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B E120 AP A Penaeus chinensis )3 A AR X GRS 4 E(WSSY A& B ) e WSSV £
BIFABRE R L WSSV ITh, RS2 XFurRAREEFEATE AT R E(WSSV)EE, A %
LR R EE AN A C EARGREE A Ua) B EE A (U ) B BB (PO)E M B it S
B(PODYARRTE b, A AN B A S M 3 5.5 ) B L L A 85 86 (ALP) ANnt o6 4k, A R B A S i
(HAT), #itsfil k&R BAATHIT 44T, £ R AR, WSSV &4 B 2HiF sk & PO 3B A ALP A8t
FERETLARERLA; RRANAE LA R TERAEE, ARFRITHE 2B I4-F K T Lieire; ¥
B BIFA IR PO BB R, WSSV 5 HPV S AT $E behda i, A A R b 2 4 gir ik
BRI Ual U MAMRRBEE ARMLEENF Vsl UL S 484, X B F PO 5 ALP &4
MANEE FRAANTHNTLHEOEFBASEETERIARELR,

R P EMNK RS ERE; T el SRR T
HEHHES.3945.46 N WRIEME A

ARGAERB(WSSV)EF T B E YR
HAPERR & T R M4 SR FEFRIFE (HHN-
BYV), 1993 R EPRTM™EHLE BE W IFH
A AR, TR B RIITH B B ), MR AR
HRER G AP IEMBEEEZ —. AX &
WSSV ZEATUF i 4 1 BUR AL 38 UL BOR [F) WSSV &
PR ET P EIEF( Pencens chinesis) ¥ E _F B
R RERITRTE L, AR SE R A g
SRR ERREPEAIFAEERT, REH %6
FLEFIRAR Ik | AR R 2T 4 JL R 5 3 0 ot 5 2 T B R )
PR ATA R RFBRE T PEMITOFE LER P&
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EEMA.BRX(1%9 - ), B B #EHABRRBEESRE
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TR RIS, JF A RITL H &N AR R E
R T RBEEAR 0 WA EAT 2007, LA o 3o R 3758
AP P H B WSSV R R kIR,

1 MBEsE

1.1 H8

1.1.1 HREE SBRHEXIFES5%EBEMNT
W AT TR TR & H05 88, KK 5~8
em, FH 45 BATH R AR AR R X WSSV i
W(GS-ND), 29 BFHREERKRERRE
WSSV I (GS-PD), 32 BREABE S wssv B
R¥M(YT-D), 22 BERARE G KRB LR WSSV
R (YT - ND), J5 2 MAHEESY 500 m, B 1 AEH,
1.1.2 FEERE M 2REHPEME BT
FEBRE N, B 1 ml B9 — Yk i 5T 88 MK IR B O
BB R SRR Y S AR M S, AR CE
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1.5 ml BEELED, BTG R, Bk
FEREFES - 70C HERKBPRE. FHE
SUFK R MO H TR, RILBRE2EET
SEMP - Tris! o T BB B4 B A5 24 32, R 05 AT
VR TNk BRI IF, TR B TR A — R
T Davidson’s AFA Bl R B PR E (24 h FH]E
70% RO, AFREH A,

1.1.3 E¥ HETEBRNOKBTHE (E. i)
BT SBEREE GERAT A EE, F
fket P LB B R (& 50 pg/ml A FEHEE)T
ITCEERIE S FRMRE G PR EN L
EER AN LB EEET 37C BEREEH,
TRFTF 0.1 mol/L pHS. 4 AUBERS L8 mhig Tk
BETHBER I BT AAGENRERT, HAHE
BRI 0.3~0.5 ODsyg, BEMERE0. 1~0.3
ODsz), EF 4C IKEEFH &,

1.2 Kt

1.2.1 SEBEEFEHEARLTITEZRLRER 28
WK IS A% & E O R R R WA R
FEBRES A ATRBRANE(IR) "DEENE
e 38, FIMLES 5700 DNA SRR eIk &,
TEATHT, RIBERZEE LSS BN TR
592K P SEERE A wssv BRIE B, WA LK
BRENTRAESORFREMTBE RN wssy
PR AR B

1.2.2 fHEHHE % Davidson's AFA BEEMEER
il R S pm B A S0, 3 Bell S okt
TTH-E $6, PHm ks L, EBEME wssv 5
ARSEEG AR SR AR AR B, MUTHT 4 25 I S e e A
AR, AT, FE OB 740 T2 AT A B B R, &
RIS (HP V) AL TR, SFREHA ST B
FERHPV B E, TR EANE HPV 3.
1.2.3 TAESCIEAAFAY wosy i RIEE
AREBENBITEI v+ + +7.9+ + +7,
RN ST AR LB R R
B wssv LEXURR AT REKwESN, L&
0 R A 40 A B R BOE 7 R — A A 5 40 M BRY 1/2
H R+ 4+ 1/4~1728 R+ + + 7, M1/
4 BB HE A+ + ", WA E N ERAH
B KE R+, B R EBETE N
C T BRI IFR R R MR REN

1EEE, K —FFREBREH R SEMP - Tris[]].1998.

LB, 68 T+ " B RTEBER;4-6 1T+
ERPERE 2~ M+ EARERE 12 )
“+ERBREBR0 DT ERBA RS,
1.2.4 HEERA(UV)MBEAFN(U ) HRE
£ G Hultmark %3‘5‘%[2], 7E 96 FLEBAR AR
BA KR 3 45 i bk B H3E (10 wl/£L), BE ey
#1090 ¢l pH 6.4.0.1 mol/L BRERHF R vh¥, iEH
490 nm HRIEE A, BEMA 100 1 BEERHE M
W, R 490 n MW REHE A, HHBERREE
K,.K =2Z(A,/A )/ n, EH 96 FLARS 25 ¥
EEEER U,, MEFIWmEE LSRN UL, o
1 A 8 i I O VRORE A BB AT AR AT T MO FR )
FRLAFLOL0 pl/£L), B R FES AL AN 90 ol pH 6.
4.0. Imol/L B B P HE, B 490 nm LM B
1 A B 96 FLAR, M RIF) AL A4+ 313 0 100
pl KEGFF B B A 100 o BHREMBRE B, ER
490 nm AL MESETE Ag;37CHEE 30 min /5, R
490 nm ZMIEIE A . HTFAALITE.
U,=[[(Ag~Ax x K} - (A -Agx K)]/{A-
Agx KV UL = [(Ag - Ax * K) — (A -
AxX K)J/(A-Agx K)o, MR AKA, U, UL
Mo FEAE R,
1.2.5 MEERPO)EN (A HIRE ML-
ZENRY, R AYGHN Ashida ZH B 96 7L
AR P AT, 1810 ol SRR EEBI0A 96 TLAG
BRA R, SRS W& FL AN A 200 pl 0.1 mol/L pH
6. 0BSRREE M, BSE BREGILPIA 10 ol By
L-ZE( LS aREYRE LR, #E 970901) 8
(0.01 mol/L), TEEFHR{X (550, Bio — Rad) F ¥R % 4
W, HR 4 min iZH 490 nm AR EME. BELLY
BWESHHT, ODyo® min ¥I00.001 H—1-B5H
i,
1.2.6 WEREE(ALP)EAXEN(A L) HHE
X B P R BR R B B e ], WK
FIERRA R B(NCM), BT, RELL wl mME L
HRAZENCM L, TR, AL, EEmE
0.1 ml/em® MALAEBIRESY, BTERSSLF
ERIWE, —HRERER, ENCM EERES
200 1 0.5 mol/I. EDTA (pHS. 0)#l 50 ml PBS 4
T, 5 min FRBEF, HABNIESAELE
FTitE L, A Molecular Analyst (V1.5,
Bio-Rad) M EH — SN B AWK, HFEMT
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B& ZKE(MC)RALR OD=log(255/MC) KB
FRE A OD; ODygee = OD — QD pyzem s B — R R AN
B Anp= ODge < EATEE(AL.

1.2.7 TWILEE(POD) EXTTE J1( A pop ) FIIUFE
A R R D) 7 96 FLESARAR +H hn
AMBFE EFER0 pl/FL), REINA 180 ul B4
FErh@ (7.3 g —RITFHEE, 11. 86 g Ny HPO, -
2H,0, WEAKEEZE 1 000ml), B TEHM P, EHR
490 nm AL OD fH(AL) . [EESBTTEFL SN 20 ol
BARK4 mg WENE, 4 2130% H0,, 10 ml B
BB EMROPESR, BB A 15 min,
B 490 nm 4b#% OD {H(A,). MM E LF# S POD
FXENL App=Al- As TR,

1.2.8 MHEEFEBREIR(Char) HBE B
H Alsevers’ R H A RLE, #AXTHEE LT
tH,2 000 r/min B> 10 min, F L HH, 1A 1 ml
0.85 % LAEEK, M &0, F BB, DAL
ml TBS, 2 000 r/min B> 10 min, BE 1 3, A8
BEBMABERE 1% MR, ICREFER. &
BIE 96 FLEEPRACAIA 25 o MM E -, A TBS
AR, RIS PIMA 25 ul 1% W4
B BRI o6 FLEBAIAR TR LB R IRR 15
min, 37C FHE 2 b, THERMWETRE., 0K
BT S B BT o 2 (G O MR AR L,
1.2.9 3 wssv B ERERTE T 94
SR ESEH T, EAT RN wssv B Y
B HE X R AL TR A FI AR S, EL B R R] 4F ok A [
WSSV B G iR E R,

2 ERSHHH

2.1 HRTEERR
EARBFNEREH A LLHERY 129 B
W E TR ATIR R FO S 28 0 4, ARIB TR 3T
SR TR SO AR 4k, IR WSSV BRI
MR R R P E LA
o, adFpb (R 1.1, 1) S EER WSSV BYGRIE A
HPV BEF B LA 1(HR). FHINERBRR
WSSV EFHi(GS — ND) H 91, 1% B9 HF &b F 3% 4R %
B,6. 1% PEBRE, 2. 2% mEER; 35% HH
HPV, %% WSSV IF#i(GS - PD) ¥ 96. 5% W4tk
THRER, 3. 5% HE AR, 3. 9% W HPV, B
& &R WSSV IFRL(YT - D) 1, 15. 6% R R
B 3. 1% BRI, 34. 4% PEBR, 46. 5% EHK

Bui66. 7% BEW HPV, RFEE WSSV IFibB (YT -
ND) ¥ 100 % A& T ¥Ry 90. 9% #ilF HPV,
2.2 WSSV 5 HPV bR E S

THEFEER 4 B WSSV B R A B &
HPV % T ¥4 WSSV EIRBI T H 7 0, BER
YUURREDD 1, o B AR Oy 2, R E R ARRE R 3;
#iE HPV IFEECR 1, B8 HPV IFEE R 0, Xt
WSSV Ml HPV BT HX 2. YT-D ®
WSSV 5 HPV BRI X AN 0.023 7;GS - ND
Y WSSV 5 HPV R AH G R 0,140 8;GS -
PD ¥ WSSV 5 HPV BB HI LR N -0.04, W4
AUFHARRE AT B4 W, wesv BvS HPV B
SR EON 0,178 4, W, WSSV B 5
HPV B A AP & L EMM LM, 2 - H
AHEETHRAZ R IR,
2.3 AEFBERRIEFEALR

4 SFHLEIR Ua, UL Apo R CrarERBF. Ua
KANF H: (GS— ND.GS—PD) > (YT - ND. YT
—-D); UL PEMEKADF R (GS - ND.GS - PD)
> (YT -D.YT - NI Apo 18 1 F 38 XA
H:(GS-PD.GS - ND.YT - ND)} > (YT - D)3
Crar FHHEFNBFE R, (YT - ND. YT - D.GS~
PD}> (GS— ND) (B 2, B ) SF M E Apop
YT-D<YT-ND, HEEER A EE; FHHKE
Aap YT-DLYT-ND, HEEREFE (H 2, RH
),
2.4 HPV BUiRH5{E Hpy BRTHE RRE
R

YT -D# HPV HHEEN Ao FE{EATIE
HPV #i5E, "2 ERBX;IPV W& 5 HPV
P EN Ua, UL Ay App ™ Cupr ERFRFE
(B3, RHT) . GS-ND B HPV ¥ E S53EHPV
EHEEARETNERYARE(E 4, RHR),
2.5 AFE wssv BIRERIMVEREEBIRLLE

X YT—D AR wssv e RAETIFMME S
GERIFHRA POD £ 7 8F, L FWEXDNF
o BERERG AT R > o B R A > PR AR AT AR,
i Ua UL Apo-AppHl CrarZERAEE(E 5,
WHT).
2.6 FIERmME_EWES RS R FREXNE

GS—NDUF Ua § U, BIHXEFREH0.815(F
1),GS-PDUF Ua 5 U XRBCH0.758(F 2),
Fa=0.01 KFLEFM Ua 5 U, HEHEEE,

PDF SCH{#i ] "pdfFactory Pro" X Hfix A% www. fineprint.com.cn


http://www.fineprint.com.cn

4 B O R A B A AE AR TR (WSS V) R AR 06 S B T MR Y 49

HYT-DEYT-NDM Ua 5 U, ERHEX(E

3)e YT -D# ApoT AspMIXREPH 0.349, —F

Ea=0.05 KFLELEMXHERE(EI), Appi
F1 G5-NDHEESEEREXRER

Table 1 Correlation of immune factors in Pond GS - ND

AALpaAp{_)D*u AHATJ%‘ Ua ﬁ U[_ ﬁﬁ*ﬁﬂé‘fﬁtxﬂ.%,

ARUFAAXFZTAF(E1~3),
#2 G5-PDIAHEREIEFEXEN

Table 2 Correlation of immune factors in Pond GS - PD

L1 =(29) 1

Ual45) t U (29 0.758" " 1
UL({4S)) 0.815°" 1 Am(29) —0.265 -0.1699 1
Apolds 0.0989 0.018 1
Crar(44) 0137 0 143 _0.292 . Cmq-(Z?j 0.0842 0. (1088 - 0.G387 1
b ib-Zit 3 B Lia(29} Ul(29)  Apol29)  Auar(29)
I N Ua(45/44) ULl45/44) Apol45/44) Auar{45/44) Immune index = © L Fo HaT
mmune index
» » —fHEHHR B ¥ Extremely significant correlation; * « —HRXHERDFE Exiremely significan: correlanon;
O—#% Count. {3 Count.
®3 YI-DIEEREEFEEXRS
Table 3  Correlation of immune factors in Pond YT - D
U a(32) 1
UL(32) —-0.154 1
Am{32) -0.06 -0.135 1
Awp(32) -0.216 -0.142 0.349" 1
Apcp(31) -0.032 0.015 0.285 -0.027 1
Cuar(32) —0.065 0.246 -0.054 - 0.168 -0 18 1
AR L7a{32/31) L (32/31) App{32/31) A p(32/31) Apop(32/31) Capar(32/31)

Traenune index

= —HXHER X Sigmficant correlation; { 37— Count.

2.7 AENERIZS R Mk 2 L A ek B F A
2 4

2.7.1 WMEFBHLEE MEe(RMI)TRES,
GS-ND.GS-PD.YT- D i YT — ND #8941 ¥F,
ARSI E Ua 227088 F, JA R
SIFMMEN Ua REBEER,

2.7.2 EMEiCEREMRE AE 7(RMI) TR
BN, G5~ ND.GS-PD. YT ~D M YT - ND #3%f
o, REHER MM E L Apo ZRWF BF, BB R
FESIRTEF MR A Ao BB R EER,

2.7.3 WYEBEEEMEELEE MEs(H
T)MUE MR, YT-D M YT - ND B #hiF, KRR
HAMHEN A, ZFWABE, HHAEER
MUF A A o HEXHEHRTEXER,

2.7.4 EE4BmEHEEE MAE(RHE)
ALAE WL, YT-D 1 YT - ND Bt iF, HA R 8
MK A 2= IR B3, 46 B R [6)44 5 X o i
WEM A A BEER.

2.7.5 BEXMHIEE AE 10(RBIH)ALE
i, GS- ND.GS-PD. YT - D f YT~ ND HAHkF,
HARES DHEH CunrZRHRDE, HHEARR

WA M EN Cur R HIFER,
3 g

(HBEEBE(poPO)BEREEFZHY
B BB AR 5, 2 — S5 R 3 # AR BLaY
HIERGEE, HWHp- HREC ESHE Rk
BRI AFRARERA LY T, FLEAR
EEBAERT#E5EEMN B Y (PO), PO
HEEARECE, BRaR R b m>=Harg—
AR SEI L) FHk, PO MEMBRBAE -2
TP LR i A R 5L T 03RS .

4 MFHRMERE A oo EIER/DMAFE R GS - PD>
GS-ND>YT-ND>YT-D, EflZHEREE
(B2, W), BAR wssv BRI &M IrH, 1
AppERADE, IRFBRERETH Ap FHMA
HARE wssv B xR (E 5, RER), RHH
3 WSV BRAHE Ap EHEMRR, X EFE& A,
BT WSSV & Apg T — EME WM ER B H
fEEMET. FEARGHZE ApERBER
2, WU ) M R T R 5 R R IR it wssv RV
TECHE 1, REFO#A X,
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(OEPSFERER R BETR P EER
P EIRK, 75 BERE IE TR R O v ROk 4 i 0 R
MEEREURLGYEALE. EEEEH
Sung HFU M B FE IS ERRNABNE
WO ANE, TEEIUKBTEMEEEN
HIEY, #% Hultmark %[2] B ik T 0 & T Y
BHUOQMBEE (U, UEHREFHEE
BAIFREGH#HTIE, IHTBMNSERYRER
G Uk UL, BRI R A 8 46 A
o AFKIH Holtmark ST TR0, AR
BB R Ua W UL

ME 3 4(RRBO LB, HPV Rk 5 Ua
U BEEFERXK,

YI-NDS5YT-DH Ua U BAEBEE
7, BAE wssv BHRAET Ua M UL MERST
BEES, LB, X9 wssv BiRk5 Ua fl
U, ZRIEH B EE,

EGS-NDRGS-PDH, Ua 5 U, ZAFH
FEHRE(EL),HEYT-DB Ua S UL B
FRERNRMER(E?), HFEETHEERA
WSSV ARET HIFMME A Ua F1 U 2 (B H BB
FRIFF BN aA dR AL, H HER Ua f1 UL kP
HEBEE,

(3)ALP &—F BRI, EEES 58N
¥, 35 DNA.RNA, B A B RS R REE X,
TR E R L BEARS IUR, P A
BEREEENER, BFREAEISIRA Folin - B
ANENE ALP 5, ARV ZARRANES
2% B W 5 o B W MR WSSV IS ALP A X iE
WA Ak, 4n 305 B ok FIANBR AT 4R BT 0 B Bt i
ALP fHATEHECA up)o

YT-NDW A, p FHERST YT-D, Z%=
REEE 2 LA, BARRFR WSSV YR M uF
B, H A, EZRADE BARBRRETE Ase
PEHEFHAE WSSV BB X W (& 5, BT,
PN WSSV R EA TR AR, X IFHE
W, BT WSSV Xt A B — K& W SN RFE ] B
AEMEFEN Aueo

YT-D M Ay p B EHFHEMET YT -
ND, —HEREE(E 2, KHR), R wssv £iF
ATER M BE S A A e K, SRR P B B 10 8 & A bl
5, TCATAB S B 5% R IE 43 308 7E B S5 P ot 3
AREEFEPREEX, KERSRESTIHER

HER, RRRE /T — A,

AapS Ap WL BEAENL, B YT - D #7809
Appfl Apo BT TBHER/ANT YT - NDIF (B 2, B
M), B Ane'S ApofE o =0.05 P B BEHE,
W EZ A F X, #—FEtiidl ALP A
RER A IR R EHF2Z—, HM PO fl ALP B
AMBERE, —AUPREEFNXE HERS
ik — AR,

(1) AEAM EFAETERARERN, £F
BRBEHEWO, ), BiEEParrREIF s +4E
BERfER, Bkt 8 LN A /N T LA 3R S i v R
FEERE, NE2(RRTEHWER, YT - ND
HYT-D Apn FHEMZERARE HAR
WSSV BHVREZA Apo B EEER, HFHAK
ANBUF G AR IE R AL > P R RR AR > R
LeiAE(E 5, WM. AF I, WSSV # R R
T, MEREDE WSSV SR D3R, KM E App B
s WSSV PN T 4 py ALk B, SRR B A0k,
BPMWE Ao, ZRTHH, CHRE M, App B
WSSV H) 2 & TR, FF WSSV AR AT o
KR E Apop b H 5 R AL S BER SOD
WM RES N, AW HAEHTRERNS
8740 iofa ks Ja ki =g 7o

(5) I % ¥s e T 5 % F i bk 0 B 2R 2040 Car
BB B Bk —, 1B X HF oL bk S % /s BRL AT 0 R B B
fREE N S MM E P FEF SN RA ERER
HWEERAEX ZHEARS —EEX TN
RERNEAPEEEREMA. AELRE D,
HPV B X HAT BH EFH R (E 3,4, W H
T)o BABIFH(YT -D) 5FERFB(YT - ND)
FIMMKE CuaZR A B R (E 2, REH), A—%
WI(YT - D) PAREBRERESH MM E Cuar
ERAEE(E S, WD), UL AR EF ik B2 % b R
SLEHMNT Crar BT BB 5 XTIFXHR R A HBIT %,
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Immune factors in haemolymph supernatant
of Penaeus chinensis infected by WSSV

LEI Zhi-wen!, HUANG Jie! *, YANG Bing', YU Kai kang’
{1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Fishery, Ocean University of Qingdao, Qingdac 266003, China)

Abstract; me four ponds, 129 shrimps Penaeus chinensis were captured. Among the four ponds, one was on
WSSV breaking out, and the other one once had a WSSV breaking out, and the rest two were never infected
with WSSV, The infected degree by WSSV was diagnosed by dot blor hybridization and classical tissue patholo-
gy methods. Microplate reader was used to measure antibiotic activity ( Ua), bacteriolytic activity (U), PO ac-
tivity ( Apg) and POD activity { Apop )of haemolymph supernatant of each shrimp. Dot blotting on NCM was
first used toc measure ALP activity (A arp) in the haemolymph supernatant, st was measured by indirect ag-
glutination. All the immune indexes ahove were analyzed using biological statistics method on computer. The re-
sults are as follows: (Dthe effect of WSSV infection on Apg and A arp is significants @the differences of immune
factor activities among the four ponds are sigmficant; the mean activity of each immune factor in WSSV -break-
ing-out pond is lower than that in any other three ponds; the mean Apgin the once-broke-out pond is the highest
in the four ponds; @ statistical correlation of the immune indexes between WSSV infection and HPV infection
can not be found; @the correlation between U, and U is very significant, and the correlation between A pp and
Aarp is significant; Gthere is no significant difference in immune factor activities between sexes.

Key words: Penaeus chinensis ; WS3V; shrimp haemolymph; immune factor
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Effects of dietary lipid sources on fatty
acid compoeosition of rotifer Brachionus plicatilis

CHENG Yong-xu, WANG Wu, WU Jia-min, HUANG Xian-qing
{Fisheries College, Shanghai Fisheries University, Shanghai 200090, China)

Abstract: Rotifer Brachionus plicatilis was used as the test species. The diets with different lipid sources were as
follows: {1) Baker’s veast, Saccharomyces cerevisice (control): (2)algae, Nannochlorpsis oculata (diet A);
(3) fish 0il(5% } + soybean lecithin (5% ) + Baker's veast(90% }{diet B); (4) fish oil (10%) + Baker’s
veast{90% ) (diet C). The results show that; (1) Considerable difference of fatty acid composition exists in the
rotifers fed corresponding diets compared with control, and the highest level of n-3 HUFA fatty acids in the ro-
tifers fed diet C is obtained due to high level of n-3HUFA content in diet. The conelusion is that the HUFA con-
tent of diet is a major factor in affecting HUFA levels in the rotifers. (2) The effect of dietary lipid on the fatty
acid composition is not only based on dietary level of HUFA, but also the lipid chemical types. (3) The method
using dried diet (yeast) mixed with fish cil for the rotifers to enrich n-3HUFA is suitable for large-seale rotifer

production mainly for the good effect of HUFA enrichment and aveidance of water contamination.

Key words: Brachionus plicatilis ; dietary fatty acids source; lipid composttion

CLC number:3963.214 Document code: A

Recent studies show that highly unsaturated fat- tion rate and suitability for mass culture under control
ty acids (HUFA, >20C), including eicosapentaenoic conditicns, but the HUFA in the rotifers fed Baker’s
acid ( EPA, 20: 5,5} and docosahexaenoic acid yeast usually proved to be nutritional deficiency in
(DHA, 22:6,_;) are essential components for marine lipid composition in terms of fish larval requirement.
fish and decapod crustacean!! ™. These essential {at- So, high-HUFA-content source should be provided to

ty acids { EFA) must be supplied in diet to maintain  improve the dietary quality.

good growth and survival of cultured marine fish and The purpose of this study is to observe the
decapod crustacean larvae. Up to now, rotifer change of lipid composition in the rotifer (B. pii-
Branchionus plicatilis has been extensively used as  catilis) fed different lipid sources.

living food due to its appropriate size, rapid produc- | Materials and methods

Received date: 2000 - 09 - 18 1.1
Foundation item: Funded hy National Science ¥oundation of China( No.
39900112); Agricultural Science and Education Foundation of China

Culture of rotifer

At the first experiment, a large number of ro-

(No.99- 03— B-01) tifers were obtained using Baker's yeast as diet in 8
Biograpphy: CHENG Yong-xu {1964 - ), male. Asssociate Professor. m° concrete ponds with sea water (salinity 25}, then
Research area:nutritional reproduction and aquaculture of fish and crus- the rotifers were controlled at the density of 200 ~
tacean.
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300 ml Y, totally 12 tanks, each 200 L.. The culture
was continued with different HUFA-content diets as
follows: Baker’ s yeast, Saccharomyces cerevisice
{control}, algae, Nannochlorpsis oculata (diet A,
group A), fish oil{5%) + soybean lecithin(5% } +
Baker' s yeast (G0% ) (diet B, groupB), and fish oil
(10% ) + Baker’s yeast(90% ) (dier C, group C},
each with 3 replicates. The fatty acid compositien in

the diets is presented in Table 1.

Table 1 Lipid compositions in different diets for rotifers

feeding experiment

. Group

Lompasition — a B C
Cl4:0 0.519 12.862 3870 7.753
C16:1 13.152 19. 460 4608 8.165
C16:0 32.023 15.467 20.611 19800
C17:1 7.785 1.002 - 0.352
C18:3 - 1.921 2.011 -
C18.2 - 6. 867 20.729 -
C18:1 11.928 8. 885 18.222 8.131
€180 15.741 0.857 - 4.049
C19:1 7.225 - - 0. 450
C20:5 - 18.044 6.011 13.448
C20:4 - 10.8%1 0.613 0.8656
C22:6 - - 1¢.814 20.457
HUFA - 29,667 16.838 35.453

n-3HUFA - 18.044 _16.825 33.905

n - 6HUFA — 17.758. 21.342 0. 866

WNote: Control — Baber” s veast; A — algae; B — 5% fish ol + 5% soybean
lecithin +90% Baker's yeast;C— 10% fish ol + %0% Baker’s yeast

The rotifers were fed 4 times per day to mainiain
a constant concentration of 10 mg+L™! diet in water
(==0.2 g/d for 10%rctifers}. The diets were properly
prepared and stored at — 20°C except during feeding
fime.
1.2 Lipid class analysis
1.2.1 Total lipid The rotifers were sampled after
24 h and concentrated with a 300 mesh scoop,
washed with clean sea water, and the surface water
was dried with filter paper. For each sample, 1 g
{wet weight) was used for lipid analysis and the rest
part for water content determination by drying at
60T for 24 h. The total lipid was extracted as de-
scribed by Folch et all™) and calculated on a dry
weight basis. Two thirds of the total lipid was then
separated into neutral lipids { NL) and polar lipid
{PL) based on Nichol's method[ﬂ, and the contents

were also determined gravimeirically. One sixth of
the total lipid was separated by using thin layer chro-
matography ( TLC) to identify and guantify its NL
and PL. NL was separated by using two-step solvent
system: (1) the valume ratio is V{isopropyl other): V
{aceticacid} = 96 : 4; {2 ) the volume ratio is V
(petroleurn ether): V (other) : V (acetic) = 90:10:
117) PL was separated as Skispskit®, and the solvent
system 18 V { chloroform ) | V { methanol) : V (acetic
acid) i V{water) =25:15:4:2 (volume ratio).

1.2.2 Fatiy acid Fatty acid methy ester (FAME)
samples were prepared using the total lipids extracted
inl.2.1, i.e. dissolving the lipids with benzene-
petrolenm{! m!, volume ratio 1;1)and then esterify-
ing it with KOH-methanol(1 ml, 0.4 ml/L) for 15
min, and then adding intc 8 ml distilled water for an-
other 30 min. Two phases were obtained.

The upper phase should be removed and concen-
trated for GLC(HP5892 [1 ) analysis, 0.5~ 1.0 pl
being used for each sample. Column: fused silica, 25
m long, inner diameter 0.25 mm;injection and detec-
tor temperature 320C ; column temperature: from
initial temperature 60°C (2 min)tc 290T (5 min sta-
bilizing) at the rate of 10 C /min, then to 60T . The
results recorded on electric computer data processor
FAMEs were identified by comparison of retention
time of known standard mixture. Individual FAME
was quantified refering to the internal standard (C10:
0).

1.3 Statistical analysis

Results are presented as means * sd. The differ-
ences among different diets or dietary rotifers were
analyzed by one-way ANOVA, followed by a multiple
comparison test{ Tukey) with the aid of analysis tools
of EXCEL., version 7.0.

2 Results and analyses

2.1 Total lipids

Total lipid content {dry weight} in the rotifers
after 24 h feeding increased compared with control,
but significant increase { P <0.05) only happened in
group C (fish oil source) (Table 2). It is noteworthy

that the variation of total lipid content in the rotifers
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(8.42% ~12.83% ) was much less than that in the
diets{1.1% ~24.8% ) (Table 2}.
2.2 Falty acid composition

As Table 2 shows, neutral lipid{NL)} in the ro-
tifers malkes up 50% ~70% of total lipids, and polar
lipid (PL.) makes up 30% ~50% in different diets.
NL was mainly composed of triglyceride ( TG),

cholesterol, free fatty acids and ester sterol, and PL

mainly phosphatidy- leholine and phos-
phatidylethanclamine in terms of TLC results. The
TL1.C results also show that {ish cil is almost composed
of TG and almost all the yeast il lacks TG; the polar
lipid is the dominant lipid {50% — 60% ) in algae,
and the contents of NL and PL in the rotifers have no
proportional relationship with the contents in their

correstponding diets.

Table 2 Lipid content in rotifers and corresponding diets (n=75)

Group Water Lipid/ % (Dry weight) PL/TL ]?iet Rotifer

content/ % Diet Rotifer Diet Rotifer TG/TL NL/PL

Contrel 88.28+0.84 1.1 8.42+£1.53° - 0.483 [t 0.517

A £9.291£.00 24.8 9.13+1.32¢ 0.50~0.60" 0.327 0.20~0.30" 0.673

B 88.171t1.22 11.1 10.99+1.85% ¢.50 0.416 0.50" 0.584

C 89.3410.93 10.9 12.83+2 37° <0.10" 0.475 0.100 = 0.533
P 0.157 0.011

#* Values are estimated by TLC result. One way AMOVA. There are sigmbicant differences ( P < 0.05) between mean values with different su-

perscript letters in the same column.

The results in Table 3 demonstrate that different
lipid sources in diets do affect the {atty acid composi-
tion of rotifers, particularly in terms of HUFA (such
as C1B:2, 4, EPA, DHA), for example, rotifers of
diet B which contains high percentage of C18:2,_4
(20. 7% ) has characteristically high level of Ci8:
2,4-¢, and the lipid in fish-cil-feeding rotifer{diet C,

4
5 F [—e—Diet | 38,45
2 & - Rotifer|

5.4

Group

high percentage of EPA and DHA) contains the high-
est level of EPA and DHA ( P <{0.05}. Thus the to-
tal HUFA content in diets is a major factor affecting
HUFA level in rotifers, and high level of HUFA in
diet can result in high level of HUFA in the rotifers
(Fig.1).

13. 45

Control A G
Group

Control: Baker's yeast; A: algae N.oculara, B: fish oil 3%, soybean lecithin 5%, Baker’s yeast; C:fish oil 10%, Baker’s yeast

Fig.1 HUFA levels in diets and rotifers

Figure 1 also shows that the level of HUFA in
the rotifers varys with that in the diets, but there is a

little difference. For example, though the levels of

Fig.2 EPA enrichment resulis with different lpid tm in diets

HUFA in diet A (29.67%) and diet C (35.45%)
have slight difference , the value of HUFA (26.4%}
in the rotifers of group C (major lipid is TG) is signif-
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icantly higher ( P < 0. 05, Table 3} than that {16.
9%) in group A(major lipid phospholipid, 50% ~
60% ). This suggests that TG is a better lipid type for
HUFA enrichment in rotifers than phospholipid (PL)
type, furthermore this can be obviously seen from
Fig. 2 that diet A with major PL type has high level of
EPA but low level in diet A-feeding rotifers compared
with diet C (TG) and its rotifers.

Although there are very few EPA, DHA and

C20:4 in yeast oil, the yeast-feeding rotifers contain

low levels of those, indicating that the rotifers have a
limited ahility to synthesize those fatty acids as
demonstrated by Luhzens et al'®! (Table 3).

Whatever contents of C20:4 and EPA were in di-
ets, such as diets B and C, the dietary rotifers contain
very small percentage {<1%) of C20:4 and relative-
ly high amount of EPA({ > 6% ) {Table 1), and the
percentage of C20:4 in rotifer fatty acids is always
higher than that of EPA{ Table 3).

Table 3 Fatty acids composition in rotifers fed different diets {n = 3} %
Group
Fatiy acid ]
Control A B C

Cl14:0 3.043 £ 0,865 6.142+£3.419 3.177 £0.009 $.437£3.001 0.560
Cl6:1 17.172£1.925 18.498 % 4.615 9.447 £4.546 10.669£1.921 0.220
C16:0 12.925+3.145 22.03140.875 18.036 £ 4,440 12.400 +3.738 0.077
C17.3 2.638+3.732 0.356 £0.503 2.821+2.596 5.038+1.010 01.445
C17:0 1.0460.428 0.763+0.397 1.275+0.345 0.914+0.530 0.861
C18:2 2.044 £ 0.151* 5.451 0,067 B.883 +2, 408 0.847+0.339° 0.036
Cl18:1,-4 24.448+2.044 13.101 +7.057 20.009 £1.335 14.657+1.655 0.122
C18:1,-4 4.336+1.351 4.691+0.744 4.766 +1.467 3.443£10.339 0.388
Ci8:1. 28.784 +3.395 17.792+6.313 24 T75+ 11,485 18.089+1.994 0.117
C18:0 7.008 £0.124 5.324 +£0.807 11.276 +6.736 5.663+1.814 0.540
C19:1 2.085+3.777 0.218+0.309 1.238+0.245 3.792+1.027 }.666
C20:5 1.119 £ 0.242° 3.461+1.070% 2.320+0.332* 5.007 +112° 0.007
C20:4 2.224 +0.664° 6.6881 0.687° 1.705 + 0. 070 6.474(1.254" 0.033
€203 1.230 £ 0.050 1.958£1.112 1.489 +0.601 2.602+0.927 0.531
C20:1 3.988+0.779 2.510+6.542 3.226+0.893 2.613£2.639 0.766
C22.6 2.366+1.184" 3.347+1.137° 2.930%0.032° 8.946 + 3.630° D.043
C22.5 0.624 + (1. 882 0.890 +1.268 0.492 + 0. 696 4,623+ 0.111 0.264
Saturated 26.322+5.073 35.479 1 1.435 32.509 £11.167 25.217+7.948 0.713
Mono 56.476+1.614° 39.676 £ 1. 000" 38.686 + 5.200° 36.995 + 0. 880" 0.041
PUFA{z>18C) 12.300 +2. 627 23.539+2. 285 19,817+ 4.186™ 28.138+0.962° 0.030
n—6 4.267+0.815° 12.136+ 1. 754% 12.589+2.672° 7.67310.417 0.019
n—3 §.032+1.812° 11.400 0. 530" 5.73910.907 20.464 £0.543" 0.007
EPA+ DHA 3.585+1.426° 6.808 +1.067 4.250 £0.300° 14.024 £ 3, 742° 0.022
HUFA(2220C) 7.46231.258° 16.910 + 1. 808* 10.444 +1.171% 26.395+2.567% 0.002

Note: Values are expressed as mean  sd from a sample with # =3, Means in the samne line with different letters are significantly different

{ P <0.05). The same helow.

Table 4 shows the quantitative difference in the

arnount of selected fatty acids of rotifers fed different
diets. The result is similar to the fatty acid pattern in
Table 3. The absolute quantities of fatty acids such as
EPA, DHA and C20: 4 get to the highest levels in
the rotifers fed diet C (fish cil) in which the HUFA
amount is about 9 times as much as those fed yeast, 3
titnes as much as those fed diet A and diet B.

3 Discussion

3.1 Comparison of techniques for HUFA enrich-
ment in rotifers

There are various enrichment techniques used
nowadays to increase rotifer n-3HUFA content, such
as feeding rotifers with algae before they are fed as di-

et of fish larvae or decapod crustacean, or adding cil
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emulsions to a Baker’s veast diet!®) or directly into

FO 111 Direct oil emulsion entichment

rotifer tanks
technique has a major advantage, i.e. a high level of
HUFA enrichment can be achieved in a short time.
However, part of HUFA may not be ingested by ro-
tifers, only sticking to the surface of rotifer. This
may increase the lipid oxidation and result in water
contamination. This disadvantage can be well solved

by using microcapsule in which the enriched oil is sep-

Table 4 Quantities of selected fatty acids in rotifers fed different diets

arated from culture water, but microencapsule process
1s relatively complex. By using dry enrichment diet
containing n-3HUFA lipid source {this study), m-
creasing daily feeding frequency, shortening diet-in-
water period to minimize the oxidation, a good result
of n-3 HUFA enrichment ( fish-cil-source rotifers} is
achieved. This dry enrichment technique, for its ease
of preparation, may be more suitable for commercial

enrichment preparations.

mgeg '{dry weight)

. Graup

Fatty acid Comea] A B c P
C18:1 7.215£0.336 5.744 % 1,948 11.017 + 3.280 12.802 +3.006 0.123
C18;2 0.514 10,047 1.765+0.008 4.262+2.145 0,806 + D.485 0.08
C20:4 0.549 £ 0,076 2.161+0.511° 1,675+ 0.146° 4.644£1.398" 0.022
C20:5 0.430 £0.010* 1.123 £0.345% 1.397 +0.213% 3,742+ 0. 2479 0.001
€22:5 0.177 £0.250° 0.294 £0.415* 0,332 + 0. 470 1.619£0.127% 0037
C22:6 0.574+0.202* 1.078 £0.673* 1.539 + (. 068* 6.535+2.216 0044
n—3 2.148 £0. 101" 3,689 +0.110 4,374 +72.543° 14.259+1 827 0. 004
EPA+ DHA 1.005 +0.192* 2.202 + 0. 309" 2,238+ 0_280° 10.277 + 3. 503" 0019
HUFA(2220C) 2.04 +0.020° 5.471 £ 0. 494 5.663 +1.852° 18,955+ 3. 718" 0005

Mote: Values are expressed as mg/g rotifer {dry weight) with mean + SD from a sample with n = 3.

3.2 Lipid content

Though lipid contents in rotifers are significantly
different with different diet sources, the variation is
not large compared with the difference in dietary lipid
contents. This result is similar to that of Rainuzzo et
al.™) but not to that of Rodriguez et al'! that
there was a rapid increase in total lipid content of ro-
tifer during 24 h enrichment from 13. 15% —~
36.94% at 12% ennichment oil in the medium of ro-
tifers. This difference may result from the different
enrichment conditions described above.
3.3  Faity acids composition

The fatty acids composition, especially HUFA in
rotifers, largely depend on that in diet!®™ 1 How-
ever, Totifers have their own genetic fatty acids pat-
tern because though fatty acids pattern is largely af-
fected hy diet farty acid composition, it is not identi-
cal to that of diet, for example, the yeast(control)
lacks HUFA but its rotifers still have relatively high
amount of HUFA, and whatever the contents of EPA
and C20:4 are in diets(this study shows the content
of C20:4 in all diets is much less than that of EPA,

Table 1), the rotifers always contain higher percent-
age of C20;4 than that of EPA. This conservative
pattern in rotifers may be maintsined to some extent
by their de nove synthesis and bio-cenversion!®’
The enriched HUFA content in rotifers is based
not only on fatty acid composition in diet, but also di-
etary lipid chemical types. This study demonstrates
that TG in diet is better than phospholipid type in
HUFA enrichment by rotifers, and is more effective
for obtaining high level of HUFA in rotifers. The
similar results had been described by Rodriguez et
[11] .
The result that the C20:4 level is higher than

EPA level in the rotifers with different diets is con-

al

trast to the report by Ostrowski et all', and more
differences exist in HUFA composition of the rotifers
fed the same algae species, Nannochlorpsis oculata .
The reason may be that the rotifers, B. plicarilis,
from different sources may have different genetic
strains with different HUFA patterns or abilities to
synthesize and hio-converse HUFA. The rotifers used

in this study with high content of C20:4,.¢ implies
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they are from freshwater or estuarine origin because

organisms from those places tend to have significantly

higher n-6HUFA than those from marine origin
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