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Effects of dietary EGCG on hematological parameters, antioxidant and immune

responses of starry flounder, Platichthys stellatus

Ji Eun Kim

Department of Aquatic Life Medicine, Graduate School

Pukyong National University

Abstract

In this study, changes in hematological properties, antioxidant and immune
response were analyzed in starry flounder by feeding polyphenol, EGCG, which
has been reported to have various physiological activities. EGCG is present in
a variety of foods consumed by humans and is one of the main catechins in
green tea and one of the natural antioxidants.

EGCG concentration 0, 50, 100, 150, 200, 250 mg/ using starry flounder (length
16.4cm, weight 81.8t0.9g) to check the changes in hematological properties,
antioxidant and immune response according to EGCG feeding After making the
feed in kg, it was fed.

After 2 weeks of acclimatization, EGCG feed was fed to each section and
sampling was performed at 2 and 4 weeks, respectively. Weight and length
were measured before the experiment, and then weight and length were
measured at 2 weeks and 4 weeks. was measured and growth factors were
confirmed by body weight gain (BWG), specific growth rate (SGR),
hepatosomatic index (HSI), and feed effecifi ratio (FER). Upon sampling, the

RBC count, Hb concentration, and Ht level were checked using whole blood



immediately after samling. By separating the serum, the prganic components
blood glucose and total protein, inorganic components calcium and magnesium,
and the enzyme components GOT and GPT, non-specific the immune response,
lysozyme activity and phagoytosis, were measured. In addition, changes in
SOD and CAT activity were confirmed using sampled gill, liver, kidney, and
intestinal tissues.

As a result of the above experiment, growth factors such as BWG, SGR, and
FER showed significant increases, and HSI did not show significant changes.
There were no significant changes in RBC, Hb, and Ht. In the case of serum
analysis, calcium, magnesium, and total protein were not significantly changed,
and glucose was decreased. There were no significant changes in the serum
enzyme components GOT and GPT. In the case of antioxidant enzymes SOD
and CAT, gills, liver, kidney, and intestine all showed significant increases, and
it was confirmed that lysozyme activity and phagocytosis, which are immune
responses, were significantly increased.

In clusion, EGCG had a positive effect on the growth rate, antioxidant and

immune response of starry flounder.
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Wolfram, 2007). E2]l9l=2 3, =55, AL, oF& A= A & g 2
B3 AFEo| EAITE Aol FQ ZEH =S a-phenyl-benzopyran
VNeTxEE 7 FEExeolE e JHHlew 47bA 73
(—)-epigallocatechin-3-gallate (EGCG), (—)-epicatechin-3-gallate
(ECG), (-)-epigallocatechin (EGC), Z12]3l (—)-epicatechin (EC))= &4
Stth(Yang et al, 2009). 71712 3709 &sl44 ng 2 FAH do
W FFxHO R ester catechins (EGCG, ECG)¥} non-ester catechins
(EGC, ECQ)®2 FE¥thHYan et al., 2020). Z2)dE 31E9 a7 $=9}
A= kst S AAA oW, FHEZIS 53] esterel gallateol A 37
o FAkstrle ExE Qe gk ks T¥e 7RFXItK(Scalbert and

Williamson, 2000; Talebi et al., 2021).
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(-)-Epicatechin (EC) (-)Epigallocatechin (EGC)
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HO O sy HO. O S
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(-)-Epicatechin gallate (ECG) (-)-Epigallocatechin gallate (EGCG)

Fig. 1. Structure of major catechin in green tea.
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o] 3 Al A7} conjugation effect (W] H A &3} e HEA
FA7] G2 wZolth 4 o] AF FEo] oA aEHY] A5E
2 24 i olo] Af guZd 9 UE 24N AFTS FIete] A 2
HZ<s 2789 (Yan et al, 2020). §3&Eolr e Aol w=w JhE 2]

rlo

gAksl (Frei and Higdon.,, 2003; Yang et al, 2008), = o]
(Geetha et al., 2004), &<} (Yang et al, 2008), &+ (Taylor et al., 2005;
Reygaert., 2014), &9 EA, g% W glucose #4 (Matsumoto et al.,
1993) ¥ F FHzHE 49 A& (Choi and Kim., 2010; Lin and
Lin-Shiau., 2006) & vt Aejsta &g tigh oo Ut} o]t
Aty g oz Qs HT FAolwel oA HASAS A AR
7P =A FHEIZLE] ol AFTE o] FolAAL QY FHHIX weol= of 7ol
Aojx A =2 (Abdel-Tawwab et al, 2010), B]Eo] % Hju& Ak
(Sheikhzadeh et al.,, 2011; Hwang et al., 2013), WA S F7IA 7ttt B
15 AT (Abdel-Tawwab et al.,, 2010; Zhang et al.,, 2014).

Jxvte], Platichthys stellatust™ 7}A7] & 7hApE] o] &381= dfjl4ko]
2 Yy FElicl &, wFajol ] ml= AR Akl o2& e
of WA ®xgth Axvels 4 150 m 9o Aol AAsie, A
WAstel] gk Ao el 7IgFA A= MAstH, FF ol a
71 %= tH(Chyung, 1977; Lim et al, 2007). =3 Zxtgs A4 2 2
ol gk Aol Zste]l fEluete] dE aiah &4 dAEd JAE
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Ad2lo]Foll A FA(Cho et al, 2006), %32 (Hwang et al., 2013) 5
g2 F9 7 gold digk A7F o] FojAa o, FrErhE] oA 9



=2kl Fo M AE S skl EGCGE 0, 50, 100, 150, 200, 250

mg/ kg FEE ARel A7kl AR



Gt

[==0)

H

I As 2

ﬁo
B
!

4ge 2 A

A4 16.4cm, A% 81.8+ 0.9g2]

Platichthys stellatus= 2

2ol 157}

¢}

%_

FA ok 6782] 150L

Fof 2183

4ws

WA=

2 yiro] X717k 59t EGCG7}H

—
o

beie.

2 ZA3

KX

NE

1271%F 3k

L
T

0, 50, 100, 150, 200, 250 mg/kg EGCG=

)

N7he

beich 44

)

5 Fol

<9 1%

] oAl

235

=
e

il

IREE

=l



At B e Table. 1o Webdith Atms dthe] ¢4 71eA

g gustgon, FErte e gFaol %ol A4y

|

Alm FAAES white fish meal 55%, casein 10%, dextrin 22%, fish
oil 4%, squid liver oil 4%, carboxymethylcellulose 1%, coline salt 0.5%,
vitamin premix 0.5%, mineral premix 05%°] EGCG Z#9Ux~E 7z} F7+
o] A s wFo] Hrbskglth. EGCG Zel9as AER Q- 396g7

EGCG 4g= &93to] 243 ¥ i< &8 A=sd e 687 Alee

77t EGCG 5% 0, 50, 100, 150, 200, 250 mg/kgo.& A 23t9ich. Al&



Table. 1. Composition of the experimental diet (% dry matter)

EGCG concentration (mg/kg)

Ingredient 0 50 100 150 200 250
White fish meal 55 55 55 55 55 55
Casein 10 10 10 10 10 10
Dextrin 22 22 22 22 22 22
Fish oil 4 4 4 4 4 4
Squid Liver oil 4 4 4 4 4 4
Carboxymethylcellulose 1 1 1 1 1 1
a-Cellulose 2.5 2 15 1 05 0
Coline salt 05 0.5 0.5 05 0.5 0.5
Vitamin premix 05 0.5 0.5 05 0.5 0.5
Mineral premix 05 05 05 05 0.5 0.5
EGCG premix 0 05 1.0 15 2.0 2.5
Total 100 100 100 100 100 100

a-Cellulose, Sigma, USA

© 0D O A W

. Coline salt, Kofavet Co., Ltd., Ulsan, Korea
. Vitamin premix (AA-free) (mg/kg diet) : dl-calcium pantothenate, 368; Choline chloride, 10; Inositol, 400; Menadione, 1800; Nicotinamide, 1030;

. Whithe fish meal, Dajeon Co., Ltd., Pusan, Korea
. Casein, The Feed Co,. Ltd., Pusan, Korea

. Dextrin, TS Co,. Ltd., Incheon, Korea

. Fish oil, The Feed Co., Ltd., Pusan, Korea

Squid liver oil, The Feed Co., Ltd., Pusan, Korea
Carboxymethylcellulose, Sigma, USA

Pyridoxine-HCI, 88; Riboflavin, 380; Thiamine mononitrate, 115; dl-a-tocopherol acetate, 210; Retinyl acetate, 38; Biotin, 10; Folic acid, 20;

Cyanocobalamin, 1.3; Cholecalcifero, 13.2

10. Mineral premix (g/ kg) : Ferrous Fumarate, 12.5; Dried Ferrous sulfate, 20; Manganese Sulfate, 11.25; Dried Cupric Sulfate. 1.25; Cobaltous
sulfate, 0.75, Zinc sulfate, 13.75; Calcium iodate, 0.75, Magnesium Sulfate, 80.2; Aluminum Hydroxide, 0.75

11. EGCG, Sigma, Korea



3. Growth performance
e

A

45 S s
(body weight gain, BWG), A4°&E (Specific growth rate, SGR), 1%
< (Hepatosomatic index, HSI)¢} Al & & (feed efficiency ratio, FER)<

e g 2o,

BWG, Body weight gain (%) = 100 x (final weight — initial weight) /
100 x (Ln final weight or lenth - Ln

(initial weighy).
Initial

SGR, Specific Growth Rate
initial weight or lenth ) / dutation.
HSI, Hepatosomatic index (%) = (Liver weight/ total fish weight) x 100

FER, Feed efficiency ratio (%) = Weigth gain (Final weight -

weight) x 100 / feed intake



g 35 WASH7] #13Fe] heparin-Na (5000 LU., Z<|#|eF)7F A
g A3 FAZIE ARESte] m Rl sttt A AP
Red Blood Cell (RBC) hemoglobin (Hb) &% % hematocrit (Ht)= 2]
2359tk RBCE  Hendrick’s  solutiono @  400d] 3] &
hemocytometer(Improved Neubauer, Germany)Z ©|-&3to] #3staln]) 7 o
2 Agste] Askith. Hb 5 %3% Cyan-methemoglobin® & o] &3+ <
48 kit (Asan Pharm. Co, Ltd)E AH&3l FAs3v Hte AL
hematocrit #+418 EA# FH W2 2o microhematocrit centrifugation
(Model;01501, HAWKSLEY AND SONS Ltd., England)= 12000rpm2.=
4TA A 53F YA+ § Micro-Haematocrit reader(HAWKSLEY AND
SONS Ltd., England)® =43} it}

olF A W FUIAE, #UIAE B EAgA Y WHIE &<str] sl
4C, 3000goll A 53 A4dlEegste] e Eelsion, a3 4
A AR -T5CAA B €A FUIAEYS wtads
(magnesium) xylidyl blue technique, Z+(Ca)
o—cresolphthalein-complexon techniques 948 kit (Asan Pharm. Co.,
Ltd)E AF&3sto] &EA3k3t

7182 glucosex= GOD/POD technique, Total protein biuret
techniqueE A& kit (Asan Pharm. Co., Ltd.)Z AF&3lo] 2213t

& A4 2 Glutamic oxalate transminase ( GOT), Glutamic pyruvate
transminase (GPT)& Reitman-Frankel techniques ©]&3 A8 kit

(Asan Pharm. Co., Ltd.) & A}-&3}o] #4359
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Fabsh &4 A4S flste] oprbm]) 2 A F A4S 01 M PBS
buffer (pH 7.4)=2 A=H3tFth A& Z2 3} homogenizing buffer (0.1M
KCl, pH 74)& 1:10¢] vl &o] HEsE YolF F #&7] (Teflon-glass
tol skt

estel 4

0

homogenizer, 099CK4424, Glass—Col, Germany)Z A}-&

O

T AL 4T, 10,000g0 A 3023t AT = A

o AH-8-3t 3l

ol

o o
1=

M

of7tml 3k A 2 A xR o] vkl Al sk2ke Bradford meethod (1976)

£ o]&3 Biorad protein assay kit (Bio-rad laboratories GmbH,

Munich, Germany)& A3l A =35}

_10_



5-1. Superoxide dismutase (SOD)

of7fm], 2+, A3 FHo] SOD #FAL SOD Assay Kit - WST
(Dojindo co., Japan)E AF&3ste] AT 2% A4S Dilution
buffer® 7z}7} 1/5, 1/25, 1/125% 3|A&te] Al&ston #FF e
(Spectrophotometer Infinite M200 Pro NanoQuant PlateTM, TECAN,
Austria)g AF&38to] 450nmollX FHF =S FASAT. SOD 242 50 %

inhibitor rateZ 13}°] unit/ mg protein © 2 YEFU AT}

5-2. Catalase (CAT)

ob7bm 7k Al = o] CAT &AL OxiSelect™ Catalase Activity
Assay Kit(Cell Biolabs, Inc.)& AF&3te] A48t 96 welldl Z+Z+ 20ul
9] samples %31, Hydrogen Peroxid Working Solution (12mM) 50ul&
gtk dols & ASE] 187 Ao WxE ¢ e, Catalase Quencher
S0ulE ¥ oA HolFAth ol #E Al 42 sample SulE A 22 welld] ¥
o]%F 3% Chromogenic Working SolutionS Yo 2oja& F 2AL20A

40760%7F HESAI 1 & E5353 % Al (Spectrophotometer Infinite M200 Pro

NanoQuant PlateTM, TECAN, Austria)E A}F&3lo] 520nmolA SHE=E
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6. Immune response

6-1. Lysozyme activity

dA 9 lysozyme A4S FA37] $3te] Turbiimetric metho (Ellis,
1990)2 o] &3+ Lysoyme Detection Kit (Sigma, USA)S A3
Phosphate buffer (0.05 M, pH 6.2)& A}-&3] Micrococcus lysodeikicusE
deste] @A sl e 2FES EHFEAE o838 450nmeol A

ug/ mlZ YEFA

-~
oL
o
b
&
aly

SR FHEE =43AtE Lysozyme 24

6-2. Phagocytosis

g3 o]  PhagovytosisE  &<Qlst7] 98t CytoSelectIM  96-Well
Phagocytosis Assay (Red Blood Cell Substrate) kitE AF&3tith 2t
wellel]l 2718 1xPBS 200ulE #7Felal SA] AAS & 148 100ulE

Arbstn 587 WStk W F g eele 24 A7%D, PBSE

’

TR AlAs s H AF - omE S AAIR RS 100ulE 7 wellel A
7beto]l A2elM 3081 widd F FA AL, 1xPBSE Al W Al 8t

Ak 2 wellel He] 8AAZ FHA £ 100ulE Wrbeka 5EESE W)
% F ZA AARA 2 wellel 712 1000 F7beke] 1073027k W%

ato] WAL F AA G 100ulE H7beto]l WS GAA 7] 450nmel]
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1. 23

1. Growth performance

EGCG AIREE Hold w& Zxvg]e BWG(Body weight gain),
SGR(Specific growth rate), HSI(Hepatosomatic index) % FER(Feed
efficiency rate): Fig. 2-5¢ veERAA T

BWG= 25 200 mg/kg oldelM #o#Ql S77F e en, 45 150
mg/kg ool FoAHQ 7 YEwd. SGRE 25 250 mg/kgol A
oAl S77F vEbgen, 45 200 mg/kg ©l/delA FoAA S
ety th HSI= dxats Al9st EGCG wol oA EGCG 5271 57}
Sholl wel Zasts 4oz UEwoy Fo4 Aol YEuA %Sk
. FER< 25 200 mg/kg oldellA %<l S71H7F YEbs o, 45 150
mg/kg o]l A FeolFel S Yk
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1 30mgkg
B 100 mg/kg
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Fig. 2. Body weight gain of starry flounder, Platichthys stellatus fed
to the different concentrations of dietary EGCG for 4 weeks. Values
with different superseript are significantly different (p < 0.05) in 2

weeks and 4 weeks as determined by Duncan’s multiple rangetest.
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Fig. 3. Specific growth rate of starry flounder, Platichthys stellatus
fed to the different concentrations of dietary EGCG for 4 weeks.
Values with different superscript are significantly different (p < 0.05)
in 2 weeks and 4 weeks as determined by Duncan’s multiple
rangetest.
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R 0 mgkg
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B 100 mgkg
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Fig. 4. Heatosomatic index of starry flounder, Platichthys stellatus fed
to the different concentrations of dietary EGCG for 4 weeks. Values
with different superseript are significantly different (p < 0.05) in 2

weeks and 4 weeks as determined by Duncan’s multiple rangetest.
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Fig. 5. Feed efficiency ratio of starry flounder, Platichthys stellatus
fed to the different concentrations of dietary EGCG for 4 weeks.
Values with different superscript are significantly different (p < 0.05)
in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Table. 2. Change of RBC count, hemoglobin, hematocrit in starry flounder, Platichthys stellatus fed

to different concentration of dietary

EGCG for 4 weeks.
. Epigallocatechin-3-gallate ( mg/kg )
p Period
arameters (weeks)
EGCGy EGCGs EGCGis EGCGag EGCGos
2 252.33+£20.77% 253.67+15.1¢ 251.17+19.522 248.17+21.13% 252+31.69% 251.5+26.36%
RBC count
(x10*mm>®)
4 250.83£17.18° 249.17+£19.4% 251.33£22.13? 250.5+20.5% 252.83£19.53? 255.17+16.88%
2 1.4+£0.15% 1.37+0.222 1.42+0.19% 1.39+0.16° 1.41+0.13% 1.39+0.14?
Hemoglobin
(g/dL)
4 1.39+0.14% 1.42+0.112 1.38+0.13% 1.41+0.15° 1.39+0.16% 1.4+£0.19%
2 16.2£1.93% 16.25+1.95° 15.67+1.88* 15.9+£1.51° 16.15+1.23% 15.88+2.26"
Hematocrit
(%)
4 16.08£1.55% 16.5+1.62° 16.17£2.16% 15.83+£1.82% 16.0+1.32% 15.67£1.49%

Valuse are mean = S.E. Values with different superscript are significantly different (p < 0.05) in 2 weeks and 4 weeks as determined by

Duncan’s multiple rangetest.



Table. 3. Change of calcium, magnesium in starry flounder, Platichthys stellatus fed to different concentration of dietary EGCG for 4 weeks.

Epigallocatechin-3-gallate (mg/kg)

Period
Parameters (weeks)
EGCGy EGCGs EGCGip EGCGis EGCGagy EGCGos
2 11.21+1.28% 10.88+1.92% 10.99+2.37° 11.14+1.98° 12.17+2.28? 11.08+2.98?
Calcium
(mg/dL)
4 10.32+0.412 11£0.55% 10.14+1.12° 12.21+1.5° 11.98+0.517 11.29+0.75%
2 2.07£0.3% 2.22+0.17% 2.1+£0.23? 2.2+£0.27° 2.14+0.39% 2.74+0.22%
Mgnesium
(mg/dL)
4 2.1+0.15% 2.3£0.21% 2.22+0.14% 2.32£0.17% 2.27+0.19° 2.17£0.21%

Valuse are mean = S.E. Values with different superscript are significantly different (p < 0.05) in 2 weeks and 4 weeks as determined

by Duncan’s multiple rangetest.
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Table. 4. Change of glucose, total protein in starry flounder, Platichthys stellatus fed to different concentration of dietary EGCG for 4 weeks.

Epigallocatechin-3-gallate (mg/kg)

Period
Parameters (weeks)
EGCGy EGCGs EGCGip EGCGis EGCGagy EGCGos

42.17+2.63° 42.12+1.77° 41.06+2.8° 40.74+2.28° 39.04+1.96% 37.65+2.35%

Glucose

(mg/dL)
42.29£2.57° 40.31£2.59? 38.44+2.86% 37.9+1.38% 35.95+2.35% 34.83+2.25"
4.3+0.38° 4.24+0.51% 4.31+0.4% 4.22+0.37* 4.29+0.65% 4.27+0.56%

Total protein
(g/dL)

4.25£0.41% 4.28+£0.51% 4.26+0.39% 4.3+0.42% 4.32£0.5% 4.29+0.32%

Valuse are mean = S.E. Values with different superscript are significantly different (p < 0.05) in 2 weeks and 4 weeks as determined

by Duncan’s multiple rangetest.
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Table. 5. Change of GOT, GPT in starry flounder, Platichthys stellatus fed to different concentration of dietary EGCG for 4 weeks.

Epigallocatechin-3-gallate (mg/kg)

Parameters (Ix?veerelﬁcsi)
EGCGy EGCGs EGCGiy EGCGisy EGCGay EGCGos
2 35.08+4.66° 34.71£3.522 35.27£4.04° 33.14+£3.94° 30.6+2.48% 32.07£3.9°
GOT
(Karmen/ml)
4 34.97£3.77° 33.41£2.41% 33.91£1.85° 34.9+1.08° 33.98+1.08° 35.01+£3.822
2 28.2+2.86% 29.34£3.07a 28.83+£2.48% 26.67+1.93? 27.5+2.44% 29.13+3.28°
GPT
(Karmen/ml)
4 28.39+£2.62° 28.47+1.81% 27.95+1.67° 28.3+3.54% 26.92+3.24° 27.05+1.92°

Valuse are mean = S.E. Values with different superscript are significantly different (p < 0.05) in 2 weeks and 4 weeks as determined

by Duncan’s multiple rangetest.

_23_



3. &ts a4

3-1. Superoxide dismutase (SOD)

EGCG A& Holo] W& ZA=ve]e] ofrtr] 1H A% &4 W SOD &
A& Fig. 6-99 eI o}rtnle] SOD 42 25 200 mg/kg ©l7%
ANAM oA F7H7F UEE e, 45 150 mg/kg ol/del A oA F
7F7F vEbskth 2kel SOD 34 25, 45 200 mg/kg ool M f<9H <l
7k vebwtth 249 SOD @42 25 250 mg/kgol A oA F7}
7b vUErstom, 45 200 mg/kg o] delAl KA1 S UEE . e
SOD A& 25, 45 200 mg/kg ©lolA |29 Z717F vrebst

Lo
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Fig. 6. SOD activity in gill of starry flounder, Platichthys stellatus fed

to the different concentrations of dietary EGCG for 4 weeks. Values

with different superscript are significantly different (p < 0.05) in 2

weeks and 4 weeks as determined by Duncan’s multiple rangetest.
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Fig. 7. SOD activity in liver of starry flounder, Platichthys stellatus
fed to the different concentrations of dietary EGCG for 4 weeks.
Values with different superscript are significantly different (p < 0.05)
in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Fig. 8. SOD activity in kidney of starry flounder, Platichthys stellatus

fed to the different concentrations of dietary EGCG for 4 weeks.

Values with different superscript are significantly different (p < 0.05)

in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Fig. 9. SOD activity in intestine of starry flounder, Platichthys stellatus
fed to the different concentrations of dietary EGCG for 4 weeks. Values
with different superscript are significantly different (p < 0.05) in 2

weeks and 4 weeks as determined by Duncan’s multiple rangetest.
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3-2. Catalase (CAT)

EGCG Ats wolo m& Awvie]e] oprn, b 2%, & W CAT &4
< Fig. 10-13¢ Yefiitt. of7bm o] CAT &4 25, 45 EGCG

200 mg/kg ©]AFel Al folHel Z7h7b vEbdTh 7ke] CAT 4L 2%
200 mg/kg °l’delA FeHd FUHF et e, 457 EGCG % 150

mg/kg o/l A ol H<l

@

o|\

77b Websth A4 CAT #4e 2%, 4%
EGCG §% 200 mg/kg °l’delA o2 F7b7h debddth. &) CAT
A 27 250 mg/kgl A FAQ S e e, 45 200 mg/keg

o gl M oAl St vk

,d
=2

o
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Fig. 10. CAT activity in gill of starry flounder, Platichthys stellatus
fed to the different concentrations of dietary EGCG for 4 weeks.
Values with different superscript are significantly different (p < 0.05)
in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Fig. 11. CAT activity in liver of starry flounder, Platichthys stellatus
fed to the different concentrations of dietary EGCG for 4 weeks.
Values with different superscript are significantly different (p < 0.05)
in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Fig. 12. CAT activity in kidney of starry flounder, Platichthys
stellatus fed to the different concentrations of dietary EGCG for 4
weeks. Values with different superscript are significantly different (p
< 0.05) in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Fig. 13. CAT activity in intestine of starry flounder, Platichthys
stellatus fed to the different concentrations of dietary EGCG for 4
weeks. Values with different superscript are significantly different (p
< 0.05) in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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4. Immune response

4-1. Lysozyme activity
EGCG A5 wolol mE ZA=vgo g3 U Isozyme &4 Fig. 149

eIt @3 Wl Lysozyme €42 259 457 EGCG 5% 200 mg/kg
ool A el Al St vERS T

4-2. Phagocytosis
EGCG Al Hold w2 & A9 phagocytosis®] W3+ Fig. 159 e}

yltk &3 W phagocytosis 23 25 200 mg/kg ool A el A<l

Z7b7} e ol 4% 150 mg/kg ool Al frel ALl Sk by

_34_



6 [ Dmgfkg p'asma
0 50mof kg
B 100 m/ kg
5 11 150 mg/ kg
a B 200 mg/ kg b
E B 250 mg/ kg . b b
g o4 ap
) ab ab T
E 5 8 .. 5 @b
= T L
=
L
E
>
g 27
7]
)
il |
1_
0 T o —
2w 4w

Fig. 14. Lysozyme activity in plasma of starry flounder, Platichthys
stellatus fed to the different concentrations of dietary EGCG for 4
weeks. Values with different superscript are significantly different (p
< 0.05) in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Fig. 15. Phagocytosis in plasma of starry flounder, Platichthys
stellatus fed to the different concentrations of dietary EGCG for 4
weeks. Values with different superscript are significantly different (p
< 0.05) in 2 weeks and 4 weeks as determined by Duncan’s multiple

rangetest.
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Aeze el setq grom Bdwy Tz dw HPBe

flavan-3-ololl &3l™, FetRolE aFo=z FFEH(Chen et al,

o

2001). & M7 3 3ol EGCGE tlarst Aashd g oz g s

[e]

E
o, &4, &+, FutolH L, Akt Toll gk A 7F wol ofFoixar 9l

Tt 2 A kst &4, AFE el dig A7 DA Q)
o7 A Axs dAgd F J& dHoZE FTAY (Body weight
gain, BWGQ), 99 A&E (Specific growth rate, SGR), 7+ %A

(Hepatosometic index, HSI), A5 &4 (Feed efficiency ratio, FER) & ©|

st A3} Body weight gain (BWG), Specific growth rate (SGR), Feed
efficiency ratio (FER)2 EGCG &7} 71842 F7lsles Aoz v
woh o At A3 mE 8F37F 50 mg/ kg9l tea polyphenol 7} A}

25 Folales W Jolo AFEC] el 500 mg/ kge wolst

Re W HECLEY Yobxl Ao ® UEth Cho et al (200609 A+ 4
o wEWE =3 RAE U Adde A9 e AL EA A,

AdzeDelM 44 % FERe] szl vls] v Aoz vt o3
Aol Aol Fol F&, Heol 7IZh AR wE Aoz Aztdd
Hepatosomatic index (HSD®| 74 ZAastlovt wol% <l Wsrt ey

Z o ¥skrty. HSI® A9, ol¢t & Ayt Kuo et al. (2005)¢



Thawonsuwan et al. (2010)2] AFoNAME Biuxglon F e} FX]7)5
o] HSI gko] #adte A aFo] vyt

27, 47 EGCG welol m& Armthele] doshz A4 RBC,
hematocrit(Ht), hemoglobin(Hb) 2% 23 RBC count, Ht, Hb+ EGCG

Folol me Felg Wabsl A @gkeh Flsty Jge oA

St e 4 21 F Aolet 22 gl oI Fgs s b
(Patriche et al., 2011). RBC, hematocrit, hemoglobin¥} &2 2212 ~E

g2 8Qlo] wEHH A4St Aol At 25, 45 EGCG wolo m&

)
T
=24 7se oY, Axe B FaAdY AW AFde dAs

) F42<¢ 24 = (Patriche et al, 2011), Ca¥} Mgo sLH3l= A%

r

d x4 sHol TS wdthE AL v S H(Waring et al, 1992). 27,
47 EGCG wolo mE 7=t dH /71422 glucose?t total
protein(TP) A& A3} glucosee] 74-$ EGCG 5% F7Fol wet 74 se=
Aoz ElEt Gluscosets 2EHE AEE H7FE 4 & AHEZ 9
£5, 2E# 29 JGAEE glucose FH OGS wA =t
(Silbergeld, 1974; Patriche et al., 2011). ¥ o)A A glucose F3 ¢
Aax7b dEhd olf = EGCGZE 2EY AAYEY g4
glucose-6-phosphatase(G6Pase)®t  phosphoenolpyruvate carboxykinase
(PEPCK)¢] W3S o)A gt (Waltner-Law et al., 2002). T3 EGCGY 9
2459 Fxo o3 ArkitstE ¥ ROS7F 57 ~AMP-activated

Protein Kinase(AMPK) 425 ZA3AA = AAFAAS JA 5]
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u o] tH(Collins et al., 2007). AHt= = Z 3} = Hlophe et al. (2014)2]

T Ao wEW FHZ FX 500mg/ kgS woldtang W Joje A

glucose X7} frolatA S7Fden, oled F7te ¥l FHE S

TEE wolste] vy Ze x
2

Bl glon, o)

il s}
_YE
H
lo
i
2
fr
[40
b
ot
o,
o2
ko
ro
oy & K

{E

Eds 248 Wl glucose®t cortisole] A
oloj&d 4= <Ut}(Hlophe et al, 2014; Hossain et al., 2002). Total
protein (TP)¢] 4% EGCG Holol wg& Wstrt yehbA &gkt TP+
dH el frd oy 7HA dmAdS FAs, A el 1009 EF
ol e @ do]l EAfsta St} Total protein® 4 AEe F4ES
t s, A= & AHe A7 FHE HEl= S8 A

¥ o|tH(Patriche et al., 2011). Matsuyama et al. (2008)e] A+ A} 125

Oll

i)
o

A]

i

o3
=2

=

off

R 2453 FHEIRe] B HA R w80 g9 HaA Cast Mg,
TP x| WslE op7]etA] Fkom, & A4 A3 w3 257 2 4530
o] EGCG weol7olA Ca® Mg, TP X ¥st7t e A ekt of ¢
g A= FHHRlo] df Ao dFS mAA FheS HEFAT 25,
45 EGCG wol 23, Zxttgle] GOT, GPTe FA& fofd wsrt v
EfubA] okt dd @AAE<l glutamic oxalate transminase (GOT),
glutamic pyruvate transminase (GPT)E ZrollA EH|EE 424, AU
AN Fadt G, A DAt Fofatn o2 A EE A}
WA e 7F EAE AUtete 7o ARE AR ET oA dEE F

2 er&42 GOT, GPT7F 2718k, ~Ed 2o 9 & do]zx8 9o 3}

24 GOT, GPTe #& axge] #to] dsdth & A9 A 23
2 5akel 25% H7F AolE 279k 6373 Ald Ay A9 GOT, GPT

S sk e ggrev], oldd Avks w39 25% H7b Aol
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