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Objective: The aim of this study ™as te evaluate the effects of compeund erganic acid calcium
( 7 A 7 en grenth perfermance, hepatic antiexidant status and intestinal barrier of male
breilers under high ambient temperature (32. * 7.

Methods: nine hundred healthy ene-d-eld %bb-500 male breiler chicks mere randemly
assigned irtte thiee greups ith six 1eplicates of 50 birds each. A basal diet supplemented with
0% (<entrel),0.4% and 0, % 7 A Triespectively nere fed te birds for 6 veeks. All treatments
nere under high ambienit indeer temperature of 32. * 7and had a censtant calcium and
available phespherus ratie.

Results: The results she™ed that, cempared with centrel, the average daily gain of breilers
in 0.4% and 0, % "as significantly increased and the ratie of feed te gain in in 0.4% and 0, %
mas signiﬁcaf}rly decreased at 1 te 21, 22 te 42 and 1 te 42 days ef age (p .0.05). 3mpa§'ed
nith centrel, 0, % 7 A 7slightly decreased (3~ 0.0p3) the centent of malendialdehyde in
liver at 42 day§ of age nhile 0.4% 7 A 7significantly decreased (p .0.05) the activity of
alkaline phesphatase. Furthermere, 0.4% 7 A 7significantly enhanced the intestinal barrier
functien via in<1easing jejunal and ileal e<In transcriptien, premeting jejunal mu<in 2 trans-
criptien at 42 days of age (p.0.05), and decreasing jejunal tell-like recepter 2 (TLR-2) and
ileal TLR-15, inducible nitri< exide synthase compared mith <entrel greup (p .0.05).  hereas,
ne significant differences en the transcription ef interleukin-14 in jejunum and ilé#im nere
ebscived ameng three treatments @ 0.05).  verall, heat stress caused by high natural enviren-
ment femperature may induce the damage te hepatic antiexidatien and infestinal barrier.
Conclusion:,_ietary in<lusien of 7 A 7can impreve the telerance of breilers te thermal
environmenfhn'ough the medificatien of antiexidative parameters in liver and the mR
expression of genes in intestinal bartier, resulting in an eptimal in<lusien level of 0.4%.

A
Keywords: €renth, eifermance Bmpeund 1ganic Acid Zlciunt Antiexidatierr
Intestinal Barier Xeat Stiess Breiler

INTRODUCTION

eat stress caused by high ambient temperature and relative humidity is ene of the mest
s&ere issues in cemmercial peultry preductien due te its serieus damage en perfermance,
immunity and antiexidant status ef breilers 11, gene expressien 2l, and bedy temperature
at hatching 31, culminating in ecenemic lesses. An unteliable heusing envirenment, es-
pecially nith the additienal challenge by the rising temperature due te glebal "arming, ceuld
lead te a disruptien ef the beilers’ bedy temperature centrel nith dysfunctien in the respi-
1atery system and <irculatien 4. There ate numereus peultry facteries in regiens acress
“hina that suffer frem het summers with at least 30° 7fer a fe™ heurs every day, ™hich have
been experiencing technical limitatiens in attempting make an ecenemic prefit. Breilers
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in these facteries "euld be mere vulnerable te heat increments
cempared te yeunger birds due te their increased of bedy
mass and develepment eof feather layers as they gre™ 31. In
eider te selve these increasing preblems caused by het <limate,
different metheds have been carried eut 5]. Ex<luding le™-
ering ste<king density, dietary supplementatien of prebietics,
certain acids, erganic acids, etc. can be effective metheds.
As reperted, Bac 1% lipenifg: & might be useful fer ame-
lierating the adverse influence of heat en the egg preductien
and gut health ef laying hens 6, Lac tobac 11 Y impreved the
average daily gain (A, €) of breilers |, methienine hydiexy
analegue alleviated majer damage of breilers threugh the
actien en seme genes 1clated te thieredexin coemplex activity

I, and erganic acid impreved micrebielegical quality of
ghiCken meat ). J*umerous studies have 1epeited that dietary
erganic acid er érganic acid salts can impreve the grenth
perfermance, immune status and gut health ef breilers 10,
111, emever, fer data are available for their effects en breilers
undeMheat stress 12].

Therefere, the main geal ef the present study mas te in-
vestigate the effects of commercial compeund erganic acid
calcium ( 7 A 7 en hepatic antiexidant status and intestinal
barrier in male breilers under high ambient temperature.

MATERIALS AND METHODS

Animals and management
The experiment ™as cenducted in summer. The experimen-
tal use of animals and related rrocedures nere perfermed in
accerdance With the “hinese €uidelines fer Animal elfare
and appreved by the Institutienal Animal Zre and ‘sy m-
mittee ofz-hejiang  niversity ( angzheu, “hina).

ine hundred healthy one—@old 7bb-500 male breiler
chicks with an average initial bedy meight ef 45.60+0.5, g

. . 38

nere ebtained frem a cemmercial hatchery, and randemly
distributed inte three treatment greups with 6 replicate pens
centaining 50 birds each., ietary treatments, "ith a censtant
calcium and available pllespherus ratie, ere arranged as
fellems' The <entrel greup received the basal diet and the
treatment greups received the same basal diet supplemented
mith 0.4% and 0, % 7 A 7 respectively. The 7 A 7 pre-
vided by angzheu %uogu Bielegical Technelegy 7., Ltd
(g hejiang, Fhina), is a cempeund acidifier blend of calcium
fermate, calcium citrate and calcium lactate with ~2'1 ratie,
and a tetal calcium centent at 26.45%. The experimental di-
ets (starter diets frem 1 te 21 & gremer-finisher diets frem
22 te 42 d) nere fermulated te meet the AR 7 13] nutrient
recemmendatiens fer breilers. Ingredients’and chemical cem-
pesition of the diets are presented in Table 1.

“hicks mere handled carefully te aveid any pain er injury
and placed in a reem "ith adjeining fleer pens (50 birds/pen,
0.23 m 0.26 m fleer area/bird), "hich nere separated by wire
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fencing. The 1eem "as cleaned and sterilized thereughly nith
fermaldehyde and petassium permaganate selutien (Kdn ,
+ fermaldehyde selutien) 15 days prier te the airival of the
birds. Birds had ad/® i access te diets (in pender ferm)
and ™ater at a censtant mean indeer temperature of 32. * 7
The relative humidity ™as kept frem 55% te 65% (Table 2),
and the light is nature lighting. Breilers ™ere raised using cem-
men management practice for breiler chicks.

Sample collection and analytical determination

At 21 d and 42 d, after a 12 h feed withdra™n, ene bird frem
each replicate ™as randemly <hesen and killed by <ervical
dislecatien. Then, the liver tissue as cellected immediately
accerding te the methed ef Bai et al 14]. The middle-jejunum
and ileum segments ere ebtained by the methed of Adil et
al 11]. All samples ere quickly snap-frezen in liquid nitre-
gen and stered af s0° 7ter further analysis.

Growth performance

The breilers mere meighed at 0, *00 am en an empty stemach
in terms of replicate at 21 d anﬁ 42 d respectively. The ameunt
of feed an feed 1emaining "ere recerded for each replicate.
The €, the gverage daily feed intake (Ab FI), the ratie of
feed t® gain (F/€) mere calculated.

Liver biochemical and antioxidant indexes

Liver samples ere hemegenized mith ice-celd physielegic
saline with the ratie of 1), then <entrifuged at 2,500 1/min
fer 15 min under 4° 7 The supernatants nere <ellected for
the analysis of glutamic exalacetic transaminase (€ T), as-

A

pattate amine transferase (} T), alkaline phesphatase (AK ),
the tetal antiexidant <apatity (T-A 7, tetal superexide
dismutase (T-S | ), and glutathiene perexidase (€S . x)
activities, tetal pgfein (T ), malendialdehyde ¢4 _A)Hen-
tents. The kits nere provired by)*anjing iancheng DGielegical
Engineering Institute (*anjing, Tlina).]

RNA extraction and quantitative real-time polymerase
chain reaction
The mid-jejunum and ileum segments ere carefully dissect-
ed and rinsed ith sterilized saline. ejunal and ileal mu<esa
nere gently scraped off. All the samples nere placed in liquid
nitregen immediately and stered at  0° 7till further anal-
ysis. Tetal RpNA ™as extracted using&RJ*.A‘isoP lus methed
(TaKaRa,, f%lian, “hina). 7mplemeftary (¢ M)
nas syn‘rhgized frem 1 pg of tetal R usi?g'ﬁl“l’t& Te-
verse transcriptase (TaKaRa, “hina). Yianscriptienal chynges
nere then identified by quantitative pelymerase chain re-
actien ( R), WhiChA nas perfermed using the, remix Ex
Taq®AL mith S_BR €reen (TaKaRa, “hina) and the ABI
500 Fast Real*Time, 7R system (Applied Biesystemics,
7Arlsbad, A, U,SA).Pl'he thermecycle pretecel lasted for
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30satp5°* Tfellemed by 40 cycles of 5 s denaturatien at p5° 7
34 s annealing/extensien at 60° 7 and then a final melting
curve analysis te meniter purity of the, R preduct., rimer
sequences are presented in Table 3. The 2 ' me‘rhrod mvas
used te estimate mR A abundance.  Tis 70 T icference
and Tis T iearment T-one- Relative gene expression

levels were nermalized te these of eukaryetic reference gene
B-actin 15].

Statistical analysis
After being erganized bytdicreseft Excel 2003 ¢\dicreseft
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%rp., Redmend, A, SA), the data ere analyzed by ene-
may analysis of vaincdef the 1 S§S20.0 (§ SS In<., “hicage,
IL, SA)felle™ed by a, uncans multiple range test 16]. The
1’651}%;5 nere expressed in terms of the means plus peeled stan-
dard errer of means. Significance ™as declared at p-.0.05 and

statistical tendencies neted at 0.05.p.0.10.

RESULTS

Growth performance

Effects of dictary compeund erganic acid calcium en gre™th

perfermance of breilers are she™n in Table 4. At 1 te 21 d,

the A €in04% 7 A 7and0,% 7 A 7ere increased by
.22% and 6.13% (p .0.05) respectively, F/ € nere decreased

by 3.4 % and 4.05% (p.0.05) iespecfively cempared With

centrel. At 22 te 42 d, the “b €in 04% 7 A 7and 08 %
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Table 3. Gene names and primer sequences

Gene
Muc-2

Primer sequence 5'-3

F: GCCTGCCCAGGAAATCAAG

R: CGACAAGTTTGCTGGCACAT
Ocln F: GAGCCCAGACTACCAAAGCAA
R: GCTTGATGTGGAAGAGCTTGTTG

Cldn1 F: TGGCCACGTCATGGTATGG
R: AACGGGTGTGAAAGGGTCATAG
Cldn3 F: AATGCGCCATCTCTGCAAAC

R: GTTTCTCCGCCAGACTCTCC
TLR2 F: TGTTCCTGTTCATCCTCATCCT
R: AGTTGGAGTCGTTCTCACTGT
F: TATGTGCAAGGCCGGTTTC
R: TGTCTTTCTGGCCCATACCAA
TLR4 F: GAATGACACGGACACTCTT
R: ACATAGGAACCTCTGACAAC

B-actin

TLR15 F: CTTGTCGTTCTGGTGCTAA

R: ATCGTGCTCGCTGTATGA
IL-18 F: CGACATCAACCAGAAGTGCTT

R: GTCCAGGCGGTAGAAGATGA
iNOS F: TACTCTTGGCGTCATTACTC

R: GCATAGATCACAGTCACCTT
TGF-2 F: TCTCGGAGCAGCGGATAGA

R: AATCCAAGGTTCCTGTCTCTGT

F, forward; R, reverse; MUC-2, mucin 2; Ocln, occluding; Cldn, claudin; TLR, toll-like
receptor; IL, interleukin; iNOS, inducible nitric oxide synthase; TGF-B2, transform-
ing growth factor-beta 2.
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served in % FI at any stage.

Liver biochemical and antioxidant status

Effects of treatments en liver biechemical and antiexidant
status in breilers at d 21 and d 42 under seasenal heat stress
are presented in Table 5. pe s‘ra“r\is'rical differences wvere eb-
served in the indicatersof € T, € T, T and AK (d21)in
liver @ 0.05). emever, the acfivi%r of IK mas significantly
lever in 0.4% T1A 7cempared te 0, % 7 A 7and centrel
at 42 day ef age (p.0.05). Altheugh ne significant differences
were ebserved in the activities of T-A 7 7T-S €S - x
and the centent ofAd A (d 21) in liver of broilers?‘r tTve s&ges
@ 0.05), the centenPefi’if A was slightly lemer in 0.4% and
0,% 7 A 7at 42 days ef age cempaied te centrel greup (p

= 0.093).

e expression of genes related to intestinal physical

barrier in jejunum of broilers

hanges in the mR A expression of mucin 2 (, ,- .C-2), ecclu-
din (a/7), dlaudin 1 (c/dn1), <laudin 3 (c/ @B3) and transferming
grenth facter-beta B2 (IGF- 2) in jejunum ef breilers are
she™n in Figure 1. 7ampared with centrel greup, at d 21,
jejunal <ldn3 and TGF- 2 mRjA expressions of birds fed
0,% 7 A 7nere significantly decreased (p.0.05), vhile
ne remarkable differences (i 0.05) mere ebserved en a7,
cldnl transcriptiens ameng all greups (M 0.05). At d 42,
0.4% 7 A Tsignificantly increased (p.0.05) the w2

Table 4. Effects of dietary compound organic acid calcium on growth performance of broilers

21 days of age”

Items SEM p-value
Control 0.4% COAC 0.8% COAC
Body weight (g)
1 day of age 45.80 45.19 45.40 0.35 0.52
21 days of age 563.45° 600.15" 594.71° 9.01 0.04
42 days of age 1,498.89° 1,608.86" 1,603.45" 35.31 0.01
1to 21 days of age
ADFI (g) 42.68 44.02 43.43 0.74 0.50
ADG (g) 24.65° 26.43" 26.16° 0.48 0.04
FIG 1.73° 1.67° 1.66" 0.01 0.01
22 t0 42 days of age
ADFI (g) 93.43 95.59 95.98 1.62 0.55
ADG (g) 44 54° 48.03" 48.04° 1.51 0.02
FIG 2.10° 1.99° 2.00° 0.04 0.01
1 to 42 days of age
ADFI (g) 67.99 69.77 69.71 0.95 0.37
ADG (g) 34.60° 37.23" 37.10° 0.85 0.01
FIG 1.97° 1.87° 1.88° 0.03 0.02

Values reported as means (n = 6).

COAC, compound organic acid calcium; SEM, standard error of means for 6 broilers each; ADFI, the average daily feed intake; ADG, the average daily gain; F/G, the ratio of

feed gain.

Y Control = basal diet without any feed additive; 0.4% COAC = basal diet + 0.4% compound organic acid calcium; 0.8% COAC = basal diet + 0.8% compound organic

acid calcium.
" Means in the same row with different superscripts differ statistically (p <0.05).
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and TGF- 2 expressiens, mhereas, 0, % 7 A 7reduced
(p0.05) the cldn] and TGF- 2 expressiens.

e expression of genes related to intestinal physical

barrier in ileum of broilers
Effect of dietary 7 A 7en the mRp)A expressions of , , C-
2, elncldni, ol drB, and TGF- 2 in fleum of breilers are she™n
in Figure 2. At d 21, the mR A expressions of o/ and </ dr3
in ileum were significantly higher (p.0.05) in birds fed 0.4%

7 A 7than centrel greup. Bmpared nith centrel and 0.4%

7 A 7bitdsin 0, % 7 A 7had alener < di3 expressien and
a higher ¥ C-2 expressien (p.0.05). At d 42,04% 7 A 7
ebvieusly elevated (.0.05) the mR)A expression of a:l7
and </ dn] cempared with 0y % 7 A"

e expression of genes related to intestinal
immunological barrier in jejunum of broilers
Figure 3 shes the changes in the mR A expiession of tell-like
recepter (MR ), nitric exide synthasé (i @ ) and interleukin-
18 (i_[»-l ) in jejunum ef breilers. f;‘npared with <entrel
greup, at d 21,0.4% 7 A Tsignificantly decreased (p.0.05)
e 2 transcription, and 0, % 7 A 7netably increased
(9.0.05) i @ expression. At d 42, birds fed 0.4% 7 A 7
had significantly decreased the mR\A expression of 2R -
15 (p.0.05), ~hile ne significant differences mere ebserved
in ether gene expressiens ameng all treatments (R 0.05).

e expression of genes related to intestinal
immunological barrier in ileum of broilers
As she™n in Figure 4, at d 21, cempared With centrel greup,
the 7 A 7greups reduced b‘.. expressions and 04% 7 A 7
ebvieusly decreased B® -15 expression (p.0.05). At d 42,
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birds fed 0, % 7 A 7had significantly de<reased (p.0.05)
mRpA expression of 7 @ . Ne significant differences nere
ebseived en the mR A expressiens of B -2, B _4 and
-1 amengall treaments (i 0.05).

DISCUSSION
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Figure 1. Effects of compound organic acid calcium on MUC-2, ocln, cldnd, cldn3 and TGF-$2 mRNA expression in jejunum of broilers. At 21 and 42 days of age, the
expression of MUC-2 (A), ocln (B), cldnl (C), cldn3 (D) and TGF-p2 (E) were measured by real-time polymerase chain reaction. MUC-2, mucin 2; Ocln, occluding; Cldn,
claudin; TGF-p2, transforming growth factor-heta 2. Different letters (a-c) denote a statistical difference (p<0.05).

trelled 24]. emever, these damages might be minimized in liver, and usually remains nermal er mederately increased
via antiexidarMdefense systems, including antiexidant en- in acute viral hepatitis 2 |, decreased in hypethyreidism and
zymessuchasS _ , €% X, efc. 25]. The biechemical and pernicieus anaemia 2, |. In the rlesenf study, 7 A 7did net
antiexidant indicg play akri‘ral rele in pretecting <ellular and influence the activities of AG T Gt T T and AK in liver at
tissue damage fiem harmful effects of R S 25], and are usu- d21. fhile the AK activity mas significantly QPeCI'eased in
ally used as indicaters ef the health <enditien f animals 5. 04% W A 7nhich may be have a pretective effect in the liver.
The activities of € T and € T can refle<t the func<tiens and Vi{ A, ene of the impertant metabelites of lipid perexidation,
integrity of tissues like liver” 26]. AK_ perferms lipid trans- <an serve as an indicater ef tissue injury. The antiexidant en-
pertatien in the infestine, <alcificatien in bene and is present zymes like T A 77TS _,and € - x can minimize the

» 3
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Figure 2. Effects of compound organic acid calcium on ocln, cldn1, cldn3 and TGF-32 mRNA expression in ileum of broilers. At 21 and 42 days of age, the expression of

ocln (A), cldnl (B), cldn3 (C) and TGF-p2 (D)
beta 2. Different letters (a-c) denote a statistical difference (p<0.05).

exidative damage by pretecting the cell against <ellular exi-
dants and preventing the accumulatien ef exidatively injured
melecules 2)]. Altheugh ne significant differ gnces mere ob-
served on the activities of T-A 7T-S . ,and €5 - x aleng
nith the centent oﬂ«tﬁ A (d21)in l1ve? of breilersitthe cen-
tent o\ A as slightly le™ver in beth 0.4% and 0, % 7 A 7
cempared With contul greup, vhich is in agreement with
the results of Seven et al 2] andV\da et al 30] mhere heat
stress in<reased the <cencentratien of‘f% A in liver of beth
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were measured by real-time polymerase chain reaction. Ocln, occluding; Cldn, claudin; TGF-B2, transforming growth factor-

breilers and laying hens.
The integrity of the seal of the paracellular pathmay between
<ells is <rucial fer the epithelial cell layer te functien preperly
151, and this seal is achieved by a physical bairier, especially
tight junctiens 31]. The fun<tienal bartier of the intestinal
epithelial separates the intestine frem the eutside metld, and
requires the fermatien of tight junctiens that alle™ cells te
adhere tightly te each ether and <entrel the intestinal perme-
ability 32l. Tight junctiens such as e<ln, and <ldn are structural
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Figure 3. Effects of compound organic acid calcium on TLR, iNOS and IL-1 mRNA expression in jejunum of broilers. At 21 and 42 days of age, the expression of TLR-2 (A),
TLR-4 (B), TLR-15 (C), iNOS (D) and IL-1p (E) were measured by real-time polymerase chain reaction. TLR, toll-like receptor; iNOS, inducible nitric oxide synthase; IL-1p,

interleukin 1p. Different letters (a, b) denote a statistical difference (p<0.05).

and functienal preteins 15|, ameng which the mest abun-
dant mucin is , ,..C-2, that can <reate the first line of defense
against micro&a([’encroaChmen‘r 33]. In the present study,
the transcript levels of all the tested tight junctiens ere up-
regulated by 7 A 7and the effect mas meie ebvieus "hen
birds vere fed 0.4% 7 A 7 A damaged intestinal epithelial
infegrity may facilitate the invasien ef endetexins frem gut
micrebes, leading te a le<al imbalan<e of anti- and pre-in-

flammatery melecules in the intestines 34]. 7 A 7impreved
the intestinal physical bartier and may alse participate in
enhancing the intestinal immunelegical barrier fun<tien.

In additien, TLRs are a greup of evelutienarily censerved
membrane recepters breadly expressed en varieus innate
immunity <ells and nen-immune cells, they functien as pri-
mary sensets that can initiate innate immune respenses via
respending te pathegen-asseciated melecular patterns frem
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Figure 4. Effects of compound organic acid calcium on TLR, iNOS, and IL-13 mRNA expression in ileum of broilers. At 21 and 42 days of age, the expression of TLR-2 (A),
TLR-4 (B), TLR-15 (C), iNOS (D), and IL-1p (E) were measured by real-time polymerase chain reaction. TLR, toll-like receptor; iNOS, inducible nitric oxide synthase; IL,

interleukin. Different letters (a, b) denote a statistical difference (p<0.05).

bacteria, viruses, etc. 35]|Midereever, these IR ¢ such as I 2
and M 4 are expressed in pre-inflammatery macrephages
and vascular, which Would release mere M® s when tissues
ere injured 36],as i @ and L-1 .In the current study,
ne foeund that 7 A 7‘5’1;mﬁcanfly decreased the expressions
of B 2, I 15 and pre-inflammatery <ytekine z"_. ,
nhich might be related te the stimulatien ef e1ganic acid
calcium en immune related ergans 3 1.
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CONCLUSION

ietary supplementatien of cempeund erganic acid calcium
<an impreve the grenth perfermance and alleviate the dam-
ages in breilers under heat stiess. The effect ™as demenstiated
by increasing the immunelegical cempetence, regulating
MW 2 M -4 and v C-2 expressiens, resulting in the im-
prevement of breilers telerance te the damages in liver and
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small intestine. e"ever, enly limited studies en the me-
lecular mechanis® of dictary erganic acid e1 erganic acid
salts against the damage of heat stress in breilers have been
carried eut, which needs further expleratien.
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