l  m a c r o -  a n d  m i c r o - e l e m e n t s  is m e t  b y  a p r e m i x  f o r m ,  w h i c h  m e a n s  
t h e  a d d i t i o n  o f  a n  a d e q u a t e  m i x t u r e  o f  p u r e  v i t a m i n s  a n d  m e t a l  s a l t s  to  
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the feed. We suppose  that the premix  requi rement  depends  on the 
per iod of  growth,  however ,  in practice the a m o u n t  of  the added  premix  
does not  change  dur ing the life of  the animals. 

2. In  the c i rcumstances  in which  they  are kept  some infectious diseases 
m a y  develop in meat  animals and in m a n y  cases very  high doses of 
medic ines  are necessary  to overcome  the illness. This veter inary treat- 
m e n t  is often coupled  with toxic side-effects. 
In  particular, the yel lowing of  bacon  is associated with the oxidative 

decompos i t ion  of  fats in the living tissues. This degradat ion means  not 
only an organolept ic  impai rment  but  its characterist ic  process,  lipid 
peroxidat ion,  may  form some c o m p o u n d s  harmful  to h u m a n  health (9). 

Our aim was to investigate the effect of  certain dietary factors including 
premix  concentra t ion,  and an ionophor ic  coccidiostat ic  agent, Sal inomy- 
cin on some characterist ics of  lipid peroxida t ion  in pigs and chickens.  

Animal  feeding condi t ions  and m e t h o d s  

Pigs of  the race Hunga rhyb  were kept  on l ivestock farms and received 
the same feed until they at tained 50 kg bodyweight .  Then  the pigs were 
divided into three groups:  the first (group P) received no premix  in the 
growing  and fat tening period; group G received a premix  conta in ing  only 
essential macro-  and micro-elements  and group C was fed according  to the 
rout ine animal  keeping  practice, i.e. with a premix  conta in ing trace ele- 
ments  and vitamins.  The a m o u n t  of premix  was 2 % of the foods tuf f  in all 
cases. The compos i t ion  of  the two premixes  is shown in Table 1. 

After feeding the animals for 2 months ,  the pigs were s laughtered and 
samples  were taken f rom the loins (musculus  psoas minor). 

Table 1. The composition of 1000 g premix given to pigs of group C and G. 

Group C Group G 

Retinol IU 1,000,000 
Calcipherol IU 100,000 
Tocopherol IU 1,250 
Phyllochinon mg 165 
Thiamine mg 60 
Riboflavine mg 220 
Pyridoxine mg 158 
Cyanocobalamine mg 1.8 
Niacin mg 600 
Pantothenic acid mg 500 
Butylated-hydroxytoluene mg 400 
Zinc mg 9,600 
Iodine mg 198 
Selenium mg 12 
Manganese mg 4,800 
Copper mg 1,980 
Iron mg 7,800 
Phosphorus g 130 
Calcium g 170 

Zinc mg 2,800 
Iodine mg 50 
Selenium mg 3 
Manganese mg 1,200 
Copper mg 500 
Iron mg 1,950 
CaCO3 g 350 
NaC1 g 200 
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H e a l t h y  b r o i l e r  h y b r i d  c h i c k e n s  w e r e  a l so  k e p t  on  l i v e s t o c k  f a r m s  a n d  
r e c e i v e d  t h e  r o u t i n e  f e e d  s u p p l e m e n t e d  w i t h  p r e m i x .  A t  t h e  age  o f  3 
w e e k s  t h e  c h i c k e n s  w e r e  d i v i d e d  i n to  t w o  g r o u p s ,  o n e  o f  w h i c h  w a s  
c h o s e n  to  b e  t r e a t e d  w i t h  S a l i n o m y c i n  (120 m g / k g  f o d d e r )  for  a w e e k .  T h e n  
p a r t  o f  b o t h  g r o u p s  o f  4 - w e e k - o l d  c h i c k e n s  w e r e  k i l l e d  a n d  b l o o d  sera ,  
c h e s t  m u s c l e  a n d  l i v e r  s a m p l e s  w e r e  u s e d  fo r  c h e m i c a l  a n a l y s i s .  

T h e  e x p e r i m e n t  w a s  c o n t i n u e d  a n d  t h e  S a l i n o m y c i n  t r e a t m e n t  w e n t  on  
u s i n g  t h e  s a m e  d o s e  t i l l  t h e  a g e  o f  7 w e e k s .  A n o t h e r  g r o u p  o f  t h e  s a m e  a g e  
w a s  f e d  w i t h  s t a n d a r d  c h i c k e n  p r e m i x  a d d e d  a t  a l eve l  o f  0.5 % to t h e  
f o o d s t u f f .  T h e  t h i r d  g r o u p  r e c e i v e d  p r e m i x - f r e e  foods tu f f .  T h e  l a s t  g r o u p  
a l so  r e c e i v e d  p r e m i x - f r e e  f o d d e r  b u t  i t  w a s  s u p p l e m e n t e d  w i t h  300 m g  a-  
t o c o p h e r o l / k g  feed .  O n  t h e  7 th  w e e k  al l  t h e  c h i c k e n s  w e r e  k i l l e d  a n d  t h e i r  
v a r i o u s  o r g a n s  w e r e  u s e d  for  c h e m i c a l  a n a l y s i s .  

T h e  d e t e r m i n a t i o n  o f  a n t i o x i d a t i v e  c a p a c i t y  i n d i c a t e s  t h e  l eve l s  o f  fat-  
s o l u b l e  a n t i o x i d a n t s  a n d  t h e  a c t i v i t y  o f  p e r o x i d e - m e t a b o l i s i n g  e n z y m e s .  
M a l o n a l d e h y d e  c a n  b e  f o r m e d  f r o m  t h e  l i p i d - p e r o x i d e s .  A s  i t  is c o n s i -  
d e r e d  m u t a g e n i c  a n d  t u m o u r i g e n i c  (9), w e  d e c i d e d  to  d e t e r m i n e  i t s  l e v e l  
in  t h e  t i s s u e s  in  s o m e  cases .  

D e t e r m i n a t i o n  o f  a n t i o x i d a t i v e  c a p a c i t y  (3) w a s  b a s e d  o n  m e a s u r i n g  t h e  
o x y g e n  a b s o r p t i o n  in  a w a t e r - s u n f l o w e r  oi l  e m u l s i o n  s y s t e m .  

T h e  a n t i o x i d a n t  c a p a c i t y  (A.C.) is  c a l c u l a t e d  f r o m  t h e  e q u a t i o n  
Ta - Tc 

A C  = Tc 

w h e r e  Ta is t i m e  e l a p s e d  for  50 % r e d u c t i o n  o f  t h e  a v a i l a b l e  g a s e o u s  
o x y g e n  in  t h e  s a m p l e  c o n t a i n i n g  t h e  a n t i o x i d a t i v e  m a t e r i a l ,  a n d  Tr is t h e  
c o r r e s p o n d i n g  t i m e  i n t e r v a l  in  t h e  c o n t r o l ,  w i t h o u t  s a m p l e .  

Table 2. Ant ioxidat ive  capacity of loin samples  of pigs. 

n Slaughter  n Slaughter  
15.9. 1983 10. 10. 1983 

Premix-depr ived  group (P) 5 5.52 ___ 3.52 7 9.81 ___ 3.71" 

Group fed with microelement  /* 
p remix  (G) 5 J 6 

Group fed with vitamin- and l* 
microe lement -premix  (C) 6 1.73 + 0.78* 6 5.02 + 1.27 J 

* = p < 5 %  

Table 3. Ant ioxidat ive  capaci ty  of the organs of 4-week-old chickens.  

Serum Chest muscle  Liver 
n = 7  n = 6  n = 6  

Control group 2.12 + 1.56 2.31 + 1.36 1.31 _+ 0.12 
Group fed with Sal inomycin  0.92 + 0.85 0.44 ___ 0.19 2.53 + 0.71 

3.27 + 0.95 4.95 + 1.77 
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Malona ldehyde  assay  was  carr ied out  wi th  the  th iobarb i tu r ic  acid colour  
reac t ion  af ter  FeU-ascorbic acid init iation, in n -bu ty l  alcohol,  at 532 nm,  
accord ing  to O h k a w a  et al. (7). 

Resul ts  

Table  2 shows  the  an t iox ida t ive  capaci t ies  of  loin s amples  t aken  f rom 
the  pigs s l augh te red  at two di f ferent  t imes.  P r e m i x - d e p r i v e d  g roup  has  
the  h ighes t  an t iox ida t ive  capac i ty  whi le  the  others  fed wi th  d i f ferent  
p r e m i x  c o m p o s i t i o n  give lower  levels. Only at the  first s l aughte r  was  a 
s ignif icant  d i f fe rence  found  b e t w e e n  the  g roups  fed wi th  two types  of  
p remix .  

Tab le  3 conta ins  the  data  of  the  first  inves t iga t ions  on chickens .  In  the  
g roup  fed wi th  Sa l inomycin ,  the  an t iox ida t ive  capac i ty  of  s e r u m  and 
m u s c l e  s a m p l e s  is lower  than  in the  o ther  group.  For  l iver  s amp le s  the  
t e n d e n c e  is reversed .  Due  to the  low n u m b e r  of  s amples  it was  not  
poss ib le  to show signif icant  differences.  

The  da ta  for the  organs  of  7-week-old ch ickens  are g iven in Tab le  4. 
An t iox ida t ive  capaci t ies  f rom different  g roups  do not  devia te  f rom each 
o ther  apar t  f rom in the  g roup  wi thou t  p remix ,  whe re  the  high values  are 
cons i s t en t  wi th  resul ts  ob ta ined  wi th  pigs. Ma lona ldehyde  values  are the  
h ighes t  bo th  in sera  and  l ivers of  the  g roup  fed wi th  Sa l inomycin ,  and  the  
l iver  da ta  di f fered s ignif icant ly  f rom those  of  o ther  groups .  

Discuss ion  

F r o m  the  m e t h o d  of m e a s u r i n g  an t iox ida t ive  capac i ty  it is clear  tha t  this 
m e t h o d  eva lua tes  only  those  fa t -soluble  mater ia l s  which  can  de fend  sun- 
f lower  oil f rom oxidat ion.  This  g roup  of  subs t ances  p r imar i ly  inc ludes  the  
tocophero ls .  An increased  an t iox ida t ive  capac i ty  could m e a n  not  only  a 
h igh  tocophero l  level  but  also n o r m a l  act ivi t ies  of  enzymes  re spons ib le  for  
e l imina t ing  lipid perox ides ,  h y d r o g e n  pe rox ide  and  s o m e  free radicals.  
S u p e r o x i d e  d i s m u t a s e  (6), g lu ta th ion  pe rox idase  (12), ca ta lase  and  gluta th-  
ion-S- t ransferase  be long  to the  e n z y m e  group  de fend ing  the  living organ-  
i sm f r o m  free radicals  and  lipid peroxida t ion .  On the  o ther  hand,  low 
an t iox ida t ive  capac i ty  could  m e a n  the  domina t i on  of l ipid pe rox ides  over  
the  de fend ing  m e c h a n i s m .  

Our  inves t iga t ions  on pigs po in ted  out  tha t  the  p r e m i x  c o n s u m e d  by  the  
an ima l s  f avou red  l ipid pe rox ida t ion  and  s imilar  p rocesses  in the  last  
pe r iod  of  keeping .  The  p r e m i x  p resen t  in the  foods tuffs  showed  only  
s imi lar  t r ends  in ch ickens  which  m a y  be  caused  by  the  low n u m b e r  of  
e x p e r i m e n t a l  animals .  

The  effect  of  p r e m i x  can be  exp la ined  b y  the  cata lyzing act ivi ty  of  s o m e  
macro-  and  m i c r o e l e m e n t s  on lipid pe rox ida t ion  (2). F r o m  Tab le  2 it can be 
seen  tha t  the  p r e m i x  conta in ing  an ant ioxidant ,  bu ty la t ed  hyd rox i t o luene  
(BHT) increased  this de t r imen ta l  process ,  p r o b a b l y  by  ma in ta in ing  the  
Fe lI s ta te  of  surp lus  c o n s u m e d  iron. We used  the  cata lyzing effect  of  Fe ll 
for ini t ia t ing l ipid pe rox ida t ion  for analyt ical  p u r p o s e s  in the  p re sen t  
invest igat ions .  
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The enhanc ing  effect of  the high dose adminis tered  coccidiostat ic  agent, 
Sa l inomycin  on lipid peroxidat ion and similar processes was demon-  
strated in our  experiments .  A rather  toxic dose of this d rug  can dest roy the 
pro tec t ing  m e c h a n i s m  of the organism by m a n y  biochemical  pathways.  
S o m e  drugs,  e.g. phenobarbi ta l  (4) and parace tamol  (10) are substrates  of 
Cytochrom-P-450,  so that they increase lipid peroxidat ion by compet i t ive  
inhibition. We have no data about  Sa l inomycin  in this respect,  however  
the possibil i ty of  this mechan i sm cannot  be excluded.  

The lipid peroxides  and some of  their degradat ion  p roduc ts  cause 
extensive damage  to biological membranes ,  p roduc ing  a decrease in elec- 
trical resistance and m e m b r a n e  fluidity and eventual  loss of  m e m b r a n e  
integri ty (8). Thus  an advanced  degree of  lipid peroxidat ion in the animals  
migh t  cont r ibute  to the unfavourable  phys ico-chemica l  characterist ics of 
pork  and beef  (exsudation etc.). The direct  relat ionship be tween lipid 
peroxida t ion  and the yellowing of  bacon  has been verified (5). 

The presence  of the degradat ion p roduc ts  of  lipid peroxidat ion in meat  
c o n s u m e d  m u s t  also be considered from a food hygiene  point  of  view. 
Accord ing  to data from 37 countries,  the occur rence  of  breast  and colon 
cancer  showed a s t rong correlat ion with fat intake (9). However ,  a causal 
relat ionship cannot  be demons t ra t ed  in this case, a l though the role of  lipid 
peroxidat ion  and its degradat ion p roduc t  (malonaldehyde)  on enhanc ing  
tumour igen ic  processes  in animals was proved (1), 

These a rguments  under l ine  the necessi ty of  avoiding improper  feeding 
pract ice  in the keeping  of  animals for meat. Fur the r  investigations are 
necessary  to select componen t s  f rom a premix  which  are responsible  for 
the det r imenta l  effects and to optimize premix  composi t ion  to every 
period of  animal  life cor responding  to the requirements .  
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