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1.1 SRIEMRL

A SIS AE T KRS S AR BHUE S b
HEAT | S £ Sk 1t 39 5 58 1) 3 B 2R 7 B 2 ) i
Hifa o SR ILBETE 3 AL, 43 B A oK i fa 2]
(G1) ALt HE (G2) FUB R REHH (G3 ), Horp
VKt £ /N0 M (Larimichthys polyactis) 1
iy . ( Trichiurus lepturus) 2H 1, W 3K AR ZR T B
VUHE , DRAF T 20 °CYR RN , B IRINRRE f1 3k AR ot
F4sa U WU LU UIRE G s i 24
1 go MZARTARHRUEIR DRSSy m ol ), 48—
ST N il By DA RN ) A g A e R A
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Tab.1 Proximate composition of three experimental diets

%Y

A%l Expanded diet B AA Rl Powder soft diet

Ui H Items VKEEAD Tced trash fish
7K/ Moisture 76.24+£2.07°
HLZE 1 Crude protein 56.68+4.01°
S Ig Total lipid 26.46+2.02°
JBkIK Ak &9 Total carbohydrate 2.12+0.63"

10.25+0.05° 51.31£1.19°
41.24£0.94° 44.63+2.81°
15.03+0.44° 5.32+0.09°

2.21+0.26* 4.68+0.77°

I : R B ARG PR R 2253 .35 (P<0.05) o

Notes: Values within the same row with different letters mean significant difference (P<0.05).

1.2 L&t

IAZE S 3 A 3R 20 1 000 B2 MRS — 23
WARITEE2 A ahta, a8 RT3 N ENKIR
(K > 58> 5 =7 mx3 mx1 m) N, 5% KR
th 53 9 4% DK B 0 R A TR RE R R T A 14 T 9
F%, 9057 7 dJF N 37K Vet PR IR BEATL Bk 5 4 £
TG IE 2 AR K SR S g0 A HE = RS AR
K FRH ST 3G, A 3 A PRk T
FIRH FAS KN IEAR — B 3 B AR i 4y £
B HLES A 9 3% B8 (T (4 x 5 x 15 =80 cm*50 cmx
50 cm) N, B BEEE G ECE 30 2 L, 211270 2
AR T i N (13.79+0.34) g FR5H 5256 Hh 4%
2260 d, £ K 7:00 F1 14: 00 53 P I HE 47 10 RHZ

ML, UK 5 RS S5 A AR M B 1 h R K gk
THAERR , BRI 100% , A 3558 W 1R] K AR il 7k
JF A B 24 4 F5AE < IR 20~22 °C 5 pH 6.7~8.2; 1%
fift 5>5.0 mg/L; 2 AUk B <0.45 mg/L; W fir§ ik £
e <0.3 mg/L.

B HE A R EG R R 3 AN B, B 3 A
HE I 9O BEESET, AR BEES G N R L
B30 R, HoP YR (13.68+0.49) g, 5K
55 R LS e A TE S TR 14 h /5 B N 5
ARHEZS PRI E 8 A SRAERT R, BN B S
0.2.4.6.8.10.12.14.16 h, 1ERX IR 525/ FF
A S F 0 AR £ 24 h, SEIG TR AR 5 R — vt
T HEE A R 10 min J5 W R T A AR,
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2 Ry MR BT iR, % 5 Ry MR E E K
H,%/d s R AT, Yo 3 Recy N THEH R EL Ry H iR
B3R % MR ¢ H i (R e, g5 M, o
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DHEAT 7 25 SRR 5, XS AN 5 Tk O 25 B X
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K27 2250 T FI W 4l ) 2 oA b 5 1k 25 5=
B P<0.05 A 25 5% i 3% , ffi H Graphpad Prism 9 4k
PR S g B i AT 5 R

2 ZER

2.1 AEHERIRTE K BRI

ANV PR M 2 B AR S F-F5 R I o 7y A8
ORI ANEE 2 Fis o 7R3 IR0 AR Fh R B kR
T IRE L A 0 S R AR S e i e, DK A IR 2
et fe ik, B F FRFE 20 d T i B0 H 450,
Ry R R0 4 B ARy i 4y £ 01 24 1 o e
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®2 AREMRRNFERAFHEHERENZ N
Tab. 2 Effects of different feeding patterns on average
body mass of juvenile 7. flavidus

U 4K T B Average body mass/g
N

Culturing VKEFEAL(GL) IZALIFIAL(G2) BPIRIIEL(G3)

time/d  lced trash fish Expanded diet ~ Powder soft diet
group group group
0 13.64+0.40 13.89+0.44 13.83+0.23
10 16.95+0.90 16.30+0.71 17.84+0.96
20 21.45+1.27" 19.61+1.44° 23.09+1.61°
30 26.65+1.43° 23.01+1.50° 28.514+2.22¢
40 31.88£1.97* 27.34+2.81° 34.03+£3.31°
50 34.83+2.28° 28.96+3.17° 37.3142.92*
60 36.95+2.88" 30.72+2.95° 39.71£2.73%

T FAT R AN R ING B 3R 22 57 ik 3 (P<0.05) 5
Notes: Values within the same row with different letters mean
significant difference (P<0.05).

AN ) PER 45 R T 4 B ARy ff R o 44 4R
(WGR) FlH 52 4= K K (SGR) By AR AL A& B An 1A 1
Fos, BAR BRI R (WGR) ik 5 E B K

40 -
30 |
20 -

10 F

PRI KR Weight gain rate/%

0~10 TONZO 20~30 30~40 40~50 50~60
FEFEIHA] Culturing time/d

K (SGR) b B IEAR ML . R 30~40 d 1 50~
60 d 4541 WGR 1 SGR Tt i} 3 22 5 41 , HAx et ]
BRI AR REZH (9 WGR Fl SGR ¥ K i &5 , i g4k
T Ak 2 5K, LA IR A e 4 R vk e £ 4 (1) 2y 10 24
2 TR AR R B 4h 8. (P<0.05) , B tR
2H AN vk i fn 2] 2 8] 6 3 2% 55 (P>0.05) o s
WGR F1 SGR HE AR AR b, #a #4411 75, Bifi 4 7% 5 B (1]
(A JE AN [ R IR 48 1 R 7 i %) £ 1) WGR
A1 SGR B W 19 T R

AN ) RS M T 4 B R Bl il T 3 T RL R
B AR 22k 3 R, Hdh g ikl
BTG A R H A A 2 [R) T i 3 25 5 (P>0.05) 5
L ERE 2 B0, UK EE £ 20 i B (P<0.05)
3 WK T R Uk 22 R A R A R AR A (P<
0.05) 5 [F)Rf HiL , ol 45 4 5% £ 2R 1M 5 AL Bl R 2473
i F R AR (P<0.05) , 1 vK fif 0 41 5 Bk e Rk 4 2
] TG . 3 25 5 (P>0.05) .

N
d

O vKE£a.41 Tced trash fish group
W Akt k4] Expanded diet group
W FPIRAARI4] Powder soft diet group

()
T

[’}
T

—
T

e A KR Specific growth rate/(Yo/d)

(=}

0~10 10~20 20~30 30~40 40~50 50~60
FEHHHE] Culturing time/d

DR T ARG P REF RN Al (A R AR ) 25 S B 2 (P<0.05)
The different letters above the columns indicated significant difference among different feeding patterns at the same time (P<0.05).
E1 AEREAXFERFHERESKEMEEERKENZMm

Fig.1 Effects of different feeding patterns on weight gain rate and specific growth rate of juvenile 7. flavidus

F3 AREIERHERIFE R T EAEE B REMNER RN
Tab. 3 Effects of different feeding patterns on survival rate, feeding rate and feed conversion
rate of juvenile 7. flavidus

i H Vit ZH (G1) AR (G2) KRG EHA (G3)
Items Iced trash fish group Expanded diet group Powder soft diet group
NG % Survival rate/% 76.67+5.77 85.56+5.09 81.11£5.09
TH K} 2% Feed conversion rate 3.36+0.46" 2.08+0.06° 2.71+0.19°
K Feeding rate/% 3.89+0.45° 2.12+0.06° 3.58+0.10"

T RTINS R R 225 B35 (P<0.05)

Notes: Values within the same row with different letters mean significant difference (P<0.05).

2.2 AREERRBHEERHER S

P N o OGN R B R 2 AP 2 i)

AR DT R R NAEYRE 85 16 h I NEWREAHESS . B A [ R

I [) 22 A SR 2 R R S (6 4) . HET6 h

I3 B AR T A AR T 7 B R R R P
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R e, vk R 2z IR R AR R i BRI DR A E A 4 L B (P<0.05)
HHEM R e, DS RF4h.6h.12h 14h R THABMA

x4 BETRAEREHEFAHENTVESLEN

Tab. 4 Percentage change of gaxtric contents after feeding different diets of juvenile 7. flavidus %
A ] H N E 57 L Percentage of gaxtric contents
Postprandial
time/h VKEEf 21 (G1) Iced trash fish group  WALAARIZL(G2) Expanded diet group  FrtRAAEHL (G3) Powder soft diet group

0 100 100 100

2 84.20+9.19 83.14+12.21 81.69+7.92

4 69.31£9.91° 64.51+7.18"™ 56.45+6.11°

6 47.83+3.12° 47.16+4.32% 42.96+2.81°

8 37.81+4.35 40.38+4.28 35.944+4.27

10 29.54+3.91 31.1843.43 26.91+4.45

12 19.20+1.29° 20.04+2.53° 15.06+1.99°

14 4.12+0.47° 4.98+0.69° 1.40+0.18°

16 0 1.16+0.99* 0

I : R B ARG PR R 225 .35 (P<0.05) o

Notes: Values within the same row with different letters mean significant difference (P<0.05).

i R ME SBR[ 56.45%, B A £ 4l AR 2R 18 NI 2= 12 hish, BN
R F AR DT B A B N E o BRI T AW HESS 80% 25 o AR IR v B £ 2H RS Ak 1)
G AR EHE S BRI (K 2) , S5REHAH3 R RE(R) T , V5 MR B > 2 455 0 >
FRBERY G AH O R R T 0.95, # B AF LG TeEOEAL, e A A S 7 7 AR A AY st 3 MR R R )
BT IR HR2ME 2 G RE FHSE M RE(R) M F , 1 I AR A >H5 Fp >
ART6 hENEYE RS E TGS H Qe S AT Ay i
B RHE T e, 4 h HINAY A A L E ik

100@ 100 @+
S AN S
§ 80 § 80 f
28 60 28 6t
= 40 % 40 F
ﬁ% 6.32x+93.84 R*=0.979 6 ?‘2% 106.806019% R=09593
o $,=-6.32x . 2=(). o 3,=106.80e0195 R2=(),
TS 20 6 12e+92.60 R=09773 = A 2 R * =
BT 5 ,=-6.16x+89.36 R™=0.958 2 v ET &b ,=104.40¢156 R*=0.969 3 o .
E O 1 1 1 1 1 1 o .:\ ..m E 0 1 1 1 1 1 1
8 2 4 6 8 10 12 14 %6 g 2 4 6 8 10 12 14 16
&L 20} A I E] Postprandial time/h & 20} B} E] Postprandial time/h
(a) ZeMEAEHY Simple linear model (b) F8%¥#5 7% Exponential model

1005

-o- pkfiffa 2] Tced trash fish group
& 1Ll k4] Expanded diet group
A FRIRIAEE Powder soft diet group

80
60 |

40}
20 L17=100.60-9.088x+0.172 82 R=0.9947
1,=99.00-8.866x+0.171 4x* R*=0.993 1
;=98 48-10.070x+0.244 3 R=0.989 1 .
0 2 4 6 8 10 12 14 16
G I E] Postprandial time/h
() FH H#EAY Square root model
2 AEEMEBETEERAEHEEER

Fig.2 Mathematical models for gastric evacuation with different feeding patterns in juvenile 7. flavidus

ELAEL/NER N
Percentage of gaxtric contents/%
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4l T 45 21 B HE 2 AT L3R, 1 2 AN [
PERBHEE MR 48 B 2R Oy i 1) S5 A 15 HE 25 B AL R O
T AR A AN [l B AR X 48 8 AR Oy fif e 1 S HE
23 B K2 50% . 80% A1 100% B 23 1) B G 1) 6]
IR S PR, T AT R4 B vkt £ Ak iR LR
PRARVEFY 50% H HEZS 19 BRI B[R] 43 518 6.33
6.29 F15.56 h, 80% & HE = (19 3L e B 1] 43 51 4

11.29.11.44 1110.43 h, #LH& & A FH B 50%
F180% B HEZs B I )11 55, A bR ek 2 1) 15 HE
25 B ) 40 J, UK B A 2 VK 2, B AR DR e
S B AN A R 100% 5 HE 2 38 i 8] 1 55
UK £ 2 PEE B HEZS B[R] DR 15.84 h g TRtk
TRRBHAL A 15.96 h, B2 AR TRDRFZE A R e o

x5 FREMRRTHEFRAHREBSHTRE

Tab.5 Optimal mathematical models for gastric evacuation with different feeding patterns in juvenile 7 flavidus

ikl IR R MERE 50% BHEA IS 80% HHESMEIE  100% B HEiAs 1o He
Group Optimal mathematical model R’ 1] (GE, ) /h ] (GEg, ) /h Bf ] (GE, ) )/h

QiR

UK 1] ¥=100.60-9.088x+0.172 8x* 0.994 7 6.33 11.29 15.84

Iced trash fish group

AL Fa R

WAL $=99.00-8.866x+0.171 4x*  0.993 1 6.29 11.44 16.31

Expanded diet group

Ty

AR =98.48-10.070x+0.244 3x*  0.989 1 5.56 10.43 15.96

Powder soft diet group

2.3 ARMER Y EEE MR R0

TERE B AR i ) R AR ERHS 16 hil T
JIE SRy BRI 1 R 77 AT 1 8 B 1 I 2 A
RN 3 s . e 3 PR 45 B AR 7 fili e
3 A BT ] AR R R 2 M U AR
BRI SEil B KBS R, B2k 3 0] — A 5
NS EER 2 N O e (O 3 8 3
PRI R AR ) S B B 1 e s, R Ak st
IR, UK EE a2 fe A%, LR 0.2.6 F11 14 hAb, 3tk

20

VR R
Amylase specific
activity/(U/mg prot)

0 2 4 6 8 10 12 14 16
5 A Postprandial time/h

1500

1000

JERAE IR

Chymotrypsin specific

500

activity/(U/mg prot)

Ak 2 R A ARk 2B ) D Ry il 1 1 S 2 e T Ok
124 (P<0.05) 5 i 107 Bl M 75, R A TRl R 4 d
i, KB LR BRI AR, LR 12,14 71
16 W4, BZ AR 4 i 7 G 2 02 o TRtk 1)
B (P<0.05) 5 WLBE AR I BEHG PRI 5, VK £ 4 1%
PEfRcR BRI R B A b2 e A1, HL A
B HEzs SE R 6 1110 his, vk 0 20 BE 8 11 i T
PE S AR TG b 2 25 S A AR ) 3 4 25 1
TR IR A A i L4 (P<0.05) .

50

&
(=)
T

N5 b
Lipase specific
activity/(U/mg prot)

0 2 4 6 8 10 12 14 16
)5 A Postprandial time/h

0O — Vk&ff4 Teed trash fish group

m - Lk Expanded diet group

| BRRGERE Powder soft diet group
a

0 2 4 6 8 10 12 14 16
{5 HE) Postprandial time/h

B3 FEFEFHFIALEIER 16 h MEFAEHHAEETL

Fig.3 Changes of digestive enzymes in the liver of juvenile 7. flavidus during 16 hours after feeding different diets
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B HEzs s AR, 5 AR Oy i 4 £ g 1 v UE A
T P i 7 Tt 3% A R B 1 T e 1) A Ak T [
4 BRI O A R AR AR AL R e R R R
K s, B HAAAE LA IR0 . Sk i rh e ) il
PR S, 5 I b BEAR AL, RIORY IR A} 2H 1Y
TRy I P R B AR RDRE A YR 2 DK e 2
%, HBR 0. 16 h &b, A tR Am) Ak 4 VE 3 it 7% 1 42 ik
F T UK EE A1 20 (P<0.05) 5wt A s il 05 1 1T 5
Ak Aok 2 e e, DK 2 YR 2 B R AR AT
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Effects of different feeding diets on the growth, gastric evacuation and
digestive enzyme activity of juvenile tawny puffer ( Takifugu flavidus)

XIE Zhilong, YU Xiaowen, HOU Wenjie
(Shanghai Fisheries Research Institute/Shanghai Fisheries Technical Extension Station, Shanghai 200433, China)

Abstract: To investigate the effects of different diets (iced trash fish, expanded diet and powder soft diet)
on growth performance, gastric evacuation, and digestive enzyme activity in Takifugu flavidus, a 60-day
indoor growth experiment was conducted with three replicates per group, each containing 30 individuals,
and the fish in all cages continued to be fed respectively with above three diets to apparent satiation. Gastric
evacuation rate experiment was conducted using the same dietary groups (three replicates each) , with
sampling of gastric contents at 0, 2, 4, 6, 8, 10, 12, 14, and 16 hours postprandial to determine
percentage residual stomach content. Meanwhile, liver and intestinal tissues were collected for analysis of
digestive enzyme activitiy variations. The results showed that: (1) From day 20 onward, the average body
weight in powder soft diet group was significantly higher than that expanded diet group (P<0.05), while
showing no significant difference from iced trash fish group (P>0.05). In terms of feeding rate, the
expanded diet group was significantly lowest (P<0.05), while there was no significant difference between
the iced trash fish group and the powder soft diet group; (2)In terms of the percentage change of gastric
contents after feeding different diets, the gastric evacuation rate was the fastest when feeding powder soft
diet, followed by iced trash fish, and the slowest when feeding expanded diet, with the square root model
providing optimal fit for all dietary groups. (3) In terms of the theoretical 50% and 80% gastric evacuation
times, the gastric evacuation time of the powder soft diet group was the shortest, the iced trash fish group
was the second-longest, and expanded diet group had the longest time, the 80% gastric evacuation time
was 10.43 h, 11.29 h and 11.44 h, respectively; (4) Live digestive enzymes displayed an "M" type
variation trend over time across all diets, while intestine digestive enzymes exhibited initial increase
followed by decline. Chymotrypsin and amylase activities in both tissues showed positive correlations with
substrate concentrations in respective diets. These results suggest that the physical properties of expanded
diets (e.g., high hardness and delayed softening) may delay gastric evacuation, thereby reducing feeding
rate. Coupled with its suboptimal protein content, these factors collectively constrain the growth potential
of Takifugu flavidus. This study highlights the urgent to carry out research on the optimal protein
requirements of Takifugu flavidus, and further optimize the expanded diet formula to improve the digestion
and utilization efficiency.
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