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B & 1A #l i E K DDGS 3t ki £ (Apostichopus

japonicus)E . AR K EEFEIREIZSN

=EATENS S S A
A 2655005 2. LIZRAA GRS EREEAF 5T Be
264006; 3. R REFK= SR B

3&7&]%2 -%E%E?Elz EF/]*:;P%Z@)

(1. WIZRT 2R o R 5T
IRAIEAEAESEEREALRE MG

KA

201306)

WE  AERER A5 0.10%.20%.30% .40% 5 T >k T i K A8 K 7] 75 4 (Dried distiller's
grains with solubles, DDGS), B % & 5 # 4 & 4 i #7 52 547 #(DDGS0 . DDGS 10, DDGS20 . DDGS30
#1 DDGS40), 18 "% 41 44 R E 4(9.69+0.28) g B % 56 d, #F % E Kk DDGS 1E b &K & & a2 &
K. RERS R REIARN T, ERER, MAEE K DDGS Fin AT FE, #5HEF T
EKFHBATR, EL4AHEFFEEP>0.05, 4 LHhARSERERI. BEFH. BKLUK
EEAK -, KE A KRN AR 98B F % F Kk DDGS 7 hn#y % w8 (P>0.05), & 7 75 T B
WEMEEL L EREW#EY, H4, DDGS20 1 DDGS40 41 % % % T DDGS0 #1 DDGSI10 4
(P<0.05), DDGS30 %41 5§ H i & 41 & § % # 7 (P>0.05), B MM BN EKEE L LA E TR &S,
% DDGS20 45| & AME, HE+F, DDGS20 41§ % & T H i 4 41(P<0.05), DDGS40 4 % %5 T
DDGSO0 41(P<0.05), Hf & 41 |5 & B % 2 5(P>0.05), B2 {5 4y 75 M 1 % DDGS 7 fn & th 4 4p B
EA#EY, A4 8% ST DDGSO 41(P<0.05), DDGS40 41 & % & T DDGS10 41(P<0.05),

A 2 A B £ F(P>0.05), 7R R A0 E Kk DDGS X o o 1 sk B e A 4 L A B 1k B
Hy 78 M B 3 % v (P>0.05), ARFF KB, 1R im 0-40% 8y E ok DDGS #75 % i | 5y 4 K An
TRAEE R4, BRI 20%-40%H E K DDGS 8 42 1 7l 24 Ji 0 4,0 B g 8 1

KA R %; DDGS; A KMEfE; EKAK; #%&

FESES S963  XEAARIRES A XEHES  2095-9869(2016)06-0115-08

JilZ: (Apostichopus japonicus) H R 537 76 3K [ i#) T 2 7 B HP R AR A D ) () i —

TR K, 2IRE 20 ZRE MBS TR
I —Fl, BN AL RME, RS
& b J7 0 K SR B Y R 2% S A R 2 —
(B PR, 2010), BB RIS IR0 ZED KT, 1E
Sy il 2 ) Ak b i T L ) OB 52 8 (Sargassum
thunbergii), HTHFEF = =R E, s H 257+
. BRI RIS ECA R HET S, R, JFR
RIEFE . BB A B A A PR ek, 2 H

* [ R AY P b K A sh )8 37 5 RBHE & B 6 (201502002) F1 L 75 4 BRAC AL 7=l 4k &

BRI R S ] %) (Dried distiller's grains
with solubles, DDGS)J& F K JH T £ BE Tl Fizokr T
b= A R R S TR RE(DDG, Distillers Dried
Grains) I 7] % TP ¥ (DDS, Distillers Dried Solubles)
HIRAYI(Jie et al, 2014), BRI T EAKPER
TVER LA HoA s SRy, B A B IR I R
AR, FERMT PHICEEE . Ingledew(1999)
K, DDGS bR EY 25 BERY 3.9%,

2 B A BA

T3 H (SDAIT-22-06)3: [F % B, 5Kk %i, E-mail: zhangdr1987@163.com

O @IRMEH: EhrdE, F5RA, E-mail: ytwjy@126.com

Weks HIY: 2015-08-11, YeEekohs H1: 2015-10-09
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FERE R Y fr i 22015 DDGS BRI 5.3%. BRI
PR BRGNS —Fh R AP K AR S B R, & S
M2 . H R SRR R SR, LA DR R e
B (Refstie et al, 2010), AR, i FA = fEP A
i MK AL, ff K DDGS JLEAREHUE TR T,
AR S — 0BT AR ) 2 A BRDRE , R X T AR
FIBH SRR, SR faky . SOMT . SR SE R LA 15
BHRY B 5K R T A 4 1 L (Refstie er al,
2010). HAf, EIMTKEEK DDGS MIWFFEC 280 3%
[ &% ff1 (Clarias fuscus)(Webster et al, 1992) . M fil§
(Oncorhynchus mykiss) (Qverland et al, 2013), FHEff
[Oreochromis niloticus () % Oreochromis aureus (3)]

(Welker et al, 2014)#47 T KL 525, B AW 524
NINITF4R , 7RIS Be A TRk A 07 i A D4
I, ARSEEAEVIE EK DDGS Xl 4EKRE .

FEAARSEAR A BTN BERY IR, #ROR £k DDGS 1l
SRR P IS LA i, X EOK DDGS 7ERZ
P& Bk b B I HEAT A

1 #RE5FE
1.1 SEIgE

SLUS DL ARRY | R T UM RT A R T AR R
LR LA g 6 BB ZH(DDGSO0), % &8 2007
A, TEWERFF I 10%. 20%. 30%. 40%H)E
K DDGS %5 85 R S Al TR b 5 AR TR A
FORME IR, Bodl S AP AR SRR RN B
1444 DDGS10, DDGS20, DDGS30 1 DDGS40),
SEESERHAC SO FEAC AT WL 1. A ok 2
HrtEst 200 HARAES, FRC AR, A K A &

F1 ZWRABETREERES

Tab.1

Formula and proximate composition of the experimental diets (%)

ALK Replacement level

i H Items

DDGS0 DDGS10 DDGS20 DDGS30 DDGS40
i1 4} Fish meal 5 5 5 5 5

% BEEH FSBM! 11.2 8.4 5.6 2.8 0
HH Algae powder? 40 30 20 10 0
KRG K T %% DDGS? 0 10 20 30 40
I Sea mud 22 22 22 22 22
A 4% CMCC 3.7 7.4 11.1 14.8
#F4) Shrimp powder 5 5 5 5
a-JEH a-starch 10 10 10 10 10

F Kl Corn oil 3.6 2.7 1.8 0.9 0
%4 Vitamin premix* 2 2 2 2 2
%% Mineral premix’ 1 1 1 1 1
PrE A7 Antioxidant 0.1 0.1 0.1 0.1 0.1
=444 Cr,y04 0.1 0.1 0.1 0.1 0.1
411 Total 100 100 100 100 100
FAR 43 (F H)Proximate composition (DM)

L H Crude protein 21.63 21.46 21.74 21.10 21.57
MBS Crude lipid 5.34 5.34 5.49 5.24 5.33
HLJK 43 Crude ash 35.22 32.81 29.97 25.84 22.82
M fE Gross energy(MJ/kg) 12.24 12.35 12.64 12.51 12.78

1 AWK H BARGERRARA R, HEHH 50.56%(T &)
2. HWWARFARD BB R T RAE, RS S D REERSRIESG, HEASEN 17.1%(TH)
3. W H Adkins Energy LLC-Lena, Illinois, 3£[E, M&EHR 31.27%, HARWI N 12.37%(T H)
4. 5. HEA R IR AT W) BT R R L SCRR (T PR¥E4E, 2014)

Notes: 1. Purchased from Shandong Rizhao Dongwei Co., Ltd. China, containing 50.56% crude proteins (DM basis)
2. Provided by Shengsuo Fishery Feed Research Centre of Shandong Province, China, the mixture of degumming kelp
powder and sargassum powder with equal quantity, containing 17.1% crude proteins (DM basis)
3. Purchased from Adkins Energy LLC-Lena, Illinois, USA, containing 31.27% crude proteins and 12.37% crude lipids
(DM basis).
4, 5. Same contents of vitamin and mineral premix as reference Wang et a/ (2014)
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ZEMRKIRA), F/NEYBURL Rl R ks, 60°C 4t
TG /N EALIERE , TRk EE7E 80100 H Z [H]AY
Wok: £ o TR BT —20°C UK AR AR AE

12 LBHMERFERE

SEES F RIS B A AR T BEIR S IR A B
FRE LI Y AR B F W A S, RS TR X
FEHE A K IR RGPk T o SCI TP LAY, SE50 A
SEEMOK R h 8 5% 14 d, 9 00) e MRl i Rt . 87
FRARGE , PO TTERR . PR 4 (9.69+0.28) g Y
HilZ 450 3k, FHEFHET 15 MRE GRIE IR K
Wi(EAR 75 cm, JKEE 80 cm), NI E SN E
1A, PSR 20 5K, 5 HIKIE R 50 cm, FEPLS N
S5, B 3ANEE SRR A T, SR
FERMA, FHIEASR > 7 mg/L, KIEEHITE 18-20C 2
], pH &y 7.8-8.2, LK 24-26, WHHRA . A A
¥ <0.05 mg/L, FRIHTIFELE 56 d, FERHAM 2 1K
(08:00 Al 16:30), HEMEE NRISIAEM 2%,
SIS SR B O S B R R R . R 2 d oK
1R, 47K IS T R ok o 32 P B A A

13 HmR&EEHHE

RIS NG, 256 48 h, SEit4 IS 1 5L
IR, AR 10 SLHSE THeaT, fFit
FARET R Ja I A , B4R I TR RK 43 )5 43l
FREE, REWERE, Bk L osikeESphiE, 75
SIPRE, FRIER A IE R o RIESRESC(3000 r/min, 4°C,
15 min) 5 B IR T 2 ml RSO, —80 CLRAE

% K (Survival rate, SR, %)=SL56 K il 5w BU/5E
B2 S E< 100

14 % (Weight gain rate, WGR, %)=(ZL5% A K2
S-SRI S B )/SE R S S E < 100

e K (Specific growth rate, SGR, %/d)=(In
TR VRS EH-In LKW H S5 )/ 5 R
x100

IREEFE K (Body wall index, BI, %)={ABE & /{4 & x
100

M7 18 45 L (Intestine index, I, %)=/ 5 /{4 B H x
100

71 E (Intestine length ratio, ILR)= /MK

1.4 H&EMNE

1.4.1 FAHBAREE E Ik o 00 ] T el kel R A RE
B i R FH AU R « KR 105°C AL
T £ 155 (GB/T6435-2006); A& FH ik H #  Hy gk
e ¥ (Leco FP528); AR i R FH & K il 42 % (GB/

T6433-1994); KKK 550°C D 4 Kbk (GB/
T6438-2007); HEHL K FH#AKEE(PARR, 6100),
142 S EEE AN Z V5 T i (LZM) T %
F2s A BRI, B E L B AL i (SOD)R ]
FRMEEINE | GRE R TR T (AKP) T 1R B R 5 —
HE, PRIEBEREF(ACP)R AL b (i, LI L4R
B4R FH B U AR ) TR T A0 Bt A T E
iy S AL (PO) TG PE AN 52 2% Hernandez-Lopez
F(1996)TT Tk, BEA NS, £ 96 FLEFFRARHIMA
100 wl AR BT W5, FEIA 50 ul Z2Ji€ 2 E(L-DOPA)
B3 mg/ml), L AHCA BRI (Biotek, Epoch),
£3BE 5 min W05 PK N 492 nm 4bAY OD ff, L&
10 AN, SEERiE 3 A P47, DASEE 5504 T o i
22 FHRE SO BE (AR N 0.001 % oA 1 ANEES 180
£ (U/ml),

1.5 #HIESIT

SEI B R FH SPSS 13.0 B4 T B IR 2 07 2257
Mr (One-way ANOVA), # 2% 5 I % (P<0.05), Hl
Duncan’s ¥ 347 2 5 LT, 2553 DIF- 3 (EAbR
2% (Mean+SD)F IR .

2 #R
21 FEEFEARBRMENXK DDGS XS E£KHRER
220

Hie A 4R R N E K DDGS X i 2 A= K PEfg Y
S L2 FRDEL T K K DDGS B S i % 45 4 il =
FIAENG R0 B 50 m, HAS A7 R 5 T90%., Bl
# FE KDDGSTMMAF- B T, )23 f R 5 % R
AH LA RS T10.53% . 12.56% . 11.06%7F16.23%,
{H 4440 2 18] JC i 3% 22 F(P>0.05), 51 &R HAd
L, HFEEARKE ., FEtEKE, hE. Lk
FBE LR L2 55 % BB 2H O 1 2% 25 5 (P>0.05) .
2.2 BEEABIDRHRMENXK DDGS 3| S BEE FER

w20k

BeA RPN E oK DDGS X il S A BE 15 75 1%,
SRR R 3. FCA RN N £ oK DDGS J5, H
ZARBEFIK S L HEA . HIE AR i S EA A
(] ¥4 TG & 35 22 5+ (P>0.05)
23 FEHEARSRMEXK DDGS Xk S EE IR

A

B4R PRI £ oK DDGS X Hil 2 s g5 0
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Tab.2 Effects of dietary DDGS on the growth performance of sea cucumber A. japonicus
EAC/KF Replacement level
i H Items

DDGS0 DDGS10 DDGS20 DDGS30 DDGS40
WA TE Initial body weight (g) 9.67+0.05 9.69+0.10 9.78+0.03 9.66+0.07 9.65+0.12
KAKTHE Final body weight (g) 15.30+0.51 14.73+0.94 14.75+0.57 14.64+0.73 14.90+0.67
HHE R WGR (%) 58.1145.02 51.99+8.13 50.81+5.79 51.68+8.36 54.49+8.50
FEE K& SGR (%/d) 0.82+0.06 0.75+0.10 0.73+0.10 0.74+0.10 0.78+0.10
WBESE KL BI (%) 67.16£2.06 66.97+1.34 65.75%1.75 66.61+1.11 67.2242.29
fAiBFEEL 1T (%) 4.28+0.30 4.52+0.17 4.61+0.40 4.26+0.14 4.22+0.30
ALk ILR 3.1740.13 3.30+0.10 3.18+0.30 3.18+0.16 3.06+0.14
152 SR (%) 96.00+4.00 96.00+4.00 94.00+2.00 95.33+1.15 93.33+7.02

e RPEER LSRR RN (n=3),
Note: Values were presented as Mean+SD (n=3), the same as below
#3 EEARFRMENK DDGS X RIS EEEFARMTZM
Tab.3 Effects of dietary DDGS on proximate composition of the body wall of sea cucumber 4. japonicus
/K Replacement level
i H Items

DDGS0 DDGS10 DDGS20 DDGS30 DDGS40

K4 Moisture 90.99+0.29 91.31+0.36 91.06+0.45 91.19+0.39 90.85+0.25

ML Crude protein 4.42+0.23 4.2140.20 4.26+0.30 4.23+0.01 4.46%0.16

MU Crude lipid 0.22+0.02 0.21+0.03 0.22+0.01 0.20+0.01 0.24+0.04

K4y Ash 3.00+0.21 2.91+0.08 2.93+0.12 2.96+0.11 3.01+0.07

LK 4, BEE R DDGS BARKER T, H
SR LZM W& M2 e TS e PR e, o,
DDGS20 1 DDGS40 41 i 3 & F DDGSO0 #1 DDGS10
ZH(P<0.05), DDGS30 41 LZM &5 HAl 4540 TC ik
25 (P>0.05), ACP Wi 25 I THE TR,
7£ DDGS20 Ak %R fl, Hrf, DDGS20 411 %
T HAl 4% 2H (P<0.05), DDGS40 4H % T DDGSO0
4 (P<0.05), HAbA 20 ] 6 i 3% 25 5(P>0.05). PO 1Y
TGRS DDGS @ inE i3 hn 2 F7HiE#, DDGSOo
2H 9 B R T HiAl 4 4H(P<0.05), DDGS40 4Hn & T
DDGS10 4 (P<0.05), HAth#41H T 8% %%
(P>0.05). TR AN E K DDGS XA AKP

R4 EEARDFMENK DDGS Xt # S REEIR

F1 SOD A4 PTG . 352 W (P>0.05)
3 itig

31 E&AAIDRHRMER DDGS 3tk S £ K IEREH

=AU

ok DDGS JETEAEF=IRE Sl R, vk
Ykt FORIEAT R W=k O, KIS, KREMEYE
Ivi) 3 K F A0 30 A B 28 T MR TR I 1 — ol AR 4% sk
EEFEER, Fi, EXK DDGS H AU E KK
RS IS RIA DI , AT & Bead B v 7= ) R S0 A
TUASEAR . BERE (LT RS, 2009). WF5ERM,

A

Tab.4 Effects of dietary DDGS on immune enzyme indices of sea cucumber 4. japonicus

BARKFE Replacement level

I H Items
DDGS0 DDGS10 DDGS20 DDGS30 DDGS40
R HEIEF LZM (U/ml) 41.2343.69° 44.98+3.18° 54.09+4.84° 48.95+5.11% 57.00+4.15°
TR MR AKP (King unit/dL)  1.79+0.10 1.89+0.17 2.1040.18 2.07+0.29 2.18+0.22
B A ALY fL B SOD (U/ml) 68.09+2.31 73.17+5.58 68.23+1.73 72.81+2.89 72.63+6.01
R MW IR ACP (U/dL) 4.42+0.74* 4.79+0.74% 10.31+0.52¢ 5.65+0.77% 6.02+0.56"
i 42 AL PO (U/ml) 62.5+4.01°  79.26+7.12° 89.86+7.09" 91.90+6.22% 98.07+10.72°

e FATEUEE AR L AR SO R 22 57 5.3 (P<0.05)

Note: Values in the same row with different superscripts were significantly different (P<0.05)
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K= SR A sh W AR T DL INE =AY DDGS 1E 2K
FE . TENTES(Oncorhynchus mykiss){m#F i FH 25%
oK DDGS SFH A ZEER R . SO 2T
Ky A TR A A AT DL 4 s G R (R
50% s I 2H -5 5% B 41 A 1S H R | TG 3 25 5 (Qverland
et al, 2013). Bty X EH(Ictalurus punctatus)im Al i
IS AIH DDGS AR Mk, X 92804 4 o &
HRRE AR B A A R A A TG W 3 R
(Webster et al, 1992), 5 FiRWFFRE5 AL, TEAHT
FEH, EK DDGS oAUk Ja X4 SL s 2 i =
AU HE R | R A KRS KRR TE W 5, &
B 2 RE 6% A MR P & TR 7 i £ oK DDGS AR
HAEAE . F5ERY], KBS IR AT LAE Ry K
F2 58 2 W) 1A BE R AF B9 & R (Sun er al, 2007;
Mostafizur et al, 2015; Molina-Poveda et al, 2004). Seo
SE(2011) 4 BURIZ BEAS B4 o A1) FH & 9% EORIH DDG,
FEFHEEE (201 2) 78 LATE A FI SR by 32 2 Uk 4 0 221
BHRIAK P B IR AT AW, R TR 2 I 21
1 R A o T R . FOK DDGS AR
TS T SRR, (H SRR AR R B = (5%, 2009),
X AT RS2 MR HAE i 2 A DRk b i 1 TTSOR o A B
P2 A R Y S ) A0 A5 AT i ) A0 R LA X
SO A ) B 7 A ) Tl RE 8 B At DR v 8 8 03 %
Yie, EHE S wsh MW ISOoRA T, $2m T R B
B8 77 5 (Jones, 1975), HEMIHE &5 K P im BRI FH AL
ARSI S R A . R R R AR W T
i T DAER g s 4w T Bk JsURE P 8 IR -, T
oy JEURHE S Y0 A R b i 0 EE 49 (Wee, 19915 Refstie
et al, 2005). HWSAE A IRFEANF Tl W S 23
TS LA A BT e, AW st R S
XK 5 F AR WIARIE , T R 2 B ORI T
g, dEmfEdE TS0 A K PERE(Seo et al, 2011), Seo
SEQ01)AFFE & B, TERI S R P T 10% KKk DDG
AU BB Ry A] LU 4R v AR KRR, H 40% %88
PR AR PR B & BRI, ZEARBESE T, B 40% 19 £
Kk DDGS FFARF RIS A K ERE, X AT B2 A
DDGS &4 DDS, Ifif DDS H4L 5 T ok i — 2]
VIR E IR o RO B R A R RN AR A PR 1 | BB
Y. BEREAE, FTRIEHERIZ X £k DDGS BYFI,

e AR KRR
3.2 FEEfARHRMEN DDGS Xt #5445 5 i 240

FEE BI04 1 43 B T A ) R Ak £ G ) AN T
KA, WESHEA . IR . K. KA, K
B PR 2 Fe A R RHE 45 10— H8hn . — Ok U,
DR BT H R b B AR 5T 2 R R sh T AR i, O K
At ML 0 2 K AL U T8, WP BLIR L, Tt
SRR R 43 5 B Y R e AN R (4 A, 2009)
EAMIEN, i HP-DDG #U & 4 it (Perca
Slavescens)fal AL ) f Ky, X FLUL A JE A 41 B TG i 3%
S0 (Eschen, 2014)" fRUEHH I8 1 K DDGS X5 AT
Ml (Webster et al, 1993) Fl %L ff1 (Ctenopharyngodon
idellus) (ep) %%, 2013)? (RIS R, X5
gt L R D RO 2 A QS A e 2 B SOR
4, 2012), TERIZEEHHEINAE K (Seo et al, 2011)
K ATEFIEJin et al, 2013)[)KK DDG #1144
R T B E R, 5 ERF R s R — 8, RIS
Hh ] S 1A RE Y AR G R 43 OF R B AR H R K
DDGS My & AE g 22 5, Ul IS B8 45 4 b
FIFHEAK DDGS #ATEFYH A5 R, X]
R A PR Ry e e el R v 7 A ) R R A ) R A 1 T
FERERE A JEURH R B A E SR B, B ) i 2
WORIFI, B0 T & BRI I 78 % 0T 1t (Wee, 1991),

3.3 E&AAIHRRMENR DDGS 3tk S RIEIEIRH
A

S & TR shdy , /DR e R R, BRI,
LR A R B AR KSR e SO S 1R Ry e
G S8 85 A 22 0 6 15 (AR R )5 A R A PN 88, A PN g
& M2 fU3E LZM . SOD. ACP, AKP Fl PO 45,
YRy EE L) G I, ZEALR R £ 2 B A Y EE T
RE , XIS BT 1 RPN ERE A AN TR R 1) 4 0
TERT, BHIL, BVE N PE il 2 e 58 DU RR 1Y 32 B2 48 4
(FNAJIR, 2008) . 31575 Wi i it v ELAT I WA, P
LZM. ACP Fl AKP S84 p, i 2 B2 75 7 o8
BUG R AMEAEY) BT 4T % A% (Canicatti, 1990; Cheng,
1992), LZM FE SR TRV A 200 D 200 Jf B v %)k SR
3, DT 200 BR7 F 400 R 483, 40 6 e O JRe D 56

1) Eschen AV. Evaluation of plant-based proteins as fish meal replacements in yellow perch diets. Natural Resource

Management Department, South Dakota State University, 2014

2) Bt K DDGS A Ffh A AR RE S A RO I8 R AL R S A B AR SR A 3, 2013
3) IVKIK. # B RS G J RN A A PERE AT SE. R34 B TR R WP AR A 0038 5, 2008
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2000). ACP 7ERIZ R RGHREHHRMEM, 687
S BAT K B A0 XS A A 4 i R4 7 A W5 R £ 3 (Bertheussen,
1982), FEARWIFEH, kR MmE RN EK DDGS
iR S e I SRR LZM R ACP RS 1 , #fE
W2 T FKk DDGS H s & B-# R0, Al 1
SN RE RS, WEERYL, TR g B-#1 R0
a] LA 2 5 #ll 2 (Chang et al , 2010) , K 3 fi
(Pseudosciaena crocea)(Mai et al, 20071 FLYKFE X 4F
(Litopenaeus vannamei)(Zhao et al, 2012)K N LZM Ay
TEPE, [, - SR AL T 2 v e & f GRIUHE
2, 2006)" . FiFLIE DY (Chlamys farreri)(#MFRIL%E, 2002)
I AR 45 B8 % (Eriocheir sinensis)(E 35 K, 2008)” {4k
N ACP MM .

SOD AN —FP L A 50 IR 4T &tk
Jitg, HC I 1 AT ] 42 B W AILAAS T IR A e R Y BE )
(FhRILAE, 2000), W58 & B, (R E K DDGS
XbE gy fh (B SC IR AF L, 2012) AR B AR
(Oreochromis niloticusQ xO. aureusd) (fifBEPE, 2010)”
Mg SOD ¥ 5w, 5 LR R —2L,
TEARWFE T, ARSI T SOD BiE PTG b
225, RSB INEKR DDGS X HATE L
PERETCA IS Wil

1y S8 AL il (PO) 11 B 48 AL il i (proPO) T R SE7E
TCAFHE SN 56 R G 5 (4 30 R[5 20 v e 4 o AR
(Haug et al, 2002), WF5ERH, R o N R vEae
0% 4 2 B S ) 2 (I BE, 2010)) 1 Ff [ X R (T /N 25,
2005)f& P PO WG E, 5 FRBFFEAS R —E, 7EADF
e, WRP AN E K DDGS WE R R TS A
Wb PO MG M, X VT HEIH AT DDGS & 7 B-i R b
SEAETE TR PO — LI TCIE Y proPO JE A AFTE,
HPFREEANE S, a0 p-HI SR A | IR 2R £
Wi (Cardenas et al, 1997)% , W] F2 ¥ MEHIBE proPO A%,
JATEPER PO (Soderhall er al, 1998), Wi J5 774k Y
PR R S () 7 P I AT A0 R A R AR A R L
T A S A, DN AR BE AR W) RN A A L (Vargas-
Albores et al, 2000),

AP, RSEE RN EK DDGS W

P TR IR R LZM, ACP il PO ByIGHE, X
A fESEH T EKk DDGS AU MBS R4 T H A5 .
JEWG S5 IR 5, TR 7E K o A vh il A T K R
20 B TN R A0 A S (ZE 1R 77, 2014)Y, FEREAII & %
() B- SR | H BRI R A A A NI A
W VE R 5 T RE 20 R RE ) H SR S A 1,3/1,6-B-H1 2R
BHEE R AT VR e e, A U8 U E D R R Y &
H MIE K (Mehdi et al, 2012).

TEARSLI 5T, BCA DR R 7RI 0-40% 11 £ oK
DDGS Xt il 2 1 4= 4 1 6 A RE 41 Wl ™= A= B 3 5
Wi, R, ERA0 20%—40%H) E >k DDGS e =
A Y R A SR E G A TG o ZEARIESEh, BRI S
X Bk DDGS A H FZH A HEEI R A58 b
P, EARR A KB 2% 2k DDGS 1 F] FHRR
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Effect of Dietary Dried Distiller's Grainswith Solubles (DDGS) on the Growth,
Body Composition, and Immune EnzymesActivities of Sea Cucumber
(Apostichopus japonicus)

ZHANG Derui', ZHANG Limin®, MA Jingjing®, LI Baoshan®, XIA Bin?, TAN Qing’, WANG Jiying>"

(1. Shengsuo Fishery Feed Research Centre of Shandong Province, Yantai  265500; 2. Key Laboratory of Marine Ecological
Restoration, Shandong Marine Resource and Environment Research Institute, Yantai  264006;
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306)

Abstract Dried distiller's grains with solubles (DDGS) is the primary corn co-product of dry-grind
fuel ethanol plants. It consists of distiller's grains combined with condensed solubles from yeast
fermentation, and typically contains about 27% crude proteins, 7% starch, 42% neutral detergent fibers,
and 0.6% phosphorus. DDGS has gained increasing interest as a potential feed ingredient for aquaculture
animals due to the low cost and enrichment in proteins, vitamins, and minerals. This research was carried
out to investigate the effects of DDGS level on the growth performance, body composition, and immune
enzyme activities of sea cucumber Apostichopus japonicas. Five isonitrogenous and isocaloric diets were
formulated that contained 0, 10%, 20%, 30%, and 40% DDGS, designated as DDGSO0 (control), DDGS10,
DDGS20, DDGS30, and DDGS40 groups respectively. Three replicates of sea cucumber weighing
(9.69+0.28) g were fed in one dietary group till apparent satiety two times every day for 56 days. The
weight gain (WG) and the specific growth rate (SGR) were decreased along with the increase in DDGS
level but there was no significant difference between experimental groups (P>0.05). The body wall index
(BI), the intestine index (//), the intestine length ratio (/LR), and the composition of body wall were not
affected by the addition of dietary DDGS (P>0.05). The activities of lysozyme (LZM) and acid
phosphatase (ACP) in coelomic fluid were higher in the DDGS20 and DDGS40 groups than in the control
group (P<0.05). The activities of phenol oxidase (PO) in coelomic fluid were raised along with the
increase in the level of DDGS, and were significantly higher than that of the DDGSO0 group (P<0.05). The
activity of alkaline phosphatase (AKP) was not affected by dietary DDGS (P>0.05). These results
indicated that corn DDGS could be a potential dietary ingredient and could be used at a concentration of
20% to 40% to improve the growth and immunity of sea cucumbers.

Key words Sea cucumber Apostichopus japonicus; Dried distiller's grains with solubles; Growth
performance; Body composition; Immunity
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