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STEEMEH AR S A YR A B ml A, BprE R, i 80 B, ALK EE
4l =90%, LIUF, BRSO R, ZBRTk TNAGE f KSR 2, MR e 5t ML i) pl f 4 Ser
A ACRAREH L AR e S A YR A B Fl A, FEH(1.5 mm x 2.0 mm, 2.5 mm x 3.0 mm), 50 C 4L+,

4iPE=95%, BN REAR THERIR = 4T T o BRI TT BB IR L3 1.
12 EWigt 13 =MARSRASEE
oL OTAD AR AR IR T DA o110V VR B

B KO EA D EEEAE, . REdhE  AUKIERFRE RS H T, LT, KEEEESRIE R
SRR, KA 2x3 WK Rt Bl seat kb SEh IR 14 d, WITRBORXT BRZmRE, i 8 i
NI 0(A0) . 0.5%(A0.5), 1.0%(A1.0)FESEWFN 0(B0), LI RRHFIFRIE AL o IR HF IR I, SC5e f LK 24 h,
0.5%(B0.5). 1.0%(B1.O)MREANE, Bl 9 3 AREMHAKE, Ptk —2. FHVHAKER
¥4k (AOBO, AOB0.5. AOB1.0. A0.5B0, A0.5B0.5,  (15.46+0.06) g HIKZEELHATIT4L, BEWLITAL 9 41,
A0.5B1.0, A1.0BO, A1.0B0.5 fl A1.0B1.0). FrfiJi 3 ANER,HNEE 30 B, 0 55%FE 70 cm,

R 1 LHREAREFREEFRSEMR(%)

Tab.1 Diet formulation and proximate composition(%)

233l Groups

J5 A} Ingredients

T1 T2 T3 T4 T5 T6 T7 T8 T9
fi 4 Fish meal 45 45 45 45 45 45 45 45 45
KEWAEHE A Soy protein concentrate 25 25 25 25 25 25 25 25 25
/NZZ ¥ Wheat flour 6 6 6 6 6 6 6 6 6
ti3i Fish oil 3 3 3 3 3 3 3 3 3

K 5l Soybean oil 3 3 3 3 3 3 3 3 3
o-JEH} a-Starch 8.45 8.45 8.45 8.45 8.45 8.45 8.45 8.45 8.45
LA Y R 4 CMC 5.0 4.5 4.0 4.5 4.0 3.5 4.0 3.5 3.0
HHSZ 8 Betaine 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
K UIWENE Soybean lecithin 1 1 1 1 1 1 1 1 1

4 Z IR A Vitamin premix" 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
W) B R B Mineral premix® 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
YA ALH] Antioxidant 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
SoHM COS 0 0 0 0.5 0.5 0.5 1.0 1.0 1.0
R ARE XOS 0 0.5 1.0 0 0.5 1.0 0 0.5 1.0
41t Total 100 100 100 100 100 100 100 100 100
EFH M (TH H %) Proximate composition (Dry matter basis %)

M H Crude protein 53.26  53.30 5320 5325 5333 5332 5397  53.67  53.89
AMAERT Crude lipid 1144  11.50  11.58 11.40  11.34 1159 11.70  11.83 11.87
LK 4y Ash 10.54 1034 1026 1042 1041 1022 10.55 10.58  10.39
HUBE Gross energy(kl/g) 19.18  19.17 1943 1934  19.68 19.47  19.71  20.17  20.19

fEfiE [t Energy protein ratio (mg/kJ) 27.77 27.80 27.38 27.53 27.10 27.39 27.38 26.61 26.69

1) 4 R BREN(me/kg R : 44K A, 38.0; 462K D, 13.2; a/EHM, 210.0; HillkR, 115.0; ZEK, 380.0;
s iz, 88.05 IZHR, 368.0; KHEZ, 1030.0; EAE, 10.0; MR, 20.0; 4i/EE By, 1.3; JLEE, 4000.0; PR
500.0, 2) #" ¥ FRHIRE RN (mg/ke kD). MgS0,-7H,0, 3568.0; NaH,PO,2H,0, 25568.0; KCI, 3020.5; KAI(SO,),, 8.3;
CoCl,, 28.0; ZnSO4 7H,0, 353.0; Ca-lactate, 15968.0; CuSO4-5H,0, 9.0; KI, 7.0; MnSO4-4H,0, 63.1; Na,SeOs;, 1.5;
C¢Hs0,Fe-5H,0, 1533.0; NaCl, 100.0; NaF, 4.0

1) Vitamin mixture (mg/kg diet): retinol acetate, 38.0; cholecalciferol, 13.2; alpha-tocopherol, 210.0; thiamin, 115.0;
riboflavin, 380.0; pyridoxine HCI, 88.0; pantothenic acid, 368.0; niacin acid, 1030.0; biotin, 10.0; folic acid, 20.0; vitamin By,,
1.3; inositol, 4000.0; ascorbic acid, 500.0. 2) Mineral mixture (mg/kg diet):MgSO,-7H,0, 3568.0; NaH,PO,4-2H,0, 25568.0; KCl,
3020.5; KAI(SOy),, 8.3; CoCl,, 28.0; ZnSO,4 7H,0, 353.0; Ca-lactate, 15968.0; CuSO,4-5H,0, 9.0; KI, 7.0; MnSO4-4H,0, 63.1;
Na,Se0;, 1.5; C¢HsO,Fe-5H,0, 1533.0; NaCl, 100.0; NaF, 4.0
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B2 80 em MY RIEFRFAMH, FEHIKEEN 40 em 245
/K F75#(0.4 L/min), %40 5.0-8.0 mg/L, Z A W
i AR EE<0.1 mg/L, 7KiiH 16-18°C, pH }y 7.8-8.2,
ERRESh 28-30, SEEGHAM], RERA MK (08:30,
16:30), 30 min J&, HFERIH, Wik, iHEsRIEE. 1E
ASLEGRF R A 2014 45 2 H 28 H-2014 44 H 28 H,
S5 A 60 d.
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SCITFRATT, BEHLEL 10 BARSEGEH T B3
BT o FREE LIS SR ATV 24 h, FRAEEAR i e
i, AR ER 4 MS-222 FiFEE, EAEEEHLE 10
Ffa, ek, Rk, IR 3 BafTamaik
R F AT, FA 7 RoRAEMTE . AFIE . WhiE &7y
WURE S o MVEAE 4°CHE 4 h i, 4°CE.0(4000 r/min,
10 min), B F 5 E T80 ClB R IR vkAE rhf 17 . H
HE S B3 T —20°C PKAR TR R AE o 11533 55 % (Weight
gain rate, WGR). 1ABI5R (Feed efficiency, FE), &
1 i3 % (Protein efficiency ratio, PER)., fF@EE K%
(Specific growth rate, SGR). Hf{& H (Hepatosomatic
index, HSI). WE/K L (Visceral index, VSI). AEH
(Condition factor, CF)&¢4Ebr, THHEAXUT

B HE AR (WGR, %)

= 100X (LA R FH A7) 1h 1A H /A0 b 1

TARSCR(FE, %) = 10034 5 /4 14 #E
I BUR(PER)

= /(BB AR A %)

Fi 2 A2 KR (SGR, Y%/d)=(In 45 V- 44 &
—In FF IRV SR ) /52 50 K K< 100%

A LL(HSI, %) = 100 i 5 4 /40 ik

AR (VST %) = 100 PN IiE 8 /40 1A i

A (CF, glem®) = 100K 5 /(R )

T e Ko 2 ZURE K S I SR I TR TR TR
(105°C), M &P & R AL S8 (LECO, FP-528)84
BrE A, FHAR I R 2 Ik, K 43I
S AR 20 BEAP A B (550°C) , g F N 2 SR 4 A
A TP (PARR 6100, E[H),

MEH M =FR(TG), HIHEE(TCHO), =% N5
R IR E EE(HDL-C) S A1 %% B g 2 11 IR [E B (LDL-C)
il 14 B 2 1t (AL P) R FH 42 ) 8l A Ak 43 74 (7020 %Y,
Hitachi, HAO)#FATIE, REREYN 37°C, A
R & A 2 A A ARG BR S FI A8 . il vE
W HH(LSZ) . MY E LR (SOD) . i & b =
(CAT)H R H e st el B 2 9 T AR 9 i A 7= 1 ) &
HEATIE o

15 HESKITESH

Bl 45 R G — >k 1V B (E 45 1 22 (X+SD) Y JE
KFR, ZREEKFER 005, K HBIE A
SPSS 17.0 X} T A5 #E47 XE &K J7 22431 (Two-way
ANOVA),

2 #R

21 XTEKMERE. ARMRARREBEERR N

TRk T R N 7 S RN SR A X R 23 82 K
A8 . TDRHR SR A RO ARFE bR i 52 W3 2, i3k
1A, S5XFRRA(TOM L, Fk R asin i —Zepi e
SERH B IR AN L S — 38 28 K413 Ak i 2
REE B 4)) 1 B34 B A (WGR) . & H AR (PER) . 4
SE A KA (SGR) AR ELF TR (FE)(P<0.05) . Hirfr, Hjh
TSI AHERE, 7RI 1.0% 8 SR AL IR A= KSR
BT 0.5%BMRRAMEL, SXTIRIAHLL, T3 41y
EERKREERE T 5.08%(P<0.05), faA %
P& T 8.7%(P<0.05), AR ER S T 11.82%
(P<0.05), fAEHAI R W P25 T 10%(P<0.05), 45
MRINFEZEMERT, BRI 1.0%A9 78 FEM L 2R KR i
FALTINN 0.5%M)5E SEHEL (P<0.05), 5% HRZ(T1)HH
b, T7 AR E KRR ERES T 9.2%(P<0.05),
WHE ARG FRE T 15.55%(P<0.05), HHFEHMCR R
FEE T 16.82%(P<0.05), falkt R AW E BRI T 17.78%
(P<0.05). Y[w] i FH 52 ZEM AR SR ARBERT , 0.5%5¢
FHEE 1.0%CRABEA A (T6) LA I 1.0%5¢ 051
LO% MR AMELA A (TR A R BCR IR AT . 1Rk R B0
fiK. HEANCREE, SYTRAMIL, et kR
FHET 10.92%(P<0.05), M E R i E R T 18.75%
(P<0.05), HEHFACREENRS T 20.91%(P<0.05), 17
RERE D Z T T 17.78%(P<0.05), 1A KRR AR
FIFH R OL T3 N 5 — S0 GE MBI R A 4H

BB 0 5 TR B 3 R AR T R SR B &)y £ 1 S A
b (P<0.05), &5 T MR L ATAE G BE o SR s IR 2R
ARBERRAR T RZZEEL 0 PR L, B0 THER Xt
HE 5 2 G Y 2 520 (P>0.05) o A8 IR 38 AW 175 S0 b
FRAR T REZBELh fa A b, 480 T REWE RS, XPE(AR
SR 25 (P>0.05).  FHXMUR 5 24843 # vl 1,
Tk R I AN [R) 7K P 04 72 S 0 TG SR AR X K 22 6
oy £ 1) £ R 1 B RORN R A KRR B 3 Y 2E B
FH(P<0.05), XMkt R %, & HBECR U SIE ARG R
e E A HAEH(P>0.05).
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F2 (ARSLIEEANAET AR, AR BYREREISFRR MmN Ebr 2, n=3)
Tab.2 Effects of Feeding the experimental diets on growth performance, feed utilization and physical
indicator of S. maximus (Mean+SD, n=3)
Gip SR R R K E HE R FRLRE  EARESCE JHF A L kA L REL i85 5
Dietary treatments ~ SGR(%/d) WGR(%) FCR PER HIS(%) VSI(%) CF(%)
T1 1.77£0.03*  189.45£5.64*  0.85+0.05'  2.3620.16°  1.39£0.05°  5.38+0.26®  3.39+0.15°
T2 1.79+0.03"  191.54+4.62°°  0.83+0.04°'  2.41+0.10" 1.2840.08°®  5.41£0.18®°  3.39+0.05°
T3 1.80+0.03"  194.66+5.34  0.82+0.01°¢  2.43+0.03° 1.37+£0.08°  5.41£0.20®  3.34+0.16
T4 1.81£0.01® 195.94+1.11°°  0.83£0.03%¢  2.41+0.11° 1.2240.09*  5.47+0.33°  3.46+0.15°
T5 1.8240.01°  198.71+1.51°  0.79+0.01%*°  2.49+0.02%°  1.24+0.06®  5.61+0.09°  3.40+0.10°
T6 1.92£0.01¢  216.97£1.34%  0.75+0.01°  2.64£0.02°  1.19£0.06*°  5.24+0.17%  3.39+0.07°
T7 1.88+0.02°  208.98+3.42°  0.77+0.03°  2.47+0.10" 1.1240.07*°  5.30+0.23"  3.52+0.11%°
T8 1.88+0.03°  209.77+£6.49°  0.77+0.01"™  2.47+0.02° 1.14+0.11° 5.25+£0.08"  3.46+0.11°
T9 1.9140.02°  214.78+3.41°Y  0.76£0.04°  2.51+0.12°°  1.16%0.11° 5.04£0.14°  3.68+0.08°
WH Z J5 25581 Two-way ANOVA analysis
XOS Hkk Hkok * * ns ns ns
COS x XOS ** * ns ns ns ns ns
W ARVNE FRER 2R B3 (P<0.05)  *P<0.05, ** P<0.01, ***P<0.001, ns: ANEE, LT EER

Note: Different superscripted capital letters within the same column mean significant different (P<0.05) *P<0.05, **P<0.01,

**%P<0.001, ns: non-significant. The same below

2.2 AR T EEFMRRBANE KT K Z LR H N

%7 i

FE 3 ATAL, Ak R T e — SR (T SE R IR
SR ) Bl S S ] 4 X K 2R B 4y £ £ 44 K
g1 MEEE . RBENT . K533470 B3 (P>0.05),
MR 2T 2280 74 A 2 B, ARDk R 38 in 7 SE AR RN AR 2R
AEXT 2 G2l FAELNG 17 | ML 43 A7 7 BH .38 ELAFE
(P<0.05).

23 AR ZEEMERBAEKTX K EE4 & M5

sk

M 4 nJHL, SXTREAALL, T —SEEGT
SEME SRR AT, 34 8 2 FRAR T H i = ER(TG)
SUIE [ B2 (TCHO) /K - (P<0.05) , X 5 35 BE B 5 1 JIH [
W2 (HDL-C) A% 2 J3£ B 2 11 fH[5 B (LDL-C) 34 G i %
R (P>0.05)0 4RI A IIE R A AN FE SE 8T, B
FEARH I = BR(TG)/KF, (HE%A WU, H, T6

% 3 (AR SCIG (R K B O 4 A 4B A O S I CF- B (AR ME 22, n=3) (B %)

Tab.3 Effects of feeding experimental diets on the final body composition of S. maximus (Mean£SD, n=3)(Wet weight%)

TA#L4H Dietary treatments 7K 43 Moisture 25 M Crude protein M Crude lipid LK Ash
Tl 77.22+0.45 15.75+0.21 3.31+0.32° 3.61+0.01°
T2 76.90+0.49 15.63+0.27 3.71+0.18% 3.57+0.07°
T3 77.02+0.24 15.60+0.03 3.91+0.22° 3.33+0.05%
T4 76.94+0.19 15.70+0.21 3.77£0.21% 3.58+0.13°
TS 76.970.05 15.6120.12 3.92+0.21° 3.44%0.10™
T6 76.84+0.06 15.35+0.06 3.43+0.10° 3.54+0.10°
T7 76.84+0.20 15.38+0.19 3.38+0.22°% 3.50+0.12°
T8 76.40+0.08 15.67+0.05 3.59+0.97% 3.53+0.03°
T9 76.68+0.28 15.46+0.08 3.45+0.42% 3.55+0.06°

WHZE FZ4538F Two-way ANOVA analysis

COS ns ns ns ns
XOS ns ns ns ns
COS x XOS ns ns * *
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Tab.4 Effects of feeding experimental diets on serum lipid on S. maximus (Mean+SD, n=3)

Tl dek 2l it = e S A A 1o % JIE i AR DL e 1% B e 2 11 R e e
Dietary treatments TG(mmol/L) TCHO(mmol/L) HDL-C(mmol/L) LDL-C(mmol/L)

T1 4.87+0.53° 3.94+0.74° 3.34+0.91% 0.28+0.08

T2 2.68+0.01° 2.88+0.61° 2.68+0.11° 0.30+0.05

T3 2.53+0.36" 2.7240.19° 2.32+0.23° 0.3120.04

T4 1.94+0.48° 2.87+0.61° 2.7140.53° 0.30+0.02

T5 2.52£0.53° 3.73+0.24° 3.19+0.35% 0.33+0.02

T6 2.94+0.34° 3.78+0.10° 3.56£0.14° 0.30+0.04

T7 2.64+0.76° 3.41+0.53% 3.26+0.29" 0.26+0.09

T8 2.37+0.95° 3.34+0.88" 3.24+0.92 0.30+0.05

T9 2.92+0.96 3.90+0.78° 3.69+0.61° 0.3120.04
WH Z J5 25581 Two-way ANOVA analysis

COS * * ns ns

XOS * * * ns

COS x XOS * * * ns

I TY ZHAE SR e o BN 2 I o ) 5 o pl LA
RI7 22T AT, SESERES R A A 58 KX R
ZE P A0 LT B H I = L RIEE | e R R
PR B 28 0 5 ) (P<<0.05), % R 22 6T 4 11 1 1
HR AR AP 8 i A 1 [ 1 A 25 B2 T (P>0.05)

24 AMZEENERATEKEXXZEH 4 & MF
ELIERREI R0

M S Bl AL, S RRAIAR E, B i e SEAR RE
ik 3 R KSR T &y £ 1L T A B Y 1 (P<0.05), B
J AR AR SR A W . R B2 55 R 35 BT ) 0 1ML T I A 1Y)
W7, 255K 8 EP>0.05), [RIBZRM 1.0%M8 505

FEA 1.0%A IR SR AR, D) 25 B ARG 1ML 75 Hh 3 o T 1)
16 71 o REE L)y 1ML 35 Hh 08 A1k 4 5 AR Tl AN it S8 Ak
SR TE 45 A0 R 2 [R) 0 0 25 1 22 5 (P>0.05) . FHL
HZREG AT ar 0, e s 3 mse 200 . IR A
W DL B 38 A8 AR RO R 32 B4 £ 038 1 35 T 8 L
PR IR BG4 ) 3 52 (P<0.05)

3 S5

31 REABEMZEEMNKXENHEERKEERF
FAZLREI R0

DI X EH A T4, 2006) . BE S X RHI(GR 5

®5 ZTHRAMMNKETHEMFARE. WUEBRE. BEUWELE. TEAUSEOZWCEIHLARIERE, n=3)
Tab.5 Effects of feeding experimental diets on LSZ, ALP, SOD, and CAT of juvenile S. maximus (Mean+SD, n=3)

Akl Dietary treatments

TRTEE LSZ(U/ml)

BMERERREG ALP(U/L) 4L ALEE SOD(U/mI) 3 /LS CAT(U/ml)

T1
T2
T3
T4
T5
T6
T7
T8
T9

320.93+5.93%
328.84+8.67%°
321.11£9.21%
356.604+9.53%
335.31£12.20
332.434+5.24%
349.69+4.89°
341.06+2.49%
314.46+7.95

WH K T7 22538 Two-way ANOVA analysis
COS
XO0S
COS x XOS

3%

skoksk

ok

22.67+0.58"
17.002.64%
15.001.73
14.33+2.31°
17.67+0.58"
22.67+2.89"
22.00+3.00
18.33+5.03%
26.67+2.52°

kK

k3

91.84+1.14
80.69+7.13
78.16+8.18
84.34+2.78
86.50+7.07
90.34+6.49
76.61+£3.38
88.47+3.40
91.65+3.97

ns
ns

ns

4.24+0.27
3.68+0.09
4.00+0.52
4.45+0.80
4.02+0.43
4.87+0.89
3.81£1.00
4.78+0.86
5.08+0.51

ns
ns

ns
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L 2011, dTEECRE AR, 2012) ., F A BT CRELE,
2009)), BRI D4E %, 2004; X ZFE 5 2009; 5
45, 2009), S ERMAELF4, 2007) . FLAYEEXTHR
(FEMEAESE, 2010)5 AIBFFT 45 R0, 1Rk R as g
BRI IR R AN B i 2 1 o f MR IS J R AT ARDR)
. HSH—8, fEARMR T, SXFEAM L, Wk
AR IR R A, KB R E A KRIEE T
5.08%, MWERILE T 8.7%, MR RBIEMIK T 10%,
X AT RE KSR ABEAE AR PN & I J 4 LI A TR RN L
1% 7 A1) (Kimura et al, 2002; Hsu et al, 2004), {23 T
A 15 P RS FE I T A E R AR A, 2007; TR
4, 2005), HIECT B i F R Rl B T4
T35 PE (Howard et al, 1995), ik T 8 354 i i
W, SR = T K= sh i 3 R RRAIE T R R A

SEEMHEH 2-10 MR AR p-1,4-
W S5 B T R AR SRR, LA ) s o o R AR AR
H(Rinaudo, 2006), A & KP4 ffi (Refstie, 1998), %
JEfa(XI24ESE, 2004), FEREPCE FFAE, 2004), 0T
BN 524, 2012), & & B AR AN LR, 2011)%
FIBIFFT 2 I, DRk H 8 0 B ) 570 S W BE I 5 4 v
RARANERE | RR TR FEARBE G, SX IR
TPk v B AR N SE SR, KRBT R AR OR g E T
9.2%, WA HRHLE T 15.55%, TR REEAL T 17.78%.

SR, HRTAR WA G T 7o SEME R SR A 22 B4
BT o ARRFGR R, —H N B FERESR
e i 25 TR IR, U =3 2 [ AEAE— & By D[R/
FH o HARAE K ML AT g2 R R SE0E Tl 45 3h i 8
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Effects of Chitosan Oligosaccharide and Xylo-oligosaccharide on the
Growth Performance, Body Composition and Serum Biochemistry of
Juvenile Turbots (Scophthalmus maximus)

CAI Shengchang'?, ZHANG Limin®”, ZHANG Derui’, WANG Jiying®, MA Jingjing?,
WU Mingxin'?, SUN Yongzhi’>, WANG Shixin®

(1. Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306;
2. Shandong Marine Resources and Environment Research Institute, Yantai  264006;
3. Shengsuo Fishery Feed Research Centre of Shandong Province, Yantai 265000)

Abstract Here we conducted a 2x3 two-factorial experiment to evaluate the effects of Chitosan
oligosaccharide(COS) and Xylo-oligosaccharide(XOS) on the growth, body composition and serum
biochemistry of juvenile turbots (Scophthalmus maximus) with initial body weight of (15.46+0.06) g. The
feeding trial lasted 8 weeks. Totally 9 diets were formulated to provide graded levels of COS (0, 0.5%,
and 1.0%) and XOS (0, 0.5%, and 1.0%). The results showed that the levels of COS and XOS
significantly affected the weight gain, specific growth rate, feed conversion, protein efficiency rate,
muscle moisture and crude lipid of juvenile turbots (P<0.05). The addition of COS and XOS at different
levels did not generate significant differences in the body composition and the muscle ash content
(P>0.05). There were significant interactions between XOS and COS in the growth rate, weight gain,
whole fish fat and ash, muscle fat and protein, serum triglycerides, high-density lipoprotein cholesterol,
lysozyme and alkaline phosphatase (P<0.05). The results above implied that the combination of XOS and
COS could significantly improve the growth of juvenile turbots, moderately enhance the non-specific
immunity, and facilitate the regulation of the level of the serum lipid. According to our experimental data
we recommend that 0.5% COS and 1.0% XOS should be the optimal combination in the diet.

Key words Scophthalmus maximus; Chitosan oligosaccharide; Xylo-oligosaccharide; Non-specific
immune
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