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The influence of fish oil (highly unsaturated) and beef tallow (highly satu-
rated) with vitamin E (100 IU/kg) supplementation on the antioxidant status of
broiler chicken cockerels was investigated. Chicks were fed a control diet with no
added fat, 40 g/kg each of fish oil and beef tallow diets, respectively, from 11 to
42 days of age. Tocopherol concentration and the rate of lipid peroxidation, thio-
barbituric acid reactive substance (TBARS) in liver, fatty acid composition of the
liver lipids, blood serum total antioxidant status (TAS), and reduced glutathione
(GSH) content were determined. Vitamin E supplementation of the diet increased
liver a-tocopherol content in chicks regardless of the type of dietary fat. Fish oil
diet resulted in higher liver TBARS value while beef tallow diet showed lower
values compared to the control diet. Vitamin E supplementation reduced liver
TBARS as well as serum GSH, and raised serum TAS for all diets. Serum GSH
was the same for vitamin E supplemented diets regardless of the fat supplement.
Fish oil diets resulted in a significant increase in hepatic lipid n-3 PUFA content.
A significant positive correlation was found between liver TBARS and n-3 PUFA
content. No relationships were established, however, between liver TBARS and n-
6 PUFA or saturated fatty acids. The results suggest that feeding oils rich in n-3
PUFA increases tissue concentration of these fatty acids, consequently increasing
tissue lipid peroxidation and reducing the antioxidative status of broiler chickens.
Supplementing high levels of vitamin E with such oils may increase tissue oxida-
tive stability. Serum TAS or GSH may be used as a measure of antioxidative
status in chickens.
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Supplementation of broiler diets with small quantities of fats and oils has
long been used for improving the consistency and palatability of meal (Summers
and Leeson, 1979), for stimulating growth and for improving feed and energy util i-
sation (Rand et al., 1958; Dam et al., 1959; Carew and Hill, 1964; Vermeersch and
Vanschoubroek, 1968). In recent times, supplementation of poultry diets with m a-
rine fish and plant seed oils has been used for enriching broiler chicken meat with
beneficial n-3 fatty acids (Hulan et al., 1988, 1989; Farrell and Gibson, 1990; Sim,
1990; Olomu and Baracos, 1991). However, this procedure increases the polyu n-
saturated fatty acid (PUFA) content of broiler chicken and possibly the rate of ti s-
sue lipid peroxidation (McKay and Kings, 1980; Molenaar et al., 1980). Tissue
lipid oxidation generates free radicals and hydroperoxides (Herman, 1981) which
not only damage cells and reduce the immune defence of the animal, consequently
affecting production capacity, but also attack tissue PUFA causing off-flavour and
oxidative rancidity of n-3 fatty acid enriched animal products ( Dawson and Gart-
ner, 1983). The other problem that may arise is depletion of tissue tocopherols,
which has been reported as a possible factor that promotes lipid peroxidation in
meat (Marusich et al., 1975). Investigations on the reduction of tissue oxidation in
chickens have been directed towards the supplementation of high levels of vitamin
E in diets (Wood and Enser, 1997). Animals are unable to synthesise tocopherols
and therefore depend on dietary sources (Chan and Decker, 1994). Unlike ma m-
mals, chickens have a rudimentary lymphatic system, which makes it possible for
chylomicrons to be absorbed directly into the portal blood for transport to the liver,
allowing direct exposure of the liver to dietary fats and fat-soluble vitamin E
(Noyan et al., 1964). The tocopherol concentration of the liver has been widely
used as an index for the assessment of vitamin E status in the animal ( Desai, 1980).
Vitamin E supplementation of poultry diets has been reported to increase o-
tocopherol content (Sheldon, 1984; Sheehy et al., 1991) and improve the antioxi-
dative status of tissues (Sheldon, 1984; Lin et al., 1989; Sheehy et al., 1993; Che-
rian et al., 1996). The nature of dietary fats (degree of unsaturation of their fatty
acids) has been reported to influence the thiobarbituric acid reactive substance
(TBARS) value of chicken tissues (Cherian et al., 1996) and the cellular glutath i-
one-dependent antioxidant system ( Christon et al., 1995). It has been suggested
that reduced glutathione (GSH) protects cells against damage from free radicals
through its combined action with vitamin E (Murphy et al., 1992). Studies with
fish oils rich in n-3 PUFA have reported a decrease of GSH content in animal ti s-
sues (Nalbone et al., 1989; D’Aquino et al., 1991), in response to elevated lipid
peroxidation. Thus, this study was conducted to evaluate the effects of feeding fats
of different origin with vitamin E supplementation on the antioxidant defence,
such as blood plasma total antioxidant status (TAS) and GSH of broiler chickens.
The rate of lipid peroxidation (evaluated by TBARS), tocopherol content and lipid
fatty acid composition in the liver were also measured.
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Source of supplemental fats and vitamin E

Materials and methods

Fish oil of marine origin was applied. Beef tallow was obtained from a local
slaughterhouse. Their fatty acid composition is shown in Table 1. A mineral-
vitamin premix with different vitamin E levels was supplied by Agrocomplex-
Central Soya Milling and Marketing Company ( Agard, Hungary). All products
were stored at 4 °C prior to mixing.

Table 1

Fatty acid compositions of control diet, fish oil and beef tallow

Control diet Fish oil Beef tallow
Fatty acids
% total fatty acids
Cl4:0 - 7.5 35
Cl16: 0 21.3 13.8 28.3
Cl16: 1n-7 - 13.3 7.8
C18:0 0.7 2.0 10.7
C18: 1n-9 12.5 24.7 46.7
C18:2n-6 61.2 1.9 1.0
C18:3n-3 2.3 8.1 -
C20: 2n-6 - 4.1 -
C20: 4n-6 0.2 - -
C20: 5n-3 0.1 9.1 -
C22: 4n-6 - 0.3 -
C22: 5n-3 - 1.4 -
C22: 6n-3 8.8 -
Others 1.7 1.9 2.0
SAT! 22.0 22.3 425
MUFA? 12.5 38.0 54.5
Total n-3 2.4 35.5 -
Total n-6 61.4 1.3 1.0
PUFA® 63.8 37.8 1.0

ISAT = saturated fatty acids; “MUFA = monounsaturated fatty acids;

’PUFA = polyunsaturated fatty acids

Birds and diets

A total of 240 day-old Ross cockerels were obtained from a commercial
hatchery (HE-ROSS Hatcheries Ltd., Ocsa, Hungary). Chicks were randomly as-
signed into cages (20 chicks per cage) in batteries with raised floors and fed a
common basal broiler starter diet from 1 to 10 days. At day 11 chicks were ind i-
vidually weighed, randomly reassigned to cages (10 chicks per cage) and fed the
experimental diets (control diet with no added fat, 40 g/kg each of fish oil and beef
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tallow, respectively) with (100 IU/kg; E+ groups) and without vitamin E (E—
groups) supplementation. Levels of maize, wheat, barley and soybean meal of the
basal diet (Table 2) were adjusted with a minimal amount (20 g/kg) of fish meal
added to achieve the same protein : energy ratio for all treatment diets. Fatty acid
composition of the control diet is shown in Table 1.

Table 2

Composition and calculated nutrient content of the basal diet fed to chicks

Ingredients and composition g/kg
Yellow maize 510.00
Wheat 167.00
Soybean meal (44%) 268.00
Fish meal, % 20.00
Vitamin/mineral premix” 35.00
Total 1,000.00
Calculated nutrient content
ME (MJ/kg) 12.10
Crude protein, g/kg 195.0
Crude fibre, g/kg 35.0
Lysine, g/kg 10.2
Methionine, g/kg 3.26
Methionine + cystine, g/kg 6.46
Vitamin E, [U/kg 13.6

*Provides per kilogram of diet: 15,999 IU vitamin A, 3299.8 IU vitamin
D;, 10.2 mg vitamin Kj, 5.0 mg vitamin B;, 15.2 mg vitamin B,,
20.2 mg pantothenic acid, 4.0 mg vitamin Bg, 0.06 mg vitamin B,
50.3 mg nicotinic acid, 5.0 mg folic acid, 0.4 mg biotin, 600 mg choline
chloride; 100 mg Zn, 4.1 mg I, 0.2 mg Se, 100 mg Mn, 16.2 mg Cu,
20.3 mg Fe, 715.00 mg benduramycin

The diets were isonitrogenous (195 g/kg CP) and calculated to be isoene r-
getic (12.4+0.2 MJ/kg). Adequate amount of vitamins, minerals and essential
amino acids were provided in accordance with the National Research Council
(NRC; 1994) recommendations. Diets were prepared weekly and stored at 4 °C to
reduce the rate of lipid oxidation.

Birds were raised within a controlled environment at 20 to 25 °C. Addi-
tional heat was provided during the initial 2-week brooding period. Twenty-four-
hour lighting was employed. Chicks were given free access to water and feed. A
complete randomised design was used. The design produced 4 dietary replicates
per treatment.
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Sample collection

Samples for chemical analysis were collected at 42 days of age. Six chicks
per treatment were weighed, killed by severing the jugular vein, blood (without
anticoagulant) and liver tissue samples were obtained and immediately stored in
the deep freezer at —20 °C.

Chemical analysis

The rate of lipid peroxidation was analysed by the determination of malonal-
dehyde (MDA) concentration according to the method of Placer et al. (1966).
TBARS were then measured by using 1,1,3,3-tetracthoxypropane as standard and the
results were expressed as pmol of malonaldehyde (MDA)/g wet tissue weight. The
serum concentration of GSH was measured by a spectrophotometric method d e-
scribed by Sedlak and Lindsay (1968). Total antioxidant status (TAS) was dete r-
mined with a colorimetric kit supplied by Randox Ltd. (Crumlin, Northern Ireland).
Vitamin E (a-tocopherol) was determined from the liver tissue samples by a modif i-
cation of the method described by McMurray et al. (1980). Portions (200500 mg) of
tissue samples were saponified by the addition of 2.5 ml of 60% (w/v in water) KOH
and 10 ml 5% (w/v in ethanol) followed by heating at 70 °C for 30 min. After cool-
ing, 20 ml H,O and 10 ml petroleum ether (40-70 °C fraction) were added and the
samples were mixed and allowed to stand for 1 h to allow phase separation. The p e-
troleum ether extract was then dried under N, at 40 °C and resolved in 1.0 ml metha-
nol. Ten-microlitre portions of the methanol extract were chromatographed on a
high-performance liquid chromatograph (Spectra-Physics) equipped with BST RU-
TIN 10 pm Cg, 240 mm length X 4 mm internal diameter column (Bio-Separation
Technologies, Budapest, Hungary). Chromatography was performed using a mobile
phase of methanol-water (98 : 2, v/v) at a flow rate of 1 ml/min. Fluorimetric detec-
tion wavelengths were 292 and 330 nm. Calibration was performed using standard
solutions of a-tocopherol in methanol (Fluka, Buchs, Switzerland).

Total lipid was extracted from liver tissue samples by the method of Folch et al.
(1957). Four grams of tissue samples were homogenised with 80 ml of a 2: 1 (v/v)
mixture of chloroform-methanol after which 4 ml 0.88% NaCl was added, mixed and
left to stand for 2 h to allow phase separation. The chloroform-methanol extract was
evaporated to dryness in a water-bath at 50 °C under N, flow. The lipid extracts were
then converted to fatty acid methyl esters by using boron-trifluoride-methylation solu-
tion. The resultant fatty acid methyl esters were separated and analysed by gas liquid
chromatography according to Husvéth et al. (1982). An automated gas-liquid chrom a-
tography (Chrom 42), equipped with dual flame ionisation detector and a 1.8 m length
x 3 mm internal diameter packed glass column containing 100/120 mesh Chromosorb
WAW coated with 10% SP 2330. The samples were analysed under the following o p-
erating conditions: 250 °C injector and detector temperature, 20 ml/min nitrogen gas
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flow, and a programmed temperature change from the initial temperature of 185 °C for
2 min to the final temperature of 250 °C at a rate of 3.5 °C/min. These conditions were
chosen for separating fatty acids from 12 to 24 carbons in chain length. Fatty acids were

identified by comparison of retention times with known external standard mixtures

(PUFA-2: Catalogue No. 1081) quantified by a Shimadzu C-RGA integrator, and the
results were expressed as a percentage distribution of fatty acid methyl esters. All

chemicals used for gas chromatographic analysis were obtained from Supelco Inc.
(Bellefonte, PA, USA).

Statistical analysis

The experiment used a complete randomised design with the experimental
unit being the pen average for each performance variable. Data were subjected to
analysis of variance, regression and correlation analysis using Statgraphics version
5.0 (1991) statistical package. Significant differences among means were determined
using Duncan’s multiple range test (1955). Significance was accepted at the 5% co n-
fidence level. Data are expressed as means =+ standard error of the mean ( SEM).

Results

The alpha-tocopherol content of the chicks’ liver was significantly increased
by vitamin E supplementation regardless of the type of dietary fat (Fig. 1).

Comparing the effects of type of dietary fat in groups not supplemented with
vitamin E, fish oil and beef tallow resulted in a significant increase and decrease in
liver TBARS, respectively, as compared to the control diet (Fig. 2). TBARS were r e-
duced for all diets with vitamin E supplementation. Regression analysis between
liver o-tocopherol and TBARS concentration showed negative correlation (r =
—0.618; P <0.001).

Plasma GSH and TAS levels are shown in Figs 3 and 4, respectively. The le v-
els of serum GSH were significantly depressed by vitamin E supplementation in
chicks fed fish oil or beef tallow diets (Fig. 3). In vitamin E supplemented groups, the
chicks’ GSH levels were practically the same irrespective of the type of dietary fat.

The type of dietary fats (Table 3) significantly influenced the fatty acid co m-
position of total hepatic lipids. The main effect was within the n-3 fatty acid content.
Chickens fed fish oil had higher concentrations of hepatic C18:3n-3, C20 : 5n-3,
C22: 5n-3 and C22 : 6n-3 than those fed beef tallow or control diets. T otal mono-
unsaturated fatty acids and C18: 1n-9 were depressed in chickens fed the diet
containing fish oil compared to those fed beef tallow or control diets. Vitamin E
supplementation had no effect on the deposition of n-3 PUFA in the liver of chic k-
ens. However, saturated fatty acid level (in liver lipids of chicks fed the diet co n-
taining fish oil) and C16: 0 level (in those fed fish oil and beef tallow diets, r e-
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spectively) were significantly increased by vitamin E supplementation. Regression

analysis revealed a significant positive correlation between liver TBARS and n-3

PUFA (C18:3n-3 r=0.474, P < 0.01; C20:5n-3 r = 0.648, P < 0.001; C22:5n-3r =
0.538, P <0.001; C22: 6n-3 r = 0.642, P <0.001; total n-3 r = 0.645, P <0.001).
No relationship was established between liver TBARS and n-6 PUFA or saturated

fatty acids.
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Fig. 1. Alpha-tocopherol content in liver of chickens as influenced by fat (40 g/kg) and vitamin E
(100 IU/kg) supplementation of the diet. Columns designated with different letters differ significantly
(P <0.05)
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Fig. 2. TBARS (MDA) in liver of chickens as influenced by fat (40 g/kg) and vitamin E supplementa-
tion (100 TU/kg) of the diet. Columns designated with different letters differ significantly (P < 0.05);
* = significant difference between vitamin E supplemented and unsupplemented treatments (P < 0.05)
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Fig. 3. Blood GSH levels of chickens as influenced by fat (40 g/kg) and vitamin E (100 1U/kg) sup-
plementation to the diet. Columns designated with different letters differ significantly (P < 0.05);
* = significant difference between vitamin E supplemented and unsupplemented treatments (P < 0.05)
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Fig. 4. Blood TAS values of chickens as influenced by fat (40 g/kg) and vitamin E (100 TU/kg) sup-
plementation of the diet. Columns with different designations differ significantly (P < 0.05);
* = significant difference between vitamin E supplemented and unsupplemented treatments (P < 0.05)

Discussion

The results of this study indicated an increase in a-tocopherol concentration of
the liver with vitamin E supplementation. This was expected and is in agreement
with results reported by other authors (Sheldon, 1984; Sheehy et al., 1991). Liver
TBARS values and serum GSH were lowered, and serum TAS increased by vitamin
E supplementation. Lipid peroxidation is greatly influenced by tissue concentration
of a-tocopherol, considered to be an important scavenger of free radicals (Comb and
Scott, 1977; McKay and Kings, 1980; Sheehy et al., 1991). As vitamin E is greatly
responsible for the antioxidant capacity of tissues, serum TAS results were expected
to be higher in the vitamin E supplemented diet groups. A possible explanation for
decreased GSH in the vitamin E supplemented groups is that with higher vitamin E
concentration less GSH is needed to recycle the antioxidant vitamin. The synthesis of
GSH depends on the actual oxidative stress situation as well as on the rate of synth e-
sis because the peptide inhibits its own synthesis through a feedback mechanism
(Deleve and Kaplowitz, 1990). The trends of responses to vitamin E supplementation
by liver TBARS, plasma TAS, and GSH in the different dietary fat treatments were
consistent. A high deposition of n-3 PUFA with a concomitant low deposition of n-6
PUFA observed in this trial with feeding n-3 PFA rich fish oil diet is consistent with
the results of previous trials with fish oils (Cherian and Sim, 1992). Liver tissues
from chicks fed beef tallow diets rich in SAT and MUFA did not show a higher
deposition of these fatty acids. Similar results have been obtained by other authors
(Naber and Biggert, 1989; Cherian et al., 1996).

The results of this trial have revealed that increases in tissue oxidation are
consistently accompanied by an increase in tissue n-3 PUFA. The high concentr a-
tion of n-3 PUFA predisposes the tissues to oxidative stress and thus increases
TBARS and GSH while reducing TAS values.

In conclusion, feeding oils rich in n-3 PUFA increases the tissue concentr a-
tions of these fatty acids, consequently increasing tissue oxidation and reducing the
oxidative status of broiler chickens. Supplementing high levels of vitamin E with
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such oils may increase tissue oxidative stability. Serum TAS or GSH may be used
as a measure of antioxidative status of chickens. Their use might be of immense
importance in monitoring the antioxidative status of growing chickens.
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