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1 SHRERE RUFER(% TR
Tab. 1 Diet formulation and chemical composition of experimen-
tal diets (% in dry matter)

Rk -FReplacing level (%)
JE B Hngredient 0 25 50 75 100
(C0) (C25)(C50) (C75)(C100)

20.00 15.00 10.00 5.00 0
0.00 6.10 12.20 18.30 24.40

20.00 20.00 20.00 20.00 20.00

£ ¥ Fish meal'
PR 2418 B Candida utilis

T #iSoybean meal’

16E ¥ Peanut meal 8.00 8.00 8.00 8.00 8.00
¥y Blood meal 3.00 3.00 3.00 3.00 3.00
¥y Shrimp meal 7.00 7.00 7.00 7.00 7.00
il £ Squid Power 5.00 5.00 5.00 5.00 5.00
fglh SR 3.00 3.34 3.69 4.03 4.37

Fish oil:Soybean oil:
Phospholipid oil 1:1:1
K KRIEHCorn starch 24.70 22.75 20.80 18.90 16.95

214 2 Cellulose 3.00 3.51 4.01 4.47 498
Yk FA M BR Y Vitamin - 2.00 2.00 2.00 2.00 2.00

and Mineral premix’

fi# i 1+ Bentonite 1.50 1.50 1.50 1.50 1.50
TR — &85 Ca(H,PO,), 1.80 1.80 1.80 1.80 1.80
2 B JE 4 4k Carboxymethyl 1.00 1.00 1.00 1.00 1.00
cellulose

1A EHME 2 % 4 Chemical composition (% in dry matter)
¥ [ Crude protein 34.09 34.81 34.05 34.76 34.15

WA RE R — 152 7 I DHG-9075 A7 48 I, T 14
FE105° CHET 2 f5 Il e K. HEARAYIK
5E Rk, FIFOSS/A 7] i Kjeltec8400%! 4= H i ¥ IK
SEBACHAT I E o AR DT 2 IR R %, SR A
FOSS A F] (ST24 8 2 IR A AT I E » FHAK 2
K —1E 2 7 (1SX2-2.5-10NPH! T 31 471550°C #) 5
HEATISE

1 FH P T 28 AR ) AR 5 B A P R
RN o, G i R P A i A0 i i w7 i A B (R 2 1
FETRY . AEWTEELPS. V&R EEAMS)IE I, T wh iR
filg AKP, g i A 1 B0 480 40 B O 45010 S CAT,
ALY AL EFSOD. 43 bk H ik i E AL B GPX
AW H Bk SE R BEGST) G M M 4 MDA &,
BRI 772 R s i T

TR LY R e, BT IR AN i 2 1
FE &, 8 LT85 OB BE ARG Hh B /K, A s B 3,
PIR B AT um, B 5 3E4T 75 AR~ 2 (HE) 4%
o R K 355 A, 48 I8 54042 (Nikon ECLIPSE Si, 7%
7, HA)RE G

H0—80°C VKA H AR A7 1 25 R U 2H ZURE A, IR
1) JHF g i AR i T8 40 23 FF AR 32 B RNA. 8

HLIE 7 Crude lipid 5.88 5.73 6.10 595 6.19 R2 LWEANEEBRER(% TR
fit # Gross energy 17.23 17.52 16.89 17.40 17.03 Tab. 2 Amino acid composition of experimental diets (% in dry
(kJ/g in dry matter) matter)
VR A R RS R BRI e SR UK TReplacing level
AIRA TR HARERHER b A8 @R B AR S A IR Aminoacid 0 25% 50% 75% 100%

ARG by, PERURABEE. T R4, MU AE
M EHLE A& B0 MN65.14%, 53.38%. 47.15%. 46.12%-
86.29%M146.12%. ¥y, R4 m e, ZM. T84, L
W ANUR A RDREL AR B 25 &40 5910°89.39% 2.10%. 0.91%. 1.67%-
0.78%M14.75%. 44 F R ) 5 FUIR ) (mg/kg diet): 44 %
A, 300000 1U; 24 K Ds, 75000 1U; 484 K E, 2500 1U; 454 &
K;, 500; 4E4E By, 500; 4i42 K B,, 500; 4E4: KBy, 450; 4i4 &
By, 5; D-AEMIE, 15; D-IZ IR, 1500; MR, 150; MAEEAZ, 1500; 4
HEZC, 5000; JILEE, 5000; FeSO,, 7000; CuSO,4-5H,0, 7.5; MnSO,-
H,0, 30; ZnSO,-7H,0, 3500; MgSO,-7H,0, 5000; CoSO, 6H,0,
12.5; K1, 5; Na,SeOs, 15

Note: 'Provided by TASA Fish Product Co., Ltd., Peru;
*Provided by Fujian Kanghong Co., Ltd., China. The remaining
feed raw materials are provided by Fujian Dachang Biotechno-
logy Industry Co., Ltd.; The protein contents of fish meal, Candida
utilis, soybean meal, peanut meal, blood meal, and shrimp meal
are 65.14%, 53.38%, 47.15%, 46.12%, 86.29%, and 46.12%; The
crude lipid contents of fish meal, Candida utilis, soybean meal,
peanut meal, blood meal, and shrimp meal are 9.39%, 2.10%,
0.91%, 1.67%, 0.78%, and 4.75%,; *Vitamin and Mineral premix
(mg/kg diet): Vitamin A, 300000 IU; Vitamin D5, 75000 IU; Vita-
min E, 2500 IU; Vitamin K3, 500; Vitamin B, 500; Vitamin B,,
500; Vitamin Bg, 450; Vitamin By,, 5; D-biotin, 15; D-pantothenic
acid, 1500; Folic acid, 150; Nicotinamide, 1500; Vitamin C, 5000;
inositol, 5000; FeSO,, 7000; CuSO,-5H,0, 7.5; MnSO,-H,0, 30;
ZnS0,:7H,0, 3500; MgS0O,-7H,0, 5000; CoSO,-6H,0, 12.5; KI,
5; Na,SeOs, 15

(CO) (C25) (C50)  (C75)  (C100)
W35 KL R Essential amino acid

718 L Thr 124 122 1.20 1.18 1.16
1 % H His 092 085 0.85 0.80 0.76
M R Lys 220 2.08 2.08 2.02 1.97
MM Val 170 1.64 1.57 1.51 1.46
A Met 0.74  0.63 0.53 0.45 0.38
A Rlle 143 136 1.28 1.22 1.15
AR Leu 241 235 229 223 2.17
FNEMPhe 157 153 1.48 1.45 1.40
&R Arg 237 229 2.23 2.16 2.08
B T & R Nonessential amino acid

REGMAsp 341 329 3.18 3.06 2.94
Fi% Z BR Tyr 0.87 0.85 0.82 0.79 0.76
225 R Ser 1.40 137 133 1.29 1.26
HAMGlu 6.13 599 5.87 5.74 5.61
H&MGly 209 1.99 1.89 1.79 1.69
HERAla 1.67 1.62 1.59 1.56 1.52
R FCys 042  0.41 0.41 0.40 0.40
& #2 Pro 1.94 195 1.96 1.97 1.97
BEAFER 3250 31.51  30.56  29.62 28.68

Total amino
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Analytik JenaZ\ 7] 4 7 ¥] Scandrop 10024 i JR & 4%
12 A 1 0 5 AR T RNAK F2 9F: 4% A260/A28011 L
BIREAT VHE o A 300 5 3 R BN RN AR AT 10 4%
Sk LUIR#3cDNA, SE5G LASSTE N N S 2K, BT 7 5l
YIQE A FH] REERE . PRI 3
ARSI FT A I Y) . BT qQPCRI N Y 1E % 2 &
PCRAX (Analytickjenag-tower 2.2, Germany) i 17,
PCRX M. A& % : cDNAHR 9 uL, SYBR Green Real-
time PCR Master Mix10 pL % IE [\ Fl i 7] %€ = 51 4
(10 pmol/L)#% 0.5 pL. PCRY™ 1 £ J¥ : 95°C 15s,
60°C 1min, HEATA0MEFR . il T 96 E EPCRAL
g, MR . R R R L
KRR IEIKF
1.5 HIELIE

HEARA

3 AZRHASIY

Tab. 3 Primer pairs used for RT-qPCR analysis of related genes
in this study

FE R 44 K B BRERS
Gene Primer sil #@fzﬂ(s —3") fﬁ[ﬁ GenBank
name q T, (C)  number
18§ GCAATAACAGGTCTGTGATG 60 X90672.1
CcC
AGGGACGTAATCAGCGCAA

AKP CTACAGTGCCCCACACTACG 60 KC007367.1
GGGTATGAAGGCGTTCTCGT

CAT GGAGAAGGCCGACGACTTA 60 KM068092.1
G
GTGCTTCTCAGCCTCTTCGT

SOD CGTAGGTACGGTGTATGGGC 60 Ko04565
TGCTACGCCTTGGTAGTTGG

GPX CCGCTCTTCACCTTCTTG 60 JN835259.1
GCGAGTGTATGGCTTACC

NPY TCCGAGACAGAGAGGCGTAT 60 AB036713.1
AGGTGGGTGAGAGGTGACA
T

TRY CCTGCATGAGGACTTCGACT 60 AY596942.1

GGACCGACGTTCTCGTTGAA

TG Z(SR, %)=100x (4K /Y40 ),

A F(FR, %BW/d)=100xF/[(W,+W))/2)/t;

F5 2 A K H(SGR, %/d)=100x(LnW,—LaW))/t;

TRRLCR (FE, %)=100x(W,—W))/F;

| R BCEE(PER)=(W—W))/FXP;

A B (HST)=100x(Wyy/ W)«

A, WO AIMIIEAR E (), WL R T & R R &
(), FIRERT EHN 2 (g), fRE LI K (),
PRER AR HOR B B 5 (%), Wk s B4 1) 5
T (g), Wyl IR & (2) -

F Excel 20193317 ¥4 4 i1, LASPSS 20.0%%k 1
BEAT ¥R 27 Z2 57 BT (One-way ANOVA), T 5256
B AP EEFRE R (mean+SE) %K 7R, K Duncan’s
EIEAT 2 H LR, R B0 AN [R] 4H R) Y 22 R 1S R
PAP<0.05 49 i & VE A B b

2 R

2.1 FhiRLeBSERAaMNERXNTIREEITL)
HRAE 4 RERY RZ M

WK 47N, 1RSI 45, C25. CS0MICTS4
[IFBW. SR. SGR. FEMHSI¥) 5CO0%4H T it & %
F(P>0.05), 1M 247 Wi 22 BB B AR EL 1k 21100%
i, oo BJEZRAR SR FBW . SR SGR. FE K¢ HSI
)80 2 PR (P<0.05) . 7% Ak BE4H W] I FROG Y & 22
5 (P>0.05). C25F1C504 I PER5 COZH AH LL TE &
& 7 7 (P>0.05), 2477 il 22 8% B B A L =75%
I, 7 B IR 2R R S (R PER 5 35 K T~ CO4L(P<0.05).
22 FhiBaBEggKanEaxxKEEITY
ANV 0

& SPraR, C25. CS0FICTSA K4y MR
F . LA I AR 53 3 5 o4l 2 35 % 57+ (P>0.05),
7 e A 22 1 BE 5 AR LB S 100%0T, 5 1K JiR 2 0

*4 FRBRLEBESERSHEAN R REBIFINE KRR

Tab. 4 Effects of replacing fish meal protein with Candida utilis on growth performance of juvenile P. clarkii (mean+SE)

B AR K FReplacing level (%)

SRInd
fibrindex 0 25 50 75 100
VIR EIBW (g) 1.80+0.02 1.79+0.01 1.81£0.02 1.80+0.03 1.8120.03
ZREHFBW (2) 6.09+0.27° 6.25+0.20° 6.07+0.33" 5.55+0.28" 4.7740.32°
FIEHSR (% 75.56+4.44" 73.3343.85" 68.89+5.88" 73.33+3.85" 55.56+2.22"
(%)
A FFR (%BW/d) 2.81+0.11 2.78+0.07 2.82+0.11 3.04+0.08 3.07+0.18
HrE A K ZESGR (%/d 2.89+0.08" 2.97+0.07° 2.8740.15 2.68+£0.11" 2.30+0.16°
(%o/d)
FREFE (%) 69.30+4.23" 71.2042.89" 68.67+5.51° 60.06+3.60" 52.80+3.32"
R 2 PER 1.860.05" 1.82+0.04® 1.79+0.08® 1.70+0.00° 1.69+0.01°
JFFA& LEHSIT (%) 5.17+0.17" 5.1140.19° 5.33+0.29" 4.91£0.23" 4.2740.16"

T [FAT Bl 5 WSS RN A 3 2ROR 8 4L [ 22 57 1. 3 (P<0.05); T [H

Note: Different superscript letters within each column represent significant differences (P<0.05); The same applies below
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A 7 i 22 R R AR AR B 1 0 o PR R B A A

PR RE TR AL RS A ZIE S RIRM 5

LM R K 73 5 COLLAH Eb 3 3% 2 755 (P<0.05), T 2
AR AR 4y 5 25K T COZH (P<0.05)
23 FRBL4BSEREHERXN R KREREITY)
HRAT AR AR AN BA 1B E L ERIE M RS20

W% 6FT7~, C25FNCSOLL F) T Fife Ji it 2 14 il
g Fi il R i K g e i T8 g B 1 T 12 5 COZLAH L
Y0 63 2 7 (P>0.05). 2477 il L B RS AR LE
B =75%0F, 7 [ Ji R 4y 1 A ek i s 77 B 2
i F KT COH (P<0.05). 47~ il 2 B £ & AR EL
13K 100%H, T K Ji 2 AR 4R g J g g ok 2 14 it
TR T S g T R B, 1A T 1 380 ¥ 38 PR (P<0.05)
Tl e P AR 22 P B 5 AR 80K B 1 AR ) 3 i ot
o, E iR W &0 0 114) P 38 g iy T e A i 1 v 7
TG PRI TC 3 R (P>0.05) .
24 FIB4BESEREVELXN R K/REITY)
HRAFBRARILE L R R R IEFRAI 20T

W% 7THi7N, C25FNCS04 77, K Ji 2 R 4R i gt

IRAKP. CAT. SOD. GPXifEM: MDA & 5C0
YA EE T R 2 2 7 (P>0.05). S CO4AMIEL, 2477 it
1B 22 B BB AR LA = 75%I0), o, T JE B 45 T ki
Jig AKPIE 14 2 2 Tt 151 (P<0.05), CATHIGPXE 1 &
EBFR(P<0.05). 7= il 2 B BEE AR EL 5109 100%
I, 5 IR S5 2R 4 FH R R SO DY 4 LL COZH i 2 b4
i (P<0.05), MDA ¥ & i 3% Tt = (P<0.05). Tk}
TSI e AR 22 B REXT 5 UG i 2 407 0 JH g IR GST
TG 2 3 S (P>0.05)
25 FhiBRaBESERanEAX R KEREITY
HRAFBRAR AN A 1B LH LR F A R0

W AT, COZ v X Ji 0T 1 B R i 28 2 485
FI5EEE, RPN MRS IR, /N SRR IS b, & s 2
B, B b i K % . C25. C50F1
COZHAH L T Jg B 4H 2 45 /) T 2 35 7% 5=, To W SR
AZ . CTSHEBBAMIIE K. C100ZH H/NE & s 9
kB R, S B, RN M ECE R/, B4 A HS 2L

x5 FRBRLESEREHNERXN T KEBIFIMERL T BSm

Tab. 5 Effects of replacing fish meal protein with Candida utilis on body composition of juvenile P. clarkii (mean+SE)

# K FReplacing level (%)

FehrIndex (%)

0 25 50 75 100
7K 43 Moisture 73.15£1.30° 73.94+1.17° 73.40+0.43° 75.90+1.27° 78.18+1.00"
2 [ Crude protein 12.40+0.41° 11.89+0.34° 12.37+0.45" 11.4440.65" 10.30+0.33"
FELAG 7 Crude lipid 2.6940.19° 2.5240.23° 2.59+0.18" 2.2940.18" 1.8120.11°
K5 Ash 8.66+0.22" 8.35+0.30" 8.88+0.08" 8.62+0.20" 7.74£0.26°

*6 FMBRLEGEREHEBNEREETITELEEEZME

Tab. 6 Effects of replacing fish meal protein with Candida utilis on digestive enzyme in juvenile P. clarkii (mean+SE)

AR KFReplacing level (%)

FEFrIndex

0 25 50 75 100
JHT B8 % i 25 1 i Hepatopancreatic trypsin (U/mg) 13.651.87°  12.5740.78"  12.89+1.25°  11.16£0.55"  8.33+0.40"
Ji g i g i i Hepatopancreatic lipase (U/g prot) 19.7142.22°  17.58+2.39"°  20.60+0.83"  14.10£1.22%  11.55+0.68°
JHF it 52 K B Hepatopancreatic amylase (U/mg prot) 1.29+0.19" 1.21+0.07" 1.20£0.10" 1.28+0.06" 0.79+0.06"
J¥ 3 i 5 1 B Intestinal trypsin (U/mg prot) 17452091 19.14£0.71"  13.89+1.27"  14.72+1.66°  10.78+0.73°
J¥%3E g 105 ¥ Intestinal lipase (U/g prot) 17.65+2.57 20.52+2.48 17.1342.08 19.10+1.28 14.91+2.22
Ji7 18 7 K3 B Intestinal amylase (U/mg prot) 1.24+0.11 1.47£0.20 1.29+0.25 1.47+0.20 0.94+0.05

®7 FRBRLEBESERSHEAN R REEIRINAF RSN R iE iR

Tab. 7 Effects of replacing fish meal protein with Candida utilis on the antioxidant and immune indexes in hepatopancreas of juvenile P.

clarkii (mean+SE)

B RKFReplacing level (%)

&hrInd
HprIndex 0 25 50 75 100
BRI ERREAKP (421K #.{07 /mg prot) 17.12+1.07° 18.96+1.71% 20.07+1.76™ 2433+£1.71°  25.73+2.05°
AL ABECAT (U/mg prot) 13.96+1.48" 14.64+1.00° 11.41£0.85% 10.03+1.24" 9.05+1.27"
FHE LB AL EESOD (U/mg prot) 83.93£6.30"  92.31+7.99" 77.40+9.54" 62.27+4.30"  55.44+7.45°
AW H BT B ALY EEGPX (U/mg prot) 126.69+6.83" 105.07+9.26" 107.46+12.93°  88.93+6.91" 82.10+8.98"
B H KSR B 2 B GST (U/mg prot) 69.84+9.82 83.92+8.42 74.81£4.70 71.08+11.50 72.90+6.37
74 ~BMDA (nmol/mg prot) 9.50-+0.84" 9.34+0.98" 10.26£0.92" 11.16£1.15° 14.46+1.15°
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Fig. 1 Effects of replacing fish meal protein with Candida utilis
on hepatopancreas histology of juvenile P. clarkii (HE staining,
200x)
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Fig. 2 Effects of replacing fish meal protein with Candida utilis
on midgut histology of juvenile P. clarkii (HE staining, 200%)
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REPLACING FISH MEAL PROTEIN WITH CANDIDA UTILIS ON GROWTH
PERFORMANCE, ANTIOXIDANT CAPACITY, AND DIGESTIVE SYSTEM
MORPHOLOGY OF JUVENILE PROCAMBARUS CLARKII

HUANG Ying', LAN Yi-Fei', YE Zhong-Xun', XING Peng-Yu', HUANG Li', XIE Shou-Qi’, LIU Hao-Kun’,
WANG Zi-Xuan', JIANG Neng-Zuo’ and CHEN Xin-Hua'

(1. State Key Laboratory of Mariculture Breeding, Key Laboratory of Marine Biotechnology of Fujian Province, College of
Oceanology, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. State Key Laboratory of Freshwater
Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;

3. Fujian Institute of Testing Technology, Fuzhou 350003, China)

Abstract: To elucidate the effects of replacing fish meal protein with Candida utilis on growth performance, body
composition, digestive activity, antioxidant capacity, and digestive system histology of juvenile red swamp crayfish
(Procambarus clarkii), five isonitrogenous and isocaloric diets were formulated to feed crayfish with the average initial
body weight of (1.80+0.02) g for 42d. Candida utilis was used to replace fish meal protein at different proportions [0
(C0), 25% (C25), 50% (C50), 75% (C75), and 100% (C100)], with its addition levels being 0, 6.10%, 12.20%, 18.30%,
and 24.40% respectively. The results showed that: (1) No significant differences in FBW, SGR, FE, and HSI were
observed among the C0, C25, C50, and C75 groups (P>0.05), however, the FBW, SR, SGR, FE, HSI, and PER in the
C100 group significantly decreased than those of the CO group (P<0.05). The moisture, crude protein, crude lipid, and
ash content of juvenile crayfish in the C25, C50, and C75 groups showed no significant differences compared to those
in the CO group (P>0.05). The moisture content in the C100 group significantly increased compared with the CO group
(P<0.05), while the crude protein, crude lipid contents, and ash content significantly decreased (P<0.05). Compared
with the CO group, the activities of hepatopancreatic trypsin, hepatopancreatic lipase, hepatopancreatic amylase, and
intestinal trypsin of juvenile crayfish in the C100 group were significantly reduced (P<0.05). NPY and TRY genes
expressions levels in hepatopancreas and intestine of the C100 group were significantly lower than those of the CO
group (P<0.05). (2) The activities of hepatopancreatic alkaline phosphatase (AKP), catalase (CAT), superoxide dismu-
tase (SOD), glutathione peroxidase (GPX), and the content of malondialdehyde (MDA) in the C25 and C50 groups
showed no significant differences from the CO group (P>0.05). The AKP activity in the hepatopancreas of the C75 and
C100 groups significantly increased compared with the CO group (P<0.05). Moreover, in the C100 group, the CAT,
SOD, and GPX activities in the hepatopancreas significantly decreased (P<0.05), while the MDA content significantly
increased compared to those in the CO group (P<0.05). The expression levels of AKP gene in hepatopancreas and intes-
tine of the C75 and C100 groups were significantly increased (P<0.05), while the expression levels of CAT and SOD of
the C100 group were markedly down-regulated (P<0.05). (3) The structures of hepatopancreas and intestine in the C25
and C50 groups of juvenile crayfish showed no significant differences compared with the CO group. However, in the
C100 group, the lumen of hepatic tubules of juvenile crayfish was enlarged, the number of R-cells decreased, and the
B-cells appeared swelling and vacuolization. The intestinal epithelial cells of the C100 group atrophied, and the intesti-
nal villi became shorter. In conclusion, up to 50% of fish meal can be replaced by Candida utilis in juvenile Procam-
barus clarkii diets without negative impacts on growth performance, antioxidant capacity, or digestive system morpho-
logy, with the recommended Candida utilis content not exceeding 12.20%.

Key words: Candida utilis; Growth performance; Antioxidant capacity; Gene expression; Juvenile Procambarus
clarkii
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