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Abstract

This study was conducted to investigate the productivity, meat quality, blood variables, stress
responses, and litter quality of broilers offered feed with different levels of Glycine (Gly)
supplementation under heat stress condition. A total of 760 one-day-old Ross 308 broiler
males were randomly assigned to one of the four dietary treatment groups: (1) basal diet
(control; CON); (2) basal diet + Gly 0.1% (Gly 0.1%); (3) basal diet + Gly 0.2% (Gly 0.2%); and
(4) basal diet + Gly 0.3% (Gly 0.3%). The environments for all the treatments groups were
maintained according to broiler rearing guidelines from day 1 to day 21, and heat stress
condition (32 % 1°C, 60 % 5%) was created from day 22 to the end. The addition of Gly
increased weight gain and affected feed intake (p < 0.05). Gly 0.1% group had higher pH and
ferric reducing antioxidant power (FRAP) in the chicken meat and lower heterophil (HE)/
lymphocyte (LY) ratio in the blood (p < 0.05). In particular, Gly 0.2% treatment group had
lower serum corticosterone level (p < 0.05) than other groups. For jejunum morphology, the
addition of Gly 0.2% significantly reduced the depth of the crypts (p < 0.05). However, the
addition of Gly did not significantly affect litter quality (p > 0.05). In conclusion, the addition
of glycine improved productivity and meat quality, alleviated heat stress, and improved
intestinal function. Further studies are needed to determine the optimal level and mechanism
of action of the additive when ingested.

Keywords: alleviating heat stress, blood parameter, carcass traits, glycine supplementation,
growth performance
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A2 73/ ¢ (thermo-neutral zone)S B oJUA| 5L, o] 2 ?_léﬁ A 01 A7) 7)1 52 Hlsl|5 Al E 2AFS S
Sk (Nawaz et al.,, 2021). 2|52 O 258 2 AA 252 o135 AJAHA o] ZHAE]
AA U Edg e AEH A B %Xﬂﬂ g oPE}(Renaudeau etal., 2012; Nawab et al., 2018). 53], 7|22 7
2 gof Qlar gAllo] glo] Hej2 A& f7 BAteRA] ol aLgol mie- FoFsthPark et al, 2022). ©] 23t o] -2
1.2 AEF| A(heat stressy= 7 AP0l A RE A7 191 2,007 Efol| A 19] 6,5009F B2] 2] 744l Z] £Alo] Bk
SFal Q1 O™ (Nawab et al.,, 2018), ©]o]] L& AEHAS G120 2 &SI Z 4= Q1= Hoto] I Q 5}th(Nawab et al.,
2018; Goel, 2021).

T Y 1=

o] 172 IdGA 4% Y F4ol T35 TS ot A dul= MU 24 Fifol gt BT 75 E g
ThGoel, 2021). SHA|TE SAI7} 1.2 AEH 200 keEEH % 3

]

=
T F57F Ao AL, 45 (leaky gut syndrome)©l] 2|3+ ¥
(Goel, 2021; Wang et al., 2022), T3, EJ H1E] A5t 58 2512 A% U] Dgofn|iAte] 347 7HA3) O I (Wang

etal., 2022), W3 W £351=| 2] 2 Tzl o] Zak2 A Alete] F4| 0= QIgh MAMY ) HAS =0 WY
& #5FAIZATH(Cardinal et al., 2019). ]aia ole& T 7 A]-LOH ofu] L AFS Htslo] TeAEHAZ 9F
sk5h7] 15t A7 23YE 1 Qlek 1.2 oA SA 9] AR U] 2FEEH (glutamine)?] 7 H= 7} 2o wh

2} —Zﬂ‘j’k /\].ezd_r]ak 5 Aol Aoz Frleklon 7:”% FAE WA ZATH(Dai et al., 2009). 3 E
-2 30 A4 7H5S 4 7hA 3 AE=|A 23] HSP (heat shock protein) 702}
corticosterone T L;%—’;‘—J_ U et 47 A= 202 B 5l thBello etal,, 2017).

=2]4l(glycine, Gly)y 583t H| 4= ofr| At F sl B2 522 I AlxtiAle] F83t 4E-2 gt
(Razak et al,, 2017). Gly> 2FEHx|2, L2109, F5 9 Fefotely} Zh2 29 tial 4h=9] AtAo|H 32417
Al ABAEEA 2 285l FAibts}, FAS, HY2H 5 523 7|50l Tofgtth(Razak etal,, 2017). 5+ Y
HEZQl chil Al 3Hd A @] Thof|A] Al Sto| EE AW Y E gl AT 2kA(serine hydroxymethylﬁ'ansferase)—o—] s
Z7IAA M (serine) 22 = H2HE 4= QU TH(Yuan et al, 2012). £35], Bol] Al7]o] GlyS A|Z2} AR &8 7lAlo]]

7)ofahis W4 oful =4k 2 ekefA) 9Ich(Yuan etal., 2012), SEAITF o 7k4 7Hg AL U Gy A
B2 915} ETHE ZARE AL} A,

mebd, £ A 1 Bl S AR W Gy S2 H71stS w4, Al
il A5 2 2 Aol nlX| & §Fe ZAIA Ssic.
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Aol A} % 760 522] 193] 47 Ross 308 SIS ZAIBISITE AE ALE = 879] JF 7 AF}S 23}
A Z5p, OiFEE 7Hke 2 oF A8 AFRE ARE S, A2 2 Gly (99%, Samin Chemical Co., Korea)2]
M7t 23S gEjsto] A7 2 aigeteich S 2l4le) 7t 2 Siegert (20152 Won 5(2023)2] A5 18]
5to] 32 2](Gly 0.1%, Gly 0.2%, Gly 0.3%)= A7 o}c;i 1] 717 control, CON)E T33F 2 43]2), 2] 7 5
REE, BHE 38405 o] HiA| SRl Al 713k & 551t R8skl

ZFRHEE = 37)7F 22 pen (1.0 m X 2.0 m)oll AFSA =S FA5HA| 51o] 831300k Al 71759 AHf- 413
3 S4oteR ot on], 5 E2 232 231 : ID (L, light; D, dark)S FAISIAT. & A2 = 54asked 7t
AT Y EE e W ATE Lol 83 57K e I = 2020-470)0l] whet A AISHATH

u9L'
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19 HE] 219 F7HA| ] AAF U] 2732 Ross 308 AFYH2] vl (Aviagen, 2018)°1] whet =345} o m, 1L
of 33°C2 AT &, it} oF 2 - 3°CE WH 219 J7HA] Ak 2271 21°C7H H =5 A6l et 29 | H 8 7F
ALF7NE oGS AX U =5 ARVG 2°CH] AAf5] SR oH, HF 22232 £ 1°C, 55 60 = 5%E 74
ST 2 #2275t AL, 21 25 EAIE AX|sto] Ak 2 HeEskith

A BA 50 2 A (body weight, BW), 5% (body weight gain, BWG), A=A % % (feed intake, FI), ALS
2 71-E(feed conversion ratio, FCR)& ZAFSIATH A5 AFRAFH 2 5 S5t o, A5 HiEL Y =&
ol BAS 2T T 2 kol 0 BE A D SATE T AR T vl IR AR S
27510] 100, AR 8T8 ARAAT O SAF 1T AN

A AH

NE B AL w2 054 Ba9l2 HEslel ARCIES, Wl 2 S A B ofspyn A
HH-S o851t o, 2HF S 5 mLe] & Y2 EDTA (ethylenediaminetetraacetic acid)”} %] 2] ¥ tube2} serum separator
tube (Becton, Dickinson and Company, USA)°l| U-+0] U531 T} Serum separator tube= 4°C, 3,000 rpm 27102
1587F A1 22 (Vision Scientific Co., Ltd., Korea)oto] @H S 47519l o, BA A7) -70°Coll Bkatgich 7}
$52 £2 A% B 24 WA £C0IN BB B Weis SAE B4 Hto] 2] £2
AL 7|1F 02 9F g cm 7| 2 A E5}o] A2 AlZ S F 0.1 M PBS (phosphate buffer, pH 7.0)2 3413} 10%
formalin©ll 1174 A Z{ct.

o ) &, Astst E4J 9 corticosterone 4

HEHE EDTAZ M2 RUE olskglon], B AF F 24417 o] A5 BT EA7|(Hemavet
® HV950FS, Drew Scientific Inc., USA)S AFS-3ll 24531t @3 U AY3lst BAle 215 o 3t B417]
(AU480 Chemistry Analyzer, Beckman Coulter Inc., USA)YS ©]-85}%.0, 24 3-5-© 2= TCHO (total cholesterol),
TG (triglycerides), GLU (glucose), TP (total protein), ALB (albumin), AST (aspartate aminotransferase), ALT (alanine
aminotransferase), Ca (calcium), IP (inorganic phosphorus), CRE (creatinine) % LDH (lactate dehydrogenase)2 =74 53t

Corticosterone F41-2 corticosterone ELISA kit (K014-H, Arbor Assays Inc., USA)E- ©|-8-5}0] 2A5}3]c}

e Yepara 24

10% formalin®l] L A|AE Al 8+ paraffin @ 2 17 AIA, 5 pm 57 2 A 5] H&E (hematoxylin and eosin) = HAY
Sl FAlEH A -2 40uf Hi-8-of| A 33331 1] 7(TE2000, Nikon Corporation, Japan)S- 58]l -8 0] (villus height, VH),
29 Z10] (crypt depth, CDYE S5 0™, §1 Eolot-2-2t Z10] 9] B & (VHICD)y 2 52 Lo AlAtsi3ict

TR TR

S 242 colormeter (CR-300, Minolta Co., Japan)E 0]-&5l0] 2t Alg XS S5t o, FHOE [*

1

(lightness), a* (redness), b* (yellowness)& A5t 7H5-5-2] pH+= AlS3 S 7545

meter (pH-K21, NWK-Binar GmbH, Germany)E- ©|-8-5t0] S45Itt M4 7552 4 Yo 2 JJsh
S ZEojoledl o] Y1 water bath (VS-310SWR, Vision Scientific Co., Ltd., Korea)°llA] 75°C, 3027} 715131 th
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1% 3027 Bsilon], 7ttt Fo) 57 Aol 2 vl is) $ SAS ARSIl
AR 25 2 am FAZ FEsto] 75°C 42004 3027t 719, A-eolA 3087 WA & 7 127

cm@] o] S Al8ste] A|BE FH|SIYTE FH|SH A| 2R V bladeE © ] 2510 24 B4 7](Texture Analyzer TA 1,

Lloyd Instruments, UK)2 S5t th H422 0.5 g2] 7H5S2 Al g3l S35t 75°C2] =200l X 20827 7HLE

S} olF 222 + 2°C)lA Wrgshelon], Wy 5 24 52)(3,000 rm, 205, 4°C) BTk, LA o] 5o
ST A 20 B2 210 o) A1) o) g3 Bpele Sl

A8

10

i)
o

AAF=1—

o

ALY A A 448d F

])] % 100 (1)

FeFR= [{

2 < ATAZ)
nae (%) = [(% TE jf‘”)] % 100
o T

TN EACER

7HE55-9] kst EAJS 2AKSH] 9J51o] DPPH (2,2-diphenyl-1-picrylhydrazyl) 2HH]ZE A7 -5, FRAP (ferric
reducing antioxidant power)2} TBARS (thiobarbituric acid reactive substance) S =415} Tt

7+ Ul DPPH 2HHZ 2715 572 215l Blois (1958)2] "2 o]-&skelth Hg== &siA1Z! 02 mM
DPPH 100 pLol ZF Al 22 100 uLA E31513 0, 41222 + 2°C), YAlol| A 30827 8- AJZt 0] % 517 nmoll
A microplate reader (Epoch 2, BioTek Instruments Inc., USA)E- ©|-&5to] ¢ =5 Z745I3l . DPPH 2t A7 5
= of2fje] A2l wp} AlAkst Tt

DPPH &2 4% (%) = (1 - (w)) < 100 ?

TBARS+ TBA (thiobarbituric acid)2} BF--A|7] 220 oJ o o] S &5 =4 5]=HIH] 0 2 435} ThBuege and Aust,
1978). A= 5 goll -7 15 mL& 23t & #2513 o™, 7289 1 mLo]| 7.2% BHA (butylated hydroxyanisole) 50 UL
3} TBA-TCA (trichloroacetic acidy2 2 mL2 X7}ttt S22 wHkst ), 90°Ce] 2ol A 1587t 715t o
1027 1027  iceol A WAI5HITE 0] 2,000 X gol|A] 1027 AR el5t o, AR e & A4=0-S microplate
reader (Epoch2, Biotek Instruments, Winooski, VT, USA)E- ©]-8-5}] 531 nmoi|l4] 3 =5 =751t TBARS 42 &
F= 40l 5.888 F5to] L1 oM, 1S 1 kg MDA (malonaldehyde, mg)2 4](3)2-2 AH&3}3] T

TBARS( ZBMDAN _ 15 gun _ waE F9E) x 588 3)
kg sample

FRAP assay+ Benzie2} Strain (1996)2] ®5-2 0]-8-510f Z745}I T} FRAP solution sodium acetate buffer (pH 3.6)
300 mMOl| 40mM HCLZ 23| A 7] 2.4,6-tripyridyl-S-triazine 10 mM X FeCl;:6H,020mME 10:1:1 (v:v: V)2 &35

of AL85IRATE. Al & 25 UL2FFRAP solution 175 ULE £33 2, 37°CollA] 30427t H2]5t it -84 9] S == 590
nmol| A S5} o, ZF ME-2] FRAP 3+ trolox(TE)% 242 519 standard curveS A4 O™, uM TE/g
dry matter (DM)= FA|3H2{C.
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2 U o g2 L2 2 A TR T 24 R 40 9] 23S AFHoto] A5 2 Z2 704 105°C,
= o
[e)

24XIZE FATE B0} 4R TS S on], S EATE 712 M) PAPIA A% F P 20| S WL E(%)
2 Upehgict.
£

2 ATLo|A] 275+ 2E t|o]E]+= SAS (version 9.4, 2014, SAS Institute Inc., USA)2] GLM (general linear model)
procedure - ©]-&5F0] FAI5HITt. 22|t 7ke] 5-2|$k xFo]<= Duncan’s multiple-range testell 23l 278 =l oH, &
9] 4= p< 0050014 AZGsHATh AT 2 Wf 7 g2 ZH wlS A Tl & sl on, 7 Hloj x| A
SHNAl= AlS B2, @5 2 D A3tst EAof| oist A &9 = ARZsHITE B35t orthogonal polynomial contrasts
testS 0] 8-5F0] AL U] Gly 71l w2 12K (linear, L), 22Kquadratic, Q) % 3xHcubic, C) effectS H7 |51tk

Results and Discussion

girg

ALE W Glye] 7} ol w2 A A4k dol] st Z3H= Table 100 LFEFHSITE 27 5ol A] AFSH 3554}
ZAFL Gly] 7t 4=Zo) ufe} A 0 2 274519 O W (linear, p < 0.05), 2557Fe] 12 $HAof| =2 H 55x}0]
A ZE Gly 0.1 2 03% 2] 7o)l A 7F8 =] Uebgthceubic, p < 0.05). B3 Gly 0.1% 152 112 2Hol|A] 714
22 FAFS B3 THcubic, p < 0.05). FHFA O 2 Gly2] 0.1% 2 03% H7Hes E2 SAF AARA TS Bl
o, 8-7|2] AAHA o] FA 2 91 JFES LFEFA I THcubic, p < 0.05). -2 2H3-2 7F20] Alg A F 2k Al of| 7], JF
408 T A AAY] FE &4, B Y 7|5 A, Alst AERA FILE QlEl Aat 5 S ASHAIZ = A
S 2 HE| 7 QI Won etal,, 2023). £35] AE#|A Z 70| ofn|iAte] ASHE 71ESIAI7| AL T B oA &
Q75 (Kim et al., 2022), ©] Tl A A =)= 2 AKuric acid, UA)°] Z715te] whgl UAS] 12 EA1Q] Glyo] &
TS S7HAIZITHWon et al,, 2023). 0|28 #750l|A] B3 Gly2] 332 AW 5/ Yot S4=A &
H 7+29] g% s oy 7ol S22 J 2 A HTh(Won et al., 2023). Awad 51(2017)2] Aol A= 112 &

-2 CP (crude protein) 2] S| ALRO] Gly& BZ0IE W, SAE, AR, FCR 5 4ol 7H =]
A0, Won 5(2023)2] Aol A = 112 FH0l|A Gly S H7181E w, 474 53 o] 7HA = ATt 2] o] Ao
A AR W Gly 0.1% 7P F SAIZ2 AL A TS SXIA171H L2 2ol A ] SA] AAtdoll 37841 JF
< F3lt} o] St Ak GlyQ] BEo] A2 B 9] SA IS A7 = FAA- o] D = 9lon &
7R B Ab|7F & ste] 271 A7 B e 21 0 2 HRITHWon etal., 2023).

has B

Gly 47} 20| wh2 AlS 2 8] 1 Z3H= Table 201 LFEFHRITE ALS W Gly2] 0.1% 7= T34 7HE o8] 7}
4-5-9] pH7} =7 LRG0 1 (quadratic, p < 0.05; cubic, p < 0.05), 7FE 71} B4, SAlol= E 2]2]7L7} H]
Stk AeE2 FH7HLEDE Gly 0.1% 15°] f2d o2 Wekout Gly 7 & (Gly 0.1%, Gly 0.2%, Gly
0.3%) Ato]ol| A= R H] %5} Chquadratic, p < 0.05). 117]2] pH §4-& 25 U] 24 ke Ve, B4,
S g Ak Sof JFS n)ZIth(Dai et al., 2009). S, WAL 5 117]9] ot EA.2 117]9] AM &S UEhH,
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Table 1. Effects of dietary glycine supplementation levels on performance of broilers under high

temperature.
Gl Gl Gl p-value’
ltem CON 01% 02% 03% SEM L Q C
Initial
BW (g/bird) 37.77 38.09 38.04 38.02 0.058 1.178 1.145 1454
Iweek
BW (g/bird) 1353 135.5 135.9 128.9 2.056 1.338 1414 1.699
BWG (g/bird) 97.54 97.41 97.83 90.92 2.042 1.317 1432 1.682
FI (g/bird) 1183 117.1 116.6 1193 1.608 1.863 1.579 1.879
FCR 1214 1.206 1.192 1.344 1.029 1.154 1.173 1.503
3weeks
BW (g/bird) 3972 4054 3923 42277 4.356 1.078 1.163 1.073
BWG (g/bird) 261.9b 269.9ab 256.5b 293.7a 4.865 <0.05 1.082 1.057
FI (g/bird) 517.0 612.1 5574 567.0 16.84 1.522 1.208 1.161
FCR 1.770 2.004 1.908 1.786 1.058 1.928 1.145 1.566
Sweeks
BW (g/bird) 694.4b 764.6a 707.6ab 759.0a 9.953 1.062 1.548 <0.01
BWG (g/bird) 297.2b 359.2a 315.2ab 336.4ab 7.895 1214 1.128 <0.01
FI (g/bird) 8584 953.0 900.9 933.7 15.32 1.187 1.289 1.085
FCR 2.891 2.657 2912 2.789 1.074 1.942 1.723 1.225
Overall
BWG (g/bird) 65 6.6b 726.5a 669.5ab 721.0a 9.925 1.063 1.553 <0.01
FI (g/bird) 1493.7b 1682.2a 1574.9ab 1620.0ab 24.95 1.169 1.109 <0.05
FCR 2276 2324 2362 2.250 1.042 1.921 1.381 1.729
CON, control; Gly, glycine; SEM, standard error of the mean; BW, body weight; BWG, body weight gain; FI, feed intake; FCR, feed
conversion ratio.

“Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine.
a, b: Means in same rows with different superscripts are significantly different (p < 0.05).

Table 2. Effect of dietary glycine supplementation levels on the meat quality of broilers under high

temperature.

Gl Gl Gl p-value’
ltem CON 01% 02% 03% SEM L Q C
pH 597b 6.14a 5.99b 5.95b 0.020 0.169 <0.01 <0.01
Cooking loss (%) 21.29 2202 21.92 22.06 0.268 0.365 0.593 0.662
WHC (%) 5826 57.46 57.64 57.89 0272 0.713 0.350 0.713
Shear force (kg/em2)  3.800a 2.634b 3.078ab 3.081ab 0.127 0.102 <0.05 0.052
Meat color
L* 49.82 49.62 4933 4931 0.391 0.616 0914 0918
a* 2.043 1.852 1.866 2015 0.124 0.952 0.508 0.951
b* 1032 10.63 11.57 10.92 0.358 0.405 0.510 0.501

CON, control; Gly, glycine; SEM, standard error of the mean; WHC, water holding capacity; L*, lightness; a*, redness; b*, yellowness.
”Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine.
a, b: Means in same rows with different superscripts are significantly different (p < 0.05).

Au[zte] e AT} Mo wof FFS F= EAHCE ALR U 7 240l JFS S 4 UTHLee et al,, 2022).
AEPAE O AlS W 24ke] F4o] =obx] pH7F RobA|H, o] = myosin 5-2] TS H/AJA|A H4E
o] Z+45kal S 9] L'gho] Z715H PSES: (pale, soft, exudative) S4J-2 2 Q1THHu et al., 2016; de Freitas Dionizio et
al, 2021). TEIEO] 7|2 /g QAQl ofu|icAke] AkSl oFY A Bl FAER AL g7t H 1 E T QITKSifa et al.,
2018). SA19] AF= W Elobd(theanine) 7= Al8- W SOD (superoxide dismutase), GSH-PX (glutathione peroxidase)
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S ThEHs & S7HNZIeH, 37} oiH] AlS-2] pH7tF S7kekal e o] Yok £4 71 ankE Bl
(Saeed etal.,, 2018; Zhang et al. 2020) 5 S FEM (glutamine) S 12 £ .J SA°N 1.0% H7F FolstlS w, 7+

429 pHet B4, Mok 9l 840 7§ A & Qi kel H 15}R) O i (Dai et al., 2009), Meyer2} Bobeck (2023)2 57|
_,] o]-F_' 7] "](argmme) :Lo:] 7]. o:L\,}- 9,]—7(]—;(1] o] 01-9_ 61— o E/J\'] =2 9]. AR _:_:LQ_ 7HA—] °H woody breast AH A—] HPx] =
AS F4E 7Wdshs Ao2 Busigitt 2 ATtol|A Gly 0.1% 7= &8 W itehsS E/45HA7] 1, 4
O ML AEAR IS AS F4 AotE &2t A1 o & wHE,

THES L Bt E4

Gly2] Ats W 7ol k2 §7| 7145-5-2] FRAP, TBARS 9 DPPH 20} Z 4750l gt M= Table 33} 2t
DPPH 2tHZF 47153 TBARSE AR Y Gly 37Fgoll wet §-2]4Q1 Zpo] & Hol#] eigtth. FRAPS] 739 Gly
0.1% 7HollA 7 =9k o, 7ol F71atoll whe} FRAP 4=2]+= A2} 74513 Th(quadratic, p < 0.01; cubic, p
<0.05). AlS-2 LRHA 0 2 2@ 4ksto] o5l F2 o] A5t A 4beh= F-E] Ho] ARl A AFal Z21A| 2}
FrtetA| o] Bt ol ool A THTH Aslam et al., 2020). F4te} 7]150] = AL 7HA| Q) ARE-2 SAtEC] Abe}
P2 PN 5 Q= 7P a7H2 Q1 WO 2 (Aslam et al,, 2020), 2| 03] ALoA 7154 AL H7IA| 2] A
2S4St §37t H 3% QI THZhang et al., 2018; Aslam et al., 2020). Kopec 52016y ZFHZO] Alg W 5] A
(histidine) & ¥ 23 A1}, 7}45-5-9] DPPH 2ltjZH A7)5-0] 27121 2™, Zhang 5(2020)2 L-theanine2] 7}
} AlS-2] MDAS} PC (protein carbonyl) S ZHAA] A 4FeHE] 4o] Woks-3 B 15kQl) 25k 112 AEHAS v
%74] + 22 TAC (total antioxidant capacity)S LEFH 2 L}, HIE] 2 H(methionine)S &3t 2|24+ f-9]4 o2

TAC7} &1 %] THde Freitas Dionizio et al., 2021). ©]+= methionine®] 573 At8h=2-S | A5kl AR 2t ZHe]
-?r'aH?_]' TS oA 7| 2L BAF 2 A3 o] A AksE g atof] 7191k 21 0 2 B W | QI Thde Freitas Dionizio et al.,
2021). $HH, Gly2 Z-F-EFH| 0] E(glutamate) 2! A|2E Q) (cysteine) ) 4 S 2H-2-50 244 2ot ghatst BAQl 28
EF2]-2(glutathione) TAJoll Zoistm Fatet A| A8l ZHJHCHAbbasi et al,, 2023). 01 & o, 9-2]2] Ao
ALE U Glye] 71 7 AW Ake 24-8-3 7H A sto] AlS-9] FRAP <oll 98 & A o= Tt

l

o o
rEJSEﬂJ

N

rlo

IZI

AL Ul Gly H7tol| i B+ 2 E A gatst 42 24 k= 2 Table 4, 500l HERSITE B+ 24 &5 2,
Gly 0.3% H7}1= Gly 0.1% 3 7H*oll I3l HE (heterophil)2} LY (lymphocyte) H]-&°] 72|24 0 & =%}k O ™ (cubic,
p<0.05), L 2| & 52 B H|5kATE A U] Aeke} 4d& w4 Ak GlyQ] 7l k& /24 Zfo] 7}
2] AU > 0.05). EH EAS EA k= A2 529 14 FEHIE H7HE 4 A= 528 A Ho|H, Ak

Table 3. Effect of dietary glycine supplementation levels on the antioxidant capacity in breast meat of
broiler under high temperature.

p -value®
Item CON Gly0.1% Gly02%  Gly0.3% SEM L Q C
FRAP (uM TE/mg DM) 9.80c 13.76a 12.46ab 11.51bc 0.323 0.077 <0.01 <0.05
DPPH (%) 5045 54.07 50.30 50.96 0.693 0.714 0.279 0.058
TBARS (mg MDA /kg meat) 0.263 0.244 0.231 0.231 0.007 0.067 0493 0.925

CON, control; Gly, glycine; SEM, standard error of the mean; FRAP, ferric reducing antioxidant power; TE, trolox dequivalent; DM, dry
matter; DPPH, 2,2-diphenyl-1-picrylhydrazyl, TBARS, thiobarbituric acid reactive substances; MDA, malondialdehyde.

“Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine.

a- c: Means in same rows with different superscripts are significantly different (p < 0.05).
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Table 4. Effects of dietary glycine supplementation levels on blood composition of broilers under high

temperature.
Gl Gl Gl -value”
ltem CON 01% 02% 03% SEM L - Q C
Leukocytes
WBC (K/uL) 17.778 13.820 17.380 17.483 0.598 0.593 0.084 0.043
HE (K/uL) 4.620 3.289 4.639 4.700 0.219 0.386 0.104 0.046
LY (K/uL) 10.562 9.170 10.190 10.214 0.282 0.993 0.217 0.192
HE/LY 0.435ab 0.368b 0.440ab 0.453a 0.011 0.174 0.064 <0.05
MO (K/uL) 1.884 1427 1.829 1.833 0.067 0.656 0.081 0.040
EO (K/uL) 0.562 0.358 0.554 0.585 0.038 0.409 0.116 0.101
BA (K/uL) 0.153 0.081 0.166 0.153 0.014 0.495 0.302 0.054
Erythrocyte
RBC (K/uL) 2450 2334 2407 2478 0.033 0.601 0.173 0.534
Hb (g/dL) 8.870 8.689 8.870 8.992 0.115 0.601 0.529 0.702
Hct (%) 23.81 22.08 23.76 23.80 0313 0.535 0.152 0.080
MCYV (fL) 97.11 9741 9744 97.74 0.326 0.516 0.998 0.866
MCH (g/dL) 36.19 35.92 36.90 36.30 0.236 0.537 0.732 0.202
MCHC (g/dL) 3728 36.87 36.76 37.15 0228 0.807 0399 0.922

CON, control; Gly, glycine; SEM, standard error of the mean; WBC, white blood cells; HE, heterophils; LY, lymphocytes; H/L ratio,
heterophils/lymphocytes; Mo, monocytes; EO, eosinophils; BA, basophils; RBC, red blood cells; Hb, hemoglobin; Het, hematocrit; MCV,
mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.

“Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine.

a, b: Means in same rows with different superscripts are significantly different (p <0.05).

Table 5. Effect of dietary glycine supplementation levels on blood biochemical parameters of broilers under

high temperature.
Gl Gl Gl p -value’

ltem CON 0.1% 02% 03% SEM L Q C
TCHO (mg/dL) 161.7 167.5 174.1 168.0 3301 0401 0379 0.656
TG (mg/dL) 40.78 38.55 38.65 39.52 0.783 0.609 0338 0.828
GLU (mg/dL) 2556 2474 272.7 2579 4352 0404 0.697 0.061
TP (mg/dL) 3.578 3.395 3.508 3.503 0.048 0.798 0.363 0.344
ALB (g/dL) 1528 1451 1.516 1479 0017 0.585 0.545 0.110
AST(UL) 287.8 264.9 2738 262.6 4,061 0.066 0.464 0.144
ALT (U/L) 1.800 1.851 1793 1971 0.049 0311 0.523 0436
CRE (mg/dL) 0268 0264 0.260 0267 0.003 0.820 0451 0.696
Ca (mg/dL) 1146 1150 1150 1135 0.146 0813 0.759 0.944
IP (mg/dL) 8.305 8228 7.568 7.792 0.111 0.024 0480 0.127
LDH (mg/dL) 24270 22423 21742 21659 60.091 0.117 0467 0917

CON, control; Gly, glycine; SEM, standard error of the mean; TCHO, total cholesterol; TG, triglycerides; GLU, glucose; TP, total protein;
ALB, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Ca, calcium; IP, inorganic phosphorus; LDH, lactate
dehydrogenase.

“Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine.

golU AR U] Y/ 2ol mhet e B A= A JlTh(Lee et al., 2022; Son et al., 2022). E.1o]] wh2 A,
glutathione2] 74| Q1 Gly2] %7F= @7 W WBC (white blood cells), lysozyme= 7§41 A|7]™ RBC (red blood cells)
O] ABIAEFAE o5t
HELY B &2 AE#|A QRloj oJaf J&FS W= A HE, ALRE A|Stohs 52 2AEH A 7o) v]go| Z713t
CHMahboub et al., 2004; Won et al., 2023). Won 5:(2023)2] 70| A| Gly2] Alo] B2 EF HE/LY H| &S W3 o,
o]i= Glyo] A& 24 7]-5-0] = H|EF] (betaine)] THAFRF W7 SH Hedo] Qlo] AE|A 3lol F7d 41 &7t
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UERE A0 2 Bsgict 2 Aol A E Gly 0.1% H7FFHELY H&2 R332 1, o]= Glyo] §A4|9] 112
E 2 glo] =Fo] & oz Hojith
&, Gly2 AWl UA 3L CREQ] B2 S SV 224 D Ul UA, CRE 52 S5 2102 484 ot
(Oshima et al., 2019). ©]2{3} o]-F-2 Gly-2 UA Hj ol oJ5 A7 = nQARE EX o 3E5}y] 95 g
1 Ch(Oshima et al., 2019). Shafiekhani 5-(2019)2] Lol A] Holl leZAZ] Fof|A| GlyS H71sH3S ulf &
FES AaNZ o, G 271 mice?] ¢ THE A Al o= &
HHA, Glye] H7he AFA EF Ul =2
FFCHEL-Atty et al.,

AREE] AL QL
%J W BUN (blood urea nitrogen)*} CRE
o|7} 12Ut UAH CRE 4|7} -5-9]51A] WO Th(Wang et al., 2019).
LDL (low-density lipoprotein) 52 E. % O LF ALT, TP, ALB, TCHOO| IS FA] &
S W] AST 52 Wob% O U ALT, CRE 2 UA°]=
oot F&S FA] LUTHWon et al,, 2023). T=3H W glucose 52 AEHAS WS ol 2 7Ho] Z2| I 7
Joe} A x| ol ot Glye] 7}
27t A7t 2 78

Ty

TGRF & TTE
2020). 212 73 9] §A| AF=OlA & betaine} Gly= H7FsHA
Tk, &2 AtoilA g3te
0| FFol it

B2 Qlsl| Z7Fshcty B s 1 QUtk(Yu et al., 2022). 514]
TS EoHA] Z5Eal oH, o]of) 7hgoll QloA] Glye] UA HilE B tH& A9

[1

a
A E corticosterone®] 2}0]+= Table 601 LFEFARITE AR W)

c}.
2ol LY corticosterone
Zof| g2 AEF A HES =
2 A3 0 2 Zhashes e UERGoH, Gly 0.2% A
425 H ] Ch(linear, p < 0.05; quadratic, p < 0.05). EY corticosterone Z]
1 AEFHA AT AT

SA A& Y Glye] H7F 4
GlyQ] 7} 450] Z7Fstol| whet @Y W corticosterone
" = 5o, =2 corticosterone 5 ==
= A 7HAlol thSt corticosterone 734A &7} Bl
o =
=

H}\-]]C: EE'_,] Ex] u=]7}-6]- 2~ M
] ATHSon et al,, 2022). ©]ol] A, SFEAE X FE5E 5
L o] ik 7ol tigh Ats B53 A 5(2013)2 methionine™} 2} Al (lysine)= A7}
= 11220 01, yryprophan®] 7 S F01A) 74 FHE B
5(2020) methionine®| 3717} U = o] e ZH SA|2] EA
= 5 _/_\_(—3-]_
AN =

9lo
oS W] 112 74 2] |4 corticosterone 2|5 H5

2l77} 237170l vl Rel o e
o]t} Hwangbo

1:t:1
P

[¢]

HHH | Magnuson 5 = ionine2] %
5(2023)2] Aol A %= Gly2] 7ol wet BE %2 L7} H]

ChBadakhshan et al., 2021).
corticosterone 01| TS FA] LU O™, Won
22 Bt 92)9] Ao A = Glye] A7t 12 29 84 corticosterones H5H AEY A &5t gHE

Zol i g2 =]

Hok
Zato| HEfsiy S
Gly A7} 4-%0] 712] 374 g2 u|x]= JFE Table 701 LFEFIQITE ALE U Gly 4>
+= zfo]7} gl ent, S2F Zlojof] S v]H 2 (cubic, p < 0.01), Gly 0.2%Cl1A4] 78 2A| Ueb T o] &Eefst
2 EAL A 17 UERE A2 Mustafa et al,, 2021), T2AEZ 0] LEEH A A 2of| ASFAEAS
Table 6. Effect of dietary glycine supplementation levels on the content of corticosterone in blood of broilers
under high temperature
Gly Gly Gly p -value”
ltem CON 0.1% 02% 03% SEM L Q C
CORT (ng/mL) 13.06a 8.70ab 8.08b 9.51ab 0.644 <0.05 <0.05 0.752
CON, control; Gly, glycine; SEM, standard error of the mean; CORT, corticosterone
Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine

a, b: Means in same rows with different superscripts are significantly different (p < 0.05)
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el Auk oA E &4, 2 95, AU &4 5 03 ol A 9 nH= AlE dEA ot
(Mazzoni et al., 2022). ©|= 7 ok = Qls A 52 TS %—EOI , 28153 2|5} 52 OoF7|3HtH(Santos
et al.,, 2015; Mazzoni et al., 2022). | oJ8] A= AEYHA A

Sof| A JFS F= 7102 B % ThValizadeh et al., 2014; Xue et al., 2018; Zhang et al., 2018; Oxford and
Selvaraj, 2019). J&f|o}e (creatine)2] A2 Q1 oF2 7 (arginine) > Al Eo°] FEE SA & g2 9 vt
A3 (goblet cell) 45 &Fstalal & FEE 7R85 0.2 B %2 O H(Zhang et al., 2018), E&|. 2. (threonine)
< AmdletEo] §74| & 42 A5 TH(Valizadeh et al., 2014). Xue %(2018):4 Oxford®?} Selvaraj (2019)2
glutamine= 37FHA S ™, 719 52 2 Z2F Ao|7F /i = A Lol e 21 ERlstAnth E3FLPS
(lipopolysaccharide) #] 2]l =HZ]of| Gly& 7ot l& w, 3782] S Zo|7F ZhAast A2 9-2lo] A Autel A%
SHATHXu et al., 2018). Gly2] H7h= 112 24 Wl S7|19] 4 1ol 344 dF2 Ao 474 7kt &
& mAYFol tis 7+ A+L7F 2 85tk

2ollM A AL= Ul Gly H7Foll e 23 43 T2 Table 801l HEFUIRITE. Gly] 37 2 24
T ol 2 FA FUT Z2E o TS A= A2 -—Eﬂﬂ Abs 52 3 7tol| Qloj A F 27t Aotk
(Bessei, 2006). A2 24212 Hhate} 1] 2. (footpad dermatitis, FPD), T SHd(hock burn) 5-& 4 27|+= F2 ¥
o] & ™, Campylobacter 2t} F2] A7} ATHHu et al., 2022). F5°] BAYSHA 37} 2|72 wi7kA] 2]
o] ARt=] 3L AL B 7 A o] g SAHTH, ALR RS Bl Alete] A4 doll 744 JFE T (Koshchaev et
oL, 2020, S5, S71 A0l F7Vatol e} AT B3k ke ol Ko, olof 18 7] 4717
25 GH E7 (breast blisters) 2 22 1) 23S 2 © 71Tk Bessei, 2006). $HH, 71-2] Al 24 9 ALR 7}
Alo] AHE-2 2+ o) JFS F= 523 2 A o] BHA1E| 9l thSwiatkiewicz et al., 2017). 2L 5 Husseins- (2023)
9] AFLoj| A &3} ofn| = /AHK(threonine, arginine 2! glutamine) &7} ol A 241 0] 4~ R3HFS f-0|2 02 Lgrorm,
Ospina-Rojas 5-(2014) % methionine, lysine, threonine, & (valine), 2! Gly] E&of oJsl A|2] 24 W A4, =
Lo} v Eo] ZAsh= A B skt 1A R, methionine ™} lysine] 7 F= 24 o] F-2 1 dhatet m] 2. Z{ 7o)
FF2 FA BUTHEI-Wahab et al., 2015). & ALl A = Gly2] 347 Fgol| whet 22 2 olli= J 3ol iUtk

Table 7. Effect of dietary glycine supplementation levels on the jejunum histological analysis of broilers
under high temperature.

Gl Gl Gl p -value’
liem CON 0.1% 02% 03% SEM L Q C
VH (um) L1440 12136 12041 12364 2057 0159 0656 058
CD (um) 1735 19862 169.0b  1815ab 3.976 0863 0387 <001
VH/CD ratio 667 627 7.19 688 0.149 0235 088 0057

CON, control; Gly, glycine; SEM, standard error of the mean; VH, villus height; CD, crypt depth.
“Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine.
a, b: Means in same rows with different superscripts are significantly different (p <0.05).

Table 8. Effect of dietary glycine supplementation levels on litter moisture of broilers under high

temperature.

Gly Gly Gly p -value”
ltem CON 0.1% 02% 03% SEM L Q C
Litter moisture (%) 3748 34.77 3652 3808 1164 0750 0366 0687

CON, control; Gly, glycine; SEM, standard etror of the mean.
“Orthogonal contrasts: L= linear, Q = quadratic, and C = cubic effect of supplemental glycine.
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Conclusion

& AE A2 2 Ul $A12] AbEel Glye] H7H FS DElste] A, Al B8, @ 8, ABRIA A H,
7 B 223 -0 sl 2AFSISITE 193 |4 (Ross 308) £ ot2] 760 2 SAISH oM, H 2] = T3 7t
THCON)2FGly 0.1, 0.2, 0.3%= F 43 2] 1% 2] G 5 ¥He, HHE o 38 ) 2 A5 1P HE 212 47}2] Al
S22 7 AMS: 7|0l F5to] fAlEt oM, 22U HE AY TEAZIA] 2 B (32 £ 1°C, 60 £ 5%)=

Al-&5HAT Al ?471 (&Rt Gly2] A7t et S S716H oM, AL 2 A = Gly 0.1% 2 0.3% A 2]+
oflA T2 AF-S ETHp < 0.05). Gly 0.1%2] 7F= AlS2] w2 pH} FRAPS] £F2 LFERARI O H(p < 0.05),
o|= AlE2] FAksl F/goll 3 A QN FFE F= A= YEPHTE B3 3 2/J0ll M= Gly 0.1% 77 HE/
LY H]&0| @A UEFF O™ (p < 0.05), 3 corticosterone< Gly 0.2% *| 2|70l A 7H WA et thp < 0.05). 3
o] E/92 Gly 0.2% 7ol A 5k Z o7 A= e B0 M (p <0.05), 238 & = B3-S W AL
S 7N B3ks gl A0 E mEQInh A2 0 2 Als U Glye] 7F= SA12] AT Als 4, At
ks 7 H AER A 2 23t b7t Il o, A 7 5t AW A wiAY Sl tigt 71 Ao 2
3}t
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