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YT VLTS 0T BT B Tl e 7 00 FLAAIEERT N ARG L T AR AR S 2 4 2 7 O BE I
WAL HENR? D G
(1. B RK = S EAr bt , 1l 2013065 2. 4l g o i b B 5 T R4 ) F 2 A
TP =, P E AR BT TS K i T, 9 % 266071)

OB R TR IN L) B LB s LA IR AR ARy 7 1 2 0
SO, ARIGHAT TR 2 ANRIE: Mg EE B NN A5k 06 A0 A i v T A = 400 IO F 2k R
I, WHEIE AR G O - RARKZFIRGETT, BblEE & n tpl
SN 0 CHHER4L) . 0.5%. 1.0%. 2.0%. 3.0%. 5.0%f%) 6 Fiakl (4 %lich D1~D6
), HRVIIERE S (1.0040.10) g [ NLGNEXTEF 49 d 5, SEXTHRI A K EFRFR DL
BHACEE . IS R M R TR AT . B 3ANEE, BNES 35 BXUR. i
VARG AR =) AR GRS 2) « 7RIS 113 i iE s in L 3% It kA 1,
PLARIE 1 s in 3% i AR il B4 (A T4 3 I -l R e vt
B (B 4 FEARRRETE (C 4D FEEM A Ak, BRERYIGsEN
(1.0020.1) g 1Y FLAMIEXFIR 56 d, 15025 5 e W 78 %R PR AR K vk e b DL 15 T A6 Il
THARFE R e S . 4 3 NER, BAEE 35 BXUF. 5 1 45K SR D4,
D5 ZUGHRRRE AR K i H R 3w T IR (P<<0.05) , D5 ZXFUR iRl R %
TR (P<<0.05) 5 BEAGHEAHFEAINLLEIE I, B B & A s i A RS
A BB R RIS S TR ESS, B 3 AR ERRVE TSI, D5 His,
H. D5 ZHifiE iy S EG . A SR (0 1 R = TR (P<<0.05) o iREG 2 45
REoR: H5REMMBIMGTTEANL, WHEE B RN RS 0T 5% 8 X iR 1 8 R
M EAERKSE (P<0.05) , JFRERZE VAR 2% (P<<0.05) , igiiEs i H B
AR TR G 2 (P<<0.05) 3 B A C ALXTRA B rh 27 4 K lE M A 20 55 B BRI
(P<<0.05) : Bl CALIMIEHRRIEBERAE . My L WREE PE LA K C AL il A Bl
BRETERE ST A4 (P<0.05) o UL, LRI XS ER AP g v R B s I b g
3%. WAL - SR B AR S AT LA XTI ARG, SR AR R e s T
2T R FS PT 4 S FLVE IR e g 70, W AR K TR

OB AT BEARTTAD: FAOEEIWER: AERERE: WHALEE; ARER SRR
KRS S963  CHRPRIRAG: A EHT:
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JLANTEXTER (Litopenaeus vannamei) , MFREE3E AXTER, HAAKEEN. JUwHE[E
SR BUSPETRAERE N, a2 H AT IR B R I =R R —, RV .
FE PLARIEERT R () FRGE AL P o, 8 IR A T R ARDRL 2 0 R g HE TR G I B (Y, 0 1) SR 2 £
BEARDRLE TR A BB, H2 H AT TERHEUR IR SN BT B, BT AT A& B T ROk}
HAEEE L.

¥ (Laminaria japonica Aresch) J& T KZAUAEHEERIEY), ZIRE T EEFRIE T2
—, HAPHSRE, TTUEESMYEER. METCRKMEREKIEERRE T, BRFERE
BRI AR R, Haf, REMINT OB T Uk . i, Moy
FEE AR R, H R I TR A 30% A4, RIRMERENE K&K,
WA RN, MARSRBIR SRR, AMEE SR & 3R A 3R 1
R, T HAEAE R A KRR S A NUTUNE IR 3 RE A, oK E B IR
TR R I TEAL 2R R, g R b 28 55 R AR 25 SR S R AR B . i 4R i e 8
FERPIN AR, FEERIE AN, RO XPURE b, B 7T B TR b A i v B
FEHUN TR BN — 8 ARIRAE U0, )\ 20 4l 50 AF AR A VR DR I s 72
TFRZES, HOPARMSH—ERNANPEL, H A a e & & a K e b B8 in b
FARIE 2, ABLEXTURERDRL AR 7= s S I T VA A P ) R AR /> o DRI, ARS8 3 il i )
VSIS 5] L i s S RO AADRE AT 6 AR R p it iy v (R IR AN b 8], R4S & B A N B
151 F) B it o T TS SR P S R Bl AT Bl A AL B, O 0 T TS P 0 1 N P R, DU
YV ) i AR 4R 62 % R IR o
1 MEHST7k
1.1 X5

BUIG FH FLGNIEE AT IF A EE (1.0040.10) g EHEEY T KUK =I5 A BR A wl$2 4t i
LSRR A7, SR E LR A MR B BR A R GARHEUR G RS R A R
Ay TERH I SRR B R QB ARG IR AR, vk, iy 50 000 U/g;
AR EE I 1 A QB AR IR AT BR AR, kIR, V&1 20 000 U/g.

1.2 R T V%

ERxtidrh S EEmNE R4 R GFFBERNERKTFLE D , EERETIX 2
T AR IR 2 ZEREREAT I GRG0 DA AR Hh ik O AN S B R VR B A VA FE A
B 230G S8 BB BRI (1) -4 SRV i A A 1 B o iy VR AT AL B, g ARAL 2 77 NS5
F B CEMWRR S E, BARINENTR

B-Fi R NERG R AT (GT) « HAE Ay &= 1 0.1%3A I B-76 S Mk mE, [ LA 1:20,
Ao G, 50 CREMFALEE 24 h, KBgfR S B P a8 ek s 59 H 3, 5-=
TR A7 BRI BB AR /N G 138 OB B IR FE AT GE , IR T -7 SRM B At 5
A R JERE 803 8.98% . B~ SR ME GG g g iy S 1R IR /KT LR 1
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H ARG TR (PT) « TR 0.20% N I, [ERLEE Y 1:20, 78404
PEJE, 45 CREMRACEE 24 h, KeBgfi)a [0 YA O RRA IR 53 F B =R . Gdoxt
BV rh R R R VR BE AT DN, DA iy v 0 B A o A R R R R N 11.3%.
H 11 Bl BRI T U 1) TR KT IR L

R L MR R E TR (TR

Table 1 Nutrient levels of kelp meal and its enzymatic hydrolysates (DM basis) %
i H & Content
Ko
Items MEAFR CP MBI EE  MZF4ECF M5 Ash  Moisture
I Kelp meal 21.75 0.7 30.27 19.79 7.8
- SR WE B B i T GT 20.79 0.69 20.39 19.52 7.76
| A BERg A PT 10.02 0.68 30.26 19.86 7.79

1.3 R TTiE

FEFHAR I AE P B K PR 20 7E B S0 K F F8 BT K A S8 S AT, A NI S A
TN A VA TG g 00 L FH 28 Rk e 2 ANk
1.3.1 5% 1. AT IE B N LU e

PAEAY. ST WA R 4EA R TURRL B TR RS A ORI i S R
(D1 4, TENXTHRAD , SRJEFECHI /3L 0.5% (D2 4) « 1.0% (D3 4) . 2.0% (D4
) . 3.0% (D544 Al 5.0% (D6 ZH) FyHg v <5 & B AATE Al i e} o v o B0 1K 06 T e
TR E FRAKCF 26 20 K JEURER REIL 80 iR, R4, 4Ll (fEEE TI12-H, HED
g AR 2 mm (R ARL, 4 60 CHLT-Z1EE, -20 CIRAF& .

222 W 1 p T DR R RS IR K PR R

Table 2 Composition and nutrient levels of diets used in experiment one (DM basis) %
TiH 2H77) Groups
Items D1 D2 D3 D4 D5 D6

J5#E Ingredients

7 Kelp meal 0.5 1.0 2.0 3.0 5.0
= K High gluten flour 25.0 245 24.0 23.0 22.0 20.0
i1 Fish meal 350 350 350 350 350 350
A Soybean meal 22.0 22.0 22.0 22.0 22.0 22.0
13 Fish oil 5.0 5.0 5.0 5.0 5.0 5.0
B Shrimp bran 9.0 9.0 9.0 9.0 9.0 9.0
T /l§ Phospholipid 1.0 1.0 1.0 1.0 1.0 1.0
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JIH5E Choline 1.0 1.0 1.0 1.0 1.0 1.0

A KRR Vitamin 1.0 1.0 1.0 1.0 1.0 1.0
premix®)

Yy AL Mineral 1.0 1.0 1.0 1.0 1.0 1.0
premix?)

£t Total 1000 100.0 100.0 100.0 100.0 100.0

B 777K Nutrient levels

/K4 Moisture 9.09 892 913 899 891 866
HHEE AP CP 4146 4141 4155 4154 4164  41.69
HHRE W7 EE 7.75 7.69 7.59 797 818 810
HLAK Sy Ash 12.86 1297 1280 1268 13.09 13.44

1) it R TR R AT e iR At Vitamin premix provided the following per kg of diets:VA 32 mg,

VB120.1 mg, VD5 mg, VE 120 mg, VK 10 mg,#ifi%Z thiamine 25 mg, %3 % riboflavin 45 mg, ¥ E& L5
I pyridoxine hydrochloride 20 mg,JLE% inositol 800 mg,7z F® pantothenic acid 60 mg,J{#& nicotinic acid 200 mg,
% folic acid 20 mg,ZE# % biotin 1.20 mg, /¥ wheat middling 18.67 mg. # 3 [A] The same as Table 3.

2) ¥ R TR N EE T se R At Mineral premix provided the following per kg of diets: #4145 zeolite

meal 3 165 mg, MgSO4H20 1 500.0 mg, CuSOs5H20 10.0 mg, FeSO4H20 80.0 mg, ZnSO4 H20 50.0 mg,
K10380.0 mg, CoCl250.0 mg, Na2SeOs 20.0 mg, MnSO4H20 45.0 mg. 3 3 [F] The same as Table 3.

T IE B INEL B E6 3 49 d. BN 630 B AW RE N (1.0020.10) g HIfd
FEILOESINE, BENL A 6 20, fF4H 3NEE, MANES 358, DNEE NP IRFEER &
v 150 L K AR T . FRAEIARIKAIEE N 21~28 C, #HEHN 30%0~33%0, pH N 7.0~
7.6, WWAEIRIEAE 6.5 mo/L Ao IRIRENENIY 1A, 1SR E ) 3% ~5%1%
WEAH BRI RC S TR, R R 2 k. ERVERTARE RS, RIS 1 h AR UE
PRAR, HEPRRE, BRICFEE. BEHK 2K, 24 h EBERA, W RKINFCIR S #5
tH, LA m K .

1.3.2 0% 2. A R S O A

MRAEIRIE 1 13 H AT BN N ELAFI A 39%6M 25 SR A, R I 303 v (a4 v el
NVERIEHE R IRAL (A 4D, SREFaH B R MR AEIE (B 4 MEANN
g (C 4D X A AR i BT SR B, BIES 300 BRIt
Ikl TARHE R E FRKE IR 3.

2 3 W 2 AR R R B KT CT R
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Table 3 Composition and nutrient levels of diets used in experiment two (DM basis) %

mH
Items
58 Ingredients

A Kelp meal

-] SREHHE Tl A e
GT

& I BB AR A
PT

N

=1 f# High gluten flour

) Fish meal

A1 Soybean meal

4.3 Fish oil

R Shrimp bran

A5 Phospholipid

JHB% Choline

e R TR Vitamin premix
W TR Mineral premix
41t Total

E777K°F Nutrient levels
/K43 Moisture

FEH CP

FHNENT EE

HIK S Ash

2051 Groups

A B o
3.0
3.0
3.0
220 22.0 22.0
35.0 35.0 35.0
22.0 22.0 22.0
5.0 5.0 5.0
9.0 9.0 9.0
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
100.0 100.0  100.0
8.62 8.76 8.73
41.77 4181  41.70
8.23 8.09 8.59
12.88 12.74 1284

Pt bt v N FH SRR 3 56 . BHX 315 RPN RE Y (1.0020.10) g [fi#

JEAIUE, BENLP R34, A 3NEE, FAER 35 R, HA IR &M F W 1.

1.4 FfibRE SRR 2
1.4.1 FERCRES A
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I T AR A0 45 SR & 2P R T ORI FR . RIS R, (3 24 h, A EER
PlikdE 5 CREAHIL 15 BUF) , FIE @ AR oKk o, A IR N BB B — it T
PRIVE S S F AN O XCR AR IR . SRAEGFHY MR 23S 4 *C . 5000 r/min 2.0 15 min J&
W EBERGHMEOE T, T-80 CHA, HTHERER I B m M NE . SEKE E
BFIBOSERE)E B JE SLBRNE O, -80 "CAJ, T THALERE TR E -

1.4.2 FEARIGE R A S

TR} hob 2 A R I E SR LR E &% (VELP,UDK-142 Autom Atic Distillation
Unit, &RAD 5 FHARDT & BRI E R 2 IRh#Ri% (SOXTEC2050 FOSS il E 1, i
B MK S BRI E K R VAR O S g bl (8504200 CHIBE 9 h]: /K73 &
I 5E A ) B Rk e A R X RAR b (105420 CHEIR )4 3 h.

SHIRA G % (survival rate,SR) . 4 E 3 (weight gain rate, WGR) . FREd K&
(specific growth rate, SGR) . 1k} Z% (feed conversion ratio,FCR) . HiZF&Z (daily
feeding rate,DFR) (5 AR
BTG (%) =100>Z% A XU AU/ 4 5 iR 4L
WHEAR (%) =100x (LRFHRE —YIE AR YIIHF 4k E
FrEEKE (%/d) =100 (In LA & — In VIME AR S 1F75H KA
TR AR (%) =100 MR/ (KB E-VIHEE)

HIEER (%) =100>% M8 S&/[FRE AL < (ERDEHYIGEEE) /2],

MHREEEYENE: BEAM (pepsinPP) . BE4EXRM (cellulase,CL) . FRYEREERNE
(acid phosphatase, ACP) . HEMYE AL (superoxide dismutase,SOD) ¥ K FF i £k
JoE 2 R AR FH P i A A ) AR AT P B A SRR & e, TR DL RIS RN By AL e
(polyphenol oxidase,PO ) i 14 2K F - ¥ iy B¢ A8 W B 45 B 2 =) 19 g 1K 9% W Bt 4ok B
(ELISA) &l .

15 Hdageit i

BB T HE H] Excel 2007 B2, DLF#(EHRMEZR (mean3SD) Fr, R SPSS
17.0 S MriR e HEAT BRI 2507 24041 (one-way ANOVA) , 5% Duncan K2 H 84 18] 22
FiENE, LLP<0.05 AZEFEE.

2 45 R
2.1 ATV N B A5 B FLIEE AR R, FLAAER o MR AR R ) R

HI% 4 AT, R r VA AN N ZE 0T AR P 38 = e R e AR KR B v T A, b D4
DS £ 5% IR A 1122 ik B3 KF (P<0.05) o (kRSO H B & R0, D5 Ak, B3
T REZL L D2 D341 (P<<0.05) .

A WAV 0 EC AT FLANEE T I AR A R R 2 T

Table 4 Effects of kelp meal adding proportion on growth performance of Litopenaeus vannamei



TiH 21 % Groups

Items D1 D2 D3 D4 D5 D6
4 E 2 WGR/% 822.7427.07 843.5416.9% 896.3467.1%® 982.3449.8° 972.2458.0° 878.3437.0%
g A K%

3.9140.078 4,000.05% 4.1040.15% 4,25340.11° 4.2240.13° 4,0740.09%

SGR/ (%/d)

1.4240.01°¢ 1.4240.05°¢ 1.3620.02b¢ 1.2240.03% 1.1840.05°2 1.2740.012bc
FCR/%
HIEZ SRI% 79.0444.36¢ 70.4845.952 75.2444 .36 84.76+.65°¢ 83.8542.85b¢ 79.05+43.290¢
H & & %
4.9440.02°¢ 4.9740.05°¢ 4.8240.03f° 4.3140.02% 4.1240.012 4.3540.03%
DFR/%
139 FATHAR B Ar TZ RS FAFRERERARE (P>005 , AANMNEZERRREREE (P<
140 005 . F#£M.
141 In the same row, values with no letter or the same letter superscripts mean no significant difference (P>

142 0.05) , while with different small letter superscripts mean significant difference (P<<0.05) . The same as below.
143 R ST, B AR SR MR B KRR R m T AN C 4l (P<0.05) . B.
144 C AP RL R EM B A3 BE T A4 (P<0.05) . CALMREmE, HE A
145 BHERRFE (P<005 , A\ BAMIERLREER (P>005) .

146 5 WA GRS LGN A KA RE 1 5 )

147 Table 5 Effects of kelp meal enzymatic hydrolysates on growth performance of Litopenaeus vannamei
i H 2H %] Groups
Items A B C
4 # 2 WGR/% 994.3455.8 1234.3+42.1 917.8447.52
FEE A K% SGR/ (%/d) 4.2740.182 4.6240.11° 4.1340.142
Tkl 24 FCR/% 1.3540.07° 1.1440.03? 1.2540.02P
FRE 2 SRI% 804,952 80.001.652 91.4344,95P
H# &% DFR/% 4,7540.23° 4,090,142 4.3240.062

148 2.2 Mg IS INLL B K FLmE AR T Hnt FLAAVERT R B T A Bl v A 0 5

149 HIZE 6 Al &N, FLANIEEXT IR (1 B rp £ 4 2 i i M it o VA s Vs o Ee i e s g ke, L
150 D5. D6 A B4R R Em T HAMEA (P<0.05) o XJUFE B &EEA MG LA
151 gy Eusin b s in 2305 IS NRERAR M, DL D5 Atk s, D6 iR EmAR, H
152 X2 A ZERIEREEKF (P<0.05) .

153 6 WA LLAIRE PLANEET T 15 rh i A S 1 ) R
154 Table 6 Effects of kelp meal adding proportion on digestive enzyme activities in stomach of Litopenaeus
155 vannamei
156 U/mg prot
i H 44 %] Groups

Items D1 D2 D3 D4 D5 D6
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L 4E K CL 64.9543.57° 57.91+1.512 65.0441.720 65.2842.14b 74.4230.79° 80.42+41.544
B & Al PP 5.7940.85% 6.1840.82% 6.1440.71% 6.2540.62% 6.8740.99b 4.4240.48°
157 2 7 7751, B A1 C XN B rh 4P 4E s B E ML A H W5 FR(C (P<<0.05) , H B
158 HBEAHERMEHECEEMT C 4 (P<005) . XUFET B EAMEELL B ARk, &
159 FH{EKT A, C4l (P<0.05) .
160 2T WGAENHE DR FLANERT IR B b A 1 ) R
161 Table 7 Effects of kelp meal enzymatic hydrolysates on digestive enzyme activities in stomach of Litopenaeus
162 vannamei
163 U/mg prot
TiH o
Items A B C
HYE RN CL 90.3444.87¢ 41.7044.85 71.0345.48°
GEA=1 5.3940.370 4.1740.342 5.4040.13"
164 2.3 HEAT AN ECAT] B FCIE R 10t LA 0 I LT rh AR S St T2 Bl A28 P 52
165 8 nl%1, XTHRMIEH ACP i& It &4 A 25 AR (P>0.05) . XfUFMiE+ SOD
166 VEVEREEE A LB R i 258 BT E R RERES, DL D5 At s, iy 276.86 U/mL,
167 RE& T HAMAH (P<0.05) . XfUFMiEH PO iEMELL D5 4l s, D6 4HA{k, D3. D4.
168 D5 4lEEmTHALLL (P<0.05) , D6 4EFXTHAXL (P<0.05) .
169 8 WA NN LTI RE PLANET R 1135 Fh SRR S 1 S B e 1 ) s e
170 Table 8 Effects of kelp meal adding proportion on serum non-specific immune enzyme activities of
171 Litopenaeus vannamei
i 2H 3 Groups
Items D1 D2 D3 D4 D5 D6
TR Tl TR I
1.0440.21 0.9440.16 1.0540.23 1.1840.25 1.1740.20 1.1740.29
ACP/(U/mL)
iE=RER Yl
77.9243.93b 84.85+16.96° 120.69+11.74°¢ 117.9248.46° 146.00+10.13¢ 26.16140.152
PO/(UIL)
A B
1k fif 204.4148.17¢2 210.9849.317 211.25+19.972 242.07411.78° 276.86+17.05°¢ 239.3045.42°
SOD/(U/mL)
172 H1%% 9 Al B. C 4LlififH ACP F1 PO R B % ST A4 (P<0.05) , H B. C
173 #HzlEkRFEZR (P>0.05) ; C Al SOD iGMtR#EmT Al B4 (P<005 , H
174 A, BHZEEREZER (P>0.05) .
175 9 WA VE TR = Rt LA 1035 P AR S 1 S B Tt 1 1) R T
176 Table 9 Effects of kelp meal enzymatic hydrolysates on serum non-specific immune enzyme activities
177 of Litopenaeus vannamei
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178

179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

WiH 2H73 Groups
Items A B C
T PERERE R ACP/(U/mL) 1.0840.152 2.039.20P 2.0040.17P
oy SE AL Y PO/ (UIL) 58.654.65° 72.7340.50P 75.1949.16°
ABEAL Y B AL B

266.9840.782 253.20+18.202 299.95+13.05P
SOD/(U/mL)
3w

3.1 HFHFEAS I EL I FLATERTR ARG . T A AN AR A G 5 T R

ARG S5 RR W, DR A I RE 06 (L LA iR ARG, A dsin 2% ~3%
(v RE 6 I 22 e 2 PR ARG, X S S A SR 2 B 45 R — 8, SR AT RE 2
B S EAR . T L RS R YEA SRS E IR, RN S KR 20 LR
A BE PER 1), R BAF SE DA ST RFEA Y AR NN SRR R AN 3% )5
oy, RPHNHE AR L URCR R T AL, HAR R R

K= ST A B T S RS R AL RE TT A5 55 . 284 SR TSI T T ARDRE R AR AN [R] LE
BRI & X R S AR BEE YRR, S5 00R Y], BEE W B IR INLL B8 n, P 2 45
s TR 2 B LT A TRERGE S . AR, BEE A A0 EL B R3S, FLAIE xR
BB E A EEETE LT e BT RIS L B A R B N ST, R
DIRTREAE : B I A0 L) A0, el rh 21 4 2 B A L R, i 17 X
LPUERIGRI W LPUER S B NP S WIAE X R i TE vh i HE 2 s S, R bl 2 ity V7R
I i, S T R AR RS . BRAh, ANRIR A RIS R, I 2%~ 5%
AR H B R BT HeAh 4L, T e Rt v i I b3 i 1 AR 3
AR RS B, ISENT 1 8 B FBE il o

WETCRW, RS i BEIE 42 iRy H A NURTRI S 080 % i ) SOD 25 ERy 1 S ¢
B35 1. SOD MUK R A B t2E M) B EHTA M N < — 19, Regoli %200t 78 & LA
PR B R B RE ) B R T AT AL RE ). PO REJR SR AR A 8, A i Ji
RSN A BEAT LT BB S P, PO & PR A 5 59 2 5 FH e sh WAL S B BE 7 5 55 ) FE 22
SRR, ARRIR A RN, TARLrh AN I& B B R T R B2 e LA X I I 3
SOD. PO (i1, XAl HERININ e M E 2 THACRE IR 1 o i 2 B 22, i 30 22 L AT 1Y
5 e I, S v U BEVE AT SAAL BE AT I S RER2S), ORI SO T £H (A X6 A AL 3
SOD. PO MIETERE TR, ARG PONREE i aE I LL Bl i Th e, Bl A A 0 2 S8
WRPETF e, T i A PR (VU S B 400 G B it AT F0 A 1 (281, ACP 2 T i PRI 1 e 25
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209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

T8 X IR G328 S N P A B B R AR ) A ST 28, ARG A, AR R S A T S T A I i
H ACP W& /) A Fhim, (RTERCRA R, W] RERMAT R T A6 0 il = A2 R o 7 B AIRAN R
I 52 2 ACP 5 1.

3.2 WA VERGAR =YX LANEERTIR ARG VAL AN SRR S 1 e s 1 s )

Pt ) 750 £ A VDRI RHIRS T DL K 23 18 FR P B e Ak Dy 73 1 o & /s HLEE 5 i) 9
Yl ARSI p-H RAERG R — M dE RN, W] DU A TP AT YRR R AR N T
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Effects of Kelp Meal Adding Proportion and Its Enzymatic Hydrolysates on Growth, Digestion
and Non-Specific Immunity of Litopenaeus vannamei
PENG Suxiao'? CHANG Zhigiang?> MA Li'? LI Jian®*

(1. College of Fishers and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2.
Key Laboratory for Sustainable Utilization of Marine Fisheries Resource, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)
Abstract: This study focused on evaluating the effects of kelp meal adding proportion and
enzymatic hydrolysates on growth, digestion and non-specific immunity of Litopenaeus vannamei.
There were two experiments in this study: the optimal adding proportion experiment of kelp meal
and the effect experiment of kelp meal enzymatic hydrolysates. The optimal adding proportion
experiment of kelp meal (experiment one): according to a single factor experimental design, six
diets were formulated to contain 0, 0.5%, 1.0%, 2.0%, 3.0%, 5.0% kelp meal (named as groups D1
to D6, respectively), respectively, fed the shrimps [initial body weight was (1.0040.10) g] for 49-
day, and then the growth performance indices, activities of digestive enzymes in stomach and non-
specific immune enzymes in serum of Litopenaeus vannamei were measured. There were 3
replicates per group with 35 shrimps per replicate. The effect experiment of kelp meal enzymatic
hydrolysates (experiment two): a diet with 3% kelp meal was kelp meal control group (group A)
that based on the experiment one had the optimal adding proportion, and then 3% kelp meal after
B-glucanase (group B) and protease treatment (group C) were used to replace an equal amount of
kelp meal, respectively. The Litopenaeus vannamei with the initial body weight of (1.0040.10) g
were fed those diets for 56-day, the growth performance indices, activities of digestive enzymes in
stomach and non-specific immune enzymes in serum of Litopenaeus vannamei were measured.
There were 3 replicates per group with 35 shrimps per replicate. The results of experiment one
showed as follows: the weight gain rate (WGR) and specific growth rate (SGR) in groups D4 and
D5 were significantly higher than those in control group (P <<0.05). In addition, the feed

conversion ratio (FCR) in D5 group was significantly lower than that in control group (P<<0.05).
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With the kelp meal adding proportion increasing, the activities of pepsin (PP) in stomach, and
superoxide dismutase (SOD) and phenoloxidase (PO) in serum was firstly increased and then
decreased. The activities of those three kinds of enzymes reached the maximum in D5 group, and
the activities of serum PO and SOD in D5 group were significantly higher than those in control
group (P<<0.05). The results of experiment two showed as follows: compared with kelp meal
treated without enzyme, kelp meal treated by B-glucanase had significant influence on improving
WGR, SGR and reducing FCR (P<<0.05), and kelp meal treated by protease can significantly
increase survival rate (SR) (P <C0.05). The cellulase activity in stomach of groups B and C
significantly decreased compared with group A (P<<0.05). The activities of acid phosphatase
(ACP) and PO in serum of groups B and C and the serum SOD activity of group C were
significantly higher than those of group A (P<<0.05). It is suggested that the optimal adding
proportion of kelp meal in the diet of Litopenaeus vannamei is 3%. Kelp meal treated by f-
glucanase can improve the growth performance and non-specific immunity of Litopenaeus
vannamei, and treated by protease can improve non-specific immunity, but has no enhancement
on growth of Litopenaeus vannamei.

Key words: kelp meal; enzymatic hydrolysates; Litopenaeus vannamei; growth performance;

digestive enzymes; non-specific immune enzymes
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