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A 8-week feeding trial was conducted to investigate the effects of dietary supplementation of Kugija (Lycium
chinense) on the growth and immunological response in juvenile Korean rockfish (Sebastes schlegeli). Six
experimental diets were supplemented with Kugija at 0, 0.1, 0.5 1.0, 3.0 and 5.0% (Ko, Ko1, Kos, Kio,
Kso, Ks0) on a dry-matter basis. After 2 weeks, triplicate groups of 30 fish initially averaging 3.36+0.2
g (mean=SD) were randomly distributed into the aquarium and were fed one of the experimental diets
for 8 weeks. By the end of the 8-week feeding trial, fish fed the Kos and Ky diets exhibited a higher
weight gain and specific growth rate than fish fed Ko and Ko; diets (P<0.05). Feed efficiency of fish
fed the Kos diet showed significant higher value than that of fish fed the Ko, K3 and Kso diets (£<0.05).
Hepatosomatic index of fish fed the Kso diet was significantly higher than that of fish fed the Ko, and
Ksgo diets (P<0.05). Hematocrit of fish fed the Kos, Kio and Kso diets was significantly higher than that
of fish fed the Kq diet (P<0.05). Glutamic oxaloacetic transaminase of fish fed the Kos, Kio, K30 and
Kso diets was significantly lower than in fish fed the other diets (P<0.05). Glutamic pyruvic transaminase
activity of fish fed the Ko diet was significantly lower than those of fish fed the Ko and Ko diets (P<0.05).
However, there was no significant difference in the activity of the transaminase in fish fed the Kos Kig,
Kso and Kso diets. Lysozyme activity of fish fed the Kos and Kio diets was significantly higher than
that in fish fed the Ko and Ko diets (P<0.05). Respiratory burst activity of fish fed the Ko diet was
significantly higher than those of fish fed the Ko and Ko, diets (P<0.05). However, there was no significant
difference in respiratory burst activity of fish fed the Kos Kio, Kso and Ksp diets. Fish fed Kugija showed
lower early mortality than fish fed a Kugija-free diet upon challenge with Vibrio ordalii. The results suggest
that feeding of Kugija (Lycium chinense) enhances growth, non-specific immunity and disease resistance
in juvenile Korean rockfish.
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A B (Wedemeyer, 1976; Wardle, 1981; Pickering, 1992), AW} thA}

2T B (Sebastes schlegeliye QHRE FRAYA 7]g0] o Aejd Aed] RAF wIE /MALA st FRAL
SPHAUL, Ao P o] Fapd, FePAA oo B PIHEC) FAMCE dFHe} T3HonE I
2 AMSBEY7E fol8te Sauatol s 1980 Y] TEE %M HaE A2tk £, o9 HIBolH WYzl ¥
F2ol Mol Al ajato] GAOIF FANF o896sE & ABALORA WHTel A F ol Al ZEY)
Z 9 (2 47%) oz s Bol (2 33%) AAHT ﬁﬁ} HFFE qlo} BlBoly Wole BT ZgA A
91th (SYB, 2008). 1#u} Uiyl ZulEe okae olea A Wolidde g duA glon, AHAQ %%W*%ﬂ—g 24
ol A Alxgol TEER dAFEM Ty Helo] 22 SAFoEs Hdnove AJY & dv Yol Fad
2 (DUEANS, B8] Ao, ek} st 2 3stokE 4 ki R 9t} (Anderson and Siwicki, 1994). ]2}
2] Fgyoll =& = o] 81t} (Donaldson, 1981; Wendelaar Bonga, THEs HT o Fe AAESA L ABEESES AASAY

1997). o121 T FAZAE AR HH YY) AFL Ful AR WBolF RGNS L FUAFAS FRAA P
Fo AWE gitstn AgE A F de ARETH
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olfel EhH o Aot NAST W 4AE7 BAL
ARs 2R, vejEol T4 IR, FAE F2E U 9%
2]

4 AE 522 484 2ok (Harada, 1986; McLean et al.,
1990; Sakai et al.,, 1996).

FAVRIE (Lycium chinensis Milly= 7}A| 3} (Solanaceae)
o 3k 9 FFAE ez feuiE} Hel REEH,
v B R P AL 747} pride) Azasie] dddla de
ARSI 913, 9 mg Uil Ete] RIZheF e 480
2 AMEE T Slo)h Feae) el ¥l F7IRe g HE
108 Alelo] Erfizl @elm, 48 AECEZE carotenoid,
cholin, meliscic acid, zeaxanthin, physalien, betaine, £ -sitosterol,
vitamin B3 B33} A Hakg ofF §8-511 flo] o 71
TEE U E 4¥% 249 3, ¥, vEE g, gl
FHH2H g Astags 4ZFH 300k (Cha, 1989; Joo and Jang,
1989; Park et al,, 1992; Kim et al,, 1998; Cho et al., 2004;
Lim et al,, 2005). o]&E tiato 2 e eta]ols} yx]d)
TR 37 ARE FESEE W) HIBolE Hanke ARE
o) A3 Hrhs B (Hwang et al,, 1999; Kwon et al.,
1999)7F glav), e FHoFE tdeR AN dFE
Ae] oz} A5k

2 A7E T 52 P ddE 2uges gaes
Atz T71AE A7EIGE A JddetelolAy uiEe)
B &)

4 WAwgo] YA ARE AT 4P A FTS
Hrhael xugete A4S FANY) AT 1ERA

Aoz HAsHAT.

ME 3 W

AMEAME A

Ao A" AP 2L Table 1) e
AgAtze] gz o g Bokol & (white fish meal), 2.7 ¢
FHE (squid liver powder), B9 U] 53} (dehulled soybean meal)
£ A oH, BhEalt g o 2 UUHE (wheat meal), A
AQozs 3 - BT A (n-3 HUFA)O] U 868 &
Ao} Zhr (squid liver oi)E ARSI F7iAe] Horas)
€ #olsl7] fiste] B IS 2ARE Kool 42 o,
0.5, 1.0, 3.0, 5.0% ¥ (Ko, Kos, Kio, Kso, Kso)©] HEZ
ARt d2TE 89 & 71/ ALRE Ao 22
FARE 2dx 3 F Aadse 2F AA 300 4m
BEAE AHESS AAE e Y F4) o8 A B985
EFsITh HA¥ArR ] 20WAE TES 46.0%, 7HEelR]
159 kVg (S84, 16.7 kg, AR, 377 kg, &8, 16,7
klg)2. & A3 TH(NRC, 1993), 22|22 2} A¥Algd 7
71&pe] Arlapel] W shgollu R e xtole WriRel dER
2.2 (cellulose)E ©]8-3te] FYsHA o] £tk ZE A
PAART 488 EY% 3 dy AxVE 454955
o, A BEA AR72 AF (15T, 447042 v 43
ole] Zylof] AR QT8 2000 um D 2,500 um FF
A (sieve)E AHE3lY A AEE F DB 20T

Table 1. Composition of the basal experimental diets for
Korean rockfish(% of DM basis)

Ingredients %
White fish meal’ 40.0
Squid liver powder® 12.0
Soybean meal® 20.0
Wheat meal’ 13.0
Squid ofl® 6.0
Vitamin premix® 1.0
Mineral premix’ 3.0
Cellulose 5.0
Kugija 0

! Suhyup Co. Busan, Korea.

% Jeil feed Co. Haman, Korea.

® American Soybean Association.

4Young Nam Flourmills Co., Busan, Korea.

*E-Wha oil Co., Ltd., Busan. Korea.

¢ Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium
pantothenate, 50; Choline bitatrate, 3000; Inositol, 150;
Menadione, 6; Niacin, 150; Pyridoxine-HCIl, 15; Riboflavin,
30; Thiamine mononitrate, 15; dl- @ -Tocopherol acetate,
201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; B12,
0.06.

7 Contains (as mg/kg in diets) : NaCl, 437.4; MgSO,*7TH,0,
1379.8; NaH,P; 2H20, 877.8; Ca(H:POs)2-2H,0, 1366.7;
KH,PO4, 2414; ZnSO,7H:0, 226.4; TFe-Citrate, 299,
Ca-Lactate, 3004; MnSQa, 0.016; FeSOa, 0.0378; CuSOs,
0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeOs,
0.00025.
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T, 3717, 29 AL Kjeldahl D27 3% (Nx6.25), 23] 5
& Ao R 2Assit 2AYe ANas 247 B2
X § Soxtec system 1046 (Tacator AB, Sweden)& A}-8-3}
&} Soxhlet FEWH o8 EAsigic)

Zzke] AEER F, AL 2 I YAE B
el A¥lolE APsy) A7R o 24417F B FAAR
Aol & 27 svlely Ralglg 233t0] A3ole)
v R oA A2 HHE &, micro-hematocrit™ (Brown,
1980yl 213 S ulE A2 E (hematocrit, PCV)E 24 3l3, &
Alol Drabkin's 8<% AM&-3}9] cyan-methemoglobin %Y
(Sigma Chemical, St. Louis MO; total hemoglobin procedure
No. 525) 22 S| ZZF = (hemoglobin, Hb)S &7 31k
A9 BHE st APE g A0} Hes
A e e ¥ar 4o 3087 “JZ]W} 3,000
Ipm"“}‘i 10E7 A 25t B2RBIAA 1647 o]

kT3 = @76“3%'3- g kit (oFakA} o T’:} rhE
*}%3}04 F 3 (total protein)e biuretH 0.8 FFH A
(glucose)= AAROZ 12131 GOT (glutamic oxaloacetic
acids)®} GPT (glutamic pyruvic acid)$= Reitman-Frankel ] O &
A3
H|S0|H Biejuls

A Ao} FA4katE (NBT assay) Whyte et al. (1990) 38
off weh EAsglet WA F720R 290} head kidney S
Z &30 teflon-glass homogenizer (099C K4424, Glass-Col
Ltd., Germany) & #3fi8te] & A Z Ao Fnsigch

AE QAL 51% percoll (Sigma Aldrich Co. Ltd) density
gradientol] 2314 47T, 600 gl A 308-7F YAEI QT
A 19| macrophage 52 Zoluo] 5000 pmoll A 227} $
A28l L-15 medium® & washingdt Thg HEHow
L-15 mediumol] 34 =2 A=A 96-well culture plate
off X A 100 £L(5%105 cells'wel)E 2+ wello] H 743k
%, NBT (nitroblue tetrazolium, Sigma-Aldrich) 1 mg/mL& 3
7}8F3L PMA (phorbol myristate acetate) 1 xg/mLE AF=A]#A
25CollA] 2087t WheAZTE 2 9 A5BL AASL wellS
70% methanol® washing §t F 204 A9 AxA 7T
5ol 2m KOH 120 « L/mLE 71819 insoluble blue formazin
+ 84422 WEANII DMSO (dimethy! sulphoxide,
Sigma-Aldrich) 140 uL/wellE F7V8tgt). HEHow
plate;( OD 620 nmo) A} micro-reader (Packard Spectrocount™)
E S48t 430l AAX BANEE SHEYT.

Zhol2Ad B2 Parry et al(1965)9] turbidimetric method
& o8-8t &3tk F, Micrococcus lysodeikticus (0.2
mg/mL) HEFY 950 419} DA 50 4L 8 E§sbe] 25THA
302 R 4% 3027 WA F 530 mol A FHEE 233
At gholaate) AL units/mLE VERAQO T, | units
F4% gl 0.00U/min 743 oz EA S

T - XD

oh HETE HES olFe o

T - ol e

FTALEE AEE 2% 49 H7HS BHIAT T A] o)
Vibrio ordalii ATCC 333500 (%59 1x107 cfymL)S HZ38}
o] 25T oA 24713t v ksle] st ofF & AlF B
£ 01mLE A1) FA=8v] ¥ 25 AR F dAE
&3 o] AE T TEE 10879 100% A 0]

o] FFglol X4=dloz e

FHAAE S ST

EAAME

EE 259 324X S Computer Program Statistix 3.1
(Analytical Software, St. Paul MN. USA)Z EHE4(ANOVA
test)y& AAI8F] HAf-9)2737 (LSD: Least Significant Diff-

3HEA

erence) 0.2 HH 7Y FoA (P<0.05)8 AAsrA
#3 % g
A2 AR FA BARE Fol7) skl oI

9 & FIAAT 2 A digl Wolgg FTulal7|aA
Be d7-Eo] FYE0] gtk 1 FAx oFe] A4S 71
l 7171 S8t AlRe] A& ALANTIE el ddER aF
31 12 (Yone et al, 1986; Nematipour et al., 1988), AL& o
°r*9“ E2E Hristed ggmat olEl Al digh Wolgx
Z7M71 24 st I % A%E 3 91T (Porubcan, 1991;
Vazquez-Juarez et al., 1993; Mohanty et al., 1996; Bogut et
al., 1998; Kennedy et al, 1998; Queiroz and Boyd, 1998;
Gatesoupe, 1999; Irianto and Austin, 2002; Maurilio Lara-Flores
et al, 2003; Raida ef al, 2003). ©]9Je)® 57 A9 &
AsliA o] 7hA] Wale] Alzbd 2 A gl drHn
St} (Shon et al., 2002; Cho et al., 2006).

E AddMe A7l zFEge gito g ) #Hrb
AMBRE T A, HIElA W 3 HAA T
W A viAE F3g 2AEYT

A 2, TlaAEd FUIAE 05, 10 2 3.0% H7)
T AP e 2E AT Bl A, ARES B 97
E ol B ABE BAT (Table 2). o3 BFE
AbRY HAFE] U A e Aol gaAlA
A dFE FAE Aol AAHET

oJF2 AL A%, 1A H B A ZEE §
Mok ARR E3] ol &HA e, ARy g
Aot 1 ofFo] AT M8 B A gty s
HatEvtn Bad vk 1o (Siddiqui, 1977; Garcia-Garrido et
al, 1990). ¥ AgolA F712F F7F ALR (Kos, Kio, Kio &
KsoyE A3 238 go] b8 487 (Ko & Ko)2 Z918
2o Hl3] GoTe GPT7) W& 73S UeEliEd) (Table
3), o)A A= Y= (Cho et al, 2004)9F 2t o} (Kwon

et al, 1999)2] Ao} FABIEH

ojfel glo] HFolA Heukgo] dvh} SRS UEXE
7V A 5 e 9 Fras 4 ]'i =
(phagocyte activity) &4 0] Bo] AL&Ew Qv 1 9] A
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Table 2. Weight gain, feed efficiency, specific growth rate and protein efficiency rate for Korean rockfish (Sebastes schlegeli)
fed experimental diet for eight-weeks of feeding pcrmd

Diets Poolesd
Ko Ko Kos Kio Kso Kso SEM
WG (%22 111.4° 107.5° 158.8° 130.7% 115.5™ 107.4° 5.64
FE (%) 66.9° 74.6% 86.4° 74,2 68.8° 69.0° 2.51
SGR (%) . 1.24° 1.21° 1.58* 1.38° 1.28" 1.22° 0.04
PER (%25 1.62 1.49 1.90 1.72 1.66 1.59 0.08
HSI (%2 2.82° 2.82° 2.98% 2.93%® 3.01™ 3.20° 0.08
F (%) 1.46 1.53 1.65 1.62 1.60 1.57 0.03

Means of triplicate experimental groups; Values in the same row with different superscripts are significantly different
(P<0,05).

Weight gain: [(final wt. - initial wt.)/initial wt.]x100.
*Feed efficiency: (wet weight gain/dry feed intake)x100.
) * Specific growth rate: [(log final wt. - log initial wt.)/days]x100.
> Protein efficiency ratio: wet wt. gain/ protein intake.
¢ Hepatosomatic index: (liver weight / body weight)x100.
7 Condition factor: {fish wt.(g)/ fish length (cm)3}><100‘
¥ Pooled standard error of mean: SD/¥ n.

Table 3. Hematologlcal and serological characteristics of Korean rockfish (Sebastes schlegell) fed experimental diets for
cight-weeks'

Diets Pooled

4

Ko Kot Kos Kie Kso Kso SEM

Hemoglobin (g/dL) 6.69 6.12 6.41 6.52 6.11 6.86 0.13
Hematocrit (%) 30.0° 33.3% 30.3° 37.3° 33.3% 377 0.98
Serum GOT (UL 52.8° 53.6° 46.7° 45.4° 44.8° 46.4° . 0.87
Serum GPT (IUL)® 11.5° 12.4° 9.20% 9.43% 8.147* 9.40° 0.45
Serum protein (g/dL) 3.63 3.47 3.60 3.33 3.23 3.20 0.12
Serum glucose (mg/dL) 474 48.0 461 46.2 47.8 46.5 0.84

Means of triplicate experimental groups; Values in the same row with different superscripts are significantly different
(P<0.05).

Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 #mol
of L-aspartate per minute at 25C and pH 7.4.

Glutamic pyruvic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 umol
of L-alanine per minute at 25C and pH 7.4.

* Pooled standard error of mean: SD/ n.

lysozyme T4 2 HA Y BAL Fol ASHm gon, W A S-S SN B gl bR BA%
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Table 4. Non-specific immune factors for Korean rockfish

(Sebastes schlegeliy fed the experimental diets for
eight-weeks'

. NBT Lysozyme activity

Diets (0.D/I10° cells) (U/mt)

Ko 0.242° 96.7°

Kot 0.262° 83.2°

Kos 0.352" 156°

Kio 0.302% 160°

Kso 0.569° 123%

Kso 0.335% 135%
Pooled SEM? 0.03 12.1

' Values are means from triplicate experimental groups of
fish where the means in each column with a different
superscript are significantly different (P<0.05).

* Pooled standard error of mean: SD/v n.

Table 5. Cumulative mortality (%) after intraperitoneal
injection of V. ordalii in cultured Korean rockfish (Sebastes
schlegeli)!

Diets Pooled
Days Ko Ko.s Kos Kie Ksg Ksg SEM?
2 167 200 100 100 133 100 229
3 367 333 167 267 300 233 4.01
4 633 567 400 500 467 400 527
5 867 800 700 700 667 600 565
6 100° 933%™ 00.0° 867" 76.7° 80.0° 3.8
7 100°  100°  90.0° 867 833" 90.0* 283
8 100 100 100 967 833 900 202

! Means of triplicate experimental groups; Values in the same
row with different superscripts are significantly different
(P<0.05).

?Pooled standard error of mean: SD/v n.

100
g 8
%
2
2 —-K0 —0—K0.1
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3 2 e K30 ~be—K5.0
0 . . : .

2d 3d 4 & 6 7d
Days after challenge

& o

Fig. 1. Cumulative mortality (%) after intraperitoneal injection
of V. ordalii in cultured Korean rockfish.
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