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Abstract

Background and objective: Safflower (Carthamus tinctorius L.) is a strategic crop that has
received considerable attention in recent years because of its medicinal and nutritional value. Given
limited protein and water resources, safflower varieties are improved to enhance drought resistance
and increase seed and oil yields. Incorporating these cultivars into broiler diets may improve
production performance, reduce foreign exchange expenditures associated with feed imports, and
contribute to food security. Therefore, this study aimed to evaluate the effects of different inclusion
levels of modified safflower seeds and meal (Fakhereh variety), compared with the corresponding
inclusion levels of the commercial variety (Goldasht), as partial replacements for soybean meal on
the growth performance, carcass characteristics, and meat quality parameters of broiler chickens.
Methodology: In total, 420 mixed-sex Ross 308 broiler chickens were randomly assigned to seven
experimental treatments, with five replicates of 12 birds per treatment, from 15 to 42 days of age. The
experimental treatments were as follows: (1) a corn- and soybean meal-based diet (control); (2) a
basal diet containing 10% modified safflower seeds; (3) a basal diet containing 20% modified
safflower seeds; (4) a basal diet containing 10% modified safflower meal; (5) a basal diet containing
20% modified safflower meal; (6) a basal diet containing 10% commercial safflower seeds; and (7) a
basal diet containing 20% commercial safflower seeds. Environmental conditions, including lighting
and temperature, were controlled in accordance with the recommendations provided by the Ross 308
producer. Growth performance parameters, including feed intake, body weight gain, and feed
conversion ratio, were recorded weekly. The vaccination program was implemented in accordance
with the recommendations of the local veterinarian. At 42 days of age, one broiler chicken per
replicate was selected for slaughter to assess carcass characteristics and meat quality, resulting in five
birds per treatment (n = 5). Carcass characteristics, including the relative weights of the eviscerated
carcass, breast, thigh, and wings, were evaluated. Meat quality parameters, including water-holding
capacity, pH, cooking loss, and drip loss, were also measured at 42 days of age. The data were
analyzed using a completely randomized design and a general linear model (GLM) in Minitab (2016).
Tukey’s test was used for pairwise comparisons at a significance level of 5%.
Results: Growth performance parameters, including average body weight gain, daily feed intake, and
feed conversion ratio, were not significantly affected by the experimental treatments during any of
the experimental weeks or throughout the entire experimental period (P > 0.05). However, during the
22-28-day period, body weight gain and feed conversion ratio showed trends toward improvement
in the groups receiving diets containing 10% modified safflower meal (Fakhereh variety) and 20%
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commercial safflower seeds (Goldasht variety), compared with the control group. Assessment of meat
quality revealed that the pH of the thigh muscle in broilers fed a diet containing 10% modified
safflower seeds of the Fakhereh variety was significantly higher than that in the control group (P <
0.05). The other meat quality parameters, including water-holding capacity, cooking loss, and drip
loss, were not significantly affected by the experimental treatments (P > 0.05). Furthermore, carcass
characteristics, including the relative weights of the eviscerated carcass, breast, thigh, and wings, did
not differ significantly among the experimental treatments (P > 0.05).

Conclusion: Overall, the findings indicated that including seeds or meal from different safflower
cultivars at varying dietary levels did not significantly affect the growth performance, carcass
characteristics, or meat quality parameters of broiler chickens. Therefore, including Fakhereh
safflower seeds or meal at levels up to 20% in broiler diets does not appear to adversely affect growth
performance, carcass characteristics, or meat quality under the conditions of the present study.

Keywords: Broiler chicken, growth performance, meat quality, carcass characteristics, safflower,
meal.
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Table 1. Chemical composition of safflower seed and meal used in the experimental treatments of the study

Components Modified safflower seed  Modified safflower meal Commercial safflower seed
Dry matter (%) 954 96.9 93.2
Crude protein (%) 19.9 25.7 19.2
Ether extract (%) 25.7 9.0 214
Crude fibre (%) 16.5 31.0 16.7
Calcium (%) 0.40 0.28 0.41
Phosphorus (%) 0.82 0.59 0.78
Metabolizable Energy (kcal.kg?) 3410 2690 3445
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Table 2. Ingredients and nutrient composition of the starter diet (1-14 days of age) used in the experimental
treatments of the study

Ingredients (%) Amount
Corn grain 56.03
Soybean meal (44% Crude protein) 38.58
Soybean oil 1.00
Carbonate calcium 1.55
Monocalcium phosphate 1.58
Common salt 0.35
DL-Methionine 0.20
L-Lysine HCL 0.21
Vitamin premix? 0.25
Mineral premix® 0.25

Chemical composition

Metabolizable energy (kcal.kg?) 2920
Crude protein (%) 22.2
Calcium (%) 0.96
Phosphorus (%) 0.48
Lysine (%) 1.44
Methionine (%) 0.56
Sodium (%) 0.16

aSupplied per kg of diet: vitamin A (retinol), 12000 IU; vitamin D3 (cholecalciferol), 5000 IU; vitamin K3, 2.55 mg; thiamin, 3 mg; riboflavin, 7.5
mg; vitamin B6 (pyridoxine), 4.5 mg; vitamin B12 (cyanocobalamin), 0.02 mg; niacin, 51 mg; folic acid, 1.5 mg; biotin, 0.2 mg; pantothenic acid,
13.5 mg; and choline chloride, 250 mg.
°Supplied per kg of diet: Mn, 120 mg; Se, 0.3 mg; Cu, 16 mg; I, 1 mg; Fe, 40 mg; and Zn, 100 mg.
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Table 3. Ingredients and nutrient composition of grower diets (15-28 days of age) used in the experimental
treatments of the study

Ingredients Control (corn- Modified Modified Modified Modified Commercial Commercial
(%) soybean meal) safflower safflower safflower safflower safflower seed safflower seed
seed (10%0) seed (20%) meal (10%b6) meal (20%) (10%) (20%0)
Corn grain 55.2 48.4 42.4 50.6 46.5 48.0 42.0
Soybean meal 37.6 36.4 34.2 32.0 26.5 37.1 34.6
(44% Crude
protein)
Corn gluten 2.00 0.80 0 1.70 1.30 0.65 0
meal
Safflower 0 10.0 20.0 10.0 20.0 10.0 20.0
Soybean oil 1.15 0.90 0.25 1.60 1.60 0.85 0.25
Carbonate 143 147 1.55 1.48 1.50 149 154
calcium
Monocalcium 1.35 1.00 0.64 1.16 1.00 0.98 0.66
phosphate
Common salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35
DL- 0.12 0.10 0.08 0.16 0.19 0.12 0.08
Methionine
L-Lysine 0.25 0.04 0 0.40 0.53 0 0
HCL
Vitamin 0.25 0.25 0.25 0.25 0.25 0.25 0.25
premix?
Mineral 0.25 0.25 0.25 0.25 0.25 0.25 0.25
premix®
Calculated
composition
Metabolizable 2960 2960 2960 2960 2960 2960 2960
energy
(kcal.kg?)
Crude protein 20.7 20.7 20.7 20.7 20.7 20.7 20.7
(%)
Calcium (%) 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Available 0.43 0.43 0.43 0.43 0.43 0.43 0.43
phosphorus
(%)
Lysine (%) 1.46 1.46 1.46 1.46 1.46 1.46 1.46
Methionine 0.51 0.51 0.51 0.51 0.51 0.51 0.51
(%)
Sodium (%) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

aSupplied per kg of diet: vitamin A (retinol), 12000 1U; vitamin D3 (cholecalciferol), 5000 1U; vitamin K3, 2.55 mg; thiamin, 3 mg; riboflavin, 7.5
mg; vitamin B6 (pyridoxine), 4.5 mg; vitamin B12 (cyanocobalamin), 0.02 mg; niacin, 51 mg; folic acid, 1.5 mg; biotin, 0.2 mg; pantothenic acid,
13.5 mg; and choline chloride, 250 mg.
®Supplied per kg of diet: Mn, 120 mg; Se, 0.3 mg; Cu, 16 mg; I, 1mg; Fe, 40 mg; and Zn, 100 mg
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Table 4. Ingredients and nutrient composition of finisher diets (29-42 days of age) used in the experimental
treatments of the study
Ingredients (%)  Control Modified Modified Modified Modified Commercial Commercial
(corn- safflower safflower safflower safflower safflower safflower
soybean  seed (10%)  seed (20%) meal (10%) meal (20%0) seed (10%) seed (20%)
meal)
Corn grain 59.0 53.0 47.3 55.0 52.7 52.2 46.9
Soybean meal 32.9 30.5 27.7 26.7 18.3 31.6 28.1
(44% Crude
protein)
Corn gluten meal 1.70 1.10 0.45 1.70 2.40 0.70 0.50
Safflower 0 10.0 20.0 10.0 20.0 10.0 20.0
Soybean oil 2.75 2.20 1.60 2.90 2.70 2.33 1.60
Carbonate 1.30 1.37 1.42 1.36 1.43 1.36 1.43
calcium
Monocalcium 1.20 0.86 0.53 1.00 0.80 0.85 0.51
phosphate
Common salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35
DL-Methionine 0.11 0.09 0.07 0.14 0.17 0.09 0.07
L-Lysine HCL 0.02 0.03 0 0.35 0.60 0 0
Vitamin premix? 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
Calculated
composition
Metabolizable 3100 3100 3100 3100 3100 3100 3100
energy (kcal.kg
1
)
Crude protein 19.0 19.0 19.0 19.0 19.0 19.0 19.0
(%)
Calcium (%) 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Auvailable 0.39 0.39 0.39 0.39 0.39 0.39 0.39
phosphorus (%)
Lysine (%) 1.29 1.29 1.29 1.29 1.28 1.28 1.28
Methionine (%) 0.47 0.47 0.47 0.47 0.47 0.47 0.47
Sodium (%) 0.16 0.16 0.16 0.16 0.16 0.16 0.16

aSupplied per kg of diet: vitamin A (retinol), 12000 IU; vitamin D3 (cholecalciferol), 5000 IU; vitamin K3, 2.55 mg; thiamin, 3 mg; riboflavin, 7.5
mg; vitamin B6 (pyridoxine), 4.5 mg; vitamin B12 (cyanocobalamin), 0.02 mg; niacin, 51 mg; folic acid, 1.5 mg; biotin, 0.2 mg; pantothenic acid,
13.5 mg; and choline chloride, 250 mg.
®Supplied per kg of diet: Mn, 120 mg; Se, 0.3 mg; Cu, 16 mg; I, 1mg; Fe, 40 mg; and Zn, 100 mg.
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Table 5. ANOVA for broilers traits as affected by the experimental treatments of the study

M.S.
Body weight gain Feed intake
5.0V d.f 15-21 22-28 29-35 36-42 15-42 15-21  22-28 29-35 36-42  15-42
T o days of days days of days days of days days daysof days days
age of age age of age age of age of age age of age of age
Treatment 6 5.20 51.7 14.7 125 5.73 24.1 8.46 95.8 190 10.2
Experime g 26.8 236 323 180 377 104 397 597 892 125
ntal error
C.V. (%) 16.6 13.1 7.26 5.09 3.71 7.72 10.5 5.37 4.90 4.37
=0 Jsds ansld
Continued Table 5. ANOVA ...
M.S.
Feed conversion ratio European
5.0V o.f 15-21 22-28 29-35 36-42 15-42 production Live body
I o days days daysof days daysof efficiency factor weight
ofage ofage age of age age (1-42 days of age )
Treatment 6 0.02 0.09 0.03 0.01 0.01 581 9046
EXpirr'rrgf”ta' 28 002 003 004 00l 001 367 7499
C.V. (%) 10.8 10.7 10.6 4.27 6.41 6.01 4.08
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Continued Table 5. ANOVA ...
M.S.
S.O.V. d.f . . . Water
Eviscerated Thighs Breast Wing pH Cooking  Drip holding
carcass loss loss .
capacity
Treatment 6 2.51 1.38 1.23 0.05™  8.52* 10.4 7.66 8.52
EXpi;'rrgf”ta' 28 8.34 0.90 211 021" 005 4.93 11.0 5.77
C.V. (%) 4.69 4.97 7.02 7.46 3.57 5.00 15.49 4,73

*: significant at 5% probability levels.
s s Jsb o3 a8 sbar e ol W ol pasl 5 aas s See bl bl 86— Joas

Table 6. Effect of experimental treatments on growth performance and European Production Efficiency Factor
(EPEF) of broilers during the rearing period
Body weight gain Feed intake Feed conversion ratio EPEF
(g-body™.day™) (g-body™.day™)
15- 22- 29- 36- 15- 15- 22- 29- 36- 15- 15- 22- 29- 36- 15-
21 28 35 42 42 21 28 35 42 42 21 28 35 42 42 1-42
days days days days days days days days days days days days days days days days
of of of of of of of of of of of of of of of of age
age age age age age age age age age age age age age age  age
Control 317 327 805 849 522 430 580 144 194 815 136 179 176 232 156 321
(corn-
soybean
meal)
Modified 329 36.7 775 826 509 407 619 141 188 785 172 192 232 154 321
safflower 1.24
seed (10%)
Modified 320 384 756 848 535 416 606 140 195 80.2 159 186 232 153 334
safflower 1.30
seed (20%)
Modified 300 392 769 846 520 384 587 140 196 81.1 145 182 237 156 324
safflower 1.22
meal (10%)
Modified 277 343 782 808 502 424 593 146 199 832 138 174 201 234 164 298
safflower
meal (20%)
Commercial 329 369 789 846 521 457 606 152 181 813 164 192 228 156 321
safflower 1.33
seed (10%)
Commercial 314 424 804 816 527 405 596 145 195 804 135 142 191 244 153 313
safflower
seed (20%)
SEM 133 217 284 212 087 144 282 345 422 158 007 0.09 0.09 005 0.03 856

Treatment

P-value 0.18 0.07 083 066 021 006 097 0.18 0.09 056 056 007 05 074 018 0.19
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Table 7. Effect of experimental treatments on body weight and carcass characteristics of broilers at the end of
the experimental period (42 days of age)

Live body Eviscerated Thighs Breast Wing
Treatment weight carcass o . o - (% of body
@ (% of bodly weight) (% of body weight) (% of body weight) weight)

Control (corn- soybean meal) 2150 61.3 19.0 214 6.18

Modified safflower seed (10%) 2078 62.9 195 21.0 6.22

Modified safflower seed (20%) 2166 62.0 19.1 19.8 6.13

Modified safflower meal (10%) 2122 60.8 184 20.2 5.89

Modified safflower meal (20%) 2049 61.3 20.1 204 6.18

Commercial safflower seed 2142 62.6 18.8 211 6.18
(10%)

Commercial safflower seed 2145 61.2 18.7 20.9 6.23
(20%)

SEM 38.7 1.44 0.47 0.73 0.23

P-value 0.33 0.93 0.22 0.74 0.95

(5305 ¥ GlesT 53 0L L3 (238 slbaz sz cs 8 S » o2l Glosled ST -A Jooe
Table 8. Effect of experimental treatments on meat quality of broilers at the end of the experimental period (42

days of age)

Treatment pH Coolz(i);:)g)l loss Dr(i(r))/ol)oss Water holzioi/:)g capacity
Control (corn- soybean meal) 6.13° 43.0 20.2 51.0
Modified safflower seed (10%) 6.452 454 215 49.7
Modified safflower seed (20%) 6.26% 451 22.8 51.0
Modified safflower meal (10%) 6.14° 43.8 205 51.0
Modified safflower meal (20%) 6.25% 43.0 22.9 50.5
Commercial safflower seed (10%) 6.31% 47.6 22.7 48.7
Commercial safflower seed (20%) 6.29% 445 19.3 53.5
SEM 0.05 111 1.66 1.20
P-value 0.01 0.09 0.66 0.24

Means with common letters are in the same statistical group at 5% probability level (Tukey test).
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