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Table 1- Composition and nutrient content of the basal diet of broilers chickens

Ingredients (%)

Starter (d 1-10)

Grower (d 11-24)

Finisher (d 25-42)

Corn 55.97
Soybean meal 44% 37.58
Soybean oil 1.60
Dicalcium phosphate 2.47
Calcium carbonate 0.68
L-Lys 0.31
DL-Met 0.35
L-Thr 0.14
Sodium bicarbonate 0.10
Vitamin and mineral-Premix* 0.50
Salt 0.30
Nutrients

AMEnN (Kcal/Kg) 2796
Crude protein (%) 21.62
Ether extract (%) 4.03
Linoleic acid (%) 2.20
Calcium (%) 0.89
Available phosphor (%) 0.47
Dig methionine (%) 0.63
Dig methionine + Cysteine (%) 0.94
Dig lysine (%) 1.24
Dig threonine (%) 0.82
Dig arginine (%) 1.23
Dig valine (%) 0.86
Diglsoleucine (%) 0.82
Na + K - Cl (mEqg/kg) 231.76

59.97 66.35
34.16 28.43
1.57 1.53
2.09 1.65
0.57 0.46
0.29 0.27
0.31 0.28
0.13 0.11
0.12 0.15
0.50 0.50
0.29 0.27
2843 2914
20.37 18.33
4.08 4.15
2.27 2.35
0.77 0.61
0.40 0.33
0.58 0.53
0.88 0.80
1.14 1.01
0.75 0.67
1.15 1.01
0.80 0.72
0.75 0.67
217.69 199.31

Provides the following per kg of diet: 4.13 mg retinol, 60.00 pg chole-calciferol, 30.00 mg Dl-a-tocopherol, 3mg
menadione, 2.20 mg thiamine, 8.00 mg riboflavin, 5.00 mg pyridoxine, 11.00 pg cyanocobalamin, 1.50 mg folic acid,
150.00 pg biotin, 25.00 mg calcium pantotenate, 65.00 mg nicotinic acid, 60.00 mg. Provides the following per kg of
diet: Mn (manganese sulphate), 40.00 mg Zn (zinc oxide), 0.33 mg | (potassium iodate), 80.00 mg Fe (ferrous sulphate),
8.00 mg Cu (copper sulphate), 0.15 mg Se (sodium selenite), 150.00 mg ethoxyquin.
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Table 3- The effect of different treatments on daily feed intake, body weight gain (g/bird/day) and feed
conversion ratio of broilers in different experimental periods

Treatments Starter (0-10 d) Grower (11-24 d) Finisher (25-42 d) Total (0-42 d)
Fl BWG FCR Fl BWG FCR Fl BWG FCR Fl BWG FCR
Control 2410 17.65° 1388 7595 4815 157 167.03 64.71 2.59 102.66 47.99 2.14
Emulsifier 2406 18.93° 1.28% 7985 4813 166 16150 64,51 2.56 101.56 48.20 211
0.05% bile 2358 2050® 1.15* 7895 46.70 1.69 165.15 6956 2.39 102.71 50.26 2.04
O.liz(tj)ile 2336 22.45* 1.04° 7590 49.28 156 158.39 69.80 2.28 98.74 51.69 191
O.Z%Zf)ile 2371 1885 1.26® 7920 4834 1.63 160.25 64.51 2.40 100.72 49.29 2.04
Salgll\dll 0.97 1.69 0.10 4.84 1.95 0.12 10.38 6.69 0.30 5.46 2.66 0.15
P-Value 0.55 0.005 0.002  0.46 0.28 0.10 0.59 0.50 0.41 0.70 0.12 0.13

FI: Feed intake, BWG: Body weight gain, FCR: Feed conversion ratio

Means within same column with different superscripts differ significantly (p<0.05).
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Table 3- Effects of dietary treatments on carcass parameters (% of BW) of broiler chickens on day 42 of age

Treatments Carcass yield Breast Thigh Abdominal fat
Control 72.08 24.54 17.82 1.242
Emulsifier 72.37 25.03 18.70 1.422
0.05% bile acid 72.03 24.35 18.22 1.242
0.1% bile acid 72.30 25.89 18.08 0.61°
0.2% bile acid 71.56 25.06 18.98 1.46°
SEM 2.81 1.89 0.91 0.38
P-Value 0.98 0.66 0.21 0.006

Means within same column with different superscripts differ significantly (p<0.05).

Table 4- Effects of dietary treatments on organ weights (% of BW) of broiler chickens on day 42 of age

Treatments Heart Liver Bursa Spleen Pancreas Gizzard Duodenum Jejunum Ileum
Control 061 234 014 0.09 0.23 1.72 0.63 1.70° 1.252
Emulsifier 056 239 013 011 0.26 1.92 0.53 1.25P 1.36°
0.05% bileacid 062 226 0.15 0.12 0.28 1.57 0.59 1.30° 0.89°
0.1% bileacid 056 284 019 0.12 0.24 1.67 0.67 1.48% 093"
0.2% bileacid 059 236 0.14 0.10 0.22 1.62 0.55 1.66° 0.95"
SEM 0.09 043 004 003 0.05 0.20 0.11 0.28 0.30
P-Value 069 018 010 045 0.28 0.05 0.25 0.03 0.04

Means within same column with different superscripts differ significantly (p<0.05).
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Table 5- Effects of dietary treatments on plasma parameters of broiler chickens on day 42 of age

Treatments Glucose Triglycerides Cholesterol  Uric acid AST ALT HDL LDL
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (UL)  (U/L) (mg/dl) (mg/dl)

Control 340.17 132.122 147.17% 7.98%® 202.67° 2.29° 49.40 3451
Emulsifier 300.17 114.97% 141.17° 5.40P 241.83% 279® 5271  34.08
0.05% bile acid  325.00 69.13° 146.50% 6.55° 268.50° 4.37% 5315  32.16
0.1% bile acid 324.17 105.67% 155.33% 7.73%  243.67* 6.15° 53.08 38.53
0.2% bile acid 312.33 109.17% 169.50° 10.10*  260.50* 3.01* 56.40  42.86
SEM 15.31 19.79 7.89 151 19.92 0.76 3.34 4.01
P-Value 0.44 0.027 0.013 0.028 0.019 0.009 0.27 0.36

Means within same column with different superscripts differ significantly (p<0.05).

L o el sl ol (Sae g5l slansl
slag3 Ol palais 3uok 51 (oo S 5008 cu o
i Cual (Ko <SS Hlge il av salie b e o
Sy pualS o Gl BBy ssss o9 o
OolKan 5 oa) wdl by Ja S slada s 5o oon
S asS ombesl Gl @l b GiE e (Y4
=V=J gl saliacad gol wam o - /-0 51 (o)) S 5,
-5 Ll 5 Woged suldii) syua o SILKY
€ wogad Gl 5 Do S IS Gsa sl e
-0 52 S mn 515 1 s sl 5 La soland sl
Ol ool Gl 5o (YN Gl 5 5a) wiss
Gl sl (655 shle Lol gol S =i S 2
ag e RS (6350 5wl IS solaial L1, oea
L OB 5 50 pses JosialS (gl gine Lo il b senen
o ol nalS g8 sud KA 69l e S s ju ¢ /0
Al o J g ialS i 4 5L GRalS Gl Jlaal ele
sad LiHIR sl Ko as o+ /0 JeSh ) salinl
cuaal 4 as b (Y0 OhKas 5 55855) cul
5 pead aS 50 sl glanaal S gl J il

Gowly i mdi 5 Gl &l (Sae o5y i

~peala gsa LDL 5 HDL (il s el (g 53
OlSea 5 (pSla) wities sl ped e 5o Jlal sla
sl ws e o/r0 5 suliiil Lo dallas o (VY
S | sl 5 wble (g 5la S Hsbda 55l e
Sl wimya /Y 5o/ 0 sgla Hlas o S G ALT
L 38lse il Gl aald Hlad & cons gyl
Gl slaasl € o < B, (uEas Lo il
oS sladasa 5a 1, S ALT 5 AST cullas
ol (A & e s yenlg 55 s 5 w3ls sl 580
P35l T8 5o Lol ol oS5l Bl €l e S
SAST cullas (il 330 &aels 355 gad sl 43 31 50 Ylaial
oS el s sllaals SIS ol s ga ALT
YOV Jle 5o oloKea 5 Jhis o gDlay cdils aal ga
aas GralS G S glacan o 1) e bk
9 AST callas (233 b 1) a s w5 o
S 08 ol OlSe e waas GalS S ALT



WYY S s g o sasil B g abY Cluogas o Sles 1 (60l5059 0 ol yre (ladw! ),.,b

-u’b‘)[}g&.\lsUa.oﬁA.c(Y’\.\ Q‘J‘SAAJSB‘J)ABJJ&» ‘)&AeHJdﬁydeM&&w‘behm‘e
Dose s g cle € Sl b B b 15 gla S ail s)lpe 4as3les & Len i3 Gl L
.mgédﬁl‘u‘d‘)yé*tydxw‘}o‘ JJ}J\}&@MQ&‘JJM@&JL}:‘&Q

Opigad gdioe saaldo sy pda Gl
Lol 5 5o WA ol Saaysy 5 o858
L Aol slatasa 0oa aow S Joiu 5 o
saalie SOLSY gyl apien JuSo 31 sulitl

S S aani
09 Gl il wm e /Y Sl suliin) (IS 5k
slasas s Laasal £ 52 5L Ol Gasb 5 0l 8 o0 650
53808 3 s kel es0 sl ad; o Shee (gl shen

AﬁmY%AWJ@@ap@ﬁuﬁ\Smb

oaldicul vy g0 C.}L'.a.o

Abudabos AM, 2014. Effect of fat source, energy level and enzyme supplementation and their
interactions on broiler performance. South African Journal of Animal Science 44(3): 280-287.
Alabi OJ, Ng'’Ambi JW and Norris D, 2013. Dietary energy level for optimum productivity and
carcass characteristics of indigenous Venda chickens raised in closed confinement. South African

Journal of Animal Science 43(5): 75-80.

Alzawqari M, Moghaddam HN, Kermanshahi H and Raji AR, 2011. The effect of desiccated ox bile
supplementation on performance, fat digestibility, gut morphology and blood chemistry of broiler
chickens fed tallow diets. Journal of Applied Animal Research 39(2): 169-174.

Arshad MA, Bhatti SA, Hassan I, Rahman MA and Rehman MS, 2020. Effects of bile acids and
lipase supplementation in low-energy diets on growth performance, fat digestibility and meat
quality in broiler chickens. Brazilian Journal of Poultry Science 22(2): 1-8.

Fouad AM and EI-Senousey, HK, 2014. Nutritional factors affecting abdominal fat deposition in
poultry: a review. Asian-Australasian Journal of Animal Sciences, 27(7): 1057-1068.

Cho JH, Zhao P and Kim IH, 2012. Effects of emulsifier and multi-enzyme in different energy
densitydiet on growth performance, blood profiles, and relative organ weight in broiler chickens.
Journal of Agricultural Science, 4: 161.

Ge XK, Wang AA, Ying ZX, Zhang LG, Su WP, Cheng K, Feng CC, Zhou YM, Zhang LL and Wang
T, 2019. Effects of diets with different energy and bile acids levels on growth performance and
lipid metabolism in broilers. Poultry Science 98(2): 887-895.

Helkin A, Stein JJ, Lin S, Siddiqui S, Maier KG and Gahtan V, 2016. Dyslipidemia part 1—review
of lipid metabolism and vascular cell physiology. Vascular and Endovascular Surgery 50(2): 107-
118.

Hofmann AF, 2008. Hagey LR. Bile acids: chemistry, pathochemistry, biology, pathobiology,
therapeutics. Cellular and Molecular Life Sciences 65: 2461-2483.

Hu YD, Lan D, Zhu Y, Pang HZ, Mu XP and Hu XF, 2018. Effect of diets with different energy and
lipase levels on performance, digestibility and carcass trait in broilers. Asian-Australasian Journal
of Animal Sciences 31(8): 1275.

Huang J, Yang D, Gao S and Wang T, 2008. Effects of soy-lecithin on lipid metabolism and hepatic
expression of lipogenic genes in broiler chickens. Livestock Science 118(1-2): 53-60.

Lai W, Cao A, LiJ, Zhang W and Zhang L, 2018. Effect of high dose of bile acids supplementation
in broiler feed on growth performance, clinical blood metabolites, and organ development. Journal
of Applied Poultry Research 27(4): 532-539.



WY Jlo /Y 0)lasds ¥Y als / ol pole (sl yimghs 4y i NP -+ AP AWESSVR | A 4

Lammasak K, Kijpakorn S and Angkanaporn K, 2019. Corrigendum to: Porcine bile powder
supplementation of a high fat broiler diet in relation to growth performance and nutrient
digestion. Animal Production Science 59(7): 1399-1399.

Li T and Chiang JY, 2014. Bile acid signaling in metabolic disease and drug
therapy. Pharmacological Reviews, 66(4): 948-983.

Maisonnier S, Gomez J, Bree A, Berri C, Baeza E and Carre B, 2003. Effects of microflora status,
dietary bile salts and guar gum on lipid digestibility, intestinal bile salts, and histomorphology in
broiler chickens. Poultry Science 82(5): 805-814.

Muhammad AT, Arif M and Saeed M, 2016. Emulsifier effect on fat utilization in broiler
chicken. Asian Journal of Animal and Veterinary Advances 11(3): 158-167.

Niu Z, Shi J, Liu F, Wang X, Gao C and Yao L, 2009. Effects of dietary energy and protein on growth
performance and carcass quality of broilers during starter phase. International Journal of Poultry
Science 8(5): 508-511.

Noel OF, Still CD, Argyropoulos G, Edwards M and Gerhard GS, 2016. Bile acids, FXR, and
metabolic effects of bariatric surgery. Journal of obesity 1-8.

Parsaie S, Shariatmadari F, Zamiri MJ and Khajeh K, 2007. Influence of wheat-based diets
supplemented with xylanase, bile acid and antibiotics on performance, digestive tract
measurements and gut morphology of broilers compared with a maize-based diet. British poultry
science 48(5): 594-600.

Piekarski A, Decuypere E, Buyse J and Dridi S, 2016. Chenodeoxycholic acid reduces feed intake
and modulates the expression of hypothalamic neuropeptides and hepatic lipogenic genes in broiler
chickens. General and Comparative Endocrinology 229: 74-83.

Ravindran V, Tancharoenrat P, Zaefarian F and Ravindran G, 2016. Fats in poultry nutrition:
Digestive physiology and factors influencing their utilisation. Animal Feed Science and
Technology 213: 1-21.

Russell DW, 2009. Fifty years of advances in bile acid synthesis and metabolism. Journal of Lipid
Research 50: 120-125.

Siyal FA, Babazadeh D, Wang C, Arain MA, Saeed M, Ayasan T, Zhang L and Wang T, 2017.
Emulsifiers in the poultry industry. World's Poultry Science Journal 73(3): 611-620.

Tancharoenrat P, Ravindran V, Zaefarian F and Ravindran G, 2013. Influence of age on the apparent
metabolisable energy and total tract apparent fat digestibility of different fat sources for broiler
chickens. Animal Feed Science and Technology 186(3-4): 186-192.

Tumova E and Teimouri AJ, 2010. Fat deposition in the broiler chicken: a review. Scientia
Agriculturae Bohemica 41(2): 121-128.

Upadhaya SD, Park JW, Park JH and Kim IH, 2017. Efficacy of 1, 3-diacylglycerol as a fat emulsifier
in low-density diet for broilers. Poultry Science 96(6): 1672-1678.

Upadhaya SD, Yun KS, Zhao PY, Lee IS and Kim IH, 2019. Emulsifier as a feed additive in poultry
and pigs-a review. Animal Nutrition and Feed Technology, 19(2): 323-336.

Wang JP, Zhang ZF, Yan L and Kim IH, 2016. Effects of dietary supplementation of emulsifier and
carbohydrase on the growth performance, serum cholesterol and breast meat fatty acids profile of
broiler chickens. Animal Science Journal 87(2): 250-256.

Xu Y, 2016. Recent progress on bile acid receptor modulators for treatment of metabolic
diseases. Journal of Medicinal Chemistry 59(14): 6553-6579.

Zhao PY and Kim IH, 2017. Effect of diets with different energy and lysophospholipids levels on
performance, nutrient metabolism, and body composition in broilers. Poultry Science 96(5): 1341-
1347.



YO S s g o sasil B g abY Cluogas o Sles 1 (60l5059 0 ol yre (ladw! ),.,b

Investigating the effects of exogenous bile acids on performance, carcass
characteristics and blood parameters in broilers

SMA Mirhoseini!, M Daneshyar?, P Farhoomand? and SA Mirghelenj*

Received: July 3, 2023 Accepted: September 13, 2023

1PhD Student of Poultry Nutrition, Department of Animal Science, Faculty of Agriculture, Urmia
University, Urmia, Iran

2Professor, Department of Animal Science, Faculty of Agriculture, Urmia University, Urmia, Iran
®Retired Professor, Department of Animal Science, Faculty of Agriculture, Urmia University, Urmia,
Iran

“Associate Professor, Department of Animal Science, Faculty of Agriculture, Urmia University, Urmia,
Iran

“Corresponding author: Email: m.daneshyar@urmia.ac.ir

slo sy . .
oo @olc ) Journal of Animal Science/vol.33 No.3/ 2023/pp 115-126
[Animal sience """ Research | https://animalscience.tabrizu.ac.ir
N/

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)
DOI: 10.22034/AS.2023.57358.1715

Introduction: Lipids (fat and oil) are the most concentrated sources of energy for animals, which are
added to poultry diets to meet energy requirements for better performance (Abudabos 2014).
However, there are problems with dietary lipid levels and digestibility in poultry, especially in young
birds due to low bile secretion (Ravindran et al 2016). This physiological limitation of the poultry
digestive system can be solved by using exogenous emulsifiers. Emulsifier can help increase the
active level of lipids, stimulate the formation of micelles, and then increase the digestibility of dietary
lipids and other nutrients in broilers (Siyal et al 2017). Upadhaya et al (2017) showed that 1, 3-
diacylglycerol as an exogenous emulsifier can improve growth performance and increase nutrient
digestibility in broilers. In addition, a large number of studies have also shown that exogenous
emulsifier can improve meat quality and regulate fat metabolism of broilers (Zhao and Kim 2017).
Bile acids are the main pathway of cholesterol catabolism in mammals. Cholesterol is converted into
bile acids by changes in ring structure, oxidation and side chain shortening (Li and Chiang 2019).
The chemistry of bile acids is complex due to the large variety of chemical structures in natural
compounds such as cholic acid, kenodeoxycholic acid, deoxycholic acid, and lithocholic acid. Bile
acids of birds are mainly composed of kenodeoxycholic acid and cholic acid (Hoffman and Hagee
2018). Recently, bile acids have been considered as an emulsifier to increase digestibility (Upadhaya
et al 2019) and improve the performance of broiler chickens (Parsai et al 2007). Supplementation of
bile acids in the diet of broilers significantly improves fat digestibility (Lammasak et al 2019). In the
present study, the effect of bile salts on performance, carcass characteristics and blood parameters of
broiler chickens were investaigeted.

Material and methods: Three hundered one-day-old broilers (Ross 308) were divided into five
treatments and six replications with 10 birds in each replication. Five experimental treatments
included the control diet (corn soybean-based diet), emulsifier (added to control diet) and three levels
of 0.05%, 0.1% and 0.2% of poultry bile salts (added to control diet). All the dietary treatment was
fed to the birds from day one to day 42 of age. The experiment lasted for 42 days and were performed
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during the starter (1-10 days), grower (11-24 days) and finisher (25-42 days). Performnce indices
were measured during the difeferned periods and carcass characteristics and blood parameters were
determined on day 42 of age. The data obtained from the present study were statistically analyzed
using SAS statistical software and GLM procedure. To compare the means, Tukey's test was used
(P<0.05).

Results and discussion: The results showed that consumption of different levels of bile salts had no
significant effect on feed consumption (P<0.05). However, consumption of 0.1% bile salts improved
body weight gain and feed conversion ratio during the starter period (P<0.05). Previous studies have
shown that the consumption of 0.05% commercial emulsifier can improve the growth performance
of broiler chickens (Wang et al 2016). In addition, in the present study, 0.05% poultry bile acids
supplement significantly improved daily weight gain and feed conversion ratio during starter phase,
which is consistent with the results of Alzawagari et al (2011) r. These researchers observed
improvement in daily weight gain with 0.05% bovine bile acid supplementation. Arshad et al (2020)
reported that feed intake was not affected by bile acid supplementation in the initial, growth, finisher
and overall periods. In the newly hatched chick, the ability to digest and absorb dietary fat is poor as
a result of limited bile secretion (Tancharonrat et al 2013). For this reason, artificial bile acid and bile
salts have shown the greatest effect in young broiler chickens to improve fat digestion, and the
improvement in the performance of birds receiving bile in the initial period of recent research was for
this reason. The results of Maisonnier et al (2016) showed that 0.5% of pig bile acids can increase fat
digestibility and body weight in broilers. These results may imply that the supplementation of bile
acids in diets improved the growth performance of broiler chickens by increasing the solubility and
digestibility of dietary fat and fat-soluble nutrients in this study. Abdominal fat decreased
significantly by consumption of 0.1% bile salts (P<0.05). Subcutaneous fat and abdominal fat are
considered as the main factors influencing the performance of poultry carcasses (Timova and
Teimouri 2010). In agreement with our results, many researchers have pointed out the positive effects
of emulsifier on reducing fat status and improving carcass quality in broiler chickens (Zhao and Kim
2017). Blood triglyceride concentration was decreased in 0.05% bile salts fed birds wherease
cholesterol and uric acid concentrations decreased in the birds fed emulsifier (P<0.05). Triglyceride,
cholesterol, HDL and LDL blood are key indicators of lipid metabolism balance (Helkin et al 2017).
In agreement with our results, researchers reported that bile acids increased hepatic AST and ALT
activity in broilers and reduced serum triglyceride levels, which could be due to the role of these
enzymes in the lipid metabolism (Ge et al 2019). In addition, Siyal et al (2017) showed that feed
emulsifier can reduce serum triglyceride concentration in broilers. It can also be stated that bile acids
may enhance the fat catabolism and inhibit fat synthesis by regulating the expression of genes related
to lipid metabolism which may play a pivotal role in improving serum lipid profile and reducing fat
deposition in broiler chickens (Ge et al 2019).

Conclusions: Totally, it was found that 0.1% dietary bile salts supplementation improves the
performance, carcass characteristics and blood lipids in broiler chickens.
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