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WE: Y TRRETREREENER R A S 3 LT T8 £ KM RAIA &R
W, SEIRA 23 REFERIRIT, EAREERH N 18%A) fn 15% (B) #y 4 4t
AR AR A 0v 3% F1 6% S (44198 AO. A3, A6. BO. B3 f2B6), #| & 6 444
SR (MEAAEN385%) « AEWHEREN G0+£0.1) gty LAy xtir, #
64, BHRANEL, BNELZS0RIT, AR HE, MEMREKMER. & HH K-
ERWMFEAR WA RKA P, FRE R, AR P8 050 S AT 4R
WAKRIRE. WERFTARZARY AL EE W, AOALR KRB REN 226, HEEXR
K (6542%) , 4B R HE& K (1.61) ; BoA A RH M E N 208¢g, ¥ FF&KIMK
(595.7%) , AR ZHHEE (1.81) ; £ 18%. 15% & §4ia B B i m 3% %%, A4
HEXHAEKSERLEED W, A6NFd, DERRTHER, A5 7T A” R
ERENHEZAMET, 15% a4 (B4H) W EFARMEERKT 8% &4
(A#dl) . AHBFELELE R AN MEE Af L& &, A6, BO. B3 f1 B6 4ty
HMEEAERAOAL ZHIL, A6 B6 LT Kfs i & B L £ (8T A0 f0 BO 4. 17k &
EMFHENCELEYHEARKEFNEARIRE, WA EXLEZF WA ILR
RFnE AR ENEME, A3, A6F B3, B AW E A M E. BARNBE. BT
RAEARERNHNERZ LR A, BOAL EHK. EMARHrE, SHEHAME
#E 6%, PERMBINAZLAE. AERLkAkE, RETREZEAAE, A3, A6
B6 41 /L FE E Fuvl B M A8 A0, BO AR FRE. AR KW, EEBFRII% HE,
MALHENITAEKERLERZ Y, Fin6% e, BT IR se = foim 8 F A,
{EF Bk & LA & o

REEWE: LA BETIr; HE; £k NASR

FE5SHES:S963.7 NHEkARERE: A

{F & (Enteromorpha prolifera) {6 ¥ & 5% . & phyceae) £ Zii H (Ulvales) f1 Zti B} (Ulvaceae)!!, |~
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HAFRE S, WPEREE, MK, FrEmtmEHc,
H AR R, 5w B 78 1 1 L Al B
FUAAR b, BRSSO DL R
T UM R U Ml i B™ FERIR Y, S — Ty,
WEAGHIN A —FEES . BN . 79
FEE, DUE & AR 8 Fhn i & SE 1 A 5T i
O SR, WF & £ 4 3R 40 e 55 547, 5% )
TSR AR P ) SR B AT AR

HEr, E NSNS A — L 7E K kb s
W E R IE . 7F ¥ BE 9 1 4 (Siganus oramin) 17
BRI 5% W B XA AR K PERE A W35 5
H YW BN 10%., 15% i, HA K P 6E
E TR, 5 S TEXT K ZE6F (Scophthalmus
maximus) FIAFFE TR R B, TEARDEH RN 5% W E
XA KA SRR Asino U 7E K B 1
(Larimichthys crocea) A ERITHES N 15% W&,
XA A K TERE R

FLYE XS BF (Litopenaeus vannamei) 42t F-3E
BN T2 FR 8 1) — R ER 2, 2016 4F 1 4 Bk 4FE
HOH 415.6 J7 11, AE FLANIERTIRED RS RIS 0

A= O Y NA o e | S D T e o o -1 A = I ]
BIR WA KM IE o SO 250 DL LA I X R Ay 52
x4, fEAE Ol (18%. 15%) (1) FEA 4
B, IR0, 3% M1 6% MHFE, WFIEHXT
FLYR T UR g A R PR RE . R AR 4> . LA R K
JIRUNVLA B 52, S R R H R R
5%,

1 AR5k

11 SEI It Seie iR R

AT R 233 WUH F L85 %0, 7E k)
TN 18% (A). 15% (B) B4R 43 514 i 0.
3%. 6% F & (Al A0 A3, A6. BO.
B3 1 B6), FHMIE A UH LB, B A 6 2H 55 A
GRETRL ., WPE LM AR, SHEAR
13.5%, HLAGWT 1.3%. A 3= 20k OB 8 5
1t 60 H i, %N 500 mg/kg Y,05 1 K &b I 45
AL, FEEIEC T GR D IRG 2. H SR BF
FEALEI % A2 1.2 mm 9 370 Pk 0B AR [ kE

R 1 LEIARARMEFKFE (T E)

Tab. 1 Composition and nutrient levels of experimental diets (air dry basis) %
A0 A3 A6 BO B3 B6

¥l ingredients

taf}  fish meal 18.00 18.00 18.00 15.00 15.00 15.00
UK wheat middlings 29.25 26.25 23.25 27.01 24.01 21.01
W% Eprolifera 0.00 3.00 6.00 0.00 3.00 6.00
TH  soybean meal 12.00 12.00 12.00 17.00 17.00 17.00
fajh  fish oil 2.10 2.10 2.10 2.34 2.34 2.34
Y FTUREL  vitamin premix” 0.60 0.60 0.60 0.60 0.60 0.60
WYFE FEEL  mineral premix ? 0.50 0.50 0.50 0.50 0.50 0.50
At other” 37.55 37.55 37.55 37.55 37.55 37.55
it total 100.00 100.00 100.00 100.00 100.00 100.00
EIFERST  nutrient content

FI# A crude protein 38.76 38.30 38.93 38.28 38.53 38.29
FUIEI  crude fat 8.31 7.87 7.96 8.41 7.93 7.71
7K4>  moisture 7.15 6.74 6.84 7.26 6.42 6.97

VE: 1) 1 ke HTRA S A 4E4E K A 300 000 IU, 4422 D; 170 000 U, 4422 E2 000 IU, 4i4:% K; 500 mg, 443 B, 1200 mg, 44
# B,2000mg, 4E4E Bg 1500 mg, M 150 mg, NHEL 2 700 mg, ZHZ 2 500 mg; 2) | kg™ M TR KL 5 H 571 000 mg, # 18 000 mg, #h
2500 mg, % 3500 mg, A 16 mg, 430 mg, 50 mg. JRMHAM: JTKBERE, —KWRWES, —KmmRH, —KRRRE, WHTRH,
ToKHERER, SALEh: 3) HiAth: 64K 12%. SEAH 6%. MUEREEE 4%, KREBHE 1.5%. RERAEA 5%, EXEAH 5%, =F4H %
0.05%. JiiE L 2%, IR 245 2%

Notes: 1) One kilogram of vitamin premix contained: vitamin A 300 000 IU, vitamin D3 170 000 IU, vitamin E 2 000 IU, vitamin K5 500 mg, vitamin B,
1200 mg, vitamin B, 2 000 mg, vitamin By 1 500 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 18 000 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%, Y,053 0.05%, bentonite 2%, monocalcium phosphate 2%
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TR R (85+5) °C], 95 °C ML 46 W & # Ak 20 min,
KBRS RET 10%, BEEAARH .

1.2 SEERIRRIAFETE

NN EXHAFER S W T LT AR X EE
HiF Y, WS LR K T R, IR
TR (I 38 R R DR IR A | AR, A A
i =42%), 1EIE R TIF IR SE 5T 24 hfF R 4R
T, P A AR /N B 50 Y 4 B X IF 1200 2
(R IR R T 2 4 3.00 g), BEMLZ B ZE 24 4~ M4
(1.5mx1.0mx1.2m) H1, Zr& T 3 P7KIEHI (5.0 mx
3.0 mx1.2 m) i, &K JEH HCE 8 S MAE,
BASMAE S0 BB, St E 6 ML, A
AbFRZE 4 A-FAT (BIAR)-

TEFR A L g it #e b, B H R 8O & 2
HR A S5 5 1Y 3%~8% (T AR MR A m, e IR R
%), 45 4 AW (6:00, 12:00, 17:00 F1 23:00),
HRPE XU B, LB 24 5 SR 70%. R
Fhet X 1 2 19 0 RN R AN AR B Y
VAR, A A R R AR — B, IR IR
TRTERRIG 2h WBCR B BRI, R
WV W GE T ICSEE , m A R s 1k, R
BRI TS 2 0K, WS R HROK 13, FE R 5E 55 56
B, /Kilk 29~32°C., #RAE 1~2, ¥fRE =5.6 mg/L.
pH7.8~8.5. AA<02mg/L, WilfE<0.1 mg/L.
T RSy SRS 8 JH . FRAH SR T IR KA
TR Fh IR 5H 5 06 4T o
1.3 FEFEWE

LRI 45, FERRERIE 2h, 5
TRNEG FURGEREAIEME, (#17FT-20°C k4§
o Rl R EFEMAER S, 105°C T BEAF
T =20 °C UKA, T EFRYTIHARB T

14 HmXE&E

F7 BH S5 55 JF 4R wF, B AL B 60 JB X EF
=20 °C vKFE P47, Hop 10 BIEF G I — A HE
A, FHFREREARB 5080 SCR 45 1A 24 h
(IR . A MFTRENL PR EE 3 BXTEF, AT
=20 °C [ UKAE H TR R o, 553 B2
I, BCH L PR 37 B 8 2 KR RN R K K R
AN A 5 B3 R X MR FH T UL PR J A4 R JUL P g it
H B B e o
1.5 MEIRFRA L

& KR S 45 R 24 hfsE gk R
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TASMFE ST PR E IR R AL, THRAE KRR
febr, BAEAAIG A (SR). Y H R (WGR). )k}
AR (FCR), #E H AL (PER), 3 H B R
(PRE) FIAR Wi T (LRE):

1715 % (survival rate, SR, %) = N,/Ny*x100%

HA H R (weight gain rate, WGR, %) = (W~W,)/
Wyx100%

AL R EL (feed conversion ratio, FCR) = Wy/(W~
o)

HH H T %L R (protein efficiency ratio, PER) =
(W=Wo)/(We=< W)

A FUTRLR (protein retention efficiency, PRE,
%) = (W~Wy)/Mx100%

i W5 UL L 3R (lipid retention efficiency, LRE,

%) = (W WycL=WoxWicL)/(Wp<Fcp)*100%
X, NAEREBE(R), Ny iviaRE (B),
W, WA TR & (g), Wy WP IR & (2), W
N A R (2), W, R iEDEL R ORLER 1
(%), MATEEEADEE (%), Wi WERE
SR HLAE W5 &5 2 (%), WicL 400 s 4 SRHLAE 107 &
(%), Fo FRPHLIE I & & (%),

B E. AFasrfaTEsE A
YA Y W e AR i B R 23 0 A R L B
PRAE T o KA F & AE 105 °C F 4L+ Z 18 5
JE 5 ORLER F & ok A shEl RE &AL (2300-
Auto-analyzer, Foss Tecator, Sweden) I 52 ; HLIE I
B R AT — W B AR ORI e 5 MK 9> 7 &
1 550 °C 1y bE 4 h 5 AT . faDEE A ZEAE th 42
R IR B R T 2 SDEEE (ICP) (Vista
MPX, Varian, Alo Alto, California, America), 7F Il
LA 1, HAE A BRWIELE (ADCCP), nh:

BRI LZ (ADCCP, %) =[1-(Dy*Fp))/
(Fy*Dcp)*x100%

K, Dy AEEELE & (%), Fep MEEMEMHEN
(%), Fy HIEMERL SR (%), Dep HiEEH
HLEE & i (%)

KREE B AOAC )7 990.26 (AOAC,
2000), SElERE A SR 2R (Hyp) & &, B
A 00 5 M e T i e LA 5 AR 8K 8
P B, B e R A Y I S SR P BRK il
R & (A030-2, R atE ) T REA FRA A
VLW ERAE . SN BT (UVT59, L
K R F AR 23 F]) 78 560 nm KT I E .

LR & 7K BRIKFE . BRI 3~4 ¢
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(), BT KT 3 min, FW KL T E
K5z, FRE (W))o

RURRKE . BUFR 3~4 g (W), T-20°C
URAE 24 h, BUR S E SRRV 15 min, WK 4R
W FRTE K, FRE (W,)o

I K K (water loss, WL, %) I 31 5 2 = .
(W =W/ W, x100%

LA A (TPA) s MR &S (koK
3min), BRI RN, KIERDSHNAH 1S,
1.0 #11 1.0 cm, 2% Universal TA JFi 44 23 #7143 (-
1 AR B A R AR, AT 2B 7 Hr (2
FERE B . OMEOEE OB IRME L Bk R A,
PEF 25 mmx25 mm HE I 45 Sk 15 il ROV S gf,
W 1 mnys, HERBACIEAS, B & 40%,
BFIE] 2 so
1.6 HIENLIE

A S50 A LAV Y B AR HE 22 (mean+SD) &
7N, R SPSS 22.0 J3 B F 34T B KL R 2258
BTt (One-Way ANOVA) FI XA 2 J7 22 73 #1 (Two-
Way ANOVA), £ ] Duncan K £
AT, P<0.05 MR T E,

2 4

2.1 SR
A0 ZH A B e 1 TR RN AR AR R R 8, B WE

EUIME B0, HR R RS S RREAL, AR R BT
L, Hih A6, B6 41 E R 4 HE A0L BO 4
2 REAIR (P<0.05), TR R U Z TS (P<0.05)
RIS RME T, 15% M4 (B 4) (11
FORERE FART 18% M4 (A 4), &L
B ML 4 752 X6 R 06 R I TE 92% LA b, HE %
PE2E S (P=0.05), MUK FE I 20 £, W
Hh O R 35 7K T X LA I X6 B ) 2R 1 i i
ROV R R O AT S R (P<0.05), {H 2
AR Z ]G i 35 28 B RZ R (P=0.05)(4 2),

2.2 SERERS

A I 42 R K S5 FURL IR 433 55 44 0 1 35 1k
25 (P=0.05), 7 18% MR 7RI 6% WL,
BERAL T HLE O & i (P <0.05), 15% k%
2H i LR 11 LA 18% B 4 (A0) f 35 AR
(P <0.05) MR 7 15 o BEWE £ 7% 05 14 3 Jon i
AL, L A6, B6 4l E LT A0, BO4l (P <
0.05), XA 5 2250 TR, GapRHIF &K B 3%
S0 T 4 0F Y RLER RURLER 7 & (P < 0.05),
Tk 8453 7 P R0 58 E A X 4 M 4 R 2 R
i 2 e C 25 (P=0.05) (35 3).

23 EFVMRAAER

15 18%. 15% AR REHFERAN 3%, 6% F &,
Yy 5 S WA T LG i AR R 2R A AR . R
JRUTRR | IR WU AR R R A% (P <
0.05), XUHZ Iy 2240 AT WY, Pk ol Fie &

R2ARARINE X LGRS IR K RE AR

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

415 WIgR /g SRR g R /% Tkl R 3 %
groups Wy w, WGR FCR SR
A0 3.0+0.1 22.6+0.7" 6542 +24.3" 1.61 +0.06° 955+52
A3 3.0+0.1 222+03% 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
BO 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% 1.78 £ 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
MINZEHZ3H Two-Way ANOVA
#¥  fishmeal 0.006 0.033 0.028 0.534
W& E prolifera 0.004 0.004 0.000 0.989
A2 H  interaction 0214 0.552 0.544 0.540

e FSEE EARNG FREFRORE R BEP <0.05), T

Notes: In the same column, values with different superscripts are significantly different (P<0.05), the same below

o E K P2 % 2 32 /) sponsored by China Society of Fisheries
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3 ARFRMITFE YRS IMAERR N F I GRE)
Tab. 3 Effect of E. prolifera supplementation on body composition of L.vannamei (wet weight) %
Hi Koy HEA FELI 7 R 53
groups moisture crude protein crude lipid crude 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
MK ZE 2T Two-Way ANOVA
fily  fishmeal 0.225 0.061 1.000 0.457
W8 E. prolifera 0.057 0.016 0.001 0.908
ZZH. interaction 0.148 0.202 0.533 0.103

T34 I 2 R 2 TR ASCRANE A R DURUR (P <
0.05), TR & K38 5 e g 15 TR R A&
MR ERIELE (P<0.05), H & LR ELHE
1 (P=0.05) (5% 4).
24 MARKAOMRREELDSE

TR PRI 6% HFE, BEMMTHILAE
TR BIHRFKE, e TREEASRE @P<
0.05), WK ZE T EZEH, &K LEEZm
FILRI BRI ORI KAWL A i IR &
S (P<0.05), HAaBKFEmMak. BFEN
H AR FR 8R4 T8 B R0 (P=0.05)(3 5).
2.5 AL BR# (TPA)

TE 18% . 15% HRRRL AN 3% . 6% W&,

W B3 21 B 5 AN, AL PR A R AT WG 1 2 Jp 2
(P <0.05); HAENAEERE. #E. MK
PE R R EMER (P = 0.05), WHEF S
MW, WrE KRk . WF 8 S BB E
SZM T RL PR R B AN PE P (P < 0.05). (3% 6)

3 iR
31 HEXNNMEMIEKMEEMEFRY R
FI F 89 %2 M)

A S AE S 18% £0 K3 1) T Bk A s i 6% W
7, TEE 15% B BB IR 3%, 6% W e,
Y 5 3 FRAK T IR ) A= K PERE (P < 0.05), JFH.
WERMAMEA TR, EAHRIER | I8

R4 AR E X LR X ERE R BR A B R B R

Tab.4 Effect of E. prolifera supplementation on nutrient utilization of L.vannamei

ik HARE BRI /% N TR A% HEAFREME L%
groups PER LRE ADCCP

A0 1.97 +0.09° 30.99+0.97" 18.48 £0.32" 89.01 + 1.62°
A3 1.87 £0.03° 28.20 £ 1.49° 14.97 £ 0.24% 87.27 £ 136"
A6 1.81+£0.02° 2586+ 127 1234 +0.21° 84.56 + 1.59"
BO 1.96 + 0.08" 29.36 + 0.88° 17.20 + 0.23" 87.92 £1.33"
B3 1.74 +0.07* 26.38+2.35 1432 +0.14° 85.40 + 1.54"
B6 1.71 +0.06° 2435+2.92 11.97 +0.28° 83.33+1.26°

MR ZE T 22508 Two-Way ANOVA

fify  fishmeal 0.008 0.015 0.413 0.614

WE  E. prolifera 0.000 0.000 0.000 0.000

A H.  interaction 0.320 0.727 0.916 0.857

https://www.china-fishery.cn
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RS ARSI X FLAE R IR P Bk AR IR E A RS2

Tab.S Effect of E. prolifera supplementation on water-holding capacity and collagen content of L.vannamei flesh

2| BRIKE% BVRKIKFE % TR JR & A& & (g/kg)
groups cooking loss thawing loss collagen content
A0 16.80 +1.12% 2.25+0.19° 2.82+0.34°
A3 15.05 £ 0.95™ 1.98 + 0.30™ 3.00 £ 0.26®
A6 14.71 £ 0.94° 1.86+0.42° 3.14 +£0.38"
BO 15.82 +£0.88" 2.19+0.18° 2.73+021°
B3 14.98 £ 0.95™ 1.95+0.26™ 3.02+0.08°
B6 14.68 + 0.86" 1.83+0.23° 3.13+0.13°
MINZEHZH Two-Way ANOVA
) fishmeal 0.623 0.089 0.165
W& E. prolifera 0.042 0.033 0.028
ZZH. interaction 0.123 0.421 0.244
6 RRL RIS X LR X AT AL B B A 89 520
Tab. 6 Effect of E. prolifera supplementation on flesh TPA of L.vannamei
A5 TERE /gf NELIE 14/ gf R bk EE=3 ¢
groups hardness chewiness cohesiveness springiness resilience
A0 1012.5 +84.2° 420.2 +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
BO 1009.4 + 63.4° 4503 £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
WEFET7 24570 Two-Way ANOVA
¥ fishmeal 0.650 0.257 0.138 0.551 0.136
W& E. prolifera 0.042 0.007 0.123 0.432 0217
ZZH  interaction 0.001 0.025 0.405 0.312 0.482

T DR A AR 9 TR LT A R 2 251 T o (P <
0.05). & Jik 5 45 1) 7 B B0 7 f 5 4R)RE S
10%. 15%F &, 3% FEIR T ki KIkRE,
[FIFETE YousifS5E!™ Xof 8 B 0 7 i BFFE 2440
BRI 30% W&, W AR T AR KRPERE .
FCJRCA AT BB B B B W B0 41 4 AR 4 M BE
SR T S0 A0 N SR R ORI T AR
YIRFEVEXT I8 (Lateolabrax maculatus) B 5T
R, FE TR B 2R LR S R A
it 40 35 A B0 R s R AL, DR R S e
A 2 B — s M AR B E R, an R AR
& GRS AR R 22 B, WA BT IR

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

FTIE A RS Bt i, XN S — A D7 T R W
TWFERRBZMIUEFRIEN . WA R
B, TEGRDRE TR AR INGE EK T B W RE 8 A 1 £
KAERKEAZMAK, B2 RFV AL EIR
1 BE 4. (Epinephelus lanceolatus & % E. fuscogut-
tatus Q) FIFRHR RN 1%, 4% W&, HEF S
MR E T 15.8%. 10.9% (P < 0.05); 1 & B s 1
AR AR 5% WEE, X R AR K TE R
(P=0.05)", 73X 2 WAFFEH, Tk o Ay 5
Ir 9 A2%. 29%, N AS 2 6 v AR R i IR
(18%. 15%), X A REJ& 7= A= AN [A) 45 2R 1) o 22 )
R o 3 2% I AR B A1 £y 2 o %) ARk v B 95 n
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WM AR . R SRR,
ALXE LA T FLZA I8 X0 B A A PR o

3.2 R AR E 3T L 4R XS ER AL S & R
apA

— R, XU AL PR AR B RELRR D7 A
SR NUR BAF AR R EE T, NIRmS R
AR E TS, BRI UL A 5 A N
PEUST A ST AE 18%. 15% 085 1)k v 43 Wil 7
6% #F & (A6, B6), WRACHLAS G & & % NI
(P <0.05), [FIAF, WLAPEGEME . 865 (B3 BRAM)
W (P <0.05), XAIRES LRGN & &M
TREA

LAY i 55 L PR o 1 g A 28 1 2 % U0 A
KU LA LA GER | R SRR M S R
HEmBER, WA, oirk . ZhRbE . HE A
ERCR Py NN IE S 5T R R (1 8 3
B, DA RIEE A S aRm, IR AES
T E LR B, X LN RHIR B ST
G Bl E LA S A A, LAY
T Bt 2 N A A ARSI b, B RDREE
KRB, LR v R R AR e T
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Dietary effects of Enteromorpha prolifera on growth performance and
flesh quality of Litopenaeus vannamei

WANG Jing', YAO Wenxiang', LI Xiaoqin', LENG Xiangjun "**
(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;

2. Fish Nutrition and Environmental Ecology Research Center, Ministry of Agriculture and
Rural Affairs, Shanghai Ocean University, Shanghai 201306, China;

3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: This trial was conducted to evaluate the effects of dietary Enteromorpha prolifera ( EP ) with different
fishmeal inclusion on growth and flesh quality of Pacific white shrimp (Lifopenaeus vannamei). This trial was
designed with 2x3 factors, and two basal diets were designed to contain 18% (A) and 15% (B) fishmeal. Then the
EP was added in both basal diets at the levels of 0, 3%, 6% to form six isonitrogenous and isoenergetic diets with
crude protein content of 38.5%, referred to as A0, A3, A6, and B0, B3, B6, respectively. A total of 6 treatments
was conducted with 4 replicates per treatment and 50 L. vannamei per replicate. After 8 weeks of feeding, the
growth performance, body composition, nutrient utilization, flesh water-holding capacity and texture property of
the L. vannamei were measured. The results showed that both fishmeal and EP levels in diets significantly affected
the final body weight, weight gain rate (WGR) and feed conversion ratio (FCR) of shrimp. The A0 group had a
final weight of 22.6 g with the highest WGR (654.2%) and the lowest FCR (1.61), while the B6 group had a final
weight of 20.8 g with the lowest WGR (595.7%) and the highest FCR (1.81) among the six groups. The supple-
mentation of 3% EP in both basal diets did not significantly affect the growth performance, while the supplementa-
tion of 6% EP significantly decreased the WGR, increased the FCR. At the same supplementation level of EP, the
WGR of 15% fishmeal groups (B groups) was numerically lower than that of 18% fishmeal groups (A groups).
The EP level significantly affected the crude protein and crude lipid content of whole shrimp. The crude protein
content of A6, B0, B3 and B6 groups was significantly lower than that of A0 group, and the crude fat content of
A6 and B6 groups was significantly lower than that of A0 and BO groups. The fishmeal and EP levels in diets sig-
nificantly affected the protein efficiency ratio (PER) and protein retention efficiency (PRE), and the EP level also
significantly affected the lipid retention efficiency (LRE) and apparent digestibility coefficient of crude protein
(ADCCP). The PER, PRE, LRE and ADDCP of A3, A6 and B3, B6 groups were significantly lower than those of
A0 and BO groups respectively. In terms of flesh quality, the supplementation of 6% EP significantly reduced the
cooking loss and thawing loss, and increased the flesh collagen content. The flesh hardness and chewiness of A3,
A6 and B6 groups were also significantly higher than those of A0 and BO groups, respectively. In conclusion, the
supplementation of 3% EP in diet did not significantly affect the growth of L. vannamei, and 6% EP supplementa-
tion improved the flesh quality, although this supplementation reduced the weight gain and feed utilization.

Key words: Litopenaeus vannamei; Enteromorpha prolifera; growth performance; flesh quality
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