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Abstract : This experiment evaluated the interaction effect of extreme heat diet(EHD), inverse
lighting, and cool water on the growth performance of broiler chickens under extreme heat stress.
There were 4 experimental groups (T1: EHD 1, 10:00-19:00 dark, 19:00-10:00 light, cold water
9°C; T2: EHD 2, 10:00-19:00 dark, 19:00-10:00 light, cold water 9°C; T3: EHD 1, 09:00-18:00
dark, 18:00-09:00 light, cold water 14°C; T4: EHD 2, 09:00-18:00 dark, 18:00-09:00 light, cold
water 14°C), each group composed of 25 broilers and the experiment was repeated 3 times. EHD 1
contained soybean oil, molasses, methionine and lysine. EHD 2 contained all nutrients of EHD 1
and vitamin C additionally. As a result, T1 and T2 displayed higher body weight increase and diet
intake compared to T3 and T4 (p<0.05). The weights of their liver and gizzard were similar but
the weights of the thymus and bursa F were higher for T1 and T2 compared to that of T3 and
T4 (p<0.05). It was observed that T1 and T2 displayed higher concentrations of blood triglyceride,
total cholesterol, HDL-C and blood sugar compared to that of T3 and T4 but LDL-C level was
higher for T3 and T4 compared to that of T1 and T2 (p<0.05). T1 and T2 displayed higher levels
of immunity substances such as IgG, IgA and IgM compared to T3 and T4 but the blood level of
corticosterone displayed to be lower for T1 and T2 compared to T3 and T4 (p<0.05). The T1 and
T2 contained a higher amount of fecal /actobacillus compared to that of T3 and T4 but the T3
and T4 contained a higher amount of fecal F cofi total aerobic bacteria, coliform bacteria
compared to that of T1 and T2 (p<0.05). T1 and T2 displayed higher concentrations of cecal
acetic acid, propionic acid and total short chain fatty acids compared to T3 and T4 but T3 and
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T4 displayed higher concentrations of butyric acid, isobutyric acid, valeric acid and isovaleric acid
compared to T1 and T2 (p<0.05). These results have been observed that broiler chickens exposed

to extreme heat stress with feeding EHD, inverse lighting and cold water would improve blood
lipid, and elevate the production of immunity substance, beneficial microorganisms, and short chain

fatty acids. This provision would also reduce the blood sugar consumption rate as energy sources

and these effects will improve the growth performance of the broilers exposed to extreme heat.

Keywords * Blood lipid, inverse lighting, cooling water, short chain fatty acid, broiler.
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Table 1. Composition of experimental diets for broiler chickens
Diets

Ingredients

Starter T1-T4 Grower T1, T3 Grower T2, T4
(% as—fed) (1-21 days) (22-32days) (22-32days)
Yellow corn 52.00 47.70 47.770
Soybean meal, 44% CP 34.00 25.00 25.00
Corn gluten meal 4.70 5.70 5.70
Wheat meal - 10.00 10.00
Tallow 5.00 - -
Soy oil - 5.00 5.00
Molasses - 2.00 2.00
Limestone 1.25 1.25 1.25
Dicalcium phosphate 1.70 1.70 1.70
Sodium chloride 0.25 0.25 0.25
DL-Met, 50% 0.30 0.45 0.45
L-Lys HCI, 78% 0.30 0.45 0.45
Trace mineral premix” 0.34 0.34 0.34
Vitamin premix” 0.16 0.16 0.16
Vit. C - - 0.02
Total 100 100 100
Chemical composition
ME, kcal/kg 3,100 3,150 3,150
CP, % 22.00 20.00 20.00
Lys, % 1.32 1.15 1.15
Met, % 0.52 0.50 0.50
Met+Cys, % 0.78 0.73 0.73
Ca, % 1.00 0.90 0.90
Available P, % 0.45 0.40 0.40

Y Supplied per kilogram of diet: Fe, 80 mg: Zn, 80 mg: Mn, 70 mg: Cu, 7 mg: I, 1.20 mg: Se,
0.30 mg; Co, 0.70 mg.

2 Supplied per kilogram of diet: vitamin A (retinyl acetate), 10,500 IU; vitamin Ds 4,100 IU:
vitamin E (DL-a —tocopheryl acetate), 45 mg; vitamin Kz 3.0mg; thiamin 2.5 mg; riboflavin,
5Smg; vitamin Bs 5mg; vitamin By, 0.02mg; biotin, 0.18mg; niacin, 44mg; pantothenicacid, 17 mg;
folic acid, 1.5 mg.
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Table 2. Growth performance of broiler chickens exposed to extreme heat stress (g/head)

Groups'
T1 T2 T3 T4
Days ——————————————————————— Body weight gain ~———-——-———-——————————
0-21 1,070+17.17 1,090+ 13.21 1,087+15.87 1,078+11.50
22-32 732+12.13° 738+11.67° 631+15.41° 656+17.33
0-32 1,802+13.07° 1,828+12.12° 1,718+18.29 1,734+13,88"
————————————————————————— Feed intake ~-———————"—"—"—"—-"—""—""""—-"—-
0-21 1,634+8.81 1,637+9.73 1,629+7.32 1,628+8.66
22-32 1,468+5.90° 1,371£8.75 1,307+ 10.18° 1,313+7.11¢
0-32 3,102+5.92° 3,008 +8.44 2,936+7.03 2,941+5.24°
—————————————————————— Feed efficiency ratio ————--—-—-—————————————-
0-21 0.65+0.07 0.67+0.09 0.67+0.03 0.66+0.01
22-32 0.50+0.06" 0.54+0.03° 0.49+0.03 0.50£0.05°
0-32 0.59+0.03% 0.61+0.04° 0.58+0.05" 0.59+0.07°

'T1:EHD(extreme heat diet) 1, 9D:15L(10:00—-19:00dark, 19:00-10:00 light)
with drinking water 9C.

T2;EHD(extreme heat diet) 2, 9D:15L(10:00-19:00dark, 19:00-10:00 light)
with drinking water 9°C.

T3; EHD(extreme heat diet) 1, 9D:15L(09:00-18:00 dark, 18:00-09:00 light)
with drinking water 14°C.

T4; EHD(extreme heat diet) 2, 9D:15L(09:00-18:00 dark, 18:00-09:00 light)
with drinking water 14°C.

*2p<0.05.

Table 3. Changes in weight of lymphoid organs in broiler chickens exposed to extreme heat stress

Groups'
Item
Tl T2 T3 T4

Liver 3.19+0.24 3.21+0.11 3.1940.17 3.20+0.20
Thymus 0.21+0.02° 0.2040.03 0.17+0.03 0.17+0.01°
Spleen 0.1940.02° 0.19£0.01° 0.17+0.02° 0.17+0.02°
Bursa of Fabricius 0.20+0.02° 0.20+0.02° 0.1740.03" 0.18+0.02°
Gizzard 1.90+0.13 1.91+0.11 1.88+0.17 1.90£0.15

'"The same as Table 2.’Liver, gizzard is % weight against body weight. Thymus, spleen, bursa
of Fabricus is % weight against carcass weight. **p<0.05.
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Table 4. Serum lipid and glucose levels in broiler chickens exposed to extreme heat stress (mg/dL)

Groups'
[tem
T1 T2 T3 T4

Triglyceride 112.5+3.88" 123.8+4.22° 96.35+2.17¢ 101.9£2.37°
Total cholesterol 121.81+5.07 137.15+5.70° 115.81+4.01°  107.32+3.85"
LDL-C 44.17+3.22° 36.56+3.60 72.74+2.98° 67.01+2.03°
HDL-C 75.68+3.18° 85.17+5.35° 39.01+5.88° 34.77+6.18°
Glucose 171.05+5.07 190.13+6.07° 146.72+4.87°  137.78+2.81¢

'"The same as Table 2.%*“p<0.05.

Table 5. Serum immunoglobulin and corticosterone levels in broiler chickens exposed to extreme
heat stress (zg/mL)

Item Groups'

T1 T2 T3 T4
IgG 200.7+3.01° 231.5+2.55 150.3+3.71¢ 171.7+2.84°
IgA 67.44+2.80% 55.41+3.17° 30.15£3.01° 28.88+2.91¢
IgM 97.11+3.32° 98.15+4.18" 40.18+2.82° 31.75+2.77°
Corticosterone 44.41+3.94° 33.51+4.01¢ 130.17+3.80° 115.17+4.21°

'"The same as Table 2.*"“/p<0.05.

LDL-CE T3, T4, T1, T2 &A= =9tom T3
S TI1, T2, T4ol HSHA ZHZ} 164.68%,
198.96%, 108.55% =3ttt (p<0.05). HDL-CE&
T2, T1, T3, T4 A2 =gtor T2 T1, T3,
T4ol| HliA ZH2ZF 112.54%, 218.33%, 244.95%
Ltk (p<0.05). EF2 T2, T1, T3, T4 &A=
orom T3 TI1, T2 HlaiA Z2t 14.22%,
22.83%Fetom T4 T1, T2, T3¢ HsiA zZ+
7} 19.45%, 27.53%, 6.09%2Skth (p<0.05).

T2, T1, T4, T3 &£AE =9oH T2- T1, T3,
T4ol  ®IS|A ZFZF 115.35%,  154.04%,
134.830% 9 =A Uetstom ZF A2t B4
A fodol AAFEATH (p<0.05). IgAE TI,
T2, T3, T4 X2 =9k T1L T2, T3, T49
HlS|A ZHzE 121.71%, 223.68%, 233.52% Z7}
shdeh (p<0.05). IgMe T2, T1, T3, 4 &A=
FosAl w2 AFS dEriey (p<0.05 TI,

T2 Atole] BAAQ Fo4dL gloleh Tl T3,
T4l v|afiA Z¥z+ 241.69%, 305.86%, T2+ T3,
T4ol| ®ISHA Z+Z 244.28%, 309.13% =Skt
FEEFAHZEY 55 T3, T4, T1, T2 &4
2 gson ZF A+ I FAA §940] 94
olth (p<0.05). T2E BE Azt 7}eHA 7}
2 werew TI, T3, T4¢t Hud o zZtz
24.54%, 74.26%,70.90% SFo}ATh.

3.5. ¥ VAE

2 3 AEH A LE3EH BRAYoA X
At BE¥l 5 ulAE WSk Table 60 UeRH
. Lactobacillus= T2, T1, T3, T4 «Aq2 =
gro} (p<0.05) T3, T4 Atolo] EAZ {04
& glgth T2: T1, T3, T4l H|aiA ztz
104.56%, 126.54%, 128.16% Z7}stgitt. Total
aerobic bacteriat= T4, T3, T1, T2 A2 =4
et o (p<0.05) T3, T4 Atolo] fo42 ¢l
Atk T200A4 7P W2 AEFE Heow Ti,
T3, T49t wlwd w] Ztzb 10.59%, 34.49%,
35.24% 2Tt E col= T3, T4, T1, T2 &A

rO[! H
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Table 6. Changes in the fecal microflora of broiler chickens exposed to extreme heat stress

(logiocfu/g feces)

By 3k

=

Groups'
Item
T1 T2 T3 T4

Total aerobic bacteria 4.44+0.33° 3.97+0.18° 6.06+0.27* 6.13+£0.21°
Lactobacillus 8.77+0.11° 9.01+0.25° 7.12+0.16° 7.03+0.10°
E coli 4.01+0.17° 3.51+£0.22¢ 4.80+0.28" 4.77+0.15°
Salmonella 3.77+0.11 3.73+0.21 3.80%0.51 3.69+0.13
Coliform bacteria 5.02+0.13° 5.10+0.31° 5.80+0.18" 5.78+0.25%

'"The same as Table 2.*%p<0.05.

Table 7. Concentrations of short chain fatty acid (SCFA) in the cecal contents of broiler chickens
exposed to extreme heat stress (zmol/g of cecum content)

Groups'
SCFA
T1 T2 T3 T4

Acetic acid 125.3+0.21° 137.7+£0.23° 101.3+£0.22° 98.7+0.12¢
Propionic acid 96.27+0.27° 95.88+0.33" 59.07+0.21° 53.44+0.30°
Butyric acid 8.73+0.23" 11.31+0.21° 17.18+0.32° 20.01+0.21°
Isobutyric acid 3.74+0.10° 5.01+0.22° 8.31+0.10° 8.81+0.33*
Valeric acid 0.97+0.12° 1.39+0.12° 3.37+0.28° 3.67+0.10°
Isovaleric acid 1.75+0.11° 1.08+0.10° 2.95+0.10* 2.90+0.18°
Total SCFA 236.8+0.20° 252.4+0.17° 192.2+0.28° 187.5+0.21¢

'"The same as Table 2.%*“p<0.05.

2 &9kou} (p<0.05) T3, T4 Atole] A

Folde et kst 9], T2+ TI, T3,
T4¢} vlwe wj ZHzF 12, 47% 26.88%, 26.42%
ottt Coliform bacteriat= T3, T4, T2, T1 &
A= EA deod (p<0.05) T1, T2 Afe] &
T3, T4 Atol9] SAH] #9142 ¢lsith T12
T2, T3, T4} vlwsr o Z+Zb 1.57%, 13.45%,
13.15% FSfct

3.6. 2 ArEA T

o] mol| A %%ﬁ& e AR
gk Table 7of Wepdeh, mem24telA T1
T2 Atel7b AR HotS-S Aot & &2
A A 24 T2, T1, T3, T4 A& &
o5t = Yepdth (p<0.05). 71EF e AR
Aake Zb A2 Afele] FAAL FoATt
A=A (p<0.05). T2= T1, T3, T4ol H|s}

0,

A ZAY 109.90%, 135.93%, 139.51%, = &2
AREA A 106.59%, 131.32%, 134.61% 24zt
=2 AFES Bk T2oA4 Z2oihe T3,
T4l HSHA ZZ 162.31%, 179.42% =t
HE|ZARS T4, T3, T2, Tl £A4=2 golsH] =
A Jebgom T1S T2, T3, T4s} Hlwsh of zt
Zv 22.81%, 49.18%, 56.37% rAstach
(p<0.05). olAHE|ZARS T4, T3, T2, T1 &4
2 =9rok(pd0.05) T3, T4 Atolo] BEAA &
olde gioitt T1L T2, T3, T4o| H|a|A ztzt
25.35%, 54.99%, 57.55% 7ot He|=24t
S T4, T3, T2, Tl «£A42 =4 uvehgdoy
(p<0.05) T3, T4 Atolo] fold2 glodrh Tl
T2, T3, T49} ¥wd ) Z+zt 30.21%, 71.22%,
73.57% Yottt oladd24ke T3, T4, T1,
T2 £42 &4 vebgou (p<0.05) T3, T4 A
olo] foLe goltk T2 T1, T3, T49} vl
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o) Z+Z} 38.28%, 63.39%,62.76% FA-5tTt.

N
i

=

i
N

=

o
|o
fu
B
o
olt o?;‘,
r

8 o
Sow
Bt g

-

% 37V T1, T27t T3,
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+ A& WSkl AdgdolA EHD 20f ?t
FEAE BER Co] &¥E EHD 1] H|3A
AE S7FEe] =R, 712 AFollA] olgt
Zpols YERRA] itk AR T2 e
2AEg A0 keEd BRdHoA dutes 34,
EHD2E o8 FAlol dH35S 43RS
o g5 Eo] PdEE o RSl 3

— -
—

=
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N
_|>:oll
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W2 pir
— 32
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[ed

—
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[s} )
T4 e 7 AEA A 2NNNE wE
A7 B9t Fha5S AN SA 14T Y
7tes TEerc. AnHor ne §7 AE
A sold F45 9 ot AskRolz Qg
@574 9 OAdd WA gaed Aedse
AAeiRe Aom B 4 otk 1e B AE
A sold Was TEom AR AeEe
AT FAo] wEF 147 o WL s50=
283 54 Aop) sl AL nEdwel 4
Ao Ul FesA A48d Aow 2o &
b 119 Aol ZAAGY Aas HAGozH
nens] AR A¥sel F5 ol L A
g 2489 koA 12 ¢ LEHAS o
APz FaiAE Aor AR 4 o
[1]. 2& 87 AEAG A 2447 A&%7
o g g ALyt WA 4AT Aw 4
4o AR YD BAZA olelA Aee] F
Agt A5e zdelr] o] AAAEL A
1 Zlo] ugAsil, 3, 41 ARAATL
T1, T27} T4, T3o] HlajA %7] vepgon of
£ oldel muel JAsl AvoltHll. @ AE
A seld Heoe AF Z7F 9 AnA

S
Ae Alewt Po] glov] 21T wwY

L)

g Ego] B & QlrH6, 20]. 12 § AEE
A StoflA Td SEg EolFd A ikt
HoA ofuratoz Bid uf 93]y o @
o
kel

=

AtE-E TAgoty] wfEel wixled, golilat &
2 oAy EoFE o] ko] H
[21-24].212 3 2EH 2o LE3H H=EUY
ofA HIER CO Fg2 AA YA EF], Y
2] Aol gFsty tAEE RATeEN I
FZEIAHES G2 AFEHS
Qlgo] RIAEATH25-26]. HEH Ce
W, A% @iE EESH] st sAlol &
o] Aol Fat JEoEH E AEHA
S &3} oh=dl =go] Ho7, 27]. 12ns|
APGARE FF5tE dFLEL FE A
olg&o] &7] "ol HYr|H HES Aot
N IgG, IgA, [gMe] 2H|FE =dT FA
2EH A 282 corticosterone?] L& FF=
o Z]ofstE Ao=m AZETH, 28] T29] A
Zo] T1d} H&atar T3, T49t Hwg of 9
SHA E9E A2 WA F 2 AL
Z4F, mruR4te] Aol F71eHTable 6) 3t
To] e AoR gt dapr o=z A7t
A8t Lactobacillus® 3¢S A= FAll
fefigt mdEe] o] Aoz FY HF
| f21= %2 (Table 5) @3 IgG, IgA, IgM9]
LE37HTable HE QI3 HIFHS Hojir2
fefoll Al 112 3 AEH A LEH FES
ol FHENE AR S 4 Qo
T3, T4 BxdejoA 11 2] k&%
24 ol &g FolotA ol
StaTt ol#fet A= @ AEd 2o s At
BAFRl A ol Jsto] ofx] AL
o=zx w2 olgE A Ao TRt
adrenocorticotropin  (ACTH)9] ZHgd Zo=z
B7rer 4= glow A} Fo A8 Hiel dx|st
TH1, 3, 29]. Mumma 5[29]2 AFHAAA A
EgA ghg2 ACTHO] &5l oJsiA =4
= g Z2~HE, HDLY €92 ACTHO
Ol FIFEAT FAAAHL fAagty EX
st 2 43t FEHeR A eE.
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= L
A7 T80 TEHUS AL
0-311. T1, T20l4 IgG, IgA, IgMo] Z7}gt
Lactobacillus 57}l 23t W59 A=
E 5 QoHT3, T4olA IgG, IgA, IgMo]
A2 ZHo] QoM AAGHS FEo]
PSS oulstet.  Lactobacillus  sp.2t
Bifidobacteriarx= F4l%t w224 dE oA
fom olggt 52 AFoREEH {FUH vlE
S FYAE TEAA oA T, AAHA A
A 9 H95E8E AEoh= ez gFt
[32-33]. 2 <dFo|A= Bifidobacteria®] WHsh=
ZAFSHA] ZFt. WA 49 B—celle]
A TEOIAH AHGAHG ] A1t = G
Al F 90% oldS AR B2 Ao
IgG, IgA, IgM2 EZf5=9 Wk dyt A&
St EAXo] H|&SITH34], TEOA FA, HF

T

19 oY |o mi %S of 1R

2 P Wi rlo

L.

i

flo

< AR SR Fag 7ldelH 59 2R
o] M7 Fido] AFgHT olzt Bz
o] HA7| TS [gME [gGE AZAZ] AL [gA9)
28-S 243t A7l A oltH35]. weEbA
Eobdl Ed G, IgA, IgM Fxof 7]lgt AE
gl

2 S2E coticosterone?] A HA] 1L FH
Eg A st A A dmr|@e] 3lHdnt
Aor & 4 Qlry. "er|e] Hee wY
AA 715449 7127 "9 Fde B-HZTo
e gl 715l Adgatell ARgEH36-37.
2 Aut, T1, T290A Lactobacillus®] F7t=

A 71EAE dEA AA e

g AdAe
AAYT, Yo W BAAGH ARS FF

TR LA G

2t T1, T200A sF5=lA A% 24 =2
24t 5O B2 ARl EolRy FES]
& 71 &3kl A%t Lacrobacillus?y E7Fgr
He 8t E  coli coliform,total aerobic
bacteria7} ZAgh M} o] e AR &
& QITH38]. Lactobacilluse E. colfs 5-3latS]
AZS Aot HEH S RHlohH fod
o] ZEoH AT & JdrF A HS Jfds)
F= A AEAEsbE A oA
Lactobacillus®] Wa=2Hy AAE fFfRo &
714t Ratat A 24t Z2Esk fofdol
ot & F=HIE AgY 4 UrH39-42].
T1,T2o0A4 Yehd ®WA £ coli, coliform, total
aerobic bacteriaZ} 4251 Yol olf= HiR
olgfgt 7149 YRy HAHEY. FES A%
oA HAES TEAES AT SN F AT
Aol drgo) "Wg3t of|yAE FFelFl A%
T AGAA L] A=, HERT Ke] 3R Al 9
Q1 HHFe] gt et AS vERdt
£ HollA mj-¢ FastrH43].
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