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Bra” EEmY #F OEY XkEY keEH’
FXAY BAWD HER
(1. B RFK= 54 am b L 2013065 2. 5 EERE SH AR S EEZ LB ZiH Rl RE S
Tyl RIRR R E HS 2660715 3. HEUKTRFEDIR BCE AR T F 266071 ;
4. SEMBPEOK AR ATR M 261400)

mE 18] BR SR FEF 5 A = & B BE & (Epinephelus moara Q x E. lanceolatus & )& & § H = - AE fn
WA B E R LI, KRR TR E H(680.35439.84) ¢ A FHMAEL T E NEHE S,

BT EAMER FTHREA T T EANEHT AN UAEE, 2N T AT RAREF LF
PEHEE, KRESEMAEEAEEETN, N EHEE S BB TR EMM. ERK
A, sheaeFGes, BHSFERANEEEHRBEENHMER, 3 HEARENGZ LA
AWM EHEERE, AP, THTBANSRRERE, DI FEA TR, ZABHAT 80%HF (R
FEARWK L) K 9.5 h, 100%HE(EhTEAKE)AN 148 ho MF FH A . K E & E XTI
FOHNEECER B, ER A B ) EHEREEH S BT A EAAT ERROES B,
mEFE R, RS BRI A EEEETAE, 0~3h LA EERKE, 3~6h W E AR £
Fev RS, HARR)E 6 h, fiFk o % B % 854 &M I N H 0 B E M3k 2 & & (P<0.05),
ZEERETHAS, shaaprd SR 5HNBERE EMX(P<0.05)., &L, £Tzh
LIt a BH SRR LAY, SAEF IR, ARREAKE G LIE, HEREN 10h
A, HHEE2 R, BEKE.
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Aok, B NS E OO 2R R 25 0 B HEZS kT
T RGNS, L ZFECEARAA B R, A
2t SR ORISR L S A
2012)E A 4381 T 5 I8 (Procypris rabaudi) %) 4 5
Hezs MR A R F 5 2007)M € T 3£ E 4L
(Sciaenops ocellatus)) 5 HEZS K 5 FH3EF55(2017) 1 B
T RF il (Sebastes schlegelii) % a1 H HE2s 4L
L% 8 A5 (2018) BH ffy 1 H MR M R X ¥k A A BE £
(Epinephelus lanceolatus) & HE2s 2% KO AL B RO 0
R, R HHEZ 22 A B NER R G ZHME
HERILEm, maRFE . Bk, FFRIRE .
TR | BRI (RIS, 2001), $RES, 2k
M R v, R A e
R E SIS E T, mMZEYEA X B i
W, AR R BRI R e, TR I A B R
PRANE L ERE ERAE L, s taRsatT o &k
MR, B R 5 A2 A BRI
At I AR AR A B AH G R AR IRAR ST
PRI, PR IR S v A 2 L TH AR BE AN 1 HEs Z Il G
F, AT TR ARG, Bl e e
T, MR RS M2 B R R 5 K

= ABA(E. moara @ x E. lanceolatus &)
Hp D K PR 2 R 5T B B i K PR 5 T 5 3R B 8 K
FEA BRI ) A BE R R, JEACAR S ey A B
fi, AN SO WA(E. moara), = A KAIFE
AR, HA WSS EFRME R AR
MRF s (BVLAE, 2018; ZRIRIMESFE, 2019; LB,
2018), 2016 4N i), P8 TR HEE .
T, X = oA Bt 057 = 24 i A R AR R A
PER BT . &y fa L B RN R B3 I R AL i OFF 18 55,
2017) LS 51053 53 0 B B v (E AR, 2018)
ST, A K e A BEA B B 5T 1 R DLk
B, ASCGHISWIR = AR AR R E SRR,
LRI | SOy AR AR N7 A 1 HEZS it 22 ny 40l
GBRE, WiEs AR a S S WRERCAER, A
W 2= oA B A S LT PP g A | e o B e AT
THALEES AR A, BRI = oA B 0 TR FE R
e, R SR AL R PR A SR AR S HE

1 #RERFZE
1.1 SRIEHH

S 0 SN B K = A BR A F R, JE150)2,
SRR M (680.35£39.84) g, K4 H(30.05+1.72) cm.,
SLEGRITES mx5 mx 1.5 mIFFE B 55 1E (502, 3t

3 FEFE ML), KR 18°C~19°C, ¥4 H9~10 mg/L, pH
}97.8~8.2, NH3-N<0.5 mg/L., KHIEHKEFE, FR
P2 (BIFE 12 h), Ml B 2R 515 & G A e R CHL
HH=48%, M =10%, MK/ <17.0%, Ca<
4.0%, MAR=2.5%, BWBE=1.5~3.0, S/ mJLT R
R EL )

1.2 EWRit5EmlE

SLEGIFAATT 24 h I, DA HE AL A )
JRHESS o SEERTFURI, FUR DR T — R PR 4
M, 1h UM . 7E8RMS 0. 3. 6. 9, 12, 15,
18 124 h, KK MEEAFEFAEH I 6 B, MS-222
(100 mg/LYRREF, fif S BORE o e 2 . IR MR,
FEFBKEUN, BT 1.5 ml 1Y EP & b, #+ & 15~20 min,
3500 r/min &0 10 min, BB, RAFET-20C, H
TR R o P R 0 i IO B L R
A, LIUEANR T B R MKy FRE, HE B NED;
FRZEIBK R0 E NEE, JE40N T FRE, Fif3E
2R E NAY) R R E) (G ATE S, 2011); JIF
WEFIIAL LT 20 CLRAF, TR DU AL B 1

1.3 HRAESIERET

1.3.1 fiF P R REAR HHELSENE I3 H
R B R R e A B R BRI i R
) % B 0 A AR A0 B AY 1E R A R R 4 B R RN
H,0,, Ja H e AR E T, Bk ik 4-2 0t
TR LR I S 506 408 B 5 T 0 S BE T R 1
i, PR A 505 nm, BN mmol/L, IfLiEH &%
Jo P R P S A A, 1) B T B Y A
FLHMAREAS, FIAAE Zbric iR AR, 78 37°C
THFE 30 min, £ PBST Pk 5 A, IASEFIZE HRP,
16 37°CTFHE 30 min, YEREIMAR AR, 37CRA
10 min, FIIAZLK LR, 7F 450 nm P R, 7
A ng/ml,

1.3.2 N ALEERg M E HERAFRE I E A A 2, 4%
() : AR (mD=1: 9, AR .2%AY £ H LR
K, VKA 24 FHLAE AT, 2500 r/min, #0210 min,
BRI, DAAERRER KL : ORGSR 1% 81513 . I
WEF B LU R, e . BERR IR . N5 i
F I 359 R F  r w R S, B R 562 .
660, 580F1660 nm, LR AUV 2800440 A] UL 53

St
133 RAZAHE HARBRRE I
AFN

P(%)=Wo/ W1 %100
K, P R —BURERTH ] S N A o (R E)
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MBS E RN E S, Wy RORTEAE— BORET [H] B
WA ER, W, FRLEOEERE TN EEE
/NG, 1998),

FHZME . STOTRAPE AR 3 AR R 43 ] 400
G oA B E HES RS . A BCE A S
mF.

PR, Y=A-Bt

SRR Y=AF+BA+CHD

AL, Y9=A-Bt

Krf, Y HENBEREWHRE;  HFEEN
mfEl; AL B, C. D NHHL,

K JHl SPSS 18.0 I GraphPad Prism 7.0 #E47 43
Gt i X B o At R M A A B A A O R
(R, FREFRHEZE(SDR), FR22F-J5 MI(RSSHHE, i
FE 5 oA BE o AR HE s AR

DAFH &R BORE 55 P9 250 22 (L (S) 1Y 2R X BB
55 BTk 0 f 160 B BB s i) (O A b Il )5, HL2RpE
TR

InS,=at+b

A, IR B RPR a B = e A BEf)

Wk st HE 2 2R (X T AE 5, 2005)

1.4 HESH

SIS KRR ] SPSS 18.0 B A7 BA N & )7 2243
Hr(One-way ANOVA), 422 Rik8| B E K, #4T
Duncan [KZH A, B0E T3 (H 45 HE R (Mean+
SEM)Z#R/R, P<0.05 HZESBE, 3 PRI S
A, B, C. D¥HGIHRAHEIT IR 5155,

2 #R

21 ZEAHEBH=HIERBH=&EE

WERWE, = AR E NAEY E 5 R
[ R (E 1), B/R)E, = kARl NE
W syt RS, 3~6 h 2B TR, |
88.5%% & 33.2%, 25 W #(P<0.05), 0~3, 6~15 h
BN A SN REHRE S, B JE 15h, HAAE

F=1

120

60 -

BARYWES

Percentage of gaxtric contents/%

20
a a a
0 & ®
0 3 6 9 12 15 18 24
BRI
Postprandial time/h
Bl 1 =kAadm B a2

Fig.1 The changes of gastric evacuation of Yunlong grouper

(E. moara Q% E. lanceolatus 3)

Bl LS EHpR R R, B2 R I/NE RO
(P<0.05, n=10), K
Data are presented as Mean+SEM, the significant differences
are shown in lower-case letters (P<0.05, n=10).
The same as below

YIRAHEZS, B TR e85 PR s 2

FIF SPSS HRAFHKs 52 56 25 5 5 5 4 B A 17 401
B, ATRNERPEARAY | SRR AY | ST O AR T A
AR HHEZ R 2). M RPRFE, LRI
MRBIHISZEPERIRL ;. N RSS SKF, MRS i1
FERISS7 5 AL )N SDR K, ZRMAR > 7 AR A%
RIS BRI 2), 4545 R°. RSS. SDR 455, 75
MERINT 2 A7 B £0 B HEZS A A BB e, HA K
7 Y=-0.001.+ 0.099£—2.6441+20.677 AR HE A X AT 15,
WG 14.8 h, BNEYEEHEE .

22 ZEAMSHELENIW

= e AT A AR (A 3),
WEJE 0~3 h, =z o B o JEF I PN 3 00 TG P T f 3 A
k., 3~6 h 228 FTFHEH(P<0.05), 6 h BF{E L F]
W {E(0.151 U/g prot), ZJai FE#aH, EHEE
15 h B, PN S A0 il 1 K A2 AT AR KT, T A
J& 2 oA BE£A i T P UE R TG 4 O S AR AR, HLIF
Pk PN R A9 Tl % 1 v T g PN D R TR 1 (1) 3A) T
DAL 4D 2 PTG . IO Tt 0 2 450 2 B T v s R R AR

ShADE BHTH&H 3 MEFEILS

Tab.1 The fitting with 3 types of mathematical models for gastric evacuation of Yunlong grouper
(E. moara Q x E. lanceolatus &)
7] Model A3, Equation R’ RSS” SDR™
LR PR Linear model Y=-0.757t+13.591 0.670 539.93 14.59
SEJ5 AR Square root model Y%9=4.4878-0.248¢ 0.943 92.76 2.58
37 Cubic model Y=-0.001£+0.0997-2.6441+20.677 0.946 88.790 2.54

T *: RSSOWIRZEFTiMl; **.

SDR k% 22 B by o 2=

Notes: *: RSS, residual sum of squares; **: SDR, standard difference residual
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80T \ @  — ZM:ARZE! Linear model
60 — -5 MR Square root model
I — .5 Cubic model

3 6 9 12 15

R
Postrprandial time/h

K2 mlef s EHas iz m 3 Fgcegiail s
Fig.2 The fitting with 3 types of mathematical models for
gastric evacuation of Yunlong grouper
(E. moara @ XE. lanceolatus &)

fead, HEMERMEE 6 h B, HIEARRE
(P<0.05), Bif5%% FF(E 3B, Kl 3C). [, i
PN JBE B 1A ARG 1 5 v T PR (P<0.05) 0 N3k 2 PR,
I A BE I B HEZS 25 T T AL R (G R 1 P9 TE R
fitf) 34 R IEAHSE(P<0.05), THALEEZ 7] JC 1 5 Ao

23 ZEAVANERREMEEENZN
e A BRE L3 S T R 2 B R R

24 27 30

Flsx B AAYI LA
Proportion of meal remaining/%
&

|
[\
(=]

STt E AR LR 4), BRI 0~3h, =
A BT PR A S R B TR, 3~6 h ARITHE
%5k B #(P<0.05), 6 h WMz &Rk
(21.02 mmol/L), 6~18 h B2 FFE##, 18 h 5 i+
A R AR (B 4A) o LT R S R ]
MR AL A R R, RS, i i b Rz e
FHREEITHE, 3~6 h 2URIEIN, 25 83 (P<0.05),
6 h i, H&HA8HE(152.6 mmol/L), 6 h 5, i
W RS R N NG, 2hE LR EER
(K 4B; P>0.05),

3 it
3.1 BREHTFRGERIRE

TR Z A, B 2T PE RN AL B 450 7 A 22
5, BN 2 R, MR E S
X FEEA 3FARAL. FLTREA, o5 e msig
JE PR A R 2R R S A | AR A A
FB B AIRIAFAE WA, IR G e B
%k, BHE X HEL TR, WNBE(Acanthopagrus
schlegelii)(7K % 5F, 2001) , SEE LT (4R T4, 2007);

R2 ThARGERAHT=RSHABEREXES R
Tab.2 Correlation between instantaneous emptying rate and digestive enzymes in Yunlong grouper
(E. moara Q x E. lanceolatus &)

BgmHEZs R JHFRE Liver 738 Intestine
Instant oz , o ,
JEH Ttems emplying rate VEBEE  BEEARS  MEDING VERES  BEEAR ISR
(a) Amylase Chymotrypsin Lipase Amylase Chymotrypsin Lipase
IR 4122 5 : 1 0.843"  0.759" 0.725°  0.401 0.762" 0.943"
Instantaneous emptying rate (a)
JIFVERI B Liver amylase 1 0.463 0.471  0.070 0.688 0.552
JiF B8 25 (1 i Liver chymotrypsin 1 0.659 0.167 0.624 0.600
HFNEWi i Liver lipase 1 0.363 0.609 0.719"
WvE i Intestine amylase 1 0.415 0.425
M BEE B Intestine chymotrypsin 1 0.654

W 6 Wi i} Intestine lipase

1

e o* MSRMETE 0.05 KEBEFGELE); **: HKRPETE 0.01 KB ECNUR)

Notes: *: The correlation was significant at 0.05 (single tailed); **: The correlation was significant at 0.01 (two-tailed)

b

-~ JFAE Liver
- 738 Intestine

r - JFAE Liver
= 738 Intestine

ab
ab ab

[\ w E w
T

e Rl

Lipase activity(U-mg™ prot)

a
a

d d d.dd

B
Q -
£ 020 - JFE Liver 120 ¢
Tw b = J773H Intestine %ﬂ 100 b
w B OIS | #H D
f 2 £ 2 80
2 2010 | Bz ol
& 2 % 2
2 I
B =05 | wig Y
2 S 20t
> 3 d d
5 0 1 1 1 1 1 1 1 1 E 0 Y P
0 3 6 9 12 15 18 24 2 0 3
Q

& /5t E] Postprandial time/h

&[5} E] Postprandial time/h

0
9 12 15 18 24 0 3 6 9 12 15 18 24
&5t 8] Postprandial time/h

K3 mleasmbie 24 h WIHCEEE L
Fig.3 Changes of digestive enzymes of Yunlong grouper (E. moara Q x E. lanceolatus &) within 24 hours of feeding
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&5 A Postprandial time/h

Il
18 24

TYE PR S &
Content of glucose in serum/(mmol-L™)

LT B R A 5

Content of cortisol in serum/(ng'ml™)

50

1 1 1 1 1 1

0 3 6 9 12 15 18 24
B & J5HTIA] Postprandial time/h

(=]

K4 mJe BB 24 h YL b 2 0 A B S A2 A

Fig.4 Changes of glucose and cortisol in serum of Yunlong grouper
(E. moara Q¥E. lanceolatus 3) within 24 hours after ingestion

VNG Y h g a2, 2800588, Ak
FRBMEA M NFEHEZ 72, 0. ¥ it (Pelteobagrus
vachell)(FLE 4, 2011), Je B F AL (Oreochromis
niloticus)(FMFRIESE, 2011), ABFFEH, TR = oA B
R AR AR I T LT AR A MR ek | IR ST TN
Ll 5 Ve R, = A5 E Hzs oy AR 5k

12 J5 PR R H AR B4 1 (Nibea japonica)(R = 155,

2013) ., 2 Wit fi(Acipenser gueldenstaedtii) (3K %45,
2015)H S BRI B HE= O,

20 E HE U e R, Infrl s R
I8 1) B HE S B R A AR R S, Jobling(1981)
R LABCA R TEAL T M2 B s ARk . RS, 451
W E LI T UBCF RIS B HEZS R EoE
EANAAT e 38 A B AR LA B S TR
[B) 22 5, A ZAR i ARG S A T IR A W 5% o HL AT,
B UL AR FU A AR AT 2R PR R | 8 BT RS- AR
RERL 3 PR IESE, 2001), AT, ZetEpin | oF
DA AL | N7 S RL I AT LA S A, AL S
ST BB, SEOTIERIELG B 45 fE . Ruohonen %5(1998)
XFUT 88 (Oncorhynchus mykiss)WEFE & B, TEHWGE
15 h, HAEDIHLE S, HEHEHEZ KL
80%~90% (X ME)5 6 h), HEMCEEAKE, I
Ph, WS 6 h AE i idi R ] F% o Riche 55(2004)
Xt Je B % B £ (A 5T R AR AT DR S 3K — i o MR8 N7 7
RN, e AR aAERMESS 9.5 h B s &K
k3] 80%, 14.8 h i), BHHNEYEHBHEE .
3.2 HLEREMS T

et IR NS NN by 1 N e =1 N
G T T R 2T 24 2R il , R T T AR b 5 i 2 7
YR TE AR, SR 2R AR R F (Vera et al,
2007), ARGz A . AABRE . &k

AU BSENTER R AUKIR R A REE SN R R S
[F] el (B 45, 2011) S PEANTE], JHALIE NIH AL
it 2H ORI PEAFAE 35 22 5, B MR 2R A R,
I AW S A I8, 3 R TS R
FHA ALK E S, 2012; 715, 2002; RKH,
2014)c ABFFRER R, SRSz e A BE AT A
W 1 PR AT P 8 S AR A A, LR T A i
PRI ATt 53 A1 A I A [) o JHF U 3 o il 222 S T s e
TRAY AR RS, 3 N Ve B 1R JC W25 8 1k, il
DAY B A P R T M e R T T PN B A R L AR I
it 7 JHJUE 0 7 3 A 95 M 1 B e TR S R IR i
5 W 15 55 (1994) X 8] 41 (Siniperca chuatsi) . T
(Mylopharyngodon piceus). #(Cyprinus carpio). #
(Carassius auratus). %.fi(Ctenopharyngodon idellus)
ik (Hypophthalmichthys molitrix) B AL B T RO 57
AR S 7RISR, Rt B TE R
it 175 P T A N TR A TS e, (L RN T
TE 3 Tt 105 P W AU T T N A T o AT AR A
(2005)%}F KZZ B (Scophalmus maximus)HFFE KB, %
JEIK i B T FNGE R 1 AR, I K A 2R 1 Y g

B . SSIHALRE A ), PR 22 5 b SR 23 3 JRUH:
25 3 A 2 RIBIEPEAR] . Santos 4£(2016)WAF 1 T
RIS . = ATEa/E R, HEERA
TR 0 R B 2 = IR P, TRl S HE
25 R G T 2 35 TE A DCOC R

3.3 MREBEFTH

WL h ) il P e A R 4 WL A AR
SR EAAE S B, RE S LA P A R
AP S YRR TS DL ISR, 2014), Fuentes
FFE(2013) KB, B IATAE S W FL B W) I A 488 £ 1) 42
DL, 8 2 8 ) A X £ 2 ) 5% 0 A 4 o 2 A 9 A
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B RBEUN R, 1R 2 5187 a2 s 3R i
FIHEEC, Milligan %5(2003)%F I 6 i AIF 98 B, B o
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Characteristics of Gastric Evacuation and Feeding Digestion in “Yunlong”

Groupers (Epinephelus moara @ x E. lanceolatus &)
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Abstract In the present study, the gastric evacuation rates, hepatic and intestinal digestive enzyme
activities, and serum glucose and cortisol concentrations in “Yunlong” groupers (Epinephelus moara Q@
E. lanceolatus 3 body weight (680.35+39.84) g) were evaluated to illustrate the characteristics of gastric
evacuation and digestive enzyme activity. In addition, the degree of fitting of the gastric emptying curve
was analyzed using a linear model, square root model, and cubic root model. The gastric evacuation rates
of “Yunlong” groupers exhibited a typical curve digestive pattern (slow-fast-slow) during the gastric
evacuation process. All the three mathematical models could fit the gastric evacuation data of “Yunlong”
groupers; however, the cubic model obtained the optimal result. According to the cubic model, 80%
(appetite basic recovery) and 100% (complete recovery of appetite) gastric emptying occurred at feeding
after 9.5 hours and 14.8 hours in “Yunlong” groupers, respectively. The hepatic and intestinal digestive
enzyme (amylase, chymotrypsin, and lipase) activities increased significantly from 0 to 6 h, and then
decreased from 9 to 24 h during the gastric evacuation process in “Yunlong” groupers. The concentrations
of serum glucose and cortisol corresponded with digestive enzyme activities during gastric emptying in
“Yunlong” groupers. In addition, serum cortisol and glucose concentrations and digestive enzyme activity
increased slowly from 0 h to 3 h, then increased significantly from 3 h to 6 h (P<0.05), with the highest
values obtained at 6 h, and then decreased significantly until gastric evacuation was completed (P<0.05).
In addition, the gastric evacuation rate was positively correlated with digestive enzyme activity during
gastric evacuation in “Yunlong” groupers. In conclusion, the results reveal that the optimal interval
feeding recommended is at 10 h and twice per day, based on the gastric evacuation rate and feeding
digestion characteristics of “Yunlong” groupers in captivity.

Key words “Yunlong” groupers (Epinephelus moara Q@ x E. lanceolatus 3); Gastric evacuation rate;
Mathematical model; Cortisol; Glucose; Digestive enzyme
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