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Effects of Dietary Supplementation of a Citrus By-product on Growth
Performance, Innate Immunity and Tolerance of Low Water Tempera-
ture in Red Seabream Pagrus major
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Jin-Woo Song', Sang-Hyeon Park', Cho-Rong Lee' and Kyeong-Jun Lee
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Our aim was to determine the effects of a citrus by-product (CBP) and CBP fermented by Lactobacillus plantarum
(LP-CBP), provided as dietary supplements, on the growth performance, feed utilization, innate immunity and tem-
perature tolerance of red seabream. A diet without inclusion of CBP or LP-CBP was used as a control and four other
experimental diets were formulated to replace wheat flour by 4% and 8% of either CBP or LP-CBP (designated as
Con, LP-CBP4%, LP-CBP8%, CBP4% and CBP8%, respectively). Experimental diets were fed to triplicate groups
of 25 fish (initial body weight, 55.0 g) for 9 weeks. Growth performance and feed utilization were not significantly
different among all the groups. Bone collagen content was significantly increased by supplementation with CBP and
LP-CBP. Vitamin C concentration tended to be higher in livers of fish fed the supplements than in the control group.
Myeloperoxidase, lysozyme and superoxide dismutase activities were higher in fish fed CBP or LP-CBP than in fish
fed the control diet. When fish were exposed to low water temperature, cumulative mortalities of those fed CBP or
LP-CBP supplemented diets were lower (29%, 33%, 34% and 33% mortalities for LP-CBP4%, LP-CBP8%, CBP4%
and CBP8%, respectively) than in the control group (58%). Therefore, inclusion of either CBP or LP-CBP at up to 8%
in red seabream diet brings benefits through enhanced innate immunity and better tolerance of low water temperature.

Key words: Red seabream, Citrus by-product, Fermentation, Non-specific immune response, Stress tolerance

M OE Z27F AR-E oo} Fitt
Fabgolgt Al Aol A A = YR EH, FAAE
0] =52 AWelAl Blel CE 4 d 4= gAIRE & of Bl Fa/do] Wof thi wofl M =AY WA Azt
2 AR, ol HE C S ARt aart dgEol vt 3 A EAE FHAZIC HEAE FARES AR o]
EA| Bo| 278 AFsfof fFth(Wilson, 1973). GFofAl= W H] B3tk Aol Al AtrdRE AN 7HsE Zlo]
B C 7= ol 7o A%, e o, Mg, ARt o} o] Ao Az slmal Ao A Ardeke] 7 Akl

Al AEY A WAL SR 7= A0 & B 1159 THEo and (citrus by-product, CBP)o] BHJ =31 9t} CBP:= H]EMI, 1
Lee, 2008; Zhou et al., 2012). H[E}R Ci= 712 o] b4 Bk Y o, A 7R o], ZekE ot E o] A4
of el W, 2, 2o} -2 g 2o uf¢- Etste] Ab =& okl 3lof(Bampidis and Robinson, 2006), 7154
= S St Aol wh]Eth(El Naggar and Lovell, Z o] YR o} stk & A% a1 ) tH(Braddock, 1983). CBPL]
1991). whebA] 7HA o] Agskar P AQ1 o] vigtnl C ARSE AL AAS Ao 2 A|2FE] Q)T 11 3 Thopsl ook
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Sh JEEAE Tl PA L P AR E AFRYREEA
9] 0] 87154 o] ¥ H th(Mead and Guilbert, 1926; Cullen et

al., 1986). SHANE QA AL= 2] YR o84 el RS
YARO. RN APHGI, 1 o QbAlolFol ML AR Aol
tH(Song et al., 2002; Seo et al., 2010; Lee et al., 2013).

2| 7ol et TAlo] obAHA A B Hra Ao B
gk 2x8]7} Zofubar §ltk. WA (fermentation) 7t 1] A =0] 714
Qe AAE ol 8dl -8 EES MEE IS oueith 2
Aol AM-H Lactobacillus plantarume T 32291 712] vka
w0tk )IXHE WO 2 L. plantarums: "33 XK1 A2}
oflA F-8t72] 7t Sl AL, S EA= @ W =
Y2 HE A 7F A H 3RS 2. th(Nobacek et al., 2000;
Wang et al., 2009). 5242 Z2|v=4 322! isofla-
voneo| & k0.2 EAISto] BHAIaL ul H S|4 wolukg
S &A1t A E 0 E Qith(Bae et al., 1997). &, CBPE %
wFE YA A AREEH 75/ Ak A7 R4 o a7t
NS o7 g,

ST o] EAAEES 2011 0] 3,498 0 2 it of
Uzt AAAA o &2 vl Fa3t sjitekAlolgolh 32
2 7R oA Al 7] Hlell E5HE fleiA= A
A A2715 A" iof etk =0 £ ASE A7
ol =(10T Wel) At ol &t FHgdo] A4-3tth(Choi et al.,
2002). E3F, g AR A= sl LB AR 2
83}o] A ES A7) 3 A Ao e BAE S Yo
o} o]t AEY| A S ol A AbR Wf As =] HIEHI C 3+
o ojfe] AEdA S FANLR e A7 23S B
3f| 2 31 %] ¥l ch(Navarre and Halver, 1989; Hardie et al., 1991).
LA, 2 Aol A= 7Hss Aol A WA Sl CBPO| AR
2209] o] 87154S ASE] 91, LR 1] A CBPS}L.
plantarume]] )3} LA E CBP2] H717F A4l A ARs-H 2
FO) AR, AL, VS04 Woluhg 9 A4-e Ame A )
ol vl A= Gk Ak

Mz H U

1>
0o

A=

AFARRE 47%2) 253} 13%¢) 2A9o] =% A%
9 tH(Table 1). CBPS} 4 CBP (LP-CBP)2] & 5-& ol
7] 9f5to] HER C RS F2A7 thzAtiol] 2ui 3
S 7 AA|A CBPLFLP-CBPE 2+ 4%9) 8%4 7131 55
o] AYPAEE A =55 tHCon, LP-CBP4%, LP-CBP8%,
CBP4%, CBPSY:). %ol AHE-El CBPE A4 275 9
A% YNNG Uol) 724 AT T whEEs 2
ARES Aol ARURE AHSSIATE APAR A2E 3
sl Rargelel 2 AR ee ARy Eel tet ats] 1

2 245, el F50] 30%e] Agshs SR4E H710)

ol

e

4

o Z3toteltt. a2 4% 2517|(SMC-12, Korea) 2 273
2 sholch A2t AEAtEE s Adx
(sieve)E o8-8t Hdgk 272 A

Astglon AlRgE A7) 200 WEDel Bt 7 AY
of Abg3leict.
ws AAEH MX

L. plantarum 5= Nutrient broth (Difco, USA)o| A 7]
27 0 &2 ujoksteleh vk L. plantarume 7-2a Aol
}1 3 552 10X 10°CFUmL7} 5|2 waalel 4 a4
g3jo] W54 sjeic). 1 g BEeio] 2
[e]
L

N
BN

ol

o

o ol X jn ofN
>~

B5-201 30Ol LESATHEH 4.0). BEH FEH
o At FAAZT)E ol gote] AT F Hafstel A
| AHgatsict
Ny M

= AdE el YIAIRE FRANA st
of AlFeshaL 4 s Fufehg Ata g SFsk et 252710
oARARS &, A o(Z271HHFAl: 55.0+0.5 g)= F 15709
150 L 9% EefAe f=zof 25uke] 4] FAR] v 2| 5}Gict. A
RIS AP IWELE Folom, AR me o ts)
5 AESH] 3 Limin®] fefo] 3528 2851900
€ Az 24k fAE fIste] ofo]2ES AR5
ok ARSAIRS Aol A AAIBHIIL(13°C-16T), AEALR
=95 5 1Y 23] 2 vHEg & oot

il
Q
\

N}

~
%
i1
ucd)
ofN

2 % Agole] AErA AR B AHE 24
of AlRASta g, Aol g A W HEES AlASIGIT 2
F2 24 7, 2 25 sujele] AgolT RA9IT s
& 2-phenoxyethanol £24(100 ppm)2.Z T A7 3 80}z
Z 4utel= sukdo] Al H FA| = Are n| Rl A d st
et ABE HH AR 2o o] Eariet. e 4
np2] o] oL s|utedo] A2 E|A| o FA| = HEslo] 4
20| A 607 HAIAIZ] & YAl 7] Z(5000 X g) DA &

ol
-

O
-

Al ALR O] UBFAE B0 AOAC (1995) W of| wheh -2
2 ARIZIAAZR(125T, 3 h), 2382 A 3|3H(550C,
12 h), b 22 2452l 2] 54 7] (Kejltee system 2300,
Sweden)& 41515111, AH-& Folch et al. (1957)2] Hof
u}2} Soxhelt =574 %] (Soxhlet heater system C-SH6, Korea)
2 B3

AFAFe}L Ago] 7he] vl C H4]-2 Dabrowski and
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Table 1. Formulation and proximate composition of experimental diets for red seabream Pagrus major (%, DM)

Experimental diets

Ingredients Con LP-CBP 4% LP-CBP 8% CBP 4% CBP 8%
White fish meal 49.0 49.0 49.0 49.0 49.0
Soybean meal 15.0 15.0 15.0 15.0 15.0
Wheat flour 23.0 19.0 15.0 19.0 15.0
Squid liver oil 10.0 10.0 10.0 10.0 10.0
Mineral mix’ 1.0 1.0 1.0 1.0 1.0
Vitamin mix? 1.0 1.0 1.0 1.0 1.0
LP-CBP? 0.0 4.0 8.0 0.0 0.0
CBP* 0.0 0.0 0.0 4.0 8.0
CMC? 1.0 1.0 1.0 1.0 1.0
Proximate composition (%)

Moisture 215 23.6 25.4 24 .1 24.8
Crude protein 47.0 46.9 46.7 451 47.6
Crude lipid 13.3 12.6 13.6 13.7 13.6
Ash 12.8 13.1 14.0 12.8 13.2
Total ascorbic acid (mg/kg) 63.8+0.1° 98.4+0.3° 149.2+1.9° 110.610.3° 145.7+6.8°

'MgSO0,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCl, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICL,. 6H,0,

0.15; Na,Se,0,, 0.01; MnSO,.H,0, 2.0; CoCl,.6H,0, 1.0.

273

2L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin,
36.4; Ca- -pantothenate, 12.7; myo-inositol, 181.8; -biotin, 0.27; folic acid, 0.68; p-aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate,

0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.
3Citrus by-product fermented with Lactobacillus plantarum.
“Citrus by-product: ILHAE Corporation.

SCarboxylmethyl cellulose (Sigma, USA)

Hinterleitner (1989)¢] ®H o2 B34t} A28} precipi-
tation solution < 3tsto] 287F FASFE & HHlEe7]
A

fl
Y T

25 AFZAE(250 ul) 2 FE ol £71 % 0.2% dichlorophe-
nolindophenol (Sigam, USA)¥} 5575 25 ulLA H7}slod]
20| A 2087 HESAI AT ¥EEAIZ] 3= 2% thiourea
(Sigma, USA)%} 5% metaphosphoric acid (Sigm, USA)=
250 uL ¥ 37 2% 2.4-dinitrophenyhydrazine (Sigma, USA)=
250 uL g2 %, 60C 22004 3AIZE F et HHg Al Fi T BE
S A7 BEEE YZEAA 18 M H,SO,E $31(500 ulL) 524
nmel 4 FHES 243kele}. 2211 S Wilson and Poe
(1973)9] W o 2 EA5II HolA| A 2E B &0l 12+
7 AR 292 AAste] Yol WE 0.1 M
NaOH-E-4 o] 24 A1 7F BES-A|A Azl 713 0.5 M EDTA
BO(pH 7.5)00 ¥hgAIA Wotslis £AE 245k collagen
e Atk

e

OoH gl
-1 =X

M

rg

o=
=
ol U] A E 42 Kumari and Sahoo (2005)2] £-4]
FH-S B2 Nitro-blue tetrazolium (NBT)EAHH-S £
Z319] oxidative radical AAAHS =459t AE 3 NBT

oL

ol

solution (0.2%)2 50 uLA F-2]5Ho 271 &, formazon A}
Ae 7H4aA717] Y38l 1 mLe] dimethyl formamideS % 7}5}
©] 2000 X g o[ 4] SH-5<t AAlE e sl oluff B4 S
L 31819 spectrophotometer (Genesys 10UA, USA)Z 540
nmof| A NBTE] 4 HE SA5}% ). Blanks dimethyl
formamideE AFE-5}9I T}

A Yl lysozyme Z4J-2 Sankaran and Gurnani (1972)2] v
Mo g B35t Sodium citrate buffer (0.02 M, pH 5.52)
ol 5 A7AZ% Micrococcus lysodeikticus (Sigma, USA)S &
7}8163(0.2 mg/mL) A} 10:19] B]&2 E¢ 5 450 nmo||
A S = 7S =459t} Hen egg white lysozyme (Sigma,
USA)S o]-8-3}9] standard curves -8}l ug/mLE FEA|S;
pig

A U myeloperoxidase (MPO)E/d-2 Kumari and Sahoo
(2005)9] W eo g EXA35¢ith HBSS (Hanks balanced salt
solution)-&-21-2- 96-well plateso] 80 uLA £33+ & A 20
uLE ¥ 1 20 mM TMB (3,3'5,5 -tetramethylbenzidine hydro-
chloride)$-2)3} 5 mM H,0, 818 Y9It} 227F ¥k A7)
4 MH,SO,895 35 ul 37}5}of microplate reader (Thermo,
USA)= 450 nmol| 4| FF=5 S48t

A Y] anti-protease ZHd-2 Ellis (1990)2] Wi o &2 E A3}
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et @7 20 uLE trypsin 894 20 uL} E93E 5 22°Cof|A]
1027F 9135191 Tk, 21 3 200 uL phosphate buffer (0.1 M, pH
7.0)2} 250 uL azocasein (2%)2 &3tslo] 22T oA 3027F
HESAIZ] 5 22 3HTH6,000 X g). A & A5
100 uLZ 100 uL NaOH (1 N)&} 87| 96 well-platec]] 555}
31430 nmof| A FFEE S5

A U superoxide dismutase (SOD)E4d-2 SOD assay kit
(Sigma, USA)Z E415}1ch

42 AEFA LY

97010 HAAE FE 5, F 1549] 100 LAZ} Sebag -

sutel Batgl Aakct. A=A AR
& e A AR A AP SREEALE T, 228
Z2](SunCool DA-1500B, Korea)E ©]-8-310] 422 12C 9|
A 6C 71 S 047K A5HAIA 15207F AAFE-S 2743}
ik, sk Aoz} 4ol Bglo] WLt 6412 5ot 53
& Q)= WA 71A] 223t

A =4

Aol vz $AEHEA| 2 (Completely randomized
design)© & AAJ8}95L, 44 9 24 A3H= SPSS (Version
12.0) L2 7WL 0]835}o] One-way ANOVAER E7| 451
ek dlolEl 7He] -9 }= Tukey's HSDE B|13}gich. o]
Bl B gk + EEHAKmean + SD)E LERY i}

2 o

AR W g2 At 7ol whE 3] 442 2= Table 2
of Ureh it 95570 Atmgg & A, AlRA SRS,
ol A g, HEES B I FoZQl Aol 7t ¢l
et FebAl 92 CBP ®i= LP-CBP7} 371 & T15 0
thztof] Hs -9 0= 52 TS B YTH(P<0.05)(Table
3). @ ol ZH Wi wiekl C gHe 2= gl A F-9 218l Aol
+= ¢1QIcK(Table 3).

ARARR Sl e 352 HIS ol W oukg- A= Fig.
19 YR 2t} MPOS}F SODEH o A= CBP %= LP-CBP
7F7H gl dzTtol vlsl oAl r o S HA
CH(P<0.05). Lysozyme 4] of| A= LP-CBP4% 150 t &+
of vl ol or #& S HUATHP<0.05). thAiA =
/3 4 anti-protease Z/JollAl= HE TFOIA F-2JAQ Ato]
7F el

T2 AJstol| w2 Aol HARE 54 2= Fig. 20f U
Wiglch 2B A 2= 2UA)(11.6T) W ZF-7 10%, LP-CBP
£ A7kt 152 5%, CBPE AH7Fe 152 12-18%9] HARE:
S Btk AEHY A A 12-1497(7.6-6.8 C)oll = 2o
A FATH55.7%) HAFE-0] BEE o] 4% LP-CBP (19.8%)%

Table 2. Growth performance of red seabream Pagrus major (ini-
tial body weight, 55.0+0.5 g) fed five experimental diets contain-
ing two different levels of either citrus by-product (CBP) or citrus
by-product fermented with Lactobacillus plantarum (LP-CBP) for
9 weeks

FBW' (g) FCR? PER®  Survival (%)
Con 83.3+1.5 1.29+0.15 1.66+0.20 89.3+10.1
LP-CBP4% 85.5+1.8 1.21+0.05 1.76+0.07 96.0+4.0
LP-CBP8% 87.7+#3.4 1.14+0.11 1.89+0.19 93.3+2.3
CBP4% 86.3+1.9 1.24+0.15 1.80+0.20 90.7+8.3
CBP8% 86.5+1.0 1.20+0.04 1.75+0.06 86.0+8.5

Values are mean of triplicate groups and presented as mean+SD.
'Final body weight (g)

*Feed conversion ratio = dry feed fed/wet weight gain

3Protein efficiency ratio = wet weight gain/total protein given

7R ol Bl 7oA o2 w2 wAkeE Halth

=F
=

K

H ool A =0] A3 CBP 9 2HE CBP 7tol 93k
2] okttt A S S 2 gt Lee et al. (2013)9] ¢1-0l A
Y= Bacillus subtilis, Enterococcus faecium, L. rhamnosus, L.
plantarum w52 YA A1 71 CBPE 3% H7Isto] 1027 &5
TS o, & A YA 2 LA AAel7E ¢l
thal 2 skgict B, Song et al. (2002)2 H x| AFR | 7
MRS 02% H7bto] 1677 FF5EE 1) F@acol
H7hEA) ke vao] vls) ol or B AR, AL
T(feed coefficient) ¥ & A Ho]4 FE(daily feeding rate, %)
S Y ithar ¥ 75kt Seo et al. (2010)> CBP, 2.E, 2
3, R RS YAARR] 247 A7ksto] 1573 BEsE
o CBP #7h250] 2.8 7ol vl o8 oz e A
AES Bkl 7| S5s3It 2 A9} Lee et al. (2013)9] 7
A4271(12-1610) B4 o] AL, F40] 4
A7 2(20°C W Rl)oll A A7l o] Ry E ek, 2] 7g 420l A

o)
-

)
-

Table 3. Bone collagen and total ascorbic acid concentration in the
liver of red seabream Pagrus major fed experimental diets contain-
ing two different levels of either citrus by-product (CBP) or citrus
by-product fermented with Lactobacillus plantarum (LP-CBP) for
9 weeks

Bone collagen (%) Total ascorbic acid (mg/kg)

Con 19.6+1.02 43.6x7.2
LP-CBP4% 26.6+0.9% 54.9+16.7
LP-CBP8% 30.3£2.9° 58.3£5.9
CBP4% 22.4+2 5% 50.5£7.9
CBP8% 25.242.3% 55.745.2

Values are mean of triplicate groups and presented as mean+SD.
Values in the same column having different superscript letters are
significantly (P<0.05).
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CBP8%

CBP4%

Experimental diets
Fig. 1. Myeloperoxidase (MPO) activity (A), lysozyme activity (B), superoxide dismutase (SOD) activity (C), Nitro blue-tetrazolium (NBT)
assay (D) and anti-protease activity (E) of red seabream Pagrus major fed five experimental diets containing two different levels of either
citrus by-product (CBP) or citrus by-product fermented with Lactobacillus plantarum (LP-CBP) for 9 weeks. Values are mean of triplicate

groups and presented as mean+SD.

AR Alolao] F715k0] AAMEo] BFATEI AR, 42| Lo}
A AR Aol ao] Zofof A4HEo] 7451 Hrk(Iwata ot
al., 1994). whebA), 2 Alglo] A= AE 25 el o fs
£ A4 87l oJsl) Ak Alojepo] Fhastel 50 448
o RFE 0lAX) & Aoz At

Hletdl C= 89 S fHdel a3 I ggaelct
(Chatterjee, 1978). BIE}RI C7} =3 Zebal 4340
ApgtEo]l &8 9 WO Astel 2 Mgy 4o vehdtt
(Lovell, 1973; Wilson, 1973). Yellow croaker®} A5+2-2- ]

b A ] HEhY C Bk SEMR i 5 we] 2
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Fig. 2. Cumulative mortality of red seabream Pagrus major fed
five experimental diets containing two different levels of either
citrus by-product (CBP) or citrus by-product fermented with Lac-
tobacillus plantarum (LP-CBP) after exposure by low temperature
for 15 days.

A gers BAsAS 0, 20-30%2) S Hof Ak &
HSITHAI et al., 2006; Eo and Lee, 2008). w}e}
| 2 Aol AME A=A s AdolA S &
ol A& O R o] fE= AR AlREH ALRE Sl 3
H el C= A2 &8l kel A%-Eth(Xiao et al., 2010). 7+
& BRI C thAto]] w9~ 5 8.3F A8 5l o 7] 7S H
A2 o]-8-HtH(Dabrowski et al., 1994; Gouillou-Coustans
et al., 1998). CobiaZ tAFS 2 B]EFT] C (35% ascorbic acid
equivalent, China)E %%=%(0, 10, 30, 90, 270, 810 mg/kg)=
W7k AR R 1027 ARS 3 AT 7H ) v C B §
OJetA| F7tsh= A1HE H 3 tH(Xiao et al., 2010). ¥H, 2 4
o= HA=aEHE A7l whE 7 Wi vlek C dellA=
Frofek Afol= QAR S7keke B3-S Hleh webA 2
2k ato] ohR-E HIEH C7F o) Aol A agA o m 5
of Zhof] A= & A o= AetEch
MPO= 35, 27|, Akt EA 5= BHAiteta ol
], IAFSEAE hypochlorus acid (HCIO)= AZHA|A wH ¢l
A m| &S APE X ZITHPalié et al., 2005). L2 A W
MPOZH] 57t= WA ol thgt =t as 5HA1A HRE
2% Z7M7|= 98-S Stk LysozymeS thofdt wtofl Tt
282 YEtll= B, Al AlZE 2] 54473841 pepti-
doglycan®] p-1,4 A%-S 7hpEafisto] 28-S Hehdtt
(Grinde, 1989). CobiaZ tjAlC & A& Yl H[EM CE =
(0, 12.5, 25.0, 50, 100, 200, 400 mg/kg)= 857t F3a}4]
lysozyme 84S 245t o, 145 =(100 mg/kg)7HA] =
T 2EQ 2ol v foA o 2 BAS Hol 2
AT} FUS FFS B Ych(Zhou et al, 2012). E3H A&
Ao 2 2K Citrus junos Siebold ex Tanaka)d 7 2SS 3
N7t a3t 3 lysozyme B4 2ALSEIS W, 5% HAR
7HALRE HQl o] kol Hlsl FFA o w2 20|
B k(Jung etal., 2010). T2 HlER] C 87 A2 4
el 24 ol RS} B xRk, A o) e vlgl C ¥

ook
filo

T O] RS A A A S ST AL A Al
(Lin etal., 2011). & Ao A= t AR of ZH2k58) 2 vt
A 72 A7kekele W Abs W wlEel C g
ek &, A2 AR ol FhskaL Sl HlEr]
O HANRZ-Z 3 AX A o2 ket

SOD+= #H4ksto] &5 AbAot IS AR U AR
A, HAksE gt ofu 2t of 2] A of gt A ES Al
A W e S ol = A2 A] 0|85 3L th(Fattman et al.,
2003). HIE}RI Ci= 322491 3H4tst =4 2 hydroxyl radical,
superoxide, singlet oxygen®} 27 HF-3-5PH A FALSIA| =2 2}
S-31tH(Vatassery et al., 1989; Padh, 1990). 7225812 H]
BRIl C 80t ofu 2} M4k} ol ke I HlEkl E9F
Zohuico| = 28 BAE vk 45131 Iek(Cha and Cho,
2001). Ak5=53} cobiag /O = Ak W HIE] C o2 5
THE a3 $ SOD 4S5 SA5IS o, #7154l
2ol Hlsl H7ELEolA Ao w2 EAe Bt
(Eo and Lee, 2008; Zhou et al., 2012). & A §] of| A = 7F22H5
dho] H7be E-2 thtol Blsl W& oFo BlERl Cof 34t
o} 2248 gh3-slar 9lo] SODEA o] F2E Aoz AlRE L)

Yt A= ol A= Agstar glom ofof whE 1js)
T &E0ha Qlok 2 Aol A e s Abe W A RksEt
7be AR W HIEH C e S7HAA A& 2B 2of o
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