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ABSTRACT The study aimed to investigate changes in intestinal hydrolases and antioxidant parameters in the digestive and
reproductive organs of White Leghorn at different laying stages: 18-weeks (initial laying stage, ILS), 36-weeks (peak laying
stage, PLS), and 62-weeks (late laying stage, LLS). Body weight of hens significantly increased from 18- to 36-weeks
(P<0.05), but remained unchanged from 36- to 62-weeks. The relative weights (g/100 g of BW) of the intestinal mucosa and
spleen decreased as the laying stages progressed (P<0.05). In contrast, the relative weight of the oviduct was significantly
higher in hens at 36- and 62-weeks compared to those at 18-weeks (P<0.05). The specific activity of intestinal maltase and
alkaline phosphatase was significantly higher at 18-weeks compared with 62-weeks layers (P<0.05), while the activities of
sucrase and leucine aminopeptidase remained unchanged. In the antioxidant parameters, superoxide dismutase (SOD) activity
in the intestinal mucosa was at the lowest level at 62-weeks compared with those of 18-weeks (P<0.05). Moreover, SOD,
glutathione peroxidase, and catalase activity in the liver and oviduct significantly decreased at 62-weeks compared to 18- or
36-weeks (P<0.05). However, glutathione S-transferase activity and malondialdehyde in the liver significantly increased as the
laying stage progressed, resulting in the highest level at 62-weeks (P<0.05). In conclusion, there was a significant laying
stage-related change in intestinal hydrolase and antioxidant enzymes in the intestine, liver, and oviduct. This results suggest
that the LLS hens were exposed to considerable oxidative stress in the digestive and reproductive organs compared with the
ILS and PLS hens.

(Key words: laying stage, digestive and antioxidant enzyme, intestine, liver, oviduct)

M E oAy, 87 B 5 v 82 o4

2% @ th(Bain et al.,
2016; Underwood et al., 2021). webr] =& Akg =

=
2= o
ST ]‘—‘1‘@?—5

2FRA A Ak 2S4S AAE SH A 3 B A7) e e gl iAol w2 Atk w7 e
N v 83l 1073 &S fXsH 127) A 7% W@eda) w3} 9@ ols 2z|o] A fAo thEk A
AR A 1 go] A wlE 74 F37} 9)thBain et al., 2016). A ola|7} BFAoltt. Al F3l A, S57] 2 At
A A& ST N, AN e, Als Fo] i, 2y A7) 5 e A kg 1 A 229 Yiate} &

" To whom correspondence should be addressed : jjang@gnu.ac.kr



138 Y 5 : White Leghornol|A] AFek Aol uw}

lr

A 24 gl Wshy B " t(Lilburn and  Loeffler,
2015; Gu et al., 2021a). 2] A4 W4S313 & Ao HH H3}
AZo e Aspr|He] 48] Hdshs AlZI2A 6~104H
of &% 7he] weto] &ks] o] Fo I TH(Kim et al., 2021).
Z-gof w2 A A A 2

2bel ~EYAE Wojshs Fikel g4 g H5 A%
A 22l A = HE E K Surai, 2020; Nam et al., 2024). &
gl7]of] olof W2)7] whdo] XgPElo] sehr]dl= 0|5 7|%
ol tial 2 Ae] zhgo) Walw Aal ~EY AT 248
=713 Tang et al., 2019). ¥2] Atk 7] 18~2055 9
Akgro]l JiAIEO] 30~40F oA H 4tet 925 JEpd
T 4877 o] F A} fhadhe Ak $o FHE FEEn
(Tumova et al., 2017; Du et al., 2025). 53] At&+%7] 56~65

FRoE do FAE F43] A= ¢ A, Sy g
gk o] Whgo] Zrleltta B % THKim et al., 2018).
A AEE A 29, 9 AU mAE, 3 31, AE

T B2 U9 ald o3l YakE "=tiLiburn and Loe-
ffler, 2015; Muyyarikkandy et al., 2023).

Ahdo] PP 4E At 2B 20 AR FTt] e e
stz 2sp)e} W71 Akst ~Ed 2~7F AFETHGu et al.,
2021b). A|&EA At =gt 84 AbAy(reactive oxygen
species, ROS) A& &3] 212 2}iks} DNAS 24 o

2 &=k 58 2@ 3CH(Liu et al, 2018). Zhang et al.(2020)
S AT AFAIY] AdellM F AE x4 o R
D 7Y, BEE FTE A T 43t 715 At dAett
1 Rt w3k 93| A Lactobacilli 5 72 P|AE
o] &3}l Clostridium perfringens & ool S7lst2
2 HuzAor 95% T/ Zhang et al., 2020). &%
A EE B3 139 vl &a 9F A3 mAE,
A, 2B~ 5 B 891 o3 daFs wy] wjitol] &%
9| 71%% %k %7(]3}*‘5 Zlo] Akt Aibdel - Fasith

2005). J&% F= B2k S 2R ek 7 2 W
Z1@o =z AAAA ‘ﬂioﬂ/ﬂ ‘d"ﬂ,‘ A (ovalbumin) S 4

T A g o Tl g A
AT 24 2_E}‘;}(Clpera 1980).

2RYIFE 2 FF AR 75 A
AL A gl b 75 As) T 22 B3 eclom W
Aabido] 71431 Zhang et al., 2020; Taghipour-Shahbandi et
al,, 2024). o] Akt ~Ew| 20} A IR Ashr]e} W7
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=

o Etdel] e 48l ~Ed| 2} Fa3k 9jle
Ath(van Eck et al., 2023). wWEbA] Abgk X448
#=o]7] SlaliA e ket DA Ak ~Ed 2 A P weh
AT7F SRRt A F7HA] o] #gk At F=5g Ao
o} HollA Al mE Aksl 2EHAE oA sir] f18)] @4t
3} vitamins @} TV &S FAsi] & ALY © F2E A
4 F s B2 A97F EuE ok Surai, 2002; Jang et al.,
2014b). T3} carotenoids, flavonoids & 2184 kel = A
Z2of| A st E Fxlsle "Ji*&"é, He gl HAS FXIgh
e goet A% Bus1 9ltf(Jang et al, 2014a; Surai,
2020; Bi et al., 2024).
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flate] A T glass slideZH HukS Felstu L3 3]
mannitol ¢ &(pH 7.4)= &5t 5,000 rpmell 4] A4
2](Vision, VS-15,000 CF) F 52 FA(H A1 2 378)
£ S5 853 e FAE St &% H9,
2 G H®e —70CAA B4 AR WE Basiainh

2) &% Mo Ao A5 54 BAME FA

27 (A A B 37l A A g A 22 S mannitol
buffer(150 mM mannitol, 10 mM tris base, 30 mM succinate,
5 mM K2HPO4; pH 7.4)°l A% Hl&Z &3l T23}
(omni tissue homogenizer, Omni Int., NW, USA)3}SIth =t
o] g 74 AEoR EAlste 48 skl fl8 2%
triton X-100< 1:1 H] &2 &3 A|BS 2A7H257) A3
& % 5,000 pm(@ C)ollA AiEelste] A2 3S5dE o
AT Ao ARSIt o] R Eal &A%l maltase ot
sucraset= Dahlgvist(1968)2] S ELISA(Vua, molecular
devices, CA, USA)°l #H8&3slo] =F £3ll A& glucose=
sigma glucose assay kitZ 233} t}. Leucine aminopep-
tidase(LAP) =%+ Gal-Garber and Uni(2000) H'Ho 2
leucine p-nitroanilineE 7128 & AF&-8}] 405 nmollA] ELISA
£ o] 83le] 43It} Alkaline phosphatase(ALP)E assay
kit(Takara Bio Inc., Cat MK301, Shiga, Japan)Z ©|-&3}o] 3
23k Zul 22] 72 A-E p-nitrophenyl phosphate (pNPP) £
A3} Z3ate] 37°CelA 303t A Whg-2 Alaatsith
% 0.5 M NaOH stop &= #7}slal ELISA (405 nm)= &
e Sl HEE Altelad. ouwd 24
Pierce BCA protein(Assay kit 23225, Thermo, MA, USA) kit
570 nmel|A] ELISAE AH8-3te] S7gaith. &4 5ol4
2 Z(specific activity)= A A Zol|A A mgd &
T2 o] FAISHIT

=
1)

Of

o

B4 g4r 9

7} Z2] 9] cytosol 82 Xia et al.(1995) o we} A4

Aok e8] 71EshH, 227} isolation buffer (0.32 M

sucrose, 0.001 M EDTA % 0.01 M Tris-HCHE- 1:5 H] &2 &
=

SFaL 13,600 xgellAl 30 €4l 22E Al 94 Ee
T P53 AL kst 54 2 AE eleE B
18l —70TCl W5 EH3IATE Superoxide dismutase(SOD) 2
A% SOD assay kit(Cayman, Ann Arbor, MI, USA)Z ©]-&3
o FAsIGITE EAHPHe R A8k It cytosolol| radical

detector®} xanthine oxidaseE 33l A-2ollA] 302 #73}t
Atk 232 ELISAZA 450 nmoll A S35 SH=E ALt
Stk 27} gke] Tl SOD BAEE 50% Adllshs ahs
1 wnitz ]3It Glutathione peroxidase(GPX) EAE=E
Tappel et al.(1978) #el wheh AABHI) WS bS] 7]
=3shd, Algo] Whg- £9(0.1 mM NADPH, glutathione re-
ductase 1 unit/mL, reduced glutathione, 0.25 mM; pH 7.4)& 3
7} & 5871 37T incubatoroll A AAsI H,0,2 A718le] £
3% J=A|(Ultrospec 2100 pro, Biochrom, USA)Z 340 nmel|A]
AR A £ S8l GPX A% unite T
mgd 1% E9F AHElElE NADPH nmol 72 #2]elA

Glutathione s-transferase(GST):= 1 mM reduced glutathione2
chlorodinitrobenzene(CDNB) &A%t AR5 713+ 2 340 nmel|
A F=e] ¥s} ¥)E-S 293192, 1 uniti= mg protein &
1327F HH-8-3= CDNB2| umol 2 A3 THHabig et al.,
1974). A A2 F8HE-2 thiobarbituric acid Wl wheh A4
malondialdehyde(MDA)& #34EAZ4(532 nm) 2855
Z733l] ¥4It (Bidlack and Tappel, 1973). 4 5o|F
e A G EAA dE mgd T vre] #2718t
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Table 1. Laying stage-related changes in body weight and the
relative organ weight (%, 100 g BW) of White Leghorn

Laying stage'

Item
ILS PLS LLS
BW, g 1,348.124131.93° 1,514.83+87.71°* 1,574.83+108.92°
Intestinal mucosa a b b
(2/100 ¢ BW) 0.89+0.10 0.70+0.19 0.52+0.09
Intestinal length g 70,1 o3 g 612078"  8.376024°
(cm/100 g BW) ' ’ ’ ’ ’ ’
Liver
2.59+0.41 2. K 2.484+0.2
(@/100 ¢ BW) 5940 35+0.40 8+0.29
Pancreas
0.24+0.05 0.23+0.03 0.23+0.03
(g/100 g BW)
Spleen a ab b
2320, .17+0. .12+0.
(2/100 ¢ BW) 0.23+0.06 0.17+0.05 0.12+0.04
Oviduct b b
1.85+0.24 2.96+0.39* 2.43+0.80"
(g/100 g BW)

"ILS (the initial laying stage, 18-wk-old), PLS (the peak laying
stage, 36-wk-old), and LLS (the late laying stage, 62-wk-old).
? Intestinal mucosa includes the duodenum and jejunum sections.
** Values (MeantSD, n = 6) with different superscripts differ
significantly (P<0.05) among treatments.

HZ27136F7)NA ABAAZI(18FF)ol vl Al A 8]
(P<0.05) T7FetAaL AAFr](625%)7kA] el FA 7
vkl A= AT
ARAAA] A EAQ1 Akt WA S FAIsHE 4s) gl
2 713e] 715 A7 mig- Sesit) 5 8k £ Ale
7t} Al asrle] FA g wSo] dE o] WA
71#e] I A2 g TH(Nitsan et al., 1991; Scanes et
al., 2020). &3} A7]o] 52 FHA AQle 23| A EAY
o2 PR Aot Jdhe] B L 53l 23|
A

A= 2 9eE won] 2, A4 1 5o W] 1H
3

E

O>
TKRichard, 2005; Kim et al., 2021). ¥ A7 A3} 247
(18FBYy7HA T 2% 5 A 2 Jele 2 5 4y
A71E Ay AR = &g 93 ddo] 7
th A% 7t W Asprle] <P A wisl] #et AT
T2 A= § AFTES o] &dle Wol FYHIUATHMa-
jumdar et al., 1997), AFHAI = A& o] ZrlelA A%l A
3} ~Ef A7} Z7lsle] A7F E2(autophagy) 2HEOE
T Al 7153 Fx &%) HAYslo] gl HAas
Ao 4#A] 9ITHHansen et al., 2018). Zhao et al.(2024)
6255 AtdAlA =3l7 ae] 7y JUda F5Eo

-

fo rr oo

—

273

71_}*‘: 21 ;:l 0, © O = = © '6“;‘
A Qe et 23U B AP T3k ol
A gdEtHRichard, 2005; D’Andre et al., 2013). Viana et

al.(2022) 2 45533 AEAA] HF 2% Zol= 128.6 cm,
AE=F A2 2 FA 2.31%, AF 021%S YeERE Ao
2 Hyste], & A7e] Ao} v|Seiginh. dikd oz gl
37 DA 2 FAE Aol 2555 SR AlF
F A FAE AR AAshe Fde HLItKAlshamy et
al,, 2019). ¥ete] Ateb&a} 2he] Av|ete] FHAAIE ZAL
&+ A3}, Garlich et al.(1975)& 215F0lA 71538714 )
A 2 A v Al Arbdate Al itk
B3tk B Aoz AiAIZ](18F3%) 9t At A
71365F%) 2 AHkEr(625%) ol 2he] AduiE T v)&

Wi L B g AYToI JYhS FEH Ag
Bt @ 9 B D T O Y P A A%

§l
I F FE A P Seg HA|He|th Shi et al
(2020) White Leghornol|A] 16~22F#712] date] Atz
TA%)E A 23 17579858 d3 9 dao] A7
F243] Z71ste Ao 2 Haslith White Leghorn 175
ol M2l7]e] ddo] 5438 3w o] Y §ido] AA
3] Z713FCKShi et al., 2020). 12} W2 7o) e ot
o FFol W Aol7} Qlof T EFAl= 2155 (Shi et al,
2019), A1 2253 (Shi et al., 2017)° 23] Ldsl= A
o2 Bt & APz 18FH A o] A7}t
71 2 kAR 367 ol A dHe] A7|7F g4 6] ke A
O 2 Shi et al.(2019)2] AT AP} FARSIE £ Aol
3657F oA 44.95¢0] dH A= 425F tA|o it o
T FA 43.8g2 F-A1SFA THCipera, 1980). T3+ 62575
o FAE 36770l Hlal Haste] Ahee] A7) o] %
Aot 7150l Azt Hasteg b Aabd AA] itk
Z}Gonzalez-Moran, 2016; Taghipour-Shahbandi et al., 2024)
o} dA|gt oA v gL Weld F83F AT Hdehe
7o 2 kAl 17 4R e Bdo] ok v FAI9
76wl AT AE Sl ek SR, AFel
Z7FFA Aol = Al fgashs AoR HuEo
(Schmucker et al., 2021). Xu et al.(2024) 2FHAOA 105
oA 38FR7HA] BAde] AFiA FAE AR A3 79
o] T7VTE FrolsH v FAVE Hadhe AR B
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2. % 55 MEZe| B4 E2dr #HEt
White Leghorn®ll 4] 2Fet @AM A7
ZAx(maltase, sucrase), LAP 2 ALP2] o
1o YERAITE o]dF 88401 maltase®} sucrase S©]%]
Peee 1878 367N BT A FAEIMAT,
maltase EAEE 62594 18 2 3657l H|3l] #A 3] 7
SITHP<0.05, Figs. 1A and 1B). 274 AubA| o4 LAP €4
T 2k WAl w2 Aol §Itk(Fig. 10). ALP A==
187X 7H A vebta Akt DAV} G245 367
B 6270l frelahAl AAastitk(P<0.05, Fig. 1D).
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15.0

12.0 a

Pt
=}

o
o

ulM/min/mg profein

w
[

<
o

H PLS LLs

4,00

™ w
b B
(=] (=]

=
@
o

Ymin/mg protem

i

i
<
[
<

0.00

iLs PLS LLS

)

Efxe 2% F
Ardat ol Fdo® B4 d3Fe mRItHGu et al,
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27t T A Eof| A5 maltase 2 ALP X =7} 1853
#3675 7 Hl 1L Al AA e Hsiginh ol g A= &
F FT MM AEH 4t 2E s Y e3le) o]

v —

E Ao SN, AeEr] o) % b Aol st
A

d
A, 2439 gB3E AR E AF sk Tl 53] maltase
A7) E=0KSell et al,, 1989). B3+ AbghA ol A k] X
2} 25% e 2ol Fesle Akl BEERR A%
&+ ME 715°] % F238tHAlvarenga et al., 2011;
k et al., 2023). AbAle] i age] Fx, 43}
B4 A U AE T3 22 AR 75l o
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Fig. 1. The laying stage-related changes in the specific activity of intestinal maltase (A), sucrase (B), leucine amino peptidase (C),
and alkaline phosphatase (D) in the White Leghorn laying hens aged 18-wk, 36-wk, and 62-wk old. *® Values (Mean+SD, n = 6)
with different superscripts differ significantly (P<0.05) among treatments. ILS (the initial laying stage, 18-wk-old), PLS (the peak laying

stage, 36-wk-old), and LLS (the late laying stage, 62-wk-old).



142 Y % : White LeghomollA] AFeF ThAlo] b2 A7ge] A3} G4 3 &%, 7F 3 O 22 9] ks 28
&S WETKGu et al, 2021a; Kim et al,, 2021). ¥ A 2 dell Bagh dga Fgol daste] AL a & F4do] A
o} FA18HA Hy-line brown AFHA] 7553 & 2853 o] 1] 3lEth(Zhang et al., 2020). T3+ AHE7]oE dke] 7%
&) A%<l maltase} sucrase A=} 714G} trypsin & A3tZ e albumen FAI7F st W AR A4S
wal 7hAsled m &3} ofn|Ate] ZrhelA vty BT Ao g Hu¥drhzat et al, 1986; Gu et al., 2021b).
(Gu et al.,, 2021a). =5 AFAIAM = &7 olu] il 4t o]/l A3} White Leghornol|l 4] 2% X 5t2] maltase &
A EE AR oAt Feg e ghadhe ZoR Has  ARe 18 R 36FRN 7MY =& s HlL ALP 2
o(Dato et al., 2019) $]2] ARES 33T} ALPE L4t AZ AAl 18FHANA 7S =% 27 AA 7P Sk
9 ol 2Bl Z(phosphomonoester) 7}l EAagA Qo] & th whehq AR @FHAA &2 FF A2 7 2
9} 29 crypt-villus 3} 2] 3 o] tBelabbas et al., 2015). 3] o] Ha} faske AR AR r]e 4kdt X144
27 ALP TS §Ro| B3 WY, 9 7, AFH 9 & F42 777 A8l Als dda iy 24, A
nAE 5 ket gl 9Jd] 93-S WH=U(Estaki et al., Ao} EaA 52 22 ABHIHE E8sle A S ALY
2014; Gao et al., 2024), & A7 A7} 2HIAI7](18F5)el )7t Fasich
M 7VE wE& ALP GAEE B o] AZI7F &% FF AIE
o] Wy} Fohgo] a1 ] o] 53 Aoz A 3. & 7F 80 kb =X[o| ShikEl X|FE S|
ZFE ) AET o e o] 7% 2 Ashke AR 3 Ak GAE A 7 g 22e) kel a4 S e
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Fig. 2. The laying stage-related changes in the specific activity of SOD (A), GPX (B), CAT (C), and GST (D) in the intestinal mucosal
tissue of the White Leghorn laying hens aged 18-wk, 36-wk, and 62-wk old. *® Values (Mean+SD, n = 6) with different superscripts
differ significantly (P<0.05) among treatments. ILS (the initial laying stage, 18-wk-old), PLS (the peak laying stage, 36-wk-old), and
LLS (the late laying stage, 62-wk-old).
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o} A d ksl Wshi= Figs. 2, 3, 4, and 591 242F VER]
Ak 2 Az o] gatsl g4 B4 Az 18597 v
a Al AFEET] 625 ol 4] SOD 2/ =7t el obAl AH4st
ALoLKP<0.05, Fig. 2A), GPXE %33+ v 2 aalksl a4
52 AR dld we FEigh sl #EEA] ekt
(Figs. 2B, 2C, and 2D). 3+ Z%]¢] SOD, GPX % CAT &4
T 18593 367 Bl Al 27 A FoJatAl A

3 THP<0.05, Figs. 3A, 3B, and 3C). ZL&]1} GST EA =
© A7) 27 A frolsHl & FEE Hole Ao
2 JEPJTHP<0.05, Fig. 3D). W3 22oA aatsl g4
£ A9 HEH, SOD, GPX ¥ CAT S %= AteliAl 7]} v
WA AR A7) s ARSI o5 FAo] SAETH
HA 3] FAa3FATHP<0.05, Figs. 4A, 4B, and 4C). W& =

Zof|A] GST =& At WAV Add 45 o388 S7t
st e2FH A MY w2 BHEE B THP<0.05, Fig
4D). A A Faet S 2 W (Fig. 5), 2% Hok AlEe)
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