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Table 1- Ingredients and nutrient composition of
starter, grower and finisher diets

Ingredients Starter Grower Finisher
(%) (1-10d) (11-24 d) (25-42 d)
Corn 52.07 54.69 55.13
Soybean meal

(44% CP) 35.91 33.77 33.61
Fish meal 4.0 2.0 1.44
Soybean oil 3.97 5.53 6.0
Dicalcium

phosphate 1.47 1.66 1.52
Calcium

carbonate 1.22 1.07 1.03
Vitamin

premix? 0.25 0.25 0.25
Mineral

premix? 0.25 0.25 0.25
Sodium

bicarbonate 0.04 0.05 0.06
Common salt 0.28 0.3 0.3
L-Lysine HCI 0.17 0.12 0.2
DL-

Methionine 0.33 0.27 0.2
L-Threonine 0.06 0.03 -
Calculated

analysis (%)

ME (kcal/kg) 3025 3150 3200
CP 23.18 21 19
Calcium 1.05 0.90 0.85
Available 0.50 0.45 0.42
phosphorus

Methionine 0.71 0.61 0.55
Methionine + 1.07 0.95 0.86
Cystine

Lysine 1.43 1.24 1.09
Threonine 0.94 0.83 0.74
Sodium 0.16 0.16 0.16

vitamin premix provided per kilogram of diet: vitamin
A (retinyl acetate), 15,000 1U; vitamin D3, 5000 IU;
vitamin E (DL-a-tocopheryl acetate), 80 mg; vitamin
K, 5 mg; thiamine, 3 mg; riboflavin,10 mg; pyridoxine,
5 mg; vitamin Bz, 0.02 mg; niacin, 70 mg; choline
chloride, 1800 mg; folic acid, 2 mg; biotin, 0.4 mg;
pantothenic acid, 20 mg.

2Mineral premix provided per kilogram of diet: Mn
(manganese sulfate), 100 mg; Zn (zinc sulphate), 65
mg; Cu (copper sulfate), 5 mg; Se (Sodium Selenite),
0.22 mg; | (calcium iodate), 0.5 mg; and Co, 0.5 mg.
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Table 2 - Effects of experimental treatments on body weight and body weight gain of broiler chickens at
different ages

Experimental Diets Body weight (g/bird) Weight gain (g/bird/day)
10d 24d 42d 1-10d 11-24d  25-42d 1-42d
Control 219.78 972.2 2453.2 17.86% 52.14 81.21 55.10

0.15% butyrate-calcium 218.1® 974.3 2459.5
0.30% butyrate-calcium 218.8% 973.2 2458.2
0.45% butyrate-calcium 219.1° 976.0 2470.9

0.15% C4 powder* 218.7% 972.9 2459.4
0.30% C4 powder 218.2% 971.5 2458.7
0.45% C4 powder 219.72 973.4 2470.2
0.15% mix 2 217.8% 970.4 2454.9
0.30% mix 219.62 973.2 24735
0.45% mix 224.1b 974.8 2474.2
SEM 7.66 29.83 63.33
P-value 0.0036 0.31 0.41

17.66% 52.70 82.13 56.05
17.67% 52.44 82.56 56.93
18.33%® 53.06 82.61 57.49
17.52%® 52.66 81.02 56.77
17.96%® 51.25 82.01 56.02
18.03%® 53.55 81.14 57.06
17.33° 52.20 80.01 55.91
18.31% 53.47 82.20 57.17
19.65? 53.61 82.91 57.98
0.78 1.75 2.48 1.46
0.0031 0.47 0.48 0.72

&¢ Means within the same column with no common superscript letter differ significantly (P < 0.05).

1C4 powder: butyric acid glyceride.

2Mix: Contained equal proportions of butyrate-calcium and butyric acid glyceride (C4 powder).
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Table 3 - The effect of experimental treatments on the daily feed intake and feed conversion ratio of broiler
chickens at different ages

Experimental Diets Feed intake (g/bird/day) Feed conversion ratio (g/g)
1-10d  11-24d 25-42d  1-42d 1-10d  11-24d 25-42d 1-42d
Control 24.572 85.28 165.7 99.77 1.482 1.61 2.02 1.742
0.15% butyrate-calcium  23.98? 84.81 164.1 99.41 1.36° 1.60 2.00 1.722
0.30% butyrate-calcium  22.81% 84.44 165.3 99.70 1.36° 1.62 1.95 1.722
0.45% butyrate-calcium 22,642 85.99 165.3 100.70 1.36° 1.61 2.00 1.712
0.15% C4 powder? 23.01® 81.59 154.7 93.65 1.36° 1.59 1.91 1.68°
0.30% C4 powder 22.63® 82.75 161.0 93.35 1.35° 1.60 1.93 1.722
0.45% C4 powder 22.35% 86.58 160.0 95.25 1.35° 1.61 2.02 1.752
0.15% mix 2 22.50® 88.40 164.4 100.10 1.35° 1.65 2.12 1778
0.30% mix 22.27% 83.06 164.6 96.91 1.34° 1.56 1.95 1.702
0.45% mix 21.43° 79.87 159.6 95.80 1.33° 1.58 1.96 1.68°
SEM 0.61 2.84 421 2.53 0.04 0.05 0.04 0.03
P-value 0.013 0.16 0.32 0.48 0.0024 0.21 0.059 0.015

&b Means within the same column with no common superscript letter differ significantly (P < 0.05).

1C4 powder: butyric acid glyceride.

2Mix: Contained equal proportions of butyrate-calcium and butyric acid glyceride (C4 powder).
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Table 4- Eeffects of experimental treatments on carcass traits of broilers at 42 d of age (% of live weight)

Experimental Diets Liver Pancreas Breast Thighs Abdominal Gizzard Spleen  Carcass
fat

Control 1.68° 0.24 25.25 20.42 1.32° 1.55 0.15 64.83
0.15% butyrate- 1.83° 0.24 23.09 18.84 1.41° 1.52 0.13 62.59
calcium

0.30% butyrate- 1.79° 0.23 25.30 19.63 1.48° 1.53 0.12 64.19
calcium

0.45% butyrate- 1.81° 0.22 25.12 19.43 1.43° 1.48 0.10 64.06
calcium

0.15% C4 powder* 1.96° 0.25 23.68 19.84 1.25° 1.54 0.13 63.36
0.30% C4 powder 1.83° 0.25 24.61 19.44 1.45° 1.53 0.11 63.10
0.45% C4 powder 1.78° 0.21 25.83 19.31 1.45° 151 0.13 64.98
0.15% mix 2 1.93° 0.29 25.50 20.36 1.25° 1.52 0.13 64.75
0.30% mix 1.98° 0.26 25.30 19.98 1.21° 151 0.12 63.69
0.45% mix 2.302 0.27 23.63 19.53 1.052 1.52 0.10 62.71
SEM 0.09 0.03 0.76 0.44 0.19 0.06 0.02 0.81
P-value 0.03 0.32 0.11 0.09 0.04 0.08 0.78 0.09

&b Means within the same column with no common superscript letter differ significantly (P < 0.05).

1C4 powder: butyric acid glyceride.

2Mix: Contained equal proportions of butyrate-calcium and butyric acid glyceride (C4 powder).
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Table 5 - Effects of experimental treatments on intestinal morphology of broilers at 24 days of age
(micrometer)

Experimental Diets Villus Villus width Crypt Muscular Villus height to crypt
height depth layer depth ratio
Control 1080.8 119.27 239.09 301.20° 4.52
0.15% butyrate-calcium 1054.5 113.34 240.32 268.56° 4.38
0.30% butyrate-calcium 1034.6 109.34 241.67 259.22° 4.27
0.45% butyrate-calcium 1059.6 111.41 240.01 260.67° 441
0.15% C4 powder* 1090.1 121.07 238.09 275.89° 4.57
0.30% C4 powder 1091.1 118.36 238.19 285.66" 4.58
0.45% C4 powder 1089.3 130.69 239.37 262.14° 4.55
0.15% mix 2 1053.4 135.61 236.14 261.26° 4.46
0.30% mix 1136.4 139.62 239.11 257.63° 4.85
0.45% mix 1152.7 133.14 242.76 250.87° 4.68
SEM 70.23 6.93 14.73 13.01 0.35
P-value 0.89 0.23 0.29 0.01 0.75

&b Means within the same column with no common superscript letter differ significantly (P < 0.05).

1C4 powder: butyric acid glyceride.

2Mix: Contained equal proportions of butyrate-calcium and butyric acid glyceride (C4 powder).
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Figure 1- Sections prepared from small intestine tissue A: crypt depth, B: villus height, C: muscle layer thickness
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Introduction: Organic acids are compounds that can be considered as a replacement for antibiotics.
Butyric acid is known as the main stimulant of intestinal wall tissue and modulator of normal
intestinal microflora (Van Immerseel et al. 2004). Butyric acid is also the main source of energy for
intestinal cells and is essential for the development of gastrointestinal-related lymphoid tissue
(Friedman and Bar-shira 2005). The positive and beneficial effect of butyric acid on the functional
traits of broilers has been reported (Leeson et al. 2005; Antongiovanni et al. 2007). Butyric acid is a
highly volatile and highly smelling compound, much of which is absorbed at the beginning of the
gastrointestinal tract (Bolton and Dewar 1965). The effects of butyric acid appear to improve if it is
protected from absorption in the upper gastrointestinal tract (Leeson et al. 2005). For this purpose,
butyric acid glyceride along with butyrate-calcium was used in this study. Calcium butyrate is a
protected form of butyric acid that is produced using a new technology by Kimia Daroo Mehr
Company in Tehran, Iran. This product passes intact through the gut and after decomposition by the
pancreatic lipase is absorbed in all different parts of the intestine. Calcium butyrate is a bio-odorless
substance and contains 70% butyric acid. Butyric acid glyceride (C4) is the brand name of
butyroglycerol (Sanadam Pars, Tehran, Iran). Butyric acid is esterified with a glycerol molecule and
the resulting compound has a very stable structure. After consumption by animal, pancreatic lipase,
it is broken down to the constituents and is absorbed. The aim of this experiment was to investigate
the effects of different dietary supplementation levels of calcium butyrate, butyric acid glyceride
and their mix on growth performance, carcass traits and jejunal morphology in broiler chickens.

Materials and methods: A total of 400 one-d-old broilers from Ross 308 strain were allotted to 10
dietary treatments, 5 replicates and 10 broiler chicks per each, from 1 to 42 days of age.
Experimental diets included: control (without additives), and supplementation of calcium butyrate
(0.15, 0.30 and 0.45% of diet), butyric acid glyceride (C4) powder (0.15, 0.30 and 0.45% of diet),
and three levels of calcium butyrate and C4 powder mixture in equal proportion (0.075+0.075,
0.15+0.15, and 0.225+0.225% of diet). Light was provided as 23 h light and 3 h darkness. Rearing
house temperature was set at 32°C on day one, and then decreased by 3°C per weak to reach 21+2
°C and remained constant until the end of the experiment. During the experimental period, feed and
water were provided ad libitum. Mortality was collected, weighed and recorded daily. At the end of
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each period, the amount of feed consumed and the group weight of the chickens in each pen were
recorded and feed conversion ratio was calculated after adjusting for dead birds. In order to evaluate
the morphology of the small intestine at the age of 24 days, one chick per pen close to average pen
weight was selected and slaughtered. About one centimeter was removed from the middle part of
the jejunum tissue and placed in 10% formalin solution and sent to the laboratory. At the end of the
rearing period (42 days), after weighing the chickens, one chick was selected from each replication
and slaughtered to measure carcass traits. Data were analyzed in a completely randomized design
using General Linear Model procedure by SAS (2009) statistical software. The treatments mean
was compared using Duncan's multiple range test at P < 5 %.

Results and discussion: The average body weight of chicks at the age of 10 days and the mean
daily weight gain of 1-10 days in the groups receiving the mixed powder C4 and calcium butyrate
(0.225+0.225% of diet) was significantly higher than the control group (P< 0.05). However, the
effect of experimental treatments on body weight at 24, 42 days of age, and the weight gain at 11-
24, 25-4, and 42-1 days of age was not significant (P> 0.05). The feed conversion ratio (FCR) at the
age of 1-10 and 1-42 days in control treatment was significantly higher than other treatments (P
<0.05). Treatment with mixed powder c4 and calcium butyrate (0.225+0.225% of diet) had the
highest relative hepatic weight and lowest abdominal fat weight compared to other treatments
(P<0.05). Regarding to the morphological traits of the small intestine, the highest thickness of the
muscle layer was observed in the control treatment (P<0.05). lincreasing villus length can be
attributed to the reduction of pathogenic bacteria. Increasing the length of villus increases the
digestibility and absorption capacity of nutrients, and since this increase in jejunum, which is the
main source of digestion and absorption of nutrients in birds, can be concluded that it is likely the
use of organic acids can have beneficial effects on the digestion and absorption of food and
subsequently the performance of the birds. In this study the thickness of the muscle layer in the
treatment of organic acid intake was reduced, it can be concluded that the use of organic acid
supplementation with the effects on the pH gastrointestinal tract probably reduced the pathogenic
bacteria in the intestine. By reducing the number of pathogenic bacteria in the intestine and making
it healthier, it requires a thinner epithelium to protect the surface of the intestine, which is likely to
result in a thickening of the muscle layer thinner. Given that most of the additives that have been
introduced as growth promoters have been shown to have an impact on the performance of broiler
chickens due to antimicrobial activity and the effect on the microbial flora of the digestive tract.
Therefore, breeding conditions and the rate of infection of birds with pathogenic bacteria in the test
can be as a result of the test. Each of these additives has different levels of compounds and levels,
the dosage and the ingredients used in the experiment can also be effective in the various results
obtained from using these growth stimulating agents.

Conclusion: In general, the results of this experiment showed that the addition of butyrate-calcium
and glyceryl butyric acid to the diet alone or combined with each other, with a positive effect on
digestion and absorption of nutrients, could improve the growth performance, some carcasses
components and Morphology of small intestine of broiler chicks. The difference in the results of the
research may be related to the different buffering capacity of the experimental diets or the type and
amount of organic acids used in the experiments.

Keywords: C4 powder, Calcium butyrate, Broilers, Carcass traits, Growth performance



