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Quality Control of Microbiological Examination of Feed

Zhu Huihui Gao Ran Liu Lifang Liu Wenjie Wang Caijie Huang Haoqiang Xiang Xiaxia Cao Mingyue

Henan Hairui Testing Technology Co.,Ltd. Zhengzhou Saike Pharmaceutical Technology Co.,Ltd.
Abstract: This paper analyzes and discusses the quality control in the microbiological examination of feed from
the management mechanism of “people,machine, feed,legal,environment and test”.
Keyword: feed microorganism; inspection; quality control;
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Advances in Screening and Evaluation of Aerobic Denitrifying Bacteria in Aquaculture

MA Qingshan LI Yan
College of Agronomy,Liaocheng University

Abstract: High density farming techniques easily result in the accumulation of harmful nitrogen
sources such as ammonia nitrogen and nitrite,which are highly toxic to water environments and
cultured aquatic animals,and they do great harm to the aquaculture industry.However,aerobic
denitrifying bacteria can use inorganic nitrogen and reduce it to these forms of reduced nitrate or
reduce nitrogen,and then effectively improve water quality,and the strains screening is a key step
in the research and application of aerobic denitrifying bacteria.In the review,we summarize the
screening and evaluation methods for aerobic denitrifying bacteria,and discuss the methods and
standards suitable for aquaculture through some aspects including sample collection,medium
preparation,cultivation methods and evaluation methods.This paper will provide a reference for the
screening and evaluation criteria for aerobic denitrifying bacteria in aquaculture,and make
prospects for future research directions.[Chinese Journal of Animal Nutrition,2021,33(1):-]
Keyword: aquaculture; aerobic denitrifying bacteria; screening methods;
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Fig.1 Screening procedure and criteria of aerobic denitrification bacteria
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% ;Muthukrishnan ZEE3F 50 A I, AR b B KB A 2 AT 74 (Bacillus vietnamensis) VCM 5.
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Bacillus vietnamensis VCM 8 F137 5% X, & [ (Gordonia bronchialis) VCM12 7] {25 FEAL X KR
FRIEE KPR Eh & &, Won HEUFRE M. thah, HREEeFR AR Rl /R R th s b
(R RAEACTR 55, 38 75 28 8 L) Ak iR AR P s iR SR e, EXMIEAL S, M

= 5;0’
Candidate "% 1.
L. Sen T
probiotics o =
3% i A | i ;
ik i 25 A2 B {. @ Colonize and multiply (@ *Intestinal health /5 { 5¢
S L MK > *Growth performance 4= K G
1 *Immune response F 5% J
\ @ Tolerance

*Disease resistance 17 14

Y @ Adaptability % """ : 2 1
\ Jﬁﬁj.ﬁ @ Colonize and multiply g,
S I IR > @ *Denitrification 44 it %&(
N e . *Degradation P& fi#
7 i *Inhibition pathogen 1] iR 1%

2 2 A TR AE f S TE AN K A v s A S AR H

Fig.2 Role of probiotics colonization in fish gut and w ater

4 TR 0

B 48 SR AT R ) S0 LA < 8 FH e 34 955 97 i (selective: culture medium) 55 T i 20
R W RSB DL KA B 53 AR 5 AN A 5 Bt 7 T BN L S5 20 R 3435:36371
4.1 MARET

TS50 S A 0 B T S 280 5 (RO T 0 R 3 ek i 2 R T I 7 () 4 L /K AR PR A 27 2 AT A
S5, WE VPR, EEMERFRESE FZUEA NHLCL. NaNOs & NaNO, %5, & F 8 N
URIBRAN FTERIRAN. EEIRE. REREATHINAE . SR, AETKT IR KR T A LR IR B
Z, T HAERRNETRF S WA PVEIRLE, 5k 55 775 10 & R AR 52 bR 1 FR A S P AR
AFAE, WIEFRIEIN S 2 R S A, A ET Tolkyg K m] PAAS MR ALK & BRAN A HLERR
FrHE P R IR B S FH 7T B 2338 5K S A4 i S0 RIS S0 Al A 400 A 55 ) et e
FF ik, Ma B8 EEALH] 0.05 g/L 1) NaNO ¥, FHEH AR S 1 o/L M i 1 0 e} K%
FE AT DR FOL It 3 o R R A ML 0T, DA OB A A0 R 3t 3 A5 UL 85 7% 2 (pond-simulating


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://kns.cnki.net/KXReader/Detail/GetImg?filename=images/DWYX2020110300E_02000.jpg&uid=WEEvREcwSlJHSldSdmVqMVc3ejUxS2tHMkdQcGpab2hPRzFEL3B3WXBQVT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

denitrification screening medium,PSDSM) A7 B R IE, FRTF T M S50 3 AR 1 4F S R AiF AL
[# & Bacillus subtilis M 7-1, [RIINf, RH S HRASGIESS, MR 758 I i e LA
AR E I R AREY, Cui FREAHLRCEARR. RIEOFEMTEIT, BTSSR
% 2. p4 (Marichromatium gracile) YL28 Wi T fg, KINAFTEA LR IR B3I 25 5,
YL28 X TCHLEM 2 BRAE R, w0, FE RS AGAE B A R AR, Rk R
BUR (R J0E B IR AL O R B RS BRI B EUERE , BT RIN, K2 B AU s 4
T AL R LG AE 8~ 10EL42), ARV, FRFE M o — EBR A LU AT 6~8, [RILTEfiik Ry 7 5t
PO 7 B X — 22 5, BRAE R FH b SR SR B U LURA OR TR i 1) e S D e 42

T S RN EE S —, CEM RN, A R B ) B R
TOFE N 25~37°CBI44) PR, 75 B AR IR (K 2 B5 IR FE T B0 D 28~30°C (3K 1), 1H
% S8V K TR B AR KR T K AR UK 75 2, B YA (10~ 15°C) 4 48U S il A 4 T 11 97 126 9,
NEEL, He SEUSF TR I, WA AHEE 675 B ¥ i B (Pseudomonas taiwanensis)7E 15°C
T IHERER I BR3 N 100%, H&MRMARE 1. SR80, BB RS, P ik
A 2 2 4 {K;Saleh-Lakha SFEDWFFE R, 76 10°CKM4 N, GF U6 B o R B A
B (Pseudomonas mandelii) [F]AH A4 A s il A0 A FHAH O 10 28 R 38 R AR i 5 AHZESR o | b mT L,
B IR LR V€ 75 S48 75 IR TR b BB 25 A AT L IR BRIX 2 J7 T M 3R

0 FEE 5 M A S SR AL T 11 R . R R, Mg AK TR AL R 2 (20%0~35%0)
LR 00 D02 B (Bl R Ge o ] R AR R AR P, 7E IR B4k 77 THT, Deng SO AR, 78
EIERIRIE T, R RS nirK AN nosZ (R IA TR RBRAK, 0] 1 40 1
TYAGIE M o ORI, i 2R f AU AL AN T B A W AU 4RIE, Al-Rubaye 2559 CU M 3L ZE A AT B
J& (Halobacillus) + ¥ J B4 J& (Idiomarina) K ¥¥ % MU AT 18 J& (Oceanobacillus) 1% 2 1 1 J&
(Virgibacillus) %5 it o 23575 2 S A8 £ 1R Li 552U TF B RS K TR h 2 B 1 Bk
S AEAHEEFEE Eh R B Mével 5532153 Bk Y Bacillus sp.  RERE1E 16 g/L ) NaCl i
ATUF AU IS AE Y, T SERH 50T 0 96 7K 37 5 o 2 P PO i 6 4 S S i A 4 B 42 R A4

T YRR DR R DABR A U S S A B AR BT AR (VA 5, — RO &5 R R G 3R
150~200 r/min(F 1). SR1, A5 B& AT B AV SR EAN R, RISEAH [FIF 2 i i s i A0 40
B TEA A AUE LR LA RE D HAETE 22 R 8, i R i 0 SR A A1 B 0] i A BB B
[T} 5% . Robertson SF23AF 5 R I, TEVAMREIKIE N 80%~90% s etk rh, V2 Bz Rk
B Ak B 6 (0T B )& (Achromobacter) . ASENAT B J& (Acinetobacter) F1E 54 i 1 )&
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(Pseudomonas) AE I AEIR EIR LN 3~10 mg/L A4 F AT i AU IR BEY, T 27 AT 14
AT FE I R 3.93~7.65 mg/L %A% N KA i A A Y. H 25 B S5 A=) [F) SR T S )
R BEAFAE 4420 IR) A, T e B 1 SURT DR AU A AL R 70 PR AR ) B LA s RS
4.2 EFREHT
FEMG AR TT T, RENS [ FEAT 53 IR A - I S S M A0 ) T R 4% B o B I 8RR,

Paracoccus saliphilus SPUM. Bacillus litoralis N31. Marinobacter sp. . Bacillus cereus PB45 &
#h I £ i (¥ (Halomonas campisalis) 3£ (% 1) #R1M, ANFREAB AR TARBEAEK

S, XECT A OB A B BT O R R R AN E AN R G B 2 A BRI Y JR) /i g ik
SRAGFWE 7 2F 5% ¥ i) B (Stenotrophomonas maltophilia), 7 A& B1% B ik A K B0 AR R

R MR nirK P31, RUEEE T nirS PR FP 51 R K A B 3% 35 . 0 29 7 1ze 1 6 52
Jf0 1 J 21 R (Halomonas sp. )W 5 5 H 22 Fi I B S HIBESE, AT TR A0 A AR i A0 SRR AL S
i AR B O HE AR S, Wan S5 22000 [l R AL N U S SR AR SR TR yy7 HEAT 707, 1€ 1%
F AR A nirK. norB Ml nosZ %52 AN AL AH G I FE R, 1 L6 1y 58 J5k [ 7] B A ) S AiF 4k
PERE R VIAH K

\t}
aﬁ

£1 PERHLERHEEAEREESH

Table | Sereening medium and sereening condition of asrobic denitnlication bactena

E R (g 5 1F fife i : )
ﬁﬁu'ﬂ) lﬁﬂ‘.ﬁ’lﬂ_ﬂﬁt fﬂ"ﬂ ﬁﬁ%1T il HH%Q sk
f'*umlrh-'rl Selevlive medium Sepeening S Denitrilication feren
{ souree) '[|w liter contained) conditions S miile FHE

. {NH,) ,50, 3.035 g, NaCl 0.585 g,
A H (2Fit) . . e ¥
KH,FD, 0.1 g, KCIO.075 g, CaCl, « 2H,O 28T, Paraeoreus FeEifE-

Wal : o e ) [21]
o 0.147 g, MgS0, » TH,0 0.049 g, HEPES 180 e/min  saliphilus SPUM W90 Rk

S 47.66 mL, TE {3 5 mL

, HREIMN 6.5 ¢, (NH,) ,50,025 ¢, o
Al (8Fi) KHPO, - 3H,0 15 g KHPO,045 ¢, 3¢, i ATaf

[shrimp IHH‘II.l:l:I

. ! : ) LS A
Wi Bacillis - 18
et MgS0, * TH,0 0.05 g, FeS0, * TH,0 160 efmin (Bacils o i1k (1]
[:xhru:lp |HrnL|:t:| literalis) ¥31
0.01 g, MuSO, * 4H,0 0.01 g, NaCl 30
. P AR AR 1.31 g, KNO, 0,181 g, NH,CI
ACHE (W i) : : o )
Waer (1 p 0.096 g, KH,PO, 1 g, K, HPO, . ERfMm | 1]
aler | largemoulh 5 5. MgS0, + TH,0 0.2 g, 180 tfmin (Psendomonas sp.) @k

faas ||-|rm|]

TE 3 1 mL



javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

H¥1

B (e AR (RS 3.3 31 Bien
Ei-ampjm Selective medium Sereening H;ﬁﬁ: Denitrlicalion f?IM
[ soune) {|:e:r liter contained) conditions i muode e
. P A T
2;;] l:‘ ‘_ { Pseuwdomanas REiE [20]
i stutzeri) FI11
) FrIREE 5.66 g, Na HPO, 7.9 g, NaNO, . BRI
”f‘mﬁﬁm 0.8415 g (DM) /NaN0, 0,683 g (NDM) [ 1;;' :“ * { Bacitlis Rk [19]
?’:"'“::ufl'}““ NH,Cl 0.529 6 g(NM) , KH,PO, 1.5 . P subdilis) sco2
Hr Mgs0, = TH,0 0.01 g, TE i 2 mL 5 SR
0T, ( Bacillus iy [50]
180 rfmin licheniformis) REiE
BSK—4
DM: KNO, 1 g, MgSO, » TH,0 0.2 g,
CaCl, 0.01 g EDTA (0.5 mol/L) 0.5 mL,
KH,PO, 0.5 g, Na, HPO, 0.5 g, FeS0,
0.01 g, NaCl 20 g, TE i 5 mL
A Ol W R NM s (NH,) .50, 0.66 ¢, 5 515 i
ULIES Lt 1.35 g, MgS0, » TH,0 0.2 g, EDTA "
M EE) _ T AT i P @lE—
Waer (biological (0.5 mol/L) 0.5 mL,KH,PO, 0.5 g, 0., (Marinobacier L [34]
aerated filter in a Na,HPO, 0.5 g, TE il 5 ml 130 rfmin ) W R R L
marine acueilline
ﬂlsm;’* NDM: NaN0), 0.276 g, BEHIR0HH 3.16 ¢,
Mgs0, = TH,0 0.2 g EDTA
(0.5 mol/L) 0.5 mL,KH_ PO, 0.5 g,
Na HPO, 0.5 g, FeS0, 0.01 g,
Natl 20 g, TE i 5 mL
- BEHIBYOR 4.72 g, KH,PO, 1 g,
K (AT Mgs0, = TH,0 | g,CaCl, » 2H,0 WT. RRER R
Sea waler {Weslern i ) (Piewdomonas  §F9 R B [=]
, 0.2 g, FeS0, « TH,0 0.05 g, 180 rfmin o
Pacilic ocean) monteilii) Y06
NaNO, 0.002 5 g
BEHIM 4.72 g, NaNO, 0.05 g, - RS
KH,PO, 15 g, Na,HPO, 0.42 g, 1504/ N (Bacilles  $FUREE  [50]
Mgs0, »TH,0 1 g e cerens) PRES
{NH,) .50, 0.5 g, KH,PO, 0.7 g,
| E :H k - E#Fﬂ!ﬂﬁ B
a0 MgS0, » TH,0 0.5 g, Catl, » 2H,0 — { Bacillus — [51]
AILER . 0.5 g, TE i 1 mL cerens) PE43
Waber amd soil .
ok a BEFIMEH 4.72 ¢, NaNO, 0,05 g, . R P
R KH,PO, 1.5 g, Na,HPO, 0.42 ¢, 1;: j“ T (Bailhs sp)  ERE®E D1
Mgs0, + TH,0 1 ¢ e YX-6
iR 8.5 g KH,PO, 1 g, - ]
Mgsi, = TH,0 | g, CaCly » 6H,0 120 4/ N (Marinohacter ¥R EE [52]

0.2 g, FeCl, » 6H,0 0.05 g

.up\.}




B

FE R O B (RS W i BN

ﬁ-umphﬂn ﬁrlﬁ'li'\ & medinm ﬁ:'m-ni.ns “;EHE Denitrilicalion f?lm
[ ssuime) {]n-r liter contained) comnditions s muoile e
. KH, PO, 8780 mg, C H,Na, (0, « 2H,0
m?#ﬂttiﬁi 3.26 5, NH,Cl (NM) 0.382 g/NaNO,(NDM) 30 C. ﬁ&i*mﬁ SE@E-
Sediment o . ~ . i 'S o AR LS
(Taihu lake) 0,493 g /KNO,(DM) 0.722 g MgSi, » TH,0 150 e/ min ctutzerd) YG24 R e
1.0 g, TE ## 2 mL

: : 1.05 g, NH,Cl 0,382 g, KH.PO, .
LI RERBRE) WEE105, & 0. SRS REF-
Soil (nightsail 0131 g, S 0.05 g, BERRS i $Y 150 efmin (Bacillus sp)  $ESUE @ L [54]
treatment syslems) 0.05 g. TE i | mL ., )
. ) i R
:TW Elﬁmﬁgﬁm} (NH,) ;80, 0.5 ¢, BRHIREHY 5.05 ¢, 0. (Pewdomonas  HE@- [
: 'f‘:’-‘" d“ _ﬂ" ‘] . TE il 50 ml 150 r/min stutze i) LR R
realmen sv=lem ‘l;{\,_t]'_ll
= Nall 40 g, BEEIME 4.73 g, NaNO, 0.86 g,
ik "ﬂ“?’”’ o ighgyr 3. EHEREE o -
Sludge { salime— KH,P0, 136 g, (NH,) 50,027 B+ 180 o mi { Halomonas E}“T{ﬁ'ﬂt [56]
alleali lake) MgS0, » TH,0 0.19 g, TE il | mL i campisalis) :

HEPES : 81 7 BE0RE 7 B AR by droxyethy ] piperazine ethy lihiosollfonic acid; TE: B 8 72 % trace element ; DM = 58 {F
FE 85 3% 38 denitrlication medium XM B4 BB 2 nivilication mediom = NDM : TF 85 5555 BERERS 28 nitbie deniirlication
medium ; EDTA : 7, ~BE Y 7, B ethy lensdiamine letrmacetic acid.

4.3 BB

7 17 PR 2 USRS A TR AR P E PCR A 4 35 R A 0 SR MGt 250 G 1) il 2R B R, AT gk
—B T BN . W3R 2 PR, SO S SLAERS R AL 7 B (nitrate reductase) EAHRIE
J& B (nitrite reductase). — A EIE JF B (nitric oxide reductase) 2 — AL — %L JE B (nitrous
oxide reductase) 1AL AT .

B2 EHMtEESHECERER

Tilllll." 2 I':III:H'II.FH- ilI'II.I. Ei‘lu‘ﬂ- iII. 1l|‘JIi..J'i.EI'i.I.Ii“I'I n-';u'ﬁun

Fe @1k B Denitrilication meaclion HE{E B Enzvmes IEH Genes
NOJ+2H +2e»NOJ+H,0 ¥ I napA .napB . narGHI
NOJ+2H" +e"NO+H,0 TF FSREE B nirS.nirk
INO+2H* +2e N, (+H,0 — ik L norB.norC
N,0+2H*+2e™ >N, +H,0 — ¥ = EEE R nosZ

H T M A IR B K P s 5 AR FIBOY ™ 5, (A VR R 5 1 (0 Bl AR AR B
AT WEFCRY], AR & w] E HH nir S D) 7520 4 1) SV R 38 S nor J2E DR 7540 15 111
— M ROL R nos HE PRI i () — S84 — RUE SR IS5 T LA RO HEAL T L BRI, fELT
AL T, B A 2 PSR LA R IA S8, —Fh L CDI MLZLE0ON5H N 7, St
B2 AN nirS; 55— Bl LU R 7 ORAR IR 1, ZeA% iR 2RO nirK,  HORSEH, nirK 2
R AR 2, (H nirS R A5 . HFFCARIL, 31X 2 FH 5Tl T LU AT [ 1 D RER,
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EHARBELE [E) — P i A= W b SL 47 ;9% 1, Sénchez %% 7Y 7E 18 4 R J8 B4 (Bradyrhizobium
oligotrophicum) s & Bl 1 4hdix 2 FEGAIFEA . Ma 25BN 4058 15 MR 10 4 SR R AL AT 6 5
PGB 5 B2 B8 (Pseudomonas monteilii) CY06 4= 2 R ZH I P4 58 1 AN BR £k P A A G 1 3 2Rk
JER, ORI JE R WANTRIC R . — AN EUE R, 8 X L F Ak CYO06 BB
LR AT FE(NOs > NO —>NO—-NO) A, FER LT 5 /AN FRIL 57 B AH 1) 2 B (nir 1
nir2. nir3. nir4 A nir5). Huang 55U 7K 758 It I 43 B8 21—k 5 80U & Bacillus litoralis
N31, ZERAELE hao. napA Fl nirS ZE[H, H &R IRHN-1F U HEE /1. Zhang SF 0%
53 B8 B R TURR A 1 VR AR R 2R L U (B PR 6 (Pseudomonas bauzanensis) DN13-1 217 3E 41
OOHT, ARENT AR R REAR S nirS norB. nosZ. nasA 1 amo [, ESE T EMRAE
FEUF AR R A%, For nosZ BE TR U ke IR S0t b1 S i A A7 FH 19 A= s 5 )22, Wang
S 31\ A 7 i B (Pseudoxanthomonas) 2 K 2H 147 384 tH nirS. nirK. narG Fl narA A,
AR FIRE LG I U R T e . SR, BT R BE E 2 R, SR BRI
TE R RS AR F ) G BB AN R RN R], LG 600 PR 5 R B 3 D) A AT, G {45 e i
PUHIERZR Z R K IBR ], M FTRIRADT
5 MBI

— RIS, AR SRAT R A 48 SR A B MR 75 28 IR B 3 ) B B VP A, 7E S
I8y = ALADL 7K R B e R R — 25 DPANY TR 1 i Uk R LA R K P W A Kk e . WL G
LG 14 55 77 THI ARG o S P S0 S AU KR AL R B, B U i AE 41 B4 Bacillus sp.H2 X
VAR #h 1 P FEAR 23 H 64.04%, S VEURIL 75 S0 == PR R 2R 23 5l A 16.0% 1 32.39%, H
ST T KR b A A P RE R S B Th AR SR R R ORI TR B, 509k G S AR A
Marichromatium gracile YL28 .35 [#AI% | ZF 4/ b SRt i 0. WAHER SR AR 3R
77 Gao 25 BIHJF 57t & B, #44 & Bk B (Candida tropicalis) HHS A1 4 4 [ il 1k B #k
Pseudomonas stutzeri LZX301 5 B 2o H B & R It B30 , I REAE It b PRg Y s AE
W 7% Kong 2572005 3 B4 4% s FF 1 (Marinobacter hydrocarbonoclasticus) /& JE /K 72 754 £ 4t
TSR I RS AR e o RIS, ST 15 B T A= B N 4 DA VY i B8 A ) B i A Mt 2802
fE, Chen ZFNEFRIF R AHIL AR Z1 F1 Z8 AT AEM S N 28 M AR, Bbh 2 JA )5 24
SRR, 12 B A A R £ 2R T 98.8%, i R R T 71.8%, WA MUR A Liu
SEBURE R KB, FEIFE ST T, Corynebacterium pollutisoli A] £EFS B AR A= W) [ N 88 AT 1R 4T
SR 22 B TR ER o SO A 4 B 1] MR /A1 e 2 BB R I 8 AR Thurlow S5 BUR A AL
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SAEAL T RE R UL SE 5 28 f 4T 1 (Bacillus velezensis) AP193 TiMEHE & X B, BERENIAEK
VERE, PRARTREEIGIE ha . B IR IR, KRR ST itk e] W, 7E AR
ISR A TR o R 2 I B T B AR, T G SR K AR IR . SR, BREEFRSL, B
FHAR B IE 52 B FRFE BN it N R NP 7 2 Rk o 30945 U T PR 3R A s e 821, Rtk
IS FH FRFE BN PR B0 UF A 4 U A B P A 75 25 R RO LT IR 3R, RIS I8 75 45 4 T g et
VPP bR, TN 25 A2 8 B P T RGHEAT 25 & VR
6 /N

ZE FRTIA, TSR A A0 B AE SR T T ) AR BT TR R R AR B S R T
(LA [5) T ot BSAH [R] B AR AEAS [F) 25 AR N R 2R, AT RE R AR . BRFRIEmCH] . 1%
I 77 BV 7155 07 AL IE & 1 U A AR R R 735 Bt gk T S B4 4 A A0 4
BB PRGBS . A IR . ARG T E AU A AR DA LA T T 1) 5 B SR K IR B
R s AR R R (B . R R L) BB IR A FOA A pH. RIS MEEL),
7 196 125 5 TR HE 7K I B2 B U S S A AL A TR 2) ek B 2 B DR P AR 6o R B 7K A R e i e
FEHEAT TR 04, N2 98 58 v 28 T 52 A B 5 1) A= 0 Mot 2B R 3) I FH 22 2H - BOR (T
Mz By, A B AR ) WA TR R Ok e B G U SR AL LB, Lhin iz A
LA 5 ] R AT SO A B S I O R SR e R ThRE, AR S R o A A R Bk
VRLE SR A 2 b SR AR U 7= 0 1) A 54 R FH B A2 8K M (quorum sensing, QS) RS L4 A,
T S i A A e 2 ) 5 [ A i A T ) L5 7 K8 (coculture) iE 5T . AN RISV AT
T4 22 RS I BB M B[R 808, W]k — D e i ko, i B G R RS B SRR IS R
FRVCH RN TR F /K= 9200, MM SCIUEEREA . B i A R KA AR M
SHEMR: W

D
7

B

.-
=

JESCHIBAE (BhYE SRS e R P41 R IE]: 2020-11-05 09:51:02

B RBEEREFERARER
HRE LER BT REE
ERIEEAERFKTE A G B EAK BB T K T BRI S EARE R LR =R
AR SR HE R R =
B E. HERAEASIUAN S RSOV BN E R G, Zsh VAU B 2 By, K
BB . 4EA R Dy MIHH BRI EZRTRYI . ASCERA 1 SRR e JE ] R R RH 5 7R 7
SR A A LT e 1) A S LR F LA, LASI DA B SR A R DAt L e ) v 28R SR AR S A 2%

SRR JH IR 3 B IR TR, AN,
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Progress in Cholesterol Nutritional Requirements of Fish
MENG Xiaoxue WEI Yuliang LIANG Mengging XU Houguo
College of Fisheries and Life Sciences,Shanghai Ocean University Yellow Sea Fisheries Research
Institute,Chinese Academy of Fishery Sciences Laboratory for Marine Fisheries Science and Food Production
Processes,Qingdao National Laboratory for Marine Science and Technology
Abstract: Cholesterol,as the most abundant steroid compound in animal body,is an important component of
animal cell membranes and an important precursor of steroid hormones,vitamin D3 and bile acids. This article
reviews the sources of dietary cholesterol,the cholesterol nutritional requirement of fish,and the metabolism of
cholesterol in fish,as well as the regulation mechanism of cholesterol metabolism in fish,in order to benefit the
efficient utilization of cholesterol in fish diets.
Keyword: cholesterol; fish; nutritional requirement; metabolism regulation:
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Table 1 Cholesterol content in common feed ingredients®! %

InnH Items =& Content
208 Beef tallow 0.1
JE5H Lard 0.095
SR B H Poulnry oil 0.077
B & Bl Cod liver oil 0.57
KIFEFEF&EH Pacific herring oil 0.766
#8f& i llerring oil 0.521
BrA4 g &R Wild salmon oil 0.485
T & Sardine fish oil 0.71
BB H Squid oil 1.3
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Table 2 Correlational researches on cholesterol nutritional requirements in fish
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Effects of dietary mulberry leaf flavonoids on growth performance, antioxidant indices, and anti-hypoxic stress
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ability of Litopenaeus vannamei
WANG Yongmei CHEN Bing WANG Guoxia CAO Junming HUANG Yanhua MO Wenyan PENG Kai ZHAO
Hongxia
Institute of Animal Science, Guangdong Academy of Agricultural Sciences College of Fisheries and Life
Sciences, Shanghai Ocean University Key Laboratory of Animal Nutrition and Feed Science in South China,
Ministry of Agriculture and Rural Affairs Guangdong Key Laboratory of Animal Breeding and Nutrition

Abstract: This experiment was conducted to investigate the effects of dietary mulberry leaf flavonoids on growth
performance,serum biochemical parameters,antioxidant indices and anti-hypoxic stress ability of Litopenaeus
vannamei.A total of 960 L.vannamei individuals(initial body weight:1.32+0.01 g) were divided into 6
groups,with 4 replicates per group and 40 shrimp per replicates.Six diets were formulated to contain 0 mg/kg,10
mg/kg,50 mg/kg, 100 mg/kg, 150 mg/kg,and 300 mg/kg diet of mulberry leaf flavonoids.The trial ran for 50
days.The survival rate,growth related indicators,serum biochemical indexes,antioxidant index and resistance to
hypoxia stress were determined. The results indicated that:(1) there were no significant differences in the survival
rate(SR),weight gain rate(WGR),specific growth rate(SGR),or feed conversion ratio(FCR) among the
groups(P>0.05). WGR was highest in the 50 mg/kg group,6.76% higher than the control group.(2) There were no
significant effects on whole-body composition(P>0.05).(3) Adding 150 mg/kg and 300 mg/kg of mulberry leaf
flavonoids to the diet significantly increased the activities of aspartate aminotransferase(AST) and alanine
aminotransferase(ALT) in the serum of L.vannamei(P<0.05).(4) Adding 10-300 mg/kg of mulberry leaf
flavonoids to the diet significantly increased the total antioxidant capacity(T-AOC) in the serum and liver,and
significantly decreased the malondialdehyde(MDA) and lipid peroxide(LPO) contents in the liver of
L.vannamei.Adding 50 mg/kg mulberry leaf flavonoids significantly increased glutathione peroxidase(GSH-Px)
activity in the serum(P<0.05).(5) After 2 h of hypoxic stress,the cumulative mortality of the 10 mg/kg and 50
mg/kg groups were significantly lower than the control group,and after 4 h,the cumulative mortality of the 10
mg/kg,50 mg/kgand 100 mg/kg groups were significantly lower than the control group(P<0.05).In
conclusion,the evaluative index of T-AOC in the serum and regression equation analyses showed that the optimal
supplemental level of mulberry leaf flavonoids in the diet of L.vannamei was 56.18 mg/kg. Adding 10-100 mg/kg
mulberry leaf flavonoids to the diet improved the anti-hypoxic stress ability of L.vannamei.

Keyword: mulberry leaf flavonoids; Litopenaeus vannamei; growth performance; antioxidant; hypoxic stress;
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https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=antioxidant&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=hypoxic%20stress&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

T AL A W) (flavonoids) & — AL = A5 M AR AL IR WD AR AR =4, A P2 B
B4 A ARSI TR ET, BRPSE AT TRE . SR A E R R AR,
SR HRBUAA, PT 4 2R AR KM BRI BTG BE /7o 7K KB R (MUK KA S o 7y 345
21— Fh 2 W 2R B R AL 7)) RE 5 S5 35 32 751 A8 (Ctenopharyngodon idellus) (138 5 % R4 i £
K BRARAAARL R A0, FERL R IR AL A T B 2 1 = B IR . (Oreochromis niloticus)
(30 20 R A KRR B TSR AT R I B I PR ARDRE R B R AR R AN 10~20 mg/kg
() K & 3 i B PR AR K 22 68 (Scophthalmus maximus) %) L5 7 — B (MDA) /K-F, & Z 1 &
T A BAL EE(SOD) A it H ko A A P i (GSH-Px) V& P, 52 s bt A AL R 1) St
T S S T S B B R A A, AR SR AT S A R WL E P AR
(Oreochromis niloticus, GIFT) Tl ¥} F s i I 2 F) S 28 I P 4 v o5 ' 7 AR b g g 1314,
B FSEaI E R WARIE . FLENIE XTI (Litopenaeaus vannamei)F2: 7 | 5 B[R 40 55 F7 A K
FEEY . — FUH R R AR LA e R (R RGBS 2, o AR B K B e . 0 B K 55— R 5
) R0, 3 S 2R WAL RE ) T BRI SR o TR, AR IE 7T LA LGNSl Sy S8 6k 5 ) 58
I B 5 LRI IR AR R B s AR I AR A R BT S8 A AR B R 5 M) BF 7 45 SR e 5t
THATE FH 523 b 0 B F SR AR B0 Rl DA o WD U B A I AR R S KA
1 MEHS T
1.1 SEERREL

LAY« ORARIAE A ok oy B VR, e ol NVl IR ek oA JIB 5, s 793 TR o g WL T ) B e
HET7 REFRKF AR 1. AR R 43 %0 0. 10 mg/kg. 50 mg/kg. 100 mg/kg. 150
mg/kg. 300 mg/kg SR, AL 6 PRI KL 23 HlARid A GOv G10. G50, G100+ G150,
G300, S i (25 B2 1 43 D o R 2, 2 5l 81.40% ) H T 7R 48 A ML A2 e i Mk 5 4k
FEEIN AR At R ER I SS I 60 H U, i B REGE AT RIE NN, S B 5
VT KB R R AZ R 5 TR A U R bR RS SR & PR RR R 7K 53 7E NH-10 48541
Hh N £ R i T TR A 515 T SLX-80 A UMEAT B IS ML(HE R B TR 2B sk g
A7) A G-500 AU RLHL(HE RS B LR R s A ) B BORLAR A 1.5 mme PR RIURL 1]
B} SSOCHET, SRV D, 07 2380 AR AR/ INSURLR R S O J V8 HE H 2 S35 3, T-20°C ok
MRS
1.2 SEEGHE 55 1a 77 7

SEIWR I T T R Ll T B KPR IR A PR A F]LE T 3.0 me2.0 me1.2 m R /KRt
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75 2 J R I MR R TR P IR . TAIFRSRIR TR AR AR ARV RL 0 U R sh AR T K
ST EAE 80 em, 5 70 em, FRARZ) 300 L X BIRET 4E A kAT 9708, 5K FH = 3R 97 2
Gt PRIV N (1.3240.01) g B LARIEXTEE 960 F&,BENL N 6 4,540 4 N EE G E
5240 FIF o 73 ) A PREL A AR AN S Fh S 56 AA Rk, DAV # R i J U R HR M 3 7R(8:00+ 14:00
F120:00). FRIA/KAR A RIREEKFN E KA A G R BOK, L8 TH3 5 MAFRIE & 4,28
N 5~6, 58 K 2 IR A IRFKE A B KER) 13, \FRIEEE 4 FITT G RIS (205 5K
H 1/10). FRFEMIAIZE E<0.2 mg/L, LAHIR#:<0.05 mg/L,iE%>7.0 mg/L, K H H 26, KIR
27~30°C. L5 50 d.
1.3 FEalREE
FRHASEIN A S AE T 24 h MR E AITHE THSRAAIE 2R (survival rate, SR) 1 # % (weight gain

rate, WGR). 57 4= K % (specific growth rate, SGR). 1k} % % (feed conversion ratio,FCR). &
153 34 % (protein efficiency ratio,PER) % . &/~ 8 5 BEHLEL 5 RAF, T4 B4 €, 457K 53
(moisture). #H 2K F (crude protein,CP). #H i (ether extract,EE). #H /K 4> (ash). &> & FEHL
14 BH 1 m L VRSSO R AL, T80 Hh,4°Ciff B 24 h, I EIEWT—80°CIRAE, FH T
135 AE A TR AR FIBES 5 - A E R BEHLE 6 RIAK . = 50 543 58 P I, T B
(condition factor,CF). AT/#iR$E % (hepatosomatic index, HSI)it+5 . FFEARAINIAT 2 mL &
OV H-80°CIRAF, ] T BEH I E -
1.4 FabrillE
141 RS SHEE T A AT

1795 % (SR, %)=100x & A FE HU v 46 5K

18 A2 (WGR, %)=100x (2 AR K B4 46~ 2K 5 /AT 46 P 2 R

5 € 4K FE(SGR, %/d)=100x [ In( £ AV 4R B+ B8 T4 5 )—In W46 344 3 )/ 1] 7 R 3L

Tk R EU(FC)= 1l i /(2 AR A FL U Tk A IR 1A ),

1 RO (PER, %)=100x (AR AR B+ JE TR B 46 7K 5 )/(Ta RHR N B i kb 8 93
);

JIEL36 2 (CF, g/em®)=100x {4 5/ K: 3

JFF FER MR 45 $i (HST,%)=100 i /44 & ;

T B (FLy B )=HH 8 B/ (W3R R B+ 4 K R 50)/2)]
1.4.2 &S

gl



IK A3 BN AE 9 105°CHETZ 18 B 9%:(GB/T 6435-2014) 41 25 1 #5299 IS & &U%(GB/T
6432-2018); M1 7 FR3 5E R G423 (GB/T 6433-2006); % 7% 43 B 52 A8 R BE Y 550°C
Y1421 (GB/T 6438-2007).

1 BHOHEARERKFTORER)

Tab. 1 Composition and nutrient levels of
the basal diet (DM basis)

o
WH item #riit content
F# ingredicnt

¥} fish meal 23
HH] soybean meal 21
et ¥ peanut bran 12
5 FF squid paste 3
$FFE# shrimp shell meal 5

{5 i # high gluten flour 6.5
il fish oil 3
Wigl phosphatidic oil 1.5
BHEEE cholesterol 0.2
M4 ¥ CE vitamin C ester 0.1
BH# choline 0.3
W — S Ca(H,PO,), L5
HetE HAiRE " vitamin premix'’ 0.2
49 i iR # ' mineral premix® 0.5
PG ETHE®E microcrysialling cellulose 2
frik NaCl 0.2
it ol 10000

FFE A ¥ nutrient level™

HEAM crude protein (CF) 4008
4t ash 9.79
HAERS ether extract (EE) 85
A4 moisture 6.37

) BTESEEMREATEEES: BEE A 4000000 1U,
HEHE W D 2000000 1U, MKy 10g, EEEB S FEED
15g, HEEB B HEEB,002g, FME25g Hili25g
fHE 008, MR AR50 g

) BTUESE RS — ke 12 g Sk w0 g F
WG 3 g —REEREE: | g —hEREREEE 10 ¢ BRAEIS 0.06 g
HE WA -4 016 g; WALHY 0.0036 ¢

3 EARART M

Note: 1) One kg of multi-vitamin premix containing: vitamin A
4000000 IU, vitamin D 2000000 IU, vitamin Ky 10 g, vitamin By
5 g, vitamin By 15 g, vitamin By § g, vitamin B, 0.02 g, calcium
pantothenic 25 g, folic acid 2.5 g, biotin 0.08 g, nicotinic acid 40 g,
inositol 150 g.

2) Ome kg of mineral premix containing: MgS0,H.0 12 g, MgCl,
90 g, Met-Cu 3 g, Met-Co 0.16 g, FeS0,Hy0 1 g, ZnS06-H:0 10 g,
CaHsl0g 0.06 g, NaSe(y 0.0036 g.

3) Mutrient levels were measured values.



1.4.3 MG LIRSS

87 FH 4 3% 2 i mh o 4 L B AR AL 2 BT ORI, B R B 1 (TP) F1EE I (ALB). 3R
(GLB). JRER(UA). Hil =ER(TG). BN 2 (ALT). 552 B(AST) H[HEE(CHOL).
MAEH(GLU)EE .
144 M. FEEEL IR

SR FH R S B AR ) AT S B S A I ML PP R AR B SR A B, 32 B AR b S L
AL BE 11 (total antioxidant capacity,T-AOC). A —E%(malondialdehyde, MDA). #B% Y1k
fiff (superoxide dismutase,SOD). i %1k £ i (catalase, CAT). 2 Wt H ki E AL ¥ (glutathione
peroxidase, GSH-Px). Jigiid A ) (lipid peroxide, LPO) .
1.4.5 (RSN

TR IR0 45 R R R ATLE I 12 AR TR U8 5256, 7772 8 Mugnier 50150,
Zeng “EUCEAHOE IR HE . AREUE TR TT R IE IR K O AL BRI K B R R 2 60 L, /K I RH 2
FIRZ 12 om, 4 1 J238 W (0 A P v MBS 7 26 7E /K T 177 1k 2 SR K AR Fp AU S se e SR80 1]
i FH 48 48 50 484 (Seven2 Go, Mettler Toledo, 5% [E)A&EFE 30 min Yl 1 YK MRS EH & . MKEK
AR L ARRES (7.0 mg/L 72 40) T B BAREUIRAS (0.6 mg/L)B, 1 S A7 S 56 RS 46 B 1) A &
WRAIBETIE L. 2 GO HCRUSINEH) AR FE T 3835 3] S0% 0, 26 1 EAR AU iE g
F AL T % (cumulative mortality rate, CMR, %)={IXEUE J5 58 T U R 20/ AU P 18 1 FE 450< 100
1.5 BHRSGHabT

s prrstaatie el X ESD) g n sm spss 22,0 Bkt i 7 G220 b7,
AT BRI 38 7 22 53 T (one-way ANOVA) A1 Duncan % 5 HEH,P<0.05 A ZE R W%
2 SR E 0T
2.1 SR EA T LANIE TR AR K B 1 R

e 2 Fron CELARE R 0 S B 6 FLARIEE XTI FBW. WGR. SR, SGR. FCR BLK
FC £l HSI & & 2 0 (P>0.05),1H 50 mvkg 21 FBW. WGR. SGR. Eb X FEZH 43531l 5 HY 6.07%-
6.76%F1 2.83%. 50 mg/kg HE & & TE m T X2 (P<0.05),300 mg/kg A& & W EKT
X HEZH (P<0.05). 300 mg/kg 4H 8 5 036 W 3 = 10 FELZH (P<0.05)
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#1 EMRAMEINALARTFEREENEN
Tab. 2  Effects of mulberry leal Mlavonoids on growth performance of Litopenaeus vannamei

n=4: ¥ +58D
i Ak /imgfkg) supplementation
I H item
] 10 30 100 150 300

bk e 1B 1.3240.01 1.32+0.01 1.3220.01 1.32+0.01 1.32+0.01 1.3220.01
SRR FEW 12.52+0.44 12.43+0.57 13282053 12.48+0.48 12364067 12 362096
S WGR 248 57+33.18 241 3043792 0035 05240.33 246.60+46.20 837.55+43.79 8510426561
1% 4 SR BE.6447 71 88005 06 80.73£3.70 93.30+3.46 00.22+6 87 800123 4]
HE 4 IS #amaid) SGR 4.2420.07 423007 4364008 4.24+0.09 4224009 4294013
B gfem®) FC 0.79+0.01 080002 0.79+0.03 080004 0.£1+0.01 0.79+0.03
PB4 ¥me HSI 5.04+0.38 479035 4.8320.14 4.84+0.34 3224026 4.85+0.11
fn#H %= FCR 1.19+0.06 1.18+0.04 1_18£0.02 1.2040.02 1.21+0.05 116006
i friitse/RE) FI 13.36+0.29% 14.12+0.55% 14.87+0.45° 13.7040.19% 13 690 38 13.2720.33"
i 4 PER 194 47+4.71° 190.39+5 98° 194 39£2 77* 198 7243 68 191 474479 2129928 8*

e T RO b B A 6] 2 L ] 4 1 B 3 S (P<0.05).

Moite: Values in the same row with different superscripts are significantly different (P<0.05).

2.2 FEn RS FLAYE ST 7 B4 1 B
1 3 AT LE LR A 7 0 S i B I ) PLANIEE A IR A B 23 I 06 . 3 2 (P>0.05) -

F£3 EHEFMALAREGESSHERGEERI)

Tab. 3 Effects of mulberry leal Mavonoids on body composition of Lifopenaens vannamer (wet weight basis)

n=4: T =50
i ik (mgfkg) supplementation
i H item
L] 10 50 100 150 300
.4 moisture T6.77£1.01 77.3320.90 T6.44+0.86 T6. 744084 T6.63£1.22 T6.35£1.21
HEA crude protein 18.560.65 17.82£1.01 17.9540.56 17.55+0.49 17.45+0.60 17.7540.36
HLAG R cther extract 1.46+0.25 1.53+0.22 1484022 1.41£020 1.44+0.30 1.59£0.29
B4t ash 2.590.10 2.560.13 2.6840.13 2 664015 2. 7140.21 2684029
Her TSR b B (6] i 2 e £ 1 B 2 R (P<0.05).
Note: Values in the same row with different superscripts are significantly different (P<0.05).
B N =33 —
2.3 2R LGN I35 AR A FR BR (1 520
12 4 AT 2R TRDRE S D0 S i S Do FLARTE 0T IR IS ALB. GLB. TP G MY

Mi(P>0.05). CHO & 1E 10 mg/kg 411,300 mg/kg 4 H%

23 2 7 (P>0.05)
556 WA 2 M BL, 52 56 4H PR R

/

B E M2 F(P>0.05) .

EEMA RN, 150 mg/kg HIRIR & =i

7,18 LDL 1 HDL & & %4 /A 76
150 mg/kg 201 300 mg/kg 21 ALT A1 AST 3%

Z TR 4H(P<0.05)

e MAEATH i =BE



F4 BHAFETAHRMFLEERTEFOER

Tab. 4 Effects of mulberry leal Mlavonoids on serum biochemical indices of Litopenaens vannamei

n=4: ¥+ 8D
i ditiimgfkg)  supplementation
WH item
i] 10 30 100 150 300
M Mdel) ALB 43 B0+4.26 41.98£3.20 430524 78 42.18£337 42102171 43 83317
HE IR ML) GLB 35.15+£3.97 30782341 342524 69 33.18+2 34 32.58+2.75 35,682 80
BEANL) TP TRO5:E. 16 72754639 77302890 7535505 74684 37 79.5+5 49
FH B B mmol/L) CHO 1.99+0.22% 170015 2000207 1.86+0.23 1.83+0.25% 2044017
P —
1. o M T A e 0.02+0.01 0.03+0.02 0.02+0.01 0.02+0.01 0.03+0.02 0.02+0.01
S{mmel/L) LDL
M-
o T 4 e 0.02+0.01 0.01+0.01 0.02+0.01 0.02+0.01 0.01+0.01 0.02+0.01
S{immol/L) HDL
H il =@/ mmol/L) TG 1.260.12 1.27+0.23 1. 262013 1. 264021 1354036 1.35£0.19

FAEMEERBAUL) ALT  28550£16.03°  277.00£20.52% 256.25:3742%  247.75:16.34%  341.75217.50°  341.00£11.53°
PR ERBINUML) AST 2466743247 219.67+45.00° 28475246 65 253.50641.04%  340.75:4137°  353.33216.74°
1 & 1/ (mmol/L) Glu 4512070 3.6420.22 4642060 3.9440.32 3.79:0.83 4.38x095
R nmol/L) UA 69 00+£9.54° 83.75£13.43 91.5046.935" 77.00+8.72* 92 25:% 81° 71678 81"

e T8R]3R P<0.05).

Mote: Values in the same row with different superscripts are significantly different (P<0.05).

2.4 M EEEEANT PLANE TR BT A TR BRI R

B 5 AALXS T MG BUAAGTE AR, A8 N S B W 4 135 T-AOC 3 /& T X B 4,50
mg/kg 175 T-AOC = H 3% & T HAth & 2H.(P<0.05). 10 mg/kg 2H SOD % 14 2.3 & Xt
HE 20 (P<0.05). 50 mg/kg 41 GSH-Px i P &2 w5 T4 R 4L(P<0.05), L X R AR 5 1 81.92%.

10 mg/kg~ 50 mg/kg. 100 mg/kg F1 150 mg/kg 2H CAT 75 M 2 K T %I # 2H (P<0.05),100 mg/kg
Higfk. 150 mg/kg 2 MDA & & I E K T H X ZH/(P<0.05). 50 mg/kg 4 LPO &&= (K H.
B E LT XS I (P<0.05) 0 i £ % 5] U5 3 A SR S B I E2:(X) 5 1L T-AOC(Y)Z [a] ) 5%
A,14 % 0~100 mgkg F M B & n&E 5 MiE T-AOC ) [ H 75 2 Y=
0.0011X>+0.1236X+3.6324(R>=0.9439),100~ 150 1 300 mg/kg 207G & 3 P 2 5% (P>0.05). H
Ji R4S L IE T-AOC i e {E I, 5 2 i (745 I 2204 56.18 mg/kg .

5 BEHAEMAMRATERSEEFENER

Tab. 5 Effects of mulberry leafl Mavonoids on antioxidant indices in serum of Lifopenaens vannamer

n=4- T+ 5D
WH item =&k Amgfkg) supplemeniation
0 10 S0 100 150 300
S AR BE UmL )y T-A0C 3.7320.19* 4.63+0.34" 721049 53840 38° 4.37+0.38% 4.62+0.40"
L S BB A U/mL) SOD 7.4520.81" #6420 28 6.82+0.44% 6.25+0.21* 7.10+0.38% 6.22+0.31%
FFEEH Bt FAE MBI U/mL) GSH-Px 544924000  48.79:247 90134627 53.37£2.73° 64.44£3.71% 55.69+5.61°
o Sk M ESA UML) CAT 7 200 65 62240 35 620056 5. 47006 6654065 700,507
M R (nmol/mlL) MDA 200311125 20204089 21.3531+1.10¢ 20.19£1.75% 1835096 19124071
B W Sk 4 umeliL ) LPO 8.5520.30° #.8550.20° 8.25+0.45° 9562063 10.93£0_64° 026048

B IEATECE b b R () A ] £ 7 B 3 R (P=0.05).

Mote: Values in the same row with different superscripts are significantly different (P<0.05)_

R 6 Tl 500 T BERE T E AL e, IS I R T-AOC 3 =y T X R 4H.(P<0.05),50



mg/kg 2H 5w, B EEXIRZHIE N T 176%. XFHZH SOD & 14 5 51,50 mg/kg Hi{%. GSH-Px
R PECE TS ER,300 me/kg i s, W2 m T HAR K Z4H(P<0.05). N4 CAT 354 &
K (P<0.05). ¥NINZH MDA & &8 8 KT X R 41(P<0.05), HTE 100 mg/kg 41 MDA & &
BfK. W4l LPO & & 3 F£K(P<0.05),7E 50 mg/kg 41 LPO & & .

6 BHERMALARMFFRBRELEFAER

Tab. & Effects of mulberry leaf Mavonoids on antioxidant indices in hepatopancreas of Lifopenaeaus vannamer
n=4. T+ 8D
W item kA mgikg) supplementation
0 10 50 100 150 300
BT SR BE A1 UWimg prot) T-ADC 1.29+0.15" 311037 35620227 2.4920_39° 32620.07% 1.83+0.12°
e B BN UWmg prot) SOD 3.97+0.38° 2. T6+0.26" 2 37:0.28" 2 552029 3.B0x0.15° 2.5740.29%
PR H BRiE BRI UML) GSH-Px  29.37£1.45"  27.2020.60%  24.68£0.79° 25502265 29682222  45.72+3.67°
i Sk S BN Umg prot) CAT 4.29+0.19° 1.4540.03" 1.31:0.08° 0.4820.11" 1.87+0.29° 3.74+0.29°
B nmolfimg prot) MDA 8190, 70¢ 3. 540,630 1.51+0.20% 0532006 1.1820.21" 1.19+0.12"
B i ik A umolfg prot) LPO 52.19+£1.52¢ 33.0994].33° 21.15&1.42° 23582175 22 7E£1.3%% 22 944037

He: AT ROR b bR R 3 ) F 75 5 3 35 R P<0.03).

Mote: Valoes in the same row with different superscripts are significantly different (P<0.05).

2.5 SR B NE LARVE S HRMIC AU 8 2R T AR T E )

H& 7 n] 50,5 B2 . 150 mg/kg A1 300 mg/kg 2H 3 4H R THAE T F & m HAHIE, 10 mg/kg-
50 mg/kg A1 100 mg/kg3 H 2t AR TR R HAHIT . FEAREMIE 2 h IF,10 mg/kg 1 50 mg/kg
H R AETE R WA T X 2 (P<0.05), 7E /KA1 4 h 1,10 mg/kg. 50 mg/kg F1 100 mg/kg
H BT E BB T 0 4H.(P<0.05) .

£7 BEHAEFEMNALARMFESRIERITECENER
Tab. 7 EfMects of mulberry leal Mavoneids on cumulative mortality rate of
Litopenaeus vannamei suffered hypoxic challenges

n=4. ¥+ 85D
A me/ke) supplementation
WHE item
1] 10 50 (L] 150 300
- % y .
2h it ﬂ;"‘_ i X 29.17+4.81° 0B334 81" 208344 817 22 934 17" 27084 17T 29.17+4 81"
2 h comulative morality rate
4h it i'_‘_:#r% X 52.08+4.17° 395827 98 39.58+4.1 7T 41.6T+6. 8070 479224 1 7= S0.00k=680°
4 h cumulative morality rate

He: 16T B b b A (6] 3 a2 e A T R S R (P<0L05).

3 bk
3.1 St SRR FLAATE R A R ) R T
AT FEAE AR o 0 S S TR X PP K A K e LG 2R B 1 R RS R

R B KR TC R FE IR . BRSSP AE K R B 4510 & . BFER LI A
o i e % 2 T R 0 ML A A IR (GH)ANBR B AR AR K Rl - 1(IGF- 1) 73 i 2 v AL 409 - 2E
KA RE N R 5 e 3 I T e B e A KRR AN S A K P (i Bk B HL A 2 3 #1 (Oreochromis
aureus) i £ AE KBGO FE I 64 g 20 B 2 D R AR K o e i (H sk FE I 6 4 S 3 3R
A RNRED Ak GH. BTF GHRs A1 IGF-1 m RNA (#1335 i 8 2 B e 1 A K


javascript:void(0);
javascript:void(0);

(19201} Jegy B ] e o s P AR R R AR KR TR R B AR AR S Y Ak
AR X AT RE R R D S A 2 A S Ml A AR AL, B SR TR R S T
TR AR ME I S2 A 4 A, R AT ME U 2R S 2R P B A R B e R R IR AR b 2,
TRFESNPIBEA KK E - Ak RS, S Sl 5 & 2 AR AR KRR TG 351k
SR R SRR T R AR AR s e T AN e (R B A K i e AR AR S R L AR TR
RN GORE A AR R SE B4 e A7 TS AR REE AR TRLECR . SRR R
FE o WEAA LRI L3S T0 3B MRS o A, 1 PLAE 2SR 7 R 0K e i T P 4 v A 407 3 45
I E (R AR B AANRIN A ZE 40 d DA BSSCR . d e m AL SR 2R A S a3
VIR E R4 5 0 RSO P 0 B 3R o e M S A K R B (B T Re S Zh b2 S5
KAV TR SIS K

AT IS A P AR SR REE A KR S IR A HR B
S ARSI B S I 4 0 2 5 B NS B A, B3I TE 50 mg/kg ZHIA B RAE, 40 591 L ot BE 4 48
T 6.07% 6.76% 2.83%, 1% A it A2 177 5 (1) 5 - 58 I P i ik FLAATE R R A= <, {H 5 B
FRRR I A B 2 1 2 5 B AT R FLANTEE X IR 5 0 28 DA S 2 L 225 2R S 9 2 b ML
ANTR), 32 B S B G FLAA I o AR AR AR P BILA A [R], 43 T B A2 SR i B 6T L 4915 o R i A2
KOG HIE AR, AT — D7 . 50 mg/kg A5 & 52 5 T 841,300 mg/kg 4145
BB RGO B2, PT R e B SR BRSO 1 LAV R ERDRE R
3.2 SR BEART FLYATE X WA 353 R 5

AT, S IR LGN IR AR FILA K 2> R . LRI A AR 43 TG B 3
i o X, SR A 02 S0 e S 22T U3 B, S SR A v BRI fe A I Js 25 &, P
T XA A2 5 I I 2 A A O Tl PR VA BB AT R U7 s g )9 A k2 g O A P 17 8 AR124-230; g
NI 5T 2 B B R4k S T T R A IR DT SR S ik DA f R i AN o 5 £ IR 7 4
I3 PR FE AR JEE U T J 8 AR 2027, 13 B 8 R A 5 T DL 9 7K s M A, PR 45 AL A4 f
JiE o S SRR PR AR 7 2 B A RUR 4% 57 - Kamboh Z5P28IRE 78 A N SR 24k & P vl i i A
BEBNW o WA KR BRI L PR B 1 0T R SRR 7, S I R 14 0 PAY A XS LA o 2 1
K3, (2 UL PAY AR K R s S RIT SR 3 I T R 408 i B £ 4 £00RL B 1 5 B I S 2T
R 7 e B P PR R SR 07 4 R B 1 s W Ak AR S DI S R I St B 0 i P
TR RS TE B B T, I 5 AR R4S 18— 8. DL EWF RS R 2 Rk vl B 5 IR &
HIFRE . FRIENS R LA K S A B A KA BRI %

1= VA
52
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3.3 FxM SRR FLYATE KT M5 A A Fe A (R

AW 5 45 SRR B S S XS L% LDL. HDL. TG JC&ZEMER0,10 me/kg 40 CHO /K
ARG, T8 B ZE PP A I 10 mg/kg SR AT PR LIS CHO 7K. sl SiAb &) LLis
i By P i R A IRSORHEE PRI AR R 1A FRT 23 AR T R AR . 2R Bl SR PO T R I R
A5 U RT R8I R AR v T I K BRI A o8 B, R R T IR AR E . BRI R A &
Pyt 1T R A A FH AL 2 2% A S B 2R A0 A5 4 v 2 2 B 3h A 1% TG TC. LDL /K
[30.31,32.33.34.35] {3 284 v ML HDL 7K~F33:34.351

L% H AR 2 1 5 e AE SRS A A DG, Vb RS I P 42 e A 2 L3 1 TP A1 ALB 1Y)
Fr&,GLB 7558 0. 15+ 30, 60 KICRFEMZER, 5 45 K GLB &&= R b, AR ss
PR W] SR BN FLE AT RIS ALB. GLB. TP /K F-JC &35 ML 503X 7T A 5 Sz 56 J ]
A RETHE— BT o 37 A 8% S B AN PT e  Bi o A PR 0, 38 PT DA S BRI o
SO S {k FRRPR U0, A 2 45 I, ALT A AST {8 2 B0 if ik 5L, (56 1375 1 ALT A AST (55
BIHE AW 5T 45 R B 10mg/kg. 50 mg/kg 1 100 mg/kg 41 ALT 3G A T Bk, 100 mg/kg
40 ALT 351 B Z LT X 4,150 mg/kg A1 300 mg/kg 4LMLIH ALT F1 AST 3% 1% & 2 & T-xF
HE 2, U A S SRR IR 150mg/kg AT 300 mg/kg I AT AEXT MLANIEE N B T B A ik i 17
TN . AR 5E07, 285 77 S5 B8E 7i 32 WG & 10 K 5 0 ] PR S o 0 L il 3L B
TR R BT AT 745 R E B 50 mg/kg A1 150 mg/kg 4LIRIR & & 2% i T X FR 4L, AT R
T S B SR T E 5 RS 3 R R RIS
3.4 ZEMBEEEANT PLGYIE X AR U Fa AR A R

ENPINARTEAR Y I FE v AN W7 7= A R 2, 1 e M T U B R T A i, e 3
IR B, AT =4 MDAMDA ] B Sk A% IR « BT W 28 S 40 i I 2 G v ) AN e R g
TR S 38 F SR A A 5, 15 R 22 By BRI, e T LA BRSO, B SR AL & P nT i B ) B R AT
] ER R AR B 1 A 0,3 T DA R I A i LA B R A S 0 IR R e U A )
i U A S SR BT E R o BUAHTSEOIRES th Br A e mg AR B ST A B 3L TR
UEFF E— AR DR T AU BRI BUAU BEE 1 T U A LA 52 3 T — 52 1R
W, U LA 52 383 R 8505 RT3 v e S A Tl FR T PR DR LA 4 52 S8 KI5 55
SOD. CAT. GSH-Px S Ht 8 AT ORA7 I 4 i 28 40 ™ A2 AL SO, 5 T-AOC 572 PN ML A4
AL AT E bR . AW EY,10 mg/kg L1M7 SOD iEMEF 50 mg/kg 4L 1M7%E GSH-
Px i P 5 2 v T IR AL BT FEE IR SOD AT GSH-Px F 375 i 3 - i 4 i =2 (O 886 n 22508 B
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IKJE T+ s, B g g SOD v PR T X B 4,10 mg/kg. 50 mg/kg A1 100 mg/kg 2H
JFIRR GSH-Px W& PEACT-XF B ZH o 050 032 B, FRDRE H 4 ik 2 14 B 2R Ak 5 P e i v 30
Ptk SOD\ GSH-Px ¥ P12 1342431 7R 17k 7t 3¢ BH Wi 04744 1375 A0 FF I SOD GSH-Px Jifi i
bk e A N 0 7 0 1Y 0 e BRGS0 B ) L AN
SOD. GSH-Px HINEPEFZ A FEAARE] o ASHIF T H 78 I S5 - 3 i 28 1075 AR IR CAT 35 £ T
Bi A A4k A S U T SR i S A 5 0 | LTI CAT TG 35 M s, (R A8 0 100~ 1000 mg/kg
S B AT S T E CAT V& J7; MAR XS I A7 58 T CAT V& PTG B3 MR L, L S5 021
T8 K 5 5 ] 4% 1 S B SR (Carassius auratus gibelio) ML CAT & 1, i B S BHS Ak & 0 xt
CAT 52 I A — 8, 7T e 5 B AL AV PSR Z W) S PP [FAG 5% o 38530t 70 2 B s 28
WAEY TR =B T-AOCH 4344451 57t 5 45 L — 3, 1t W S A S A0 S ) mT 3R m 3
& T-AOC 4k 1713 1th 42 77 7, SR VR N4 56.18 mg/kg I IfILiE T-AOC # 5.

TIF S0 W], GRE A B I v 368 o 375 ok i o o 480 7 A ke B s ot 4 11l B2 140, R
P T T 7 24 L S i SO 43 J22 22 T R ) A K £ 97 80 ke, 3 T 0 o) O O 0 44 = P )
T AN ARG i 17 LA TR AR 7L AR 5T 22 B, 150 mg/kg &M S W] B MMILIE MDA 5 5,50
mg/kg S AT FEAK ML LPO & 5, BT A VS N7 & 1) SR 2 3 7T BTl MDA & &
HLPO & &, 4k s Bl BN SR R W i & 2 R4 S ] PRI MDA & &,
SRR AR —5. Ui IR S YR RIS B iR pUd EL e iR s LA B A RE JT . 7E
FFREARH 10 mg/kg. 50 mg/kg FT 100 mg/kg 2H 5% FRZHAH L SOD. GSH-Px. CAT HuéE b1
TG PEFEAIC, MDA 1 LPO &5 & [EAIK, T-AOC $2 iy, ¥ W 5 it B I AT 5 3 258 i 375 ik i ot i 40
WARIE BB EEAG IV H 1 (0 BARAE NS Tt — B 5T
3.5 ZEMBEANT PLYNIE X AR R ST ) R

AT T2 A LE BRI 10~100 mg/kg S35 B AT 45 5 FLARTEE X SR UK B RE ST -
TE = B FE R LU IR SR AT T KA F g SR BRAEZK = BN AR K A7 IR 2% A 2 — B AL K
P B2 T8 2 AR 1 R 5% AF 2 — S W S AT AN A BAE A WL, 25 5 5 SO LR R 48
MR, 7™ BB 2 T BUK = BT o B 5038 W, B 52 3h 42 Hh R SR I U 5
JERE KL 28°CHT IF A AMIE T 0.6 mg/L F A2 38 R4 f I X HF (Litopenaeus stylirostris)JE T,
MR N 28R 100 min, JET-HIEF] 50%!11, Ui /K g — B RA & R St 2
IRIK PSR FET . AERFF RN 10~100 mg/kg 355 B AT AEE i 12 m ML PR AL g
73 M iR R AU 2% 2F T FLARTE o 0 PR iy 28, I EL AR AL I 5 ik — 2B A 9T
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4 45k
FELRDRE A 8 00 5 P 5 XS P2 o R A A M RS B 23 VA S 2 A S W) s 7 FRDRE S
o0 S - S ] T i v L7 AR A f JB L 0 SR A E g, PR AT L7 P Ml P — I AR R Joi 3o S A A 1)
B B LGRS R L RE 1. BUIE T-AOC VAN FE b, S B4 B 75 LR X iRyl
HHE BN IN RN 56.18 mg/kg .
225 SCHR I
JESCRIPELE (P EKFREFE) 2020,27(10),1184-1195 DOI:10.3724/SP.J.1118.2020.20016

% B SREAN & B TE A AR LANEXSEME KM RE . (ARIERE R& N
GeEA

2oy B AT T PRYL M R0 IR XA 47 B AHARAE Fh T XA
WA BN A BRA R DU A BB 7S AR G A IR A R Al AT S Dl e 7 87 it i 2 A 4 )
RS0 E B AR AR S SRR A R A ] RE A S S AR BR A
BB TR SRR BEAE AR FURIEEXT IR A K B DRL R S s 7 (KR, B0 R B
RIS 20 4 ANKCEE, b Absl 1 200 R4, AbEE 2 20NN K Gk 7%, AbFE 3 4N
IR LG 3%, ALFE 4 U INRIEAEAE R 3%, VRHEAE AR BRI b LE I L] 4 213560k
Phikwabia BN (2.240.1) g B NLGNIERTEF 80000 B, BEHL> N 4 4H, F4 5 ANEE, F4EE 4000
J, fEENRKIFERGIT AN 67d MFRGRE, FREMIEAR 17 m2/A. SR AEK fFER. Hi
Je G AR SRR AR AR AT M5 o S5 LRI . ORI AR M2 B 0 SR R A K e B3 s AR A Al
162.26.0.43 470 (P <0.05) ; AW AEFAA R LA R 2 i T A R4 20.59 1 73 /(P <0.05),
R GRS B2 FAE AL 7.73 N E 48 (P<0.05) , TG kK EMALREEER (P>

0.05) ; KEHEAEMARERS %K GMAMEREMAZ MR EEZR (P>0.05) , HEEHRETIE
A 19.92 NE PR (P <0.05) 5 REACAFAARE ARG TE S AR E A BB EEER (P>

T

0.05) , {HEF = THAHI4 2047.21 U/mg prot(P <0.05) ; KRIEEAEA KL EAY EALE . SPTEALRE
D1 B 2 By BBV 5 T AR ARG 4L, (AR MERARE (P>0.05)  REEACAMAFREEGH
ISR e T HAR A, (ARG H 2 A 22 RARZE (P>0.05) ¢ KEFEAC AN IR PE RS BRI 5 14 2
FART AL 157.88 Ulg prot(P<0.05) , {H 5 HAR XM 2 MG & 2R (P>0.05) + RIEFLA
TR VE R R . 2 S S BEE MEAS T 648040 54.81. 0.17U/g prot(P>0.05) . %& Bk, ARk
PR, AR RN R I SRR R A FLAREE ST R A KR L TR B S 7y, ARG AERTCRR T R
B A o
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Effects of fermented soybean meal and fermented peanut meal on growth performance, feed

efficiency and immunity of Penaeus vannamei
LI Hongqin ZHU Wei XI Qingkai TAO Yuling LIU Tianji LIU Cong GU Xizhang XIANG
Fusheng CHONG Jindou ZHAO Min
NewhopeLiuhe Co.Ltd. Sichuan New Hope Liuhe Technology Innovation Co., Ltd. Key
Laboratory of Quality and Safety Control of Feed and Livestock Products of the Ministry of
Agriculture Qingdao Agricultural University Shandong New Hope Liuhe Group Co.,
Ltd. Haiyang New Hope Liuhe Feed Co., Ltd. Yantai

Abstract: A 67-day single factor feeding trial was conducted to investgate the effects of fermented
soybean meal and fermented peanut meal on growth performance, feed efficiency and immunity of
Penaeus vannamei. Different feeds of 4 test groups were prepared:comparing to the peanut meal
diet(PM),7%dehulled soybean meal(DSM),3% fermented soybean meal(FSM),3% fermented
peanut meal(FPM). 80000 P. vannamei with body weight of(2.2 +£0.1)g were selected and randomly
divided into 4 groups with 5 replicates in each group and 4000 per replicate. The results showed
that:the weight gain rate and specific growth rate of the FPM group were 162.26,0.43 percent
higher than that of the PM group(P < 0.05); The feed efficiency ratio of the FPM group were 20.59
percent higher than that of the PM group(P < 0.05), and the feed efficiency ratio of FSM group was
7.73 percent higher than that of PM group(P < 0.05), while there was no significant difference from
the DSM group(P > 0.05);The survival rate of the FPM group were no significant difference
between the DSM group and FSM group, but 19.92 percent higher than that of the PM group(P <
0.05);There was no significant difference between the trypsin activity of the FPM group and the
FSM group(P > 0.05), but it was significantly 2047.21 U/mg prot higher than that of the PM group;
The activities of superoxide dismutase, total antioxidant capacity and polyphenol oxidase in the
FPM group were higher than those in the other experimental groups, but the differences were not
significant(P > 0.05);The lysozyme activity of the FPM group and the FSM group was higher than
the other two groups, but there was no significant difference between the experimental groups(P >
0.05);The alkaline phosphatase activity of the FPM group was significantly 157.88 U/g prot lower
than that of the PM group at(P < 0.05), but there was no significant difference with other test

groups(P > 0.05); The activities of acid phosphatase and aspartate aminotransferase in the FPM
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group were 54.81 U/gprot and 0.17 U/g prot lower than those in the PM group(P >0.05).In
conclusion, under the conditions of this experiment, the addition of fermentation material to the
feed could improve the growth performance, feed efficiency and immunity of Penaeus
vannamei,and the effect of FPM was better than that of FSM.

Keyword: Penaeus vannamei; dehulled soybean meal; fermented soybean meal; fermented peanut
meal; growth; feed efficiency; immunitys;

SRR MEAR SRR, REAESOL T H R E AR, BEh
ZIHUE TR T, AR SR E TR 5T AR SORUR F 2%, 38 23 BE i 3P I 4
TERERE CEREMEE, 2019). KESEH WA EMEDIER, I B, k. 7
MREVETEYI BRI . AR, KA A R 8 A W R PUE R K 7 (Teng 4,
20120, FHreAE AN . A0k 2 MRS 2 PR VIR, KT8 B A RN AT AR
Wi ik (Shiu &, 2015), LR b @RS RO MR & &, dhisd & R A 2, If
RARBESIYER (BFEE, 2019; FASE, 2019. BT, OFKERT RIS M
FEAK TR N B FE (eS8, 2019; RAVBHEE, 2018; BB, 2018 mda ks,
2017), R IR T S RF R R PR A A RS B BRI 7

ASHI SR AN [0 L 252 7 (1 KA R I A6 AR I 81 Dk b B LRV R R, A AT
LSRR A K 1 BB RN G 352, DA SRR A R R R ARl b 1 B F B it 255
1 MRS 757%

1.1 58 J5URE K b kRS 7

ARG P FH Sk A BH BT A BB /S A TR PR w SRk o AE A8 AR R ZH A T 25 B Gk
R LR B R R AE AR B ARG 8 AR R B vt o e AR i S8 TR KT IR 1.

£ 1 RRERARLEFRKE %

m R 1E 2= ¥A A 2= T A LA 22 0¥ = ¥ LE 22 B A 2= ¥A LB
B ¥R £H s%
B3 B o 453 22.00 22.00 22.00 22.00
I BR 85 B9 45 3.00 3.00 3.00 3.00
oF ZE 493 4.00 4.00 4.00 4.00
TE Z= HA 33.00 27.00 31.00 31.00
ERE T 0.00 7.00 0.00 0.00
& ¥ = A 0.00 0.00 3.00 0.00
22 BEAE A HA 0.00 0.00 0.00 3.00
=5 A% T 45 18.00 18.00 18.00 18.00
E ¢ DDGS 7.00 7.00 7.00 7.00
B e ] 6.30 5.40 5.20 5.30
h--BC ] 2.50 2.40 2.60 2.50
Ea g (1=K 0.20 0.20 0.20 0.20
B4 R T S 1.00 1.00 1.00 1.00
FUSER #sk 5A% 0 3.00 3.00 3.00 3.00
IR K
K 53 9.90 10.20 o8 112
=D 41.94 40.89 41.24 41.16
RE B3 6.10 6.4 6.5 6.5
IR 53 10.7 10.4 10.7 10.6
5 1.42 1.53 1.57 1.62

S B 1.24 1.1 1.20 1.24



https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=Penaeus%20vannamei&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=dehulled%20soybean%20meal&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=fermented%20soybean%20meal&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=fermented%20peanut%20meal&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=fermented%20peanut%20meal&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=growth&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=feed%20efficiency&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=immunitys&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://kns.cnki.net/KXReader/Detail/GetImg?filename=images/SLGZ202019017_00600.jpg&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

e BT TURENRNINA S E LR A2 mg, 44K CS52mg, 4EEER D 15mg, 44 Ks13mg, 4
AFEE 128 mg, 4E4EE Bi34 mg, 44 E B34 mg, MR 200 mg, ME 28 mg, iZMR 50 mg, KK 20.45
g, FALEN 3 mg, WK 16.21 g, BiEREE Mg SO4-7H20 1100 mg, FRFREE Zn SO4-7H,0 30 mg, AL
Co Cly'6H,0 60 mg, fii i Cu SO4-5SH,0 15 mg, g 548 (H,PO4)2'H20 3500 mg, ik Fe SO4- 7TH,0
70 mg, ALER 0.9 mg.
1.2 5 5h ) S b 778

AARIGTE BT Ay B AR 7 B B S8R5 /K R B AR kAT, I BRI s 7R T & (2.2+0.1)g
R TSI MRS RS R ERIR XS EE 80000 . BEMLAY A 4 AL, AR 5 A
HE, BANEL 4000 BXME, FAFREMEAY 17 m>. 2R ELE 4 FERL,  BifEA:
FAZH. ZLEMA. RIEGAH . KRR WA 67 d. HFREHSEALHE
(2019) FIWF7C %, A HBRE 4 K (06:00. 10:00. 14:00. 18:00), 4F &%t FiH B T4
L KNI E R, e TS, DMRIEI bR E>S mg/L, ERIE N 31%0 H SR
K, 7K 23~32°C, pH7.5~8.5, WHEIKEMT 1.0mg/L, WHHELERMKEALT 0.01 mg/L.
1.3 FeabicsE

TFR RIS R, BRI EE & 24 h, SRJETHEAEA K PRIl ae A i) 208 AR IR B
&, AT AR /795 2 (SRO W65 (IBW) L & AR I H (FBW) L Jii &4 128 (WGR).

R EKE (SGR) MUk (FE). AEKMREAXWT:

JREENRE= (W2-W) /W;x100;

e E K R= (In Wa-In Wi) /Tx100;

TR ZE=F/ (W2-W));

JIE FR=2E R AR R BRI AR £ < 100,

X T ARG RKEG W iR 45 A S A BRSP4 &, g Wi RIS FF AR A 45 Add
AR PR, g F IR e B Akl B

IR, RHBFEYIEE 6 R i ur UL, JFE T-80°CUKAE TR A7, H T4 Hrik
HE AN (Trypsin). VEKEE (Amylase) A EALEE (SOD). SPTAMAE ] (T-AOC),
EWEE (LZMD. BRIEREIREE (ALP). MRYEBEIREE (ACP). A HHEM (AST). Mm% iLly
(PO) ¥tk
1.4 FE& T

KPR S (105°C) Z=A1EE, KA HLE0E £ (VELP,UDK 142 automatic distillation



unit, BAHD MEMEBRESE, REMFGENERN&E (SOX416,Gerhardt, Fidt),
SREVEDNE Ky B iy I IRMERE ik 22 7 8 AR R A BR 2 0 2 AH DR R 1
1.5 Hikgit

WRIGH KA SPSS 17.0 Siit-#4LL ANOVA J5ikidbi7 434, B fetr VAN EE A
I BAT, B A 2752, WA Duncan’s 2 H LU HH TR . 45 5 H fe/h Rk
IME SRR AR R R, P<0.05 AZEREE.
2GR
2.1 AR RR AR R A

R T RRUR BEAE AR K FLANTEE R A K M BE RV R AR e R 2 Fos, Hpk
BEACAE A LRI i T HAR &30 4, HRAHZ MR EEZER (P>0.05); KEBEEAH
o s I Ze Ay e AR KR T AL, 73R 162.26. 0.43 /> 73 1 (P<0.05),
i Ho A S ARG 2 MR E MR (P>0.05); REEACAMALTR LR B3 T A f 4l
20.59 /N H 43 sU(P<0.05), K SR LA RHE A 22 525 i TAE AR R 7.73 /N B 43 55(P<0.05),
M52 K GRATEFEMER (P>0.05): KEEEAFAE IG5 2 5 CHANKEE A
ZIHFTREEZSR (P>0.05), (HEFETAEMA 19.92 ME 705 (P<0.05).

R 2 REEE RN R BT AR FLYIENTIE A= 4t BE AR R SR IR B e

E TERE FREWE RBENE RBRENE PE
MNEYES, 2444020 2111027 2194036 2004027 0139
BRIEL 1L14£117 10254047 1076+1.03 12244185 0.148

REENEG 3563561465 391£58.73 4015248392 5186110603 0.021
BRAKR(%A) 2275005 237s018" 2394027 270:026 0.028
RS RG 3892595 4207:L16*  4665:344 59518335 0.000
FLEE% 552066660 655043750 TLSSI207 75211362 0.036

F: FATEAR B AR AR REROR ZE R B3 (P<0.05), MHFEIFHFRRERALE (P>0.05); [,
2.2 THALRGIE PEFE AR
R KA R W AE AR REDO FLANTEE O RS A BENE PR N6 3 B, RIEAE AR R 2E IR
B AMEN SR G A ML EENER (P>0.05), (HEFERETIANL 2047.21 Umg
prot(P<0.05); KIEAEANH ek Bl iE Ve sy TAEAE M4 10.34 U/mg prot, {H PSS 2H 2 (7]
ZRALE (P>0.05),
R 3 REEMARBEIEANX FLPNEXTIRE LS R U/mg prot

=] EME ERTHE ERET A EWTEEME P
BRE AR 6139.71£312.27°  6071.35£1282.96"  7240.26+621.62"  8186.92+486.4°  0.001
JiE 19 8 45.73+6.19 57.40+12.31 61.50+10.64 56.07+11.73 0.148
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2.3 GupElgin P AR

R SRR R WA HE R FLARIEE T A G 8 AR GBS ME IR R AN 4 P, RIBEAEAHA
AN EALEE . BPUEAGEE ) 2 T A S P T A SR IR, (H AR50 4 2 1]
EFARE (P>0.05); KIFEALA MR B2 TR 2 7 o Bt 1k i A i 2, (2 %5350 40
I ZERARE (P>0.05); KFEALA FI LRV B R Al 75 P 2 (R THE2E M4 157.88 Ulg
prot(P<0.05), fH5HARZIRI0H 2 HIEEEMZER (P>0.05); KWL AFIL BRI W IR Il
B G R T e A 04 54.81. 0.17 U/g prot(P>0.05) .

£ 4 KBS R BETEA RN FLGIENTIE S B AR B M 52 R

il TERE  ZEENE  RBEHE RBRERE PE
BEWMELE Ungpror) 10974339 14956556 15814258 17014555 0203
EREMEN Umgmo) 084020 099017 0904033  106:035 0611

AEB/(Umgpot) 4731308 4688989 51201203 50374971 0691
SMEME/ (Ungpot) 3424081 370:055 4194080 4714096 0093
BURERE (Vg prot)  37676£100.09 263.84£58.38* 2655919495 218884693 0.043
BUEEE (Vg pot) 1844155175 1903845356 160063408 1296047755 0341
ABETE/ (Ugpot) 072030 087023 0861032 0554043 0407

3 bk
3.1 RIS HRARI R BEAE A RARE FLGPTE S U AR P R 2 TRl S 2R 1 5 i

AR RERATET, HAFEDUE R 7, MRS 7 HAEA R . OF
WHAEN], R RERE AL AR R 407 8 1 B A 2 T AR /N IR, 3B e A K &
AT IR FURPCRAAE KR T, TS s N % 77, A A TE 5w K
A, TR R RRE 28RS, 2019; {RRRERSE, 2013); 54k, BXEIRH4E (2015)
WRFRIN, RIEAC AR B A SRR I 5 70k, B8 0 2 5 TR XU B i, B Tl s 1k
I AR . AR AL AR BRI IR . R A KRR AL %8
BEESTHMERRA (P<0.05), X5E&A4HF (2011 WFFRIL, (FH KBRS £
(Mylopharyngodonpiceus), A {3 B35 75 f 3 5 S R SCR 5 5R — 8. X — g5 1n]
e BT R BRI 7 AE AR AOAEIR, TR R AN RE RS X BRI A, i Re 5 B 1R
SEETY RS S PR B R ARG X B S AR AR, R T R R R A A R A
FFRE P9 28 (1 BT M B 3 T R R AR & . S oh, EORIAIAE AR R v JB R (i o) R 145
PUE TR FECE, i I A B R, TR I T DA 2 AR SORTRITE AR T & R e IR
¥, T LR T SRR R TR A R R S R R JE 2 R RT ARCA IE  5TE A 3 W R B e T
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PelEENE (RE 2016).
3.2 I SLRHRT A I A AR R FLANEE R U B3 7 ) 5

o J%5 SEAEAR RS IR LA 1 S 3 Dh e Al AR BRSBTS 77 S Pi AL RE
73 RV B 1 SR TR TR RE ) S5 bR B R RE T My S AL P S LA S RE
JIRIEARSR, MyE bl s, HUATUREE /158 (Palmer 45, 2010;Mucklow %%, 2004); i
YRR . MRVEBEREE MR R RN e S IR N R R R AR By, R R SR
T R HSR @ RORES (BHENEEE, 2019). CAEMARYE, KEEER DR EE
i (4413, 2011), #Z (Scophthalmus maximus) (=4S, 2018), FLANIENTEF G2
%, 2015), FEMMY (Carassiusgibelio) (FRE S, 2005) F/KNMIHI %I T AHFFK
I, R ORI R I A A R 2R SR s A T PR Py S A B M v TAEZE A A, IXATRE
el TR A R EAA S, XL A YR N e B, e A
YIRS, AN mUR R 7). X5 (2015) BRI R Es ik
BEAE AR RH AT DL 25 42 v PLANTEN IR Iy SR A B B Ve 45 R — 3. 594, ARWIF 98 b A AR R 4L
VERERREG . MRVEBEIRR B M Ay S M v s T R BEAE AR AL, FTRE AR A RA LN JH e
2B ERERSIA R, XEIEIE I8 R
4 45k

ARUGRIG Z5AF TS, TR AN R % JERERE 20 FLARTR XTI AR VR R L TRDRL R e S 2
73, HREEC MR T K B G
SR g

JRSCHPEALE (R EFED  2020,(19),82-86 DOI:10.15906/j.cnki.cnl1-2975/5.20201917

ZEERX FLAVEXTAME R B Fuk iR Rl P EF I RRIIAL R
GeEA

PRgHE B2 8 EEE HRW AVET
T RAE AR BB IR T AL ARAT S s E SR SR E AR T RS BB M S E R
WEFCE s = M KR E IR B PR A F
BB ARSI TR LI R th . M E AR, MR B S &

TR R I 1 2 2 WLV A 26 (R B e BT 4 0 5 Bl (2.0040.01) g ) FLANIEEXTHE 480 S, BifibL 2k 3 4.,

A 4ANER, GAESE 40 B. ®E 2 DuR4, BURE AR R4 (Lo, TaRHHE A FKF
N 37.92%) Ml EFUKFRRA (Hodl, TkRHHE B UKy 46.45%) , JFAE Lo ZHIEAH BN 400
mg/kg I EERIE A (LN 41 o HIER BRI RIS 158 10 KIFUG, SRAMLRIEES ST 30
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do &5FREoR: 1) LN ARFYm. MEER. MR . B S BERE R Rm. LN AR
R BERIMH R LE ST Hodl (P<0.05) , HE Lo REZER (P>0.05) o 2) &L A& 2 HE
B2 AR T A T B BRI R S B 2 2 57 (P>0.05) . 3)LN WA, C17 1 0.
C20:0. C22: 1, C18:3. T BN/ (DHA) RMIMMERE =T Lo4M Ho 4l (P<0.05) . LN
Z¥) C14 1 0. C16 : 1 RMIMMEEZE ST Hodl (P<0.05) , HE LoHATLRE %R (P>0.05) . F4HZ
() R B AN TR . 22 NIRRT FR A IR W R R AL R S e R 22 5 (P>0.05) o kAl L, 78
6B 1 /KT ARDRE S DA T R LA 58 LR IR DAL 7R R TS A 2 R8s, R )Xo kL g
W5~ BRI IE TR -
REEE: IR, FLANERIF; IR B KR B R BRMIE A,
Effects of Nucleotides on Nutrient Apparent Digestibility in Low Protein Level Diet of
Litopenaeus vannamei
CHEN Xiaoying ZHAO Hongxia WANG Guoxia CAO Junming SUN Yuping
Institute of Animal Science,Guangdong Academy of Agricultural Sciences,Key Laboratory of
Animal Nutrition and Feed Science in South China,Ministry of Agriculture and Rural
Affairs,Guangdong Key Laboratory of Animal Breeding and Nutrition Guangzhou Fishtech
Biotechnology Co.,Ltd.
Abstract: This experiment was aiming to study the effects of nucleotides on apparent digestibilities of dry
matter,crude protein,ether extract,phosphorus,amino acids and fatty acids of Litopenaeus vannamei. A total of480
Litopenaeus vannamei with initial weight of(2.00+0.01)g were randomly divided into 3 groups with 4 replicates
per group and 40 fish per replicate. Two control groups were set,which were low protein control
group(Lo group,dietary crude protein level was 37.92%)and high protein control group(Ho group,dietary crude
protein level was 46. 45%),and supplemented with 400 mg/kg nucleotides based on Lo group(LN group). From
the 10 th day after feeding the formal experimental diets,and the feces were collected continuously by siphon
method for 30 days. The results showed as follows:1)the apparent digestibilities of dry matter,crude protein,ether
extract,ash and total phosphorus of LN group were the highest. The apparent digestibilities of ether extract and
total phosphorus of LN group were significantly higher than those of the Hy group(P<0.05),but there were no
significant differences with the Lo group(P>0.05). 2)There were no significant differences on apparent
digestibilities of each amino acids,nonessential amino acids and essential amino acids among all groups(P > 0.05).
3)The apparent digestibilities of saturated fatty acids C17 : 0,C20 : 0,C22 : 1,C18 : 3 and docosahexaenoic

acid(DHA)of LN group were significantly higher than those of Lo group and Hoy group(P<0.05). The apparent
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digestibilities of C14 . 0 and C16 : 1 of LN group were significantly higher than those of the
Ho group(P<0.05),but there were no significant differences with the Lo group(P>0.05). There were no significant
differences on apparent digestibilitics of monounsaturated fatty acids,polyunsaturated fatty acids and total fatty
acids among all groups(P>0.05). In conclusion,adding nucleotides in low protein level diets can improve the
nutrient apparent digestibilities of dicts of Litopenacus vannamei,especially for the cther extract,total phosphorus
and fatty acids.
Keyword: nucleotides; Litopenacus vannamei; low protein level dicts; nutrient apparent digestibilities;
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IR B AEIR FUAZ I MLAN I MIC R S AP R 405 RELER (1 AR T St
SHERR AN 7 IR R WL AL 2 (R ], DA Ay A B R AE R RIS A 1 5 7K Sk o g 1 P 4
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ARARTEA A IRME, 2iE35>99%. I HIR A ik 5 Mz H R ElL 101 :
1210 TRE TR TRIESY)
1.2 5w it Sk

ARG 2 AR, RE AT IR R AR 37.92%, FIRIIZKP N
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Table 1 Composition and nutrient levels of diets(air-dry basis) %

LgE| 2151 Groups

Items L, LN H,
JF#L Ingredients

¥4 R Nucleotide 0.04

1 ¥ Fish meal 25.00 25.00 25.00
ST Cuttlefish cream 2.50 2.50 2.50
¥F5E ¥y Shrimp shell powder 5.00 5.00 5.00

K G W45 8 11 Soy protein concentrate 6.70 6.70 17.50
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g3k 1

i H #H Y% Groups
Items L LN H,
AE/1: %k Peanut bran 4.50 4.50 10.00
521 Soybean meal 3.00 3.00 7.00
I}y Wheat flour 33.79 33.75 20.49
1Ll Fish oil 3.00 3.00 3.00
K FL N5 Soybean lecithin 2.00 2.00 2.00
JIL[H 5 Cholesterol 0.10 0.10 0.10
Akl #E C W RN Vitamin C phosphate (35% ) 0.10 0.10 0.10
R %4 Ca(H,PO,), 1.50 1.50 1.50
Wl 41K Powder zeolite 2.50 2.50 2.50
SAEILA% Choline chloride ( 50% ) 0.25 0.25 0.25
Ak A #E WHR R Vitamin premix !’ 0.20 0.20 0.20
W42 0T WL R Mineral premix®’ 0.50 0.50 0.50
J2 W L2 4 3£ 9N Sodium carboxymethyl cellulose 2.00 2.00 2.00
AN 2T 4E 2 Microcrystalline cellulose 7.00 7.00 0.00
WA DL—HE 2% Crystalline DI-Met 0.35 0.35 0.35
|1k —42 Y,0, 0.01 0.01 0.01
it Total 100.00 100.00 100.00
R /KOF Nutrient levels™
ML 15 cp 37.92 37.88 146.45
NG EE 6.74 6.46 6.57
HLIK 53 Ash 10.98 10.94 11.71
JK4F Moisture 6.88 6.61 7.82
S TP 151 1.48 1.64

1) i R HURESN T 5w A EHE M The vitamin premix provided the following per kg of diets:VA 8 000
IU,VD34 000 IU,VE 60 mg, VK320 mg,VB110 mg,VB,30 mg,VBs16 mg, 72 FR%Y calcium pantothenate 50 mg,
R folic acidS mg, “E#IE biotin 0.16 mg, HHER nicotinic acid 60.3 mg,VB120.03 mg, HLEF inositol 300
mg. 2) B )5 R R~ & o8 7 B $E 4t The mineral premix provided the following per kg of
diets:MgS0O4-H>0 60 mg,KCl450 mg,Met-Cu 15 mg,FeSO4-H>0 5 mg,ZnSO4-H>0 50 mg,Ca(103) »0.3 mg,Met-
Co 0.8 mg,NaSe030.018 mg. 3) 3L {E Measured values.

R 2 PR EERAR (RTFERD

Table 2 Amino acid composition of diets(air-dry basis) %

T5i ZH %1 Groups
Items Lo LN H,
KA iR Aspartic acid 3.07 3.11 4.15
#r 24012 Glutamic acid 6.83 6.86 8.29
24 X % Serine 1.46 1.44 1.2
H 202 Glycine 1.91 1.88 2.24
N 242 Alanine 1.84 1.90 2.1
it 2012 Tyrosine 0.77 0.82 1.02
1|2 635 220 JLJ§2 Non-essential amino acids 15.88 16.01 19.58
257241 Threomine 1.25 1.24 1.51
¥ 2012 Arginine 2.00 1.90 2.70

2k 2

wi { 20 % Groups
Items L LN H,
ZH 24 1% Histidine 0.77 0.78 1.07
#4241 Valine 1.71 1.68 2.11
4 2% Methionine 0.58 0.57 0.64
AN 24 % Phenylalanine 1.49 1.55 1.86
G 2% Isoleucine 1.43 1.48 1,78
#(Ii# Leucine 2.51 2.50 3.11
#6124 {2 Lysine 2.31 2.29 2.78
{02 1% Tryptophan ND ND ND
Wiy 2 MLTiEZ Essential amino acids 14.04 14.01 17.55

ND &on P R R K TN E . £ 5 A

ND mean that it cannot be determined due to tryptophan hydrolysis. The same as Table 5.
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TRRHE RV R 80 B I, ME M RHBEY KIFRA G, BEIMAMAK, ISR
JEHL (SLX-80 ) #I75 HATE 2.0 mm Fikikl, £ 55°CHET 7~8 h, HARVD AN, Iifdss,
FIRARE T o SR S LS TR KT TR R ER A2 TRREAE T 8 K 2 R 2% 1

K2, K3 Pr.

R 3 VIR IEITERA R (RFEA)
Table 3 Fatty acid composition of diets(air-dry basis) %

SUE| ZH 51 Groups

Items L, LN H,

C12:0 3.32 3.35 4.75
Cl14:0 1.91 1.62 4.81
C15:0 0.89 0.91 0.79
C16:0 22.42 24.02 22.89
is0C16:0 0.58 0.64 0.61
C17:0 0.72 0.74 0.81
C18:0 4.75 4.84 4.91
isoC19:0 0.51 0.48 0.61
C20:0 0.45 0.38 0.43
Cc22:0 0.94. 0.91 0.93
M A DT 2 Saturated fatty acids 39.48 10.89 41.54
Cl16:1 5.65 5:72 5.83
C18:1 19.03 19.08 18.89
C20:1 2.04 2.13 2.21
Cc22:1 1.69 1.72 1.76
P AL AR DT 1% Monounsaturated fatty acids 28.41 28.65 28.69
c18:2 10.77 10.89 10.85
c18:3 1.18 1.21 1.56
C20:4 0.88 0.98 0.91
TR AL R EPA 7.26 7.28 7.29
T TR KRR DHA 10.91 10.98 10.79
A AN A DT 192 Polyunsaturated fatty acids 31.00 31.34 31.40
AR W% Total fatty acids 98.89 100.88 101.63

1.3 TAFRAT R FRGHE BLRURE R AR

JUAREERTURIR I B ) R A LT A — IR 3. Ja AR S RE 2= R MK IR E & 4
BT 7 d B3R, RS HIFE 08:00. 14:00 A1 20:00 43 3 I, ENIEHKIFHE AL H 24
ANPIEL AR R, HAFN 350 L (B 4% 80 cm, 5 70 cm, SEFR/KEE 300 L), #E/K#E%
9 2.6~3.2 L/min. 1ERIRIGAE] ARG LM BFE Be s PR =0t 70T = WIBFR K I8 7 40 A it
17 o PRk BARBTE N (2.00+0.01)g JLANTERTEE 480 BB, BENL A 3 4, FH 4 MEH,
FANEH 40 2o S5 B 3 AARIE AR SRR &M, FRLE 08:00. 14:00.
20:00 FEATHER . BFRIRMR 30 min Jim RICHLRGEIE FAAE AN FE(H . IR URR )5 B 58 10 RJT
B, BRXER 1 h R R S B I S, AR 30d. UK ERURIEEE T
60°CHUAR Tt T /5, -20°CUKAE P ERAE 5 H o KT 35 Mg K FIBR S FROKIR G, 2D IE
JEHE RS A . B3 3~4 dWRIT 1k, s E e 1/3 7K. BERICSEATIRSE T AR L. B
JEI e KRG . HAREHE . FEFE IS R R K 3 4.5~5.5, /Kl 24.4~29.5°C, pH 7.7~38.0,
BESE>5.0mg/L, ZE S E<0.1 mg/L, WAL #<0.01 mg/L.
1.4 Rri4absFTHE 7%

TRk R R PR AN S K A« R B KRR R o0 RSB B i 40 il 4% R GBY/T
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5009.3—2016. GB/T 6432—2018. GB/T 6433—2006. GB/T 6438—2007. GB/T 6437—2018
RITTEREATINE o PRDREAN A 1) 20 B PR 2H ORI &5 4% R GB/T 18246—2000 ()77, %«
FEAE 1260 BB (35 (GBI AT A E « PR S iE i R AT AL B, A 2418 6890
RS A IS % I GB/T 17377—2008 77 15 58 g B BR AL AN 5 5 o TRDRLRT (AT i 4
TR M AT 0 oR 8 B T RO B G T I E .
R R R LR (%) = 100%(1-4,/A, ) ;
TR 57 W TR L AL (% ) = 100
[1-(A,/A,)x(B,/B,) ],

A A R =ZE A R (Y203 S8 Ay AFE T Y.0; &5 B Atk
FE TR B i By AFER I E RS &
1.5 #dusiit

IS H SPSS 17.0 #4347 IR K 5 Z 3 H1 (one-way ANOVA), 45 R H-FH41E
+hREZE BN, G4l ZER 3, FH Duncan KiZE#HTZ EELE:, DL P<0.05 NZEFEE
i
2 4
2.1 SHAFWF. MHEER AR KL BER W%

H# 4 751, Ho 2000 TPi AV & A R R VE LR AR, Lo Ak, LN HimE, &
M Ao 7 5 (P>0.05). LN HHH AR 7 FLEUBE 2R M A % B35 & T Ho A (P<0.05),
H5LoHELREZESR (P>0.05). LN HRHK G EZWH R E, 5 Lo Ml Ho 100 % % 7
(P>0.05).

R 4 BHBRN LGNEXF R Y5 . HES R A RSN ESBEERNHE RN W

Table 4 Effects of nucleotide on apparent digestibilities of dry matter,crude protein,ether extract,ash and

total phosphorus in diets of Litopenaeus vannamei(n=4) %

LgE| 20 5] Groups

Items Ly LN H,
T DM 70.68+1.03 71.35%2.33 69.71+0.70
ML T CP 81.44+1.96 82.32+1.58 81.29+1.49
HUIEN EE 95.18+0.55" 96.36+0.44" 94.42+1.08"
MK 5> Ash 28.23+3.69 29.48+3.21 28.51+9.98
BB TP 32.85+3.44° 33.15+3.58" 26.69+3.32"

FATHER B AR A FNG 7 REROR 2 53 35 (P<0.05), MRIEEFRER/RZERAEE (P>0.05). FEFA.
In the same row,values with different small letter superscripts mean significant difference(P<0.05),while with the

same or no letter superscripts mean no significant difference(P>0.05).The same as below.
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2.2 FHEAER L MH AR

R 5 AR, BAZ ARSI A0 2R @R R R T 3%
Z5E (P>0.05), Hf, LN HARHRLEREIMFEFRRIK, HoHmm. LN HANBEIR. 2
TR HAMR . WRRMARL 7 2R RO R m T Ho 4, (HEMKT Lo4l. LN 411
FIRBVHN RS T Lo A1 Ho 4. LN AR5 HEAMK . HEREMWHLFILT Lo A
Ho 4l. LN HEIFGRERR . HEiR. ANER. SRR DT 2R RN E LRSS T Ho 41,

EHMRT Lodl. LN 418 R m MR = IR WTH AL 2 5 T Ho A1 Lo 2.
R 5 BHEBRN LRI P R E R E R B

Table 5 Effects of nucleotide on apparent digestibilities of amino acids in diets of Litopenaeus

vannamei(n=4) %

WiH 2051 Groups

Items L, LN H,
KA FR Aspartic acid 79.20£1.99 78.27+1.97 80.22+2.57
7+ % Glutamic acid 86.43+1.40 86.16x1.17 85.46x1.98
24 %% Serine 79.05+1.88 77.13+2.54 76.84+2.53
H& R Glycine 79.18+1.79 77.94+1.42 76.67+1.65
N4 Alanine 78.11x2.13 77.23%2.36 75.50+2.48
fi% 4 Tyrosine 79.34+2.64 79.69+1.79 76.42+2.45
AE 7524 SL 2 Non-essential amino acids 82.17+1.73 81.46+1.62 81.02+2.17
7% Threonine 81.21+2.18 80.64+1.58 81.81%1.99
K& R Arginine 76.32+2.23 74.75+2.68 74.17%2.66
ZH %R Histidine 78.00%5.05 73.60%4.05 77.96+4.57
i Valine 78.52+2.05 76.94£1.90 76.69+2.51
% R Methionine 80.05+2.30 77.70+3.27 79.04+2.01
AN Phenylalanine 78.72+2.52 78.48£1.47 76.27+2.85
SEILE R Isoleucine 78.07£2.56 78.42+1.55 75.69+3.06
S &R Leucine 80.17+2.17 79.96+1.61 78.44+2.45
#i% R Lysine 84.60+2.09 84.67+1.58 83.16+2.63
{4 &2 Tryptophan ND ND ND
Whiti B HE TR Essential amino acids 77.93+2.08 76.78+1.92 76.39+2.65

2.3 BRI KR MIHA R

H& 6 AlHl, HAZEKPAMAIRTR. £ AMEMIERR. SRIRENHELERT
BEER (P>0.05). LoZHf C12: 0. C15:0. C17:0. isoC19: 0. C20: 0 A1 C22: 0%
MR T Ho 4l (P>0.05),Lo 411 C14 : 0 FMIHAEREZE =T Ho 4l (P<0.05). LN
HMMFIIEITER C17 1 0. C20 : 0 R R EE ST Lo M HoH (P<0.05), {H Lo
Al Ho H 2 1B TR % % 57 (P>0.05). LN 41/ C16 © 1 FWIHALER L E 5T Ho 41 (P<0.05),LN
11 C22 1 1. C18 : 3 Al DHA RMIH A 2.3 =T Lo M1 Ho 4 (P<0.05), {H Lo A1 Ho 41
ZIAREER (P>0.05).
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R 6 IZHIRN PRI MR AR BTER AR VLIH A6 3 fIRS M
Table 6 Effects of nucleotide on apparent digestibilities of fatty acids in diets of Litopenaeus
vannamei(n=4) %

WiH 205 Groups
Items Ls LN H,
C12:0 71.95+11.51 70.53£6.17 59.63+4.46
C14:0 72.67+1.07" 71.95+2.11* 68.85+1.68"
Cl15:0 76.26+3.15 75.72+1.89 73.79+0.89
C16:0 59.93+2.50" 64.46+2.91° 62.24+1.55"
isoC16:0 59.21+7.88 55.61£5.10 59.27+3.78
C17:0 52.37+5.79" 76.26+3.55" 51.05+6.61"
C18:0 55.73+4.14 59.42+5.60 55.84+1.90
is0C19:0 61.50£6.36 66.69+4.47 59.74+4.30
C20:0 45.00+5.78" 58.72+3.88" 41.20+4.17°
C22:0 72.23+1.84 72.55+3.46 72.05+1.30
MR iR Saturated fatty acids 62.39+1.37° 65.90+2.13" 62.02+1.34"
Cl6:1 74.61+1.60"™ 77.09+1.83" 72.96+1.31°
C18:1 66.22+1.32 61.35+6.42 66.32+0.92
C20:1 70.32+7.66 77.34£4.05 69.65+2.80
Cc22:1 81.76+1.54" 83.71+0.89" 82.04+0.89"
PR IR R Monounsaturated fatty acids 69.10+1.64 67.15+4.87 68.84+0.93
C18:2 72.86+0.91 69.91+2.98 71.34%0.69
C18:3 77.03+2.18° 83.15+1.20" 75.90+3.27"
C20:4 78.27+2.20 78.402.42 77.42+2 .14
TR TR EPA 85.05+0.92 86.69+1.60 84.40£0.72
T RIS ER DHA 81.97+0.70" 84.64+1.39° 81.01+0.57"
Z AR R Polyunsaturated fatty acids 75.44%5.13 78.86+1.42 78.92+0.65
SRR Total fatty acids 69.60+0.84 70.54+1.94 68.96+0.88
3 vk
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TR AN RS FRIL, RRFRIRIN 0.05%F1 0.10%4% 1 B REHE = Wi 941 4%
TR, T EFRIBINERN 0.20%0, HTPRENHMEEER. Li %
COMBHRIE, TE 7~42 HEATR R A DA B RE B s A48 T KL B 1 BRI R RE 1Y)
FUHEAE, SREAFR A KR . AR TR R IR 0.5% B BEZH IR = i g i 5 H L
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HE X H.f (Ctenopharyngodon idellus)!'®, JE% %'4Ef (Oreochromis niloticusxO.areus)?’!
ST YR (UKD SREEZEIR. X6 SRR T2 5 R 3R 5 1k R
BHAR. B FKF AR =R G, Ak, s, AR KB DL K IR R 4%
WX TR R E A Frsgm, AR R R Rl — PR .
3.2 RLHF BN PLANE X MR ERDs} o 2 1 5 B S B R 3 T A 26 1) 52 i

B ROV AR VA S A DR B AR R AR I R AR . DR R 1 BK
oy SIERR RN BB WA B R B A R RE 7 8 R T AR B DA G . &
LR R TSR, O B AV AL SE R N SRR A A . AR s SRR R, T
BRI E B LGN SRR AR (R . 6 R R IR . 9 Fb FEIERR . B
RSN B TR FE R RV R T0 B 5, X 5 R o AR R RN W WA
FRIREL A 11 5 ROV 2 T S 3 S TR 1) 2 SRR T AR OK S5 OMR L R I, ZE RS B
PR AR AR T R R N 0.62 %0 4% H TRV G Ikt FLANIEE ot B 1A AR 28 1153 2 M A 261G i 2 S
{HRE 25 0038 LR HIP R R N R R . AR . Rk, ZER. HER. 5K
M. EER. MLFEER. RITAAR. WER. 258R. HER. WaER. FlraEmm
BAEDFRAERRWEAE . HEBRYE AR R g R, S5 ER™
SRR AR AR S YIRS B IS B FRIEX S USRI AR O SR A BE . 975
AR BRIR I A — MR R Wb, ERN ARl f &, Bax®
LT 2 W AR ISR 7= A S o DAl VR VS A5 A T T 8 v K e LI+ I 41 2R L
EASE, HRERARZE. JERGE, R 0.03% R BT FLARET IR ILiE
MR A R AN R R FERI R I, £S5 H 4R (Carassius auratus gibelio)
oy TRk S A TR R v L T R S T A B 1 o R — LS AR AE A I
ZEIL, AR AN INIE B R R W P S BT A R (Ictalurus punctatus) 28V 40 28 (1)
B R I IR AE R P IS B (Cynoglossus semilaevis ) £ [ g ik A iz 25
FIlE LN G 0.06% 2 R BE R G T mafmlEafmhhaEa s, &
THFE A A E A SRR, FRR R 1S gke MR RR AE W25 52 0 08 36 10 B8R (1R
DURA 8, A PRARSE 2OV DA% T R VT g A B A Dy B U e A QAT R 3R PR A A,
T (2 3E 2 0T FR) 5 o
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H A A% RO B D AR T R IR L . AE QR BT TR i Iz IR RE % e = 57 )Ll
BAfE. 2 2L bR A A S rh A BE 2 AMBAN IR IR & 2. S8 Tk A e T
Fxr s R R IR D W AL R e, BTN O A DB TTRE . BRSSO,
TR AR A INAZ TR BE S 25 42 v W A S BRI T T A 3 o BROK SR R I T IR e
e v PR UR a R ook i 197 2 UL A6 22« 75 FL4 (Pagrus major) 2 4A R R ER 1N 0.2%
JIR I A A R A% T IR R moML TG D LT A 2B, RIS 5 R S Bk e SRR, (HAAE 45
R R IR A S I L BE 2 PR A AT IR R . C17 204 C20 1 0. C22 1 1. C18: 3,
DHA £WHE, 1 Cl4 10, Cl6 1 1 FMHAEREZE ST Holl, 5 LALEEESR.
WL AERAT RAZE B K SR A Ve 32 215G 2P RIS N 0.1% 2 S % HIRAE
fEBEPE S (Danio rerio) A A A AT AREAR IR 7 & S R s LN e & & . fRlek e
VSR 45 % H R B Y 2 4 v KB f0L LR b e = I A0 R 2 07 AR R, ek
N INZ IR BE 2 & P2 =63 /1 (Beluga sturgeon) [ ARV AR I BR ANAS M A AR I IR 25 &,
11725 A1) () B AN R G T R < 22 ANHUATIE TR « -3 22 ARG T < n-6 22 BN TR
n3/n6 M Z -+ TUGIR+— T ZWoN AR & B2 R A B EP, R iz R B 1 E
FLARIERHER FEF 4R C14 ¢ 1n-5. €20 : 3n-3 F1 C22 : 6n-6 & &, (EXFHIRIAEITER . B AN Al
I 1D R LA K% 22 ANV AN G 7 I & BV A & 5, RN I W] 6 2 I I i ot A (=] £ i I G Y
IR RE A —BCFR BN AR R AR . WA, AR & 45540
REFZ AL 5 7 R A A RS RE /g 2 17 52 ML O R T 17 BT AL RE D o AT IR X T
AR (1 LA bk =, BRI AN 1
4 45

& AREBFUK-FEEEEL, EARE B KBk i s Iz i B B JLNEXS
WX RS SRR AE A R B ROR, Rl e xR . B A i T
SR W
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W OB R BN BRSO A AR Uk 6 PN T ST IR (Litopenaeus vannamei)A4E K . FARLF
FE BRI o 10 FAWTAR A5 52 (1.1040.02)g 1 XTI, BEALSM A 5 2H, THFRAE 0.5 m? Bk ESLF
YERNAR T, 20 T R SR A (0. 7.40%. 14.80%. 22.20%7F1 30.209%) # AC AL /7 #4.85 (0 25%.
50%-. 75%FH 100%)il ik 5 21 55 ZSE MG ekl BRIR i )2 56 d. iR 45 SRR #E 25%H1 50% (1) i i
SR BB AR B LR AR R E AR KR R R B R AR RS L ER R BN
(P>0.05), ErfX 25% M B 500 FLANIFNS R IR AR ) R BRI A B I 24 Sk 25 1o T X IR 2H.(P<0.05)
WEFTEE RARW],  FLYNTE X MR R b i SOR 2 3 B AR ARUR) 1) EL AN B I 50% .
RG] FLYNIEXT IR (Litopenaeus vannamei); B SOk fok; AR K VERE; TR R EL THALES;
Effects of enzymolytic soybean meal replacing fish meal on growth, feed utilization and digestion
enxymes for Litopenaeus vannamei
Liu Huiling Yan Fangquan Wu Shilin Qin Haipeng Yang Shiping
College of Fisheries,Guangdong Ocean University, Guangdong Provincial Key Laboratory of
Pathogenic Biology and Epidemiology for Aquatic Economic Animals Guangzhou Wisdom
BioTechnology Co.,Ltd.
Abstract: The aim of this paper was to study the effects of enzymolytic soybean meal protein
replacing fish meal on the growth, feed utilization and digestive enzymes for Litopenaeus vannamei.
Healthy shrimps with initial weight of(1.1040.02) g were randomly divided into 5 groups and fed
with 5 five isoprotein and isolipid diets that contains different levels of enzymatic soybean meal(0,
7.40%, 14.80%, 22.20% and 30.20%) correspondingly replacing fish meal(0, 25%, 50%, 75% and
100%) in a basic formula. Shrimps were cultured in 0.5 m3 fiberglass buckets for 56 d. The results
showed that no significant difference was observed in the weight gain rate, specific growth rate,
feed coefficient, protein efficiency of shrimp bewteen the group at 25% level of replacement and
the group at 50% level of replacement. The activities of protease and amylase in the
hepatopancreases of shrimp fed with diets of groups at 25% and 50% level of replacement were
significantly higher than those of control group(P<0.05). The results indicated that the proportion
of enzymolytic soybean meal replacing fish meal should be no more than 50%.
Keyword : Litopenaeus vannamei; enzymolytic soybean meal; fish meal; growth

performance; feed coefficient; digestive enzymes;

BB K PR EURL R S U R R B R, BT AL SRR e, Ok B IR AR


https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E5%87%A1%E7%BA%B3%E6%BB%A8%E5%AF%B9%E8%99%BE(Litopenaeus%20vannamei)&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%85%B6%E8%A7%A3%E8%B1%86%E7%B2%95&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%B1%BC%E7%B2%89&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E7%94%9F%E9%95%BF%E6%80%A7%E8%83%BD&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E9%A5%B2%E6%96%99%E7%B3%BB%E6%95%B0&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=%E6%B6%88%E5%8C%96%E9%85%B6&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=Litopenaeus%20vannamei&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=enzymolytic%20soybean%20meal&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=fish%20meal&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=growth%20performance&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=growth%20performance&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=feed%20coefficient&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/knetsearch.aspx?dbcode=CJFD&sfield=kw&skey=digestive%20enzymes&code=&uid=WEEvREcwSlJHSldSdmVqMDh6aSs3ZC9OYXlZRTV6VExJY20xS1R1RXd5Zz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

b, s ke BT TR MRS, SRS E AR, AR B
¥y, BRARTARLSA, 24— NEENT AN SHOEAR S ER. M@, BIEE
=, PIHAFAE R B B B S BUE TR 1, R LR R R BN . SRR
BEHT 5B TR IME R AENCRIN AL, EAFE Eigm, TR, &RPUETRE 7
b, BEinEEshal. GRS, 1K TRANS ERERS, HBEAlE
it RS540 IR D8 AR B T AR R Y. R IR UM e A I A A 1) A R R R OGS FAe
(R 2B, i v YRS LI 77 ZE VR s i B Y. AEXTERIRAE A, AP R B Sk
Ak FFARE T8, BRI ok G, HAR RIS FLGNEXTIR (Litopenaeus vannamei) 3
HEE AR LA 2 B A 7 A S S MR T8, i R B AR KT 2 B AR K 1) 2R K P RE AN EDRL R
F 2T, % T R B A R R T 3 i PN BRI B 77, BB E T A, a5
(3 R o AR A NLARIE T I it SRS 5, TE FLAAE iR e & Pl o FH i A R 2
B ok, BTN AR SR B O FLATE X IR AR KRR R, BTE ARG S E OB
ARAR) 7E FLARTEERT R DA S FARER 28 (0 7 it Al s AR 2%

1 MBI E

1.1 a5 p ek

WA R AR O PR RS 2 AR R 3 A7 B 2 i R ik L 24 (i i 4 9 R
WEEED, HMHEAEEN 56.0%. HIENIHN 2.6%, K534 8.0%, KN 1.0%. kN
R ok . RIS ACHRE POsE . T IEM F R K.

TR 7 04 7.40%. 14.80%- 22.20%- 30.20% (1A SR 2R 1 43 3 B AR SE Rk T 77
10 25%- 50%- 75%7F1 100% ) H#ot il il 5 FrAF %0 SERR IR g tak} i 2 U5 i
¥ BRI . B JRAEN. BERP AR S . TRHE R A AR, 1T 80 H
Jiii, R REUB Y RER M, 5 RERNRGHISE OKEIN 25%~30%/E4),
FEf% 1.2 mm BARFIRTRLA R, 60°CHET (UK4r 8%~10%) £ . 1RRHEC 7 K8 TR &
IR 1.

1.2 K%z

IR 0T W Sy 1% SE B = H AT R B A R A R LI R R AR, IAA R A

(1.10£0.02)g, WRIRHTEFE 1 F.
1.3 THFRE A
BIRTE ARIGVER ARG B P AR B 2= N R R GUEAT . xR BEML > 5 4,
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T 3 MTAT, FATAT 40 B WRIGAE 0.5 m® TS LT AR TP b7, 20 BN 5 FhoR
[FIGRE, FEE NSRBI 5%~10%, {F 08:00, 14:00. 20:00 4% 1 7%, MR E &
T OUSAE B %S . R RSN . wise . AR, HidxEmE, K. pHE. &
JESEK RS H . RIS, AR SHUR AR ROR L PR O, AR T B . R RS R
IK 1R, oK BN 20% . 15856 1 18] 7K iR 9 (28.3+0.86)°C, £ 4 27.3+0.1,p H {E A4 8.12+0.04,
BRG] 56 do

£ 1 AL %

* R 259514 50944 5% 41 100985 1% 41

ER i) 25.00 18.75 12.50 6.25 0.00
e T AER 7.40 14.80 2220 30.20
=Xt 21.00 21.50 21.00 21.00 20.30
(g 27.69 24.96 2331 21.08 19.19
REERT:H 1.00 1.25 1.49 1.75 2.05
BER —S4T 1.00 1.30 155 1.80 2.00
iRy i 12.00 12.00 12.00 12.00 12.00
MY 3.00 3.00 3.00 3.00 3.00
38 i3 4.00 4.00 4.00 4.00 4.00
pNER T 1.00 1.00 1.00 1.00 1.00
K 1.00 1.00 1.00 1.00 1.00
AR5 0.20 0.20 0.20 0.20 0.20
HeEFIREY 1.00 1.00 1.00 1.00 1.00
VYR EY 1.00 1.00 1.00 1.00 1.00
VC #RRAE 0.11 0.11 0.11 0.11 0.11
AR 0.00 0.05 0.11 0.17 0.24
H#nz 0.00 0.11 0.18 0.28 0.42
NG 0.00 0.06 0.12 0.21 031
EHETR 0.00 0.11 023 0.35 0.51
biE=Niry 0.00 0.18 0.35 0.53 0.85
PR FLLF 4 & 1.00 1.00 1.00 1.00 1.00
TR 0.00 0.03 0.06 0.08 0.13

At 100.00 100.00 100.00 100.00 100.00
bisk = 6.05 6.15 6.00 6.08 6.18
HER 38.76 38.89 38.67 38.56 38.82

1.4 FEGCKREES 0 Hr

W5 28 d M1 56 d I, FRETHE. AEAHEENLIZE AL T B (8] 1K) 5 RXTER, BRI ) A
IR Tl (RBRIGEN A, FERRE, AR5 E T UKFET (-80°C) TRAF. ZHTBPREFE i
HIFEK 9 fEIMAAEIEK (4°C, p H {H 7.0), KE FHBEIESRESRK, FHLL 4000
r/min,4°C, &0 20 min, HU 3G E RS o E 1 R 00 I i SR AR AR — T R
FE 40°CF B2 BIK IR B B 774 1ug BREIR, € XN 1 MR EBRE 84 (U)o ek lgis
VAN N TR 1R FH R 8 AR ) LA 7 B iR a5

BEHLIEHCAL T K (B AR 8 FEXTHR AT HRAR oy 70 BT o K 2 MFFE AL AE 105°C N T2

TEE e K& B RAPLRE RN EIMA B B & &
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HWEZ (WG)(%)=100x (W-Wo) /Wo;

FrEAKE (SGR) (%/d)=100x[In(Wt)-In(Wo) 1/t;

Tkl ZE=F/ (W-Wo);

HEAFZCR (PER)(%)=100x (Wo-Wy) /E AR E.

s Wo NIV PR T & (g); W N ASFI AR E (g)it NFRFE RS (d)F
AR HEFER R R & (2).
1.5 Hs kb2 5 5 Hr

48 B P B Ehr 2 R oR . K SPSS Statistics21 S8t #01E X B HEAT B R 205 254>
1 (Oneway ANOVA), I-45% Duncan 54T 2 H ELEL, PL P<0.05 Fon 2 7 A4ttt .
2 WIR4E R
2.1 6 FLANTER Sof W A A AN AT 375 475 0 1 5 i

B 2 WAL, FRGA 28 d B, AR SR AR 1 AAS ) LU A5 ) AR X FL A R IR AR 5
WG 1 SGR M2 (P<0.05), MXAHHEFEICEZLM (P>0.05). WG LAX M e,
BAR 25% ARz, B8 100%H A% XA, B 25%4H M WG B3 5T 51K 75%41 A0
B AR 100%4H.(P<0.05) . 6 FEZH L B AR 25% A B AR 50% 41 7] 2 7 AN B g 124 (P>0.05) .
HI5E 3 P, FR5H 56 d B, WA GO AR B AR [ LAl 1 ok X FLARIEE IRAR BT 2. WG
SGR MUFIE RN E2% (P<0.05). WG LA s, BAR 25%AH ke, B 100%H i
fiR: XK WG B2 5 T B 75%HMEAR 100%4H (P<0.05); XFHRAL. F AL 25%4H A
BAR 50%A 1 2 F ARG5S (P>0.05), MAFERLLIEAR 25% A i m, WA R,
BAX 100%H MK BAR 25% A ARG R UM B2 &) 5.83%, H W3 T B AR 75% A EAR
100%41 (P<0.05), {HXFHRZ. EHAR 25%ARMEBA 50%4 ML ZE R G2 L (P>0.05).

R 2 BREMEO BRI LGEEXTEF 28 d AKEIRM

BRKF9%  WRIERE/, 28 d fkFi/g WG/% SGRA%*d™) R %
0 1.12:0.03* 3.290.14° 217.3345.12° 3.86+0.01° 97.544.30°
25 1.10+0.02 3.16+0.15% 216.25+4.67* 3.89+0.03° 05.83+5.20°
50 1.08:0.02* 3.140.16% 206.17+12.50% 3.69+0.14¢ 95.83+5.20¢
75 1.090.02¢ 3.01:0.200 192.08+21.97° 3.62+0.29° 95.835.20¢
100 1.10£0.02: 2.74+0.08’ 164.92+8.25° 3.2740.13" 08.33+2.89"

T RAFE I A R TR Z R R GHEE X (P<0.05), FERFA.
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R 3 BREAEOE AR LGEEIHE 56 d A KEIR M

ARAT % 56 d {45 /g WG/% SGR/A{ %+d ™) 1715 28/ %
0 6.05+0.25¢ 493.33+27.60° 3.02+0.122 76.67+7.64%
25 5.84+0.32%* 474.58+32.19% 2.98+0.11* 82.50+£2.50
50 5.50+0.45% 441.50+46.22% 2.89+0.16* 72.50+5.00%
75 5.16+0.39" 407.42+38.78" 2.78+0.14° 68.33+8.78%
100 4.06+0.36° 296.25+34.16" 2.33+0.13" 59.17+7.64°

2.2 0 LR MR RS 73 AR ERDISER FE 155 50 1 52 )

HI3R 4 T, BRSO A B AN R LU AT (9 08 X0 FLAMIEE R R ) st 3R 450RT PER 5E0) 55
F (P<0.05), MATAREASELEELN (P>0.05). 28 d ikl REUR 56 d 1R R %3 LA
X FRALIRAR, BAR 25%2H IR, BAR 100% 485 mr s X HE A kel R 40 AR T B 4K 75% 40
FIEAR 100%4H (P<0.05). Ak R PER 7EXTHRAL . B4R 25%HFEAR 50% 41 A1 6 %
A FE X (P>0.05).
2.3 0 FLANTEE XS W A TR 1 P 5

ISR S AT, i A SR B 1 AN [ L A9 P Ky Sk P ¥ o P Jk R e ) 8 1
VERIEE. AR A B IR (P<0.05). BAR 25%4L AT AR A A B ) B3 m T
fiZl (P<0.05), #HAX 50%4IR, BAR 100%H 5. 1R SR 8 (A B ARAS R B gl i)
oy 105535 AR T XN il b R TS 77 (P<0.05) . 4% AR SR 2R 11 4EL 1) T e R i e v
R B 350 02 v T IR ZH (P<0.05 ) o e 2L IFF Ik M 4 I i ity /0 5 B4R 25% 4 B4R 50%
HAMBAC T5% AL ZEZ ARG 7B L (P>0.05).

R 4 BB EME OB X LI URME B2 A EaRLF] 1B 5L B R

K% AREE AT H/% 28 d TRk R 56 d iR R PER/%
0 72.12+0.81* 1.51+0.01* 1.59+0.05° 1.300.06"
25 71.59+1.03 1.52+0.04% 1.61+0.06° 1.28+0.06°
50 71.57+0.37* 1.70+0.18* 1.78+0.09% 1.14+0.08%
75 70.69+1.30° 1.75£0.19* 1.960.19" 1.01£0.13"
100 71.08+0.95* 1.97+0.10¢ 2.49+0.24° 1.09+0.23¢

R 5 R ERERERERN LT iR L EE R

- il il
KT EHMY VA T/ HE i/ EHMY | AT/ et/
(U+g tissue) (U mgprot™) (U* gprot™) (Urg™ tissue) (U - mgprot™) (U* gprot™)
0 4166.69+40.28 3.32+0.03¢ 1.18+0.24° | 888.03+87.71° 11.39:0.11¢ 3.73:0.47°
25 6 163.23£33.15 3.67+0.10¢ 1.41£0.380 872.88+29.23b 12.85+0.11 2.86£0.33%
50 5297.58+175.01° 5.11:0.08" 0.87+0.19" 752.32+120.83" 12.20+0.10° 1.80+0.89"
75 3 694.08+79.68° 5.37+0.06* 1.44£0.47> 511.19+46.51¢ 12.02+0.05" 1.60£0.21°

100 2 797.09+173.66° 5.15+0.06" 4.28+0.22* 523.24+22.10° 12.32+0.07" 2.72+0.67*
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3 st Eitie
3.1 ol A R E DR PLAATE S IR AR A A E B

WEMIR R, SHMERINTZ G OB ds B AL i ok s K sh 7 i) A4
KR F MO, o SO SR, K SR AT U EDRE b B0k B 20%, A
S06F PN AA S B 3 L AR LR A R AR 35 B o i A S U A 30 K 1 R B Ak &
INT33.33%IN, SF FLAATE IR AR K REAN AR R B 3R e BB Re 1 i ) B AUKFE PRI
XTHR B A KA RE AN R R 2 . 28 5 A2 TR AT R B 2 R S B AR 10% 120k 18] 55 FLAN
JERTIE, SRR, SRS TEZE R G o XIFESEPE SO I, 8% ~12%K
1 SRR ARl R FLANTE O R AR BETC B 2 5 o iz, FRAE AT (28 ) M5 3] (56
d), AR SRR B A TR BT A f08 0 FLANVE O IR A o R 48 B 3R A 5 AR K AR S
B (P<0.05), HEEEARMIGM, JFEbsy@dn 0, (HUEE S E A B RamER
RIS 50%I, AN [F] FRGE B B BY H R AR A K R S50 A I o 22 4 v L (P>0.05),
XY A T2 & B R R B S AR R B SR — A, BGE T EMER, ENRT A
SPUMAE KT AN, EARI IR, ISR IS 2H 2 (B iR A 3 & 15 DA 1R KA
[, PR AR SR B AL XS IE, 7R SRR LR S 0 IR e 5 e WY S, 1 B R I R
i LRSI, 5 Visessanguan! VB A48 R —30. WABFFRI, TR B Zop
H A DM BESh VI ARG . 3.5% K SR 2 B A E AR D 3% 0 H8 SR 91 4%, 345 1 &%
E R R A 2. HIEEAREEP. REHRM (Carassius auratus gibelio) Falk}HZs N
30%KEF TR, AR E A K AN G I DhRe 1 2.
3.2 PfA SRA AR DT FLAATEERT R A 7% 28 1) 5

VFZWTICUER, B S0 i B B AR o B 808 X 7K 7 B W B A 3 0 T I 35 52 i
(093181 1Z B W 70 30, A SR £ 1 AN 5] BT AR R R 0 PLARTEE X MR 57 Y (28
d) BRI E N (P>0.05), {HXSFREJE (56 d) #+AAF- PN R (P<0.05),
A BEAEAE TRV AT, BEAT XU AR AR AT G, IR IR B 1 RS, 3G L IRE A
WXHR AT R L TR B 2R (P<0.05). BREMEN 25%0, FLAFER IR
Hikw 5.83%, BARGIH ELEERGHAE X (P>0.05), (BAELPARARKEL, o
REAL Bl A R0 2 $ i 1 RPN 2 7 o XIBR SO A I SR & BTSN, AT e U S e A
REFE )1, BCRREMRIEERRE, AdBEREL S, SRR N Lin &1
RIVTHRIE AR 20% HK 85 1 5T I 23 BRI FLGNEET iR (0 S me 7y, A8 R IR 1 Re i/ ixX
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T RN, AHFEANBETH bR o WA TE RN, R R B AX 28.6% 2R I, FLANVE R R (4 B
EREERE (P<0.05). KBRS E R A3 @ Wy i Mg sukKCr . R0 7)
e B
3.3 WG SR ER O FLARVERTAR ERDSER F ) 52

RSB H AIBES (Macrobrachium nipponense) TR 25% ) ki, Hig
SR LR BOK B o AE AR TR AU, S5 S0 e ik v sl o E e e R AR AR 1)
BHY B LSRR A KR, BRI R R . Zikied, BEf oo & A SRR B
91 B f0K B8 1 K FLANYE T R R 22 HIORN 2 SR 2 s R 2% (P<0.05). 28d Tkl &
KRN 56 d Tk RIS LI IR Bl AR R B A B R R E A 50% K, N FFRAHE
B B R SR HORN 2R TR 26 5 50 BRZEL I35 08 22 R etk 2 X (P>0.05) 0 3 Ut B FLYATE
TR PP AP A I A e AR SR T B e R AR, XHERERI R E R, S
TEXHF I A SR — 3. AN EUTIERT 3 BB MRS, A4 B I
Tt B AR IO A B VDR R AR = TXHIRAL (P>0.05), {H A —Fh R BRI H B & K T
Tk R 25 (P<0.05), Vi B A B R S B AZAE 22 57, AN TR 10 R B R 22 R I B AR TR R 38R
3.4 JERE SRR O FLANTE XoF SR A R P P 5

RIS STV ARG R, DB LA IR R A B AR AR AR . R
8% R AR I B R 0 TR R K T A IE, U R ARG R A T R, A IE
FIGS 0l R, SRR RS R — 8. TR R S R PN SR S B
T RE ST E B . Feng SFROMF SR B, AN RLSF UM R R I GO R E SR T WY
- i A RgE . kst LB O E A B HR R AR 50%0, X
FFIR IR B A B e M 5 P o, VOB PE T S IR A ot . R M RE IS 3 2]
i (Cyprinus carpio-haematopterus) i WASEAL A, 32 A B ve by s 1121, FLYNIEEXT IR
TH A B 1 (R v T e S AR R B P R R S SR R T AR B AR . R T IR S BRI
SRR, ARIeHh,  WEAR ORI AR 1 AR R i B RS ) RS R T IR A, aT RS
FEIR IR R 2 B D KRR, T RN E SR T EREA SR, HEATE
SUAEE 22 I B R T AL A 0% . SRR TR SR S 6 e g R P e R S ) B
T RRERY, 3R E SRR IE B TN R S 2 5 ot U PR AR ) B S )
4 Z5iR

L3 25 SR AR R B, TR R THALEREE RS, WA R R B B AR R 25% ~
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50% IR S REOVE, ARGEIT 50%, o m R E AL ik o R A B 0 R B, AR
PERE TR, TRLR BT
Sk W

JESCHIEAE (KP2FEAE)  2020,41(09),1-6 DOI:10.3969/j.issn.1004-2091.2020.09.001

AR
TR PSRN B X LR ANE KM REFNAN A SR BB 22

3 WhOCHE 2N A1
R A R E R RIS B oRTE O BRI OO AR R 1 2K IR S I AR A AT
Ly R KK B AR 7 Rl o 3 T B R G v
W OB BT UER TSI e L IR AR AR REANLA BT R, (R OB S8 A 18% (A)

F1 15% (B) I E: At AR AR TN 0% 3% 6% HIHF & (K8 A0 A3, A6. BO. B3. B6), #t 6 %% %R

Tk, ARG AT R V(3.0 £0.1) g FISLANIEXTER 8 i . 45 TR, A0 4 F K 4 (654.2%) F
BRTRE R $0(1.61), 7F 18% . 15%HM Tal ks N 3%WF &, XTURAAE KPERESA B E R, NN 6%
Ve, PR T EE, Tha TERLREG BRR T ARS8 78 18%. 15% 0k Tk h s i 3%.
696 &, S FRAR T LN IR A R F B RCER  EEEBUORER  RITUIR R E A BT . fEALA
JRJTTH, A3. A6. B6 LULAIREE RIS AOL BO 2L HEm: TaRbhis N 6% & 5 48 i 1L
W A& &, FER T LR KRR R R IR, DL ESRRN], E LGNk shEsin . 3%
& MUMEAERVERERCH W, NN 6% &, FRAK 7 A4S S A MTEPRERI AL, (E AT SGE ML
R JLANEEXTER; W A LA SRR,
Dietary effects of Enteromorpha prolifera on growth performance and flesh quality
of Litopenaeus vannamei
WANG Jing YAO Wenxiang LI Xiaoqin LENG Xiangjun
National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean
University Fish Nutrition and Environmental Ecology Research Center, Ministry of Agriculture
and Rural Affairs, Shanghai Ocean University Shanghai Collaborative Innovation for Aquatic
Animal Genetics and Breeding, Shanghai Ocean University

Abstract: This trial was conducted to evaluate the effects of dietary Enteromorpha prolifera ( EP ) on growth
and flesh quality of Pacific white shrimp (Litopenaeus vannamei). Two basal diets were designed to contain 18%
(A) and 15% (B) fish meal, and then EP was added in both basal diets at the levels of 0%, 3%, 6% to form six

isonitrogenous and isoenergetic diets, referring to A0, A3, A6, and B0, B3, B6, respectively. The six diets were
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fed to white shrimp with an initial body weight of 3.00 g for 8 weeks. The results showed that AO group had the
highest weight gain (WGR, 654.2%) and the lowest feed conversion ratio (FCR, 1.61). The supplementation of
3% EP in both basal diets did not significantly affect the growth performance, while the supplementation of 6%
EP significantly decreased the WGR, increased the FCR and reduced the crude fat content of shrimp body. The
addition of 3% and 6% EP in both basal diets significantly reduced the protein efficiency ratio (PER), protein
retention efficiency (PRE), lipid retention efficiency (LRE) and apparent digestibility coefficient of crude protein
(ADCCP) In terms of flesh quality, the flesh hardness and chewiness of A3, A6 and B6 groups were significantly
higher than those of A0 and BO groups , respectively. Dietary EP (6%) significantly increased the flesh collagen
content and reduced the cooking loss and thawing loss. In conclusion, the supplementation of 3% EP in diet did
not significantly affect the growth of Pacific white shrimp, and 6% EP supplementation improved the flesh quality,

although the supplementation reduced the weight gain and feed utilization.

Keyword: Litopenaeus vannamei; Enteromorpha prolifera; growth performance; flesh quality;

W & (Enteromorpha prolifera) 1 7 & %6« B &, J& 2 ¥ '] (Chlorophyta) £k 7 ¥
(Chlorophyceae). £12ii H(Ulvales)f1 2 Bl(Ulvaceae)t, | V2 /04 T4tk L, EAG PREEIE M1
5, AERORIHAERE R WE RS, IR, R, HERARBEHIE, WEIHE
FEUFPESE R SRR b, R v A A BREE . IR OO0 LR e vt b i it ol s o 7™ 2
B, F—J7H, WEARSICR—MEEA. KB TYREE, DUE S AR
8 Flul 7 E S MR AR B SRS, SR, P 2T A A BE BN IR 9, REm T shA skt Fo4H At P (1
EIRMTIEAT,

Har, EPNINCAH e KPRl as s & (4kiE . 753 B W T f4.(Siganus oramin)
TRRL RSN 5% & W AR A TR REVRCH B 5, (E AW S IRy 10%. 15%0, HA
Kk G 553 R L8, 9 35 500 Xt K35 6T (Scophthatmus maximus) (I 78 H & B, 2EGRDRE %
0 5% a0 AR A KA IREEH; Asino SFUYYE K3 1 (Pseudosciaena crocea) %1 1)}
RSN 15%3 &, A EARAEK ISR .

JUGNIESTEF (Litopenaeus vannamei) &t FG B Y |12 785 00— FPER2E, 2016 4F 48k
FFERN 415.6 JMER . 7E RGN IRRRL R RTINS, IR AR K AR R R S 2
FEAERZI 2 H AT AR DA DRI o AR SR8 DA LGRS g SR 500 5, TEA 6] Ee A5 €453 (18%
15%)HIBERE R, RIS 3% 6%, FHE LAV IR A K RE . SRR
LA 2K T FIULIAL TR R G, il & IOFE R R 5%

1 MRS 7572
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1.1 SEIR BT Al SR i bk}

SKH 2x3 RUA FS236 it fERR & & 18% 15%MTE R 0B 0% 3% 6%
& MRS VA ], B K 6 2145 2 S Re Tkl « 8 B O RE AL B, SHL R IR 13.5%,
FFEIT 1.3%. oAb 3 BRRLE R B Ik 60 B, SN 500 mg/kg Y205 ENAMNEE R
A, AR TT (R DRG] HERIEFFEEALH RCE AR 1.2 mm 3T RURL R L
HJE N(85+5)°C], 95 CHEFA N JG 24t 20 min, KT Z/KAFRILT 10%, HEHEAEH-
1.2 SCERUR K b 77 B

JUNEEXTHRER B 0 T B i AR X F i fhdy, MRS Kb 8 75, JHORE
T RE RN IE R MR R A B AR, MR A & 8>42%) . fEIEATFIRSEI AT 24 h i
IR, PRk AMA RN ST BEXTER 1200 B (WIEGRIR LN 3.00 g, BEHLEL
224 MFH( 1.5 mx1.0 mx1.2 m)H, 3BT 3 AN/KEM( S mx3 mx1.2 m)HF, FAKIeh
FECE 8 ANMAE, BEANMIAE 50 B, SEINSLEE 6 MEFA, BALEI 4 NPT (A,
FEFRHE SR I RE T, B H MRS LD X HMAR TR 1) 3%~8% (RTIAHMRAR &, J5 R
%), 4> 4 AXME(6: 00, 12:00. 17:00 Al 23:00), HEIEAHUFZ I, RBKEEEL S
SRR 70% . AR XU R B I AN R UG 10 AR R R K PR B, S AR TR R
FEAR 3, I ORIARHER MRS 2h WK B 58 B AR, RAHMBGETGELRIEE, 7
AREAGG 1k, TR RS 2 IR, WS fE K 1/3. fEFRIESEERIIE], KR 29~32 °C.
R 1~2. #HE>5.6mg/ L. pH7.8~8.5. WA<0.2mg/L, WHR<0.1 mg/L. 1AFFILEIL
FEEE 8 JH o FRFHSLE T R R SRR SR AT .
1.3 YL

LI TR 4 )5, EERIERR)E 2h, A FRIE & LR NIEE, RIET-20°C
UK. R R ESRERERS, 105°CTE. BEAFT-20°CokFaF, T EFRMITHE
W38T
1.4 FEMCREE

FEIH LI TP ARRT, BENLIEE 60 FEXFURF-20 °cCUKA A7, b 10 BUF G I N — R
A, FHTHIERAR R 00T . RIS S5 AT 24 h 15 1E30E . A MFBENLEEL 3 EXHF, F
1720 °CHIDKFE 1 FH T A UF AR o 40t , 5350 3 R, LA 37 R 28 K 6 RIA-
SRAKERIIIE B 3 FEXTER FH T LIRS RS R UL PR IR J5 2 1 2 = PR
1.5 g R bR AN T5 2



HEARKAERE SCER AT AT 24 h AF IERR . A MAR TR E IO B AL TR AE KRR R
b, BIEAEZ(SR). HEZFE(WGR). AR RE(FCR). HEMAZE(PER). & HFITH
#( PRE )FEWTITZ( LRE ):

1535 2 ( survival rate, SR, %) = Ny/Nox100%

1 5 K ( weight gain rate, WGR, %) = (W-Wo)/Wox100%

Tkl 2 ¥ (feed conversion ratio, FCR ) = Wy/(W-Wo)

% A i BCK (protein efficiency ratio, PER, % ) = (W Wo)/(Wex W;)x100%

% AR UTAZ( protein retention efficiency, PRE, %) = (Wi-Wo)/Mx100%

W TR Z (lipid retention efficiency, LRE, %) = (W< WacL-WoxWicL)/(WexFer)x 100%

A, NOWAKREE, No WV, WK & (g), Wo NPT & (g), Wik
BN R (), Wy AR IR & (%)M N EREE AR SR, Wi NERSIFHAE
Wi, Wi AWIMEEIRREDT & &, Foo WRDHIEN & & .

Tkl S0, AURA RIS TR R AN X UR KT RHRE & 15 BB 2 43T SR F [ B
WRAETTIE « KA BAE 105 °C N HET 2 4E Bl ; M AL 1 & R A A 3L IR E A4 ( 2300-
Auto-analyzer, Foss Tecator, Sweden) Wi ; AR & &% H &5 - B DOEN 2 FHK
Sy e RJRTE 550 °CHILE 4 h JEIIA . TRDREARN ST R4 0 IR 0 BT SR FH 5 B 1 DR T R S
J6HEVE(ICP ) ( Vista MPX, Varian,Alo Alto,California,America ). 7EMtFAl F, HEEARE
M AL ( ADCCP), WI'R:

A XM IE AL (ADCCP, %) =[1-(DyxFcp)]/ (Fy*Dcp)x100%

X, Dy WU & 8(%), For AFEMEME A & (%), Fy AEEHLSE(%), Do
TRk R S = (%)

IREEA S AOAC J7i% 990.26 ( AOAC, 2000 ), ZeillE i B2 ( Hyp )&
&, REEAS = TR R & =R D R 8 /3], BRI & & e R
FIBRK g, 3870 & (A030-2, AR AEY TRAMRAF, FED WIEIE, KMy
JEEEETHUVTS9, LR E R AR AR, A E)AE 560 nm KT IE

WA RIK S BJoKZE: BUIRK 3~4 g (W1 ), B THK8H & 3 min, FWKLRT-%
7K 5y, FRE( W),

PRI BRI 3~4 g (Wh), T-20 °CI%AF 24 h, BUHJE7E = IEM% 15 min,
WK AR 3R TR 5, FRE( W2 ).



RIKZF( % ) E AL (Wi-W2)/ Wix100

FILPA R F(TPA) A5 52 2 Bm (/K o 3 min), BUES — R (UL, K98 miZ0°8 1.5 em.
lem. 1cem, KA Universal TA R (RS BACRRRIAIR AR, FED, BH74
JRAG AT, CAERERE . PHOEE . B ME. #ibE. RIE M. B 25 mmx25 mm HERSKEE
RN 5 of, MIEGERE 1 moy/s, HERBANEAR, AR 40%, Bf[E 2 s,
1.6 Hd a3

ARSI HHRE LTI HAbRE 7 (mean+SD) R 7R, SKH SPSS 22.0 4 A 2E AT B K 32 07
Z 8t (One-Way ANOVA) AR 7270 #r (Two-Way ANOVA), % HE 4 H Duncan

RZ B ILBIERATRES, PP <0.05 VBN 2 5 82 P Wibr it
R 1 LRIPBABAE IR (RT2ehit)

Tab. 1 Composition and nutrient levels of experimental diets (air dry basis) %

A0 A3 A6 BO B3 B6
J5Z Kl ingredients
f 4y fish meal 18.00 18.00 18.00 15.00 15.00 15.00

Xk wheat middlings 29.25 26.25 23.25 27.01 24.01 21.01

W& E.prolifera 0.00 3.00 6.00 000 3.00 6.00
A soybean meal 12.00 12.00 12.00 17.00 17.00 17.00
il fish oil 210 210 2.10 234 234 234
A R TR R
o t“, y 0.60 060 060 060 0.60 0.60
vitamin premix

W) 5 TR R
o 050 050 050 050 050 0.50
mineral premix ?
HAth other® 37.55 37.55 37.55 37.55 37.55 37.55
it total 100 100 100 100 100 100

IR nutrient content

¥l A crude protein 38.76 38.30 3893 3828 38.53 38.29
e crude fat 831 7.87 796 841 793 7.71
7K 45 moisture 7.15 674 684 726 642 697

WD 1 AT RTURR S A 45452 A3 00000 U, 48422 D3 1700 00 TU, 4E4E3 E 2000 TU, 4k
AFK K3 500 mg, 4EEZ By 1200 mg, 4E42% B22000mg, 4E42%K Bs 1500 mg, MR 150 mg, MR 2
700 mg, VZFZ 2500 mg; 2) 1 AFrA B HIRENES A 4 1000 mg, £ 18000 mg, ff 2500 mg,
3500 mg, fili 16mg, Ml 430mg, %5 S0mg. JFRMHM: Jo/KIREREN, —I/KBRERWEL, — /KIRfREL, —



IKBRIREE, EANRRE, JoKBURER, SUALHL: 3) HAt: 842K 12%. SLEE 6%. MUNEELE 4%. K&
IR 1.5%. KERAEA 5% TKEEH 5% = "5 0.05%. T 2%, BERE — 255 2%Notes:
1) One kilogram of vitamin premix contained: vitamin A 3 000 00 IU, vitamin D3 1 700 00 IU, vitamin E 2 000
IU, vitamin K3 500 mg, vitamin B; 1 200 mg, vitamin B, 2 000 mg, vitamin Bs1 500 mg, folic acid 150 mg,
nicotinic acid 2 700 mg, pantothenic acid 2 500 mg; 2) One kilogram of mineral premix contained: cuprum 1
000 mg, iron 1 800 0 mg, manganese 2 500 mg, zinc 3 500 mg, selenium 16 mg, iodine 430 mg, cobalt 50 mg.
Composition of raw materials: anhydrous copper sulfate, ferrous sulfate monohydrate, manganese sulfate
monohydrate, zinc sulfate monohydrate, sodium selenite, anhydrous potassium iodate, cobalt chloride; 3) others:
peanut meal 12%, squid visceral meal 6%, brewers dried yeast 4%, soybean lecithin 1.5%, soyprotein concentrate
5%, cornprotein powder 5%, Y203 0.05%, bentonite 2%, monocalcium phosphate 2%

2 4
2.1 KRR

A0 A7 S e 1Y B AR AN AR AARL R AL, BEWF SIS N, HRRRY ARG, Tk R %K
The, Hrh A6, B6 A EZE S HIE A0, BO 3 FEIL(P<0.05), 1K ABEET S
(P<0.05). 7EFIZERIFERINET, 15%604l (B 41) R EREHE LK T 18%fMd
(A ), FSZu0 A B FLANTEST IR R R I E 92% L F, HEEZEMEZR(P>0.05). A%
SIATER, AL RO Y KSR PNV RTER AR S T B 3 E R AR RO B
S P<0.05), fH 2 ANHZR AL E 22 Bz P>0.05) (K 2),

R 2 FIRHRB IS X LGRS A RR HI R

Tab. 2 Effect of E. prolifera supplementation on growth performance of L.vannamei

Y5 groups WG E/gWo AR T E/gW, WEHE2/%WGR 1Ak 5% FCR 1715 % /%SR
A0 3.0+0.1 22.6+0.7° 6542 +24.3*  1.61+0.06° 95.5+5.2
A3 3.0£0.1 22.2+40.3% 641.6+12.6® 1.72+0.11% 93.5+1.0
A6 3.0£0.1 21.9+0.2° 630.4+23.1°  1.75+0.09® 93.5+5.9
B0 3.0+0.1 22.5+0.8% 651.3£26.3®  1.65+0.06° 92.0+2.8
B3 3.0+0.1 21.1+0.8% 615.4+£27.5* 178 +0.06° 94.0+2.8
B6 3.0+0.1 20.8 + 0.6° 595.7+21.2°  1.81+0.06" 93.5+3.0

KA 253 HT Two-Way ANOVA

¥} fishmeal 0.006 0.033 0.028 0.534

& E.prolifera 0.004 0.004 0.000 0.989

%X H. interaction 0.214 0.552 0.544 0.540

v FAEE BARNG PR, RREFEZ(P<0.05). F[FE Notes: in the same column, values with
different superscripts mean significantly different(P<<0.05). the same below

2.2 EWFES



F I AR /K oy R K 20 S5 0 38 22 5 ( P>0.05 ), 78 18% MM Ak 7N 6%
WE, DERICTHEASE(P<0.05), 15%08 S HAFE A& BB 18%H K 4(A0)
BEFK(P <0.05). HMANRD & =FEW & W INE R INm RIS, Ho A6, B6 AR ELT
A0, BOZ(P<0.05). MKZESHTRM, RN E KT R3E 00 1 AR 8 S AT i
FE(P<0.05), Tk Ey K FIAE AR R AR fR g B RIS A =0 B35 e e (P>
0.05) (% 3),

£ 3 TR IS N LR X R AR B ) R e (KR )

Tab. 3 Effect of E.prolifera supplementation on body composition of L.vannamei(wet weight) %

3 groups 7K 43 moisture #EL A crude protein FHHERT crude lipid FH K5y ash
A0 74.11 £ 0.66 19.30 £ 0.48° 2.23+0.32° 2.80+0.08
A3 75.12+0.80 18.65 + 0.68% 1.84 £0.27% 2.70 +0.36
A6 76.81 +0.82 17.23 +0.59° 1.60 +0.14° 2.50+0.25
BO 76.06 + 1.24 17.76 £ 0.98" 2.09+0.17 2.60+0.22
B3 76.54 +1.33 17.56 +0.93° 1.92 £0.19% 2.80 +0.24
B6 76.29 + 1.86 17.31+0.43° 1.67 £0.35° 2.90+0.35
MR ZE 53 HT Two-Way ANOVA

f8} fishmeal 0.225 0.061 1.000 0.457
W& E.prolifera  0.057 0.016 0.001 0.908

A2 H. interaction 0.148 0.202 0.533 0.103

2.3 BEFRVIAIHZE
TE 18%- 15% M RPN 3% 6% &, YRR T FLYNiESHER i) 2 A T RCR

BRI JEHTvTAR R AR A AL R (P <0.05). WA ZKSH R, Tk b A
B KT 18 S35 RO R BURCR AR R TTAR A (P <0.05), TalkRhv & 7K T-3d 85 25 52 i fig 1 37t
FRRAE AR EAE(P<0.05). H - FLEELHAEM(P>0.05) (K 4),
2.4 LA R K AR5 A 5

FERARL RN 6% &, W PR TR KR, BRFKE, ftm T IREEA S
(P <0.05). XMHRSITRY, WEKTRZELMENARZRIKE. BERFIKER
PR IR & & (P <0.05), (HEFAKFRER . #FE N8 BN LR TR E Y
ij( P>0.05) (£ 5).
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Tab.4 Effect of E. prolifera supplementation on nutrient utilization of L.vannamei%

A groups

EAFMK PER | EERUIHIK PRE

30.99 +0.97°
28.20 + 1.49°
25.86+1.27°
29.36 + 0.88°
26.38 +2.35"

24.35+2.92°

A0 1.97 £ 0.09*

A3 1.87 +0.03°

A6 1.81+0.02°

BO 1.96 £ 0.08*

B3 1.74 +£0.07%

B6 1.71 £ 0.06°
f1 ¥ fishmeal 0.008
W& E.prolifera 0.000
%X H. interaction 0.320

WEZ M Two-Way ANOVA

0.015

0.000

0.727

NI UTARZE LRE HH AL ADCCP
18.48 +0.32° 89.01 + 1.62°
14.97 + 0.24% 87.27 +1.36
12.34 £ 0.21° 84.56 + 1.59"
17.20 + 0.23% 87.92 +1.33%
14.32 £ 0.14¢ 85.40 + 1.54%
11.97 + 0.28° 83.33 + 1.26°

0.614
0.000 0.000
0.916 0.857

R 5 CURF BN S X FLAIRIT AR FR K A A R B 5 B

Tab.5 Effect of E. prolifera supplementation on water-holding capacity and collagen content

of L.vannamei flesh

51

R IKZ/ Y%cooking loss
groups
A0 16.80 + 1.12° 2.25+0.19°
A3 15.05 + 0.95® 1.98 + 0.30%
A6 14.71 4 0.94° 1.86 + 0.42°
B0 15.82 +0.88° 2.19+0.18°
B3 14.98 + 0.95® 1.95 +0.26®
B6 14.68 + 0.86" 1.83 +£0.23°
KA ZE 50T Two-Way ANOVA
¥ fishmeal 0.623 0.089
W8 E.
fmi;'ra 0.042 0.033
X = 0.123 0.421

interaction

PR IKZR ] Yothawing loss

e i A & &/ ghkg)eollagen
content

2.82 +0.34°
3.00 + 0.26%
3.14+0.38°
2.73+0.21°
3.02 £ 0.08%

3.13+0.13?

0.165

0.028

0.244



2.6 LB F4(TPA)

TE 18%- 15%HA RN 3% 6% &, B B3 HEGREZAN, Y RZFSE N 7 VLA 6E
FERIEIEYE (P <0.05); SAAENPNEEME. #k. B B TEEZEEZER®>0.05),
UK 273 HT 3 B, W 5 7K P RO I 8 58 ELAF A2 35 5 e 1 LI B 2 R ELIE P (P < 0.05 ).

(% 6)

R 6 TR RIS X LGREIHFLA TPA HIST
Tab.6 Effect of E. prolifera supplementation on flesh TPA of L.vannamei

20,59 t g/ gf UEU A ET , Cilke3 [ &2 4%
groups hardness chewiness BRI cohesiveness springiness ' resilience
A0 1012.5 + 84.2° 4202 +33.4° 0.67+0.03 0.62+0.02 0.61 £0.04
A3 1188.5+67.9* 502.8 £59.9* 0.65=+0.03 0.63+£0.04 0.58 £0.02
A6 1242.0+25.4* 5102+ 11.1* 0.65+0.01 0.63+0.02 0.57+0.02
B0 1009.4 £ 63.4° 450.3+£37.4> 0.65+0.02 0.61+0.01 0.57+0.03
B3 1063.3 £ 77.3® 497.4+35.4* 0.64+0.01 0.62+0.02 0.57+0.03
B6 1156.5+91.2* 501.5+10.5* 0.64+0.02 0.66 £0.05 0.55+0.02

MUK ZE 43 BT Two-Way ANOVA

f6¥5 Fishmeal @ 0.650 0.257 0.138 0.551 0.136

WE E. prolifera 0.042 0.007 0.123 0.432 0.217

% H interaction  0.001 0.025 0.405 0.312 0.482
3 e

3.1 HFE AR KR BEANE IR SR A S

ARSEEGAE S 18% Eby KPR RN 6% &, 725 15% M BIARERAIN 3%, 6%l &,
PR AR T URMAAE K MEBE( P <0.05), JF HRFSRIMANE QSR SRR, g
TR R 2 1 PO AL 21 S B 1 R (P < 0.05 ). R JPE B S 817 3 B 1 1t A0 ARDR 8
10%- 15%13F 8, W35 PR T AR A KIERE, FIFEAE Yousif SU200T BB 15 1 (1 I 78
MR 30%3 8, MR EIR T AR KRR . R BT e B B R A 4 R A
REEE, SENE T BP0 20 P E TR OSOR A e AR 2 SR A EEXT ARG R L ORI,
B 2 RO S A AR (A SRR LS, DRI R i E
RO — M AR MR, anSRAEE & kR s AR 2 g, WG Bh T E SR T AL
WRSCER S XA — AN TR TS ARk 2 RS R EH . WETFRRY,
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LELADRL R ARG B K I 8 e s (R ik f AR KBUR R A K. e R EWIEBR BRI A
Bt 11 ( Epinephelus lanceolatus & x E.fuscoguttatus @ )HRIFFRIN 1% 4% 5, 2HlitE
TIEZ 15.8% 10.9%( P <0.05); {EFBEIE T AmE RN 5%, MaMmERKIEEE
SR ( P>0.05)8), FERX PRIV 7o, Tk O & A TR 42%. 29%, T AR S Hh f ok B
B 18%- 15% ), IX AT RGP A=A ) 4 SR 10 B 2 IR o IR W PE IR A0k 25 B 1 el o
BN S & 2R S e AR . BRI 2R B, O DU AR K M R AR 5T .
3.2 FEDREH IR Y B 0T LA b 5 11 5

— Bk, XTAFILA BRI &, SRR EROR EEE Sy, WAt
HAEB WY, MaEks N E B gL, ARSIGTE 18%. 15% Mk ialk}
3 IE N 6% & (A6~ B6), WRMAKHNRN 52 T (P <0.05), [FIF, WLRIPHME: . 615 (B3
BRAN) EEIEIM(P <0.05), XAReSHLARNT & &K A K.

JULPA) it S5 5 LR P (R S 1 o B B DD AR OGS, JULATZH A5 o o M R S et 5 M
JREE R R, WA, BME. RUIRME. PHEVEAD R SR LA R B BRI
USRI, DA RIEE S ESERm, (EUREA T mRURGREE, X LGN xR
T, A G LD 5 A B s 3G, UL PR 8 A B o 384 R ), AR s
Brh, BEMEEREE ARG, DR EREEA S 23 EA(P<0.05), XAREZNAEE
B PSR ) o — AN R

e B LA 5 5 A — A BB RK T (BRKEE S Y. k] LS B ILIA
EIRAS AR TR R AE A [F) 26 T IR R B RAK AR, R BANLIA 178 32 70 XU A
BRNEIF MR . ARSI, TR IR 6%V & 553 PR T FLYNTE ST LA ) 2 SR K R A
AURIIKFE (P<0.05), HEFTRSIINREEASERIGNE R, 28 5RKIE
WHER NGOG, AR Tt — Do,

SERKRE, WFE KRR I SRS A R T — PP R XN & BRI R
FEvEky 20 R — D EE R R, ARk 2 0 R R 6 A AT R — e AR e
fEs HeAh, T R HEREE BT A A I — S AR MR IR DAL, R A R AR NI AT
A

i

4 #Ep
TEARSEIGZME T, 725 18%- 15%FM R RN IN 3% &, X FLANTE TR A K R V&
HEEZLW, W0 6% & 2 AR T WRARSE R FERIRH , (H R 52 S ULARAE R . NH g
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