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RE AERNENHG . SHEE FIEMTITGRMTRERRE 290 aBEERHRah
ERABENRE, IS M TN ERR SN RAY, BEE e REMSHERRR
R AN TAANEARCENHRE. VESRMEAESWARI, RABRY BRSNS
BB, . R RBREH S BAEE T X B B0 2% & £ R 30k A2 A8 P AT/ il A
KERRE, FRBEHAEERTSEEMER A DANE, HFERTS M A RIS
ZABREEMEAR AHaERRESFHNEMNENAERFEATFFRRES, RAEE#E
KO EEEROER. WIFRR G R R, R PRI 2% 0 IR BEK, FIR 454 /5, XTHFH
KT 14.49%; REWHMT 10.43% XEHRLERRENAARBIEIRERKTFHE
¥ AR R AR X K Y R BT IR

XEiE AREEY, FH

IR (Anabaena ) R—FEIBE R EY, RAREHITERERAXEHFITERAER
X FEH. CERTERMBEEE M RESHLAFEF FEME A K#E
B, BHUOE, AR ARSERAV) AN, EAEEENEARUSER), BHE
FOEEER AEE B.ESNEEREDFEEYRDY . HHEE NI &R A MEE
HEARMERERET AEE L, ESZENHRCHET ARERMBERERR, &
5170m? B L L E PR Tk 7- 11g(FE) . m-2.d - 1102, &38R JLAE K H A
RS VE N Y B AR XTSRRI RF R AR 4R

1 MR5FE

1.1 S8EEY HRaEERRRATEBERKEEYFRTESREED(HAE
HGE )R AR A AHBEAWIRS ARER. M h &P FACHB £, @i
BRI, EEIMFEFRTRSER.

BEERHEEERESREL
1.2 AP RARELENRNFERHET. ELEREREEN S =HH#HTAR, 5
1 SRS E TR, RIRA 790 H, X ERAH 380 K, KB HAK 28d(29 - 56 H i #
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7). % 2 it A8 F AA TS P9, R4 755 H, X R4 380 R, iRE A 21d(22-42 H
BT B 3 i MR YRR, KB AMXEAL 323 2, AKHK 28d(29 - 56 HiEg
H4T) . ERNAMBEA AT T T 8000 RAGK AHMIRE, AT 1 SHAR

A, R0 41 F 3T B & 4000 R, R WIN 56d4(0 - 56 HEEHFT).
1 SHREERRENRNS

Tab.1 Composition of Anabaena spp.powder in experiments

M 4> Composition fBJEBEM Anabaena sp. powder
$#EH Crude protein 37.0%
BRK1L & ¥ Carbohydratates - 4.8%
K43 Moisture 7.5%
K5 Ash 10.3%
M4 R a Chlorophyll a 4.95mg/g
%AW bR Carotencids 1.9mg/g
M ¥ % H Phycocyanin 62.1mg/g
S EEL Amino acid %
RERM(1le) 2.15
EEBR(Lew) 3.23
HMEB(Lys) 1.52

H P E M (Phe) 1.51
FEHBR(Met) 0.23
BE @B (Tyr) 1.49
HER(Val) 2.01

B HM(Trp) 0.42
Bt &M (Cys) 0.20
FHEBR(Thr) ) 1.80
FHEMK(Al) 2.76
WER (Arg) 2.89
RKEEAM(Asp) 4.28
AEHB(Glu) 4.78
HEH(Gly) 1.91
45 | M (His) 0.43

I E 8 (pro) 0.66
22 & B (Ser) 1.68

PARIE S A A F R A AR AR 3R 2.

1.3 BHRE TRAHILES HPEBERXKEEDHRTIARRETHTIR
ERMA EWMLERBEALZEABNNARIATRAE. UEEE AR YER,
RASh 2% AREENBERSEARSFHTEARNHERETRERR, B8 G FE
BB K AEE YRR AR A = E AR .

1.4 WiFRAR ZWLLEEBETHFANBMABEFHTRE. METHY 60m® (K
10m, 3 6m, & 1.5m), MAECE € 0K EE W X9, REMBKE 1m; 3 10 M5,
AT A S R, MR . Sl 5 A, 8NERN Shm?, A48 34, 38 2 A0
ERETHILEEBETHEDMNEEY, RRRERK, WEE, hENE MW IFE
TR AR K R 2.5 - 3cm, B RMABRLIF 15ke. WIEFHMIFEK D Sem &5,
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FERSTF 80kg. EREL A NE 3. BRSFBRHKRE, NETERE 3ke/MH, R 1kg,
¥ b 2kg; MBI E R 20ke/hm?, BB 6. 5kg, B £ 13.5kg.

1.5 MiFRE RBRELTERMNTKEHERAH#T. EEEEPHREME (1m X
0.25m%0.25m). ¥F 8 RIT T XM MK =R, KK 3em 5. F 2R RA KX 50
B, EH 3 K. RBHAN 45d. LLE HEXT IR ER S R ER, B E M 2% ¢ AR, AmA
R Y shogi

1.6 H¥iFE GEFNGTERNEARS, RAXASFEET>. BHEL83S
~SOEERME NI EELERESE. ELRAXEE ICP- AES STl E. REHWH
R4 47 4 0 T SRR AT D).

®2 AVEBEEH
Tab.2 The ingredients of feed for chicken (%)
1-3#(No1~3) M O #H(No4)
_— 1-28 B (1-28days) 29-49 HEF (29-49days) 50-56 HE¥ (50-56days)
RRA HEa Lea oy cE:| nra pog:E: Hea Pyt
(Raw materials)

(Test) (CK) (Test) (CK) (Test) (CK) (Test) (CK)
E X (Corn powder) 59.0  59.0 62.5 62.5 68.8 68.8 72.7 72.7
¥ E.#(Soybean meal) 19.0 19.0 31.0 31.0 25.0 25.0 22.0 22.0
= B¥H(flour No.3) 13.0  13.0
4%} 8(Fish meal) 3.0 6.0 1.0 3.0 1.0 3.0 0 2.0
£ 18 39 ( Anabaena powder) 3.0 0 2.0 0 2.0 0 2.0 0
##( Mineral reagent) 1.2 1.2
¥ (Calcareous powder) 1.0 1.0 1.0 1.0 1.0 1.0
BB E L5 (CaHPO,) 0.6 0.6 1.2 1.2 1.2 1.2 1.0 1.0
A EE(Salt) 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.¥
i $l ( Promixture feedstuff) 1.0 1.0
¥R 45 %} Concentrated feedstuff) 1.0 1.0 1.0 1.0 1.0 1.0
{RMEE (Kcal)( Metabolic energy) 3108 3115 2900 2950 2950 3000 2970 3020
8 % H1 (Crude protein) 19.3  20.0 20.3 21.0 18.3 19.0 16.3 17.0
$5(Ca) 0.94 0.97 0.87 0.89 0.86 0.79 0.79 0.83
B(P) 0.75 0.76 0.56 0.57 0.62 0.63 0.58 0.58

1-3MATAAR B4 HYHER A, The fish meal of the No.1-3 test and No.4 were Chile and Peru respectively.
%3 RBRWIFEHES
Tab.3 ' The ingredients of feed for Macrobrachium nipponensis

JE ¥t (Raw Materials) HIA (Tset)(%) JHRA(CKI (%)
#2142 (Fish meal) 10 10
R FE 43 (Shrimp shell powder) 12 12
B £ ( Yeast) 4 4
H ¥ (Soybean meal) 16 16
K H (Chaff) 18 18
%% K7 (Bran) 30 30
B0 (Additive) 2 2
£ BE B ¥ ( Anabaena powder) 3

558 Fl(Felted) 2 2
5 i (Bean oil) 1 1
47 4 (Fibre) 4 4

% 58 & (Crude protein) 29.78 28.67
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2.1 SRERRE XA X8 K R

HEEREY, ERGES AU aRERERARRTTH, KBRS RAM
BB, METHBHEMREY HRARAESMANER(RE 2 BB E T HEA,
HWERERA, KBHEMAMBAERSNREA-B(R4), FH 4 MW ARERES M
iy, Fa, ARANFERSNRAMERKL, F1 -3 HEHBRHANTFIERBE/H TR
4, 5 4 i RS KT X B

F4 HIENHEEEEBDHER
Tab.4 Effect of feeding Anabaena powder on weight of chicken

JA# (Weeks) 0 1 2 3 4 § 6 7 8

ME ER MR BE MR BH AR 28 NE B8 HE BE MZ D& R K& S Nm
(Seart) g +% g +% g +% g +% g +% g +% g +% g +% W

" KK (Test) 543 727 33.9 966 32.9 1280 32.5 1639 28.1 2.55

££ *H (CK) 544 734 34,9 1010 37.6 1397 38.3 1645 17.8 2.55
+ % -0.96 ~-4.55 -9.14 -0.37

% B ( Test) 517 756 46.2 1199 S58.6 1549 29.2 2.31

ﬁ *H (CK) 507 771 52.1 1105 43.3 1540 39.1 2.25
+ % ~1.98 +8.51 +0.19

- R (Test) 721 953 32.2 1237 29.8 1575 27.3 2018 2.65

i ¥ (CK) 725 986 36.0 1243 26.1 1571 26.4 2001 2.57
t % -3.35 ~0.48 +0.25 +0.85

B (Test) 43.8 84.3 92.5 220.8 161.9 382.8 73.4 593.4 40.9 870.2 61.3 1236.9 42.1 1634.3 32.1 1917.3 17.3 2.67
M (CK) 43.8 83.6 90.5 234.1 180 403.9 72.5 527.9 30.7 942.6 78.6 1314.0 39.4 1699.8 29.4 1966.6 15.7 2.69
+ % +0.83 ~-5.68 -5 +2.18 -7.68 ~5.87 ~-3.85 -2.5

#ER

2.1.1 E#ufres FIHRXBERN, NXRAMTBASTR 10 RHTTRE
HEEME SREBEVRFE FGEEMSSEE KRANMBRAKEFRE(EXS). B
B, IRIEME R B, N\ 4 AR ITFRBIE R (8 A, R HA AN & F 6 Bk 6 | Bk Wi
MBI B Y RAR XEHARRRFTRENREENAEE . MLERS HEERAR
PRI 78 1 X ey 5 SRAR A 7]

%5 AMBEERHLE

Tab.5 Comparison of butchery capability in chicken

Piig EE® Rk E? BER? Pem® pmES MO LpmEk?
Treatment (&) (8) (%) () (%) (g) (%)
RE4 1710 1621 94.8 1540 95 1284 79.2
Test
pogicba:t 1860 1780 91.8 1613 94.4 1351 77.0
CK
x % +3.0 +0.6 +2.2

@ Weight @ Net weight @ Butchery rate @ Half-net chamber & Half-net chamber rate
® Net chamber @ Net chamber rate
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2.1.2 AAAFRSGIE ReRUA2%GEFNENEENER, YW ER
B BRELE BT A sk, A KK, HEAMEERARERMHRE . ER, ME
SRMERSMAARAEENSRENSBMEI, #.5 E BRENITEBMETN

RAER T AERUFRNAERRFREESRRATNEN.
®o MARNAASLE

Tab.6 Comparison of nutritive composition in chicken

54 & WA Test SHHA A Control
Composition g/100g ¥ E (g/100g fresh weight)
K4 Moisture 71.9 72.3
HEH Crude protein 23.3 23.1
BIK4L A4 Carbohydrates 0 0
HABM Crude fibre 3.4 2.6
K4 Ash 1.1 1.2
HEH Amino acid 2/100g EE R (g/100g Protein)
RERM(1le) 5.2 5.3
KEE(Lew) 9.2 9.2
A (Lys) 5.2 5.3
ZPIE R (Phe) 4.0 4.0
Es B EL(Tyr) 3.6 3.5
HEB(Val) 8.5 8.6
EHER(Mer) .21 2.1
BEE B (Cys) 0.9 0.8
2 B (Trp) 0.7 1.0
FFEER (Thr) 4.8 4.7
PR (Ala) 6.3 6.3
WEM (Arg) 6.6 6.5
KEEH (Asp) , 9.5 9.6
BHE(Glu) 17.5 18.0
HEE(Gly) 4.7 4.5
BB (His) 3.7 3.6
FH &8 (pro) 1.7 1.6
22 E B (Ser) 4.2 4.1
®7 SHIESRSENLEY
Tab.7 Comparison of heavy metal in chicken
P32 & (Zn) #(Cu) % (Fe) #£(Mn) |(Cd) B(AD
4 % (4th week)
R A 88.0 3.95 298.1 1.14 0.56 56.9
Test
bogicE| 59.3 4.16 1668.3 2.55 0.64 59.5
CK
8 B (8th week)
RA 53.0 1.98 706.0 2.03 0.25 56.6
Test
bugiEe:] 24.2 2.46 1020.0 1.96 0.56 105.2

CK
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2.2.2 FREEANETRSN RE29NAREREMRBPETML, EREVHA
RE M B IR T 2 8 1 R A LIS BRI R B(R 8) . O ERY 1hm? &3S,
374 SR 1 ¥ 6000 B/hm?, I 2% AW A &R R ERAE, £ 60d 5, &
REVHEENTSEENERETHENRREGRY).

®s 2% ERNSHE Bk
Tab.8 Effect of 2% Anabaena powder on all — female carp of fry

& BHER WRER AWE RIER T F T
Treatment  Start weight(g) Havest weight(g)  Net wieght(g) Livability( %) Feed coefficient

MR 1 1985 2960 975 64.0 7.16
2 2025 3090 1065 65.0 7.23
3 2025 3030 1005 63.5 5.91
¥ 2012 2698 1015 64.0 6.77
B0 1 2025 3497 894 69.5 5.34
2 2025 3196 1171 73.8 4.24
3 2005 2919 1492 66.3 3.29
Ty 2018 3204 1186 69.9 4.29
+ % +16.85 +5.9 -2.48

#9 SRRV MSEBEHRE
Tab.9 Effect of Anabaena powder on all - female carp

W FFAE B (Start) I FREE R (Harvest result)

o HMFE EHERE WHRRE THRE B E ENER
Start Weight Unit Weight Harvest Weight  Unit Weight net-weight Feed-

frem (ke) ) (ke) ) (ke) coefficient
pag::t: | 214.8 35.8 368.8 73.63 154.0 3.25
(CK) 2 214.8 35.8 370.4 74.12 155.6 3.21
T 3y 214.8 35.8 369.6 73.88 154.8 3.23
REA 1 214.8 35.8 329.6 76.89 177.8 2.81
(Test) 2 214.8 35.8 399.0 78.74 184.2 1.72
¥ 1 214.8 35.8 395.8 77.82 181.0 2.76
+ % +7.1 +5.3 +16.9 -0.47

2.3 BEFEMEETCRENENTER FAESREREFVEHaERRESHEMN
AL RFABEERRHNRAML, FFNERKMIEESHEMM(E 10).E 54k
BH#ETHRKERENFERRSREY, AARERARTNG, FTN~8RE
T 15.42% (5% 11).

%10 SEFSRTHEAERHEW
Tab.10 Effect of Anabaena powder on length and weight of Macrobrachium nipponensise

A 5] (Date) % (em) EE (Weight) (g)
(A/8) A (CK) REH ( Test) MEA(CK) I 2H ( Test)
5 10 2.5 2.5 0.7 0.7
9 10 6.7 7.5 6.8 8.4

% +11.9 +23.5
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N1 SEFNRTEGE-REHER
Tab.11 Effect of Anabaena powder on the production of Macrobrachium nipponense

HIRnT R H (kg) ket = & (kg) i K (ke)
RBA(Test) MEMCK) REHA(Test) MRBA(CK) HBH(Test) IMWA(CK)
1 400 400 754.7 725.8 354.7 325.8
2 400 400 788.5 713.6 388.5 313.6
400 . 763.8 363.8
Ty 400 400 769.0 719.7 369.0 319.7
+% +15.42

2.4 SEEMMHFERORE KRR FVEXT IR RN 2% 8 A RRY, 17

W 45d JEXTEFE AR A B B R AT (3R 12).
¥ 12 SEERMHIFESROEE
Tab.12 Effect of Anabaena powder on the length of Penaeus japonicus

AIR A (Test) X R(CK)
M -y M%) Wk HE S MKRHE(%)
Start Finish Increase rate Start Finish Increase rate
I 3.02 4.94 63.36 3.05 4.12 35.18
I 3.10 4.69 51.29 3.12 4.42 41.70
i 3.03 4.19 53.00 3.00 3.88 29.30
1) Average 3.05 3.74 55.41 3.06 4.14 35.30
+ % 14.49

2.4 BEFHIIFIFHEHHR X 13 ZUA T EXIFER BRI 2% 8 @RI, 5

M 45d JG A BEAITIFY R E X BRI T 10.43%.
%13 ARWHHIEREHES

Tab.13 Effect of Anabaena powder on weight of Penaeus japonicus

4k F(Test) %t M (CK)

& BR HMEKE%) Eukc) H®R MKE(%)
Start Finish Increase rate Start Finish Increase rate

I 0.48 1.45 202.1 0.48 1.43 197.9

il 0.49 1.62 206.1 0.48 1.28 166.7

Il 0.33 0.74 124.4 Q.35 0.75 114.3

T4 Average 0.43 1.27 177.5 0.44 1.15 159.6

+ % 10.43
3 itig

@SR B (Anabaena ) R—F AR RAEHTEEEAXRHETRRERNER. E5K
BEE M EIER D RE S R AT R R, ERERR, F UK, EFREKS
e AN, EERFENEAR EFEHLRRER BER B . SNERREDE
YR E R (HEF R A A MBS AN ERSORET HaEE L ERSi
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AR e D g R A R T AT 4, R 4 45 X BR LM B M T B R AR
EBEEHANER(GE 2 #HRB/MBE T RA, AR RS BA—5, 3 H 4 #ti
Rip g REA RN . B, KBAMEERSHRAMERK, 51 -3 HiXBANE
VE RS B T R BN S AR BB R R A 2 BRI I 3
HEARE. R, B WELT, A 4 AR FTFAEBILH (S AR RB AR AL PE Bk
& R Rk BRIBE B G B B B, R AN R R EA RO ERE AERS
ENEPNAREREZHELAER (MBS AARKME, hENRERAE BRE
i B 20 SR A 1670 B, 7 P ST R A S 0 B 1 8 R R AL (DA 180 2 % SR
RSB R, XN P A T 5 S RS B A, SR KR, BB
MEERAREAHE ER MHELRM SRR EERYBRINEENS
B R BRENSERET YR, ARMRTARKESRERNEARES
HE— BB R 2% A £ IR S 7E AP AT MR K T R, 45 SR 46 3 9 £ R B
S 4 BERE () A P A BCR, FE AR T & MR £ 6 RS SR R AR R 2 IR R I
EEPEEE PR 2% AEER, FM 45d FITIFAEKEINT 14.49% ; {KEKE
MT 10.43% . LR GRIEBHERR—BY, LIOFREREHABERENE
ol 4 1 B R B R3S, 8 R IR IR O SR IR B B S R R I ALK
T, A E R, IR S AR DT AT B R R g s B (1 OB A K
AT A B F6R 00 7 5, FUF B SR 1 B IR & R S B A B (B A &, R
B, EiR% 2R 2] £ S IR0 4 Y T UF LU XY R AU 7 B B B AT R R A
4 .3 ) PR ME S VE Sy B AR RS R T AT 9. 1994 26 R B HIH 2% SR MM B #l 00 &
HFARHS, 7ERAL A TR (1L A B B T S0 9 185hm R MBS HEAT T KRR A AT IR
FriR%, 45 R IL=F AR 150 m, £¥ 4 300 £, B4g T 8171 360 7T, FIB 56 J7 TTHIHF
ZRO EHNE LU ESHARBERT LARFE, SRENEREMT 10.63%,
BHERMT 16.66%. U LXUHREREZY, FHaREENARRBTEFN, K
B i, 5 R AR R AR HE R AT, NG b 1, a8 3 A AR 7 LA H
Hem AR 60% £, F I, {’E%ﬂ]v)\jﬁ)%k*ﬂﬁﬁﬂﬂiﬁﬂﬁyﬁﬁﬁﬂ(?‘%ﬂﬁm%mﬁ](ﬁ)
o B AR KB BT

& F X K
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STUDIES ON THE APPLICATION OF ANABAENA
POWDER FOR ANIMAL FEEDS

Shen Yinwu, Liu Yongding, Zhu Yunzhi and Song Lirong
(Institute of Hydrobiology, The Chinese Academy of Sciences, wuhan, 430072)

Abstract 2% of Anabaena powder was added into the feeds for chickens, all female carp,
Macrobrachium nipponense (De Haan) and Penaeus in present studies. In the experiment
with chicken, there were no change significantly in the body weight, but the butchery rate,
half-net chamber rate and net chamber rate increased at different degree, and the quality,
color and luster were improved. Quantitative analyses of heavy metal showed that the con-
tent of copper, iron, magnesium, cadmium and aluminum in all the chicken fed by algae
were lower than those of the controls, but zinc content increased. The Anabaena powder
had apparently positive effect on the growth of All-female carp, Macrobrachium nipponense
and Penaeus. The survival rate of fingerling increased while the feed coefficient decreased.
Anabaena feeding could accelerate the growth of both Macrobrachium nipponense and Pe-
naeus japonicus, so that productions increased. After 45 days of feeding, the Penaeus
japonicus increased 14.49% in body length and 10.4% in body weight. These results sug-
gested that it is feasible for Anabaena to be used as the feed of poultry and aquicultured ani-

mals.

Key words Anabaena powder, Feed



