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Abstract

The current work studied the effects of butyric acid (BA) supplementation on the growth per-
formance, carcase characteristics, immunity, gut histology and serum biochemistry of broiler
chicken. Four experimental diets were formulated: control, 20 mg bacitracin methylene di-sali-
cylate/kg diet (BMD-supplemented), 3 g BA/kg diet and 4 g BA/kg diet. The results revealed
higher body weight gain (BWG) in BA and BMD-supplemented groups. Only BMD supplemen-
tation increased the feed intake (FI) of birds, whereas BA supplementation improved feed effi-
ciency. Expression of glucose transporter (GLUT5), sodium-dependent glucose transporter
(SGLT1) and peptide transporter (PepT1) were up-regulated due to BMD and BA supplemen-
tation. However, at 21 days post-hatching SGLT1 expression in the BMD-supplemented group
was down-regulated with respect to the BA-supplemented groups. The 4 g BA/kg diet yielded
better humoral and cell-mediated immune responses than the other groups. No dietary effects
were observed on carcase characteristics and histomorphometry of jejunum at 7 days post-
hatching. However, at 42 days old, the 4 g BA/kg diet increased villus length and width signifi-
cantly. There was a significant increase in serum protein, albumin, creatinine, aspartate amino-
transaminase (AST), phosphorus and calcium due to BA supplementation. However, the reverse
trend was observed in serum uric acid and cholesterol, where BA supplementation decreased
both and BMD supplementation decreased uric acid levels only. Based on the results it was con-
cluded that 4 g BA/kg diet supplementation in feed is optimal for desirable broiler production.

Introduction

Because of public health concerns over the use of conventional antibiotics as growth promoters
in livestock, the use of non-antibiotic chemical substances has come into force (Yang et al.,
2009). Nutritional rather than pharmacological approaches are required to enhance the pro-
duction and natural defence mechanisms of livestock. Organic acids have been suggested as
potential alternatives to antibiotic growth promoters (Van Immerseel et al., 2004), with higher
bactericidal activity (Leeson et al., 2005). In poultry production, organic acids such as formic,
benzoic and propionic acids have been used mainly to sanitize feed with bacterial infections
(Thompson and Hinton, 1997). However, later it was proven that the use of organic acids
in feed reduces pathogen colonization of the intestinal wall and production of toxic compo-
nents, thus preventing damage to epithelial cells (Langhout, 2000). The use of organic acids
also improves the digestibility of proteins, and they serve as substrates in intermediary metab-
olism (Kirchgessner and Roth, 1988). The butyrate derived from fermentation of non-starch
polysaccharides in the gut has a significant role in the normal development of intestinal epi-
thelium, with improved gut health (Brouns et al., 2002). It has been reported to have a signifi-
cant influence on gene expression and protein synthesis in the body and thus has a direct
bearing on mucosal cell proliferation, maturation and differentiation. Butyric acid (BA) is con-
sidered a major modulator of epithelial cell activity, which reflects significant changes in the
gut microflora of rats (Sharma et al., 1995). Several studies have demonstrated that supplemen-
tation of broiler diets with organic acids increased growth performance, and reduced disease
and management problems (Ao et al., 2012). However, a comprehensive study is needed to
ascertain the positive effects of BA supplementation in broiler chicken at the gross as well
as molecular level. Thus, the objectives of the current study were based on the hypothesis
that the use of BA as a substitute for antibiotic growth promoter improves the performance,
immunity, gut health and serum biochemistry of broiler chicken.

Materials and methods
Birds, treatments and feeding management

Two hundred and forty 1-day-old chicks from the same hatch were procured from the hatch-
ery of Central Avian Research Institute and distributed randomly into four treatment groups,
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each having six replicates with ten chicks in each (four treat-
ments x six replicates). Following a completely randomized
design, four experimental diets were formulated viz. control,
with no additive, bacitracin methylene di-salicylate (BMD) at
20 mg bacitracin/kg diet (BMD-supplemented), 3 g BA/kg diet
and 4 g BA/kg diet. The BA was purchased from Shree Ram
Enterprises, Mumbai, India as sodium butyrate with >98% assay
and BMD with 44% bacitracin activity was purchased from
Alpharma Animal Health Division, New Jersey, USA. The ingre-
dients and nutrient composition of the basal diets provided to the
birds in both starter (0-21 days) and finisher (21-42 days) phases
is given in Table 1 and birds were allowed to eat and drink ad libi-
tum. The light/dark regime started at 24 h light on day 1 followed
by a decrease of 1 h per day until reaching 18 h light, which was
continued until the 42nd day. The birds were reared in specially
designed electrically heated battery brooders under uniform man-
agement conditions, with one replicate (ten birds) per 0.76 x
0.76 X 0.46 m> cabin.

Growth performance

The weekly body weight and daily FI of birds at 08:00 h were
recorded to arrive at overall BWG, FI and feed conversion ratio
(FCR). Birds were monitored daily to record mortality, if any.

Gene expression

Six birds from each dietary treatment were taken at 7 days and 21
days post-hatching for gene expression analysis. The birds were
slaughtered after stunning in an electrical water bath by severing
the trachea and both carotid arteries and samples of the jejunum
from each were collected aseptically in RNAlater. The tissue sam-
ples were homogenized using an automated Kinematica polytron
PT 10/35 GT Homogenizer (Thermo Fisher Scientific, India) and
total RNA extracted using the Trizol method (Chomczynski,
1993) followed by cDNA synthesis immediately by using a
RevertAid First Strand ¢cDNA Synthesis Kit (Thermo Fisher
Scientific, India) as per the manufacturer’s instructions. The pur-
ity and concentration of total RNA was analysed using a nano-
drop spectrophotometer (Nano Drop 1000, Thermo-Scientific,
Singapore), considering the optical density values at ratios of
260 and 280 nm. The purity was further verified electrophoretic-
ally by ethidium bromide staining. Any RNA showing contamin-
ation with DNA was incubated with RNase free DNase (Biogene,
Cambridge, MA, USA) at 37 °C (at 1 unit per 1 ul). The DNase
was subsequently inactivated by incubation at 65 °C for 10 min.
The relative gene expression of nutrient transporters such as
PepT1, SGLT1 and GLUT5 was quantified with respect to the
housekeeping gene GAPDH using real-time polymerase chain
reaction (PCR) (qPCR) detection (IQ5 Multicolor Real-time
PCR Detection System, Bio-Rad Laboratories Inc., Hercules,
CA, USA). All reactions were performed in nuclease-free eight
tube-strips with optically clear flat caps (Axygen Scientific, Inc.,
Corning, NY, USA). The forward and reverse primers used in
the study are given in Table 2 (Mott et al., 2008).

Immunological studies

The immune response of birds to different dietary treatments was
measured in terms of antibody titre against sheep red blood cells
(RBC) (humoral immunity) and foot web index (cell-mediated
immunity) at the age of 28 days. For humoral immunity, three
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Table 1. Ingredients and composition of basal diet

Starter Finisher
Ingredients (g/kg) (0-21 days) (22-42 days)
Maize 504 580
Soya bean (solv. ext.) 420 342.35
Rapeseed meal (solv. ext.) 30 30
oil 135 17.5
Lime stone 9.0 8
Di-calcium phosphate 17.0 15.0
Salt 3 3
DL-Methionine 11 1
TM-Premix® 1 1
Vit-Premix® 15 15
B complex® 0.15 0.15
Choline chloride 0.5 0.5
Toxin binder 0.5 0.5

Composition based on the analysed values of ingredients (g/kg)

Crude protein 220 195
ME, MJ/kg 12.14 12.56
Calcium 10.1 9.0
Available phosphorus 4.4 4.0
Lysine 12.4 10
Methionine 4.9 4.5
Threonine 9.8 8.6

ME, metabolizable energy.

*Trace mineral (TM) premix supplied: Mg, 300; Mn, 55; |, 0.4; Fe, 56; Zn, 30 and Cu, 4 mg kg-1
diet.

bVitamin (Vit) premix supplied: vitamin A, 8250 1U; vitamin D3, 1200 ICU; vitamin K, 1 mg;
vitamin E, 40 IU.

B complex: vitamin B1, 2 mg; vitamin B2, 4 mg; vitamin B12, 10 pg; niacin, 60 mg;
pantothenic acid, 10 mg; choline, 500 mg kg-1 diet.

birds from each replicate (18 birds/treatment) were injected intra-
venously via the jugular vein with a 1% suspension of sheep RBC
(SRBC). Blood samples were collected from the SRBC-injected
birds at 0 and 6 days post-inoculation. All the samples were incu-
bated at 37 °C for 1 h to aid clotting and retraction then centri-
fuged at 15000 g for 5 min for collection of sera. All micro-titre
plates (U-bottomed) were rinsed with phosphate-buffered saline
(PBS; pH 7.6) and dried before the haemagglutination antibody
(HA) titre was estimated by a micro-haemagglutination method
using two-fold serial dilutions of sera.

For cell-mediated immunity, three birds from each replicate
(18 birds/treatment) were injected with 0.2 ml of the protein
form of the mitogen phytohaemagglutinin-P (PHA-P), a lectin
extract from the red kidney bean (1 mg/ml PBS). This was
injected intra-dermally into the left foot web and sterile PBS
(0.2 ml) was injected in the right foot web to serve as a control.
Measurements were made at 0 and 24 h post-injection, to meas-
ure the cell-mediated immune response against PHA-P mitogen.

Carcase characteristic traits

At the end of the experimental period 12 birds from each treat-
ment group (two birds/replicate) were selected randomly and
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Sl. no. Gene Primer sequence Annealing temp. (°C) Length (bp) Gene bank ID no. Reaction efficiency (%)
1 SGLT1 F: TGTCTCTCTGGCAAGAACATGTC 60 71 XM_415247 106.3
R: GGGCAAGAGCTTCAGGTATCC
2 GLUT5 F: TTGCTGGCTTTGGGTTGTG 60 60 XM_417596 102.8
R: GGAGGTTGAGGGCCAAAGTC
3 PepT1 F: CCCCTGAGGAGGATCACTT 60 66 NM_204365 95.7
R: CAAAAGAGCAGCAGCAACGA
4 GAPDH F: GCCGTCCTCTCTGGCAAAG 60 73 MN_204305 99

R: TGTAAACCATGTAGTTCAGATCGA

slaughtered after a 12 h fast with ad lib drinking water, for evalu-
ation of carcase characteristics and organ weights.

Histomorphometry of jejunum

The histomorphometry of jejunum was performed by measuring the
villi height and width under a high-resolution microscope with
micrometry and photographic attachments. The birds used in
jejunum sample collection for the gene expression study were also
used to collect jejunum samples for histomorphometry at 7 days
post-hatching and for histomorphometry at 42 days post-hatching
(six birds in each treatment group). The jejunum samples were sub-
jected to microtomy and staining with haematoxylin and eosin to
prepare tissue sections for microscopic examination. Villus height
was measured from the top of the villus to the top of the lamina pro-
pria and villus width was taken as an average of proximal, middle and
distal width. A total of 15 measurements were taken per bird.

Serum biochemistry

At the end of the feeding trial, blood samples from the birds
slaughtered for the study of carcase characteristics were collected
in sterile glass test tubes without anticoagulant. Test tubes con-
taining the blood were kept in a slanted position at room tem-
perature for 30 min to facilitate separation of serum. Serum was
harvested by centrifugation at 3000 rpm for 10 min, decanted
into plastic vials and stored at —20 °C for further processing.
The serum was used for (a) estimation of enzymes such as alka-
line phosphatase (ALP; Kind and King, 1954), AST and alanine
aminotransferase (ALT; Reitman and Frankel, 1957), (b) kidney
function tests such as serum creatinine (Reitman and Frankel,
1957) and uric acid by the modified phosphotungstate method,
(c) serum mineral estimation such as calcium (Baginski et al,
1973) and phosphorus (Morin and Prox, 1973), and (d) serum
total cholesterol (Wybenga et al., 1970), total protein (Vatzidis,
1977) and albumin (Gustafsson, 1978) estimation using Cogent
diagnostics kits (SPAN Diagnostics, Gujarat, India).

Statistical analysis

Data obtained in the experiment were analysed using SPSS ver-
sion 20.0, following standard procedures, by one-way analysis of
variance. The post-hoc analysis for comparing group means was
performed using Duncan’s multiple range test with significance
level set at P < 0.05 and expression analysis of nutrient transporter
genes was carried out using REST 2009 software (https:/www.
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gene-quantification.de/rest-2009.html). Linear and quadratic
polynomial contrasts were performed to study the effect of BA
levels. Replicate was used as an experimental unit for the study
of growth performance, immune response, carcase characteristic
traits and serum biochemistry of chicken, whereas the individual
bird was used as an experimental unit for gene expression and
histomorphometry study.

Results
Growth performance

The results of growth performance analysis reveal that birds fed
the control diet had significantly (P=0.023) lower BWG com-
pared to the birds fed BMD or BA, which did not differ statistic-
ally from each other (Table 3). FI of birds was significantly (P =
0.041) higher in the BMD-supplemented group compared to the
control, whereas that of birds fed 3 or 4 g BA/kg diet did not differ
significantly from either control or BMD-supplemented groups.
The FCR of birds fed 3 or 4 g BA/kg diet was significantly (P =
0.018) better compared to the control or BMD-supplemented
birds, which were statistically similar to each other. Only one
bird died from each of the control, BMD and 4 g BA/kg diet
groups during the whole experimental period, indicating no diet-
ary effect on the mortality pattern of birds.

Gene expression

The results of gene expression analysis for the PepT1, the SGLT1
and the GLUTS5 in the jejunum of broiler chicken at 7 and 21 days
post-hatching are presented in Table 4. At 7 days post-hatching,
significant up-regulation of GLUT5 (P=0.025), SGLT1 (P=
0.018) and PepT1 (P = 0.032) was observed in birds supplemented
with BMD or BA compared to the control group, whereas BMD-
and BA-supplemented groups did not differ significantly from
each other. At 21 days post-hatching, significant up-regulation
of GLUT5 (P=0.029) and PepT1 (P=0.045) was observed in
birds supplemented with BMD or BA compared to the control
group. However, significant (P=0.012) up-regulation was
observed for SGLT1 expression in birds supplemented with 3 or
4 g BA/kg diet compared to the control or BMD-supplemented
groups, which were statistically similar to each other.

Immune response

The immune response of birds under different dietary treatments
is given in Table 3. The HA titre of birds in the control group was
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Table 3. Effect of dietary BA supplementation on production performance (n=60) and immunity (n=18) of broiler chicken

Treatment Contrast

Parameters Control BMD 20 mg/kg 3 g BA/kg diet 4 g BA/kg diet S.E.M. Treatment Linear Quadratic
BWG (g/b) 1820 1914 1940 1946 35.4 0.023 0.019 0.547
FI (g/b) 3249 3399 3333 3328 42.2 0.041 0.036 0.486
FCR 1.79 1.77 1.72 1.71 0.015 0.018 0.012 0.397
Mortality (%) 1.7 1.7 = 1.7 = = = =

HA titre 6.4 8.1 8.7 10.1 0.40 0.015 0.011 0.392
CMI (mm) 0.51 0.54 0.72 0.85 0.090 0.015 0.012 0.442

BMD, bacitracin methylene di-salicylate; BA, butyric acid; FCR, feed conversion ratio; HA, haemagglutination; CMI, cell mediate immunity; s.e.m., standard error of mean.

significantly (P =0.015) lower followed by the BMD and 3 g
BA-supplemented birds, which were statistically similar to each
other. The highest titre was observed in birds supplemented
with 4 g BA/kg diet. The cell-mediated immune response of
birds was significantly (P=0.015) higher in the 4g¢g
BA-supplemented group, followed by the 3 g BA-supplemented
group, which was statistically different compared to the control
and BMD-supplemented groups, which were statistically similar
to each other.

Carcase characteristics

The effects of dietary supplementation with BA on carcase char-
acteristics are presented in Table 5. The results reveal that none of
the carcase traits were influenced by dietary supplementation of
BA in the diets of broiler chicken with respect to the control or
BMD supplementation.

Histomorphometry of the jejunum

The effect of BA supplementation on the histomorphometric
measurements of the jejunum at the end of the experimental
trial is shown in Table 6. The results revealed no significant dif-
ference in villus height and width 7 days post-hatching among
different treatment groups. However, at 42 days post-hatching,
villus height was significantly (P =0.039) higher in birds supple-
mented with 4 g BA/kg diet compared to the control and 3 g
BA-supplemented groups, whereas the BMD-supplemented
group did not differ significantly from either of the
BA-supplemented groups. Similarly, villus width was significantly
(P =0.042) higher in birds fed 4 g BA/kg diet compared to other
treatment groups, which did not differ significantly from each
other.

Serum biochemistry

The serum biochemistry of broiler chicken as affected by dietary
supplementation of BA is given in Table 7. The serum total pro-
tein and creatinine levels were significantly (P =0.024) higher in
birds supplemented with 3 or 4 g BA/kg diet compared to the
control or BMD-supplemented groups, which did not differ sig-
nificantly from each other. The serum albumin was significantly
(P=0.015) higher in the 4 g BA-supplemented group, followed
by the 3 g BA-supplemented group, which was statistically differ-
ent from the control and BMD-supplemented groups, which were
statistically similar to each other. Serum uric acid level was
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significantly (P =0.045) higher in the control group followed by
the BMD group and lower in both of the BA-supplemented
groups, which did not differ significantly from each other.
Among the estimated serum enzymes, significantly (P=0.017)
lower values of AST were observed in the control group followed
by the statistically similar BMD-supplemented group, while
higher values were observed in both of the BA-supplemented
groups, which did not differ significantly from each other. On
the other hand, no significant differences were observed in
serum ALT and ALP due to BA supplementation in broiler
chicken diets. In the case of serum minerals, significantly lower
phosphorus (P=0.046) and calcium (P=0.025) levels were
observed in the control group, followed by the statistically similar
BMD-supplemented group, compared to either of the
BA-supplemented groups, which did not differ significantly
from each other. The serum cholesterol levels were significantly
(P=0.037) lower in the 4 g BA-supplemented group followed
by the 3 g BA-supplemented compared to the control and
BMD-supplemented groups, which were statistically similar to
each other.

Discussion

Butyrate, mediating its effects via regulation of gene expression
and protein synthesis, reduces apoptosis and enhances prolifer-
ation, differentiation and maturation of normal enterocytes,
which may be the reason for enhanced body building and accu-
mulation of proteins in muscles (Sengupta et al, 2006).
Similarly, supplementation with antibiotics as growth promoters
improves digestibility of protein, reduces ammonia and favours
production of biogenic amines (Dierick et al., 1986). On similar
lines, the results of the current study clearly indicate that BA
and BMD supplementation resulted in higher BWG compared
to the control diet. Also, BMD supplementation increased the
FI of birds, whereas BA supplementation had no effect. This
may be the reason that BA supplementation improved feed effi-
ciency and why no effect of BMD supplementation was observed
on FCR of birds, since both BWG and FI increased simultan-
eously. Supplementation with BA causes a reduction in pH
(Boling et al.,, 2000), which improves absorption of nutrients
and also causes the exclusion of harmful microbial load. It has
been reported that the use of micro-encapsulated butyrate in
young chicken decreases the caecum colonization of salmonella
(Van Immerseel et al., 2004).

The observations of the current study are supported by the
results of Panda et al. (2009) and Sikandar et al. (2017).
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Table 4. Effect of BA supplementation on the fold expression of nutrient transporter genes in jejunum of broiler chicken (n=6)
Treatment Contrast
Parameter Control BMD 20 mg/kg 3 g BA/kg diet 4 g BA/kg diet S.E.M. Treatment Linear Quadratic
7 days post-hatching GLUT5 1.00 1.88 2.36 2.30 0.082 0.025 0.014 0.663
SGLT1 1.00 3.51 3.20 3.00 0.082 0.018 0.013 0.458
PepT1 1.00 2.33 2.08 2.50 0.013 0.032 0.019 0.318
21 days post-hatching GLUT5 1.00 2.18 2.22 2.15 0.007 0.029 0.021 0.481
SGLT1 1.00 1.22 1.58 1.42 0.072 0.012 0.007 0.459
PepT1 1.00 2.78 2.57 2.46 0.082 0.045 0.029 0.371

BMD, bacitracin methylene di-salicylate; BA, butyric acid; s.e.m., standard error of mean; GLUTS5, glucose transporter 5; SGLT1, sodium-dependent glucose transporter 1; PepT1, peptide

transporter.

Table 5. Effects of BA supplementation on carcase traits and relative organ weight (g/kg live weight) of broiler chicken (n=12)

Treatment Contrast
Parameters Control BMD 20 mg/kg 3 g BA/kg diet 4 g BA/kg diet S.E.M. Treatment Linear Quadratic
Dressed yield 699 698 688 690 2.5 0.715 0.328 0.639
Eviscerated yield 646 645 633 638 2.8 0.345 0.125 0.693
Giblet 53 53 54 53 0.5 0.125 0.089 0.843
Heart 6.9 6.7 6.6 6.7 0.10 0.681 0.298 0.649
Liver 23 24 24 22 0.3 0.135 0.095 0.389
Gizzard 23 22 24 24 0.3 0.225 0.131 0.584
Thigh 100 98 97 100 0.8 0.321 0.129 0.798
Breast 166 171 169 161 2.1 0.095 0.073 0.396
Back 199 192 181 192 1.5 0.156 0.078 0.481
Wing 84 88 88 91 1.0 0.458 0.146 0.668
Neck 45 42 47 43 7.3 0.625 0.297 0.732
Drumstick 103 106 102 99 0.8 0.615 0.352 0.685

BMD, bacitracin methylene di-salicylate; BA, butyric acid; s.e.m., standard error of mean.

Further, Panda et al. (2009) reported that with respect to antibio-
tics, 4 g BA/kg diet in the broiler chicken was equally effective at
maintaining BWG of birds but was superior in terms of feed effi-
ciency. The organic acids in the gut have the ability to diffuse into
enterocyte cytoplasm in un-dissociated forms due to its higher
pH, which hastens pancreatic and bile secretion (Harada et al,
1988). The presence in enterocytes of the receptor that responds
to the dissociated proton causes an increase in secretin release.
The improved performance of broiler chickens can be attributed
to this increase of gut secretions in response to BA supplementa-
tion in the diet. Further, the modification of gut microstructure
(Le Gall et al., 2009; Adil et al., 2010) in response to dietary sup-
plementation of organic acids can contribute to better nutrient
absorption and in turn better growth performance of animals
and birds. To our knowledge there is no literature available per-
taining to the effect of BA supplementation on the mortality pat-
tern of broiler chickens.

The introduction of unusual feed ingredients or supplements in
the ration of birds and animals causes adaptive conditioning of
gene expression. The jejunum is the main seat of absorption in
birds; therefore, the expression of nutrient transporters,
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responsible for dietary nutrient assimilation, influences overall
nutritional status, growth and development. The current study
revealed that the expression of nutrient transporter genes was
up-regulated due to BMD or BA supplementation. However, at
21 days post-hatching expression of SGLT1 in the
BMD-supplemented group was down-regulated with respect to
the BA-supplemented groups. The major route for glucose assimi-
lation in enterocytes is the SGLT1 transporter (Wright and Turk,
2004). This may be why BA supplementation outperformed
BMD supplementation in terms of feed efficiency in the current
study, thus making the importance of SGLT1 explicit in broiler
growth performance. The absorption of di- and tri-peptides occurs
via proton-coupled PepT1 (Gilbert et al., 2008) which is dependent
on a pH gradient as well as a negative intracellular membrane
potential (Adibi, 1997). Peptide transport by PepT1 is most effi-
cient in an acidic environment (Steel et al., 1997), which is pro-
vided by BA supplementation in broiler diets. However, the
literature pertaining to the role of BA supplementation in the nutri-
ent transporter gene expression of broiler chicken is not available.

BA acts as an immune modulator in chickens (Ahsan et al.,
2016). Sodium butyrate supplementation in chickens (Sunkara
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Table 6. Effects of BA supplementation on histomorphometry of jejunum of broiler chicken (n=6)

Treatment Contrast
Histomorphometry (um) Control BMD 20 mg/kg 3 g BA/kg diet 4 g BA/kg diet S.E.M. Treatment Linear Quadratic
7 days post hatch Villus height 854 896 728 763 19.7 0.065 0.055 0.196
Villus width 83 7 61 96 8.1 0.069 0.051 0.269
42 days post hatch Villus height 1132 1241 1221 1282 28. 8 0.039 0.021 0.151
Villus width 96 95 100 124 3.1 0.042 0.028 0.175
BMD, bacitracin methylene di-salicylate; BA, butyric acid; s.e.m., standard error of mean.
Table 7. Effects of BA supplementation on serum biochemistry of broiler chicken (n=12)
Treatment Contrast
Parameters Control BMD 20 mg/kg 3 g BA/kg diet 4 g BA/kg diet S.E.M. Treatment Linear Quadratic
Protein (mg/l) 350 361 489 527 13.0 0.024 0.018 0.213
Albumin (mg/l) 172 175 189 205 5.0 0.015 0.012 0.197
Creatinine (mg/l) 0.006 0.008 0.013 0.012 0.000 0.013 0.010 0.109
Uric acid (mg/l) 0.09 0.08 0.07 0.07 0.001 0.045 0.034 0.167
AST (IU/1) 18 29 35 34 4.1 0.017 0.014 0.182
ALT (1U/1) 67 63 57 53 13.1 0.085 0.063 0.276
ALP (1U/1) 210 222 234 230 19.5 0.095 0.078 0.294
Phosphorus (mg/l) 0.43 0.45 0.49 0.49 0.008 0.046 0.031 0.168
Calcium (mg/l) 1.04 1.09 1.28 1.22 0.055 0.025 0.017 0.154
Cholesterol (mg/l) 17.1 17.2 16.3 15.1 0.07 0.037 0.029 0.213

BMD, bacitracin methylene di-salicylate; BA, butyric acid; s.e.m., standard error of mean; AST, aspartate aminotransferase; ALT, alanine transaminase; ALP, alkaline phosphatase.

et al., 2011) has been reported to boost the production and secre-
tion of immunoglobulins. In the current study, supplementation
of 4g BA/kg diet yielded better humoral and cell-mediated
immune responses compared to the control, BMD and 3g
BA-supplemented groups. These results are supported by the
observations of Sikandar et al. (2017). Also, the thymus-
dependent immunogens, sheep RBCs, have been shown to yield
higher antibody titres in sodium butyrate-supplemented birds at
35 days of age (Sikandar et al., 2017). Similarly, Lohakare et al.
(2005) reported higher Infectious Bursal disease titres post-
vaccination in a group supplemented with ascorbic acid (2 g/kg
diet); they argued that there is a possibility of enhanced differen-
tiation of lymphoid organs due to ascorbic acid supplementation
by increasing the activity of the hexose monophosphate pathway,
thus increasing the circulating antibody. It has been reported that
BA supplementation lowers the colonization and faecal shedding
of salmonella (Van Immerseel et al, 2004), which indicates that
butyrate may have a role in modulation of B and T cell function
in response to antigenic exposure (Ahsan et al., 2016). BA boosts
the immunity of chickens by the induction of host defence pep-
tides (Sunkara et al., 2011) and the regulation of immune cells
by BA has been reported by Zhou et al. (2014).

In the current study, BA supplementation did not show any
significant effect on carcase traits of the birds with respect to
the control and BMD-supplemented groups. These results are
corroborated by the findings of Adil et al. (2010), who also
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reported no significant effect of organic acid supplementation
on various carcase traits. However, in contrast to the current find-
ings, Panda et al. (2009) reported that birds receiving diets sup-
plemented with 2 g BA/kg diet yielded higher dressed weight
compared to the control or antibiotic-supplemented birds.
Similarly, Leeson et al. (2005) observed that carcase yield and
breast meat yield increased in birds fed 2 g BA/kg diet. These dif-
ferences may be attributed to differences in the genetics of experi-
mental birds used, along with possible differences in other
environmental conditions.

The surface area of villi determines the absorption activity of
the intestines and the jejunum in poultry represents the area
with the highest absorption activity. The histomorphological
modulation of the small intestine is held to have a relationship
with the production performance of animals. In the current
study, BMD or BA supplementation revealed no significant effect
on the histomorphometry of jejunum at 7 days post-hatching.
This may be because 7 days’ duration of BMD or BA supplemen-
tation is too short to show significant effects. However, at 42 days
of age, supplementation of 4 g BA/kg diet increased the villus
length and width, and thus its surface area, significantly. Similar
results were reported by Sikandar et al. (2017) and Adil et al.
(2010). This increase in villus length, width and in turn surface
area could be partly responsible for better weight gain and feed
efficiency (Ashraf et al, 2013) along with the contribution of
up-regulated gene expression of nutrient transporters discussed
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earlier. Since the diets formulated were iso-nitrogenous and iso-
caloric, the apparent enhancement in growth performance of
the 4 g BA/kg diet supplemented birds was assumed to be a result
of the mucosal architectural modulations in birds.

The results of the current study indicate a significant increase
in serum protein, albumin, creatinine, AST, phosphorus and cal-
cium due to BA supplementation with respect to the control and
BMD supplementation. However, the reverse trend was observed
in serum uric acid and cholesterol, where BA supplementation
decreased both and BMD supplementation decreased only uric
acid levels. Similar to the current results, Ali et al. (2014) observed
significant increases in serum total protein, albumin and globulin
at 4 g BA/kg diet glyceride supplementation in broiler chicken
rations in normal and Eimeria maxima challenged-birds. In the
same context, the current results were similar to Helal et al
(2015) who reported a significant increase in serum total protein;
meanwhile, a significant decrease in serum albumin was observed
in BA-supplemented broiler chicken compared to antibiotic-
supplemented and control birds. However, in contrast to the pre-
sent results, Hedayati et al. (2015) observed significant declines in
total protein due to the addition of acidifiers in the basal diet of
chicken. Adil et al. (2010) also observed no significant effect on
serum ALT, whereas, in contrast to the observation of the current
study, they also reported no effect on AST levels due to the sup-
plementation of organic acids in the broiler ration. Abdel Fattah
et al. (2008) argued that dietary supplementation of organic
acids could be done up to the level of 3 g/kg in the diet of broiler
chickens without causing any adverse effect on kidney and liver
functions.

Similar to the current study, significantly higher values of
serum calcium and phosphorus have been observed by various
researchers (Adil et al., 2010; Kamal and Ragaa, 2014). The higher
levels can be attributed to the fact that acidification of feed
increases the absorption of cationic minerals in the intestine by
decreasing the pH of digesta, which in turn inhibits phytic acid
from the formation of cationic chelates (Boling et al., 2000). In
line with the results of the current study, reduced levels of
serum total cholesterol and low-density lipoprotein cholesterol
have been reported due to BA supplementation (Kamal and
Ragaa, 2014). The acidification of feed helps improve gut health
by facilitating the growth of beneficial bacteria such as lactobacil-
lus. The lactobacillus possesses high hydrolytic activity against bile
salts, which hastens their deconjugation (Surono, 2003). The
deconjugation process makes bile acids less able to be absorbed
in the intestine and excretion of cholesterol and its fraction in fae-
ces more likely (Klaver and Van der Meer, 1993), thus reducing
the cholesterol accretion in the body. However, in contrast to
the results of the current study Adil et al. (2010) observed no sig-
nificant effect of BA supplementation on serum cholesterol levels.

Conclusion

In the current study it was revealed that BA supplementation in
broiler chicken diets has positive effects on the growth performance,
expression of nutrient transporter genes, immunity, intestinal his-
tomorphometry and serum biochemistry of broiler chickens.
Based on the results it was concluded that 4 g/kg diet BA supple-

mentation in feed is optimum for desirable broiler production.
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