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The objective of this experiment was to characterize the relationship between dietary fat and
antioxidant supplementation on performance, fatty acids profile and lipid oxidation of thigh meat stored
under refrigeration in broilers under heat stress. The chicks with a similar body weight were equally
assigned to one of the two controlled-environment chambers from 21 to 56 day of age. The birds fed
diets as: 1) basal diet supplemented with 5% saturated fatty acid, 2) basal diet supplemented with 5%
unsaturated fatty acids (2% canola oil plus 3% fish oil); and 3) The second diet supplemented with
antioxidant (100 IU vitamin E and 50 mg/kg zinc); that birds received this 3 diet in two temperature (22
and 32°C). Results showed that feed conversion ratio was not influenced by fat type, but on live body
weight and feed Intake had significant effect (P<0.05). High environmental temperature showed
deleterious effects including: reduction of feed intake, and live body weight and increasing of feed
conversion ratio. Proportion of omega-6 to omega-3 (n-6/n-3) of thigh was increased and
polyunsaturated fatty acids (PUFA) decreased in heat exposed and tallow-fed chicks. Whereas the
proportion of omega-6 to omega-3 (n-6/n-3) of thigh was decreased and polyunsaturated fatty acids
(PUFA) increased in chicks fed with canola and fish oils. Fat content and gross energy of thigh in heat
exposed and canola and fish oils with antioxidant fed chicks were higher than other treatments.
Proportion of omega-6 to omega-3 (n-6/n-3) of thigh was decreased and polyunsaturated fatty acids
(PUFA) increased in chicks fed with canola and fish oils. Inclusion of canola and fish oils
supplementations increased lipid oxidation of thigh muscle based on TBARA values. Thiobarbituric
acid reaction substances (TBARA) values of thigh muscle in chicks fed canola and fish oils reared
under heat stress was higher than other treatments. Increasing dietary antioxidants decreased TBARA
values of thigh muscle.
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INTRODUCTION

Heat stress is of great concern in all types of poultry
production. Feed consumption, growth rate, mortality,
meat quality and other important traits governing the
prosperity of the industry are adversely affected by
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severe heat stress. Many authors have studied the
inclusion of different fat sources in the broiler's diet
(Scaife et al.,, 1994; Hrdinka et al., 1996; Sanz et al.,
1999). However, there are few reports on the effect of
increasing levels of dietary PUFA challenged with heat
stress on the amount and type of fatty acids deposited in
chicken tissues, especially in the edible portions. An
increase in the degree of polyunsaturation of meat may
enhance the development of organoleptic problems



(Ajuyah et al.,, 1993; Gonza'lez-Esquerra and Leeson,
2000; Bou et al.,, 2001) and lead to an increased
susceptibility to lipid oxidation (Klaus et al.,, 1995;
Cortinas et al., 2001; Grau et al., 2001). Supplementation
with a-tocopherol has proven to be an effective measure
to prevent lipid oxidation (Lin et al., 1989; Ahn et al.,
1995; Cortinas et al., 2001) and to improve sensory
quality (O’Neill et al., 1998, Bou et al., 2001) of poultry
meat. Because a-tocopherol protects PUFA from lipid
oxidation, its inclusion in the birds’ diet may result in a
higher deposition of PUFA in poultry tissues. There is
also evidence suggesting that supplemental Zinc can
alleviate negative effects of HS in broiler chickens. For
example, plasma zinc was greatly reduced and hepatic
zinc was found to be more than four times the amount
lost from plasma (Klasing, 1984). Supplemental zinc is
used in poultry diets and is reported to be of benefit to
laying hens during environmental stress (Sahin and
Kucuk, 2003). Interactions among minerals and other
nutrients e.g., vitamin E are extensive and may be
important in the determination of biological availability of
other nutrients. Lipid oxidation causes loss of nutritional
and sensory values, as well as the formation of potentially
toxic compounds that compromise meat quality and
reduce its shelflife. One of such product is
malondialdehyde (MDA), which has long been considered
as an index of oxidative rancidity. Among all the methods
proposed for assessing MDA, the 2-thiobarbituric acid
(TBA) has been widely adopted as a sensitive assay
method for lipid oxidation in animal tissues. The objective
of this study was to evaluate the effects of dietary fat,
Vitamin E and Zinc on fatty acids profile and lipid
oxidation of thigh meat stored under refrigeration in
broilers under heat stress conditions.

MATERIALS AND METHODS
Experimental design, animals, housing and diets

Two hundred forty female broiler chicks from Arbor Acres strain
were used to evaluate the effects of experimental diets and different
temperatures on fatty acids profile and lipid oxidation of thigh meat.
Two factors of temperature and fat type (2x3) were considered in a
completely randomized design (CRD) to form 6 separate
treatments. Each treatment involved 4 replications and 10 birds and
it lasted for 6 weeks. Experimental diets were included: 1) basal diet
supplemented with 5% saturated fatty acids, 2) basal diet
supplemented with 5% unsaturated fatty acids (2% of canola oil
plus 3% of fish oil); 3) basal diet supplemented with 5% unsaturated
fatty acids (2% of canola oil plus 3% of fish oil) and antioxidant (100
IU vitamin E and 50 mg/kg zinc); that birds received this 3 diets in
two temperatures (22 and 32°C). Table 1 shows the ingredients and
chemical analyses of the starter and grower diets fed to broiler
chickens. The chicks were placed in floor pens equipped with
stainless steel feeders, and automatic water drinkers. Lighting was
continuous and water and feed were provided ad libitum for the
whole experimental period. Fatty acid profiles of supplemented fats
and experimental diets are shown in Table 3. The weight of birds
was recorded at 21 day of age. A t the end of the experimental

period, weights and feed intakes per pen were recorded. The
chickens were killed on day 56 of the experiment.

Fatty acid content

Fatty acid content of feeds was determined following the
methodology described by Metcalf et al. (1996). The fatty acid (FA)
content was determined using a gas chromatograph (HP68908,
Unicam 4600, USA) equipped with a flame ionization detector and
an HP 19091 to 136 capillary column9 (30 m, 0.22 mm internal
diameter) with a film thickness (0.25 m) of stationary phase. Helium
was used as gas carrier. Oven temperature was programmed as
follows: from 140 to 160°C at 1.50°C/min; from 160 to 180°C at
20°C/min; and from 180 to 190°C at 20°C/min. The other
chromatographic  conditions  were: injector and detector
temperatures, 280°C; sample volume injected, 1 L. Fatty acids were
identified by matching their retention times with those of their
relative standards, as well as by mass spectrometry (HP5973), in
which 8 is for each peak. Fatty acid composition of diets is shown in
Table 3.

Analysis of meat cholesterol, gross energy and percentage fat

Details of the dissection of the carcasses to recover the thigh are
described elsewhere (Aletor et al.,, 2000). Total lipids were
extracted from freeze dried and finely milled animal tissues using a
mixture of n-hexane and isopropanol (3:2, vol/vol; Hara and Radin,
1978) at ambient temperature over 24 h. Lipids of the extracts were
thereafter dissolved in the aqueous phase of the test reagent with
Triton X-100 (De Hoff et al., 1978; Eder and Kirchgessner, 1994).
Cholesterol concentrations in the extracts were assayed
enzymatically using reagent kit1!. Crude fat were determined as

outlined by AOAC (1990). Gross energy determined with an
gallenkamp bomb calorimeter as outlined by AOAC (1995).

Lipid oxidation
Storage

The samples were stored at 4°C. For every sampling time (0, 3, and
6 day), 3 pieces of chicken thigh of each treatment were taken
randomly for analyses and the remaining samples were kept in
storage at 4°C.

Concentration of tissue malondialdehyde

The extent of lipid oxidation was determined by measuring the
TBAR substances at 1, 3, and 6 day of storage and was expressed
as micrograms of MDA per gram of muscle using the procedure
described by Salih et al. (1987). Ten grams of ground meat was
homogenized with 35 mL of 3.86% perchloric acid in an Ultra-
Turrax at 21, 280 g for 1 min. Butylated hydroxyanisole was added
before homogenization at a level of 125 g/mg of fat. The blended
sample was filtered through Whatman number 2V filter (Whatman
International Ltd., Maidstone, UK) into 50-mL Erlenmeyer flasks.
Five milliliters of the filtrate was mixed with 5 mL of 0.02 TBAR in
distilled water in capped test tubes. Tubes were incubated at room
temperature in the dark for 15 to 17 h or heated in boiling water for
30 min. The absorbance was determined at 531 nm against a blank
containing 5 mL of distilled water and 5 mL of 0.02 thiobarbituric

Pars AzmUN



Table 1. Ingredients and chemical analyses of the starter and grower diets.

Starter Grower

Treatment Percentage of DM Percentage of DM

(0] A T o] A T
Ingredients
Ground corn 54.75 54.75 54 61.73 61.73 61
Soybean meal 37.28 37.28 37.28 30.25 30.25 30.25
Fish oil 451 4,51 - 4.65 4.65 -
Tallow - - 5.26 - - 5.38
Dicalcium phosphate 1.37 1.37 1.37 1.33 1.33 1.33
Sodium chloride 0.1 0.1 0.1 0.2 0.2 0.02
Limestone ground 0.53 0.53 0.53 0.53 0.53 0.53
Calcium carbonate 0.1 0.1 0.1 0.16 0.16 0.16
DL-methionine 0.24 0.24 0.24 0.25 0.25 0.25
Lysine - - - 0.12 0.12 0.12
Cavilamycin 0.1 0.1 0.1 0.1 0.1 0.1
Ca- propionate 0.1 0.1 0.1 0.1 0.1 0.1
Vitamin E 1U - 100 - - 100 -
Zinc mg/Kg - 50 - - 50 -
Clinao 0.1 0.1 0.1 0.1 0.1 0.1
Toxin 0.3 0.3 0.3 - - -
Vitamin premix* 0.27 0.27 0.27 0.27 0.27 0.27
Trace mineral premix** 0.16 0.16 0.16 0.16 0.16 0.16
DM% 89.65 89.65 89.63 89.68 89.68 89.68
Chemical analyses
ME, kcal/kg 3100 3100 3100 3200 3200 3200
Cp 23 23 23 20.03 20.03 20.03
Crude fat 7.04 7.04 7.04 6.35 6.35 6.35

* premix supplied for 2 kilogram: vitamin A, 15000 IU; cholecalciferol, 3 1U, vitamin E 15 IU; menadione, 2.5 mg; vitamin B1, 1 mg
vitamin B2, 10mg; niacin, 70mg; d-pantotheenic acid, 20 mg; vitamin B12, 4 mg; folic acid, 2 mg; biotin, 0.1 mg. ** oremix supplied
for 2 kg; Mn, 80 mg: Mn, 80 mg; Fe, 25 mg; Zn, 50 mg; Cu, 7 mg; lodine, 0.3 mg; Se, 0.15 mg; Choline chloride, 350 mg.

acid solutions.

Statistical analyses

Data for chickens were analyzed with analysis of variance
(ANOVA). Performance parameters were analyzed for each pen as
a replication. The general linear model (GLM) of the Statistical
Analysis System (SAS Institute, 1999) was conducted for the
statistical processing of data. Differences were considered
significant at P<0.05 and means were compared by Duncan test.
Interactions were considered significant at P < 0.05.

RESULTS AND DISCUSSION

Broiler growth Performance

The effects of dietary fat and temperature on the
performance of broilers have been shown in Table 2.
Feed to gain ratio was not influenced by fat type.

However, high environmental temperature reduced the
feed intake, body weight and increased feed to gain ratio
in broiler (P<0.05). This result showed that diet contained
saturated fat had a significant effect on feed intake and
body weight, although the same result on feed to gain
was not convenient (P<0.05). It might be due to high
energy level of tallow in comparison with fish oil. Addition
of zinc and vitamin E to the unsaturated oil ration
increased in body weight of broilers though it was less
than body weight of tallow ration. Interaction of fat type
and temperature had a significant effect on broilers
performance (P<0.05). High environmental temperature
had deleterious effects on performance including: feed
intake and live weight. Not only feed intake and live
weight showed reduction, but also increase in feed to
gain ratio increased in broilers at high environmental
temperature (Donkoh et al., 1989). This negative effect of
heat stress on growth rate and production is speculated
to be due to reduced feed intake (Hurwitz et al., 1980).



Table 2. Effect of temperature, fat type and supplemental antioxidant on feed intake, feed convertion and body weight at

whole experimental period.

Variable Feed intake(g) Feed convertion Body weight(g)
Temperature

Heat stress(H) 4976 ° 1.96% 2539°
Normal(C) 6329 2 1.89° 33492
P 0.02 0.03 0.02
Fat type

0 5423 ° 1.93 2810°
T 5929 & 1.92 30882
A 5662 2° 1.93 2934%°
P 0.03 n.s 0.027
Interaction (Temp x Fat type)

TH 5297° 1.95% 2717°
TC 65392 1.89° 34602
OH 4682° 1.97% 2377°
oc 6131° 1.89" 32442
AH 4947 1.96% 2525°¢
AC 6301%° 1.89° 33342
P 0.02 0.03 0.024
SEM 192 0.23 88

a, b, cd

: mean values within a row with no common superscript doffer significantly (P<0.05). 1O = basal diet + Unsaturated fatty

acid; A = basal diet + 100 IU/ kg vitamin E and 50 mg/kg zinc; T= basal diet + saturated fatty acid; OH: high temperature and
canola oil plus fish oil diet, OC: normal temperature and canola oil plus fish oil diet; AH: high temperature and Antioxidant diet;
AC: normal temperature and Antioxidant diet; TH: high temperature and Tallow diet; TC: normal temperature and Tallow diet.

Fatty acids composition

Fatty acid profiles of diet fed chickens are shown in Table

3. The effects of treatments on fatty acid composition
tight muscles are shown in Table 5. Monounsaturated
fatty acids (MUFA) and unsaturated fatty acids (UFA) and
proportion of UFA/SFA decreased in heat exposed
chicks. Proportion of omega-6 to omega-3 (n-6/n-3) of
thigh was increased and polyunsaturated fatty acids
(PUFA) decreased in heat exposed and tallow-fed chicks.
Whereas proportion of omega-6 to omega-3 (n-6/n-3) of
thigh was decreased and polyunsaturated fatty acids
(PUFA) increased in chicks fed with canola and fish oils.
This result was similar with the result of Sonaya (1988)
that showed heat stress causing increased PUFA diet
Supplemented whit antioxidant causing decreased
Docosa hexaenoic acid (DHA), PUFA and USFA, n-3, n-6
and USFA/ SFA. This result was similar with Barja et al.
(1996).

Tissue cholesterol, gross energy and percentage fat

Fat contents were higher in chickens reared under heat
stress that this subject led to the increased gross energy
of meat. This result is similar to that of EL- Husseiny and

Cregur (1980) and the increased gross energy of meat
was repugnant with the result of EL- Husseiny and
Cregur (1980). The diet supplemented with antioxidant
caused the increase in fat percentage and gross energy.
However, none of the treatments was influenced by meat
cholesterol (Table 4).

Concentration of tissue malondialdehyde

Higher MDA was observed on OH treatment (Table 4).
The supplemented diet with antioxidant caused the
decrease in meat MDA at day 0, 3 and 6, and also
caused that of the slaughter. Heat stress caused the
increase in radical free, while the increased radical free
caused the increase in oxidation lipid and digestion
protein (Edens and Siegel, 1975). Also, heat stress
caused collision balance in blood PH (Richards, 1970).
Furthermore, it increased expulsion zinc (post 2003) and
decreased absorption of vitamin E, which was the
ingredient causing the increased effect of destroyer free
radical on cell well (Howlinder and Rose, 1989). Altan et
al. (2003) reported that heat stress caused collision
balance in blood antioxidant, in that this subject increased
oxidation lipids in meat. Then, of OH treatment, the
maximum MDA meat was observed in OC treatment



Table 3. Fatty acid composition in experimental diets (mg/g fat).

Experimental Diets™
Fatty acids 2 O T A
16:00 26.6 26 36
16:01 6 6.4 6.22
18:00 6.6 5.3 6.5
18:01 38 42 37.9
18:02 15 11.6 12.9
18:03 1.57 0.58 1.4
EPA 1.53 0.09 1.52
DHA 1.16 0.047 1.09
SFA 33 32 33
UNFA 44.24 49.13 43.3
PUFA 19.73 17.2 13
UFA 63.97 62 61.5
omega-3 4.6 1.25 4
omega-6 15.2 11.81 13
n6/n3 3.27 9.61 3
UFA/SFA 1.95 1.95 1.84
abcd

, values that do not have common superscripts are significantly different (P <0.05). 1O = basal diet +

Unsaturated fatty acid, A = basal diet + 100 U/ kg vitamin E and 50 mg/kg zinc T= basal diet + saturated
fatty acid; "SFA: saturated fatty acids; UFA unsaturated fatty acids; MUFAmonounsaturated fatty acids;
and PUFA polyunsaturated fatty acids; n6/n3 = peropertion of omega-6 to omega-3.

Table 4. Effect of temperatures and fat type on meat MDA, percentage fat, gross energy and cholesterol meat.

Cholesterol meat Gross energy Fat content MDA (ug/g)

Treatment

Mg/dl Kcal/kg % 0 day 3 day 6 day
TH 0.172%° 5202° 9.15%° 0.15° 1° 1.7°
TC 0.171%° 5502° 7.53° 0.27°° 1.4° 1.9
OH 0.145° 5238° 9.01° 0.642 2552 5942
oc 0192 5033" 6.98° 0.49° 2P 4.78°
AH 017" 5597 & 9.40° 0.35°¢ 207" 3.25°
AC 0182 5312 ¢ 8.94"° 0.19 ¢ 1.60° 2.48°
P 0.04 0.023 0.027 0.035 0.025  0.04
SEM 0.013 53 0.24 0.048 0.37 0.22

a, b, ¢, d: mean values within a row with no common superscript doffer significantly (P<0.05). OH: high temperature and canola oil plus
fish oil diet, OC: normal temperature and canola oil plus fish oil diet, AH: high temperature and Antioxidant diet, AC: normal temperature
and antioxidant diet. TH: high temperature and tallow diet, TC: normal temperature and tallow diet.

after which it was observed in AH treatment. However,
the supplemented diet with antioxidant caused the
decreased effect of the destroyer heat stress and the
decreased free radical that was produced.

Conclusions

In conclusion, Inclusion of canola and fish oils
supplementations increased lipid oxidation of thigh

muscle based on TBARA values. TBARA values of thigh
muscle in chicks fed canola and fish oils reared under
heat stress was higher than other treatments. Increasing
dietary antioxidants decreased TBARA values of thigh
muscle.

REFERENCES

Ahn DU, Wolfe FH, Sim JS (1995). Dietary a-linolenic acid and mixed
tocopherols and packaging influences on lipid stability in broiler
chicken breast and leg muscle. J. Food Sci., 5: 1013-1018.



Table 5. Effect of temperatures and diet fat type on fatty acid composition of tight (mg/g fat).

Treatment USFA/SFA n-6/n-3  n-6 n3 USFA PUFA MUFA SFA DHA EPA 1803 1802 1801  18:00 16:01  16:00
TH 1.9a 10.7a 11.1d  1le 60.8c  12.1d 48a 31  006c 008 048d  11d 42a 35b  6.4ab 27.4a
TC 1.9a 8.5b 12.4c 1.4d 63b 13.8c 49.6a 32.6 0.03c 0.1c 0.7c 12.3c 42.9a 7a 6.5ab  26.5ab
OH 1.88° 338° 15128 447 6232° 1045% 4286° 3319 1.15° 149°  15a 15a 37¢ 6.5a  5.4c 26b
oc 2022 317°  1530% 483 6563%  20° 4563% 3249 1.18% 159?  16a 15a 39b 6.7a  6.3ab 25
AH 1.78° 30 12.84° 428° 6003° 17.01° 43.02° 3370 1.09° 153° 14b  13bc 37¢ 6.8a  5.7bc  26b
AC 1.90° 300° 1320° 432° 6302° 1739° 4562 3319 111° 152°  1.4p 13b 38.8b 6a 6.7a 26b
SEM 0.025 0.047 0.3 0.06 0.56 0.35 0.40 024 001 0012 009 031 0.47 026 012 020
a, b,cd

: mean values within a row with no common superscript doffer significantly (P<0.05). oH: high temperature and canola oil plus fish oil diet, OC: normal temperature and canola oil plus fish oil diet, AH:

high temperature and Antioxidant diet, AC: normal temperature and antioxidant diet, TH: high temperature and Tallow diet, TC: normal temperature and tallow die, DHA= docosa hexaenoic acid ; EPA =
eicosa pantadocanoic acid ; SFA = saturated fatty acids; UFA= unsaturated fatty acids; MUFA = monounsaturated fatty acids; and PUFA = polyunsaturated fatty acids; n6/n3 = proportion of omega-6 to

omega-3.

Ajuyah AO, Hardin RT, Sim JS (1993). Dietary antioxidant and
storage affect chemical characteristics of w-3 fatty acid
enriched broiler chicken meats. J Food Sci., 58: 43-46.

Aletor VA, Hamid IE, Niess E, Pfefferm E (2000). Low protein
amino acids supplemented diets in broiler-chickens: Effect
on performance, carcass characteristics. whole-body
composition, and efficiencies of
nutrient utilization. J Food Sci and Food Agric., 80: 547-554.
Altan O, Pabuccuoglu A, Altan A, Konyalioglu S, Bayraktar H

(2003). Effect of heat stress on oxidative stress, lipid
peroxidation and some stress parameters in broilers. Brit
Polut. Sci., 44: 545-550.

AOAC (1995).Official Methods of Analysis of AOAC
International 16th Edition. Association of Official Analytical
Chemists. Arlington,VA

AOAC (1990). Official Methods of Analysis. Association of
Official Analytical Chemists, Washington, DC.

Barja G, Cadenas S, Rojas C, Perez-Campo R, Lopez-Torres
M, Prat J, Pamplona R (1996). Effect of dietary vitamin E
levels on fatty acid profiles and nonenzymatic lipid
peroxidation in the guinea pig liver. Lipids, 31: 963-970.

Bou R, Guardiola F, Grau A, Grimpa S, Manich A, Barroeta A,
Codony R (2001). Influence of dietary fat source, a-
tocopherol, and ascorbic acid supplementation on sensory
quality of dark chicken meat. Poult. Sci., 80: 1-8.

Carrapiso Al, Timon ML, Petron MJ, Tejeda JF, Garcia C
(2000). In situ transesterification of fatty acids from Iberian
pig subcutaneous adipose tissue. Meat Sci., 56: 159-164.

Cortinas L, Galobart J, Barroeta AC, Castillo MS, Jensen SK
(2001). Influencia del nivel de insaturacio’n diete’tica sobre
el depo” sito y efecto antioxidante del alfa-tocoferol en
muslo de pollo (crudo, cocido y cocido-refrigerado). Proc.38
Symp Cienti'fico de Avicul. Seccio'n Espan™ ola de la
WPSA. Cordoba, Spain, pp. 141-148.

De Hoff JL, Davidson LH, Kritebersky V (1978). An enzymatic
assay for determining free and total cholesterol in tissue.
Clinical Chem., 24: 433-435.

Donkoh A (1989). Ambient temperature: a factor affecting
performance and physiological response of broiler chickens.
Int. J. Biometeorol., 33: 259-65.

Eder K, Kirchgessner M (1994). The effect of zinc deficiency
on erythocycle membrane lipid of forced-fed rats receiving a
diet containing coconut oil or fish oil. J. Trace Element
Electrolytes Health Dis., 8: 63-73.

Edens FW, Siegel HS (1975). Adrenal responses in high and
low ACTH response line of chickens during acute heat
stress. Gen. Comp. Endocrin., 25: 64-73.

EL- Husseiny O, Cregur CR (1980). The effect of ambient
temperature on carcass energy gain in chickens. PoulT.
Sci., 59: 2307-2311.

Gonza’'lez-Esquerra R, Leeson S (2000). Effects of menhaden
oil and flaxseed in broiler diets on sensory quality and lipid
composition of poultry meat. Brit Poult. Sci., 41: 481-488.

Grau A, Guardiola F, Grimpa S, Barroeta AC, Codony R
(2001). Oxidative stability of dark chicken meat through
frozen storage: Influence of dietary fat and a-tocopherol and

ascorbic acid supplementation. Poult. Sci., 80: 1630-1642.

Hara A, Radin NS (1978). Lipid extraction of tissues with a
low-toxicity solvent. Anal. Biochem., 90: 424-426.

Hurwitz S, Weiselberg M, Eisner U, Bartov |, Riesenfeld G,
Sharvit M (1980). Requirement and performance of gr owing
chickens and turkeys, as affected by environmental
temperature. Poult. Sci., 59: 2290-2299

Howlinder MAR, Rose SP (1989). Rearing temperature and
meat yield of broilers. Brit Poult. Sci., 34: 925-938.

Hrdinka C, Zollitsch W, Knaus W, Lettner F (1996). Effects of
dietary fatty acid pattern on melting point and composition of
adipose tissues and intramuscular fat of broiler carcasses.
Poult. Sci., 75: 208-215.

Klasing KC (1984). Effects of inflammatory agents and
interleukin- 1 on iron and zinc metabolism. Am J Phys., 247:
R901-R904.

Klaus AM, Fuhrmann H, Sallmann HP (1995). Peroxidative
and antioxidative metabolism of the broiler chicken as
influenced by dietary linoleic acid and vitamin E. Arch. Geflu
gelk, 59: 135-144

Lin CF, Gray JI, Buckley DJ, Booren AM, Flegal CJ (1989).
Effects of dietary oils and a-tocopherol supplementation on
lipid composition and stability of broiler meat. J. Food Sci.,
54: 1457-1460.

Metcalf LC, Schmitz AA, Pelka JR (1996). Rapid preparation of
methyl esters from lipid for gas chromatography analysis.
Anal. Chem., 38: 514-515.

O'Neill L, Galvin MK, Morrissey PA, Buckley DJ (1998).



Comparison of effects of dietary olive olil, tallow, and vitamin E on the
quality of broiler meat and meat products. Brit Poult. Sci., 39: 365-
371.

Post J, Rebel JMJ, Ter Huurne AAHM (2003). Physiological effects of
elevated plasma corticosterone concentrations in broiler chickens. an
alternative means by which to assess the physiological effects of
stress. Poult. Sci., 82: 1313-1318.

Richards SA (1970). The role of hypothalamic temperature in the control
of panting in the chicken exposed to heat. J. Physiol., 211: 341-358.
Sahin K, Kucuk O (2003). Heat stress and dietary vitamin
supplementation of poultry diets. Nutrition. Abstract. Review. Seri B.

Livestock, Feeds and Feeding, 73: 41R-50R.

Salih AM, Smith DM, Price JF, Dawson LE (1987). Modified extraction
2-thiobarbituric acid method for measuring lipid oxidation in poultry.
Poult. Sci., 66: 1483-1488.

Sanz M, Flores A, Perez de Ayala P, Lopez-Bote CJ (1999). Higher lipid
accumulation in broilers fed on saturated fats than in those fed on
unsaturated fats. Brit Poult. Sci., 40: 95-101.

SAS Institute (1999). SAS/STAT User’s Guide. Version 8 ed. SAS Inst.
Inc., Cary, NC.

Scaife JR, Moyo J, Galbraith H, Michie W, Campbell V (1994). Effect of
different dietary supplemental fats and oils on the tissue fatty acid
composition and growth of female broilers. Brit Poult. Sci., 35: 107-
118.

Sonaya EB (1988). Fatty acid composition of broiler abdominal fat as
influenced by temperature, diet, age and sex. Brit Poult. Sci., 29:
589-595.



