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WE: WIRFAFEAEEE A BB R 45 T FLGEXT IR (Litopenaeus vannamei)A: M R A &R (A 5 K B,
AWFFE BT WA R F K (37%H 42%) F1 4 S Ei %R 7K F-(0 mg/kg, 20 mg/kg, 40 mg/kg, 80 mg/kg) Y 8 4125 BEA
B, RS S T IR RA PR EE 4 (0.4420.05) g AIZIE 8 J& . 2558 W, FRRHE I R I 2 /K S5 0 FLgh i
XFUF LR AR E (FBW) , B E A (WGR) . UL U E &, w8 1 0 R4 X IR A M R 25 00 TR 2 1 i)
RHL(P<0.05), H & A [F) 2K 1 B /K SR X RS FBW . WGR ., A MR [ 57 22 bl o 1Ak o 5 Jie 3K (4 384 in
RIETHE G PR . SARBINET R R4, 0 40 me/kg B R 41RO XTIF R B35 54 FBW. WGR.,
SRR 10T 1 (P<0.05); WSINBILAE 2 & 4 & 17X iR e e 248 K (SGR) . 2 1 IR (PER) . 2 1AL (PDR)
JHF P B A9 T S T TR AR 1 BRI D7 1 2 T Ak 38 (P<0.05) o X BB IR R 11 AR s L PER . PDR
VERIG . ADREER BT AAR 5 00 2 VLT f % 3 R TR v AR IR RH(P<0.05) o BB TRDELIR I B KT R 3R i, XS IE
HEE R R IE TR BT BB R TR I BUK PN 42%I 500, FLAA I o IR A i i e R
WL 45.14 mg/kg; TETDRMEE FIKT0 37% 9400 T, FLARTRXT IR A K fe i i i 3 S I 64 49.53 mg/kg. 45 1
JITIAR, T EL B FTRIGR e 2E 7K V- A AR v X A T A g T R O Ak 3 | AR CHE T SR B T X R A KRR, FLGT
U R A AR K T 5 1A e 3R K- BB DR 2 1 7KF T e T BEEAIR

K JLONEXTIE, G, EAB ARUERE EOBAEA, Adm
FESZES: S963 XHRFRAERAD: A XEHE: 1005-8737—(2025)04—0490—12

LY X} IR (Litopenaeus  vannamei ) Je 5 2 )
XU FEA R — o R IR R A A E
A BRREER BRSSP ) DR B AR A AR
R, LAk iD s 37 R K A UOE FR BRI Y
AR PERE, i RESR THEDEHE BRI AR L AL
BRI AIR TS s . BT, B AN T LghiE
X R SR R 5B A R 2 iE, [HR
A I RF 5 7 50 A B I AR K B B IR 3 3R R OK T A
Xif B 2 5 A R B A DG R AR AT AN 5 R
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fitf A, 4522 SFPERRIGI, M IE i T E e
AR I N HUAIRBEAE R AL, Bl s 7 o
T TR 348 2 TP 1 A T B ity 1) Sl S, O S5 AR A I
JRE W RR ) B A 5,

L TF 9 2 B L T2 b 90y M e 25 1) 75 2R
HHTE 23.70~44.66 mg/kg Z )18 X G I B 5
(Trachinotus ovatus)%j 2% | v+ 4§ 54 4% (Eriocheir
sinensis)!'?' . LA IE X RO 4 AT 5 2 BH S 0 A
F AR HE K = Sl 6k R R R T A R AR R
JoT S S B, AR G iR i 2R AR 1 K
SR B BRI R S e A D . AR S
B R PSR 2 v, 5% A 9 R4 R AR 71 K
ST B N IR e 3 X LA v X A K
R R . AR BTG . A B A AR AR R HE R R
FHEAER, LA AR IS A FL4gh i % a4 K i
FEGRRL R (BRI ZOK AL G, MR E FR
I BE FL A T Xof MRS o 5 37 55 SR % {5 B 4 1t
WA

1 #MEEFE

1.1 gt

ETRHERLR, il 8 A5 AMAE
FI 5K - (42% F1 37%) F1 4 A e 2508 0
(0 mg/kg, 20 mg/kg, 40 mg/kg, 80 mg/kg)bh & i) &5
AERH 1A R AR R ORI R
il —2, S IR AR WL 1, A fRDRHEURE
ZEBMO TR LR T 1 80 H 07 ), Fie IR e kb ic o7
FRE R Uz 9 5Ok 21 5, SR
BRI 1.5 mm (9 ORI AL o RS BRUR L
A 90 CHEF VL 30 min, KT S OKFEZE 10%)
T—20 CHEMEA . AR 1B R & iR T
FHAE I (GB/T 14700 2018)M5E . & 11 F /K F-
2%, BRI 3.88, 20.18, 42.62,
84.60 mg/kg; HEIAFAKTH 3T%0, HilER G
3R 3.67, 19.76. 43.63 F 83.36 mg/kg.
12 WY RFEEIE

Pk FLA% S L il BR Y L AN T X I &) iR
(0.44+0.05)g 1200 F2, FlAL53HCE] [R]—sK et (3 <
FExn K 5.0 mx11.0 mx1.2 m)H Y 24 D 4E (K

*1 EmAREARMERKE
Tab.1 Ingredientsand nutrition levels of the basal diets
%

45 group

Be
ingredient 42%8E 15 37%EE IR
(42CP) (37CP)
148 fish meal 10 8.8
T K IH corn protein powder 10 8.8
A ¥} meat meal 8 7.04
5k soybean meal 31 27.28
A£ 44 peanut meal 8 7.04
145 blood meal 3 2.64
#1407 squid paste 2 2
a-JEH} a-starch 2 10
I wheat meal 13.8 13.8
i3 fish oil 3 33
KNG soybean lecithin 1 1
AT K} zeolite powder 2.8 2.1
Z4E(R ¥ VB)) vitamin premix® 1 1
Z7%" mineral premix® 1.5 1.5
BEIR — A5 Ca(H,PO,), 2 2.5
ARG choline chloride 0.3 03
4t/ 3 C vitamin C 0.3 0.3
=5 AL 5 Y005 0.1 0.1
H MR methionine 0.2 0.3
# R lysine 0 0.2
1T total 100 100
HFEKF nutrient levels
M A& crude protein 41.90 37.18
BB total lipid 5.97 5.87
JK 5} ash 8.21 7.86
RLBE/(k]/g) gross energy 16.52 16.48
Bl £ /(mg/kg) thiamine® 3.88 3.67

e a B TRBIRESA RS 44K By): 4643 A 600000 1U,
4 % D5 8000000 TU, A= FHHE 10 g, 4ii K K35g, B#E3e,
JHEBERE 11 g, D-IZBR%S 10 g, MEPEEE 10 g, BB HEE 0.02 ¢, W)
02 g MR 1 g WIEE 180 g; b. B Tl W BURE &4
Cal0.5¢g,Fe1.0g,Co00.8g,S¢0.02g,Mg12g, Mn3.8g,K90g,
Cu3.0 g, Zn 10 g. c. & T 5@ LAl AARES A il % 3.88 mg (42CP)
1 3.67 mg (37CP). JEfifiiaDAsH2H V% 0 AS R A i 2% (JLALEE 98%),
S A FERIRRHGZERE LA 0, 20, 40, 80 mg/kg FYARTIIG .
Note: a. Contained the following per kilogram of premix (VB free):
VA 600000 IU, VD; 8000000 IU, VE 10 g, VK 3.5 g, riboflavin 3 g,
nicotinamide 11 g, calcium D-pantothenate 10 g, pyridoxine 10 g,
cyanocobalamin 0.02 g, biotin 0.2 g, folic acid 1 g, inositol 180 g; b.
Contained the following per kilogram of mineral premix: Ca 10.5 g,
Fe1.0g,Co0.8¢g,Se0.02g, Mg12g, Mn3.8¢g, K9 g, Cu3.0g,
Zn 10 g.c. Each kilogram of the basic feed contains 3.88 mg of
thiamine (42CP) and 3.67 mg of thiamine (37CP). Thiamine nitrate
(purity 98%) was added in the basal diet, and 0, 20, 40, 80 mg/kg
thiamine nitrate was added to the experimental diet.
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FExE o 1.2 mx1.2 mx0.8 m), AR EFE 50
B 8, Ak 3N MRER 4%, H
P B X EMA ER Y 5%~8%, FEARME KA. it
100 SE AR BRI BB e . SR 8 JH. FRAE
[ 7K AR /N 0.5, W fE AR FF 7 mg/L DL 1, UK
IR 27~29 °C, pH Ny 7.8~8.5, 4 3 KK 1 &k, 4k
FpRK h s FWE/NT 0.2 mg/Ls

1.3 HRRESHH

FEOH S ZE AT A, AR AR 2R . Bk
B 1.5 h 5, kg R, A
10 mL B0 A, FA-20°C vKAS A4 TR0
THARRI By o AFRLE ARG, A IR
12 h J&, K545 WG B X R45 H GE T 454 WA H o
WA 6 BB e e, AT TSR R AR A7 305 R e 4
A A FE R ALIROBE Rz (] XTI 12 B, O
H 3 B TR 5B, RIA 9 e XTEREOM
BRI AR L 20 T80 °C vk A AR A7, FH 10 22 JiF
T A B

kL, AR DR K S R, M
JR A3 VAR SR W AR i AR ik e A T, 7K 43
TR 105 C T4 =15 H (GB/T 6435-2014);
HLEE 151 (GB/T 6432-2018)% 4 A shdl K & A
1%(2300-Auto-analyzer, Foss Tecator, Sweden); #i
WAy & sk A 550 CHIBETE(GB/T 6438-2007),
SIE W  HER T Cejas 2 VR Huang 2610 07 12,
HEA 0.01% T EEEHF IR BHT) A - H B
(2 ¢ DIREUFES SR, 25T Y,0; & ag
E T HL R B A B8 1R BT Bk A (ICAPQc,
SN03019R, ThermoFisher),

AALTE BRI E . R T 0.85% 1 A= ¥k 7K
IR 214, 7E 8000 r/min, 4 ‘C F &> 10 min, H
E VO T o B I R AR AR (GB/T
23527-2009), REWiRG . 38 B 1R A S ke
O (R A ) TR S T FR S D) o
14 HE&ELAKX

HE A WGR =W —Wp /Wh x100%

FAE % SR = Nt / No x100%

Tkl 2B FCR =We / (W —Wp)

R R R

SGR =[In(W/Nt) — In(Wo/No )] /t x 100%

EEliv &S

PER = (W —Wb )/ (WrxWp ) x100%

T BUTRPR

PDR = (W x CP —\Wh x CPy )/ (WE xWp ) x 100% T 4]
JoT FR LI AR

ADCM =[1-(Bi/By)]x100%

T RHE ) T R T fb

ADCN =[1-(A/A)x(Bi/B)]x100%
X, W R ZORIRH i (g); Wo NI LA K H H (g);
W 4 ATRDEET (), t R S PRI E S 90 1 K AL
(d); N by S5 25 I HE S A R 9 EE 5, Ny 5K
IS T R A RS AR B A W, SRR 4 i
A FE%); CP AMZRXUF TP B & A& &
(%); CPo APIIGR SR T W AR & 5 (%); A
Tk ep B FR Y 5 03 B (%); Ay R FAE P SR
BRI R (%); By AR Y05 B/ E(%);
By M Y,05 I B/ E(%) o
1.5 SEHEH X

FRECGE AT, Tl T AR L 0T R ) 4 e 4k
SRR IR, FifacE 3 dJE, YUK 24 h, BN RIAS
HRENLI 5 RBERE TN R A T, et
L AR, B0 45 min Je U 139 A XHIE 3
B, FREJEREERAAX R G5 %A 5 L KEYHETE
R BOREIE WA KR AR Coo IR 5
B& 1 h 1 ORI E 2 AR Cn (=1, 2, 3, 4, 5,
6). HAmEIE 3 MEE, SEIREEQ29+1.5) C,
S 30 [ I AR X IR TE R AR B B, AR
Kl k2% Ok @AM E R4
FeJE ) (HI 535-2009),

R Ry ==Y 600
(mxt)

Ao, Ry RR BN AR T S HE R g/ (g-h)]; Co
TN — UK BE R AR JE (mg/L); Cp F/RME n
h JEKEER R A HRE (mg/L); VR 528 K AR TR
(L); m EI/R IR AT (g); t FRNLIRFLE T
8] (h).
1.6 HIERITSHH

JIT A B 1 LU P Y {H 65 1 22 (X £SD) KR,
SR SPSS 23.0 BT g, XA



55 4 3]

Pl e 5 GRDAHARL e 2R M 1 I /K X6 ML 5 ok B A A P A P 52 493

P AT IE S MRy 255 R I e, 45 20 B0 ok
XK 2% 77 22431 (two-way ANOVA), 24 P<0.05 i,
VLB R RIAFAE A B AR, PR T I R 5 2
41T (one-way ANOVA), FfK ] Duncan’ s K55

2 #ERE5HH

21 AMNEBEARMBEZKEXNLAETRE
KIERER R

e Aok 2 P S5 AR e 38 K ST 5 T LN Y2 X6 B A
K AR E (FBW) Al B R (WGR)(P<0.05), K FH #
P2 D7 2240 WA T 2 1m) L 3 2 B, ARl 2R P o 7
T 42%4H X EF FBW F1 WGR & 2 5 TR E A
R 37%41(P<0.05), HAAREAR&E 42%
HEMZEBI 40 mgkg HiE &S T HASH
(P<0.05). HEEAHRIE H Kb X R FBW

F WGR 2 TR e 28 7 2 - = i 2 B34 b
THIE TR RS, 75 R G R R & ok
40 mg/kg AR I KT FBW Fl WGR,, 1A #HE
F 5 R e 28 K 7 X6 L4 6 IR R R K R
(SGR). 1Ak RE(FCR). H HFRCER(PER)FIE
JT TR # (PDR) A 1 3 5% 1 (P<0.05), {H 7 Z [1]
Ton EAZ HAER . B AR R 8 1 K 74 Ak 4 X6
HF FCR Fifi 5 B e 25 1 T R B R B JE L TH
A, TETRDRHT M 2 R IR 40 mg/kg 1R B
/N FCR; T %THF PER 1 PDR B i 2 7k %
1) T+ = IS T S BRI 3, AR E T
WM 40 mg/kg YIS B A KO H OB 2 S TR
JNZH (P<0.05) H& & fRHE F 5T & 224 37%K, XF
HF PER Al PDR & THE 42%8H H iR
(P<0.05).

F 2 AMESRMERZEKEILEST IR E KGR %2
Tab. 2 Effect of dietary protein and thiamine levels on the growth performance of Litopenaeus vannamei
n=3; X+SD
;ﬂgﬁ @ﬁﬂﬁ??ﬁﬁ}lﬂi/ ‘ ‘ F8h5 index ‘ —
dietary gﬁﬁf&ﬁﬁ?ﬂ?ﬁ URIKR) ZORIRTR) BRI R R R ARACR % Ef,biﬁmﬂ %
protein g IBW g FBW WGR (%/d) SGR FCR PER /% PDR SR
42 0 0.44+0.05 17.48+0.18° 3872.40+41.48°  6.57+0.02° 1.60£0.04° 149.52+3.30° 27.68+0.61° 97.33+3.06°
42 20 0.44£0.05 18.60£0.56" 4128.04+128.35"  6.69+0.05°  1.50£0.03" 157.97+3.45% 29.89+0.65° 96.67+2.31™
42 40 0.44+0.05 19.57+0.44° 4348.16£99.73"  6.78+0.04°  1.44=0.04° 166.29+4.33% 31.38+0.82 95.00+1.41®
42 80 0.44+0.05 18.20+0.17° 4036.17+37.72°  6.65+0.02°  1.54+0.02% 155.14+1.67% 29.62+0.32°  96.00+2.00™
37 0 0.44£0.05 16.49+0.14" 3648.48+31.75%  6.47£0.02¢ 1.74£0.01°  154.79+1.24% 28.25+0.23" 92.67+1.15°
37 20 0.44£0.05 16.940.34¢ 3750.19£77.97%"  6.52+0.04*" 1.66£0.05" 161.39+4.79™ 30.38+0.96™ 96.67+2.31"
37 40 0.44+0.05 17.44+0.06° 3863.61+14.03°  6.57+0.01° 1.60£0.01° 168.60£1.26° 32.42+0.24°  98.00+2.00°
37 80 0.44£0.05 17.02£0.33%¢ 3768.33£75.38%  6.53+0.03° 1.66£0.04" 162.81+3.73" 30.34£0.7°°  95.33x1.15"
MR ZE T 24381 P 1A P-value of two-way ANOVA
E 5T protein <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.34
il thiamine <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.35
BRI 0.03 0.03 0.07 0.63 0.52 0.88 0.08

proteinxthiamine

e FGTEARE b ARAS W] 32 7R 21 [B) 47 7 i 35 25 5 (P<0.05). IBW: #IiA{AE; FBW: A K{AH; WGR: HiHE %, SGR: FraA: K%, FCR: i

FLZ % PER: B A RACE; PDR: & HRTTR; SR fR1E %K.

Note: Values in each column with different superscripts are significantly different (P<0.05), IBW: initial body weight; FBW: final body
weight; WGR: weight gain rate; SGR: specific growth rate; FCR: feed conversion ratio; PER: protein efficiency ratio; PDR: protein

deposition rate; SR: survival rate.

22 HAMEARMBEIRKFXLAENTE
HR 5 AR 53 B 2 0

T2 1 TR i 3R K ST 6 LA ) W 4
KT E R, WAAFAES AR (P>0.05) fdl

BT 28 7K - B ek A 11 5T R e 28 19 38 B AR
X FLAA T IR AH 8 1 5T % A 25 1 (P<0.05) .
T ek 2 P R B e 28 K P X FLAA i %o R 4 0 L
5 5 3 5 W (P<0.05), {H & AN A7 7E 58 HAE
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(P>0.05) . fARLER [ BT K- X 4 RHLUK 73 A e 25 5
M) (P<0.05)(F 3)o RPN ZE 7 250 fr 4l
Fee K B, TR (A R 37% HLB N
40 mg/kg AEIFHERSERES THREH
(P<0.05). 5 £ [R5 e 2 K- AmDkE, k) 2 1
T A2%A XTI R S W TR AR 37%
41 (P<0.05); & HH [F & A FK PR, S5 R
TNAAHEL, i % 2 O 4l 6 iR Bl & 2 5 2 T &
(P<0.05),
2.3 AME B RN EKTEXT L E T ERAF
FR PR L B E RO R

T Ak AR 1 B IR e 25 K ST X L U8 ol R Jf
i T Ao TG T 2 B TR (P<0.05), [HFI# ASAF
FEAS HAEH(P>0.05) o fRDRHi % 28 7K P X6 PLGH T2 Xt
W JFF B 2 (Bl A S R T (P<0.05), {H & AN
FEAE 2 HAEFH(P>0.05) . flBHEE F BT AN B e 25 K F
Xof i i B s TG Bk 3 S ), R A AR S AR
(P>0.05)(F 4). PREHFBLIE R AT, R
BT 42%2 X W R A T 1 R
TARRHE A 37%41(P<0.05); 5 4& (A i
Bt 37% RIS, B 2SI 14 X R R A
P 5 2 = TR 2 R S N 4H (P<0.05), HLUE ¥y il

W PERE A B e ZKOF 14 2 BT BREA
i) 26 KPR, HL AR ol O A i o o e 35 K
TR e BT TR S, TERLEE A
o 40 mg/kg Bk B i K OF o
24 PAREERMAFBEEKEINNLPWEIIRE
T RR W IE W ZE RN

T ek R F 5 R M 38 KT X LA T X R4
. B TR D 2 OLTE AL R R T
(P<0.05), {HF& NAF7EsS HAEH(P>0.05)(% 5).
SRRy 220 Wit AT 4 e) LB & B, Tl Bl 2R
I 25 R 37 %4 Al X R85 53 40 o A 28 AT fb =R
WEET 42%E F4(P<0.05); #EH—5E AR
KL 8 X MR 2 11 5 R RE 28 XL L 232 B 2
JHe 2 KV i v S B TR R BRI, TER I
KU 40 mg/kg B3k 21 iz K BB 3 & TR

N (P<0.05).
25 {AREBRIEERRKFEX GRS AR HEE
FEMN M

FLANEXRT IR B )5 0~6 h AYHEZ R ARk n
P 6, LI FH, TAREER 5 R e 2 KX FLAR
FEXTHR 0~6 h HEZ I AFELE S HAEH (P>0.05),
% A HFE R BERT A Y B R RS, e

x 3 ARE B BANEEL KT X L4 iE X 4R 2 4R E R AL S B RN

Tab. 3 Effect of dietary protein and thiamine levels on nutritional composition of Litopenaeus vannamei

n=3; X £SD

f8Fr index

ks 0 i 22 VRN
moisture crude protein total lipid crude ash

42 0 74.68+0.73 18.50+0.04¢ 1.99£0.06° 2.76+0.04*
42 20 74.22+0.56 18.90£0.10° 2.13+0.04° 2.84+0.10%
42 40 74.39+0.77 18.86+0.05" 2.35+0.08° 2.65+0.14¢
42 80 74.13£0.97 18.77+0.05" 2.30+0.06° 2.72+0.09*
37 0 75.22+0.73 18.24+0.04° 1.80+0.07¢ 2.99+0.13°
37 20 74.83+0.27 18.85+0.14° 1.95+0.09° 2.83+0.08*
37 40 74.54+1.02 19.20£0.14* 2.06+0.03" 2.89+0.02"
37 80 74.98+0.80 18.62+0.16* 2.03+0.02" 2.84+0.06%

WK 27 225087 P {H P-value of two-way ANOVA

# H T protein 0.11 0.49 <0.01 0.01

Wil % thiamine 0.69 <0.01 <0.01 0.19

T T < B & proteinxthiamine 0.88 0.01 0.28 0.09

T FBVEEE_EARAR R 2R 4118077 46 5. 35 22 5 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).
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x4 ARE B BRAGRE R KT 3T L 4% X 4R AT R BR H 1L B S Y 2 00
Tab. 4 Effect of dietary protein and thiamine levels on digestive enzyme activities
in hepatopancreatic of Litopenaeus vannamei

n=3; X +SD
TR 1 5/% Bt 2 VA /(mg/kg) iR #5 index
dietary protein thiamine supplementation  JE#3fif}/(U/g prot) amylase & [ 1if#/(U/g prot)protease Mg Wit/ (U/g prot)lipase
42 0 394.17+15.73¢ 3197.76£79.27° 8.03+1.88
42 20 404.74+14.95¢ 3281.61+14.98% 8.67+1.42
42 40 462.65+36.03° 3358.16+12.39° 10.19+1.19
42 80 419.7+10.84¢ 3213.56+44.68" 8.17+1.96
37 0 486.12+9.53% 3206.27+£12.39° 7.97+0.72
37 20 517.71£17.24% 3307.13+64.21* 8.58+1.91
37 40 521.21+13.02° 3349.66+36.2° 8.90+1.32
37 80 528.6+3.63" 3318.06+24.78" 7.95+0.78
WK 2 Ty 2438 P {H P-value of two-way ANOVA
[ i protein <0.01 0.15 0.58
Hif% % thiamine 0.03 0.01 0.44
B 11 i < i e 2 protein xthiamine 0.15 0.30 0.92

VE: [FZIEEE FARAS R R 21 (B A7 7E 1 3 22 57+ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

®5 ARNEARMMEZKENLMENTEFYRRUELZNZ M

Tab.5 Effect of dietary protein and thiamine levels on apparent digestibility of nutrients of Litopenaeus vannamei

n=3; X £SD
845 index
T 2 5L/ % T e 22 WS I L/ (mg/kg)
dietary protein thiamine supplementation TR B % R A% R T AL %
dry matter digestibility protein digestibility lipid digestibility

42 0 74.09+1.35° 81.47+0.96° 92.15+0.41¢
42 20 75.20£1.22% 82.78+0.85% 92.67+0.36
42 40 76.53+1.23% 83.56+0.86 93.64+0.33%
42 80 75.56+1.42% 83.39+0.97% 92.71+0.42%
37 0 76.13£0.60% 84.420.39" 93.19+0.17%
37 20 77.42%0.66™ 85.31+0.43% 93.53+0.19*
37 40 78.50+1.55° 86.02+1.01° 94.05+0.43°
37 80 76.49+1.47% 84.94+0.94° 93.85+0.38°

WHZFE T 208 PfH  P-value of two-way ANOVA

M i protein 0.01 <0.01 <0.01

Wil % thiamine 0.03 0.01 <0.01

T M <A B 2 protein x thiamine 0.80 0.55 0.31

VE: [FZIEEE FARAS R 0K 21 (R A7 7E 1 3 22 57+ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

3 h 5, WA R K RHFE R BERmP< BE RN R%HEFEARRES TEASERN 37%
0.05). MEEEH 5 hJ5, WAEARABEREK  41(P<0.05) R4 T HHF 2 A TR T
A B E S (P<0.05) AR B R — R A UK mEE,  BIARBL(E 1), TERMER B IE N 40 mg/kg B, M
XFHRHR R R R KF RO THR SRR NI AR AR R B f K, T HREE AR
G TRy SRE R K KCEEE, EE BIRMUKE.
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Tab. 6 Effect of dietary protein and thiamine levels on ammonia excretion rate of Litopenaeus vannamei
n=3; X +SD

HEZ R/ (ng/(g-h)]
ammonia excretion rate

HEEF1h HEE2h HE3h HWE4h BWES5h HWE6h

FREAR/ % BRI/ (mg/kg)

dietary protein  thiamine supplementation

1 h after 2 h after 3 h after 4 h after 5 h after 6 h after

feeding feeding feeding feeding feeding feeding
42 0 53.03£4.29  47.31£5.37" 42.97+3.31*  39.17+£3.23°  37.83=1.19°  35.80+0.82°
42 20 49.68+3.48  39.14%6.13°  37.09+1.34°  37.04+2.24"  33.80+2.01"™ 30.47=1.41"¢
42 40 47.39+7.99  40.10+£3.15*  40.10£1.89™ 35.49+2.37"  32.65+2.66° 29.60+1.61"
42 80 56.20£9.08  50.19+4.16°  42.55+3.34*  38.68+2.04°  35.05+2.67°° 31.63+1.72"
37 0 54.59+529  46.17£3.92"° 41.1320.78" 37.61%£3.75°  34.31x3.27" 32.67+2.36"
37 20 59.91+7.10  49.28+2.39"™  41.53+3.22" 37.6442.39°  33.56x1.59" 29.08+0.89%
37 40 49.72+£7.16  47.56x7.41™° 37.41x3.47°  31.60+3.12°  30.01£2.36°  27.28+2.02¢
37 80 58.79+6.33  47.92+£5.67"° 43.3120.88"  36.9242.57°  32.88+2.15™  29.30+2.00%

WIHZEJ5 2541 P {H P-value of two-way ANOVA

& H B protein 0.14 0.10 0.88 0.16 0.04 0.01
Bl % thiamine 0.16 0.28 0.03 0.03 0.02 <0.01
1 B <Bi i & proteinxthiamine 0.64 0.12 0.11 0.59 0.66 0.85

T FBVEEE_EARAR R 2R 4118077 46 5. 35 22 5 (P<0.05).

Note: Values in the same column with different superscripts are significantly different (P<0.05).

40 . —— HFEHE ammonia excretion rate

34 J 49.53 mg/kg(&l 2); it & H U A [

2 - @ - B HUIUBR protein excretion rate ®
= g 35 n=3xSD AN I o E IR A E A RK TR 42%F 37%0) % 4
& -3 2 S
EE: T T, RE B E A5 48.81 mg/kg AN
— %X
% 2y 47.69 mg/ke(1A 3).
K g 28 i £
i £ 2

g 2 ‘ . . ‘ . . g B CP: 42%

HO H20 H40 H80 LO L20 L40 LS80 o 45 | y—02278x+20.567x+3854.8
BRI/ (mg/kg) G 44 R=0.8296
addition amount of thiamine
B 1 Gkl A S AR I 2 K S LA X
UR S 2 HE R R AN B DR R Y 5

H &R 42%8E H KRR, L 2R 37%8E HK R 0 10 20 30 40 50 60 70 80

0, 20, 40, 80 F/RMALE TNz (mg/kg). B E BN/ (mg/kg) addition amount of thiamine

Fig. 1 Effect of dietary protein and thiamine levels on average CP:37%
y=—0.0869x?+8.6086x+3638.7

ammonia excreti(_)n rate and protein d§p0sition rate of 39.0 . R=06932
Litopenaeus vannamei 38.5 .

H stands for 42% protein level diet, L stands for 37% protein \
level diet; 0, 20, 40, 80 indicate the amount of thiamine

HEH/% WGR
w
=
(=]

addition (mg/kg). . x=49.53 :
36.5
2.6 [EFSHH 000 20 30 40 50 60 70 80
S RN [ T KR B R PREEZE IR/ (mg/kg) addition amount of thiamine
TR S Réﬂ“f;ﬁ?ﬂ#%ﬁ%ﬁﬁ7ﬁ¥ M2 B TORE T BB

42%00 2% PE T BB B R R 45.14 me/ke, SRR B
Fig. 2 Regression analysis of weight gain rate with

MAEHE HKE 37% B 450 N i ﬁﬂﬁ% s thiamine supplementation at two protein levels
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CP: 42%
y=—0.0016x2+0.1562x+27.608

R*=0.8613

x=48.81

0 10 20 30 40 50 60 70 80
e BRI/ (mg/kg) addition amount of thiamine

CP: 37%
y=—0.0018x2+0.1717x+28.088
R*=0.8638

x=47.69

7 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80
e TR/ (mg/kg) addition amount of thiamine

Bl 3 PIRNE FH BUKF R GG SR A Ies 5 8 A DURUR Y a1 E 3 A

Fig. 3 Regression analysis of protein deposition rate with thiamine supplementation at two protein levels
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Effects of dietary thiamine and protein levels on the growth performance and
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Abstract: Thiamine is a water-soluble vitamin essential for the growth and development of organisms and usually
functions as the coenzyme participating in the metabolic processes of nutrients in the body. Protein is a necessary
nutrient for human growth and the main source of energy. Therefore, this study was carried out to investigate the
relationship between nutrient levels and protein content in shrimps as well as optimize the nutrient ratio in diets to
promote shrimp growth performance and improve the utilization rate of feed protein, while also paying attention to
reducing pollutants such as ammonia nitrogen generated in the breeding process to effectively reduce the
environmental burden on the aquatic environment. To investigate the growth performance and protein utilization
of white shrimp diets with different combinations of dietary proteins and thiamine, eight isoenergetic experimental
diets with two protein levels (37% and 42%) and four thiamine-supplemented levels (0 mg/kg, 20 mg/kg,
40 mg/kg, and 80 mg/kg) were designed and fed to juvenile shrimps with an initial weight of (0.44+0.05) g for
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eight weeks under freshwater conditions. Two weeks before the end of the experiment, feces were collected for the
detection and analysis of apparent digestibility of nutrients. Before the end of the experiment, the shrimps were
subjected to 12-hour fasting, followed by weighing and counting after removal from the net cage to calculate the
survival rate (SR), weight gain rate (WGR), specific growth rate (SGR), feed conversion ratio (FCR), protein
efficiency ratio (PER), and protein deposition rate (PDR). Twelve whole shrimps and hepatopancreas were
collected from each cage to assess the composition of whole shrimps and digestive enzymes (protease, lipase, and
amylase). After the weighing was completed, the remaining shrimps were returned to the corresponding cages for
continuous rearing. After a stabilization period of three days, an ammonia nitrogen excretion experiment was
carried out to determine the variations in the ammonia excretion rate of shrimps eight hours after satiation. The
results showed that dietary protein and thiamine levels affected the FBW, WGR, and crude protein content of
whole shrimps. The growth performances of shrimps fed with high-protein diets were significantly better than
those of shrimps fed with low-protein diets (P<0.05). With the increase of thiamine level in the diets of the same
protein level, the FBW, WGR, and crude protein content in whole shrimps initially increased and then decreased.
Compared with that of 0 mg/kg thiamine group, the shrimps of 40 mg/kg thiamine displayed significantly higher
FBW, WGR, and crude protein content in whole shrimps (P<0.05). The shrimps fed with diets with thiamine
displayed significantly higher SGR, PER, PDR, hepatopancreatic amylase, protease activities, and apparent dietary
digestibility of protein and lipids (P<0.05). The PER, PDR, amylase activity, and the apparent digestibility of
protein and lipids of the shrimps fed with low-protein diets were significantly higher than those of shrimps fed
with high-protein diets (P<0.05). The ammonia excretion rate of the shrimps first decreased and then increased
with the increase of dietary thiamine level. Regression analysis showed that the optimal dietary thiamine
supplementation was 45.14 mg/kg with dictary protein content of 42% and 49.53 mg/kg with dietary protein
content of 37%. In conclusion, appropriate levels of dietary protein and thiamine enhance shrimp growth
performance by improving the digestive enzyme activities and apparent digestibility while reducing nitrogen
excretion. Furthermore, the optimal dietary thiamine level required for maximum shrimp growth decreases as the
dietary protein level increases.
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