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FREY p#A TgmE> & a0

% &' EH¥Y oEmAt ou om!
(1. VEIREERY: Bl 222005 2. "PEUKRIEARTF B KOS T8 2660715 3. T &iEERE SHOR
WA ER LR EEF AR SEY - i RN E  HE  266071; 4. FEELERARAR HE  266409)

WE W% KB4 EE 7| 5 (Apostichopus japonicus) i f & YR, AR E THE L
BEARAASEMRERT. £K. FrrtfaBiltBEENgY, R, ShaomT 14
Bl A NN ERBERR LB AR RAETHA KN EEZXRETER, SR2ELW, £ 50 d WHA
SR B H A, R KB R AR B v A B A 08 R (SR) N (91.51+0.74)%, B EE TR KB R4
[(82.35+2.22)%)] (P<0.05), & # iy 4F & & K % (SGR) % (1.83£0.01)%/d, § K KB R AT L E £ 7.
HHE K B R R R B By A KB AR R O 2 B O (13.25£1.01)%F7(32.3242.00)%, K P 3% HE K B A
HITEERGASAKE, TEEZFFAEAREEAMECEBRAEEN N ESEREN, HEL
B A RF 2 A e M ek B B VR B AN R R A B E M9 7 8 (0.74+0.04) king U/100 ml, (95.52+
14.80) U/ml #1(335.89+13.01) U/mg prot, % 2 & T %% & & B 47 £ 41 (P<0.05); X 52 4 3 o] — 4 2]
BT DNEER A E E KT TN 2 REW, 7 KRR A B A2 AR A E T #H
B R 4 B A (263.274£32.57)F0(315.15+61.41) pg/L, B EKTRE Bl R4, %4 &4 U
EH, HRABANTEERAMNSG AN EERBRAT, A TEFRABAKT, KHLE
ARERS TG SHRATER)] RN,
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SRR AR SETE 2006 AERRH TS ILEER &
TR R A R R R AR I — TR E R, & B
BHE S — Rl AR, VR B AT Re A 5 T4
Grrakl, Zad R Kk T B AR DR R I RE R AR
S PUE RN T, RTINS T
JoT, fd DRl EE 25 5 B s ORI (Rl BH A, 2018).
(IR, WAk o] DA CE ARl 38 PR L U, Jf
AARE TR T, BB S TR ALK L B R E R
WrfE; Ubah, Ametkl o i A 9 mT DL ek sh i i i
R, IR 1. HET, BT 2
N RS & R (FFESE, 2015), fEf7% . WwHLwit
VR X (1% % BRI F AR U T R4 8 A58 3R (A L 56
2013; SR/NHESE, 2014; IMEITEE, 2012); 1EK =814
BT, K EEARAEAT . BB IR T A
A , X = 25 B G i GDR R FH S A 1 fhk
H BB/ NEESE, 2018; =EESE, 2018; Refstie
et al, 2005),

RS TpRE LR R by S E Sy . BT, X
SRR B LD TR AR S ERER
A2 (E IR SE, 2019; ARG, 2020), XF 2 K
TR B I i b TR R B B . FRIHSCER R R B, B
R RRDRL T 2 i 2 A K (2, 20145 ZRFI4E, 2013;
TR, 2015), 10 56 T & B iRRE T il 2 35 5 A5CR 1 25
BB . ARG LIS B REESIPIA S,
FISRER YT A | G M LA SR 3R A K K T
W S5 A, 28 A MR ST R S % FE 0 R vh & T ARk 9 1
FRCR, DS e S F15 %5

1 #MR5F*E
11 RSEFFRIE

AT T TS 2 U5 T 15 B % 4 A R
FIY, IO RAF . RIRHE | & i i il
RN, PEAPHLKS M (1.79+£0.22) g/3k, 7EFRFE 4] N
F& 5 d JE TR OGS

12 ARBRERESHME

AHIEGE T VDRI T 5 5 B 0 4R ATA BR S ]
A & T ) R A 20 43 L A5 DRy g 7 (Laminaria japonica)
¥ 2 i (Scagassum)is ¢ B DLIE=3 1 6 ¢ 1. 76K
R TR AR Ll 1 VA 0 5% 1) 6 4 A T 10% 1Y) A1 [QFLAT
P (Lactobacillus buchneri) % I B, 30°C {8 i & 1
2 d HilBUR B RL, fRDR SR  4R LR G
IAGE JEEE R A), Zead 80 H i 4R 8 5 $ o

13 BRABARNRSHEERENFERNZMN

AR 6 NAERR 12 m’ WIS F i, &
T b R AR SRR L R, A T B S A
30 kg, AN 2 4, —HEME R K BEGRDRNCR & B
TR, CG), —# Mk Bk R iR L, FG),
B 3 AT, LRI 50d, A H RN
FISREN 2%, WEESHLMAREE, 8XK%
M2 YK, 08:00 HEMEH LAY 40%, 15:00 B H B &
f) 60%, FERFK 1/2, &7 dENb 1R, LR
Ja , KSR S e, REBUS RE, JEREHLE
FE, RIS MR E, AR E 4 KR (Specific
growth rate, SGR); M 4 &l AP A4 8 A 5 S 4
R H A7 I 2R (Survival rate, SR),

$lZ SGR Fl SR IHE AT -

SGR(%-d ") = (InW—InWp)/tx 100%
SR(%) =(No—N)/Nox 100%

o, W W 431 36 7R 2 56 ) 2 18 0 s 4k B A
LARNRHE; t FORFFFA; Noo N 2351 3o 52 56
Z R AR B 2R AEREL

1.4 2IRZEERA RS IE 5 =1 S R BRI 1L Bl
A i

A3 I HESER TR LS Rt 6 AN b TP BEHL
FHEC 10 kA=, FIJCTE S an fl O s i . A
W5 R =, 3% KE NaCl ¥ 2 i it
B, WAENE . R 738 T —20°C vKAE N IR AT,
A3 G ) R 2 1 A R e e 8 Rl 3 e R T Ak O e

PRI ER M W 2 ¥ (Acid phosphatase, ACP)., B4
Wi MR itk (Alkaline phosphatase, AKP) ., i 1k 4 B Ak it}
(Superoxide dismutase, SOD) 1% 1 fi#(Lysozyme, LZM)
4 N AERE SR SR RS bR, DL S UE K B (Amylase, AMS)
FER AR B (Trypsin) 2 SHAGBERS bR, F) R BTS2 A5
D) & (R o AR ) AR E S I A7 e,
JrikZ i e vt .

1.5 $IRAERIA R 3T % 58 it oK 7K iR i) 22 i

ARMFFEIEE 1 AMEHUE BT d), SREFEFE K
K, MPEKREF AR . WAHEREE ) pH H., A&
13 W 43 O B VA I e K AR i 2 L, R 28 & e sy
e B TR I AR R B TS R L, TEANERAE kS IR
[ ¥r GB 17378.4, FIH] pH 31kl & /KR pH {H
1.6 HREBARXRSEEEK KM

2 R W S 56 7 ] — A S 6 7 [R] 328 B
LANZS B FRAET , WNTICE 6 DA 40 L AR
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RERECE . AR I T S TR BE K A 50 149

IKHE, A KFERHOR S W R 20 3k 2850 2 41,
— MR R B R, S — A AR R R, AR
3ANEAT . SEE AR 20 d, SZI6 TG S R 43 5
FReE, THERIS MR ER, JFRPCRE 10 kfil St
FIREMEING. o B H DR I SR E Y 2%, B[R
P A B 0 A R R T RN R D RL, USCER BRI RN S

FIS R AR R, B AE RS &
S I AR R R R S, M AT B e R B
(FEVESE, 2012),

0 df120 dif, BEPLREE 10 LEISHF, [F
W WSS B 1 i A FE M AR AL T, AU E 0 d
120 d H1Z . FEMRIENGE

S ae R R

C=G+F+U+R

A, CEREFEEE; GEREKEE; FERHE
U FonEitae; RFERICHTHE.

BERECHIHA AR N,

C=C*Ec

Arf, CARZRSLIR I S I FE I DR H R
Ec AR REME (V/g) o

HERBEGRITTE AR S

G=W,xE;~WyxEq

o, Wo. Wh 43 31378 S50 I 2 1 9] i A2k
TR E R o By 2052 3556 0 2 1940 Ui BE1EL AN
ZORHEE/g)o

HeZEBE(P) AT A AR

F=F %Eg.

Krfr, FARIRER RIS A R 28 T S
Er N ZAE I BEME(/g)-

HEMRE (W) AT A R -

U=(Cn—Fn—Gn)*24830

K, CVEREEA(2); FnERHEEEA(2); Gn
TR A (g); 24830 Fnfil S Hel A5 e 2 A W BEE
J 24830 J/g.

RBFRE(R T AR A .

R=C-G-F-U

o
e ;

1.7 #HFEAIE

FIF SPSS 17.0 B /4%F S 5 K Pa i A 1 s R 38 Ty 22
21143 #T(One-way ANOVA), R ] Tukey K5 17 %
IR, Ll P<0.05 1E N 255 B E K,

2 RO

21 BIRZEBARNRSHEEREMERRHZMN

R 1 ATLUAE H, RREBREE R SGR h
(1.83+0.01)%/d, WEALTARKBEEABILL, H 2 dHMC
i 5 (P>0.05); HM SR KFH, KEEWE R 4H
(91.510.74)%, ‘B2 = TR K EEIA RL2H (82.35+2.22) %)
(P<0.05).

1 BBEARANHSHIFEEREMEETE
CPIEEFREZE, n=3)

Tab.1 Specific growth rate and survival rate of sea
cucumbers fed with different feeds (Mean£SD, n=3)
5 g R R [ERES
Group  Specific growth rate (%/d) Survival rate (%)
CG 1.85+0.01 82.35+2.22
FG 1.83+0.01 91.51+0.74"

H: CG: REBWAA; FG: KEWEL,; FhE
P R VA K 3 A E S BbRIE 2 ; W] — S e A7 bk
A W25 (P<0.05). TIA

Note: CG: Unfermented feed group; FG: Fermented feed
group; The data in the table are the average and standard

deviation of 3 replicates; * represents a significant difference
(P<0.05). The same as below

22 RIREBEGA R SRR R0 H L

5%

221 A4 M LR E M2 AR, K
55 T 4R B A B AR R R & iR BHH ) ACP. SOD

AKP Fl LZM i M 25 A8 3 (P>0.05), £84d 50 d
LML, 2 S SEE A 2 H AP ) ACP L SOD ., AKP
LZM i fb 20— ER . b, KRERE

®2 BRRAEERRSHIESFFEREEEETHCFIERESE, n=3)

Tab.2 Changes in non-specific immunoenzyme activity of sea cucumbers fed with different feeds (MeantSD, n=3)

a1 @z‘i‘&@?@z‘iﬁﬁ ACP ﬁ)ﬁﬁ@i@ﬁ@@ AKP AL B AL SOD VA T LZM
Group (king U/100 ml) (king U/100 ml) (U/ml) (U/ml)
0d 50d 0d 50d 0d 50d 0d 50d
CG 0.84+0.03 0.82+0.09 1.47+0.03 0.35+£0.04  23.63£0.02  23.28+2.76  22.40£2.96 57.50+7.91
FG 0.81+0.09 0.95+0.13 1.30+0.06 0.7440.04"  21.97+0.30 25.6443.10 22.80+1.92 95.52+14.80"




150 ook B

542 &

T EHH S ACP #1 SOD & PR BN, BT BL2H
i) ACP H1 SOD it i 1k th 03 = ka3, (0 5K A 8%
T REH 25 5 R 5 3 (P>0.05) ; Il 21 AKP il i M & 18
T Ak 2H R A e T A ek 2 4 1 BRI A R s, B 50 d
J5 K B Rk 2H it % 4 (0.74+0.04) king U/100 ml, &
TR R R (P<0.05); & T AR 2H AR A i
TRPRLZE 20 LZM BERS PESA 1 B a3, 4200 50 d
Ja & BEERHH ) LZM B 5 PE R (95.52+14.80) U/ml,
2 TR R R R4 (P<0.05)

222 HAiuEEEMR ME3ATLIAER, 7£50 dWy
SCUR TR, S B R RN R A R ZH 2 i TE R
T PR XA HR R o AR R TR R 2 A TS A o TR R
BEGRAL, (H 2 4122 58 B35 (P>0.05), i &
T k2 50 d S 04 R 3 0 AR G T 1 O (335.89+
13.01) U/mg prot, I3 TR & Wi RL2H[(268.99+
2.99) U/mg prot] (P<0.05),

*3 BMAREBIFSHHELEEFET L
CTPEAREZE, n=3)
Tab.3 Changes in digestive enzyme activity of sea
cucumbers fed with different feeds (Mean£SD, n=3)

w5 TEM A Amylase JBEHE FI i Trypsin
A (U/mg prot) (U/mg prot)
Group

0d 50d 0d 50d

CG  6.14+£0.43 8.24+0.80 74.53+5.20 268.99+2.99
FG 6.01£0.38 8.92+1.09 74.44+7.60 335.89+13.01"

2.3 IR A B GR) R X 7R FE 7K A 7K B Y 2 B

231 KRkPFHRRENR mE 1 ATLUESL, 17F
7 d AR DY, o & I TRDREZE R & TR ZE K AR
R R R LTS, HAR & AR B T R
Wi TR R4 . 50 1~3 d, RERERIK
P R S R o T A TR R (P>0.05) 5 TEHEIR 4~7 d,
AR R T )Rk 2H K M Y SR T I T R A
(P<0.05); 7 d B, %Wtk i K 7k & /O R
(263.27+32.57) pg/L, A K BERLH A K A28 Rk B
1115(462.86+14.69) pg/L.

2.3.2 RAKP G LAEER B K AL & 2 A LU
FE 7 d W R N, R K TR AR K R ALK
RS R Eh 24 5 T, HAR R BRI -
FHa$H B & T L2 BRI . B 1~2 d B, KREBE
o] ek 2 KA v I i TR R W T R I R R 4L (P>
0.05); M2 3~7 d B, A Ak 26 7K A4 r i) I i i
b b 2 En T R A R4 (P<0.05); 7 d B, R AR
(R KA B R h e B M (315.15+61.41) ng/L, K &EE
TPHE 7K AT A PR R 2 8(572.87+25.75) ng/L.

233 K4k pH T AL HE3ATLAEN, 740
B RN, R A b A 2 A A B iR K AR Y pH
By RF Rk, AR A & Tk 4 25 S R
#(P>0.05). 0 d B &R pH ol 7.24+0.06, K&
T RL 2 pH o 7.2540.08, 7 d A& RERENAL pH Ky
6.97+0.08, KK FERIELZH pH 2y 7.0240.01,

i 500 - BB RKBEFRIL Unfermented feed group i

g 450 [ &BEARIZH Fermented feed group
S 400t o

ati
w
4
(=)

300 | g g
250 £

200 de de
150 be

100

1n wate:

KHHER

Ammonia nitrogen
o

W
[ ]
T

KA Days/d
BT AMERE (7 )P FRIE K 2 R AR
Fig.1 Concentation of ammonia nitrogen in the culture

water during the substrate change period

AR T RERR T R R A 13 22 5 (P<0.05)
CFHELbREZE, n=3). T[H
Different letters indicate significant difference between the
two groups (P<0.05) (MeantSD, n=3). The same as below

0 R & BEERI4 Unfermented feed group  j
550 [ O3 % B#iAKI4H Fermented feed group
i

[ L hi
™ 500 h

BB
S W
[N}
(]

50 fg

7K H Y R AR R
Nitrite in water/(ug-L

KA Days/d

B2 —AMEEIT &) IR K AR ER 5 Y fE
Fig.2 Concentration of nitrite in the culture water
during the substrate change period
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B R & BEARI4] Unfermented feed group
O R EE/ARl4H Fermented feed group
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be

pH
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B3 —AMEN(7 d)FI ARSI K pH Y2 fE

Fig.3 Changes of pH in the culture water
during the substrate change period
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24 RIRAEE RN RS E KR

T8 S G E , 0 d B RIS R REME N 39.34 U/g,
KRR BRI . FE K 20 d BRI S8
Nk 34.79. 5.35. 1.77 F1 42.45 J/g, REBAAER
AR BRI . MK 20 d BFAY RIS ARG 4 0
45.61., 6.71., 1.50 F1 41.25 J/g, H4ELL FREMITE S
KBRS KRR L HEZSRE . HEMERE DL S A
AERIRE L Z0TC 20 1o (13.25+1.01)% . (44.78+0.80)% .
(9.65+0.88)%F1(32.3242.00)%, & Eelal k] il 24 K
fE & L O (13.25£1.01)% , W% 55 T oK & B 4 kL 41
(11.38+1.05)%; & B2 RHH AT BE &5 LM (32.32+
2.00)%, WEMT AR K FEFERIZ[(44.1240.54)%] (P<
0.05) (% 4).

x4 HBRAEEARRSHEEE S ECHIELIREE , n=3)
Tab.4 Energy distribution of sea cucumbers fed with
different feeds (Mean+SD, n=3)

4151
Group

CG 100 11.38+1.05 37.29+0.35 7.21+0.43 44.12+0.54

C(%) G(%C  F%ChH U®%C! R(%C™

FG 100 13.25+1.01 44.78+0.80 9.65+0.88 32.32+2.00"
E: C: fEEBE; G: AEKAE; F. HEFERE; U Hit
fits R: fUAE
Note: C: Feeding energy; G: Growth energy; F: Fecal
energy; U: Excretory energy; R: Metabolic energy

3 Wit
31 RRREBARINRSEEERKEMEFEREHRI

R e Ak o A 0 T R A R R A B
TPk I Ko BRI 3R R - sl e A, Ak
SR Sl W R B FNR R B v O AR AR B R AR
= e AR JEORE R R B A W R A (R HE BT
85, 2017) 38 33X LR MR e T T Ak A R & T ) ek % )
SRR A K RAUEIG R A, B & B R
R TR 2 i R A KR T i 3 22 5, (HE IR
BHH RS A7 00 R 0w TR ZB B . R
(2013)FN 22 (2012) He A8 A P 1) Ak R 3t 3 ) Ak o) 0]
SRR, B R, SR BERRE T DL
SRR ARG R . RIS, &l
SAEW RN 5 DL ERFRE g AR — 3, (AfE R
AR IR S HAFAE 20, X RS 2 4508
T T P R ) R LA R A P A A 25 R
BRI T 57050 A = — B0 5 % B IR A, T A
TEPBHH B S AT R 4 R, MRS N, 5

WISRBE KA T RN BE R, S T RIS E
ORI BSOS

32 RIRAZBREAIN RS = 2R B0 H LB

sbA

R Rz 2 2 SRR A0 G 2 RNV e R HE T
SR 12 FE (Kudriavtsev et al, 2004), 555V G e i
TERI S 10 G 28 B A0 0 o 90 o b o7 (WU 4%, 20125
INKIRAE, 2007) A& BEEDENAT LLkcsE 3 i 18 i A 2
A, MR ARRE Sy, R N R A
FIF R Z: 1 BB W, A B F 42 i 2 0 R S e e
PERGIE T, IR, fRHE KB RE Y, ARG EA
Wra i, AWM 50 d 5, KRR R SR
ACP. AKP., SOD Fl LZM 14 241 12 oK & i)
2H, 2 4[] ACP il SOD fifiifi 4 JC i # 22 5, AKP #lI
LZM [l 6 PR A7 25 22 5 . EAHHEESE(2016) 7RIS 1)
Be A TR A I 30% 9 & BT, filZ LZM, SOD .,
ACP i isMARA WPt e DL BR8], kA
RE AT I B S ) G S M Xt T DL R R
R R AL % 0 TR R IR Rk

AHIFFE H e T Ak Xt ) 2 1 Ak Tl R 1) R T 2
A, T Ak vl LA 2 4 v O 2 J B A TS,
M BEE S M R/ R (2012) & B0, 1] M A i 4]
#lE , TEEREL AR (Procambarus clarkii) i1 figs 25 4 i i
PRI Ry B PR 0 T s FN%(2015) KB, KTk
TPEERT DA [R) R B 1 8 v o0 2 1 B 1 I L 0y g AN 2T
e Z WG, FLARIT A A AR U TR M S AR
SEELAARL, X AT RESE f T A& WA A nT DA e e A v
RETR A5 25 25 TR, T2 (e 0 o 2 W 3 v B 1 TS 1 1Y
2Tt MAWFFE R, K BRI 2 3E By WS 5
BN, RIRES FRAE S DB AT O, A 5T T
B 2 AR 32 BV R D R, TR TE R B
R4S, 1997), K ARk o 2 I 38 Ve 43 il 1
PR M /N

3.3 RMRAERRI R X 7R FE 7K A 7K B Y 2 i

JZ T kst B, GRIEFZEMEA BT,
38 2o A Wy e it ™ A R o 1) 2 R I il R Ak S5
EYIT, HEFEWK AR pH (i, XA EY) T pH
AR Ak 22 X S R L T AR A AR K7 AR N RIS
(FAM%, 2018; RHIBAE, 2018), A5 i % L %
K T ) Aol AR e T A Ak o 3% B B G Tt 7K K JBR 1 5 )
R, A6 7 d BRI, KR BEEDE KR 1Y 2L
RANAS PR ER IR FE T e, 76565 3 REEE 4 K
EETREEA ., FARRFQOI9EM, HRKEE

R
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TRKIRI A . WREEREE . pH B IL S Ak Y
T XA, AHFoE 5 HAS AL, B2k
H, REEEENE B FRRI R, JF H R B
RS REM A, I T AR AR, N
MO T IR KR A 7K R

34 HRREHAMIXRSEEEW ZAIF M

et AR —FhRE R UL 30 5 43 BL O VP4 T B
AT DL R0 B A= 0 AR B 22 1) 40 BE A PR 450 o 388 e %o
Bl 45 MR A PR R A A T DR 2 1 e A 4o B T DA
il REEAEMA RS A K BE . HEZSRE RO HE AR
Fe ¥ TR A B R, AL JC B 22, KRR
R AR BE &7 LUAR TR R B DR A, B 4 ) AA A
WEZES . BEQOINMIF KM, FEMRA [ AR =
1) HE & 40 B A A 22 5, R B R ¥ (Sargassum
thunbergii) # i 5l 2 A% 155 B 55 T 45 WA 8 F1F &
(Enteromorpha prolifera)#; il 2 AR 6E, 312 19 HE
FERBAR T H R By AT Wr &0 I 2 M HES g o ARBIFSE
FrAE RS REEN R SRR, W Ew, He
SR S 24 Bl Z i e i TGS 3, i
B4 R B JG KT I Bt SR /N oy o, R
STHAETR I, HIE, B K BRI 2 43 L i A
RER /L I & T ia Rk S i S8 & ik, HEZSHRAHEM
REH N o AT b ok & e DR AL 2 1 A KRR o EE
(11.38+1.05)% , A& T ] BL2H i) 2 19 A= KRB i L6 o
(13.25+1.01)%. B SR PR 21 19 4 a8 A K il &5 SR G I
FHE5, (HERAUR S M A K EE b Humg =, X T RE &
T AT e S S SRR A, 5 WA T o 9 & T L RE RN
KRR AR K P R ARDR P R 40 i B kI
WA, Wik, KBRS 8| SR EhE
TR KB S8, M1 A,
KRN RIZ H TARK B Re R & TR R A RS
ARG —2, PR A B A R Rk i Ko
YT EEAL J /Ny ) i (Jiang et al, 2015), BEAFT
RIS AR, IS E 2 HTAER, 5T
TR A ROR %

R FE A U8 UE & EE AR R AE T AL K AR AN R
TR FRFEACR , AMFRCR A T 35 R, 78 50 d
) SIZ 0 JE) B v, 8 TR R R R R AR, A
e IcL . R B PR IR K B e bR . AT
FERM, TR WA RL AT DL 2 4R i S A R
RS BE Z R T4 K R, Sk R
TePRERT DL 5 o 2 0 el A T S TR R S 11 g
T, Ik 9% 7 Bt K 2 R i R R A P i K 25
AR, FERS T R, R EERDRE SR A O

BT AR KR o AT ST 4 Rl % K e b e 0 2
FRIE P N R IS %

Guo N. Studies on the effects of different diets on growth,
digestive physiology and energy budget of Apostichopus
japonicus. Master’s Thesis of China Ocean University, 2011
(SR, AR R 3] 2 (Apostichopus japonicus)AE 1 . {1
(s = S R i) A I ML R S 3 BN o2 e W A e
A3, 2011]

Han S, Hu W, Li CL, et al. Effects of pH stress on survival rate,
growth and antioxidant enzyme activities of the sea cucumber,
Apostichopus japonicus Selenka. Progress in Fishery Sciences,
2018, 39(5): 91-98 [#hvh, Wik, ZERibk, ¢, pH Bl xt
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Effect of Fermented Feed on the Energy Budget, Growth, and
EnzymeActivities of Sea Cucumber Seedlings and Its I nfluence
on the Water Quality in the Culture System

WANG Fengjun'?, LIAO Meijie'**, WANG Yingeng™’, LI Bin™*",
QIN Lei', WANG Zhiping'?, FAN Ruiyong®, LIU Yi*
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Abstract To explore the potential of fermented feed in sea cucumber cultivation, the effects of
fermented feed on the energy budget, growth, non-specific immune enzymes, and digestive enzyme
activities of sea cucumber (Apostichopus japonicus) seedlings were measured, and changes in water
quality (including ammonia nitrogen, nitrite, and pH) in the culture ponds during a 7-day substrate change
period were measured. The results showed that during the 50 day experimental period, the survival rate of
the fermented feed group was (91.51+0.74)%, which was significantly higher than that of the unfermented
feed group [(82.35+2.22)%] (P<0.05), and there was no significant difference between the two groups for
specific growth rate. The growth energy ratio and metabolic energy ratio of the fermented feed group was
(13.2541.01)% and (32.32+2.00)%, respectively, whereas the values in the unfermented feed group were
(11.3841.05)% and (44.12+0.54)%, respectively; therefore, the fermented feed enhanced the growth
energy of the seedlings. For the nonspecific immune-enzyme and digestive activities fed the different
types of feed, the alkaline phosphatase, lysozyme, and pancreatic enzyme activity of the fermented feed
group was (0.74+0.04) king U/100 ml, (95.52+14.80) U/ml, and (335.89+13.01) U/mg prot, respectively,
which was significantly higher than that of the unfermented feed group (P<0.05). The concentration of
ammonia nitrogen and nitrite on the 7th day of the substrate change period in the fermented feed group
reached (263.27+32.57) pg/L and (315.15+61.41) ug/L, respectively. The values in the unfermented feed
group were (462.86+14.69) ug/L and (572.87+25.75) ng/L, respectively, which were significantly higher
than that of the fermented feed group (P<0.05). All the results showed that the fermented feed improved
the physiological metabolism level of the sea cucumber seedlings and maintained the water quality of the
culture system; therefore, fermented feed has a broad application prospect for sea cucumber seedling
culture.

Key words Apostichopus japonicus; Fermented feed; Energy budget; Growth; Enzyme activity; Water
quality
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