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Effect of adding tributyrin in diet on egg production,
egg quality, and gastrointestinal tract in laying hens

after peak period
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Abstract

This study was conducted to evaluate the effects of supplementing diet with tributyrin on productive
performance, egg quality and gastrointestinal tract of laying hens during the post-peak period of egg production. In
total, 384 Lohmann Brown-Classic hens aged 56 weeks were used for the 16-week experiment. The hens were divided
into two groups, each group consisting of 8 replications of 24 hens each. Experimental diets were supplemented with
tributyrin at the level of 0.00% (control diet) and 0.05%. Tributyrin supplementation significantly increased eggshell
thickness (P<0.01) and tended to increase eggshell weight (P=0.07). However, it had no significant effect on production
performance, pH in each part of the gastrointestinal tract, small intestinal morphology, populations of E. coli and
Lactobacillus spp. and short chain fatty acids concentrated in the caecum of laying hens. It was concluded that tributyrin
supplementation in the diet improved the eggshell thickness after the peak rate of lay, although significant effects on
egg production and the gastrointestinal tract were not observed.
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Introduction

It is generally known that egg production
and eggshell quality of laying hens decrease as the
hens age (Al-Batshan et al., 1994; Soltan et al., 2008;
Swiatkiewicz et al., 2010; Kocevski et al., 2011; Menezes
et al., 2012; Roberts et al., 2013). These outcomes are
probably due to the impaired quality of the mucosal
cells in the intestine, the decreased length of the
intestinal villi and the decreased absorption of
nutrients (Rahman et al., 2008). Particularly after the
peak period of laying eggs, the internal egg quality and
external (eggshell) quality generally decline (Al-
Batshan et al., 1994; Kocevski et al., 2011; Menezes et
al.,, 2012; Roberts et al., 2013) due to the increase in egg
weight without an increase in the amount of calcium
carbonate deposited in the shell (Nys, 2001) or/and
some dysfunction of the shell gland (Joyner et al.,
1987). Therefore, from the post-peak period to the end
of egg production, the incidence of cracked eggs has
been reported as 6-20% (Washburn et al., 1982; Roland
and David, 1988; Nys, 2001).

In old layers and broiler breeder hens,
several investigators reported that supplementing diet
with organic acids improved the laying performance
and eggshell quality (Yesilbag and Colpan, 2006;
Sengor et al., 2007; Soltan, 2008). Since butyric acid is
considered as an acidifier and energy source in the
gastrointestinal tract, it serves as a primary source of
energy for colonocytes, a strong mitosis promoter and
a differentiation agent in the gastrointestinal tract
(Salminen et al., 1998). Under good hygiene conditions,
Mahdavi and Torki (2009) and Adil et al. (2010)
reported that supplementing diet with butyric acid
increased the serum Ca in broiler chickens, although
the productive performance was not improved.
Therefore, giving butyric acid to old layer hens may
improve eggshell quality. However, there are some
difficulties with the addition of butyric acid in feed
such as its high volatility and unpleasant odor
(Antongiovanni et al., 2010). The odor is a result of the
triglyceride of butyric acid (tributyrin) being produced
(Antongiovanni et al., 2010). Butyrate can be released
from tributyrin by intestinal lipase and then is
absorbed by the small intestine (Li et al., 2015). Hence,
tributyrin may be valuable and useful for egg
producers in terms of the improvement in egg shell
quality and gut health.

Furthermore, the use of antibiotics in
animal feed is restricted due to concerns of antibiotic
residues in animal products. In the European Union
(EU), antibiotics have been banned as a growth
promoter in animal feed since 2006. Consequently, the
development of alternative feed additives to replace
the use of such antibiotic growth promoters has been a
high priority (Gharib Naserietal., 2012; Saki et al., 2012;
Youssef et al., 2013; Kaya et al., 2015; Lee et al., 2015).
In particular, the potential of organic and short chain
fatty acids (including butyric acid) as antimicrobials
has been reviewed in detail by Ricke (2003). Moreover,
there is evidence that dietary supplementation of
0.05% tributyrin inhibited the proinflammatory
cytokines release, improved the intestinal energy
status, and enhanced the intestinal anti-oxidative
capacity in LPS-challenged broilers (Li et al., 2015).
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Although there is evidence that tributyrin can improve
the trophic status of the epithelial mucosa in the gut of
nursery pigs (Piva et al,, 2002) and the production
performance or carcass trait of broiler chickens
(Antongiovanni et al., 2010), there have been few
reports on the effect on the bacterial population in
laying hens.

The supplementation of tributyrin as a source
of butyric acid may improve gut physiology and
ecology, and consequently promote egg production
and eggshell quality of old laying hens. According to
Li et al. (2015) who reported the positive effects of
supplementing tributyrin at 0.05% of diet on immune
response of broiler, and commercial recommendation
level of tributyrin (0.025 to 0.10% in diet), hence this
study was conducted to evaluate the effect of
supplementing diet with tributyrin (0.05%) on egg
production, eggshell quality, gastrointestinal pH, large
intestine selected microflora, intestinal morphology
and short-chain fatty acid concentration in the ceacum
of laying hens in their post-peak production period (50-
65 weeks of age).

Materials and Methods

Amnimals and Management: This study was conducted
in line with the animal ethics guidelines of the Research
Policy of Kasetsart University, Thailand. In total, 384
Lohmann Brown-Classic hens aged 50 weeks were
used for the 16-week experiment. Under
thermoneutral conditions, the hens were housed in
wire cages with four hens each and six adjacent cages
were used as one replication. The hens were divided
into 16 units and each unit consisted of 24 hens. All 16
units were randomly divided into two groups, each
group consisting of eight replications. A t-test was used
to compare measurement values obtained from the two
independent groups.

During the 16-week experimental period, the
post-peak egg production of the laying hens (from 50
to 65 weeks of age) was kept, maintained and treated
in adherence with the accepted standard for the
humane treatment of animals under an evaporative
cooling system to control air ventilation and
temperature. Thus, the average housing temperature
throughout the experimental period was 25.88°C. The
lighting program was 16 hours from 5 am to 9 pm
daily. Feed was offered twice daily (8 am and 4 pm) ad
libitum and water was provided ad libitum from water
nipples.

Experimental diets: Nutrient composition of the
experimental diets was determined according to the
recommendations for the Lohmann Brown-Classic
breed. Two experimental diets (mash form) were
formulated with different levels of tributyrin, 0.00%
(the control) and 0.05% (Table 1), which were prepared
using a commercial feed mill in mash form. The level
of tributyrin powder in the diet (0.05%) of laying hens
in this study was supplemented according to the
commercial dosage advice (0.025-0.10% in diet) and Li
etal. (2015).
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Table 1 Ingredient and calculated chemical composition of basal diet (as fed basis)
Item Control (Tributyrin 0.0%) Tributyrin 0.05%
Ingredient (%)
Corn 62.405 62.405
Rice bran oil 1.449 1.449
Soybean 48% CP 23.310 23.310
DL-Methionine 0.103 0.103
Mono-Dicalciumphosphate 21%P 1.535 1.535
Calcium carbonate 9.647 9.647
Salt 0.054 0.054
Vitamin & Mineral premix! 0.500 0.500
Choline Chloride 60% 0.077 0.077
Tributyrin - 0.050
Sodium bicarbonate 0.870 0.870
Inert filler (corn starch) 0.050 B
Calculated chemical composition
ME. for Poultry (Cal/Kg.) 2,750.000 2,750.000
Protein (%) 16.320 16.320
Fat (%) 3.914 3.914
Calcium (%) 4.000 4.000
Available Phosphorus (%) 0.370 0.370
Lysine, Digestible (%) 0.730 0.730
Methionine + Cystine, Digestible (%) 0.570 0.570

'Premix: Lutavit Mix CNKO004 consists of Vitamin A 4.80 MIU, D3 0.96 MIU, E 3.20 g, K5 0.80 g, B 0.40 g, B> 1.60 g, B¢ 1.20 g, B12 0.004
g, Pantothenic acid 3.80 g, Niacin 6 g, Folic acid 0.20 g, Biotin 0.036 g, Se 0.04 g, Fe 24 g, Mn 24 g, Zn 16 g, Cu 2.40 g, 1 0.14 g, Feed
preservative substance 2.50 g, Flavor 10 g and carrier added to 1.00 kg premix.

Measurement

Production  Performances: Throughout  the
experiment, the hen-day egg production and egg
weight were recorded daily. The percentage of egg
production, egg weight, feed intake, egg mass
(g/hen/day), and feed conversion ratio (FCR; kg
feed/kg egg mass) were determined at four-week
intervals. The feed intake was calculated per
replication and period on the basis of the total feed
provided minus the total feed leftover. The egg mass
was calculated by multiplying the egg weight by the
hen-day egg production percentage. The feed
conversion ratio was calculated as grams of feed per
day per hen divided by the gram egg mass per day per
hen.

Eggshell Quality and Internal Egg Characteristic: At 4-
week intervals, all eggs from each replication were
weighed and four eggs from each replication having a
weight close to the replication’s mean were chosen to
analyze eggshell qualities and characteristics
consisting of eggshell breaking strength (using an
Eggshell Force Gauge Model II, Robotmation Co., Ltd.,
Tokyo, Japan), eggshell thickness (using an electronic
digital micrometer) and percentage of eggshell
(relative eggshell weight calculated from eggshell
weight divided by egg weight and multiply by 100).
Internal egg quality was measured as the
percentage of albumen, percentage of yolk, albumen
height (using a tripod micrometer) and yolk color
(using a Roche yolk color fan). Egg freshness was
indicated in Haugh units (HU) and calculated using
HU = 100log[H - 1.7W037 + 7.57] (Eisen et al., 1962),

where W refers to the egg weight (g) and H refers to
the albumen height (mm).

pH in Gastrointestinal Tract and Caecumn Bacterial
Count: At the end of the trial, one hen of each
replication was put down using CO; asphyxiation in
an atmosphere of less than 2% oxygen (air displaced by
CO»). Immediately, the pH of contents in each part of
the gastrointestinal tract (stomach, duodenum,
jejunum, ileum, caecum, colon and rectum) was
directly measured using a pH meter (IQ Scientific
Instruments, Carlsbad, CA, USA).

The contents in the caecum were collected
immediately from one hen of each replication after
exsanguination, placed into sterile centrifuge tubes,
put on ice and transported (within one hour after
collection) to the laboratory for bacterial enumeration.

DNA Extraction: DNA extraction was carried out
according to the studies of Chen and Kou (1993), Yu
and Morrison (2004), and Chanyalew and Loongyai
(2013). A sample of 0.05 g of caecal digesta was
transferred into a 2 mL Eppendorf tube. Then, the
sample was washed with 0.9% NaCl and cell lysis was
achieved by beading in the presence of 300 pL of
solution I [0.03 M Tris-HCI, 0.2 M Sucrose, 0.1 M NaCl
and 0.01 M EDTA (pH 8.0)] and 600 pL of solution II
[50mM Tris-HCI, 50 mM EDTA and 2.5% SDS]. Then,
300 pL of solution III [5M potassium acetate, glacial
acetic] and solution IV [CHCl»:IAA in the ratio of 24:1]
were added into the tube, followed consecutively by
gentle hand shaking, incubation at -20°C for 15 min
and centrifugation at 14,000 rpm and 4°C for 15 min.
The supernatant was carefully transferred into a new
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1.5 mL Eppendorf tube, 400 pL isopropanol was added
and mixed well, followed by incubation at -20°C for 30
minutes, centrifugation at 14,000 rpm and 4°C for 10
minutes, then the supernatant was removed. The
sample was washed with 500 pL of 70% ethanol,
centrifuged at 14,000 rpm and 4°C for 5 min and the
supernatant removed and dried at room temperature
for approximately 1 hr. Finally, the DNA obtained was
dissolved in 10-20 uL of distilled water.

Primers and Real-Time Polymerase Chain Reaction
(Real-Time PCR): The targeted populations were E.
coli and Lactobacillus. All primer set sequences are
shown in Table 2. The total volume (10 pL) of PCR
reaction mixture contained 1 pL of DNA template, 0.5
pL of each primer, 6 pL of deionized water and 2 pL of
5x HOT FIREPol® qPCR Mix Plus (no ROX). HOT

Table2  PCR primer sets for real-time PCR.
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FIREPol® gPCR Mix Plus (no ROX) comprised all the
components necessary to perform qPCR including the
HOT FIREPol® DNA polymerase, ultrapure dNTPs,
MgCl, and EvaGreen® dye. The real-time PCR
conditions for the E. coli were: denaturation for 15 min
at 95°C followed by 40 cycles of denaturation at 95°C
for 30 s, annealing at 60°C for 30 s and extension at 72°C
for 30 s, with a final 10 min incubation at 72°C for the
completion of primer extension after the last cycle. For
the Lactobacillus samples, the real-time PCR conditions
were similar to those for the E. coli except for the
annealing temperature which was 58°C. Absolute
quantification was achieved using Ct values, standard
curves were constructed by amplification of known
amounts of target DNA, and results were expressed as
log1o copies per gram of sample.

GenBank
Target species accession Primer sequence (5’-3") Size (bp) References
number
E. coli CP024278.1 F: GCG AAA ACT GTG GAA TTG GG 252 Cebula et al., 1995
R: TGA TGC TCC ATA ACT TCC CTG
Lactobacillus spp. CP026097.1 F: AGC AGT AGG GAATCTTCC A 341 Ponnusamy et al., 2011

R: CACCGCTAC ACATGG AG

Morphology of Small Intestine: Tissue samples were
collected from the duodenum, jejunum and ileum and
were immediately fixed in 10% neutral buffered
formalin. Then, the tissues were carefully embedded in
paraffin. For each specimen, at least 10 sections of 5 pm
thickness were prepared. The tissues were then stained
with haematoxylin-eosin for histological evaluation.
Histology of the duodenum, jejunum and ileum tissue
was assessed under a light microscope in accordance
with Nunez et al. (1996).

Morphology of the small intestine in this
study was described using the villus height, the crypt
depth and the villus height to crypt depth ratio, which
were determined using a computer-assisted image-
analysis system (Biowizard, Thaitec, Thailand). The
villus height was measured from the villus tip to the
crypt-villus junction. The crypt depth was measured
from the crypt-villus junction to the basolateral
membrane and was recorded as the mean of 10 fields
for each specimen.

Concentration of Short-Chain Fatty Acids (SCFAs) in
Caecum: Contents in the caecum were immediately
collected after the hens were exsanguinated. The
samples were prepared by the modified method of
Meimandipour et al. (2010) and Krutthai et al. (2015).
A 1.5 ml aliquot of each sample was resuspended in 3
ml of sterile milli-Q water and then centrifuged (model
MX-301, TOMY Kogyo, Tokyo, Japan) in
microcentrifuge tubes at 14,000xg and 4°C for 10
minutes. Then, 900 uL supernatant of each sample was
acidified using 100 pL 50 mM H,SO,, mixed by vortex
for 30 seconds and then left to stand at room
temperature. The samples were centrifuged at
14,000%g at 4°C for 10 minutes and the supernatant was
analyzed for SCFAs using high performance liquid
chromatography (HPLC).

The HPLC system consisted of an Agilent
1100 series (Agilent Technologies), Photodiode Array
Detector (Agilent Technologies), Razex ROA-Organic
Acids H+ (8%) Column (300 x 7.8 mm) and Razex
ROA-Organic Acids H+ (8%) Guard Column (50 x 7.8
mm). The supernatants were filtered with a 0.22 pm
nylon syringe filter (13 mm diameter; No. 2166)
(Alltech Associated Inc., Deerfield, IL, USA) before
injection into HPLC according to the method of
Knarreborg et al. (2002). An amount of 20 uL of each
sample was injected into the HPLC with autosampling
and 0.005 N HzSOy as the mobile phase. The running
conditions provided for a column heat of 60°C, a flow
rate of 0.5 ml/minute and the absorbance detector was
operated at a wavelength of 210 nm. A mixture of
succinic acid, lactic acid, formic acid, acetic acid,
propionic acid, butyric acid and valeric acid was
included as a standard in all analyses. Qualitative acid
analysis was determined by the retention time of acid
peaks, while quantitative analysis was carried out
using a standard curve composed of the various acid
concentrations.

Statistical Analysis: A t-test was used to compare
measurement values obtained from the two
independent groups on productive performance, egg
quality, gastrointestinal pH, populations of E. coli and
Lactobacillus ~ spp., intestinal morphology and
concentration of short-chain fatty acids in the caecum
of laying hens using the Statistical Analysis System
(SAS) Version 9.0, 2002 software package. The
microbial populations were log transformed before
statistical analysis. Statements of statistical significance
were based on P<0.05.

Results

The effects of tributyrin supplementation on
the productive performance and egg quality of laying
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hens are presented in Table 3. The result reveals that
the tributyrin supplementation in diet had no
significant effects on the average egg production, egg
weight, egg mass, feed intake and FCR of the laying
hens throughout the experimental period. However,
the tributyrin supplementation significantly increased
the eggshell thickness (P<0.01) and tended to increase
the eggshell weight (P=0.07), while yolk color,
albumen weight, yolk weight, albumen-yolk ratio and
Haugh units of the laying hens were not affected.

The effects of tributyrin supplementation in
the diet on the gastrointestinal pH and bacteria in the
caecum of laying hens are shown in Table 4. There
were no significant effects of tributyrin on the pH in
each part of the gastrointestinal tract of the laying hens,
nor in the populations of E. coli and Lactobacillus spp. in
the caecum of the laying hens.
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The effects of tributyrin supplementation in
the diet on the intestinal morphology of laying hens are
shown in Table 5. There were no significant effects of
tributyrin on the villus height and crypt depth of the
duodenum, jejunum and ileum, nor in the ratio of the
villus height to crypt depth in each segment of the
small intestine .

The effects of tributyrin supplementation in
the diet on the concentration of short-chain fatty acids
in the caecum of laying hens are shown in Table 6.
There were no significant effects of tributyrin on the
concentration of succinic acid, lactic acid, formic acid,
acetic acid, propionic acid, butyric acid and valeric acid
in the caecal digesta of the laying hens.

Table2  PCR primer sets for real-time PCR.
GenBank
Target species accession Primer sequence (5’-3") Size (bp) References
number
E. coli CP024278.1 F: GCG AAA ACT GTG GAA TTG GG 252 Cebula et al., 1995
R: TGA TGC TCC ATA ACT TCC CTG
Lactobacillus spp. ~ CP026097.1 F: AGC AGT AGGGAATCTTCC A 341 Ponnusamy et al., 2011
R: CAC CGC TAC ACA TGG AG
Table3  Effects of dietary tributyrin supplementation on production performance and egg quality in 50- to 65-week-old laying
hens.
Item Control Tributyrin 0.05% P-value
Hen-day egg production (%) 93.22+1.60 92.70 +2.56 0.64
Egg weight (g) 67.36 £ 0.62 67.26 £0.97 0.81
Egg mass (g) 62.78 £0.82 62.34 +1.66 0.51
Average daily feed intake (g/hen/day) 12251 £1.62 121.89 +2.60 0.58
Feed conversion ratio (FCR)
(kg feed /kg egg mass) 1.95 +0.03 1.96 £0.07 0.92
Shell breaking strength (N) 35.90 £2.80 35.97 £1.55 0.95
Albumen height 8.64 +0.34 8.59 £0.36 0.77
Yolk color 853 +0.15 8.66+0.13 0.10
Shell thickness (um) 328.81 +6.49 339.00 +6.15™ 0.01
Albumen weight (%) 65.22 +0.65 64.98 +0.67 0.48
Yolk weight (%) 25.21+0.60 25.31+0.64 0.76
Eggshell weight (%) 9.57+0.13 9.71+0.17 0.07
Albumen-Yolk ratio 2.59+£0.09 2.58 £0.10 0.73
Haugh unit 90.86 +1.87 90.70 +2.03 0.87

“Significantly different (P<0.01). Values are presented as mean # SD.

Table 4 Effects of tributyrin supplementation on pH of gastrointestinal tract and bacteria in caecum of 65-week-old laying hens
Item Control Tributyrin 0.05% P-value
Gastrointestinal pH
Crop 4.76 £ 0.05 4.76 £0.05 0.97
Proventiculus 450+0.17 428 +0.17 0.39
Gizzard 3.88+0.21 3.93+0.21 0.85
Duodenum 5.90 + 0.04 5.84 +0.04 0.24
Jejunum 5.76 £0.04 5.72+0.04 0.42
Ileum 6.24+0.24 6.30+0.24 0.85
Caecum 6.18 +0.15 6.27 £0.15 0.68
Colon 6.43+0.16 6.18+0.18 0.32
Bacteria Count in Caecum
E. coli (log1oCFU/ g) 9.82+1.14 9.45+0.59 0.43
Lactobacillus spp. (logioCFU/ g) 12.56 £3.27 12.79 £3.48 0.62

Values are presented as mean + SE.
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Table5  Effect of tributyrin in diet on intestinal morphology of 65-week-old laying hens

Item Control (0.0%) Tributyrin 0.05% P-value
Villous height

Duodenum (pM) 891.74 £29.26 863.28 +32.05 0.53

Jejunum (M) 765.76 +49.18 773.87 £49.18 091

Tleum (pM) 395.51 +35.99 44429 +27.21 0.31
Crypt depth

Duodenum (pM) 262.60 £ 24.02 298.44 +24.02 0.32

Jejunum (uM) 218.37 £18.36 229.10 +£18.36 0.69

[leum (uM) 173.17 £12.60 172.00 + 9.52 0.94
Villous height:Crypt depth

Duodenum (pM) 3.41+0.20 2.95+0.20 0.15

Jejunum (M) 3.52+0.25 3.52+0.25 0.99

Ileum (pM) 2.36+0.28 2.61+0.21 0.50

Values are presented as mean + SE.
Table 6 Effect of tributyrin supplementation on concentration of short-chain
fatty acids in caecum of 65-week-old laying hens.

Item Control (0.0%) Tributyrin 0.05% P-value
Succinic acid (mmol/L) 9.80£5.17 748 +2.31 0.27
Lactic acid (mmol/L) 19.68 +5.44 19.35+5.26 091
Formic acid (mmol/L) 2433 £8.79 23.25+5.40 0.77
Acetic acid (mmol/L) 58.37 +16.98 53.67 +8.51 0.50
Propionic acid (mmol/L) 19.91 +4.33 19.20+5.22 0.77
Butyric acid (mmol /L) 29.77 +13.16 3216 +7.32 0.66
Valeric acid (mmol/L) 14.50 + 8.65 24.08 +£18.94 0.21

Values are presented as mean * SD.

Discussion

Although the beneficial effects of organic
acids or their salt on the digestibility, nutrient
absorption and egg production have been reported (De
Freitas et al., 2006; Yesilbag and Colpan, 2006; Hansen
et al., 2007; Youssef et al., 2013 and Lee et al., 2015), in
the present study, the tributyrin supplementation in
the diet did not improve the egg production of the
laying hens after the peak period. Swiatkiewicz et al.
(2010) and Kaya et al. (2015) also reported that
supplementing with an organic acid mixture did not
positively affect the productive performance of laying
hens. Moreover, Khong et al. (2014) demonstrated that
supplementing with sodium butyrate at levels of 0.05,
0.10 and 0.20% of the diet during the late laying cycle
(65 weeks old) had no effects on egg production and
egg weight. Tributyrin is a neutral short-chain fatty
acid triglyceride (Schroder et al., 1998) and it is
hydrolyzed by pancreatic and gastric lipases, yielding
glycerol and 3 butyrate molecules (Wachtershauser
and Stein, 2000), while the free butyric acid molecule is
quickly absorbed in the upper small intestine (Bolton
and Dewar, 1965). Tributyrin supplementation at
0.05% of the diet may show less acidifying properties
throughout the gastrointestinal tract of laying hens and
result in no significant effect on the production
performance.

Egg quality traits are a very important factor
in the economic profitability of egg production
(Swiatkiewicz ~and  Arczewska-Wlosek,  2012).
Normally, the internal egg quality and egg shell
quality decline with the increasing age of hen
(Kocevski et al., 2011; Menezes et al., 2012; Roberts et
al.,, 2013) due to the decrease in nutrient absorption for
eggshell formation and the increased in egg size and
shell surface area (Tumova and Ledvinka, 2009), some

dysfunction of the shell gland (Joyner et al., 1987) and
the increase in egg weight without increase in the
proportion of calcium carbonate deposited in the shells
(Khong et al, 2014). However, there have been
reported incidences in which the supplementation of
organic acids or short chain fatty acids positively
improved the eggshell quality (Sengor et al., 2007;
Soltan, 2008; Kaya et al., 2014).

The current results are in agreement with
those of Sengor et al. (2007), who found that the
eggshell breaking strength of old breeder White
Bovans hens increased after the inclusion of short-
chain fatty acids. Due to the acidifying properties, the
supplementation of sodium butyrate also has
beneficial effects on egg shell strength, nutrient
retention and intestinal villi after the peak period of
egg production integrity (Herrera et al., 2009 and
Khong et al, 2014). In this study, tributyrin
supplementation significantly increased the eggshell
thickness and tended to increase the eggshell
percentage. However, the improvement in shell
strength was not related to the acid-base status in the
gastrointestinal tract since there were no acidic
properties of tributyrin along the gut.

Increased production of short-chain fatty
acids by probiotics or prebiotics increases eggshell
quality, proliferation of enterocytes, expression of Ca-
binding proteins, Ca absorption, Ca in serum, release
of bone modulating factors and overall improvement
in the gut health (Hassan et al., 1996; Coudray et al.,
2005; Coudray et al., 2006; Scholz-Ahrens et al., 2007;
Demigne et al., 2008). The improvement in eggshell
quality is closely related to the Ca concentration in the
serum (Soltan, 2008). Lutz and Scharrer (1991) reported
that Ca was absorbed by the proximal small intestine
and by the large intestine. They also found that
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butyrate increased Ca absorption due to a Ca-H
exchanger in the apical membrane mediating Ca
uptake into the epithelial cell in the distal colon of rats.
This indicated that tributyrin might improve the
mechanism of Ca uptake in the absorptive cells,
although the exact mechanism is unclear.

The antimicrobial properties of organic acids
have been reported (Russell and Diez-Gonzalez, 1998;
Hernandez et al., 2006). In terms of butyric acid, Khong
et al. (2014) stated that dietary supplementation of
sodium butyrate (0.05, 0.10 and 0.20%) in laying hens
during the late laying period linearly increased the
Lactobacillus spp. population. Moreover,
supplementation of butyric acid glyceride at the levels
of 0.25 and 0.50% reduced ileal enumerations of total
bacteria and E. coli in laying hens fed a wheat-based
diet (Jahanian and Golshadi, 2015). Nevertheless, in the
present study, as tributyrin did not influence the acid-
base status of the gastrointestinal tract (Table 4), the
populations of E. coli and Lactobacillus spp. in the
caecum were only changed slightly. Moreover, butyric
acid that was released from tributyrin may have
crossed the membrane of the small and large intestines;
consequently, its influence was on cell function rather
than the acid-base status in the gut. Accordingly,
Barcelo et al. (2000) and Schauber et al. (2003) stated
that butyric acid was beneficial in promoting mucosal
barrier function by increasing production of mucin and
host antimicrobial peptides which act as a barrier to
protect the animal from harmful bacteria.

It is generally known that egg production and
egg quality decrease as hen age increases. These trends
are probably due to the impaired quality of the
mucosal cells in the intestine, the decreased length of
the intestinal villi (Rahman et al, 2008) and the
decrease in the absorption of nutrients. Supplementing
the diet of laying hens with sodium butyrate (from 0.03
to 0.05%) during the late laying period (63-73 weeks of
age) (Herrera et al., 2009) increased the duodenal villi
height and the villi width. Conversely, supplementing
the diet of broilers with 0.05% tributyrin reduced the
villus height and the ratio of the villus height to crypt
depth in the duodenum when compared with the
control group (Li et al., 2015). Moreover, Gharib Naseri
et al. (2012), Saki et al. (2012) and Kaya et al. (2014)
reported that increasing the levels of organic acid in the
drinking water of laying hens did not affect intestinal
morphology. In the present study, no effect of
tributyrin  supplementation on the intestinal
morphology of laying hens was found. The
inconsistent results regarding morphology caused by
organic acid supplementation may have been due to
the differences in bird age and the growth capacities of
the small intestine at the beginning of the
supplementation (Kum et al., 2010).

It has been documented that acidic conditions
favor the growth of Lactobacillus spp., which possibly
inhibits the colonization and proliferation of E. coli by
blocking the sites of adhesion or by producing lactic
acid and other metabolites which lower the pH and
inhibit E. coli (Fuller, 1977). However, the
gastrointestinal pH, bacterial population and short
chain fatty acid (SCFA) concentrations in the ceacum
were not significantly affected by the tributyrin
supplementation in this study. Similarly, M’Sadeq
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et al. (2016) reported that supplementing the diet of
broilers with coated sodium butyrate had no effect on
the concentration of caecal and ileal SCFAs or intestinal
pH. Itis assumed that tributyrin may be hydrolyzed by
lipase enzyme, yielding glycerol and 3 butyrate
molecules (Wachtershauser and Stein, 2000), while the
free butyric acid molecule is rapidly absorbed in the
upper small intestine (Bolton and Dewar, 1965) and is
not effective further down the intestinal tract.

In conclusion, tributyrin supplementation in
the diet at 0.05% clearly improved the eggshell
thickness of laying hens after peak egg production.
However, the production performance,
gastrointestinal acid-base, population of E. coli and
Lactobacillus spp. and the SCFA concentration in the
caecum were not significantly affected.

Acknowledgements

The author gratefully acknowledges funding
from Perstorp Waspik B.V. (the Netherlands) and The
Thailand Research Fund (TRF) under The Royal
Golden Jubilee Ph.D. Program. The author also
appreciated suggestions, guidance and support
throughout this trial from the Center of Advanced
Study for Agriculture and Food, Institute for
Advanced Studies, Kasetsart University, Thailand and
several staff at the Department of Animal Science,
Bangkhen Campus, Kasetsart University.

References

Adil S, Banday T, Bhat GA, Mir MS and Rehman M
2010. Effect of dietary supplementation of organic
acids on performance, intestinal
histomorphology, and serum biochemistry of
broiler chicken. Vet Med Int. 2010(4):1-7.

Al-Batshan HA, Scheideler SE, Black BL, Garlich JD
and Anderson KE 1994. Duodenal calcium
uptake, femur ash, and eggshell quality decline
with age and increase following molt. Poult Sci.
73(10): 1590-1596.

Antongiovanni M, Buccioni A, Minieri S, Galigani I
and Rapaccini S 2010. Monobutyrine: a novel feed
additive in the diet of broiler chickens. Ital ] Anim
Sci. 9(69): 369-371.

Barcelo A, Claustre J, Moro F, Chayvialle JA, Cuber JC
and Plaisancie P 2000. Mucin secretion is
modulated by luminal factors in the isolated
vascularly perfused rat colon. Gut. 46(2): 218-224.

Bolton W and Dewar WA 1965. The digestibility of
acetic, propionic and butyric acids by the fowl.
Brit Poult Sci. 6(2): 103-105.

Cebula TA, Payne WL and Feng P. 1995. Simultaneous
identification of strains of Escherichia coli serotype
O157:H7 and their Shiga-like toxin type by
mismatch  amplification = mutation  assay-
multiplex PCR. J Clin Microbiol. 33(1): 28-250.

Chanyalew, Y. and Loongyai W 2013. Antimicrobial
activity of three wines against Campylobacter
jejuni and the effect of low temperature on their
survival ability. Afr ] Microbiol Res. 7(29): 3836-
3841.



254

Chen WP and Kuo TT 1993. Genomic DNA isolation
from EPS-producing gram negative bacteria.
Nucleic Acids Res. 21(9): 2260.

Coudray C, Rambeau M, Feillet-Coudray C, Tressol JC,
Demigne C, Gueux E, Mazur A and Rayssiguier
Y 2005. Dietary inulin intake and age can

significantly affect intestinal absorption of
calcium and magnesium in rats: a stable
isotope approach. Nutr J. 4: 29-36.

Coudray C, Feillet-Coudray C, Gueux E, Mazur A and
Rayssiguier Y 2006. Dietary inulin intake and
age can affect intestinal absorption of zinc and
copper in rats. ] Nutr. 136(1): 117-122.

De Freitas LS, Lopes DC, De Freitas AF, Carneiro ].D.C,

Corassa A, Pena SDM and Costa LF 2006.
Effects of feeding organic acids for piglets
from 21 to 49 days. R Bras Zootec. 35(4): 1711-
1719.

Demigne C, Jacobs H, Moundras C, Davicco M],
Horcajada MN, Bernalier A and CoxamV
2008. Comparison of native or reformulated
chicory fructans, or non-purified chicory, on
rat cecal fermentation and mineral
metabolism. Eur ] Nutr. 47(7): 366-374.

Eisen EJ, Bohern BB and McKean HE 1962. The Haugh
unit as a measure of egg albumen quality.
Poult Sci. 41(5): 1461-1468.

Fuller R 1977. The importance of lactobacilli in
maintaining normal microbial balance in the
crop. Br Poult Sci. 18(1): 85-94.

Gharib Naseri K, Rahimi S and Khaki P 2012.
Comparison of the effects of probiotic, organic
acid and medicinal plant on Campylobacter
jejuni challenged broiler chickens. ] Agr Sci
Tech. 14: 1485-1496.

Hansen CF, Riis AL, Bresson S, Hojbjerg O and Jensen
BB 2007. Feeding organic acids enhances the
barrier function against pathogenic bacteria of
the piglet stomach. Livest Sci. 108(1-3): 206-
209.

Hassan Y, Demigné C and Rémésy C 1996. Acidic
fermentation in the caecum increases
absorption of calcium and magnesium in the
large intestine of the rat. Br ] Nutr. 75(2): 301-
314.

Hernandez F, Garcia V, Madrid ], Orengo ], Catala P
and Megias MD 2006. Effect of formic acid on
performance, digestibility, intestinal
histomorphology and plasma metabolite
levels of broiler chickens. Br Poult Sci. 47(1):
50-56.

Herrera IS, Hernandez EP, Ramirez ES, Martinez BF,
Espinoza JH, Vega JLL and Gonzalez EA 2009.
Effect of sodium butyrate on diets for laying
hens on the productive performance, egg
quality and intestinal villi. Vet Mex. 40(4):
397-403.

Jahanian R and 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. Livest Sci. 178:
228-236.

Sakdee ]. et al. / Thai | Vet Med. 2018. 48(2): 247-256.

Joyner CJ, Peddie MJ and Taylor TG 1987. The effect of
age on egg production in the domestic hen.
Gen Comp Endocrinol. 65(3): 331-336.

Kaya H, Kaya A, Giil M, Celebi S, Timurkaan S and
Apaydin B 2014. Effects of supplementation of
different levels of organic acids mixture to the
diet on performance, egg quality parameters,
serum traits and histological criteria of laying
hens. Europ Poult Sci. p. 78.

Kaya A, Kaya H, Giil M, Yildirim A and Timurkaan S
2015. Effect of different levels of organic acids
in the diets of hens on laying performance,
egg quality criteria, blood parameters, and
intestinal histomorphology. Indian ] Anim
Res. 49(5): 645-651.

Khong C, SenS, Lee S, Choi Y, Kim KY, Ingale S, Kwon,
IK and Chae BJ 2014. Effect of sodium
butyrate supplementation on performance,
egg quality and bacterial load in the excreta of
laying hens. ] Anim Res. 4(1): 141-153.

Knarreborg A ,Engberg RM, Jensen SK and Jensen BB
2002. Quantitative determination of bile salt
hydrolase activity in bacteria isolated from
the small intestine of chickens. Appl Environ
Microbiol. 68(12): 6425-6428.

Kocevski D, Nikolova N and Kuzelov A 2011. The
influence of strain and age on some egg
quality parameters of commercial laying
hens. Biotech Anim Husbandry. 27(4): 1649-
1658.

Krutthai N, Vajrabukka C, Markvichitr K, Choothesa
A, Thiengtham ], Sawanon S, Kaewtapee C
and Bunchasak C 2015. Effect of source of
methionine in broken rice-soybean diet on
production performance, blood chemistry
and fermentation characteristics in weaned
pigs. Czech ] Anim Sci. 60(3): 123-131.

Kum S, Eren U, Onol AG and Sandikci M 2010. Effects
of organic acid supplementation on the
intestinal mucosa in broilers. Rev Med Vet. 10:
463-468.

Lee SI, Kim HS and Kim I 2015. Microencapsulated
organic acid blend with MCFAs can be used
as an alternative to antibiotics for laying hens.
Turk J Vet Anim Sci. 39: 520-527.

LiJ, Hou, Yi D, Zhang J, Wang L, Qiu H, Ding B and
Gong ] 2015. Effect of tributyrin on intestinal
energy status, antioxidative capacity and
immune response to lipopolysaccharide
challenge in broiler. Asian Australas ] Anim
Sci. 28(12): 1784-1793.

Lutz T and Scharrer E 1991. Effect of short-chain fatty
acids on calcium absorption by the rat. Exp
Physiol. 76(4): 615-618.

Mahdavi R and Torki M 2009. Study on usage period
of dietary protected butyric acid on
performance, carcass characteristic, serum
metabolite levels and humoral Immune
response of broiler chickens. ] Anim Vet Adv.
8(9): 1702-1709.

M’Sadeq SA, Swick RA, Choct M and Wu SB 2016. The
role of coated sodium butyrate on
performance of broilers fed high protein and
reduced energy diets. ] Appl Anim Nutr. 4: 1-
9.



Sakdee |. et al. / Thai | Vet Med. 2018. 48(2): 247-256.

Menezes PC, Lima ER, Medeiros JP, Oliveira WNK and
Neto JE 2012. Egg quality of laying hens in
different conditions of storage, ages and
housing densities. R Bras Zootec. 41(9): 2064-
2069.

Meimandipour A, Hair-Bejo M, Shuhaimi M, Azhar K,
Soleimani AF, Rasti Band Yazid AM 2010.
Gastrointestinal tract morphological
alteration by unpleasant physical
treatment and modulating role of
Lactobacillus in broilers. Br Poult Sci. 51(1):
52-59.

Nunez MC, Bueno JD, Ayudarte MV, Almendros A,
Rios A, Suarez MD and Gil A 1996. Dietary
restriction  induces  biochemical and
morphometric changes in the small intestine
of nursery piglets. ] Nutr. 126(4): 933-944.

Nys Y 2001. Recent developments in layer nutrition for
optimising shell quality.In Proceedings of 13th
European Symposium of Poultry Nutrition.
Blankenberge, Belgium, p. 45-52.

Piva A, Prandini A, Fiorentini L, Morlacchini M,
Galvano F and Luchansky JB 2002. Tributyrin
and lactitol synergistically enhanced the
trophic status of the intestinal mucosa and
reduced histamine levels in the gut of nursery
pigs. ] Anim Sci. 80: 670-680.

Ponnusamy K, Choi JN, Kim ], Lee SY and Lee CH
2011. Microbial community and metabolomic
comparison of irritable bowel syndrome
faces. ] Med Microbiol. 60(Pt 6): 817-827.

Rahman MS, Howlider MAR, Mahiuddin M and
Rahman MM 2008. Effect of supplementation
of organic acids on laying performance, body
fatness and egg quality of hens. Bang ] Anim
Sci. 37(2): 74-81.

Ricke SC 2003. Perspectives on the use of organic acids
and short chain fatty acids as antimicrobial.
Poult Sci. 82(4): 632-639.

Roberts JR, Chousalkar K and Khan S 2013. Egg quality
and age of laying hens: implications for
product safety. Anim Prod Sci. 53(12): 1291-
1297.

Roland SR and David A 1988. Eggshell problems:
estimates of incidence and economic
impact. Poult Sci. 67(12): 1801-1803.

Russell JB and Diez-Gonzalez F 1998. The effects of
fermentation acids on bacterial growth. Adv
Microb Physiol. 39: 205-234.

Saki AA, Harcini RN, Rahmatnejad E and Salary ] 2012.
Herbal additives and organic acids as
antibiotic alternatives in broiler chickens diet
for organic production. Afr ] Biotechnol. 11(8):
2139-2145.

Salminen S, Bouley C, Boutron-Ruault MC, Cummings
JH, Franck A, Gibson GR, Isolauri E, Moreau,
MC, Roberfroid MW and Gudmundsson
GH 2003. Expression of the cathelicidin LL-37
is modulated by short chain fatty acids in
colonocytes: relevance of signaling pathways.
Gut. 52(5): 735-741.

Schroder C, Eckert K and Maurer HR 1998. Tributyrin
induces growth inhibitory and differentiating
effects on HT-29 colon cancer cells in vitro. Int
J Oncol. 13(6): 1335-1340.

255

Scholz-Ahrens KE, Ade P, Marten B, Weber P, Timm
W, Asil Y., Gluer CC and Schrezenmeir J 2007.
Prebiotics,  probiotics, and  synbiotics
affect mineral absorption, bone mineral
content, and bone structure. J Nutr. 137(3
Suppl 2): 8385-846S.

Sengor E, Yardimci M, Cetingul S, Bayram I, Sahin H
and Dogan I 2007. Effects of short chain fatty
acid (SCFA) supplementation on performance
and egg characteristics of old breeder hens. S
Afr] Anim Sci. 37: 158-163.

Soltan MA 2008. Effect of dietary organic acid
supplementation on egg production, egg
quality and some blood serum parameters in
laying hens. Poult Sci. 7(6): 613-621.

Swiatkiewicz S and Arczewska-wlosek A 2012.
Prebiotic fructans and organic acids as feed
additives improving mineral availability.
Worlds Poult Sci J. 68: 269-279.

Swiatkiewicz S, Koreleski J and Arczewska A 2010.
Laying performance and eggshell quality in
laying hens fed diets supplemented with
prebiotics and organic acids. Czech ] Anim
Sci. 55(7): 294-306.

Tumova E and Ledvinka Z 2009. The effect of time of
oviposition and age on egg weight, egg
components weight and eggshell quality.
Arch Geflugelkd. 73(2): 110-115.

Wachtershauser, A. and Stein, J. 2000. Rationale for the
luminal provision of butyrate in intestinal
diseases. Eur ] Nutr. 39(4): 164-171.

Washburn KW 1982. Incidence, cause, and prevention
of eggshell breakagein =~ commercial
production. Poult Sci. 61(10): 2005-2012.

Yesilbag D and Colpan I 2006. Effects of organic acid
supplemented diets on growth
performance, egg production and quality and
on serum parameters in laying hens.
Revue Med Vet. 157(5): 280-284.

Youssef AW, Hassan HMA, Ali HM and Mohan MA
2013. Effect of probiotics and organic acids on
layer performance and egg quality. Asian ]
Poult Sci. 7(2): 65-74.

Yu Z and Morrison M 2004. Improved extraction of
PCR-quality community DNA from digesta
and fecal samples. BioTechniques. 36: 808-812.



256 Sakdee ]. et al. / Thai | Vet Med. 2018. 48(2): 247-256.

UNANELD

navaInsesulastansuluanmsdanandnly aanwUaanly

wazszuuMaivemsvaliluszesndinisliligega

a o uq’I*

)1 Ana’ §5and wWeant' wwrddng sedavas’ nunws waaney' degdl Ugyvidna

[} (7

iWeAnwinavesnsiadulnstafifuluemsdoussavinmmandn auamly wagssuumaiuensvedlilysseyvda
Tilvgegn vinnsneaedlulaldaneiug Lohmann Brown-Classic 81g 56 dUn1vi S1uau 384 67 Wussziian 16 dUami wusw
Invimmneenidu 2 ndunisnaaes 9 ax 8 41 9 ax 24 ¢ wlsensnaasseenidu 2 ndu Tdun 1) lidulastfuluens
(ngumuAn) waz 2) wedulnsaiizu 0.05% Tuens mamasswuin mstadulastafifuluesifiveuunvesidenlyoeie
tfuddeys (P<0.01) waziumliwhldiminudenladuty (P=0.07) egrlsinu lnstisulifinasodsyansnmmsnan
anmganudunse-slussuumaiuens duguiverwesdildiin Usiade £ coli uas Lactobacillus spp. 3iaaam
dutuvosnsaluiumedulugdan caecum vodldls anuanimasesasUldh maadulnsdaiuluemsansadiua
wueuldenlivedlilysvegndanliligeald uiiarlifnaegditedAgyronandnliuaz ssuumaduemsvaslily

Addny: nandnld wWienly angluanld lnly lasdavisu

0AINEIVIRAUHNYAT UNIINEIFENYATTITNT UMY NTUNHY 10900 Uszinalne
*ﬁ?ﬂﬁmfaUUWﬂTm E-mail: agrchb@ku.ac.th



