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(Fb#l2 Rl Fr 3%, R 264300)

#OE GESPERE.ZERESHREAEWMEREAEER n-3 SN NEMEWERNEF
SRR A 4 A E TR AR, W T B R b B i A A SR, W T S RN EPA.
DHA M3 &, SRFY A RRWALER XN E F B, E I BUBORIE T HRREBRML
XTHUA, 3 EPA.DHA S REBIRE IR 12 h BB B H g, 55502 DHA H LRI E,
LA ERBUENFELSEER. BEHMBREFBELEN DHA BEYHBE N
100, IR4E W 45 REH , BERADY 54, Z MR 0 78, AE B BR ALk 129, AL W, B VR MRS B R
BRI BORERLT, HMmEKR, B RE,

RER -3 B RBMABETIAR, 28 6 BB SRR, B, Bl

RUREKREGEFHATIBP N EELEYHEHE, ERTENERRORE 2 EY
B HEEWBHMNERKEAEE, REBY &AM ARSI ARSI R i
BAHAELEE R -3 BN RSN B (n- 3 PUFA) S E YR, AER AR, S il B
T EFRA R, BPE FMUEIRIE ( Nannochloropsis sp. )% & e BAL 3t A M K e ,n - 3
PUFA BRI EAR TR F TR, R n-3 PUFA X R /KMEASFEFERKFLTHE
B 1978, T REE 19941, 1971 iy )N & S T 6 B 3 3 SR A9 40 B R PRI K RE /8, 3R
B ERE BB, BRRE(195. 1976 RAXRE TR RPREZE A LT n-
3PUFA, F72 22 Bk 6 1B (DHA) .20 B% 5 # 82 (EPA) S B R E M . FIK,1976 24 H
ME HOSAFAHTES n-3 PUFA FTHIREE & R AL 5 T4, I HORR 30,
REf A FEIE A KRB [ L iR 1993), Bk HA X E K Flst /B HFHl i T Super Selco.
SR.SA. I 2 -65E( Z Bi Y ) Fl Ester 85( 1 BR Y ) %46 . g 11 % Ff n - 3PUFA & FFiRL1E K,
JaM k™ 5 ) DHA/FA.EPA/FA S B E 2 &3 50% .25% L L, FA18 1993 G JF 14 0F
%, HATE A S0DE-A(J e AY) .S0DE-E( Z BE &Y ) \SODE-M( H BR & ) 55 B F AL 4B R B T
WA RTBIAEER R SN B HRIL, B TS B (A) R n - 3PUFA fh# 4 F A F T H g
(M).ZER(E)B , HERTZE %, fAAfRESEASRE, BTE Ao MR LT R X
FREEVE R IR, ABTRESIRERE (PERA (ZERAH mhER R JLRR AN [F 38
A n - 3PUFA MY 23R 1L IER S48 A& SR LRI, B b R R0 B B FR R AL BUR,
B8 7 BRI B A R R BRI AL R T T BER R H M ER, VB4 38 A n — 3PUFA Y
BRI B ARE MK,

W RS B 3 :1996 - 07 - 26
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1 MRSk

1.1 ##

SCH FE FRR 1L 1B %t . SODE-A % 3 . I8 i B &Y ,DHA/FA:50% A H ,EPA/FA:26% 4,
WMEHR .2~ 6 tm, T 300 ~ 1 000 27~/mL, SODE-E {3 . ZBs %, Hfth 5 S0DE-A M [F,
SODE-M 7% P Es &Y, HAb 5 50DE-A Mi[Fl, HA LSBT, HmE2, 3 5 3.1k, DHA/FA;
24% %47 ,EPA/FA: 15% £ H o

6 . #8408 B 58 L ( Brachionus plicatilis ) o

1.2 WESIHF

R WE ST 19954E 12 A 25 H 2 0 40 43+ % 26 H 22 8f 40 5 7EILARFE R T 1L
BT, RESBENE A NEL,BE E XNRKEH, RHIEFHRT 0.5 mBEHMAE P, K
Rtk ik 0.25 m®, KB HITE(25 + 2) T, MR ERBIRE N 770 HA/mL, REEA K. XK
B.C.D.E %& 414> 5% il SODE-M.50DE-E.50DE-A . H 74~ & B AT 14 50 mg/L, X B A 4R 0
EHFRALER, B2, T 0.6.12.18 F1 24 h ZEMB G T WE R R E L PR B
FIIE 144500, I = O B2 45 -39 48, 3 200 B i 48 W SE A5 1 B 20 o 40 oA R R AR

1.3 RESALFE B S i R B <8

BES AL FREX 10.0 g URES SURE &L T BF4K M BFEE 10 min, WA HEE 5 & {4 20 mL, 4%
ST 4 min, RE AR M 250 mL ZAMA, FIPES &0 4 10 mL W SHBOFA R
24 h, KABK=MMASYITIEA 250 mL BE=AKRA, A5 mL AP =KEZ R
SRR, A 15 mL #48K , RRREEE 2 K, B RAARLCE S, A LX- TR E.L
PLYEHLIE (2 000 r/min) 3 min, ¥ EZHHE 2, FITKBLERG B , 2 u8 T T %45 09 52 R 68
WAL TE40 CUTHE#REEN, E 2mL K1k, A 10 mL EAKFBHEZER. 8E8MA 1
mL YR BRR , B TE 20 ~ 30 min, WEFHA SR, LA 15 mL A MBS = KGR B
PR IEA AT ), S PRI AR S BT R RE A R AT B, AR ARE Tk
BERBE P, EIAKRBRMEAGEREMUED, EFE 4 ml,

S ES W E L IUE A S AL S 1 L, T SQ-206 “AH (i A AT W0 5E , W58 St Bt o ¥k
ZRW/NE[1992],

2 %

2.1 RABFHEHEEAESTL

St A 45 B.C.D.E &K 4, B HimAd R 0.6.12.18 F1 24 h &0 2§58 i
FEHEIR BERREAIEAMEERNE 1.H 1 ME 2,

MFELE1IME 2T, hEE R AAETEEXHIN  HEEE BH LR C
IR D A H MBS E H ST, iR IRTERA B 4 6 h BEMERSL,
HASHEWIEY, RNAEEHZER CA. MMM DA HmERE EHA7ER— i 2/ #E#



43 KHRS :n-3 ZHMAEMIENTBRE FF R BB ARBFR 417

SRERBR TR AL, RUMBEHRBEREL: PHE BAH ZEEE CH RWRRAE D HH
BHTHEAHARHMER EA, FHEREHRE D HSHAKHAAWHEER,

F1 RBSETFRBUENEBARHARBUARER
Table 1 Observations of rotifer enrichment with various enriching diets

a5 A B C D E
n - 3PUFA % X HR Zm IRpR HRg
R=223 1 /mL R=241 1 /mL R=2451/mL R=295/~/mL R=2661/mL
Fant R 5§ =43.5% R =44.0% RHF=48.5% R5F =53.0% R =42.0%
epaksd:id wh—& Eh—A Cak a2 & B
BaRT BREY BRENT BREF BRI
R=2281/mL R=252 1 /mL R=223 1 /mL
R=242 /ml. R=213 4-/ml, R =46.5% R 8 =45.8% REW =48.7%
R =33.5% R =23.5% A N
6hfE NI ¥ — A% &N AR S &
AT FRWE BRET BERE BRI
HENS MEKE AR EE
R=238 1~/mL R=219 4~/mL R =246 1~/mL R =241 4~/mL R=221 4~/mL
R =31.3% R =4.7% R =43.1% RSP =49.8% R§F=45.7%
12hfE e padis i il i k(-8 s EhEF
BEsT BRI HERLT BRI BRgY
MEME MAKS MAENS MEKS BEREHER
. _ R=256 1~/mL R=283 1*/mL R=253/mL
g;;l_ig ;’;}L g;ﬁlg\f;‘ R 5P =54.7% R§I=60.1% RH8=53.4%
18h/E %j];} o ?gjﬁ& ) wEhiF tCpadis H A
T WA BEBY BRI BEBF
AN AL g
R =231 //mL R =306 1~/mL
R 5§ = 34.6% R=225/mL R=309 4/mL R=316//mL R 5§ = 55.6%
. ROF=46.7% R =60.2% R =44.6% N
24h/fE CP k4 Ts N N ~ i BT
wAEF EhiF A (S 42
il BT BEL R BR8y
HHER AL
—o— A ——3B —&k—C 6 —6—s —1—3B —&—cC
q0 p —©— D—&—E —6—D —A—¢g
2 ~
.é N
> #
& 270 =z
» 4
® o050
230

210

6
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18 24

BAEE (h)

A1 RARLARAEETAFR
Fig.1 Variation of rotifer density

in every testing group

B At A (h)

M2 RRSALREREENHER
Fig.2 Varation of egg-hanging rate of

rotifer in every testing group
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2.2 RELH R DHA.EPA S BRI

IHRK A4 0 ~24 h BFR 6 h B, #1740 B4k 4 DHA .EPA I FA(S AR BR ) B =€ , A
PREE DM BB 10 g 5o (8305 ) TS EPA\.DHA MEZERE &R NE 2, o LK THE
3. 4." 5 #[H 6,

%2 RRS4ARAENL EPA.DHA AIESR
Table 2 Determination of EPA and DHA in rotifer body

@ Fl A B C D E
n—-3PUFA 5% x i Zm i1 B
EPA(mg/10g) 6.4 6.4 6.4 6.4 6.4
FFaam EPA/FA(%) 11.0 11.0 11.0 11.0 11.0
DHA(mg/10g) 1.21 1.21 1.21 1.21 1.21
DHA/FA( %) 2.4 2.4 2.4 2.4 2.4
EPA(mg/10g) 6.08 13.68 14.59 16.42 11.36
6hE EPA/FA(% ) 16.0 21.6 20.3 22.2 17.8
B DHA(mg/10g) 0.95 8.82 10.34 10.94 4.68
DHA/FA{( % ) 2.5 13.9 14.4 14.8 7.3
EPA(mg/10g) 8.8 10.03 10.%4 20.67 13.07
2hE EPA/FA( %) 20.0 17.8 18.0 25.1 22.2
i DHA (mg/10g) 1.52 6.9 9.42 14.59 6.38
DHA/FA( %) 3.5 12.4 15.5 17.7 10.8
EPA(mg/10g) 5.16 12.16 13.98 12.46 13.52
18hE EPA/FA(% ) 12.2 17.0 20.7 21.2 22.5
DHA (mg/10g) 1.21 7.09 9.12 8.51 6.08
DHA/FA( %) 2.9 13.2 14.9 14.5 10.1
EPA(mg/10g) 6.08 9.12 7.6 10.64 10.03
2 hJE EPA/FA(% ) 9.4 16.4 15.3 15.3 15.5
“ DHA(mg/10g) 0.61 4.86 4.25 6.08 3.95
DHA/FA( %) 1.1 8.7 8.6 8.7 6.2
30
SADBOCHDRE 18 AOBOCNDRE
° 8 {
220 Z 14
S Em
&10 A6
2
0 0 6 12 0 0 6 12 18 2%
JAbatE (h) ALt iE (h)

A3 RESHARREKN EPAFA BT K4 BREHBAKNA DHAFA §EEL
Fig.3 Variation of EPA/FA content in rotifer Fig.4 Variation of DHA/FA content
body in every testing group in rotifer body in every testing group
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o —O—A—E—B—A—C
—6—D —A—E

16 1
14
12 r
10

EPA & &.(mg/10g)
DHA & # (mg/10g)
[=]

o N

0 6 12 18 24 0 6 12 18 24

BALEE (h) RGBT (h)
A5 RR&SHRREN EPA SEORE)EL Mo HR&HBHIAN DHA §BIBE)EL
Fig.5 Variation of EPA content in rotifer Fig.6 Varation of DHA content in rotifer
body in every testing group body in every testing group

3 itig

3.1 HREFRBIHEBERTL

AMBREEFR RN AA, 6 h EUEEEE LA®E, W B.C.D.ESRBANE
THEE FIELTE 10% ~15% 28, BAXTHRE, B4 K LH 1 ERBRAERGE
BEA IS o X2 w1 T30 st 28 SR TE e ARl 28 B Mg SR ASSE L P 3 B Y , T 3R R FE AR Rt it
FRREIILE ki, — R RABENERBAST R, £24 h ZAEEEFBLRK,
55 B F IR B E R X AL, KE RSB EXFHEME S, H24 h FRESHFRF
BB 4N BBAMBAAFBENRS . &K H R — of 5 50 56 59 R 485 T X R
H, X SRAEREEMT Ve X, I — D ESREE T HEFRBABR, £id
RHEMEH BB ET T B, S EERK D AN ERBUBRRIT, 12 ~24 h WA
MERHHE N RBEERAVEFTHMALA, T HRASBPRAHEREN, XRXER R
i) DHA.EPA ¥l 2 25 R W&

3.2 ARIZERE I8 LR X $6 Bt DHA (EPA SRALBCR H K

1990 4F £ E FFFEA 5t Reicks %[ 1990 14738 T A K B BURE 168 [ BOK B B IS BB 5
AR, B9 T EPA.DHA iR %Y . B i B2 R B R AU A9 R, R LR MR il EPA . DHA KR
5 A AR R 22 (P < 0.05) ,{H L B BRI BT (P <0.05) . #E—25 3B R, a3 X iy i
HABWAEMFANZER(P<0.05), BFHXT EPA.DHA FRMLFER R AEYFHEMRSE
[Egs 1992]FiFsE T — &, % KA RASER 4 R U H mER S EPA.DHA B AY R KN
100, U B8 B FR &Y EPA .DHA i 2= 9 F| i B 43 5124 186.136, SLES (B ) EPA.DHA R i) 4= ) 7|
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FAES B0 40.48, T f 8 .0 RS H A EY B B AW F AR, &ML FE R A Z 8§
ERBAOHXEHRE, BERNARE R ES R, UM ERRZ RFEEHRER., Bk
iSRRI 2R R B Fe R IR}, 50 dih EPA.DHA S BB BAGHBRE, B84
R SUE, BIERIEENL TR M DHA, REBIAR LR P ITE{LN 1.21 mg/
10g,DHA/FA X H 2.4% . JLFLFERRMEFRBCENEERBRL 12/ W5, R0 ER
FEER N 6.99 mg/10g, DHA/FA 4 12.4% ; ZES%EI % 9.42 mg/10g, DHA/FA 5 15.5% ; IR i
BRI % 14.59 mg/10g, DHA/FA 25 17.7% ; H MBS 2 6.38 mg/10g, DHA/FA 5 10.8% , T {X
PG IREERIL A 4 DHA SR EBARER, 12 h BB ERK S BHR{UA 1.52 mg/10g, DHA/
FAJ 3.5%. XEWLAMSREERBLESR FAFHEERNL A DHANEE,

REMSREE FBAI B+ EPA FEHMIMEE,12 h 155 8.82 mg/10g, EPA/FA H
20.0% )5 — W BHME T PEE.ZEE4HMN 17.8%.18.0% , B P EBIBR P E.ZER4A
9 10.03 mg/10g.10.94 mg/10g &, 3 H 12 h G & B REPEK, BN, (XHAMSERRE
FI8AL, S FPA S RO E NN ERB R, HEHMNBIREN, RERE+HEH
—ERH EPA, ] BE B RS R KM IS  piE DHA BRI S RENEADE, &
KRB 3 [1990] , #kFESA[ 1993 )% BIESE, n - 3PUFA i) DHA M HFHEREREFEREHH
YER, 34 LA Xt EPA M E 15 % 2 DHA W{ER Lo

3t DHA ZE s BRm s, L AR AR RN R AEYFRE, TESNESRHER
i, P12 h i EM RS R, e H B B, =K(6.38-1.52) +24% =100, TR A R HK
K=4.938, M F B B, =4.938% (6.99-1.52) +50% =54, ZHE Cpp=4.938x (9.42-1.52) +
50% =78, JE i B8 Dy, =4.938 x (14.59 -1.52) +50% =129, X—AR S KEARMW LKL R M
Bl B BLTT I, JLRRL B 0 B SRR AL R, X3 ik N DHA SR IE R FERE EE R,
HA B R sn bR R, HmBE AR, iR R, REWL, B T HMEBR ERRL
Y%l of DHA.EPA 5 & B 8%, 5 DHA.EPA R F R A HER M E SR ERM L, R EE
WE, '
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STUDIES ON THE NUTRITION ENRICHMENT OF ROTIFER
WITH N - 3 POLYUNSATURATED FATTY ACIDS

ZHANG Li-Min, CHANG Jian-Bo, ZHANG Xiu-Zhen, SONG Li-Hui, SUN Yu-Zeng,
LI Yan-Fen, WANG Ji-Ying, YU Guang-Pu, GONG Xiang-Hong
( Shandong Marine Fisheries Research Institute , Yantai ~ 264000)
XJAO Xian-Qi
( Fish Farm of Xunshan Fishery Company, Rongcheng 264300)

ABSTRACT Rotifer were enriched with different chemical type of n — 3 PUFA, including methyl
esters, ethyl esters, fatty acids and triglycerides. The variation of physiology and ecology of rotifer
during the experiments was observed and the EPA, DHA in rotifer body was evaluated. The results
showed that all the enriching diets achieved better results than Nannochloropsis sp. ,EPA,DHA content
increased obviously and reached to the maximum 12 h after enrichment. There was a significant
difference in the rate of transformation and absorption of DHA . Suppose the utilization ratio of
triglycerides is 100, according to the results, that of the methyl ester was 54, ethyl esters 78, and fatty
acids 129, Therefore, the enriching diet of fatty acids that was used first time achieved the best resuit,
the triglycerides took the second place, and the methyl esters and ethyl esters were relatively poor.
KEYWORDS n-3 PUFA, DHA, Fatty acids, Nutrition enrichment, rotifer



