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Fig.1 Cross-section of Crassostrea hongkongensis

H: SE (G a2 5e R HIEE);
MR: 41 B (S E IR R AN 2 258 TR H R BY).

H: Shell height (vertical distance from hinge to shell apex);
MR: Marginal retraction distance (vertical distance from
outermost mantle margin to shell apex).
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Fig.2 The impact of different preservation methods on the survival rate (A) and quality loss rate (B) of C. hongkongensis

22 ARREARAMESHGFENREDS TN
spAn

PR3 3 3 A P AT AR N T ) B R A 3
Jim o B s L us 7e AL T (BD) B K W AT B TR E A0k
230 MPN/ 100 g, AFFA B2 K7 it A 4 R et b
3R (<30 MPN/100 g); HHb)E i K T o s AR
9.2 MPN/100 g, REFF& LidbruE, doff & FE 2k
A IR T B 5K (<300 MPN/100 g); 74 skt ik i
(¥ 3.5x10" CFU/g FEARE L5 B9 1.9%10° CFU/g,
T BBE G AL T IS Y75 6 1 B i A WA v 25 D 23 %k
Bk DL 1 i A M BR S BR i (5% 10° CFU/g) (TLHAAEAE,

2015), B & S ORI AT T TR T 1L S AR
FR I, R U 2 0 A A BT 3k B B P AR
Bt PR35 I IR) B A1 TRV S KA T T R
Bt b, CK ARMAFF AR ARG 1 dJ5ik3]
445 MPN/100 g, TH75 B 7 Kik 1.4x10° CFU/g,
S A W R BRI s PL 2H R T T B R AR AR T 4
3 KM 36 MPN/100 g, B i BREHBREEARE, PRI 7 K
330 MPN/100 g, AFATREIDIZFEESR, HiESEL
FEE 9 KoM 5.4x10° CFU/g, B FRERRIE; PD 41 KIFT
RS 5 Kis%] 110 MPN/100 g, # et B B FR ik,
557 KA 210 MPN/100 g, %% 9 KA 535 MPN/100 g,



DA AAT A VS W R T S e 2 i AR 5 o T e AR e T A A 7 5

217

F2M
E r A = CK#H
g 6 - PL#H
Z - PD4 b f
S3r ;,.—"'
2l
&
=3
i
W2
izl
il
N
_I< 0 | | | | | | |
BD AD KAld KA3d KA5d KA7d KA9d

21 5 Group

' B = CKZH
-+ PL#H
- PDZf

.
[

R BB B [1g(CFU/g)]
—mwmoe o w0

BD AD KAld KA3d KAS5d KA7d KA9d
#H 51 Group

B3 st R B P R A R AT R R (A) . BT BB AL

Fig.3 Changes in E. coli (A) and total bacterial count (B) during the preservation process of C. hongkongensis
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K MEIESS 9 K M 3.4x10° CFU/g, 8BRS FRiE,
3¢ B B U5 o 0 1 A A BB S S0 R TR A R 1Y)
BABE , A AR KL TC K PR 00 0 0 P PR R B A
K EE, (R 9 d JEF & BREE PR EZE R

2.3 AREMRET XX & B KRS BB &
fEFE AR 200

WE 4 Fw, Gl a4 w50 2 0 525 22.73%
(P<0.05), JC/KPRIG 9 d i, CK4LFN PL .00 %455
T F% 86.14%7F1 85.45%, PD £HAE KA1d B A0 F 5
BLIEHIMT 40.75%, JRFEPIHIGEASE T, 4L
2 B GEIRVE N R M B0 T, AR A IR 8
Sl g, TN Co M Bk 20 LA 2R i 0 R A AR
3K (Mota-Rojas et al, 2024), {HAETE L FEH PD LAY 0
FIRA T CK 4180 PL 41, FWABUKIRIKIR AE%:
T 1 24 5 A 00 JC K R TG S B0 R K FFE R T A
iR TARREFEME LT 28, I UE SO Z ] 1T Al
DL 1 A 3R b

DU 45 11 % (MRR) 38 5 45 DS 78 A2 ) S0 A1 54
B, AbERE R AR 2N DL FE T ) IR R FR I o 46
WRAE VAT G TG i 2 22 f0(P>0.05) ;558 4 W AH
Fo, JoAKARE 9 dJ5, CK #4ihR ETHT 4.60%,
PL 41 R T 13.49%, PD 4 FFET 19.06%, FKMHH
fEALFRRERRAR AR DA/ R, ] L i FRAIRER B
o FACI L FE , A AR A BR 4R TS
T IE] 1 o 0T 5 A R

A1 [ 137 B[] (MRT) A2 458 DL 2k 32 31 21 AL ) 34
J FLAMEE B R 30 A 20 20\ 5 4 i JR bR 2 B e R U
ARSI B R] o 40 R Jo Bof () 7 Ak 1 JS TG I 3

AL (P>0.05) , FELR 5 1 16]) PD 41 &I T HoAth 2 4,
& B A 25 VIR PR 355 A B 472 e 7 i (] 55 M A /)N
AR S UKIRAL BN 2 Wil 25 1 55 DU Y PRI 5 7, A
PRIFHR 2 LR A PRGHE S2 N BE T, 33 % 37 A2 i i DL 2
() B 38 7 M BT R 3 S

P41 52 WLBL 7 (AMF) 46 X7 DL 28 1 1) 52 ILAE DL 5%
PG e R v s AR B SR ORI g, 38 DL (N S
7 o 15 P 52 ILRE 3 7E ¥ AR IS TC i 3 22 46 (P>0.05),
1% 9 d J5 CK AEAHEHT T 96.57%, PLAIF
BT 92.62%,PD ZAL TR T 0.17%.7F KA1d Fl KA9d
B, CK 418 F(%T PL 41, ARG AL BTG
P e WL ) 1 B S 2 R IR 25 R R R G i
W 7 3 i v T I I g P AL O XU, 180l S B
AR I R R T 20 24 h AR AR S R RIAE
G5
2.4 AEMRIEF XX E B G TT KR E B B @R

(tA:b-A

CK ZH AL F & e OGS R hise sh e K, 78
KA3d B 2% B, KRS FRERE 7.01%. PL 41401k
Ja e R, ARG ISR 7.43% TR 6.04%,
B 5 AT (B T2 7.11%. PD 2 ARLEE 1H & B AE AR T
SRR ARG, N 7.43% FIE R 6.71%, B )5 [T+
£ 7.16%, VKRG BRI E S,
I TR AR, DT S R S R ).

TRIGEHAMRE], CK 4L ig 7 & ek 5 R R 3,
AT AR N HOIRASTR , B D 1 S i it it 4 1 S Il AR LA
R R . PL AfEd s & LT, REk
Ab PR BRI 2 A 7 R BE . ORISR 9 d B, PL 4



218 wool B o R %47 %
g -WmCK#4 2 .30 mmcK4 b
z PL# S PLA|
g PDﬂ "é 25+ PD#H
261 Aa g bedef Abedef Athbcde
8 Aab =20+ Abcdef Bbede Bbcdef
2L A"”‘:Abc Abc ] Acdef Bdef
2 5 Act
S4r s Pf
=27 ¥
Bf R T
.Bf Cfo &
0 0
BD AD KAIld KA3d KA5d KA7d KA9d BD AD KAld KA3d KAS5d KA7d KA9d
245 Group 2H 51| Group
8- -CKZH C 50 - -CKgE_ d
¥ PL4] = PLEA
= PD41 AaAa E 40 PD4] Aa
=g T sy !
= = Ac 3
5 Ac Ac £30f b
= ° 2 c 1
= o 4 <
m E ot BcB
= k= L cBc!
ﬂ 5 B4 Ad % 20
= éz L Ache ¢ N Ade et
8 Bf 210} Befg | pgy Bfg Afg
~ Ag N fg Bf Bngfg
0 B ¢ 0
BD AD KAld KA3d KAS5d KA7d KA9d BD AD KAld KA3d KAS5d KA7d IQ—\9d

#H %] Group

#H 51 Group

Bl 4 s Ok 16 o 7 v A= i A AE S B 9 22 £k

Fig.4 Changes in vital sign indicators during the preservation process of C. hongkongensis
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Fig.5 Changes in metabolism and stress response during the preservation and circulation of C. hongkongensis
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Tab.2 Multiple linear regression analysis of crude protein content in oysters
o PR RS RN RAHGT -
Model Nons‘ta.ndard Stapdard T Collinear statistics Ge it R* DWIH
coefficient, B coefficient, Beta %7 Allowance  VIF
‘i & Constant quantity 8.298 5.713 1.235 0.552 2.498
Xi 0.003 0.107 0.151 0.224 4.466
Xy -0.051 -0.342 -0.841 0.676 1.480
X3 —0.046 -0.157 -0.269 0.329 3.043
X4 —0.082 -0.592 —0.956 0.292 3.419

T X ML, % AN, s BT, xq AHMERRI RN ], T R H AL 70 AR 5 1 W35 Pk, F O R A R i
BEME, DW ZRFEARI M, R ZREBEMMMARE ., TR,

Note: X, is heart rate, X, is border contraction rate, X; is muscle tension, X, is mantle response time, T represents the
significance of the independent variable to the dependent variable, F represents the significance of the model as a whole, DW
represents sample independence, and R? represents the degree of fit of the model. The same below.
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Tab.3 Multivariate linear regression analysis of glycogen content in oysters

ey FEPRAEAL 2R B P R AL iié)%ﬁéﬁfr% .
Model Nonstandard Standard T Collinear statistics Gt R R* DW i
coefficient, B coefficient, Beta %% Allowance VIF
‘i & Constant quantity 9.404 1.707 27.255 0.965 2.263
Xi -0.013 -0.039 -0.197 0.224 4.466
X, 0.829 0.416 3.631 0.676 1.480
X 0.224 0.057 0.350 0.329 3.043
X4 —1.945 -1.039 -5.975 0.292 3.419

FZARAL . y=9.404-0.013x,+0.829%,+0.224X:—1.945X, ,
Hrb, y AR, x A0, % BEEINE, x5 L
1, Xq P HEE R SO B[]

2.6.2 AR BT E R TG 56 ] P AR AR )
TIPKS RS, 722875 (2022) 560 00E 77 6 i 38 Atk A 1EIE ok,
BB A S | ISR —BUNREAS , BURERZINAH 45
b, BEPLELC 9 HEHRHEAT IR, BRI B ULER 4. 4%
S S BRI S AR A BT S 1Y 2 o0 2k [l A 5 R

W, TR R A

B BEALI A O ZH S0 E S KA A A Y
BR335SR 1 2 RO D 1 O
FLAR A 0 TE 5 SEPR(E AT EL 25 R WL 7a, B
JE 5 UL IE o, R 7 AT, 9 AR BRLEE
B RV I 2 WO (. REAR 40 1) i W SEBRAl, P 343
LRI 3.46% .6.12% , BIVERA R 5351 H 96.54%
93.88%, eI T AR A TR A6 5

R4 EGRHEHERSRRERIEHELD

Tab.4 Summary of experimental data for vital sign indicators and quality indicators

Fe o e ERUES Ik D} M 7 R[] HEA It

No. Heart rate/bpm  Mantle retraction ratio/%  Muscle tension/N  Response time/s Crude protein/% Glycogen/(mg/g)
1 25.00 16.22 7.01 0.12 7.10 23.44
2 23.00 14.67 6.57 0.72 7.60 20.71
3 19.00 15.07 6.01 1.16 7.53 19.51
4 16.00 15.48 6.05 1.66 6.99 19.76
5 14.00 14.00 5.98 2.01 6.84 18.61
6 10.00 16.47 5.99 2.03 6.96 18.42
7 10.00 17.33 5.09 4.4 7.20 17.49
8 8.00 16.70 5.02 5.00 6.77 12.71
9 6 14.06 4.07 5.10 7.49 11.08
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Fig.7 Comparison results of crude protein and glycogen content prediction
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Establishment of a Predictive Model for Changesin Vital Signsand Quality
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Abstract This study was conducted to explore the effects of different survival methods on the vital
signs and quality indices of Crassostrea hongkongensis and to establish a prediction model. Three
hundred oysters were divided into a control group (CK), purification group (PL), and ecological ice
temperature dormancy group (PD). The experimental period was 9 days without water. The survival rate,
microbial content, vital signs (heart rate, contraction rate, adductor muscle tension, mantle response time
index) and nutritional quality (crude protein, glycogen, water, lactic acid, etc.) of each group were
monitored every day. The results showed that the survival rate of the PD group was 96% after 9 days of
survival, which was significantly higher than those of the CK group (61%) and PL group (70%). The mass
loss rate of oysters in the PD group was 4.78%, which was significantly lower than those of the CK group
(15.99%) and PL group (11.68%). The results showed that purification and ecological ice temperature
dormancy treatment of C. hongkongensis significantly reduced mass loss during water-free survival, and
ecological ice temperature dormancy and water-free survival treatment after temporary culture
purification slowed microorganism growth. Among the vital signs evaluated, the decrease in heart rate
(79.55%) and loss of adductor muscle tension were lower in the PD group than in the other groups,
indicating alleviation of stress injury, an increase in the edge contraction rate, and slower mantle response
time in the PD group. Among nutritional quality indicators, glycogen and fat consumption were
significant. With the extension of the survival time of glycogen, the glycogen content in the CK group
increased significantly more than that in the other two groups, and the change in the lactic acid content in
each group increased with prolonged survival times. However, overall, the range of changes of quality
indicators in the PD group was smaller than those in the other two groups. Additionally, quality reduction
was lower in the PD groups than in the other groups, indicating that ecological ice temperature dormancy
in the PD group slowed quality reductions by reducing the metabolic rate. Among the indicators of
oxidative stress, the catalase activity in the CK group showed a fluctuating upward trend throughout the
survival time and increased significantly at KA5d (survival time) (P<0.05). The catalase activity of the PL
and PD groups showed a gradually increasing trend, indicating that under dual stress, the body's oxidative
stress was enhanced. Catalase, an antioxidant enzyme, responded to oxidative stress to clear the
accumulated hydrogen peroxide in the body and protect cells from oxidative damage.
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Correlation analysis of the vital signs and quality indicators in the PD group showed that crude
protein, glycogen, heart rate, edge contraction rate, adductor muscle tension, and mantle response time
were strongly correlated. Based on the results, a multiple linear regression equation was established. The
predictive regression equation was used to determine whether there was a collinearity problem between
samples by the variance inflation factor value. Durbin-Watson statistics were used to evaluate the
independence of samples, and R® was used to evaluate the fitting degree of the established model.
Considering the above factors, a model with crude protein as the dependent variable was established: y =
8.298+0.003x,—0.051%—0.046%:—0.082X,, where Yy is crude protein, X, is the heart rate, X, is the
edge contraction rate, X; is muscle tension, and X4 is the mantle response time, and R*=55.2%. The model
with glycogen as the dependent variable was as follows: y=9.404—0.013%,+0.829%,+0.224x%;—1.945x,,
where Y is glycogen, X, is the heart rate, X, is the shrinkage rate, X3 is muscle tension, and X4 is the mantle
response time, and R?=96.5%. These results showed that the independent variables of the two prediction
models could explain the dependent variables.

Using technology to keep oysters alive without water at ecological ice temperature may significantly
prolong their survival time and maintain their quality. The model provides a theoretical basis for
monitoring oyster activity in actual production.

Key words Crassostrea hongkongensis; Ecological ice temperature; Vital signs indicators;
Nutritional quality; Multiple linear regression model



