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Abstract

An experiment was designed to investigate the influence of different levels of dietary inclusion
of sunflower meal on broiler’s productive performance, serum lipid profile, carcass traits, litter
moisture and economic efficiency. One hundred and twenty, day-old Cobb broiler chicks were
assigned randomly into 5 equal groups, each contained 24 chicks in three replicate pens (8
chicks/pen). Group 1 was fed on basal diet without sunflower meal and kept as a control group,
while groups from 2 to 5 were fed on diets contained 2.5, 5, 7.5 and 10% sunflower meal,
respectively. Birds individual weights and pen feed consumed were determined for each feeding
period for determining the average body weight (BW), average daily gain (ADG), average daily
feed intake (ADFI) and feed conversion ratio (FCR). At the trial end, a total of six birds from
each group were picked randomly, slaughtered and the visceral organs (liver, gizzard, heart and
spleen) plus fat pad were separately weighed for calculating the dressing percentage and the
percentage of internal organs relative to carcass weight. Furthermore, litter moisture percentage
and economic efficiency were calculated at the trial end. The averages of BW, ADG, ADFI and
FCR were not significantly differed among groups. No differences (P>0.05) were observed in the
serum lipid parameters and carcass traits among experimental groups. However, the spleen
percentage was significantly higher in broilers group that fed on 10% sunflower meal in
comparison to those fed on 2.5, 5 and 7.5 sunflower meal, while the litter moisture percentage
was not significantly affected. The best economic efficiency was reported in broilers group fed
on 10% sunflower meal but the difference did not reach the significance level. It is concluded
that levels up to 10% of sunflower meal can be successfully incorporated in broiler chicken diets.
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Introduction

soybean meal. These limitations reduce the
inclusion level of sunflower meal in chicken
diets [2]. Most of the previous studies were
conducted to evaluate the inclusion effect of
sunflower meal in broiler’s diets; some
researchers recommended its inclusion at
levels up to 10% [2,3], while others at levels

Utilizing alternative protein rich feed
ingredients in poultry nutrition is of an
ongoing interest for both nutritionists and
poultry producers. Although, soybean meal is
the standard source of protein in poultry diets,
but alternative sources such as corn gluten

meal, canola meal, distillers grains (DDGS),
guar meal, and sunflower meal become
currently available in the Egyptian market at
reasonable prices. Sunflower meal is “‘the by-
product of the oil extraction process of
sunflower seed’” which belongs to the genus
Helianthus annuus that is a mixture of protein
containing kernel and hulls [1]. Its content of
protein varies from 28 to 36%, and fiber from
18 to 30%. Although dietary inclusion of
sunflower meal could lower the diet cost, the
main nutritional limitations of its inclusion
were lower energy and lysine, and higher
crude fiber content in comparison with

up to 30% [4]. From a practical point of view,
dietary inclusion of sunflower meal should be
less that 10%, because increasing the level of
sunflower meal will increase the need for
adding more dietary oil to restore the required
metabolizable energy with subsequent adverse
effect on pellet quality. This experiment was
planned to explore the effect of the different
levels of sunflower meal (0, 2.5, 5, 7.5 and
10%) on the broiler’s performance, serum lipid
profile, carcass traits, and litter moisture.
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Material and Methods
Experimental birds and management

A total of 120 day-old broiler chicks (Cobb)
were obtained from a commercial hatchery and
reared at the Experimental Research Animal
Unit in the Faculty of Veterinary Medicine,
Zagazig University. The chicks were weighed
at arrival and randomly distributed into 5 equal
groups according the level of inclusion of
sunflower meal as followings: Group I, no
inclusion with sunflower meal (Control);
Group 11, 2.5% sunflower meal; Group 111, 5%
sunflower meal; Group IV, 7.5% sunflower
meal; Group V, 10% sunflower meal. Each
group was subdivided into three replicates
reared in pens of equal size (8 chicks/pen).
The chicks were reared in a naturally
ventilated house provided with sawdust
bedding materials with stocking density of 10
birds /rpz. The house incubation temperature
was 33 C at the beginning of the experiment
then weekly lowered by 2 C. The lighting was
continuous throughout the experiment using

natural  lighting  with  enrichment  of
incandescent artificial light.
The chicks were vaccinated against

Newcastle disease virus; Hitchner B1 strain at
day 7 via eye-drop, Inactivated oil adjuvant
clone 30 strain at day 15 via S.C injection of
0.25 mL per chick, and LaSota strain at day 17
via eye-drop); Gumboro disease virus (D78
strain, at days 12 and 22 via drinking water);
Infectious Bronchitis virus (H 120 strain at day
7 via eye-drop) which was administered in
combination with Hitchner B1 strain; Avian
Influenza disease virus (Reassortant
inactivated H5N1 Subtype, Re-1 Strain) at day
9 via s/c injection of 0.3 mL per chick). They
also were given a mixture of colistin and
flumequin antibiotics (1 g / L of drinking
water) for 12 h every day during the first 3
days of the trial. All the vaccines were
produced by Intervet International B.V.,
Boxmeer, Netherland, except Avian Influenza
H5N1 Subtype, Re-1 Strain was produced by
Harbin Weike Biotechnology Development
Company, Harbin, China. The diet
specifications met the nutrient requirements of
broiler chickens as set by the National
Research Council [5]. The feeding program
was divided into 3 feeding phases: starter (0O-
21 days of age), grower (22-35 days of age),

and finisher (36-42 days of age) (Table 1). The
diets were isocaloric, isonitrogenous, and
provided in mash. Feed and water were

available ad-libitum. No synthetic
antimicrobials  were included in the
experimental diets. The proximate

composition of the feed ingredients and diets
was conducted according to the procedures
described by AOAC [6].

Growth performance parameters

Individual bird weights and feed consumed
per pen were determined for each feeding
period to detect the average body weight
(BW), average daily gain (ADG), average
daily feed intake (ADFI) and feed conversion
ratio (FCR).

Serum lipid profile

At 42 days of age, blood samples were
collected from five random birds per treatment
into test tubes without anti-coagulant. The
collected samples were kept in the refrigerator
for 12 hrs, centrifuged for 15 minutes at 3000
rpm to separate the serum then stored at -20 °C
till analyzed. Colorimetric determination of the
serum lipid profile components was conducted
using commercial kits (total lipids [7] using
Diamond Diagnostic kit (Egypt); triglycerides
[8], total cholesterol [9] and high-density
lipoprotein cholesterol (HDL-C) [10] using
Spinreact Kits (Spain)). The very low-density
lipoprotein  cholesterol  (VLDL-C) was
estimated via dividing triglycerides levels by
5. The difference between total cholesterol and
the combined concentrations of HDL-C and
VLDL-C was considered the value of the low-
density lipoprotein cholesterol (LDL-C) [11].

Carcass traits

At the trial end, six birds were slaughtered
randomly per group (2 birds/pen), and the
internal organs (gizzard, liver, heart, spleen)
plus fat pad were separately weighed to
determine the dressing percentage weight
without giblets to live body weight and the
percentages of internal organs.

Litter moisture

Samples from litter materials were gathered
from four places with equal distance inside
each pen. The litter samples were
homogenously combined then subsamples
(100g) were obtained. Moisture analysis of the
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litter was determined via drying 50 ¢
samples in a hot air oven at 60 °C for 24 h [12]
with duplicate samples per pen, then weighed
after cooled.

Economic efficiency

The economic efficiency (Y) was calculated
according to El-Kerdawy [13] using the
following equation: Y= (A-B)/B x 100, where
A is the selling price of the obtained gain and
B is the feeding cost of this gain.

Statistical analysis

Obtained results were subjected to one-way
ANOVA using Statisitx 9° [14]. The statistical
model used was Yix = i + Tj + Rk + &ijx,
where Yij is the measured variable, o, is the
overall mean, T; is the effect of treatment, Ry
is the effect of replicate, which was not found
to be significant in the current study, and ejjx IS
the residual error. Significant means were
detected by LSD test. Statements of statistical
significance were based on P<0.05.

Results
Growth performance

The averages of body weight, daily gain,
and daily feed intake of broiler chickens were
not significantly differed (P>0.05) among the
different groups during different feeding
periods (Table 2). The FCR was not affected
by adding sunflower meal during different
feeding periods (P>0.05). However, the FCR
of broilers fed on diets contained 2.5%
sunflower meal was significantly lowered by
about 1.9 and 2.3% when compared to those
fed on 0 and 7.5% or 10% sunflower meal
respectively during the feeding period of 36-42
days of age (Table 2). The mortality rate

among groups was very low; only two birds
were dead in-group Il (2.5% sunflower meal)
and one bird was dead in group V (10%
sunflower meal). No mortality was observed in
other groups.

Serum lipid profile

Dietary intake of different levels of
sunflower meal did not reveal any significant
difference (P>0.05) in the measured serum
lipid parameters (total lipid, total cholesterol,
high, low and very low density lipoprotein
cholesterols, Table 3).

Carcass traits

The obtained results revealed no significant
differences in the selected measured carcass
traits (dressing, liver and gizzard percentages)
among the experimental groups. However, the
spleen percentage was the highest in broilers
fed on diet contained 10% sunflower meal in
comparison to those fed on 2.5, 5 and 7.5%
sunflower meal (Table 3).

Litter moisture

The litter moisture percentage of 42-day-old
broiler chickens was not significantly
influence by inclusion of different levels of
sunflower meal (Table 4).

Economic efficiency

Although, the economic efficiency (EE)
was not significantly differed among groups,
the highest numerical value was found in
broilers fed on diet contained 10% sunflower
meal followed by those fed on 5 and 2.5% of
sunflower meal, respectively. In the meantime,
the lowest EE value was found in broilers fed
the control diet (Table 4).
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Table 1: Physical and chemical composition of the experimental diets in three feeding phases of broiler chickens

Starter period (0-3 wks) Grower period (3-5 wks) Finisher period (5-6 wks)
Ingredients Gl Gll Gl GIV GV Gl Gl Gl G1v GV Gl Gl Gl GV GV
Yellow corn 54.02 52.81 51.62 5041 49.20 | 58.80 57.59 56.39 55.18 5398 | 63.07 6186 60.65 59.45 58.25
Soybean meal, 46% CP 35.44 33.747 3205 30.36 28.67 | 30.38 28.69 27.00 2531 2361 | 2544 23775 22.06 2037 18.67
Corn gluten, 60% CP 35 35 35 3.5 3.5 3.5 3.5 3.5 35 35 3.5 35 35 3.5 3.5
Sunflower meal 36%CP 0 25 5 7.5 10 0 2.5 5 7.5 10 0 2.5 5 7.5 10
Soy oil 2.55 2.94 3.33 3.72 4.12 3.27 3.66 4.05 4.44 4.84 4.16 4.55 4.95 534  5.736
Calcium carbonate 1.05 1.046 1.038 1.03 1.022 | 0.958 0.950 0.942 0935 0.927 | 0929 0922 0914 0.906 0.898
Dicalcium phosphate 2.05 2.044 2038 2.031 2025 | 1816 1.810 1.803 1.797 1.790 1693 1687 1681 1674 1.668
Salt 0.31 0.311 0.310 0.309 0.309 | 0.262 0.261 0.261 0.260 0.259 | 0.265 0.264 0.263 0.263 0.262
Sodium bicarbonate 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Premix * 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DL-methionine, 98% 0.275 0.267 0.260 0.252 0.244 | 0.235 0.227 0.220 0.212 0.204 | 0.196 0.188 0.180 0.173 0.165
L-lysine, 78% 0.268 0.292 0.316 0340 0.364 | 0.249 0.273 0.297 0.321 0.345 | 0.226 0.250 0.274 0.298 0.322
L-threonine 0.036 0.039 0.042 0.045 0.048 |0.034 0.037 0.040 0.043 0.046 [0.021 0.025 0.028 0.031 0.034
Chemical composition % (Calculated)
Crude protein 23.00 23.00 23.00 23.00 23.00 | 21.00 21.00 21.00 21.00 21.00 19.00 19.00 19.00 19.00 19.00
ME" (kcal/kg diet) 3000 3000 3000 3000 3000 | 3100 3100 3100 3100 3100 3200 3200 3200 3200 3200
Crude fiber 3.035 3.374 3.713 4052 4391 | 2.888 3.226 3565 3.904 4243 | 2.734 3.073 3412 3751 4.09
Calcium 1.00 1.00 1.00 1.00 1.00 0.90 0.90 0.90 0.90 0.90 0.850 0.850 0.850 0.850 0.850
Av. Phosphorus 0.5 0.5 05 05 0.5 0.450 0450 0450 0450 0450 | 0420 0420 0420 0420 0.420
lysine 1.40 1.40 1.40 1.40 1.40 1.25 1.25 1.25 1.25 1.25 1.10 1.10 1.10 1.10 1.10
Analyzed values
Dry matter % 88.5 88.7 89.0 88.5 88.5 89.2 89.0 89.3 88.8 89.1 88.9 89.5 88.3 88.7 88.7
Crude protein % 22.85 22.75 22.8 2275 227 20.6 20.8 20.75 20.75 20.75 18.7 18.9 18.7 18.8 18.85
Ether extract % 5.50 5.90 6.20 6.65 7.0 5.50 6.60 6.95 7.32 7.60 7.0 7.45 7.75 8.0 8.40
Ash % 5.75 5.85 5.60 5.75 5.90 5.90 5.65 5.86 5.75 5.66 5.5 5.78 6.1 5.77 5.85

G: Group, G I, 0% sunflower meal (Control); G 11, 2.5% sunflower meal; G Ill, 5% sunflower meal; G 1V, 7.5% sunflower meal; G V, 10% sunflower meal . " Alrowaad Premix: each 3.00 kg contained Vit. A (10000000 1U), Vit. D3
(2000000 1U), Vit. E (10000 mg), Vit. K3 (1000 mg), Vit. B1 (1000 mg), Vit. B2 (5000 mg), Vit. B6 (1500 mg), Pantothenic acid (10000 mg), Vit. B12 (10 mg), Niacin (30000 mg), Folic acid (1000 mg), Biotin (50 mg), Choline (500 mg), Fe
(30000 mg), Mn (60000 mg), Cu (4000 mg), | (300 mg), Co (100 mg), Se (100 mg), and Zn ( 50000 mg).
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Table 2: The effect of adding different levels of sunflower meal to the diet on growth performance of broiler

chickens
Group | Group 11 Group 111 Group IV Group V  P-value

Average body weight (g)
1 day of age 4253+ 0.07 42.68+£0.07 42.50+0.15 42.49+0.19 42.35+0.15 0.88
21 day of age 868.5+15.1 901.3+17.1 890.1+19.3 860.3+t16.3 869.45+18.1 0.12
35 days of age 1832.7+28.4 1884.8+35.1 1893.7+36.5 1789.9+22.4 1839.3+30.5 0.16
42 days of age 2367.9432.9 2437.0453.9 2456.5+44.1 2345.7+30.4 2375.4+35.2 0.11
Average daily gain (g)
0-21 days of age 39.30+0.71  40.90+0.82 40.35+£0.93 38.92+0.76 39.40+0.87 0.23
22-35 days of age 68.87£1.26  70.25+1.45 7167125 66.40£0.86 69.27+1.01 0.20
36-42 days of age 76.45+2.28  78.87+2.83 80.40+1.28 79.40+1.43 76.57+0.92  0.17
0-42 days of age 55.35£0.81  57.00£1.27 57.50+1.05 54.82+0.74 55.55+0.83  0.12
Average daily feed intake
()
0-21 days of age 4997+1.03 5155+124 51.02+0.78 50.00+0.89 49.75+0.97 0.16
22-35 days of age 123.8+1.61 126.32+2.34 128.95+1.98 122.17+1.66 125.15+1.91 0.18
36-42 days of age 163.0+4.27  165.08+6.67 169.53+2.57 169.6+2.61 164.80+2.23 0.25
0-42 days of age 93.45+1.42 95404229 96.72+1.41 94.00+1.21 94.07£1.39 0.14
Feed conversion ratio
0-21 days of age 1.27+0.01 1.26+0.01 1.27+0.01 1.28+0.01 1.26+ 0.01 0.20
22-35 days of age 1.80+ 0.02 1.80+ 0.02 1.80+ 0.02 1.84+0.02 1.81+0.01 0.14
36-42 days of age 2.14+0.01"  2.10+#0.01° 2.11+0.01" 2.14#0.01®  2.15+0.01*  0.05
0-42 days of age 1.69+0.01 1.67+0.01 1.68+ 0.01 1.72+0.01 1.69+0.01 0.12

G: Group, G I, 0% sunflower meal (Control); G 11, 2.5% sunflower meal; G 111, 5% sunflower meal; G 1V, 7.5% sunflower meal; G V,
10% sunflower meal; + SE (standard error); ** means within the same row with different superscripts are significantly different at

P<0.05.
Discussion

This study hypothesized that sunflower
meal can be efficiently used in broiler chicken
diets without negative effects on performance
once the diets become balanced in energy and
lysine contents. The obtained results approved
this hypothesis, where broilers fed on diets
containing sunflower meal had a good growth
performance comparable to those fed on diets
without sunflower meal. Moreover, the feed
conversion ratio was improved during the
finisher period (36-42 days of age) when
sunflower meal was incorporated in the diet
with the levels of 2.5 and 5%. Most of
previous studies indicated that sunflower meal
can be utilized in broiler chicken diets at levels
up to 20% [15-18] or even up to 40% [19-21]
without  negative effects on  growth
performance and feed efficiency. Other
researchers reported a positive improvement in
the feed efficiency when sunflower meal was

included for the entire fattening period of
broilers at levels of 10 or 20% [22]. Furlan
[23] showed a significant improvement in the
weight gain and feed intake by 12 and 13%,
respectively when sunflower meal was
included in the diet as a partial substitute for
30% of the amount of soybean meal.
Nevertheless, other studies had a negative
effect of sunflower meal on the growth
performance when included at levels higher
than 10% [24]. These variations observed
among different studies were attributed to the
variation in the managemental conditions and
the level of lysine and metabolizable energy
used when sunflower meal was included in
their diets. From a practical prospective,
utilizing higher level of sunflower meal (more
than 10%) could have adverse effects on the
pellet quality and durability. This may be due
to increase dietary fat and oil to correct the
energy content of the diet when increasing the
levels of sunflower meal.
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Table 3: The effect of different levels of sunflower meal on the serum lipid profile and carcass traits of 42-
day-old broiler chickens

Group | Group 11 Group 111 Group IV GroupV P-value

Lipid profile (mg/dL)

Total lipid 303.3+24.40 316.1+15.1 320.8+10.1  302.6+16.95 329.1+14.7 0.39
Total cholesterol 161.3+11.3 164.6+8.25  173.0+10.05  158.3+6.08  173.7+#9.05  0.26
HDL 61.40+5.77 66.51+3.41 59.62+3.38 61.40+4.43 62.11+3.72 0.15
LDL 83.62+9.95 80.91+6.65 96.37+7.79 80.52+6.97  94.55+10.75 0.10
VLDL 16.12+1.55 17.0£1.18 16.50+1.13 16.10+1.27 16.8+£0.76 0.24
Carcass trait (%)

Carcass dressing 70.40+0.90 70.07+£0.81 71.2+0.80 72.02+1.32 70.50£1.10 0.23
Liver 3.10+0.22 3.02+0.21 3.02+0.21 3.17+0.22 2.35+0.23 0.12
Gizzard 2.75%0.19 2.65+0.10 2.93+0.16 3.17+0.13 2.82+0.21 0.30
Heart 0.65+0.05°  0.63#0.03°  0.55+0.03"  0.57+0.02°  0.76£0.03*  0.05
Spleen 0.64+0.02%° 0.56+0.03™ 0.50+0.01° 0.52+0.01° 0.66+0.03% 0.01

G: Group, G I, 0% sunflower meal (Control); G 1, 2.5% sunflower meal; G 111, 5% sunflower meal; G 1V, 7.5% sunflower meal; G V,
10% sunflower meal; HDL = high density lipoprotein; LDL = low density lipoprotein; VLDL = very low density lipoprotein; + SE
(standard error); **° means within the same row with different superscripts are significantly different at P<0.05.

Table 4: Effect of feeding different levels of sunflower meal on the litter moisture and economic efficiency of
42-day-old broiler chickens

Group | Group Il Grouplll  Group IV GroupV P-value

Litter moisture

Litter moisture % 32.52+0.86 33.75+1.03 32.70+0.25 34.25+1.25 33.53+0.28 0.33

Economic efficiency

Feeding cost of the obtained gain (B) 15 50,093 15524036 15.60£022 15.0740.18 15.00:0.24 0.18

(Pound)

(S;(')'L:Eg)p”ce of the obtained gain (A) 57 95,040 28724064 28.97+054 27.65:0.38 28.00£0.42 0.21
(A-B)/B 0.8240.03  0.85+0.03 0.85+0.03  0.83+0.03 0.87+#0.03 0.15
Economic efficiency (EE) 82.42+1.13 85.15+1.15 85.27+1.29 83.20+1.26 86.65+1.25 0.22

G: Group, G I, 0% sunflower meal (Control); G Il, 2.5% sunflower meal; G 111, 5% sunflower meal; G 1V, 7.5% sunflower meal; G V,
10% sunflower meal; + SE (standard error).
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The serum lipid profile was not
significantly influenced when sunflower meal
was included in the diets at levels up to 10%.
Similarly, Cheve-lsarakul and Tangtaweewipat
[25] revealed that dietary incorporation of
sunflower meal in broiler diets had no
influence on the serum  cholesterol
concentration. Likewise, dietary inclusion of 7,
14, and 21% of full fat sunflower seed didn’t
result in significant difference in the serum
triglyceride, and high and low-density
lipoproteins of broilers [26]. Additionally,
replacing soybean meal by sunflower meal at
different levels (0, 25, 50 and 75%) didn’t
significantly affect the serum lipid profile of
broiler chickens [27].

Although dietary intake of sunflower meal
did not have a significant impact on most of
the measured carcass traits, but a significant
increase in the heart and spleen percentages
was observed when sunflower meal was fed at
a level of 10%. Increased spleen size can be
considered an indication for improved immune
status [28]. Although we did not measure
immunity parameters in this trial, we feel that
mentioning this finding could be of an interest
for future research studies. Similarly, Ozen
and Erdem [28] did not observe significant
difference in the dressing percentage of broiler
chickens when sunflower meal replaced
different levels of soybean meal (0, 25, 50, 75
or 100%). In addition, El-Sherif [29] revealed
that partial substitution of soybean meal by 5,
10 or 15% of sunflower meal did not result in
significant difference in the abdominal fat or
carcass component (liver and gizzard)
percentages. Furthermore, Araujo [30] and
Horvatovic [31] did not observe significant
difference in the carcass yield due to feeding
of sunflower meal in broiler chicken diets. On
the other hand, Salari [32] reported that dietary
inclusion of 0 to 20% of full fat sunflower
meal led to a linear significant decrease in the
liver percentage.

Based on the positive correlation between
crude fiber content of the diet and litter
moisture content, we expected to notice an
adverse effect on the litter moisture when
sunflower meal has been included in the diets
particularly at high inclusion levels (7.5 and
10%). Inclusion of different levels of
sunflower meal in the current study increased

the crude fiber content of the diets by levels up
to 45, 47, and 50% in the starter, grower and
finisher stages, respectively. A high dietary
crude fiber can increase the water binding
capacity in the GIT, and subsequently increase
the water content of droppings [33].

The litter moisture percentage was not
significantly influenced by feeding of different
levels of sunflower meal. This trial was
conducted in the summer months; therefore, a
significant quantity of moisture content of the
litter could be evaporated quickly to the
environment due to the effect of hot weather.
A pronounced adverse effect of dietary
sunflower meal on the litter moisture could be
observed if the trial was conducted in the
winter months (which could be of interest in
future studies). Similar finding was observed
by Araujo [30] who did not report a significant
difference in the litter moisture percentage
when sunflower meal was included in the
broiler chicken diets at a level of 15%.
Although the economic efficiency was not
significantly differed among treatments, the
numerical improvement observed in broilers
fed on 10% sunflower meal is an indicator for
more profits could be obtained at this inclusion
level. Up to the authors knowledge, there was
a lack of references that discuss this point.

Conclusion

Based on the economic efficiency and
utilization of byproduct proficiency, sunflower
meal could be successfully incorporated in
broiler diets at levels up to 10% without being
detrimental to the growth performance, lipid
profile, carcass yield and litter moisture, once
the formulated diet contained sufficient level
of lysine and energy.

Conflict of interest

None of the authors have any conflict of
interest to declare.

References

[1] San Juan, L.D. and Villamide, M.J.
(2001):  Nutritional  evaluation  of
sunflower products for poultry as
affected by the oil extraction process.
Poult Sci, 80(4):431-437.

[2] Alagawany, M.; Farag, M.R.; Abd ElI-

Hack, M.E. and Dhama, K. (2015): The
practical application of sunflower meal

240



[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

in poultry nutrition. Adv Anim Vet.Sci,
3(12): 634-648.

Mandal, A.B.; Tyagi, P.K.; Elangovan,
A.V.; Kaur, S. and Johri, A. (2003):
Utilizing sunflower seed meal along with
maize or maize and pearl millet in the
diets of broilers. Ind J Poult Sci, 38(3):
243-248.

Rajesh, M.M.; Sudhakara, P.S. and
Reddy, P.V.V.S.N. (2006): Effect of
sunflower meal with or without enzyme
supplementation on the performance of
broilers. Ind J Vet Anim Sci Res, 2(2):
200-204.

National Research Council (NRC)
(1994):  Nutrient  Requirements  of
Poultry, National Academy of Sciences,
Washington, D.C., USA.

Association of  Official ~ Analytical
Chemists (AOAC) (1990): Official
methods of analysis, 15th ed. (Arlington,
VA, Association of Official Analytical
Chemists).

Frings, C.S.; frendley, T.W.; Dunn, R.T.
and Queen, C.A. (1972): Improved
determination of total serum lipids by

the sulphosphovanillin  reaction. Clin
Chem, 18(7): 673-674.
Bucolo, G. and David, H. (1973):

Quantitative determination of serum
triglycerides by use of enzymes. Clin
Chem, 19(5): 476-482.

Zak, B.; Dickenman, R.C.; White, E.G.;
Burnett, H. and Cherney, P.J. (1954):
Rapid estimation of free and total
cholesterol. Am J Clin Pathol, 24(11):
1307-1315.

Naito, H.K. (1984): High-density
lipoprotein  (HDL) cholesterol, in:

KAPLAN, A. (Ed) Clinical Chemistry:
Theory, Analysis and Correlation, pp.

437, 1207-1213 (St Louis, Toronto,
Princeton, the CV Mosby Co).
Friedwld, W.T.; Levy, R.. and

Fredrickson, D.S. (1972): Estimation of
the  concentration of low-density
lipoprotein  cholesterol in  plasma,
without the use of preparative centrifuge.
Clin Chem, 18(6): 499-502.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Fairchild, B. and Czarick, M. (2011):

Monitoring  litter ~ moisture.  The
University of Georgia, College of
Agricultural and Environmental

Sciences, Cooperative Extension, 23: 3.

El-Kerdawy, D.M.A. (1997): Olive pulp
as a new energy source for growing
rabbits. Egy J Rabbit Sci, 7(1): 1-12.

Analytical Software (2008): Statistix®

9.0. (Tallahassee, FL, Analytical
Software).
Aftab, U. (2009): Utilization of

alternative protein meals with or without
multiple enzyme supplementation in
broilers fed low-energy diets. J Appl
Poult Res, 18(2): 292-296.

Peric, L.; Milic, D., Bjedov, S. (2010):
The effect of sunflower meal on growth
performance  of  broiler  chicks.
Proceedings of the 13th European
Poultry Conference; Tours. France, 15-
21.

Araujo, L.F.; Araujo, C.S.S.; Petroli,
N.B.; Laurentiz, A.C.; Albuquerque, R.;
Neto, M.A.T. (2011): Sunflower meal
for broilers of 22 to 42 days of age. R
Bras Zootec, 40(10): 2142-2146.

Nassiri, M.H.; Salari, S.; Arshami, J.;
Golian, A. and Maleki, M. (2012):
Evaluation of the nutritional value of
sunflower meal and its effect on
performance, digestive enzyme activity,
organ weight, and histological alterations
of the intestinal villi of broiler chickens.
J Appl Poult Res, 21(2): 293-304.

Salih, F.I.LM. and Taha, S.H. (1989):
Sunflower seed meal as a protein
concentrates in diets for broiler chicks.
Sudan J Anim Prod, 2: 27-33.

El-Zubeir, E.A. and Ibrahim, M.A.
(1991): Effect of dietary full fat raw
sunflower seed on performance and
carcass skin colour of broilers. J Sci
Food Agri, 55(3): 479-481.

Senkoylu, N. and Dale, N. (1999):
Sunflower meal in poultry diets: a
review. World Poult Sci J, 55(2): 153-
174.

241



[22]

[23]

[24]

[25]

[26]

[27]

Zatari, ILM. and Sell, J.L. (1990):
Sunflower meal as a component of fat
supplemented diets for broiler chickens.
Poult Sci, 69(9): 1503-1507.

Furlan, A.C.; Mantovani, C.; Murakami,
A.E.; Moreira, I.; Claudio, S. and Nunes,
M.E. (2001): Utilizacao do farelo de
girasol na alimentacao de frangos de
corte. R Bras Zootec, 30 (1):158-164.

Pinheiro, J.W.; Fonseca, N.A.N.; Silva,
C.A.; Cabrera, L.; Bruneli, F.AT.
Takahashi, S.E. (2002): Farelo de
girassol na alimentacdo de frangos de
corte. em  diferentes fases de
desenvolvimento. R Bras Zootec,
31(3):1418-1425.

Cheva-lsarakul, B. and Tangtaweewipat,
S. (1991): Effect of different levels of
sunflower seed in broiler rations. Poult
Sci, 70(11): 2284-2294.

Selvaraj, R.K. and Purushothaman, M.R.
(2004): Nutritive value of full fat
sunflower seeds in broiler diets. Poult
Sci, 83(3):441-446.

Adejumo, D.O. and Williams, A.O.
(2006): Effects of partial replacement of
soyabean meal or groundnut cake with
sunflower seed meal in broiler chicken
diets on performance and plasma
metabolites. Global J Pure Appl Sci,
12(2):159-164.

[28]

[29]

[30]

[31]

[32]

[33]

Ozen, N. and Erdem, H. (1992):
Replacement of soybean meal by
sunflower meal in broiler diets

supplemented with synthetic lysine and
methionine. Poult Sci, 79: 77-79.

El-Sherif, K.; Gippert, T. and Gerendai,
D. (1995): Effect of different levels of
expeller sunflower seed meal in broiler
diets. Anim Breed Feed, 44(5): 427-435.

Aradjo, L.F.; Aradjo, C.S.S.; Petroli,
N.B.; Laurentiz, A.C.; Albuquerque, R.
and de Trindade Neto, M.A. (2011):
Sunflower meal for broilers of 22 to 42
days of age.R Bras Zootec, 40(10):
2142-2146.

Horvatovic, M.P.; Glamocic, D.; Zikic,
D. and Hadnadjev, T.D. (2015):
Performance and some intestinal
functions of broilers fed diets with
different inclusion levels of sunflower
meal and supplemented or not with
enzymes. Braz J Poult Sci, 17(1): 25-30.

Salari, S.; Nassiri Moghaddam, H.;
Arshami, J.; Golian, A. (2009):
Nutritional  evaluation of  full-fat

sunflower seed for broiler chickens.
Asian- Australas J Anim Sci, 22 (4):
557-564.

Collet, S.R. (2012): Nutrition and wet
litter problems in poultry. Anim Feed Sci
Technol, 173(1): 65-75.

242



ol padlal)
Belisl) 5 AdAN Lok ) Aandll clia | ALY ¢10Y) Ao Cpandl) 50 G0 ) Guadd) e quus Al
Ay

d.n.al\ J gana ,é\_):d\ ;Lé_j ,Q,-)-'ﬁ.m: A..,u.d\ ,:\...).LQ e

oY) e sl ol 3dle ) el dbe € (e Adlida Gl ghae Adlca) s Al jal A jadll sda iy jal
Cile gana e ) (i VY +) ) sadall aansl o3 Al aBY) 5o LU 5 A i) 8 sk )l At Aapdl) Ciliea , alisy)
Slo A5V Ao sanall Hd cude (LSS S il A) IS GG b il YE e de sene JS Cgia) Cumy
,Y.0 Led) llias dailiall dadall U S o dalal) i A (e e sanall Bl ) ol Cude Laiy ALl A3 )]
O dansie Sl Ay 53 5 JS Aled (8 Al Calal) 2aS 5 ol 5l Jimasd i el Sl € 95) ¢ 5V 0 0
o Tzl A el Gl (b A1 Jsadl) Jaee 5 L sy ASlgunall Adlal) 43S Jane e sl 330301 Jaa causnd)
s €Y e 3 AG  e Clie guead o Asgdl) Cilia Tl )2l Gld 5 de sana S (e Al sdie by em andill (5l
e s (e ddliaall il sl dila) o i) @ edal AplaBy) s lSH Clua a3 Liagl 5 Lo 45k )l 4 (uldl
Jasaill Janae 5 SN Calal) Bl Jane Age sall 33 30 Jone el 05 (8 Aasine 3508 Hseh ) 5255 Al el
OS5 Al Cliiay (sl (5 s (8 AdlAL Cile sanall G Ay sina (358 Jantd ol LS A el 355 JAA 213a)
ol e S 95 s o saiaiddle Lo cnde Gl el ol (8 dadll )5 G Aasies B0 i S
o8 Arsh )l A 8 ARSI e sanal (G Lygine 38 dsas pie il el Aalial) de senally 4 ladly
OIS Gl (S1y e e € 94 v e gin) 3 e sanall 8 olaBy) 5oLl dpae dad Juadl S 454l

%)+ ) Jeal iy gl sall 30le (8 ety Guedil) dle S Adlia) (S Al A jall 338 (e paldiig Usine p

243



