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Abstract

Sea cucumber, Apostichopus japonicus Selenka, is one of most valuable cultured species in China.
With its rapid development, algae powder which is the main components in feed was deficient.
Fermented soybean meal (FSBM) was regularly used for replacing fish meal in fish diet. It also
seemed to be one of high quality raw materials for A. japonicus. In order to investigate the effects
of replacing algae powder by FSBM on growth and digestive physiology of juvenile sea cucumber,
nine kinds of isoprotein experimental diets were formulated by replacing algae powder or mix-
ture of fish meal and algae powder (2:15) and fed sea cucumber juveniles with initial body weight
17.7 g for 70 d. The results showed that with the decreasing of dietary algae powder, the weight
gain rates were increased and then decreased, meanwhile, both protease and lipase activities
were not affected, and amylase activities were increased. Both glutamic-pyruvic transaminase
(ALT) and glutamic-oxalacetic transaminase (AST) activities deceased firstly and then increased
afterwards, and both pyruvate kinase (PK) and hexokinase (GK) activities were stable firstly and
then decreasing. Intestinal wall thicknesses were not affected by the diets, but the heights of villus
were decreased significantly. With the decreasing of dietary mixture, weight gain rates were de-
creased significantly, meanwhile, protease decreased and amylase increased. Both ALT and AST
activities increased firstly and then kept stable, and both PK and HK activities were decreased sig-
nificantly. The thicknesses of intestinal walls and the heights of villus tent to raise then fall. When
FSBM substitute more than 51.66% algae powder or 24.28% mixture, the height of villus became
shorter, width became narrow, and quantity became fewer, meanwhile centrallacteal was broaden,
and microvillus appeared absence. Submucous layers of maximum substitute groups were ob-
viously abnormal. It can be concluded from the results that adding amount of FSBM in sea cu-
cumber diet should not exceed 10%, or it may cause the damage of intestinal structure and af-
fected the activities of digestion and metabolism enzymes.
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AR RGBSR SER R, PURBEG 27 & REMFER P FER & A
MR EYI(2:15), WHIIMEE LWL, MBMIHEEL7.7 gliifl24270d. ERER: 1) &
REME, LHRGHSHWERETEREP < 0.05); FHEEABN IS HZIAREE P > 0.05),
MBS 1T R FR(P < 0.05); BEAREIBWALT) XA ELZE(AST)IE N EBAETRE LK
B, WERBEEE(PK) X CHEEEE(GK)IE 25 FRE TRIES: heEELEEZIP > 0.05),
HEERKTREKE(P<0.05).2) BRBEWGE, MEXEERIK(P <0.05); EOEEZERK,
MBS N EEFRP < 0.05); ALTRASTHE HE% LA EPRIK#EY, PKEHKE TEETRWP <
0.05); EEEENZEKEN L EAERK. 3) REFZHER51.66%0L LKENR24.28%KEEY
B, BMEREKELE. BEEE. HEZD, PRIBEEEZE, BBAEBHIARRK; BESERAMNET
EHIAHERE. L RELBEHGT, HRSESAS+HREEHENBNIERNEBIE10%, SERM
WG IESEW, BwmEE RS .
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1. 5|8

R % S A (fermented soybean meal, FSBM), X AZEME . KEK, 2SN EEER, FHEBAE
Yk BRI . 5 S AAEEL, FSBM B R T EA T RERK[1], DarrFIk. METRAgER
HEA T RERS2] [3]. HAEH: FSBM f] LLE 7S (4postichopus japonicus Selenka) [4]. 7 fiY.

DOI: 10.12677/ams.2018.52011 90 R


https://doi.org/10.12677/ams.2018.52011
http://creativecommons.org/licenses/by/4.0/

(Paralichthys olivaceus) [5]~ 15t fi(Epinephelus coioides) |65 /3t 8y, $& /5 BR8] (A canthopagrus
schlegelin)\ FITTEAMBE I 7], CEENLEE F1(Oncorhynchus mykiss) I ZH 2R S5/ TE [ 8]

Vil 2, JEBE ST (Echinodermata), 24 (Holothroidea), f&F&E £ B il /K 72 Al 2 —. H
HIT R 2 0 15 P ) b T 2 OB DR 3R (0] [10] [11] [12], MBS A A T I 2k 77 77, KRR
WIRE P EURF AR KA. FSBM B TR A E A JER, RIFERE, XIHEEmEN. 2% 105 2017)
RI& 7 FSBM AJ LB A I S Akt o 0 20 35k, ABARS B AR 0 R S A A BRI AR AL EAT 3R 1T [4]. A
I, ARG DL FSBM 73 il B ARHD & 1Rk b (b S ik ok -a 1, E T L0 0 2 A S A A B
SR, DO R GORAE R S0 & vk i) S 3RS %
2. MRS RHE
2.1. KRR R HIE

DAARS RN AR R, TR L& 8N 22% 75 45 2R R RDRLEL 77, 23 B 0% 5% 10%- 15%.
18%[¥) FSBM 2528 (1 & ARSI R0, DL 7.6%. 15.2%. 22.8%- 30.4%[¥] FSBM %545 (18 A 5Lt ]
B Bk S 0(2:15), Bl 9 AERSLE TR, 275y D1 D2. D3, D4, D5. D6. D7. D8.
D9 4, D1 skt A o SEERAARIEC T7 S B AR A LA 1o %% JFURH R AN 3% LU PR 2 ok i o 200 H i
TN f i fod B R R S), T RHRRLRL f1 BB 5 60°C R, HI/NEUEYRENLAR %, 91k 60~80 H

Z 18] AR AR 26
2.2. FFESLHETE
FRIA SIS AE (L AR A WA 5 L T SR = A R DK IR RGN REAT, SER S

T S R BR A ] o SEES A S FRAE L2 5 1 L5 (2017) [4].

Table 1. Formulation and proximate composition of the experimental diets (%)

F 1. LEEAREL S REE KRS (%)

) 407 groups
J5k} ingredients

D1 D2 D3 D4 D5 D6 D7 D8 D9
4} algal powder® 60 445 29 13.5 0 45 30 15 0
) fish meal 10 10 10 10 10 8 6 4 2
KWK FSBM 0 5 10 15 19.35 7.6 15.2 22.8 30.4
#3J¢ sea mud 5 15.5 26 365 4565 142 23.4 32.6 418
i fish oil 1 1 1 1 1 1.2 1.4 1.6 1.8
HE others 24 24 24 24 24 24 24 24 24
4t total 100 100 100 100 100 100 100 100 100
EHX R4 (T-E) Proximate composition (DM)
AR crude protein 22.03 2200 2212 22,07 2141 2256 22.67 2232 2204
HLAEWS crude lipid 2.96 3.08 2.99 3.04 3.07 2.85 2.68 2.52 237
ALK 5> crude ash 1578 2628 3673 4722 5643 2454 3335 4211 5093

e, BEEE, KMHE, W LLLES b, WEES 10%0N 0, 8.94%IFkr, 1%ME, 1% A5, 1.5%4ERTURE, 1.5%0Y
JRTEEAE, 0.06% K5 5377, YE2E R TR W5 R A UL £ PR 94 (2014) [13].

Note: a, mixture of Sargassum thunbergii, Zostera marina Linn. and Laminaria japonica at equal proportion. b, others contains 10% wheat flour, 8.94%
shrimp powder, 1% phospholipids, 1% Ca(H2PO4),, 1.5% vitamins premix, 1.5% minerals premix, and 0.06% binder, the compositions of vitamin
and mineral premixes are the same as reference Wang’s (2014).
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23. HFmRESHE

TSI ARG, 5 48 h, FUEANKIGIESLI RS, 114, ESSTE 30 S JERRE.
WREENLERIE 15 k12, B FEERaERS, FRREaRGRK, »EBEFET-20 BAFEN. 17
iR S MFiE R 1/3 A8 0.3 ecm, W R (Bone’s) [ & 24 h, FFMZiEH AT A BIHIE

1 8 2% (weight gain rate, WGR, %) = (W, — W)/ W, x 100;

{Ei% % (survival rate, SR, %) = N/N; x 100;

KA, W NKRETRE(g), W VIR E(Q), N AEETRISEE, NSRS 5.
2.4. HEME

Ji7 TERH il R FH SR K I S5(2012) I 7 V5 45 [ 14]; 85 1B (Protease) Jig 7§ (Lipase) & i€ ¥ il (Amylase)
B R FH R R A TR T TR s B T R E B (ALT) S A S 2 B (AST) K FH AR A6 2 A 43l
5E (Hitachi, 7020, Japan), G504 H b RIS 2 AR A PR A R, B B & 5ok 25 Bl g vk
D5 s PR RR AR (PK) A COPE IS (HK) K Elisa il &I e (il 90l A R A F), BiG 1 sfr s
T 7735 WL .

2.5. ERLY RGEHES R

[ 58 J5 BORE S B RS I K . 3B, BElE(Leica TP1020)5 (3, 78R FYIAL 7 um JEHIY) A,
HAKEPAMHEY A, FHNAEE R . 7520 Pt P A, EFMAMEF, KA Leica DM500 K
BRERZRG I RS LB, FAFEMIER 10 NMEEESMERNT F, S e S AT 2
WUZSHEE N 2B PR, REKENITEREKENFME.

2.6. EiEIE

S T 759 8088 5% F Microsoft office Excel 2007 & SPSS™(SPSS, Inc, Chicago, IL)11.0 One-Way ANOVA
LbEE, BT RAEEPRUER 25 (X £ SD)ERIR, Z 5753 (P < 0.05)if ] Duncan’s #3638 47 % 5 EL 0 # o
3. &R
3.1. REEEHAX{ARSE KRR

R SR AR BOR &P 5 2 0 BOE 22 T8 B S (P > 0.05) (% 2). RS FI BB )G,
SIS S G R B G R, 7F D2 iR B E, BEET D4 ) DS (P <0.05); BEEIRE
HEVILBI TS, D8, D9 I E K J R A KR EEC T —4(P <0.05), B =ML REERP>
0.05).

3.2. FSBM RIS M8 HILERE N HI RN

FSBM 5417 il 2 Jig 18 W AL B 71 5200 0L 3. FSBM BAR I 5, 170l 2 7 8 A S 5 Fha s
T B, D5 5B EAKT D2-D4 A, He %21 2 0] 22 5 A 38 (P > 0.05), ek BigE J1 5 T s A (P < 0.05);
FSBM B REMEMRAYG, EOMIE A TEERIC, DY HEZ K TFHESU, hmiis 167
FETHEI(P<0.05). FSBM Xif i [l B 1 76 5. 35 52 (P > 0.05).
3.3. FSBM xHii#& iE X S a2

FSBM 47 1 2 i 1B AR i 5 0 2 WA 4. iRl WL, FSBM B o, (7RIS miE B A
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Table 2. Effects of dietary FSBM on growth performance and figure indices of sea cucumber A. japonicas Selenka (n=15 x +SD)
F 2. ABSHMNRSEKMEENTNT

e ks 205 groups

indices D1 D2 D3 D4 DS D6 o7 s oo
%ﬂyﬁ/i/g 17.86 £0.55 17.72+0.13 17.63+0.10 17.76+0.40 17.63+0.17 17.77+0.08 17.80+£0.05 17.74+0.07 17.65+0.02
Efii’;/;ﬁ/g 40.74 £ 1.14cd 41.26 £0.81d 40.17+£0.99cd 39.97 £0.75¢ 37.66+0.53b 39.77 +0.33¢ 39.49 +0.68c 37.62+0.85b 35.50+0.81a
tg\%ﬁ%lﬂ.% +4.33¢d132.47 £4.03d 126.98 + 4.33¢d 125.01 £2.21¢113.20 +3.02b 123.80 = 1.50c 121.72 £ 2.38¢112.26 + 3.43b101.15 £ 3.25a

A2 /%
sp | 96.67+333 95564192 94444500 0444504 97784192 96.88+3.13 9583+3.61 95834180 96.88+3.13

Table 3. Effects of dietary FSBM on digestive enzyme activities of intestine of sea cucumber 4. japonicus juveniles (n = 6
T +SD)
3 3. FSBM X115 718 H (L E8IE 11 BISZME (U/mg prot)

¥8¥5 indices

4073 groups

£ 1 protease M i lipase VENITE amylase
DI 70.86 +9.72¢ 0.64 = 0.03 6.59 +0.47°
D2 74.96 £ 6.81¢ 0.59+0.10 7.85+0.53°
D3 77.40 + 8.63° 0.62 + 0.08 8.02+0.87°
D4 72.13 £ 6.56 0.63 +0.06 9.60 + 0.38°
D5 60.32 + 4.06° 0.60 + 0.06 9.23 +0.56"
D6 72.71 +3.69° 0.64 = 0.03 8.56 + 0.24
D7 65.14 £ 4.22° 0.69 = 0.08 11.94 + 0.48°
D8 47.56 +8.12° 0.66+0.07 15.45 +0.34°
D9 36.80 + 3.85° 0.64 +0.05 23.00 + 0.64

e FS LN FRARR R S E E R R E, T

Note: Data within the same column with different superscripts were significantly different (P < 0.05), the same as below.

Table 4. Effects of dietary FSBM on metabolism enzyme activities of intestine of sea cucumber A. japonicus juvenile (n = 6
X +SD)
= 4. FSBM Xt RIEME 5 BEE SR #200

f8¥% indices

5 groups BN BB AR R e U
(ALT, U/mgprot) (AST, U/mgprot) (PK, mU/mgprot) (HK, mU/mgprot)
DI 550+ 1.15° 3.80 +0.78" 42.96 + 4.39¢ 1.57+£0.11°
D2 415+ 148" 3.65+0.92% 4526+ 4.47° 1.65+0.13°
D3 420+0.74 3.15+0.35° 42.42 +3.96% 1.53+£0.11%
D4 5.67+127° 330+ 0.56 38.30 £3.30¢ 1.39+0.11°
D5 531+0.94° 3.95+0.27° 30.41 £3.76° 1.39+0.10°
D6 6.73 +1.76° 323+051% 4230 +£2.79% 1.40+£0.10°
D7 820+ 1.19° 3.60 +0.52° 3575 £2.13% 1.42 £0.09°
D8 7.90 + 0.42% 4.10+0.42° 31.61 £2.29% 1.02 £ 0.09°
D9 7.60 +0.47¢ 4.00 +0.39¢ 30.50 + 4.15° 1.04 +0.15°
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BE(ALT) LA E R REAST)NE I 28 T a B %S, W7E D3 HiB 5% ; NI (PK) &
OB HK) TG 1 256 FF5 FRERI#% . FSBM B AR MRS G, ALT 257G IS, D7
HEEETHE&H; ASTE % FTHEFR, D8, D9 4B #m T HeH, PK KX HK G B3 TP
<0.05).

3.4. FSBM HA%1& MBS 1aa0 =20

FSBM X} 45 il Z: i S5 H i i WL 5 BBl 1. R L, FSBM B ARER 5, i 2 g i i e 5
JEE T 5 25 B (P > 0.05), {H 53 PR miE 9 B K E(P < 0.05). FSBM BACtMEmiB YR, Tiklsh
T i B 5 RN R K S 5 5 TR B I#a A, D7 AipiE e R B m T H e A, Do dipiE/RE
MYEKERE ST DI A, D9 Ayl e )R B GE % EK Y B E T HE & 4H.

B 1 AT, BE%E FSBM SR EIEIN, Vil SMmEgEKERR ., WELE, BHELD, M
SEHIEL, D3 HBNCENRE, DS HHEMAEES . MIRZE IR D3 4 e LB 1 i
7K. FSBM B EMIR GG, D6 AR HIESREL S, D7 HHIMEMAERK, D8 A
BB EZESE; D9 HFIERIE R 2 N B R D6-D9 41 de FLEEE B2 %5 T X IR 4.

4. Wit
4.1. FSBM RIS 4 K sEAI =M

ARSI, FSBM BAE o #EM G, AR E ISR S B NGES], RiET RS AEK; HEE
BREMFE, RERTEWIIROLEZ2EZRMISZ)[15], Hrlgeh T REEMTHEFZRTF LB
AME[16], SET LA RSAEKIER T, XS5EL /KA LR RE N—86] [7][17]. I
Ak, TR K S BRSNS BN S A, KR RIS T S K R N RRR B — AN R A,
1575t — DI I .
4.2. FSBM ¥HMARIS B8 H L EE R 10 S

{1 )2 M8 WAL BTG ) 2R . e IR ZE IR R 7 al AR KB B e K[ 18] [20], H. b T3 5E J5vE AN B

Table 5. Effects of dietary FSM on histological structure of intestine of sea cucumber 4. japonicus juveniles (n = 10 ¥ =+
SD)
5. KB TN RIS IHIBEEREHIFE(um)

¥8¥5 indices

L33 groups o P2 i P K

thickness of intestinal wall height of villus
DI 6.75 +0.55% 374.36 £ 15.97°
D2 6.51+0.42% 369.44 +20.55"
D3 6.28 £ 0.60° 158.49 + 32.76°
D4 6.59£0.31° 124.92 + 18.48°
D5 6.84 +0.73% 105.25 + 10.84°
D6 8.41 +0.64° 427.67 +20.18¢
D7 9.43+0.52¢ 204.85 + 17.43¢
D8 7.01+0.44° 157.94 + 13.22¢
D9 6.08 +£0.25° 82.99 + 15.51°
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Figure 1. Effects of dietary FBSM on intestinal morphology of sea cucumber A. japonicus juveniles (x200) VH: the height
of villus; MC: the thickness of muscularis; MV: microvillus (entrcytes); CA: centrallacteal; ML: submucous layer

1. FSBM AR M5B R SHIFZAN(<200) VH: BFAEKE; MC: R EE; MV: HAER LEM); CA:
hRFLBERE; SL: #MRTE

1 RALE A8 SRR TS I8 R EEE A BUEZE R BOK . (B8O — 302, fER—Seia Ak 1F
N HAREEE IR r FE[21] [22] [23]. ASEIGT, FBSM BAGER G, HR ARSI 25T AR A
RATES, ERRALE, MG A T RE e, X 5EMIEIVEE24) LB B8, R
FSBM $2 & 1 iR ZHITEALRE S o AERIBA[25 MNP At 26] L RIWT SR W] FSBM B AUk 5, & AMHE 1
AT REFET G AL FSBM B EENREGYG, RAMRE /PR B2 T, Xae s
WK RS, kB AR [2716 5%, AT RS FSBM B LEIA K. ASLE & AlES 1
SRR EIRBOXS L, R U] FSBM A] Ul i i (D se (et il S i A K

4.3. FSBM SHRIE B8 (B EeE 1 a0 R2 0T

2 B (aminotransferase) & A6 R L TR AN EHIR < [F) IR AL 1) — Mg, 2 T MM LA A= RE R A4S
Ml — . Bl — R REBLIA D T (I ATP) RS IR I [ 2145 2 ¥ 70 T () HOBE, HK A1 PK 2 Hl
WEfpid e EEROERG . EEHESI LW TU R Fe R B AT TN ATAESEALZL, R DIRER)
HESRbRZ —; T HK M PK EZ 5045 T DO REIR AR, fERPAE. WUA. INEEH L i E . A
T HHESIY, iR B B oA I A 23 . I T 0% 117 0 2 i 1 e S g B A R i v 7
48, {2 Wang er al. (2017)55 W0 H1Z g 1EH v bt ALT. HK. PK F:[H[28], UEHI;RIZgiE h A7 7E
bk, JF HHREEZINERRPEER . AL FBSM B8ACGEM 5, WUAMAEEE I L T R
FHAMN, RUIBIE TR S EEZRE RS, FRd MG 7 BT, HK M PK 57 %, R W] FBSM #
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ARG, s 1R 2 8 SRR A, I RS, Hn S 2, B e TR AR AR R
4.4. FSBM RIS BB S8R0

5B g ¥ 4E A (Oreochromis niloticus x O. auresu) [29]« KZZ8E(Scophthalmus maximus L.) [30]Z5AHLL,
i Z i R EK A (%100 um), {HGEE R E B FFR(<10 pm—x1 pm), 5 RKIESE[14]. FEHE[22]
WO, R TR 500 2 i B CBA R AL, MRS5S Z & E s
RGER, WBEMA TR,

FAT, %070 2 i 18 45 M AR E AR B, SRk AE SR FU 3R AR R o 2 8 ] S 25 B i 17 1) 2
RO WA 14]0 ARSI, 0701 2 i 986 K BE B rh 7L BEAE 0 P 2 Al LR 3R e e Al o SB35, SRR 2
Jri S5 R A S AR R 5 B R, AR ARDRL R B BB B . TR = R
Yif, DR AR AR AR B R AR L, T S5 M BIR b 2ox FL AR BRI RO . AR SRS
H, AERKERIA AL D2, D3 A2 E), S5HiEaiiBBon—8. SRaHmEmEsmE, D7 44K
BEACT D1, D6 4, SliziEai A iy —3 R IGIE S5 FPIRES 5 070 2 A KA AE IEAH R
. A, FSBM EACEM G, W IpEEE IR, (HEEFIREBKE, KM E A ah s
WREVIE, WHEERREMARE K 250 TR RRIRAE S, RGBT ok & &, TRt
iR Z i8R G - FSBM B AN 5 200 O JR 88 1)) 0 1) il 4549 [ 25, IX AT e S 1 A s A0 B Itk B0 22 572

5. &t

FSBM # B B ol b R &5, BB BOR 1 RIS I 454 « 52 1 di v 4 L2 AROB RES 7)
LATE AL A B N PR Fia AR, DR Z & TR FSBM 7N A B 10%.

E&WE

i 2R BN P M f AR Ak &R - 0 2 Q8 AT BA 2 B 5 H (SDAIT-22-06) o 11 73 4 B p B R it 4
(2016GSF116006).
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