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ZEEAEREMMRZTHEEKIEGE, BE
HUEEE. RN RIILEBELIEREMm

MEH#H ! EREY FL4ET B OB Zzx 0!
haEE S o mAL? FTRE! HIFL
(. IWEREBERESHEDIRE IWAREBEEASBEESSTZERE LK WE  264006;
2. MET =4I ERART WA MME 2640065 3. FIBEERY  KIEERHFEEZF R LR HF RGO
LM R TR AE FF ST AEDPR O AP shYr a0 BT EeHE .G B 201306)

BE R & TN A AEE B &R K Z B (Scophthalmus maximus) (7 £ & 8 9 3% 5 o K 2 F
%i:ﬁ%%ufr W6 NMERBERKT, MEAOYFEREGEN 45%, AXHMZEEAHR DI
AR R #OR Y 0.5% (D2). 1% (D3). 2% (D4). 3% (D5)#1 4% (D6), L3, 4 K4 2 KI%1h
BB EIEIRE H(24.00£0.30) g K E#F 4 56 d, HFER T, HaWER EEEKR KA
FREMEGEEASRK TN ENER LA THR#AY, HE D3 4% 2 xEHE, 2F&T DS
1 D6 41(P<0.05); AR RABN EAMRAH, £ D3 A F &k, TEKT D6 4 (P<0.05), &
R4 4 B B & K EH T AGF-1)#0 4 K 3% & (GH) A B 3 L 2 1% T 3§ JE 41 (P<0.05); HiEE &%
R 1%~3%0 &0 )a, TERE T 4 & k& 8 8 iEHP<0.05); 4 & 17 o-7E 0 B & A& D4 fr
D5 A8 EETAEBAP<0.05); ARFRMEEREESER AN T E BT 4 & 176 i 5 iE KT
(P<0.05), &% R4 FLEE, REGEEMRUEBREEEY L ERT T X EL(P<0.05);
D3 HyEHEeEE MR 5 T D6 4 (P<0.05); &4 lA4amEla®EnbdE ﬁi%%%&%%é&%i
%2 2(P>0.05), [EABRAYEZRE T 4 & mEEaNE Bl (IL-1p)F0 i 8 3 7 H F(TNF-a) 4
(P<0.05); T4, DA~D6 4% & JE B B i = WAEE%Vﬁwdmﬁ/ﬁxﬁkﬁ
B 7€ D5 1 D6 41 % K 1K(P<0.05); & % EM8%E A& D4 N 8% 75 (P<0.05), miEkEE LAE
FRE K #Y, D3AEET TAEAP<0.05), XELLERDR, D2AKEF4 % 48h 2
TERM|N 56.45%. HARELHA, AT RIEEEEER 1%E0E, KESFHa LK. HhBE
T BB AR R F i R g BB R

KR O BEES; KEE; KM HAEENE; wE s I
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Wil 7K 7 7 M DR K T, R L Ty E Y i
KA TR LT i P B R BT, 2019 4R
A 12.8 J7 t (R ARM FR L B B R, 2020),
KZZWE(Scophthalmus maximus)J& B82S FE5H 1Y 32 5
AP, FERRUN AR A B 1T 2 R T
FCPC A Rk i 75 2 1 B e, I AR VR S R e
i EEPL R E AR, A SRR 60%~80%
(M3, 2015; BIEHESE, 2019), X229 K226
b & SR RS, NIRRT A, B K2R
A fa e & g, A LB SRR E AR, S
HEARHG TEARSEES . AERTEREE,
HE & Z MW i i 45 2 w9 B (FRoK &4,
2008), BUCA AR ok AR IR BB SY E A

MR H o — Mo B A Y o F I e iR, 44
PR 20 AL ) — Ry AR Sh W 2 A - bR
HER T &8 MBI IK . EEMRER Y, B &H
— RN AR, R A R R g R A
IR 3B, R IARAE AL W IR ) 2D e A 4 Fh
H T LA A 0 A& 2, RS A R R TR
KRR T A R 2 B 2 BRBE 1 & R, L 2 AT DU T
RSN D BE (B 55, 2011), 1M 2 IKTE AR P HLIA p
AR A R T 8 43 b R s LA S e 6 T 1Y)
£ F (Kotzamanis et al, 2007), H K H %408 EI1EH
RPN T O ik 1 NN TN % A K (2
RE 2 IR R SR I PR B ) B R S A, i8R D
AR K=k v (R P ARE o 48T, SEBR DA RS 6
RBEFERT G, AR HARDRL S AR 2 R AR £
W, WFFE L REE ST AR K PERE . T ALBETE 1 . AR
PE e g6 bn 0 A BEAE ARS8 BR 052, LA A AZOHE 2
TERZBERC SRRk b g R 2%

1 HEETS®
1.1 SKIEE

A5 T A B PR L AR A8 A T = 4 A e
A B FIER AL, I T 28 R e AL 283 AR )
K, AR, SREBULA R, SRR T L
LM, 220°C oy il I 55 T4 CR AU 53 A0 = 1.0 g/kg;
Z K =14 g/kg)o VIAZME 40 08 Q5 filt 1) e} o
0 (D14, fERXTHRL]). 0.5% (D2 41). 1% (D3 41).
2% (D4 #41). 3% (D5 41)H1 4% (D6 4)ffaky, Mol
6 ZH S I R CHLAE 110 49% . HLIE Il 10.50%), fh
W FIAZ M B 8 SR Ao L3R 1o WIVERDRLET , K A
Tk ER S 80 HI, #LHIFRE, Bhy K5,
ZRVRHERT FEALIN T8 B AR R 3.0 mm (1) 1 J5URE 1)

FIAR KT A7 T —20°C ok A A o SEs P Ridl oy S
AR 2,

x1 BEMARBEEANEIEEFRESQE %, TYIEER)
Tab.1 Main nutritional component contents of fish meal and
ribose protein (%, dry weight basis)

i H fi1 k) EHEE A
Items Fish meal Ribose protein
HEH CP 65.58 64.48
HLIE M EE 6.15 8.20
W E R EAA
EE R Met 1.76 1.01
MR Val 3.12 2.79
SRR Tle 2.79 1.72
SR Leu 5.36 4.81
& AR Thr 2.34 3.00
KN R Phe 2.28 3.54
HATR His 1.87 1.58
AR Lys 4.49 4.53
R Arg 5.16 3.58
T IR NEAA
B Z R Tyr 2.48 2.57
22 R Ser 3.23 2.89
HRAR Glu 8.54 7.49
iR Pro 2.79 2.7
HEER Gly 4.52 3.49
WHAMR Ala 4.29 3.51
LR Cys 0.89 2.00
KEHFR Asp 6.62 5.31

1.2 FTWHAGAMTIEEHE

SEG I RZE P 1 LU AR 3% ST IR A PR A F]
FrFH 56 7E 1L AR 48 T PR R S SRR AUE 9 BE 4 A K
PRI R Gt A7 . Ly fa AR AR DB 14d, 18
ORI, HER A BRERG, 58 24 h, Phikld
FRETGHG , B 4 — B K 25 6 &)y 41 [ 4] 4 R 75 M (24.00+
0.30) glbtitllorh 6 40, &4 3 NEE (B0 B/HEE), It
540 &, T 18 Mg @RI RS EM T . B
KALME 2 YK (08:00, 17:00), H 5% Wity oo {4 & 1)
1.2%~1.5%, WEREIE IR a, RRES NG,
BEitERi A, RSN, UK IRIE IR AR IR, 15
HlK IR A (16£1)C, pH N 7.8~8.0, EhEEH 27~28, I
f# 5 (DOY>6 mg/L , % & <0.01 mg/L , W fij iR +h
<0.01 mg/L. FEFJAIAR 56 d.

WL : FREEHE, A 10 BAaiF T
FESLES K alifb i EESEE (Vibrio anguillarum) T 28°C,
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Tab.2 Formulation and proximate chemical composition of the tested diets (%, dry weight basis)

2 5 Groups

JE B} Ingredients

DI D2 D3 D4 D5 D6
1%} Fish meal 45.0 445 44.0 43.0 42.0 41.0
fi% % 1 Casein 16 16 16 16 16 16
KIGE 4 FE H Soy protein concentrate 8 8 8 8 8 8
a-JEHM o-starch 12 12 12 12 12 12
a3 Fish oil 7 7 7 7 7 7
K OIBEAE Soybean lecithin 1 1 1 1 1 1
A A R WAL Vitamin premix® 2 2 2 2 2 2
¥R WE R Mineral premix® 1 1 1 1 1 1
EI>E08 Betaine 1 1 1 1 1 1
W2 — & 45 Ca(H,PO,), 0.5 0.5 0.5 0.5 0.5 0.5
ZULMEBE Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
WA Antioxidant 0.1 0.1 0.1 0.1 0.1 0.1
BRPRLTYE R CMC 5.9 5.9 5.9 5.9 5.9 5.9
#% B M Ribose protein 0 0.5 1.0 2.0 3.0 4.0
J3T Total 100 100 100 100 100 100
B B(%, T9 &) Nutrient composition (%, DM)
MEH Crude protein 49.01 48.63 48.93 48.75 48.74 48.66
BT Crude lipid 10.80 10.26 10.69 10.67 10.82 10.97
K4y Crude ash 10.88 10.75 10.89 10.66 10.64 10.68
M Ak Gross energy/(kl'g ™) 20.87 20.65 20.86 20.78 20.26 20.67

W oa 4 EBURE (mg/ke FURED: PLEEE, 38.0; oEB WY, 210.0; 44K D, 13.2; B, 115.0; #ZHE,
380.0; FHFRMLASEE, 88.0; yZFR, 368.05; NAMR, 1030.0; A&, 10.0g; MR 20.0, 4iAE By, 1.3; LEE, 4000.0

b: B Y AR EHme/kg WURAED : LKBRIREE, 3568.0; FALHH, 3020.5; GRA4R4T, 8.3; Sfb4h, 28.0; L/KERMR
B, 353.0; TLKERERAA, 9.0; WULER, 7.0; MUKBIRRER, 63.1; WHUEREN, 1.5; TLARKAHERRE, 1523; &Afkéh, 100.0;
FACEN, 4.0; —UKABER A4, 25,568.0; FLERES, 15,968.0

Note: a: Vitamin mixture(mg/kg vitamin premix): retinol acetate 38.0, alpha-tocopherol 210.0, vitamin D; 13.2, thiamin
115.0, riboflavin 380.0, pyridoxine HCI 88.0, pantothenic acid 368.0, niacin acid 1030.0, biotin 10.0 g, folic acid 20.0, vitamin
B, 1.3, inositol 4000.0

b: Mineral mixture (mg/kg mineral premix): MgSQO4-7H,0 3568.0, KCI 3020.5, KAI(SOy), 8.3, CoCl, 28.0, ZnSO4-7H,0
353.0, CuS0O4-5H,0 9.0, KI 7.0, MnSO,4-4H,0 63.1, Na,Se0O; 1.5, C¢Hs0O4Fe-5H,0 1533.0, NaCl 100.0, NaF 4.0, NaH,PO,4-2H,0
25,568.0, Ca-lactate 15,968.0

200 r/min F23% R FRAE PSR 10 h, 2 ODgoo nm 27 0.5,
4°C, 8000 r/min %.[> 10 min, WWEREUIE, HIL
[# PBS FiBé, % ODgoonm N 1 ZE47, 43R 100 pL
{1 B8 I (1% 107 CFUYHEAT HCHE L 433U 25 P9 S R A
W, fRIEFS MR, B2 h ME 1k, PP, T
48 h Geit RBIET- %,

13 HmR&E

TR I LAy, A5 24 h, LI ON B AR,
TC SR S 1 1 R R, THERGE R R
Tk R K BRI SR 15 B, T & Bk,
FEHBKR L, 2 J5 BN B A FR R, SR o 78 AR 2

TR NEA L AR LL . AE 4CHEE 4 h, 4000 r/min
B0 10 min, JUILTE o K FTAREARAET-20°C, 15,
14 MEEESHE
141 A KiEAR
100x 715 FE /30

14 % (weight gain rate, WGR, %)=100x(# A& &
Jo e — YA B ) A4 A B

' E A K (specific growth rate, SGR, %/d)=
100 (In A A i £ —In SRR T HE)/56

B ACF (protein efficiency ratio, PER, %)=100x
(ZARNR T W R R T i )/(he B et < ARl REL 2 1 5 i)

J8 7% R (survival rate, SR, %)=
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Akl 22 ¥ (feed conversion ratio, FCR)=1RE& &/
(LR - R AR T i)

HE 3% £ (condition factor, CF)=100x{4 fi /1A K

AE A Eb (viscerosomatic index, VSI, %)=100x A i
A A

M 1A Bt (intestinesomatic index, ISI, %)=100x%iE
/A

M52 5 & 4B K W T (IGF-1) . £ K& (GH)
K F I ELISA 257 &0 52 .
142 FEBAHF IR S 04 M Tk} oK 43R
FH 105 °C1E 8 B0 52 (GB/T6435-2006) , #4E 1% L
[ E A 5 (GB/T6432-2018), LIS I % & [
HE3 10 52 (GB/T6433-2006) , LK 432K FH KAk 32 1l 78
(GB/T6438-2007), &t K FH S SRR BE 7 I 5 (IK A,
C6000, FEE), fkt F Rt & ES M (GB/T
18246-2019 ) H b B, LR A4 A sha 3R
I 7€ 1Y (Hitachi L-8900, F A<)E 4347 .
143 wiFBpEMWNE  BEMA(TP). HEH(ALB).
VB (LZM) | Bl 5 1R it (AL P) FIER S0 16 0 62 AL T
(SOD)F42R HH g st i Jl i A G A 70 o 5 I3 Ao I ]
% (TCHO) . H i = E& (TG) . 1k % JI§ & 11 B &l
(HDL-C). /=% & g A H [ 5 (LDL-C) ML (GLU)
YR R o B S R I s E A E Bl
(IL-1B). T ZE v (IFN-y), MR IRSER F(TNF-a))
K b BRI ELISA 57 &0l &
144 FpiEiKABEE S pid B A B (trypsin) . o-
UE K3 Bt (o- Amylase) F1 i i i (lipase) ¥4 R FH ma 5% 2 A%

x3 BREEEREMMYRETHEEKERE

1R & AT E

145 S&F%  WERBILTR, HHEALWT
FRBET- % (cumulative mortality rate, %)=100x(J&5E
i R R 1 D)

1.5 #HBHH

K HI SPSS 17.0 B A%t B A5 55l kA 7 B R 3R Oy 22
Z3HT(one-way ANOVA), 53, NRA Duncan
T ZEmAL, BEKFER 0.05, GitEdE LY
{H AR 1EZE (Mean+SD) KR o

2 HR

21 #“EEABREMITKELHEE KT

1% 3 AT, Bl ARk P AR A R AR s )
B Th i, WEER | R AR KRR [ R ACR Y 2 e
TG TR RS, iR R BN R A g
R R AR AR R 1 AR A e (L A
D3 4, WFETRIEAP<0.05); Tk ZE7E D3 4
KFENRARAE, BFMET D1 4H(P<0.05), H5H A4
Z I 255N B 3 (P>0.05), Fifi 5 ekl o A2 b 28 1 2R AR
FB KSR BE N, 2l IR B 5L TR R R,
D2 Hl D3 20 5%} B 20 TG Bk 3 22 5% (P>0.05) , D4~D6 41
R T X B (P<0.05) £ 4 B S A p G % . ik
EL RN A HE TG 3 25 5 (P>0.05) 6

A 1 R 2 AL, Zhfa i IGF-1 il GH & &
¥i7E D3 ikl e, 2w T HALLL(P<0.05),

S0

Tab.3 Effects of partial replacement of fish meal by ribose protein on growth performance of juvenile turbot

415 Groups

Iji H Items

DIl D2 D3 D4 D5 D6
WIAR B & Initial body weight/g  24.01+0.01  24.01£0.01  24.01£0.01  24.01£0.03  23.74+0.44  24.00+0.03
AR Final body weight/g  48.96+1.31°  51.63+£0.80% 52.68+1.19*  51.86£1.13% 51.15+1.66" 50.00+1.25%
AL 2 SR/% 96.67£3.33  94.44£1.92  96.67+3.33  95.56+7.69  97.78+1.92  96.67+3.33
T WGR/% 103.91+5.35°  115.04+3.48% 119.41+5.14* 115.99+4.41% 115.44+3.59% 108.35+5.25"
e KR SGR/(%-d ™) 1.27+0.04°  1.37+0.02%°  1.40+0.04*  1.37+0.03™  1.37+0.03™  1.31+0.04*
AR PER 2.53£0.14°  2.7240.02°  2.82+0.04*  2.80+0.12°  2.75+0.06"  2.70+0.11%°
Tkl Z % FCR 0.80£0.04*  0.76£0.01™  0.73£0.01°  0.7320.03°  0.75:0.02°  0.76+0.03"
U5 B CF 3.47£0.12°  3.57+0.06°  3.51£0.16°  2.96+0.07*°  3.10£0.05*  3.06+0.01°
JIEAA L VST/% 5.75+0.64 5.94+0.15 5.78+0.28 6.04+0.16 5.67+0.31 6.13+0.35
Wik kL 1S1/% 2.24+0.10 2.25+0.06 2.20+0.21 2.4240.05 2.20+0.10 2.33£0.16

W RATEORE AR IC 7R R R 22 A B3 (P>0.05), AE/NE FhEFR R Z R BEP <0.05), T

Note: In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while
with different small letter superscripts mean significant difference (P<0.05). The same as below
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Fig.1 Effects of partial replacement of fish meal by ribose
protein on serum IGF-1 content juvenile of turbot

ANT) - B R L AT W35 22 5#(P<0.05). T[]
Values in each column with different letter superscripts are
significantly different (P<0.05). The same as below

30

HKME GH/(ngmL-)
s 5 8 OB

o

Hia.

|.|.|

|.|.|

Hh
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T

0 1 L 1 1 1 J
D1 D2 D3 D4 D5 D6

205 Groups
K2 OB A foky X RS2 B4y f LY GH RS2
Fig.2 Effects of partial replacement of fish meal by ribose
protein on serum GH content of juvenile turbot

22 FARFRNARKEZBEEAN KXES S EH
L EEE R
2% 4 R, W38 R AR AN o- D A0 it TG ) 35 7
D4 23K B e i {E , 50 BRZH 2% 57 1 3 (P<0.05) . 54T e
AL, R R A R T 4l fo i B B 76
(P<0.05), 7¢ D6 ik AIE, &N T R4 (P<0.05),

23 BEEEABTREMXKETLERELENIZME

% 5 AT, ghfalii TP & EAE D3 41 #ix
I E, X HR L 22 5 3 (P<0.05); ILiE GLB & 1E
D2 #H i 35 5 T X IR 2H (P<0.05); %4116 ALB & &
M A AL W B AL i (T-SOD) 1% M | 35 2% & (P>
0.05); LZM {f PE7E D1~D5 4 1. 35 &5 T D6 2H (P<0.05);
D2~D6 411 ALP 5k i 3% i T % B 41(P<0.05).
Gt i IL-pl S EAE D2 HikfliEl, B&5eT
X HEZH (P<0.05); IFN-y &% iE7F D3 1 D5 4 5% i
TG Wi 3 22 5 (P>0.05) , H H A 2H 24 i 258 T X B 20
(P<0.05); Ak b s I AZOME 2 1 f 3 0 T &) £ il i
TNF-a ¥ FE(P<0.05), HH7E D2 4k 3] & & H-

24 EARHBRFEMARKFEZREEANKEAHEE
HARTREI R 0E

H12E 6 AT %0, & fa i i RH FE R = AE D3 413k
e, 55X IR 3 22 R (P>0.05), AR E R
T D4~D6 4 (P<0.05); Bl 2 TRk A0S & (1 7% = A0 3
I, Gl i H Ik =R R R R, 7E D6 ik H i
MG, 38T X B4 (P<0.05); MWL EEIEE A
JIF G B 5 i fE DS AliA S EeNfl, WL T XTI
(P<0.05); =% ARE AR EEE A B 7E D4 41k 35
EE, TR IR (P<0.05); IfUBE SRS E T
Ja TR, 75 D3 dik B M E, B3 s T AL
4H(P<0.05).

25 HARHBRMARKFZEEENKETLYHER
I T RBYZ M

TE R ZE 6 &)y fa 4R b IS A R B R AR TR L
il e R W SR R B4t 56 d 5, PEAT 08 9 R A
Ysinly, YL 48 h £ SCIR RBBET R G AR
K 3, #4URGZ )5, 78 12 h BN EsET 5, 1
24 h WAET- R 20N, 36 h 182, 48 h HIiA 2 EF4,
EXTIRALAH L, D2 4 RBVETRIK 56.45%, K%
A, o 0K T X 2 R A S 563 4 (P<0.05)

x4 EEEEEREMVNAXETHERHEENLEFNZMW

Tab.4 Effects of partial replacement of fish meal by ribose protein on digestive enzyme activities in intestinal of juvenile turbot

i H Items

2l 5] Groups

DI D2 D3 D4 D5 D6

JEE A E Trypsin/(U-pg™" prot) 2.11£0.05°  2.09+0.07°  2.68+0.03%  2.74+0.03*  2.42+0.04°  1.97+0.06d

o-TERIHE o-Amylase/(U'mg ' prot)  0.25£0.01°  0.25£0.02°  0.25+0.01°  0.34+£0.02°  0.33£0.01°  0.26%0.02°
JEWiliE Lipase/(U-g ' prot) 2.76£0.16*  2.32+0.13°  2.39+0.06°  2.52+0.22%°  2.4420.11°  1.90+0.08°
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x5 ABBPRMARKEZEEANKETLEMERBENNZI

Tab.5 Effects of partial replacement of fish meal by ribose protein on serum immune indices of juvenile turbot

233l Groups

i H Ttems

DI D2 D3 D4 D5 D6
MEN TP/(gL™) 28.86+0.046° 32.76+1.75° 33.2140.54° 29.26+1.08" 29.26+1.16° 31.19+2.24%
M ALB/(gL™) 15.70£0.37  15.64£0.90  14.66+1.02 14.99+0.23  15.18+0.75 14.70+0.61
BRI GLB/(g'L ™) 13.16£0.81¢  16.44+0.61° 15.55£1.18% 14.04+0.19%  14.7420.57*° 14.82+0.28"
W TE N LZM/(ug-mL ™) 120.81+0.85* 118.96+2.02° 124.21+3.16* 121.17+1.39° 119.88+3.78* 105.60+5.55°
TRPERE IR ALP/(A [RBAA- 100 mL™)  2.47+0.23°  4.86+0.10°  4.46+0.28"  3.44+0.20°  3.68+0.25°  3.51+0.44°
FORE Y E LS T-SOD/(U'mL™")  23.06+£0.16  22.81+0.47  22.87£0.65 22.22+0.60  22.73+0.69  22.58+0.71

HA 2 Bl IL-1p/(pgrmL™)
FHE v IFN-y/(pgmL™")

JilE SR FE N - TNF-a/(pg-mL™") 21.21+4.02°

57.02+3.19" 122.54+13.20° 73.21£15.75" 92.63+7.45" 110.3246.63° 112.18+4.86°
453.47+55.40° 200.48+12.24" 427.42+52.66° 264.07+67.717° 422.44+10.15°320.74+47 87"
69.83+2.00°

32.86+3.52Y 34.9744.81% 41.97+£4.42° 50.50+7.22¢

x6 fABBRRMARKEZEEANKETL EMFELIEROZN

Tab.6 Effects of partial replacement of fish meal by ribose protein on serum biochemical indices of juvenile turbot

i H Items

215 Groups

DI D3 D4 D5 D6
M B TCHO/(mmol-L™) 421£0.16* 4.27+0.16* 4.36+0.03° 3.82+0.21°  3.72+0.33° 2.99+0.19°
Hith =& TG/(mmol-L™) 2.79+0.08"  2.58+0.13"  1.84+0.18°  1.67£0.27°  1.30£0.19° 1.28+0.18°
%25 B2 g 2 (IR [ 82 LDH-C/(mmol-L™")  0.81+0.08"  0.97+0.08°  0.94+0.04  0.84+0.18%  0.25+0.01° 0.40+0.01°
NS I EE HDL-C/(mmol- L") 2.02+£0.01°°  1.95£0.06°  2.13£0.02°° 2.22+0.08°  2.09+0.11°  1.79+0.04°
1L ¥% GLU/(mmol-L™) 2.42+0.15°  2.40+0.05° 2.68+0.23°  2.18£0.02°  2.11£0.02° 2.15+0.04°
ei_a . a2, a R D 28 100 W A R, R o R R AL R
2ol F . RNt (T2, 2004) . X5 5 & R & 2 K (Yigit er al,
w2 sl il 2006) . FE A PINEIRCTRIESE, 2019)F 76 K22
ég sl B i R FH A AL S5 SR . ST A BESR R, 7R 2R
Eo g9l (Drosophila melanogaster) 12 i {4 75 % Fk [ 3K 3k [H F
M% 20 AN BB R 2 B AR R i Bl A B B A, A
LRt 117 R 2 I R 7 B 12 (Jorgensen et al, 2002), Ui
0 ; : : : ' ! MR ARXT ShUR R AR A A KR AR A E

D1 D2 D3 D4 D5 D6
205 Groups

P 3 BB A Aok X R 3R 6 40 £ RBSE T A 52
Fig.3 Effect of fishmeal replacement by ribose protein on
cumulative mortality rate of juvenile turbot

3 itip

31 EMEEABREMMAETHEERKERERE
RS PREI RS

AR R B, B PR AUOR 22 B 4 f 4RDRL
1% 0 AT i e 4l R R | R AR KRR 1 A
AR, AR IR R R, Ul TS IE AR PR AR
A DA N AR R R TS RS DO, (R R SR
A IR AR R, ] fE S AR 1 Y 22 Ik

ZAUVEF (Marygold et al, 2007), FEARWFFE T, KIZHF
TEPRHAS I 1% 8 e T A A K ke, X
AIRE SN T AR R R R IA A O, B
PRI 75 3 — 2L BriE o {H YR s k- T
1%, HIGER | R A RKOR | B AR 2 3|
WEEMR, ATREERr TR 2 MO R 2 J R
iR 16 b B IR 12 RGN B, dnT BE R A%
Wi v B RS 5 A st} v Y 2 R R W WSS () 2
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labrax) (Cahu et al, 1999) #7845 SR —2
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BE R LR AR e Y TR (Daudpota et al, 2016), A
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(Goémez-Requenia et al, 2004)fFRL RNzl . #YE
FE R S S BRI RAEKEFRE LS
i NRE, XM AENE IR AN Rl B (Hevroy ef al,
2011), XA AT REREABT T, Ao A Ak
REAIG T R ZEBE Ly £ 137 IGF-1 IR 22— K
BRI AR LT SR RICEEMIER, 4K
U R e PR AR 3 0 1 A R R SRR U R T
IGF-1 1 F 40 290 i it i £ R ML 1) A 4 (i A 4,
2016) AWFFERMY, Rk A AR 8 R A ok
B 7 I vE i AERMR o i, 5 g T IGF-1 IR E A
e #h—2, RWIEPEL b A IO 22 2 A ok BRI
TILE GH L IGF-1¥EE, MTIFEAR 1 iR i A K
R o ik e Ao A 1 R A A 85 (1%4H) PT84 £
Iif GH Fl IGF-1 ¥ B, 3000 i A A K e R AIR 083
HHAA —ErE L
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idella) (T4, 2004) . & Y B A B (Centropristis
striata) (BRAFEE, 2009)55WF 78 45 2Bl e HAE
FHALIEL 5 Z2 AR 1 T ) £ 1A gy 3 v ik 284 440 i 5
WA U TH AR Y 3 A (2L, 2015), fH
TERZHEE U 4% i 2 R IR T i T8 e 11 il
T, DI R E 0 R R AR Aok L A 1S m , An
1 RE 0 1 18 T 2R 1 RS R 2 0 B TR T BRI
AR, TPk A B A B R A AR B AIK T 4 fa s
Jig ) 35, HEHILEE AT R AR A 1 SRS RO A T

P T AR DA QAR S DR 3k, B2 TN T B4 A
M K B iz AR BE (HTF4E, 2019), £ E, Gl A
ROE R AU T 4 i 2 B4 0 1 AL BE ), (H
1o 1) A 0 AZWE B 1 A AR 5 W) D22 B 1) i AL RE
T, BB A0 107 W g B A, TR BIL
T E B AT I
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i NF-xB 8 78 K 006 i 1R 1Y 4 58 o) il (R 1 5%
2019); —. EHEEAR AN Z KA DU .
P I B A i F R G T AR

HAZE-1p EAAENE 1| B—Fh R, E—Fh
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Z5.2018), BRACLH MM b I [ s R % R R A A
SOV IR R R, SRR AR 1 0T AR S I3 v B o
AR, TInE AR IR = P iE bR, A T RE SRR R
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PRIk, DT 52 M) 0t 355 B 10 AT il % A2 4, (R EL A
¥ 2 KBRS 7 R e (T TS R 55, 2019),  IMLpH
iR SN AE s K AL A AR KO 1 R bR, —
P AR EE R, IR R R A, ) B A AR IR
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Effects of Partial Replacement of Fish Meal with Ribose Protein on
Growth Performance, I ntestinal Digestive Enzyme Activities,
Specific Immune Indices and Physiological and Biological I ndices
of Juvenile Turbot (Scophthalmus maximusL.)

HAO Tiantian', WANG Jiying'”, PAN Jinmin?, YANG Hui?, LI Baoshan',
SHEN Yubo®, LIU Caili’, WANG Chenggiang', HUANG Bingshan'

(1. Key Laboratory of Marine Ecological Restoration, Shandong Marine Resources and Environment Research Institute,
Yantai, Shandong 264006, China; 2. Yantai Three Dimensional Feed Co. LTD, Yantai, Shandong 264006, China; 3. Shanghai
Collaborative Innovation for Aquatic Animal Genetics and Breeding, Centre for Research on Environmental Ecology and
Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs, National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract This study was conducted to evaluate the potential of replacing fish meal with ribose
protein in juvenile turbot (Scophthalmus maximus L.). A single factor experiment -with six fish meal
levels was used. A control diet (D1) was formulated to contain 45% fish meal. In other five diets, 0.5%
(D2), 1% (D3), 2% (D4), 3% (D5), and 4% (D6) of the fish meal in the diet control were replaced with
ribose protein, respectively. Each diet was randomly fed to triplicate groups of 30 fish per tank. The
experimental period was 56 d. The results showed that as the replacement ratio of fish meal by ribose
protein increased, the weight gain rate (WGQG), specific growth rate (SGR), and protein efficiency ratio
(PER) showed a trend of first rising and then decreasing, they were all significantly higher in the D3
group than in the D5 and D6 groups (P<0.05). However, the feed conversion ratio reached a minimum in
the D3 group. Compared with the control group, the serum IGF-1 and GH contents in the replacement
groups were significantly decreased (P<0.05). Trypsin activities of the intestine in D3, D4, and D5 groups
were significantly higher than in other groups (P<0.05). Amylase activities in the intestine of the D3 and
D4 groups were significantly higher than that in the control group (P<0.05). Lipase activity reached a
minimum in the D3 group (P<0.05). The total protein, globulin, and alkaline phosphatase contents in the
replacement groups were significantly higher than those in the control group (P<0.05). The lysozyme
activity in the D3 group was significantly higher than that in the D6 group (P<0.05). The albumin content
and the activity of superoxide dismutase were not significantly different among all the groups (P>0.05),
while the serum IL-1p and TNF-a contents were significantly increased (P<0.05). Compared with the
control group, the total cholesterol and triglyceride contents in the D4, D5, and D6 groups were
significantly decreased (P<0.05). The serum low-density lipoprotein cholesterol content of the D5 and D6
groups was significantly decreased (P<0.05), and the serum high-density lipoprotein cholesterol content
of the D4 group was significantly increased (P<0.05). Glucose content first increased and then decreased
as the replacement ratio of fish meal by ribose protein increased, and it was the highest in the D3 group
(P<0.05). The challenge study showed that the D2 group had a lower cumulative mortality rate than other
groups after 48 hours (P<0.05). It can be concluded that the optimum level of replacing fish meal in turbot
diet with ribose protein is 1% based on growth performance, and simultaneously considers the indices of
digestion and specific immune, and disease resistance in S. maximus under this experimental condition.
Key words Ribose protein; Scophthalmus maximus L.; Growth performance; Activity of intestinal
enzymes; Physiological and biological indices
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