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HR PR R R =KX HABEME KM READ
L RE RV 2

2wk, %k B, K=,

£, A W, Ao

(1. AR KB R 24 B, TLIRE K EFRE s, 1108 Al 210095;
2. KRR B i K LTS Ry, T3 B8 214081)

HA4E, X F Lk

WE: XABEZFLRE, HAT ARPFEAFZEE B AB I KM R R L
ey . Pkt 1200 B3 E A (0.68£0.01) g th H ABE AT, MoK 64, A4 NEER,
FELSOR. BH 64 Fafiar, NFtEmg®ExasEqasilh 3.9l 20.53. 49.18.
87.80. 169.61 fu 326.66 mgkg, TENEHR R AT HAT A M 10 AW ER KA L. £ 5
Br: ©169.61mgkg HEFALAKRKE. WEX., FEAKE. BalRE. kR
BHEBRAREREEZ A EHNLEZR THMLYD, TREE. EHABKFLERZLALE
HEFRTHMA. UHELTFRREZE XS ENITNERS, BxEBER 2, FH
HAE & B H £ FREN 16525~180.31 mg/kg. ) 169.61 mg/kg % # 5 41ty AT ik ik A
H¥Esrmik 2. CREMEE. WERHE. RXQRMEENSE. FARNAHELS L ABKE
BH MRNA XX EEFmTHZ AR BEA. WHBRAE. BHREGKE. LBk
A # . E By mRNA %k &7 169.61 mg/kg 4135 2| 5. #FR KW, 74 R 165.25~
18031 mg/kg By % ¥ F fh 4Pk & B ABIF e & KM fe i fH AL H &, JF B ZF F B AR
iR B-AfhEARARETR. AARMWFENTHAZREDABNERKBERER
BALRE T ALE], T B ARG R T R BAE E AR B R A AR T KRB AR
REEIE: HAMEI; BEE; EKMH;, RENLE

hE 5SS S963.73'1

B e —fh B4 E R, R4 E B,,
AT TR Bk, GHlE . e EE R
R S RHEDRL . R TE SR N AR
BOR R S A BR (FAD) FI 85 R 9B 1 R
(FMN), H 58 EARSEaEREZMEEEN
g, SSRGS . FILBERR L . 5
R B4 Ak . 2 BE R a5 P A A S A R

WS BEA: 2023-07-01 &EIBEA: 2023-07-28

CRAFRERS: A

SRR E H B ABES LR, —Hit= 4
WA G B Z E , 40 B A< 68 il (Anguilla japon-
ica) 37 2 A6 L OGS EEIE R AR M AR, B2
& W e B AF i (Oreochromis mossambicus) W) 3¢ B
HIEIR . NS MERLRY, B X UF (Pen-
aeus monodon) 2> PR AR R | il S R
SRR, ST, EWNAEE AR K

HEENIE : LRI G UF) 7B R AR R [JATS (2022) 5141 8 SUFBE b BOAR (R 2 % T (CARS-48)
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YNGR T R TR, Z )
RS R B, TE B f4 (Ctenopharyngodon idella)
At HAR P 3 3 E N 5.54 5 5.99 me/kg %8
RO, fRA KRR AL D-Z 1R AL (D-
AAO) WG PE A, E IS M5 4% H D-AAO
15 DWFFEAT s, TP ARG R (Eriocheir sinensis) 4]
BE RIS B R W R &2 O 8.25~10.02 mg/kg.
Chen %P 5 R, M HMRPEEE S E N 22.3
mg/kg B, BETT X R &Iy U ) 36 B SRR TG et g
WAk, W3k (Megalobrama amblycephala)® . B
M8 i (Ietalurus punctatus)® . L 40 1 X} 4R
(Litopenaeus vannamei)!' 55 (A3 H A% 8 E i K AL
BB R, CAMRKZ )RR TXE KR
AR R %22, [WNF, WL AH 5T
FW, R A R B R LG 5 B 1k s BT i
AR, HR A B X K sh AR AL
REAYIR4EAE T B i 6 A D18 o

H A VH YR (Macrobrachium nipponense) X FR
YEHFUF, B T 31T (Arthropod) 8 R A}
(Palaemonidae) A ¥F J& (Macrobrachium), 7E % V.
DA 7R v A5 )3z At AT T o e R
WS BRI, BATT RN TS
K, RIREWL . VLIRS IR K SRE I E 2L T
IRz M, SR, HETC T HASVE MR e AR
R K OSSR D AE D BULR 4R E R
YIS B R A, BRI R ks = At
WImERM . A/, NIEE" . 44 % DM H54H
FR1Y A, SR, Hoddl B B R K B I i R
WARIE . BT, ARSCEARIE T H RPN E A
FKFRE H AT AR A A P R AT AR I AL AR A 52 e
DU 5838 H ATH MR4E AR 228 FR it KRB e, W
AL DR I R SR R R F5 5, R T A A
Kyl i A e o

BEACE R b, A0 AN B8 ) FR A o 40 A
HEAHHAE, R Ik i bk T r ) o 2 A A
BBAR 2 (glur2) WAHBN T $eiz 2 M et T Rt
Hor O (hk) F0PN R PR VA (pk) 715 19 fige
HCHAEH, M NI R ILEG (pyc) e W A= ik i
o SRR . BRI EERR T, BRI IR G
(fas) M CBEA T A FRALEE (acc) 72 98 75 g Wi BR 2R
Y6 B SR, TR BURMERR T B (hsl) TEHR
WitR B-SA A i B A, AL, BEBRA
Bt (gdh) FTAEAL NH, A= AR 2R, A Z e e 35 Tl
(gs) PIHEAL AR R IE WA 2 Mt R, 34 T 5 LA

https://www.china-fishery.cn

B
1 MRS T
1.1 St

DL RTEMVE MR, SN E A . ok
B RAE R 2R U, 8 5 E 081 1) e 3l R0 3 4 Ry
NEMTUR, BEoHl TR HAR . SRJE . 7ESLAN H AR
YA 0, 20, 40, 80, 160 5 320 mg/kg A%
W, T 6 4l ali Ak, AR g &
HERE F5 3 A L3 10 SR B A0 72 00K i
R FREL T LB A 35T, 10 R SRR 55 45 LI
BORLAE R 1.00 mm PR} o CREARDELFE A BT L
W, B T-20 °C KA LA R 2Lt i o i Rk
WA 8 1% 75 (HPLC) I #4548 R vp SE PR A% 38 2 %
500 3.91, 2053, 49.18. 87.80. 169.61 FlI
326.66 mg/kg,

1.2 SZPINEFREEE

SIS IR T2 B IR R g 9k 1 )5
PRBE VYR Hy 0.68 g MUEEERERET 1200 &, BEAL
Sy 6d (BHAER, BEKRS0RE), M
10 il o SCES AL, REATHCE () HOK ER PVC 48,
IR i E AR TE 6 mg/L L I, S R Mk A4 7
0.02 mg/L LL'F, pH fHPRFFTE 7.0~7.2, TREEZEHF
16 (28+2) °C, £ H T 8: 00, 12: 30 F117: 00 %3
BN 1k, RELRIE, Wl 2SR,
TP 2 R 1/3 7K LARERK BT Hr o

1.3 HmEXE&E

SIRZER G, HAVBIFIURALFE 24 h, 58
M BEOFFRE, FARPLER: 48 BREE, W
FEAG 12 RBUF GRAE: 4 B/&), A 1 mL R
SHER I E 0.3 mL F¥EF] (0.1 mol/L CgH,,04. 0.14
mol/L NaCl, 10 mmol/L EDTA. 26 mmol/L CcHgO4
H1 30 mmol/L NayCHsO-2H,0), M HF 3k Jig FF 354l
B 0.3 mL A9 Ik B2, YR 27 2.0 10 min (4 °C,
3500 r/min), 4385 LI WRARAAE T80 °C UKAH . Bl
Jo PR SE AR AR, DA RS, BT
—80 °C VKAALRAE, T IS ZLAHCHR bRyl
1.4 HKMEESIT

AR AEREITT R A

FETH R (SR, %) = N/Nyx100%

BaH R (WGR, %) = (W~Wy)/Wyx100%

T KPR 25 3246 sponsored by China Society of Fisheries



ER AT At K= 2R, 2023, 47(10): 109617
*x1 AREAREGRASESE
Tab.1 Formulation and proximate composition of the experimental diets
Uk 3 N supplemented riboflavin levels
ingredients 0 mg/kg 20 mg/kg 40 mg/kg 80 mg/kg 160 mg/kg 320 mg/kg
&M casein 24 24 24 24 24 24
i) fish meal 22 22 22 22 22 22
W gelatin 6 6 6 6 6 6
fi  fish oil 4 4 4 4 4 4
Gl soybean oil 2 2 2 2 2 2
ToKyEH  corn starch 25 25 25 25 25 25
FRIFFLEYE  carboxymethyl cellulose 3.15 3.15 3.15 3.15 3.15 3.15
R 485  microcrystalline cellulose 2 2 2 2 2 2
JHTE B cholesterol 0.3 0.3 0.3 0.3 0.3 0.3
T £T4E  microcrystalline cellulose 9.54 9.54 9.54 9.54 9.54 9.54
HAETRE compound-premix” 1 1 1 1 1 1
YR lecithin 0.5 0.5 0.5 0.5 0.5 0.5
P attractant 0.01 0.01 0.01 0.01 0.01 0.01
ZAEIEMEME  ethoxyquin 0.5 0.5 0.5 0.5 0.5 0.5
%3 % riboflavin 0 20 40 80 160 320
WHETES (X THAl)  proximate composition (air-dry basis)
/%  crude protein 38.74 39.63 38.97 39.39 39.17 39.39
FIHK5¥/%  crude ash 7.49 7.61 7.04 7.45 7.08 7.41
HUEWi/%  crude lipid 8.29 8.68 8.16 8.73 8.15 8.34
HAE/(MI/kg)  gross energy 20.19 20.73 20.32 20.83 20.59 20.68
JK43/%  moisture 6.55 7.03 6.77 6.74 6.71 6.99
ik #/(mg/kg)  riboflavin 3.91 20.53 49.18 87.8 169.61 326.66

T DET RS R0 Y R(g/kg) FI4EE R (USimg/kg), CuSO, 5H,02g, FeSO,7H,025¢g, ZnSO, 7H,022g, MnSO,4H,07g,
Na,Se0; 0.04 g, KI10.026 g, CoCl,-6H,0 0.1 g, 443K, 220 mg, HEEEE 500 mg, %illE21.6 mg, 4E423KC 10 000 mg, 2R 1000 mg, #i

135320 mg, 4EE 2By 165 mg, fHAK 60 000 mg, #E4=2A 900 000 1U,
4500 mg, #E*E%B;s2 000 mg.
Notes: 1) premix supplied the following minerals (g/kg) and vitamins (IU

#iE2H 100 mg, 4E2E 3D 200 000 1U, ALEE 15 000 mg, 4i4:KE

or mg/kg), CuSO4-5H,0 2 g, FeSO,4-7H,0 25 g, ZnSO,4-7H,0 22 g,

MnSO,-4H,0 7 g, Na,SeO5 0.04 g, KI 0.026 g, CoCl,-6H,0 0.1 g, VK3 220 mg, pyridoxine 500 mg, cobalamin 1.6 mg, VC 10 000 mg, pantothenate
1 000 mg, thiamine 320 mg, VB, 165 mg, choline 60 000 mg, VA 900 000 IU, VH 100 mg, VD 200 000 IU, myoinositol 15 000 mg; VE 4 500 mg, VBs

2 000 mg.

FEE KR (SGR, %/d) = (InW~InW)/tx100%

THRL R B (FC) = FW~W,)

A RBCE (PER, %) = (W~W)/(FXCP)x100%
Ko, NN BIER A R, Ny S SE R AR
RE W, LR KW R E (), Wy WER
WIIFAY B (2); ¢ MIRFRAYREL (d); F KRB
i (g); CP AWAEIHHE & & (%),

1.5 $EERNE

27 AOAC M7k, X 5288 Bir F Dkl 2R 1 74
W TR A i D P KRR AR ., A TR T
(B I FRIL, BT 105 °C ML HE B 1a &, W
SE T RHIY K A i, A | Bl E A A
(FOSS KT260, Fij ) Wl 2 15k} v i f 2 K F o

R E K722 4 /8 sponsored by China Society of Fisheries

el FH 2 A B 00 ARk b S KL 17 Ko AR
BHEFH ORI ZE IO, DI (550 °C) 1
Be5h, WHUSTHEHMK & o A H] A = Hh
1% (PARR 128 1, SE[E) F il 1k G RE o

S e OB €435 25 (HPLC) I i ) ek R 5
B R AR A B R B BRI 0.25~0.50 g 17
RE el AR RE S, A 70 mL $2 B0 (25.0 mg
EDTA+12.5 mL K Z 2 +2.5 mL = Z J§+460.0 mL
EETK), T 100 °C KH &k 30~40 min, $Z3
Biibgsde . WHE, I AFRBURE % % 100 mL,
ffHH 0.45 pm PERE LIRSS, SR FH = 850 A % X
K 43 A o €633 44 A Diamonsil C,g (250 mmx4.6
mm, 5um), JishiH A HBERR A HN, JishH B
SRR, DL 1.0 mL/min BB MR 2GRS
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AR DAL A, PR K 440 nm, KN IR B T AT E .
525 nm; FERCYER, PN 10 pL. K 1 Trizol 12 4 i H 7 ¥ B T JB Ji v 19
I E2% 5 2 WA B SR HH i 2 S AL T 4R A T RNA, Jf{fi RNA i ff 4% — 3 (500 ng/mL). Pé
B, BAZ% Asadi 5™, MARE IR S BRE RNA SR SR 2 19 cDNA RURIF R 77 .
K H Nigam™ A28 54 J5 32 b 4700 4 o 1 pk B4 H 3l TE GenBank (¥ %2 rh A #7251, 1T BT 2k R
=T AL R [ Y 22 % McNamara %5 W2 B-actin 1519751, FEac A TA 4 T 72
AR BRI . Mk S A R S S (i) ety A BRA AT & L, AHEE )7 93
%E‘I{‘Iﬂﬂﬁi , HAKZS L Okutucu %52, i bk B2 R .2 2, R Tag Pro Universal SYBR qPCR Mas-
FAGERH OB ke, BkE%  ter Mix K & #1729 S0 2 &3 PCR. £ 96 1L
Marsh %[27]0 FFEAR D-AAO {5 14:5% Woodward™ BRI cDNA 8z 2 uL, 1. K514#4% 0.4 uL,

®2 WHEEPCRIIYFY
Tab.2 Nucleotide sequences of the primers used by Real-time PCR

H 2 K SR (53" JPF 5 BRZ 25 Sk
target genes primer sequences accession numbers or references

glut2 forward CTGACTGTGCCGTCGTACAT CP062040.1
reverse ACACATAGGCCCACAGGTTG

hk forward CATGGACAGCAGGATCTAC KT932419
reverse AAACTGAACGTGAAGCCTAA

pk forward TAAGGGACCTGAAATTCGTA KP690140
reverse CCATCATCAACAAAAATCCT

pepck forward GGCATGGCGTAATGGTAGGA JX435469.1
reverse ACCTTACCCTTGTGTTCCGC

pye forward CACCATTTGTAGCACACAAC KP690141
reverse AACTCCATTTGCACCTCTAA

g6p forward CGTGGACCTTTCTTCATTAG KP690144
reverse ACCATCAACCATTTGAGAAG

gs forward TTGAACCTTCGCGACCATGA KP690145.1
reverse CTGGCCTGGAGTGGCAATAA

fas forward CGTTCATGCTCGCGCAAATA MK307767.1
reverse CGCCCACCTTAGTTCCAGTT

acc forward CAAGGTCCACTACATGGTCT KP690138
reverse ACTCTTCCCAAACTCTCTCC

hsl forward GAAGGCCAGCGCTAATTTCG MK633965.1
reverse TCGAACCACCCATGAGAAGC

cpt 1 forward AATTTTTGACTGGCTTCTCC KP690136
reverse TCCATTCTGGAAATCATCTG

gdh-f forward CTTTCCAGGATCGCATTTCT [30]
reverse AAGCAGCAGTACGGAGATCAA

gs forward GGCATGGAGCAGGAGTA [31]
reverse CGCCGCAGTAGTAGGGT

B-actin forward GTGCCCATCTACGAGGGTTA FL589653.1
reverse CGTCAGGGAGCTCGTAAGAC

e glu2, HEVERIZE A2, bk OV, pk NIRRT, pepck. BEERIGEE NN R IR VRS, pyc. WIHERIRICEY, g6p. HI%IbE-6-BERNY, gs.
ffg G, fas. NIRRT NS, acc. ZIKCoATRILES, hsl WERBUBYENRNTEG, cpr 1. WIARRIIEAE ARG 1, gdh-p. RIS, gs. 732N
ar i .

Notes: glur2. glucose transporter 2, hk. hexokinase, pk. pyruvate kinase, pepck. phosphoenolpyruvate carboxykinase, pyc. pyruvate carboxylase, gép.
glucose-6-phosphatase, gs. glycogen synthase, fas. fatty acid synthase, acc. acetyl-CoA carboxylase, Asl. hormone-sensitive triglayceride lipase, cpt 1.
carnitine palmitoyltransferase I, gdh-f. glutamate dehydrogenase, gs. glutamine synthetase.

https://www.china-fishery.cn T KPR 25 3246 sponsored by China Society of Fisheries
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WK 7.2 uL, SYBR® premix Ex Tag™ 10 uL, HJ
SR AR FR R 20 uLo BOERRFF . 95 °C FilAEHE 30
s; WJFIEAT 40 IRAEIA . 95°C 55,60 °C 30 s; 44
itk . 95°C 155, 60 °C 1 min, 95 °C 15 s, #£ 8
PHSERUE, A 27 BE, X E IR R
TR, RA A RAE

1.6 #HiESH

iz 1] SPSS 26.0 B A X R i AT LR R Ty 2%
3 #F (One-Way ANOVA), il it Levene [X Test £
Y05 ZR5FE, HR A Turkey R EFTZ F L
o R, SR HIE RS 250 00 Bl 22 5 Sk
RIBEAT 00T o T AR 45 3 DL Y (A5 ME R (meant
SE) iiIE ik, H P<0.05 & E N B FE K. It
Ah, 38k LAY K A SR B A5 S H AR TR AR
X% B 2R Y e e R P

2 g

21 FRI%EFRKFER HABEE KM GER
A0

M R IR A E] 169.61 mg/kg i, H AR
HIFA LKA E . WGR. SGR F1 PER ¥ 5 i i
F R A =R K (P<0.05), REREHEE
M4 . WO = IR BEAIK (P<0.05), H 169.61
mg/kg ZAFIE 0 F AL T A4 (P<0.05) (3% 3)-
DIHE T SR Sy 2R AR R 5 H AR AR
(s A% B R /R K 4 165.25 mg/kg (K 1),

2.2 FEMZERKEX HABER LA B A 1L iE
FREV 0

AU MR A AT . A R H IR =R AN
MEATEY LR EZS (P>0.05), Ik e P
R 1) B B A% B 28 700 o 1) b T A S R R R
R (P<0.05), 1 I 9pk T PR 28 8L & 2 Bifi A% 35 K
SR HE R A L ORI = IR R AR
(P<0.001) (5% 4).

23 AFRERZERAKFES HABINAFRIRIZER
STFRE K D-AAO SEMERVE IR

H R A 8 R KT 355 I JE IR D-AAO 7%
PE (P<0.05), MRS H 3.91 K F] 169.61
mg/kg B, JFEARAZ B R TR 0 S 2t |
TRMI =R K (P<0.001) (3 5). MR E SR
BRI S R ARG R A . A X B AR A B R A
S i R AT I b, 45 H AR
TR IR 4 B A% 85 R 52K 50 180.31 mg/kg (A 2).

2.4 AREMEEZKFEX BABENTERARK 8
REFRRIEHIF M

8] gs. pepck 5 gop il BTN FHEF
(P>0.05), 1M 169.61 mg/kg ¥ # K 4 1Y glur2 . hk
5 pk B9A T B & THLZ 4R 4 (P<0.05).
AN, 169.61 mg/kg #Z B RN pye FiEE BE
R FHABA4H (P<0.05) (K] 3),

fas A ace FIAEAE 169.91 mg/kg 4 ik F) A E

®3 BAMEERKEX BABLE KM EE R ARF A R0

Tab.3 Effects of different dietary riboflavin levels on the growth performance and feed utilization of M. nipponense

ks ATE/g

LR g

TADRHAZ 3 22K initial body  final bod EHRY  WERY%  FREERR(%d) RehRg WA BAFCE%
dietary riboflavin levels . vody oody SR WGR SGR FI FC PER
weight weight
3.91 mg/kg 0.68+0.01 1.37+0.02" 40.50+1.89" 102.77+2.17® 1.010.02" 2.25+0.04" 3.25+0.07° 0.80+0.02°
20.53 mg/kg 0.68+0.01  1.38+0.01° 41.50+0.50" 103.86+2.37" 1.02+0.02% 2.18+0.03" 3.10£0.02"  0.81+0.01%
49.18 mg/kg 0.67+0.01  1.39+0.02" 38.50+126™ 106.45+1.70°  1.04£0.01°  2.10£0.02° 2.94+0.04°  0.87+0.01°
87.80 mg/kg 0.67+0.01  1.40£0.01° 42.00+0.82° 108.16+3.67™ 1.05+0.02% 2.11£0.01™ 2.91+0.08° 0.88+0.03"
169.61 mg/kg 0.68+0.01 1.44+0.01°  34.00+1.15° 112.84+3.03° 1.08+0.02° 2.02+0.03°  2.65+0.05° 0.96+0.02°
326.66 mg/kg 0.68+0.01  1.33£0.02° 38.00+1.41"  98.47+4.06" 0.98+0.03° 2.09+0.04™ 3.17+0.05°  0.80+0.01%
Z i e gtk ns ns * ns ns ook * ns
polynomial linear
contrasts
—k ns * ns * * sk sk .
quadratic
:‘25( ns * ns * * sk sk * EEEY
cubic

e [FISVECEE bR AREAS ] 7 B W 24 2 [0 A B 35 25 F:(P<0.05), *. P<0.05, ** P<0.01, *** P<0.001, ns.2=RAREH, FHE.

Notes: Data in the same column with different letters manifest remarkable difference (P<0.05). *. P<0.05, **. P<0.01, ***, P<0.001, ns means no

difference, the same below.

R E K722 4 /8 sponsored by China Society of Fisheries
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140 ¥Y=-0.000 4x>+0.132 2x+101.390 0
120 L R=0.956 8
0o P
= g i
‘M’ S‘D 80 '
o = i
Eﬂ 2 60 \ X=165.25 mg/kg
TE 40 ;
20 | i
50 100 150 200 250 300 350
1A RZ 38 2 /K P /(mg/kg)
dietary riboflavin levels
1 BXBIMEEXRSAREARRKENXER
Fig. 1 Relationships between dietary riboflavin level

and weight gain of M. nipponense

(P<0.05), 169.91 mg/kg ZH i hsl F k8 8 & T
= AL 2 (P<0.05), A4 IE cpr 1 3Rik2zE
SRR (P>0.05) (K 4). gdh il gs RIEBER
HZEIKFHR 169.91 mg/kg HHAFIIE(E (P<0.05) (& 5).

3 e
31 FRIKTEZEERXHRBERE KM a0

Al

ARHF T H H ARV U A TG A A ORI A
5 H i R AT BE R A YR SR AE 5L 50 T A R R S ik
11, FRPEIREERUK T 25445 H AR THERY A R4 K
WA R ZER, Beah, ABFFE T H A B IR
TR BERE R, N S N AN R S B
SEOETRE S, MR EW, K==
WESTEOL K. b, ANRES R RS
THE ASCE, XA H A TR IR IR H P s
BLAY A B R B ZRE, 40T R R AT RE R P R K 5
B SRR S R R P ™, (R, R[] ZKOF- (1 4% 3%
F R EH W H AR BN A KRR, M H AR R
KK 169.61 mg/kg, KAMKE | WEF FE

R4 BRZERKFEXEABER MK EECRRF0

Tab. 4 Effects of different dietary riboflavin levels on the hemolymph biochemical indexes of M. nipponense

TAlHAZ 3 22K 75 /(mmol/L) A A 2/(umol/mL) H i = I&/(mmol/L) s IH [ F%/(mmol/L) &4 F1/(g/L) J&* 2 %/(mmol/L)
dietary riboflavin levels glucose pyruvate TG T-CHO TP BUN
3.91 mg/kg 3.27+0.15 0.084+0.005° 0.088+0.011 0.040+0.004 4.05£0.59®  0.60+0.031°
20.53 mg/kg 3.88+0.08 0.12740.018" 0.070+0.009 0.028+0.005 3.15+0.29 0.54+0.037*
49.18 mg/kg 3.61+0.39 0.023+0.002° 0.090+0.004 0.038+0.006 5.36+0.67° 0.38+0.025
87.80 mg/kg 3.71+0.45 0.051+0.003" 0.095+0.012 0.035+0.005 4.83+£0.39" 0.37+0.036"
169.61 mg/kg 3.97+0.26 0.069+0.005° 0.070+0.004 0.030+0.004 3.65£0.14°  0.37+£0.041"
326.66 mg/kg 3.67+0.38 0.029+0.002° 0.060+0.011 0.033+0.005 5.10+0.45% 0.35+0.060°
EATEwolid M linear ns ** ns ns ns ok
polynomial
contrasts IR quadratic ns * ns ns ns ook
=X cubic ns ns ns ns ns ok
x5 BREERKENHABFRBZERIAER D-AAO EHHIFIT
Tab.S Effects of different dietary riboflavin levels on the riboflavin deposition and
D-AAOQ activity in the hepatopancreas of M. nipponense
TPRHZ B KT IR 2 2 & b /(mg/keg) JHFERD-AAOTLE/(U/mg protein)
dietary riboflavin levels riboflavin content D-AAO activity

3.91 mg/kg 7.86+0.06° 24.89+0.69°

20.53 mg/kg 7.67+0.03° 33.5240.31°

49.18 mg/kg 8.84+0.08° 20.03+0.31°

87.80 mg/kg 8.79+0.05° 30.44+0.34°

169.61 mg/kg 11.82+0.10° 27.35+0.63¢

326.66 mg/kg 10.810.10° 26.22+0.59%

Z IR L 281k linear ook ns

polynomial contrasts .
X quadratic

=X cubic
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Effects of dietary riboflavin levels on the growth performance and
metabolic function of Macrobrachium nipponense

QIAN Xiangyu', LI Xiangfei', ZHANG Ling', CHEN Weiliang', LIU Zishang ',
SUN Cunxin?, LIUBo? LIU Wenbin "

(1. Key Laboratory of Aquatic Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Technology,
Nanjing Agricultural University, Nanjing 210095, China,
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Science, Wuxi 214081, China)

Abstract: Riboflavin as an indispensable water-soluble B vitamin, is particularly crucial for the growth and meta-
bolism of animals. It often participates in biochemical reactions as flavin adenine dinucleotide (FAD) and flavin
mononucleotides (FMN), and plays a key role in the normal growth and the development of animal body. To date,
the research data on the appropriate vitamin requirements of oriental river prawn (Macrobrachium nipponense) are
relatively lacking compared to other nutrients, which has slowed the process of research and development of for-
mula feed, as well as hindered the efficient and economic development of aquaculture. Therefore, this experiment
was conducted to investigate the effects of different dietary riboflavin levels on the growth performance and meta-
bolic function of M. nipponense, in order to help the construction of the nutritional requirements database of this
species, and facilitate the development of high quality formula feed. A total of 1200 oriental river prawns with an
average weight of 0.68 g were picked out, and randomly separated into 6 groups, with 4 replicates in each group,
and 50 prawns in each tank, respectively. Six semi-purified diets were prepared, containing 3.91, 20.53, 49.18,
87.80, 169.61 and 326.66 mg/kg of riboflavin. Subsequently, a 10-week feeding trial was conducted in an indoor
recirculation water system. The results showed that: (D the 169.61 mg/kg group had significantly higher final
weight, weight gain rate, specific growth rate, protein retention rate, plasma pyruvate level, and hepatopancreatic
riboflavin content compared with other groups, while the feed intake, feed conversion ratio, and plasma urea nitro-
gen levels were significantly lower than the other groups. Using the weight gain rate and hepatopancreatic ribo-
flavin content as evaluation indicators to establish the regression models, it was indicated that the optimal ribo-
flavin requirement of M. nipponense was 165.25-180.31 mg/kg; @) the mRNA levels of glucose transporter 2, hex-
okinase, pyruvate kinase, hormone sensitive lipase, glutamate dehydrogenase, and glutamine synthase all increased
significantly with the increase of dietary riboflavin levels, and maximized in the 169.61 mg/kg group, then
decreased; the mRNA levels of pyruvate carboxylase, fatty acid synthase, and acetyl CoA carboxylase all showed
an opposite result, and minimized in the 169.61 mg/kg group. In summary, adding 165.25-180.31 mg/kg of ribo-
flavin significantly promoted the growth performance and feed utilization of M. nipponense, and enhanced the gly-
colysis, fatty acids B-oxidation, and protein synthesis pathways. This study preliminarily clarified the molecular
mechanism of riboflavin to improve the growth performance and metabolic function of M. nipponense, which can
provide technical guidance for the construction of nutrition demand database of M. nipponense and the research

and development of efficient formula feed.
Key words: Macrobrachium nipponense; riboflavin; growth performance; metabolic function
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