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Tab.1 Analytical canposition of ybean oligosaccharides (%, dry weight)
Composition Moisture  Crude protein  Crude lipid Ash Stachyose Raffinose Sucrose Other sugar Others
Content (%) 3.07 1.05 1.7 7.8 26.1 6.1 45.0 7.2 1.98
1.2 M ( ,71.2%) SPI 30min, 8
( ,91.0%) , , 22.0—25.0 ,pH 7.7—
, ( , 15.2%) 7.9, 30%0—33%0
, 4 ( , 49%; 1.4 , 3h
,19 kJ/g) ( 2 M SPI AV
SPI ; MO SPD (FAA) 5—7 ,
AV SPI 10% BOS( 1 2.61%; , (8ooor/
:0.61%, min, 15min) , - 70
60% ) , 24h
, 60
2 , , 24h,
( ), , 5—7
) ) ) - 70
30% ,
3. 0mm , 40 AOCAC
12h, , -20 , 105 (24h);
1.3 (Paralich- , TECATOR
thys olivaceus) 1030 :
, 2 550
2 (08: 00, 16: 00) (16h) (Parr 1281,
( 100L, 80L) ) FAA L -8800
1.5L /min 24h : , (UN)
24h - : (AST)
((2.92+0.02) g) , 12 (ALT) , (AKP)
(4 , 3 ), (LDH) Y 1-
30 2 (08:00, 16: 00) § -GT) Sag
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Tab.2 Fomulation and proximate composition of experimental diets (% dry weight)

Diets
Ingredients

M RO SPI SPO

Fish meal® 65.0 65.0 0 0
Soy protein concentrate? 0 0 51.0 51.0
Soybean oligosaccharides’ 0 10.0 0 10.0
W heat flour 18.0 18.0 18.0 18.0
Fish oil* 2.0 2.0 8.0 8.0
Soybean lecithin 2.0 2.0 2.0 2.0
a- a -Cellulose 10.0 16.0 6.0
Dextrin 0 1.0 1.0
Cholesterol 0 1.0 1.0
M ineral pramix’ 1.0 1.0 1.0 1.0
Vitanin pramix® 1.0 1.0 1.0 1.0
Choline chloride (50% ) 0.5 0.5 0.5 0.5
CVitanin C* 0.2 0.2 0.2 0.2
ca(H,F0,) , 0.3 0.3 0.3 0.3

Proximate composition
Dry matter (%) 93.6 94.1 92.9 89.9
Crude protein (%) 48.7 49.1 47.8 48.2
Crude lipid (%) 9.0 8.6 8.1 8.3
Gross energy (kJ/g) 19.5 19.4 20.1 19.9
1 , 71.2%, 12.5%; 2 ,
91. 0%, 2.0%; , 1. 05%, 1.7%, 26.1%, 6.1%, 52.2%; 3
14 C

1Supplied by L iuhe Feed Co. , L td. ( Shandong, China) , crude protein, 71. 2% dry matter; crude lipid, 12. 5% dry matter;

2S3upplied by Dong Ying

Wonderful V egetable Protein Science and Technology Co. , L td. (Shandong, China) ; oy protein concentrate, crude protein, 91. 0% dry matter, crude lipid,

2.0% dry matter; soybean oligpsaccharides, crude protein, 1. 05% dry matter, crude lipid, 1. 7% dry matter, stachyose, 26. 1% dry matter, raffinose,
6. 1% dry matter, others 52. 2% dry matter; 3Supplied by Qingdeo marine science & technology bio-tech Co. , L td. , Shandong, China; 4L -A scor-bate-2-

polyhosphate (35% )

1.5
) (q) / (d)
o/t o = @ + (9) 72
(SGR, % /d) ==0—(d)l -Ln X100
(d)
(a
(FER) = (9
—)}
(PER) (9
PSS 11.0
+ (x £tSEM.), t
p<0.05
2
2.1
, 10% BOS

(p>0.05),

( 3
BOS MO ,
D (p<0.05)
2.2
(83. 4% —
97.8%) , BVOS
(p>0.05) ( 3) BOS
D SGR (p <0.05) , MO
BOS FER PER
, RO . SPD
2.3
, BV BOS
(p>
0.05) , (p <0.05)
( 4) sPI BOS
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Tab. 3 Growth perfomance of Jgpanese flounder fed various protein surce-based dietswith or without ®ybean oligosaccharides
Diet v AVIO SPI SPO

Initial weight (g) 1.96 +0.04 1.89 +0.02 1.94 +£0. 06 1.93+0.04
Final weight (g) 25.16 +0. 91 20. 48 +0. 291 4.67 +£0.02 5.36 +0. 071
Feeding rate (FR, g/fish- d) 0.42 +0.01 0.37 +0.011 0.13+0.01 0. 15 +0. 00t
First o weeks FR (g/fish- d) 0.18 +£0. 00 0.18 £0.01 0.11+0.01 0.12 +0.01
SGR (% /d) 4.55 +0. 10 4.25+0.04 1.57 0. 06 1.83 +0.04t

FER 0.99 +0. 05 0.91 +0.03 0.38 £0. 02 0.40 +0.01

PER 2.04 £0.09 1.83 +0.05 0.79 £0. 05 0.81+0.01

Survival (%) 87.8+4.0 97.8+2.2 83.4+6.7 83.4+3.4

+ (n=3):'p <0.05 A :tp <0.05, P ;

Note V alues are presented asmeans+=S E.M. ,n =3; *p <0. 05, compared with AVl group; pr<0. 05, compared with SPI group; The same as follovs

4 (% )
Tab. 4 Proximate composition (% wetweight) of the whole body of Japanese flounder fed various protein ource-based dietswith or without
ybean oligpsaccharides

Diet Moisture Crude protein Crude lipid Ash
Initial 78.8 14.1 2.1 4.2
2V 75.8 0.3 17.8 0.2 2.9+0.0 3.5+0.1
MO 76.0+0.3 17.2+0.2 2.7+0.2 4.1+0.1t
P 80.4+0.2 15.1+0.2 1.7+0.0 2.8+0.1
PO 79.7+0.3 16.2 +0.3" 1.2+0.2 3.0+0.1
2.4 SPI RVOS
A BOS ALT , AST ,
AST (p<0.05), ALT AST/ALT AST/ALT , SPI
(p>0.05), ALT BOS AST ALT , AST/
( 5) , AV BVOS ALT
AST ALT AST/ALT
5 (AST) (ALT) AST/ALT

Tab.5 Activitiesof AST and AL T, and ratio of AST/ALT in liver and plasna of Jgpanese flounder fed various protein source-based dietswith or

without ybean oligpsaccharides

AST ALT AST/ALT
Diet (U/mL) (U /g protein) (U/mL) (U /g protein)
Y] 210.12 +12. 52 71.57 £5.96 6.14 +0.83 114. 48 5. 26 35.13 +3.86 0.62 +0.02
MO 350. 56 +33. 341 74.21+1.74 16. 00 +4. 06 118.93 +23. 64 24.99 +6.27 0.66 +0.15
P 334.47 £18.21 28.14+2.23 10. 22 +0. 92 101. 25 +3. 66 32.50 0. 14 0.28 +0.01
D 315.20 +8.03 53.99 +2. 041 21.30 2. 181 182. 25 +9. 39¢ 15.00 +1. 921 0.30 +0.01
2.5 Y -GT AKP LDH Yy -GT AKP ,
A RVOS y -GT AKP , AKP
Y -GT AKP LDH (p>0.05),
Yy -GT LDH AKP 2.6 UN FAA
( 6) sPI BOS BOS UN
LDH (p<0.05), LDL , (p>0.05) ( 6) , M

, SPI BOS BOS FAA
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Tab. 6 Activitiesof LDH,AKP andy -GT in liver and plasna, and urinary nitrogen level in plasna of Jgpanese flounder fed various protein ©urce-based

dietswith or without ybean oligosaccharides

LDH AKP yHi- y -GT UN

Diet (U /200mL) (U /g protein) (U /200mL) (U /g protein) (U /200mL) (U /g protein) (mg/L)

M 175.8 +44.9 658. 8 +126. 2 12.9+1.3 81.5+0.9 3.5+1.1 0.15+0. 02 52.32 +3.60

MO 235.2 +63.7 763.5 +49.2 13.5+2.5 126.2+12.1 7.4+0.3 0.14 +0.01 61.15 +6.01

P 34.2+0.0 568.7 £155. 4 28.4%5.7 66.5+1.4 25.7+8.0 0.04 +0.01 87.07 £3.65

PD 398.4 +4.4% 419.3+67.5 15.4+0.5 123.2+14.6 10.8+0.1 0.04 +0.01 101. 77 £5. 96
7 (mg/mL)

Tab.7 Free anino acid concentration (mg/mL) in plasna of Jgpanese flounder fed various protein source-based dietswith or without soybean oligosaccharides

Diets
Amino acid =Y MO Pl PD

A9 0.10 +0. 00 0.14 +0.04 0.10 #0.01 0.12 +0.03

Thr 0.39+0.01 0.51+0.04 0.29 +0.06 0.38+0.01

Ser 0.23 £0.01 0.31+0. 06 0.24 +0.03 0.27 +£0.02

Glu 0.18 +0.03 0.26 0. 03 0.16 +0. 02 0.18 +0.01

Gly 0.07 +£0.01 0.10 +0. 03 0.07 £0.01 0. 07 +0. 00

Ala 0.28 +0.05 0.41 +0.08 0.35+0.07 0.37 +£0.02

Cys 0.07 +0. 05 0.11 +0.01 0.08 +0.01 0.12 +0.03

Val 0.27 +£0.01 0.36 +0. 021 0.28 +0.06 0.34 +0.05

Met 0.27 +0.02 0. 45 +0. 05 0.27 £0.01 0.31+0.02

lle 0.08 +0.03 0.13 +0.03 0.14 +0.06 0.14 +0.03

Leu 0.48 +0.03 0.79 +0.17 0.63 +0. 10 0.74 +0.03

Tyr 0.17 +0.04 0.54 +0. 30 0.34+0.16 0.19 +0.07

Phe 0.39 +0.03 0.54 +0. 11 0.44 £0.13 0.41 +0. 19

Lys 0.54 +0. 05 0.79 0. 14 0.38 £0.01 0.50 +0. 08

His 0.11 +0.03 0.20 0. 06 0.14 +0.02 0.13+0.02

Arg 0.21 +0. 09 0.54 +0.08 0.57 0. 06 0.79 +£0.04

Pro 0.39 +0. 04 0.04 +0. 04 0.02 0. 02 0. 00 +0. 00

Total 4.19 +0.02 6.20 +1.27 4.88 +0.43 5.72 +0. 50
> , ) (0% —
3.1 SBOS 1.5%) , , 0.8%

, , 1.5% (0%
); (0% —1.5%)
[14]
M BVOS
P 10% BOS
, ( ) (
, BVOS NSP ) 21
, 3.2 SBOS
BOS

BOS



12

33
: a- ALT , AST
(141 : ALT [29,20] , AST ALT
VOS a-1,6
, a - , 0l ,AST ALT ,
, [21],
: , AV BVOS
(] . AV AST ALT , AST Pl
10% BOS SGR FER PER, BOS ALT ,
M AST . R
BVOS BVOS
, [12] , FIV' , '
0.8% 1.5% : , M
, 1.5% BVOS AST ALT
Krog- ; SPI BOS
dahl, et al. ! Y AST ALT
BOS (Samo salar)
: , BOS LDH
(331 oS ,LDH ,
: (1) : ATP ,
: (2) BOS . (3) BOS
] Refdtie, et al.'™ LDH AST ALT ,
,  BOS [19] :
LDH
, , BOS (22l , BVOS
LDH , LDH
BVOS , , BOS
BVOS (7] ,
, : y -GT : y -
BOS M . fy- "
BOS ,Y- 2]
: Pl BVOS , BOS y -GT
BOS BOS AKP ,
5381 Deng, et , AKP
al. ¥ , v BVOS AKP ,
. P BVOS , DNA
« » [24]
3.3 SBOS (2] ,
AKP (0] ,
a - ,AST  ALT BOS AKP
, AKP ,
(9] , AST ., ADP ATP



13

BOS

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[24]

, UN

[27]

FAA

UN  FAA
, 10% BOS

Tidwell J H,Allan G L. Fish as food: aquaculture's contribution
[J]. BMBO Rep , 2001, 2: 958—963

DengJM,Mai K S AiQ H, et al Effectsof replacing fish meal
with oy protein concentrate on feed intake and growth of juvenile
Japanese flounder ( Paralichthys olivaceus) [ J]. Aquaculture,
2006, 258: 503—513

Refstie S, Storebakken T, Roem A 1 Feed conamption and con-
verson in Atlantic sailmon (Samo salar) fed diets with fish
meal, extracted Dybean meal or ybean meal with reduced con-
tent of oligpsaccharides trypsin inhibitors, lectins and ya anti-
gens [J]. Aquaculture, 1998, 162: 301—312

Refstie S, SvihusB, Shearer K, et al Nutrient digestibility in At-
lantic saimon and broiler chickens related © visosity and non-
starch polysaccharide content in different soyabean products [ J].

Anim. Feed Sci Tech , 1999, 79: 331—345

Deng JM. Effectsof animal and plant protein sourceson feed in-
take, grovth and protein and lipid metabolisn of Jgpanese floun-
der, Paralichthys olivaceus [ D ]. Thesis for Docior of Science

Ocean University of China, Qingdeo, 2006 [

) , ,2006]

Strorebakken T, Shearer K D, Roem A 1 Growth, uptake and re-
tention of nitrogen and phoghorus, and abption of other miner-
alsin Atlantic salmon Saimo salar fed dietswith fish meal and
Dy-protein concentrate as the main surces of protein [ J].
Aquac Nutr , 2000, 6: 103—108

Gitzemann R, Auricchio S The handling of 0y alpha-galacto-
sides by a nomal and galactosamic child [J]. Pediatrics, 1965,
36: 231—235

Gdala J, Jansnan A JM,Buraczevkal, et al The influence of
0 -galactosidase supplementation on the ileal digestibility of lupin
<eed carbohydrates and dietary protein in young pigs [ J]. Anim.
Feed Sci Technol , 1997, 67: 115—125

LiD FE Antinutritional factors in Soybeanmeal [M ]. Beijing Sci-
ence and Technology Pressof China 2003

. 2003]

van den Ingh T S GA M, Krogdahl A, Olli J J, et al Effects of
Dybean-containing diets on the proximal and distal intestine in
A tlantic saimon Saimo salar: amormphological study [ J]. Aquacul-
ture, 1991, 94: 297—305

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Krogdahl A, Roem A, Baeverfjord G Effects of soybean sgponin,
raffinose and ybean alcohol extract on nutrient digestibilities,
grownth and intestinal momphology in Atlantic salmon [A]. In:
Svennevig N, Krogdahl A (Eds ) , Quality in aquaculture [ C].
Proc Intl Conf Aquaculture95 and the satellite meeting Nutri-
tion and Feeding of Cold W ater Soecies, Trondheim, Noway, A u-
gust 9—12 Eur Aquacult Soc Sec Publ Na 23, Gent, Bel-
gium, 1995, 118—119

Cai Y H. Effectsof antinutritional factors in soybean on the growth
perfomance and digestive physiology of Jgpanese flounder,
Paralichthys olivaceus[ D ]. Thesis for Master of Science Ocean
University of China, Qingdaa 2006[

, . 2006]
Szaz G A kinetic photometric method for serum gamma glutamy!
tranderase [J]. Clin Chen. , 1969, 15: 124—136
Spannhof L, Plantikow H. Studieson the carbohydrate digestion in
rainbow trout [ J]. Aquaculture, 1983, 30: 95—108
SuarezM D, Sanz A ,Bamco J, et al M etabolic effects of changes
in the dietary protein: carbohydrate ratio in eel (Angilla anguil-
la) and trout (Oncorhynchus mykiss) [J]. Aquac Int , 2002,
10: 1—14
GlencrossB D, Boujard T, Kaushik SJ Influence of oligosacchar
rideson the digestibility of lupin mealswhen fed to rainbow trout,
Oncorhynchus mykiss [ J]. Aquaculture, 2003, 219: 703—713
Francis G,Makkar H P S Becker K Antinutritional factors pres:
ent in plant-derived altemate fish feed ingredients and their
effects in fish [J]. Aquaculture, 2001, 199: 197—227
DengJM ,Mai K SAiIQ H, et al Effectsof soybean oligosacchar
rideson lipid metabolisn of Jgpanese flounder (Paralichthys oli-
vaceus Tamminck et Schlegel) fed animal or plant protein souece-
based diets [ J]. Front Agric China, 2007,1(3):1—9
Jin SWang GL, ZhaoQ S, et al Prelminary studieson pathogen
and heanopathology of the white cloud dissase in M icropterus sal-
moides [ J]. Acta Hydrobiologica Sinica, 2005, 29 (2) : 184—188
[ ' , :

, 2005, 29 (2) : 184—188]

Zhou Y, GuoW C, Yang Z G, et al Studieson the blood biochem-
ical indice of* mad svim dissa®” eel, Anguilla anguillaL. [J].
Acta Hydrabiologica Sinica, 2002, 26 (3) : 314—316[ ,

“ ”
’ ’

,2002, 26 (3) : 314—316]
Zhou X J, Xie SQ, XieC X, et al The utilization and requirement
of dietary lysine for juvenile gibel cap [J]. Acta Hydrobiologica
Sinica, 2006, 30 (3) : 247—255] , , ,

,2006, 30 (3) : 247—255]
SastryV, ShuklaV. Influence of protective agents in the toxicity of
cadmiun o a freswater fish (Channa punctatus) [J]. Bull En-
viron Contam. Toxicol ,1994,53: 711—717
Meister A. On the cycles of glutathione metabolisn and trangort
[J]. Curr Top Cell Regul , 1981, 18: 21—58



14 33

[24] Zhou J, Song X L, Huang J, et al Effect of A1 peptidoglycan 317—327
(PG) on 0D, ACP and AKP activities in different tissues of [26] Meng FL,Ma GR, KongJ mmunologic competence of pepti-
Jgpanese flounder Paralichthys olivaceus [ J]. Journal of Fishery doglucan of Streptococcus lactis in Penaeus Chinese [J]. J. Shan-
Sciences of China, 2004, 11 (4): 296—301 [ , , dong University, 1999, 34 (1) : 88—93[

AN $B900
. ,2004, 11 (4) : 296—301] ( ),1999,34(1) : 88—93]

[25] Tengjaroenkul B, Snith B J, Caceci T, et al Distribution of intes- [27] BrownJA,Cline T R Urea excretion in the pig An indicator of
tinal enzyme activities along the intestinal tract of cultured Nile protein quality and amino acid requirements[ J]. J. Nutr , 1974,
tilgpia Oreochramis niloticus L. [ J]. Aquaculture, 2000, 182: 104: 542—545

EFFECTSOF SOY BEAN OL IGOSACCHARDESON NUTRITIONAL CHARACTERSOF
JAPANESE ALOUNDER( PARAL ICHTHYS OL VACEUS) : . FEED ING RATE, GROW TH
AND M ETABOL IZE ENZYM E ACTIVITIES

DENG JunMing"®,MA | Kang-Sen', A | Qing-Hui" and ZHANGW enBing'
(1. Key Laboratory of M ariculturg Education M inistry of China, Ocean U niversity of China, Qingdao 266003;
2. College of Animal Science and Technology, Yunnan Agricultural U niversity, Kunming 650201)

Abstract: A feeding trial was conducted to investigate the effects of soybean oligpsaccharides ( BOS) on feeding rate,

growvth and metabolize enzyme activities of juvenile Jgpanese flounder (Paralichthys olivaceus) . Four isonitrogenous and
isocaloric practical diets (crude protein 49%, gross energy 19 kJ/g) including only fishmeal (FVl) or oy protein ilate
(SPI) asa ole protein urcewith (Diets MO and SPIO) orwithout (Diets M and SPI) supplemented BOS ( stachy-
0%, 2. 61%; raffinose, 0. 61% ) were fomulated. Each diet was randamly designed to triplicate aquaria stocked with 30
fish (initial body weight 1. 93 £0. 02g) each. Fish were maintained in a flov-through system with water temperature ran-
gingfran 22.0 1©25.0 and fed twice (08: 00 and 16: 00) daily o gpparent satiation for 8 weeks Dietary BOS sup-
plementation did not significantly affect the feeding rate in the first tvo-week (p>0.05), but significantly decreased the
gross feeding rate of fish fed AVl -based diets, increased the gross feeding rate of fish fed SPI-based diets (p <0.05). Sup-
plementation with BOS generally depress the ecific grovth rate (SGR) , feed efficiency ratio (FER) and protein effi-
ciency ratio (PER) of fish fed PV -based diets, but the differenceswere not significant (p > 0. 05) . Hovever, dietary BOS
upp lementation generally increased the SGR, FER and PER of fish fed SPI-based diets, and the difference in SGR was sig-
nificant (p < 0.05) . Supplemental BOS generally increased the apartate transaminase (AST), alanine transaminase
(ALT) , alkaline phogphatase (ALP) , lactate dehydrogenase (LDH) andy -glutanyltrangpeptidase (Y -GT) activities in
plasna of fish fed AV -based diets, but only the difference in AST activity was significant (p <0. 05) . Howvever, the activi-
tiesof AST,ALT,AKP,LDH andy -GT in liver of fish fed AIM -based dietswere not significantly affected by supplemental
BOS (p>0.05) . BOS supplementation significantly increased the activitiesof ALT and LDH in plagna (p <0. 05) , but
did not significantly affect the activities of AST, AKP andy -GT in plasna of fish fed SPI-based diets (p >0. 05) . At the
same time, supplemental BOS significantly increased the activitiesof AST and AL T in liver (p <0. 05) , but not the activ-
itiesof AKP,LDH andy -GT in liver of fish fed SPI-based diets (p >0. 05) . The urinary nitrogen and free anino acid con-
centration in plasna of fish were not affected by supplemental BOS regardlessof dietary protein urce (p >0. 05). These
results indicate that there are different effects of 3OS on growth performance of Japanese flounder fed different protein
urce based diets dietary BOS supplanentation generally depresses the growth of Jgpanese flounder fed AV -based diets,

but increases that of fish fed SPI-based diets

Key words Jgpanese flounder (Paralichthys olivaceus) ; Soybean oligpsaccharides Nutritional characters Feeding rate;
Growth; M etabolize enzyme activity



