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1.8 Rk kR E 5, KR 430070; 2. e d R Ak Kk S IORRGERF R/ KT B Fp k2 REAY ZLGE
RBEHFHR AR T O/ H L 2B T, XiX430070

TE LA PR KA T F0) 5 FC SR A3 M | 1300 16 B 5e R RS I 450 ]2, BAILAY Ry 520, FE A
43 51 in 0 (control group, CON£H ) 200 g/kg M2k (black rice 200 g/kg, BR200 4 ) .400 g/kg 2k (black rice
400 g/kg, BR4004) ,200 mg/kg H K AE T ZH2HY (black rice anthocyanin extract 200 mg/kg, AC200 21 ) F1400
mg/kg ST Z R (black rice anthocyanin extract 400 mg/kg, AC400 40 ) , {563 8 J& , 4 7% 1Al v S K A8
T R MR EI IE 2RGS0 K% 7o R AR AR KM RE FUALRE ) e LR R (R R e . 255 R
(1)BR400 4 A3 238 e A iR iy, ACA00 iR 22, 350 S 38 v T 0T B2 5 (2) A S 2 Ui R Lk B PR i A
i 38 Y 7% 8 Ak BTG R 2 A5 T T, ACA00 21 1M 36k B R0 f A A0 B TR fiE 1 (T-AOC) 18 %01k Wy 15 1k i
(SOD)IE P e , 5 BRA0O A7 .35 25 5, (A BR200 2H 738 i T-AOC /K EFM SOD G e i, H B & T
ACA00 4 X AL 5 (3) Ak HHZH IR IR A 38 1 T P W R 13 ( ACP ) R P B R i ( AKCP ) B 16 A 340 o 238 vy 1 ) 1
2H , BR40O 20 IfiL 4k I 114 22 T 460 AL il (PPO) L ACP Fil AKP 35 M35 5% 25 5 (4) AC400 2H Ji7 T8 1Y) 3 8 1 076 1k 3 50
AC200 4 [ 2 1 G M f v, AL SHZH A B s TR B 1 2 s X IR . DL 25 SRR I DR TP s i oK sl SR oK A
TR SO RE A A v o QIR B IR A K BT Sk S s R AP BE L EEGAR N 400 g/kg B K BK 400
mg/kg I RRAKAET FZ 4RI .

KR SCICJFEAR; A RPERE; IR Bk EH R
FESES S966.12 XEARIAE A XERS  1000-2421(2025)03-0128-08

i [CJRESMR (Procambarus clarkii ) {5 FREE MR BL
WA/ ISR TR [ IR K 2 BF P R (2023
AR v [ Ol g8 AR ) 8Os WoR HAR P R E Ak F)
316.1J7 1, fH 5 PR AL R et it vh A2 R B 5 e |
AT S AR A AL 3R AR S M, A P Y ) R
5 9 4% ol A 0] RS i 2 3% [ 4 T A 1k A4
Byt AE RS A TR TFYUERBER LM Y)
TR LT R N RIR KM R 2615 ) (C6-C3-
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/IRt 5 = W 12 T 1R ) O N i e
1) K (A rp sl R 2R B A EOK W R A 7 35 b A
P AETF R S M 968.79 mg/kg) B K AL T 4RI
W% 850 EREYRNE AR A G A ai

H 2 O it 400 mg/kg) FEARDEE RS I 200 mg/kg
KAEH E R EY (black rice anthocyanin extract
200 mg/kg, AC200) 1 & fiff 7 Ak 5 F3 0 400 mg/kg

SEOKAE T R (ACA00) o Fa e fid 7 B 78 33 il
RVEILER 1o fRDRHE )5, T 50 “CIERMEAR hAt T2

2500) 0 IR E 5 MOREEDEL, 430 S BEA L (6F
&, control group, CON) | FE Al {7 R R 8 i 200 g/kg
MK (black rice 200 g/kg, BR200; £ 7 % & & 200 KOy E /N T 100 B S M M AR R T
mg/kg) LAl iR RN 400 g/kg BBk (BR400; 48 —20 CkAE AP RAF &I

x1 ABBRAREFRBS (TYR)

Table | Feed formula and composition (dry matter)

T H Ttem CON BR200 BR400 AC200 AC400
JE#}/% Ingredients
iy Fish meal 10.00 10.00 10.00 10.00 10.00
KA Rapeseed meal 10.00 10.00 10.00 10.00 10.00
K ¥ENM Fermented soybean meal 15.00 15.00 15.00 15.00 15.00
HET XS K Chicken meal 16.00 16.00 16.00 16.00 16.00
T3l Soybean oil 2.00 2.00 2.00 2.00 2.00
MK Black rice flour 0.00 20.00 40.00 0.00 0.00
Tk Wheat flour 40.00 20.00 0.00 39.92 39.84
SALIAEK Choline chloride 1.00 1.00 1.00 1.00 1.00
A Z R A Vitamin premix 2.00 2.00 2.00 2.00 2.00
Y E R AR Mineral premix 2.00 2.00 2.00 2.00 2.00
TR HY Sodium alginate 0.50 0.50 0.50 0.50 0.50
5% 77 Mould inhibitor 0.50 0.50 0.50 0.50 0.50
W A4 Ca(H,PO,), 0.50 0.50 0.50 0.50 0.50
FEEH Betaine 0.50 0.50 0.50 0.50 0.50
AE#FE Anthocyanin 0.00 0.00 0.00 0.08 0.16
2t Total 100.00 100.00 100.00 100.00 100.00
EF 5 Proximate composition
A/ Y% Crude protein 35.35 34.64 33.29 35.42 35.46
HUBERG/ % Crude lipid 3.10 3.40 4.20 2.80 2.70
T4y % Ash 10.20 11.40 11.60 10.60 10.30
1475 % /(mg/kg) Anthocyanidin 0.00 182.45 378.20 170.60 351.20

e B TR N T s R R AL . 4 4E K B, 17.60 mg; 442 K B, 48.00 mg; 44 % B, 30.00 mg; 464K B, 0.25 mg; 454 K E 156
mg; 44 2 C 800 mg; 4k A & K, 14.70 mg; MR e 79.00 mg; 17 B2 #5 73.50 mg; MR 6.50 mg; A4 3 0.64 mg; 4EA4: % A 16 000 TU; A=
% D, 8000 IU; 5 ¥y i FIR Ay 4 T v Al S48k - 85 (MgSO, - H,O) 52.50 mg; £ (ZnSO, - 5H,O) 34.40 mg; 4l (CuSO,+5H,0) 2.10 mg;
i (MnSO,-H,0) 6.10 mg; il (Ca(10,), ) 1.60 mg; £k (FeSO,-7H,0) 21.10 mg; fili (Na, SeO; ) 0.19 mg; 4%l (CoCl,-5H,0) 0.24 mg.
Note: Vitamin premix is provided for each kilogram of feed: Vitamin B,: 17.60 mg; Vitamin B,: 48.00 mg; Vitamin By: 30.00 mg; Vitamin
Bo: 0.25 mg; Vitamin E: 156 mg; Vitamin C: 800 mg; Vitamin Kj: 14.70 mg; Niacinamide: 79.00 mg; Calcium pantothenate: 73.50
mg; Folic acid: 6.50 mg; Biotin: 0.64 mg; Vitamin A: 16 000 IU; Vitamin Dy: 8 000 IU. Mineral premix is provided for each kilogram of
feed : Magnesium (MgSO4-H:0) : 52.50 mg; Zinc (ZnSO,-5H.0) : 34.40 mg; Copper (CuSO;-5H:0): 2.10 mg; Manganese (MnSQOy+
H:0): 6.10 mg; Iodine (Ca(10;)2): 1.60 mg; Iron (FeSO,-7H:0): 21.10 mg; Selenium (Na.SeO;) : 0.19 mg; Cobalt (CoClz+5H.0) : 0.24
mg.
1.2 DU rh ARl A (e R R K IR SR 1 A6 4 Db ] 2 8 h
S, I TT AR, 76 S0 3 TR v 5% 1A
SO TR B PR IERN R . P IRAS AU, PR A e 5

Rt EEEE
B0 v G2 I i A8 Al K2 MUK AUk R}
fF 3 (AL 4 W AT ) B4t IR 5048 T 9 AL 2
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JRe i 4 HUMS 1 — 1 e [ LB O 450 B2, BE AL 73 B 5
2l : CON,BR200,BR400, AC200, AC400, % 2 1% 3
MER .

e, [ B R 0 28 I 2 7% 300 2B A A e ek i A
JiE S A K Y B8 7K AR (60 em X80 em X 60 cm ),
T KTEFARCA S PVC A (25 cm X 7.5 em) A5
HRR ML . 45K 08: 00 F1 17 00 M im0k, 41
TRF MR R A SR 3%, IR iR
B YRR 5 AR 2 h i, SR P W k2 A
o WAk S TR AL Tz B, X R
HEE AT, T R G R 5 0 R R A
TR0 A ], FE 22 U5 10 57 i 30 0 19 a0 B 155 00 LA K BB
T, KR HIE (24+2) °C, AR 2 d &8
e 1/5 WK AAERPK PR E . FRAE IR I 8 A
1.3 HmRESHE

FEF RIS E5 R T RIS IR AR 24 h, REERTHE T
PRFRIK A3 FR BT, VKK U HRRIE 15 min {1 mL 7
TATVE S5F v DA 79 Sk i PR RS 38 ) A JUE , il 0.5 mL
MR, A 1.5 mL 28 A S5 P s i B 08 N,
4 “C#rE 4 h 5 12 000 r/min .0 20 min, B3
THERGr AR B AR ALFE ORI A o B IS A 391 53 5 e i AN
17 % 2 mL B0 PR A TP AR R DR AT
T=80 “CHI TR E PE R I 5 — &R 7 i B T4 A 5
[ DU MR 20 27 1 R R A 2 mL 2048 [ 5, T4
TEAZ Y R
1.4 HEHRNESHZE

g i 3 56 R 77 4 44 5T Jt (initial body weight,
IBW) FIZR AR B (final body weight, FBW) , FHF
i1 B 4 5 R (weight gain rate, WGR) | 1] Bt & %k
(feed conversion ratio, FCR) Fl4 i A= K K (specific
growth rate, SGR) , # 8 & Jal kL R 8 R E A KR
FAF 1% 2 (survival rate, SR) 135 24 X 2 B3
w121,

A3 % 5 0 I b B HF IR R R i 1 2H 2 Y R
ALY {1 (superoxide dismutase, SOD)  Z [ 4
1L (polyphenol oxidase, PPO) |\ B3t & AL HE 11 (to-
tal antioxidant capacity, T-AOC) B P4 3 #2 i (alka-
line phosphatase, AKP) Fl#& 1 # 2 i (acid phospha-
tase, ACP)RYIG P AT & 53 1R & Xk B
o[ pg ot AR ) T ARG, O A A RO N A
1R & UL B AT E o

JVy 18 2H 2R A A a8 ] 2H 21 W [ 2 24 h
Jei  MCURGE 33k £ Pt W A7 Rt 7K Ak PR = PR O3

AL, A i 40 28, Leica RM2235 £ H 3 8] A #L
(Leica Al &) EZLY) [ JEEE R 5 pm, B4R
FRAE I3 AN - 21 (HRE) P a1k 44 4, Nikon H600L
ETATC R SR e ARt 8
1.5 SHitah

IR 56 B e A Excel 2010 4K 4 %% B, 5% F SPSS
20.0 BRAF HEAT GE it 24 o3 B, s e 28 0k One-way
ANOVA 25 347 5L F 5 22 4341, 52 )t 35 79 2
P15 H Duncan’s Z 8 WL T 22 2 G0 i T2 08 UK
B, S5 LU bR 227 3RO, P<<0.05 R A1
WEER

2 FHRE5HMH

21 EEREERAEKERE

T pek v REOK RN REOK AL T R AN RIS 7K F- T e [K
JREMR AR ERE WL ZE 2. 3R 201 I, BR400 4111
WGR . SGR 55, 5 AC200 F1 AC400 4H (6] %A i
# 5 (P>0.05) . BR200 £ ) FCR (0.91+0.02) %
5%, VR & BR400 1 AC200 20 , ¥ 5 A% T % IR 41
(P<<0.05) , BR400, AC200 F1 AC400 #H f) FBW .
WGR ., SGR 1 SR ¥ I 2 i T X B 41 (P<<0.05) ,
BR400, AC200 Fil AC400 41 [a] % A . % 72 7 (P>
0.05) ; BR400 Fll AC400 20 #Y SR % 2 7 T % B 40
(P<<0.05).

22 mREEFRMSLESE

7 3 i ik} b SRR TR K AR R AN RIS ok
ST o [T I g £ MR R RN B 3 1 B SR A
TEPE . ACA00 ZH i 56 0P L bk I 9 T-AOC K F-fer
H (4.48+0.8) U/mL, &b B 20 2 36 HF i bk I 9 T-
AOC 7K 5 3 5 T IR 40 (P<<0.05) , (HAb P4 2
[ T-AOC 7K 7 it # 22 5 (P=>0.05) ; AC400 4 iX
5 WF 1 bk 9 SOD 7K S f i, S (171.2245.17)
U/mL, & 3 & F H A £ 41 (P<<0.05) , BR200,
BR400, AC200 41 i SOD i 74 5 Xf FR 2 e A i 3% 22
F(P>0.05).

AC400 21 i 56 R AT IR AR 19 T-AOC 7Kt 5 , ik
i T HABA 4L (P<C0.05) , ifif BRAOO £H JIF e i (%) T-
AOC 7K 552 8 T 0 R 4H (P<<0.05) . AC400 21
TREG IR R AR 9 SOD 7KV f5fm , BRAOO IR Z , — 3%
) 7C d 2 25 5 (P>>0.05) , {H 33 i 2 5 T X B4l (P<<
0.05) . BR200 Al AC200 ZH iz 56 IR i B g i T-AOC
FSOD i P34 5 X FEZH T i 25 25 5 (P=>0.05) .

BR200 £H i 46 9F 7 18 1) T-AOC /K- fe i, M
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Table 2 Growth performance of Procambarus clarkii under different levels of black rice and
black rice anthocyanin addition
645 Index CON BR200 BR400 AC200 AC400
VIR /g IBW 1.03+0.02 1.04+0.05 1.02+0.02 1.0240.01 1.020.02
KA /g FBW 8.1140.32¢ 9.12-0.87hc 10.27+0.67a 9.84+0.09ab 10.1340.50ab
WEF/% WGR 690.784-45.73b 780.924-99.42ab 905.694-78.58a 863.08+18.24a 893.81+58.97a
FrE AR /(% /d) SGR 3.4440.10b 3.6240.18ab 3.84+0.13a 3.7740.03a 3.8340.10a
TR R FCR 1.0040.01a 0.91+0.02¢ 0.96+0.01b 0.96+0.03b 0.97+0.02ab

I/ %0 SR 72.2245.09b

75.56+1.92ab

80.004-3.33a 75.5641.92ab 81.1145.09a

T - R B I A ) ) B R 77 A B35 25 59 (P<<0.05) , R Kl

ences(P<C0.05) , the same as below.
(237.72+33.37) U/mL, 5 BR400 1 AC200 £H G ‘&
F 225 (P>0.05), =& ¥ 8 FH & T x4 (P<

Note: Different letters following the same data indicate significant differ-

F ACL00 21 X RE L (P<<0.05) , AC400 ZH i 1 W 7
1A ) SOD (1) 16 P e 25 5 T X R4 (P<<0.05) . &

0.05) o

BR200 4H i 5 i iz 18 19 SOD K ¥ fe i, 5

BR400 1 AC200 J& i 3 22 5% (P>0.05) , (B3 i 3 &
%3 Eykfu%k#.s,%xn,ﬂmk;TﬁEwarmmma BREE RS AN E T E LB 1

Table 3 The antioxidant enzyme activities in hemolymph, hepatopancreas and intestine of Procambarus clarkii under

ANUS IR B AE T

R 25 K

different levels of black rice and black rice anthocyanin addition

FNT v [C A AR A Ak M

BPLEALEE 1 /(U/mL) T-AOC

ALY B ALAE/(U/mg) SOD

fif’u”p e ol Wit e el Wit
Hemolymph Hepatopancreas Intestinal tract Hemolymph Hepatopancreas Intestinal tract
CON 1.7740.36b 7.10+0.39¢ 151.14+10.51¢ 130.95+22.02b 111.95+14.60b 173.07+48.41c
BR200 3.49+1.24a 8.30+0.57be 237.72433.37a 161.91+24.26ab 151.17+13.58ab 282.70+106.69a
BR400 4.07+0.33a 9.50+1.06b 200.68+35.52ab 165.41416.6ab 185.92+45.08a 200.68435.52a
AC200 4.03+0.93a 7.78£0.57bc 199.3748.48ab 162.37415.2ab 158.15437.17ab 199.3748.48ab
AC400 4.484+0.8a 12.05+2.37a 175.72413.54bc 171.22+5.17a 206.40+17.55a 156.404-46.68b

2.3 TREENRHREEREEYE

Tk SR FILEOK AL T BRI KE T 5 [

Ji 5 B 114 928 il % 7K SF- DL 4 6 4 7T WL, BR40O

ZH AR AR I 22 59 PPO L ACP 1 AKP 1% M s, 1
T ACP 3 M 5 35 8 T A 4% 41 (P<<0.05) . fi kL
T I PR RN K AE T 286 I3k B 9 ACP F1 AKP 3
PEAT R AE T, A A Ak L 1) ACP Rl AKP 15 14 34
2= T IR (P<<0.05) o

BRA00 28 i 55 8 JH 5 AR (9 PPO Fil AKP 3 14 f¢
L 3 TR B (P<C0.05) , {H 5 H A B 4H
Z A TG i 3 22 5 (P=>0.05) ; AC400 ZH 12456 8 AT e Ji
) ACP 7% P % /= R (196.74+24.31) U/mg, 5
BR400 JC i # 22 5 (P=>0.05) , B % & T X B2 (P<<
0.05) ; b P 20 12050 B AR i ACP 36 MR i 26 5 T
X HEZH (P<<0.05) .

BR400 20 i 5 4 i 38 (1) PPO 16 M fe iy, H B 3
5T AC200, AC400 £H A5t BE 20 (P<<0.05) 5 i 56 4TF
1 3 1 ACP 3% 14 7 45 b B 4H [RV% A 5 35 25 5 (P>

0.05) , {H34 & 3 5 5% B 41 (P<<0.05) ; AC400 £H ik
B Wi 18 ) AKP 36 My, BRAOO IR 2, —H I
5 T BR200 ., AC200 21 Fxd B 4] (P<<0.05) , 3F H.
JITA b B 4 b 3 e TR R ZE (P<<0.05) o
24 ZREERNFERR

1) v [ RS R () i 18 T A B v 1 o DRl oK
FTEOKAE T ZA RN T o [ 5 EE KR 1 7 1 31
FRREEPE DL 5. H 3 5 Al AT, AC400 ZH i 56 0 i 1
() V€ A B 06 M f o, b (12.0010.32) U/mg, 5
BR400 A1 AC200 £H [7] JG i 3 22 5 (P=>0.05) , (H¥4 &
F = T BR200 41 FD6) HR 4 (P<<0.05) ; BR200 21 {55
W fin T8 1) B O P A v, 5 At A 3 4H 22 1) G
225 (P>>0.05) , AbH AL (1) B 5 G PR 35 10 3 e T
X HRZH (P<20.05) 3 AC200 i3 56 1 iz il 114 g 25 1 Bl 0%
i s, 5 ACA00 41 T8 18 3% 25 5 (P=>0.05) , {0 i 3
75T BR400 . BR200 FI%f B ZH (P<<0.05)

2) W [IRJRES IR BB TR S . 3% 6 Won 1kl i 2R
KN EORAETE Z A RS INKE R v [ R B R 4 B 1
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Table 4 Immune enzyme activities in hemolymph, hepatopancreas and intestine of Procambarus clarkii under different
levels of black rice and black rice anthocyanin additions U/mg
Z AL PPO PR Ak A e ACP Tl P g AP
45 . o i . J it . . Jo i
‘ e HFH o L s - L R o
Group Intestinal Intestinal Intestinal
Hemolymph Hepatopancreas Hemolymph Hepatopancreas Hemolymph  Hepatopancreas
tract tract tract
CON 2.22+ 30.67+ 6.67+ 31.78+ 141.39+ 91.45+ 69.22+ 57.05+ 69.88+
e 2.04c 5.21c 0.94b 2.35d 11.04b 5.44b 19.41b 10.70d 4.38c
BR200 6.67+ 40.22+ 13.33+ 72.67+ 173.84+ 137.94+ 119.7+ 97.83+ 91.14+
1.76ab 3.36bc 4.71ab 2.33b 14.39ab 25.71a 27.48a 1.77bc 8.21b
BRA0O 10.674 55.11+1 23.00+ 123.26+ 185.07+ 119.32+ 151.59+ 127.06+ 101.164
3.06a 2.90a 7.07a 1.01a 33.9a 17.47a 16.35a 15.00a 5.71ab
AC200 5.78+ 43.11+ 11.33+ 66.28+ 161.734 118.46+ 131.214 87.6+ 94.19+
i 2.34bc 6.05abe 2.82b 3.24c 20.8ab 14.86a 35.6a 3.24¢ 2.89b
ACA00 8.22+ 47.89+ 10.33+ 66.86+ 196.74+ 117.64+ 133.674 117.89+ 109.67+
. 0.38ab 6.27ab 0.47b 2.10c 24.31a 13.83a 33.54a 18.37ab 12.99a
x5 BAMBARETEARRMAF T REEL 3 i i
R EH L EEE
= ab /,
Table 5 The intestinal digestive enzyme 31 HEEXNRRKEEMRERMEENIIT

activities of Procambarus clarkii under
different levels of black rice and black rice
U/mg

JiEEE 1 Trypsin

anthocyanin additions

g 105 Lipase

A0 Group  VERIEF Amylase

CON 6.72£0.70b 8.10%2.53b 1 382.64474.59¢
BR200 8.51£0.71b 18.00£3.91a 2 554.78-£288.15bc
BR400 10.45+1.53a  11.052=1.49ab 2 919.00==351.72b
AC200 10.95+1.22a 9.384-3.22ab 4 254.294222.83a
AC400 12.00£0.32a  12.7745.08ab 3 002.642=868.95ab

F6 BARMEREBTEARFMAET
wEREERHFZERS
Table 6 The intestinal morphology of Procambarus
clarkii under different levels of black rice and black

rice anthocyanin additio

. - HERE/RER
A WEREjm B L R
G Vestibular height  Cryptdepth L2 ¥ estbular
Toup sstibuiar heig TYpLEEp height/crypt depth
CON 208.89+55.65 23.27+7.61a 9.7243.82b
BR200 205.92+8.66 10.47+0.27b 19.67+0.67a
BR400 233.74+27.54 11.86-£5.60b 22.64+9.51a
AC200 223.04+47.01 13.32+£3.10b 17.1244.57ab
AC400 234.34+26.14 10.48-£0.65b 22.32+1.59a

o8B BRE TR RN R RS R LA
AC200 &3 50 0 1) B 30 B s TR (A e Kk, 5 Hofth ik
PRA 22 (6] AT 3 22 57 (P>>0.05) , A BRA 1 I 25 5
F XA (P<<0.05) . 422 B9 E %A B
%5 (P>>0.05) ; BR200, BR400 F1 AC400 #H /Y 4% &
1o /BB TR B LU (B il 35 K T X IR (P<<0.05) ¢

WE5R & IR K AL T &R & — P 25 M0 fRDR A
0, AT LA B R K A s A K RE Y . AT A
PR R HLHR B B S i AE i R H R & S 400
mg/kg B}, BE 2 35 4 1 v FC RS MR (1 2R AR T 1 (1
FR P E AR KR FITET R . Hoseinifar 25 7E {7 R
PRSI LS & T ET e B SR U A6 T & W 2
S Bt (Xiphophorus helleri) W) 5z JBk 8,3 i 25 IR,
[F] Fsf JF A A B R ) ek i fb e AT BT R, S AR
AR AR 4R BUEERE 100 mg/kg 1Y
PEORAE T A, HE B AR T R S X B2 AR T
2 R Y W AR 45 R — 3, AR AESE T LB K
TE AN 200 mg/kg AL T R I IZ 41038 5 R Ry
RE A RN I R 5 X B4 2> (B UG I8 35 25 5%, Ui ]
HORIEH ZX A KRR M e 5 BKAEFRD
WM VIR G
3.2 #EFEEXMNEREEMRENETHOZMG

ALY AL (SOD ) AL b 8 2 A 4 Ak
ity o0 % F K AR ST L MPLEALRE S (T-AOC)
AT DA BRATLAAR A 4T 8 AL BE T, 31 5 i B tR 0 B S A
S50 RFSY R 0.03 mg/mlL Y L AL T R X B
i (Danio rerio) RN ¥ 3 A FETH R R A8 T
99.55% , 3 EL. SOD #l CAT 1 1 i % £ 2 b 5 R i
e g THE iR A AT 4R — 2, AR
Bl 5 PR AR T 2R e B 0 1G4 56 3R AR R A T -
AOC #1 SOD 1P & F 32T, 3 Hdshn 400 g/kg Mok
100 2H e A A BB O AT, 3 B ARDRL R s i JR oK
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FBKAGTE Z R U e 1 o vn [C R B MR i b A A he
I o ABARFEAS G 2 BT Z XL BT S A
AE 1Y 52 e A7 7E .35 22 5, A WFE R s i 200 g/kg &
KA IR 50 21 7 FC R SR 73 1Y T-AOC Fi SOD 3 1
035 TR N BEORAE T AR 400 mg/kg Ab PR
RIS L 21 0 Tl 95 1K e O 5 S 3 o 5 SR K AR
B 2 A OK HEAT 32 L3 o0 BT B 25 6 PP, R IR
KB T LT RINE S LT 2R AT 5
FEYIT 8 eI, RO ) A B 3R 43 T RE AT B
THET v [ A i P A Ak R R .
3.3 HEEXTRKEERRERTEN

Z WA ARG (PPO) 2 5 W 522K 8 W) 2 Fh A 1Y)
REANZ: 515 E R RN A R A OR L
PPO & P i T H 576 3l ) A AL e BRER L 20 5 R 26
F1 B 1) o A 2 3 3 1 20 P AR VR T L SOD (B
P Wl R il (AKP) R 1 95 R i (ACP) 45 4L [W] 58 1
(g 2, 7E Linh 2 B 9T, 4~8 g/kg W BBKAE
Rl LA 5w e B W A4 (Oryza sativa 1..) kK
PG BTG M, SR 45 R —E . AR, B
400 g/kg BAK K 400 mg/kg B A AL F AR E
A DL R T B A AR T A R ot 94k L 19 PPO 1%
PE LIk E A8 A ACP R AKP 376 4 | 3 156 B 22K
16T R AT ARG 7 R B IR S s D RE DD R R
A BRAETT ZHE T 5 [ B MR G2 ML RE 1) HLAR DL I
s B — I
34 HBHRXMNTRFEEMGERENZIG

O S e R LA S s i i Ak A ik
fE S SEIE MO B 9E 8 R e H RO PR INAE T %
] A 5 R PR X g T A % R R R R B R B L
AT 45 R AR TR, 400 g/kg (1)K 57 400 mg/kg
(1) FEOK A6 T 2R U Bt 5 R v R B0 A B R v
BT TR B 1) B AR, 3 2% B DR b s i B K AR T 3R
A LA 5 QRS R T AL T BE . WIFS e B R R AE
T R UCE I E 1 A YR FLREAR R IR T s
SE A i 240 B AS BT 1) 28 AR v A R RS R AR
M ER i B T A TR . 4B T R SRS A
WA AW, DTS2 e 28 1 5 69 0 4k 51 B iR g 1
R PE B ARTE ST A R0 400 g/kg A K 5L
400 mg/kg B FEKALTT R FEHUY AT L 5 2 48 T 1
TE A I A N RRE U O 5 AN AR A
200 g/kg FAKARE B BE 525 4 T g 1 S 493 G A
T S PE (B0 200 mg/kg BEKAETT AR A
TC b AR, 3K R W AE 5 0] i 18 {5 1 52 il 7T g

32 BIAEE R U R B 0 520
ZE LT, U s QRS MR SR R &R
AT I L 400 mg/kg Fefd:
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Effects of black rice anthocyanins on growth, antioxidant capacity,
immune enzyme activity ,and intestinal health of Procambarus clarkii

ZHANG Qian',HU Wendi',MO Aijie’, YANG Huijun',GU Zemao"*, YUAN Yongchao"*

1.College of Fisheries , Huazhong Agricultural University, Wuhan 430070, China;
2.Shuangshui Shuanglii Research Institute , Huazhong Agricultural University/
Engineering Research Center of Ministry of Education for Green Development of Aquatic
Biological Industry in Yangtze River Economic Belt/Hubei Hongshan Laboratory, Wuhan 430070, China

Abstract To comprehensively evaluate the applicability of black rice and black rice anthocyanin ex-
tract in the feed of Procambarus clarkii, 450 juvenile crayfish were randomly allocated into five groups.
These groups were fed diets supplemented with O (control group, CON) , 200 g/kg black rice (BR200) ,
400 g/kg black rice (BR400) , 200 mg/kg anthocyanin extract (AC200) , or 400 mg/kg anthocyanin ex-
tract (AC400) for 8 weeks. The effects of different forms and supplementation levels of black rice anthocya-
nins in feed on growth performance , antioxidant capacity , immune response , and intestinal health were inves-
tigated. The results revealed that: (1) The BR400 group achieved the highest weight gain rate (WGR)
and specific growth rate (SGR) , showing no significant difference from AC400, and both were significantly
higher than those of the control group.(2) Antioxidant enzyme activities in the hemolymph , hepatopancre-
as, and intestine were elevated across all treatment groups.AC400 exhibited the highest total antioxidant ca-
pacity (T-AOC) and superoxide dismutase (SOD) activity in both the hemolymph and hepatopancreas ,
with no significant difference observed compared to BR400.Notably , BR200 displayed the highest intestinal
T-AOC and SOD activity, significantly surpassing both AC400 and CON groups. (3) Acid phosphatase
(ACP) and alkaline phosphatase (AKP) activities in hepatopancreas and intestine were significantly elevat-
ed across all treatment groups.BR400 exhibited the highest levels of polyphenol oxidase (PPO), ACP, and
AKP activities in the hemolymph. (4) AC400 demonstrated the highest intestinal amylase activity , while
AC200 showed the highest trypsin activity. Additionally , crypt depth in all treatment groups was significant-
ly greater than in CON. These findings indicate that dietary supplementation with either 400 g/kg of black
rice or 400 mg/kg of black rice anthocyanin extract effectively enhances growth performance , antioxidant ca-
pacity , immune function, and digestive efficiency in P. clarkii. Optimal supplementation levels are recom-
mended at 400 g/kg of black rice or 400 mg/kg of black rice anthocyanin extract.

Keywords Procambarus clarkii; growth performance ; intestinal health; black rice ; anthocyanins

(FTHE%E . DPHT)



