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ABSTRACT
Background: Broiler diets frequently include fats and oils to improve energy density, feed palatability and functionality associated
with PUFAs and MUFAs. The purpose of this research was to see how dietary supplementation of safflower seed affected broiler
growth, lipid profile and meat color.
Methods: In this study total two hundred male broiler chicks of one-day-old were fed a basal diet over one week. After one week,
randomly chicks were distributed into five treatment groups, i.e. one which were fed with basal diet (control) and other fed with
different ratios (2.5%, 5%, 7.5% and 10%) of safflower seed, respectively. Each treatment included five pens, each with eight chicks.
The diet was formulated into two phases: starter phase (7-21 d) and the finisher phase (22-42 d).
Result: The birds fed rations supplemented with different levels of safflower seed resulted in increased (P<0.05) BWG and FCR
during the last 21 days of the trial. In this experiment, the highest and lowest BWG were observed in 5% safflower seed and 0%
safflower seed, respectively. No differences were observed in feed intake during the starter phase and finisher phase among the
groups. In blood lipid profile, HDL-C was not different in all treatment, while CHO, LDL-C and VLD-C concentrate levels were decreased
(P<0.05) when fed with different levels of safflower seed. Dietary supplement of safflower seed showed no significant (P>0.05) effect
on meat color, pH and WHC. Hence, safflower seed could be used as a natural energy source to boost growth development, decrease
cholesterol levels and improve meat color.
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INTRODUCTION
Chicken meat is preferred over other meats because it
contains more protein and less cholesterol (Kralik et al.
2018). Poultry meat, particularly broiler meat, is widely
accepted in almost all the countries despite cultural taboos
about meat consumption (Sudharsan et al. 2021). The
poultry and related industries are facing problems because
of high prices of feed ingredients such as maize, soybean,
chickpea and other cereals, especially in developing
countries. Presently, people are more health-conscious and
want functional food to improve their long-term health goals
(Bharath et al. 2017). Therefore, there is a need to look for
alternative cheaper, easily available, nontoxic oilseed with
some functional properties. In this context, safflower seed
might be an important alternative source of fats and oils
enriched with functional PUFA and MUFA.

Oil of Safflower is rich in polyunsaturated fatty acid
(PUFA) linoleic acid (77%) (Singh and Nimbkar 2016). The
number of studies demonstrating the positive effects of
PUFA, including fats of animal origin, on human health has
recently increased (Djuricic and Calder 2021). PUFA
decreases blood cholesterol which is one of the contributory
factor for coronary heart disease. Specifically, conjugated
linoleic acid has inhibitory effects on cardiovascular
diseases, diabetes, cancer, obesity and many more
(Karabacak et al. 2015). However, nutritional importance of

safflower seeds has not been extensively tested in poultry.
Therefore, the current investigation was performed to study
the effect of safflower seeds supplementation on lipid profile,
growth performance and meat color of broiler chicken.

MATERIALS AND METHODS
The feeding trial was conducted in the poultry farm of the
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India. Two hundred one day old broiler male chicks (cobb-
400) were procured from a commercial company. The chicks
were kept in deep litter system and fed with basal diet for
one week just before starting the trial. After one week, weight
of the chicks were taken and they were divided into five
separate groups. Each group comprised of 40 broilers each,
with five replicates of eight broilers per replicate. Required
amount of feed with drinkable water was provided ad libitum.
The brooder’s temperature was maintained at 33±1C from
day one of the trial to 14th day and then gradually decreased
to 26±1C by 28 days old, after that the chicks were kept at
room temperature. Through out the 35-days of the
experiment, all the birds were kept under the same
management settings until they reached the age of 42
days. The  chicks were  vaccinated  in  accordance  to  the
vaccination protocol.

Table 1 shows five iso-caloric and iso-nitrogenous diets
that were formulated to meet the broilers’ nutritional needs
as per NRC (1994). Besides the basal control diet, four
experimental diets were formulated to contain safflower seed
(2.5%, 5%, 7.5% and 10%). The diets were formulated for
two-phases, first starter phase (7-21 d) and finisher phase

(22-42 d). The experimental diets fed to the birds were
evaluated for proximate principles as per AOAC (2000).

The gain in body weight of birds and weight of feed
provided to them were recorded each week up to 42 days.
Under each dietary regimen, the cumulative weekly and
overall body weight gains (BWG), feed intake (FI) and feed
conversion ratio (FCR) were determined. Furthermore,
during the trial, growth efficiency parameters such as energy
efficiency ratio (EER) and protein efficiency ratio (PER) were
determined as per Rokade et al. (2017).

PER = Weight gain ÷ Protein intake
EER = ME intake (kcal) ÷ Weight gain (g)

At the end of the experiment, two birds were chosen at
random from each replication and 5 mL of blood sample was
drawn out from the wing veins and placed in non-heparinized
tubes without anticoagulants. The serum from the blood was
separated by centrifugation process at 2000 rpm for 10
minutes and the samples were kept at -20C for biochemical
analysis. Commercial diagnostic kits (Qualigens India Pvt.
Ltd.) were used to measure triglyceride (TRI) levels, high-
density lipoprotein-cholesterol (HDL-C) and total cholesterol

Table 1: Ingredient composition and nutritional content of starter and finisher experimental diets.

Ingredients (%)

Level of safflower seed (%)

Starter diets Finisher diets

0 2.5 5 7.5 10 0 2.5 5 7.5 10

Maize 50.7 49.76 48.24 47.28 45.61 59.44 58.06 57.4 55.22 53.39
Soybean meal 38.75 37.1 36.12 35.1 34.24 25.14 23.98 22.14 21.87 21.16
Wheat bran 5 5 5 5 5 5 5 5 5 5
Vegetable oil 2 2 2 2 2 7 7 7 7 7
Dicalcium phosphate 1.25 1.25 1.25 1.25 1.25 1 1 1 1 1
Shell grit 1 1 1 0.5 0.5 1.25 1.25 1.25 1.25 1.25
Salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Minerals premix* 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamins premix* 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Lysine 0.1 0.1 0.1 0.1 0.1 0.01 0.01 0.01 0 0
DL-Methionine 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1
Vitamin E 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Safflower seed 0 2.5 5 7.5 10 0 2.5 5 7.5 10
Chemical composition
Dry matter (%) 88.93 89.42 89.88 89.94 90.14 89.96 90.01 90.05 90.08 90.16
Crude protein (%) 21.76 22.1 22.68 22.32 22.11 19.33 19.36 19.35 19.38 19.24
Crude fibre (%) 4 4.37 5.13 5.47 5.7 4.26 4.55 4.92 5.17 5.44
Lysine (%) 1.29 1.33 1.43 1.36 1.36 1.06 1.09 1.03 1.11 1.11
Methionine (%) 0.5 0.51 0.55 0.56 0.661 0.4 0.45 0.45 0.47 0.41
Calcium (%) 1.13 1.11 1.16 1.19 1.177 1.1 1.14 1.33 1.33 1.09
Phosphorus (%) 0.63 0.64 0.68 0.68 0.7 0.64 0.68 0.7 0.58 0.57
ME (kcal/kg) 3063.21 3016.82 3032.62 3012.69 3024.66 3200.23 3226.65 3218.58 3225.17 3224.7

*Data reflecting per KG: Niacin - 45 mg, Panthotenic acid - 20 mg, Riboflavin - 8 mg Thiamin - 5 mg, Vitamin B12- 4.5 mg, Pyrodoxin - 4
mg, Biotin - 0.2 mg, Vitamin D3- 8560 IU, Vitamin A - 8000 IU, Vitamin E - 95 IU.*Supplied per kilogram: Manganese as Manganese
sulfate monohydrate 100 mg, Zinc as Zinc sulphate monohydrate 70 mg, Iron as Ferrous sulphate monohydrate 55 mg, Copper (Cupric
sulfate pentahy-drate) 8 mg, Iodine (Calcium iodate) 2 mg, Selenium as Sodium selenite 0.15 mg.

Effect of Dietary Supplementation of Safflower (Carthamus tinctorius L.) Seed on the Growth Performance, Blood Lipid.....



 Volume  Issue 3

(CHO) according to the manufacturer’s recommendations.
Friedewald’s formula was used to analyze both low-density
lipoprotein cholesterol (LDL-C) and very low-density
lipoprotein cholesterol (VLDL-C) (Aba et al. 2019).

LDL-C = CHO - (HDL-C + TRI ÷ 5)
VLDL-C = 1 ÷ 5 of TRI

The color of broiler meat (L*, a*, b*) were measured by
Color Flex, Hunter Lab. Raw meat samples were taken out
from the left thigh and breast and were kept in Petri plate
and then placed to the sensors of the colorimeter to analyze
their color. Three color coordinate values were expressed
as the mean values of lightness (L*), redness (a*) and
yellowness (b*). After 24 hours of slaughter, meat sample
(10 g) from the left side of thigh and breast was taken and
homogenized with 100 ml of distilled water to measure the
pH value. Buffer solution of pH 4 and pH 7 was prepared for
calibration. The pH values were recorded by dipping the
glass electrode of digital pH meter (Systrong µ pH system)
into the homogenized solution. The water-holding capacity
(WHC) was also measured as per the procedure described
by Wilhelm et al. (2010).

The study involved a completely randomized design
(CRD) with five treatments and five replications in each
treatment. Data of this study were examined using one way
ANOVA and Duncan’s multiple post-hoc range tests, which
is a common statistical approach Snedecor and Cochran
(1989). Statistical treatments were performed by using SPSS
version 25. Significance levels were declared at (P<0.05).

RESULTS AND DISCUSSION
Growth performance
Weekly body weights (BW) of broiler chickens are shown in
Fig 1. The results indicate that there was no significant
difference in body weight between the trial groups during
first two to three weeks. While, a progressive increase in
BW was observed with an increased level of safflower seed
from the fourth to sixth week of the trial. At the end of the
feeding trial i.e. during sixth week, the highest BW was
recorded in 5% safflower seed group and the lowest was
observed in the control group with 0% safflower seed. The

body weight with 5% safflower seed was found significantly
higheras compared to all other tested levels. Compared to
2.5% and 5% safflower seed groups, the BW gain in the
last three weeks was modest to low in the 7.5% and 10%
safflower seed groups. The reason behind this may be due
to the higher fiber content in the 7.5% and 10% safflower
seed groups, which lead to decrease in the diet intake.A
similar pattern was observed in the BW of the birds up to
five weeks of age which were fed with 5 g and 10 g of
safflower oil (Amer et al. 2021). Malakian and Hassanabadi
(2010) reported higher BW of broiler chicken fed with 5%
safflower seed during 21-42 days. In another study, the
chickens body weight did not get significantly affected when
they were fed with 0%, 10% and 20% safflower but
numerically the BW were higher in the group that were fed
with 10% safflower (Oguz and Oguz 2007).

The performance data for the starter and finisher phases
(Table 2) revealed that there was no (P>0.05) difference in
FI and FCR between all groups during the trial period of 7-
21 days of birds age. However, there was a significant
difference in FCR when correlated between the treated
groups and the control group during the finisher phase (22-
42 days of age). FCR of birds which were fed with
supplemented diet of 5% safflower seed was found better
as compared to other groups. EER was significantly higher
in 0% safflower seed group and lowest in 5% safflower seed
group during starter and finisher phase. PER was
significantly higher in 5% safflower seed group, while the
lowest PER was observed in 0% safflower seed group.
Moreover, there was no (P>0.05) difference between groups
of 7.5% and 10% safflower seed. This could be because
the 5% safflower seed group has more lysine than the other
groups, while the 0% safflower seed group had the least.
Lysine is an essential amino acid that improves the
conversion of protein into metabolic activities, energy and
tissue production. This is possible because higher amino
acid present in the diet or body synthesize the muscle in
much better way (Nasr et al. 2011). Increased level of
safflower seed in the diet gave poor results of PER, EER
and FCR indicating poor efficiency of feed with respect to
protein and also poor energy utilization by the birds.
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Fig 1: Effect of supplementation of safflower seed (SS) on weekly body weight gain of broiler chickens.
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These results agree with Jalali et al. (2015) who reported
that supplementation of soybean oil containing high PUFA
to the broilers diet significantly increased (P<0.05) the FCR
and increase in body weight was also observedin broilers
during entire rearing phase and growing period. Manohar
and Edwin (2015) also found that omega-3 PUFA
supplementation to the quail diet significantly affects weight
gain without significant difference in feed efficiency and
intake. Abdulla et al. (2017) compared soybean oil and
linseed oil and found that soybean oil supplementation
increased (P<0.05) BW at sixth weeks while no such
significant increase was found in linseed oil supplemented
diet. However these findings are in contrast with Ebeid
et al. (2011), who had reported that growth performance
like BW, FI, or FCR is not adversely affected by diet
supplemented with omega-3 PUFAs in Japanese quail.
PUFA in the diets enhances growth performance of broiler
birds. Oils like rapeseed oil, sunflower oil and canola oil
are rich in unsaturated fatty acids which have better
intestinal absorption due to hydrolysis of monoglyceride
and micelle formation compared to saturated fatty acids
Sudharsan et al. (2021).

Serum lipid profile
Increasing levels of safflower seed supplementation in the
diet (P<0.05) affected serum lipid profile except for HDL

(Table 3). The level of total cholesterol (CHO) concentration
tended to be lower (P<0.05) when fed with higher levels of
safflower seeds. Saleh and Alzawqari (2021) observed that
the serum concentration of CHO level decreased in birds
fed with different levels of olive cake meal. A similar type of
result was found in the study of Saleh et al. (2020) and Cayan
and Erener (2015) in which the level of cholesterol decreased
significantly in birds fed  with different levels of olive cake
meal and olive leaf powder. It was also observed by Rama
Rao et al. (2004) that serum concentration of CHO levels
decreased in birds fed with different levels of sunflower meal.
Safaa et al. (2014) reported that on addition of oat hulls in
broiler diets caused a linear reduction lipid profile, like total
cholesterol and triglycerides in 3 weeks of broilers. This might
be due to high fiber contained in the diet. The decrease in
the levels of serum lipid metabolite which are found to be by
the dietary supplements of insoluble fiber is because of bile
lipid binding ability of fibers in the animal gut Sarikhan et al.
(2009). These findings are in contrast with Oguz and Oguz
(2007) and Selvaraj et al. (2004) whose observation showed
that there was no significant difference in CHO levels when
birds fed different levels of full-fat safflower and full-fat
sunflower seeds. During the present study, there were no
significant differences between 7.5% and 10% safflower seed
groups in TRI, LDL-C and VLDL-C. Malakian and Hassanabadi

Table 2: Effect ofsupplementation of safflower seed on growth and production performanceof broiler chickens.

Attributes
Level of safflower seed (%)

SEM P-value
0 2.5 5 7.5 10

Body weight (g)
Initial (7 d) 180.35 179.67 182.55 181.08 180.61 2.05 0.890
21 d 871.04 877.07 883.60 878.59 875.47 2.65 0.065
42 d 2328.67c 2407.47b 2471.52a 2385.35bc 2355.35c 13.25 0.010
Live weight gain (g)
7-21 d  Phase-I 690.69b 697.40a 701.04a 697.51a 694.58ab 1.95 0.018
22-42 d Phase-II 1457.63d 1530.39b 1587.92a 1506.75bc 1480.39cd 12.64 0.010
7-42 d overall 2148.32d 2227.80b 2288.96a 2204.27bc 2175.25cd 13.18 0.010
Feed intake (g)
7-21 d Phase-I 991.22 987.21 985.73 978.92 981.85 3.06 0.082
22-42 d Phase-II 2504.80 2503.16 2506.91 2503.09 2496.03 2.60 0.079
7-42 d overall 3496.02a 3490.37ab 3492.64ab 3482.02bc 3477.89c 4.15 0.031
Feed conversion ratio (FCR)
7-21 d Phase-I 1.43 1.41 1.40 1.40 1.41 1.79 0.64
22-42 d Phase-II 1.71a 1.63c 1.57d 1.66bc 1.68ab 0.01 0.01
7-42 d overall 1.62a 1.56c 1.52d 1.58bc 1.59b 0.00 0.00
Energy efficiency ratio (EER)
7-21 d Phase-I 4.39a 4.27b 4.17c 4.17c 4.23b 0.01 0.00
22-42 d Phase-II 5.50a 5.23c 5.06d 5.36bc 5.43ab 0.14 0.10
7-42 d overall 5.14a 4.92c 4.79d 4.98bc 5.05b 0.02 0.06
Protein efficiency ratio (PER)
7-21 d Phase-I 3.20a 3.19a 3.13bc 3.11c 3.15b 0.01 0.00
22-42 d Phase-II 3.01b 3.15a 3.14a 3.10a 3.08ab 0.02 0.07
7-42 d overall 3.06c 3.14ab 3.16a 3.10bc 3.10bc 0.02 0.01
a,b,c,d,Means bearing different superscripts within a row differ significantly (p<0.05).
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(2010) also observed that the concentration of plasma TRI
was lower in the birds which were fed with higher amount of
full-fat safflower seed during 21-42 days and this effect was
found not significantly different (P>0.05). The lower TRI values
found in chickens fed with the highest levels of safflower seeds
may be due to the specific fatty acids that stimulate oxidative
beta pathway enzymes. Furthermore, in birds, using an oil seed
crop increases the activities of S-3-hydroxy acyl-CoA
dehydrogenase and carnitine palmitoyltransferase-1. As a
result, enhanced carnitine palmitoyltransferase-1 activity
would increase the availability of fatty acids for oxidation
(Sanz et al. 2000). By feeding various levels of safflower
seed, HDL-C did not significantly differ between control and
treatment groups, but LDL-C and VLDL-C were significantly
decreased. The result are suggertive of the fact that diets
containing high linoleia cid poditively effect on plasma CHO
TRI, LDL-C and VLDL-C cholesterol in broiler birds but has
a negative effect on HDL-C in birds.

Meat quality
The different level of safflower seed supplemented diet
showed significant effect on meat quality in broiler chickens

(Table 4). This study elucidated that increasing levels of
safflower seed in the supplemented diet does not pose
significant effect (P>0.05) on pH, meat color and water
holding capacity during the entire experimental period. The
color of meat is an important parameter deciding the quality
of meat and is one of the most influential parameter
determining customer acceptability of meat and meat
products (Adeyemi et al. 2014). The intense dark or light
colors have been reported to be indicators of the poor meat
quality (Benli et al. 2016). Myoglobin and pH affect meat
color and meat pH is favorably connected to redness, but
negatively to yellowness and lightness (Han et al. 2012).
Decrease in water-holding capacity lead to a drop in surface
light reflectance also. The WHC is the most important
parameter of meat which decide its quality particularly its
texture, palatability and cooking characteristics.

CONCLUSION
The supplementation of the diets with different levels of
safflower seed (2.5, 5.0, 7.5 and 10.0%) resulted into
increased growth performance of the broiler birds. The best

Table 3: Effect of supplementation of safflower seed on lipid profile of broiler chickensat 42-day.

Level of safflower Attributes
seed (%) CHO (mg/dl) HDL-C (mg/dl) LDL-C (mg/dl) TRI (mg/dl) VLDL-C (mg/dl)

0 139.91a 36.94 79.09a 119.34a 23.86a

2.5 127.36b 37.22 75.65b 119.12a 22.44b

5 116.37c 37.58 74.20b 116.72b 21.76b

7.5 113.53cd 36.44 67.89c 110.74c 18.90c

10 109.04d 38.41 68.21c 110.32c 17.69c

SEM 0.82 0.30 0.88 0.56 0.45
P-value <0.01 0.630 0.001 <0.01 0.001
a,b,c,d,Means bearing different superscripts within a column differ significantly (p<0.05).
*CHO- Total cholesterol, HDL-C- High density lipoprotein-cholesterol, LDL-C- Low density lipoprotein-cholesterol, TRI- Triglyceride,
VLDL-C- Very low density lipoprotein-cholesterol, SEM-Standard error mean.
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Table 4: Effect of supplementation of safflower seed on meat quality parameters of broiler chickens.

Attributes
Level of safflower seed (%)

SEM P-value
0 2.5 5 7.5 10

Breast meat
L* 52.28 52.29 52.31 52.30 52.28 0.01 0.05
a* 5.06 5.12 5.17 5.11 5.10 0.04 0.52
b* 5.64 5.63 5.62 5.63 5.64 0.01 0.24
pH 5.61 5.62 5.63 5.62 5.61 0.01 0.93
WHC (%) 63.79 63.82 63.84 63.81 63.80 0.01 0.99
Thigh meat
L* 53.19 53.22 53.23 53.21 53.20 0.68 0.09
a* 8.38 8.40 8.43 8.41 8.39 0.62 0.14
b* 7.01 6.98 6.95 6.96 6.97 0.60 0.15
pH 5.74 5.73 5.68 5.67 5.69 0.02 0.35
WHC (%) 62.52 62.55 62.54 62.50 62.48 0.01 0.98

L*- Lightness; a*- Redness; b*-Yellowness; WHC- Water holding capacity.
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result in terms of enhanced growth performance, improved
serum lipid profile and meat quality was obtained with
supplementation of 5% safflower seed. The PUFAs and
MUFAs of safflower add to the functional health benefits
from the meat obtained from the broiler birds fed on diets
supplemented with this oilseed.

ACKNOWLEDGEMENT
The authors would like to thank the Department of Dairy
Science and Food Technology, Banaras Hindu University,
Varanasi, India for their facilities and support in carrying out
this research.

Conflict of interest: None.

REFERENCES
Aba, P.E. and Asuzu, I.U. (2019). Effect of administration of methanol

root bark extract of Cussoniaarborea on serum lipid profile
and oxidative biomarker parameters in alloxan-induced
diabetic rats. Indian Journal of Animal Research. 53:
1006-1013.

Abdulla, N.R., Loh, T.C., Akit, H., Sazili, A.Q., Foo, H.L., Kareem,
K.Y. and Abdul Rahim, R. (2017). Effects of dietary oil sources,
calcium and phosphorus levels on growth performance,
carcass characteristics and bone quality of broiler chickens.

  Journal of Applied Animal Research. 45: 423-429.
Adeyemi, K.D. and Sazili, A.Q. (2014). Efficacy of carcass electrical

stimulation in meat quality enhancement: A review. Asian-
Australasian Journal of Animal Sciences. 27: 447.

Amer, S.A., Mohamed, W.A., Gharib, H.S., Al-Gabri, N.A., Gouda,
A., Elabbasy, M.T. and Omar, A.E. (2021). Changes in
the growth, ileal digestibility, intestinal histology, behavior,
fatty acid composition of the breast muscles and blood
biochemical parameters of broiler chickens by dietary
inclusion of safflower oil and vitamin C. BMC Veterinary
Research. 17:  1-18.

AOAC (2000). Official Methods of Analysis. 15th ed. Association of
Official Analytical Chemists, Washington, DC, USA.

Benli, H. (2016). Consumer attitudes toward storing and thawing
chicken and effects of the common thawing practices on
some quality characteristics of frozen chicken. Asian-
Australasian Journal of Animal Sciences. 29: 100.

Bharath, N., Chinnipreetam, V., Reddy, V.R. and Panda, A.K. (2017).
Effect of omega-3 fatty acids enrichment on performance
and carcass traits of broiler chicken. Indian Journal of
Animal Research. 51: 489-494.

Cayan, H. and Erener, G. (2015). Effect of olive leaf (Olea europaea)
powder on laying hens performance, egg quality and egg
yolk cholesterol levels. Asian-Australasian Journal of
Animal Sciences. 28: 538.

Djuricic, I. and Calder, P.C. (2021). Beneficial outcomes of omega-
6 and omega-3 polyun saturated fatty acids on human
health: An update for 2021. Nutrients. 13: 2421.

Ebeid, T., Fayoud, A., El-Soud, S.A., Eid, Y. and El-Habbak, M.
(2011). The effect of omega-3 enriched meat production
on lipid peroxidation, antioxidative status, immune
response and tibia bone characteristics in Japanese
quail. Czech  Journal of Animal Science. 56:  314-324.

Han, J.C., Wang, Y.L., Qu, H.X., Liang, F., Zhang, J.L., Shi, C.X.
and Cheng, Y.H. (2012). One alpha-hydroxycholecalciferol
improves growth performance, tibia quality and meat
color of broilers fed calcium-and phosphorus-deficient
diets. Asian-Australasian  Journal  of Animal Sciences. 
25: 267.

Jalali, S.M.A., Rabiei, R. and Kheiri, F. (2015). Effects of dietary
soybean and sunflower oils with and without L-carnitine
supplementation on growth performance and blood
biochemical parameters of  broiler chicks. Archives
Animal Breeding. 58: 387-394.

Karabacak, A. (2015). Fatty acid composition and conjugated
linoleic acid (CLA) content in different carcass parts of
Akkaraman lambs. Indian Journal of Animal Research. 49:
191-195.

Kralik, G., Kralik, Z., Grcevic, M. and Hanzek, D. (2018). Quality of
Chicken Meat. In Animal Husbandry and Nutrition. Yucel,
B., Ed., Intechopen, London, England. p: 63.

Malakian, M. and Hassanabadi, A. (2010). Nutritional evaluation of
full-fat Safflower seed for broiler chickens. Italian Journal
of Animal Science. 9: e52.

Manohar, G.R. and Edwin, S.C. (2015). Effect of dietary omega-3
PUFA rich sources on growth performance of Japanese
quail. International  Journal of Science, Environment  and
Technology. 4:  393-399.

Nasr, J., Kheiri, F., Solati, A., Hajibabaei, A. and Senemari, M. (2011).
The efficiency of energy and protein of broiler chickens
fed on diets with different lysine concentrations. Journal
of Animal and Veterinary Advances. 10: 2394-2397.

NRC (1994). Nutrient Requirements of Domestic Animals. Nutrient
Requirements for Poultry, 9th edn. Washington, DC.

Oguz, F.K. and Oguz, M.N. (2007). The effect of safflower seed on
performance and some blood parameters of broiler
chicks. Indian  Veterinary  Journal. 84:  610-612.

Rama Rao, S.V., Raju, M.V.L.N., Reddy, M.R. and Panda, A.K.
(2004). Replacement of yellow maize with pearl millet
(Pennisetum typhoides), foxtail millet (Setaria italica) or
finger millet (Eleusine coracana) in broiler chicken diets
containing supplemental enzymes. Asian-Australasian
Journal of Animal Sciences. 17: 836-842.

Rokade, J.J., Bhanja, S.K., Shinde, A.S., Bhaisare, D.B. and
Mandal, A.B. (2017). Evaluation of aspirin (ASA) in broiler
chicken during hot dry summer using zoo technical,
molecular and physio-biochemical tools. Indian Journal
of Animal Research. 51: 97-104.

Safaa, H., Jiménez-Moreno, E., Frikha, M. and Mateos, G.G. (2014).
Plasma lipid metabolites and liver lipid components in
broilers at 21 days of age in response to dietary different
fiber sources. Egyptian Journal of Animal Production. 51:
115-127.

Saleh, A.A., Paray, B.A. and Dawood, M.A. (2020). Olive cake meal
and Bacillus licheniformis impacted the growth performance,
muscle fatty acid content and health status of broiler
chickens. Animals. 10:  695.

Saleh, A. and Alzawqari, M. (2021). Effects of replacing yellow corn
with olive cake meal on growth performance, plasma lipid
profile and muscle fatty acid content in broilers. Animals. 11:
2240.

Effect of Dietary Supplementation of Safflower (Carthamus tinctorius L.) Seed on the Growth Performance, Blood Lipid.....



 Volume  Issue 7

Sanz, M., Lopez-Bote, C.J., Menoyo, D. and Bautista, J.M. (2000).
Abdominal fat deposition and fatty acid synthesis are
lower and β-oxidation is higher in broiler chickens fed
diets containing unsaturated rather than saturated fat. The
Journal of Nutrition. 130: 3034-3037.

Selvaraj, R.K. and Purushothaman, M.R. (2004). Nutritive value of
full-fat sunflower seeds in broiler diets. Poultry Science. 83:
441-446.

Singh, V. and Nimbkar, N. (2016). Safflower. In: Breeding Oilseed
Crops for Sustainable Production. Academic Press. p:
149-167.

Snedecor, G.W. and Cochran, W.G. (1989). Statistical Methods,
8th edi., the Iowa state University Press, Ames Iowa.

Sarikhan, M., Shahryar, H.A., Nazer-Adl, K., Gholizadeh, B. and
Behesht, B. (2009). Effects of insoluble fiber on serum
biochemical characteris tics in broiler. International
Journal of Agriculture and Biology. 11: 73-76.

Sudharsan, C., Murugan, S.S., Chacko, B. and Juliet, S. (2021).
Influence of dietary substitution of palm oil by rapeseed
oil at different levels on growth performance and economics
of broilers. Indian Journal of Animal Research. 55: 445-
450.

Wilhelm, A.E., Maganhini, M.B., Hernandez-Blazquez, F.J., Ida,
E.I. and Shimokomaki, M. (2010). Protease activity and
the ultrastructure of broiler chicken PSE (pale, soft,
exudative) meat. Food chemistry. 119: 1201-1204.

Effect of Dietary Supplementation of Safflower (Carthamus tinctorius L.) Seed on the Growth Performance, Blood Lipid.....


