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Fig. 1 The dynamic change of gastric moisture content in Salmo salar with two sizes
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Tab. 1 Relative weight of gastric contents and water proportion in Salmo salar with two sizes

X +SD

L

A3 8] /h time

B /g size |
indicator 0 3 6

9 12 18 24

RWM  1.000+£0.222° 1.302+0.682% 0.822+0.368* 0.680+0.317" 0.442+0.294%¢ 0.252+0.266° 0.083+0.124 <0.001

176.15+27.52 RDM

WP 0.455+0.042° 0.699+0.049° 0.738+0.081°

1.0004£0.291* 0.665+0.210° 0.408+0.226° 0.322+0.193° 0.229+0.180° 0.120+0.113°¢ 0.023+0.048% <0.001
0.747+0.056™ 0.711£0.090° 0.686+0.120° 0.896+0.090° <0.001

RWM  1.000+0.345° 1.467+0.457" 1.117+0.424°

323.33+43.91 RDM

WP 0.476+0.080° 0.678+0.058" 0.693+0.041°

1.000+0.429* 0.898+0.368" 0.624+0.240°

0.890+0.272" 0.677+0.489% 0.528+0.204° 0.114+0.105¢ <0.001
0.461+0.123°  0.419+0.373% 0.267+0.199*¢ 0.040+0.045° <0.001
0.716£0.028"  0.693+0.041° 0.756+0.103* 0.821+0.057* <0.001

T [T [ A - 2R ] 5 1 1A B9 (.3 22 5% (P<0.05). Herfr RWM O B &y HIXHIREE, RDM 7 AN 5, WP o B & 47Ky

.

Note: Different letters in the same line indicate significant differences among different time points (P<0.05). RWM: relative wet mass; RDM:

relative dry mass; WP: water proportion.

22 TR KT e B HE S ST

EREIE 0~24 h, KRPUFEEES ST E
FUAEXT T EAL G AL 1 FE 20 PIFPRLAR K
PUVESES SR EITE 0~3 h B EFH(P<
0.05), 7E 3~24 h £FZe TRE, H T FEHIE Nk
(3~12 h)JF 12 (12~24 h)(& 2a, [ 2¢c), HH, /ML
M R PU b B S AR EAES 12 DT
50%, FEES 24 /NEHET 10%; SRR K VG Pk
TYASHEEREAES 12 /NS T 60%, 165 24 /)N

i 10%.

PR FRILAR R P P e I S A T AR B S
FRee FRE. Hoh, /NS T REEE R S (0~6 h)
JF%(6~24 h), TEHEEJE 6 h HE EWHIx T+ HA
F50% (£ 1, [l 2b); K T IEEHE N0~
3 h)JEHL(G~9 h)EE(9~24 h), A 6 h H
e YA T EI ST 60% (R 1, K 2d). Pifh
FURE K PGP A X T E 7R B 55 24 /hiH
T 0,
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a, b, ¢, d 3 HIFR/NASIRE | NIRRT E . SRS I AR T S O
Fig. 2 Gastric evacuation of two sizes of Salmo salar after feeding
a, b, ¢ and d represent the gastric evacuation condition of the wet mass in small size, dry mass in
small size, wet mass in large size and dry mass in large size, respectively.
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PEAETR BT HE HES RS BRIk
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D ARBE R X H T HEAS HA R BeK, SD A RSS
/b, AR E

T e B RS R T R 50% 1 80%7E B 1 25 it
[T+ 5 B HEs w R, B 50%0 5 H HE2s i
) 21 HEZS IR Y 2 5 A A o ATETRE LA A
BT EME, /INIKAH 50%F 80% F HEZS i ]

FE T AL, 99% F HEZS B R F RIS 4
3 itig

128 E S YK R A TR B L TH AR S W
At AR AR Sz b R R K G A
B oK s & EAERER 0~3 h B3 LF, If
TEFE S R fa e . 25, £ Sk % (Oncorhynchus
mykiss) 5 & YK & i RIS 0~6 h B3 L
T, 6~48 h PREFRRE A (Liu %, KRERTED,
R, R BB R, Kokl e IT
LR T HEA E S N, 25 B Nk K
PREFAHR - . AL, fEERE S 0~3 h, Pifh
B K VG e S AT 5 TR, i H AR
HRE LT, X UL RV R E S YT A B K
oy o AMEHEZS TEDRLTT & 0820 o Bl 2 R PG e T
R RS, WFP AR 14 15 5 W00 5 T 4R T R
B[R] BT AS R (ZNRRAS S 3 h, KELRS R 6 h), X3k
WK A3 % R FAE 1 8 & Wi o AR A5 T
IINEIAR 1) o
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Tab. 2 Comparation of fitting degree parameters of gastric evacuation of Salmo salar with two sizes
. ERg Bl e o S T
il ¥
ﬂ/-f%/g stomach content <% model A~ fitting formula X RA T2 Ty SD P
size R F1 RSS
type
2t linear  Y=1.141-0.047t 0.848 0.139 0.167 0.002
.
; gk ) Y=1.235¢ 07 0.802 0.182 0.191  <0.001
1 exponential
wet mass 2
o Y*=1.102-0.032t 0.850 0.138 0.166  <0.001
square root
S L SR
Lﬁ%gﬁ”’ Y=0.032+(1.137-0.032)/[ 1+(t/9.924)*77] 0.867 0.073 0.156 0.006
176.15+27.52 oglstic
2Pk linear  Y=0.770-0.036t 0.799 0.115 0.152 0.004
o
aE ) Y=0.989¢ 131t 0.993 0.004 0.028  <0.001
T exponential
dry mass PR Y*5=0.969-0.044t 0.961 0.022 0.067  <0.001
squareroot
’Eiﬂ.’%”’ Y=-0.232+(1.002+0.232)/[1+(t/7.153)"*]  0.994 0.002 0.026  <0.001
Logistic
2P linear  Y=1.309-0.047t 0.785 0.206 0.203 0.005
.
; i ) Y=1.339¢ 05 0.672 0.313 0.250 0.001
1 exponential
et mass 2
v o Y*3=1.156-0.026t 0.735 0.254 0.225  <0.001
square root
S 4L SR
Lﬁﬁ%ﬁ”’ =—0.262+(1.222-0.262)/[1+(1/16.555)>*°]  0.742 0.148 0.222 0.010
323.33+43.91 OEISLE
2k M linear  Y=0.932-0.039t 0.937 0.037 0.085  <0.001
.
{ES ) Y=1.050e "84 0.960 0.023 0.068  <0.001
T exponential
dry mass TR Y*$=1.004-0.031t 0.971 0.017 0.058  <0.001
squareroot
L&%%’EW Y=-0.445+(1.015-0.445)/[1+(t/15.141)"**]  0.960 0.014 0.068  <0.001
ogistic

R3 FWHARKEFERETHTREMBEH=HE

Tab. 3 Thebest fitting model and predicted gastric evacuation time of Salmo salar with two sizes

A /g size

EREE/ES

S A

H HEZS 1 [E] /h gastric evacuation time

stomach content type optimal model 50% 80% 992,
PTG EN Y*3=1.102-0.032t 12.27 20.34 31.31

176.15+27.52
TH Y=0.989¢ "1 5.22 12.23 35.07
PTG ER Y=1.309-0.047t 17.28 23.69 27.74

323.33+43.91
T Y*3=1.004-0.031t 9.63 18.06 29.16

TE: R 50%, 80%F1 99%73 3| #7n KP4 ik 18 HE s BN 50%, 80%F1 99%.
Note: The 50%, 80% and 99% in the table indicates the degree of gastric evacuation of Atlantic salmon is 50%, 80% and 99%, respectively.

CICE/V T S A IPNRES =k ooy i
AESE . iR 3 RO, [l — RS R PY PRk e AR T
SR B Hes R ANl b A AR R X
WA HHEA A R, R BR PRV A
Yy R ORI TR, X R W LA A
TR 36 9 A S R R P e A ) SE PR R O o
Pikkonen 45U HRIE B A K 4> L 0 4

R R, I MTRRARIR B LA RO . SRl
Hopkins %537 38 1 i 58 ( F 8 (o 4 B 10 5 )
BEMAEHEHE, SsHEMEENEREYR
oo M R PR . R, AR SR H T E
B 45 T3 1 P T R DR P T e HE A A L
RPEBIRL | R BB Y MY 43 A0SR
HRGEEEE FYEIEA . e 18 A i 1E )
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PSR RS ARSI b PR RS P
TR AR T s SR AR & SR HE s i
FER) T H T RS N S Seth 5 18 350
FE BB H I AP0 00 B HEZS R KA
Ry S Je RPN ST AR AR LI AR
1 HEZS R TR . U, B ROR
BTE 16 CF 32.94 g HLAE(O. mykiss)(/INIAK)HY
AT E B HES BIAUH PR BB, 105.15 g T 6l
(RS B AT 8 B HE S A R PO AR AL, I
Ab, AT F A AR SIS P AT RAS KPP EEER RS 3 h
6 h iy E YA E R, v & BN Y i IS
11701 (R PR A BN R E AT T AL Y
TR TR 1, 33X 1] BB 15 ol P A d5c
T8 S AR B R 22—

T KA DRV S 31 £k A0 40 << E s 1 R[]
a2 L E HeZs i) o AR fe A T B HE s
R NIRRT PERE 50%A1 80% 5 2 i 1A] 23 51
522 h Al 12.23 h, TWERELAE SRR 9.63 h Al
18.06 h, ixX 2 B AH [w] 3 B AN A R AEDEHKCE T, /)
TS R VUt B HEZS L RS PR o B PR R K
POV )5S Oh, 3h, 6 h Al 12 h B -SWHXT
EHFATAR, H2ZEE S8 0. 0233, 0.216 A
0.190 (J7 = ANZ2(EAHIT), 30 BH PR A RIAS R P v
i 1 HE s R M) 22 R AE R B )S 0~3 h 7R,
Aas ZEMURSEERETJS 0~2 h, MBI M FRDRH R
VO fk T s R R W 2 R T AR R TR AR RV
W, IWEWAHEHE RN E 2R, SRR
AT o Rk, RGN R S AT T
TR K A AR A i 2k AR, P <3iff Je 300 i R e e
AR B HEZS B W EEHF R, AR/ NAS KT
TSI E I T RS L T BB : (1) /MR
6 11 24 BT A TR A Qg o3 e 221 EL T i o4 T 222,
(2) KIS M2 E A7 T 2k, KT R
221 T AR I ) KK AR AR ]2 (3) a2k
Hh R )T S A A R R T BB S R g 1 HE A
(T R AL PO, 2, X T AR DR AR 0 4R
FKAAE VG ik 1] G T ] Rk O 2 5800 AL
LGP R v ) AN TR o = G T SR NN 14
H HEZS R

CAMFREM, aAEHEA BT 80%RT & Ak

FEAWRAZ 2T s R R A 2 A
I, ARSI A 80% T 1 H HEZs I a], W]/
R PG EE S PR A = rh R R R Y EIS S5, B
I, B SEBRAE PR TR 2 180 g I 320 g K P VERERE
R ML) 20 0 12 h A 18 hy teAh, i )S
K 2 5 e R TG e HE s B R), AR SRR
FER A ARVEIE LT, TR R SRR T R A
TR AL B A, DL Ak & R TE), AT
S IIEER 3w o

EARE RIS, FEF ARSI 1 B B HE 2
T, /NEIAR KT VP 99% 5 HEZS I ] K T R HIAR
(R, IXANRE LI /N RIAS 26T Ak 5 10 8 HE 2 R LT
RAAE EANG XA RE BB PR B A, R 4
BB A7 AR AR RLAE Y BT 0 Ih 2 SRR
G2 IR, DA R S SR 2 . TR, R T AR AT
SERTH 4 FhECHBIRIAN, 5 s S A i AR A A
PG EHEZS, AT 5 HERA 19 15 HE 2 i) ]
FLAE R A ReitE— 5T

4 Hig

B HEZS SR ZE R, PRI PG e T
B HEZS BRI T AR A S e HE S AE L. AR
(176.15 @)FIKHIA%(323.33 o) KUt fRfETHE
HE 2= MR S350 SRy BRI RIS HRAR A, i 4
[R50k 12.23 h 1 18.06 h, ASSLEeH, /NG
RVG i 15 HEZS SRS TR, X AT RESE T/
& BITH AL FT I T DR K A R A B R B

5% 3k
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Models for evaluating the gastric evacuation in two sizes of Atlantic
salmon (Salmo salar)
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Abstract: Water pollution in aquaculture occurs mainly due to fish feces and uneaten feed. Supplying excess food
to fish does not accelerate their growth; instead, this excess can cause issues, such as reduced digestion efficiency
and increased water pollution. Therefore, an appropriate feeding frequency must be selected to optimize fish
growth and minimize negative impacts. Matching the feeding frequency with peak appetite may enhance growth,
improve feed conversion efficiency, and minimize water pollution. The return of fish appetite is associated with
the gastric evacuation rate. The gastric evacuation of fish is affected by several factors, including fish size. To date,
only a few studies have been conducted on the effects of the size of the Atlantic salmon (Salmo salar), an
ecologically and culturally important salmonid fish, on the gastric evacuation rates in this species. Therefore, we
aimed to determine the gastric evacuation rates and associated mathematical models of Atlantic salmon of different
sizes and provide theoretical information for the feeding frequency in the context of aquaculture practice. The
gastric evacuation experiment using two sizes of Atlantic salmon (176.15£27.52 g and 323.33+43.91 g) was
carried out by analyzing the gastric contents. After adapting to the experimental environment for 27 days and
fasting for 48 h, the wet and dry masses of the stomach contents of Atlantic salmon were assessed at
predetermined postprandial times (0, 3, 6, 9, 12, 18, and 24 h) via serial slaughtering. Thereafter, the relative wet
and dry masses at different time points were fitted using four mathematical models (linear, exponential, square
root, and logistic models). The gastric evacuation time for 80% dry mass was calculated as the optimal feeding
frequency after selecting the optimal model for each size. The water content in Atlantic salmon increased signi-
ficantly from 0 to 3 h after feeding and then tended to be stable. Due to the moisture in the stomach, gastric
evacuation of the wet mass displayed a different trend from that of the dry mass in both sizes of salmon. The
dry-mass fitting model could reflect the gastric evacuation more accurately than the wet-mass fitting model. The
optimal dry mass gastric evacuation model of small- and large-size Atlantic salmon aligned with the exponential
model (reflecting a trend of fast and then slow) and square root model (reflecting a trend of slow and then fast),
respectively. The gastric evacuation times of 80% dry mass in small- and large-size Atlantic salmon were 12.23
and 18.06 h, respectively, which indicated that the small-size Atlantic salmon had faster gastric evacuation time
than the large-size salmon. In this study, a “lag phase” was observed within 3 h postprandial. Further, the “lag
phase” of the small-sized salmon was found to be shorter than that of the large-sized salmon, which caused diffe-
rences between the gastric evacuation models for the two salmon sizes. The small-sized salmon may have a faster
gastric evacuation rate as softening of the dry feed occurs faster with water during the early digestion of the small-
sized Atlantic salmon. These results could provide biological parameters and theoretical references for an innova-
tive feeding strategy applicable to the production of Atlantic salmon.
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