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RE: F TR S YN BAARFEEZ AV WETFRE, AR P
SR ARk A LERE, TH Va4 245K 3250 (D1). 5187 (D2). 7054 (D3). 8970
(D4). 12 975 (D5) fn 16 400 (D6) TU/kg #7 6 41 %F A % ik B9 L3 1@ kL, AR AWM K E X
(15.48+00) g TR 541 5 8 Flo R B, OVA R ASHFEFE (SR LR FZ W, LF
"E THEER (WO) MAFEEKE (SGR); QV, BERE THREMEKT V2 &8, FIK
TEBAREE;, OQMEEH (LPS)EHE EA#%, DIAE ERKTHME, BN
(AMY) EME R TR E LAWES; @ a4 Zi a8 (AST). SHAat s 4 (T-SOD) X
TANAH CATD EMHHE LA EHB &S, ASTRCATEEHAEDIA Y A& &M,
D2~D5 41 T-SOD & % & #F & T D1 41, s sk i i (AKP) E % 2 A #%, DI 48 &K
THMY, W8 (MDA) & EZRHBK. Z LR, ARFETEEN V) S RH#GH S
Ak, RENEREGRHMBEIEMELIHE L ; UHER A ITNIT, 2 — T2 KEHQH
B, R E N 1548 g 97 Al S xR B & Va & T K E 4 10 000 IU/kge A 52 30 £
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W I R R BEARYE
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& — TUAN T R AT P 2R 3 M) O Y AR
W PR WERE, V., BRAERFILEY, (k40
oAk orr % kB, ] DU sh i AR K
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R AR AR R SR e R RE T RS, LA
ATTRIZ R A TR V) S E S RIS %,

1 MESTHE

1.1 LI 5RERHEIE

DIk AR B R FEE IR, DA
G UNHERE M BRIR , SO IS 22 %, ML
NE WG & &N 4 %" (LR ERES 7 . 78 JE R DR
AN 0. 2000, 4000, 6000, 8000. 12000

IU/kg BI4EA R A SRR (VLB 455 n 550 A BR
23 H], 100 000 1U/g), il Vo & & 5351243 250,
5187. 7054, 8970, 12975, 16 400 IU/kg % 6
FhAERAFREM IR mRL, 43oilldr 45 D1, D2, D3,
D4, D5. D6 4. frpke} il VF mifké: [ i 5k by i ik
200 HARMES , # By Bl T AR, IRA)E
TIAGE 1t P 2RI /K RGBT 8 fa i, SRS FHET R AL
BN 03 cm. JEEEZH4 0.05 cm 1 A RAFRL,
60 °C HEH£H o HARTRRIEL )7 &8 FRI L2 1,

®1 LEEAMERREFRES (RFHER)

Tab.1 Formulation and proximate composition of experimental diets

ZHA groups

JE
ingredients DI D2 D3 D4 D5 D6

f1}/%  fish meal 5.00 5.00 5.00 5.00 5.00 5.00
KIEEKH/% fermented soybean meal 10.00 10.00 10.00 10.00 10.00 10.00
F43/%  shrimp meal 15.00 15.00 15.00 15.00 15.00 15.00
K /%  algae powder 6.00 6.00 6.00 6.00 6.00 6.00
INER /% wheat flour 23.00 23.00 23.00 23.00 23.00 23.00
a-JER/%  a-starch 2.00 2.00 2.00 2.00 2.00 2.00
h13/%  fish oil 1.00 1.00 1.00 1.00 1.00 1.00
K YIHENG/%  soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
YL KRN %  vitamin premix”® 0.50 0.50 0.50 0.50 0.50 0.50
#iE RAZMRER/(TU/kg)  vitamin A acetate 0.00 2 000.00 4000.00 6 000.00 8 000.00 12 000.00
T IR TR %  mineral premix’ 0.50 0.50 0.50 0.50 0.50 0.50
HEYE/%  sea mud 36.00 36.00 36.00 36.00 36.00 36.00
Mit%  total 100.00 100.00 100.00 100.00 100.00 100.00
B4 proximate composition

HEH/%  crude protein 24.00 24.00 23.72 24.28 23.75 23.71
FHREMT/%  crude lipid 456 4.65 4.61 4.54 4.72 4.70
HK53/%  crude ash 42.89 43.16 0.77 42.84 42.73 42.84
REH/(K)/g)  energy 14.71 14.68 14.74 14.67 14.69 14.69
Va/(lUkg)  vitamin A 3250.00 5187.00 7 054.00 8 970.00 12 975.00 16 400.00

E: a ZHLH RIS WICHR[19]; JEERTUREHHAEV 0

Notes: a. Formulas of vitamins and minerals are the same as reference[19]; there was no vitamin A in vitamin premix.

1.2 ZBAHRESRKEEE

S AE LR A8 VT U S RS 9 B AR
55 IE G PR K FRAE R G b AT, SCR R 2 %)
S AR ZWATABRAF . ER LI Z AT,
BRSNS B R THRERGE T 154, GHRMH
W D1kt 58 A 0E N SR AR, Bkt
KANEI 2] (15.48+0.01) g, S il & HE 14 15 ] =
540 3k, FEHLIFE T 18 A RIS B B 58 A0 7 4 /K Al

https://www.china-fishery.cn

(70 cm*80 cm) H1, I KT 60 em. 441 1A B} Bl
HLIEWE 3 KAl 550 8 J8 . /K ik & 45 1t
SIRFEEE 24, PRSI 20 5k, FERR 30 d T4
FRIAEE 1 IR SEE MK IR R kb A7, K
HI7E 17~19 °C, /K¥ii# 2 L/min, hEF 26~28, pH
7.6~8.2, KA A, RIUER i H>5.0 mg/L,
AR ER<0.05 mg/L, 4K 8:00 #:17HK,
oK &R FER KR 13, K 16:00 #E17H 0
W) 3 P M SR Y 2 %, R A I AR B £ I =
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) 55 1 O R P 0 SR KR AT L .
BER 2 d FH AT R R R SR M, SE IR A 5
JEREE T AT
1.3 HEXESLIE

BORERTRF SE A R S| 48 h, FiTEM
FI S BRI E . SABREPLE 8 k& T

Wk L, MR TR K Iy, MR,
ZRIRIEW, oy Bl E AR LERIIE N A,

FHUE AU G R, B RAEE VKA AT, B
SHAE—20 °C {£FE, FRi,

BB IE R e, RHEE, A 9%
RFRTI ) A B ER K S 2136, 21305 0> 10 min
(4 °C, 8000 r/min) 57> & LiEW, 73T 2mL
BB, =20 °C RAERFIN
1.4 NEERSEFE

A KA bR BT s A

WAE R = (W, — W) /Wo x 100%;

R (SGR, %/d)=
(InwW, —In W) /d x 100%;

TR (SR, %)= (LI AR SHL/
SIS HIBE) <100%;

AR H (weight, IWR %)= (W;/W,) x 100%.

L, wo WERHIGTRISRE, W, L5 R
RIS, d S REL (), W, RSB AR 02
Ji 38 S5

M Tk R AREEK S E SR 105°C
T (GB/T6435—2014); MEMARMUIRER
P %E (GB/T6432—2006); FH A5 5 >R FH & G2
I 5E (GB/T6433—2006); KK 7K H 550 °C 4
BRI E (GB/T 6438—2007); fig R HIA B
E (IKA, C6000, FEE); 1kl V, TR bRbRER AR
R 55 (& &) A B2 w] R e 30RR it ik - 2 Ak
I I 5 (GB/T17818 —2010); 14 B 32 i 42 ik
(HYP) SR HH R 5 8 A ) TR A5 i ) il 5
TREE VB i ok F U B e A B AT IR F
ELISA BRI & o W k2 A & i i 13 .

SEHI LU AR L DN A8 W 1B 2R G (TRP) WM, L
00 5 B Tl (LPS) 16 P, - b £ 1k 0
TENTG (AMS) 1M, ol AR v D e T 1 T it
(AKP) 36 P | 58 e 2 0 i 8 Sk 4 % AL i (T-
SOD) {ifi %, TBA il N % (MDA) & &, il

R E K7 2: 2 E /) sponsored by China Society of Fisheries

B I 5 4 N s A B (ALT) M2 43 B 55 4 B (AST)
TWEPE TR &40 B mE o Ak Y TR 9
T, AKP {PE A FE AL 0 R bR s, A il G 2
SCRe BLAARIN 5 20 PR 2 IR GR] G il 6 .

15 ARG

5255 Fr 75 2085 R A Microsoft Excel 2007 &
SPSS 4 i1 ¥ 4 (Ver.11.0 for Windows, SPSS Inc.,
% 1) #E47 HL R K J7 2 91 (One-Way ANOVA),
# 5 .% (P<0.05) i Jil Duncan’s /5 AT Z H 1
Boadr, SR VAEBIEEARMEZE (meantSD) £/ o
R —IC IR BRI PTRIZAT V) B ERIE TR .

2 4R

21V, MARSHEEKPFMNE

Vo SR Z S A K Em g R E R, Jik
Z SR ANZ ARV, & B2 (P>0.05), FEE
kR vV, SR, WG & SGR ¥ RETHE
Fekash, D14 E (8T HALL (P<0.05), D44
5 D5 41 8 #F W T HAb 4 (P<0.05), IWR 5 WG,
SGR EHl#a %, DI 5 D6 H LB EM2E R
(P>0.05), BEMLT HAz 4 41 (P<0.05)(% 2).

ARIBHKMT, DEF IR EIR, &—
JCRENA AT, R IRy 15.48 g B4 Hl
SRV, A BGE TR i 10 000 TU/Kg (81 1)

22V, SARISHNSRERKR S IR

V o X5 il 2 (A BE BE A B0 19 52 25 2 B
KA HEASHZ Vo a B E A R E
(P>0.05), W# Va i3, HAgw & & B
Fhim, DAL EALTHALLL (P<0.05); KK
TG AR, DI 4R E KT HALY (P<0.05),
DAY LRI, SDSHLEENES P>
0.05); RN R & & B EFRAK (P<0.05); V, IF
B FT (P<0.05)(% 3).
23V, ARS S HEECEE MR

D5 g Z Wil TRP 36 A Z R v, &Y
SR (P>0.05); LPS {G TR V, & A INE L7
@#, D2~D6 4 ¥ T DI 4 (P<0.05); AMS
TEERCTH GRS, D4 4R B R (5 4).
24 V, RIS LS 5EREEEMAF N

BE R V, SR TR, AKPIGPER
FH#a#e, DI 240 E LT HAbA (P<0.05); AST i

https://www.china-fishery.cn



>

g, % K724, 2023, 47(8): 089612
x2 ARV, B ERISSHSEKHZNE
Tab.2 Effects of dietary vitamin A on growth performance of juvenile A. japonicus
LS 217 groups
growth performances DI D2 D3 D4 D5 D6
Witk /g initial body weight 15.47+0.12 15.48+0.12 15.47+0.11 15.48+0.76 15.50+0.09 15.49+0.12
4k H/g  final body weight 19.224+0.31° 20.39+0.46° 19.59+0.98° 21.28+1.60° 22.07+0.64° 19.31+1.09°
WER/Y% WG 24.34+0.31° 29.02+0.46° 30.18+0.98° 37.47+1.60° 35.94+0.64° 30.07+1.09°
Fr e E K F/(%/d) SGR 0.37+0.01° 0.42+0.01° 0.46+0.02° 0.53+0.02° 0.51£0.01° 0.44+0.01°
Wtktt/% IWR 2.53+0.01° 3.36+0.16 3.22+0.10° 3.16+0.84 3.28+0.14° 3.04£0.12"
HIE%/% SR 86.67+1.33 88.00+2.31 91.33+1.76 85.56+1.11 84.89+2.47 90.00+1.15

e AT B RERRE, R S H 2 A2 R R EP<0.05); FH.

Notes: Different letters indicate significant difference(P<0.05) in the same colum; the same below.

S T REIG T, D4 4Lk B f AR {H ; T-SOD ik

40
8 36 . ] T EIEEM, D35 D44l & m T HAM 44
s i N .
S (P<0.05), fH 2412 [i] JG W 3% Pk 22 5 (P>0.05);
25 1 : MDA # ik &£ T i %, Ds. D6 4L H (KT iy
= . . e
) , 4 4 (P<0.05). VA Xf#pi ALT 1§ PETC 3 M
2 24 Yie=2E-07X2+0.004X,,+10.78
R=0.862, X,,,=10 000 (P<0.05)(¥ 5).
20 L L L L Il
3000 6000 9000 12000 15000 18000 3 lj‘L/\
L o o = *) Ta
TARHE A 3RS E/(1U/kg)
dietary vitamin A levels PP RIS S K B AR
N 3-1 il s 51]\\ u VA X‘ g = =
1 V, 2E5HRSBEXRNEXESHR o
vaN: oA
Fig. 1 Relationship between dietary vitamin A levels
and WG of A. japonicus V, BESEHE S S Y AR KR H 3G SR ALY A
Fz3 ARV, MARS S EHEERR SN
Tab.3 Effects of dietary vitamin A on body wall composition of juvenile A. japonicus
R4 N 23 groups
body composition D1 D2 D3 D4 D5 D6
7K43/% moisture 91.60+0.22 91.394+0.09 91.44+0.32 91.97+0.07 91.84+0.12 91.73+0.07
FIEA/%  crude protein” 45.01+0.08 45.160.07 45.21%0.15 45.21+0.08 45.47+0.19 45.44+0.27
FLREMWT/%  crude lipid® 4.11£0.05° 4.50+0.03° 4.92+0.11° 5.31+0.14° 5.44+0.09% 5.68+0.06°
MK 5/%  crude ash” 35.63+0.11° 36.06+0.08° 37.49+0.12° 38.64+0.11¢ 38.60+0.10" 38.310.01¢
RIWER/(mgkg) HYP 723.85+3.47° 616.45+6.93¢ 449.12+0.60° 414.11+£7.49° 402.96+6.86" 340.92+3.65"
V/(mg/kg) 269.37+4.53" 266.90+7.85° 276.47+4.31" 280.46+6.53™ 290.13+3.22™ 300.05+0.92°
e OB R IR MRS AT RS E.
Notes:*. Contents of crude protein, crude lipid, and crude ash are based on dry basis.
F 4 ARV, AR S HSEEE LR
Tab.4  Effects of dietary vitamin A on digestive enzyme activities of intestine of A. japonicus juveniles Ul/g prot
T 5 groups
dlgeSthC enzyme D1 D2 D3 D4 D5 D6
EHHANE TRP 91.40+0.75 93.99+2.45 92.82+1.14 91.93+0.90 91.18+0.65 90.56+0.90
flelifE  LPS 24.87+0.76" 31.36+0.10° 32.63+0.75° 37.00+0.48° 35.55+0.53¢ 36.33£0.66°
TERE  AMS 0.32+0.01° 0.48+0.02" 0.80+0.01* 0.83+0.03¢ 0.77+0.01¢ 0.70£0.01°
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Tab.5 Effects of dietary vitamin A on immune enzymes activities of intestine of A. japonicus juveniles

45 groups

gE|

ltems DI D3 D4 D5 D6
TR i /(U/g prot)  AKP 0.68+0.03" 1.00+0.04° 1.68+0.03¢ 1.5940.02¢ 2.10+0.06° 2.48+0.03°
B W/(U/g prot)  AST 5.38+0.38¢ 3.53+0.11° 3.53+0.02° 2.53+0.02° 2.79+0.05" 2.95+0.06°
B HFENE/(U/g prot)  ALT 2.26+0.02 2.5140.09 2.51£0.05 2.390.13 2.36+0.10 2.43+0.07
SR A B AL EE/(U/mg prot)  T-SOD 91.03+1.57°  121.42+324°  175.89+7.85%  170.38+4.92¢  110.10£5.21*  102.41+3.42"
7 —H%/(nmol/mg prot)y MDA 1.43+0.02° 1.41+0.04° 1.43+0.03" 1.37+0.06" 1.15+0.05" 1.02+0.03"

FERE ST, ARk VS AR R AR 24 S Y
Ak, EEUAEEN. AUHRERY, MRz
B YV R HIZ B ARG S AN B, AR
1M, WG K SGR BB R v, & i i34 hn & 5
TGRS X 5 7E R K LGN I R R 45 Y
WL R 3, Vo B AERE R 20 S i v 40 1
WACHIR LAY BT, MRV i RS E i,
JSCEY 2 L ) A TR L T B A L ) 0 PR R 05
PEMFEARSI AR R . AR, (il Z 1
Ja iR L S SZ R R v SRR, HS R
B . X5V TTRLRFRE AL IE | B 20 i Y
FERMERINREA K, Yoz sy, il b
M2, AR THIEMIER 275,

REBFMT, DiRZ SRV, B
Bl TR 10 000 TU/Kg, 5 R#E (Pelodiscus
sinensis) W5 RN, mFREZECHRIEW
2R, XBERON T sh AR 2=, RV )
WALV 22 5 . DRI SR N H UL TR 3
i, NEFEEMWEARG; Va SIRBY6E
HERF LR 1 B2 089 904 S B M, T b B A 52
PEFNER IR 4 53 00 0T 247075 ) S ALK IE W T g 20C
HE FHCHX V) TR ETTRE S B m . Mk,
D5 S R s, H AR 4/ NBORCIR , 7EK
H B R AR S e S s 1) — D RN R

V o XA ] 7K A= S W A 73 B S A AR 3R 2
S AT, Vo XRISREEK S KO
| WA, 5 Hu %% %8 g B 4l i (Oreo-
chromis niloticus @ x0. aureus3) PR EERA—EL,
ARE R 2 5 A AR, kbR A S &
BAK, Vo XH5RIZ AN & BRI AER iA
P 2 A BE o AR G & 8 5 BT, RUK S
TR B, 5K X H AR B
(Lateolabrax japonicus) B W5 45 R — 3, 44 &R
A(CTRTR) EZEDRN I e e, i AR IE

R E K7 2: 2 E /) sponsored by China Society of Fisheries

JE I U 22 W FLBEORE , SEK T R 5 7E il A 45
BAIRFIE], ek T AL GRDRE NS T B, T
SR N AR IR R I, SO RE oL
TR A B R — A4~ 3
SV, RiKAS P E BT Ca, P2
FEILR, BEHAKVFH Vy BBBAL IR AP Ca,
PR MBI R, RS R BE o R o)
o) /N TV O O RS 1 IR T 7 D= SR
L, EARE ORI 7> S AR O S R BE SR
IR R BEA IR RN TR, X5 ik
X B AR IF S R — B, JRETREJE V, BETE
A P B S S A TR A A 0 e IR R, i
PEB I IR A, i 05 R 2 B A AL L £ 2
FAEBIR 255

32 ARFIRMV, AR S BEECEEE
A

AL R GE & sh W xt A BRI & 32 9 Btk Ay
THAL RIS 2 i, R R AR ML A A Do
fRfithgs . A, RSN EESE. ik
R, HIkavE KB AxEE, BRA
THALIE , RIS 8 SR T i AL 32 2R e v
HEAT, MIHAR Y6 BT 2R E AL, AL
PERE % T BV S e 35 ) o Bl A Wi iy AR
JE o ARSIV X2 i 18 9 AR 1 T
WEER, S 5 XA A B Y 4 RN —
B, U B RS S BT AE AL N TR
SEIEAHSCE . G T 3 5 I i A I v oK i
RAEVER], TE07 50210 i 18 b i 105 i 5 28 1 il —
R, BT IR RETE AL, HES g bl n] 2 X
T o AR S0 A B R T S A S2 VA B
UiV, 5 4 v g i 7 T P 3 i T Al e
PRSI, 5K (Rattus norregicus) I
MBI FE A SR — B e M T A T b i R e
) — it , IR KR VE R FIE TG . AN S A2
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PiRIZ B SE s B S P C 35 25 5, IR PR TE By
il S A Sl ) R B SR AR AL, il T R R
il o AR, TG, Vo XD 2 M 1 TE ) il
{0 PR 25 5 o AN S v T I A A 1 S 0
il P ) A2 A 5 A BE rRORL 1 BRI 7 R DO RR 22
BRI, KWV, a8 5 S T 05 A
2l 38 B AL S e AR R BE v B TR

33 fARAHM VM ARIS S IhE R ERE
A MR RN

Yo 58 2 G0 i B BGR Ay E  RE R B T, TR
Ay G E 2% B R AE R LA IE S D RE A 4 412
Herl, YRR E Nk B R ZE RV
i) 3 5 05, SR RE A ) R B R X AL 2 T fig
HE BB, LR A s
FEY) TR MR S BEVE 25 A 800 D3R
ToEMESNY), Ll 2 bR bk, W
LH 30 A G 0 4 R 2 i 3 v A e S e i P T
H AW BT RE

AKP 288 . Mg )2 A6 ) —Fh
fit, FEEHRCE AL, REHEE SN
AKP Wi&tE, CAMIEERW, AR R
IR Vo ABREXT AKP 36 M7= A — R BRI . AR
SIS PRI AKP IR B TR R, 58
22 g A0 S AT RS ML T AKP 36 M 98 45 SR —
B ULHRDRE RIS E R0 V, RES I A 1R K
HAMRTEY, RIEERNIEY T, REaiE
o Al T i ) 5

e G R AL LR 5 T R =2 R) = SE R 1)
—2KE, WRAE TS AT,
I3 v e 1% e 1 v AU Bk FH R DT T 0 2
BEIEW 58 Dl S A HA IR X A~ 31 2 1 40 i
AE, PR RS I PR B /N AT RE RN T ZH Y
LM BE IRk, AR, i AST I
PEJeRE IR TE, ALT GVt ., A s &M,
ALT EZA M, 7 AST EZ FLpiA
Do PIOLHEDN, ASSCB6 R ARDRHAS I V4 X 88 1 5
FACEBHE AN K, W TR, XS A
SCHS R S R BE LA RS . WA B TH AL SRR bR
(AR A AR R I o

AR A ALY A B (T-SOD) & —Fh — BB (A,
CIRDY =173 =0 S R S IS B S 11 PO = R
PE AT LRIBHLAR TS bR A B B 3R RE 10, BLiR
PRI i mT DA e e R 1 g i SR AL R
W fil 8] 422 14 5 AL 240 B 32 S ) el S ok 1 R
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N

JES HA R, A B AR A e
AL RENHILT . ASLged, W7l T-SOD fi
WPERE Vo K-8 2T R R, il
MDA i 5 TR, KRG ED V, iR
D54l S PR AL RE T, 50 B A A A o 25 R
_ﬁz[%ﬁ] .

4 g5

DABEE SRR IEM AR bR, 4— o0 kMR
IYATRTEN, RIERRE Sy 15.48 g 1905 4 2 5t ik
WV, I ERGE TR B 11000 TU/Kg., TR a8 fin
WV, BB RS AR, SRS D
PR Kb S AR g

(3 7 BA A U 55 B sl A2 B Al 228 &)
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Optimum dietary vitamin A requirement of the juvenile sea cucumber
Apostichopus japonicus

LI Baoshan, WANG Lili, WANG Jiying ', SUN Yongzhi, WANG Shixin, HUANG Bingshan

(Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and
Environment Research Institute, Yantai 264006, China)

Abstract: Sea cucumber Apostichopus japonicus is one of most valuable marine cultured species in northeast
China, and the cultured production reached 170 000 tons in 2020. With the rapid development of 4. japonicus
breeding industry, high efficiency and environmental protection formula diet has become one of bottleneck prob-
lem which inhibited the development of industry. Vitamin A (V,), also called retinol, is the general name of
monounsaturated alcohol or alcohol active substances, which is an extremely important and easily deficient fat sol-
uble vitamin. V, can maintain vision, promote cell differentiation and bone development, and participate in fish
mucus secretion and fat metabolism. Meanwhile, it also can improve animal growth rate, reproductive perform-
ance and disease resistance of Cyprinus carpio var. Jian and Scophthalmus maximus, but long term excessive
intake of V, may result in bone deformities of Sparus aurata. So it is very important to determine the optimum
dietary V, in formulate diet. In order to investigate the effects of dietary V, on growth performance, body com-
position, digestive metabolism and non-specific immunity for A. japonicus juveniles, an 8-week feeding experi-
ment was conducted with A. japonicus juveniles. Six isonitrogen and isoenergetic diets with graded levels
VA[3 250(D1), 5 187(D2), 7 054(D3), 8 970(D4), 12 975(D5), 16 400(D6) 1U/kg] were formulated by adding V5
acetate into basal diet. Each diet was assigned to triplicate tanks with 30 A. japonicus juveniles with initial body
weight (15.48+0.01) g. Results showed that there was no significant effect on survival rate, but both the weight
gain rate and specific growth rate were significantly increased. With the increasing of dietary V, levels, the con-
tents of crude lipid and V, of body wall were increased, and crude ash contents increased firstly and thereafter
declined. The contents of hydroxyproline were decreased and D1 group was significantly higher than other groups.
The activity of lipase was increased with the increasing of dietary V levels, and D1group was significantly lower
than other groups. The activity of amylase was increased first and then decreased afterwards. There were no differ-
ences in protease activities among all groups. With the increasing of dietary V, levels, all of the activities of
aspartate aminotransferase (AST), total superoxide dismutase (T-SOD) and catalase (CAT) were first elevated and
then fell down, and the activities of AST and CAT reached the highest in D4 group. The activity of T-SOD of D3
and D4 groups were significantly higher than other groups. The activity of alkaline phosphatase showed an upward
trend and D1 group was significantly lower than other groups. The contents of malondialdehyde were decreased.
Taking the weight gain rate as the evaluation index, analysis by a linear regression equation indicated that the
optimum dietary V, requirement for A. japonicus (initial body weight 15.41g) was 10 000 IU/kg. The results of
this experiment can provide a reference for the addition of V in the formula feed, and also provide a basis for the

development of "micronutrient balance" formula feed of 4. japonicus.
Key words: Apostichopus japonicus; vitamin A; growth; requirement
Corresponding author: WANG Jiying. E-mail: ytwjy@126.com

Funding projects: Shandong Modern Agriculture Industry Technology System- Sea Cucumber Industry Techno-
logy System (SDAIT-22-06)

R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn



	1 材料与方法
	1.1 实验设计与饲料制作
	1.2 实验用仿刺参及实验管理
	1.3 样品采集与处理
	1.4 测定指标与方法
	测定方法

	1.5 数据统计分析

	2 结果
	2.1 VA对仿刺参幼参生长的影响
	2.2 VA对仿刺参幼参体壁基本成分的影响
	2.3 VA对仿刺参幼参肠道消化酶性的影响
	2.4 VA对防刺参幼参肠道免疫酶活性的影响

	3 讨论
	3.1 饲料中添加VA对仿刺参幼参生长及体成分的影响
	3.2 饲料中添加VA对仿刺参肠道消化酶活性的影响
	3.3 饲料中添加VA对仿刺参幼参肠道免疫酶活性的影响

	4 结论
	参考文献

