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Extended Abstract

Background: In recent years, there has been an increase in cost, and sometimes the scarcity of
the main components of poultry feed, including corn and soybean meal, in Iran has led to research
in the field of finding suitable alternatives. Safflower (Carthamus tinctorius L.) is an annual herb
that is abundantly found in Iran. Safflower meal, a high-quality protein supplement, can be used
as a substitute for soybean meal in broiler diets. However, safflower meal contains high crude
fiber and low energy, which is one of the limiting factors for the use of this edible material in
poultry diets. To facilitate the use of safflower meal in poultry feed, it is suggested to include
additives, such as enzymes and acidifiers. Several researchers have reported that the use of food
additives, such as probiotics, enzymes, and acidifiers, may improve the digestibility of foods
containing high fiber. Therefore, enzymes were used to increase the digestion of safflower meal.
Endopower multi-enzyme has high enzyme activity of alpha-galactosidase, galactomanase,
xylanase, and beta-glucanase. This product is produced using the Aspergillus niger fungus by the
fermentation method, and side products (e.g., amylase, phytase, cellulase, and protease enzymes)
are produced during the fermentation process. These enzymes improve growth performance by
degrading non-starch polysaccharides and increasing the digestion and absorption of nutrients.
Therefore, the present experiment aimed to investigate the effect of safflower meal, multienzyme,
and acidifier on the growth performance, blood biochemical indices, and intestinal morphology
of broiler chickens.

Methods: A total of 495 one-day-old male chickens were used in a completely randomized design
with a factorial arrangement (2*2*2), including nine treatments, five replications, and 11 chicks
per replication. Experimental treatments included a control and two levels of safflower meal (0,
7.5, and 15%) and two levels of multienzyme (0 & 0.2%) and acidifier (0 & 0.1%). The growth
performance traits (body weight gain, feed intake, and feed conversion ratio) were recorded at the
end of each rearing period, involving starter, grower, and finisher periods. To determine blood
biochemical indices, the blood was gathered from two birds of each replicate and then centrifuged
at 3000 rpm. Plasma samples were used to determine the concentrations of LDL, cholesterol,
triglyceride, total protein, uric acid, albumin, and plasma enzyme activity of AST and ALT in
broiler chickens. At the end of the experiment (42 days old), two birds from each replicate were
slaughtered to determine the carcass weight and organ weight, and to calculate the relative weight
of organs. The determined intestinal morphology involved villus height, villus width, crypt depth,
and villus height to crypt depth ratio.

Results: The results of the data showed that adding 15% of safflower meal, multi-enzyme, and
acidifier to the diet of broiler chickens in the starter period reduced the daily weight and feed
intake and decreased the feed conversion ratio (FCR). Throughout the grower period, the highest
daily weight gain was observed in the group fed with 15% safflower meal. The control treatment
had the lowest feed intake and FCR. The weights of thigh, breast, spleen, abdominal fat, gizzard,
heart, and different parts of the small intestine were affected by experimental treatments. The
inclusion of 15% safflower meal, along with the acidifier and the multi-enzyme, increased the
weights of the gizzard, heart, and different parts of the small intestine compared to the control
group.

The highest activity of GOT and GPT enzymes and concentrations of total protein, uric acid, and
glucose were assigned to the treatment that consumed safflower meal along with acidifier and
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multi-enzyme compared to the control. The concentrations of triglycerides and cholesterol
decreased in the blood of birds treated with 15% safflower meal and the acidifier and 15%
safflower meal with the acidifier and the multi-enzyme. However, the concentration of HDL
increased in the treatment of 15% safflower meal with the acidifier and the multi-enzyme, and the
level of LDL decreased in the treatments containing 15% safflower meal with the acidifier and
15% safflower meal with the acidifier and the multi-enzyme compared to the control. Villus
height, crypt depth, and the ratio of villus height to crypt depth were higher in the treatment of
15% safflower meal combined with acidifier and multi-enzyme than in the other treatments.
Conclusion: In general, the results show that adding 15% safflower meal along with multienzyme
and acidifier increases the growth performance and health of the digestive system, thereby
increasing the digestion and absorption of nutrients, leading to an increase in daily weight and
feed consumption.
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Table 1. Feed ingredients and chemical composition of experimental diets containing safflower meal

Finisher (25-42 days) Grower (11-24 days) Starter (1-10 days) . o

5% 7.5% 0 5% 7.5% 0 5% 7.5 % Ingredient (%)
49.56 55.98 62.40 45.11 51.53 57.95 42.12 48.56 54.98 Corn
24.54 27.20 29.84 29.50 32.15 34.81 33.12 35.78 38.42 Soybean Meal
15.00 7.5 0.00 15.00 7.50 0.00 15.00 7.50 0 Safflower meal

6.70 5.14 3.58 591 4.34 2.78 5.00 3.44 1.88 Soybean Oil

1.48 1.52 1.56 1.64 1.68 1.72 1.56 1.60 1.64 Dicalcium phosphate
0.88 0.90 0.92 0.97 0.99 1.02 1.22 1.24 1.26 Carbonate Calcium
0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.22 NaHCO:;

0.18 0.20 0.20 0.19 0.20 0.21 0.19 0.20 0.20 Common Salt

0.08 0.08 0.08 0.08 0.08 0.08 0.80 0.08 0.08 Choline chloride
0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 Vitamin premix!
0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 Mineral premix?
0.32 0.30 0.30 0.16 0.14 0.12 0.18 0.16 0.14 L-Threonine

0.12 0.12 0.12 0.35 0.34 0.33 0.37 0.36 0.35 DL-Methionine
0.34 0.28 0.24 0.35 0.30 0.25 0.38 0.32 0.27 L-lysine

Nutrient composition

3100 3100 3100 3000 3000 3000 2910 2910 2910 Metabolizable energy (kcal/kg)

19 19 19 21 21 21 522 225 225 Crude protein (%)
1.03 1.03 1.03 1.15 1.15 1.15 1.25 1.25 1.25 Lysine (%)

0.8 0.8 0.8 0.87 0.87 0.87 0.92 0.92 0.92 Methionine+cysteine (%)
0.79 0.79 0.79 0.87 0.87 0.87 0.96 0.96 0.96 Calcium (%)
0.395 0.395 0.395 0.435 0.435 0.435 0.430 0.430 0.430 Available phosphorous (%)
5.647 4.090 2.534 5.756 4.200 2.644 5.842 4.286 2.730 Crude Fiber

TThe vitamin premix supplied the following per kilogram of feed: vitamin A: 25000 IU; vitamin D3: 5000 IU; vitamin E: 12.5 g; vitamin K3: 2.5 g;
vitamin B1: 1 mg; vitamin B2: 8 mg; Niacin: 17.5 mg; Pantothenic acid: 9.24 mg; Pyridoxine: 3 mg; Folic acid: 0.84 mg; Cobalamin: 0.015 mg.
2The Mineral premix supplied the following per kilogram of feed: Fe: 80 mg; Cu: 10 mg; Mn: 80 mg; Se: 0.15 mg; lodine: 0.35 mg.
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Table 2. The effect of adding safflower meal (SM), multi-enzyme (E), and acidifier (AC) to the diet on the performance

indices of broiler chickens

Feed conversion ratio (FCR) Daily Feed intake (g/day) Daily Body weight gain (g/day) Item
0-42 %‘52' 11-24 0-10 0-42 25-42 11-24 0-10 0-42 25-42 11-24 0-10
days days days days Days days days days days Days days days
Main effect
Safflower meal (%)
1.99 2.28 1.74 1.10° 107.98 178.30 73.01 3035 5437  778.66 42.18 27.72% 7.5
1.98 2.21 1.76 1.21° 108.28 181.04 7132 29.03> 5438 8247 4091 24.55° 15
0.023  0.045  0.034 0.018 0.859 1.698 1.016 0.145  0.729 1.779 0.727 0.393 SEM
Acidifier
1.96 2.25 1.706 1.05° 108.26 177.93 75.05*  29.34° 5547  79.58 44.09* 28.01° -
2.02 2.25 1.790 1.26* 107.99 181.41 69.28°  30.04* 53.73 81.55 39.01°  24.26° +
0.023  0.045  0.034 0.0176 0.8585 1.6978 1.016 0.145 0.729 1.7797 0.727 0.393 SEM
Enzyme
2.00 2.28 1.70 1.19° 107.43 178.01 72.08 29.89  53.88 7855 42.46 25.47° -
1.97 2.21 1.795 1.12° 108.82 181.32 72.25 29.50 5532 82.58 40.63 26.80° +
0.023  0.045  0.034 0.018 0.018 1.698 1.016 0.145  0.729 1.779 0.727 0.393 SEM
Interaction
AC _E SM
1.96 2.36 1.45° L.11° 103.68 177.10 62.07° 2977%™ 5336 7634 4274 26.87 - - 0
1.98 2.27 1.70* 1.14° 106.13 172.90 74.23 % 30.59 2 53.88  76.73 43.69*° 27.01 - - 7.5
1.95 2.24 1.68* 1.07° 108.88 178.25 76.13° 29.852 55.93 79.65 45.28% 28.12 - - 15
1.97 2.29 1.69°  1.02° 110.24 182.58 74.90 29.52%  56.21 80.32 44.60* 29.07 - + 7.5
1.93 2.19 1.75% 0.99° 107.78 177.98 74.92° 27.42°¢ 55.86  81.61 42.77%¢  27.84 - + 15
1.99 2.28 1.71% 1.15° 107.33 177.79 71.47® 30.722 5420  79.05  41.89™  26.70 + - 7.5
2.09 2.34 1.71% 1.322 107.40 183.12 66.48 ™ 28.40°%  51.53 78.78 38.97%¢  22.05 + - 15
2.04 2.29 1.86* 1.09° 108.22 179.94 71.45® 30.58 ¢ 53.20 78.53 38.54% 28.11 + + 7.5
1.95 2.07 1.87° 1.27° 109.03 184.79 67.73 30472 56.00  89.84 36.62¢ 24.20 + + 15
0.047 0.095 0.065  0.035 1.681 3.227 2.123 0.297 1.502  3.674 1414 0.780 SEM
P-value
0.685 0244  0.756 0.001 0.8117 0.267 0.247 0.001 0.662  0.139 0.123 0.001 SM
0346  0.268  0.056 0.005 0.2634 0.178 0.906 0.066  0.174  0.119 0.085 0.022 E
0.067 0956  0.085 0.001 0.8289 0.157 0.003 0.002  0.102  0.439 0.0001 0.001 AC
0.141  0.175  0.601 0.531 0.3645 0.286 0.980 0307  0.462  0.331 0.560 0.477 SM*E
0.583  0.899  0.863 0.001 0.9033 0.333 0.073 0.624  0.705  0.503 0.269 0.001 SM*AC
0.611 0394  0.189 0.339 0.9177 0.565 0.759 0.001  0.773  0.623 0.326 0.429 Ac*E
0.179  0.445  0.071 0.047 0.2293 0.332 0.059 0.001  0.066  0.199 0.089 0.175 SM*AC*E
0.361  0.592  0.004 0.001 0.289 0.284 0.003 0.001 0336 0.335 0.001 0.092 Treatment
®Means with different superscript letters in each effect are statistically significant (P < 0.05)
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Table 3. The effect of adding safflower meal (SM), multienzyme (E), and acidifier (AC) to the diet on the carcass and internal organs weight (g) of broiler chickens
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Aabdominal

Bursa of

Tleum Jejunum Duodenum Heart Liver Gizzard Gallblader Pancreas fat Fabricius Spleen Breast Thigh Carcass Item
Main effect
Safflower meal (%)
341 3.71 1.31 0.84 3.49 2.37 0.12 0.38 2.12 0.24 0.21° 24.35 18.6° 63.64 7.5
3.49 3.72 1.27 0.86 3.35 2.38 0.11 0.36 1.97 0.21 0.19° 23.82 19.1* 63.57 15
Acidifier
3.24° 3.51° 1.25° 0.80° 3.47 2.25° 0.12 0.36 1.92° 0.23 0.20 25.03° 18.83 64.3° -
3.66" 3.92° 1.33° 0.90° 3.37 2.49* 0.11 0.39 2.19° 0.24 0.21 23.14° 18.88 62.9° +
Enzyme
3.36 3.68 1.31 0.82° 3.48 2.33 0.12 0.38 2.05 0.23 0.21 24.09 18.91 63.37 -
3.55 3.75 1.28 0.892 3.36 2.41 0.11 0.37 2.05 0.24 0.20 24.09 18.80 63.84 +
0.07 0.064 0.0277 0.0195 0.066 0.049 0.007 0.011 0.091 0.011 0.007 0.282 0.195 0.309 SEM
Interaction
AC E SM
2.65¢ 3.56% 1.21°% 0.88 @ 3.68 2.50% 0.13 0.42 2.15® 0.20 0.21% 25.56* 18.5% 64.05 - - 0
3.12% 3.69% 1.45% 0.86 ¢ 3.70 2.30% 0.14 0.37 2.27%® 0.27 0.24* 25.03%¢ 18.5% 63.02 - - 7.5
3.34° 3.51° 1.23 abe 0.70 ¢ 3.57 2.22% 0.13 0.35 1.47° 0.20 0.18° 24.67%¢ 19.9* 64.88 - - 15
3.39% 3.49° 1.17°¢ 0.84 ¢ 3.38 2.35% 0.11 0.39 1.87 @ 0.21 0.20% 26.01° 18.4% 65.32 - + 7.5
3.12% 3.35° 1.15°¢ 0.80 ¢ 3.23 2.15° 0.11 0.33 2.04 = 0.23 0.19* 24.41%° 18.4% 63.83 - + 15
3.47% 3.74%® 1.31 20 0.79 *¢ 3.44 2.39% 0.11 0.38 2.01® 0.25 0.23% 23.44 17.9° 62.73 + - 7.5
3.49%® 3.80% 1.23 2 0.92 3.21 2.44%® 0.18 0.40 2442 0.20 0.20% 23.21 % 19.2%® 62.84 + - 15
3.65%® 3.92a 1.31 ¢ 0.86 3.47 2.46% 0.11 0.39 2342 0.27 0.21%® 22.93°¢ 19.4%® 63.50 + + 7.5
4.022 4227 1.492 1.032 3.40 2.69° 0.10 0.39 1.95® 0.25 0.21%® 22.98°¢ 19.0% 62.71 + + 15
0.143 0.152 0.058 0.038 0.132 0.104 0.013 0.023 0.179 0.0209 0.013 0.5463 0.386 0.623 SEM
P-value
0.426 0.888 0.354 0412 0.123 0.978 0.469 0312 0.257 0.053 0.011 0.184 0.039 0.863 SM
0.072 0.499 0.517 0.022 0.234 0.287 0.249 0.854 0.989 0.587 0.339 0.994 0.683 0.281 E
0.000 0.000 0.038 0.0006 0.320 0.001 0.126 0.056 0.038 0.357 0.328 0.0001 0.861 0.004 AC
0.762 0.451 0.005 0.137 0.712 0.805 0.935 0.290 0.770 0.038 0.018 0.553 0.007 0.017 SM*E
0.293 0.063 0.036 0.0001 0.969 0.048 0.960 0.123 0.195 0.684 0.302 0.268 0.686 0.548 SM*AC
0.109 0.012 0.0001 0.374 0.018 0.230 0.313 0.886 0.526 0.098 0.355 0.358 0.100 0.728 Ac*E
0.049 0.0581 0.0647 0.0429 0.621 0.068 0.525 0.857 0.0009 0.358 0.0722 0.044 0.059 0.168 SM*AC*E
0.001 0.005 0.002 0.001 0.092 0.026 0.559 0.162 0.013 0.0726 0.045 0.002 0.015 0.075 Treatment

TMean with different superscript letters in each effect are statistically significant '(P<0.05).
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Table 4. The effect of adding safflower meal (SM), multienzyme (E), and acidifier (AC) to the diet on the blood

biochemical indices of broiler chickens

3 3 - - Uric : Total 2 1
LDL HDL Triglycerides Cholesterol Glucose acid Albumin protein GPT GOT Item
Main effect
Safflower meal
(%)
2T0.0°  60.03 137427 218837 1223 642 71 19695 9.01° 30153 73
193.0°  63.90 129.35° 207.13° 1173 6.28 400 20558 10.6' __ 307.66 15
Acidifier
23347 53.85° 36,417 235357 3817 588" 4237  167.0° 1067 31065 -
169.6°  70.07 120.36° 190.61° 10.15°  6.82°  3.89°  235.44°  899° 29853 +
Enzyme
197.0°  58.93° 133.83 204.58 11.91 6.66° 4.05 9109 974 30177 -
206.1°  64.99° 132.94 221.38° 1205 6.04° 407  211.44° 990  307.42 +
1993 1.677 2.872 0.859 0.197  0.122 0.077 3579 0310 6.580 SEM
Interaction
AC E
2054°  62.6™¢ 155.60 * 204.27° 147.08¢  1483° 417 6.49%  13.1° 33304 - - 0
2089¢ 0 15462 204190  15225¢  1485° 426 647% 8839 2787® . - 715
25810 08 143.68 ¢ 267.60 * 152620 13.13* 432 5539 1ot 3262% . - 15
1953°  52.52¢ 123.49 < 203.15° 165.9%  13.99° 432 6274 99lbd  3p52®m . 4 75
2713*  5054¢ 163.87° 266.49 * 1976%  1330° 405 5279 1200 3124 -+ 15
197.1c 3437 131.81% 201.70°® 2349°  9.98° 3.96 759°  901¢  3203% + . 75
12400 69,0 105.24 ¢ 144.86° 2246  6.68° 3.68 7.09% 925  2729°  + - 15
2389 P4 139.8 @ 266.29 * 2347*  10.12° 3.95 5374 8324 272040  + o+ 75
118.5¢  80.99° 104.64 ¢ 149.60 © 247.6*  10.82° 97 727% o4 3190®  + 4+ 15
4212 3.279 5.726 1.860 7.099  0.394 0.147 0235 0594 12813 SEM
P-value
0.0000  0.107 0.051 0.0001 0074 0420 0287 0092 0.0004 0512 SM
0.002 0013 0.827 0.0001 0.601  0.0006  0.859 0.0001 0709 0546 E
0.0001  0.0001 0.0001 0.0001 0.0001 00001  0.002 0.0001 00003  0.197 AC
0.071  0.327 0.010 0.0001 0.075  0.001 0.935 0.009 0941 0262 SM*E
0.0001  0.014 0.0001 0.0001 0014 00001  0.902 0.149 0033 0233 SM*AC
0.002  0.0001 0.264 0.0001 0082  0.024 0.260 0081 0324 0233 Ac*E
0.0001  0.0403 0.0004 0.0001 0.0484 00006  0.151 0.0691 00312  0.0001 SM*AC*E
0.0001 __ 0.001 0.0001 0.001 0.001 0.001 0.071 0.001 __ 0.00l __ 0.006 Treatment

'Glutamic oxaloacetic transaminase
Glutamic pyruvate transaminase
3High densify lipoprotein
‘Low density l(iip(;protein

iffe

®Means with

rent superscript letters in each effect are statistically significant (P <0.05).
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Table 5. The effect of adding safflower meal (SM), multienzyme €, and acidifier (AC) to the diet on the intestinal
morphology of broiler chickens

Ttem Villas Beght Villus widih (um)  Crypt depth (um) VH:CD Villus surface area
Main effect
Safflower meal (%)
7.5 1338.08° 132.63° . 17.06° 556.53
15 1388.75 129.30° 78.70 17.66*° 562.71
Acidifier
- 1306.75° 134.73 78.60 16.64° 552.89
+ 420.08 * 127.20° 78.60 18.08* 566.35
Enzyme
- 1342.33° 133.03* 78.00 17.23 560.42
+ 1384.50 * 128.90 ° 79.20 17.49 558.82
SEM 8.768 1.104 0.424 0.177 6.367
Interaction
SM E AC
0 - - 1303.17 ¢ 140.40 * 78.80 2 16.54 ¢ 574.55
7.5 - - 1302.83 ¢ 134.12 2 78.80 16.53 ¢ 548.83
15 - - 1310.83 ¢ 134.80 *® 78.80 16.64 <4 554.84
7.5 + - 1277.83 ¢ 137.60 *® 78.40 16.33 ¢ 552.67
15 + - 1335.50 ¢ 132.40 @ 78.40 *© 17.04 b 555.24
7.5 - + 1339.50 ¢ 134.40 @ 78.80 * 17.02 bd 565.26
15 - + 1416.17 * 128.80 ¢ 75.60 ° 18.74 57.75
7.5 + + 1432.17* 124.40 < 78.00 *© 18.36 @ 559.38
15 + + 1492.50 # 121.20¢ 82.00* 18.21 ab¢ 568.01
SEM 16.559 2.159 1.024 0.340 12.292
P-value
SM 0.003 0.041 0.789 0.023 0.498
E 0.002 0.013 0.116 0.319 0.860
AC 0.0001 0.0001 0.0001 0.0001 0.145
SM*E 0.506 0.581 0.021 0.217 0.949
SM*AC 0.160 0.498 0.789 0.459 0.836
Ac*E 0.002 0.005 0.039 0.547 0.683
SM*AC*E 0.0493 0.0494 0.021 0.019 0.899
Treatment 0.0001 0.0001 0.027 0.001 0.801

®Means with different superscript letters in each effect are statistically significant (P < 0.05).
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