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quality of the meat and meat products depends mu6h on the physiological condition of 
animals. Several test data conform tt > supposed relationship between the concentrate 
of certain bio-active blood components and the post mortem processes in meat and

the 

l e v e l

expP° Se t l S S U e ' T h e r e b Y a n a l y s i s  o f  b l o o d  co m p o n e n ts  may y i e l d  v a l u a b l e  i n f o r m a t i o n  o f  
ed c h a n g e s  a f f e c t i n g  q u a l i t y ,  s t o r a g e  and p r o c e s s i n g .

P U seXPerimental research work involved the study of the tocopherol level in the blood 
^ s m a  of about 300 pigs. Samples originated partly from test animals fed on fodder of 

13 comPositions, and partly, from animals immediately before slaughtering.
bg s i. ̂
!t,e t r i e t t , c ° P h e r ° l  c o n t e n t ,  a l s o  v i t a m i n  A and c h o l o s t e r o l  c o n t e n t s  w ere  ex a m in ed  by f l u o r o -  

toco  C m e t h o d s - T e s t  r e s u l t s  d e m o n s t r a t e  r a t h e r  i m p o r t a n t  d i f f e r e n c e s  f i r s t  o f  a l l  b e tw e e n  

P 0 8 lPherC>1 l e V e l s  i n  p i g  b l o o d - T h e s e  a r e  l i k e l y  t o  b e  a t t r i b u t e d  p r i m a r i l y  t o  f o d d e r  com- 

a c id s 10n / n a t U r a l  and a r t i f l c i a i  a n t i o x i d a n t  c o n t e n t ,  p r o p o r t i o n  o f  u n s a t u r a t e d  f a t t y  
8 > p r e s e n c e  o f  a n t i o x i d a n t  t r a n s f o r m a t i o n  p r o d u c t s  e t c . / .

pr e i i m,
P la s  n a t y  t 6 S t  r e S U l t s  l n d i c a t e  a r e l a t i o n s h i p  b e tw e e n  t h e  t o c o p h e r o l  l e v e l  o f  t h e  b l o o d  

sma and t h e  c h a i ig e s  o f  t h e  a d i p o s e  t i s s u e  d u r i n g  p o s t  mortem s t o r a g e  and d u r i n q  
y r° c e s s i n g .

^Siäuchunq einiger bio-aktiver Komponente von Schweinsblut 

BERNDORFER-KRASZNER und R. LÄSZTITY
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der QUalitSt des Fleisches und der Fleischwaren hängt stark vom physiologischen Zustand 
«Wi SChlachttiere ab- Mehrere Versuchsdaten unterstützen die Annahme von Zusammenhängen 
-V0SChen der Konzentratlon einiger bio-aktiven Komponenten im Blut und den post-mortem- 
k0 r3ängen im Fleisch und in den Fettgeweben. Damit ergibt die Untersuchung einiger Blut- 
HI-̂  °nenken wertwolle Information über die zu erwartenden Veränderungen in Zusammenhang 

der Qualität, der Lagerung oder der Verarbeitung. Im Rahmen der Versuchs- und 
SUch° un9sarbeit wurde der Tocopherolgehalt im Blutplasma von etwa 300 Schweinen unter- 

’ Die Blut Proben stammten teils aus mit verschieden zusammengesetztem Futter ge- 
(j6b erten Versuchstiere, teils aus Tiere unmittelbar vor Abschlachtung.
^ 1 1° dem Tocopherolgehalt; wurde auch der gehalt Vitamin A- und Cholesterin untersucht

6 drei durch Fluorometrie/. Aus den Versuchsergebnissen geht es hervor, dass erhebliche 
Scbiede im Tocopherolgehalt der einzelnen Schweine ist. Diese Unterschiede lassen 

^6th-erStenS 3Ui die Futterzusammensetzung /natürlicher und künstlicher Antioxidantgehalt, 
oxi tnlS deC ungesattigten Fettsäuren, Vorhandensein von Reaktions Produkten der Anti- 

aten etc./ zurückführen.
Er knisse unserer Vorversuche weisen auf einen Zusammenhang zwischen dem Tocopherol- 

und den Veränderungen der Fettgewebe während der post mortem Lagerung
Verarbeitung.
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La qualité de la viande et des produits de charcuterie dépend considérablement de l'état 
physiologique des animaux de boucherie, ce sont plusieurs données experimentales qui 
appuient cette hypothèse, qu’il'y ont des corrélations entre les teneurs en composants 
bioactifs du sang et les processus chimique, qui se déroulent post mortem dans la viande 
et les tissus adipeux,c'est pourquoi l'examen de quelques composants du sang peut fournit 
des informations de valeur concernant des changements prévisibles relatifs á la qualité 
ou au stockage.

Dans le cadre de la recherche la teneur en tocophérol de échantillons de sang porcine 
était examinée. Les échantillons provenaient d'une part des animaux experimentaus de 
boucherie avant l'abattage. A coté de la teneur en tocophérol la teneur en vitamine A 
en cholestérol était aussi déterminé par voie fluorométrique.

Sur la base des examens chimiques on constate que des différences appréciables existent 
dans la teneur en tocophérol du sang des porc differents, en conséquence de la composit*0 

différente des fourrages /teneur en antioxidant naturel ou synthétique," proportion des 
acides gras insaturés, produits transformé des antloxidants, etc./.

Les données des expériments préliminaire indiquent qu'une corrélation existe entre Ia 
teneur en tocophérole du sang et les changements qui se déroulent -’ans les tissus adipeU 
post mortem pendant la stockage et la préparation.

HcCJieflOBaHHe HeKOTOpHX ÔHOJIOrHHeCKH aKTHBHHX K0MÜ0H6HT0B CBHHOfl KPOBH

3 .  BEPHJOPiEP-KPACHEP, -  P .  JIACTMTL, Kaçfieupa 6 mxmm h nraueBoft TexHOjiorüH 
EynanenrrcK oro T e x m n e c K o ro  yRKBepoHTeTa

Ka^ecTBO MHca yôoflHoro o k o t b, a t o k m  H3roTOBjmeMux H3 Hero nponyKTOB b a H a ^ e ^ 0® 
Mepe 3aBHCKT ot $H3KOjrormecKoro coctohhhh oKOTa, oCpafiaraBaeMoro b ckotck5oîîh0. POT ornJT _ 
naHHttx nonTBep*naeT npennononteiuie, h to HMejorca B3anMocaH3n Mentny CTenoHEio KOH^eHTpOT1,lI 
KOTOJHX CHOnOrHHBCKH aKTHBHHX KOMITOH0HTOB KpOBH, a TaKSte npOIieCCaMH, npOHOXOjyHHKMH J{
mortem B MACHO# H KHpOBOft TKaHHX. TaKHM 0<5pB30M, HCCJieHOBaHHB HBKOTOpHX KOMIIOHeHTOB 
MOK0T flaTB QBHHHe HHfOfMailHH 0 KHHeCTBe, a TQKJte 0(3 H3M0H0HHHX, CBH3aHHHX C XpaH6HH0W ** 
pafiOTKOfl.

B paMKax omiTHO-HccjieflOBaTejiBCKOñ patíora Cuno H3yqeHo cono pira hhu TOKO^epona b 
Hoñ njiasMe npHMepHO 3 0 0  obhhoíí, Otípasim óujik esb-Th 113 kpobh oihjthhx ikhbothhx (obhH0$) 
H0HHHX $ypa*0M pa.BjiHHHoro cocTaBa; otb&cth h 3 k p o b h, chhtoí! ñapen ytíoeM npn otípatíoTKe B 
CKOTOÓOflHe.

Hapany c conepuaHHOM TOKO^epona tíwio u'ayyeno h conepicaHHe BirraMHHa A h KOAecTePIIftfl‘ # 
(Ana KOJ1HH0CTB6HHoro onpenejiemtH Bcex Tpex KOMnoHehtob npHMeHHJicn fuiyopoMeTpiraecKtifl m0TO }̂), 

Ha 0CH0BB pe3yjrbTaT0B HcnHTaHirii motrho ycTaHOBHTB, u to Mesmy cbhhhmh HwerorcH 3fïatîlîTil 
HH0 P03JIHHHH, n pe RUO BCBrO B OTHOUieKHH COHapKaHHfl TOKO(pepOJia B KPOBH. J

JÍ0Ka3aHHHe, HJIH B03M0KHHe npHHHHH TáKKX pa3jingníi MOryT SaKJIHHaTBCH, rjiaBHKM d3píl3°r 
cocTaBe kopm o b (conepitaHHe ecTecTB0HHoro n iicKyccTBeHHoro aHTHOKHCjiHTejieií, yneUBHHfl ve° ,̂)> 
HaCHmeHHHX ¡KHpHtlX KHCJIOT, HajLHBHe npOflyKTOB aBTOOKHCJIHTejIBHOrO npeOÓpaaOBamia KHpOB 11 T*̂ ê  

P0 3yjrtTaTH npenBapHTejiBHHx onuTOB no3Bojiæor cnenaTB b h b o u, h to HMeeTCfl B3am ocvfi3 i  ̂  
ny conepitaHHeM TOKO$epojia kpobhhoí? njiasf.n; h h 3Me Ha hhhmh b JtnpoBux t k8hhx (b nponyKTaXl 
nepitanmx KirpoBue TKaHH), npoHcxojvnnHx "pont mortem" hjui npH xpanenm (otípaóoTKB).
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R e duction

Pro blOChemical 8tate o£ the muscle and adipose tissues, the quality of the products 
be Pared from them considerably depends on the physiological state of the animals to 
^Processed in the slaughter house. The assumption that there are relationships between 
m0r C°ncentration level of certain biologically active components of blood and the post 
Thus6"1 PrOCesses ln muscle a"d adipose tissues is supported by several experimental data.
0n s- an investigation of certain components of blood may furnish valuable Information 
oth°han9eS t0  bC expected in conjunction with quality, storage and processing. On the 
Pro! 1 Kand' investi9ations are suitable to follow the effect of feeding factors and

oto thereby the development of an optimal feeding system.
The
sta qU1Ubrium system of redox processes is an important characteristic of the physiological 

e of the organism.
*J>h
wUhih Per°Xides and free radicals are normal metabolites of the living organism, formed
HDr ° ^  range of the functional biochemical system of the organism and indispensable for
0y., life function processes, they can start at the same time abnormal ■'ida n _
Th,
dati0 ----- —  —
8tudin- The toxlc and harmful effects of peroxidation processes on the organism have been

ed by many authors. If the main substrates of the autooxidation are unsaturated li- us, Co .̂-- . . .
°*l<i

«ref10" reaCUOnS and Chain Processes °f Peroxidation of the living cell components, too. 
,t 6 °re' 016 Presence of free radicals is a constant source of the hazard of autooxi-

Mo
4in

In

components of the cell membrane, then one of the most important results of auto- 
ation is the lesion of these membranes, the changing of their structure and function.

,le ' Peroxides formed during the peroxidation of tissue lipids are toxic compounds, 
to oxidize and denature many other important components of the cell.

U v i n 9  or9anism presumably a special system regulating free radical processes and a 
^cha datlon'Preventin9 mechanism are active. The living organism has at'least two such 
4hti nl8ms' The precondition of the first, non-fermentative mechanism is the presence of 
ptQc°^idants and reductases in the tissues, which inhlbltsthe development of peroxidation 

s' addition to the antioxidant-reductase system another, fermentative protecting 
lnclud* prevebting peroxidation processes, is present in the living tissues. This system 

ea those enzymes and enzyme systems, which inactivate free radicals and peroxides.

r°9eth regUlation of Peroxidation processes, feeding factors play also an important role. 
itittoder with the nutrients a certain quantity of peroxide, mainly lipid peroxide, is 

Ced into the organism, the main sources of which are the fats of the nutrients, 
de nese may be oxidized in a small measure during storage and processing. Diseases 

4 ribed in the literature, developed e.g. in pigs, by the action of fodder containing
96 quantity of oxidized fat.

In



Nutritive /feeding/ factors promoting peroxidation may be the following:
- antioxidant deficiency,
- peroxidation products in the nutrients,
- predominance of unsaturated lipids,
- excess of pro-oxidants,
- insufficient protein, etc.

It has been proved experimentally /1,2,3,4/ that tocopherols participate in the antioxidant 
system of the organism, controlling the intensity of the free radical processes under 
physiological conditions. DIPLOCK et al. /5/ showed that the biological role of vitamin E 
may be also the formation of complexes with the hydrocarbon chains of polyunsaturated fatty 
acids in the lipoprotein membranes, and the protection from oxidation of selenide, attached  
to non-hem-lron contained in the proteins of catalytically active sulfur content of the 
mitochondria and the smooth endoplasmic reticulum.

For the following in vivo changes caused by inadequate feeding, a more detailed study than 
up to the present of the fine composition of blood transporting nutrients seems to be sui­
table, with particular view to the qualitative and quantitative elucidation of the vitamin 
composition of blood plasma.

The main objects of our work reported in this paper were the following:

In want of basic data, first of all the range of the tocopherol content of the blood plasma 
of pigs, consigned from different breeding farms for processing at the Slaughter-house 
of Budapest had to be established.
- In possession of the results of these Introductory and essentially assessing investig3" 
tions, two experimental series have been carried out. In one of these, the finer composite01’ 
/total lipid, total cholesterol, tocopherol and vitamin A content/ of the blood plasma of 
pigs to be slaughtered, and fed on fish-meal of various qualities and quantities has been 
investigated. In the other series the tocopherol content of the adipose tissue of animal8 

thus controlled has been studied at time of slaughter and after 6 weeks of cold storage» 
respectively. The feeding experiments have been carried out by Juhäsz, and coworkers in 
the Physiological Department of the Research Institute for Animal Husbandry Herczeghalom 
and the chemical investigations of the blood-plasma by us.

Materials and Methods
Total lipids were determined according to JACOBS et al. /6 /, total cholesterol according 
to SOLOW and FREEMAN /7/, Tocopherols according to STÖRER /8 / and vitamin A according to 
THOMSON et al 191 by fluorometry.

Results and discussion
As was to be expected, the tocopherol content of the blood plasma of individuals of herds 
/each 15 animals/ from different breeding farms varies considerably. The blood plasma 
tocopherol values of the animals of the herds, the mean values and standard deviation are 
shown in Fig. 1.

Before feeding, the composition of the fodder was naturally checked on its main characte 
ristics, with special view to the tocopherol and the total fat contents. The tocopherol 
/fat ratio, which may give for the quality of the fodder a relationship easy to interpr8'' 
has also been calculated. The following table /Table 1/ summarizes these test data f°r 
both kinds of fodder, containing various percentages of fish moal of good and poor qua-
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respectively.

« £  "  ”hlCh *" “ “  *“  ■»*« • « «  requirements - £
£odder J i ^  decislvelV p°°* the 2nd feeding series, particularly In the r containing 10 % of fish meal additive.

r r r  r,“ “ “ « » -  **■ ■ . - » « ■ . t ,  1» PI, b„ . ain,
meal of “  °m respective data in 2. which clearly show that fish
content “ “  10 % addlti0n' conserves the original tocopherol
Antien d t a * ' thlS 1 3 SlmPly 3nd W e U  indicated by the tocopherol/fat ratio,cloned already several times.

* « 1 7 “  ■*“ **■ “»  <* Poo* quality con.lUer.bly
*«. add 1  l ! 1 " * 1 t “ ° p h ' r ° 1 COnt“ '’ particularly -han 10 « „f poor quality tuh 

aed, which is reflected also by the tocopherol/fat ratio /Table 3/.

6Se rather complicated relationships can be clearly seen from Figs. 2-7.

“ata presented for the two experimental series show that an increase of the oxidation 
f ' * '  e-g- ^ roxidea’ °f fodder components easily becoming rancid can be readily
toco , ln the bl00d PlaSma con,posltion of the animals, not only in the light of the 

P^erol/fat ratio, but also by taking into consideration the tocopherol/cholesterol
and !' :h°U9h th° °hange ln Vitamln A C°ntent °f the bl°°d plas™  bas also been determined, 
to k! ^  tend°nCy COUld be established, the number of available data does not seem
^  oe sufficient to draw final conclusions.

the other hand, the change in tocopherol content of the ,that or the plasma is manifested so definitelyattempts were made to follow possible changes in the ibfssueo  ̂ 9 ln 010 tocopherol content of pig adiposeues, caused by feeding. The following Table 4 and Fig 8 £eedin„ t. . •• ana tig. a support this assumption. When
dtmi„? , 9h qUality' 016 tocopherol content of the adipose tissues of pigs
of high "°naif rably leSS' that 18 t0 8ay' adip° -  tissues of pigs properly fed arergher physiological value.

1.
2.
3.
4.
5.
6.
7.
8 . 
9.
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table 1
icrv> character istic data of fodders used in the 1st and 2 nd feeding series

1 prctein l«ow‘fat
Sat.ac. Oleic¡Lino]ic 

ac. 'ac. Toccphercls 
! r.g/l 000/ Vi tar.inA ¡Tocopho- Peroxide Ac i

1 i
% in tot.fat.ac. isg i loo ---'fiat ratic ber

1. Ncrral
pig-fcdder 17.9 3 ,2 2 13,39 26.S9 59,53 1.50 250 0, 46 2 16

2. +1CI fish
real of good 
quality 17,5 4 .1 0 16,11 29,17 54,13 3.60 loco 0,92 6 15

3. +5% fish re-
al of good 
quality 16,9 3.70 15,28 27.95 56,74 3,40 820 0.92 4 10

4. +24 fish re-
al of good 
quality 17,3 3,80 22,89 34,25 42,86 2,85 620 0,75 3 16

1. Normal pig- 
fodder 15,0 3.29 20. 4e 27,56 50,70 3.80 820 1.15 2 18

2. ♦ 10 1 fish
real of poor 
quality 15.4 4,31 20,78 29,30 46,31 1,40 250 O, 32 15 45

3. +51 fion
neai of poor 
quality

14,8 3,96 18,11 31,85 49,95 2,00 420 0,50 12 34
4. +2% fish meal

of poor 
quality 15,0 3,60 30,56 36,43 32,92 2,90 5 30 0,80 10 25

table 2
Blood-p’asraa composition in the 1st feeding series at start and end of the experiment

Group number Total lipid Cholesterol !and type of U.___ f /mg/loo ml/fodder used Start j’End Start End
Vitamin-A

1. Normal 
pig-fodder -57
2 . + 10 % 493 
fish meal of f$l 
good quality
3. +5» fish 374 
meal of good I54 
quality

good quality

Tocooherols 
fir ratio
StartlTTnd"

TocopherpJ^- . ic choie s t erol_S2-- 
S tart^T End

356
-35 a

0 160 
-0,035 2.113

-0,035 J69-48
506
-48

0, 32 0, 31 1,40 1,59
4 0 1
-61 « î H o

2.673
-0,038 0.576

-0,028 4134
-115 904 1,36 1.43 5,44 6,56

I32-62 ?,3, i L
0, 480 
-0,027 9.430

-0,032 1050
- 1 0 1 -8 0 1,28 0,99 5,15 4,53

368
-55 n . U ,

9 , 380 
-0,032 9.300

-0,025 Î71-85 i56-92 1,08 0,81 4,38 3,59

The results are averages of 12-12 determinations. Every group consisted of four pigs.
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table 3
Blood-plasma composition in the 2nd feeding series at start and end of the experiment

number
X type of‘Odder used

¿J formal 
^folder

l: no »
J.sh meal of 
•̂'r quality
*ni5of flsh
"Xlg
fi +2 *
ofs!îmeal „ Poor 
**lity

Total lipid
/ V

Cholesterol 
/mg/loo ml/ Tocopherols 

/mg/loo ml/ Vitamin-A 
/^ig/loo ml/ Tocopherols

Fat ratio
Start | End Start I End Start End Start 1 End Start | End
399 398
¿64 -29
425 286
-45 -27

Tocopherols. ffholes.este rol 
ratio

$5 79 0, 485 0, 482 802-11 -12 -0,025 -0,028 *54
98 60 0,432 0,088 800
- 1 2  -6 -0,018 -0 ,0 1 2 *4 7

Start End

329
-35

365
¿82

362 404
-46 *55

Ho

Ï ,

78
¿8

8

0,425 0,104 832
-0,032 *0,025 ¿58

+0,440 0,252 830
-0,025 -0,018 ¿39

800¿38
Î17¿41

545
¿37

660
¿47

1 , 2 1

1,01

1,29

1,21

1,21 5,68 6,04

0,30 4,40 1,46

0,28 5,79 1,33

0,62 5,78 3,10

The results are averages of 1 2 - 1 2 determinations.Every group consisted of four pigs.

table 4
s tUtions in the tocopherol-contents of adipose tissues from the 1st and 2nd feeding 
ries during sixty days storage

1 st experiment 2nd experiment
Group Tocopherols /mg /100 g/ Decrease 

of tocopherols /»/
Group Tocopherols/mg/lOO g/ Decrease 

of tocophe­
rols /%/at start after 60 days at start after 60 days

1 . 0,70 0,51 27,5 1 . 0,61 0,41 32,1
2 , 2,48 1,48 40,3 2 . 0 , 2 1 0 ,1 0 51,1
3. 1,72 0,92 46,6 3. 0. 34 0,17 49,1
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Fig. 1. Blood-plasra tocopherol values of the animals of the single herds

Remaining /%/

Fig.2. Total lipids - cholesterol - tocophorols and vitamin A - in the 
blood-plasma /1 st series/.
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T/F
| at start

Fig.3. Tocopherols/Fat ratio in the blood-plasma /1st series/

T/Ch

Fig.4. Tocopherol/Chole sterol ratio i,n the blood-plasma /1st series/
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Remaining /»/

Fig.5. Total Upids-cholesterol-tocopherols and vitamin A in the blood-plasma 
/2nd series/

T/F
1,40

1,20

1,00 -

0,80

0,60 .

0,40 .

0 ,2 0

0,00

\

□  at start

at the end of the 
experiment

1st 2nd 3rd 4th Group

Fig.6. Tocopherols /Fat ratio in the blood-plasma /2nd stries/






