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(Perciformes) fifi V. H (Percoidel) fi& B} ( Serranodae) £
Bt @ (Epinephelus) , & B #5541 B . (E pine phelus
lanceolatu) HALA , ki A Bt (E. fuscoguttatus)
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LR W T R R AR T AR S Y
TRGEFRFA RN . R e I8 B a2 R 1 1k 0 28, LA
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F B GARST Ja - A 6 030 A0 28 1R K PRI 21 . &8
WETEST AL T AR 3 5 5 mm 2247 AP RLA% 1)
TPRHAL, 60 CHETIHFORAF T —20 “CukFi & . Tk
B B TR IR 2, A FERR A UL 3.

*1 BBRRBNEFRASRRRS FES % (THRERM)
Table 1 Proximate composition and peptide molecular

weight distribution of stickwater meal( DM basis)

JIEA B £ AR 4 B 1 Rk R T R 2R R B BF Y R Uk W T4
. N = N = = A~ EL PaSI=N
B, ARUF5SETE 1= *E%% EARDRE {?ﬁbﬂyﬁﬁféé Proximate Coanfnt Peptide molecular Conint/y
.. > . . . . > 0
B LUk F) F%{&@ﬁkj@ﬂﬂﬁﬁf@ﬁ*#@*ﬁ{ﬁﬁﬁ B composition weight distribution
AT LA 1) F G o
Crude protein 65.12% <1 kDa 55.67
1 MESHE
) B
*EHBEH. . 8.58% 1~3 kDa 9.86
1.1 SEIta R Crude lipid
, " N v . SN I 4
DL Ry R Gk 4 8 1 o E R LR Mol & fiﬁigh 9.97% 3~5 kDa 6.45
FIRGMUR , LAV N 60 26 B (H F by A Xif BR 4 (DF) , 4% 4b J—
FRAH K S 4 2 AR 3020 0k . IR 48 i 0(Do) | Taurine 13.24 g/kg 5~10 kDa 11.03
2.5%(D2.5).5%(D5) 7. 5% (D7. 5) & 10% (D10) [y e
FYE SRy O 2 J T T 2R AR R BRA 7D 38 SR 40 DL Peptide 36.55% 10~20 kDa 15.31
R D B E R 8 P 20 T R DA B content
il 6 415 R SFREMSEIR TR, I A U 8 f5 1 80 =20 kDa 1.68
x2 AMBAREFAR(THREM)
Table 2 Formulation and proximate chemical composition of experimental diets (dry matter basis)
2H 51 Groups
J5A} Ingredients
DF Do D2.5 D5 D7.5 D10
M ¥y White fishmeal/% 60.00 30.00 30.00 30.00 30.00 30.00
REULR®E T Soy protein concentrated/ % 0.00 30.00 30.00 30.00 30.00 30.00
fa Ky Stickwater meal/ % 0.00 0.00 2.50 5.00 7.50 10.00
%75 [ Casein/ % 8.00 7.35 5.50 3.65 1.85 0.00
a3l Fish oil/ % 5.00 6.60 6.40 6.20 6.00 5.80
K UIWENS Soybean lecithin/ % 1.00 1.00 1.00 1.00 1.00 1.00
JNFE K Wheat meal/ % 15.00 15.00 15.00 15.00 15.00 15.00
R — &4 Ca(H. PO /% 0.50 0.50 0.50 0.50 0.50 0.50
A ZEFURAS Vitamin premix® /% 2.00 2.00 2.00 2.00 2.00 2.00
B9 R RIE R Mineral premix ®/% 1.00 1.00 1.00 1.00 1.00 1.00
FHEEH Lycine/ % 0.50 0.50 0.50 0.50 0.50 0.50
47 Antioxidant/ % 0.10 0.10 0.10 0.10 0.10 0.10
SU4LHEA% Choline chloride/ % 0.50 0.50 0.50 0.50 0.50 0.50
WA 42 Microcrystalline cellulose/ % 6.40 5.45 5.00 4.55 4.05 3.60
&1t Total/ % 100.00 100.00 100.00 100.00 100.00 100.00
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2H 51 Groups

J5 A} Ingredients

DF Do D2.5 D5 D7.5 D10
FEA #i /) Proximate composition
M Crude protein/ % 51.07 50.94 50.93 51.23 51.39 51.43
HRET Crude lipid/ % 10.48 10.90 10.78 10.77 10.75 11.13
MUKy Crude ash/ % 14.93 11.48 11.27 11.50 11.96 12.23
fe 4 Energy/k] » g 24.83 25.19 25.36 25.30 25.14 25,27

VAT YA ZWR BN A VA 38,0 mg. o E B 210. 0 mg, JULEL 4 000. 0 mg. Bl ZE 115. 0 mg. % H 2 380. 0 mg. T RSB 88. 0 mg, VD;
13. 2 mg,Z g 368. 0 mg, Mz 1 030. 0 mg, 242 10. 0 mg, HfiZ 20. 0 mg, VB2 1. 3 mg. PLIFIMEE 500. 0 mg,

BT 558 ¥ E WIR R P &4 - NaCl 100. 0 mg, KCI 3 020. 5 mg, ZnSO, + 7H, 0 363. 0 mg,CsHs O7Fe « 5H.0 1 523. 0 mg,CuSO; * 5H,0 8.0 mg,
MgSO, + 7H,0 3 568 mg, MnSO, * 4H,0 65.1 mg, KAI(SO,), 11. 3 mg, NazSeO; 2. 3 mg, CoCl; 28.0 mg,KI 7.5 mg, NaF 4.0 mg, NaH;PO, -
2H,0O 25 558. 0 mg, FLERFS 15 978. 0 mg,

Note: A.A kilogram of vitamin premix provided the following ingredients: VA 38.0 mg, alpha-tocopherol 210. 0 mg, inositol 4 000.0 mg, thiamin
115. 0 mg, riboflavin 380. 0 mg, pyridoxine hydrochloride 88. 0 mg, VD3 13. 2 mg, pantothenic acid 368. 0 mg, nicotinic acid 1 030. 0 mg, biotin 10. 0
mg., folic acid 20. 0 mg, VBI12 1. 3 mg, ascorbic acid 500. 0 mg.

B.A kilogram of mineral premix provided the following ingredients: NaCl 100. 0 mg, KCI 3 020. 5 mg, ZnSOy « 7H;O 363. 0 mg, CsH507Fe « 5H, O
1 523.0 mg, CuSO4 * 5H;0 8.0 mg, MgSOy » 7H20 3 568 mg, MnSO, *» 4H;0 65. 1 mg, KAI(SO,)211. 3 mg, Na;SeO; 2. 3 mg, CoCl; 28. 0 mg.,
KI 7.5 mg, NaF 4. 0 mg, NaH; PO, « 2H20 25 558. 0 mg, calcium lactate 15 978. 0 mg.

x3 IBAMSERAN(THREM)

Table 3 Amino acids composition of experimental diets (dry matter basis) /%

2H 51 Groups

MRS Amino acids ©

DF DO D2.5 D5 D7.5 D10
W IR Essential amino acid
K52 % Arginine 2.92 3.03 3.05 3.19 3.19 3.32
MR Histidine 1.00 1.07 1.10 1.10 111 1.15
s & B2 Tsoleucine 1.56 1.56 1.69 1.60 1.57 1.59
MR Leucine 3.82 3.97 3.77 3.70 3.56 3.99
#1512 Lysine 3.39 3.11 3.21 3.19 3.14 3.16
E A Jix Methionine 1.41 1.05 0.91 0.98 1.03 0.86
KN 2 Phenylalanine 2.12 2.18 2.18 2.15 2.12 2.19
F & Jix Threonine 2.16 1.72 2.08 2.07 2.02 2.01
MR Valine 2.12 2.00 2.09 2.05 2.01 2.03
%;ﬁ%)f%eﬁiiﬂl amino acid 20.49 19.32 20.08 20.07 19.93 20.03
AR AINE FER Non-essential amino acid
KRG MR Asparagine 4,77 5.09 5.18 5.21 5.09 5.11
225 /% Serine 2.70 2.59 2.69 2.71 2.73 2.74
HZ & Glycine 3.98 3.02 2.95 3.03 3.11 3.19
2R Alanine 3.09 2.77 2.75 2.78 2.82 2.85
4R Cystine 0.61 0.68 0.65 0.63 0.63 0.62
fi% & ik Tyrosine 1.46 1.33 1.40 1.38 1.38 1.38
N WR Glutamicacid 9.91 10.54 10.89 10.86 10.54 10.70
i %8 Proline 2.64 2.53 2.98 2.55 2.57 2.95
foé fﬁ‘ifg‘fﬁ%ﬁfﬁal pnine acid 28.76 28.54 28.95 29.15 28.87 29.13
JBH MR Total amino acid 49.26 47.86 49.03 49.21 48.80 49.17

T CoEER A R SR & BERER RN R 1A

Note:C. Tryptophan, Glutamine and Asparagine were not detected, the same as below.
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FRBE SR A LU AR A T B RS PR TS e AR S
B B PR K IR B8 2 58 N R AT 36 W) — LR D B2 Bk
T REA BEf 4, F X BRZH (DF 24 Fl DO 2 7RI 3% 2
JE B35 301 18] 72 W A DF 26 G431 38 hm DO 41 el s iF
AL 55 JF 4R T Pk E 540 BT 4R & E (Initial body
weight, IBW) }(23.72+0.09) g K/NE] AR i fdeoH:
IR e A SE a4 o, FEHLo oy 6 240, R4 3 D ER
FANEKE 30 B, FRASCR T 56 d, 4 K I &
WA IR R IR (Y 200 A2 AT o AR P51 00 A A R it
TOFRME 2 YR (7:30 F1 16:30)  F5ME 30 min Ji5HEBR I, B
BT RAR IS . YIFR R s Bl dil K i 16~18 °C,
VA6 mg/L.pH N 7. 6~8. 2, 5 < 0. 05 mg/L, i
IR A <<0. 05 mg/L., G R A 26 4.
1.3 HmRE

SREEHG  AE R 24 b B A T EOF FROR (4
(Final body weight, FBW) 1B AE&E RAGE R, 4
R 15 R fa, s (A4 AT, THERIE G B L BEAILI S 2
T oo Hr, Tl ax 10 2 R #R kIR 73 2 L
P AR FE KB 8, KT 4 CHE 4 h 5
B0 (4 000 r/min, 10 min) B EVE W . 575 4 FEHLE
3 R, Wi 0.8 em 7245 3 8 %€ T Bouin’s ¥R H?,
24 h J5EER 3] 700 R s K L B IR I L f
o AT AN RSO R U R R 7.0 pm SRS
2 HE A, hHERIRE RIS 70k R ETE R
A48 (LEICA 1CC50 HD) FWLEI A,
1.4 FWHESIHELAKX

18 % (Weight gain rate, WGR, %) =[RK&E
(@) —HIMAE (g) 1X100/FHA T () 5

8 K # (Specific growth rate, SGR, %/d) =
[In AR (@) —In FUATE (2) 1X 100/ FRFHREL (D 5

1Akl 2% (Feed conversion ratio, FCR) =45 /H
FHEE (@) /LRIRE () —WIRE (2) 5

& 1 JFisi R (Protein efficiency ratio, PER) =[ K
R (@) — Wi () I/ LR R ik S (o) X PR
TR0

JFA I (Hepatosomatic index, HSI, %)=&
1 (2) X100/ KRIKH (25

A FE (Viscerosomatic index, VSI, %) = PN I i
3t (g) X100/ KAKTE (25

3% B (Condition factor, CF, g/cm®) ={&H (g) X
100/, (em)?

115 % (Survival rate, SR, %)= BE <100/
SR

YRR IR i S g3 1 o3 A e M A3 A
ARSI CREIR (A7) | At S L SR T HIT-

TACHI L-8900 Z MR 73 B A2 5 135 S bt Ak i
(Total antioxidant capacity, T-AOC) . {8 & ALY 1k
fiti (Superoxide dismutase, SOD) ., N — ¥ (Malondial-
dehyde, MDA). & 14 #% f2 fif# ( Acid phosphatase,
ACP) I PS4 R e % A= ) AR 0 5 7 ik 70 s T
€ ML A2 H (Total protein, TP) ., H & H (Albu-
min, ALB). H il = g ( Triglyceride, TG). B [# iz
(Cholesterol, CHOL) . /& % Ji& ig % 1 1 [# % (High-
density lipoprotein cholesterol, HDL-C) {55 J&F J§ 7K
F1 I [# % ( Low-density lipoprotein cholesterol, LDL-
O &&= AN A (Alanine transaminase, ALT) .4
BEE G ff (Aspartate Aminotransferase, AST) .\ fat: it
iR fiti ( Alkaline phosphatase, AKP) &M% H Hr 4
H 3L 1AL (7020 &L, Hitachi) il 2 , &5 B At
SR A AL B A FR A )
L5 EiEaHh

A A SR 1 SPSS 18. 0 k47 B R 5 22 43 A
(One-way ANOVA) , A Duncan’s ¥ 56 #4722 8 HL 800
Mrs P<<0.05 N 225 3%, P=>0. 05 I Z 7 A W4
Ger A PSP AR ERR (Means &= SE) ITE AR .

2 4

2.1 £ MRE RARIF A SIS R R EEE

H e 4 ] WL, E A B U RDR A I — s Y £
VI e 2 S 0k B AR 5 1 Y 2 2RO IR A B
gl KR, DO I D2. 5 20 il 3 B R AR A K
2T BB AL (P <<0. 05), 2440 7K s i ik
500 BB WA E R AR A KR S X IR 25 R B
(P=>0. 05) ; % ZH [A)fr Ak R BBORN 2 1 B8 2 S A Wi
(P=0.05);D5.D7. 5.D10 4 fiFA e 5 DF 4122 2 A8 8
% (P>0.05) fH §Z{ET D0 4 (P<C0.05),D2.5 4]
&M E YR EE(P>0.05),D0 F1 D2. 5 4 EA L
BEEFHE A4 (P<0.05) ;D0 40 B © 2K T+
DF 1 (P<20. 05) , i i fa s ok 1) 4 41 5 DF 41 22 &
ANEE (P=>0. 05) s AR 4b FHZH ¥ Bk B A7 B 1.4 4 1
AR ERARFH(P>0.05),
2.2 £ REMEFRS
2.2.1 & & B WU KB IR 4%, H 2 5 Al WL, AR
Qb FRLH 2 ] 4 fi 7K 43 RLIE 7 R 43 25 S R i 2%
(P=>0. 05) , IR RN 145 21 At ofL R 1 2 2
F DF 41} DO 2 (P<C0. 05) ; /[l b B4 [ 25 LK 43
FLEE LG 7 SORLIK 43 34 TG 1 3 2% 5 (P =>0. 05)
2.2.2 F WUR I BR 21 A%, i 6 AT UL, S A ) A A
BRI AR I A 1 B A0 &)y 11 5 LA Rl R R
MR B2 (P =>0. 05) , XF Wi & L IR B A JF b
GHETR SR B R SRR R I AN 2 (P =>0. 05)
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Table 4 Effects of stickwater meal supplementation in high plant protein diets on growth performance, feed utilization,
morphological parameters and survival rate of juvenile pearl gentian
) 2H 5 Groups
i H Items
DF DO D2.5 D5 D7.5 D10
IR
Z‘J]!lnﬁgﬁ . 23.7140.06 23.7240.06 23.73£0.10 23.75+0.04 23.7140.03 23.7240.06
Initial body weight/g
RN b c be = 7ab a b
. . 68.66+0.21 66.87+0.44 67.36+0.28 68.41+0.57 68.85+0.31 68.40+0.52
Final body weight/g
R . bhe ,; .
. . o 189.57£1.57* 181.8741.18° 183.85+1.67* 187.9642.01" 190.39+1.56* 188.34+1.76*
Weight gain rate/ %
O g L 2
#Tﬂiﬁiﬁﬁ 0 . 1.90+0.01" 1.8540.01° 1.8640.01" 1.8940.01% 1.9040.01* 1.8940.01%
Specific growth rate/% « d
P
AR . . 0.69+0.02 0.7140.02 0.70+0.03 0.6540.01 0.67+0.00 0.6540.02
Feed conversion ratio
EEE@&% . 2.797£0.06 2.8240.17 2.78+0.13 2.9540.05 2.90£0.01 3.0010.04
Protein efficiency ratio
}ﬂ:&ktk‘ 4 14+O 071) 4.5 -+ a ab b b b
. 0 .14=0. .510.06 4.34740.06 4.14740.08 4.1340.08 4.14+0.10
Hepatosomatic index/ %
HEM:H: .. 0 11.37£0.14% 11.8040.09* 11.7040.05* 11.294-0.10° 11.3240.02" 11.3940.05"
Viscerosomatic index/ %
H?‘{Wrg s 2.56+0.04* 2.3840.01° 2.4740.03® 2.4940.04* 2.51£0.04* 2.4640.04®
Condition factor/g * cm
ﬁ(E$ 0 90.83+2.50 92.22+2.94 96.67+3.33 94.4441.11 90.00+3.33 97.78+1.11
Survival/ %

T« A% A —47_EARA NG PR TR R 22 R AR B3 (P=>0. 05) AR/ING FRERR 22 57 B3 (P<C0. 05) . F KA.

Note: In the same row, values with same small letter superscripts or no letter superscripts mean no significant differences(P=>0. 05). Different small let-

ter superscripts mean significant differences (P<Z0. 05). The same as the following tables.

*5 BEVERRMPRIMERRHNBHREEARELEEFRRSHIFN

Table 5 Effects of stickwater meal supplementation in high plant protein diets on

proximate composition of juvenile pearl gentian grouper /%
415 Groups
i @ Ttems
DF DO D2.5 D5 D7.5 D10

4 Whole fish
7K 43 Moisture 69.9540.69 69.9740.37 70.3140.87 70.2040.42 70.434+0.17 70.0440.71
& Crude protein 60.65+0.28"  60.44+0.15>  61.7640.42° 61.8940.22* 62.184+0.22* 60.69+0.10°
Mg Crude fat 19.48+0.47 19.454-0.32 19.31£0.30 19.7440.07 19.884-0.23 19.804-0.09
HLHK > Crude ash 16.16+0.10 15.834-0.04 15.6140.13 15.6740.08 15.984-0.14 15.92+0.25
ML Dorsal muscle
7K 43 Moisture 78.5040.00 78.4140.08 78.0740.42 78.4140.09 78.354+0.18 78.6740.07
& Crude protein 88.82+0.45 88.59+0.18 88.6840.60 88.6740.14 88.391+0.32 89.194+0.34
Mg Crude fat 4.9240.07 4.86+0.22 4.8740.05 4,93+0.08 5.11£0.15 5.23+0.09
MK 4y Crude ash 6.254-0.01 6.17+0.10 6.08+0.11 6.2940.13 6.354-0.07 6.324-0.06
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Table 6 Effects of stickwater meal supplementation in high plant protein diets on amino acids
of dorsal muscle of juvenile pearl gentian grouper /%
HHERC 20 5] Groups
Amino acids” DF DO D2.5 D5 D7.5 D10

K53 % Arginine 5.184+0.08 5.134+0.03 5.2140.07 5.0740.04 5.16£0.13 5.174+0.10
2H % ¢ Histidine 1.6240.08 1.62£0.06 1.60£0.05 1.66+0.02 1.5240.03 1.7140.05
B2 AR Isoleucine 2.954+0.15 3.114+0.10 3.02+0.03 3.0540.22 3.05+0.11 3.201+0.07
=R Leucine 6.9240.14 6.8710.06 6.9340.08 6.8940.16 6.8740.17 7.0140.17
FHi 2 iR Lysine 8.2140.22 8.2940.11 8.31+0.11 8.37+0.23 8.2010.24 8.4540.17
FEZ R Methionine 2.58+0.13 2.33+0.13 2.47+0.28 2.41+0.07 2.0310.26 2.62+0.05
N R Phenylalanine 3.6310.07 3.6240.02 3.6440.03 3.6040.08 3.6040.11 3.6540.07
I % Threonine 4.23+0.08 4.16+0.02 4,1940.05 4.20+0.08 4.1440.11 4.17+0.12
444 Valine 3.4940.20  3.5840.14 3494010 3714018  3.53+£0.19  3.54-0.08

;ﬁ/_‘

LIEIERR A Total of 38.81£1.04 38.72+0.49 38.85+0.60 38.97+0.86 38.10£0.86 39.50£0.78
(,bb(,ntldl amino acids
KA Z @ Aspartic acid 10.0340.21 9.89+0.08 10.04+0.14 10.0540.12 9.87+0.24 10.0240.25
223 iR Serine 4.02+0.06 3.9040.01 3.9440.05 3.994-0.02 3.8640.09 3.8840.14
HE M Glycine 5.04+0.02 5.14-+0.08 5.1470.08 5.1340.15 5.05+0.16 5.0240.21
W2/ Alanine 5.824+0.09 5.784+0.07 5.8140.12 5.9140.00 5.72+0.17 5.734+0.17
e R Cysteine 0.97+0.09 0.9840.09 1.03£0.02 1.06£0.07 1.00£0.04 0.77+0.01
%z ik Tyrosine 2.4440.11 2.284+0.12 2.52+0.05 2.0940.05 2.37£0.09 2.294+0.20
A& R Glutamic acid 16.7740.38 16.6840.14 16.9340.23 16.9540.27 16.644-0.40 17.0040.48
i &g Proline 2.9740.04 3.0240.05 2.984+0.08 2.9340.01 2.8640.08 2.76+0.10

WA AR 2
iifeii%l@;‘:ﬂ ?C?;zl of 48.0540.71  47.6740.45  48.3840.74  48.1140.25  47.374+1.19  47.48+1.14
e

86.87+£1.75 86.3940.94 87.22+1.30 87.08+1.11 86.99+0.78 86.9941.92

Total of amino acids

2.3 MiE4E IR

e R A2 R I ARk P U T SRR X 2 B e I A B
gl fiiE AR PRI ILER 7, HER 7 AT, A Ak
FRLH MG TP 22 5% 8 2% (P <0. 05), D0 21 & Ik T X%F
HEZH (P<C0.05),D2. 5 F1 D5 4 5 % B4 2% e AN B 3%
(P>>0.05) fHE 25T D0 41 (P<0.05).D7.5 41 i
FETHESHP<0.05), FHBHEEHERSAD
F(P>>0.05), D7.5 1 D10 41 TG SR EBFE TH
B4 (P<<0.05), DF %0 CHOL &, B s THE
A4 (P<C0.05),D7.5 1 D10 41 % & F Do 41, DF
41y HDL-C Al LDL-C ¥y & & & FHE K4 (P <
0.05),D2.5 1 D5 41 LDL-C B #FK T D7. 5 #1 D10 21
(P<<0.05), B & F Do 41 (P <0.05), DO 4%

ALT 1 AST f5% &, ¥ 58 2 & F DF 1 D10 4] (P <
0.05),D2.5,D5 1 D7.5 4 Z Ja] 2 % A i & (P >
0.05),
2.4 EEFREREISHR

i 8 A L. D5.D7.5 #1 D10 41 T-AOC & %5
FXF BRG] (P<C0. 05), D10 4 fc g, D2. 5 5 X 4l 22 57
AEBFEP>0.05,D0 1 g FMFHELUH (P
0.05), D0 41 T-SOD 5 D2.5 #4125 % A~ 5 3 (P >
0.05), BEMTHE KU (P<0.05), DO 5 D2.5 4
MDA % # 5 5 0 35 5 T AL Je D10 4] (P <
0.05),D10 4 5 X R 22 5 A B 3% (P=>>0.05), #54b
PR [A] ACP I ALP JCi & 2 5 (P>>0.05),
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Table 7 Effects of stickwater meal supplementation in high plant protein diets on
serum biochemical indices of juvenile pearl gentian grouper
#H 51 Groups
i H Ttems
DF Do D2.5 D5 D7.5 D10
e
:b\ﬁg . 5 42.8740.49° 40.40£0.51°¢ 42.23+0.58" 42.4740.52° 44.8740.70°  41.7320.39%
Total protein/g * L.
HAE 0.5 _
. . 9.53+0.09 9.2340.09 9.7740.30 9.70£0.15 10.1740.23 9.70£0.30
Albumin/g * L
i = 0.96+0.05" 0.88+0.05" 0.9610.03" 0.96+0.04" 1.174+0.04* 1.194+0.07¢
. : o .96+0. .88+0. .964-0. .964-0. .1740. .1940.
Triglyceride/mmol * L
H [FE i C <
AE[EIBS: Cholesterol 7.9040.30  4.1540.21°  4.6540.08"*  4.52-£0.35%  5.36+0.40"  5.12-40.08"
/mmol « L
o P8 R I
High-density lipoprotein 3.0040.11° 2.0640.07" 2.3240.15° 2.114-0.08" 2.4440.16° 2.1340.13°
cholesterol/mmol « L.7!
R % 2 i 2 1 A T e
Low-density lipoprotein 2.3640.06" 0.5940.03¢ 0.8140.05° 0.81+0.05° 1.2140.03" 1.2340.01"
cholesterol/mmol « 1.7
NN R EEF Alanine 2 372,67+ 2 760.33=+ 2 633.00=+ 2 554,67+ 2 577.00=+ 2 467.00=+
transaminase/U « L7} 72.09¢ 44.42° 55.65% 75.76%¢ 80.13% 76.30"
4 VLG i Aspartate
 REFERRG Aspartate 37.00£2.08°  48.004:3.06°  47.0043.21"  46.67-2.19"  46.6741.45"  39.67-2.03°

Aminotransferase/U « L}

®8 BEVEQAHPRIMERENEBREEARELE NFEFRERRIER

Table 8 Effects of stickwater meal supplementation in high plant protein diets on nonspecific immunity of juvenile pearl gentian grouper

ebAl

i H Items

2H 5| Groups

DF

Do

D2.5

D5

D7.5

SRS

Total antioxidant capacity
/mmol « L7

IuN k=R Ayl g Al

Total superoxide dismutase
/U e mL !

[

Malondialdehyde

/nmol » mLL~!

Fi Vs R T
Acid phosphatase
/U« L1

TR PR it
Alkaline phosphatase
/U L!

12.92+0.12¢

119.424-2.38"

16.9741.05¢

32.95+0.76

126.3340.88

12.0440.19¢

109.8340.60"

26.72+0.69"

32.1940.96

122.00+£2.08

12.81£0.16°

114.97+1.59*

24.78+2.47"

32.9540.57

122.33+4.91

13.9340.22"

119.534-2.70°

23.18+1.29"

33.27£0.54

124.3343.71

14.17+0.23"

122.614-3.68"

23.23+2.11%

33.33£0.59

124.004=7.00

120.214=3.22°

19.354-0.65"

33.78+0.37

123.6742.96

2.5 piEHR LM

HIZ% 9 B 1 n] UL, B 0 OB VR i et i 38
BB e JIH A IRE £ 1)) £ 17 3 5 B A B S T R T R
#.,D0 41 D2.5 418 F LT DF 41(P<0.05),D5,
D7.5 & D10 4 5 Xxf B2 22 S A 3% (P =>0.05), DA

D7.5 H . DO HAEES R ER T HESAHP<
0. 05) , WS I FL VA KM I 45 4l 5 % B4l 22 R 3R B 3%
(P>>0.05, DO HANZEE FAL H 5 HESHER
AR EP>0.05),
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Table 9 Effects of stickwater meal supplementation in high plant protein diets on

intestinal morphology of juvenile pearl gentian grouper

#H 51 Groups

i H Ttems

DF Do

D2.5 D5 D7.5 D10

4 EE% H Duplicature number 31.50+0.50"
4 5% ¥ Duplicature height/pm  622.614-29.67 391.88+5.65"

WUZJEE Muscle thickness/pm

37.334:0.33"

131.244-12.45 105.524+11.53

33.30£1.00"  33.67+1.45®  37.004+1.00*  33.67+1.20®

574.16450.65" 581.24+36.95* 610.81+£5.51° 556.03+22.52°

144.3542.07 146.53418.34 121.02+8.63 139.96+13.62

Do 2.5

D75

(DH . 488 m 3 s MT JUZE R s CL. e FLBEAS s SL: 26 N )2, DH: Duplicature height; MT: Muscle thickness; CL: Central lacteal; SL: Submucous

layer.)

K1

R R A F L H S T £ SR X B2 BRI By 9 £ 4 8 g 3 L R 2 ) Y 52 ) (< 40)

Fig.1 Effects of stickwater meal replace white fishmeal in high plant protein diets on

intestinal tissue structure of juvenile pearl gentian grouper( X40)

3 e

S IS A AR R A K R AT R 1
HE P PR AR 2 A R R v TR RE R P 2R 0 F 2 L A
WERIE S E D EM L /a5 RAAE
Yy, aniie B 2 SE R | AR BRI  iF B X T R B i L AEAE W
B AT DO 41 WGR.SGR J CF 3%
T DF 2. HSI Al VSI & % & T DF 241, B i
AN 38 i, WGR Al SGR 82 BT % 5% LA
B}, 5 DF 4176 2. 3% 7= 5% HSIL VSI J& CF 1 5%} Bf
22 A B2 AT ST i 25 S B iRl bR 2 2 LR
105+ EAREZK AP BE AR — B, Hfs A W, 42 3E 22 2RO I A0 3
f AR 1] RE 2 F R TR /NI KIS PR 48 X
5K VG ¥tk (Salmo salar)M | BT 6 (Oncorhynchus
mykiss)PH  RPGPERE 8 (Gadus morhua )P B HFIE—
B, SRS (Clarias gariepinus) WWFFE 2B, B

M T 7= S ARl AR AR ) 75 Vo CREST
TSI b A R » 2 5 ) ST 1 £ 1) A= 4 P RE R RDEL A
FHRERD i K A £ 2 1 A R Al N B e
WGR fiRb3c% & CF ¥ 5 F 25" . 78
A 15001 25 Yo fR I e A AR 1 Rk L K R A
AT AR 1020 15 %0 B F R B 1 - R RS IR K 32
B AR MERET O, FE RV VR A A IS R GRDRL S i
KA T HAE R PR R SRR R S A0k 2 TG
FHREF RO LB N TG Y E L ARDE R 3
FEAKET T AE 8 (Paralichthys olivaceus ) % 5 47
AEH (30 Y0tk USIIN 3. 7 Vo B st g B K i B 1
AR AEREA IR T . AHFSE 590 LA B I fa s SR A B
AR 30 011 1 a8 T KT S BRI I A7 B f0 4 i A
PEREICA BT 200, R W/ A P T4
PR P £ 2 A ) B 1 TR ) R T R B 2 S A
B E A 2R, — RS
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ARHUE TR A K, F— ] gk Z — A e LA
T AL TR BCE W) L, 18 T BE A Y R TR
AU L el (0 S TNEE =i & N AR R N

AR K- He AR — S, i D2. 5.D5 M
D7.5 4t W3 T DE il DO 41, D0 24 ff
LA AL T DF 20,325 5 A8 W3 3 0z 45 R i s
PRI AT A AT 8 R TP B /N o3 0 o R WS R P e
TV SR L ORI VB FR 4L S DO 21 &
DF 20 22 S BR B3 , 3% 5 78 R PE v 00 R 7 e
a0 AT — 3. AR R S IR T L e FE AR
FGRDRHEORL A B RS ok 1) 22 S S VR B
FERRANYAT o A WF 53 1) B 28 B 1R 32 ISR R i 85Kk, DO
#H Leu.Lys.Met, Thr &k T DF 21, Asp.Cys K&
Glu % T DF 41.D0 41 X EAA T DF 4. 730 a1
ka . DEAA A ot e, —E R Bk TR EA
S A LTs IR Bl =, R T DR B R 1Y 22 S OF R
FURUANZEERR 1Y 22 5 25 2B LY i DU b 32 2 5
REIERR Glu.Gly, Ala & Asp ') &8 100 i % 2%
5t. Aksnes F @R FRICK G R G k40 8 A
FEAREAMR G E A 57.220.73. 9%0F1 90. 601
TR B 4 e % LAY R LR KT 2 SR AN B
W Hevroy 85K B, VS INAS 7] 7K F- 14 7K fige £ 26 11
X RV VB L IR 2 B TR 4 BTG . 35 32 e 0 5 T ) R 22
#E(Scophthalmus maximus L)AL, 725 Y
AR IR TR g R 2 S ok B
LA =L IR 22 5 . % - B L Phe, Lys, His & 2 EAA/
DNEAA ¥ & m PR e 44 SAB R R A —
B, ] WA ] ) 58t A DL R R N AR R 1Y
PAEY SRR i L

A NG 7K ST 5 8 R A8 R A LR L %% U0 AH OG
CHOL # TG FZ A JFE b & 8 HAR e — & FE
b T B D AR O 5 i T s R B S
AR BRI e 3 15 R, 2 I 7 328 i 28 98 b 5 MG ) R 1) 7
B CHOL I J2&: 3l A IR VR 28 [ A 3R
B IR B R L 4k A R Dy S A JE MY Y i
PR EAKIFSE L B A 08 O R o 1 1
% CHOL & & @ 2 B, (B3 B A8 T DE 41, X 2F
-8R P P A a0 T 2 g 5 (Cynoglossus semi-
laevis Guinther) ™ [HIF 7%t 4 BH L 355 w5 A 40 46 (1 1l )
J& - 928t CHOL & it R AR Tty 20, XU S50 Rz
MIBFTE T T K At 8 R A A8 1T TG CHOL,
HDL-C J¢ LDL-C BJREAKN  5AF 545 R —8. LDL-
C 2 — s IR 1 )2 0 A T R AN i A2 21
b AR BENR A 1 CHOL Mz 48 2= 0 R 4 21 it
EATTRIRE S i3 b i s 2% B2 AR 26 1 AT DS JE 1 40
CHOL izix 2 AT A Qs HLA AT LU 2 3 3 ) 5

iz 8 5 S A0 M g CHOL 2% 31 T I, 85 HE 2] 4
AN HEARIRGE HR e X R AL AR L SR B R
B SCE A Y HDL-C J LDL-C YJFEAI%, Bl & a7 2K #
IANELAIE AN, LDL-C 2 _E &% A ool mpkl
FHE 2RI CHOL 7KV 558 K 28 ik 4 S 30
i i CHOL F1 TG F i i FFRARE ) 3 st &
HiakHFE CHOL BT ae 5 o A HiE 7= B 55 9E
BT A O T 3t ) FA. 5 A BB A5 5 B I 1 BILAAR
NEBACH .

3% 8 B 437 0ROE 7 AR 3% A pHL iz
ey Z2 TP ARG T Y 4 i ) o v A AR P R e B
PE SR UL SOE F2 55 2R UIRE . T ALB BAT 455 iz i
PRI AR ) o, A I VR I A8 35 TR T R B R
Ho A it /N AR SR B RN TBE IS A B RESY . RIS
th, DO 4l I TP @ KT DF 41, ffi s b s &
FIIEIN . TP 7KP- 256 T i Ja AR 3, SR W1 i
R RER SR AR (A AR . AEFSE DO 4Ll
ALT 1 AST {1 2 3% & T DF 4. B 60T  AFIE
o ALT St g ALT & &R %, AST 7.0 )1
S A e R 2 S IR ZH 20672 , 4 MU SR 5E
oI O Mk 4 sE . ALT A0 AST iy B I B i ) 1l 3
Hals a0 X SR AR S BR R AR BT B £ ) B
TPk s I SZ 31— B TG F SR s i
BR8N, s TP ALT Rl AST 2545 R S X AFIEE 21
PRAPVER P D e A ) 2 i S s et 9 £ 3
HApreds AL IE & AT Re S S LA e T .

TEAER KA & IR 22 B 0 v] RESIROK 7
Y E LB A A I AN FACE AN ) 5
Y 7K fifg £ 25 YA RE 2 I BN 75 ( Dicentrarchus labrax ) #E
i 10 A KA PR B P E0hS B T RE 02T s FE TR R
Tk i i I 2 R T RGN B £ I T-SOD #9867
WA L 6 PR 2 LY A MAR % S Bk B 1 45 R b
AR R R S g S5 AR LGN I X AT (Lito penaeus
vannamed) [A RPN FHIK R EE, B ERE T
JEFBEAE T T-SOD B3 7 FEAIR T MDA 25, ifif MDA
B i RE S WA UA N o ik AR B R) 422 s WAt 4 4 7
BE s 76 A SRR RN 6 %0~ 16 %0 R4 T /K it TR 1
FEER) T-AOC K T-SOD 3 1 & 2% w5 Tk g1,
5 BB R — B0 A AR5, DO 4 T-AOC F1 T-
SOD & P AR, ik K T H T 4 41 Bl A s 3R s
AR RN 520 R B, T-AOC 528 3 T fak ot B
4, T-SOD 5 faMdl 22 5 A 538 B IMAIE SR 10201,
MDA & 5 by 22 5 oA 3 T UL, f s o T4
AR DRI () B2 BRI A B £ 4)) £ R ARy S fo e
PERE R E I B FHZA R, AR P R s J
HYLE YIS PR R B S e RS AR R4 s AL A A
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[l 4 T AR A RE 7 5 W 0 225 i 4 DT A O
T 2 v RIS I A S L T ) R A T AR A ek
1o B RS AR, T e RLBE R R S 5 E
TP W S 32 i B VIAHOE ), ARSI M 3 4 21
Y1 AT LA - DF 21 Ji7 38 96 B 3 51 %5 48 . R Sk 4 2
A 50 %0 BBk i . DO 200 D2. 5 4 10 i 1 4 BE %
AT A A5 4 A 5 A FLHE S % o e 2L A AR
A2 S IATE X B SR T B W A ST 2B R PR v
fE ) W 54 B D 48 ( Barchydanio rerio) a5
TR I — S B 1R E = A G B S M 4L S5
RAIEAAAL  H HIAFEIE & RAE I - 3X 7] RSt F
N RE I g AN TR AR S 1 2 A 5 K ) R R B A
R 25 s T 20U BB B A S BT B X nl i
et A AR AR W ) S SR T 7 A A A P S
Z B 5L sk g AR R B 5 DF 41
TR EZES I LB AT X E IR Y W S RE T 3
58 o T REAE: PR HA R o A A 2 I AR R (13. 24 g/
k)« A HFFT I A= R RR AR T i 1 40 B 2 B, R AR
BUREE G MARR AN M B0, Xt T8 i B 2 E
FHN AR Bt 2 ek o s SRS S o A 3 A
iR oy T DR HERT R R R I R R A 45
EERT I SINE LI

4 GEE

AWFTERFRN] RIS AE TR I A1 B £ (R
T A Z TN RO . — T i Al LU 8 SR oAU
Hr» 75— 1T AT AR RS AR S Gl i T AR A S e
SR A AR S S e B G i T R . A
FATAIAT LT A B R £ I R ) A R T LA 2
R AS IR AR 7K FREEL A AT 35k K R
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Studies on Supplementation of Stickwater Meal to High Plant Protein Diets of
Juvenile Epinephelus fuscoguttatus ¥ X E . lanceolatus & Pearl Gentian

WANG Xiao-Yan', MA Ji"?, WANG Ji-Ying', LI Bao-Shan', HUANG Bing-Shan',
HAO Tian-Tian', WANG Cheng-Qiang' , SONG Zhi-Dong' , LI Pei-Yu', SUN Yong-Zhi'
(1. Shandong Key Laboratory of Marine Ecological Restoration, Shandong Marine Resource and Environment Research Institute,
Yantai 264006, China; 2. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,
Shanghai 201306, China)

Abstract: To evaluate the effects of stickwater meal supplementation to high plant protein meal, growth per-
formance, body composition, serum biochemical indices, non-specific immunity and intestinal tissue structure of
juvenile pearl gentian grouper (initial body weight, (23.7220.09) g), six iso-nitrogenous and iso-energetic di-
ets were formulated, The control diet contained 60% white fishmeal as protein source. The other five diets con-
tained 30% of white fishmeal, 30% of concentrated soy protein, and 0%, 2.5%, 5%, 7.5% and 10% of
stickwater meal, respectively (D0, D2.5, D5, D7. 5 and D10). The feeding trial was lasted for 8 weeks. Results
showed that there was no significant difference in weight gain rate, specific growth rate, hepatosomatic index
and viscerosomatic index between diets containing more than 5% stickwater meal and the control (P>>0. 05).
The crude protein of whole fish of supplementation diets was significantly higher than that of the control and DO
(P<<0.05). No significant difference was found in other body composition indexes and amino acid composition
of dorsal muscle (P=>0. 05). Contents of serum total protein, triglyceride, cholesterol, low-density lipoprotein
cholesterol and activities of serum alanine transaminase and aspartate transaminase were significantly affected by
stickwater meal supplementation(P<C0. 05). The addition of stickwater meal improved serum total antioxidant
capacity and superoxide dismutase and reduced malondialdehyde content significantly (P<Z0. 05). Intestine du-
plicature number of fish fed with diets containing more than 5% stickwater meal supplementation was similar to
that of the control (P>>0. 05). The intestine duplicature height of DO was significantly lower than that of other
diets (P<C0.05) and intestine muscle thickness of fish was not affected significantly by the supplementation (P
0. 05). In conclusion, under our experimental condition, 5% stickwater meal added into high plant protein
meals has the same feeding effect as that containing 30% of fish meal and plays an important role in saving fish
meal.

Key words: pearl gentian grouper; stickwater meal; high plant protein diet; growth performance; body com-

position; serum biochemical indices; nonspecific immunity; intestinal tissue structure

nEEE KREX



