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ABSTRACT. This experiment was conducted to evaluate the effect of microencapsulated butyric (MEB) acid on
growth performance, apparent ileal digestibility of protein (AID), duodenal morphology and immunity in broilers
reared to 35-days. In total, 336 one-day-old Hubbard classic broiler chicks were randomly assigned to 4 dietary treat-
ments (Control, 0.25, 0.35 and 0.45g/kg of MEB). Each treatment was replicated 3 times with 28 birds in each repli-
cate. Feed intake, body weight gain and feed conversion ratio (FCR), parameters of growth performance and intestinal
morphology, AID of protein and immunity parameters were evaluated. At the end of the experiment (35-d), 3 birds
/ replicate were randomly selected and slaughtered to collect blood, duodenal samples, and ileal digesta. The result
indicated improved body weight gain (P<0.05), feed conversion ratio (P<0.05) and AID (P<0.05) whereas, treatments
remained unresponsive with respect to feed intake (P>0.05), duodenal villous height (P>0.05) and antibody titer against
Newcastle disease (ND) (P>0.05). There is an indication that MEB improves the digestion and consequently bird’s per-
formance.
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INTRODUCTION

etter intestinal health and high digestibility of
Bnutrients in broilers are supremely important
in order to achieve higher body weight and better
feed conversion ratio (FCR) (Roberts et al., 2015).
Maintenance of gut development and health is very
important to support development and health of the
bird (Choct et al., 2009).

Organic acids (OA) and their salts are generally
considered as harmless and have been approved by
most technologically advanced countries to be used
as a feed additive for animals. The acidifiers, includ-
ing sodium butyrate (SB) is known for decreasing
the gut mucosal pH, thus creating an acidic environ-
ment for the growth of normal commensals. OA are
one of the potent and effective feed additives that
can be used in animal nutrition to achieve higher
body weight (BW) and better feed conversion ratio
(FCR) (Abdel-Fattah et al., 2008). Among the OA
supplements, especially BA is a suitable candidate to
improve gut health resulting in more nutrients being
absorbed throughout the gastrointestinal tract (GIT).
Butyric acid (CH3CH,CH,-COOH), which is a short
chain fatty aicd (SCFA) having 4 carbons. Butyric
Acid improves bioavailability which helps entero-
cytes to absorb more nutrients for the development
of birds. The BA is a readily available energy source
for intestinal villi and stimulates their differentiation
and multiplication (Dalmasso et al., 2008) and conse-
quently increased feed efficiency (Adil et al., 2011).
It induces the production of host defense peptides
when it enters in the blood stream (Guilloteau et al.,
2009). These peptides stimulate the repair and devel-
opment of the lower intestinal tract by improving
cell proliferation (Bartholome et al., 2004). Butyrate
produced by fermentation of carbohydrates is rap-
idly absorbed and locally affect the large intestine.
Endogenous butyrate imparts no direct useful effects
in small intestines (Niewold, 2014), however, the
exogenous uncoated BA is readily absorbed and
metabolized by crop and proventriculus of birds
before reaching the small intestine (Borne et al.,
2015; Kaczmarek et al., 2016).

It has been observed that the microencapsulated
(coated with fatty acid matrix) type of organic acid
was more effective than an antibiotic growth pro-
moter (Enramycin) in rising growth performance in

broilers. The microencapsulated butyrate delivered
portion of the butyrate to be free further distal in
the intestinal tract because of slow release during
digestion and causes mucosal modulation in the gut.
Its use led to a tendency towards better growth per-
formance, lower colonization and fecal shedding
of Salmonella compared to the non-protected feed
supplements (Chamba et al., 2014). Consequently,
the protection of BA with microencapsulation, such
as MicroPEARL® technology (Kemin, Herentals,
Belgium), improves its efficacy. The MicroPEARL
technology helps to prevent the rapid absorption
of BA in the GIT, and thus its utilization, thereby
increasing the surface area exposed to the molecule
(Smith et al., 2012).

To-date, limited reports have been published to
evaluate the effects of SB on performance of broil-
ers, ileal digestibility of protein, duodenal mor-
phology and immunity in broilers. A comprehen-
sive study was, therefore, needed to assess such
effects in commercial chickens. Keeping in view the
above-mentioned properties of BA, in this experi-
ment, MicroPEARL encapsulation using hydrogenat-
ed palm oil calcium butyrate (MEB) (ButiPEARL,
Kemin) was used in broilers to study its effect on
overall performance of broilers, ileal digestibility of
protein, duodenal morphology and immunity in broil-
ers.

MATERIALS AND METHODS

The study was carried out in accordance with the
guidelines of Animal Care and ethics Committee,
University of Veterinary and Animal Sciences,
Lahore, Pakistan. The trial was conducted at
Research and Development Farm Sharif Feed Mills
(Pvt) Ltd, Okara, Pakistan for the duration of 35
days. In total, 336 one-day-old broiler chicks were
procured from a local commercial hatchery and ran-
domly assigned to 4 dietary treatments as MEB-I
(control), MEB-II (0.25g/kg), MEB-III (0.35g/kg)
and MEB-IV (0.45g/kg) of MEB in control diet. The
MEB (ButiPEARL™, Kemin) contained 50% cal-
cium butyrate. Each treatment was replicated thrice
with 28 birds each. Experimental birds had been
raised in 12-floor pens on a concrete floor with rice
husk as a bedding material. All standard management
practices were followed throughout the trial. Birds
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were vaccinated according to the prescribed schedule.
Birds were observed twice daily for any clinical sign.

Table 1 shows the formulation and nutrient com-
position of the control diets which was formulated
to meet or exceed the nutrient requirements of broil-

Table 1. Composition of the diets (% as-fed basis).

Ingredients Starter Grower
Maize 423 52.5
Rice Tips 15 5
Rice Polish 6 2.95
Soybean 19.75 18.15
Rape Seed Meal _ 2
Canola Meal 11.15 12
Fish Meal L.5 1.5
Animal protein concentrate 1.5 2
L-Lysine HCI 0.62 0.55
DL-Methionine 0.17 0.15
L-Threonine 0.09 0.09
DCP 0.73 0.55
Calcium Carbonate 0.57 0.57
Sodium Bicarbonate 0.13 0.1
Sodium Chloride 0.42 0.25
“Vitamin mineral premix 0.07 0.09
Tallow _ 1.60
Phyzyme XPTPT 0.01 0.01
Analyzed Nutrients (%)

ME kcal/kg 3070 3127
CP (%) 21.67 20.73
dLys (%) 1.20 1.10
dM+C (%) 0.90 0.85
CF (%) 4.32 4.97
Calcium (%) 0.95 0.87
Avail. P (%) 0.56 0.44

“Premix composition (per kg of diet): retinol12000 IE,
cholecalciferol 2400 IE, dl-a-tocopherol 0.05g, thiamine
2.0 mg, riboflavin 7.5 mg, pyridoxine 3.5 mg, cyanoco-
balamin 20 mcg, niacin 35 mg, D-pantothenic acid 12 mg,
choline chloride 460 mg, folic acid 1.0 mg, biotin 0.2 mg,
iron 80 mg, copper 12 mg, manganese 85 mg, zinc 60 mg,
cobalt 0.40 mg, iodine 0.8 mg,selenium0.1 mg, anti-oxi-
dant mixture125 mg.

dLys= digestable Lysine, ME=metabolizable ener-
gy, CP=crude protein, dM+C= digestible Methionine +
Cysteine , CF= crude fiber

er chickens (NRC 1994). All the diets were fed in
crumbs form in two feeding phase starter (1 to 21
days) and grower (22 to 35 days) and all diets were
iso-caloric & iso-nitrogenous in both phases. In all
diets Celite® at 2% were added on 32-day of the
experiment as an inert marker for the estimation of
AID of protein.

The birds had ad libitum access to water and feed.
Body weight and feed intake (FI) were measured
weekly with the pen as the experimental unit. Before
weighing, mean body weight gain, FI, and FCR ratio
were used to determine the growth performance.

At the end of the experiment, n=3 birds/repli-
cate were selected randomly for the collection of
ileal digesta and blood samples. To harvest serum,
blood samples were allowed to stand at room tem-
perature for 1 hour and then centrifuged (Beckman
J25I; Beckman Instruments, Inc. USA) at 1500 x g
at 4°C for 20 min. The serum was divided into ali-
quots and stored at -20°C for analysis of antibody
titer against Newcastle disease (ND). The stored
serum samples were used to determine the antibody
titer against NDV through Haemagglutination and
Haemagglutination-inhibition (HI) tests. Digesta sam-
ples within a pen were pooled and stored at -20°C
until used for acid insoluble ash (AIA) and CP anal-
ysis (Lemme et al., 2004). Feed and digesta samples
were analyzed for crude protein and AIA contents
using a standard method (AOAC International, 2000).

The data collected for AIA and CP contents of the
feed and digesta samples were used to calculate the
ileal digestibility of proteins using following equation
(Ravindran et al., 2000).

Apparent Protein Digestibility (%) = [(NT/AIA)
d— (NT/AIA) 1]/ [(NT/AIA) d] x 100

Where, (NT/AIA) d = ratio of nutrient and AIA in
diet, and (NT/AIA) I = ratio of nutrient and AIA in
ileal digesta.

On slaughtering, thymus, spleen and bursa
were collected and weighed. The weight of these
organs g/100g of live body weight were calculated
(Taherpour and Ghasemi, 2014).

Histomorphological Evaluation
Gut morphology is an important indicator of
gut health. Histomorphological evaluation included
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determination of the villus height (VH), crypt depth
(CD) and villus height to crypt depth ratio (VH:CD).
Duodenal samples from slaughtered birds were col-
lected as described by (Qaisrani et al., 2015). Briefly,
a duodenal sample, 2 cm in length was collected
from the middle of the duodenum, washed with nor-
mal saline (0.9% NacCl) solution and instantly stored
in 10% formalin solution until further processing.
The preserved duodenal tissue samples were pro-
cessed according to conventional haematoxylin and
eosin method described by (Chen et al., 2016). The
tissue slides were examined for villus height and
crypt depth using a compound microscope (Olympus
CX31, Olympus USA) equipped with a digital imag-
ing system (Olympus DP20, Olympus USA).

Statistical Data analysis

The collected data were analyzed through com-
pletely randomized design (CRD) under one way
analysis of variance (ANOVA) (Steel et al., 1997).
Data were mentioned as means +SEM (standard error
of the mean) and analyzed using GraphPad Prism
6 software (GraphPad Software Inc., La Jolla, CA,
USA). Means were separated through Duncan’s
Multiple Range test using SAS 9.1. Differences were
taken as statistically significant at p < 0.05.

RESULTS AND DISCUSSION
Table 2 shows the effect of MEB supplementa-
tion on FI, BWG and FCR. Feed intake (P > 0.05)

was unaffected by supplementation of different lev-
els of MEB. However, it was numerically lower in
birds fed 0.35g/kg MEB. The supplementation of
encapsulated butyric acid positively influenced the
BWG (P < 0.05) and FCR (P < 0.05) but the results
were more pronounced with 0.45g/kg of MEB. The
present findings are in coherence with Levy et al.
(2015) and Kaczmarek et al. (2016) who reported that
graded levels of MEB supplementation in broiler diet
improved broilers performance without affecting FI.
The results of this experiment are also in line with
the reports of other researchers (Chamba et al., 2014;
Eshak et al., 2016), who reported that addition of BA
in broilers diets improved BWG. The improvement
in BWG and FCR may be due to microencapsulation
of butyric acid with palm oil allowed for the target
release of butyrate at the ileum level, improvement in
duodenal morphology and especially improved pro-
tein digestibility.

In contrary to current findings Mahdavi and Torki,
(2009) and Aghazadeh and TahaYazdi, (2012) report-
ed that different levels of unprotected butyric acid
did not influence the BWG and FCR. This might be
due to the fact that BA was unprotected, which was
absorbed in gizzard and proventriculus and did not
reach the target site. Smith et al., (2012) revealed that
encapsulating butyrate delays BA absorption, allow-
ing it to reach the small intestine.

Small intestine is the site for absorption in which
the available nutrients are taken up through epithe-

Table 2..- Effect of microencapsulated butyric acid on feed intake, body weight gain and feed conversion ratio at 35-d

( Mean = SEM).

Groups Feed intake (g) Body weight gain (g) Feed conversion
ratio (g/g)

MEB-1 3190.84+55.63 1823.50°%+34.24 1.75°+0.01

MEB-II 3179.97+69.93 1937.32°+23.71 1.64°+0.02

MEB-III 3177.22+44.83 1940.02°+14.45 1.63*+0.01

MEB -1V 3153.31+48.57 1967.5*4+30.56 1.60%+0.02

P value 0.9685 0.0222 0.0056

“®Means with different superscripts in a column are significantly different (P<0.05)
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Table 3.. Effect of microencapsulated butyric acid on duodenal villus height (VH), crypt depth (CD), villus height to
crypt depths ratio(um) and apparent ileal digestibility (AID) of protein at 35-d ( Mean + SEM).

. . Apparent ileal

Groups Villus height(pum) Crypt depth(um) Vlg::s tl;le;%lltlitot? crfl})lpt digestibility
P M of protein (AID %)
MEB-I 1043.71+£22.29 103.33+8.81 10.21+0.71 70.87°+1.41
MEB-II 1223.79+53.70 145.33+3.92 8.42+0.34 73.30°+0.35
MEB-III 1323.33+98.20 147.33+23.91 9.26+1.01 74.66%°+0.66
MEB-IV 1373.33+89.87 130.00+5.13 10.54+0.35 76.72°+0.76
P value 0.0501 0.1448 0.1813 0.0098

**Means with different superscripts in a column are significantly different (P<0.05)

lial cells and drained into the general circulation.
Architectural modulation of the small intestine is
assumed to have a relationship with production per-
formance of animals (Table 3). Butyrate acts as a rich
source of energy for the enterocytes (Ahsan et al.,
2016), and it may possibly increase the cell mitosis in
the crypts. The SB may protect the mucosal epitheli-
um from injury and alleviate the enteropathic stress
(Ashraf et al., 2013) by increasing thyroid hormone
in the circulation. We found improved histomorpho-
metrics in MEB offered groups in duodenum and
jejunum. These findings proposed that the incoming
ingesta containing MEB at ileum had earlier been
presented to utmost absorption in the former gut
lumen and displayed better effect there. Duodenum is
the major site of digestion in broilers. Butyrate sup-
plementation, however, did not significantly influence
villus height (P > 0.05), crypt depth (P >0.05) and vil-
lus to crypt depth ratio (P >0.05) of duodenum (Table
3). Our findings are in line with Levy et al. (2015),
who did not find any significant effect on duodenal
morphology with the addition of MEB. Likewise,
Smulikowska et al. (2009) reported non-significant
effect of coated BA supplementation on jejunal mor-
phologyon.

In contrast to our findings, Kaczmarek et al.
(2016) found that microencapsulation made a differ-
ence and the supplementation of MEB had a signif-
icant effect on VH. Similarly, morphometric results,
Panda et al. (2009) who reported that BA, regardless

of concentrations in feed, increased VH. This can be
attributed to the BA that is a readily available energy
source for intestinal villi and stimulates their differ-
entiation and multiplication (Dalmasso et al., 2008).
These contrary results of duodenal morphology might
be due to day on which samples were taken or dose
difference.

AID of protein (P<0.05) was higher with a higher
level of MEB supplementation (Table 3). The results
of AID are in line with Kaczmarek et al. (2016) who
reported that encapsulated calcium butyrate sup-
plementation improved ileal digestibility of amino
acid in broilers. Likewise, Jahanian and Golshadi,
(2015) found that butyric acid glycerides (BAG)
improved ileal protein digestibility in laying hens.
Our results are also in agreement with Dehghani-
Tafti and Jahanian, (2016). The improvement in AID
might be due to the fact that butyric acid supplemen-
tation increased pancreatic fluid, amylase, and dose
dependent secretion of trypsin (Ohbo et al., 1996;
Sileikiene et al., 2005). Proteolysis of proteins by
pepsin produced peptides which activated the release
of hormones including cholecystokinin and gastrin
(Adil et al., 2011).

It had been reported that BA and it glycerides
improved immunity in broilers. In this experiment
no significant difference was found on the weight
of immune organs and antibody titer of NDV at 35%
day of age (Table 4). Mahdavi and Torki, (2009)
found that inclusion of BAG in broilers diet did not
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Table 4. Effect of microencapsulated butyric acid on relative organs weight* and antibody titer against Newcastle

Disease at 35-d ( Mean + SEM)

Groups Spleen* Thymus* F‘;gi?;l?:* ND titer
MEB-I 0.096+0.010 0.108+0.008 0.095+0.006 6.11£0.26
MEB-II 0.093+0.006 0.133+0.010 0.128+0.015 6.23+0.35
MEB-III 0.098+0.006 0.112+0.005 0.118+0.009 7.00+0.23
MEB-IV 0.104+0.005 0.112+0.010 0.113+0.015 6.33+0.28
P value 0.7884 0.2030 0.3100 0.1142
“Relative organs weight = organ weight/body weightx100.
have significant effect on spleen, thymus and bursa ~ ACKNOWLEDGMENTS

of Fabricius weight at an age of 35 days. Contrary
to our findings, Jahanian (2011) reported that the
supplementation of 0.2% BAG improved ND anti-
body titer at the 12" day post vaccination. Eshak
et al. (2016) also reported contrary findings to our
findings, which might be due to the longer interval
among sampling and vaccination days.

CONCLUSION

It can be concluded from the present study that
microencapsulated butyric acid supplementation at
the levels of 0.25g/kg to 0.45g/kg in broilers diet
improve body weight gain and feed conversion ratio
and protein digestibility. It did not influence duode-
nal morphology in the broilers.

ButiPEARL™ (microencapsulated butyric acid)
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(Herentals, Belgium). Sharif feeds (Pvt) Ltd was
provided Research and development farm to conduct
this study.

FINANCIAL DISCLOSURE STATEMENT

This study was not funded by any funding agency
and was conducted at the expense of the research
group to combat the rising problem in the poultry
industry of the country.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest. B

JHELLENIC VET MED SOC 2018, 69(3)
IEKE 2018, 69(3)



M. IMRAN, S. AHMED, Y.A. DITTA, S. MEHMOOD, M. I. KHAN, S. S. GILLANI, Z. RASOOL, M. L. SOHAIL , A. MUSHTAQ, S. UMAR 1115

REFERENCES

Abdel-Fattah SA, El-Sanhoury MH, El-Mednay NM, Abdel-Azeem
F (2008) Thyroid activity, some blood constituents, organs mor-
phology and performance of broiler chicks fed supplemental
organic acids. Int J Poult Sci 7: 215-222.

Adil S, Banday T, Ahmad BG, Salahuddin M, Raquib M, Shanaz S
(2011) Response of broiler chicken to dietary supplementation of
organic acids. J Central Eur Agri 12: 498-508.

Aghazadeh AM, TahaYazdi M (2012) Effect of butyric acid supple-
mentation and whole wheat inclusion on the performance and
carcass traits of broilers. South Afr J Anim Sci 42: 241-248.

Ahsan U, Cengiz O, Raza I, Kuter E, Chacher MFA, Igbal Z, Umar
S, Cakir, S (2016) Sodium butyrate in chicken nutrition: the
dynamics of performance, gut microbiota, gut morphology, and
immunity. World’s Poult Sci J 72: 265-75.

AOAC. 2000. Official Methods of Analysis. 17th ed. AOAC Int.
Gaithersburg, MD, USA.

Ashraf S, Zaneb H, Yousaf MS, Ijaz A, Sohail MU, Muti S, Usman
MM, Jjaz S, Rehman H (2013) Effect of dietary supplementa-
tion of prebiotics and probiotics on intestinal microarchitec-
ture in broilers reared under cyclic heat stress. J Anim Physiol
Anim Nutr (Berl) 97:68-73.

Bartholome B, Spies CM, Gaber T, Schuchmann S, Berki T,
Kunkel D, Bienert M, Radbruch A, Burmester GR, Lauster
R (2004) Membrane glucocorticoid receptors (mGCR) are
expressed in normal human peripheral blood mononuclear
cells and up-regulated after in vitro stimulation and in patients
with rtheumatoid arthritis. FASEB J 18: 70-80.

Borne VJJGC, Heetkamp MJW, Buyse J, Niewold TA (2015) Fat
coating of Ca butyrate results in extended butyrate release
in the gastrointestinal tract of broilers. Livestock Sci 175:
96-100.

Chamba F, Puyalto M, Ortiz A, Torrealba H, Mallo J, Riboty R
(2014) Effect of partially protected sodium butyrate on perfor-
mance, digestive organs, intestinal villi and E. coli develop-
ment in broilers chickens. Int J Poult Sci 13: 390-397.

Chen X, Naehrer K, Applegate T (2016) Interactive effects of
dietary protein concentration and aflatoxin B1 on performance,
nutrient digestibility, and gut health in broiler chicks. Poult Sci
95: 1312-1325.

Choct M (2009) Managing gut health through nutrition. Brit Poult
Sci 50: 9-15.

Dalmasso G, Nguyen HT, Yan Y, Charrier-Hisamuddin L, Sitara-
man SV, Merlin D (2008) Butyrate transcriptionally enhances
peptide transporter PepT1 expression and activity. PLoSOne 3:
€2476-e2489

Dehghani-Tafti N, Jahanian R (2016) Effect of supplemental
organic acids on performance, carcass characteristics, and
serum biochemical metabolites in broilers fed diets containing
different crude protein levels. Anim Feed Sci Tech 211: 109-
116.

Eshak M, Elmenawey M, Atta A, Gharib H, Shalaby B, Awaad M
(2016) The efficacy of Na-butyrate encapsulated in palm fat on
performance of broilers infected with necrotic enteritis with
gene expression analysis. Vet World 9: 450-457.

Guilloteau P, Zabielski R, David J, Blum J, Morisset J, Biernat M,
Wolinski J, Laubitz D, Hamon Y (2009) Sodium-butyrate as a
growth promoter in milk replacer formula for young calves. J

Dairy Sci 92: 1038-1049.

Jahanian R, Golshadi M (2015) Effect of dietary supplementation
of butyric acid glycerides on performance, immunological
responses, ileal microflora, and nutrient digestibility in laying
hens fed different basal diets. Livestock Sci 178: 228-236

Jahanian R (2011) Effect of varying levels of butyric acid
glycerides on performance, immune responses and jejuna
epithelium morphology of broiler chicks., In 18 th European
Symposium on Poultry Nutrition, Izmir, Turkey pp. 213-215.

Kaczmarek S, Barri A, Hejdysz M, Rutkowski A (2016) Effect of
different doses of coated butyric acid on growth performance
and energy utilization in broilers. Poult Sci 95: 851-859.

Lemme A, Ravindran V, Bryden W.L (2004) Ileal digestibility of
amino acids in feed ingredients for broilers. World Poult Sci J
60: 423-438.

Levy AW, Kessler JW, Fuller L, Williams S, Mathis GF, Lumpkins
B, Valdez F (2015) Effect of feeding an encapsulated source of
butyric acid (ButiPEARL) on the performance of male Cobb
broilers reared to 42 d of age. Poult Sci: 130: 1864-1870.

Mahdavi R, Torki M (2009) Study on usage period of dietary pro-
tected butyric acid on performance, carcass characteristics,
serum metabolite levels and humoral immune response of
broiler chickens. J Anim Vet Adv 8: 1702-1709

Niewold TA (2014) Why anti-inflammatory compounds are the
solution for the problem with in feed antibiotics. Quality Ass
Safety Crops Food 6: 119-122.

NRC (1994) Nutrient Requirements of Poultry. 9" rev. edn.
National Academy Press, Washington, DC. 34-45.

Ohbo M, Katoh K, Sasaki Y (1996) Effects of saturated fatty
acids on amylase release from exocrine pancreatic segments
of sheep, rats, hamsters, field voles and mice. ] Comp Physiol
Biol 166: 305-309

Panda AK, Rao SVR, Raju MVLN, Sunder GS (2009) Effect of
butyric acid on performance, gastrointestinal tract health and
carcass characteristics in broiler chickens. Asian-Aust J Anim
Sci 22: 1026-1031

Qaisrani SN, van Krimpen MM, Kwakkel RP, Verstegen MWA,
Hendriks WH (2015) Diet structure, butyric acid, and fer-
mentable carbohydrates influence growth performance, gut
morphology, and cecal fermentation characteristics in broilers.
Poult Sci 94: 2152-2164.

Ravindran V, Morel P, Partridge G, Hruby M, Sands J (2006)
Influence of an Escherichia coli-derived phytase on nutrient
utilization in broiler starters fed diets containing varying concen-
trations of phytic acid. Poult Sci 85: 82-89.

Roberts T, Wilson J, Guthrie A, Cookson K, Vancraeynest D, Schaef-
fer J, Moody R, Clark S (2015) New issues and science in broiler
chicken intestinal health: Emerging technology and alternative
interventions. J Appl Poult Res 24: 257-266.

Sileikiene V, Mosenthin R, Tafaj M, Kruszewska D, Westrom B,
Mattsson I, Pierzynowski S (2005) Effect of short chain fatty
acids infused intraileally on interdigestive exocrine pancreatic
secretions in growing pigs. J Anim Physiol Ani Nut 89: 253-259.

Smith DJ, Barri A, Herges G, Hahn J, Yersin AG, Jourdan A (2012)
In vitro dissolution and in vivo absorption of calcium [1-14C]
butyrate in free or protected forms. J Agri FoodChem 60: 3151-
3157.

JHELLENIC VET MED SOC 2018, 69(3)
IEKE 2018, 69(3)



1116

M. IMRAN, S. AHMED, Y.A. DITTA, S. MEHMOOD, M. I. KHAN, S. S. GILLANI, Z. RASOOL, M. L. SOHAIL , A. MUSHTAQ, S. UMAR

Smulikowska S, Czerwinski J, Mieczkowska A, Jankowiak J (2009)
The effect of fat-coated organic acid salts and a feed enzyme on
growth performance, nutrient utilization, microflora activity, and
morphology of the small intestine in broiler chickens. J Anim
Feed Sci 18: 478-489.

Steel RGD, Torrie JH, Dickey DA (1960) Principles and procedures

of statistics a biometrical approach, (New York, USA: McGraw
Hill Book Co. Inc.).

Taherpour K, Ghasemi HA (2014) Single and combinative effects of
fructo-oligosaccharide and organic acid on growth performance

and immune function of broiler chickens. Agri Commun 2:
67-72.

JHELLENIC VET MED SOC 2018, 69(3)
IEKE 2018, 69(3)


http://www.tcpdf.org

