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ABSTRACT

Two groups of 14 fattening bulls each were individually fed from 177 to 552 kg body weight with
wilted grass silage ad libitum and concentrate based on maize (maize group) or wheat {(wheat group),
2.7 kg per animal and day. Twenty onc days before slaughter the diet of seven bulls ol each group was
supplemented with | g a-1ocopherylacetale per animal and day. During slaughter, samples of blood,
liver, M. longissimux dorsi and kidney fat were taken for vitamin E determination by HPLC. Fatty
acid pattern and induction time of kidney fat were determinced by the Rancimat test.

Diet did not influence silage dry matter intake (5.55 and 5.58 kg) and daily weight gain of bulls
(1197 and 1203 g for maize and wheal group, respeclively).

Vitamin E supply increased its content in serum (1.36/1.52 and 1.48/1.88 pg/ml), liver (3.6/13.7
and 10.1/11.8) and lat (8.3/10.3 and 9.0/9.3), but it did not influence its content in muscle (0.92/1.14
and 1.16/1.11 pg/g)in maize or wheat group, without/with vitamin E supplementation. The induction
time of kidney fat increased as the vitamin E coatent of fat rosc (from 3.82 to 5.39 h).

Kind of ration and vitamin E supplementation did not significantly influence the fally acid
proportion of kidney and intramuscular fat, pll, drip loss and and colour of meat.

Short term-vitamin E supplementation of diets for bulls may influence vitamin E content in body
tissues, but longer application seems to be nccessary for more pronounced effects.
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INTRODUCTION

Vilamin E is one of the native antioxidants. Recently many reports and
reviews (e.g. Mc Dowell et al., 1996; Flachowsky et al., 1997b; Leonhardt et al.,
1997) discussed the significance of vitamin E supplementation in animal
nutrition. The levels of vitamin E supplementation in those studies were mostly
2 to 5 times higher than the requirements.

In contrast with to pigs (Flachowsky et al., 1997a,¢; Mancini et al,, 1997) there
are no studies with bulls in which high amounts of vitamin E were oftered for
a short period before slanghter.

Therefore, the objective of the present experiment was 1o invesligaie the
influence of high vitamin E doses given over a short peried before slaughter on
the vitamin E content in body tissue and induction time of kidney fat.

MATERIAL AND METHODS

Twenty-eight growing Friesian bulls, initial body weight 177+ 7.5 kg, in two
groups of 14, were fed diets of grass silage, given ad libitum, and ground maize or
ground wheat in amounts increasing from 1.5 to 3.5 kg/day/animal during the
fattening period. Cereals were offered twice a day. The rations were supplemen-
ted with vitamin-mineral premix, 100 g per animal and day. The chemical
composition of feeds is given in Table 1.

TABLE 1
Composition of feedstuffs, DM basis
Grain
Indices - .
maize wheat Grass silage
Dry matter, g kg fresh matier 879 882 445
Crude protein, g 109 143 163
Ether extract, g 46 25 32
Starch, g 703 650 ]
MJ ME/DM 13.48 13.49 10.03
Fatty acids propoertion, % of total fatty acids
Saturated fatty acid 12.8 17.1 17.1
Monoen fatty acids 26.3 22.6 14.4
Cizz 57.1 56.1 24.8
Ciss 1.8 4.0 43.7

Vitamin E, mg per kg DM 4.7 8.6 42.8
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The bulls were kept individually on slatted floors. Body weight was controlled
every 7 days. More details of the feeding experiment are given by Daenicke et al.
(1996).

Twenty-one days before slaughter, the bulls of both groups were divided into
two sub-groups that were either unsupplemented or supplemented with 1 g a-
tocopherylacetate per animal and day. At a final body weight of about
550 kg the bulls were slaughtered and samples from blood, liver, muscle
(M. longissimus dorsi; 9th-11th rib) and kidney fat were taken for vitamin E
analysis. Vitamin E was determined by HPLC as described by Matthey et al.
(1991). The fatty acid proportions in feeds (Table 1) and body fat were analyzed
using capillary gas-chromatography.

The resistance of fat against oxidation was determined as induction time using
the Rancimat-test (Pardun and Kroll, 1972). According to this method, 5 g of
ether extract are heated to 100°C and aerated with 20 1 air per h. The time (h) to
complete oxidation is an induction time.

The pH of M. longissimus dorsi was measured in two replications between the
8th and 9th rib by means of a digital pH-meter 24 and 48 h post mortem (p.m.).
Drip loss was determined with meat of the 8th and 9th rib, Meat slices were hung
in plastic bags for 24 h, The weight difference before and after hanging is called
drip loss (in percentage of total weight). Meat colour was measured by a Minolta
instrument CR 300 as described by Feldhusen et al. {1987) and Klettner and
Stiching (1980). The L* value shows the brightness of colour, L* = 0 denotes
black and L* = 100 denotes white. The a* and b* values characterize colour
tones and are measured between -100 and + 100. Colour in M. longissimus dorsi
was determined between 8th and 9th rib 24, 48, 96 and 144 h p. m. Meat was
stored at a temperature of +3 to +5°C and lighting of 720 Lux. All
measurements were carried out in three replications.

Data were analyzed by method of variance analysis follwowed by the
TUKEY -Test. Significance differences between treatments are marked in Tables
{see Table 3).

RESULTS

The kind of cereal did not influence dry matter intake, weight gain and
slaughter results of bulls (Table 2). The daily weight gain was about 1200 g.
Concentrate source also did not significantly influence vitamin E content in body
samples, but in all samples the values were slightly higher in bulls received maize
than wheat (Table 3).

Vitamin E supplementation significantly increased its concentration in the
serum and liver, but there was no significant effect on vitamin E content in
muscle and fat (Table 3).
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TABLE 2
Fattening and slaughter results of bulls
Grain source
Indices maize wheat
Total DM - intake, kg/animal/day 7.894+0.73 7.95+0.40
concentrate 2.34+0.04 2.37+0.04
grass silage 5.55+0.73 5.584+0.37
Daily weight gain, g 1197 + 66 1203 +99
Dressing percentage 53.6+1.7 534+1.2
Leaf fat', kg 3654 5:2 37.8+6.3
! sum of channel-, kidney-, stomach- and intestinal fat
TABLE 3
Vitamin E content in various body tissues
Grain source Maize Wheat
Vitamin E supplementation, g/animal/day - +1 - +1
Blood serum, pg/ml 1.48°+0.15 188°+027 1.36°+053 1.52°+0.46
Liver, ug/g 101420  11:8%+19 9.6°42.1  13.7°+28
Muscle (M. longissimus dorsi), ug/g 1.16+020 1.11+026 092+0.23 1.14 +0.26
Kidney fat, pg/g 9.042.3 9.3+2.8 83+26 10.3+1.9
a, b-P<0.05
TABLE 4
Fatty acids pattern of intramuscular fat, percentage of measured fatty acids
Grain source Maize Wheat
Vitamin E supplementation, g/animal/day - =1 - +1
Fatty acids
(P 3.1+0.3 32403 2.8+40.2 27403
299+1.3 298+14 29:141.2 288+1.8
e 28404 27403 27015 2.84+0.3
Ciso 204416 0.9 417 202413 19.44+1.3
B 38.3+34 38.1+3.2 39.0+2.5 40.4+2.6
€sa 23403 22404 2.2+410.2 2.1+0.3
Ciee 0.8+0.1 0.84+0.1 1.0+0.2 1.040.1

Grain source and vitamin E supply did not significantly influence the fatty
acids proportions of intramuscular (Table 4) and kidney fat (Table 5).
Intramuscular fat contained more oleic acid and less stearic acid (39.0 and
20.2%) than depot fat (29.0 and 32.8%:; Figure 1). Other differences in fatty acid
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TABLE 5

Fatty acids pattern and oxidative resistence of kidney fat, percentage of masured fatty acids

Grain source Maize Wheat

Vitamin E supplementation, g/animal/day - +1 - i)

Fatty acids
€ 28402 33402 29403 28402
Cs 249412 26.5+1.4 26.3+17 26.5+1.1
e 11402 12403 12403 12403
G 33.34+33 33.243.0 326426 323421
i 294424 282420 29.1+1.5  29.5+24
Coigs 4.74+0.7 4.04+0.3 4.240.1 4.040.3
il 1.240.1 1.140.1 1.340.1 12402

Induction time, h 4.16°+044 342°40.69 5.12+144 566°+1.46

a,b,¢c-P<0.05
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Figure 1. Fatty acids of intramuscular and kindey fat average of all animals, n=28

proportion between intramuscular and kidney fat concerned the C,, C,,
Cis,and C;; (Tables 4 and 5). Kidney fat contained more polyunsaturated fatty
acids, but less C,; fatty acids than intramuscular fat. The induction time was
shorter in bulls receiving wheat (Table 5). Vitamin E supply significantly
increased the induction time in both groups (Table 5).
The kind of ration and vitamin E supplementation did not significantly
influence pH and drip loss of muscle (Table 6). Meat colour was not significantly -
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TABLE 6
pH and drip loss of M. longissimus dorsi
Grain source Maize Wheat
Vitamin E supplementation, g/animal/day - +1 - +1
pH 24 h p.m. 5.56+0.10 5.544+0.09 5414028 5544009
pH 48 h p.m 5.5440.07 5564007 5524006 556+0.07
Drip loss, % 0.38+£0.17 0411022 0631029 0.41+0.22

influenced by kind of grain and vitamin E addition. The L* value decreased
significantly with storing time, a* and b* values increased from 24 to 48 and
96 h and declined to initial values after 168 h p. m. (Table 7).

TABLE 7
Colour measurement of M. Jongissimus dorsi
Grain source Maize Wheat
Vitamin E supplementation, g/animal/day - +1 - +1
L* 24 h p. m. 39.8°+1.8 407403  41.3*+1.7 40.0°+1.7
L*48 h p. m. 399°+32.1 39.0°+ 1.0 389°+1.6 38.8°+1.1
L* %9 h p. m. 355°418 346219 349424 343110
L* 168 h p. m, 316432 30816 307412 30.0°40.6
a*24 h p. m. 179°+ 1.1  18.6'+19 184 +1.5 19.0°+23
a* 48 h p. m. 228°+1.7  232°+12 229°+1.1 224°+1.3
a* 72 h p. m. 215416 218411 223%+16  21.1°+1.6
a* 168 h p. m. 189+1.4 195 +15 197 +1.7 181 £20
b* 24 h p. m. §7+1.1 9.6+ 1.4 9.7%+1.3 99°+1.6
b* 48 h p. m. 13.7°4+08 135405  13.6°+0.7  13.2°40.7
b* 72 h p. m. 122409  11.84+0.7 124°+14  11.6°+0.9
b* 168 h p. M. 91Fr+22 9.4°+1.3 9.6+ 12 8.5 +1.1

a, b, c,d-P<0.05

DISCUSSION

Concentrate sources did not significantly influence fattening and slaughter
results of bulls (Table 2) or the fatty acids proportions in body fat (Tables 4
and 5). A higher proportion of linolenic acid in maize o1l (Table 1} was saturated
in the rumen but showed no influence on body fat. Tn agreement with some
references (Leat, 1983; Flachowsky et al., 1994, 19953) intramuscular fat (Table
4) contained more palmitinic (29.4), palmitoleic (2.7) and oleic acids (39.0%) but
less stearic (20.2), linoleic (2.2} and linolenic acids (0.9) than kidney fat (26.0; 1.2;
29.0; 32.8, 4.2 and 1.2%, respectively; Table 5) as shown in Figure 1.
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Short-term vitamin E supplementation did not significantly influence body
fatty acids proportions (Tables 4 and 5). There are some data indicating that
vitamin E supplementation affected the fatty acid proportion (e.g. Kies et al.,
1991; Schwarz, 1996; Baker and Davies, 1997; Lopez-Bote et al., 1997). In some
of those experiments addition of oxidized oils or vitamin E was able to reduced
losses of polyunsaturated fatty acids. In animals given fresh-oil diets, in
agreement with present results, no beneficial effects of vitamin E supplemen-
tation were obtained (Baker and Davies, 1997).

Vitamin E content in body samples was influenced by kind of grain in the diet
and vitamin E supplementation (Table 3). The content of tocopherol was
insignificantly higher in all body samples of bulls received maize than wheat
(P> 0.05). Vitamin E intake of unsupplemented animals was nearly constant
(265 and 272 mg/per animal/day for bulls fed maize and wheat, respectively). The
higher fat content in the maize ration {Table 1) may be responsible for the higher
vitamin E content in body samples because of close relationship between fat and
tocopherol absorption (Cohn, 1993; Kayden and Traber, 1993).

Vitamin E supplementation significantly increased the a-tocopherol concen-
tration in liver and serum, but not significantly in muscle and kidney fat (Table 3}.
After absorption (Cohn, 1993) vitamin E is transported by chylomicrons and
tocopherol-binding proteins to the liver (Dutta-Roy et al., 1994; Arita et al.,
1995), stored and later transported to the fat and muscles. Liver and serum
therefore showed the most important increase in the content of this vitamin after
short-term its supplementation (Table 3).

In the present study the vitamin E content was the highest in the liver, followed
by kidney fat, serum and muscles. Similar sequences are described for poultry
and pigs fat (e.g. Jensen et al., 1990; Shechy et al., 1991; Buckley and Morrissey,
1994; Nepp et al., 1996; Flachowsky et al., 1997a). Vitamin E concentration in
body tissues depends on amounts and duration of vitamin E supplementation as
well as the animal species. Hoppe et al. (1993) found the highest tocopherol
concentration in backfat of pigs. The sequence of vitamin E content in body
samples of pigs changed from backfat> liver>serum>muscle to liver>
backfat>serum >muscle, if 1 g vitamin E per day was added (Flachowsky,
1997¢).

Induction time, determined as oxidative resistance of depot fat, increased
when vitamin E was added. Induction time in the present experiment (Table 5)
was much lower compared with earlier experiments with beef cattle (Flachowsky
etal., 1994; 10.9-19.5 h). The reasons for the differences are measuring conditions
{temperature, amounts of air) and fatty acids proportion in kidney fat (Table 5).
The potential of fatty acids for oxidation depends on the number of double
bounds. Holman (1954) gives the relations for oxidation 0.025:1:2:4:6: 8 for
1 to 6 double bounds in fatty acids. Grosch (1970} describes the following

;
1
1
J
4
i
!
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proportion of disposition for oxidation between stearic : oleic : linoleic : linolenic
acids amounting to 1 : 100 : 1200 : 2400. From this data it can be stated that fats
high in polyene fatty acids, like pigs backfat, show a higher tendency towards
a shorter induction time. Vitamin E may act as an antioxidant and increase
induction time (TFable 5), as reported earlier (Flachowsky et al., 1995h).
Increased oxidative resistance of fat of tocopherol-supplemented animals has
been observed in many studies (Flachowsky et al., 1997b).

Apart from oxidative resistance of depot fat, other parameters of meat quality
such as pH, drip loss and meat colour were not significantly influenced by kind of
cereal or vitanmin E supplementation (Tables 6 and 7). Some authors observed
improved colour stability when vitamin E was added (e.g. Faustman et al., 1989;
Chan et al., 1995; Lavalle et al., 1995; Vega et al., 1996). The antioxidant may
prevent oxidation of myoglobin to metmyoglobin and improve membrane
stability (Williams et al., 1992; Arnold et al., 1993; Buckley et al., 1995).

The presented results demonstrate that short-term vitamin E content of diets
(1 g/d for 21 d) for fattening bulls influences the vitamin E content in some body
tissues and oxidative resistence of kidney fat, but may be too short to improve
other parameters of meat guality.
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STRESZCZENIE

Wplyw krotkotrwalego podawania witaminy E buhajom, otrzymujacym roZne pasze tresciwe, na
zawartos¢ witaminy E w tkankach ciala i odpornos¢ na utlenianie tluszczu nerkowego

Dwadziescia osiem buhajkow, w dwoch grupach po 14, zywiono indywidualnie od 177 do 522 kg
masy ciala kiszonka z przewiednietych traw do woli oraz pasza tresciwa, zawierajaca kukurydze
{grupa kukurydziana) lub pszenicg (grupa pszenna), po 2,7 kg dziennie. Na 21 dni przed ubojem
siedmiu buhajom z kazdej grupy podawano dziennie po 1 g octanu a-tokoferolu. Podczas uboju
pobierano proby krwi, watroby, migénia najdtuzszego grzbietu i thuszezu nerkowego dla oznaczenia
w nich zawartosci witaminy E przy pomocy HPLC. Udzial kwaséw thuszczowyeh oraz czas
catkowitego utlenienia (godz.) tluszczu nerkowego oznaczono przy uzyciu testu Rancimal.

Rodzaj dawki nie miat wplywu na pobranie s.m. kiszonki (5,551 5,58 kg) ani na przyrosty masy
ciala buhajow (1197 1 1203 g w grupach kukurydzianej i pszennej, odpo“-fiednio).'
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Dodatek witaminy E zwigkszyt jej zawarto$¢ w osoczu (1,36/1,52 i 1,48/1,88 ug/ml), watrobie
(9,6/13,7110,1/11,8) i thuszczu (8,3/10,3 1 9,09/9,3), ale nie w migsniach (0,92/1,141 1,16/1,11 pg/mg)
w grupie kukurydzianej lub pszennej, bez lub z dodatkiem witaminy E. Czas catkowitego utlenienia
thuszezu nerkowego zwigkszal sie w miare zwigkszania si¢ zawartosci witaminy E w thuszczu (z 3,82 do
5,39/godz.).

Rodzaj dawki oraz dodatek witaminy E nie wplynatl istotnie na udzial kwasow tluszczowych
w thuszczu nerkowym i migdzymigséniowym, pH, ubytek spowodowany wyciekiem i barwe migsa.

Krotkotrwaly dodatek witaminy E do dawek moze wplyw¢ na zawartos¢ witaminy E w tkankach
ciala, lecz podawanie jej przez dluzszy czas wydaje si¢ by¢ konieczne dla spowodowania
wyrazniejszego efektu.



