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Effects of Dietary Zinc Supplements on the Antioxidant Indicators and
the Expression of Zinc Transport Genes in Korean Native Chicks

Dong-Gyung Jeon', Min-Jeong Kim', 1l-Gyu Yoon', Ho-Sung Ahn', Sea-Hwan Sohn® and In-Surk Jangfr
!Student, Department of Animal Science & Biotechnology, Gyeongnam National University of Science and Technology,
Jinju 52725, Republic of Korea
*Professor, Department of Animal Science & Biotechnology, Gyeongnam National University of Science and Technology,
Jinju 52725, Republic of Korea

ABSTRACT Four-week-old male Korean native chicks (KNC) were assigned to 3 groups with 6 replicates (8 birds/replicate)
in each group: a basal diet (CON, 100 ppm of Zn), basal diet fortified with 50 ppm of Zn with zinc oxide (ZnO), or basal
diet fortified with 50 ppm of Zn with Zn-methionine (ZnM). Immediately after a 4-week-feeding trial, 6 birds per group were
used to evaluate the effects of zinc supplements on antioxidant indicators and the mRNA expression of zinc transport genes.
The nitrogen components, lipid peroxidation, and total antioxidant status in blood were not influenced by Zn fortified diets.
However, the ZnM group showed a significant (P<0.05) increase in uric acid levels than those in the ZnO group. In the small
intestine, superoxide dismutase (SOD) and glutathione peroxidase (GPX) activities, and malondialdehyde (MDA) level were
unaffected by zinc supplements. The activity of glutathione S-transferase (GST) was significantly (P<0.05) enhanced by
Zn-methionine supplementation. In the liver, the activity of GST was significantly (P<0.05) increased by Zn-methionine
supplement without affecting SOD, GPX, and MDA levels. With respect to the mRNA expression of zinc transport genes,
the ZnM group displayed a strong tendency for increases in intestinal ZnT-1 (P=0.09) and ZnT-5 (P=0.06) levels, compared
to those in the CON group. Moreover, the ZnM group showed a tendency (P=0.10) for up-regulation of hepatic metallothionein
mRNA as compared with the CON group. In conclusion, the Zn-fortified diet with 50 ppm of Zn-methionine helped to
improve GST activity and Zn transport gene expression in the small intestine or liver of KNC.

(Key words: zinc oxide, Zn-methionine, antioxidant enzymes, Zn transport genes)
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old(Zn) A ZAH A 3004 Fo| & A5 T
H(metalloenzyme) 2180l #osh= B4 n|FFEdEA, ]
S A ©de px s Sl AdeA 715 4 8
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Z7lEn s ol 2Hest 2o AeA Vg BAs
= Ro® HuE 3 UtKBun et al., 2011; He et al., 2019).
o}l2 &4 kA (Reactive oxygen species; ROS)ZH-E DNA

gatsl 717& Fdshs Aoz delA 9ltkSong et

< AW dirbab ol A A= o] A7 7=
ANM = A 229 Jikst o] Alzgle] o3 AdatA A
Axol A7g FAE 2YsiAe ¥eth 1y A=
ROS7} A= Ak, W] A AR Zapd 22 o] A A7t
gl w2 Algl AEY AR 1] ALY AsE 25
HTHYang et al., 2017). A7k ATt oJshd ofA A
Al A ZA A ROSO| o8t 4kl ~Ed 27t Frfete]
DNA 245 4 I DNA 9480l #a s vkg-aby
of EAIZF dETty 4eA SItHAlam and Kelleher,
2012; Prasad, 2014). 53] o}de] g% Cu/Zn superoxide
dismutase(SOD) = | 224 giks} who] 28 71 5
83t 9&E 33t 3 tiLiochev and Fridovich, 2000).
Bun et al.(2011)S SAGA 71 Z2AFE(29.6 ppm)ell 718l
ol S F= H(20, 40 2 60 ppm)E H 7} FoI3F A} A
AJL 2ol 7} IAAINE 7F 2F ¢l A SOD A =7} F718t
, AA IS 27} ZHasste] ofdd o] HellA kst ~Ed| 2~
£ Atk Busteict o]2fgh 282 Zno] B H
7} A Z2F oA gitsl g4 BHEE ST7MA 2=
A3E ROSE AAAA AdHitster) 7Had 272 &
A tHZhou et al., 2005).

g, olde] Foe & FTAIE EAlske A FF
o] ofd I (Zine transporters; ZnT)ol| 2]l A Ech
1 H 1% t(Nishito and Kambe, 2018). 227 -4l ol A
59 olde YA Nl A metallothionein(MT) 2} 74 2
glale] ko g olBEAY e AFA] #7E thNishito
and Kambe, 2018). Zn 23 MT= 3t A%, 2% 5 o8 %
710l EAsh= ofd F8A2A] thiol 71(SH group) Tl o]
TH(Hamer, 1986; Kimura and Kambe, 2016). o}<1o] hf-2
MTE ROSZHE A2 #ol7|s 285 7xlvka el 9l
CHTupe et al., 2010). °}1-& MT2} Cw/ZnSOD &40l o]
s, 2% 9] ol FoJE o|E Ike} g Fshe
i S FAA A 249 PP 75 SRt
(Cabre et al., 2001).

A £ A ol BEFA 7L @ A AU
P FAl HAE 9ES AR flEt 7|2AE

(100 ppm)©ll 50 ppm<] 4tslold = Zn-methionines 2t
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&

F718] oFA(ZnO, 50 ppm) FAT 2 F71E ©}d(Zn-
methionine, 50 ppm) FlT(ZnM) 5 Z 3720l 2 671
HEA AN S Fa1, AoAT 8572 gxigle] wix|slsiTh
Aol 713k o} A A= 4ksleld(Zn0) B+ Zn-methionine
(®Zn-120, Avalia, Zinpro Corp, USA)S.ZA 7]ZAFE(100
ppm, AFstotdyel] ZH2t 50 ppm® HgSte] 473 Al @AALR
£ Fosiaih

AlGAEE S=7FAMSET(20079)2] Al §437]
o] Atk mEt A2 FYE odl Wolg] ALRE A}
3t AL 7 2A RS S, AT SR et
Aoz Algo] ki 5L Table 190 #|A3 ulel 2o
o, AA o} T 91 ppm T2 EAE A A
2A AtEe AHrEelstaL, Abs H71R e FE e
th AE #Ee 78 F FoF A5S AAStaL AlEMA F
g} AL ZF Ao 9] He
P& E Rl A|(A2015-1675)0] wha}
3, AlALY] BFLEE 23~25TE &

Table 1. Nutrient composition of a basal diet

Items Nutrient composition
ME (Mcal/kg) 2,890
Crude protein (%) 19.14
Crude fat (%) 3.70
Crude fiber (%) 3.08
Lysine (%) 1.06
Ca (%) 1.14
P (%) 0.57

Zn' (ppm) 91 ppm

! Analyzed values.
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473te] AEA R0l FRE &, ZF A2 67h Aol
Azt Aol o 77+ 15°(n=6)5 A etalSiTh
Ak B 84 AAsta, Ae 54 A9
sodium heparin =& A& 3ol B3}

2418 9138) 3,000 rpmell A 2027
=70Ce W% E@ASIATE oJoir] EAF
Fo] Wi Re(del A 2 37k A
wsto] QA8 2% AHAEE Eefsh] et 4%
S ANste] AejAldrR 33] &R AFg F YiE
A AL grass slideZA] HIAEZE B2t 52
2 dg o] AYAATE £33t 5,000 rpm(4 T, 103)
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g2 graksl] 2] #91 total protein, albumin, blood urea
nitrogen(BUN) %! uric acid 57 22 AA39tE ke 2}
8 QA 8}8HEA 7] (Mindray, BS-120, Mindry Bio Medical
Electronics Co., Shnzhen, China)2 213} th 9] total
antioxidant status(TAS)+= Randox kit(NX 2332, Randox Lab,
Antrim, UK)Z AFE-3l] 533 =A4(600 nm) 24 SH =S
ZAste] ksl s EASIATE WS hds] vleshd
23} chromogen 82 1:50 H[&Z &35l 600 nmell
AN Hx FEEE SA o] YR ] V1A S E3tete
HjFgk &, oAl 600 nmollA FFE=E S5t Hx 5%

=9 ApolE HEEYI} vlmwste] TAS T2 Aliks)

A7) 7F 24 9] cytosolZF microsome 8- Kupfer
<} Levin(1972) el whet A=A hds] 71ashd
22 1 g9 5 mLe 025 M sucrose £2(0.25 M, sucrose,
0.005 M MgCly, 0.025 M KCl 2 0.008 M CaCl, pH 7.4)2
H7Fste] T2 7](Omni tissue homogenizer, Omni Int. NW,
USA)ZA Attt 4Eds ¢4589(0.0125 M su-
crose, 0.005 M MgCl, 2 0.008 M CaCl) 2.2 3|3t thg,

10,000 rpmell 4] 15 st weld

cytosol, H&< 1 mLe 1.15% KCl &Ho] T3}l
microsome 0.2 £3&|3lo] —70Co| Y5 B3}
9] cytosol°ll 4] superoxide dismutase(SOD) &
ki(Sigma assay kit 19160, Sigma-Aldrich, St. Louis, MO,
USA)ZA &3 3lth 84 AT =72 xanthine oxidase
5 S ARE UK & whgE AlASle] ELISA
reader(450 nm, Vi, Molecular Devices, CA, USA)olA &
B ga ST 19 Al HPHE kitol] A|AEE W
Holl whe} B4& AAS T &9 g2 AZel EAlshe
®7F SODS] FHEE 50% Aslets w2 1 unit2 %<
3} T}, Glutathione peroxidase(GPX) 2 =+ Tappel et al.
(1978)2] WhHo = w272 AlFo] WH-8(0.1 mM
NADPH, glutathione reductase 1 unit/mL, reduced gluta-
thione, 0.25 mM; pH 7.4)2 7}8+ & 583t 37°C incubatorel]
A AR T, H 008 7Fske] 340 nmoll A §33 %9 2
& 28 A HE GPX E4 9] unite mg proteind
1% B¢k AF8lEl= NADPH nM 2 #93l9ith Gluta-
thione S-transferase(GST) 572 Habig et al.(1974)2] W
o2 WgZ7& 1 mM reduced glutathione= chlorodi-
nitrobenzene(CDNB) &3H&<] g4 AR E 713 ¥, 340
nmol|A] FFE7F HskE] = v S S5 oM, 1 mite
mg proteind 137t ¥Hg-5H= CDNB| uM 2 EAI8H%
T}, Microsome®] A2 #}42F3} == thiobarbituric acid B3l
ola) AA¥ malondialdehyde(MDA) S 2333357 24
T =(532 nm)E =73t A8 thBidlack and Tappel,
1973). &249] Eo]& A E(specific activity)s A 24
T @il mg FER Uro] FAISIITE 72 229
whila B2 BCA W (Pierce Biotechnology, Rockford,
IL, USA)2.2 560 nmol| 4] ELISA reader®A] =73}
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27 9 2 22 9] o} A EHHA(ZnT-1 2 ZnT-5) ¥ metal-
lothionein(MT)2] mRNA #H&-2 thd} o] #4353t
2743 7F ZZ oA total RNA =& HiGene Total RNA
Prep Kit(Biofact, Cat. No. RP101-050, Daejeon, Korea)= A}
&ttt 1heke] 71l A Aol 72 8eE 30 mg =
Zlo]| 350 uL RB €23} 5 uL protein K(10 ng/mL)& ¥ 1L
T F 56T 1023+ A7gaticth £3FS 14,000 rpm
4CyllA 3E7F dARE 8t D2 A NS ubeol] £7131

FET &S 100% olehEo FHAAIA 14,000 rpm(4C)ell
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30% 94l Stk o]olA] columnel] RNA 41289 500
WLE 3L 14,000 pm(4C)ll 23] d2g < wHESkT:.

14,
Column®] ¥ FZE-E 50 uL RNAease free water]] &
ZA]7]11, total RNAE #3357 (Gene Quant pro, Amer-
sham, NJ, USA)ZX4 260/230 nmell A 4 2l th cDNA
de 1 ugel total RNASH 1.0 mg oligo dT(Promega Co.,
Wisconsin, USA)E 70T A 53, 4TollA] 5% &< IXA}
(reverse transcription) g 02 AA]FF T} 5x first strand
buffer, 2.5 mM dNTP, 0.1 M DTT, superscript III & RT-2
groo] wkg-ole 42T A 508, 90TelA 103, 42Tl
50%7F AMukgalith. mRNA HE S SYBR green
supermix(Bio-Rad, CA, USA)Z ©]83}] real-time quanti-
tative PCR(Bio-Rad, MyiQ™, CA, USA)ZA4 #3313t} &
2%t ZnT-1, ZnT-5 2 MT 52| primer+= Table 291 #| A5}
o, 7t FHAe] HH-L pactin] et Aoy dAHS
Livak & Schmittgen(2001) ¥H ol wha} ACt 2 2 44 gro
= Axtsisich

3. SAIXz|

ofd Foldel| wE FAikst A 9 ofdwk A}
mRNA &&of v]X]= 932 SAS package program(SAS,
1996)2- ©]-8-3}o] General Linear Model(GLM) &2}l ujzh
o9& A 95% oA oA Ao 7) 18 E
o Tukey *'Hell og 53 o= A2 1t fold #4 5
A3

Zu 9 nE

1. golo| BMst XE FAL

2+glold(ZnO) T=E Zn-methionineS 4F% A e Sl

Table 3] YERASITE & A35}8h x| Eol|A] total protein,
albumin, blood urea nitrogen(BUN) 53} 22 432
Al g FEle o]zt Ik kst B4R gzl o
~Huric acid) Zn-methionine F4 7oA 7% =4 LEbs
on, ZnO FoTFHT} Fo8HA(P<0.05) Z7Faksict 12
v g el F FEks(TAS) A H IS =(MDA) = oFd
o] gof 9 gl wE ol= ATk

oA gAkstA] o] 28-S B3g AFsAhg Al 2~F
o= F gakslE e dRvlE gihto] dH kel o] 70%
o]’ AR et B 1% AtHPark and Kweon, 2013). &
W2 oA XWE &R 5 Tofshe TR EA
& 2 At Edoluy ko] ol do] & 3t

2] ltkHalliwell and Gutteridge, 1990). 24+ hydroxyl
radicals} HF$-3}= 3AkskA| 24 Aol A bilirubin, B]EF
9 A B ES 22 e dAkstE vlE] AHoR we
FER EAERE £33 YA 5 2R e (Wayner et al.,
1987). WebA & A743} 8 Znmethionine <]l
A 7P A dER dde] F ailsls St 3 A”]
g A F S Aoz yriEr

A ZA A oA AFskA T
o7 Alxuty dgtele SR (ETEE) S free radical A
AL Azt AHAA FitsiAl J&-E Sol(Tate et al,
1999). 3k o}ad e NADPH oxidase SAA &2 2H-g-slo] &
AR 2A7)E AoZE B THPrasad, 2014).
Yang et al.(2017)2 SA9A Zn & palygorskiteS 7] A}
F(80 ppm)ell 20, 40, 60 = 80 ppm= 3FZF HF Foldt

2
K3

2,

17 A3}, ofdgol el vlHlF oz 9F AdbEtees e
4% B BE I F 2HT el P AEE H9louh SOD BHEE Ao} gidltkn sk 1
Table 2. Primer sequences used for real-time PCR
Genes Primer sequences Size
70Tl Forward: 5-TGC GAG TGC CTT CTIT CCT-3' 131 b
Reward: 5'-AAG GAG CTG TCA GGT CTG TAA T-3' P
Forward: 5-ATG CTG TTG TGG GAT GTA-3'
ZnT=s Reward: 5-TTG TCT TGG CTG GTC CTC-3' 159 bp
Metallothionein Forward: 5-AAG GGC TGT GTC TGC AAG GA-3' 164 b
Reward: 5'-CTT CAT CGG TAT GGA AGG TAC AAA-3' P
. Forward: 5-GGA GAT TAC TGC CCT GGC TCC TA-3'
B-Actin 150 bp

Reward: 5'-GAC TCA TCG TAC TCC TGC TTG CTG-3'
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Table 3. Effect of dietary Zn supplements on blood biochemical and antioxidant components in Korean native chick
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Hem Treatment" Significance'
CON ZnO ZnM (P-value)

Total protein (g/dL) 3.64+0.27 3.46+0.30 3.59+0.25 0.43

Albumin (g/dL) 1.21+0.08 1.19+0.08 1.20+0.08 0.83

Uric acid (mg/dL) 4.60+0.68% 4.00£0.73° 5.13+0.50° 0.05

Blood urea nitrogen (mg/dL) 0.9840.28 0.99+0.29 0.98+0.42 0.99

Lipid peroxidation (mM MDA/mg protein) 0.70+0.06 0.72+0.06 0.69+0.03 0.89

Total antioxidant status (mM/L) 1.23+0.18 1.24+0.10 1.35+0.14 0.10

" CON (Control), ZnO (Zinc oxide, 50 ppm), and ZnM (Zn-methionine, 50 ppm).

! Significance (P-value) indicated the treatment P-value of Proc GLM procedure.

** Values (meantSD, n=6) with different superscripts differ significantly (P<0.05) among treatments.
b B AL oldle] Wpeld] WhE TAS R A 2 A 3 7k TN BHAEE B4 3 X[EBASE
e SEL wE AN v £ Bdt mA
e A Aslebd ikl A3 RS AR A3E Atslold = Zn-methionines o] &, &% 2 7F 237
3t 50 ppme] o} EFHolE EF uric acide A9 oA kst B4 G 9 AAIslEd| vR]= A=
ohi, ThE sl AEelt TG 9GS VN4 S A Fig 19} 20 22k ehigick @A oldrEFolel] et
oz vehlt) 27 A A SOD B EE S/t AadE B
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Fig. 1. Effects of dietary Zn supplements on the specific activity of antioxidant enzymes (A, SOD; B, GPX; and C, GST) and lipid
peroxidation level (MDA, D) in the small intestinal mucosa of Korean native chick.

* CON (Control), ZnO (Zinc oxide, 50 ppm),

Significance (P-value) indicated the treatment

and ZnM (Zn-methionine, 50 ppm).
P-value of Proc GLM procedure.

** Values (mean+SD, n=6) with different superscripts differ significantly (P<0.05) among treatments.
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Fig. 2. Effects of dietary Zn supplements on the specific activity of antioxidant enzymes (A, SOD; B, GPX; and C, GST) and lipid

peroxidation level (MDA, D) in the liver of Korean native chick.

* CON (Control), ZnO (Zinc oxide, 50 ppm), and ZnM (Zn-methionine, 50 ppm).
Significance (P-value) indicated the treatment P-value of Proc GLM procedure.
*® Values (mean+SD, n=6) with different superscripts differ significantly (P<0.05) among treatments.

H(P=0.07), SOD®} GPX €A% 9 A A48l E(MDA) &
T BAACRE ol Atol7t glATHFig. 1). 12y &%
A Ee] GST A EE ofd BFFolo| ug} T7iee
Ao g, 53] ZnM FoAwolA dixwtel ®lsl FelsH
(P<0.05) =S)T}
7t A X% SODSt GPX EHEE A rE
Zn-methionine 50 ppm HZEFolo] w2 J3FS- ukx] Qkgk
th. gitst 7153 ol B Ui eS Bl JAlE
A == Zn-methionine Fo] ol we} o Z ol Hl& &4
7} AA3|(P<0.05) S718ks Aoz YEFTHFig. 2). 12
z2) 2] A AIEE(MDA)E BE A2l H]

GST

Lo

o

= 1o ool HEFFort FAA A H
frolgh JEks XA e e ® Yehth
V&N HEt Abstd ~Ef ) wE A9 5
2 9l v] F48HA gRaks) oA Al = SAAAE A At
AW e 34dE -4 ehtl(Espinosa-Diez et al., 2015). &8}
7 ol z}-gof FoIdt=s AES SOD, GPX, GSTS} catalase
SolH, vl gadgks gitsl 5312 Ao EA|sk= thiol T

o)
Eo|th(Surai, 2003). £3] o}¢le] ¥HE Cu/Zn SODE =

Zlo] Alxze] de] Exdsh= FAkst A4RA 0, & HOE
Agste] AdAIsE WAt 7P Fagk Eholt
(Liochev and Fridovich, 2000). GPX= H,0,& H, 02 %
st AaRA dFAdo] EAlst AHdIistEe =4
< A AsHE &8-S K Tappel et al., 1978). GSTE H|=
D B EA Aot Fatole sl E52H83t Atst ~Ed)
2o o8] LAY AEES A A S ditet 98-S B4
ol dtHHayes et al., 2005).

A B Zn FATEH gl e A 229 it
3} 2Hgoll B vt A7EHE] EREEHJTE Liu et
al.(2015)& SAlo A 71 ZALE(0 ppm)dll oFAe] 360,
120 2 180 ppm) E FIY4(ZnSO, & Zn-amino acid)ell ™
2 ATE AAlgE A7 2 2204 SOD A== ofd
AT T ofdgoidd e Aol= §leE st 2
Al HzEer Aol frabetqinh mgk, 3 22 A
Ikste A ofd FolS AlQ)sta, 60 ppm ©% &
o Fof|A] BF HgE 58 Hol ol 9 ol
NM = At Ed 2ol A e nAA] FUTia B
239 BHLiu et al,, 2015). T3k 2 Age] Aylel FASHA
Bun et al.(2011)%= SAA] 7]ZAFE(29.6 ppm)©l F7]E]

oL FXSL
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ng F% (0, 20, 40 2 60 ppm)E HEFFoIE A3} 7t
Z2 oA XA 4el =9} catalase B EE BE 2
A ztel7h glleH, SOD & ee o}oi 20 ppm ©]%F
g e vt £ SRS HIth

T2} Zhao et al.(2014)S & *Eﬂ% ARSFERAAA &
Aol 71% AFE(60 ppm, ZnO)ol| o} Yi=RIAE (20,
60 2 100 ppm)E 2 FoI3F 27 60 2 100 ppme] oFA
=42 golato A 1F 24| SOD = A8l F7let
o o}l Fod B FFo] kst folg kS wRl
thal S}t 3 Bun et al.(2011)% S-A Al
A olelel mggele P Bk PIES ST
FAlE SEA(oocyst) HIAEES A Easlsich
Rao et al.(2016)< EA|HIe] & F<F SA A 40 ppm
o] f71 ofdE Foig A=, el SOD =7t AA
3] SVt 3, AF IS e Aar s e Ha }915}.

3k, E Ao A= Zn-methionine Fool wel &% 9
b 224 GST 24 %=7t dA]8] -7]'5104*‘: b ole of
HZHo7} ol B4 trlee = ’\]7] "F‘ J= 7S
A= AT ofddl gk A= F 5
o] 23 o] w30} g% %=, Mansour et al.(2017)°] Ak
%HECHW ol HAAT ¢ 50 <= A

okst oot X]ﬂﬂr*@}‘: =i

o= 3| EAZT L Busiith gk FE3EE ] o
7t Hdo] fidE HEoA ofdE Foidd 7§ A H ks
8 A7, GST BUEE 94 FEeR A7)
© =2 H33lod(Jamakala and Rani, 2015) °o}<do] 3t =73

AZRE A 24 Wolste 7E0] = AT
o]de] Aol A FHARN AbsxdAM T HollA a7

rln
2
Ac)
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L =

}\] = 7Loﬂ
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& (40 ppm) ©]Fe] olAdS FAE 75, SOD &
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E47 Ajtete] Fafele sl 5287 4tsl ~EY
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Table 4. Effects of dietary Zn supplements on the mRNA expression of Zn transporters (ZnT-1 and ZnT-5) and metallothionein (MT)

in small intestinal mucosa of Korean native chick

Treatment”
.. 1
Ttems CON ZnO ZnM Significance
(P-value)
A Ct 2 —AACt ACt 2 —AACt A Ct 2 —AACt
/nT-1 12.5842.17 1 12.07+2.37 1.50 8.67+2.10 8.62 0.09
/nT-5 9.77+£2.78 1 11.32+2.97 0.34 6.90+3.28 7.30 0.06
MT 9.47+2.63 1 6.91+3.28 0.66 8.64+2.59 0.82 0.93

* CON (Control), ZnO (Zinc oxide, 50 ppm), and ZnM (Zn-methionine, 50 ppm).
! Significance (P-value) indicated the treatment P-value of Proc GLM procedure.
The values (mean=SD, n=6) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (B-actin).

The fold difference in the relative expression of the target gene was calculated as the 2

—AACt
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Table 5. Effects of dietary Zn supplements on the mRNA expression of Zn transporters (ZnT-1 and ZnT-5) and metallothionein (MT)

in the liver of Korean native chick

Treatment
Significance'
Items CON ZnO ZnM
(P-value)
ACt e ACt e ACt e

ZnT-1 9.73£1.78 1 10.52+£3.84 0.58 8.67£2.10 2.09 0.51
ZnT-5 4.7842.49 1 7.01£2.47 0.21 7.07£1.40 0.21 0.15

MT 3.90+1.07 1 2.59+1.99 2.47 1.85+1.37 4.12 0.10

* CON (Control), ZnO (Zinc oxide, 50 ppm) and ZnM (Zn-methionine, 50 ppm).
! Significance (P-value) indicated the treatment P-value of Proc GLM procedure.
The values (meantSD, n=6) are ACt, which is represented as the Ct of each target gene corrected by Ct of the control gene (B-actin).

The fold difference in the relative expression of the target gene was calculated as the 2

i = 3
FeFs wertn g4 JTthMcMahon and Cousins, 1998;
Yu et al, 2008). &+ ZnT-5% 2% E5AEA ofele]
98-S 3K Cragg et al., 2005). &9 oA
Z g Ao MT Tl da) A Aglsle]
o2 o] FE AV XA A% THNishito and Kambe,

7t 5 g A7l EAlskE ok &

AARZRE] AEE Holdte 75T ofde] A7an(Pool)
A&-E FAlo 3l (Hamer, 1986; Ruttkay-Nedecky et al.,
2013).
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