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8 ¢ B dAFe d A2EHA (heat stress, HS)o| kEF AgHA oA &3 A9 Fo17F YAt
A, AREE, "y }%, WY ndE 9 2 dRYote mRl= EAHE ZAREATE F 4009 S] 505
& Hy-Line brown AFHAIE F2H912 Z¥7b 100024 4 157, C (R, A2 25 C) HS (& ~E7¥
2 3370), HSP (HS E82~ &3 A 500, 750 mg/kg)= wi|stdct. AtetAle]l i, AbEHd,
172 27 @Y [gG ¥ lymphocyte =% HSP 1504 HS 187 BuFHS o 715191, F2E
FHIE, hetefophlll‘} lymphocyte®] Hl& (H:L) B A& FolSHA WUt Lactobacillus= HSP
OFA HS 257 v W 71692 Escherichiacoli (E. coli), coliform bacteria & aerobic
bacteriats F-2I5HA W9kt HojlA grmuol WA HS T15go] HSP 180 HlsiAl o5t F7tst
art. dEHoR o}t &5 AT A5E ARAY o9l foiE Helsr HAvRS, W uAdE
T3Z ARt A, ATEd 4 ARCRRE oF WYL Fole vl AEHU JFde] 2 £
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Abstract : This study was conducted to investigate the effects of probiotic mixture on fecal
ammonia, caecal microorganism, immune response, egg quality and production in layer under heat
stress (HS).A total of four hundred 50 week olds Hy-Line Brown layers were randomly divided
into four groups of 100 heads each: C (control, room temperature 25°C), HS (heat stress 33C),
PM (HS plus probiotic mixture 500, 750 mg/kg of diets). Egg production, egg quality, spleen
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weight, blood IgG and lymphocyte concentrations were increased in the PM group compared to the
HS group, while mortality, the heterophil:lymphocyte (H:L) ratio, and corticosterone levelswere
significantly decreased. Lactobacillus was increased in the PM group compared to the HS group,
but E coli, coliform bacteria and aerobic bacteria were significantly reduced. Fecal ammonia
production was significantly increased in the HS group compared to the PM group. In conclusion,
the results of this study that these mixed probiotics can reduce the heat damage of the summer

laying hens and can be an effective nutritional strategy to reduce odor generation from feces, and

to improve egg quality and laying production through immune response and caecal microbial

balance.
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1. M E

7|1 ¢33l A ZEol 2 4 Ea
(heat stress, HS)ll L&A1 O02H 27t} F&
oA wrehgt miE F1 gtk HS+= BT854,

= AL 7FEY HARES Eole dlolth A
£2Q1 7HEA oz o] Hgto|A 7]SHs 2S5
2 gekE QIR geHs] AT dids] Fast
oH1]. ALY HSeF wEsto] dfe FoRt
el AHailon uijd AtgAo] LAt A
dEFHo] IA £AEH2]. 27 A A
E4% =2 A A BEoiA A=
HAlo] FEot vla&Al d& WESH| i
of HSel % mighsiy A3, A A4 o
ol ol He7ls A, AR, AT At
4, AREE 2 GAEAE a3
AaAle 23S Sl ase HEdd 2
H=4 dokgle mAEolth. FAO 200D+ A
wAE AEAT For FoFe u oA
BEe] oldE Fu Aokdle mEelRa A9
shleh. At Als foiAlete] 4 Fabe WA sh
HAYAE FIAA SFFEAA FAt adt
£ T4l ddedA F= AN EE At
= Lactobacillus  spp.,Enterococcus  spp.,
Pediococcus spp., Streptococcus spp.,
Bifidobacterium spp., Bacillus spp., 1|3l
Saccharomycescerevisiae 2 Candida spp. ¢+ %
2 aro|ti[s]. 4ttAlA AL Foi7t A
A 9 AREES NSt ot o6l

gin
FE Rk 2 AAVAIYAl 2aE TR
St HS shollA AttAle] AiHg 9 AREdS
=tk Hart QIeH3,9]. A|fo] RHERRE
weloto] Alxg 29t Al 159 AHe
dArEAol Mz ve 37k mAED Bacillus
subtilis  KCTC2213, Strepromyces — galilaeus
KCTC31133, Sphingobacteriaceac BRO299] |
AL 35x10°EA /go] Fhe ERES
5t St (South Korea Patent No.
0092670). EBdACET W B subdllus=
gdhE, ol 9 A4 Eofske 84 2
B4 mdEel anE Fd=dS ARt
[10]. S galilaeus dF= EFo| EAste Al
oz A 373 _H11].
Sphingobacteriaceace F-HEo| EA5to] Y|
E xd 9 AEY JYHAE FARTHI2L
uheba] A X2 AA, BRde, = 2@ &
Atzo] High F7HAlRA SAAA Y] AMS Al
sttt Ev HSoll 39 AlRtAllA & <
oA ARERE A wAS] Folaate] iRt Tt
g4 = gloh A9 542 9 AEH A
LEE ARMAARAE, AREd, WdRkS,
W rgE 9 2 dRYoto digt EFAA]
o] s FAPsh= Zollth
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2. M2 Y 4

2R (F)Featol ool Azttt AlES

SAAZx  ZAE  JAste= B subtillus
KCTC2213, S. galilacus ~ KCTC31133,

Sphingobacteriaceac BRO29 (2%), 12|11 A|H
o] BEHEOBMZE FAHANY. B subtillus
KCTC2213, S galilaeus KCTC31133 9
Sphingobacteriaceac BRO29%= Z|¥go| EHER
B E2edt dFEH deaF2KCTO) o=

H 3589t AE 1 g2 B subtllus
KCTC2213, S galilaeus KCTC31133 H
Sphingobacteriaceae BRO29Z 4 3.5x%10°

colony forming unit (CFU/g)9] Y3t &g ot
ok eH13].

22 HYSE, LA H A
AF=ol tigt st Aate nj=e] A¥
TETE Zlol=akel (20100914 AAE =shH
olx Rl AXE wEtow(13] Zddgw
AH-F LI TACUC) 9] 511-& wropA a5t
FohEelHs: KW-151117-1). = 400ut2]9]
Hy-Line brown AHAIS058S 443, ZF A
F2 100m 2N Alolx] o 2vie|AE Z=
S509HE o2 ehdeloulA] Skqlrt. Alo|x] 9] AH
2 Z 195 cmxZo] 45 cmX=°] 40 cm$oH

g C (HEE, 25T AL), HS 33T 42E
#g2), HSP (HS =2~ &% A=A 500, 750
mg/kg) 2 FESIATE AEARE U= 7HEY
Fa 87 (1994) AFFEEANA AAIGE AgtA|
o] JFA 7H14]1E FF F= I x5t
L5 jgstglon Alzegnet Jdgi
Table 13 Zth 482 HAE7T 5 &
i 2] 9 29 AREA HALE 5
o} gz A AV B 18A%E
(08:30- 24:30), 133 HES] & =olddlA 20
29 S §AHIH HS+ 5259 EEH 60
FY7MA fEstdor &, FEUt AHFoR X
ARl AFSAOA 11:0088 16:007tx] Z+zh
344+27TC, AUEE 710%=25X HSE {Est9omH
1 o]Fof= 25T Aoz {A|stqt

NAARE F33 $ 2542 E HSS Holst
o HS k& 3FA4HEH st ASE 3ot
(55-60F%) A 2 ARELE XAlete] 3
FHo 2 Uttt AT dFd HEe
2 Zstgon dd A iy 9 3FE 7]
25ttt ©98W(Haugh unit, HU, Egg

Multi-Tester; Touhoku Rhythm Co., Tokyo,
Japan)E Btk dZHEA(Dial - Pipe
Gauge; Ozaki MFG. Co., Tokyo, Japan), &3]
&, B E(kg/cm?) et AR Fole AFEd
=274 (Eggshell Force Gauge Model II;
Robotmation Co., Tokyo, Japan)E& ©]-&35Fit.

2.4, SN MAHX|®

557" 60F7F ] AtANA A & 2
7} supeAlS AdAste] dde pxistalar @
AN EZHA 1gG, heterophil (H), lymphocyte
L) 283 FEFHIAAHES SASKAT. @9 5
mLE AtEA o] AW (brachial vein) & Z-f
sto] ZEsA K3 EDTA-coated test tubes &
oz LFsiat. BHE @9 AEZE 48 Yl
T ARAR o]Esto] 4To|A 3000 rpmoflAl
30 27 ddEE Skl el e 44st

BT w7kz] -20TCo)A HEstylt. EH
immunoglobulin G (IgG) X+ chicken ELISA
kit (Bethyl Laboratories, Montgomery, TX,
USA), FEZEFAHE SE+= HS EIA kit
(Enzyme immunoassay kit, IDS, Boldon, UK)E
ol-gsto] ZAsto] Astetd AHE AR &
Precision microplate reader (Molecular Devices
Inc, New York, USA)ol 934 450 nmolA &
FrE SAste] Aottt Fotdnde Fot
o] heterophil(H)¥} lymphocyte ()& £85I
om &Eto|lE o WELI007H, 4 T F 200
He] MEE FFXER thg HIL ratoE AlAlst
FTH15].

2.5, W 0|4
55T 0] AeTeld 2zt Sepes
MAste] AFETe] ClsIA Sttt shlrt
[3). 9% PAE ZAskgon B BEsE
Aok, ©A F B vlE A ogEe =
Aet7] i1 B1HG BHoR WEe AAD
e AR ol fASkAT W BN

Z7}A] anaeroGen sachets (Oxoid, Hampshire,

—
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UK)7F Zt37 sealed anaerobic jars (Oxoid,
Basingstoke, UK)olA @7|4ei2 {A51AT
9 yeEs EvdE FU4 Aerds
(phosphorus buffered saline; PBS 0.1 M, pH
7.002 2&ste] 108 34 (1:9, wt/vol) g TF
=°l g™ 3L A&sttt. BE HxE=
anaerobic chamber (5% hydrogen, 5% CO?2,
balanced nitrogen)ollAl @713 EHI= o] Fol ot
Hjore sld®E 1072~107701A 22 100 uL &
E3ote] WEdE B Hd"EWiR] F E coll
(McConkey — purple agar, Difco, Becton
Dickinson, Franklin Lakes, NJ), Lactobacillus
(MRS agar, Oxoid, Basingstoke, UK),
Salmonella (SS agar, Difco), Total aerobic
bacteria (Nutrient agar, Difco), Coli form
(Violet red bile agar, (Difco, Becton Dickinson,
Lakes, Nl A Asystoirt.
Escherichia coli, Salmonella, Total aerobic
bacteria &= 37CoA 24A7F S718F SFAL
Lactobacillus = anaeroGen sachets 7} 2%
sealed anaerobic jars & ©]-8%F @7|AE] StofA
37°C 4817 A|eget & Zhzho] g ahuz]| o) A
s FRREEN Z2Y £S5 ZARIHL BE
nAdE 2o = dPYEE ¢ #5(CFU,
colony—forming unit/g of wet of cecum
content) 2X G215 F ko] A|AISHATHIE]

Franklin

AR 7 Aoz
TR AR AlRolA dRYorE £45t]
Hagtes et A 2,500 g= 7k 573
= 9o ARol 5em FHE A== A
polycarbonate A2F (& 27cmx Zo] 22.5 cmX
#=°] 13.5cm)oll FobAl 25TofA 5¢U FeF Bt
sklek 1, 3, 5¢Y ¢4 2 WAste dRYot 5
L5 Gas sampling pump GV-100S (Gastec
Co., Japan)& °]835to] ZHstt.

2.7. EAIXE

ol Ame] FAADE= SPSS/Windows
version 21.0 (statistical package for the social
science, SPSS Inc., Chicago, IL, USA)E A}-&3
Ak ZF A2e] Bt grel tiste] deEAt
2AE YT tao] 49y osHAHe=R
95% A=FEAAd SAAYL FIAE A5k

t} (p<0.05).
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Table 1. Chemical composition and ingredients
of basal diets

Ingredients %
Corn grain 58.86
Soybean meal 16.80
Distillers dried grains 4.10
Feather meal 3.20
Canola oil meal 2.00
Wheat bran 3.00
Tallow 1.00
Limestone 9.70
Salt 0.25
Shell powder 0.50
Calcium phosphotate monobasic 0.40
Vit-min mix" 0.10
Methionine 0.09
Total 100
Chemical composition, %

Moisture 10.83
Crude protein 17.88
Crude fat 4.12
Crude fiber 2.94
Crude ash 13.17
Calcium 4.01
Available phosphorous 0.31
Lysine 0.75
Methionine 0.38
Methionine+Cystine 0.68

Metabolizable energy (ME), kcal/kg 2,750

USupplement/kg of diet: vit. A, 10,000 IU;
vit.D3, 3,500 IU; vit.E, 15.0 IU; vit.K3,
2,000 mg; vit.B1, 1,500 mg; vit.B2, 5,000
mg; vit.B6, 3,000 mg; vit. B12, 20 mg;
niacin, 25,000 mg; pantothenic acid, 6,000
mg; folic acid, 500 mg; biotin, 50 mg; Cu,
9,000 mg; I, 1,500 mg; Mn, 80,000 mg;
Zn, 80,000 mg; Se, 250 mg; Fe, 50,000
mg; Co, 100 mg.

3. #at ¥ nF

3.1, MEH
HS stold &3 AaAg 4A% deel A
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OFA A (Table 2)-2 C9t HSP 1& Ato]o] ol
UeRtA] oFgteh Alf Aabde C, HSP &3
H e o HS IFoA 38.13% 4ol &4
SHATHp<0.05). ¥&e C, HSP 18y HwE
f HS 2804 22.85% ZAastgoen 44 A
2t QAL C, HSP 183 v|wd w HS 18
oA 33.98% FolotAl AT THp<0.05). A=
AFEe C, HSP 13 vwg o] HS 189
A 47.45% ZASFF O, ARQTeS HS I8
o] C, HSP &< HIs|A 1.108] #2854 =k
thHp<0.05). HS 1890 AL 2 nE 184
H|A B At 2 fAlgo] 34 F7lstah
A ZAo] ZHAINTable 3), HUE= C, HSP
JF3 Hwd o HS 25014 6.24% -5t

AdA7t G AEA ka2

451 0 (p<0.05), C, HSP 500, HSP 750
I8 Afo], Z1]x HS, HSP 500 18 Afo]e] 2t
ol Ut U 4= C, HSP & HlI
S o HS JE)A 15.25% Gol5tA Z4sk
©1}(p<0.05), C, HSP 500, HSP 750 1& A}o],
=3 HS, HS 500 15 Are]9] a2l ureht
2] ettt U4 EAE C, HSP 1&E% wlud
o] HS J18o)A 27.34% o5 d4stgdou
(p<0.05), C, HSP 500, HSP 750 1& Afo]<
ztol= gigitt. Tl C, HSP I&3 Bl
Sk o] HS, HSP 500 IE<A ZzF 25.00,
19.08% rolstAl #rAste 2k (p0.05), C, HSP
750 2% Atele] ztole uERA] odgith IR
9l zol= HS JFo°] C, HSP 500, HSP 750 1

Table 2. Productivity of layer fed dietary probiotic mixtureunder heat stress

Treatments
Items C HS HSP 500 HSP 750 SEM P-value
Egg production, % 90.07° 55.73° 89.07° 90.53° 0.68 0.04
Egg weight, g 65.52° 50.66° 65.66° 65.48° 0.33 0.03
Daily egg mass, g 58.13° 38.80° 58.28° 58.77° 0.56 0.02
Feed intake, g 136° 72° 1357 137% 0.87 0.02
Feed conversion ratio 2.33° 1.85° 2.32¢ 2.33° 0.02 < 0.01
Dirty eggs, % - 28.01 - - - -
Mortality, % - 3.06 - - - -

C:

control, HS: heat stress, HSP 500 (HS plus probiotic mixture 500 mg/kg diet), HSP 750

(HS plus probioticmixture 750 mg/kg diet. The different alphabets have mean values that are

significantly different (p<0.05).

Table 3. Egg quality of layer fed dietary probiotic mixture under heat stress

Treatments
[tems C HS HSP 500 HSP 750 SEM P-value
Haugh unit (HU) 93.88° 88.02° 91.09% 94.17° 1.78 0.03
Egg yolk index 9.10° 7.78" 8.86" 9.18 0.09  0.02
Eggshell thickness, mm 0.32% 0.26° 0.31° 0.34° 0.002 < 0.01
Eggshell breaking 3.72° 2,79 3.80° 3.84° 002 <00l
strength, kg/cm
Albumin high, mm 7.92¢ 7.78b 7.97 7.97 1.24 0.02

C: control, HS: heat stress, HSP 500 (HS plus probiotic mixture 500 mg/kg diet), HSP 750
(HS plus probiotic mixture 750 mg/kg diet). The different alphabets have mean values that are

significantly different (p<0.05).
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6 HYT- ng - AAR - 94
ol HHA  327% SosHA skt

(p<0.05) AFtAlll A HS= A4} At £4
= HE FAOl A 9 HAES Eole Al
2 gk HSE w2 7ol AMAA dae
AR ARAHE g, FdET 2 2
EHIAHE 371 5 ohde a<lat o] 9l
THOL 7hgell tigh gddd=re] detor Abmof
BAAE H7lotH HSE ¢3lste] FEolA +
ot BiE uEhd 4 QIHH17]. &2 AFollA,
A B, d5S BIRet ARFAEA, 18 A
& 4L AAAE 2ZAHo=EN A
HS sStellX B subtillus, S.  galilaeus,
Sphingobacteriaceae 5 37}A 4523t Aot
AE AFeE AAlE CoF HS Z1Fof BIshiAl A
FEA B AfEAe] Y e ol=jt A+
AoA| 2] avtes et A% g2 B4
B U4 A 0]/ (not determined), HE
71 S7HTable 4) 2 %7 v]8=22] % (Table
5= At Zw T dEY FFEot
determined)o] FAEILS AoRE E & i3,
6, 7, 181.

3.2, HHLZ

N AR EZH F2E|FAHE, heterophil
5L (Table )= HS IFolA C, HSP 15T}
Hwg of 292, 1428 ZUtstdlou gG
lymphocyte HEE 247t 59.22, 16.11% -3-2)s}
Al A2t ATHp0.05). HiL H&L HS 18]
C, HSP 1ol HIsiAl 1.780 Z7tetglont 1%

Table 4. Blood biomarkers and spleen weight

Journal of Oil & Applied Science

FAE 21.00% FrolotAl RFektH(p<0.05). AY+#Al
b Ad 7P S8 98 F ohve sk
W wgEe] Higt "eeE A=ske Aolth
A5 AR nES HIES odR At
Al 55804 WS 5ot Z2er o
A AEH19]. 2 AFelA, 92 HSol k&%
AEANA Bsubtillus®] 27YA w75 ZStE
A o] gz v FACE A 9GO F=7t
S7tee AT AAAE AT AtAlA
H FAI2E @9 immunoglobuline] F7ket 4
< AdAZte|HE AR ARdREE A
ot FgAal] FroldEs EYoRHM WY

AT 279 WS ZUARS HO0Z 2 4 9

|

Ll

TH20). HSE W2 AgtAlAq HiL Hl&o] F7t
e Hie & 20E AASEH21]. HS=
H:L ®l&, Z2EILHEN Z2 5ol H9
A RE FAF2EM ZRAAMS] HATS
FFE A= Aoz HAEHFH22]. HF
Hofl diet HgRE-E-2

A7 89 2 982 H
[23].

o

1
o 3
g B9EA ug

=
5
Welsele zhert

ofx

Mo
Hir
rlo

3.3. W o|M=

WA n|AE(Table 5) 7Vdl Lactobacilluss=
HS 11E20] C, HSP1Eo] H|8HA 51.69% 2]
S Lol oH(pd0.05) Cst HSP 18 Ato]e]
Zpol= @ty E colii coliform  bacteria,
aerobic bacteria®= HS 1F©°] C, HSP 15|
HlsiA 22+ 1.23, 1.32, 1.214] Z7stglon A

of layer fed dietary probiotic mixture under heat

stress
Treatments

Items C HS HSP 500  HSP 750  SEM  P-value
Corticosterone, ng/ml 2.67° 7.07° 2.42 2.57° 0.07 0.02
Heterophil (H), % 17.47° 2447 17.15° 17.68° 029  0.02
IgG. mg/ml 2.82° 1.15° 2.29° 2.57° 0.02  <0.01
Lymphocyte (L), % 73.55° 60.78" 72.48° 72.57 0.82  0.02

H : L ratios 0.24° 0.41° 0.24° 0.24° 0.002 < 0.01
Spleen weight/BW, % 0.75° 0.59° 0.70° 0.75° 0.004 < 0.01

C: control, HS: heat stress, HSP 500 (HS plus probiotic mixture 500 mg/kg diet), HSP 750
(HS plus probiotic mixture 750 mg/kg diet). The different alphabets have mean values that are

significantly different (p<0.05).
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Table 5. Caecal microorganism of layer fed dietary probiotic mixtureunder heat stress(CFU/g)

Treatments
Items C HS HSP 500  HSP 750  SEM P-value
Lactobacillus 7.01° 3.87° 7.75° 8.01° 0.06 < 0.01
E. coli 4.32° 4,78 4.01° 3.89¢ 0.08 < 0.01
Coliform bacteria 5.16° 6.73° 5.17° 5.09 0.09 < 0.01
Aerobic bacteria 6.50" 7.29° 6.44° 6.02° 0.12 0.02

C: control, HS: heat stress, HSP 500 (HS plus probiotic mixture 500 mg/kg diet), HSP 750
(HS plus probiotic mixture 750 mg/kg diet). The different alphabets have mean values that are

significantly different (p<0.05).

Table 6. Fecal ammonia concentration from layer fed dietary probiotic mixtureunder heat

stress(ppm)
Treatments
Days C HS HSP 500 HSP 750 SEM P-value
1d 1.76° 2.63° 1.67° 1.70° 0.02 < 0.01
3d 152b 285° 106¢ 89¢ 0.80 0.03
5d 236° 320° 157¢ 90¢ 1.15 0.02

C: control, HS: heat stress, HSP 500 (HS plus probiotic mixture 500 mg/kg diet), HSP 750
(HS plus probiotic mixture 750 mg/kg diet). The different alphabets have mean values that

are significantly different (p<0.05).

gt Atole] Ztolzb QI (p<0.05). =34
dAZIEEY] vE 43S FACIESEA Al
9] AL Aot o ojHde] Hier dx|gt
oH3]l. ®WA oAEL F2 Clostridia®t
Lactobacilliol™ BdAe] o= W vdE
TEE FAIFL HSo| o) E #Hsto] of
WA mdE A4F9 NS fASTE
Aoz dHHTH23].

3.4, & Lo}

BolA] etmyote] BB (Table 6)2 HS 180]
C, HSP &< HlaiA 144 1.57, 394 3.20,
594 3.5681 R2l5kAl F7FeFAtH(p<0.05). 7
H, 394 o|FF¥E <dmuyote] HAYL HSP
750, 500, C 11§ A2 FootA Rolxl= H
FS UERATHp0.05). ¢REYol= 71a HojA
7190t Fasty] o dY ol E3], 7t 4t
oAl oA A= oot T AZhgt dl
A dAgo] Zylsta QIuh8, 24]. ArgtA o A Al
Aol Foe= F W uAE #F2 WHel

AlmQTe, dga 28 2 AadAE i
22X 7t BomRH ¢

Ao BUEYTH25] & AFAT} HS st
Bsubtillus®] 2710 #55

£ AN god%S W & = o3P0l
T 9 O H(Table 5), o|#gt ATt BojlA ¢
Buote] BAES WEEd 7d%e Aer =
= AEH26].

4. 2 B

Z 400vtg]9] Hy-Line brown AH&+A 505
= 4Ad= AUl stk A+t C
Mz, 25C AL), HS (33C GAEHA),
HSP (HS &#2& 23t 44 500, 750 mg/kg)
2 FEotth. @ AEF A B2 AA oA
B. subdllus, S. galilacus, Sphingobacteriaceae’s
Vel 57k EakE B AFAS Folsto] A
A4, AREEE A 9 Ao 2uE ghmyote]
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L.

Al A, AstEde A 15
A @ sEds 28 MRT T F7e
ct.
FZEIAHE, heterophil §E+= 23 A
27 2%o] @ ~Ed~ 183 @Y o
worowt IgG, lymphocyte 5= 2 HA
A= =4
WA Lacrobacillust= % AdA 1%
o] @ AEA~ 153 Hlme o FohLe
o falEat gastact
¥ T dRyol WAFe T AvtAl 1
Fol @ AEd~ 18 Hae o doid
ch.

References
M. M. Rojas—Downing, A, p.
Nejadhashemi, S.A. Woznicki, “Climate
change and livestock: Impacts, adaptation,
and mitigation”, Climate Risk
Management, Vol. 16, pp. 145-163,
(2017).
W. Deng, X. F. Dong, J. M. Tong, Q.
Zhang, “The probiotic Bacillus
licheniformis ameliorates heat
stress—induced impairment of  egg

production, gut morphology, and intestinal
mucosal immunity in laying hens”, Poultry
Science, Vol. 91, pp. 575-582, (2012).

3. P. Zhang, T. Yan, X. Wang, S. Kuang, Y.

Xiao, W. Lu, D. Bi, “Probiotic mixture
ameliorates heat stress of laying hens by
enhancing intestinal barrier function and
improving gut microbiota”, ftalian Journal
of Animal Science, Vol. 16, pp. 292-300,

(2017).

. S. Hemaiswarya, R. Raja, R. Ravikumar,

I. S. Carvalho, “Mechanism of action of
probiotics”, Brazilian Archives of Biology
and Téechnology, Vol. 56, pp. 113-119,

S.

10.

11.

- 794 -

Journal of Oil & Applied Science

(2013).
C. Forte, L. Moscati, G. Acuti, C. Mugnai,
M. P. Franciosini, S. Costarelli, G.
Cobellis, M. Trabalza—Marinucci, “Effects
of dietary Lactobacillus acidophilus and
Bacillus subtilis on laying performance, egg
quality, blood biochemistry and immune
response of organic laying hens”, Jjournal
of Animal Physiologyand Animal Nutrition,
Vol. 100, pp. 977-987, (2016).

M. Gnanadesigan, S. Isabella, P. Saritha,
L. Ramkumar,
Ravishanka,

N. Manivannan, R.
“Quality evaluation of egg
composition and productivity of layers in
EM (effective microorganisms) treatments:
A field report”, Egyptian Journal of Basic
and Applied Science, Vol. 1, pp. 161-166,
(2014).

M. E. Koenen, ]J. Kramer, R. Van Der
Hulst, L. Heres, S. H. M. Jeurissen, W. ]J.
A.  Boersma, “Immunomodulation by
probiotic  /factobacilli in  layer  and
meat—type  chickens”,  British  Poultry
Science, Vol. 45, pp. 355-366, (2004).

Z. F. Zhang, 1. H. Kim, “Effects of
probiotic  supplementation in  different
energy and nutrient density diets on
performance, egg quality, excreta

microflora, excreta noxious gas emission,

and serum cholesterol concentrations in
laying hens”, Journal of Animal Science,
Vol. 91, pp. 4781-4787, (2013).
S. Sugiharto, T. Yudiarti, L
Widiastuti, E.

supplementation of probiotics in poultry

Isroli, E.

Kusumanti, “Dietary

exposed to  heat stress=A  review’,
AnnalsAnimal  Science, Vol. 17,  pp.
591-604, (2017).

S. Han, M. H. Cho, K. S. Whang,

“Comparison of phylogenetic characteristics
of bacterial populations in a quercus and
pine humus forest soil”, Korean jJournal of
Microbiology, Vol. 44, pp. 237-243,
(2008).

H. S. Kim, Y. H. Kim, O. J. Yoo, ]. J.
Lee,

“Aclacinomycin =~ X, a  novel



Vol. 35, No. 3 (2018) g AAL 4 2Ef 2 kE2E AR
anthracycline  antibiotic ~ produced by
Streptomyces  galilacus  ATCC 311337,

12.

13.

14.

15.

16.

17.

18.

19.

Journal of Pharmacology Science, Vol. 12,
pp. 222-224, (1996).

V. Kurtoglu, F. Kurtoglu, E. Seker, B.
Coskun, T. Balevi, E. S. Polat, “Effect of
probiotic supplementation on laying hen
diets on yield performance and serum and
egg yolk cholesterol”, Food Additives &
Contaminants, Vol. 21, pp. 817-823,
(2004).

NRC, Guide for the care and use of
laboratory animals, Fighth Edition. The
national academies press. Washington, DC.
USA, (2010).

NRC, Nutrient requirements of poultry.
9th  rev. ed. Natl. Acad.
Washington, DC.USA, (1994).

H. W. Cheng, S. D. Eicher, Y. Chen, P.
Singleton, W. M. Muir, “Effect of genetic

Press,

selection for group productivity and
longevity on immunological and
hematological ~parameters of chickens”,

Poultry Science, Vol. 80, pp. 1079-1086,
(2001).

J. S. Shin, B. K. Yang, B. S. Park,
“Influence of metabolizable energy on
histology of liver and duodenal villus,
microflora, heat shock protein gene in
duck under heat stress”, journal of Korean
Oil  Chemists’  Society, Vol.  34,pp.
613-622, (2017).

L. J. Lara, M. H. Rostagno, ‘Impact of
heat stress on  poultry  production,
Animals”, Vol. 3, pp. 356-369, (2013).

C. Lexopoulus, L. E. Georgoulakis, A.
Tzivara, S. K. Kritas, A. Siochu, S. C.
Kyriaki, “Field evaluation of the efficacy
of a Bacillus
licheniformis and Bacillus subtilis spores,
on the health status and performance of
sow and their litters”, Journal of Animal
Physiology and Animal Nutrition, Vol. 88,
pp. 381-392, (2004).

S. U. Mahfuz, M. ]. Nahar, C. Mo, Z.
Ganfu, L. Zhongjun, S. Hui, “Inclusion of

probiotic  containing

20.

21.

22.

23.

24.

25.

- 795 -

probiotic on chicken performance and
immunity: A review’, International Journal
of Poultry Science. Vol. 16, pp. 328-335,
(2017).

S. M. L. Kabir, “The role of probiotics in
the poultry industry”, /International Journal
of Molecular Science, Vol. 10, pp. 3531~
3546, (2009).

M. Fathi, I. Al-Homidan, A. Al-Dokhail,

T. Ebeid, O. Abou-Emera, A. Alsagan,

“Bffects of dietary probiotic (Bacillus
subtilis)  supplementation on productive
erformance, immune response and egg

quality characteristics in laying hens under
high ambient temperature”, [ltalianjournal
of Animal Science. Published online: 16
Jan. https://doi.org/10.1080/1828051X.
2018.1425104, pp. 1-11, (2008).

J. N. Felver—Gant, L.A. Mack, R.L.
Dennis, S. D. Eicher, H. W. Cheng,
variations  alter

“Genetic physiological
responses following heat stress in 2 strains
of laying hens”, Poultry Science, Vol. 91,
pp. 1542-1551, (2012).

P. T. N. Lan, M. Sakamoto, Y. Benno,
“Effects Lactobacillus

strains on jejunal and cecal microbiota of

of two probiotic
broiler chicken under acute heat stress
condition as revealed by molecular analysis

of 16S rRNA genes”, Microbiology and

Immunology, Vol. 48, pp. 917-929,
(2004).
Z. F. Zhang, J. H Cho, 1. H. Kim,

“Effects of Bacillus subtilis UBT-MO2 on

growth  performance, relative immune
organ weight, gas concentration in excreta,
and intestinal microbial shedding in broiler
chickens”, Livestock Science, Vol. 155, pp.
343-347, (2013).

H. Wang, ]. Gong, W. F. Wang, Y. Q.
Long, X. C. Fu, Y. Fu, W. Qian, X. H.
Hou, “Are there any different effects of
Bifidobacterium, Lactobacillus and
intestinal  sensation,
barrier function and intestinal immunity in

PI-IBS model?”, PLoS ONE.

Streptococcus  on

mouse



10

26.

o
of
St
kl
oo
EN]
o2,
o,
=
o
o,

riok

9:¢90153. doi: 10.1371/journal.pone.
0090153, (2014).

J. W. Park, J. S. Jeong, S. L. Lee, 1. H.
Kim, “Effect of dietary supplementation
with a probiotic (Enterococcus faecium)
on  production  performance, excreta
microflora, ammonia  emission, and
nutrient utilization in ISA brown laying
hens”, Pouitry  Science, Vol. 95, pp.
2829-2835, (2016).

- 796 -

Journal of Oil & Applied Science





