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AT VPN 45 R TR, 5 AR S E(TN) FIE BN 10.08% ; ML & A ( CP) K& BN 63 0% ; BE FEBR(TAA) &5
FHEE A48 10% ; S T R MR (TFAA) AR A 22 02% ; TEAA 5 TAA FIEL{E(TEAA/TAA) SN 45.8, 1 7 fiH
BEH TN FI& BTE6 57% —10. 96% 2 17, P 7E 51 TR Re e o ) & &t fee i, 7E T A0 BE R I & AR ML A& &
It T41. 06% —68. 54% 7], £ &1k & & | i 2K A HE U0 5 TN — 3G TAA 198 B1E54 694 —73. 235 Z [A],
Horb 28 R RS B R, IR R S BRI TEAA 18 B 7623 836—34. 136 2 Ja], Hrh e 1 gt rh 4
i 5, 7E U0 TR R vh & B IR TEAA/ TAA BU B 743 3—49. 1 2 [A], Herh PIANEE BHA % OB B K. SEBG L I 17
P B . e B AT LA RR & B RAK(0. 540% ), FHIRONEZ L (0. 556% ) FUIBRZ L (0. 762% ) 5 2 B i i 1Y) A&
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FEM BT
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LR FRITE AT B 3 Ui 2 0 R 35 N, (B35 N 11 1
BB 2 HOE FRI T R W R 2 . R, A
AITFGE TR AR B 3% B2 R 1 U sh 400 1A S, {HL
2 DURRIK 1 R84 e %6 HL( Brachionus plicatilis ) N
XTR, T Bk K5 D o K ES U5 0K /K
AT AR A B, B A FRE 77 F R AR
URE mo DRI, PRNARDT VR /K 6 L (78 FR K, 0 e
KAHCE R IR R s B LR R A R EW T 7 8
o

20 T2 90 4FAX, Awaiss S54i 18 [2E {0 R 40 H
( Brachionus calyciflorus ) % £ 5 W 3 ( Dictyosphaerium
chlorelloides ) I, 3238 BR B /KA A9 s TR 1 4
RS A8 Ak, DA 450 g e i R T Tk
- - R IRIX — S B R TR Y
AEHEAT T BT, Olea 0T 78 7 #945  FE4S d i
Er NI 5 6 e 0 A 2R o (E T 2 b R
R K 2408 %S ik A B RIE 7R 18 -1 AR
iR WA

AW FIEFE T 5 FgoK A 2 Mg BEVE N AR

1

T R SRR TEDRY, L SO B K, B AR S5 R R
SEA B R BT SO R RIS 7 7 T AT
IRV, I SRR SRS B BB AT L BT, [
I G T RS FERE B R K f 2K K R SR I
WHE., H R i K S el Al A 77 2 PR % £
3R AEET S (A

1

11 \ it RN
5PN 2 M EERE (R 1) o B FPERAE SR B AT
B IR ARG I R IR gk e, R e R . H
TE IR B e, B OUKAR A (4°C, A
48h, " [F) , S8 N P PG BT 7 R (4G T I
JTR i i BT, ELUKAE R ¥R (- 18°C, T ) #
T T BEFR A H 2 i B8 IE BRI, EUKAS
HR VAR S IR PR P RS T o 8 PR TR T I B
Tt M PR e e T 0 E T R T
SEFL A Sy IR i, $7E 60 C R Jk T 241, T
Jok e 2

Tab. 1 Cell sizes, shapes and culture media of the varbus algae used in the cexperiment
(VRN IES 1IN TEAR BT
Foods Cell size (Hm) Shape Culture media

FE AN /NEREE ( Chlorella pyrenoidosa ) 3.78 BRIE HB,!
BHAME ( Scenedesmus obliquus) 4.91 iR HBy4
INERARH: ( Chlamydomonas miosphaera) 8.91 BRI HB,
SRR ( Crptomonas ovata) 13 88 i [ w2
R PRTE ( Euglena intermedia ) 17. 70 [ A A E®
T BB R} (Saccharomyes caeisiae) 5.74 5317 T
WE B R} (Saccharomyees carlshergensis) 6.31 EEE %

@ B ESD, #H 4 FER AR B AT & Fh B8R B 5k 00 [ 18] @ E BLJ5: BA I NE FF #1950 20 —NHANO; 0.5, KHoPO4 0. 5, MgSO4

0.025, NaClO. 1, FeS0O,0. 004 FIJR & 0.2,

1.2 S0 F AR
JFE#E HU SRV L Sk 21) . T R A BT
DL /N Bk TR, F MRS Y 45 % 10° celle
ml” o HUR FRESR RO KW 4d A A4), 300 H
28 T ( FHZE VR/K s Bk, DAY 4 7)) 5, 2%
i, 60 CRER T, B TR . T i g
TR e HR A 30mL R RRAR, 58 HRTE Fok % Fh
YRR 50E %R Tik% 9% 48h J, 2R3 2000mL (1) 5%
MARRE 7%, HoAth 5597 A R0 05 v DL SR 21 . R
THE — R VERLES 2, s FURD 7088 S0 IR 26 .
RrgRa 3 —ad 1k R, FH 300 H 97 28 10k (It e A

() B 1d ik 98 — IR B 77 W), 28 WK b e 3 —4 3k
J&, B T RV B, BUKAR T AR &I .

13 THRE S 6 () B (N)
FH PE240C TG AT G 43, 44 N x 6.25, B 54
AEE ™,

14 LT FFAR B 20 —25mg #F
i, 2N RE AR op (AT B, LSS, N 20mLL
6mol/L (1 HCL, il 575 J5, 4% 2L 75058 AT b 44
EE, T 110 CHEAEH K20 —24h . FFE T JE,
FLUE R LA Hiltachi 835 —50 7 & 3 R 40 B 4 52 7%
PRI B i
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1.5 (EAAT) WEHANX 222 (AA) 7 AR
T SR TR R e AA RPN RS 6 T . 7R 2K b H A B B R Ik

"00a_ 100b_ 100c 100j I A RN 2R, Fo MK O IR IR 22 IR
FAAl= X X X ernnn X

NOA B C J
o avbae e 2 ARG RL A 0 7R LR
)&
A.B.C.....
B 2
n fRE LR ER I E .
1.6 (PS) FHERE AR A R
) SR 1 B S bR HERR R AR, AR IR BN
srbe R A (PS) T,

I 73 AR bRE 8 1 A R 75 =

1.7 PV E B 530 2 4R 5 1
AR
1.8 et P R0 2090 9

AIGUD) B i, FRHL— S 08 BRI 172
Bt R AT U 3 =, 26 I 2
SR 2, FIVRE TR (72, T A B0
BUF FAME H7 /24 JHLA B AU, FAME, I 7052
W 7 BT I RO IE LI 5, QML 47
SO AT

2

2.1 (£2)

2.1.1 ('IN) (CP) B HTN 1
&N 10.08%, CP N 63.0% »

2.1.2 I H o

FRR17R . Horh, H IR & 8 B, O EE R A
IR &8 i AR T4 2R, F OO H &R
BRIBHZEIR -

2.1.3 (TAA) . (TEAA)
TEAA/ TAA % B E T TAA [ 54 48. 006,
TEAA 7y 22.017, 3K T 7 PP AR o () 48 B AE;
TEAA/TAA 2N 45. 8, 5 7 FERHTIA RAE B2 .

2.1.4  (NH3) ¥ HUNHs 13 88U, N
0.333,

2.2 (% 2)

2.2.1 (TN) (CP) AR

BEEIE6 57% —10. % 2 18], &5 fem 1 2 U0 2R
H, FLUAR AR R T R A8 AR AREE L R (A%
/INEREAN INERACTE, THI L IR RE AP 3 8RS AR
H/T41. 06 —68. 4 2 [d], HHF P15 TN A .

St SR BERE bt 2R & & i, HUON R AR
FAHR L. 7 e P &R & 'R &S AT AR,
HIRRITRE R 7R B R & R S B R
B, FRORTE R AR B S S R HEE A A
Z .
2.2.3 TAA.TEAA TEAA/ TAA  #AHEE
fK) TAA 2 B 1E54. 694 —73. 235 2 [, | = UK
BN xRk A 8 T 0T B ZINBR AT L B T %/
RO NELPG T RE, o 28 RREORT B T R 8 TEAA (17
HAE23. 836 —34. 136 2 [8], H = ZIMK 1 HE BT M:
THT AL FE R A L MLV TRE ) B 1 R/ BRTEEL /NER
ACHE | v BURR L AN DN B 35 TEAA/ TAA fHAE43.3 —
49. 1 2 [a), WP % BRE R THD A % BF 0% LU AE 5K, 2 il
9 49.1 F1 47,5, H KO H BLRR B (46. 5) R
WIS (45. 0) B FIRZ /NER (4. 9) /NIRRT (4. 8)
G B (43.3) .
2.2.4 (EAAT) .
(PS)  EAHEEL Y FAATL DL 4 UREE (3 R briE
i, 7£39.7 —59. 8 2 [A], H i B 09 HEZI T S nie
T IERE | TR B RE NERACHE R A L B A% /s
FE L BURR AN O B[R DLRC R (Y FAA N
FRAEIT, % A8 A£92. 19—100. 00 2 [8], H & B 1 HE
BN ;a2 e R | 1 E0 R B 2R A A%/ BREE . R
A /0N BRAC T R AR B R R

PLAOR A [N AR UE I, PS HAE 124 —41.5 2
), HEB T e /N BRAC > MBS e ih > Hp U4 >
R M > THI LR BE> BRI A% /NEREE > B Y B
PLEC R TP FAA bR ERT , iZ4E 7E75. 3—100. 0
Z V8], HEBUG P - GG e RE = TRl B> A Ml
> HE/NEREES NERACES AR S BRALER
o

PAA=BR 2 FONARIERS , A 6 FIMERL 2R — BRI
SR NEEE R, (A 1 FOH E R /NREE) ; DAFS
B AR B EAA AFRAERT, 5 Foh 2R, 7 2 F
I3 R B ERR( B R N AT S R LT B .

25 BRTIR, Z AR bRV 453 B, DLR A
FE L HE 1 RN BRGEE R P IR RE 1) £ 1 R R B R I B
v, JFL A L DU AR R 22



5 4 A KA 5 T PR 2 Pl R A0 R A HUAEDRL RO 1 LU T A 479
2 (SHEARE L)
Tab 2 Content of amino acid of rotifer and its foods
R iES FROEHEEAM T L) Content (Percent with coarse protein)
Kind of amino acid 40t HAK/DERE  AUEME  SEkE PR DRI WERBRE WONEERE 9EEA ©
wtifer  Ch. pyrencidosa ~ Sc. obliquus ~ Ch. micos E. intermadia ~ C. ovata  S. cea~  S. aurlsbe  Protein of chicken
haera isiae rgesis egg
AP RITAZE 5206 6 96 7. 603 6.929 5.519 5812 8. 281 7.203
THR % 4% M 258 4 233 4. 594 4.515 3.39% 3 563 4. 165 3.967 52
SER £ H B 1540 2 350 2.377 2. 764 2.255 1. 3718 3. 96 3. 154
GLU & & M 454 8 162 8. 169 8.417 7.134 6 073 1. 447 8.437
GLY H & B 457 4293 4.510 4.310 3.073 4139 3. 628 3. 886
ALA B & B 298 6 555 6. 317 6.582 4.502 4613 4. 603 5.902 05
GYS it & B o076 3332 3. 022 2.966 2.160 2 M1 0. 608 0.439
VAL 4 & @ 3063 4 150 4. 406 4.048 3.578 2 %8 3. 94 4.650 67
MEI & % B 05% 0 539 0. 973 1.495 1132 041 0. 632 1.122 34
ILE R® & KR 27% 317 2. 732 2.434 1.92 2 104 3. 385 3.675 55
IEU 7% & B 418 7473 7. 013 6.285 4.934 4 730 6. 040 4.143 91
TYR % & B’ 303 1 958 1. 628 1.998 2.35% 1. 561 2. 728 2.016 46
PHE ZX & B 265l 3 735 3. %44 3.712 2.729 2 888 3. 629 3.756 58
LYS # & B 393 4 089 4. 22 4.343 3.618 3356 6. 95 4.764 69
HS 4 & B 0540 1 065 0. 756 1.078 0.984 0 675 1. 583 1.967 26
ARG K & B 1746 3 683 4. 386 4.0% 6. 462 3 98 3. 799 2.407 65
TRP & # RO — - — — - — - — 1. 4
PRO i & B 3148 3193 3. 297 2.786 2.576 1. 819 2. 509 2.488
NH, ) 033 2 910 3. 378 2.685 3.533 2432 0. 97 0. 065
TAA 48 096 71. 431 7.235 71.443 61 868 54. 694 71.675 66. 002
TEAA 22 017 3. 83 32.92 32.006 28 753 2. 836 34.136 32.409
TN 10. 08 8. 39 8.72 8134 101 04 10196 6157 9184
cp 631 00 143 54105 5213 @175 68154 41106 61156
TEAA/ TAA 4518 44109 450 4418 4615 4313 475 911
FAAI ) /100 5310/9170  556/99174 581(0/98150 35011/9592 3917/ 92119 5819/ 100100 59 8/ 1001 00 100/ )
o5 — IR R » MET/MET MET/ILE ~ HIS/ILE ~ MEI/ILE ~MEI/ILE  MEI/ILE  MEI/LYS
PS 1519/9%619  2816/9718 41158711 3313/6818 1214/7513 2011/10000 3414/ 10010

o R A 5 A S SRR K R 26 R D, B B
FrRUE B4R, H NRC.
21215 (NHjy) 16 5 FhE e NHs (&
FON21432) 31533 Z (8], ZERIANK; T £E 2 Tl £ o
B BN BAK, 5371 801097) 01065.

213 7 (CF)

VERLFL G W & B AE1164% ) 15141% 2 [8] (%
3), Wi A R (15141%) , ok R A Nk
FE(TI51%) 5 B AR A M B BF (1164% ) , IRAK N/

/10 R BT JE IS EE 23 00 D9 LA B ER SR B B ST EAA fE

BRACEE(2111%) »

24 7 (FA)
TE 7 Fh VR HR LI BT R 29 Fh( 2 3) o HiHH

rh R R AR R R v R TR I N T E L R
24 Fih A1 22 Fih, oy 3 FhiE RS 4G H 17 s THIEL BERE
Ange Tz RErb g U BRAR X BE =, 4 A HY 9 AR
13 Ffi
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21411 (UFA) (SAFA)
F 3 5o, BRI ER REAURL A B 1) UFA
FEAKT SAFA Ak, HABTERL 35 DL UFA & e .
FEBEZR R, 2 b B P A AR 3 P EIE R )
UFA 37 T SAFA(Z1114) 318 %) ; THAL BEEE U2 =
017 f%

3 7

UFA ¥ &5t Dhrb BURR A B =i 72180% ), FeAih
WA N ERAC T (67191%) ~ HP AL B35 (65156%)
By T 2 R ARME B R 1 S1118% (2R (K% /INER ) A1
46173%(%%%7;%)0 T A, 1% BE () UFA 25 Bk T4
[, 9 60109%, MR % B () UFA
3%7‘3@1&(35171%) o

1:1

Tabl3 The omposition and content of fatty acid in seven foods and rotifer feeding thean

ErE( HMARNIE 2 b)) Content (Percent with coarse fatty, % )

Jig 1y R 2 REAB/NEREE R M RS d AR SR i BB SR e BN B SR T ELIRE BE S el MR R K iR
Kind of fatty pS& it Sc. obliqus ~ Ch. microshaera  E. intermadia C. ovata S. cewisice  S. carlshergensis
acid Ch. pyrenoidosa and rotifer and ot ifer and rotifer and rotifer and motifer and rot ifer

and rotifer
12B0 01 18/ 01 14 0121/01 15 0l 11/0127 0121/ 0157 0107/01 23 0122/ 0137 238/ 1136
14B0 01 60/ 31 09 0178/1155 01 87 1190 0179/31 23 0154/21 36 0 83 1156 11493117
a2 1580 2116/ 1119 2165/1179 1271111 3158/ 1116 1160/ ) ) /1184 1128 3176
1580 ) /109 0174/01 72 ) 10158 ) 1092 ) 10138 ) 10175 ) 10198
a2 16B0 1143/ 01 64 1157/01 59 0187/ 0167 1141/0045 0149/ 13155 ) /1) ) /1)
16B0 301 80/ 141 15 4157/12164 24184/ 19 12 8150/ 141 86 17164/ ) 17109/ 121 68 400171615
6B1X9 5106/ 4137 515071183 1108 3142 21 86/ 21 24 3114/21 73 341 37/ 8124 24170/ 9122
16B1X7 3138/0077 1109/01 88 1104/ 0169 1182/ 0142 0128/01 93 ) 11147 2013 2148
16B2X6 2119/2 18 0135/01 36 1145/ 0165 205/ ) 0155/01 43 ) /0153 ) /1)
16B2X4 ) /0091 ) /0153 ) 1) ) 1) ) /1130 ) 10128 0132/)
16B3X3 8193/ 11 81 0171/) 1186/ 0155 a1/) 1117/) ) /1) ) /1)
16B4X3 03s/) 5170/01 68 151 48/ 1107 910/ ) ) 1) ) /1) ) /1)
17B0 0129/ 01 94 ) /0140 ) 10126 ) 1) 0131/01 %6 ) 10167 ) 10163
17B1X9 ) 1) ) 1) )y /1126 ) 1) ) 1) ) /1) ) /1)
1880 1148/ 2183 1108/3133 0199/ 3183 0159/ 415 1144/3128 161 81/ 8122 10061/ 7111
18B1X9 1118/3119 1013¢/ 7145 0389114 2118/3197 0199/21 30 251 47/ 8120 4193 4194
18B1X7 2175/ 1115 5187/21 89 4 64 3131 6147/ 1123 2143/11 04 ) 14198 0125/11155
18B2X6 771/ 1736 3190/ 12123 417 6179 a 77/ 100 85 2183/51 68 0l 22/ 4195 2191/14178
18B3X6 ) /172 ) /1125 1139/) ) 1) ) 1) ) /0133 ) /1)
18B3X3 191 63/ 241 64 11176/21166 26158 18 45 2193/ 1319 19131/12124 01032157 0L 47/ 0169
18B4X3 ) 1) 1149/1125 9 84/ 0198 ol 66/ ) 221595105 ) /1) ) /1)
20B0 ) /018 ) /0116 )y 10117 0102/ 0122 ) /0118 0l 17 0148 0l 06/ 0146
20B1X11 ) /063 ) 1) ) 1) ) /1136 ) 1) ) /1) ) /1)
20B1X9 ) 10095 ) /4157 ) 1) )y /155 ) /1158 ) /3180 ) /1174
20B1X7 ) 177 ) /1140 ) /1) ) 10070 ) 10154 ) /1162 ) /2145
20B2X6 ) /1115 ) /0134 ) /0110 0170/ 1191 0153/01 70 ) /0130 ) /1)
20B3X6 ) 1) ) /0150 ) 10142 ) /1) ) /1) ) 10171 ) /1)
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i W R A 5 HEZANEREE RN R L NERACER SR L BB S B IR R SRl T T LI B ARG SR WP I R R
Kind of fatty Jke i Sc. obliquus Ch. microshaera  E. intermadia C. ovata S. cerevisiae S. carlsbergensis
acid Ch. pyrenoidosa and rotifer and rotifer and rotifer and rotifer and mwtifer and ot ifer
and rotifer
20B3X3 ) /) ) /0169 ) /0127 0 53/) ) /0195 ) 1) ) 1)
20B4X6 ) /193 ) /0180 ) /10125 1146/ 31 38 0155/1120 ) 13147 ) 1)
20B4X3 ) /A8 ) /2125 ) /2177 0176/ 3198 0169/71 80 ) /0151 ) 1)
20B5X6 ) 1) ) /) ) 1) 1n32/) 1140/ ) ) 1) ) 1)
20B5X3 ) /117 ) /2141 ) /1100 4166/ 5138 5153/ 12102 ) /1149 ) 1)
20B6X3 ) /) ) /) ) /) 236/ ) 3157/) ) ) 1)
2BI1X9 ) 1) ) /2127 ) /1114 ) 1) ) 1) ) /1180 ) 1)
2B3X6 ) /0014 ) 1) ) 1) ) /050 ) /0141 ) 1) ) 1)
2B4X6 ) /a0 ) /) ) /) ) /AN ) /0122 ) /0193 ) 1)
2B5X6 ) 1) ) /0124 ) /0104 ) /A7 ) /2142 ) /3180 ) 1)
2B5X3 ) 1a17 ) /0123 ) /0113 ) /A% ) 14185 ) /0174 ) 1)
2B6OX3 ) /) ) /0177 ) /0130 ) /410 ) 14147 ) /2125 ) 1)
24B0 10142/ 9 78 ) 1) ) 1) ) 1) ) 1) ) /0122 ) 1)
TX3 28191/ 281 67 19166/29194 53176/ 251 52 471 17/ 301 40 52186/47138 0103 7156 01 47/ 0169
TX6 9192457 4125/ 15172 701/ 8125 12130/ 201 29 5186/ 11106 0122/15102 2191/14178
TX3/ TX6 2192/ 117 4163/1190 767/ 3109 318/ 1150 9102/4128 0l 14/ 0150 0l 16/ 0105
TX3HU FA ) /A2 ) /6135 ) /4147 8 31/ 14 41 9179/ 30109 ) /14199 ) 1)
TSAFA 47136/ 341 30 49160/21132 28195/ 2791 151 10/ 251 56 22109/20194 3511226179 55199 331 62
TUFA 51118/ 651 98 46173/67148 67191/ 5273 721 80/ 621 16 65156/68186 601 09 52197 35171/ 47 8
TUFA/TSAFA 1108/ 1192 0194/31 17 2135/ 1189 4182/243 2197/3129 1171/ 1198 0L 64/ 1142
TMUFA 12137/ 111 83 2182/21129 7114/18196 13133/ 11147 6184/91 12 5984/ 300 11 32001/3238
TPUFA 38181/ 541 15 23191/46119 60177/ 33177 59147/ 501 69 58172/59174 0125/22186 3170/15147
TPUFA/TMUFA 3113/ 458 1105/21 17 851/ 1178 4146/ 4 42 8158/6155 01004/ 0175 0L 12/ 0148
TPUFA/ TSAFA 01 82/ 1158 0148/2117 210/ 1121 3194/ 1198 2166/2185 0101/0185 01 07/ 0146
CF 751/ 4134/ 2111/ 15141/ 3123/ 2131/ 1164/

He R OFF SRR M ZA RN R P/ /0 bR EUE 2 ) R SRR SRR R 2 R ) E AE

5X3 Fl 2B6X3 %5 B LA -1 X3 RVIAR IR -

SAFA & B fm ) &+ /SR BR( 16B0) , B B4 41
FEARAK( 8150%) 4k, HAh 41 £E 17109% ) 42157% 2.
[F]; 2 Fili% BE-1- )\ Bk BR( 18B0) I & EIR 4% s, 43 Al J&
161 81% (T f0. 8% £F) A1 10161% (Ml EERE) . b4k,
R /ANERTE =+ DUBR R ( 24B0) 1) & =8 B
(10142% ) .

5 FhEE UFA 15 S et 2 X3 R0
JTRR (VE L 21412) o Ik Ak, RHAE B B )\ B — 4
FR( 18B1X9) [ & & 7N (10136% ) 5 2 Pl RE1- 75
I BR( 16B1X9) 1) & &1, 738 34137% ( 1fl
BT BF) R 24170% (WP BF) 5 THELEEREH )\ —

X3HUFA /&4 208

175 BR( 18B1X9) 1) & TN =1 25147 %) -

2 Pl b2 AN AR TR (PUFA) 15 &
KT SAFA, HHE /T 1 A /INEREE N 0182, )
A E S O148) 5 3 it #E - 788 W AH Jz, 3L EAE 20 0N
1A (FRAEREE) L 2166( B TE G ) A1 2110( /NERAR
FE) 5 2 FhEE R X — DOAH B, 2 B THEL R B
0101 - MY % EE 0107

R A 8 A, 5 R PUFA 5 SN0 R IR
TR (MUFA) 7 BEAH 2 1R K. #EH I PUFA &
T MUFA (Z1752113) 7158 %)« 7E 5 Fpi#EH PUFA
(0 B B e B T /N BRAR 3 (60177% ) 284
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(38181% ) FI AR A= Mt 8 ( 23191% ) - FIBLTT W, #F B
FEPUFA &R m TR B (LM 1 1) . SR
FHIR, BEREH MUFA & BN T =T PUFA &5,
2y JLAE (I IR 8165 %) ALLE 1% (T B R L)

240 %) «
21412 X3 X6 ( X3UFA #1
X6UFA) 5 FhiEE b X3UFA & &5, B

A2 5 4% K (19166% ) 52186% ), PABH 2 Ba i R
o, AR A EE A B A R B TR
(217 1163) 2169 %) ; X6UFA ) & & N iz K T
X3UFA, X3/ X6 {H#£2192) 9102 2 Ja], 5 & A B B
FE(9102) , H RN /INERACHEE (7167) , T AR NE A%/
BREE(2192) . TEEREH X3UFA &5 50 A 241K,
{ENTH L BE BE 0103% , ML BF 0147%; 5 3 2 AH
R, B BEH XOUFA 1 & & 81, X3/ X6 1H 7 7l N
O114( THI ELE%E B F1 O116( MUFFERE) . X3 R F i
ANV i T ( X3HUFA) AN AE R84 4 5 R0 B T o 3
HR H, B il A 8131% 1 9179% o

5 FhEEH UFA 2 Sl A2 1)\ Bk =I5 2 (188
3X3) , HABAE11176% ) 26158% 2 [a]; YR FE & i 1)+
J\BRDY I3 1% (18B4X3) /N BRA T8 1 -+ 7S 5% DU 475 12
(16B4X3) ) 2 & 75 &, HAH 23 il A 22159% Al
15148% o
21413 EE A
INERGE R H DY B R ( 24B0, RN 10142% ),
AR B K B BE IR T R - 2 P B ( A
TR FOGE R REGEE) JR R —HBRLL BRI UFA, &8 5
UFA S5 1) 1612% (AL #35E) 1 1817% ( 9P ¥ Fa
), H AR B KEREER FA, K EEN+/\
3178
215

21511 UFA  SAFA R 7 MAER
(PECHL ) UFA & 535 /5 T SAFA 5 &, BR/NBRAR
¥ dORIH RIS R0 B Ak, AR B AR R .
KR U PUFA U5 23T SAFA (& &, It
{EAEL1121) 2185 2 [a]; 2 M BEAS B UIAH I, % LU AE
ANT 1, FABS B 01 85( THIELFEERE) AT 01 46( M1 i
Bh , SHARLAR LG, tEE B 3Gk, R H
PUFA % 1] &/ T MUFA & & (£50178) 5155
%), V180 IR (219 £%) KT oA Rl A B A
(319 %) o« F 1 PUFA & & 5 i (1) /2 B Ba e e
(59174%) , H ONE B % /N BRI 6 HL(54107%) « 2

FhEEREAC U MUFA (1) & & & T PUFA 18 2.
21512 X3UFA  X6UFA 5 H A )
A3, 2% Ui X3UFA 1I& &) T X6UFA,
MR DL X6UFA 1 2 500 w5 X3/ X6 A LG AE L
HUHBMRIZ o BRI BERS de Ak, JoAh se di sy &
A X3HUFA, &5 fix i 12 UNJE e #6 1y 30109%) |
HUGR A BRI HL(16141% ), Z A8 B IKHI 2R
1 /INEREERS H(2122%) -

21513 FA I L PG P
RS dudh, HoRe oy & A R b g = 19— Bk
A=+ ZHk HUFA.

3

311
31111 AWV ) 45 R
(VHRHEH R Y o, Y 5 Fiose 28 .2 Fh iz BERE 97
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Az B > RYE MR Ae R > TR B >

O YRGS > /N BRAC RS > NI EERERE > R
TR T T R RO, HEE RO 3 AL
B 58 AUE TN G R A8 SR fEbs
BIRRBT P M S RN EAR T B A N BRGE,
T A KA bR EAH S, X AT RE 32 222 B TR A M
VRN RFIR T3S 45 1), 8 2 743 M R0 m ) P PR 22 1
SGllro 2 FREEBERE A2E VRN FE AR = T B A
ANERGEE, (BER IR R A ZE AR K, ARYE 1B (a3 77 R
(P42, T RE 2 FH IR 557 5 BN ) 7K B 22 B 3G
T, TR AT R HARE TR A B 2E e TR, 3 PR
FEI AL FRbR AH XTI, X AT B8 2 AT T RHR MR AL
T ZEW RN 2 —; Frp OpIe e it fe il T 8
i, TR MRS A B A, IR T B oA B IR L A
Unfli TR LA B VR L) SR B 4 AT 45 1k R R Ak
SRR AARIEA.

31112 NATAE R PE )3k
T8 FRVPANIT, 3k SR 400 2 10 2 SR FRAE AR
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VE bR HERT FAAT AT PS 1 TH5 45 S &0, 9/ br
™ EAAT P4 S 384500, 11 PS I PPANES R 2=
SR K. IR R A FAA VEAR HERS EAAT AT PS
(PPN 25 B AR —2, 1 FH 4 51 8 1 1E b 1R 9 2
TIA AR A4 MR PRI PP S5 58 ST R RS
IR VA 45 SR AH LL B, 45 308 DL HUER F T EAA
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bR HER VAN 2 RS HAH — 8. Rk, ATRA N, H
B HUR AR RIS LR (FAA) bR AE SR AR
FAN B T HER o

A BT 45 SR R, AN R R e e, iR
P15 U R T W I 22 301, T 1 222 5310 D
i 22 B, AR FETE R 7 AERHE & AR
BT B35 VRN SR /NER e s o (s R 2
FRAE VP At 2B 2T AR 1) o
31113 THRAE AL
WA TAA F1 TEAA & &35 560 HURH B 1 &
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MIFREE . 1 TEAA/TAA R A B i 4 X
—LUAE, A 2R R T, oAt SR 110 £ A,
DADNZY Ro i o B (K. ARG HUER R EAA 1B bRt
(11 EAAT AT PS P TUFE AR 4B 2 7~ T P P I BF B 1R
(R 77 Bemn ( FAAT AT PS #4145 100100) , H vk N4l
HEME ( FAAT= 99174, PS= 9718) 2K A #% /NER 8
(EAA= 99170, PS= 9619) ; 3% B, iX LE AL ) #6 Ay
BRI E FRANE . X TR AR e 22 (12 O Y B e
(FAAT ¢ 1, 4 92119) A1 rf B4R 38 (PS Ik, N
6818) , £ BHIX I S (1) B 1000 AP AL HLi) 8 77
IRIERA P18

ARG R B, SRR AR E RN EA A
[FIFE BE) 22570 AT SAERME 7 TOEANE bR 1) HE
HING e B, 25 A RHEE BT 4 A7 10 BV B b = B

4 18B2X6. 18B3X3

PRI g A% A 358 o S e L B BB L B
BREE BRI N BRI B e . DRI, TT A
R, R EE . B U NER EEAT 2 PR BE B R

B IR ER
312
31211 (EFA) 7
FA PEIH AT AR RSO ot £ )

W7 KB, 6 FA BX EFA S (R B S 8 fa 2k
1 A= K BHAS A B AR ILA « a0 73X LU RE R N
18B2X6 B 18B3X3, HAE KR M HR K. Fik
PR FA VR AP REL B — (S AOR B 4. AUtk 18B
2X6 Fi1 18B3X3 A2 il t K55 W) EFA. IR /KFE
(I &2 — R AR ol 0 2 5 1) TF CUERL, FHAS R 1
REREFR B B, 3 FA B4 e 75 3 2 8 7R 2,
ST VEI B S AEDRL SR S5 1 B FR b

F 4], FAERLBTERAS B FA IR mE R
1) 1882X3 1 18B3X3. £ [ 1% /NIKBE Py MRS T s 1,
BRIk 2100% ; FHUCHRAMHER R 33189% .
OB CHIXP AT FA 1) 75 R BN RHET 19, (HEH T A&
REIN HY &AL th FA (45T &8, ARBE 1 EiX
PR FA 755 1 RS 750 2 0 it (1 7 R, (B AU
PSRN, B A%/ BRI JURIARE MRS BT FA
EFRME R R i B A BLACH, IX PR f2 3
FEZHC B SRR AR, 1% — 25185 50 AR 3
Kzt o TR A S A5

X3HUFA

Tabl4 The content fo fatty acids, 182X6, C18B3X3 and X3HUFA, in wtifer fed various foods

BRI RR S 2 (S HETB E 43 ) Contents of fatty acid in wotifers ( percent with coarse fatty, % )

Fﬂnfm; AN USRI ANER A SRS ) TH L R} P B
B i i i i ok ok
18B2X6 171 36 12123 6179 101 85 5168 4195 1478
18B3X3 241 64 21166 18145 1319 12124 2157 0169
MWEE 42100 33189 25124 A1 4 17192 7152 151 47
X3HU FA A2 6135 4147 161 41 30109 4199 )
31212 X 3PUFA FA ATREAE, 55—, MEAEE TR TS e R 2 R

AHEI S5 R WD, 7 R b A 2 B o
PR SER URIERA ) A KB BEN) PUFA. VF 2%
W, 0 SR e S, 49, e ok R 4 okt
SRR, FCAERMA (G 75, 2 BRI BT O R v
e Sl HUFAL ) 2 | 2 2 O i g e
R, FAFA T v 25 O R T MR % ol
HLREE R 200, B R 0 B AR . R A

PRI S, T ShEk frRe VB s, TSR R R
DDA P PR 2, 5 BB D AR 8055 58—, LA AT
TR AL RSt DR ROR B HOHE i 2R A
BUIN, W, 21 Ra e f H AF Fh ( Rhodomonas minuta Var.
nannoplanctica kuja) ( 1215 @710Lm) , 3 41 ffs K /N E
e B $R R B0 0E BV [ (10) 120m) Z A, 1 A F
FUH A R RN BRI R (I AR /N H I —E
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TR NI TR (DHA) %5 X3HUFA FAC WL 4 2
HYN, B e A R 2 X3HUFA, HEERD . iX
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THE PROTEIN NUTRITIONAL EVALUATION OF ROTIFER
BRACHIONUS CALYJFLORUS AND ITS FOODS

WANG Jir2Qiu', 11 D2Shane? and CAO J2Xjang
(11 School ¢ Life Sciences, State Key Laboratory o Genetic Enginearing, Fudan University, Shanghai, 200433, China;
21 Fisheries College, Ocean University ¢ Qingdao, Qingdao, 266003, China)

Abstract: In the study the nutritive value of seven kinds of foods, including five kinds of algae( Chlorella pyrenoidosa,
Scenedesmus obliguus, Chlamydomonas micophaera, Cryptomonas ovata, Euglena intermedia) and two kinds of yeast
( Saccharomyces cerevisiae and Saccharomyces carlsbergensis) to rotifer( Brachionus plicatilis) was appraised using two in2
dexes of protein and fatty acid.

The appraisal results of the protein showed that the content of the total nitrogen (TN) and the crude protein ( CP)
are 10. 08% and 6310% in the rotifer. s body respedively. The total amino acid (TAA) and the total essential amino
acid (TEAA) account for 48% and 22102% of crude protein respectively. The ratio of total essential amino acid with t@2
tal amino acid (TEAA/TAA) is 4518. The contents of TN are between 6157% ) 10196% of seven kinds of foods and
among them the contents show highest and lowest value in Cryptomonas ovata and Saccharomyces cerevisiae respectively.
The cntents of CP lie between 41106% ) 68154% and keep the same with TN from high to the low permutation order of
various kinds of food. The contents of TAA are between 541694% ) 731235% and show highest and lowest value in
Scenedesmus obliquus and Cryptomonas ovata respectively. The contents of TEAA are between 231836% ) 341136% and
show highest and lowest value in the Saccharomyces cerevisiae and Gryptomonas waia. The ratio of TEAA/TAA are be
tween 4313) 4911 and show highest value in two kinds of yeasts. In the study the seventeen kinds of amino acid were
mersurated. The content of the HIS is lowest (01540% ) in the protein of the rotifer, secondly it is the MET (01556%)
and the CYS (01762% ). And the cntents of the ASP is the highest (51206% ), secondly it is the GLY (41571% ). In
the proteins of foods the content of the MTE is lowest (01421% ) 11495% ), secondly it is the HIS (01675% )
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11967%) and the GYS (01439% ) 31332%). And the content of the GLU is highest (61073% ) 111447% ), second2
ly it is the ASP (51519% ) 81281%) and the LEU (41143% ) 71473%) . When use protein of the whole ovum as the
standard the first limitative amino acids are HIS for Chlorella pyrenoidosa and MET for other six kind of food respectively.
When using rotifer. s protein as standard the first limitative amino acid are MET for Chlorella pyrenoidosa, LYS for Sac2
charomyces carlsbergensis and LEU for other five kinds of food respectively. The evaluative comparative result with protein
showed that the foods of Chlorella pyrenoidosa, Scenedesmus obliquus and two kinds of yeast have bester nutritional val
ue.

The appraisal results of the fatty acid showed the contents of crude fat are a wide range from 1164 to 15141 % and
there are found a highest level in Euglena intermedia and a lowest level in Saccharomyces carlsbergensis. The twenty nine
kinds of fatty acid were measured in seven and a greatest number was found in Euglena intermedia in twenty four kinds
and in Saccharomyces carlsbergensis in twenty two kinds, but was snowed absehce of kind. s amount of fatty acid n two
yeasts that they contain only nine and thirteen of kind. content of unsaturated fatty acid higher than saturated falty acid of
live kinds of foods among them, whereas was educed opposite outcome in other two kinds of foods, such as Scenedesmus
obliquus and Saccharomyces carlsbergensis, namely the content of saturated fatty acid higher than unsaturated fatty acid.
Main unsaturaed fatty acid was Alinolenic acid ( 18B3X3) ( Which ranged from 11176% to 26158%) for live algae. AR
so in certain algal treatment, such as in Gryptomonas ovata the steridonic acid ( 18B4X3) was higher level, the content is
22159%, and in Chlamydomonas microsphaera the hexadecatetraenoic acid ( 16B4X3) was higher level too, its contents
is 15148% . The long chain (longer than twenty carbon atomy) unsaturated fatty acids was found in a higher proportion in
both algae, such as Gypiomonas ovata and Euglena intermedia, the contents are 1817% and 1612% respectively. In
fatty acids of rotifer fed sex foods (except Saccharomyces carlsbergensis ) was contained high unsaturated fatty acid ( twen2
ty2carbon and twenty twd2carbon catena) though they were alsenced in various foods and the rotifer. s abilities for tran
formations steridonic acid 18B4X3 and Alinolenic acid 18B3X3 to eicosapentaenoic acid (EPA) (20B5X3) and docosa2
hexaenoic acid (DHA) (22B6X3) along with other omega23 highly unsaturated fatty acid ( X3HUFA) were evaluated.
The essential fatty acids, such as linoleic acid ( 18B2X6) and 18B3X3 for the cyprinid were moderately abundant in r@2
tifers fed with various foods and was must high of contents in rotifer fed with Chlorella pyrenoidosa ( 17136% and
24164%) and in rotifer fed with Scenedesmus obliquus (12123% and 21166% ). Also the content of X3HUFA in Sac2
charomyces cerevisiae was arranged in four. The nutritional value from composition of fatty acid deduced that Chlorella
pyrenoidosa, Scenedesmus obligqus are principal foods, and Saccharomyces cerevisias is promising using to mass batch cul2
ture of rotifer. This conclusion was similar to that outcome in experiment of feeding impact and nutritional evaluation of

protein for seven kinds of foods in foregoing our works for the rotifer.

Key words: Brachionus calycjlorus; Food; Protein; Amino acid; Fatty acid; Nutritional evaluation



