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Tab. 1 The chemical composition and the amino acid profile of
white fishmeal and Spirulina platensis (% dry matter)

R L
Chemical composition  White fishmeal  Spirulina platensis
2 [ Jfi Protein 74.89 63.11
g Wi Lipid 6.75 5.80
7K 43 Moist 8.55 5.74
fifiPhosphorus 2.29 0.85
fit i Energy 21.20 17.70
IR

Essential amino acid

75 %, Threonine 2.93 2.84
S M Valine 2.75 3.30
R & ik Methionine 1.71 1.26
S 5E# MRlsoleucine 2.54 3.11
Te @ B Leucine 4.80 5.17
ﬁiﬁ“ﬁnine 247 270
L Lysine 4.74 2.67
4% B¢ Histidine 1.34 0.91
i &2 B2 Arginine 4.05 3.74
{5 T IR

Nonessential amino

acid

RAE IR Aspartic acid 5.91 5.49
225 R Serine 3.15 2.80
A& Glutamic acid 8.82 8.48
H& M Glycine 4.54 2.83
P& i Alanine 3.79 4.26
Ji% Z F Tyrosine 2.05 2.30
Jili% F2Proline 2.56 1.88

Ve AR 26 O R RE o IR BT
Jigs8E, W B L S R T R PR

Note: ' White fishmeal: Seafood white fishmeal imported
from United States; 2.S”pirulina platensis: bought from
Zhongshan cyanobacteria biological Food Development Co. Ltd.
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Tab. 2 Formulation and chemical composition of experiment diets (% dry matter)

43 Ingredient FM SP20 SP40 SP60 SP80 SP100
{5 471 6 White fish meal 50.31 40.25 30.18 20.12 10.06 0.00
421jZ % Spirulina platensis 0.00 11.94 23.88 35.83 47.76 59.70
o-JEHra-starch 10.00 10.00 10.00 10.00 10.00 10.00
T KIEH; Corn starch 10.00 10.00 10.00 10.00 10.00 10.00
1 JlHFish oil 3.30 3.29 3.29 3.28 3.28 327
F i Soybean oil 3.30 3.29 3.29 3.28 3.28 327
% Y TVR Y Vitamin premix’ 0.39 0.39 0.39 0.39 0.39 0.39
SALAEBL Choline chloride 0.11 0.11 0.11 0.11 0.11 0.11
£1 TR ¥ Mineral premix’ 5.00 5.00 5.00 5.00 5.00 5.00
214k & Cellulose 14.49 12.63 10.76 8.89 7.02 5.16
ZEALTELY,0;, 0.10 0.10 0.10 0.10 0.10 0.10
R H BE 4T 4 2 Carboxyl methyl cellulose 3.00 3.00 3.00 3.00 3.00 3.00
AL i Chemical composition
7K 4rMoisture 7.46 5.55 6.16 8.15 8.37 9.1
K 4) Ash 11.88 11.27 10.45 9.39 7.93 5.77
#1514 Crude protein 39.04 39.77 38.33 37.46 39.86 39.43
HILAE 7 Crude lipid 9.22 9.42 10.22 10.35 9.70 9.76
f#Phosphorus 2.37 2.06 1.91 1.65 1.34 1.11

VE: 2 BT (me/kgbRD): 48R 2B, 20; 4L EB,, 20; 44 E B, 20; i EB,, 0.020; IR, 5; 12 BR4S, 50; LA, 100;
MR, 100; 2EWIZK, 0.1; L7425, 3522; 4E/E % C, 100; 42 HA, 110; 425D, 20; 475 KE, 50; 4L ZK, 10; 25 HRY
(mg/kgalAl): &ALAN, 500.0; BREREE, 8155.6; BElR 44N, 12500.0; #ER —SU4T, 16000.0; BEEREAS, 7650.6; BRIV Ak, 2286.2;
FLERET, 1750.0; FRBREE, 178.0; ERH, 61.4; RERIN 15.5; BilREN, 34.5; BULAH, 114.8; JEH, 4930.9

Note: 'Vitamin premix (mg/kg diet): Vitamin B, 20; Vitamin B,, 20; Vitamin By, 20; Vitamin B,, 0.020; Folic acid, 5;
Calcium pantothenate, 50; Inositol, 100; Nicotinic acid, 100; Biotin, 0.1; Cellulose, 3522; Vitamin C, 10; Vitamin A, 110; Vitamin
D, 20; Vitamin E, 50; Vitamin K, 10; *Mineral premix (mg/kg diet): NaCl, 500; MgSO,-7H,0, 8155.6; NaH,PO,4-2H,0, 12500.0;
KH,PO,, 16000.0; CaHPO,-H,0, 7650.6; FeSO,-7H,0, 2286.2; CcH,,Ca0O¢'5H,0, 1750.0; ZnSO,-7H,0, 178.0; MnSO, H,0, 61.4;
CuS0,-5H,0, 15.5; CoSO,4 TH,0, 34.5; K1, 114.8; Starch, 4930.9
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57 Wt G S S R G N T R R MR, FM(P<0.05).
FME ARt S, SP20d i b ke s 2.3 PRIETHWERIETE

FM?H%EZ:EA%, % EYE$H$E8P20\ SPGOE % Sﬂgggﬁéﬁi%ﬁ%, igﬁ@%@*ﬁ*‘(ﬁ%@
NS5 2 2 (P=0.05): JL4b, fafh e vess (VOB 1B FROI Ala-Vi ) )it ZEFMULRN &

e S >0 = | =Ny NI .
B B G T AL (Pe0.05); Witz e o VRSP EIERER(P0.09

e 24 FWHIE
BALABIEER(P>0.09). B4 O B 4 A ) B 2 H 0, S

22 BIENRS 0 TR MR 1R B A 1 5

A AR R N, K BBBITES ek 6). TRE ML RBEE & (B
Kb B [H) 0 I 3% 22 5(P>0.05); SP100FH 2 1 2 #1IK K AR A LR B N 28 B, P FM
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Tab.3 Effects of Spirulina platensis replacing dietary fish meal on growth, feed utilization and morphology indexes of juvenile gibel carp

fkIDiet FM SP20 SP40 SP60 SP80 SP100
VIt = IBW 3.2240.01 3.2140.03 3.2340.01 3.2240.01 3.214+0.02 3.2240.02
LARNREFBW 27.75+0.63" 25.47+0.48° 23.53+0.50° 23.43+0.17° 18.4+0.38" 13.5£1.07°
Eigie o 0.58+0.00" 0.6+0.00° 0.6+0.00" 0.58+0.00" 0.52:£0.00° 0.46+0.01°
e xFR 3.73£0.07° 4.19£0.07° 4.45+0.09" 4.38+0.03° 4.8440.10° 5.55+0.29"
i A KR SGR’ 3.5940.03" 3.45+0.02" 3.3120.03" 3.31+0.02° 2.91+0.03° 2.38+0.14°
TR R FE 70.84+1.69° 61.8+1.22" 56.75%1.55° 57.75+0.65 48.4941.25° 37.05+3.41°
EEVIEPRE 31.001.00° 27.33+0.33" 26.002.00° 27.330.88" 21.00+0.58° 14.33+2.19"
JE 6 i CF 3.57+0.07" 3.24+0.05" 3.18+0.07° 3.21£0.05° 3.26:0.01° 3.27+0.14°
JE A L VST 16.88+1.09 15.39+1.90 15.9+1.48 14.55+2.75 15.57+1.06 13.73+1.09

Vi RPHR RN N P AR AR, [T RUE AR BRI T B RN 2 R 3 (P<0.05); | WIMAIREIBW (g); * &Rk E
FBW (g);” S E BFI [g/(d-ind.)] =BRHEN T4 /(BOR R EO M AR, * SR RFR (% BW/) = 100G RHE T4 5/ [#08
R (PR B TFIIWIE)2]; ° 4552 K FRSGR (%/d) =100x[In( 2 A ) In(WIHG IR T )] /R EL © AR FE(%)=(100x
A )RR T AR T R E TR 3R PRE=100x (ARE 1A B8 11— RE 1A B 19 )/ 2 BN © G P CR=100x (P /1K),
"B LL VST=100% P ik 25/ 3

Note: Date presented are Means+SE, Values in the same row with different superscript letters are significantly different
(P<0.05); : IBW (g): Initial body weight; : FBW (g): Final body weight; } Feeding intake [g/(d-ind.)]=Dry feed intake/(daysxacount
of fish); ! Feeding rates (%BW/d)=100xdry feed intake/[daysx(FBWxIBW)/2]; ’ Specific growth rate (%/d)=100x[In (FBW)—
In (/[BW)]/days; ® Feed efficiency (%)=(100xfresh body weight gain)/dry feed intake; 7 Protein retention efficiency (%)=100%(final
body protein—initial body protein)/protein intake; * Condition factor=100%x(body weight/body length3); ? Viscerosomatic
index=100xviscera weight/body weight

®4 BIEEHERENDERERXNS B IRESEE LRSI

Tab. 4 Effects of Spirulina platensis replacing dietary fish meal on body composition of juvenile gibel carp

kI Diet 7K 5 Moisture (%) HH % H Crude protein (%)  HNENI Crude lipid (%) K43 Ash (%)
FM 72.28+0.52 16.93+0.26" 8.32+0.48 2.56+0.01"
SP20 72.47+0.37 17.15+0.14" 7.66+0.52 2.89+0.04"
SP40 72.68+0.46 17.31+0.82° 7.34+0.17 3.000.03
SP60 72.59+0.65 17.23+0.33" 7.73+0.14 3.00+0.07"
SP80 72.45+0.13 16.81+0.21° 7.95+0.13 2.72+0.06™
SP100 73.59£0.55 15.23+0.79° 8.70+0.62 2.54+0.21"

T RS O T I EEAR R, RSB AN R AR SE SRR OR 22 57 1835 (P<0.05); T 1]
Note: Date are Means+SE, Values in the same row with different superscript letters are significantly different (P<0.05); the
same applies below
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Tab. 5 Effects of Spirulina platensis replacing dietary fish meal on intestinal digestive enzyme activity of juvenile gibel carp

WAL B Digestive enzyme FM SP20 SP40 SP60 SP80 SP100
[ 7R (B Trypsin (U/mg prot)  137.35£66.86  102.24+28.63  185.77£93.42  259.02493.10  139.26x41.91  117.25£20.33
JIg Wi Lipase (U/g prot) 258.57+57.21 234463553  174.50+11.41  282.48+51.55  189.59+41.16  223.47£11.16
JEN B Amylase (U/g prot) 57.67+8.31 37.13+6.58 59.74+2.70 57.14+13.66 57.22+7.98 51.1349.16

* o6 BrEEmERENPenERNRWHLERNZE
Tab. 6 Eftects of Spirulina platensis replacing dietary fish meal on apparent digestibility coefticients (ADC) of juvenile gibel carp

FRUWIHLZADC (%) FM SP20 SP40 SP60 SP80 SP100
F-4)F Dry matter 60.800.70° 61.2242.40" 63.07+1.89™ 66.66+0.74% 70.53+0.36° 72.16£2.81°
12 A Crude protein 87.36+0.74" 85.00+0.33" 83.73+0.24" 81.70+0.57" 83.12+0.14" 82.76+0.40"
S Total phosphorus 27.35+4.11° 17.18+0.69" 19.41+4.18® 28.31+1.69" 49.70+1.13° 66.80+4.06"

2RI A 2 i =, SPOOZH ffIG; iR M TH L&
SR N S R AWk s =l a7 Do el s VB o O
Jai T, HrhSP204 £k, SP100ZH 55«
3 g
3.1 BiEEmBRamndEFERAyaEe. £
KA RLFI A B9S2 0
FEA SIS, Bl R B A LU 3, a2

WETE; RRE A KEE20% S RAESAHLE
2R, HAL B ALY BB T ok 4 kAR
ERE MBS EATTRELE20%M60% B AR
Lk W E % 5, A B A4 BT a8
SRR 35 EU A ediaE 5 A 1
JiE B B AR 40% ok B I X0 B R R E AR K
FEAE AV IG R E L, 8id40% & AN, f
PRA AN 52 280 B A, A e A i B A LA
T IR R Y, B8RS 1 (Oplegnathus fasciatus)
rr ) W R R 1 R ST B AR 5% 0 B AT

SE I KRR T 2k 2 B AR
12.5%ft 8y 2 I, AL 6% (Oncorhynchus mykiss) %)
AR S ok A Y, B E25%EhEH, A
PRA A I 2 T B, DR 30 I AR L Ag 3 n
IR R SR BRI, B B Catla
catla) TE A= VR Tie B &5 AR A 5 00 X REZH (1) 5 e A
K&, kLA E . B E R (protein efficiency
ratio) ¥ 6 5. % 22 77 Xt T B W EF 8 (Labeo rohita),
R AR A R e AR KR B 3 T ok X
., R R Bl A B A 2 A S i A RL A R A B 1 T
M HIE 2", Nandeeshas!™ '"7E 5216
R, MR T e 77 4 B AR AR H T A S e £ 44
A, AT TR R AT e S aR A Rk LR . IR iE
EER A KMRAE N F B R A, L S ERA
25%, WRTE A S AR E R, b A T

FRGS AN S M0 A 4 58 R RO AVE L eAb, s Ah 2 1
TR R /I 2 2 Bx W e 8 Ky B A AR AE 22 575 [
I, S rh 3k P R P 2 15 it 5Tt o S e L0
BAOKCP, FEASLIG rp, S0 £ R B R
AREE A8 1) 48 o v S =5 T sy, R AR AR A S RN BT
B AR AN, Sea iRl ik Jy 45 055 i 45 Re 1Rk
s 80k 5 IR e R A A R A S R LA
o BEEAD BACLLEI R R 0, ke AL R B
BIRWIRR, ik TR EAERPRZ, N
1M IR it B R A A v

FEASES v, Se i AR 28 B H 2 AR by B AR AL
RSB pRDRL, I HA AR AR VR BEAE20% 75 0 B X
MMM RALEEZER. X5BRERAA
B R R R A A DL R E A sl o 4R
EAT Y E A (E IR & B AR
e EL A froky B I, AR AR U H R T R
WL, £ LU R 1 R v L o) 2 A e e £
Ty i AR AR 2 2 2 Al e DL SR B A
FRDRL A0 2 I Ak B S B R K R R
Nengass P52 5 51, DL PR K JLEI 7= i B AR
iyt I, R S R B A A A 20 K P
(Sparus aurata)F KM FEH . BER S5 HAR
e B A A K i R R IR ) PR U R, S AR AR
S 03 A o S R T T A A e i A KL
AR SRS o, MR TR R 1 R 2.67%, Fky
BON4.74%, FEC R, MR A R b B
A, X 7] e & b B AR AR R AR T
AR TR

BEAh, DA U AT ) b ok B
B 2 A BR ) e K R R, 2K
RHITHI R Y R 8 T AR 40%—90% 2 LU R
T AT AE, %35 4 B AR M Al e R T T A0
TARE s IR — &8, MR e HER JE A K,



652 KR R 40 &

AR T DR R DL OR 2R i A %P
I RE, 75 AU e M fDkt b AR N R — AU e
B AR g A K BRI AR T, 526 7E
BRI AL (0 A KR T 4 oK 401, 1A E FA R 2
9 U5 B FEHY IR 3 87 % P8 B AR R 1 0 A R
(RIS, LU A 2 10 T AR T 1 L 4
5 FE R TRE k2%,
3.2 EHEEMER G M S B R4 & IR E
oA

T A VR S Bt A SR R S A TR
() 2 3845 . 7FNandeeshae!"Vszig i R B, Scik
EAE R S A A K RS E R A
3 25 5 G 0 T T B SR A o L 491 6 T
R B, T AR 2 1 BT T AL 0 B 4
A LA, EASI R, B
T EG 151 338 0, S e A K SR a3, o,
it AL B RE 2R (B . T I - S R T8 V75 P 7E
TR AL IR I B 2 S, UL R R AL 2R
U S MV O L ) £ 18 T 228 R R, X AT g
S5 AR T W T 7R RS K R 22, AT
s AN R N2 556 A K 5 Tt AL BT RS2
W VR e R I S L B R £ A K R R
L3 I, TR ISCIE fEL A P 2 4% PR R 420 I e A
SRR A LLER, SRR = R 1 9 30 A A Y,
T X 5 T80 L S i A KB
3.3 ENEEMERER S B RELEE KER
B BN S20a

TE f PR A AL 2R A, I R 5 £ L 11 14
AR A FE S H 5 TR, T EGER
BRI, B e T AE Tk, HEA
VIR SR SR 2 AR 53, M H B0 0 A 2R I 7
R b 5 AR 2 5 0k AR 5 15 (E S 3 — B B AR
I, B B R, 2 R 3 BRI, M
TR A6 £ 2 P R R R R 4 I I 7 B A
BAR LG KRN, LS R 5 T sy .t ik
FS 0T (¥ F %, 7T R e e B 2 1R S DAY
) BRI R A R AN,
B AT KRR B TR, e 2 0 ot 6 0 U R
05 B T 45% 75 A5, IX PR 3 e 4T P A RN 2 R A LA g
() 5 L R 4, T LA A A [ R v = e e AT
JUE 5 G 0 v R AR, N TG B A s £ T 1, A
LW RS VZARLE TR P9 1 2 ) 2 R AR 4t 7=
W), AT S A R I R R T S Ty e
W A LA L R RAE E K B 2 W3 (Polyphenol), AT
2B LR 4 S 1 AR B R R L Ah, AR R
o 520 A4 2 T At IR D B R e A
o B AR L e A IR 0 SR B TR 3A X R b S %

JE W BT AR BE 0 o FEAR SIS, S T
W5 2% LS A 2R ot S8 S o L 48] %) 388 o i v, T
T AR IZ W T B, 1X 0] 52 KN sE
56 006 SN AR 1 0 TE AL RE D BUAR, T X A i 7 4
A R0 5 B A e v U A TR ST B
TE B w2 Lo A9 5 AR, 56 22 JiE i 75 f A N AR, S
RN = R B o = 7 O =< K ) 7 R 1 3
¥ B ACL(SP20. SP40MISP60) i & i T Hoky 4
X4 R 5 OA I —LefiE A 7, {HBureaufl
Cho™ A Ay, R LA B 25 5 — ke, BA BERIIERS
ML, AT DR 5 i e, R B HE O B
T R LRSS ML, SR AR Bl A e B (R RN, L
AR AR 8 A R O 2B K, AT A S 488 o 1
IR B DU, 5 B B R . X 0] 582
(1) WY A4 2R o T ) S Ky 2 2 1) 3 I T T L
(1 J5 Ao

4 ZEig

TEASLEG H, ok Ayl — 8 IR, DU i 6
e H A ) 8 AR DR R B 1 2 51k R AR )
Ay EDLR R AR T OURR B SR 3 TR R T 2 08 e
TR B AC20% 1 f2ok 2R (I, AR I A KR T
BURRZ EZ R . Dk, 2SR ah k) ok
A NS50%, IR i EE R AT AR A 1A )
20% Ky B

S £ 3 #k:

[1] China Fishery Statistical Yearbook [C]. China Agricul-
ture Press. 2015, 31 [2015+ Eia L Gi it 4. A E A
AR AL, 2015, 31]

[21 Tacon A G J, Metian M. Global overview on the use of
fish meal and fish oil in industrially compounded
aquafeeds: trends and future prospects [J]. Aquaculture,
2008, 285(1): 146—158

[3] Slawski H, Adem H, Tressel R P, ef al. Replacement of
fishmeal by rapeseed protein concentrate in diets for com-
mon carp (Cyprinus carpio L.) [J]. The Israeli Journal of
Aquaculture-Bamidgeh, 2011, 63(1): 605—611

[4] Pulz O, Gross W. Valuable products from biotechnology
of microalgae [J]. Applied Microbiology and Biotechno-
logy, 2004, 65(6): 635—648

[5]1 Sirakov I, Velichkova K, Nikolov G. The effect of algae
meal (Spirulina) on the growth performance and carcass
parameters of rainbow trout (Oncorhynchus mykiss) [J].
Journal of Bioscience and Biotechnology, 2012, SE/On-
line: 151—156

[6] Dernekbasi S, Unal H, Karayucel 1, et al. Effect of die-
tary supplementation of different rates of spirulina
(Spirulina platensis) on growth and feed conversion in
Guppy (Poecilia reticulata Peters, 1860) [J]. Journal of



4 1

LR vy =g ek ot R ki Y ke:Ra S SN i B A SR S - = R SAY: AL

653

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Animal and Veterinary Advances, 2010, 9(9): 1395—
1399

El-Sheekh M M, Hamad S M, Gomaa M. Protective ef-
fects of Spirulina on the liver function and hyperli-
pidemia of rats and human [J]. Brazilian Archives of Bio-
logy and Technology, 2014, 57(1): 77—86

Yu H. Investigation on the antiviral and anticancer activi-
ties of polysaccharides from Spirulina platensis [D]. PhD
thesis. Ocean University of China. Qingdao. 2003 [+ 41.
BUTTTRR e 5 22 W DU 25 A pUMOR A 7T 4o
AL SC. H B K2, 5 5. 2003]

Kim S S, Rahimnejad S, Kim K W, et al. Partial replace-
ment of fish meal with Spirulina pacifica in diets for par-
rot fish (Oplegnathus fasciatus) [J]. Turkish Journal of
Fisheries and Aquatic Sciences, 2013, 13(2): 197—204
Giiroy B, Sahin I, Mantoglu S, et al. Spirulina as a natu-
ral carotenoid source on growth, pigmentation and repro-
ductive performance of yellow tail cichlid Pseudo-
tropheus acei [J]. Aquaculture International, 2012, 20(5):
869—878

Teimouri M, Amirkolaie A K, Yeganeh S. The effects of
Spirulina platensis meal as a feed supplement on growth
performance and pigmentation of rainbow trout (Onco-
rhynchus mykiss) [J]. Aquaculture, 2013, 5(2): 194—202
Hernandez L H H, Flores G H, Araiza M A F, et al. Ef-
fects of total replacement of fishmeal with Spirulina
powder and soybean meal on juvenile rainbow trout (On-
corhynchus mykiss Walbaum) [J]. Israeli Journal of
Aquaculture-Bamidgeh, 2012, 64(404): 557—560
Olvera-Novoa M A, Dominguez-Cen L, Olivera-Castillo
L, et al. Effect of the use of the microalga Spirulina ma-
xima as fish meal replacement in diets for tilapia, Oreo-
chromis mossambicus (Peters), fry [J]. Aquaculture Re-
search, 1998, 29(10): 709—715

Nandeesha M, Gangadhar B, Varghese T, et al. Effect of
feeding Spirulina platensis on the growth, proximate
composition and organoleptic quality of common carp,
Cyprinus carpio L [J]. Aquaculture Research, 1998,
29(5): 305—312

Erlanger B F, Kokowsky N, Cohen W. The preparation
and properties of two new chromogenic substrates of
trypsin [J]. Archives of Biochemistry and Biophysics,
1961, 95(2): 271—278

Dallaire V, Lessard P, Vandenberg G, et al. Effect of
algal incorporation on growth, survival and carcass com-
position of rainbow trout (Oncorhynchus mykiss) fry [J].
Bioresource Technology, 2007, 98(7): 1433—1439
Nandeesha M, Gangadhara B, Manissery J, ef al. Growth
performance of two Indian major carps, catla (Catla
catla) and rohu (Labeo rohita) fed diets containing diffe-
rent levels of Spirulina platensis [J)]. Bioresource Techno-
logy, 2001, 80(2) : 117—120

Takeuchi T, Lu J, Yoshizaki G, et al. Effect on the growth
and body composition of juvenile tilapia Oreochromis
nlloticus fed raw Spirulina [J). Fisheries Scinece, 2002,

[19]

[20]

(21

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

68(1): 34—40

Tu Y, Xie S, Han D, et al. Dietary arginine requirement
for gibel carp (Carassis auratus gibelio var. CAS III) re-
duces with fish size from 50g to 150g associated with
modulation of genes involved in TOR signaling pathway
[J]. Aquaculture, 2015, 449: 37—47

Fournier V, Gouillou-Coustans M, Metailler R, et al. Ex-
cess dietary arginine affects urea excretion but does not
improve N utilisation in rainbow trout Oncorhynchus
mykiss and turbot Psetta maxima [J]. Aquaculture, 2003,
217: 559—576

Promya J, Chitmanat C. The effects of Spirulina platen-
sis and Cladophora algae on the growth performance,
meat quality and immunity stimulating capacity of the
African sharptooth catfish (Clarias gariepinus) [J]. Inter-
national Journal of Agricultural and Biology, 2011,
13(1): 77—82

Wang C, Lei W, Xie S Q. Effect of dietary replacement of
fishmeal protein by soybean meal protein on growth per-
formance, metabolism and immunity of Gibel carp
(Carassius auratus gibel) [J]. Acta Hydrobiologica Si-
nica, 2009, 33(4): 740—748 [E4%, Tk, &, Ik
GBS
RERQTIE. KA 4R, 2000, 33(4): 740—748]
Nengas I, Alexis M N, Davies S J. High inclusion levels
of poultry meals and related byproducts in diets for gilt-
head seabream Sparus aurata L [J]. Aquaculture, 1999,
179(1): 13—23

Lovell T. Nutrition and Feeding of Fish [M]. Van Nos-
trand Reinhold, New York. 1989, 267(s 1—4): 13—70
Papatryphon E, Howell R A, Soares J H. Growth and
mineral absorption by striped bass Morone saxatilis fed a
plant feedstuff based diet supplemented with phytase [J].
Journal of the World Aquaculture Society, 1999, 30(2):
161—173

National Research Council (NRC). Nutrient Requirement
of Fish [C]. Washington D C: National Academic Press.
1993, 50—115

Zheng T, Pan Q, Li G F. Effects of phosphorus and
phytase supplements on growth performance and body
composition in juve nile tilapia Oreochromis niloticusxO.
aureus fed fishmeal free diet [J]. Journal of Fishery Sci-
ences of China, 2006, 13(1): 112—118 [J8¥, &K, 24
Vg TG R TRDASE R VA Tl AR A I Bl S B8 B AR A kK
PEBE S R Ay s . AR E K PR RN, 2006, 13(1):
112—118]

Lin D. The Research Development of Fish Nutrition [M].
Beijing: Science Press. 1993, 171—193 [k, 25
AR, Jbnt: B AR, 1993, 171—193]
Abdel-Tawwab M, Ahmad M H. Live Spirulina (4rthros-
pira platensis) as a growth and immunity promoter for
Nile tilapia, Oreochromis niloticus (L.), challenged with
pathogenic Aeromonas hydrophila [J]. Aquaculture Re-
search, 2009, 40(9): 1037—1046

Qiao H, Wang H, Song Z, et al. Effects of dietary fish oil



654 KR R 40 &

replacement by microalgae raw materials on growth per- [33] Palmegiano G B, Agradi E, Forneris G, et al. Spirulina as
formance, body composition and fatty acid profile of ju- a nutrient source in diets for growing sturgeon (A4cipenser
venile olive flounder, Paralichthys olivaceus [J]. Aqua- baeri) [1]. Aquaculture Research, 2005, 36(2): 188—195

culture Nutrition, 2014, 20(6): 646—653
[31] Jia Q, Liu X, Wu X, et al. Hypoglycemic activity of a

[34] Macias-Sancho J, Poersch L H, Bauer W, et al. Fishmeal
substitution with Arthrospira (Spirulina platensis) in a
polyphenolic oligomer-rich extract of Cinnamomum . . ) )
parthenoxylon bark in normal and streptozotocin-induced practical diet for Litopenaeus vannamei: effects on
diabetic rats [J]. Phytomedicine, 2009, 16(8) : 744—750

[32] Refstie S, Svihus B, Shearer K D, ef al. Nutrient digesti-

bility in Atlantic salmon and broiler chickens related to

growth and immunological parameters [J]. Aquaculture,
2014, 426: 120—125
[35] Bureau D, Cho C. Phosphorus utilization by rainbow trout

viscosity and non-starch polysaccharide content in diffe- (Oncorhynchus mykiss): estimation of dissolved phos-
rent soyabean products [J]. Animal Feed Science and phorus waste output [J]. Aquaculture, 1999, 179(1):
Technology, 1999, 79(4) : 331—345 127—140

EFFECTS OF DIETARY FISHMEAL REPLACEMENT WITH SPIRULINA
PLATENSIS POWDER ON THE GROWTH PERFORMANCE, FEED
UTILIZATION AND PROTEIN DEPOSITION IN JUVENILE
GIBEL CARP (CARASSIS AURATUS GIBELIO VAR. CAS)
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(1. State Key Laboratory of Freshwater Ecology and Biotechnology; Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan

430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Freshwater Aquaculture Collaborative

Innovation Center of Hubei Province, Wuhan 430070, China; 4. Zhejiang Provincial Key Laboratory of Aquatic Resources

Conservation and Development, Key Laboratory of Aquatic Animal Genetic Breeding and Nutrition of Chinese Academy of Fishery
Sciences, Huzhou University, Huzhou 313000, China)

Abstract: To investigate effects of dietary replacement fishmeal protein with Spirulina platensis powder protein on
feed intake, growth performance, feed utilization and protein deposition in juvenile gibel carp (Carassis auratus gi-
belio var. CAS III), six isonitrogenous, isolipidic and isoenergitic diets were formulated to contain graded levels of fish-
meal protein replacement by Spirulina platensis. (0, 20%, 40%, 60%, 80% and 100% respectively) for a 60-day trial.
Triplicates of 20 fish [initial body weight of (3.2+0.5) g] were fed to apparent satiation with six experiment diets. The
water temperature was (28+3)°C during the experiment. With the increased proportion of Spirulina platensis in diets,
feeding rate (FR) was significantly elevated while feed efficiency (FE) was significantly decreased. There was no signi-
ficant difference in specific growth rate (SGR) between fishmeal group (FM) and 20% of Spirulina platensis replace-
ment (SP20) (P>0.05), of which was significantly higher in fishmeal group than other groups (P<0.05). Meanwhile, no
significant differences were found in protein retention efficiency (PRE) between FM, SP20, SP60 (P>0.05), while
other groups were significantly lower than that of the FM group (P<0.05). The condition factor (CF) of FM group was
significantly higher than other groups (P<0.05). The carcass protein of SP100 group was significantly lower than other
group (P<0.05). A trend was observed in carcass fat, which the content of fat decreased from FM to SP40 group then
increased from SP40 to SP100. The carcass ash of fish was significantly higher in SP20, SP40, SP60 than FM group
(P<0.05). There was no significant difference among all treatments in intestinal digestive enzyme (trypsin, lipase, o-
amylase) (P>0.05). Apparent digestibility coefficients of dry matter significantly increased, while apparent digestibility
coefficients of crude protein significantly decreased with the increased content of Spirulina platensis (P<0.05). The
lowest apparent digestibility coefficient of total phosphorus was at SP20, and the highest one was at SP100. According
to the variation of SGR and PER among all treatments, the optimum proportion of Spirulina platensis replacement die-
tary fishmeal protein was 20% while fishmeal as the sole protein source in the diet (the content of fishmeal in diet was
about 50%).
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