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Ak, B TFAKERSHLUZHE XD ES, B H
BE 0 U (Penaeus monodon)'™ . 54 3% (4 4HUF (Lito-
penaeus vannamei)[15]5 H A& 8 4 (Macrobrachium
nipponense)[m] 1) B 38 % 0 R T R &=l N 223,
40.95165.25—180.31 mg/kg. SR, CA W R FEE
AR TR AEAZ B BN K B AR K R S R R AR
SERZIE 7 T, AR LIRS 1B SR = . T

EETH: I AR (T IR E AR R [JATS(2023)470]; F U8 7= k4% AR 44k 52 (CARS-48) % Blj [Supported by the Jiangsu Agri-
culture Industry Technology System (JATS (2023)470); China Shrimp and Crab Industry Technology System (CARS-48)]

EE R X £(1998—), B, 115 EEMNFAKF=ZhE 5= SRR L . E-mail: 2024205050@stu.njau.edu.cn

BIEEE: Y, FENFIKTZYE TR SRR EF . E-mail: xfli@njau.edu.cn

©The Author(s) 2025. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.3724/1000-3207.2025.2024.0452
https://doi.org/10.3724/1000-3207.2025.2024.0452
https://doi.org/10.3724/1000-3207.2025.2024.0452
https://cstr.cn/32229.14.SSSWXB.2024.0452
mailto:2024205050@stu.njau.edu.cn
mailto:xfli@njau.edu.cn
https://creativecommons.org/licenses/by/4.0/

2 KR R

2025, 49(9): 092512
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TEAE 735 HLA A B A o

L LA 2 B A A SRR I T2 P, R
i I AR AR 8 TR B AL N ATP, LR
PR BRI A% SR K Z190% 0 e, 78K 3
Ve AR R B B O E B MIE . R, 2Rk
A [0 A2 6 P AE 44 50 A4 Y T T e % A A A
PRI D Bk S by v A B A O, ZRRLAR AR A
1 K HL g % R TS 2 SRR 2 AR AR,
M f& E B . B8 R IR, B 4k A= 30 4ok 4
e AR BB, B, EEh = gk
FF, /N BRI G m PO A 2 Th RE PR RS, T
AL R E AR TIREMKE . LA, VS IN1.425 mg/
kg HI R B A i (4 A6 25 B AR ml B e i v 1)
Bl H 3k i (Megalobrama amblycephala) it i Rz 7 )
I TR v A B 1 S o SR A A T A 38 B A B 2
Ry BOE R 1B/ W R ¥ 1 (AMPK/PGC-1p/
NRF-1)#l, 3F EIRZR 4 S & s & b A fl &
FHOCHE RISk, B ot R 2R R AR ) & il 4
TR AL ThRE™ . 45 b AT L, B o AE R S A 4%
B A AE I SN LA LR KL A 1) A=) BOFH T Re 7
REAEZEER. AW, Haksimdi e 2E 574
PIIRERE FA BN J5, H AT AR BRI 5%
BN ERLAR G BOFH T B FRATE 72 1 A DL E .

H AR IR XY AR, R AR, X R
ENRE S 5 TR AR BRI E . R IE
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SR, H AT U A 318 77 AR B2 A DG T A
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ER A NS VN R RSTEL AN (S M R Ol B Gibu R el
FHO T e b AR 1, 2 G2l k) A AN [ 7 A o
TR DG B DI RER s . AH DG4
AT H AR IR E 7 75 KA e 2 FITC & 4 ) 1)
WF R 4R A R 2 4, 0 T (2 3 AH 5 77 B b P 4 e

1 #R5ERZE

1.1 SEIgIT

AR F a6 B, ZEAi H R A = EE R
NERGEN, EEEAFNICLERE . A
e, FEE AR A Sl (20 1), SEe JF R e
IR BENURY S, 2 LE B RR B VR AT, TR AL A% 3
# (Adamas, | ¥#)SERUE B R B 208 KiEIR

Ao PR EAE N RS S N Ll . S A 15% 4
Ky, A R R 5 B B as s,
BT B 2% MUK ) ek ol A L4 D 1.00 mm ) K 4%
AR, B TR S5 ARAE T 20 C UK & - 34 H R
A2 B A & 4 9 90, 1605320 mg/kg, 14 H
o RCBURR €8 3 725 (HPLC)W 75 3 512 B & & 40 il N
3.91. 169.611326.66 mg/kg. T OAWT, HA
VO S A% 4 2 SR B M165.25—180.31 mg/kg' e
AL, B3 K 0 N Rk = 4
W E AR A B AR T M A 7R o 4
J LS 1, GDRHERE 35400 5 795 AOAC™
1.2 LWIFS5EAFER

AR — 5 HAVEEF, B HE T = NG
FH ARG Y o EIERFEF AT, B ML Pk (g
FER A R 47 16002 4F 11 (0.68+0.01) g, BEHL 7> A
3H(HKEANER, B NELS0RE), 7£(28+2)C
2 N TR R FR 108 . G 2 %0 b 35258 A
NIEFEIE, 2881300 L, 7KI0.8 m; £ 7= 5E A 1A], #6 A
B A BKEAIPVCE S BEIE M B, i 11k %
I 55 7 b TR e . A R T M 37K (8: 00,
12:30/117: 0045 M), FERR R B 45 W I, W Hh 3575
AR, B2 R e/ 1R, BF IR B4 1/34, LARIE &
HKR . FEFIAN, KRB E =6 mg/L, Z Rk
¥ <0.02 mg/L, pHIRHEET.0—7.2, Yl FARLIR
13 HmRE

TEFRFEES WG, B H A B UF = 8 24h. &AFBE
MLIE B2 MR SR AE (R 3L R 48)R), 42/ IR FE .
TEVK &L - REUF RN R A7, RGN
TEBE A, W BT IR AR AE 80 °C UK FE R A7 7% FH, LA
852 J5 B2 R
14 IEFRNE

LR R E A R HE KRR AN E e Eg
Chatterjee i) J7 14— HUTF R h ki . 12,
R B AR B ZH 23100 mg, FH T4 I PBSY W i o, A8
F e ACE AR T o SRS, INNARFL S Bt BURE A
1065 [ 28R AK 7 B8 22 i T, TEVKIB 2614, A A
B S) IR AR RN ST RS . B, 7E4°C
1000xg 5% 4 T # £1 3 25 0> Smin. 76 B EZEAEH
W, AR BRI BERBNEOE, IF
TE4°C, 12000xg 2% 1 550 10min. K 15 21 1) 26 ki
PRUTTE VBN P T AT PR IR e, BN 2R hr
IRARATIE, L B ET, JEEF T80 CUkAH & H -

HYFH H AR B MR 23 K44, S FH Fischer25™ 4 14 1)
7 1 K W B S (SDH) 5 145 KR 4% Srere 2%
IR TR IR & B (CS) & M, 275 Tsakiris
FDeliconstantinos” [ 75 ¥ %t Na -K'-ATP i )%
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PEREAT I E 85 Lus P R f A T4 e 25 C
(CYT-C) & & R ELISATRIE AFBRARATP & (R
35, b0 B IR A % 1 — BE R (AMP) & B (R 3K
%, Ab50): [ O LAY T ATPHIA . AMPHIA
(RIRANRAL R, $2 88— IR AR I BERE . R
ARG R A BEJE, B TR & 3 H A 4 vk
&, AL N B AR S E . BRI I R4
SRS, 4 AR ASC H K ¥ 9450 nm, K 45
M&AFE G IIODIE, B /51T HHATP 5AMP & &,

SRRINREM LB E REEREEHNE

%l Jeejeebhoy & 2 1) 5 V5 ) 7 2R b 5 &
Py 1 TR 3, 22 Kirby 25 7 ik 1 7 vk
T 2R kAR AV AV B

K H TRIzolVZ: £ B i iR o 1) JEL RNA, JF
RNAK £ 45 48— (500 ng/mL). 2R )5, B RNAK
5% A E W cDNA LR T/ 47 . 7£ GenBank %95
PErh B4R T 51, BT I e 25 RS N 2 B-actinf) 51 )
JF 5, 28 B AR T AR T AR (i) et A R A =) gk
176, MREIM P FIVE AR 2. WEFR B, B-actin
FEWR % A A [ Rk RO R OE, Mok AR
NSRS,

K HTaq Pro Universal SYBR qPCR Master Mix
WS COR R, WIFE), HEAT 9GS € EPCR. fE
96 LA H I AN CDNARIAR2 pL, 1. K 514140.4 L,
XW#7K7.2 uL, SYBR premix Ex Taq' " (3,
F)10 pL, B S B E AR 920 uL. WEREFF: 95°C

*1 HREAREBRFSSE

Tab. 1 Formulation and proximate composition of the experimental diets

¥ 3% Z VNI 7K “F-Supplemented riboflavin level (mg/kg)

J5 Kl Ingredient

0 160 320
TC4E R B (1 Vitamin-free casein' 24 24 24
£ 4} Fish meal’ 22 22 22
B JK Gelatin'
£ i Fish oil’ 4
i Soybean oil’
K IEH Corn starch’ 25 25 25
5 H I 41 4k Carboxymethyl cellulose 3.15 3.15 3.15
R — & 45 Monocalcium phosphate 2 2 2
JiE[# i Cholesterol 0.3 0.3 0.3
T 4T 4EMicrocrystalline cellulose 9.54 9.54 9.54
54 TR £ Compound-premix’ 1 1 1
YRR Lecithin 0.5 0.5 0.5
7 &7 Attractant 0.01 0.01 0.01
LA FEMEM Ethoxyquin 0.5 0.5 0.5
% # & Riboflavin (mg/kg) 0 160 320

EFRA & B(RTZERE) Proximate composition (air-dry basis)

# 25 [ Crude protein (%) 38.74 39.17 39.39
HLA 43 Crude ash (%) 7.49 7.08 7.41
HLAR Wi Crude lipid 8.29 8.15 8.34
S fEGross energy (MJ/kg) 20.19 20.59 20.68
7K 43 Moisture (%) 6.55 6.71 6.99
1% # FRiboflavin (mg/kg) 3.91 169.61 326.66

VTR B R R 1 LR A R A, R L A T R R R A, S5 e s T AR R R R
HRTT A E0RY T KSR A 2 3 3400 1 Y A R B A LA PR A 51, OB A TR 0, ORI AR T s OB P 5 R
Y (g/kg) FgEA: Z (1UBmg/kg), CuSO,-5H,0 2 g, FeSO,-7H,0 25 g, ZnSO,-7H,0 22 g, MnSO,-4H,0 7 g, Na,Se0; 0.04 g, K1 0.026 g,
CoCl,-6H,0 0.1 g, VK5 220 mg, M EE 500 mg, i/l 2 1.6 mg, 4E4EZC 10000 mg, iZ #1000 mg, #i % %320 mg, 484 £ B,y 165 mg,
HEA%60000 mg, VA 900000 IU, 4E4= 2 H 100 mg, VD 200000 IU, JLEE 15000 mg, VE 4500 mg, VB5 2000 mg

Note: 'Vitamin-free casein and gelatin are both purchased from Shandong Qilu Biotechnology Group; vitamin-free casein is derived
from the milk processing process, while gelatin is manufactured from animal byproducts; *Fish meal, corn starch, and fish oil are all
purchased from Jiangsu Haipurui Feed Co., Ltd., fish meal is the full fat one, while corn starch is 100% pure. *Premix supplied the following
minerals (g/kg) and vitamins (IU or mg/kg), CuSO,4-5H,0 2 g, FeSO,-7H,0 25 g, ZnSO,-7H,0 22 g, MnSO,4-4H,0 7 g, Na,SeO; 0.04 g, KI
0.026 g, CoCl,6H,0 0.1 g, VK5 220 mg, pyridoxine 500 mg, cobalamin 1.6 mg, VC 10000 mg, pantothenate 1000 mg, thiamine 320 mg,
VBy 165 mg, choline 60000 mg, VA 900000 IU, VH 100 mg, VD 200000 IU, myoinositol 15000 mg; VE 4500 mg, VB5 2000 mg
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2 WHEZPCRIIYFT
Tab. 2 Nucleotide sequences of the primers used by Real-time
PCR

R EE = EN
Accession number or
reference
NC015073.1

ERiEAS
Target gene

cyt-b TCGCGTATGCGATTCTAC
?CAGGGGCACCAATTCATGT

cox- I gCGATCACCAGGAATGA
S%éCGGCTGGGTCAAAGA

ampk-al {?gACAGGGACAAAGGTA [30]
f%CgGCGAGCTTCCGATTC

cox-1I TCGAGCCTTAATCAGAGC

ClEZ sl

Primer sequence (5'—3')

NCO015073.1

NC015073.1

GG
CCCTGGAACTGCGTCTAC
TT

atp-6 GGAAACACTGGCCCTAGC  NCO015073.1
C

ATAGTGTTCTGAGAGCGG
CAA
GTGCCCATCTACGAGGGT
TA
CGTCAGGGAGCTCGTAAG
AC

VE: eyt-b, MK C; cox- [, M EKCENEE 1 ; ampk-
ol, IR ERWE AL I B al; cox- IT, AL B RCHMNEE 1T; anp-
6, ATP5 i

Note: cyz-b, Cytochrome-B; cox- I, Cytochrome C oxidase-
I; ampk-al, AMP-activated protein kinase al; cox-1I,
Cytochrome C oxidase- Il ; atp-6, ATP synthase-6

AR P 30s; B J5 HEAT 40K G 3 : 95°C 55, 60°C 30s;
T 2% 95°C 15s, 60°C Imin, 95°C 15s. FEfHY”
1858 U, A8 2 R, ok R TR 2k B
1T, BT AN RIE &
1.5 £KMERAMFARTEAR

BET- 3 (Mortality, %)=Np/Ny>*100

H 1 5 2R % (Average daily gain, ADG)=(Wy—
Wo)/T

AL R (Feed efficiency, FE, %)=(We—Wy)/Fx
100
A, Np o SEEe S R ISR FE T2 R 4, Ny 9 i3 46
IR S Wl SICEG 5 R R S B, W N SEEG TT 4R
IR S, TAFRERE, FARRER.
1.6 HESHH

K HISPSS 26.0% A1 v i B[R 25 77 22 43 M D e
XTSI H WS BEAT 43 M, AL Turkey si& i T 2 &
X, 25 5 DL IE PR HER) RN o

2 #£ER

2.1 HEPAEZREZKESHARBIE KM
B AR F A 2= A9 8200
W3 3[17n, 169.61 me/kehZ B & 4L BT H

p-actin FL589653.1

25T 3.91 mg/kg#l (P<0.05), 5326.66 mg/kgH
[B] G 4 2 2 52(P>0.05); 169.61 mg/kgh% #% Z41ADG
2 3 T 326.66 mg/kgl (P<0.05), 1M 53.91 mg/kg
Y2 8 T 5 2 2 - (P>0.05); Ak, 169.61 mg/kgh%
WRMAFERZE & T AN 4(P<0.05).
2.2 HRPFAEZEZRKES B A BEFAT R
RS H1E BHE X AR FRA R0

3.91 mg/kgh% 3% K 4H I ERRATP & & 2 K
T HAth P 4H.(P<0.05), T Jif H — 5 B2 (AMP) 5 ATP
LCAB (AMP/ATP) I 5 6 AH 2 (P<0.05; B 1), 1tB41,
169.61H1326.66 mg/kgh% B 7 4H 18] FF R IR ATP &
& 5 AMP/ATPLL H & 34 18] 1) AMP & & Fll ampk-
aZ: R FRIA B4 0 3% 22 7(P>0.05) .
23 HEPFAEZEZRKES HABEFATRERZ
AR KRR M BRI

W 257K, 169.61 mg/kgh% #5 2 41 1 BT 8 i
SDHyE P & % & T 326.66 mg/kgH (P<0.05), {H 5
3.91 mg/kgH 2 [A] TG .35 7 7:(P>0.05); 169.61 mg/kg
ZH 19 BT JBE i Na -K -ATPREE I PEACYT-C& &1 B
% = T HAL P AL(P<0.05), 1326 mg/kgZH CSiF 1t &
T HAR P 4.(P<0.05)
24 HEPAEZEZRKES HABIFATRERZ
RARE S47E MRS

W 3FTR, 169.61 me/kghZ ¥ 2 4H 1 AT i i
LR 52 TP i vt P 3 v T Lt 9 2H (P<
0.05); 169.61 mg/kg 1) I JE R 2 bifk 54 1
ANV 5 1 5 1 53 AP 4, {5 22 7 A 23 (P>0.05) 6
SR, 326.66 mg/kgH IR IR 2 bk 54 Vig P
B2 5 T3.91 mg/kg#l(P<0.05), {H5169.61 mg/kg
H 2z 18] W 3 72 R7:(P>0.05) .
2.5 HERPAEZERKES HABEFATRRZ
RARTHEERE X EERIXA R0

WA 45775, 169.61 me/kghZ ¥ 2 41 1 BT gt iz
cox- | Hlatp-63EHFFRIE R T3.91 mg/kg(P<
0.05), 1H5326.66 mg/kgH 2 [A] TG i 3 22 7(P>0.05),

3 BARZERKE BABEE KA R AR F 25520
Tab. 3  Effects of dietary riboflavin levels on growth perfor-
mance and feed utilization of Macrobrachium nipponense

TARHZ BT

% 5 nal gl Ak 2
i S5, PSS
3.91 59.50£1.89° 0.50£0.01° 30.32+0.37°
169.61 66.00+1.15°  0.55+0.01° 37.91+0.42"
326.66 62.00+1.41°  0.48+0.02°  30.58+0.68°
VR AR bR R H S HEAEREER
(P<0.05)

Note: Different superscript letters indicat significant diffe-
rences in groups (P<0.05)
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0
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Fig. 1

the hepatopancreas of Macrobrachium nipponense

Effects of different dietary riboflavin levels on the AMP and ATP contents, the AMP/ATP ratio, and the transcription of ampk-al in

AMP, JlFH — R, ATP, I =B, ampkal, AMPIAS 2R B EGal; B PR RV/NG R R S 4L 2 18] 2 7 B35 (P<0.05); R IH]

Different lowercase letters in the graphs represent significant differences among groups (P<0.05); the same applies below

g 60, [13.91 mg/kg a ~10rp [—13.91 mg/kg
; 40 3 169.61 mg/kg % 2 £3169.61 mg/kg
£ | 7] 326.66 mgkg b = o 8F % V7] 326.66 mg/kg
S 20|a & h =) b
2 I 2 6L b ﬁ
220N :
z % e
515 a s
s 7 b b g 4r
£ 1.0 S
N r a
= o 2
D 0.5 i
4 &
2 0 AN ) 0 )
SDH Na*-K*-ATPase CYT-C CS

B2 FURAS R Z 3R R T 0 AR AR AT BRIR AR AR D RE AR SR A5 (4 5

Fig. 2 Effects of different dietary riboflavin levels on the mitochondrial function-related indexes in the hepatopancreas of Macrobrachium

nipponense

SDH; BEH1E It S8, CS; e A 1; Na'-K -ATPase; #14FATPHE; CYT-C; 4Nt 4 EC

T Hcox- 1 3 F A BE & T R AMREAHP<0.05). 1h
A1, S A Ry t-bFE R IR TE 23 72 (P>0.05)
3 iTig
3.1 B RREE BT A ARSI E K1 4
RAARFI A = B8

ABFFrR, H A TEUR 38T 2k 8 B AR K R A
1. FEHJE PRITET: (1)F0H S22 78 =5 N R PR /K ik
R HEAT 0, HOKAR BRI RIS 15 5 H AR
SRAEKIRBEAETE RN ZE 0, (2) F AR VE R i 3 2 1
(s, S B T LR R [ A ke
G)TE LT T, SR P 2 4 & T R Sy 536 HAR,
A RUR R IR AR . SRR R,
WAEFR K B84 F, H AR OAEE 2 T20%—
50%" %, A s oh R BE T R HRAR I B . LR,
34EL A P BE 1 2 2 BEAR B (I H6.5%), % Kk
Be L B LW A S RS S B  R. R

I, ™t — S 7 LASAIE_FRHEM . 7EAHTF T A,
169.61 mg/kgt% ¥ % 41 I ADGFIFEAH % T HoAth 5
H i, 2RI HRR & B INAZ 3 R KCE R m H A
TRURIAE KM REANTRDRLR A % . AL R AL, AT RE A2
KN i R AE WK LL FAD F1 FMN R R 3 5
Z R AR, B E T A KR B AR
WHLAE™. SR, 1B A B AN T R 2R
KEme ERE R 2, AR, dERE R ST
LA = B B IE AR, 520 At 4k 2R R ATE =)
SRS S R, SRR ZEL, S A kT
32 HRPAEZREZKEX BABEATRERZ
R4 )& R X IE RO R

TEARRTEH, 3.91 mg/kghZ ot = HFIRTFEARATP
HEEFEIKT 169.61F1326.66 mg/kel% & R4, £
BH AR AR R =2 A B 3 2 AT 4 B P i R AN
JB. WFFERE, ATPIE NG N REE R, 35
AL AR . AR A B it 7Y
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40 - a
" [13.91 mg/kg a g,
;fé ~ 30} =3169.61 mg/kg g ab
=S
= = 71 326.66 mg/kg a b
H1 S op 20 q @ b
) a b
Z2ef N
>0 .
g = 10 Fa @ g t
43|
o187 Nz
COX 1 COXIlI COXIll COXIV COoXV

B3 ERR AN R B3R H AT H B IR 2ehi i 5254
A T PR S

Fig. 3 Effects of different dietary riboflavin levels on the mito-
chondrial complex enzyme activities in the hepatopancreas of
Macrobrachium nipponense

CoX I/I/M/N/V, &tk Z &% 1/1/M/IV/V

g
W

[13.91 mg/kg
a  [3169.61 mg/kg
ab {2z 3263.66 mg/kg 2 ab

1 el o

cox- | cox- Il cyt-b atp-6

AR IR
Relative expressions

B4 PR AN R e R R R H A T A A R AR 2 4 Zh RE AR
FmRNAZK L & K507

Fig. 4 Effects of different dietary riboflavin levels on the mRNA
expressions of mitochondrial function related-genes in the
hepatopancreas of Macrobrachium nipponense

cox- I /11, btk E5M 1/1; cyt-b, ML EEKD; atp-6, ATPH
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DIETARY RIBOFLAVIN LEVELS ON THE MITOCHONDRIAL BIOGENESIS
AND FUNCTION OF ORIENTAL RIVER PRAWN
(MACROBRACHIUM NIPPONENSE)

LIU Zi-Shang', QIAN Xiang-Yu', WEI Lu-Yao', LIU Bo’, SUN Cun-Xin® and LI Xiang-Fei'

(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: This study investigates the effects of different dietary riboflavin levels on the mitochondrial biogenesis and
function of oriental river prawn (Macrobrachium nipponense) [average initial weight: (0.67+£0.01) g)]. Three semi-puri-
fied diets with different riboflavin concentrations (3.91, 169.61, and 326.66 mg/kg) were tested on prawns kept in an
indoor recirculating water system for 10 weeks. The three treatments were designated as the deficient, optimal, and
over-dosed groups, respectively. The results showed that in the 169.61 mg/kg riboflavin group, feed efficiency,
hepatopancreatic Na'-K-ATPase and mitochondrial complex III activities, cytochrome C content, and Cytochrome C
oxidase- Il (cox- Il') transcription were all significantly higher (P<0.05) than those in the 3.91 and 326.66 mg/kg
groups. The hepatopancreatic ATP content and transcriptions of cox- I and ATP synthase in the 169.61 mg/kg
riboflavin group were all significantly higher than those of the 3.91 mg/kg group (P<0.05), but showed no significant
difference with the 326.66 mg/kg group (P>0.05). However, the average daily gain, hepatopancreatic succinate dehy-
drogenase activity in the 169.61 mg/kg riboflavin group was significantly higher than that in the 326.66 mg/kg group
(P<0.05), with no significant difference compared to the 3.91 mg/kg group (P>0.05). Additionally, the 326.66 mg/kg
group showed significantly higher citrate synthase activity (P<0.05) than the other groups and a higher mitochondrial
complex V activity than the 3.91 mg/kg group (P<0.05). Furthermore, the AMP/ATP ratio in the 3.91 mg/kg group was
significantly higher compared with the other groups (P<0.05). These findings suggest that dietary inclusion of 169.61 mg/
kg riboflavin can promote mitochondrial biogenesis and function in M. nipponense.

Key words: Riboflavin; Mitochondrial biogenesis; Mitochondrial function; Macrobrachium nippone


https://doi.org/10.1126/scitranslmed.abj4906
https://doi.org/10.1007/s00018-019-03200-7
https://doi.org/10.1016/j.nutres.2023.08.010
https://doi.org/10.1016/j.nutres.2023.08.010
https://doi.org/10.1016/j.neuint.2004.05.007
https://doi.org/10.1016/j.neuint.2004.05.007
https://doi.org/10.1016/j.neuint.2004.05.007
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.1016/j.bbabio.2005.11.009
https://doi.org/10.3390/ijms21113847
https://doi.org/10.3390/ijms21113847
https://doi.org/10.3390/ijms21113847

	1 材料与方法
	1.1 实验设计
	1.2 实验虾与饲养管理
	1.3 样品采集
	1.4 指标测定
	1.5 生长性能及饲料利用率计算公式
	1.6 数据分析

	2 结果
	2.1 日粮中不同核黄素水平对日本沼虾生长性能及饲料利用率的影响
	2.2 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体生物合成相关指标的影响
	2.3 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体相关酶活性的影响
	2.4 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体复合物活性的影响
	2.5 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体功能相关基因表达的影响

	3 讨论
	3.1 日粮中不同核黄素水平对日本沼虾生长性能及饲料利用率的影响
	3.2 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体生物合成相关指标的影响
	3.3 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体相关酶活性的影响
	3.4 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体复合物活性的影响
	3.5 日粮中不同核黄素水平对日本沼虾肝胰腺线粒体功能相关基因表达的影响

	参考文献

