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Abstract: This experiment carried out to study the effects of skip a day feeding and different dietary
unsaturated to saturated fatty acids ratio on serum cholesterol and triglyceride levels and carcass traits. A total
of 720 10-days-old male Ross chicks were fed diets with Unsaturated/saturated fatty acid ratio (U/S) of 2, 3.5,
5 or 6.5 as ad lib or skip a day feeding program during 18-28 days of age. Generally at 28 day of age, chicks
body, liver and abdominal fat pad weights and serum triglyceride concentration were significantly (p<0.05)
lower and serum cholesterol level were significantly higher in the restricted compared with ad libitum birds.
Re-feeding moved out these differences at 42 days of age except for body weight. The serum cholesterol and
triglyceride concentrations were decreased (p<i0.05) by mcreased dietary U/S.
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INTRODUCTION

The selection for increased growth has, produced a
chicken with excessive fatness and this has become a
problem 1n modem broilers strains. Commercial broiler
strans contain between 13-18% of their body weight as
ether-extractable fat (Griffin, 1993).

Because of limited capacity of digestive tract, plant
or animal fats or their mixtures are important components
of broilers high energy diets. Fats with high unsaturated
fatty acid content have a more absorbability and there 1s
a known synergism between saturated and unsaturated
fats (Freeman, 1984; Hulan et al., 1984).

Usually, fats with a high level of unsaturated fatty
acids are better absorbed than highly saturated lipids. In
addition, the age of young broiler chickens 1s another
umportant factor for the ability to digest fats. Changes in
body fat deposition between broilers fed different dietary
fatty acid profiles may be related to different rates of lipid
synthesis or lipid oxidation. Tts showed that hepatic fatty
acid synthetase activity is decreased by diets with
added sunflower o1l (rich in PUFA of n-6 series) compared
with those fed lard and can result in abdominal fat pad
reduction (Sanz et al., 2000). It has been well known that
dietary intake of n-6 and n-3 PUFAs is effective in
lowering blood lipids level.

Broilers are generally full-fed from start to market and
are encouraged to eat as much as possible, since more

feed consumption means faster growth and better feed
conversion. McGovern ef al. (1999) found that 40-day
body weight was significantly greater in the ad libitum
birds than in the feed-restriction birds. Saleh ef al. (1996)
reported that final body weight did not differ among those
restricted to 20 or 40% and those fully fed and the
abdominal fat percentage decreased with increasing feed
restriction.

Summers et al. (1990) could not show an advantage
in terms of abdominal fat for broilers with restricted
feedng from 7 to 14 days of age when compared with
broilers that ate ad libitum. Additional work by
Plavnik et al. (1986) noted that feed restriction from 1
weel of age for male broilers would produce significantly
less abdominal fat. Khontabrab et al. (1997) reported that
feed withdrawal markedly mbubited deposition of
abdomimal fat. Fontana et al (1993) found that no
significant differences were observed for abdominal fat
pad and liver weights between early restricted birds and
ad libitum controls at 49 days of age. In Tanaka and
Shigeno (1975) study, Broiler chickens were deprived of
feed for up to 4 days and then re-fed on a stock diet.
Deprivation caused a fall m the concentration of serum
triglycerides while cholesterol tended to mcrease.

The objective of this study was to survey the effects
of feed restriction and different dietary unsaturated to
saturated fatty acids ratio on abdominal fat pad and serum
lipids m broiler chickens.
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MATERIALS AND METHODS

Seven hundred and twenty, 10 days old male chicks
(Ross 308) were used m the study. The birds were
randomly assigned according to their initial body weights
to a completely randomized design with a 2*4 factorial
arrangement with 3 replicate and 30 chicks for each
replicate. Experiment factors were: 1-skip a day or free
feeding at days 18-28 of age and 2-diets with different
unsaturated to saturated fatty acid ratios (2, 3.5, 5 and 6.5)
formulated using different levels of sunflower oil and
tallow. Fatty acids content of beef tallow and sunflower
oil determined by gas chromatography and other
mnformation for diet formulation extracted from NRC
(1994). The birds were fed a grower diet until 28 days of
age followed by a fimshing diet at 29 to 42 days of age.
The basal diets were formulated using Ross Co.
(Ancnymous, 2002) guideline. Fatty acid composition of
ingredients and the composition of experimental diets are
shown n Table 1 and 2, respectively.

At the end of grower (28 days) and finisher (42 days)
periods, pancreas, liver and abdominal fat pad weights
were determined in 6 birds from each treatment. At same
times, blood samples were collected from jugular vein from
12 birds randomly chosen from each treatment and serum

Table 1: Fatty acid composition of ingredients

was prepared and stored at -20°C for determination of
cholesterol and triglyceride via spectrophotometer. The
data were analyzed using the GLM procedure of SAS
software (SAS Institute, 2001). Sigmficant differences
among treatment means were determined using Duncan’s
new multiple range test.

RESULTS

The effects of different dietary ratios of unsaturated
to saturated fatty acids on carcass traits at 28 and 42 days
of age are presented m the Table 3. The percent of
Carcass and pancreas was not influenced by the nature of
the diet and feeding program at any stage of experiment.
At 28 days of age, the chicks fed on different dietary fat
types had a smmilar liver weight. However, compared to
chicks fed ad libitum, the chicks on skip a day feeding
during 18-28 days of age had significantly (p<0.05) lower
liver weight. At 42 days of age, effect of feed restriction
on liver weight disappeared, but chickens fed diet with
/8 = 2 had a higher liver weight especially relative to
chickens fed diet with U/S = 3.5 (p<0.05).

Feed restriction caused a significant reduction in
abdominal fat pad at 28 days of age (p<0.05), whule after
returning to free access to feed, this difference moved

Fatty acid type (%)

Tngredients Crude fat (%6) 16:0 16:1 18:0 18:1 18:2 18:3
Comn 3.8 0.62 - 0.10 1.17 1.82 0.09
Soybean meal 1 0.24 0.01 0.05 0.16 047 0.07
Sunflower oil 100 6.70 0.10 4.30 27.40 57.10 3.70
Beef tallow 100 25.00 4.20 22.70 37.00 2.50 0.30

Table 2: Composition and calculated nutrient content of broiler grower (fed 10 to 28 days) and finisher (fed 29 to 42 days) diets with different unsaturated

to saturated fatty acids ratios

Unsaturated to saturated fatty acids ratio

2 3.5 5 6.5
Ingredients (%) Grower Finisher Grower Finisher Grower Finisher Grower Finisher
Corn 42.83 49.29 46.02 5242 47.29 53.66 47.97 54.33
Soybean meal 42.38 36.35 41.75 35.72 41.50 35.48 41.36 35.34
Suntlower meal 1.49 1.32 4.36 4.14 5.50 5.26 6.12 5.86
Beef tallow 9.07 8.85 3.64 3.52 1.48 1.40 0.33 0.27
CaCOs 0.99 1.00 1.00 1.01 1.00 1.01 1.00 1.01
DCP 1.84 1.88 1.83 1.87 1.83 1.87 1.83 1.87
Comimon salt 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
Vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
DL- Methionine 0.34 0.31 0.34 0.30 0.34 0.30 0.33 0.30
HCI-Lysin 0.18 0.13 0.18 0.14 019 0.15 0.19 0.15
ME (kcalkg™) 3150.00 3200.00 3150.00 3200.00 3150.00 3200.00 3150.00 3200.00
Crud protein 21.00 19.00 21.00 19.00 21.00 19.00 21.00 19.00
Calcium 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Av. Phosphorus 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Sodium 0.16 0.16 0.16 0.16 016 0.16 0.16 0.16
Lysin 1.20 1.05 1.20 1.05 1.20 1.05 1.20 1.05
Methionine 0.54 0.49 0.54 0.49 0.54 0.49 0.54 0.49
Met + Cys 0.85 0.78 0.85 0.78 0.85 0.78 0.85 0.78
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Table 3: Liver, Pancreas and abdominal fat pad content™

Treatment 28 days of age 42 days of age
F s Liver (%) AF (%) Pan* (%0) Liver (%0 AF (%) Pan (%)
F1 2.0 3.7c 1.0ab 0.39 2.1abc 2.4b 0.35
F1 3.5 3.5bc 1.7ab 0.43 2.0abc 2.1b 0.38
F1 5.0 3.4bc 1.7ab 0.4 2.1ab 2.5b 0.39
F1 6.5 3.2 2.1a 0.41 2.0bc 2.4b 0.34
FO 2.0 3.5bc 1.0cd 0.45 2.2a 2.4b 0.39
FO 3.5 3.5abc 1.0cd 0.4 1.9¢ 2.2b 0.3
FO 5.0 3.8ab 0.2d 0.43 2.1ab 2.5ab 0.39
FO 6.5 4.0a 1.4bc 0.43 2.1ab 3.2a 0.34
SEM 0.16 0.19 0.03 0.07 0.26 0.02
P’ 0.22 0.5 0.8 0.5 0.4 0.4
Pt 0.01 0.001 0.5 0.1 0.2 0.1
2.0 33 1.4ab 0.42 2.1a 1.51b 0.31
3.5 3.5 1.3ab 0.45 2.0b 1.94b 0.33
5.0 3.6 1.1b 0.34 2.1a 1.92b 0.32
6.5 3.6 1.7a 0.42 2.0ab 2.76a 0.34
Pus’ 0.25 0.04 0.3 0.04 0.1 0.1
F1 3.7a 1.8a 0.41 21 2.6 0.33
FO 3.1b 1.1b 0.44 21 23 0.31
P 0.031 0.001 0.1 0.51 0.2 0.1

a-d Values in the same column in each comparison group, with no common superscript differ significantly (p<0.05), * Values are means of 6 birds per
treatment. 'F = feeding program, F1: a dlibitum, FO: skip a day. *U/S= Dietary fat unsaturated to saturated fatty acids ratio. >AF = Abdominal fat pad.
“Pan = Pancreas. °P;= P value of interaction of U/S ratio and feeding program. °P; = P value of comparison of treatments obtained by combination of U/S ratio
and feeding program. "Pys=P value of effect of U/S ratio. *Pr= P value of effect of feeding program

Table 4: Serum cholesterol and triglyceride concentration (mg dL™") *

Treatment 28 days of age 42 days of age
F u/s? Cholesterol Triglyceride Cholesterol Triglyceride
F1 2.0 151.3a 3822a 77.90 30.2ab
F1 35 131.8b 29.9b 72.80 25.4be
F1 5.0 120.2¢ 30.5b 72.50 22.4d
F1 6.5 128.8bc 28.1c¢ 78.10 18.3d
FO 2.0 127.6bc 383a 82.60 33.5a
FO 3.5 114.8d 39.0ab 76.30 25.6bc
FO 5.0 112.2d 31.3abc 79.50 22.9¢cd
FO 6.5 109.6d 28.3ab 78.10 22.38¢c
SEM 4.20 3.2 5.10 1.50
P’ 0.59 075 0.67 0.4
Pt 0.003 0.02 0.66 012
2.0 138.00a 382a 80.40 31.8a
35 123.3b 34.5b 74.70 25.7b
5.0 117.5b 30.9¢ 76.10 22.90bc
6.5 117.5b 3l.6¢ 78.30 20.40¢
Pys’ 0.02 0.01 0.85 0.02
F1 114.8b 34.3a 78.10 25.80
FO 131.8a 31.9b 75.60 23.60
P 0.0004 0.03 0.63 0.40

a-d Values in the same column in each comparison group, with no common superscript differ significantly (p<<0.05), * Values are means of 12 birds per
treatment. 'F = feeding program, F1: adlibiturn, FO: skip a day. U/S = Dietary fat unsaturated to saturated fatty acids ratio. *P;= P value of interaction of U/S
ratio and feeding program. *Pr= P value of comparison of treatments obtained by combination of U/S ratio and feeding program. *Pys = P value of effect of

/8 ratio. °Pr = P value of effect of feeding program

out at day 42. Abdominal fat pad in broiler chickens fed
diet with most unsaturated fat (/S = 6.5) at both 2% and
42 days of age was sigmficantly lower than other
treatments (p<0.05). With respect to studied parameters,
no significant interaction observed between feeding
program and dietary fat type.

Table 4 shows the effects of feed restriction and
dietary fat TJ/S ratio on serum cholesterol and triglyceride
concentrations. Skip a day feeding at 18-28 days of
age, caused a significant increase n serum cholesterol
and a major decrease in triglyceride concentration

determined at day 28 days of age (p<0.05). Re-feeding
at 29-42 days of age moved out these differences at
42 day of age.

Dietary fat type had a considerable effect on serum
lipids too. At both 28 and 42 days of age with increasing
the U/S ratio there was a comresponding significant
reduction m serum triglyceride concentration (p<i0.05).

At 28 days of age diet with the highest TVS ratio
caused a significant reduction m serum cholesterol
level too (p<0.05), but no differences observed at
42 days of age.
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DISCUSSION

Liver role is primarily to provide intermediary
metabolites for biosynthesis (Stevens, 1996). This role is
particularly important for triglyceride production as
adipose tissue 1n birds has very little capacity for de
novo triglyceride biosynthesis, So triglyceride storage in
other tissues depends on blood lipids availability
originated from diet or hepatic lipigenesis (Saadoun and
Leclercq, 1983).

Herzberg and Rogerson (1990) reported that in broiler
chickens fed a standard diet, about 28% of total body
lipogenesis occur in liver. On the other hand, Zhong et al.
(1995) showed that there 1s a relation between lipogenesis
reduction and liver weight decrease due to feed
restriction.

Significant reduction in liver weight because of
feed restriction 1s in agreement with previous reports
(Palo et al., 1995; Plavnik and Yahav, 1998; Bartov, 1987,
Ramlah ef al., 1996), while in some cases contrary results
reported (Petek, 2000). Effect of feed restriction on
abdominal fat pad reduction has reported by other
researchers too (Plavnik and Hurwitz, 1985, Petek, 2000).
There are also same reports about this difference
compensation after re-feeding (Fontana ez al, 1993;
Ramlah et al., 1996).

Phetteplace and Watkins (1990) showed that different
mixtures of a saturated (poultry fat) and unsaturated (fish
oil) fats in diet didn’t affect liver weight that irrespective
of dietary fat type is in agreement with present study.

Effect of feed restriction on serum's cholesterol
increase and triglyceride decrease at 21 days of age,
regardless of type and severity of restriction is in
agreement with previous studies (Tanaka and Shigeno,
1975; Kubikova et al., 2001; Santoso, 2002b).

In researches with differing results, Santoso (2001)
used a restricted feeding program and observed a
reduction in serum triglyceride level but serum cholesterol
concentration was not affect. Even Santoso (2002a)
reports an increase in plasma triglyceride level due to a
middle feed restriction at earlier ages in broiler chickens.

Effect of unsaturated fats on reducing blood lipids is
mn agreement with previous reports. Sanz et af (2000)
showed that consumption diet with 8% sunflower oil in
compare to 8% tallow until 32 days of age cause a
reduction in plasma triglyceride that indicate high
clearance rate of lipids toward tissues.

Crespo and Esteve-Garcia (2003) showed that broiler
chickens fed diet containing sunflower oil had a lower
blood cholesterol level relative to birds fed diet with
tallow. De novo synthesis of fatty acids in birds depends
on dietary carbohydrate to supply acetyl CoA, so thus
biosynthesis in fed birds is higher than fasted ones.

Different studies suggest that poly unsaturated fatty
acids (PUFA) capable to mntubit lipogenesis (Wilson ef af.,
1986; Sanz et al., 2000) and carry out this fimetion via
down regulation of hepatic lipogenec enzymes (Allmann
and Gibson, 1965) or enhancing oxidation rate of fatty
acids (Shimomura et al., 1990; Sanz et al., 2000).

This effects can explamn that why PUFA in compare to
saturated or mono unsaturated fatty acids results in
abdominal fat pad reduction (Crespo and Estere Garcia,
2001).

Based on lower abdominal fat pad deposition in the
birds fed diets rich in sunflower oil, it may be speculated
that blood circulating lipids was preferentially utilized by
macular tissues as an immediate energy source rather than
stored m adipose tissue.

Sanz et al. (2000) concluded that the lower abdominal
fat deposition occurring in broiler chickens fed a
sunflower enriched diet compared with those fed a tallow
enriched diet may be explained by an mcreased rate of b-
oxidation of unsaturated dietary fats and reduced
endogenous fatty acid synthesis despite higher dietary
fat absorption (Sanz et al., 2000).

These results show that it's possible to change
abdominal fat pad percent by altering dietary unsaturated
to saturated fatty acids ratio and feeding program.

REFERENCES

Allmann, D.W. and DW. Gibson, 1965. Fatty acid
synthesis during early linoleic acid deficiency mn the
mouse. J. Lipid Res., 6: 51-60.

Anonymous, 2002. ROSS Broiler Management Manual.
Ross Corporation.

Bartov, I, 1987. Effect of early nutrition on fattening and
growth of broiler chicks at 7 weeks of age. Bri. Poult.
Sci., 28: 507-518.

Crespo, N. and E. Esteve-Garcia, 2001. Dietary fatty acid
profile modifies abdominal fat deposition in broiler
chickens. Poult. Sci., 80: 71-78.

Crespo, N. and E. Esteve-Garcia, 2003. Polyunsaturated
fatty acids reduce msulin and very low density
lipoprotein levels in broiler chickens. Poult. Seci,
82:1134-1139.

Fontana, E.A., W.D. Weaver, B.A. Watkins and
D.M. Denbow, 1993. Characterization of lipogenic and
lipolytic activity, muscle tissue composition and
DNA and RNA levels of broilers eating ad libitum
or severely restricted at an early age. Poult. Sci.,
72: 684-690.

Freeman, B.M., 1984. Physiology and Biochemistry of the
Domestic Fowl. Academic Press, London, Vol. 5.

2751



Pak. J. Biol. Sci., 9 (15): 2748-2752, 2006

Griffin, HD., 1993. Metabolic and Endocrine Control of
Genetic Variation in Fat Deposition m Growing
Chickens. In Avian Endocrinology. Ed. Sharp, P.J.
Endocrinol. Limited, Burgess Science Press, Bristol
UK.

Herzberg, G.R. and M. Rogerson, 1990. Tissue distribution
of lipogenesis in vive in the common murre (Uria
aalge) and the domestic chicken (Gallus dome sticus).
Comparative Biochem. Physiol B Comparative
Biochem., 96: 767-7609.

Hulan, HW., F.G. Proudfoot and D.M. Nash, 1984. The
effects of different dietary fat sources on general
performance and carcass fatty acid composition of
broiler chickens. Poult. Sci., 63: 324-332.

Khontabrab, S., T. Nikki and K. Nobukum, 1997. Effect of
restricted feed mtake on the growth of muscle and the
fat deposition in broiler chickens. Japanese Poult.
Sci., 34: 363-372.

Kubikova, L., P. Vyboh and L. Kostal, 2001. Behavioural,
endocrine and metabolic effects of food restriction in
broiler breeder hens. Acta Vet. Brno., 70: 247-257.

National Research Couneil, 1994, Nutrition requirements

of poultry. National Academy of Acience.
Washington, DC.
McGovern, R.H., JJ. Feddes, F.E. Robinson and

T.A Hanson, 1999. Growth performance, carcass
characteristics and the incidence of ascites in broilers
1n response to feed restriction and litter oiling. Poult.
Sci., 78: 522-528.

Palo, P.E., I.L. Sell, F.I. Piguer, M.F. Soto Salanova and
L. Vilaseca, 1995. Effect of early nutrient restriction on
broiler chickens. 1. Performance and development of
the gastromtestinal tract. Poult. Sci., 74: 88-101.

Petek, M., 2000. The effects of feed removal during the
day on some production traits and blood parameters
of broilers. Turk. J. Vet. Ammal Sci., 24: 447-452.

Phetteplace, HW. and B.A. Watkins, 1990. Lipid
measurements in chickens fed different combinations
of chicken fat and menhaden oil. J. Agric. Food
Chem., 38: 1848-1853.

Plavnik, 1. and S. Hurwitz, 1985. The performance of broiler
chicks during and following a severe feed restriction
at an early age. Poult. Sci., 64: 348-355.

Plavnik, L., J.P. McMurty and R.W. Rosenbrough, 1986.
Effects of early feed restriction m broilers. [. Growth
performance and carcass composition. Growth,
50: 68-76.

Plavnik, I. and S. Yahav, 1998. Effect of environmental
temperature on broiler chickens subjected to growth
restriction at an early age. Poult. Sci., 77: 870-872.

Ramlah, A H., A.S. Halim and A R. Sit1 Sara, 1996. Effects
of early feed restricion on the performance of
broilers. Asian Aust. I. Animal Sci., 9: 63-67.

Saadoun, A. and B. Leclercqg, 1983. Inz vivo lipogenesis of
genetically lean and fat chickens: Effects of
nutritional state and dietary fat. J. Nutr,, 117: 428-435.

Saleh, K., Y.A. Attia and H. Yours, 1996. Effect of feed
restricion and breed on compensatory growth,
abdominal fat and some production traits of broiler
chicks. Wirkung von Futterrestriktion und Herkunft

kompensorische  Wachstum,  das
Abdominalfett und einige Mastleistungen bei
Broilern. Archiv-fur-Geflugelkunde, 60: 153-159.

Sanz, M., A. Flores and C.J. Lopez-Bote, 2000. The
metabolic use of calories from dietary fat in broilers
is affected by fatty acid saturation. Br. Poult. Sci,,
41: 61-68.

Santoso, U., 2001. Effects of early feed restriction on
growth, fat accumulation and meat composition in

auf  das

unsexed broiler chickens. Asian Aust. J. Amimal Sci.,
14: 1585-1591.

Santoso, U., 2002a. Effects of house type and early feed
restriction on performance and fat deposition in
unsexed broilers. J. Ilmu Ternalk dan Vet., 7: 84-89.

Santoso, U., 2002b. Effects of early feed restriction on
breast and leg meat composition and plasma lipid
concentration in unsexed broiler chickens reared in
cages. Asian Aust. J. Animal Sci., 15: 1475-1481.

SAS Institute, 2001. SAS User’s guide: Statistics. Version
(8th Edn) SAS Institute Inc., Cary, NC.

Shimomura, Y., T. Tamura. and M. Suzuki, 1990. Less
body fat accumulation inrats fed a sunflower oil
diet than in rats fed a beef tallow diet. J. Nutr.,
120: 1291-1296.

Stevens, L., 1996. Avian Biochemistry and Molecular
Biology. University Press, Cambridge, UK.

Summers, I.D., D. Spratt and J.L. Atkinson, 1990.
Restricted feeding and compensatory growth for
broilers. Poult. Sci., 69: 1855-1861.

Tanaka, K. and K. Shigeno, 1975. The effect of fasting
and refeeding on lipids of serum and liver in the
meat-type chicken. Japanese J. Zootechmcal Sci.,
46: 396-402.

Wilson, 3.B., D.W. Back, S.M. Morms, I. Swierczynski and
A.G. Goodridge, 1986. Hormonal regulation of
lipogenic enzymes in chick embryo hepatocytes in
culture. . Biol. Chem., 261: 15179-15182.

Zhong, C., H.S. Nakaue, C.Y. Huand .. W. Mirosh, 1995.
Effect of full feed and early feed restriction on
broiler performance, abdominal fat level, cellularity
and fat metabolism i broiler chickens. Poult.
Sci, 74 1636-1643.

2752



	PJBS.pdf
	Page 1


