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8 31 B OBRAE NERIE AR R HE B S A SRR L LAt 5T L i T TR ) S 2

R HR AR AR YOGS T PR B R DR 22 A A 3t 3K
Bl 7K 7 IR AL P R SR R e A S HL

MERERLEARSEFE . ARERA
W S 2 ARSI B, B — AR
I S RE AR R B U NERTE(Chlorella)fE
NEEBIRE —Fh, AMUEB SRR, &AMk
AR 2 M 2 AR, JF HIIE A A
Sy P NTRFR AR A IR A S B
ML, AP R REAS R AT BR 1, TSP A AR AR
e, HAER IR FF P oL, FEARBRHEI, 75 & 7T
PR R R ERY, FEE IR RV IR BN
3 T I B RIAL S, FAE A T e o B S P T
Tt H 282 "

ME % 5% 8 (Cyprinus carpio var. specularis), %
EHAA AR Jum . ki
Fiy PURBEFESEE S H AT OB E RIS 5%
B, HREN T IR R . HE
B R R, EHEC A TR P o & BB,
1M = Z A S RE N E AU A, AT RZ
AT /NERGEEAE B A T T R S R 0 Pl 5%
THABREH TR ERA AR K,
B SCHTIR, SR B 3 32 ) Nt i1
B, BRI, A /N ER AR Dy R AR B IR R A T
KPR, Xt ORI [ SO B 22 4y BRAR ERAEE 4K
i HE K IR PR R b B e Ab,
R A 9 /N BR B A2 B A 98 55 400 1) ) 500 2 P 9
JIVPAG AT FE R AR - A, AHIF 7T DAHE S5
BEBLONTIE TN R, R 7T /N Bk AR SR X AE
B AEVERE . IR DL . LA 5T K i 3 TR R
FRISZME, I B B /N R AE 5 AR Sl B3 e ek 51 )
RO A, AT AR AR R o kA R I, oK
TP B AR R R RG] A SRR R e R AR R
SHEGRL

1 MR5ERE

1.1 SKIGEIT

DR G RE AR /)N 3K 3 2 A TR ) A % B A
Ktkfe. (@REDRGLAIUA SR, ARSI %
TH 7 /INEREE 7 Sk FE B AHE 5% 45 1R RLO L 25%
50%-  75%F1 100% 5 K1 1) 3 SFf S 58 1)k, 53
fir % N CVO (6 & 4H). CV25. CV50. CV75f
CV100.
1.2 SCIRTARHIE

R4 i P & DR E X bR #E(GB/T 36782-2018),
B 7 S AE A(32%) 55 IR (7%) S B fRl k), sk )
BHEC 7 IR 1R SRS /BRI S B 4H R L

% 2. R RESIELIS",
1.3 FEIFE

FRIH S8 AE 2 K 7 S50 7R Y6 0k (M3 44280 m,
RZ108°, JLLhi320) = AhK IR FE . FREA K
6 i F A8 () R SF 1.0 mx1.0 mx1.0 m, PR
W FLEAE 0.5 em,  BEASPHAR S5 2% W 55 LA 15
It kik, CE AR KT MK IR 0.8 mIF L %
BHAENLS mPIGK LG A A
1.4 FIELHEBFNIRR

A fih 5 80 X 1 22 R K 7 SR B s Y sty YA
7830 d, Y7 B RS SE IR A R E 7R K — 30
P A R CE IR TR AR R B IR A R . WI3R )5
4524 h, Phik450ZE(WIE20.00£0.01 g)fERE. #i
W —, NI MEE30Z G0 /MFE). B Az
ISR BE LA ME3AN M FE60 do A H 3% 3% 4%
ME37%(8:00. 13:00. 18:00), 10:00M5 /K i . &
& W) K 23.5—31°C, HA%<0.5 mg/L, A
A% <0.05 mg/L, i £ 4 <0.05 mg/L, pH 7.1—
8.2, Vi >7 mg/L,
1.5 #HERE

FEFA IO T AR, B9 FUAS — S0 HE % B3
fill, 20CIRFE, HTHIME TR . FRIAL
WG, PrafZEa24n, 75 HMS222 (50 mg/L)
BRI, ZERMEAK . EKAAE, dRS M
B, AT EAKE R AER. M, BN
FE A DLT T HURE . BEALE2E A, —20C IR
17, /BB IR Hs BENLI R # HCR i,
3500 r/min 5 0r 15 minffil] 4 M35, 9 %GE % 5 % -
S8OCI#A7: PENLELGE, vk ETLH MM, 20T,
W FRE, &0 R0, 33T 2 mLEH A%
H, —IREREEIE-80CIR, HTmEHL
iy W iE A R R B A A TR bRk, S — 1
REHLURIEEY) Fs 5E6R, /A BIPMEEIL, W)
BIEF J5-80°CIRAF, T WA IR 5 M5 e ks
W HEGE, 2EA Mg L E a3 VU TR
PRI, B SRR /N UL 52 T 4% % 5
Mg HEGE, HUMZE UL B A A WIS LR T R
Woes wJEH4RE, WERENEY T LS mL
B, WEUESE-80°CIR T, FT16S IRNAZMIT.
1.6 HEGEN

EERSME STk, HEA. M
JIg 105 % 7K 53 #6043 531 2 W GB/T 6435-2014. GB/T
6432-2018. GB/T 6433-2006F1 GB/T 6438-2007Fx
T EAT -

1535 4 L 3R FRAE F 4 8 3h 1 BT A
(Hitachi 7180)f il L3 F & FI(ALB). 4 A 7% 2
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(ALT). B EREF(ALP). BEHEE(AST). &
HH(TP) L B E B 2 13 (GGT)

B EH LB R M ZE F e st A T
FEAE FC IR S A I i 1 ok 2 (1 B (Trypsin) a-3E
#1 ¥ (a-Amylase) F1 i i i (Lipase) -

MEEETNE F 78 B A ) AR
FER G Sl AT 5 i S b AL RE J1(T-AO0C)
i SEH AL B (CAT) HE E AL B AL B (SOD) A A —
M (MDA).,

FFRE. BAiE. ANAALEF4FMME W
MR e WK AdsaiE. PR RIE. AR
LL(HE)Je . BURRAE . B ab 2 R I Ligk ik
775

AL 29 A B B U 2 TERFR B 270.2 gf s
TINS5 mLF EE—5 405 (1:2) 78 & F1200 uL C11A AR
(0.83 mg/mL), %2 h, wEIELALIE, JEREF
N4 mLALZE 7K, 3000 r/mini 0»5 min. YEEH
B, 37 CHEMRWTZ140 min, HIA1mL 0.4 mol/L
SENH P EAR, EIEFPEE30 mine FhN1 mL
EiEaiE ke, WiEl min, 12 mLXZE/K, 3000 1/

minB /05 min, HEZEE V. i 5 Nexis GC-
203075 M 3% {X . SH-Rt-2560 40 & 43 (100 mx
0.25 mmx0.20 um)# 17 g Wi BR 41 550 97

KEBME  ULAIRE R SRR I K
IR A 205> HT{X (Hitachi, L-8800)% 5l#%EGB/T
5009.124-2003. GB/T 18246-2000%5#E /71T Ji& o

FIL P B 440 43 1 4650 JL DA J5 ) o 1 2 TR
L% iR 1) 7V BEAT R

AIL 29 P € 485 WLIA 25 K TR 2T )5
FNBW T HHSN T, B85 5 FNS800%>
eI AL BRI = B R BR A 7))k 47 A
R,

B% & & B 7 i & DNAK ] CretMag ™
Power Soil DNA KitF2H, *4M7%16S rRNAZK: K =
X FATPCRY Y, 4lifh )52 T4 KDNBSEQ-G99
PE300°F & 56 i s il &= )7 o J5 2248 FHUPARSEK
f(version 7.1)H#E AT P A Pf L. RIS IE. OTUS
FF P o FE RS WE B M
1.7 BESHELE

K F SPSS 19.033 47 1E 25 1 A1 7 2 55 M 46 56

®1 LWIEARES RCFERK

Tab. 1 Formulation and chemical composition of experimental diet

— — T, - ;
J#HIngredient (g/kg) Soybiiameal Chl(/)Jr\eIIS‘Eﬁleal CVo0 C\jiﬁ : *JrEészr(l)mental dclj/t75 CV100
%) Fish meal' 50 50 50 50 50
Z¥1Soybean meal' 320 240 160 80 0
/NER# Chlorella meal’ 0 62 124 186 248
it & F Casein’ 142.5 142.5 142.5 142.5 142.5
K IEH Corn starch’ 100 100 100 100 100
[k Flour’ 150 150 150 150 150
iiSoybean oil’ 64.7 63.7 62.6 61.6 60.5
SALARTK60 Choline chloride 60* 5 5 5 5 5
Tk} Premix’ 10 10 10 10 10
28 KRk Ethoxyquin' 0.5 0.5 0.5 0.5 0.5
. — # 4% Calcium phosphate 20 20 20 20 20
primary
2 B2 Y 3 B Carboxyl methyl 20 20 20 20 20
cellulose’
T i £ 4 2R Cellulose 117.3 136.3 155.4 174.4 193.5
B 7% 7 Nutritional composition
#12& 9 Crude protein (%) 46.13 60.39 32.15 31.86 32.14 32.09 31.88
K W7 Crude lipid (%) 0.98 243 6.9 6.89 6.95 6.91 7.01
7K > Moisture (%) 10.04 6.2 9.88 9.15 9.94 9.99 9.9

TR SO BRVE AR R A B /A ) ; Fishmeal, Soybean meal: Shannxi Huaqin Agricultural and Animal Husbandry Techno-
logy Co., Ltd., Shannxi, China; /I BR 7 (% 0 B# ): 50 3 1 2R 45 2 9 B £ 45 R A 7 ; Chlorella meal (non-disrupted): Wuhan Demeter
Biotechnology Co., Ltd, Hubei, China; ‘B$2 (1. BURmLF4EE . FKEH . RIPIRL4EZRM. Tk, Sl SUOUPERE MR A TR A R,
Casein, Cellulose, Corn starch, Carboxyl methyl cellulose, Flour, Soybean oil: Wuhan Yimeite Biotechnology Co., Ltd., Hubei, China; 4'§Wﬁ
REBR . L FEEmL . TR ARl T AR B R 4 ] BR A & ; Choline chloride, Ethoxyquin, Premix: Guangdong Liankun Group Co., Ltd.,

Guangdong, China
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T EAFN AR T 2/ MEAREE,
1T ETT Z 0 T(P<0.05F R E R T3, MHILA
QIR P REVESE B, DAW J7 Z 50 MRk kAT 32
BT oA, SRR RN BRI S K P i sz . &
7 H GraphPad Prism#Z: il . £4f DL F 348 45 #E 1%
(mean+SE)ER R

Fr B S v T SRR kR ) A 1 R R
TEARTR bR 2 2

¥ 58 A2 K 2 (Specific growth rate, SGR, %/d)=
[In(f8 5 34 5 ) In( 4] 44 5 )]/ 5256 K $o<100;

M4 5 %4(Weight gain rate, WGR, %)=(CRE-H]H)/
VI x100;

T %} 22 % (Feed conversion ratio, FCR, g/g)=1%
) e AR

K A JT R % (Protein retention efficiency, PRE,
Yoy=H1 A TR B/ 8 B B\ EE X 100;

Hg i T B2 (Protein retention efficiency, PRE,

x2 SHMPECEMEEBER (% THIR)
Tab. 2 Amino acid composition of soybean meal and Chlorella
meal (% dry matter)

EAEM Amino acid Soybiiﬁmeal Chl;Jr\eiljléa{ﬁeal

VR AHIR(EAA)

A Lys 2.85 2.86
AR Val 2.05 248
RN AW Phe 231 2.25
HAMMet 0.45 0.92
e A Rlle 1.97 1.72
AR Leu 3.38 3.95
R R Thr 1.89 211
i E R Arg 3.17 2.76
#H 2 IR His 1.19 0.94
YEAA 19.26 19.99
e TFAFER(NEAA)

B EIEGlu 8.34 6.89
2255 IR Ser 2.35 1.96
RITEE R Asp 5.21 4.74
B R Tyr 1.36 1.59
NERAla 1.97 3.99
SR Cys 0.65 0.54
HEMGly 1.91 2.66
Jifi & B Pro 245 2.08
YNEAA 24.247 24.45
SAA 43.507 44.44

7E: EAA. Essential amino acids; NEAA. Non-essential amino
acids; Thr. Threonine;Val. Valine; Met. Methionine;Phe. Pheny-
lalanine; Ile. Isoleucine; Leu. Leucine; Lys. Lysine; Arg. Arginine;
His. Histidine; Asp. Asparaginic acid; Ser. Serine; Glu. Glutamic
acid; Gly. Glycine; Ala. Alanine; Cys. Cystine; Tyr. Tyrosine; Pro.
Proline

Yoy=F {4 i 0T TR B/ IR U7 45 A\ B 100;

JIE 44 LE (Viscerosomatic index, VSI)=/ I & /.
PR EEx100;

JIEL33 F£ (Condition factor, CF)={A & /{££:x 100;

A& b (Hepatosomatic index, HSI)=/H- i = /ff1
R X100,

2 #£R

2.1 NEGEBRIAR ZMAXTIESEEE KM
LS Loz apAl)

FH% 3n] A1, B /N ER e B AR R 0 L 43
an, HE@S45 6% 1 FBW. WGR. SGR. PRE. LRE
SIS IG5 AR A B, T ARR R O A & )
i, Horh, CVS0MCV 754 ¥ 41 AE i 45 i 7t oK &
BE S T AR (P<0.05). SRR AL, CV50.
CV75. CV1004h £ 44 [ty WGR I SGR . 3 Jt 1 (P<
0.05). Ak, FELARLFIH J7 T, 24708 BR 3 B ACHE %
B3 SRR R} 50% 1) TRA IS, A ik 50 1Y e Rk 2R A 2
&5 B ZH A1 CV254b # 20 (P<0.05). B4k, CV25.
CV50FICVT75AbFEZH 1 8 TR 2R 2 3 = T CV 04t
B (P<0.05). TEMG W UTARZ 710, BT AT /N ER B TN
TRER ) g 7 DR R 2 v T ) R 2H (P<0.05) . FETEAR
EAR 7 THT, PP A N3k 2 A R X A B A A
B JREAAR EEATEFAA B TS 521 (P>0.05) o
22 MEKGEBRIAN SN IESFESFERIH
=AU

W 4f7R, CV25. CV50. CV754bFH4H 4
& A K&CVS0. CVISAE AN E AS &
FE T CVOALFE 4 (P<0.05). 5xFHBZH(CVO)HH LL,
CV504b 38 20 4= f M i 7, J2CV25. CV50RICV75
AbFR A LA AR 7 5 3 T = (P<0.05) . 534k, CV50
Ab 3 20 4 K 5 B E R T B AN R e A
RE AL A (P<0.05).
23 PMEREB KA R ZEXTHE SR 88 M E & L iE
FREIE 0

Wik SHR, SR A e, CVS0ALHE 4 1 i
Tk 1 Tl G g 1R R 3 R (P<0.05). LK, CV50
Ab 32 I3 A HL RS RS TN B A S B R E I
T} R ZH ATC V10040 BE 2H (P<0.05). CV50R/ICV75
Ab 20 1137 TP7K - & K T-CVORI CV1004k 2 41
(P<0.05). TERRAMEFAEE S &7, CVS04b 34
B FK T CVI004L B2 (P<0.05).
24 NEREZBRIAR ST IESEE R IEHEE
R0 p=A)

MR 6T 1, HE % 45 A 7y 1 Y A0 B 1 Bl N
BRYE B AR SR LU s s S BRI . 5
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X HEZHLAH BL, /I BR 3 B AN fi 5 1 1) 461 25% R 50%
(1) 52K, F0LR i T o K9y BV 12 Y 35 2 151 (P<0.05) 6
7E R 2R A B S PR 5 T, CVSOA #E A B E
CVOFICV1004b # 41 (P<0.05). L4k, CV504bHE 21
E Sk 5% 60 17y 1 Mg 77 T 12 2 3 T 1 (P<0.05) o

25 Ih
MELEENIRR

KEEE X T ) S0 X A 85 35 82 A7 18 RN AT Bl

MFE TR, /SRR B ARME 65 45 B 500 &2 A0 1T

%3

35 4R T 4R i 18 A IE T-AOC /K - (P<0.05).
CV25. CV50. CV754b3 4H 1 {4 i SODWE 1, %
CV25F1 CV504b 2 41 Ji7 18 CATIE 4 B & T+ /=5 (P<
0.05). fEMAEHTEARE 1771, CV25FICV504L 2
20 A % B 52 1 IE SODYE /) 2 % 42 7 (P<0.05). 5
CVI1004b B2 AH bb, ZINER 82 B AR TDR HR 25% R
E T AR IECATYE 71(P<0.05). 734, 75 HE
MDA % & 77 TH 5 AT IESODIFE /1 2 3 Hi AH S i #a s,

RN ERGE IR S TR AR A 1 RE AN (R FE AR AU SN

Tab. 3 Effect of dietary Chlorella meal on growth performance and morphological indices of mirror carp

SEBG 1A Kl Experimental diet

Z¥Parameter
CV0 CVv2s5 CV50 CV75 CV100
LARIREFBW (g) 50.05+1.19° 54.2+0.90" 60.32+2.89° 55.66+0.46" 54.841.01°
Tkl R HFCR 1.93+0.08° 1.71£0.04° 1.4740.11° 1.63+0.02° 1.67+0.05™
15 EWGR (%) 165.93+7.66" 184.53+4.8" 229.08+7.87° 194.51+2.32° 190.29+5.74"
558 4 K SGR (%/d) 1.75+0.05° 1.87+0.03° 2.13+0.04° 1.93+0.01 1.90+0.04°
H AV ZEPRE (%) 32.66+1.80" 40.04+1.74° 48.3542.56° 40.68+1.67° 36.62+1.07"
JIE 105 LA ZELRE (%) 55.68+2.30° 65.03+1.59° 72.78+1.11° 65.74+0.68" 64.6742.52°
JEH ECF (g/em’) 2.75+0.07 2.81+0.06 2.80£0.07 2.77+0.11 2.78+0.06
JE AR EE VST 7.63+0.21 7.63+0.33 8.35+0.26 8.53+0.33 8.44+0.24
A L HST 2.60+0.06 2.37+0.09 2.81+0.30 2.64+0.12 2.82+0.07

VE: [FATEUE ERRAS R 3R 22 57 . 35 (P<0.05); T IRl

Note: Different superscript letters indicate significant differences (P<0.05); The same applies below

=4

TR N KR RHE S R AR

ALAEFRK S B I(%IEE)

Tab. 4 Effect of dietary Chlorella meal on the nutritional composition of mirror carp whole body and muscle (% wet matter)

Z ¥ Parameter

S2I6 1A B Experimental diet

CVo CV25 CV50 CV75 CV100
4= Whole body
12 1 Crude protein 15.56+0.31° 17.37+0.28% 17.89+0.30° 16.97+0.47" 16.25+0.47"
HE i Crude lipid 7.05+0.03° 7.26£0.11" 7.55+0.17° 7.10£0.11° 7.1120.05°
K4} Ash 2.5620.20 2.37+0.07 2.4540.16 2.4540.23 2.39+0.27
7K 4¥Moisture 72.02+0.2° 71.63£0.35® 70.98+0.29" 71.81+£0.32° 72.24+0.27°
WL AIMuscle
17 1 Crude protein 18.89-+0.44" 20.26+0.31% 21.37+0.55 20.4+0.46" 20.09+0.31%
FLIE Wi Crude lipid 1.73+0.06" 2.06+0.04™ 2.09+0.06° 2.13+0.14° 1.79+0.11%
K4y Ash 1.0240.03 1.09+0.10 1.05+0.04 1.100.11 1.05+0.06
7K 4 Moisture 74.77+0.31 74.84+0.08 74.17+0.07 75.37+0.59 75.06+0.59
=5 ARH/NEKEITESR SR MEE L IERRIE I
Tab. 5 Effect of dietary Chlorella meal on serum biometric indices of mirror carp
5% Parameter SEIG TR Experimental diet
CVo CV25 CV50 CV75 CV100

HE HALB (g/L) 10.00+0.17 10.25+0.14 10.35+0.03 10.10+£0.12 10.20+0.06

Bl B R A ALP (U/L) 129.00+5.77" 135.00+11.55" 161.67+12.35° 142.75+3.61" 148.50+3.75"

BNEARMALT (U/L) 49.70+3.29" 43.00+9.01" 29.10+2.02° 54.90+5.48" 50.1542.92°

RELFESRFAST (U/L) 152.10+0.64° 133.00£16.05" 121.30+1.04° 132.40+7.45% 150.05+5.11°

MEOTP (g/L) 27.50+0.23° 26.75+0.03" 26.05+0.03" 26.45+0.03" 29.60+0.64°

BEBHEBHGGT (U/L) 3.07+0.12° 3.50+0.29" 2.70+0.35" 3.00+0.12" 3.80+0.25"
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B CV25F1CV504b 3 2H HE % 4% i i IE MDA & 2
FARTF HABZA AL FEZH (P<0.05)
2.6 IEGEBRIEN ST IESIREEITITALLAE
R

1R 73S B S ARk P /N B g o} HE Sk £ T A 201
AU VR, PR S 45 B R, NER RS
ARATREF10. 25%. 50%F175% [ 5 K0, HE Bl 45 i fiT
YU FEAS G5 AL IE R, S 5%, I H Al Az i T
JH A M e o SRS, 2 PRDR H ) ORI R 5 4
BARJE, A8 A % 6 FH Ik 20 25 A o 30 /0 R 2 v Ak
K AMAZIT R ML SIS, R/NEREE T &
B AR TR 2 o A Sl s 0 A e 3o 2 67 T 2

2.7 MEKGEBRARNSMHMNIESEERENEZE
EFMAEKERFMN

Wik 2FT R, HESE 4 6 718 2986 = R LZ B
FELECVS0A A vy, HE 2 X HRZEAICV 100

b FH2H.(P<0.05).
2.8 NEKCEBREAR ST IES R R S PELA NS
il

WA 3N, B4, CV25. CV50. CV754b
2 AL 5% 45 1 OO 2 9 T gt BTG A L S, O
SH L ) B NER TS BN B2 A 35150, /N ER Y 41
M H . EABTEIER R, REER S M5,
RS H AR R EANE R B, HEp 4R,

6 (AR N ERCEIES R SR A E T H L ERE M R R

Tab. 6 Effect of dietary Chlorella meal on the intestinal digestive enzyme activities of mirror carp

SEIG R Experimental diet

Z4)(Parameter (U/mg prot)

Ccvo Ccv25 CV50 CV75 CV100
a-ER i a-Amylase 0.430.11° 0.96+0.23" 0.97+0.12° 0.47+0.15° 0.2620.04"

[ 2 (1B Trypsin 825.73+75.35" 1109.65+107.6™ 1152.13499.16° 882.88+51.9" 712.88489.29°
Rg i M Lipase 225.35£28.32° 350.79491.45" 530.62497.46" 300.9449.52° 201.49+20.13°

R AR NREIE SR AR E R AT AT LR L RE EIR IR

Tab. 7 Effect of dietary Chlorella meal on the antioxidant capacity in the intestine and liver of mirror carp

SEIG4A R Experimental diet

Z ¥ Parameter
CVo CV25 CV50 CV75 CV100
% iE Intestine
RPrEALRE /IT-AOC (mol/g) 120.74+2.58" 120.4+7.35° 157.64+20.84° 133.626.16™ 101.6+4.35°
A AL ES SOD (U/mg prot) 81.65+2.51° 104.42+1.28" 99.82:2.94° 100.70:£0.94° 85.8942.56"
i E M AEFCAT (U/mg prot) 0.13+0.00° 0.28+0.05" 0.30+0.05° 0.25+0.07" 0.13+0.02°
N MDA (nmol/ mg prot) 1.09£0.11 0.91+0.02 1.02+0.07 1.14+0.06 1.11+0.06
FFIFLiver
BPUEALAESIT-AOC (mol/g) 0.64+0.03" 0.80+0.02" 0.88+0.04° 0.76+£0.01° 0.74+0.13"
A AL AFSOD (U/mg prot) 17.7240.70° 20.51+0.14° 20.77+0.45° 16.82+0.12° 14.35+0.41°
AL A BECAT (U/mg prot) 1.600.26" 2.14+0.22" 1.95+0.10" 1.60+0.17" 1.39+0.06"
7§ ~B¥MDA (nmol/mg prot) 2.49+0.18% 1.27+0.08" 0.87+0.06" 2.27+0.10° 2.70+0.12°
Cvo cv2s CV50 cv7s CV100

— ?iﬁTtVacﬁo.lation'
— 4% B Nuclear migration

1 ARV e /NIRRT HE 5 5 T 2 4 2 R P ) S
Fig. 1 Effect of dietary Chlorella meal on hepatopancreas histology of mirror carp (10%)
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AL INE R MMM IAIE R . SR, 2/ NERE AR
TR H 9 100%I, CV 100 A0 35 2F A i 45 60 B J: 2
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W& AT, St LA 2 2R A L ET 248 5 T T
F/NEREEE A G LA B3 n o B TR RE, Hod
WA 4% FEAECVS0 B HOR 2 = - CVO0. CV25
FICV1004b 3 2H (P<0.05), T 5 CV75 b 4H TE 2 5+
(P>0.05; [ 4b). T LLT4E B AR 5T 4% % 2 A
RIS, B SRLs fa UL H 2 LA 4k B AR BE A /I
BRI B AR DRL A TR LA N 2 0 R RIS B

ForAr V504 2 20 AR % B 63 JJL 4 4 BLAR7E BT A Ab 3
A B AR HL B KT BB 41 f1 cviookh HE4
(P<0.05), Tfi 5 CV25FCV754b B4 T % 7+ (P>0.05;
Kl 4c). fEMELF4EEAR D Mgt h K, WILF4EE
12/ T30 pm, AKNIEF4EE A2 =30 pm H<60 umi¥)
XRLER 4 5 L AECVSOAL B 40 A f v, HLB 3w
TR (P<0.05). SXTHRAMLL, EA 4 HE =
60 um H.<90 pum, & =120 um X KL 4E & LLre
CV25F1CV504h # b i 3 FR AR (P<0.05). 1 fT A 52
IO A WLAT 2 H A2 =90 um H <120 um A WLET 4 5
Eb AR B 22 5 (P>0.05; ] 4d).
2.10 /PECEERIAR ZHXESE A R KB
=l d:ppAl)

M AT, 50 R4 AH L, CV25. CV50FI
CV754b A AE S G H UL 1 Asp. Sery Glu. Gly.
Tyr. Thr. Val. Ile. Leu. Phe. NEAA. EAAK

HEmE
Villus height (um)
)
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Fig. 2 Effect of dietary Chlorella meal on intestine muscle layer thickness and villus height of mirror carp (10x)
a. HEYfh; b. REEE; c. WZEE
a. HE staining; b. Villus height; c. Muscle layer thickness

B Cv75 CV100

Bl 3 bk b/ BREE 0] HE 45 0 5 Ak 2 43 485 K4 1) R T (20%)
Fig. 3  Effect of dietary Chlorella meal on kidney structure of mirror carp (20%)
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YAAS B & F T E (P<0.05). CV5041Met. Lys.
His. ArgF B/ETA LR Ab ke, AR E T
CV0. CV25. CVI1004-FH41(P<0.05).

R T IRNARFUE L A /N BR 8 5 AR R JE R HE
{5 S UL D) 2 R R L R P R T, o UL PR 2 R R AT
T EEGS A HT, B ST, FE RS (PCATELE B
ANANE RO SFIED TR YRt
1) 90.08% 1115 K&, T F 872 (PCA2) A AR ML
TR FAEL TR B LT E ) 5.53%M1
ER- = (PCAl)'ﬁazﬁiz/\z (PCA2)FLAR
LT R FE AR 195.61%5 8, Bk, 7% 3 Rk
431 (PCAD)S T2 (PCAL) AR AR} /N ER i
ME % 5% 6 LN S L TR & B2 . Wi ] Saffow,
CV25. CV50. CV754b ¥ 20 5 Xt #8240 F1CV 1004k
PRI BT 0 JF, #IHCV25. CV50. CVTSAEFEZL
A FE B 4 R I A T BR AN CV 1004L FEZH .
211 /PEGEBRIAR T HEXTESHR SRR K AE AR ER
pEln i)

W 9FT~, 5XFIAEM L, CV50. CVT75H1
CVI1004L BEZH I C 07 & 2 3 P IR (P<0.05). 1M
WA H C17:1n-7. C22:6n-3 (DHA)F1n-3 PUFA &
EHCI12:05 B2, Hd, CV1004H#E 24
C17: In-7& 2 B3 & T R 41(P<0.05). #A1M, C18:
In-9. C18:2n-6. MUFA. n-6PUFAMIPUFA® &
b rRl ARk R /N BRI A SR S B G N o BT A R
fiK, HARCVS0HEHNLAIICIS 1n-9. C18:2n-6F!

2 CV0 oapWias st Cv2s TR en CV 50

[ox

600 r c 60 r

[ox

400 |,

200 - §
\

Merd Bz
Fiber diameter (pm)

MUFA/KF- & 2 5 T CVOAICV100 (P<0.05), 5 HAh
Ab B 2R TC 2% 5 (P>0.05); 5 %F 41 4 L, n-6PUFA
FPUFA S & AECVS0ALFE 2 H I 2 TF 1 (P<0.05)
2,12 /PERER AR SRR RS ER 42 A P B A
[‘EE’]E&”[‘]

WIER 10FT7R, 764 TR RE P D7 T, DRl A /)
BRYE BT 5 1) SR AT B A % 8L PR A PR
PR YE o /NERE B AR B 25% 50% 75%F1
100% 1] &80, 7T 2 25 & o HE % 45 UL PRI A2 PR (1%)
FE . THPEE. R AR S M (P<0.05). SXTHEL
HIEE, CV25. CV50. CV754k B ZH AL AL A= A A
P, CV25FICVTSAL B 514, DL S CVSORLER 20 Py
RV R ETHE(P<0.05).

TE LR 24 PR 5 A e 7 T, S PRI PO 5 1L g
PEFIGE TS AE PO . PHEME . IRE PER I
o B AR Ak B (P<0.05). 5 %t R ZH A L
CV50FICV754b EE 41 L PRI 24 PRI (1) 58 1 R0 P SR 4, BA
S CV25 L F AL 1 [a] B AL 25 T 5 (P<0.05).

R T IRNIR T RL A /N ER s B AR R S X HE
fife 5 SR LAY JO A e A D s e, ke JUL PR) A PRI R 284 PR S5
PRI AT 7 RO B HE %5 S UL DA o A e
P 3 o o M i B 6T 7N, 7R A A A AR 1 3 R
oA JT T, R (PCADRE 1A A R
FEUEFR bR (CELFERE T . BhPE. PHOEME. RCEME.
P NREMEL B 74.85%10M5 2, T2 (PCA2)
AR T AR PSR AR (LSRR . A MH I

S cv7s \NERBRETES Cv100 7 YA QG §

/ 50 pm

(=N

50

JULEF i g
Fiber density (fiber number/mm?)
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- WY 40t
20 l
0 Ll : 0

RPN @ C@% o j’ N
S

- =ICV0
¢ EaT i £ CV25
g8 07 ¢ b 1 CV50
w2 £ 2 by &2 CV75
;\55-_5 C . b 2D =CVI100
I a
i 2 5 20 2P b 3 d
=g3 10 be
= 2 aba é
g né

Class 1 Class2 Class 3 Class 4 Class 5

Bl 4 btk e /NIRRT HE S 5 L JUL R 2 248 285 0 [ 5 i)
Fig. 4 Effect of dietary Chlorella meal on muscle fiber structure of mirror carp (100 X)
a. HEJett; b, LA 4E % . LA 4 B4R d. MR E A D it Class 1. JLEF4E HL 42 <0 um; Class 2. 30 pm<<JL£F 4 FL1£<60 pm;
Class 3. 60 pum<JJL£F4E FL4£<90 um; Class 4. 90 pm<JL£F 4k L 4£<120 pm; Class 5. 120 um <-4k H 42

a. Transverse sections of muscle; b. Fiber density; c. Fiber diameter; d. Frequency distribution of muscle fibers diameter, Class 1.

diameter<30 pm; Class 2. 30 pm<diameter<60 pm; Class 3. 60 pm<diameter<90 pm; Class 4. 90 um<tdiameter<120 pm; Class 5.

120 pm< diameter
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ey BRENE. k. WM. BIRME)11.22%11E
B, TR T (PCAD S E 52 (PCA2)FEAEE

= 8 AR/ RIS SRR A P SR B 4E A AU/

Tab. 8 Effect of dietary Chlorella meal on the muscle amino

acids of mirror carp

AL SEIG TR Experimental diet
Amino acid CVO CV25 CV50 CV75 CV100
JE FH R FERNEAA
. 165+ 1.88+ 193+ 190+ 1.79+
RIAREAsp 0.06° 0.05 000° 002 008
00 15 061+ 072+ 073+ 074+ 0.69+
LA MSer 003"  0.026° 003 000 001"
s 248+ 290+ 301+ 294+ 276+
ARGl 008  0.10° 0.00° 004 001"
P 073+ 085+ 086+ 087+ 0.82+
ARGl 0.03*  0.00° 001° 001° 0.02°
o 098+ 111+ 114+ 1.12+ 1.06+
Nz Al 003 012 004 007 0.1
. 0.60+ 071+ 072+ 071 0.65+
R R Tyr 001"  0.02° 006 001° 001"
Y 0.51+ 058+ 058+ 0.59+ 0.54%
MR fePro 002 001 003 005 008
s 012+ 013+ 012+ 012+ 0.12+
IR RLCys 001 001 002 001 003
768+ 888+ 908t 899+ 844+
INEAA 024 022° 005 007 005
W EFERREAA
I, 0.69+ 081+ 082+ 082+ 077+
T3 Thr 0.03*  0.02° 002 001° 001
A 078+ 087+ 089+ 086+ 082+
AR Val 0.02° 003 003 004 001
. 047+ 055 057+ 056+ 0.53+
A Mt 0.01° 0.02° 002 0.01° 003"
Y. 072+ 082+ 083 081+ 077+
LA Rlle 0.02°  0.02°  0.02° 002 0.00°
O, 128+ 146+ 1.5+ 147+ 139+
R lLeu 0.04° 0.04° 000 001° 000
I, 071+ 079+ 081+ 079+ 0.75+
AP R FaPhe 0.02°  0.02° 001° 002 003"
Ay 157+ 175+ 182+ 178: 168+
R RLys 0.04° 0065 002" 002 0.04°
py— 056+ 0.63+ 066+ 065+ 061+
#1Z FeHis 0.00°  001° 001° 005 0.02°
. 096+ 1.09+ 1.14+ 1.11+ 1.05+
TWR faArg 0.03° 004 001° 001° 001
779+ 877+ 904+ 885+ 832+
YEAA 023" 025 004 008 003
SAA 1549+ 17.64+ 1813+ 17.84% 1674+
047°  047°  001° 0.16° 0.09
N «CV0
200 | mCV25
+CV50 p
_ p vCV75 \ _
< 1.00 f Ccvioo = | S
) ] o
M ° ' gl
“ . %)
o~ 0 — (] ™
S v 3
~1.00 } .
—2.00 Lo ' ' '
300  —200 -1.00 0 1.00

PCA 1 (90.08%)

JITA R FERRIKI86.07% 5 B BRI, 1 (PCAL)
5 318552 (PCA2) AT i et Ak o /)N 3R 88 061 HE 5% B8
8 UL PR AE A5 R R ST . S ] 6a ] A1, CV S04
FRAH P HXFHEZH . CV25. CV750. CVI1004LFH 2
BH 543 T, 22 B CV S04 EE 4 L 1A A= TR 5T 49 4 1 B
AR T H AR AL R .

TE 2 PR o R4 R 18 32 B 40 43 A 7 D, AL 6T 6,
F T (PCADELE T BT A BN IR e P48 b
(EFERERE . e, PEHAYE. REME. M. NE
P BIEME) 59.57% K18 B . T FE 52 (PCA2)
AR BT A B TR R FR bR (B RGBT
MU, . . AR BIEMH) 16.00%
F{E B, FrLE R4 1 (PCAD) S F 502 (PCA2)3E
RE TG B AR FR 1075.57%15 B, Bk o1
(PCA1) 5 E Hi 532 (PCA2) ] T B k) vp /B
PN E B 5 SR UL PA) 288 PR A B 52 o B ] 6]
B, CVO (K& ZH)2H . CV1004k B 4H 7] 5 CV25.
CV50. CV754bFRALH &4, FRIHCV25. CV50.
CV 754 BRI PR 34 PR Joi ) 4o 1 B S AR T %) B 4 0
CVI1004bFH4H .
2.13 PEREBNRAR ZHAESHESEANNRERN
=AU

ML 70T 01, BILPRD () 05 A R 5 A o o ) sk
/N B KT ) 1 0 i 3 5O BE ZH AR L,
CV50. CV75RICVI1004 LA a* Filb* 5. 2 Tt & (P<
0.05).
2,14 /PEREB KRR ZHEAESHREFER RN
=AU

PR T /N Bk B X TR i o)A B 5 417 3
B 52 ), A HE 50 K X HZH.(CV0). 50%% /R4
(CV50) 2 100%5 1% 41 (CV 100)HE i 55 5 fizy 1 14 Ff
HEAT R A3 b, Fogh R 81 11T~ . AR
SEHLE A1, CVO. CVS0RICV 1004035 41 iz 15 7

b I

1.0

0.5

-0.5 0
PCA 1 (90.08%)

-1.0

K5 HESEG SR SRR 1o 7 i

Fig. 5 Principal component analysis of mirror carp muscle amino acids
a. PCAVF/ B b. 411FK

a. PCA score plot; b. component plot
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Tab. 9 Effect of dietary Chlorella meal on the muscle fatty acids

o H£PEF8 £ Simpson. Chao 1 Shannon I3 7¢ &
# 7 5(P>0.05; I 8a). TEBZ LM/ HTH, PCoA
TR T EE R B OR, CVS0ALFE 40 5 %) I 2 BF

of mirror carp

Y S2I6 1A #l Experimental diet B (&R v
P U0 Cvascvenovas cvioe” 2T (Il 8b), WP b B AL AT 12 W)
C12°0 029t 0266 025+ 019 023t ZS. IR L, = A A2 20 1 AE % 55 il fi7y 1
RS LY Y (O (N (4 BEE R HRTY R (Proteobacteria), HRATHI]
0.01 0.06 0.08 0.04 0.07 (Fusobacteriota)~ J&BE W || (Firmicutes) &
C16:0 166+ 191+ 186+ 174+  1.54% X o I . .
0.02 0.38 047 0.09 o017 ["J(Verrucomicrobiota). %%%5 | ](Chloroflexi)4H 1%,
cwoo B A AR B (aso. Jooh, CVSORMA KR 11V
2SFA 4(55221i 4(57729i 46569(;—‘ 4(53118i 4(53316i comicrobiota)fH X} 7 £ B & 1= T CV1004k B 41 (P<
C16:1n-7 00.:5006i 06518; 06517; oo.'sozli 0640581 0.05), 1 5 X 240 T0 B3 2 7 (P>0.05; & 11). M
C17:1n7 0.3+ 016+  0.17+  0.14+  0.18+ J& K&, CVS0Ab B 21 fa 14 iy 18 1 40 4 B s
a ab ab ab b e
Clsimo 38 done 991 495 e (Rhodobacter). AT I J& (Alsobacter). ZOR0006+
-in- P : c . ¢ "5 rabe : a . =
SMUFA ggg" gggb 51 9152 9‘294& " % 91 Enterobacteriaceaet % £ & i T HoAh 5 411 8d)-
45+ 67 95+ 91+ .09+ e
001" 1.05* 124 020"  0.50' 2.15 ETESREEAE KM ZXEYINH
Cl8:2n6 294+  422+& 420+ 379+ 270+ A G B T S8 a1 A K REREAT T Ik
0.05 0.84 0.68 0.10 0.55 RS —
C18:3n-6 06109]i 0(5207; 062(;‘71 061085* 06215()i FEH 58 (B 9). FETORE., WEE, fredk
C20:3n-6 034 043+ 042+  025: 045+ SIS O -4 = RN 2R i1 RN ARzt
0.02 0.08 0.12 0.09 0.17 A, .
C20i4n-6 L1+ 121+ 126+ 132+ 136+ M & 5L, TR A /N 3R B AR R ) B 3 B A 43 )
0.07 0.08 0.06 0.34 0.12 S 0 0 0 0 0
o 459 62 612 53 476 H]970.54%. 59.32%- 58.14% 61.90%. 59.75%Fi
6PUFA 0.05" 1.05 0.92 0.30" 0.94" 60.25%.
C18:3n3 047+ 054+ 055 050+ 042+
0.05 0.09 021 0.00 0.12 NN
C20:5n-3 023+ 026+ 026+ 0.7+ 029+ 3 Wig
0.02 0.05 0.08 0.03 0.12
C2.6n-3 073x 0928 097%  L17+  LILt 3.1 DNECEE KRR SR X HE SR 62 A4 K1 BERY
0.06 021 0.11 0.09 0.13
Sn- 1.42+ 1.72+ 1.78+ 1.84+ 1.83+ =AU
3PUFA 007" 020°  0.10" 0.04 0.06 R e
SPUFA 622+ 744+ 817+ 755t 754+ NEREEAE N B AN RS, & S R A T R 2
e L et NEZN L NPV 2
F 10 (AR NS XTAHE B SR SR AN PO BRADF I R R2 0
Tab. 10  Effect of dietary Chlorella meal on the muscle texture properties of mirror carp
S8R Kl Experimental diet
Z ¥ Parameter = P
CV0 CV25 CV50 CV75 CV100
£ AJRaw meat
i i Hardness 1514.76+34.91" 1932.19+59.11" 1984.23+38.87° 1879.21+10.13" 1845.29+10.99"

Zhi 4 Adhesiveness
NEL I 14 Chewiness
&% PE Gumminess

-3.13£0.06°
196.34+1.97"
418.27+5.74°

—4.62+0.07"
273.24+4.07°
544.34+8.67°

—4.81+0.18"
303.37+6.27°
640.54+7.38°

~3.80+0.22"
268.14+2.57°
542.89+5.68"

~3.50+£0.06"
232.9542.99°
525.31+5.04°

34 Springiness 0.44+0.01° 0.50+0.02° 0.47+0.02" 0.49+0.01° 0.420.02°
A B M Cohesiveness 0.27+0.02" 0.28+0.01° 0.32+0.03" 0.29+0.04" 0.28+0.01°
[H] & P Resilience 0.16+0.01° 0.20+0.03" 0.22+0.01° 0.20+0.02° 0.19+0.02"
2 A Cooked meat
1 /2 Hardness 226.72+5.63" 307.71£12.10% 311.429.05° 284.09+5.09° 284.29+2.55"
% ¥k Adhesiveness ~0.74+0.1% ~0.82+0.11° ~0.65+0.06™ ~0.54+0.03" ~0.68+0.07"
MH I 14 Chewiness 21.00+0.88" 41.1642.93° 39.96+2.82° 37.94+1.18° 31.2241.03°
J52 %P Gumminess 63.15+1.46" 99.49+4.48" 109.63+7.25° 95.79+2.65° 82.85+0.49"
59k Springiness 0.35+0.01° 0.37+0.03" 0.40+0.01° 0.39+0.02" 0.37+0.01°
B Cohesiveness 0.2840.02° 0.3240.01"™ 0.350.02° 0.330.02" 0.290.01"
] 53 M Resilience 0.11+0.01° 0.13+0.02° 0.120.02" 0.12+0.01% 0.11£0.03"
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Tab. 11  Effect of dietary Chlorella meal on relative abundance of top 5 dominant gut microbiota at phylum level of mirror carp
% ¥ Parameter 58 B Experimental diet
CVo CV50 CV100
AR | Proteobacteria 0.60+0.07 0.72+0.06 0.54+0.15
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DIETARY SOYBEAN MEAL WITH CHORELLA ON GROWTH PERFORMANCE,
MUSCLE QUALITY, AND INTESTINAL FLORA OF MIRROR CARP
(CYPRINUS CARPIO VAR. SPECULARIS)

TANG Li, JIA Lu-Yao, SUN lJian, JI Hong, YU Hai-Bo and LI Han-Dong
(College of Animal Science and Technology, Northwest A & F University, Yangling 712100, China)

Abstract: To investigate the effects of substituting dietary soybean meal with Chlorella on growth performance,
muscle quality, and intestinal microbiota of mirror carp (Cyprinus carpio var. specularis), five experimental diets were
formulated by replacing dietary 0, 25%, 50%, 75%, and 100% of soybean meal with Chlorella, which named CV0
(Control), CV25, CV50, CV75, and CV 100, respectively. The mirror carp with an initial body weight of (20.00+0.01) g
were fed five experimental diets for 60d. The results showed that compared with the CV0, the final body weight in
CV50 and CV75 groups, the weight gain rate in CV50, CV75 and CV100 groups, the specific growth rate and lipid
retention efficiency in CV25, CV50, CV75 and CV100 groups, as well as the protein retention efficiency in CV25,
CV50 and CV75 groups were significantly increased (P<0.05). The activities of a-amylase, trypsin and lipase in the
intestine of CV50 group were significantly higher than those in the CV0 (P<0.05). Meanwhile, the villus height and
muscularis thickness of intestine CV25 and CV50 groups were also significantly increased (P<0.05). In terms of health
status, replacing dietary 50% soybean meal with Chlorella significantly increased the T-AOC levels and SOD activity
in both liver and intestine (P<0.05), while also markedly reducing liver MDA level (P<0.05). Meanwhile, intestinal
CAT activity was seriously enhanced in the CV25 and CV50 groups (P<0.05). Compared with the control group, the
CV50 group showed obviously increased serum alkaline phosphatase levels, while serum alanine aminotransferase and
aspartate aminotransferase levels were significantly declined (P<0.05). Pathological damage was observed in both liver
and kidney tissues in the CV100 group. In terms of muscle quality, substituting 50% dietary soybean meal with
Chlorella significantly improved the nutritional value of fish by increasing the crude protein and crude lipid level in
both whole body and muscle, as well as the muscle NEAA, EAA, and PUFA level (P<0.05). Principal component anal-
ysis of muscle texture characteristics showed that the CV50 group exhibited superior texture properties compared to
other groups, indicating that replacing dietary 50% soybean meal with Chlorella improved muscle texture. Additiona-
lly, replacing 50%, 75%, and 100% of soybean meal with Chlorella increased muscle redness and yellowness (P<0.05).
The 50% dietary soybean meal was substituted by Chlorella elevated the relative abundance of dominant intestinal
microbiota (Proteobacteria and Verrucomicrobiota). The quadratic regression analysis based on growth performance
indicated that the optimal replacement level of soybean meal with Chlorella was 58.14%—70.54%. In conclusion,
complete replacement of soybean meal with Chlorella had no negative effects on the growth performance of mirror
carp, but caused damage to liver and kidney tissues. However, appropriate replacement of soybean meal with Chlorella
promoted the growth, improved muscle quality of mirror carp, with the optimal replacement level being
58.14%—70.54%.

Key words: Soybean meal; Chlorella; New protein source; Growth performance; Muscle quality; Intestinal flora;
Cyprinus carpio var. specularis
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