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TEMPERATURE AND HUMIDITY STRESS INDEX FOR COMMERCIAL LAYING HENS
(HEAT STRESS INDEX = 0.6 X DRY BULB TEMPERATURE + 0.4 X WET BULB TEMPERATURE)

Relative Humidity (%)
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90 |32 |73]74]7: 260 T[77]78]79
93|34 |75|76 77!78!79 80|81 297

TEMPERATURE AND HUMIDITY STRESS INDEX FOR COMMERCIAL LAYING HENS
(HEAT STRESS INDEX = 0.6 X DRY BULB TEMPERATURE + 0.4 X WET BULB TEMPERATURE)
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ATeE | AUEE | STeE THI 4% A
22T 70% 18.3C THI = 0.6 x 22C + 0.4 x 18.3C = 20.5C
24C 35% 14.6C THI = 0.6 x 24C + 0.4 x 14.6C = 20.2C
26C 15% 12.1C THI = 0.6 x 26C + 0.4 x 12.1C = 204TC
26C 5% 22.6C THI = 0.6 x 26C + 0.4 x 22.6C = 24.6TC
28C 50% 20.4C THI = 0.6 x 28C + 0.4 x 20.4C = 24.9C
30C 35% 19.0C THI = 0.6 x 30C + 0.4 x 19.0C = 25.6C
30C 5% 26.3C THI = 0.6 x 30C + 0.4 x 26.3C = 28.5C
32T 20% 17.0C THI = 0.6 x 32C + 0.4 x 17.0C = 26.0C
32T 55% 24.6C THI = 0.6 x 32C + 0.4 x 24.6C = 29.0C
34C 40% 23.2C THI = 0.6 x 34C + 0.4 x 23.2C = 29.7C

*ATREC)} AHEEWE AL §EVIAEE o8t s7R_E(C)E 7

O wetA THIE o83t B9 2Ed 2 Z A2 Hde onfoffE B¢, 7IE< HBCT=
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O AHA ALHd 3d AEAF
- APRAFHES Dl4o] dFH 0 FE SR, s ggrs dEE SASAS
-AE 12, 13, 149 A Algs A st dAEY S AASS
- Eggshell lightness =48}l (QSM-System, TSS, York, UK)
- Egg weight, Eggwhite height, Yolkcolor (YF), HU, Eggshell breaking strength Z73}%
S (DET 6000, NABEL Co. Ltd., Kyoto, Japan)
- Egg shello] &2 dulS AASIL 24h Ax Fof FA
shell weightE Al4tst52

Ll
Ao
2
o,

43+ T} Relative egg

O A%
- ZE dlolE & SAS 94F ©]83le] ANOVA test AAlstHom, A+ HHE 9] &
2k= Duncan’ s multiple range testE ©]-&3t HS3 =

12

. A3

O A We £5 3 AulFEs & 2-15 29k

I 2-1L AA WY 255

78 B A2 A
<= 23.6 £ 2.6 18.3 30.8
FEE 65.9 £ 15.6 30.6 91.7

O AtdA ] g 22 e A W F9 a3 i Aae & 2-29 29+
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ox
2
=
o
o
i
zjl
>
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ol
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E 2-2. H§) 2EH2E B

an T wrT | 9 JFF SEM | p-value
(th =) A=)
Egg shell lightness 38.5a 32.0b 1.10 | 0.0003
Egg weight 62.1 63.2 1.26 | 0.5349
Egg white height 5.9 5.6 0.31 | 0.5691
Yolk color 4.9 5.4 0.29 |0.2418
Haugh unit 73.9 72.2 2.48 | 0.6376
Egg shell strength 0.37 0.38 0.01 | 0.2736

_36_



Relative egg shell weight 9.8 9.7 0.11 | 0.9205
Hen-day egg production, % 51.0b 57.9a 2.22 10.0270
Cracked egg, % 6.0 3.6 2.44 | 0.5443

O SAAgAT el ofatd, dp Ao A5 thx2Tet AT el Fod o= zo)7t A=
(p<0.001, p<0.05)
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a9 32 A WH 255 A

O THI(Temperature-Humidity Index)2] 4+
- THIE= 21(3-D& ©]&-3t] 4H83HZulovich & Deshazer. 1990)

THIlayer=0.6Tdb+0. 4wa' ‘ (3_1)
Where, THIye=Temperature humidity Index for layers(C)

Ta=Dry bulb temperature(C)
Tw=Wet bulb temperature(C)

O THI A4RS $18 725 ofge] 4(3-29d AT} FUEEE sty 7255 ALkst
(Roland Stull, 2011)

Tw=Tatan[0.151977(RH+8.313659)1/2}+atan(Tq,+RH)-atan(RH-1.676331)
+0.00391838(RH)3/2atan(0.023101RH)-4.686035- - (3-2)
Where, RH=Relative humidity(%)
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O B4 Az 24 9 iy
A gt ARHAT, 5% AT 3ol gk dHolE £ golAxH
(Chore-Tronics 3, Chore-time, USA)¥} FH&A|2~EI(EXCELSIOR® FEgg Collection System,
Chore-time, USA)oll J3] AF5 o= AAIS
- HARES 1Y S92 AR oH, o2 ngto g g olakgka(Hen day egg production(HD), %)
o} Are 7 8H&(Feed conversion rate(FCR), %)< Alxkste] £45
O 8= 4
197 158 402 243 HolHE /A1 ATLE, Julsg: 2 =)}
# F 1Y HAGS e & AR A AZAEARAE 5%, ddolitErs, ¢
FCR, B bS] AHHAE 24T
- SPSS 24(Statistical Package for the Social Sciences, IBM, USA)S &-&3te] gt 2+ I3kl
Zkeb abgbA| o] Ak A E 7k AHIEE doje A3 AlS(Pearson’s correlation coefficient) S

o1 g3te] HHY

oo

K

AR el ATeE B AdEEE 19 33, 49 23S,

- AFAAA YR AFETE AFEAlY] B9 2Ed 2 P S ¢
= 1d Haes 5 1d HAHLES T8 330 Uk,

AR WY AUisErE Y B9 2Ed 2 rAe FFE & T
s, 19 Huddiss: 2 19 HALHSES 198 34 vepd.

<A1 - TS 32 AFA Y] AR ES] 26T o] IPAl FUlFEIE 50% oY wWE 2
3HCurtis, 1983; Timmons & gates, 1988; Vale et al., 2008).
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e I B = . T s B s e Q = =X =X i3 £ g [= =]
mmmmmmmmmm B S =3 m5 s S
Date

- ZF QA AR} A A A E(E 3-1)

3 3-1. Pearson correlations between each environmental factor and productivity index

Food . Water' HD Egg FCR Death
consumption consumption weight rate
A"%"’}ge - 681 xxx 708xxx  -370%x  -552xxx - A08xxx 213
Ma?‘ri;ﬁum ~ B60%*+ 695%kx  —366%x -~ A9Txxx  — A05wxx 171
MinT“élIum 620 xx 613k ~398kxx -~ BdTsxs - 305xx 237
Average
Temperatur =701 %% JI52% % % -.376xx = 571%xx - 4720%xx .176
e
Maximum
temperatur -.0068**x* VARETE -.353%x - 478xxx - 440%** .089
e
Minimum
temperatur -.028 %% B4 1 %% - 412%x - 580xx*x =297 %% 243
e
Average
Relative 120 -.208 .049 118 102 .107
humidity
Maximum
relative -.006 -.058 -.001 .093 -.004 .200
humidity
Minimum
relative .165 -.256% 107 .076 126 .089
humidity

* (p<0.05), ** (p<0.01), ***(p<0.001) indicate significant differences between variables.
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- SAAR AR oJshd, THI 18] A=t ABAHAE, 5%
Aghgol] & mAE A2 UEP(pd0.001, p<0.05)

N

C TR AFA o] A, THISE AAaA o] A A 2he] 394

S

3 2

3 3-2. The regressions equation between each productivity index and temperature

Daily average Daily maximum Daily minimum
temperature temperature temperature
(Tavg) (Tmax) (Tmin)
FC=-0.5T%avg FC=-0.5T max
Food ti FC=-2.35Tmin+1.58F”
o Ci’;l;lmp O 12486Tavg-198E2  +24.86Tmax-1.98E (RZ_OIr;g4)
(R?=0.566) (R?=0.566) )
Water ) ) ,
t' WC=15.25Tavg-1.84E WC=15.25Tmax-1.84E* WC=13.71Tmin-68.65(
consumption
P (R=0.566) (R=0.566) R?=0.410)
(WC)
Hen day egg HD=-6.71E-3Tavg+1.1 HD=-5.25E-3Tmax+1. HD=-7.77E-3Tmin+1.0
production (R=0.141) 08 9
(HD) ' (R*=0.125) (R?=0.169)
EW=-8.86E-3T%vg EW=-0.07T?min
E ight EW=-0.19T 66.39
gg(EV\VAe];g +0.21Tavg+61.24 o Orgzg; 2 57Tmine3s.66
(R*=0.327) ' (R?=0.390)
FCR=-7.62E-3T’avg FCR=-4.3E-3T’max
FCR +0.4Tavg-3.12 +0.25Tmax-1.77 -
(R?=0.566) (R?=0.245)
Death rate ) ) .
(DR)

- The coefficient of determination(R?) 1s less than 0.1.
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3 3-3. The regression equations between each productivity index and THI

Daily average THI Daily maximum THI Daily minimum THI
(THIavg) (THImax) (THImin)
Z 7 Z 2
Food . FC=-0.65THI“avg FC=-0.51THI’max 2 FC=-2 1THImirr+ 49E?
consumption +30.87THIavg-2.55E2 +28.54THImax-2.84E (R=0.384)
(FC) (R*=0.555) (R*=0.496) '
Water . WC=15. 15TIZ—Havg WC= 15.22TI—2Hmax WC=11.9THImin-12. 19(R
consumption -1.58E -2.26E 220.376)
(WC) (R?=0.501) (R?=0.483) '
Hen day egg HD=-1.5E-3THI?avg HD=-7.06E-3 HD=-6.81E3
production +0.07THIavg+0.11 THImax+1.13 THImin+1.06
(HD) (R*=0.156) (R2=0.134) (R*=0.159)
Egg weight EW=-0.28THIavg EW=-0.26 THlmax EW=—0.06THIme
(EW) +67.57 +68.02 (R=0.241) +2.03THImin+42.46
(R?=0.327) (R?=0.351)
FCR=-8.3E-3THI%avg FCR=-5.11E-3THI’max
FCR +0.4THIavg-2.93 +0.29Tmax-2.01 -
(R*=0.238) (R*=0.193)
Death rate
(DR) ) i i

- The coefficient of determination(R?) 1s less than 0.1.

3. A&

O AR o] THISH AT-EE7} Aerle] Aatie] AdishA Qake =3
O webdd A 3o THSH ATLEE AAFOR o] ATV} Hek e BHoIH 5D %

AEE & 24slFe 8o 293 Zlos Ay
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Al 4%

U 2Edg 20| A5}t A&HAZbo] AbdA o] Aol mA= F&

- 365% ISA Brown FF AtgHA| 4845155 dAIske] o] &8s HsE 06:00-21.000.% &F 15
gt

A ARSA FASITE ARAAY Z71 E 17.3m, o] 102molw, BewA 3 AL
FE 26065/ nfoloH, s A2 3] Ao FAR(TE 4-D).
=
&
(a3
8650« 1 LL a0 3650«
17625+
- : -
r| I |
i B |
B 1 B |
1 } |
] |
102100+
5
&
[ay]
g 102100+
(Unitmm)
I9 4-1. Aol o] &gt FAA—AAL
AYPAIRZ = A S7IAEE g8t 79 3 A AFHEES S
AN & - 55 2
- AY A T Bk 2AE &5 =2 A(Testo-174H, Testo, Lenzkirch, Germany)E 5tE A x|}
158 402 243
A717He 69 19¢5H 99 7U71A 81¥ oIS

ol ALEE wol7] fsl %9 SAH, 74 SAHEES 4 4 3FEHeE U

_48_



=
v
(=3}
2
1,3.5¢
4
f IR et _,_f‘-' ............ el e E
8650« 8650+
17 300+
17625+
| I ’ . - ™ F
)
J
= it
e o P
= B 1. 23 :
)
|
102100+
(Unitimm)
I 42 AN WY & 5E ZAA,

H

O AL = %9
AhAlel gk AARAHE, 5T ARt dEel digh dHolH  FFE golAlAHE
(Chore-Tronics 3, Chore-time, USA)® F&A|~BIEXCELSIOR® FEgg Collection System,
Chore-time, USA)9l| olsf 2ts 3%

- HARES 1Y G E FAAEHeH, oS nigo g sy o]aketE(Hen day egg production(HD), %)
9} Alm A 8H&(Feed conversion rate(FCR), %)< A4bste] BA1e)

A

g

i)

Ho]—lzllj

8197 158 A0 ZHT HoleE F3) ATLEE 1A PACE PR ANSIYT 1
T 1Y Auews) AL 2, 1Y %JEZHWW 1
2 = 24C)AE

ﬂJ

3}
o
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- SPSS 25(Statistical Package for the Social Sciences, IBM, USA)-& &-&3}o] =383k 7z} dsb7gelxt
9} AFAlY] AR A E 7He] A Es o) A AlS(Pearson’s correlation coefficient)E o]
23te] B8}

L EAH oS pakol 005189 A F)

ot

Ao 133

2. 4423

O d9] 2Edf 2 A=} Ao A Ax ko] Aa3aA (& 4-D
- A A Y] A AV 257} 21-24C S 7]F 0 Z(Carter, 1981), 6 19¥RE 99 7U7HA] F 81
S Uy 1Y HA2EVF 24CE 29 on g 4V B9 2Ed 20 =28 AL EE,
2 duxpt AR, S5, FCR°ﬂ g aF-S 1A (p<0.001)
UAIRERD 24T o] AF2EAA ALEAF T TAsta, §5Fo] F7tstaoH, ol
Adlolitghe, tE 2 Als @ﬁ&%ﬂ Z+24=3Hp<0.05)
- mpEbA, AbEAl ] S A7) HElME AR HILEE Yo RN duatE &

3 4-1. Pearson correlations between each environmental factor and productivity index

Food Water E Death
00 ea
. consumptio HD gg FCR
consumption weight rate
n
Daily range -.513™" 507 -.152 -.186 -.432"" .022
Daily r‘ange % %k X * %k %k * kX%
. . -.563 468 -.158 -.239 -.405 .086
/Time difference
Maximum
temperature -.592 694" -.316™ =407 -.308™ .166
(>24)
Maximum
temperature(>24) -.591™ 565" -.294™ -.251 -.490™ .032
/Continuous time
TIM! -.539"" 628 -.539" -.245 -.333" .076

'TIM means that (the last time that over 24 in day - the first time that over 24 in
tomorrow) * temperature anomaly.
* (p<0.05), ** (p<0.01), =*=*%(p<0.001) indicate significant differences between variables.
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O B9l 2Edxe 4= 8 ASAR} Aele] A A 7k AR GE 4-D

O v 2Ed 2 3&5AIRE} Ao Aabd A3

AV Y 2Ed 225 353 49 e ‘e H5o A E

I

C AT B0 AEA L] AatAde] A8t

- H9 2E# 2] Amoh A|HAR 0] A E3HE 1 dAYAAY oF AeAlo) AL A=
1

o) JBENE YA D, 19 LQIHAR 7t F7Hgel ek AA

e A R 19 HuLEE o] duxE U Bavt Yk R Buy
B9 2Ed2e] Zws} A%Ae] B 2FE ‘1Y HALLEAIAA LD IAALE of
4 AENZY T AR L] A A B A ) A% A A% B

7Vete) wel AAsAHE, sldo)iEhe 9 AR ASHES THAEA T S4HEE Z7H8Hp<0.00D)
& k= A7 A3 Daniel & Balnave, 1981)<}

d3el AxE asiEE, suste] 7157t e ALetsd 0] IAHT] A=
. . )

i)

FH9 542 /AR QOonR AR A AZS B AL 19 HLLES Bl
el 2Edx0 A% Zolo shv] E8 FRUALE o4 ASATE Folof T Ao Bk

kA
)
o
o3
ri
rJ
2l
b
0
=

ARAALE Aole] AR x LERA” o} AAS] A AE The] 3
Aol olshR(Table 4, AZE}sh L=V} AW 245 ARHAT, Ao, UF 3

AEATEO] PAFAT, S5FE Z71HpO.00D. T oA, ) 2E 2ol wdEE

| Aoja58 293 LERAL ALFS SekAe] el Bsd At

e

WA, ARV Ade] B9 2EH2ERE 5D ¢ RS A HFo AAYALENA

S Hzel ARYALE Aole] ARG FhAYIL, A Anesst el ARexe A

g Zojof SnE 19 HILEE UFolol & ZloE Bod

3 A&

O A el HILwrt ARA A Astel BT MABE, JAAL YLHES A7)
7 ASAE AR ADLES FEoH YNAE Folof T o8 BEY

O =3 AebAle] By AZe m] AE 19 ADLES wrel Uel AEdrsd JE Folof
St} w3 FAWALE olFe] ALATE Felok T 08 BEE

O AAZ} Age] B9 2EA2ERE 8T & YES AY AT JIYALEAA Thed A

=
HBYALE Aole] Ag FNAL, AL HALES thed AXLEY B Folo} Hu
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AR S0
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=2
2
1.3.5¢
4.
i T T e _{‘-' .............. eI - - ‘i
8650+ 8650+
17 ST
17625+
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r |
i
> B
= ) e
= B 1. 2,3 5
I
!
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102100+

(Unitimm)

7Y 53 AA e & EE S

=

=

O Ay Ao 24 3 Py
pelel O ARARE, S5w Awse el U@ HelH SPe FolAxw

(Chore-Tronics 3, Chore-time, USA)® FTA2RI(EXCELSIOR® Egg Collection  System,
Chore-time, USA)ol| ¢J3] A5 3%t

- HARES 1Y SR FAEtP o, o]F neto 2 sl o)akgke(Hen day egg production(HD), %)
9} A2 A 3H&(Feed conversion rate(FCR), %)< Aabste] BA13)

T, ddolttde, ARARE, 5L, HEE,
ks)
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O 183 327l A2/ P4} BN BRI ANINE & A%k AN R AT
Sob ATiGEE Aol YRAOHP05) &S Az A Halel B BRI A
EFREE(K0.05). ©)2 lste] Az B wiste] B BIRAAA F& Flel <Jstel o

£ 51 222 BB GBI R AN ABFAAT] A
e g Wy | EY sy SEM P-value
AFL2=(°C) 26.7 27.5 0.4521 0.906
S E(%) 78.6 75.5 1.8243 0.966
=&(m/s) 1.65 2.18 0.0495 0.041
O I8 32719] 23] vldtel BB/ PAe)H S5, Ao ATE, BF D JeEo]

&
F ARAHSES Wo(K0.00D) AEAFHAT, #5E, TEE, e 2 AESES Aot Qe
(p>0.05) (G 5-2)
O wegtA o823 1279 YIRS A 7]7] Yellxe B 287920 T34k
71A o] FAARAAE o] 88k Aol HiA g

r§”~

AR B98

£ 52 A2 BRI AR A A YA AE A3}

T 2 AST]A] Bl g7 |eA] SEM p-value
At2AR%F (g/bird/d) 98.8 105.5 3.7312 0.051
S 22F (m ¢ /bird/d) 185.7 251.9 5.4149 0.000
g0 AEE (%) 83.9 91.4 0.0127 0.001
*% (8) 52.4 59.7 0.7041 0.001
MRS (feed 8/100 g eag 2,265 1.975 0.0764 | 0.000
mass)
AEE (%) 4.7 39.1 0.0163 0.469
thete (%) 40.5 49.9 0.0371 0.000
e (%) 48.8 53 0.0336 0.834
e (%) 1.0 5.4 0.0056 0.505
BEE (%) 99.5 98.0 0.0003 0.068
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O A54d 1e7]d A=22371843} B 25olA Aol E 3 As AA i) A7
{_:]:

(p>0.05) (3 5-2)
O WA, 52 27l e FA717] Hslide =227 FdAA b vs Bl

B7e] TRARANE o) gaie Aol WA
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O A Az =4 9
- A e AARAHHE 45k ok dlojy F3E FolA2El(Ultraflo® Breeder feeder,
Chore-time, USA)3# FA]2EI(PDSTM Drinker Controls, Chore-time, USA)el| &l3] A5 33
=1 PL:rL%% As AHF | SADS =59
- AEEL 1Y 9HE JAAEIH o, olE nig o R AL AFE (S HT ATXAYSE/ES)

Y XALR QT8)x1000.2 & Aitste] 2434

O THI(Temperature-Humidity Index)] 44
THI= 4j(6-D< °l-83t 4 $HTao and Xin, 2003).

1__

mbroi]ers=0.85Tdb+o. 15wa : (6_1)

Where, THlyjers=Temperature humidity Index for broilers(*C)
Ta=Dry bulb temperature(C)
Tw=Wet bulb temperature(C)

O THI A4ks 8l 7255 oldle 26-20 AF2ES} HUsEsE ddstd 7258 ALt
(Roland Stull, 2011)

Twp=Tatan[0.151977(RH+8.313659)1/2 +atan(Ty,+RH)-atan(RH-1.676331)

+0.00391838(RH)3/2atan(0.023101RH)-4.686035- - (6-2)
Where, RH=Relative humidity(%)

1647 243 AFLE9 S EHolEE HlEto g gut A3 BAS B3 SA Y AL AFA}
S, %—’F%k, AR R TE, ARE A F, AES) ARE BENE Joj& g3 AlS(Pearson’s
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2. 4Y A3

O 7€ 31¥¢HEH 8¢9 15¢71A] &+ 16¢€ &< Ul 3715419 AA AHS %7} 21~22C E 7]

TOE SUS W, 19 HALXEI}F 22CE AU EE SA7E O 2EH 2 =&
3 A2 28 & duart ARAHAY, 5%, FCRl @& 713 (p<0.00D (& 6-1)

3 6-1. Pearson correlations between each environmental factor and productivity index

Water

Food . Weight gain .
t FCR Mortality(%
intake(g/bird) CODSl;mp 10 (g/bird) ortality(%)
AVefage _ *kk *k K _ * % _ *kk
THI 513 .658 372 408 .203
MaXimum EE T EE LS * % * kX%
THI -.591 .645 -.336 -.405 181
Minimum EE T EE LS * k% *k *
THI -.563 591 -.378 -.305 217
Average
Temperatur -.681™" 702 -.351" -.429™" 176
e
Maximum
temperatur -.628"" 7217 -.358™ -.440™" .089
e
Minimum
temperatur -.673™ .653™ -.409™ -.297" 223"
e
Average
Relative 120 -.188 .049 .098 101
humidity
Maximum
relative -.006 -.079 .001 -.011 .185
humidity
Minimum
relative .165 -.216" 107 .126 .089
humidity

* (p<0.05), ** (p<0.01), **x(p<0.001) indicate significant differences between variables.

O 79 3194 89 1597 & 169 $¢ W F/1849 84 A% 257} 21-22C 8

71Eo® e wW, 1¥ HAALEVF 22CE 2HsAoEE SAVE g 2Ef 2 =
=9 AL 28, & duapt ARAHAR, 5%, FCRol 9F&F< v (p<0.00D)
3. A8

O WFLE, AALE, AneE, WFTH, HATH 2 HUTH So| S79 Aol J3g vxm
2 o|F BAUAEE WFo] A9 AW ASHE Haslor  JoE BEy

_60_



@- ok

[¢]

AT $88 WA 87 Ao A2

L 7le/ide] e

O & 5o ANl 87 208 AZstel Are 84 setata, Hae] JuUE Aol
7] 915 BAAC ANE ATOR AFAAFY, BReNA AhEE AL T3} A
@7 4e 2 Ao} FE B FRAFE AxdY

O 2 Wy Azge A AAHe] AN BHE Aojsr] A3 AT L= AAS &
T L ANE ASIAL, AT, T L5 AAAA AZE e Aus] sel AL
A7 eEghon BAY

O #atsl ghol osl W5FFAA, 871 0, W57 52 Adsh] A% Aof waz 245
of Qlom, AZA gt gul Aol AHE W] ST WICDMA ©7l, ~rlEEs) 3
A ARE HeAotr] AP AMEE YOoE THY

O W B4 Aolar] gIal e ARSe Aeaa 7= BA gel, AT, &7 LE
of whel A4k ozl el AY A LEgel o B Aol E FHEL AT F U=
s F4E0] gof T2 westa, Aolst AnAolw W] JE PA B w4
WA w4 25 4A 48 Ve

O & ol wheh oA Bal Aol Ao AH FAuE U Ao B4 AoE TF
g & 3, HHRE Aol fAu % Jlg FF 8F & WG 5 U FA 7
o 59} Zriz} o3

2. 71&7)ee) Az

OIT FA 874 Ao} Nz=d /1% 74 2 41
AR BAL AoIH) GF AT, T L5 A

- AYICPTIN L= AHE Agstel 54 Axo] YT + Y& AT =AMk <
AY S5 MM AZG B o), A% B FF 4 SO FHH Yt T L5
AAE B THE e Ao 3

DAY AT, GF LEE BAN Hol A AP LEE BASH] A A0

- AT, & LR AN A e s A4 AARs AAdA YEEE 2w
NEE Aelsr] 9% A-D MEvIe 4 A5E Al Hel Ag HH exgho
2 WSt 49E e% 9900w Ao ANES HeHoE Ao 5 Y=s
e

e E A%37) 418 (WICDMA =4

- B A%E WCDMA =9e F3) A5shs 28 Aoishs CPUSH Ao 3ol et
9% AASL AT 4 JE 2 AojRe} ARNE AvjEEon AT

27 A g NF 20EE 9

_6"_



e

153 Zn 9 7}% of 5,
715

§-_]__

sl L_._

1) HH LT A

2 A 23
Eé]x 7]% o.
FA 374 Ao Al
-1 1T < o] o] T
a9 7

_62_



1.Loading 5t H 2. FEH 3. #E =38 AsEH ¢ 5| ~=2 =HH 5. 89 =tH

A OE R W §Eo

b DRI TR R ShA) K ET O] WA

FE TR TR TR E

A LERHANE - AR S AEE| : MEHAE 43
HAb XpE R '
gllﬂ'l HiLEHIIIa | THI 29.7 *C T weoipn s (07 ]
| PR S it — ) | B 2y e
o < nPEs TR ‘ \\\I \Yoa bt idhetii s b
By damzl B G .
+7ES a2, S
e 100 Hons “Nnt % E?EEJ'G-?EE [
Ao IR
A _h\,,ﬂ,\ F N L TR

'_};'Tl-} wan | [ wwn |
C} [ —— : HHes
i\f' | a j T n% = 7
X - il LN
T AV y

O 7-2. 1T A 37 Ao A==
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3. 71/ A EAK aga revids §3 a3

O 7l A EAH
- dokgt B StelA A T AR BFAHS Ao Al FAFEY WFEH Aol 4l
Edo] "ol FAAL BeElol B EAFC
- o8 d AL AN AR e A w7 A5 AR UER
- S AA Y =3 FhEA AlA Y] 9%k TEul Aojrt AEEHA] ol AlolE TP
Sl &t AojEAY YR Lxwtog AoZ A Hol Aoje] ELAAH 1
°ﬂ g AUz & 59 AstE =HstA=

R owel fe 84 A 0 AolE A% AAE A7 ¢ exw TAsel A4
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A Hol a3 Iy A E WA
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<E|dst7]ulAl o] TAPARLA AL

Sl BIAE RN BAE,

£ 8-1. AE5F FAAEAALY &2l mE AaA A4
T ARG | EHERTEA p-value
A2 (g/bird/d) 98.8 105.5 0.051
S2eF (m 1 /bird/d) 185.7 251.9 0.000
Aol ek & (%) 83.9 91.4 0.001
43 (g 52.4 59.7 0.001
A}E@ﬂi 5 ezj) 8/100 ¢ 2,265 1.975 0.000
FEL (%) 47 39.1 0.469
e (%) 405 49.9 0.000
ZAg (%) 18.8 53 0.834
ek %) 1.0 5.4 0.505
HEE %) 99.5 98.0 0.068
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A 9% g 2EH 2 29 74 2 Qldgx A

1 4R AT
O $eue HA71E 28 olF grbt AZH T, Aot Fol 1L tad AT A%
t E4o] gtk ole@ /15Ws Wrd dnit B &Sl HAASH, s e &
% Zol4 HEo] drf BEE AT (MAFRA, 2018)

Naga Raja Kumari & Narendra Nath, 2017). g% B3} 2 2EH2 s o
G AT AUt RAFHAAR 25U 5 5 AP A2 dEA 23S Hlushs
Hlalstzlol= SAZF ok meks & dFeAs 425 2 AdsEE 183 AFS
Abgste] A2 JdAdstE deg o] WL AdAe HAE 9 T ER A= 9

< AESAT. =3 128F Y I
HEsHA

O 4AdF1
O $AH2=R@F25, Tdo7t sl wet abgdAlolA 7] 7-3 F(panting)o] #2= 7] A=
sttt (2 9-D. &, &% 28ColA MFEFo]l BEEHA FRor; 2CAAE &%
Hat oF 823], 33T A 2303], 38C oA 2263], 1|1l 36CollA 26637} #&EHATE A
HEEE 28T AlA 55%, 32C A4 50%, 33T oA 54%, 38C oAl 46%, ZE]al 36T ol A
40% 9. HAFEE 36T ol A 41.7% (1279 AHHA] SollA 5771 HADSATE

O & 2Edxes AR oy Hulsze ¥3gS wexm=z (Xin and Harmon,
1998), $o] A= nigto =z ArgHAo] doiA THI (Temperature-humidity index)E o}z
o} Zo] =&sly 1 AFE vwsA Tk (Purswell et al, 2012) (& 9-1 2 19 9-1):

R

THlayers = 0.6Tq, + 0.4Tp
of7]o| A, THI = temperature-humidity index,C
T = dry-bulb temperature,C
Ty = wet-bulb temperature,C

O THIE A% 28T oA 25.3C R aL, 32.1C oA 28.8C, 33.1C 38.4C = 38.3CeolA z+
7k 30C, 34.3C ¥ 33.6CHTHEE 9-1 & 7 9-D. HF AF2% 384C H 38.3C ol A]
= THI9] =Fol7F AL $IAAIT 38.3ColA HAAZF #2E AL 384T A Hth ¢ &
ASL T2o =EHAY] HESE AT, A AFoAE AFEAZE 34C 9 THI
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oANA 2AIZt A= =Ed W of 42%2] HAES EATh

O THIZ} 25.3C, 28.8C, 30C, 34.3C % 33.6C¥ o, panting® 3= 22 03],
82.43), 229.63], 226.43] % 2663 At} Olﬂifﬂ A= pantingoll= Yol AlZto] &
THIo) ©iate] 7 THIo) Qubih @RES} SEo| R 2HY=rb} 7 SA6 meHojopat
Aow Aud.

¥ 9-1. Temperature-humidity index (C), panting (pants/min), and mortality (%) in laying hens
subjected to varying ambient temperatures

Time (min)
Parameters
0 40 100 160 280
Temperature, dry bulb (C) 28 32.1 33.1 38.4 38.3
Relative humidity (%) 55 50 54 46 40
Temperature, wet bulb (C) 21.2 23.7 25.4 28 26.5
Temperature-humidity index (C) 25.3 28.8 30 34.3 33.6
Panting (pants/min) 0 82.4 229.6 226.4 266
Mortality (%) 0 0 0 0 41.7
300 b
250 b 3 _I’_
el = S
£ 200 |
E*;sn a
-ET 100
T
5{: i
o a

25.3 28.8 30.0 34.3 336
THI (*C)

% 9-1. The effects of temperature-humidity index (THID (*C)on panting (counts/min) in laying hens.
Five groups of hens were exposed to one of the following five-THI conditions for different time periods
(0, 40, 100, 160, or 280 min), and hens’ behaviors were recorded for panting frequency which was
counted at the time points specified (min).  Temperature-humidity index (THI(®C), dry-bulb
temperature(*C), web-bulb temperature(*C), and relative humidity (%) were 25.3, 28.0, 55.0, and 21.2 for
0 min; 28.8, 32.1, 50.0, and 23.7 for 40 min; 30.0, 33.1, 54.0, and 25.4 for 100 min; 34.3, 38.4, 46.0, and
28.0 for 160 min; 33.6, 38.3, 40.0, and 26.5 for 280 min, respectively. The dot line indicates THI of
30C. a,b Means with different superscripts differ significantly in panting frequency at p<0.05.
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@ A3 2

O 30T Ex= 36T =0 a8 A oM Aot 42 5 2Efds s=84<
corticosterones #AstH . @AY albumin, amylase % aspartate aminotransferase]
SheFol 329 AtgAdA FoH o= TAEJATE (P0.05), corticosterones E 3§35
Ol BE AAEe F Lx Aelo] foldom Fel7t UA Sl (E 9-2. olelF
A= APATE AL R o 2 U 4% WA #E2E £ e o
FF FFAES] FAHUS 5 Ak AL etk

3 9-2. Blood parameters in laying hens exposed to an ambient temperature at either 30°C or
36C for 2h

Parameters Ambient temperature

30°C 36°C
Albumin (g/dL) 2.08 £ 0.08 1.86« + 0.07
Amylase (U/L) 291 + 21.3 203 += 11.5
Aspartate aminotransferase (U/L) 206 £ 17.9 158« + 10.3

Ca (mg/dL) 156 + 0.36 159 + 0.08

Cholesterol (mg/dL) 113 = 16.1 100 + 7.35

Creatine Kinase (U/L) 1723 £+ 91.0 1730 + 93.5

Creatinine (mg/dL) 0.11 + 0.01 0.11 + 0.03

Globulin (g/dL) 400 + 0.13 361 + 0.17

Glucose (mg/dL) 205 + 15.0 191 + 16.3

Inorganic phosphate (mg/dL) 9.13 + 0.57 950 + 1.09

Lactate dehydrogenase (U/L) 15300 + 2396 17942 + 2583

NH: (umol/L) 796 = 58.6 799 + 30.4

Total protein (g/dL) 6.08 £ 0.20 553 + 0.25

Triglycerides (mg/dL) 1710 + 251 1254 + 167
Uric acid (mg/dL) 8.10 = 1.15 8.19 + 0.90
Corticosterone (ng/ml) 23.2 £ 7.28 16.0 + 2.15
* p<0.05.
@ A4 3
O & AoM= 543 THIS Adsol AaA o HAAbso mAl= FaFo] BriEAT. IF
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O THIE 24.2ColA 2 g7fA] & 1Azl 32.1C 2 =718 71 o] 3 454 7%< %

KeN
E T
[e)
T

715 AHEste] AA 225 1A ZA A 26ColA 36C = &YW Uy 4543 &9
FABAT AUEEE6%04 45.5%% HEEA T FH thxFolME 26T olA 30T
2, FUEEE 56%A4 45%= Wststdeh AMAlL 1, 5 F 5542 & AT ¢ "=

T HAES BESH T

257t FAEHAT HAFES 1AL 0%, SAIZTel 95% 183 5.541%kel 100% At 2

717 F¢ xzTolA s HARSC] dEHA FUT (ZF 9-2).

40 ) 00 40 q ) o0
F- L = L
T DEPR py  Erem S e i e ey e e
£ = :,3 n
£ Lo £ o g0 £
E20 4 £ Eap | =
= T 1HI () L0k % T TH () mé
% vo | O Mortalty (%) = 2 b | ~8Monality (%)
% L 20 g 1 20
2 &
0 o 0 0 & o o 0
LY 1 5 5.5 o 1 5 5.5
Tirne (h) Tine (h)

1

1

1% 9-2. The effects of an acute elevation in temperature-humidity index (THI) (‘*C) on mortality (%)

in laying hens.

Hens were exposed to one of the two following THI conditions for 5.5 h. A) THI: 24.2

to 32.0; dry-bulb temperature (Tg)(C): 26.8 to 36.0; web-bulb temperature (Ty,)(C): 20.3 to 26.6; and
relative humidity (RH) (%): 56.0 to 45.5. B) THL: 23.6 to 26.4; Ta: 26.0 to 30.0; Typ: 20.0 to 21.5; and
RH:58.0 to 45.0. Mortality was measured at the time points specified (h). The dot line indicates THI of

30C.
@ Ay
O I o3, &9k THIQ 5ol 4baA| 2] HALEd nx= F&o], A4d 33 FAR =4
oA AT =, AA 255 ¢F AT AAHA 27TColA 3HBLHCE &H ¢ 3
AN Bk 1 AEE FAEFAT AUEEE 55%90A 37%E WEEY T 3 2o
e 27CoA 30.3CE, ANEEE 55%0A 37%= W3t HTh AT MA L o]F 9A]
bt WAz Al 2 ti2F oA HARE S TR
O Az FA THIE= 24.3CelA 31.2CE Z718tA 3 tZ2TolA = 24.4ColA 26.6C o=

Zrhetdth. AP/AES AT 8 RPN FE AAES BEHA 2yt (19

9-3).
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40 - 100 40 4 ~ 100
E A E )
= =
a0 L B0

§3D | E i e R i R et
Z £ £E g—o—o—o—o—o0—0—0—0——0 =
g o |8 a0 &
E J £ E J £
- O THI (C) ol 2% O T () oS
@ g p g
= —8~Mortality (%) =t |2 i - Mortality (%) -
8 r220 g - 20
5 5
2 [T S SRR TR IRSE NEER IR TR RN SRR NN = SR SRS R TR TRES TEEY BN TR SRR NLEY TN

0 1 2 3 4 5 B8 7T 8 8 0 1 2 3 4 5 68 7 &8 89

Time (h} Time (h)

1% 9-3. The effects of a moderate increase in temperature-humidity index (THD (‘C)on mortality (%)
in laying hens. Hens were exposed to one of the two following THI conditions for 9 h. A) THI: 24.3
to 31.2; dry-bulb temperature (Tq,) (C): 27.0 to 35.5; web-bulb temperature (Ty,) (C): 20.4 to 25.3; and
relative humidity (RH) (%): 55 to 37. B) THL: 24.4 to 26.6; Tg: 27.1 to 30.3; Ty 20.5 to 21.3; and
RH:55.0 to 39.0. Mortality was measured at the time points specified (h). The dot line indicates THI of

FolAE 48 404 A48E e olgstel, 4P 3uThe o SEAW UF 4w
O FA4% £5 Wzt AAg] PR 98 BARAT. 5 A TAAE AN
=& of 3100 AAA BWOANA WO £A ThE SAT 5 2 AE §As

-

EE 55%oA 39.5%% WaEdT 3 T Lxts
t 5%l 4 40%= WA AN D ol F AT
oA HAES BRI

28CoA 325CE, dHFE
b mAIZE AP Btz

O AHgFolA THI= &% 5 /MA & 3AIZ el 25.2C oA 34.3C=E Z71stAi T HAS S
ATl A L= A5 AR F 547 B AR 22 T5% B T9%AA T, Tl A
25.2C oA 20.4C 744 THI 7} Z7F5hAA T AAAS B35 ettt (18 9-4).

40 100 a0 - 100

o g [

i L & L

B a0 80 2 30 80
- £ =

% s £ L e &

E 20 4 £ Eap = z

z T gy & E THI (*C) 2

i, 40 5 E 40 5

S | -e-Moraity (%) 3| 5 —&-Mortality %) =

B 10 - B 10 |

2 20 g E 20

: :

oo A . 0 R I SN SIS SN NP SE—————— N,

1] 1 2 3 4 5 & T &8 o] 1 2 3 4 5 @ 7 8
Time (h) Time (h)
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1% 9-4. The effects of a moderate increase in temperature-humidity index (THD (‘C)on mortality (%)
in the laying hensused in Experiment 2. Hens were exposed to one of the two following THI conditions
for 8 h. A THI: 25.2 to 34.3; dry-bulb temperature (Tg)(C): 28.0 to 39.2; web-bulb temperature
(TypXC): 21.2 to 27.6; and relative humidity (RH) (%): 55.0 to 39.5. B) THL: 25.2 to 29.4; Tay: 28.0 to
32.5; Ty 21.2 to 24.1; and RH:55.0 to 40.0. Mortality was measured at the time points specified (h).
The dot line indicates THI of 30C.

O wehA ol AasS T B, 12 $4o] A2 o, g2 A &< THI
< AU e AAANE F s ARt g Fastt S, A" THI ©
& (THI/h)o] 43kl A A 3C ofsrt M=% A8 Har) v Azdn.

o Lo
(E o
Lo ofy

© A3 6
O B d7E AJaAsHEY oA y-aminobutyric acid (GABA)ZF o3 &3F Ar&kA o] AJ4kA
of MA= FFE ZASH] fste] FAEHIIT B sRAIAZLT L, A7 874 4F
WS FE3] oldstal FYste AT FY sto] A
O Adol 38 A sFZde T ASFFEEF STF/AADE 7H] o] AFaA AL
7 Qo O F HY 4ol FAE F TS AR B AT o] &3ATE AHEA
© oA Bt AlFola, AdEs AZE uf 747 27497 H 298YHolHTh A9

7}
2 N A5 2HoZ FAHAG. AR

E2 Agglol F ) BEZFS AN 992 712HAT. GABA
(100 ppm)= AlAL g ANA 443t -2 FFHAL, 22 7|3
B O AAY AEAE Fao dHE Fo] ¥l Reference group; Ref) o= o]
SEAT. dF HA HAAZ|2S 7 Aol AAE AT EACN AFEHASH, w4
AP 5 AA 2 5 #E T2 49 ASHY wet o] FojHt

A g ALY BE A BT A E4 e o] 8

=T, HAME, Atd W dFo] )

] B AFS AA Grading & Packing A|EZ o]

ogf APHAY. T FA=FEAFIIAY AdTHFrA w2t
\

} ~ 68g WY, 28] e (68g ol’hHo 2 EFFHAT (KAPE, 2013). 1 F &S A

T YA fAES FAHEFAAA AA st L2 ZASAH. 4, 5, dE 5
T A & FAE A FTALE 95% oS AA s W, A& Test
AsA T AL A
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do| WHAFFE ol 247 HEAUT. Aol AAL®%)e AT
. ;

O =29 A5E oo wal MS-Excel2 o]&3te] t-test 2 EAFHJT Lo A7
et A3 AEA 0] FAHATE. o] HABANA T FF e o5 Aol 53T
EAY 9A 7158 A5 A5Y @esE kel aAIFE AT (Grubbs, 1950; Livesey,
2007). P#ke] 0.05KTh ZAY 2-& w foAo] Aoty FekE

O F9712H8¢ AAe dF A3 2 HAHLE Wsk= GABA 9F RefAbolo] FAMSFATH
=, Hd H3 2 HAL2E= GABAXHE T AlAlA ZhzF 340 £ 0.3C 2 26.0 £ 0.1C
RIL, Refe] AAbAlA 242} 335+ 0.3C B 254 + 02CAS. 24 A W H & F

A71& Fole 27 0T P 81T AT (1Y 9-5)

40 -
35 4
30 4
25 MW

Daiy high and low temperature
|

20 -
15 | --0 - High-Ref —a— High-GABA,
it -0 = Low-Ref —8— Low-GABA
5
Q
0 [ 14 21 28 a5 42
Days

1% 9-5. Daily changes in high and low temperature (‘C) in two hens’ houses with the capacity of
housing 50,000 hens each in a commercial layer farm. One house was used for y-aminobutyric acid
(GABA) treatment and the other for a reference group (Ref).

O ddFHHAIEA]FHZF2 GABA 9 Refildl 4,
Yol dAsA A= A hHFig. 2-6). HAAEAFH FLS GABAX g 7oA 100.1 +
0.9 g & Refoll Al 121.2 + 1.0 golgith wido] dLFFSFZFHE GABAHE FolA L&
WolZ Rgom GABAGIA 2646 + 55 g = RefolAd 2117 + 1.5 g oot (Figure
6A). wEtA AHZ|THES dY HHE STFFAEAFATFS GABAXEFolA 2.7 £ 0.07,
Refoll 4 1.8 + 0.022, 15W] &9t Refol ®ls] §ozoz =9ktd (p<0.0000) (2
9-6).

we
4
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350 - 5 -
" - - Ref
o300 - i et - !‘.ﬂ - 5 —a— GABA
i |: ' ' h N i 1
250 | 4w W @ *."1__.{"?
= 'y 1 Qngﬂnmqj -
Er 200 I_I d .;annanqthDDnhu s 3 1
i H T
E 150 E 2 4 o ﬂqﬂ%ﬂw o,
oo
g N oo R oo 005,00 000000
1
& 50 —o— Fl-Ref —e—FI-GABA
- - W-Ref --= - WI-GABA
1] 4]
4] T 14 21 28 35 42 0 T 14 21 28 35 42
Days Days

% 9-6. A) Daily feed (FI) and water intake (W) (g) and B) changes in daily water intake (WD-to-feed
intake (FI) ratios in laying hens. Two hens’ houses, with the capacity of housing 50,000 hens each,
were used in a commercial layer farm for the current study. Hens in one house were provided with
100 ppm y -aminobutyric acid (GABA) for 44 days during summer time while those in the other served
as a reference group (Ref).

O ztdA S Asa782 GABAF S 7HALFE GABA ¢} RefAbolol ztel7b At 123k
BEFEE TEAANMA ALHRNT. S, 24 WA 2 FFE Aol GABAX 2]l A RefHth
Zkzy 0.282 2 0.358 w*Fteom, Fo7Ixt HAEE Wi 0.328 2FUHt (p<0.000) (¥

9-7).
3 -
O y=00066x + 20771
R*=04019 ¢ &
% o | oo’
] v Oy wln
00y o Poogoag® U ,:,05J
2 boaﬂ'numdo o '-ﬂ . 0 B _
o
r
1 ® y=00036x + 18150
4 o
- o - FCR-Ref H=10.1965
—e—FCR-GABA
4]
1] I 14 21 2B 35 42
Day=s

1% 9-7. Daily changes in feed requirement (FCR) in laying hens. Two hens’ houses, with the
capacity of housing 50,000 hens each, were used in a commercial layer farm for the current study.
Hens in one house were provided with 100 ppm 7 -aminobutyric acid (GABA) for 44 days during
summer time while those in the other served as a reference group (Ref).

O FAHAES GABA T § 15d7HA = Refoll vls) Ao ZAY AAR 238 EUunt

T 159 ol Fel olel @ AFel drislel, ¥ Auziel Aolrk A3 F7El F
%8 Aol Refoll vla] GABA A2l oA 37% Wkch (18 9-9)
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1.2 1

=0 = Ref

10 - —+— GABA rs‘ﬁ“

_— y = 0.025x - 0.0364 685°%°
- R = 0.8746 e
#
= 06 ﬂocpd?acw(;ﬂ
£
2 04 4 2
£ ;

TR y = 0.0158x + 0.0439

' R®=0.9722

0o

] 7 14 21 28 35 42
Days

1% 98 Daily changes in cumulative mortality (%) in laying hens. Two hens’ houses, with the
capacity of housing 50,000 hens each, were used in a commercial layer farm for the current study.
Hens in one house were provided with 100 ppm 7 -aminobutyric acid (GABA) for 44 days during
summer time while those in the other served as a reference group (Ref).

O oA E(%) 2 AL FbhaH @S Refoll wisiA GABA A gollA A Loz
gtk &, dAAE 247 922 £ 04 % % 90.6 = 0.6 % (p<0.02NE A 7|t HH 1.6
% ko™ (Figure 9A), 2= 242t 559 = 03 g % 53.8 £ 0.4 g (p<0.0002)E A 7]
P 1.9 g wdn (2" 9-9).

A B
140 w0 -
EE e,
£ 120 | S 70 -
5 2
g 100 - g 60 hego
(= J
2 a0 A o S0
a S 40 -
2 80 - 2
g o - Ref E 30 4 SRR
2 40 A =
= —e—GABA 8 20 — SRR
£ 20 4 10
6 0
0 7 14 21 28 35 42 o S L
Days Days

1% 9-9. A) Daily changes in hen-day egg production (%) and B) daily changes in mean egg mass (g)
in laying hens. Two hens’ houses, with the capacity of housing 50,000 hens each, were used in a
commercial layer farm for the current study. Hens in one house were provided with 100 ppm y
-aminobutyric acid (GABA) for 44 days during summer time while those in the other served as a
reference group (Ref).
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oNA SFeo] x}A3F= Hl= Figure 100 AAIH ATt AA Ao A o
A= 80% oldolNa, FdH G FA= 10%0l3t ok (Figure 10A).
T39S wl, GABA A &|e} FHsA Stz gt A &L FHIA O

£ o
A
A
o

2 oox M o o
ofl
ot
Ff\‘l +
1>
filo

WS gastn, Fa% gwe Fkshs FAE Btk GABA Felr|iEd
AR A FHEEE YA &] BFe wmsY e W, Refol 13| GABA 42 7ol
FU} el A4 v go) Ekw, EUT e wlE 2%tk (p<0.05) (17 9-10).

T3 AA B g AP ES Refol]l vl GABAAH 2ol 4 28} o] E=Uth (2.1% vs.
4.8%, p<0.05). Ty T AAtlA GABA 54 AF 1€ &< F&FEE vu HES

Az}, F 712F Atololl B&E WE Fo|7} ul$- FASAT

A B
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% 9-10. Daily cracked eggs ratios (%) in laying hens. Two hens’ houses, with the capacity of
housing 50,000 hens each, were used in a commercial layer farm for the current study. Hens in one
house were provided with 100 ppm 7y -aminobutyric acid (GABA) for 44 days during summer time while
those in the other served as a reference group (Ref).
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2. SAAQT

F M e R AUt FREHJAY. WA, @At SAFLTE SA S B, B
e g oA vXe 9, 1 s AR89 A4 GABAZE A mA=
ATt

O A1

O Arginine (Arg)& 7FaolA B ofr|4bolw, Arge AW ThAte] #Aqste] A9 57
Ay zk 4ol Boldth (Fouad et al. 2013). ArgiLys ratioS Z7FA719, AlRE &8, AS
& 2 7AW (Mendes et al. 1997) T+ #|5357F (Chen et al, 2005) o &3}2 o|tc},
T3 Argllys & d2387 oA Tl o] o] 8o &S vt} (Gonzalez-Esquerra and
Leeson, 2006). & ArgLys ratios= 112 2Ed# 2 dlof vy H o]= Ao S AH
H (Brake et al, 1998). Arge ol f-AF=ol A Ao Wy HAFIPARIAE ZZA]7)
I (Yao et al. 2011 LPS & & Hute] o)A (disruption)S ¢3kAIZIth (Liu et al.,
2008). Arge= F 9 AANA du It A E 4 VIP (vasoactive intestinal
peptide)e] WAL =7HA17)H (Velickovic et al, 2014) YHd #HdHE Foko] Aol A
HAHH cytokine T #H o] BRuEJAth (Hurt et al, 2006).

O Conjugated linoleic acid (CLA)E linoleic acidollAl @A EE o|FZA%te X7} vy
Aol 'FAef Ao A ko] FAEHAY vt WA AAEHE o
oA EE Zatth (Choi, 2009). Zf-FolA CLAE d=4AstS, &3
g2 =24, 3T, &k Ao, oA CLAE A4Hd, AWoiAL, 2 2,
A% A4 4 5 thekdt 93o] BRuE 3 th (Choi, 2009). 22¥#HRE 253 &
& wodS W CLAVY SA 9 AdutolA gitslas o IdFS vAA ko
(Ko et al, 2004), o+ Tl @dd J&FS 7FeAol AAIE Murphy rt al, 2007;
Rajakangas et al., 2003). welA L2373 oA ALE F Arg R CLAE Y44L9 F
of T8% 9T e 2F] duld WHo FEFS v HoZ ARHY. wEkA B

ATl 284 Arg B CLA 7F 38 AFR7E SA19 e o] doA n

F linoleic acid<]

3
s

|-

-

=)
J
N

off
o

O B AdoA F 29459 1¥3 ROSS 3085AS Argstdth 3709 A8 (=,
Arg-rich & CLA-richhZ A &g 79+E(pen) ¥rEF 142 A9 F 9857F ALEH S
o AASUEE BE AT 7 birds /igth AHE 2 ArglysE NRC (1994) &7
71% 100 2 200% F<+o=2 Z+Zb Arg-rich diet oA 1.8:1 o]a2 1 £ control %
CLA-rich diets & Z+7F 1.12:19t A8 % CLA =2 control @ Arg-rich diets o
= A3 xgHA JA gor, o]Fe| =3H corn ol TFAQ% -->1%)A1713 CLA
1.0% & #7}gro=» CLA-rich dietE #| =3t

O ArFAF 7122 F 3BYolH, A7 AAEE A 3F &
AT FTEAGAEE TE F AT B 7FEIT 19)E A e PA
7 MAE A3t Ass B F, olkisiera



F FAE AN ABHAT =3 AR F 2% (oA, B B AP AF
@ F USRS 4A5E ARSHT 82 /A AASG g dolst PAE A
@ 7t 2%e] F7b Rl AEE Z17E dem AASA ARE dry ice o B2, shrE
Ael g sformalin Sel ARSI A4S AMFe s WFe 22 F 80T A%
AE F AANFAHEHS ATt

O ®A, 239 dojet FA A= HFIt Aol7t gtk (& 9-3). B9k ofye} AF
100g o2 FAIE ZHolot FANAE zto|7t ARFHA kskth (& 9-4). F, Arg-rich =
= CLA-rich AlRE AF 2 Ao dojo} FA 4FS mAA &E o 2 Yehd

£l

¥ 9-3. Body weight (BW), weight and length of the small intestines of broilers (35 days of
age) fed control, arginine (Arg)- rich or conjugated linoleic acid (CLA)-rich diet (g)

Intestine Control Arg-rich CLA-rich

Body weight 1697.7 + 545 1597.5 + 245  1667.5 * 64.2
Weight Duodenum 11.1 + 1.0 121 + 1.1 120 + 0.9
®  Jejunum 225 + 2.2 221 + 0.7 234 + 25
lleum 17.0 + 1.3 16.3 £ 0.7 18.9 + 0.6
Body weight 287 + 16 296 + 1.3 302 + 1.4
Lere!  puodenum 72.2 + 25 712 + 50 7.7 + 6.7
Jejunum 72.6 + 4.4 734 + 6.4 73.0 + 6.5

Data = mean = SEM of 6 birds each treatment.

3 9-4. Relative body weight (BW) and length of the small intestines of broilers (35 days of
age) fed control, arginine (Arg)- rich or conjugated linoleic acid (CLA)-rich diet (g/100 g
BW & cm/100 g BW)

Intestine Control Arg-rich CLA-rich
Duodenum 0.65 = 0.05 0.76 £ 0.07 0.72 + 0.04
Weight _
(g/lO)O Jejunum 1.32 £ 0.11 1.38 = 0.06 1.39 + 0.13
BW
lleum 1.00 = 0.06 1.02 + 0.05 1.05 + 0.08
Body weight 1.70 = 0.10 1.86 = 0.09 1.81 + 0.07
Length
(chnV/(})OO Duodenum 4.27 = 0.19 447 + 0.34 4.65 £ 0.36
Jejunum 431 £ 0.34 459 £+ 0.39 4.36 + 0.33

Data = mean = SEM of 6 birds each treatment.
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O 3294 Arg-rich == CLA-rich AlE o= AE SAQ Yo A= F&gFS n]x

A ATk (G 9-5).

3 9-5. Effects of feeding control, arginine (Arg)- rich or conjugated linoleic acid (CLA)-rich
diet on blood chemicals in broilers

parameters . :
Con Arg-rich CLA-rich

Albumin (g/dL) 1.2+ 0.07 1.1 + 0.04 4.2 + 0.86
Amylase (U/L) 270 £ 35.1 315 + 888 352 + 505
Aspartate

i 229 £ 19.2 268 =+ 35.0 213 £ 196
aminotransferase (U/L)
Ca (mg/dL) 10.3 £ 0.30 107 £ 0.15 104 £ 0.14
Cholesterol (mg/dL) 106 =+ 11.1 109 + 141 113 + 54
Creatine Kinase (U/L) 2032 + 1433  + 1328 + 386
Creatinine (mg/dL) 0.00 =+ 0.00 0.02 =+ 0.02 0.00 =+ 0.00
Globulin (g/dL) 20 £ 0.04 2.0 + 0.13* 2.0 + 0.03
Glucose (mg/dL) 316 =+ 16.0 207 £+ 443 274 £ 436
Inorganic phosphate

6.4 £ 0.15 6.9 + 0.26 104 + 0.14
(mg/dL)
Lactate dehydrogenase
2800 £ O 2800 =+ O 2800 + 0

(U/L)
NH: (umol/L) 381 + 4938 300 =+ 19.7 509 + 96.2
Total protein (g/dL) 32 £ 0.02 3.0 + 0.10 3.3 + 0.15
Triglycerides (mg/dL) 268 =+ 21 240 £+ 53 336 =+ 4.6
Uric acid (mg/dL) 55 * 0.87 4.5 + 0.72 4.2 + 0.86
*, p<0.05.
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13 9-12. Representative images of 1DE analysis using proteins (4 ug or 8 ug) derived from
the duodenum of broilers (35 days of age) fed control, arginine (Arg)- rich or conjugated
linoleic acid (CLA)-rich diet. Abbreviations: M, marker; Con, control diet; Arg, Arg-rich diet;
CLA, CLA-rich diet.

O A AolA Ao @l dS 2DEE EA43% A3s 19 9-139] AASA T olv#A] #4F
I F 104709] spot o] 37He] A FolA FEFHoZ LAEHIIT o FT 24719 spot
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713 9-13. Representative images of 2DE analysis using proteins derived from the duodenum of broilers
(35 days of age) fed control, arginine (Arg)- rich or conjugated linoleic acid (CLA)-rich diet.

3 9-6. Representative proteins identified form 2DE with MALDI-TOF/TOF analysis
Spot

Protein Name Nominal Calculated

No. _ . ' . ' mass (Mr) pl value
44 Actin, cytoplasmic 2 Actin, cytoplasmic 2, N-terminally 43.346 508
processed

56 Actin, cytoplasmic type 5 42,151 5.3

60 Keratin 7 38,961 5.02

77 Keratin 7 38,961 5.02

64 ATP synthase subunit beta, mitochondrial 56,650 5.59

69 Protein disulfide-isomerase A3 56,546 5.76

Q@ A3 3

O B A7 SA%AGA y-aminobutyric acid (GABA)Z} JEd $A9 A4 1)
e ATE 2A) Al SR, B wAAPAVL, @S KA ARPue
olafstal Foste wHFE @Y sto FPHAT GABA= 0, 50 & 100 mge| ==
S4g Botel SAG FAAUL. GAS Beld CABA Helt wHOT pgel o
8 FARon AFEAR w3 $AFPL FFE ARE PO AU we
AR el ws) e AT AFPRT AZTURE + YA ohEk, FFF we
H o 532 GABA

e g FAYE wW “SAVE FEAA L, T @ usAE =57,
“GABAE =& T3 Awsith” & #H7tE shth

A8 ZHeH o] Edtdells 22-24T 79,5%1@. AR O AUEEE 44 27
Y%_i}ﬂ o] FHA G o]F 7 zlolE A AF] FHAaE SEY
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o
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O AP Z o158 34 A W 3% Hm 2L HA 2 - FEE 247 1Y 9-14 A 2 B
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SA7tA AT

_82_



A B
40 - 100 -
--o-- Low-0 —e— High-0 g0 - --o-- Low-0 —e—High-0
--o-- Low-50  —=— High-50

o 2
& LI - Low-50 —a—High-50
§ 35 A —»—Low-100 —s— High-100 gim i Wmoo
- B 260 -
S Ho 2E50 - /\ 2 .
© £E40 |
= 20
a 10 A

20 0

7 14 21 28 33 7 14 21 28 33
Days Days

1% 9-14. A) Changes in high and low temperature (C) and relative humidity (%) in three houses in a
broiler farm during summer time. Individual broiler houses have the capacity of housing 40,000 birds
and served as control (0 mg) or GABA (50 or 100 mg). y-aminobutyric acid (GABA) was provided via
water line at 0, 50 or 100 mg.

I ATLE AR BA W] A FrI5Y] Brke JETE 100%2 P
Hgho= EASte] GABAS Evtel i WAE shelstiA stk Figure 2= A el T
B (29 9-16) 4FFS vehath 2719 GABA F
BATE TINAT ARE 379 oF 0 Be 279 oF

4 oo n® ox A
S
=
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' ‘O
>
frtl
[
o
LO
}—l
<
We,

O o= EFsta 2719 AT 235y A 3ol Ao 23ka A& HEo] fte
zkol 7 BRI R =at Aldle Al AHEl7- 25 AR S (2" 9-17).
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13 9-15 Relative feed intake 19 9-16 Relative water intake
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1% 9-17. Changes in body weight (g) in three houses of a broiler farm with the capacity of housing
40,000 hens each house. y-aminobutyric acid (GABA) was provided via water line at 0, 50 or 100 mg.

@ g 4
O %A 339 & NEE s FFLo 24T Ave 19 9-18% 2tk S5oIA
GABAS| & FojFd wg} Zrbslich
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g y = 592 64x - 560.34
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1% 9-18. The amounts of y-aminobutyric acid (GABA) in drinking water samples that were taken
from water supply lines of a broiler farm where GABA was given to broilers via drinking water at 0, 50
or 100 ppm.

® A¥ 5
O & dFdA= SAsHENA y-aminobutyric acid (GABA)Z} 547 SA S Ak ol
X = GFS AR sk FAEHAT FE70 0 2 100 mge] GABAE &5k
S 53l SANA FFAT a7 AP 5L oA FAFHIUTH o] Fo
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1% 9-19. A) Changes in high and low temperature (C) and B) relative humidity (%) in two houses in
a broiler farm during winter time. Individual broiler houses have the capacity of housing 40,000 birds
and served as control (0 mg) or GABA (100 mg). 7y -aminobutyric acid (GABA) was provided via water
line at 0 or 100 mg.

A B
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1600 4 --o-- GABA
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% 9-20. A Changes in relative water intake (%) as compared to control (0 mg) and B) changes in
body weight in a broiler farm during winter time. Individual broiler houses have the capacity of housing
40,000 birds and served as control (0 mg) or GABA (100 mg). y -aminobutyric acid (GABA) was provided
via water line at 0 or 100 mg.
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7% 9-21. Cumulative number of death in a broiler farm during winter time. Individual broiler houses
have the capacity of housing 40,000 birds and served as control (0 mg or GABA (100 mg).
y —aminobutyric acid (GABA) was provided via water line at 0 or 100 mg.

® =E#Hz= 820l Ugk EdFA
O AFdA N QoA 2EG 2 8208 12 2EHXA(I2/U5), AASEE, AMR/E, AE, A
gz, ZASS, 29, BX/AA, F37t2, S, AW 5ol I
O ol& & &7l dFolA A3t 7HE & 4 F9 stue 12 2E#fH Y
O A28Ho gt 2EH2E £0|7] 3 WS IA < R AL F A0 H2H
o] A& (& 9-7
3 9-7. Stress factors and possible solutions in laying hens
Stress Solutions References
factors

1. vitamins A, C and E
3.y —aminobutyric acid
4. herbal

Heat stress |Nutrients
Chinese

medicines

5. selenium

6. L-carnitine

7
Mg-aspartate-hydrochlori
de

8. betaine

9. carbonated drinking
water

10. organic Cr

11. probiotic

12. Chilled Drinking Water

Revista MVZ Cérdoba, 16(1), 2283-2291,
2011.

Poult Sci.2001 Aug;80(8):1190-200.

Poult Sci.2002 Apr;81(4):458-65.

Res Vet Sci. 2002 Dec;73(3):307-12

Br Poult Sci. 1999 Mar;40(1):102-7.

.\Br Poult Sci.1998 Mar;39(1):106-12.

Anim Sci J.2012 Feb;83(2):141-7.

Arch Anim Nutr.2005 Dec;59(6):439-47.

J Anim Physiol Anim Nutr (Berl).2004
Jun;88(5-6):229-33.

Poult Sci. 1990 Nov;69(11):1862-8.

Environ  Sci  Pollut  Res
Apr;24(11):10708-10717.

Int.2017

Springerplus.2016 Sep 20;5(1):1619.
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Poult Sci.1993 Sep;72(9):1800-3.
Poult Sci. 2015 Feb;94(2):281-8.
Poult Sci. 2012 Mar;91(3):575-82.

Environmental{l. feed withdrawal and

modification darkening
2. ventilation

3. ventral cooling

of

ventral

Acta Vet Hung.2001;49(4):421-30.

Poult Sci.2011 Apr;90(4):856-62.

Asian-Aust. J.  Anim.  Sci.
22(5):694-699.

Poult Sci.2001 Jul;80(7):958-64.

2009.

Social
stress

4.  cooling
regions
1. aviaries
2. environmental enrichment

3. cage furnishing

Front Vet Sci. 2016 Feb 26;3:13.
Anim Sci J. 2016 Feb;87(2):284-92.
Poult Sci.2015 Dec;94(12):2853-62.
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O z2Ef o] tigh hgRIAEE ALY &4, A9ad, yEr#d 2 85 drApE &
Az & E F IS (& 9-9)
O °l5 A o= ANATo 2 ~E 2] AEE Br}ely] @I, TFdt A8 o
ol §9 o], 12 8%l T 1t T2 Aol & Havt A+
3 9-8. Stress-related parameters in chickens
Parameters reference
More sensitive: shell strength, daily feed
intake, egg mass, hen-day egg production
i . . Poult Sci 2015, 94:
Less sensitive: Haugh units, shell thickness, 536-600.

Production-related

shell proportion, yolk proportion, albumen
proportion, mortality rate, relative weekly
body weight change

Meat quality and carcass characteristics:
moisture, protein, fat, pH meat color, cook
loss, shear force, lactic acid, pyruvate,
hexokinase, pyruvate kinase, lactic
dehydrogenase, muscle oxidation

16th European
Symposium on Poultry
Nutrition, 735-8.

Poult Sci 2012, 91:
2931-7.

World’s Poult Sci J 71,
701-9, 2015.

Br Poult Sci. 2012; 53:
689-98.

Immune-related

T-cell proliferation, B-cell proliferation, Total
White blood cell count, heterophil/lymphocyte
ratio, Antibody titer

Poult Sci. 2004,
83:889-894

Endocrine-related

Plasma corticosterone
adrenocorticotropic hormone

Poult Sci.
Apr;85(4):761-9.

2006

Blood metabolites

Albumin, Amylase, Aspartate
aminotransferase,

Ca, Cholesterol, Creatine Kinase, Creatinine,
Globulin,

Lactate dehydrogenase, NH*® , Total protein,

Glucose, Inorganic  phosphate,

Triglycerides, Uric acid, Corticosterone

Asian-Australas J Anim
Sci. 2015

Jun;28(6):840-6.

O SA9 AtdANA 1280 did AFs dEE 255AS (Temperature-humidity
index; THD, £+ 2%%%4 %544 (Temperature-humidity-velocity index; THVDZ} o] &
2 EEAE {ARTE JE8"GEE 9-9).
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3 9-9. Heat-stress-related index in chickens

Chickens Index

References

broiler

Temperature-humidity index (THI)

https://www.cabdirect.org/cabdirect/FullTextP
DF/2009/20093272870.pdf
http://lib.dr.iastate.edu/extension_ag_pubs/163.

Physiol Rep, 5 (12), 2017, 13314,

Eng. Agric. 2012, 32, 10-20.

R. Bras. Eng. Agric. Ambiental, 20, 256-262,
2016.

laying hens
Index of mortality

Temperature-humidity-velocity
index (THVI)

Temperature-humidity index (THI)

J Anim Vet Adv 12, 2013, 42-47.

J Anim Vet Adv 12, 2011, 10, pp. 96-99

Int J Poult Sci 16, 2017, 310-316.

ASAE Paper No. 90-4021, St. Joseph. 1990.

http://www.tropentag.de/2012/abstracts/poster
s/280.pdf

Brazilian J Poult Sci. 2010, 12: 265-271.

VETERINARSKI ARHIV 81 (1), 119-132,

2011

https://www.cabdirect.org/cabdirect/Full TextP

DF/2009/20093272870.pdf
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O GABACUMWPE °F4 5= y-aminobutyric acide BIGH AR ofm|x=2ko 2 A A4, 7}
S -

oyt dml T FR FFEHA A ARS s 1TFTE, FAFTE
25 TolA AAAD =HE FEst A=AlM s ezl ZHded Aqst=
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dHA Aok AA YmoklAE Hel EFRE MAATI=

2 st A BAZA AMEHO a1, ¥ 7 el W= GABA9|

o] st FE&HA  “Brain food” 2% 3tk 3 GABAS ~EH YA,

973, dbdst adrt dHARA ARV EE st &8 97 HAk

2ol FHa qokJow et al, 2004; Palizvan et al, 2004; Ko et al, 2013;
El-faramawy et al., 2009; Thornalley 1993).

oo oo o W2 oo
N ’
o M
>
>
ot
o
2}

o
Jo
2

O HIZA BEEOFANA oA ExE AFZAge] w2 GABA= SA/(Chen et al.,
2013; Dai et al., 2011) 2 4F&HA(Min et al, 201D o ~E# X~ 3} a39} 249 H
AN EIWang et al, 2013)2} dHYstz] ~Ef 2~ AFEHY i, AZTERY B
Hl £31, A1) F4do] a7t v ALE HaEo Qo) of& 712 wufjoll A
+ GABA7} 5&9 Z2Ed 2y A4 rlA& FaFS A3 AHZE ofF) gle 44

o]t}

Sk

‘_(|),]
AEE ST AAYol FuFolok 1 FRE 57
449 ARNLo] Fasith g B ATNE AAA
WSt GG R AGL /L] Astel GABAY
A A3

O 283 AARHMAZEA GABAY AIRIEFHE A7)

o

g AR 8o

O GAD % GABA REZ-H9] 4]

M

O £ dFoA 2571 37CE FAH AFREg7)(working volume 200 ED] BA| S
60LS} L-2F84F 18kgE wh27)o] E3te
o} zEAEA NYSHE2F)ES HEHA
GABAE A4ketqith. ojnf] REg &4 A /\}%
BL-2]1 Hol|#FE njste] FH|3Y 1, &

W HFSE Glutamate decarboxylase(GAD)

A WrgEts Wy og &% 29.83%9
Glutamate decarboxylase(GAD)+= E.coli

71 AA Ak AT

rE r&ﬂ

O €= 9 pH Wste] me GABAS A B}

O =9 pHFFol W& GABAS MHdS H7lstr] ste] GABA W& 3435t
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.

GABAZ 7|22 7%9 3Mdo=m Azxste] B AP A&t & APddA+=
Dry oven(model: C-DO, chang shin, Korea. & A}&3te] £x9} A& Xﬂoio}ﬂjfﬂ 7t
g %o uE GABAQ| HAA S Hr71st i, pH meter(model: 720P, Istek, Korea)
S AHE3te] pHEFol e GABAS ¢HAA S Hrhstth

AzA g o3 GABAS ZdAx=
O ABH7HIZA GABAS AgaEAE 7] fsiA= 7oA #8583 Fo3e H7te
T AESF desta a8 AWE A NEFeEA ST BAde FHs=
Aol Tasttt. wWEkA E Aol s 71Ee] ko] BlEol 28HE B A=
<= AEsA @3 FFA A 7HF0] AP AEE &AM E(EF)I GABA ¥Heds
ekl o] & AxFo =AM AZRHVHARA AT Thede S E dddM=
GABA Wh-g-9 o] AxAgE Atstr] skl 50%2] Wh-sH3t 50%2] At ~TE<

).
O A

/\‘Zsﬂ\”gl

-5

wrkste] B o, °lE AxE 870 Ty dHejd Ax7](A-Sung Test
Machine, Korea)g o] &3} 40, 50, 60, 80, 120TC oA 60% FoF YA L)HE xASE
WHoE Ay 447 GABAS FFWss ARSI

)

e

< o] &3 GABAY A Az
]

il

9]

AN
o

O o] Aol A&H= BHrls 7559 rollers} Diert 85 d=3st h&st

Aol oA A= FxRolBE s TR, dAE, 9459 ZAzE 2 Y
o] A FHE AAS=E T2 847t ﬂE‘r E}E‘r/ﬂ 2 /\13401]/‘1% 27 3mm ¥
=& 71z A7t += i (Hammer mil) 3}

7o) GABA WHg-ele] HrlsZo) g Y8 E :sz@aam

il

.1:.: 024-4

¥ 10-1. GABARFZ o] HylgFo| wE dHgA| g A3 &

GABA contents(%)

Ingredients
Control 1.5 3.0 6.0 9.0
Ground yellow maize 50.0 47.5 45.0 40.0 35.0
Soybean meal 15.0 14.0 13.0 11.0 9.0
Wheat flour 5.0 5.0 5.0 5.0 5.0
Defatted rice bran 30.0 28.5 27.0 24.0 21.0
GABAWHS-9 - 5.0 10.0 20.0 30.0
Total 100.0 100.0 100.0 100.0 100.0

" 29.83% ©] GABAZ} 39 ukg-of

O AYde 75 2

AR g A2 F2 e 2Lt 283 d5ES ol 8st AT B
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2 4gste e watn, AR FHAF, a4 A, Aol g4 F E 7154
< S 2t Aok a8y AARRVIAE Al A fele HH?J/\}E AY 3 2
o] Thke] $Ho| Z3H steamOZ 7Y FohE AV F9 fE3 o = A
MY S-S BAES F itk s B Aol E steams AHESHA] gl A
go] &2 o TS AFEE o83kl GABANEE ol £3d FE& E8FC
2 AATGoEA BV T 5ol e’ ARHVMAE Aitete Ao 54 F
ATh.

ME ARFHZA At ARSEE steames H7FSHA @3l 45
= ol&ste] Adtets WHORAM dFde WHAE, 2Ee] 4, Foidvle
g 7okt 9y AU(flat die type)S F¥SFATHIYE 10-D.

4 e

Specifications;
Power : 15kw
Roller No. : 2

Die hole compression ration : 1:3
Die diameter : 260mm
Speed : 150rpm

O Age] 4%}

oF L BRtE-ML
O AY W78 24 943 AQ AAE RAALF, 2002 pl3s-139 Fxste] A=) Ha%] o

sfe] SRske 72 Al27h 242 3050m12914), Wol7h Somgl A7 gHwo} glow ol
ol 22.8cmO1 sk 50m@e1ADe] TRF whgo] WSS FAST B% We szt 7
SHES stk Ao W] APPHe WY AY 4ol g ARE 50ge @
sorpmel A 10% <k SN e, ARE ALE sel ARYAE Bt AW A A9
SEER DR LTS

2 oy o §Edel YT Fow Amel B4, o
2 gj—t— 5ol 2, £ AR Bdel 4Yse] EERE Y
25 SAZIFHA7173AE Model:SLD 20 FGN)E “2kste] Hel A Aol

(o
AV
N
:.N:
m{m
HHN'
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vl GABA o] 4]

O ACC-QAI¢F
- PotassiumBorateSolution(stock)  13]&2A] 70ul A&
- ACC-QTagAleF 13124 A 20ul AR
O HPLC Buffer =
O A bufferd1 719
- NapHPO,12H0 : 35.5¢
- Na acetate. 3H,O : 13.4g
- CH3;COOH(acetic acid) : 2ml
- 0.45um(AF FilteN2 o3} & AL&-3t},
O B buffer(1171%)  Acetoninitrile(ACN) 100%
O A9} B bufferE 9 1 2 &3l ARE-gith

AT 3,8 = SERING CINTERNAL S10.)

AT 6.5 = GAIA

AT 9.9 = NH2 PEEK

HE 118 = ACG O PEEK

SAR0HE 18
aq1, 126
[
.'Il'f'.!. i{ |
40, 4
r
i 45, 1144
1, 2t L L L i L n L
1 200 3,0 a.00 &0 B0 700 8,00 B
Al E)

LW :

v | il [ DA [Vas] | el | G1ES| .
1| 2.0883| 45,9238 | B | 24, mnui
2 | ZL.FH{!ME A5, 1849 | | 4, mnui
3 | 3, 5750 | :ms:,mmi na| 50,3000 |
4 | 9, 2003/ 5104, 6950 | nni 60, 6000 |

1 1 1
11,163 | 2817724 | 0 | Gi2. 1000 |
=]
O 10-2. EAxA.
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12000 -
y = 2FF7.O9x - 1026
10000 -
Rz = 0.9983
=
% =000 -
=
E 6000 -
4000 -
2000 -
o .
o 1 2 3 a 5

Concentration of GABA(ppm)

1% 10-3. The HPLC separation and standard curve for the determination of GABA
concentration.

wa

ez

ub. A3
O 7td2% 9 A AZte] @2 GABAS| *AA

O £ A3dA A4dE ¥k Ao= L-glutamic acid2FEH Z$E GABAS &2
29.83% =2 EA AT B AFoA+= GABAL Feol g kNS HUlshr] $3s
W3- M-S GABASHH 712202 ¢ 7% 5o HEE 3 X3t FEHoz A=

9, °o]& 27 100C, 120, 150C 9] 7Fde%olA AeAS 2E3at. 2%
2 GABAFTEH QPR L & 10-29 o] YElgTH B Ad A
g T8 FE GABA o W= A9 iAoy Al At
2} GABAT #He 7HAadE AEdS Rt

=
{

£ 10-2. 719 e 9 A2 Azt w2 GABASl FFHsH%)”

A2 A2t A Ls
(&) 100C 120C 150C
0 7.65+0.23%°(100.0)  7.75+0.18(100.0) 7.86+0.27(100.0)
30 7.59+0.25%°(99.2)  7.68(+£0.80(100.4)  7.53+0.69 (98.4)
60 6.91+0.35%90.3) 7.28+0.51 (95.2)  6.93+0.59 (90.6)
90 7.78+0.43%101.7)  6.94+0.24 (90.7) 7.18+0.49 (93.9)
120 7.09+0.41°(92.7) 7.56+0.36 (98.8) 7.12+0.40 (93.1)
SEM? 0.19 0.24 0.28
P value? 0.05 0.28 0.25

Y Solution, heated

2 SEM : poold standard error of the mean.
¥ Means in the same row with different superscripts differ(® < 0.05).
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120 -

< 100- = =
a2 —— —— ..
<L g0
1
LEF] 60 -
m
= 40 -
% ——100°C —l—120°C 1500C
2. a9 -
0 - T T T T T
O 30 60 S0 120 150

Heating time(min)

% 10-4. 258 7 wE GABAS| bAHA.

O pH¥is}lo] mE GABAS| <+A A

O ABHNAZA 589 AFE ol 2 opABele] Bl BB FABT AN A

zahe Agelth Tt 5899 AYe $5FFe) oy Wil glojof T w
golUeh A% 9 B@stgel BE Eel sl 4Ao] sl 4B Wsksh Yojux

oopof @l mebd B AWML GABAZ F&9 Fe|= Azt pH W] g
GABAS| FHFwists =ASITh ol 4l kel el A GABAS) <hg4 e B7keh
71 #18t] pH 2004 FE pH 119 WolA 7td&=+& 247 100C, 120C oA 60
B¢k Heskel Bl

I 10-3. pHAE] FFol w2 GABAQ| FFH3H%)

A2 pH

(C) 2 3 4 5 6 7 8 9 10 11
o e 7.05(pH 6.52) —————————
100 6.98 682 678 7.05 702 6.88 685 6.50 667 6.52
=7+8 9

owE 99.01 96.7 96.2 100.0 99.6 976 972 92.2 946 925
(0—-100)

120 6.95 6.76 659 6.66 7.07 652 7.05 6.80 6.64 6.49
=278 g

EOD—?Z,O)O 98.58 959 93,5 945 100.3 92,5 100.0 96.5 942 92.1

* heated for 60 min

O &N GABASH 71Fo2 ¢F 7% 50| HEF &3 345t FgHoz A x3}
A ol pHE 6522 =AHHAT. GABAFEH LS pH Wdlo ©E AHygex 7Hde=
GABAE =

o) Aol glglon} 44 E: AP WErl AaHe] wel GABAT o]
2 2 By ® Y9 Ans A3APe GABAANENAE F5Y 7
ol GABAY @34 meistel A4 pH 24o] LGS ofn B
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Residual GABA[Y)

120

100

120

100 g==r=== - == =

Residual GABA[Y)
Z

2 3 4 3 6 7 8 9 0 "

100(C)9] 718 ex 120(C)9] 7HE L=

19 10-5. pH¥iSte] wE 58 GABAS| AL

Ah. GABARFG- o] £ AR H7IA A=A

O AEH7IAIZA GABAS] A8EHE A7) falAe FES Fo95FE H7
A rd

5 AARS grsle Ao Fast. u 5
Hlgo] prbE = 5343 34 destsia Zﬂ_}_‘ﬂoé}c’ﬂ RAME A

o & [
b
o
il

B AR FRARA A2E 2uEH EFse HeeE 3
40C 2 50C 9 =M E 53 A AXES & 4 AdAA, 60CAAME <t
o) gwdato] JdUAY AR FEH ol A4S BATh T ST
Pzt AT BRAFL HAT, 12000 A LEAE 7

9910 A emel mE Auel WE NREHE ¥TeT CABAY FHEs: A
o) wAEA st

B AFAAM Ag2=7 wotd S Qtﬂﬁi’é}o] Folzl ¥l GABA9| 3}shzQl st

o] oty A= AT o=RE GADEAE 4 o ZHA ¥ IFE o

A7F 7teA e 250 oste] S FEd Ao dddn. weA rAEER
l

Bl GADEAE o] &3t GABA HHgd& A

A
-
S Aol FEF P ARES AVY & 9
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Drying temperature(°C)
[tem
0
Morphology
Partial browing browing
Appearance good good good ) )
reraction reraction
GABA
contents(%) 15.11 16.52 16.98 16.69 15.82

U The sample were mixed with 50% of GABA reaction products and 50% of wheat flour.
2 The time of dehydration processing were from 40 to 120°Cfor hours.

19 10-6. AZAE Lxo] mE Ao wsp

oL Al AR 7HAI A=AE

O £ Agolrx+= GABA ®HEH % HEg AxsHA] @a 7| dAste nEdd dE5EE
TS LA S AP TS RIs] st FaAEkATE kA AP Es
flate] EX9] steams AMESHA] 9h9kal g = o] Ring die 344 Ar] Hoe <+
By die 3|34 Y& AT 2A HALS 83t o HFE FUCh

O £ ANgolAxe CGABARRSH| &3t wiet dle] g 442 & Aolg EHoY AF
Toll w2 GABA®| HE3FS] Wslos A FFs 7] &2 o= Arkdty. GABATHE A&
5% 10%E T3 ATl §Hgde) E3rFo] FoldsE Ayl do|rt dojA= A
S BJANF cutting knifee] THAZHZA A2 + = AEIY. I GABARRSA-E 20%
o} 30%7F €3 AETelAde dErt A ded T3t hEE W WEe 2=V YF R
393 g=H P 94”’“ AT vl Bt Ay AU AFoEmAE APt &k
ot ey Fele) AYoAEs 959 TFY YAE 2 Y59 pellet binding factor®s 8.3 &
Qlo] & & Qo

O 18y GABARFE S HE= {xstA| ¥ AU ASHTHIEA AYiketr] A3 2 AlgolA
-8 10%W7F Adstaal, olwl GABAZHS 3771%2A AL837HA| 24 A-g GABA &
g BAE R 7bsd Ao Addn
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13 10-7.

[tem

Morphol #

o8y

Appeara

oo good good good Bad Bad

GABA
content 0 2.07 3.77 5.76 10.64
3(%)

Tef?l?vc 68 64 57 40 29

Durabili _2)
ty(%) 91 85 80 70

Y Temp. was measured at pellet outlet of machine.
2 not detectable due to pelleting failure

k- goF

f3ity webA B AT e AAE GRE st destn] 284< A
YA} St Az HY 49, 18a 7E
o] EI8}shEel S FHstaA AABIAT

2
o
k)
frtt
N
B
31',
£
2 ok
oft
1o
ox,
o>
Y2
=
=

O &9 dele] GABAZ 742X Bl 7FEARE 2 AYd dFoA s GABAY| &2 AdL
=(100C, 120C, 150C)ell wE zkel= glloy Azl Aahetel] met S T Fas
T %= EAth

ol
2

T8 “Jelel GABAE pH W3tol whe} AR 5k 7tdA st APolA= GABARHS
#Hze| pH 6.520190 o4 pH7F A = dZEz WHalgol wel GABATHES thd 4st
73

rr Lo

O FYPAe} 3ate] =z AFPoAe 40T 2 50CH 60T 254 thAHoRE 7 T

FEI PP AYS AL
e A A8 AzEo] AUtk Jeht A ese] BE GABAS FAshE Ae B
ARA ghgbd) olsh g o)y Hgel Waks GADEARRE HRE #AZL A=A

HAE] exo ost] ZWANL FUE Ao AdEth wHkA 95 o] AFL A
k7] QelME AL FHCA 2AE $E) AR Zlo] Basi
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O GABA W91 WER Ax5b gk BAYFS) 7FsHS 2AT BIA GABAWS AL 5%
S} 10%l M FEF BYY ABHAAE BAT 5 AITh Tevh GABARFEAS 20%s) 30%
7} BT AUTAAE Bl I Aol 34l B B AR R AT &
Stk B AYAT ARAARZA GABA WSSl EHEE 1%t A ol
GABA?%L F2 3T1%EA AEH7IAZEA A3 GABA 3 AAAE gH7F 715 A= &
gk

2. 71548 AERAHTMAIZA GABAS] o4 AJ2-Hl 15

7F EadggAel o’ GABAS] A4t

O GABAZ AXHH o= A3st= el glutamate decarboxylase(GAD) =
pyridoxal-5'-phosphate(PLP) 2]&4 &EAZA W ol ZH5E, A& 5 AAAd dg &A%
t} GAD9] &AWFS-S a49] active siteo] EAsH= lysine € ©&he] amine 1E3 PLP2
carboxylL&°] ZA%ste] holoenzymeo] &d=m™ AlZHgt}. o2 A FAH holoenzymee PLPY]
carboxyl# 7]2 <l L-glutamic acid®| amineZL&o] Ager F AAT} olFsHAl HaL HA4e o] Fol
]3] decarboxylationo] LoUAA FAlo| o]rkstelart whAlEla GABA7E A4k tHuang et al
2007; Li et al., 2010; Ueno, 2000).

O GAD 71d=2A L-glutamic acid®] 7dFd<= 8o L=} 25ColA 864 g/Lldl Bl
monosodium glutamate(MSG)= 740 g/lLE &3)|7} g%ﬁl E7] "ol SIS A E(GABA)
o] S Eol7] st F8Y BTt =2 MSGE 71E= AAT AHZE Atkle, et
al., 2011; #, 2015). Z#v MSGe| %2 pH(6.5-7. O)i Aste] 4Hd ZA(PH3.5-6.00914 &A4d-&
zk= GAD9| ¥k £5+ ¢ =gi 885 Yot meps MSGE WHE71-AE AT APl
GADol| oJ3t AH3 g4 W3S F53t7] 95t x| chemical acids AR&3foF dlal olw)
e ANaCh= oAl Alslior sk ofelgol ok L-glutamic acids w7142 AR
735 Geldo] wig Br] wiEo] E4NrET]olA GABARS HeELT =& 4 AN 71E%
MAES] g3l= 2po]|E o] &3t GADOl 2|3+ GABAS] HM3apA e S<to g FRlo] 7l53}
=2

O & d7elie= GABAY 5438 347
1

MNs 918t A=F digtollA GADE ti=k84t

|&S /Esta, L-glutamic acidE ¥HE714E2 A3t GABAAAHS 9% A9 &AA

A FHFo2A GABAE o]&3 7164 ARRZIAY ALs ST 71ed wiAS AlFst
17k sk

ol

r'
L

L R e

O vAE B3l 93 glutamate decarboxylase(GAD) A4k
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O E.coli DH-5 alpha#tE LBul|A|| A 37C, 15417 vlFA1Z] & Al EElst cell pellet-&
=9k} Genomic DNA extraction kitE AM&3sld @52 FE genomic DNAS  EE3tyow,
GAD®] ZHA #7312 525 913 PCR template= ARG TH ™ 10-8).

O AT = L3 715S sh= T isotype(A}t B B} GAD7} E=A8H(Smith et al., 1992),
o] Z haf lifert 21 B ENJe GAD HAA H[FHAKIZEH 10-9F  Forward:
5'-gcgCATATGGATAAGAAGCAAGTAACG-3’ (underlined; Ndel site) ¢} Reverse:
5-ataCTCGAGTTAGGTATGTTTAAAGCTGTTCT-3 (underlined; Xhol site$} stop codon) — primer&
AHE-3l genomic DNAZ HE PCRE ZZA]Z1 PCR productE Gel extraction kitE AR&-3l A3k
% sequencing= 3%t Ay Ao AVIMES FAE £ QUTE PCR productE Ndel/Xhol
restriction enzyme2 23 ¥ wlg] & enzymeE =2 digestionA]Z] pET-28a(+) vectorell cloning
sto] DHWEE A& st

O wEWEZE BL2DE3) cellol transformationAlzl %
0.1mM IPTGE 4A7F =<t inductionA]Aow, HiQF
inductionA]Z] cellol| A gtk ¢F 50kDa2] GAD7} a2

LB ujA]ollA A600Nm=0.67}#] ®jFS 3
49 SDS-PAGEZ ®Alslych B4 A
S FQSFHTH2E 10-10, 1¥  10-1D.

O GABA A2k a4 A4S 98 #7142 vl eKFed-batch fermentation( 2% 10-12. 1% 10-13)S
TPt o, 7]Eu|x|(basal medium)¢} feeding mediumS AFESIFT A4 W FFE LBH]
Aol HE F, 37CAA 16A%F X& s sttt SejE] Ear]d] 28jg] 7|1EujAE ¥a vlg] E
73 3, R S-S S%EA TR0 HFESATE 0TCoA HEE S5t on, pHe ¢

5 AHgste] pHb.8= LASHA FAskATH

L-glutamic acid > GABA X &
I3 10-8. GAD ¥ GABA AJAb ZA L.

O

O W T O ol pi7k BolAl= Zlo] WFa 227 Al&shd, 71aiAl o] gagle] =
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H A= A feeding mediume pH #37 oA s AL SEE FYs17] A& st
At} Feeding AlZF ¢F 3412 &, IPTG7} 0.15mMe] =A] 3718l inductionS A&ttt ¢F 15
NS Al feedingst e A&k on, wdde] A60Onme= 110744 F7Fskdth. B &l
B cells 259E 9 § A Egst FS5dRks 3t on, o|& GABA A48 34

ATG GAT AAG AAG CAA GTA ACG GAT TTA AGG TCG GAA CTA CTC GAT TCA CGT TIT GGT
GCG AAG TCT ATT TCC ACT ATC GCA GAA TCA AAA CGT TTT CCG CTG CAC GAA ATG CGC
GAC GAT GTC GCA TTC CAG ATT ATC AAT GAC GAA TTA TAT CIT GAT GGC AAC GCT CGT
CAG AAC CTG GCC ACT TTC TGC CAG ACC TGG GAC GAC GAA AAT GTC CAC AAA TTG ATG
GAT TTA TCC ATT AAC AAA AAC TGG ATC GAC AAA GAA GAA TAT CCG CAA TCC GCA GCC
ATC GAC CTG CGT TGC GTA AAT ATG GTT GCC GAT CTG TGG CAT GCG CCT GCG CCG AAA
AAT GGT CAG GCC GTT GGC ACC AAC ACC ATT GGT TCT TCC GAG GCC TGT ATG CTC GGC
GGG ATG GCG ATG AAA TGG CGT TGG CGC AAG CGT ATG GAA GCT GCA GGC AAA CCA
ACG GAT AAA CCA AAC CTG GTG TGC GGT CCG GTA CAA ATC TGC TGG CAT AAA TTC GCC
CGC TAC TGG GAT GTG GAG CTG CGT GAG ATC CCT ATG CGC CCC GGT CAG TTG TTT ATG
GAC CCG AAA CGC ATG ATT GAA GCC TGT GAC GAA AAC ACC ATC GGC GIG GIG CCG
ACT TTC GGC GTG ACC TAC ACT GGT AAC TAT GAG TTC CCA CAA CCG CTG CAC GAT GCG
CTG GAT AAA TTC CAG GCC GAT ACC GGT ATC GAC ATC GAC ATG CAC ATC GAC GCT GCC
AGC GGT GGC TTC CTG GCA CCG TTC GTC GCC CCG GAT ATC GTC TGG GAC TTC CGC CTG
CCG CGT GTG AAA TCG ATC AGT GCT TCA GGC CAT AAA TTC GGT CTG GCT CCG CTG GGC
TGC GGC TGG GTIT ATC TGG CGT GAC GAA GAA GCG CTG CCG CAG GAA CIG GIG TIC
AAC GIT GAC TAC CTG GGT GGT CAA ATT GGT ACT TTT GCC ATC AAC TTC TCC CGC CCG
GCG GGT CAG GTA ATT GCA CAG TAC TAT GAA TTC CTG CGC CTC GGT CGT GAA GGC TAT
ACC AAA GTA CAG AAC GCC TCT TAC CAG GTT GCC GCT TAT CTG GCG GAT GAA ATC GCC
AAA CTG GGG CCG TAT GAG TTC ATC TGT ACG GGT CGC CCG GAC GAA GGC ATC CCG
GCG GTIT TGC TTC AAA CTG AAA GAT GGT GAA GAT CCG GGA TAC ACC CTG TAC GAC CTC
TCT GAA CGT CTG CGT CTG CGC GGC TGG CAG GTIT CCG GCC TTC ACT CTC GGC GGT GAA
GCC ACC GAC ATC GTG GTG ATG CGC ATT ATG TGT CGT CGC GGC TTC GAA ATG GAC TTT
GCT GAA CTG TTG CTG GAA GAC TAC AAA GCC TCC CTG AAA TAT CTC AGC GAT CAC CCG
AAA CTG CAG GGT ATT GCC CAA CAG AAC AGC TTT AAA CAT ACC TAA
7% 10-9. B Y GAD AA |71 A<
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=2 10-11. GAD «539] &7HAL
I3 10-10. GAD #59] 5714 vt B oK CRFARAT)

1: No induction
2: Induction using 0.1mM IPTG
3: Molecular markers

2 10-12. GAD S§AAF] PCR & agarose gel 13 10-13. GAD SAAIQ] thAtdofAe] &
_]

.

2f. 54 g 37 o7k GABA A4k

O GAD+= L-glutamic acid®] alpha-carbonel] A= o] l+= carboxyl”]E A7t GABA & A4 Al
7)H, olw pyrodoxal phosphates Z&AE Z&3ItHIE 10-14). E4AFAHL 93 A pHE
45-550, HA &%= 37Co|t}h L-glutamic acide EollA B840, GABAZ Z3lx|ofof

484 UEhan,

O GADdl 9]¢t L-glutamic acid®] GABA % 432 0.02mM pyrodoxal phosphate, pH>5.0, 3
7C 2794, oheFst k2] L-glutamic acid(30%, 40%, 50%)°l GAD(1mg/L g E H7t

S} 72417 <k WhgAlA sk

O 2473t W8 % 30% L-glutamic acid Bk-g-Hollre &84 =do] FolAl FUARE, 40% o
Q

o As AR B84 =do] HoRde: 243t W F 30%%} 40% -3l M=
B84 =do] FollAl &9kl 50% ol vk A% & 84 EFo] HoIt

4 10-15).

O T2AZF JE-gAIZ1 30%, 40%, 50% Hh-s-<Hol tiall GABAEH S w45k Az, 30%°l A1 16.07%
GABA+6.95% glutamic acid, 40%°llA4] 22.89% GABA+8.12% glutamic acid, 50%9l A 27.83%
GABA+11.24% glutamic acid &Fo] BRI=ATHE 10-8). &, ZE HEHo| A glutamic acide] oF
50%7} GABAZ ZHgt=|lom, oF 20%c HHA 2= FJEHE Folddh glutamic acidMw:
147.13) 0. 2 HE] GABAMw: 103.12)AZ Ao A CO7F AT += vhgolma oF 29.85%2] A2
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HO

+ + o~
HaN coo- —__SAp HSN/\/\H/ + COp

L-Gilutamic acid y-Aminobutyrate

19 10-14. GAD &4 ¥k

L-glutamic acid

30% 40% 50%

Incubation
at 37°C for

0 hr

24 hr

72 hr

19 10-15. L-glutamic acidell i3k GAD &4 Hhg-
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¥ 10-8. L-glutamic acidZ%E] GABA2] 3t

(1 - %)
o urg Al WS -
L-glutamic acid L-glutamic acid  GABAgF
T-1 30 6.96 16.07 53.90
T-2 40 8.12 22.89 55.93
T-3 50 11.24 27.83 54.40

nl. GABA o244k

7h) GABA th&A4k 2782 71a

O 15%9 GABAE A7) QslAe 159 5534 €9, 24, 43, 55, 243 T
o] FHtE| 3, AHoE H& AUt ol AAE DA7FsAFY 45U 95§ 5
AEIWZIA] Fokol] AAH O R ALgE o] Yt} metA] B AFoAe EAARFTAES ANAdsk
deEae £ Qe V1ee gysted 55 T,

) 7 EAA

O 7159 4G &g GABAY FHE&HE 47] HsiAe FES 395 371 4 =1
ALEZ- 7 ALt tig RS BARS SRS F8sith kA B AAe 52 Ax
P sEE BEad ML desleln ARAMAE HRNE e $RoR A
Attt

e
)
GAD > ‘
[[u Jla
AL A]
ok ;/
E7H)Y(flask) EFBLEI) S i Bl H CADEZH(A4EY)
GABA

w37
/

AL 27|
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éﬁm— :

2SHE

GABAT &

: !
j@
! |
H
]
4a
Mo
[

T 10-16. GABA 35 754 A7H At 34 mAlE

o) Fagxe] FAEAA 2 T4

O ST FTEr)

Specifications;

- Motor : 2Hp/3P/380

- Chamber volume : 70L

- Working volume : 50L

- Driving type :@ Bottom
drive

- Aeration : airflow meter
- Agitation : 10-1,200 rpm
- Temperature : 0-50°C

- pH meter, Do meter

GDAZA AAFS Ystol Mz
JAA#S flasko|A] BfFstal, Scale
wpshr] glstel B AR Al

Wa7|Z o8t

O thEuHEE7))

Specifications;

- Motor : 3Hp/3P/380

- Chamber volume : 500L
- Working volume : 400L
- Driving type : Top drive
- Aeration : airflow meter
- Agitation : 250 rpm

- Temperature : 0-50°C

- pH meter, Do meter

A agitation® rpm % cooling |
system®] dAI7} ZQ35ict.
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7}
A ZHAYS SUT 2 U

O GAD#EZof 2|3k GABA W%+

w7l YRR 28 FYstn mue
A L-glutamic acidg F<Usit}. oldf
oL 37C2 Sx|slu Ut EARA
GADS} 2aA2A m2|SALANolE
2 =qetw 34T wew WA Bt
7|27 A meby GABAWLS]

w4s HAste 71x2E Aog

LN
& =S AR,

Specifications;
5Hp/3P/380

- Chamber volume
1,500L

- Working volume
1,000L

- Driving type : Top

- Motor :

drive
- Agitation : 150 rpm
- Temperature : 0-50°C
- Anti-foam
conductivity sensor.
injection of
anti-foam reagent
by peristalitic pump

Specifications;

- Motor : 20Hp/3P/380

- Chamber volume :2.0m’
- Working volume : 1.5m’

- Ribbon impeller : 24 rpm
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SRt =3rE GABA YHSoH Specifications;
Ao =2 AlEjojlmg wuks - Motor : 30Hp/3P/380
- 1, = - Cooled condenser : 3HP
= 28 R welve HAs - Heat power : 20kw
-1y A= 757:]]@":} - Chamber volume :7.5m’

- Working volume : 1.5m’
- Ribbon impeller : 6 rpm

- Low temperature drying system
by condenser

Specifications;

- Motor : 30Hp/3P/380V
- Hammer : 2,400rpm

- Hammer tip : 24ea

O =Yy 2 Wz

GABAHjQF! T = HX= GABA
AP AR AERY &
ot 224 AFRE7HAE EEio]
Qo= S0 ZFE steamo
7R st A7 S &
oo sh= A7IAY E8482 B
9S4 ot O2fA  steams Al
85HA] o1l "oz M ZRdh= A

o] Wasirt.

2 oA

O RHE7ZA A7 E /\P%o}‘ﬂ AA 4 600L} L-ZFe4t 180kgEs B duk-g-7] o]
sty wrHksliA 225 37CE FA5HY

O 271 H39ks7]9] i%}%"%ﬂ ZE 59 :qai/gﬁ/kﬁﬂo]e 0.02mM¥} EEFALE 2

ol ZZElmAgFEEAeA 9,000gS EQste] muldto ma FaHrSL AT

O AAZAZAR] tween 80(Junse1 0‘%)% %JJF 10%(wiv) H &= 3|48t EQato & x

O

ol foi
o
X
2
X
s
o
ol
l
l‘-.~ i

of B b 2
o

Eit&%%‘?‘d(—F DT AEFIYA} e

N
PN
)
f

2
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Fe=e dToE Axsglon, o Ax AL, 2%
l

nh) aof

O & d7olMes Dt 28470 GABAY tidA sVl /IEdoes AR /H=A 7
A& FH3A GABAE 83 71548 ARAZHA Y tigesdS Sdsty] ffste dAskin

O E.coli DH-5 alphavt52 HE GADZ@ #WE|E %32l BL2ADE3) cellol ¥dxgate]
AAANAT FHARE hgFS {7 Mo mMsta ¢AE g o 1
BY72 AASL A5HS GABAYAS A3 G490 7 AL&39]ch

D

AD

2]

Ip
o>

O GABAAJsHS 913t WHg7]d 2 A L-glutamic acidE AMEslth A8 gidFoZHE AY4ts
GAD E9 ZEAZA IYSAZLAFOES L-gutamic acdS 7247+ B9F AH 1M}
45 27.83%2] GABA ¥H-gole mALs 2= 99T

O GABAS &3 7|54 EZ7HA ALk 2283 348 destelal qidgtd & e 34
o2 AASA, ARFTHREA BANE FHEr] Hste] ATke] ALRE EAZ =
Azgaor B A¥-e MASHATHGABAS S 9.12%).

:Jd
ol
A

3. 2Ed 2 Aze A% SA4 B A A& ARV A¥re i

7} 2EH 2 AL 9T ARAAA duel MF L WA

O 7haweoll oA thezl]l &84 2Eg 2] a1 dAL 7] 44, A4, AR, 549
L4, 25 B sr|dd, FAAT s, oa, AR 9T 5 e, o3 2EHx
a]lg0] A7 wag Apolle AeA B SA ARssTleA A4S A Aste AEd 5
ATk

O i HollM Had »lt— g

& Ao B} 2 AW & =S Ade) B NS

ayRe) 2A2A )54 BAL

o3 A9 4 AR A 9EFFE

HrEolSE f7 Beshs Wol Atk

O AEARe) ZAPUOTN AN B FHH A E A% 9219} shelze] B 2 92
de TofaiAL WEIC o M B QLEALE FolV] 93 F2E A7l W)
Itk EF ABFOIAVE ZFHAUCHIN A9OE LhrolA Fo) nEAe) BN U A
oblmat FFIAAU AT W) A BEAEL AYOE A B BN AUAZKAY o)§
A A F7h DS A AUAZLE RS PHE T ok duh

O & AFolME Aate] Zuold Aadyoss 1o 84 sEdzel te a7 S/

i

% [N
o
ol

1
£
ol
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oAy g3l Ego] He d8F &8st AFr|E NEs FAAHE 10-9). 7154
U524 GABAE= S74(Chen 5 2013; Dai 5 201D ¥ 2FHAIMin 5 201D 9] Z~Ed 2~ ¢35}
SAAS Azt Ba @ vl 1o, Ascorbic acide oidHole]e] Collagen @S 53 wo]
714 FAE. Sgavioli 5 2016)7 AHHA 9 SACA 12 Ao o ~EH X~ gstadst
BuEAI(]S. Mckee 5 1995 MM. Asli 5 2007), Vitamin E¢] &5 112 S o3 ~E
gl 2=o] $slo] EAHolm(Panda & 2007), 53] HIET Ce} A 94 S FsEaHt A=
Aog Bu¥ v} 9ItiSahin % 2003). =3 L-Aginined] FolE ~E# A 2784 AHA 9
A8 Pl FAHZQ &3yt Rud vl 9oH( Fouad AM, 5 2012), Betaine2 2 ¢# 3l
g7 Al(methyl donon<ldl] AFU=EAEA ME Yol +& e 2Hstal A2 a4
B} @ AS B 3A s Frlole IS dsiAT=d Aotk

E 10-9. 2E# 2= AS A% ARV 9489 B4 ZdEY

B 220 YA+ 7o a3
. . Gamma aminobutyric acid ARG AlsAd
Amino acid

L-Arginine(98%) HAgESof o

Ascorbic acid(99%) shAtshg 1t

Vitamin Soluble Tocopherol(50%) g el el

Betaine(98%) HEUARA

Minerals Sodium bicarbonate A s

A3}

L A

NE

O GABA(Gamma aminobutyric acid)e] A4k
O GAD AAbt=¢] nj ¢k

O £ dFl4 Gamma aminobutyric acid®] %S A%t GADE A4sh7] {8t 129 E#(10
5C~130C), pH % DO, vjkL o] AEzd 7]%5S 2zt Zul97](seed fermentor; vesel vol.
S5L)¢F FuleF7](second seed fermentor; vesel volume 50L) % =Hj%F7](main fermentor; vesel
volume 500L)E AHg3td FHAE 33T GAD A4S A% i+ v ofe &
A9 2t

O 500ml flaskoll Al w55 LBrj|ol] HE £ 37ColA 16A1F &<t & vj sk

O 58E &a7]A 3259 LBujA|d vjfet T+= HE $, 37ColA 16A1ZE < wnt vjFst

Ak

O 508)E 2a7)olA 308Jele] LBEjA ol ikt 7S HE &, 37CAA 16417 S+ wwlk ok
skt

O 5008]E] HE7o)A 3008]Ee] 7|EMASE Y1 HHe T mjgd 7S HES %7] pHE
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6.8, 37C 2] =7 A HjgFstATh

O wjFAte] At we} pH7F Sep7hr] Al&betd, 71 BajA] o] @4do] BF ARE Zo= &
@stal feeding mediume YA £E2 FASATE B AT ARHEE 71289 feeding
medium®] 242 1IAPAE AFHA TPl AHEE T widFE AR 24 T
2072 Azt ARSI

O Feeding medume FY3sl7] AZA o 3A3F Fo] IPTGZE 0.15mMo] HEZ  H7}stod
mduct10n° 5332 feeding mediumS FYsHHA F 1HAHEQG vl S A &3
Hjoko] F5w iAol 18]E1e] oF Imle] =& & Lysozyme(500,000unit/g)S 71t tha+
9] Alxzeo] a4 HEE {53510 o]& GABA A4HE Ao =® ARSIt B AFTA| A

© 1A =M= it xﬂ% Helste] GAD Aabetlont 221 WA= Wi HAE

GAD &490 2 83t= Wi Mastg]ch

O 2% 9 pHe =4, anti-forme] FYo] A5 FHE=E 1kd HEHE-7|(vesel vol. 1,000 ZE)ell
Hjere  600Le}t L-=F%4t 300kgs wHE7]ol Fdste] wRbeATh wjgdde w2 FFe
GAD #4go] xEgHo] gormzg HEo GADE FUL A %1, Z&42A pyrodoxal
phosphates HZE2 o2 0.02mM7} F =2 713 ohgoll pH 5.0014 37CE FA3AA B3-S
APt Ago] dgH WA= % 23.02%2 GABAZ A4kt = At Wkso] 5d
GABA WHgole 31.2(100C, 3002 A3l 2gxesty 14U 212,000 RPM3S] 2
FEES 3] AASIATHA A AL Z2).

2}, GABAAZE2] ZH]

O ABH/MAZA GABAY AHGENE Q7] AE A5 4EF TS AT & U=% 9
G B84 AYD WS AVPORN ST AAYE skt ol Fagn, wey
2 AGel e 37 H Mlgo] £85E BT AP AdsA gn FIAA o] &

4§ o8BS GABA 5918 129] WE2 U o8 AFQOICE AzFozA A

Me 21 1&3/‘1 UL HE A2E9 CGABATEFS 4840%= SA = UL
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GAD FZAAGE 3T

{1

= 1st seed culture(5L., 37°C)
o] M EE |« 2st Seed cuture(S0L., 37°C)
= Main culture (500L. 37°C)

{1

Lyvsozyvme & 219 2] T A =E 5}

{1

T AHZ 98] 21T GABARE

{

AAE=ERE AA)

{

E FA & E 5 (silica; oSG2

0

d==(aFa=

7= 10-17. Gamma aminobutyric acid®] AAZA .

73 10-18. Gamma aminobutyric acid SZA|&.

ok ALR A7 A o] A

O ABRHTHEA A3 AP Fof 2 A Hed 2ol dAE7HIA d:?zﬁ}—t— A& ol
o Oy Y AR SeE el By ddol flojor & ¥ v
of wWg =gkl el ofste] dEo] Wart dojubA| otok ik
O 84 Dglo] 4k

o)
S
i
K
2
B
ek
f
r
N,
N
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®
Q12 ol Hel) Sk G BE 4 sl o
#44 Aned B AP AESI90

Hy (flat die type Model : CT—1201, Celltech, Korea)g A}%O}Cﬂ AYE Ak

=

oz AdHEAY. =2 59 sodium bicarbonate”} 4?@ ZA o A= glucoseQ‘r sucrose«] A

A Fdty B £F9 glucoses} sucrose’t EIFE SAR FEA
2 ¥53 oes Btk ey FElvbs AlRto]l Ao WA npEE o3 A
—?‘7]' WAste] Felrz)o] BEET il 371 FY4 BAE FRste] B A9

(9 %)
, T-3 T-4
meredients sgrle  dved  euve  dvaw
GABATIZ & 10.5 5.0 10.5 5.0
L-Arginine 5.0 4.90 5.0 4.90
Ascorbic acid 10.0 9.00 10.0 9.00
Betaine 10.0 9.80 10.0 9.80
Glucose 545
Sucrose 54.5
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U AR AR (-84 B

50

A=k Ascorbic acidS A|9)3 Uz Y

O =
BEe gAHOR Bl URE URo|DET WYHY AN TE FE AUSU F5HL

(291 %)
. T-1 T-2
eredients Buvie  Adwam  pevie  svaw
GABAAIZRE 15.0 7.26 15.0 7.26
L-Arginine 10.0 9.80 10.0 9.80
Ascorbic acid 10.0 9.00 10.0 9.00
Soluble tocopherol 12.5 6.25 12.5 6.25
Betaine 10.0 9.80 10.0 9.80
Sodium bicarbonate 30.0 30.0 30.0 30.0
Glucose 12.5 12.5 - -
Sucrose - - 12.0
Total 100.0 100.0
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10-11. Sl T2 dedde HaHAAE)
(91 %)
7k (%)
Ingredients 7t A ° TP
T-1 T-2
Gamma aminobutyric acid 7.26 7.04 7.35
L-Arginine 9.80 9.49 9.86
Ascorbic acid 9.0 8.08 8.47
Tocopherol 6.25 6.07 5.85
Betaine 9.80 8.06 9.44
£ 10-12. APl mie HREYe| Wal(8AS)
(T2 %)
7He 5(%)
Ingredients 7t5 A ° TP
T-3 T-4
Gamma aminobutyric acid 5.08 5.10 4.95
Arginine 4.90 4.65 4.71
Ascorbic acid 9.00 8.90 8.56
Betaine 9.80 9.18 9.79
O BFEZE AR A A9 A4t
T84 BEHL HAsTlA 2 55358 EBIC dAFS FYsta ol SMAAA &
I A g5k FEHYCSE %SH” o] v FQ8sitt wetA B AFAA A EFEEEY AY
Wael AHgE URE St B FEA0l Fo URE HeEstgon, AR Ay A

10mme] ElEEE

l

A 23 A THEHY 7

S =ol7] 95te] HPMCPS AAHAEZ QA5 A AslA &8sk
1; Model :

E3l APyt AR A8e] AL 3 59k 2Tk

KTP-05, Korea
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¥ 10—-13. 2EH 2 AS 3 AR 7HA (BHER)

(51 %)
, A 8(%) ESTI
Ingredients = 510 B s ak 5 5L1] .0 2] BLgkak
%%B]E 5]1‘215:: ] %%H]E 617':?% (]
GABA X & 15.0 7.26 10.5 5.08
L-Arginine 10.0 9.80 5.0 4.90
Ascorbic acid 10.0 9.00 10.0 9.00
Soluble tocopherol 12.5 6.25
Betaine 10.0 9.80 10.0 9.80
Sodium bicarbonate 30.0 30.0
Glucose 6.5 49.5
HPMC 6.0 10.0
Cellulose - - 5.0
Total 100.0 100.0

f f}lf
# 10-14. B8 Ao & ZETF
(Z41: %)

Ingredients AHA 8 SA&

Gamma aminobutyric acid 7.16 5.25
Arginine 8.98 9.39

Ascorbic acid 9.40 10.22

Tocopherol 6.17 6.91

Betaine 10.13 11.97

O B3] AF A8 BE ABY A4S BAHOE G5 A%E BYOL 4 1571 Yo}
AwA AE7k BHEA Eel A5 gebRr BEslel ARst ofiAE Wil WA

O 48 ABHAS) Y2

O AsHA7H=EA W AFLS Fo 3 A ey el AlsrtlA HdEsk= AP0l
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O
O

o I8y A AFS FeE 2l = @A) glojol & B wholye} Alx 9 Byt
of W& &3t Al st A& WSyt dojubA] gotof itk
2 10-15. 3AZL AT gz 24 % 10-22. 2.
(29 %)
Ingredients 2FHA & SA &
GABA =& 10.0 10.0
L-Arginine 10.0 5.0
Ascorbic acid 10.0 10.0
Soluble tocopherol 10.0 -
purified water 59.7 4.7
Sodium benzoate 0.3 0.3
Total 100.0 100.0

2uy AR A

o

3T & AFolAME

A7t okAle] Rl
B ARG ARYE
B Aol 2l

H}A] o]

gato] M54 PR Austdr

aska 71
Eo] golsha

E37](Model :

Aol 2854 F= o Fo8 AF¥= A
3717k Bago] ARHVME Ade A

Ck-1610, Dae Han ENG, Korea )& A}

3E 10-16. F2AF S A% AL RS =4 19 10-23. B2,
(2 %)
Ingredients HA & SA &
GABA =& 15.0 10.5
L-Arginine 10.0 5.0
Ascorbic acid 10.0 10.0
Soluble tocopherol 12.5 -
Betaine 10.0 10.0
Sodium bicarbonate 30.0
Limestone 12.5 64.5
Total 100.0 100.0
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4. 7154 AEA7A FA-7)

O A= Az Aod 24 aloﬂ SAT LEERE AUSHOT AILL AUA 49
A B )

to r-
o
o
ok
82
k1
=)
&
fo
o
m)
N —\N
rlo
=
-kN
Z@j
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Xk
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I
-lN
nE
é
s
2
z
2
>
o
Z{l iy
od,
rlo
>
o
o

FUAROR DA OP B 1%% H‘%APEQ} YaHow i) %Oqﬂoii 2
< de 189 1EHO019E FAZozZA S5ode
100ppme] GABAS] &=7} vxm P BEAFE e wigAE 189 1kg(0.1%)S A7kt
EFFo A MFAE *é‘°ﬂ GABA 100ppm 7} FAEEE stk A8/ B F 40%
L AEE ASHATHAIE S8ty AL 5% ﬁw 2 55 #Y 52 Y A
Saayol| wet OITOJﬁE}.

L
oH‘
m

3 10-25. AlgE AFRA7HA.
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O Add

O A& ARHZHA S Fold mhE A o] AL ol Yehd viel 2ot JddB o AR

o ARE ARAZMS FATI tzTel W] A& 0w e ANE BT olg g
Ass § AT AR} AeHe] GRe T Aow BUHM AP ARAA F

HE gugde] Aot FHAA B Aoz BuHn QYA Azs) BE T AT
Zrol ol Uitk olsh e Av= A AE] N A AR BHME #%E 7
e nyed AR ARRAe Fold mE T AN A AL FAAA % A
oz AR AR QAF At FANEL A AVEEES SHNE FE A x0T,
E 10-17o049h heRt vhsh o] AR AZ) Age] A& 247 1723 1672 Ve
.

F 10-17. AEE& AA=37HAI FHoi7t Aol Bkl mAls 9%

ZRAPZ1ZE Control GABA 100
AFHE(%)
Day 1 to 10 94.1+£0.9 91.8+2.7
Day 11 to 20 91.4+1.9 88.7+6.3
Day 21 to 30 90.4+£2.9 89.01£4.3
Day 31 to 40 92.6+3.0 91.61£2.8
Day 1 to 40 92.1£2.2 90.31£4.0
N2 HHH (/)
Day 1 to 10 121.23+£5.26 101.81+6.89
Day 11 to 20 116.01+£7.07 95.89+6.47
Day 21 to 30 118.17+3.33 97.13£4.51
Day 31 to 40 126.24+5.24 103.71+2.62
Day 1 to 40 120.41+5.22 99.63+5.12
U5 /At a 3P %)
Day 1 to 10 1.97 1.67
Day 11 to 20 1.97 1.62
Day 21 to 30 1.98 1.65
Day 31 to 40 2.08 1.75
Day 1 to 40 1.72 1.67
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O

o2

29} 9%

10

e Aat AR Ao adiet AYsdE AR AAsHIT. AYsdoMe
stol2tel AEo2A ArsR(eF 5Tkp/ARNS] AFA AAE Shert Qo sdY o
A% ArkRgol vlLst A1719] AXE AAsH] the ofglw 2ol Tk 2 AlAofA
L gliEeo] 103533 89500 At £ 52 Astel Fol Al 4% E9t0] ARPAe] A
3 ol 5 4% 510 RS Bl BASH Wz ¥ ARS 2asienh Bolo) AN
A LT FRYo) AEARe] ERPAS Ashn YR AR s b
o] #A2 g9 A, ¥4 $ 2%, g9 & 43URo] ATZ 475to] Eggshell lightness
(QSM-System, TSS, York, UK) % egg weight, egg albumin height, yolkcolor (YF),
Haugh unit, eggshell breaking strength £4-& JdAEA7] (DET 6000, NABEL Co. Ltd.,
Kyoto, Japan)& o]-&sto] £ttt Egg shello] 22 WS AlAst 24h (X & 2A &
A5to] relative egg shell weight 7|AsHSIcH
AN = 5859 a4 ot FEAIFY AELA AMUEE ALRAVIAIE &Hlsto] BigA}
oz 29sto] gofstgitt. old Soigt GABAY ot Higiita Zofl 242 50ppmat

Oppme] £E0|%T A U 52| He] S o] AU wet o] 2ojFct,

B AE, L AGAREHY
A AP 39 BF AL, Y YPAREAY ORI ol Ut ZUS B 10-180] L}
EfSICT. GABA 509] Fofo] T}2 A AR 3] A2 65.93%24 A7 68.18%f 1]

ATl YW, GABA 1009 Fofo] AQol: A AR Fo| Abge
78.68%2A TlA70] 80.19%0] ulsto] 151% e Zuks weirt. oloh 2 Auh: AlRiEY
3 pelol glE Zloe AZIEIC ARUNTe HAR0R W cETIE uxe Aee
Bk

l~>1
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#10-18. AEFA NG ALRAIAC] Fol7t Aol A vl Ag

ltems Treatment
Cont GABA 50 Cont GABA 100
ArE(%)
Week 0 to 2 69.13+1.03 66.81£1.32 79.65+7.24 79.36+2.03
Week 2 to 4 67.23+1.27 65.05+1.51 80.73+1.20 77.99+1.26
Week 0 to 4 68.18+1.15 65.93+£1.40 80.19+4.22 78.68+1.64
A=A/ 5/ D)

Week 0 to 2 97.17+7.71 97.81+1.76 116.41+£1.37 112.92+1.99
Week 2 to 4 98.17+3.58 96.15+2.17 111.47+7.24 111.47+0.89
Week 0 to 4 97.67+5.65 96.98+1.97 115.49+1.95 112.20+£1.44

O Wrpte reda NS ALRAPI) Fofo] THE Aol7t WAL ©
Eo K]E?_I Haught unit= GABA 100mg/kg <277} THARLo]| H]O}
It 50mg/kg o FolA = 2518 okl AE BT

_R Eyf
*7* fil
l:ll-l“
@]
=
rlr
i
i)
fuj
ko

E 10-19. AEHA M8 ALRATAQ G0t Aol Ao k= gk

Treatment

Parameter Cont GABAS0 SEM P value
Eggshell color
L* 59.60 59.24 0.680 0.710
a* 17.57 16.62 0.346 0.082
b* 29.84 29.34 0.285 0.267
Egg weight, g 63.46 63.13 0.377 0.507
Albumin hight, mm 7.566 6.221 0.167 <.0001
Yolk color 7.014 7.100 0.115 0.620
Haugh unit 86.18 76.05 1.071 <.005
Shell strength 4.086 3.847 0.175 0.384
Shell thickness, mm 0.402 0.425 0.007 0.036
Yolk weight, g 16.59 17.15 0.162 0.104
Shell weight, g 6.157 6.003 0.088 0.251
Albumin weight, g = 40.72 39.90 0.354 0.110

O GaBA 100mg/kg 3t 7ol ol sl A A, i 1 Yk ARl o
2 o7k Q91on] Wzt £ U oAl Aolrt giglon], Yol N AL Aol Uetial o
GITt. ol 09l Wle] olet Haugh unitol] ellet HRPPF MRS W)
W2t S Wobrlt A Byt
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E10-20. AEPA ARG ARAINC Fo7t AlRpA] Zte] B vxl: G
P ; Treatment SEM P val
arameter Cont GABA100 vate
Eggshell color
L’ 59.87 59.13 0.543 0.348
a" 16.94 17.65 0.298 0.100
b* 29.11 29.61 1.681 0.264
Egg weight, g 63.04 63.25 0.402 0.847
Albumin hight, mm 6.723 7.820 0.189 <.005
Yolk color 6.837 7.370 0.098 <.005
Haugh unit 80.58 87.26 1.221 0.001
Shell strength 3.490 3.247 0.150 0.259
Shell thickness, mm 0.406 0.379 0.007 0.017
Yolk weight, g 16.28 16.57 0.240 0.496
Shell weight, g 6.009 5.690 0.110 0.047
Albumin weight, g 40.83 40.99 0.350 0.862
#® 10-21. AEHA AGE AR G07t AdAL] Alfe] S0 U]R]= 4T
P ; Treatment SEM P val
arameter GABA50  GABALOO vae
Eggshell color
L’ 59.24 59.13 0.561 0.909
a’ 16.62 17.65 0.298 0.046
b’ 29.34 29.61 0.324 0.565
Egg weight, g 63.13 63.25 0.328 0.911
Albumin hight, mm 6.221 7.820 0.189 <.0001
Yolk color 7.100 7.370 0.104 0.109
Haugh unit 76.05 87.26 1.221 <.0001
Shell strength 3.847 3.247 0.152 0.012
Shell thickness, mm 0.425 0.379 0.008 <.005
Yolk weight, g 17.15 16.57 0.294 0.208
Shell weight, g 6.003 5.690 0.098 0.040
Albumin weight, g 39.90 40.99 0.354 0.230
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£ 10-22. AEA ARG ARAIH Folrt Azt

Treatment
Parameter Cont GABAEO SEM P value
Total protein 6.510 6.760 0.108 0.418
Total cholesterol 119.0 139.9 14.742 0.256
Glucose 225.4 213.4 18.899 0.284
Albumen 2.110 2.050 0.055 0.504
Globulin 4.400 4.710 0.203 0.221
Albumin/globulin ratio 0.480 0.439 0.036 0.029
Corticosterone 15.17 17.46 5.629 0.567

# 10-23. 2B A AAE AR Go7t ARA|Y] EHxAo] 0jR]= 9T

Parameter Treatment SEM P value
Cont GABA100

Total protein 6.940 6.556 0.375 0.504
Total cholesterol 132.4 120.8 10.791 0.434
Glucose 232.1 219.8 12.060 0.046
Albumen 2.260 2.044 0.113 0.257
Globulin 4.680 4511 0.685 0.685
Albumin/globulin ratio 0.488 0.454 0.027 0.174
Corticosterone 18.47 27.04 10.048 0.092

£ 10-24. 2EA AGE ARV goi7t ARAIY A xRl njxl= 9T

Parameter Ireatment SEM P value
GABA50 GABA100

Total protein 6.760 6.556 0.125 0.526
Total cholesterol 139.9 120.8 3.597 0.304
Glucose 213.4 219.8 4.020 0.542
Albumen 2.050 2.044 0.038 0.946
Globulin 4.710 4511 0.101 0.436
Albumin/globulin ratio 0.439 0.454 0.009 0.353
Corticosterone 16.82 22.00 8.106 0.119

O GABA 100mg/kg 2o+ @AY glucose $£Z&0] YopX]l= Zits © 31 GABA 50mg/kg 59+
Albumin/globulin FatiOO] Dol AE Boou & gojqt o ARl e WA ol
E3t @4 W corticosterone &F ol [{oAPE UERA] okgton, & Q1 Ato]o] 9f
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O <A AHs39 dF A5 AldS flste] 3dde S &40 S0 Al olao AT

=2 o a L L
TS Ao Mgelart B 5L Alao] Jojgh Fhm 4 & $EE AlE 2RY
S QRS AAES 53 OlgRel $7 AR HUIYCL 2 AdelME Aule 1E L YRS

D5l 3R=S MAEAT  RosSEo] HolalZ EHE%L(B&OOOT) GABAB0(39,5202),
GABA100(39.000) o2 vix[sHICt. & A7IkE S Alrgo] SE=9 d= 52 5749
ARSERYo] mef o] Roj et ABA AdS St ARAVIAlE AIZE SaelE Sstel |
ofd a =S Folsiglen gol9] S40l= 100ppme] GABAYF 50ppmo| GABAS] skt &
A= == shnt

[

I 10-27.

O AED : FFPEF=(29H) O A%E : SE0PA7(ZI®)

O AEY : FFTPF71CAR)
W % A EY e P

Wo% A E

I3 10-28. FALR(HIIALR).

O ARt Ul 2=t £7] 35CE QAISHL O)E 230K A 4%Alo] 25-23C Hles ARSI
A5 g 717 23L/1D2 Ao, AR/Re 5 BURA HFAIRE AHgstart
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O H+t &5 U271 1,792g2 YA o224 GABAS0Z 1,860g, GABA 100
188082 UERAT wAEel S44 $AM2) AueA AN +E Yot GABAGOlL 87
of el FAG GIE wolEE Aow WA GABAS) Fo| S50kl Aol sl ¢
St Aleage thaet goiptol Aolzt ok

I 10-25. AEIA NG ARAIM Folo] whe g7lo) Atzago] Wt

Treatme ADFI' (g/bird per day) ADWG (g/bird per day) FCR (g/g)
nt 0-14 14-28 23 0-33 0-14 14-28 -33 0-33 0-14 14-28 -33 0-33
d d d d d d d d d d d

Control 30,1 952 1004 780 300 706 768 543 1.00 135 131 1.44

GABAS0 333 1022 1672 839 333 789 580 564 100 130 288 1.49

GABAI0
0 33.1 1004 176.7 834 326 731 80.0 570 1.02 137 221 146

'ADFI = average daily feed intake; ADWG = average daily weight gain; FCR = feed
conversion ratio

O = 435 % Hiis

O 338 go7It &9 F = HFF2 HEA7H 48.98E(38,0004) % 2 GABALIOO ofHof
M 52.8(39,00040) 0 =OoRl Zloz AN QIT: J2{uh GABAS| ol 719 Aloj= Uiy
Al Aottt GABAG oo T mAlE2 thaEALof Hlsto] st Woll Zloz AN Qe 12
A Algetsrdolal ot Y& s Gl wAtEH eRE 9 Hol 358 fe Aol &
gojnz et AF RAMS mefshs o] oYtk mPA & AYolA RAR HAREE E7Hl
A &sh Al AAlshs =482 71&sto] APdstAit

# 10-26. AEA AAE ARRAEVIAIY wololl O = AT R HAREY ®Het

Intake water(g/bird per day) Mortality Temp.  Humidity
Treatment 14-21  21-28 (%)

0-7d  7-14d 4 d -33d (C) (%)
Control 30.4 79.2 1316 2052  251.2 6.00
GABAS0 42.1 835 1390 1954 2453 3.70 21-35 45-80
GABAI100 40.1 859 1305 212.1 2708 -
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L 241 A% A (0|20 ATRE)

O Wdsgel £ % ARPH

O 28 W% UBAEL 1A FPUS NPT FU $YO2A PPdE IHE 85W Y
200 203 QAATAWEFE AREHFOR AFAUCE B APAE BRI ANl
9Jxlg mejstol QIciotely] 2uF 37300470 YR ANE HIETE AL Al TeA
& 2ot 2A% .20047} U5E S Wslel ¥ AYE APttt et 2 sk
U FoBL YEYZLE 19%ARe] Folstol RAWIA F 1403t Fojste] ¥ AlY
2 gEstch AL AZE U3 ARBMIE BINFS F4ek1e Sotol Folg 2 9
£5 gefetlont ool Bolle 1000 GABA S} RAEES Slsict 3R
FR9 PSR s Sk WPo] vt APE UL,

1A AERA A7 ALRATIAl] Fold] T 870 HRE U AlReTe
of AAPATH & 10-270] UeRd vlel 2ok B AN taTet Aal e 2o ojujgle At
7b Ueb] Qolet. ojoh e Amb 870] AT Tep FolsElt Fol7|zto] ofste] F
o Zu} YatAle o WHEl 27bHel A7 Esto] Fyslolof & 2oz Az,

B 10-27. AEFA G AlRAsAe] Bolo] e 8Ale] AbR &8e] Wsh9-322%)

[tems Control GABA 100
Initial weight(g/head) 697 687
Final weight(g/head) 1,547 1,541
Weight gain(g/heal) 850 854
Feed intake(g/head) 1,272 1291
Feed/gain 1.50 1.51
Mortality 417 414
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A 1. 9o 87 AERlA A ALRAIAE g

L. &4 2B A7 GO AP A=) Ao DjAl= dE

v O %
A7) Sfol U AYAT FALE STk T JEARAE TRNG A T1EAR71E
Ao YL 11D, S S lEoR Ne/nis AT AfUR Aol Ak ¢
Puele] 87 BF AL UYL 2.3, PHFLS LobkeR S5, Ao APAL7IE 39ke/
me of 25%/miz AT S170] A9, YHZSkg FSHIF) WPIA0E ) S
791 3%ke/miS AGSIA, OF 164/m2 ANE] Gheol, Fuhel AL} olo] vlLs) o Ee
4

-
o O]— XA O
S o 4 ook

O A2 23sblo] A 879 WAk AEe|A 2 olo|2EA T AR AlE BUER 3
4

B 11-1 3 7FEAI8AIE ggudd A 15187 E!

Q5

- A FE) ERERLES H]a12
Alo1A] 0.05nt/hd
AFA
A 9hd/nt (0.11ni/hd)
At =787 o1 0.025nf/hd 100U & 7}R] AFS:
AR 39Kkg/ ni *252/mt (400cm?’/hd)
3 Aur | SHIE 36kg/ni 232+t (434cni/hd)
A A Argh7] 33kg/nf *212x/nt (476cm’/hd)
Al 0.046 ni /hd

'EA SUFAAEE 1A 2015.12.21. A%y

‘2 87 &5t AlE2 P 1.56keS FBsto] HIAAG AMS

10

A

= X
= T 0

2

XN 2A]

O & 11-20] Qofleiol 28 ZAS 58 ARUE Wit MUE(0.05-0.125), FUE
(0.037~0.089), 11U %(0.030~0.072)=2 UERGTH AGLZAo| wety YWert S71d4es AJAdat
2ol | BSAIE, 032 Heb} YUCT HIPA, THA] Qi BIE o EARC,
w2, §A49) ARt Hojso]surk Arjsoe nojsn gct.
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B 11-2. AFS L (mi/bird)o] THE AP 2 Ae] Alm s}

Low |Medium| High | Days Results (Increasing SD) References
0.055 | 0045 | 0.038 | 7-35 Decrease in BWG, Increase in FCR, Son. 2013
&foot pad score
0.050 | 0.037 | 0.030 | 1-30 |ecrease in BWG &Fl. Noeffect onlyp qpos et al 2013
FCR; Increase in AST
: N i t al.,
0.100 | 0.071 | 0.055 | 1-42 |No effect on BWG. Fl & FCR: ogrela £ 4
Decrease in livability 2013
0.133 | 0.089 | 0.060 1-49 |Behaviors (walking, drinking etc) [Lolli et al., 2010
i : H h t al.,
0.083 | 0063 | 0.050 1-35 Decrea.se in FI; No effect on BWG |ongechao et a
& FCR; Increase in foot pad score 2014
Decrease in BWG &FI; No effect on
0.116 | 0.077 | 0.058 | 7-35 |FCR; Increase in HSP70 gene Beloor et al., 2010
expression
0.125 | 0.050 | 0.033 | 11-46 |- Villagra et al., 2009
0100 | - | 0063 | 1-4p |Pecrease in BWG: Increase in FCR l;) 0oy oo
No effect on uric acid, glucose, TG
0.092 0.081 0.072 1-42 No effect on BWG, FI, FCR Na et al., 2 013
No effect on BWG, FCR (whole
0.071 | 0.063 | 0.056 | 1-49 |period): Decrease in FI &FCR (1-21 Khosravinia , 2015
days)
0.091 | - | 0065 | 25-42 [NO effect on BWG, I & FCR Wang et al., 2014
Increase in GPT
Decrease in BWG, FI &villus height
0.100 - 0.067 | 1-42 |Increase in FCR, AGP, CORT, H/L |[Shakeri et al., 2014
ratio
Increase in FCR: No effect on FI &
0.083 - 0.059 1-42 |BWG; Decrease in ceca E.coli (3 Guardia et al., 2011
week)
Decrease in BWG &FI, & FCR; No
0.080 | 0.057 | 0.044 | 1-42 effect on cholesterol. TG, glucose Tong et al., 2012

O 95% olAe] Ategas
090 w2 ujo]
SIS

O, 2% 20ppm O|5tZ
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E 11-3. 8§82 Y Fumonisin 2!

No. FB1 conc. (ng/g of sample)
Complete diet No. samples [FB1-contaminated
samples?2 (%) Mean Min. Max.
Laying hens
Grower 11 9 (82) 760 343 1,190
Layer 13 13 (100) 2,240 73 12,800
Broilers
Starter 11 9 (82) 3,850 1,420 14,600
Finisher 11 8 (73) 3,590 1,380 9,040

1 Seo et al., 2013.
2 Positive samples: LOD concentration > 20 FB1 ng/g

S~

4ol QoFstA R0l w7l RAMS &5 Ale Ul FRUAl aFo] 719 i e K&

235 YRRt Ats W #8244l £50] 20ppm ofstYd ©ff AJibdols dF= DIRA]

Agt ZAE = YAMY AE9 4ES E4619TE Al W ERUAl £50] 100ppm ©]

SAY AP HAME S RFREIT TR, Al W FRYAIYl @ F4Eo] 20 ppm O]
e

ol G URIAE oA TRt B L e Alme] 9¥S F 20102 Ag

1-

O=®l
Al

=

olr

T
UH

_°,L‘_°,L’o_>,:>|-ﬂa

9] rlr ne

o

£ 11-4. Atz W Fumonisin »&o0] 5419 A4V} A82) A]&o] 0jA]= &t

- . Feeding
Fumonisins | mg/kg diet (days) Results References
B1+R2 05 4 1-15 No effect Qn BW, FCR; Increase in |Antonissen et
sa /so ratio al., 2015
B14B2+4R3 20 1-20 No effec.t on BW: Severe Eimeria Grenier et al.,
-gut lesion 2016
B1 20. 40. 80 1-91 No effect.on BW and Qrgans: Henry et al.,
Increase in sa /so ratio 2000

No effect on BW and FCR; Moderate |Antonissen et

B1+B2+B3 26-28 715 ereased corticosterone al., 2017

No effect on BW; Decrease in ileal
B1+B2 18.6 1-21 villus length & crypt depth; Severe
necrotic enteritis (NE) lesions

Antonissen et
al., 2015

19% reduction in BW; 30% increase |Brown et al.,

Bl 300 1-14 in relative liver weight 1992
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Decrease in BW; 125 ppm: 20% Javed et al.,

Bl 125, 274 1-14 birds died: 274 ppm: 50% birds died |1993

Decrease in BW and FI. Increase in
relative liver weight; Decrease in Rauber et al.,
jejunal villus height; Increase in 2013

Sa/so ratio

B1+B2 100, 200 1-28

O A% 23 ZA12 Solo] 8719 AgLEE Arjsol], Al U] £3UAlo] 20ppm ofst2 2%
A% Bl JUE DA SO I el A9 ) I AEelnE 5 4
9t o2 2aj9) oleid ANE vFo= 879 AlRo] F2UNS 10ppm LYY ARE
Clopet AR S Fof Al Aartgo] Al Yol uat AUES AASIAT. AU
o ARG 35 PSP UAISIEC,

2. QAL 2B A 51 ERUAI0] SA19) A4 B Ade] A&l nlR]= 9T
At Ao Sl AEHA FFOIA A A R YA AR ZHOR AR
=5 3 pEoR Z7gsto] RSt Eoh Afr U Ojo] 25411 FRUAI0] A9 AgAtgat
4 Alrof uxle FFE F7t= AAst R8s ofgd, Dio]ZEA vlRItE o714l 29
=

7110} ool REAIS] AE AT 4 YA| olunat st

Of

S ERIE:

O 3AlsE % 4 % Al BAF 2B AL ERUA0] SA19) A4 2] Ao DR]E FFE &
ofR7] 9fsto] & 144049 ROSS 308 471 Hot|S o|&sto] Uge »a¥sigich. AP
12 X237 A BEXOIo] AEAIXOI|EEA] BRIH)2A] A2jd 6 ghEoz L
11-5). AAF W 25w £7] 34°CE FAIsHL, tha 2-3°CH 3R] 2194w 24°C HE=S 27
S RASHATE 52 A 71k 23L/1D= fAlstgen, £ M 2mxim 27]2 YSa H
At gol7Pt e, Nz 975 Z2ior ARSIt APV 2 Sanlsit
0]z 2 uj3tEl AR ZS AFRSIUTHE 11-6). BE AlE Axte 7120y
Qlstof] o] oSS KU16138).

ok
K
ofl °
o
>
oot
Efe
o J
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rO
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19

B 11-5. AEAA

Treatments Replicates / Total chicks / Total chicks /
Density FB TB treatment pen (birds/m)  treatment
Low No No 6 15 (7.5) 90

Medium No No 6 20 (10) 120

High No No 6 25 (12.5) 150
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Low No Yes 6 15 (7.5) 90
Medium No Yes 6 20 (10) 120
High No Yes 6 25 (12.5) 150
Low Yes No 6 15 (7.5) 90
Medium Yes No 6 20 (10) 120
High Yes No 6 25 (12.5) 150
Low Yes Yes 6 15 (7.5) 90
Medium Yes Yes 6 20 (10) 120
High Yes Yes 6 25 (12.5) 150

O ARAF: i ARNHT. AFS Sstel ARESS AN A 3 Ao W= W 15
2 BR0l2 Mustel oldelEiAR g2kl & Wadt RS Ak

g% H ASHH oA FAZ eI

JAR & Al
Mg 2elsto] &4 U GOT, GPT, GLU, TCHO, TG, UA S AJaletA]

O @4 U PAlst AT B4 NEFR U] WEPEE 2 WY BE 2A A
of CO2 AES) AR T WM AF Lag FAblz Fee

a -
(1,300rpm X 15min)sto] @72 2|5t o0, 3474
2! total antioxidant capacity, MDA(malondialdehyde)S &%45t% T}

B 11-6. Ingredients and chemical composition of the basal diet

Ingredients g/100g
Corn 51.31
Soybean meal, 44% CP 29.34
Wheat, 12% CP 7.00
Corn gluten meal, 60% CP 4.00
Lysine-HCl, 78% 0.13
DL-methionine, 98% 0.24
Dicalcium phosphate 2.05
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Threonine 0.07

Choline, 50% 0.10
Salt 0.30
Limestone coarse 1.14
NaHCO3 0.05
Tallow 4.00
Vitamin premix’ 0.12
Mineral premix” 0.15
Total 100.00

Calculated or analyzed nutrient

composition, %

AMEN3, kcal/kg 3,170
Crude protein4 20.56
Crude fat4 6.27
Cad 1.04
Available phosphorus3 0.46
Total phosphorus® 0.87
Lysine® 1.15
Methionine® 0.59
Met+Cys® 0.95

1Vitamin premix provided following nutrients per kg of diet: vitamin A, 18000 IU; vitamin D3,
3000 IU; vitamin E, 80 IU; vitamin K3, 5 mg; vitamin B12, 0.06 mg; thiamin, 5 mg: riboflavin,
20 mg: pyridoxine, 8 mg; niacin, 90 mg: biotin, 0.2 mg; folic acid, 1.1 mg: pantothenic acid, 50

mg.

Z2Mineral premix provided following nutrients per kg of diet: Fe, 80 mg; Mn, 40 mg; Zn, 12.5
mg: [, 0.25 mg; Se, 0.2 mg: Cu, 30 mg.

3Calculated value as-fed basis.

4Analyzed value as-fed basis.

O o Y A=A AIE 2A:

48 U0 Papee 2 Y B A9 IS 144 el
CO:Z AFES SN F APl AR 1818 FAP|2 Fag AR H NS
2 olgslo] AEEA S HSUC. YL HBL QA (1000rpm X Smin)ste] Lels

At

lil
=
BC
l'IJ&
ot

Ad e 3490 viEE R 7 Mg P A9 VHAIE 144 Adste CO,
| % Aol A 2elg AblE dere AR 5 9 v‘i—ﬂ (1000rpm x
5m1n)0}04 ?:37%%% wefst o, a3t €4 MEL nitric oxideE F75Hth 100009 E74 Al
Z1} Griess reagent (sigma, St. Louis, MO, USA)S 1087F AreojA 8FSA|Z] S microtiter
plate reader (Synergy?2, BioTek, Winooski, VT, USA)S o0]&5to] 540nmojA] Sd =S =Xs}t
pil=g

SV Ul slgA: HAEE 34%0] ¥eEE 72 fY g A9 VHAIE 194 Adsto] COE At

23l SN 5 SA MAS AFIslo] vz ojola AE|2 uwelgith A 2 & SemZ A
718 PBSE o]&sto] MASHYTH A YL&F0] HA=E ZAL yoltex mixer (C—VT Test Tube
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Voltex Mixer, Chang Shin Scientific Co, Incheon, KOREA)S 0|83l PBSof 83| Aojiyo
o, fAg] (27,000g x 20min, 4°C)5t] AW B3 FH -20°CoA EH=Qot. slgA+
ELISA chicken-specific IgA kit (Bethyl Laboratories Inc., Montgomery, TX, USA)S ©]&-35}
o] Zrstict.

O %39 228 54: Ag 340 ULPU2 2 MY Y7 A S 184 Asiof COE
AHgal SN F AR ARetett A0 U mEd 430l Zojot FAe 24stg
50kg H 9] load cello] AHAt=l Instron (Model 3342, Instron Universal Testing Machine,
instron Corp., Norwood, MA, USA)E o]&5}o] 50 mm/min®] cross-head speed® 3.35cm
770] AR 9ol AT 2ol AF FANO] RS A4steict 28 TefmolA nhy
HETL A AR 59 ARl 2Eo| glo] 220 &8sl Ao sipoln F2o] A48 oA
E gy

O #)°] morphology: A% 34%=jol] vl sz 7t Wy W@ SAe] RIS 144 Musto] CO,
2 A48l SN B slge) B2 BB lemE ARSIACE AT AR 54 10% B4 93
z 209t (buffered formalin)ol] ©of =X 1A CH H&E EME 5to] Setojez AAMst H
Aol olgsl &=(Villus height) Zo]t g2t Zlol(crypt depth)& 575t 20 o]& o]-&st
o villus height : crypt depth ratiogE A5t

¥

O 4 24 Ag 34do) visdE= ZF i g £A9 7IAIE 194 Addste] COS ARgsl g
AR H QL8R 7SS tS2 AlFlsto] A, 71E0%, S pHE 55T SA2 A
=7 (CM-2600d, Konica Minolta, Ramsey, NJ, USA)S o]8&5lo] o7} 2X] ¢ A R8s =

Asto] Hgro gz AR5ttt pH O]F (Testo 205, Testo AG, Lenzkirch, Germany)S 759
o £ 2R Aste] SYsien = SRS PR ASsiart

O AZA:

= o] tf3t EAEAMS SAS 9.4 (SAS Institute Inc., Cary, NC, USA)Z o|gstgion 37}
Al Q91 (3 X 2 X 2 factorial design)of s} General Linear Model (GLM) procedures ©o]£
sttt A=l 9] 794 882 Duncan® 45474 (Duncan, 19952 &3l 9 & P <
0.050|4 AAstYcE RE =X7FS [east square meansz UERHOD experimental unit2
pen© 2 stoict

O WA ¢ 0%
9A A

O APd2 & 11-70] AAlst. dGEAITS 22~349t 1~349 7|to]| A= X2j47h 5718
E B 298 AYEnt RS w7 UERATHP<0.01). ALRAFEE 22~34d, 1~34d 71700
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AUE Mt F709E, 10 A270) vms £ 202 UehthP<.0l). ARage of
o\ 5400 SJg Gopp} Ssle) S8, M4 7914 olol LAl Fumonisin A7} ol
Chauct Solshl B2 2102 LERITHP<0.05)

O AISUE, Ulo|ZEA U EANlIY QoI ALFAEe QORI
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72 11-1. Interaction between stocking density and toxin binder
on weight gain in broiler chickens at 21 days.
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72 10-2. Interaction between fumonisin and toxin binder on

ileal crypt depth in broiler chickens.
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7= 11-3. Interaction between fumonisin and toxin binder on

nitric oxide concentration in broiler chickens.
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 11-7. Effect of mycotoxin and toxin binder on growth performance in broiler chickens raised
at different stocking densities.

Boder weight gain Feed intake Feed conversion ratio
g/day/bird (g/day/bird) (g
Del’lsi‘[y1 FB! TB! 1-21d 22-34d 1-34d 1-21d 22-34d 1-34d 1-21d 22-34d 1-34d
LSD + + 29.60° 85.51 50.98 44.08  132.26 78.1 1.50 1.55 1.54
+ - 28.78 89.23 51.89 4285 131.95 80.2 1.49 1.49 1.55

= + 29.66 87.71 51.86  43.40 12935 759 1.47 1.48 1.48
= = 28.33 88.93 51.50 4219 131.63 74.0 1.49 1.48 1.44
MSD + + 28.03 78.33 4727 4371 11947 711 1.57 1.51 1.52
+ = 29.84 75.91 4746 4315 118.02  71.6 1.45 1.57 1.52
- + 29.40 81.27 49.23 4277 12152 723 1.46 1.50 1.48
= = 28.82 79.39 48.15 4190 119.23 711 1.45 1.50 1.48
HSD + + 28.32 74.64 46.03  40.64 115.78  69.3 1.44 1.56 1.52
+ = 30.44 75.80 47.78 4312 11749  73.0 1.42 1.55 1.53
= + 29.08 76.52 4722  41.22 12087  70.6 1.42 1.58 1.52
= = 29.84 76.79 4779 4328 11937 719 1.45 1.56 1.52

Pooled SEM? 0.75 2.32 1.08 0.89 2.23 1.86  0.037  0.040 0.032

Main factors

LSD 29.09 87.85*  51.56* 43.13 131.30* 77.10® 1.49 1.50 1.50

MSD 29.02 78.73>  48.03> 4288 119.56° 7153 1.48 1.52 1.50

HSD 29.42 75.94°  47.21° 4206 118.49° 71.21° 143 1.50 1.52
+ 29.17 79.91 48.57 4292 12278  73.9 1.48 1.54 1.53?

= 29.19 81.77 49.29 4246  123.66  72.7 1.46 1.52 1.49°
+ 29.02 80.67 48.76 4264 12354 729 1.47 1.53 1.51
= 29.34 81.01 49.10 4275 12295 737 1.46 1.52 1.51

P-value

Density (D) 0.730 <0.01 <0.01 0.213 <0.01 <0.01 0.068 0.097  0.627
Fumonisin(F) 0.966 0.170 0.249 0369 0.350  0.259 0.348 0.333  <0.05
TB (B) 0.455 0.800 0.596  0.825 0.793  0.468 0.487 0.772  0.990
D X F 0.938 0.772 0.768  0.488  0.224  0.158 0.521 0497  0.202
F X B 0.106 0.725 0.322 0.816 0.841 0.202 0.126 0970  0.608
D X B <0.05 0.372 0.574  0.147  0.610 0.506 0.325 0.519  0.911
D X F X B 0.680 0.899 0.999 098  0.609 0.894 0.693 0.575  0.876

IFB = fumonisin; TB = toxin binder; LSD = low stocking density; MSD = medium stocking
density; HSD = high stocking density.

2SEM = pooled standard error of the means.

3Values are LS means of 6 replicates per treatment.

a,bValues (n=6/treatment) having a different superscript within a column differ significantly (P
< 0.05).
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B 11-8. Effects of mycotoxin and toxin binder on production index and mortality in broiler

chickens raised at different stocking densities.

Density! FB! TB! Production index? Mortality (%)
LSD + + 312.1* 5.56
5 - 315.3 5.56
- + 339.9 3.33
- - 342.5 3.33
MSD + + 291.6 5.83
+ - 307.8 1.67
= + 313.6 5.00
- - 312.2 3.33
HSD + + 294.2 3.33
+ - 302.6 2.67
= + 292.2 6.40
- - 302.6 4.00
Pooled SEM? 3.72 0.037
Main factors
LSD 327.4a 4.44
MSD 306.2b 3.96
HSD 298.1b 4.10
+ 303.9 4.10
- 317.9 4.23
+ 307.7 4.91
- 313.8 3.43
P-value
Density (D) <0.01 0.470
Fumonisin (F) 0.075 0.752
TB (B) 0.404 0.105
D X F 0.315 0.254
F X B 0.708 0.948
D X B 0.938 0.521
D X F X B 0.846 0.619

IFB = fumonisin;: TB = toxin binder; LSD
density; HSD = high stocking density.

= low stocking density; MSD

= medium stocking

2Production index = European production index = [body weight gain, kg X livability, %)/(feed

conversion ratio X age, days)] X 100.
3SEM = pooled standard error of the means.

4Values are LS means of 6 replicates per treatment.
a,bValues (n=6/treatment) having a different superscript within a column differ significantly (P

< 0.05).
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F 11-9. Effects of mycotoxin and toxin binder on relative organ weights (g/100 g of body
weight) in broiler chickens raised at different stocking densities.

Density’ FB! TB! Liver Spleen Egélsdadgg Abd%)iﬂnal

LSD + + 6.42 0.129 0.209 1.165
+ - 6.54 0.121 0.191 1.108
- + 6.75 0.147 0.199 1.096
= = 6.79 0.147 0.169 1.005
MSD + + 5.80 0.127 0.167 1.219
+ - 6.78 0.122 0.217 1.105
- + 5.96 0.126 0.219 1.094
- - 6.52 0.138 0.215 1.129
HSD + + 5.80 0.124 0.264 0.937
+ - 6.78 0.125 0.251 0.981
- + 5.96 0.128 0.223 0.989
= = 6.52 0.111 0.244 1.212
Pooled SEM? 0.081 0.0043 0.030 0.030

Main factors
LSD 6.62 0.136 0.192° 1.093
MSD 6.49 0.128 0.205% 1.137
HSD 6.26 0.122 0.245% 1.030
+ 6.42 0.125 0.216 1.086
= 6.50 0.133 0.212 1.088
+ 6.34 0.130 0.213 1.083
= 6.58 0.127 0.214 1.090

P-value

Density (D) 0.194 0.420 <0.05 0.340
Fumonisin (F) 0.592 0.349 0.779 0.975
TB (B) 0.138 0.740 0.951 0.907
D X F 0.662 0.458 0.465 0.250
F X B 0.961 0.872 0.744 0.413
D X B 0.076 0.847 0.541 0.315
D X F X B 0.468 0.691 0.577 0.728

IFB = fumonisin; TB = toxin binder; LSD = low stocking density: MSD = medium stocking
density; HSD = high stocking density.

2SEM = pooled standard error of the means.

3Values are LS means of 6 replicates per treatment.

a,bValues (n=6/treatment) having a different superscript within a column differ significantly (P
< 0.05).
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#® 11-10. Effect of mycotoxin and toxin binder on ileal morphometry and secretory
immunoglobulin A in broiler chickens raised at different stocking densities.

Villus Crypt Vﬂlugrztégface h;}/iﬂl}lllts / lleal sIgA
Density’ FB'  TB! height depth B 8 (pglmg of
(em)  (am)  (HIEX Crypt . brotein)
10™) depth ratio
LSD + + 688.5% 140.94 0.090 4.90 0.267°
+ - 842.9 163.92 0.127 5.12 0.187
- + 711.8 136.38 0.105 5.23 0.178
- - 741.9 164.85 0.132 4.53 0.280
MSD + + 788.7 144.94 0.102 5.38 0.204
+ - 590.9 118.53 0.094 5.05 0.258
- + 758.7 142.63 0.115 5.32 0.251
- - 741.4 164.81 0.115 4.47 0.396
HSD + + 773.8 149.00 0.117 5.14 0.359
+ - 833.0 144.74 0.120 5.74 0.233
- + 718.8 147.55 0.111 4.87 0.293
- - 734.4 153.32 0.106 4.79 0.241
Pooled SEM? 72.5 9.27 0.011 0.378 0.015
Main factors
LSD 746.5 150.95 0.113 4.96 0.234
MSD 719.9 142.73 0.106 5.06 0.284
HSD 765.0 148.65 0.113 5.13 0.286
+ 753.0 143.68 0.108 5.22 0.260
- 734.3 151.21 0.113 4.88 0.275
+ 740.1 143.58 0.106 5.14 0.264
- 747.6 151.32 0.115 4.96 0.273
P-value
Density (D) 0.679 0.443 0.629 0.818 0.286
Fumonisin(F) 0.661 0.162 0.436 0.119 0.622
TB (B) 0.862 0.145 0.181 0.407 0.813
D X F 0.390 0.159 0.238 0.657 0.179
F X B 0.967 0.056 0.785 0.117 0.054
D X B 0.139 0.074 0.054 0.284 0.042
D XF X B 0.319 0.208 0.837 0.931 0.726

IFB = fumonisin; TB = toxin binder; LSD = low stocking density; MSD = medium stocking
density; HSD = high stocking density; sIlgA = secretory immunoglobulin A.

2Villus surface area = calculated by villus height X (diameter of villi's 1/3 height part +
diameter of villi's 2/3 height part)/2.

3SEM = pooled standard error of the means.

4Values are LS means of 6 replicates per treatment.
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B 11-11. Effects of mycotoxin and toxin binder on tibia breaking strength and mineral content
in broiler chickens raised at different stocking densities.

Density’ FB! TB! Breakin%vkgs;rength Tib%%ash Ca (%) P (%) Mg (%)
LSD + + 24.05° 0.346 35.01 18.19 0.900
+ - 24.43 0.331 35.52 17.96 0.890
- + 26.72 0.353 34.84 17.94 0.915
= = 28.73 0.355 34.82 18.15 0.885
MSD + + 23.83 0.355 34.53 18.16 0.917
+ - 24.02 0.351 34.49 18.28 0.893
- + 21.50 0.356 34.17 17.64 0.898
= = 22.13 0.353 34.66 18.10 0.888
HSD + + 21.94 0.350 33.86 17.78 0.927
+ - 22.90 0.356 34.59 18.09 0.918
- + 20.28 0.333 34.23 17.73 0.898
- - 23.85 0.357 34.38 18.05 0.908
Pooled SEM? 0.64 0.0085 0.34 0.22 0.023

Main factors
LSD 25.98% 0.346 35.042 18.06 0.898
MSD 22.87% 0.354 34.46° 18.05 0.899
HSD 22.24° 0.349 34.26° 17.91 0.913
+ 23.53 0.348 34.66 18.08 0.908
= 23.87 0.351 34.52 17.94 0.899
+ 23.05 0.349 34.44 17.91 0.909
= 24.34 0.350 34.74 18.11 0.897

P-value

Density (D) <0.05 0.471 <0.01 0.593 0.578
Fumonisin (F) 0.792 0.567 0.445 0.285 0.514
TB (B) 0.317 0.733 0.124 0.127 0.367
D X F 0.197 0.136 0.541 0.519 0.745
F X B 0.543 0.227 0.619 0.312 0.883
D X B 0.838 0.170 0.884 0.522 0.786
D X F X B 0.942 0.730 0.424 0.786 0.811

IFB = fumonisin; TB = toxin binder; LSD = low stocking density: MSD = medium stocking
density; HSD = high stocking density.

*SEM = pooled standard error of the means.

*Values are LS means of 6 replicates per treatment.

a*b\/a)lues (n=6/treatment) having a different superscript within a column differ significantly (P <
0.05
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H 11-12. Effects of mycotoxin and toxin binder on physiological stress indicators in broiler
chickens raised at different stocking densities'.

Density! FB! TB! H/L? ratio NO? (uM/L) AGP? (ng/mD) (Cof‘TS
pg/m
LSD + + 0.195" 31.4 2.55 161.5
+ - 0.208 35.5 3.35 1435
- + 0.166 43.8 2.99 138.7
- - 0.175 19.8 2.93 47.9
MSD + + 0.242 25.5 3.18 45.0
+ - 0.210 39.3 3.90 142.1
- + 0.303 21.6 3.57 153.8
- - 0.220 27.9 3.37 61.5
HSD + + 0.267 29.2 3.69 100.3
+ - 0.295 48.1 3.32 112.9
- 5 0.268 27.7 2.74 118.6
- - 0.243 23.8 2.67 1775
Pooled SEM® 0.024 6.08 0.47 12.0

Main factors
LSD 0.189° 32.7 2.96 112.6
MSD 0.236° 28.6 3.50 98.7
HSD 0.273° 32.6 3.11 128.5
+ 0.240 34.9% 3.33 115.5
- 0.230 27.6° 3.05 113.4
+ 0.246 29.8 3.12 119.6
- 0.229 32.7 3.26 109.6

P-value

Density (D) <0.01 0.560 0.243 0.582
Fumonisin (F) 0.626 <0.05 0.304 0.942
TB (B) 0.424 0.468 0.614 0.714
D x F 0.281 0.474 0.411 0.232
F x B 0.237 <0.01 0.370 0.149
D x B 0.292 0.490 0.638 0.302
D x F x B 0.842 0.473 0.589 0.136

'FB = fumonisin; TB = toxin binder; LSD = low stocking density; MSD = medium stocking density; HSD = high
stocking density.

H/L ratio = heterophil/lymphocyte ratio; NO = nitric oxide; AGP = alpha-1-acid glycoprotein; CORT =
corticosterone.

5SEM = pooled standard error of the means.

*Values are LS means of 6 replicates per treatment.

“bValues (n=6/treatment) having a different superscript within a column differ significantly (2 < 0.05)
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3 11-13. Effect of mycotoxin and toxin binder on yield and characteristics of breast meat in
broiler chickens raised at different stocking densities.

. Meat quality
Density* FB! TB! Meat yield

(g/100g) )
Cooking
loss(%) pH L a b

LSD + + 7.24? 16.80° 0.923 52.37 0.153 5.513
+ - 751 18.28 0.739 52.64 0.052 5.543
- + 7.73 19.60 0.594 55.58 -0.180 5.558
- - 7.62 18.42 0.500 53.17 0.125 5.550
MSD + + 7.76 17.57 0.786 50.84 -0.147 5.525
+ - 7.18 18.26 0.823 53.47 -0.017 5.472
- + 7.44 20.50 0.917 53.77 -0.173 5.545
- - 7.18 20.55 0.708 52.89 0.222 5.503
HSD + + 6.09 20.88 0.508 53.33 0.100 5.495
+ - 7.87 19.61 1.014 53.25 0.202 5.505
- + 6.66 16.19 0.624 55.05 0.510 5.555
- - 7.70 17.12 0.809 54.95 -0.293 5.525
Pooled SEM?® 0.1194 0.4496 0.0500  0.2498 0.0800 0.0124

Main factors
LSD 7.53 18.27 0.689 53.44 0.038 5.541
MSD 7.39 19.29 0.809 52.74 -0.029 5511
HSD 7.08 18.35 0.749 54.14 0.130 5.520
+ 7.27 18.53 0.808 52.65° 0.057 5.509
- 7.39 18.73 0.692 54.23% 0.035 5.539
+ 7.15 18.55 0.730 53.49 0.044 5.532
= 7.51 18.71 0.766 53.39 0.048 5.516

P-value

Density (D) 0.3001 0.5993 0.6249  0.0811 0.7207 0.600
Fumonisin(F) 0.6270 0.8324 0.2513  0.0024 0.89 0.2231
TB (B) 0.1423 0.8707 0.7674 0.852 0.9779 0.5332
D X F 0.7134 0.0199 0.4742  0.8396 0.8316 0.9645
F X B 0.5825 0.8269 0.4672  0.0429 0.8088 0.656
D X B 0.0082 0.9778 0.1149  0.2896 0.2757 0.6255
D X F X B 0.6532 0.5539 0.6763 0.335 0.1938 0.8901

'FB = fumonisin; TB = toxin binder; LSD = low stocking density; MSD = medium stocking density; HSD = high
stocking density.

*Values are LS means of 6 replicates per treatment

5SEM = pooled standard error of the means.
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3 11-14. Effect of mycotoxin and toxin binder on malondialdehyde contents in cooked breast
meats of broiler chickens broiler chickens raised at different stocking densities.

Malondialdehyde

a 1 1 1
Density FB B (mg/kg of meat)

LSD + + 0.923°
+ - 0.739

- + 0.594

- - 0.500

MSD + + 0.786
+ - 0.823

- + 0.917

- - 0.708

HSD + + 0.508
+ - 1.014

- + 0.624

- - 0.809

Pooled SEM? 0.050

Main factors

LSD 0.689
MSD 0.809
HSD 0.749
+ 0.808
- 0.692
+ 0.730
- 0.766

P-value
Density (D) 0.6249
Fumonisin(F) 0.2513
TB (B) 0.7674
D X F 0.4742
F X B 0.4672
D X B 0.1149
D X F X B 0.6763

IFB = fumonisin; TB = toxin binder; LSD = low stocking density; MSD = medium stocking density; HSD = high
stocking density.

*Values are LS means of 6 replicates per treatment

5SEM = pooled standard error of the means.
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3 11-15. Effects of mycotoxin and toxin binder on cecal microflora (logl0 cfu/g of wet cecal
contents) in broiler chickens raised at different stocking densities.

Density! FB! TB! To;aellcilee;(;bic E. coli Lactgggcﬂlus

LSD + + 7.592 7.23 7.56
+ - 7.93 7.31 7.94
- + 7.75 7.33 7.64
= = 7.72 7.43 7.71
MSD + + 7.61 7.15 7.61
+ - 7.81 7.15 7.71
- + 7.68 7.14 7.49
= = 7.75 7.09 7.72
HSD + + 7.73 7.07 7.75
+ - 7.62 7.44 7.68
- + 7.78 6.84 7.77
= = 7.73 7.16 7.53
Pooled SEM? 0.029 0.033 0.033

Main factors
LSD 7.73 7.32a 7.69
MSD 7.71 7.14b 7.63
HSD 7.71 7.11b 7.68
+ 7.70 7.22 7.69
= 7.73 7.17 7.64
+ 7.69 7.13b 7.63
= 7.75 7.26a 7.71

P-value

Density (D) NS <.05 NS
Fumonisin (F) NS NS NS
TB (B) NS <.05 NS
D X F NS NS NS
F X B NS NS NS
D X B NS NS NS
D X F X B NS NS NS

'FB = fumonisin; TB = toxin binder; LSD = low stocking density; MSD = medium stocking density; HSD = high
stocking density.

%yalues are LS means of 6 replicates per treatment.

abyalues (n=6/treatment) having a different superscript within a column differ significantly (2 < 0.05).
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3 11-16. Effects of mycotoxin and toxin binder on serum parameters in broiler chickens
raised at different stocking densities.

' Cholest Glucos  Total  Albumi Calciu Creatin  Uric n}g(e)ae
Density’ FB! TB! erol e protein n m ie acid N g
(mg/dL) (mg/dL) (g/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

LSD + + 97.1% 376 2.78 1.015 11.92  0.270 11.7 2.51
+ = 97.6 301 2.66 1.008  11.81  0.250 10.9 2.711
- + 119.2 204 3.12 1.178  12.66  0.255 11.6 2.81
= = 103.8 336 3.10 1.060 1259  0.260 9.9 2.77
MSD + + 96.6 348 2.80 1.003 1250  0.282 11.1 2.65
+ - 107.6 307 2.62 0.985  11.78  0.257 9.0 2.54
- + 106.5 350 3.08 1.143 1240  0.292 9.9 2.72
= = 117.8 262 2.87 1.067 1249  0.250 8.4 2.92
HSD + + 82.7 413 2.75 0973 12.20  0.287 12.1 2.75
+ = 124.9 318 3.14 1187 1268  0.277 10.3 2.59
- + 108.3 350 3.09 1.115  12.68  0.277 11.7 2.71
= = 118.3 361 2.92 1.060 12.66  0.280 11.0 2.66

Pooled SEM? 2.58 133  0.040 0.016 0.10 0.0045 0.43  0.044
Main factors

LSD 104.4 304 2.90 1.066  12.25  0.259 11.0 2.70

MSD 107.1 317 2.84 1.050  12.29  0.270 9.6 2.69

HSD 108.6 361 2.98 1.084 1255  0.280 11.3 2.68

+ 101.1> 344 2.79"  1.029° 1213  0.270 10.9 2.62

= 112.3* 311 3.03*  1.106* 12.58*  0.269 104 2.76
+ 101.7 340 2.94 1.071  12.39  0.277 11.3 2.69
= 111.7 314 2.87 1.061 12.32  0.262 9.9 2.69

P-value

Density (D) NS NS NS NS NS NS NS NS
Fumonisin (F) <.05 NS <.05 <.05 <.05 NS NS NS
TB (B) NS NS NS NS NS NS NS NS
D X F NS NS NS NS NS NS NS NS
F X B NS NS NS <.05 NS NS NS NS
D X B <.05 NS NS NS NS NS NS NS
D X F X B NS NS NS NS NS NS NS NS

'FB = fumonisin; TB = toxin binder; LSD = low stocking density; MSD = medium stocking density; HSD = high
stocking density; SEM = pooled standard error of the means.

*Values are LS means of 6 replicates per treatment.

abyalues (n=6/treatment) having a different superscript within a column differ significantly (2 < 0.05)
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H# 11-17. Ingredients and composition of the experimental diets.

Starter (g/kg) Finisher (g/kg)
Ingredients

High Mediu Cont High  Medium  Cont

Arg m Arg Arg Arg Arg Arg
Corn, 8.8% CP 508 508 508 559.5  559.5  559.5
Soybean meal, 44.8% CP 2774 2774 2774 239 239 239
Wheat, 11.5% CP 45 45 45 45 45 45
Corn gluten meal, 60% CP 87 87 87 60 60 60
Soybean oil 20 20 20 40 40 40
Salt 3 3 3 2 2 2
DCP 17.3 17.3 17.3 12.5 12.5 12.5
DL-methionine, 99% 1.7 1.7 1.7 1.2 1.2 1.2
L-lysine 78% 2.2 2.2 2.2 2.0 2.0 2.0
L-threonine 1.0 1.0 1.0 1.0 1.0 1.0
L-arginine, 98% 12.2 6.1 0 10.8 5.4 0
Cellulose 2.8 8.9 15 4.2 9.6 15
Limestone 13 13 13 14 14 14
NaHCO3 2.4 2.4 2.4 1.8 1.8 1.8
Choline chloride 50% 2.0 2.0 2.0 2.0 2.0 2.0
Vitamin Premix1 2.5 2.5 2.5 2.5 2.5 2.5
Mineral Premix2 2.5 2.5 2.5 2.5 2.5 2.5
Total 1000.0  1000.0  1000.0 1000.0  1000.0  1000.0
Calculated nutrient
composition
AME (kcal/kg) 3018 3018 3018 3161 3161 3161
CP, % 23.0 23.0 23.0 20.1 20.1 20.1
Lysine, % 1.20 1.20 1.20 1.06 1.06 1.06
TSAA, % 0.93 1.13 0.93 0.86 0.78 0.78
Arginine, % 2.47 1.87 1.28 2.18 1.65 1.12
Calcium 1.02 1.02 1.02 0.91 0.93 0.93
NPP 0.45 0.45 0.45 0.35 0.35 0.35
Arg:lys ratio 2.06 1.56 1.06 2.06 1.56 1.06
ME:CP 131 131 131 158 158 158

1Vitamin premix provided following nutrients per kg of diet: vitamin A, 18000 [U; vitamin D3,
3000 IU; vitamin E, 80 IU; vitamin K3, 5 mg; vitamin B12, 0.06 mg; thiamin, 5 mg; riboflavin,
20 mg; pyridoxine, 8 mg; niacin, 90 mg; biotin, 0.2 mg; folic acid, 1.1 mg; pantothenic acid,
50 mg.

2Mineral premix provided following nutrients per kg of diet: Fe, 80 mg; Mn, 40 mg; Zn, 12.5
mg; 1, 0.25 mg; Se, 0.2 mg; Cu, 30 mg.
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broiler chickens

Treatment ADFT! (g/bird per day) ADWG (g/bird per day) FCR (g/g)
Density? Arg? 1-21d  21-35d  1-3bd 1-21d  21-35d  1-35d 1-21d  21-35d 1-35d
LSD Arg S 47.7 100.8 67.8 33.0 63.9 44.7 1445 1584 1518
Arg M 45.1 100.8 66.2 33.8 62.4 44.6 1.336 1.618 1.484
Arg H 434 104.2 66.4 33.1 64.4 45.0 1312 1624 1479
HSD Arg S 451 90.0 62.6 33.3 53.7 41.3 1353  1.681 1519
Arg M 43.9 89.3 61.6 33.2 56.5 42.3 1.323 1.599 1.461
Arg H 420 94.0 62.3 32.7 58.5 42.7 1.287 1614  1.457
SEM?® 0.83 2.47 1.10 0.64 2.13 0.91 0.013 0.046 0.023
factors
LSD 45.4° 101.9% 66.8° 33.3 63.6° 44.8° 1.364 1.609 1.494
HSD 43.7° 91.1"  62.1° 33.1 56.2°  42.1° 1321 1631  1.479
Arg S 46.4° 95.4 65.2 33.2 58.8 43.0 1407 1632 1523
Arg M 445 95.0 63.9 33,5 59.5 43.4 13338 1608  1.476
Arg H 42.7¢ 99.1 64.3 32.9 61.4 43.8 1.301¢ 1.619 1.465
P-value
Density
- 0.016 <0001 <0001  0.668  0.0002 0.0009 0.0003 0550  0.447
Trt(T) 0.0004 0200 0485  0.676 0438  0.642 <0001  0.872  0.070
DXT 0.658 0.967 0.882 0.751 0.526 0.774 0.010 0.374 0.854
'ADFI = average daily feed intake; ADWG = average daily weight gain; FCR =

conversion ratio

’ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS
of arginine requirement; LSD = low stocking density; HSD = high stocking density
SSEM = pooled standard error of the means

“Values are LS means of 7 replicates per treatment.
a® A-CValues (n=6/treatment) having a different superscript within a column differ significantly

(P < 0.09.
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# 11-19. Effect of stocking density and dietary arginine levels on tibia characteristics in
broiler chickens

Tibia length Tibia thickness Tibia weight Tibia breaking

Treatment (mm) (mm) () strength (kg)
Density® Arg? 21d 35d 21d 35d 21d 35d 21d 35d
LSD Arg S 74.71° 101.00 5.86 8.29 6.80 15.76 14.89 30.97
Arg M 73.86 101.86 5.71 8.57 6.47 16.71 14.48 34.51
Arg H 73.86 100.57 5.86 8.29 6.56 15.02 14.18 33.40
HSD Arg S 73.71 99.71 5.57 8.00 6.73 15.10 15.15 31.51
Arg M 76.00 98.43 5.71 8.14 7.32 14.95 17.73 28.18
Arg H 73.57 99.43 5.86 7.86 6.51 15.99 15.23 31.46
SEM? 0.97 0.89 0.21 0.25 0.26 0.49 1.10 1.98
factors
LSD 74.14 101.147 5.81 8.38 6.61 15.83 14.51 32.96
HSD 74.43 99.19° 9.71 8.00 6.85 15.35 16.08 30.38
Arg S 74.21 100.36 5.71 8.14 6.76 15.43 15.02 31.24
Arg M 74.93 100.14 5.71 8.36 6.89 15.83 16.11 31.35
Arg H 73.71 100.00 5.86 8.07 6.53 15.50 14.66 32.43
P-value
Density
) 0.720 0.011 0.583 0.075 0.251 0.239 0.094 0.119
Trt(T) 0.460 0.923 0.737 0.511 0.370 0.695 0.433 0.802
DXT 0.249 0.369 0.737 0.949 0.133 0.030 0.383 0.224

ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine
requirement; LSD = low stocking density; HSD = high stocking density

’SEM = pooled standard error of the means

Values are LS means of 7 replicates per treatment.

“bvalues (n=6/treatment) having a different superscript within a column differ significantly (P < 0.05).
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# 11-20. Effect of stocking density and dietary arginine levels on ileal sIgA concentration
and villus morphology in broiler chickens

Treatment slgA! Villus Crypt Villus
(1g/mg of height (V;  depth (C; s%rr%ge VC ratio
Density? Arg’ protein) um) um) (mm2)
LSD Arg S 0.271° 270.6 44.64 0.115 6.080
Arg M 0.323 227.4 43.18 0.092 4.690
Arg H 0.234 376.9 75.98 0.174 5.014
HSD Arg S 0.292 270.8 47.19 0.113 5.740
Arg M 0.277 396.3 68.10 0.194 5.869
Arg H 0.258 367.5 88.78 0.181 4.657
SEM? 0.036 19.973 7.704 0.009 0.342
Main
factors
LSD 0.276 292.7b 56.85 0.128b 5.221
HSD 0.276 346.0a 69.12 0.164a 5.382
Arg S 0.282 270.7B 45.92B 0.114C 5.910A
Arg M 0.300 305.4B 57.38B 0.139B 5.234AB
Arg H 0.245 372.2A 82.38A 0.177A 4.836B
P-value
Density(D) 0.993 0.0036 0.0820 <.0001 0.585
Trt(T) 0.318 0.0001 0.0002 <.0001 0.018
DXT 0.551 0.0001 0.572 <.0001 0.060

IslgA = secretory immunoglubulin A

2ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine
requirement; LSD = low stocking density; HSD = high stocking density

3SEM = pooled standard error of the means

Values are LS means of 7 replicates per treatment.

ab ACyalues (n=7/treatment) having a different superscript within a column differ significantly (P < 0.05)
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# 11-21. Effect of stocking density and dietary arginine levels on rectal temperature in broiler
chickens

Treatment Rectal temperature (C)
Density? Arg? 21d 35d
LSD Arg S 41.03% 40.90
Arg M 40.97 41.29
Arg H 40.90 41.19
HSD Arg S 40.90 41.31
Arg M 40.97 41.24
Arg H 41.14 41.43
SEM? 0.129 0.17
Fadtors
LSD 40.97 41.12
HSD 41.00 41.32
Arg S 40.96 41.10
Arg M 40.97 41.26
Arg H 41.02 41.31
P-value
Density(D) 0.720 0.151
Trt(T) 0.891 0.151
DXT 0.355 0.392

ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine
requirement; LSD = low stocking density; HSD = high stocking density

’SEM = pooled standard error of the means.

Values are LS means of 7 replicates per treatment.
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B 11-22. Effect of stocking density and dietary arginine levels on serum biochemistry in broiler

chickens
Treatment GOT! GPT GLU TCHO TG UA
] (U/L) (U/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Density? Arg?
LSD Arg S 162.6* 4.57 210.9 71.9 82.6 5.81
Arg M 181.6 3.86 186.9 78.0 50.0 5.17
Arg H 229.1 4.43 184.0 74.1 58.4 6.67
HSD Arg S 1554 4.43 203.7 63.6 54.3 4.90
Arg M 164.6 4.43 187.3 69.1 59.0 5.33
Arg H 199.6 4.71 221.7 69.3 76.9 6.87
SEM? 15.4 0.25 28.0 6.7 19.0 0.94
s
LSD 191.1 4.29 193.9 74.7 63.7 5.89
HSD 173.2 4.52 206.2 67.3 63.4 5.70
Arg S 159.0° 4.50 207.3 67.7 68.4 5.36
Arg M 173.1° 4.14 187.1 73.6 54.5 5.25
Arg H 214.4 4.57 205.9 71.7 67.6 6.77
P-value
Density(D) 0.163 0.242 0.593 0.189 0.985 0.811
Trt(T) 0.003 0.187 0.725 0.675 0.715 0.213
DXT 0.768 0.352 0.623 0.949 0.438 0.801

IGLU = glucose; GOT = glutamic oxaloacetic transaminase; GPT = glutamic pyruvic transaminase; TCHO = total
cholesterol; TG = triglyceride; UA = uric acid

2ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine
requirement; LSD = low stocking density; HSD = high stocking density

5SEM = pooled standard error of the means

“Values are LS means of 7 replicates per treatment.

abyalues (n=6/treatment) having a different superscript within a column differ significantly (2 < 0.05).

- 155 -



B 11-23. Effect of stocking density and dietary arginine levels on indices of antioxidant capacity in
broiler chickens

Treatment

. MDA
— o SOD! (%) Trolox (uM) Gl il
LSD Arg S 81.9 210.2 3.14
Arg M 81.2 201.5 2.90
Arg H 77.9 202.6 3.29
HSD Arg S 88.0 209.4 3.16
Arg M 84.7 184.1 3.08
Arg H 83.5 189.8 3.09
SEM! 5.34 45.1 0.13
Main factors
LSD 80.4 204.8 3.11
HSD 85.4 194.4 3.11
Arg S 85.0 209.8 3.15
Arg M 83.0 192.8 2.99
Arg H 80.7 196.2 3.19
P-value
Density (D) 0.254 0.780 0.979
Trt (T) 0.732 0.924 0.284
DXT 0.968 0.982 0.347

MDA = malondialdehyde; SOD = superoxide dismutase

’ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine
requirement; LSD = low stocking density; HSD = high stocking density

5SEM = pooled standard error of the means

*Values are LS means of 7 replicates per treatment.
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H 11-24. Effect of stocking density and dietary arginine levels on biological stress indicators in broiler

chickens

Treatment NO' («M/L) CORT! (ng/mL)

Density? Arg? 21d 35d 21d 35d

LSD Arg S 14.17 23.9 406 1464
Arg M 16.47 25.7 242 1790
Arg H 14.31 24.5 446 1888

HSD Arg S 14.49 20.5 231 1268
Arg M 14.22 21.2 308 1805
Arg H 12.73 23.1 229 1214

SEM? 1.90 2.45 94 356

Main factors

LSD 14.98 24.7 367 1718

HSD 13.81 21.6 256 1459
Arg S 14.33 22.2 304 1375
Arg M 15.35 23.4 278 1797
Arg H 13.52 23.8 338 1551

P-value

Density (D) 0.455 0.126 0.173 0.410

Trt (T) 0.631 0.798 0.844 0.520

DXT 0.782 0.812 0.302 0.645

ICORT = corticosterone; NO = nitric oxide

’ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine
requirement; LSD = low stocking density; HSD = high stocking density

5SEM = pooled standard error of the means

Values are LS means of 7 replicates per treatment.

B 11-25. Effect of stocking density and dietary arginine levels on serum amino acid profiles in broiler

chickens
Treatment
ASP SER GLU GLY HIS ARG THR ALA
Density? Arg?
LSD Arg S 0.266 0.167 0.434 0.106 0.071 0.194 0.143 0.153

Arg M 0.259 0.161 0.430 0.099 0.069 0.191 0.137 0.150
Arg H 0.286 0.189 0.471 0.117 0.077 0.209 0.161 0.169
HSD Arg S 0.261 0.163 0.427 0.101 0.070 0.190 0.143 0.151
Arg M 0.250 0.156 0.407 0.100 0.067 0.184 0.134 0.144
Arg H 0.257 0.174 0.421 0.109 0.067 0.190 0.149 0.156
SEM? 0.010 0.007 0.017 0.004 0.003 0.008 0.006 0.006

Main
factors
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LSD 0.270 0.172 0.445 0.107  0.072*  0.198 0.147 0.157
HSD 0.256 0.164 0.419 0.103  0.068"  0.188 0.142 0.150
Arg S 0.264  0.165° 0.431 0104 0.071 0.192  0.143® 0.152®
Arg M 0.254  0.159°  0.419  0.099°  0.068 0.188  0.136"  0.147°
Arg H 0.271  0.181*  0.446  0.113*  0.072 0.199  0.155*  0.162%

P-value

](DDe)nSltY 0114 0156  0.060 0.291 0044 0123 0305  0.177
Trt (T) 0272 0006 0266 0011 0237 0340 0012  0.048
DXT 0470 0734 0445 0521 0160 0625 0554  0.626

IASP = aspartic acid; SER = serine; GLU = glutamic acid; GLY = glycine; HIS = histidine; ARG = arginine; THR = threonine; ALA
=alanine; PRO = proline; TYR = tyrosine; VAL = valine; LYS = lysine; ILE = isoleucine; LEU = leucine; PHE = phenylalanine
2ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine requirement; LSD = low
stocking density; HSD = high stocking density

%SEM = pooled standard error of the means

*Values are LS means of 7 replicates per treatment.

H 11-26. Effect of stocking density and dietary arginine levels on serum amino acid profiles in broiler

chickens
Treatment
PRO TYR VAL ILYS ILE LEU PHE
Density? Arg?
LSD Arg S 0.143 0.133 0.159 0.203 0.114 0.220 0.141
Arg M 0.137 0.130 0.151 0.203 0.111 0.213 0.137
Arg H 0.156 0.147 0.177 0.216 0.123 0.243 0.156
HSD Arg S 0.139 0.130 0.156 0.200 0.110 0.214 0.139
Arg M 0.134 0.124 0.144 0.190 0.106 0.206 0.133
Arg H 0.146 0.130 0.156 0.193 0.107 0.217 0.139
SEM? 0.006 0.005 0.006 0.008 0.004 0.009 0.005
Main
factors
LSD 0.145 0.137 0.162 0.207 0.116% 0.225 0.145
HSD 0.140 0.128 0.152 0.194 0.108° 0.212 0.137
Arg S 0.141% 0.131 0.157%® 0.201 0.112 0.217 0.140
Arg M 0.136° 0.127 0.148° 0.196 0.109 0.209 0.135
Arg H 0.151* 0.139 0.166" 0.204 0.115 0.230 0.147
P-value
Density (D) 0.213 0.055 0.056 0.065 0.014 0.102 0.070
Trt (T) 0.031 0.107 0.025 0.633 0.293 0.097 0.085
DXT 0.792 0.371 0.337 0.488 0.317 0.500 0.345

For footnote, refer the legends of Table 1-9.
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# 11-27. Effect of stocking density and dietary arginine levels on concentration of short-chain fatty
acids in jejunal contents of broiler chickens

Treatment
Acetate Propionate Butyrate Total SCFA

Density? Arg?

LSD Arg S 12.0 2.57 6.83 21.4
Arg M 10.7 3.50 8.34 22.5
Arg H 9.2 7.31 5.79 22.3

HSD Arg S 10.9 2.33 7.26 20.5
Arg M 13.1 4.54 7.66 25.3
Arg H 12.4 2.88 7.92 23.2

SEM? 2.001 0.817 0.750 2.350

Main

factors

LSD 11.0 3.81 7.20 22.0

HSD 12.0 3.14 7.57 22.7
Arg S 11.5 2.45b 7.05 21.0
Arg M 11.8 3.97ab 8.03 23.8
Arg H 11.2 4.54a 7.12 22.9

P-value

Density (D) 0.428 0.134 0.392 0.674

Trt (T) 0.910 0.030 0.390 0.506

DXT 0.586 0.036 0.341 0.759

A = acetate; B = butyrate; P = propionate; Total SCFA = total short-chain fatty acid

2ArgH = 200% of arginine requirement; ArgM = 150% of arginine requirement; ArgS = 100% of arginine
requirement; LSD = low stocking density; HSD = high stocking density

5SEM = pooled standard error of the means

*Values are LS means of 7 replicates per treatment

abyalues (n=7/treatment) having a different superscript within a column differ significantly (2 < 0.05)

# 11-28. Effect of stocking density and dietary arginine levels on concentration of short-chain fatty
acids in ileal contents of broiler chickens

Treatment .
: Acetate Propionate Butyrate Total SCFA

Density? Arg®

LSD Arg S 24.5 6.41 2.97 33.9
Arg M 22.2 3.59 2.93 28.7
Arg H 30.7 6.86 2.81 40.4

HSD Arg S 23.9 5.65 2.68 32.2
Arg M 25.4 6.44 2.80 34.6
Arg H 20.3 4.64 2.78 27.7

SEM? 4.952 1.434 0.132 1.179

Main

factors
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LSD 25.6 5.56 2.91 34.0

HSD 23.1 5.53 2.75 314
Arg S 24.2 6.03 2.83 33.0
Arg M 23.5 4.78 2.88 31.2
Arg H 25.5 5.75 2.79 34.1

P-value

Density (D) 0.545 0.985 0.199 0.605

Trt (T) 0.943 0.686 0.881 0.939

DXT 0.435 0.260 0.646 0.399

For footnote, refer Table 1-10.
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H# 11-29. Ingredients and composition of the experimental diets

Starter (g/kg) Finisher (g/kg)
Ingredients
Control CLA Control CLA
Corn, 8.8% CP 508 508 559.5 559.5
Soybean meal, 44.8% CP 277.4 277.4 239 239
Wheat, 11.5% CP 45 45 45 45
Corn gluten meal, 60% CP 87 87 60 60
Soybean oil 20 10 40 30
CLA 0 10 0 10
Salt 3 3 2 2
DCP 17.3 17.3 12.5 12.5
DL-methionine, 99% 1.7 1.7 1.2 1.2
L-lysine 78% 2.2 2.2 2.0 2.0
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L-threonine 1.0 1.0 1.0 1.0

Cellulose 15 15 15 15
Limestone 13 13 14 14
NaHCO; 2.4 2.4 1.8 1.8
Choline chloride 50% 2.0 2.0 2.0 2.0
Vitamin Premix! 2.5 2.5 2.5 2.5
Mineral Premix* 2.5 2.5 2.5 2.5
Total 1000.0 1000.0 1000.0 1000.0
Calculated nutrient composition

AMEn (kcal/kg) 3,018 3,018 3,161 3,161
CP, % 23.0 23.0 20.1 20.1
Lysine, % 1.20 1.20 1.06 1.06
TSAA, % 0.93 0.93 0.78 0.86
Arginine, % 1.28 1.28 112 1.86
Calcium 1.02 1.02 0.93 0.91
NPP 0.45 0.45 0.35 0.35
ME:CP 131 131 158 158

yitamin premix provided following nutrients per kg of diet: vitamin A, 18000 IU; vitamin D3, 3000 IU; vitamin E,
80 IU; vitamin Ks, 5 mg; vitamin By, 0.06 mg; thiamin, 5 mg; riboflavin, 20 mg; pyridoxine, 8 mg; niacin, 90 mg;
biotin, 0.2 mg; folic acid, 1.1 mg; pantothenic acid, 50 mg.

°Mineral premix provided following nutrients per kg of diet: Fe, 80 mg; Mn, 40 mg; Zn, 12.5 mg; I, 0.25 mg; Se,
0.2 mg; Cu, 30 mg.

- 162 -



F 11-30. Fatty acid composition of the experimental diets

Finisher (g/kg)

Ingredients

CON CLA
C 12:0 0.27 0.28
C 140 0.20 0.18
C 16:0 12.7 10.9
C 18:0 3.48 3.21
C 18:1n9c 25.6 24.2
C 18:2n6¢ 52.1 43.2
C 20:0 0.32 -
C 18:3n6 - 0.27
C 18:3n3 3.61 2.66
c9,t11 CLA - 6.63
t10,c12 CLA - 6.61
Total 98.2 98.2

1C12:0 = lauric acid C14:0 = myristic acid; C16:0 = palmitic acid; C18:0 = stearic acid; C18:In9c = oleic acid; C18:2n6c = linoleic
acid; C20:0 = arachidic acid; C18:3n3 = « -Linolenic acid; c9, t11 C18:2 = conjugated linoleic acid; c12, t10 C18:2 = conjugated
linoleic acid;

2CLA = add conjugated linoleic acid for 1% of diet; CON = control diet;

O 9ZEAIF2 21~3598} 1~30 7|gtofl A= X7 LU AL2nt FosHA =
A HERATHPL0.0D. Ab2 R 2135, 1~35% 7I%to] AR = A7 18 = A2
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Uk X7t ABE Ao vls W2 oz UERFOom(P0.0D, CLAXZ] = X
ol vls W2 oz LERHTHP0.05).

O 742 A7(oDe 35 AUE M|t RUL Aajpuet SolshA| EATHP.05).
SHAIT, THEZE S 1 9 AZ SHoli Aot WA orch CLA Fvto] o2 &
ahe WA ol
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# 11-31. Effect of stocking density and conjugated linoleic acid on growth performance in
broiler chickens

ADFLI! ADWG FCR
(g/bird/day) (g/bird/day)

Density® Trt*  1-21d 21-35d 1-35d 1-21d 21-35d 1-35d 1-21d 21-35d 1-35d

Main

factors
LSD 46.2 103.8* 68.1* 326  65.0° 449 1424° 1598 1517
HSD 444  90.8" 625" 330 547" 414" 135" 1.666 1.509
CON  46.4* 954 652 332 588 430 1407 1632 1518
CLA 442 992 654 324 609 434 1376 1631 1508

P-value

Density
- 0.078 <0001 <0001 0.557 <0001 <0001 <.0001 0.108 0.747
Trt(T) 0.038 0118 0850 0313 0157 0622 0.035 0.98 0.658
I3 0417 0348 0.724 0894 0869 0955 0.207 0.458 0.733

'ADFI = average daily feed intake; ADWG = average daily weight gain; FCR = feed conversion ratio

°CLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high
stocking density

3SEM = pooled standard error of the means

*Values are LS means of 7 replicates per treatment.

abAByalues (n=7/treatment) having a different superscript within a column differ significantly (P < 0.05).
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broiler chickens

# 11-32. Effect of stocking density and conjugated linoleic acid on tibia characteristics in

iy iy . Tibia
Tibia Tibia Tibia 5
length thickness weight tg{reearlfl?ﬁ
(mm) (mm) (g
(kg
Densi‘[y2 Trt? 21d 35d 21d 35d 21d 35d 21d 35d
LSD 73.29 101.21* 557 8.29 6.46 15.35 14.33 31.93
HSD 73.57  98.93° 5.50 7.86 6.68 14.58 15.02 30.89
CON 74.21  100.36 5.71 8.14 6.76 15.43 15.02 31.24
CLA 72.64 99.79 5.36 8.00 6.37 14.50 14.34 31.58
P-value
Density
D) 0.780 0.005 0.742 0.066 0.455 0.129 0.608 0.684
Trt(T) 0.133 0.452 0.109 0.526 0.195 0.071 0.613 0.894
DXT 0.215 0.194 0.327 0.526 0.331 0.812 0.751 0.535

ICLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high
stocking density

’SEM = pooled standard error of the means

Values are LS means of 7 replicates per treatment.

abyalues (n=7/treatment) having a different superscript within a column differ significantly (2 < 0.05).

¥ 11-33. Effect of stocking density and conjugated linoleic acid on ileal sIgA concentration in
broiler chickens

Density? Trt? slgA! (ug/mg of protein)
LSD 0.277
HSD 0.277
CON 0.282
CLA 0.271
P-value
Density(D) 0.998
Trt(T) 0.732
DXT 0.507

IslgA = secretory immunoglubulin A

2CLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high
stocking density

5SEM = pooled standard error of the means

Values are LS means of 7 replicates per treatment.
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B 11-34. Effect of stocking density and conjugated linoleic acid on rectal temperature in
broiler chicken

Rectal temperature (C)

Density? Trt? 21d 35d
LSD 41.06 41.10
HSD 40.99 41.33

CON 40.96 41.10
CLA 41.09 41.33

P-value

Density(D) 0.587 0.185

Trt(T) 0.331 0.185

DXT 0.663 0.263

ICLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high
stocking density

’SEM = pooled standard error of the means.
Values are LS means of 7 replicates per treatment.
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# 11-35. Effect of stocking density and conjugated linoleic acid on serum biochemistry in
broiler chickens

GOT! GPT GLU TCHO TG UA

on_ 9 2
Density Trt (U/L) (UL)  (mg/dl) (mg/dl) (mg/dl) (mg/dL)
LSD 175.8 4.57 1934 73.5 79.8 6.72
HSD 183.7 4.64 208.7 72.6 67.2 5.34
CON  159.0° 4.50 207.3 67.7 68.4 5.36
CLA  200.5° 471 194.9 78.4 78.6 6.71
P-value
Density(D) 0.592 0.807 0.652 0.882 0.570 0.231
Trt(T) 0.009 0.465 0.714 0.074 0.647 0.240
DXT 0.313 0.465 0.509 0.207 0.479 0.682

IGLU = glucose; GOT = glutamic oxaloacetic transaminase; GPT = glutamic pyruvic transaminase; TCHO = total
cholesterol; TG = triglyceride; UA = uric acid

°CLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high
stocking density

5SEM = pooled standard error of the means

“Values are LS means of 7 replicates per treatment.

“bValues (n=7/treatment) having a different superscript within a column differ significantly (P < 0.05).
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# 11-36. Effect of stocking density and conjugated linoleic acid on indices of antioxidant
capacity in broiler chickens

Density? Trt? SOD! (%) (mgT%g)lox MDA (nmol/mL)
equivalents)
LSD 86.22 194.4 3.07
HSD 88.88 200.9 3.07
CON 84.96 209.8 3.15
CLA 90.14 185.5 2.98
P-value
Density(D) 0.601 0.902 0.993
Trt(T) 0.312 0.646 0.135
DXT 0.506 0.890 0.866

ISOD = superoxide dismutase; MDA = malondialdehyde; TAC = total antioxidant capacity

’CLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high
stocking density

5SEM = pooled standard error of the means

“Values are LS means of 7 replicates per treatment.

- 169 -



# 11-37. Effect of stocking density and conjugated linoleic acid on biological stress indicators
in broiler chickens

NO* CORT
(uM/L) (ng/mL)
21d 35d 21d 35d
Density? Trt?
LSD 14.67 22.6 365 1397
HSD 13.62 22.6 410 1359
CON 14.33 22.2 329 1375
CLA 13.96 23.0 447 1379
P-value
Density(D) 0.525 0.998 0.650 0.904
Trt(T) 0.820 0.731 0.221 0.976
DXT 0.407 0.155 0.086 0.626

ICORT = corticosterone; NO = nitric oxide

2CLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high
stocking density

5SEM = pooled standard error of the means

*Values are LS means of 7 replicates per treatment.
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# 11-38. Effect of stocking density and conjugated linoleic acid on meat fatty acid
composition (% of total fatty acid methyl esters) in broiler chickens

Density

D) Trt? Cl14:0 Cl16:0 Cl6:1 C17:1 Cl18:0 Cl18In9c Cl82n6c (C18:3n3
LSD 0.57 22.66 1.96 0.43 10.63 21.86 27.73 1.50
HSD 0.57 22.22 1.88 0.40 10.29 22.40 28.27 1.53

CON 048 19.91° 215 0.54*  8.83° 24.97% 28.99? 1.692
CLA  0.65* 24.97* 1.68 0.28" 12.09° 19.29*  27.01° 1.36°

P-value

Density 0.96 0.41 0.82 0.59 0.53 0.55 0.37 0.55

Trt(T) <.0001 <0001 0.20 <0001 <.0001 <.0001 <.005 <.0001

DXT 0.21 0.74 0.91 0.55 0.82 0.68 0.73 0.42

1C14:0 = myristic acid; C16:0 = palmitic acid; C16:1 = palmitoleic acid; C17:1 = cis-10-heptadecanoic acid; C18:0 =
stearic acid; Cl8:1n9c = oleic acid; C18:2n6c = linoleic acid; C18:3n3 = « -Linolenic acid; ¢9, t11 C18:2 = conjugated
linoleic acid; c12, t10 C18:2 = conjugated linoleic acid; C22:0 = behenic acid; C20:3n6 = cis-8,11 ,14-Eicosatrienoic
acid; C20:4n6 = arachidonic acid; C24:1n9 = nervonic acid; C22:6n3 = Docosahexaenoic acid.

’CLA = add conjugated linoleic acid for 1% of diet; CON = control diet; LSD = low stocking density; HSD = high

stocking density

5SEM = pooled standard error of the means

Values are LS means of 7 replicates per treatment.

# 11-39. Effect of stocking density and conjugated linoleic acid on meat fatty acid
composition (% of total fatty acid methyl esters) in broiler chickens

Density CLA CLA : . .
DY Trt? i1l  tloelz 220  C20:3n6 C20:4n6 C24:In9  C22:6n3
LSD 0.93 0.55 0.54 0.56 2.59 0.66 0.24
HSD 0.83 0.48 0.55 0.55 2.76 0.72 0.26

CON - 0.61 0.65% 3.37% 0.882 0.30?
CLA 1.76 1.02 0.50 0.45° 1.99° 0.50P 0.19°
P-value
Density 0.37 0.32 0.84 0.43 0.65 0.49 0.43
Trt(T) <0001  <.0001 0.15 <.005 <.001 <.0001 <.005
DXT 0.37 0.32 0.79 0.46 0.87 0.80 0.80

For footnote, refer Table 2-10.
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H 11-40. 712 Als &8

Ingredients g/100g
Corn 60.50
Soybean meal 14.95
Wheat bran 6.06
Limestone coarse 10.23
Canola meal 5.00
Tallow 1.00
Corn gluten meal 0.80
Dicalcium phosphate 0.76
Salt 0.30
Poultry mineral mix' 0.12
Poultry vit mix® 0.10
DL-Methionine, 98% 0.07
Phytase 0.05
NaHCOs 0.04
Choline-Cl, 50% 0.02
Calculated values
CP, % 14.50
Ca, % 4.10
Avail. P, % 0.23
Lys, % 0.65
Met, % 0.33
TSAA, % 0.58
TMEn, kcal/kg 2,760
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H 11-41. Effect of dietary arginine levels on egg production in laying hens under heat stress

condition
Items CON!  Arg 0.5% Arg 1.0%  SEM? P-value
5/%? ff&d‘ldc)ﬁon 51.0° 62.8 63.3 3.89 0.091
g/ig 1%{02%“%1“ 46.3 57.6° 51.2% 2.37 0.025
(Co/fclkfli e 6.01° 093 0.74" 1.34 0.035
(Co/f‘cﬁ)eflzgegd% 5.07 1.81 2.94 2.06 0.549
I(Ei%% 4m§)ss 28.5° 39.3° 41.6° 2.48 0.011
1(31%% ngads)s 25.8° 36.2° 33.6° 1.36 0.001

!Arg 0.5% = add arginine for 0.5% of diet; Arg 1% = add arginine for 1.0% of diet; CON = control diet
5SEM = pooled standard error of the means
2byalues (n=6/treatment) having a different superscript within a row differ significantly (P < 0.05).

# 11-42. Effect of dietary arginine levels on egg quality in laying hens under heat stress

condition
Items CON!'  Arg 05% Arg 1.0% SEM? P-value
Egg shell lightness 3541 37.50 37.37 1.05 0.365
Egg weight(g) 62.56 65.48 65.78 0.92 0.054
Albumin height(mm) 5.97 5.79 5.84 0.26 0.892
Yolk color 5.94% 6.16° 5.73° 0.08 0.003
Haugh unit 74.86 72.11 72.68 2.06 0.661
Egg shell strength(kg/cm?) 3.65 3.72 3.67 0.20 0.971
Egg shell thickness(mm) 0.38 0.36 0.37 0.008 0.472
Relative eggshell weight(%) 9.68 9.18 9.50 0.26 0.698

'Arg 0.5% = add arginine for 0.5% of diet; Arg 1% = add arginine for 1.0% of diet; CON = control diet
5SEM = pooled standard error of the means
“bValues (n=6/treatment) having a different superscript within a row differ significantly (2 < 0.05).
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B 11-43. Effect of dietary arginine levels on serum parameters in laying hens under heat

stress condition

Items? CON!  Arg 05% Arg 1.0% SEM? P-value
GOT (U/L) 146.7 132.8 148.3 14.815 0.746
GPT (U/L) 4.500 3.833 4.500 0.692 0.753
GLU (mg/dL) 248.8 239.7 231.8 13.260 0.717
TCHO (mg/dL) 126.3 130.2 153.3 18.010 0.679
P (M/L) 2.950 2.867 3.975 0.247 0.196

'Arg 0.5% = add arginine for 0.5% of diet; Arg 1% = add arginine for 1.0% of diet; CON = control diet.
’GLU = glucose; GOT = glutamic oxaloacetic transaminase; GPT = glutamic pyruvic transaminase; TCHO = total

cholesterol; IP = inorganic phosphorus.
5SEM = pooled standard error of the means

“bValues (n=6/treatment) having a different superscript within a row differ significantly (2 < 0.05).
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B 11-44. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on growth
performance in broiler chickens'

Density Low High P-value
Item? SEM?
GABA’ 0 100 0 100 Density ~ GABA DxG!
(ppm)
BW, g/bird
1d 45.35 45.47 45.38 45.44 0.109 1.000 0.417 0.833
21 d 719.2 746.5 703.8 714.4 11.744 0.051 0.116 0.482
35 d 17721 1816.7 1709.1  1738.8  25.378 0.010 0.158 0.775
BWG, g/d/bird
1to21d 32.09 33.38 31.36 31.85 0.558 0.050 0.117 0.482
22 to 35 d 75.21 76.44 71.80 72.88 1.567 0.035 0.472 0.960
0to35d 49.34 50.61 47.53 48.38 0.725 0.010 0.159 0.775
FI, g/d/bird
1to21d 48.38 48.95 43.97 44.67 0.644 <.0001 0.331 0.923
22 to 35 d 116.9 117.5 115.0 117.1 1.757 0.516 0.452 0.687
1to35d 75.71 76.31 72.30 73.44 0.923 0.002 0.352 0.774
FCR, g/g
1to21d 1.508 1.467 1.405 1.404 0.015 <.0001 0.324 0.079
22 to 35 d 1.557 1.539 1.608 1.618 0.020 0.003 0.843 0.493
1to35d 1.535 1.509 1.522 1.526 0.010 0.844 0.299 0.156
Mortality, % 5.333 2.667 4.667 8.000 0.364 0.183 0.924 0.110

alues are least-square means of 10 replicates per treatment.

BW = body weight; BWG = body weight gain; FI = feed intake; FCR = feed conversion ratio.
pooled standard error of the means.
Interaction between density and gamma-aminobutyric acid.

3SEM
‘D*G
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B 11-45. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on relative
organ weight (g/100g of live body weight) in broiler chickens'

Density Low High P-value
100 0 100 Density GABA DXG
(ppm)
Liver
21 d 3.459 3.508 3.202 3.563 0.085 0.244 0.021 0.075
35 d 2.777 2.520 2.865 3.008 0.110 0.013 0.608 0.077
Spleen
21 d 0.119 0.120 0.135 0.116 0.009 0.506 0.348 0.299
35d 0.141 0.140 0.133 0.137 0.014 0.709 0.926 0.863

Bursa of Fabricius

21 d 0.255 0.201 0.252 0.223 0.018 0.590 0.029 0.483

35 d 0.237 0.211 0.177 0.225 0.020 0.245 0.575 0.069
Pancreas

21d 0.394 0.399 0.439 0.423 0.023 0.136 0.824  0.641

35d 0.317 0.324 0.307 0.316 0.015 0.537 0.572 0.968
Abdominal Fat

21 d 0.779 0.691 0.645 0.688 0.060 0.260 0.710  0.280

35 d 0.991 0.818 0.885 0.909 0.072 0.916 0.309 0.183

alues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.
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B 11-46. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on breast
meat yield (g/100g of live body weight) and meat quality in broiler chickens'

Density Low High P-value
2
Item GABA SEM '
100 0 100 Density GABA DXG
(ppm)
Fresh weight, g
21 d 47.93 52.77 47.07 49.17 1.325 0.111 0.016 0.321
35d 145.2 147.6 140.1 133.1 4.551 0.041 0.624 0.315
Meat yeild, %
21 d 6.852 7.198 6.996 6.813 0.134 0.406 0.570 0.072
35d 8.209 8.206 8.114 7.689 0.164 0.093 0.234 0.240

Cooking loss, %

21 d 20.29 24.39 22.99 23.02 0.842 0.454 0.024  0.026

35d 23.37 22.66 21.62 22.67 1.486 0.568 0.913 0.561
CIE L* (lightness)

21 d 49.96 51.19 51.18 51.45 0.529 0.192 0.185  0.388

35d 53.28 53.31 52.59 592.15 1.001 0.374 0.843 0.817
CIE a* (redness)

21 d 2.234 2.578 1.703 2.160 0.320 0.179 0.255  0.871

35d 1.053 0.690 0.698 0.988 0.292 0.923 0.902 0.277
CIE b* (yellowness)

21 d 13.69 14.50 13.47 14.73 0.485 1.000 0.042 0.652

35 d 12.06 12.40 11.60 11.88 0.414 0.272 0.480  0.951
pH

21d 5.933 5.800 5.905 5.860 0.031 0.634 0.011 0.190

35 d 5.745 5.775 5.845 5.863 0.040 0.030 0.570  0.881

alues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.
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B 11-47. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on leg
meat yield (g/100g of live body weight) and meat quality in broiler chickens'

Density Low High P-value
2
Item GABA SEM .
100 0 100 Density GABA DXG
(ppm)
Fresh weight, g
21 d 45.09 48.58 44.57 45.26 1.394 0.182 0.148 0.330
35 d 118.7 129.2 124.5 120.1 2.985 0.589 0.314 0.018
Meat yeild, %
21 d 6.450 6.688 6.403 6.324 0.133 0.130 0.553 0.240
35d 6.741 7.151 7.201 7.087 0.120 0.107 0.223 0.035

Cooking loss, %

21 d 33.25 35.48 30.60 33.38 0.864 0.012 0.008  0.762

35 d 28.97 29.82 30.23 28.08 1.107 0.836 0.579  0.204
CIE L* (lightness)

21d 57.14 58.61 57.03 59.21 0.922 0.793 0.055  0.702

35 d 53.14 93.09 o4.75 53.22 0.869 0.338 0.385 0.412
CIE a* (redness)

21d 6.779 5.984 6.433 6.137 0.427 0.827 0.223 0574

35 d 7.046 7.266 6.220 6.921 0.534 0.280 0.394 0.655
CIE b* (yellowness)

21 d 17.88 17.05 16.89 17.76 0.662 0.844 0976  0.224

35 d 15.74 15.72 15.61 15.23 0.508 0.554 0.701 0.731
pH

21d 6.461 6.370 6.510 6.430 0.042 0.205 0.050  0.896

35 d 6.310 6.220 6.260 6.235 0.056 0.754 0.307 0.562

Walues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.
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B 11-48. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on tibia
characteristics in broiler chickens?

Density Low High P-value
2
Item GABA SEM .
100 0 100 Density GABA DXG
(ppm)
Fresh weight, g
21 d 6.608 6.729 6.586 6.586 0.157 0.603 0.701 0.702
35 d 15.82 16.49 16.04 16.35 0.326 0.898 0.146 0.588

Weight, g/100g of live
body weight
21 d 0.947 0926 0951  0.946 0.019 0.528 0.501 0.664

35 d 0.884 0915 0.929  0.968 0.021 0.023 0.097 0.835

Diameter, cm

21 d 0.510  0.510  0.500  0.520 0.014 1.000 0.490  0.490

35 d 0.710 ~ 0.750  0.700  0.750 0.020 0.801 0.028 0.801
Length, cm

21 d 7.356  7.440  7.290  7.340 0.059 0.172 0.265 0.773

35 d 1017 1019  10.13  10.03 0.099 0.321 0.690  0.550

Breaking strength, kgf

21d 15.85 15.51 14.17 15.33 0.601 0.130 0.500 0.216

35 d 30.76 3315 3336  29.98 1.426 0.845 0.735  0.054
Ash, g/100g of DM

21 d 30.43 30.60 30.05 29.72 0.711 0.381 0.918 0.727

35 d 2743 2722 2155  27.19 0.484 0.921 0.559  0.880

alues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.
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B 11-49. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on feather
coverage score in broiler chickensl

Density Low High P-value
frem GABA 100 0 100 SEM Density GABA  DXG
(ppm)
35d
Head 3.56 3.54 3.56 3.52 0.084 0.906 0.724 0.906
Dorsal neck 3.48 3.44 3.16 3.12 0.102 0.003 0.698 1.000
Back 3.84 3.80 3.38 3.22 0.087 <.0001  0.256 0.493
Front neck 3.26 3.40 3.08 3.00 0.112 0.014 0.790 0.332
Breast 3.54 3.50 2.96 2.70 0.123 <.0001  0.232 0.378
Belly 3.10 3.02 2.32 2.14 0.131 <0001  0.327 0.704
Average score 3.46 3.45 3.08 2.95 0.068 <.0001 0.313 0.413

Walues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.
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® 11-50. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on body
surface temperature (C) in broiler chickens'

Density Low High ) P-value
e Slers 100 0 100 N Density GABA DXG
(ppm)
Head
21d 35.52 35.59 35.57 35.52 0.168 0.961 0.961 0.701
35d 34.87 34.79 34.99 34.92 0.153 0.400 0.626 0.965
Breast
21d 36.08 36.39 36.47 36.21 0.158 0.507 0.879 0.077
35d 35.06 34.94 35.19 35.15 0.246 0.494 0.757  0.882
Shank
21d 35.69 36.09 36.42 36.12 0.150 0.017 0.753 0.024
35d 35.51 35.62 35.54 35.71 0.265 0.842 0.596 0.906

Walues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.
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® 11-51. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on
concentration of ileal secretory immunoglobulin A (sIgA) in broiler chickens!

Density Low High P-value

Item SEM?
GABA 0 100 0 100 Density GABA DXG
(ppm)

slgA, ng/ug of protein
21 d 8.602 8.678 8.747 10.116  1.640 0.632 0.662 0.695

35 d 16.74 17.59 18.95 20.36 1.790 0.173 0.532 0.874

alues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.

B 11-52. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on
physiological stress indicator in broiler chickens!

Density Low High P-value
& 3
e CABA 0 100 0 100 = Density GABA  DXG
(ppm)
H/L ratio
35 d 0.305 0.223 0.351 0.215 0.046 0.705 0.037  0.585
CORT, ng/ml
35 d 0.550 0.392 0.477 0.278 0.098 0.363 0.088  0.843
AGP, mg/ml
35 d 1.360 1.473 1.210 1.334 64.437 0.031 0.074  0.939
NO, uM
21d 9.35 13.64 13.12 14.63 1.360 0.113 0.056  0.348
35 d 10.57 12.85 9.36 13.70 1.405 0.901 0.028  0.479
TAC, mM
21 d 0.852 0.879 1.001 0.914 0.054 0.097 0.586  0.300
35 d 0.935 0.911 0.902 0.985 0.052 0.701 0.569  0.309

Values are least-square means of 10 replicates per treatment.

’H/L ratio = heterophil to lymphocyte ratio; CORT = corticosterone; AGP = alpha-1-acid glycoprotein;
NO = nitric oxide; TAC = total antioxidant capacity.

5SEM = pooled standard error of the means.
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B 11-53. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on serum
biochemistry in broiler chickens?

Density Low High P-value
fiem* GABA 100 0 100 SEM Density ~GABA  DXG
(ppm)
35 d
GPT, U/L 4.000 3.900 4.000 4.000 0.296 0.872 0.872 0.872
GOT, U/L 162.4 186.6 153.5 173.5 7.907 0.495 0.009 0.116
GLU, mg/dL 458.9 474.2 423.2 416.1 26.455 0.094 0.881 0.682
TCHO, mg/dL 73.44 84.10 89.90 89.00 3.760 0.009 0.037 0.223
TG, mg/dL 136.0 1474 160.0 138.8 14.200 0.613 0.747 0.285
HDL, mg/dL 29.22 41.20 42.63 45.89 3.314 0.015 0.134 0.411
TP, g/dL 2.578 2.590 3.000 3.256 0.121 0.0001 0.289 0.334
ALB, g/dL 0.920 0.963 1.080 1.189 0.047 0.0004 0.135 0.507
GLB, g/dL 1.750 1.630 1.920 2.067 0.083 0.001 0.875 0.123
ALB : GLB 0.522 0.589 0.564 0.576 0.012 0.232 0.002 0.026
P, mg/dL 12.13 11.79 13.31 12.47 0.629 0.148 0.355 0.694
Ca, mg/dL 11.78 12.27 12.49 12.04 0.220 0.304 0.933 0.051
UA, mg/dL 9.70 10.74 11.66 11.03 0.902 0.221 0.822 0.361

Walues are least-square means of 10 replicates per treatment.

’GPT = glutamic pyruvic transaminase; GOT = glutamic oxaloacetic transaminase; GLU = glucose; TCHO = total
cholesterol; TG = triglyceride; HDL = high density lipoprotein; TP = total protein; ALB = albumin; GLB = globulin;
P = phosphorus; Ca = calcium; UA = uric acid.

5SEM = pooled standard error of the means.

B 11-54. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on cecal
Clostridium perfringens counts (logy cfu/g) in broiler chickens'

Density Low High P-value
Item GABA SEM?
100 0 100 Density  GABA DXG
(ppm)

C. perfringens 7.090 7.521 7.405 7.380 0.167 0.612 0.238 0.187

Walues are least-square means of 10 replicates per treatment.
’SEM = pooled standard error of the means.
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B 11-55. Effect of stocking density and dietary gamma-aminobutyric acid (GABA) on
concentration of ileal secretory immunoglobulin A (sIgA) in broiler chickens

Density Low High P-value
2 8
e GABA 100 0 100 o Density ~GABA  DXG
(ppm)

21 d

Acetate 40.06 34.62 37.22 36.94 2.958 0.932 0.356 0.402
Propionate 5.385 4.772 5.681 5.570 0.422 0.229 0.424 0.578
Isobutyrate 0.429 0.327 0.365 0.484 0.050 0.388 0.875 0.047
Butyrate 11.347 10932 10.661 9.728 1.456 0.526 0.651 0.862
Isovalerate 0.456 0.354 0.389 0.493 0.069 0.619 0.988 0.154
Valerate 0.722 0.646 0.625 0.692 0.083 0.772 0.959 0.411
BCFA 1.603 1.463 1.531 1.886 0.184 0.398 0.603 0.236
Total SCFA 58.92 51.62 54.68 54.18 4.448 0.856 0.401 0.464
35d

Acetate 70.86 46.97 62.77 74.82 10.418 0.356 0.579 0.098
Propionate 9.950 8.003 9.341 9.678 1.788 0.770 0.660 0.533
Isobutyrate 1.306 1.025 1.345 1.515 0.247 0.299 0.827 0.375
Butyrate 26.39 14.25 19.45 20.36 3.660 0.911 0.134 0.083
Isovalerate 1.528 1.250 1.570 1.617 0.318 0.536 0.727 0.622
Valerate 1.884 1.381 1.916 1.993 0.326 0.344 0.531 0.393
BCFA 4.718 3.656 4.830 5.115 0.862 0.393 0.671 0.463
Total SCFA 123.2 72.9 96.4 114.9 15.004 0.623 0.311 0.032

Walues are least-square means of 10 replicates per treatment.

2BCFA = branched-chain fatty acid (isobutyrate + valerate + isovalerate); Total SCFA = total short-chain fatty acid
(acetate + propionate + butyrate + isobutyrate + valerate + isovalerate).

5SEM = pooled standard error of the means.
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