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Commercial boiled frozen ark shell Scapharca subcrenata (BFAS) is generally used as a seasoned seafood products.
One problem facing the industry is that quality decreases during thawing. This study investigated ways to improve
quality and shelf-stability of BFAS for use as a non-thermally prepared seasoned seafood products. The Viable
bacteria were detected in BFAS after thawing under running water, but were not detected after blanching for over 2
min at 95+5°C. Blanching and dewatering times were optimized by response surface methodology (RSM) to reduce
the initial number of bacteria and improve BFAS texture. Experimental design was deemed appropriate because no
significant difference (P>0.05) was observed between predicted and actual moisture content, hardness, and overall
acceptance values. Optimal blanching and dewatering times were 210 s and 80 s, respectively. Optimized blanch-
ing and dewatering processes can significantly improve safety and BAFS qualities including texture. These results
indicate that BFAS demand as a staple for home meal replacements can be increased by application of optimized
blanching and dewatering processes, especially in Korean seafood processing companies where running water thaw-
ing is common.
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Table 1. Symbol, experimental range, and values of the indepen-
dent variables in the central composite design for optimization of
blanching and dewatering time for pre-treatment of boiled frozen
ark shell Scapharca subcrenata

Range level
Independent Symbol
1414 -1 0 +1 +1414
Blanching time (sec) X, 95 120 180 240 265

Dewatering time (sec) X 3 25 60 95 117
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Fig. 1. Three dimensional response surface plots for optimization of additives ratio for based on Y, (Moisture, g/100 g), Y, (Hardness, g/
cm?), Y, (Overall acceptance, score). ' X, Blanching time, sec; X, Dewatering time, sec.
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Table 2. Central composite design of independent variables for op-
timization of blanching and dewatering time for pre-treatment of
boiled frozen ark shell Scapharca subcrenata

Coefficients Run Coded values Uncoded values
assessed by No. X, X2 X, X,
Fractional ! . - 120 25
factorial 2 +1 -1 240 25
design 3 -1 +1 120 95
(4 points) 4 1 “ 240 o
5 -1.414 0 95 60
Star points 6 +1.414 0 265 60
(4 points) 7 0 -1.414 180 3
.......... 8 0  +1414 180 117
_ 9 0 0 180 60
geg;i'tsf’)o'”ts 10 0 0 180 60
11 0 0 180 60

'X, (Blanching time, sec). 2X, (Dewatering time, sec).
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Fig. 2. Photograph of a probe TA-7 blade (A) and boiled frozen ark
shell Scapharca subcrenata for measuring (B).
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Table 3. Changes in the viable cell counts (log CFU/g) of boiled
frozen ark shell Scapharca subcrenata using different blanching
times at 95+5°C

Blanching times (min)
0 1 2 3 4 5

Viable cell count
(log CFU/g)

ND, Not detected. Data represent meantstandard deviations of
three measurements.

5.6520.12 1.97£0.07 ND ND ND ND




-o- Y,(Moisture, g/100 g)

No.1
No.11 No.2
70.6
No.10 65.7 68.1 No.3
65.9 65.9
. 2
No.9 66.1 65 No.4
64.2 66.8
70.5 65.1
No.8 No.5
No.7 No.6

Fig. 3. Results on moisture content of boiled frozen ark shell
Scapharca subcrenata by central composite design for independent
variables.

2004). gk, 234 A o] HFoll Al P-value7} 0.05%.ch 0™
Agket mEl 2 7FEE 4 Qluh= B a7} Qlck(lsa et al., 2011;
Shin et al., 2020). 3}, E0% B G4 At whE 55t
THY ) X 0] A -141004 +0.730.2 0| 5eE A A3]
i & F1417kA] A ] Hab7E 1AL, X0 49 -1.4100|14]
+0.900.2 o] g 85 543 gasiti7+1417HA] S78h=
743 eItk Table 6, Fig. 1). o]4He] Ant= F3tshd,
SNEet W5 A Afarere] Reker S W g At

Table 4. Response surface model equations of blanching and de-
watering time for pretreatment of boiled frozen ark shell Scapharca
subcrenata

Responses Quadratic polynomial model equations
Y BOO0TONX 2 NI X008
Y i 350.36415.94X +1049X413. 10X .
Y2 7.4+0.971X +1.655X-0.869X,2-1.219X ?

'Y, (Moisture, g/100 g). >Y, (Hardness, g/cm?). * Y (Overall accep-
tance, score).

Table 5. Analysis of variance (ANOVA) for dependent variables

P-value
Dependent . . Cross Lack
variabels Model Linear Quadratic product  of fit
Y11 0.001 0.000 0.024 0.171 0.075
Y22 0.014 0.006 0.045 0.891 0.147
Y3 0.003 0.001 0.013 0.828 0.055

3
'Y, (Moisture, g/100 g). >Y, (Hardness, g/cm?). *Y, (Overall accep-

tance, score).
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ghalE] IAE HeR= A & u|Fo] Kol fEoleke B3
A Azt tiRt @Fo] ofa: mimlsielaL, g Atk & JFF
2 =202 AgEQlot 3, I S ol 7o 2
#4129 © 7= vh(Ruttanapornvareesakul et al., 2005), 2]
ARt Eps A 0 & R GRS So)al, FAMEAAS F
oStch= A7} o< R arE vl Qlth(Kim et al., 1997; Park et

al., 2017; Choi and Ryu, 2022; Seko et al., 2022).
| 9 et Alzto] Zzof olxls R

Y5 A= Aarete] S04, B 208 A=Y A(Y) 2
= Fig. 4o e el FEUR 2T
(Y,) 7k9) kS mgA A)o) ATHIAS BAHEA(ANOVA)
o Abwl Az}, 2+ FE| Pvalue A3 25(X,, X,) U
oA} 15(X )02 % 35| ahto] BAH0R §ol4o] 3l
A= ATHP<0.05). 2134 Ao H35-2] P-value=0.147=2 0.05
Bt} =37, model] P-value”} 0.014% 0.05Kc} 2o, A4
A4=(R2)7} 0.8072 4] 10]] 717+ (Table 4, Table 5) AA| 9] &
go| Agetolet. B, Eewis0] 2700 e W A4 Al
ubo] a5 & 22748 LR A%(Y,)E X, 0] 4% -1419]
A -0.602. 2 o FT5E AAT] At 2 +141% ol 5Er
2 Z71ohe AT UL, X,0] A 141014 +141
7 o Eu4E AA5] Z7Ieks TS LrEh 2lek(Table 6,
Fig. 1). o] 9} ZFo] Wi 2 Ajute] Aete el 9 g4
7R QRS W Ao BREth B, BaYe
3t AXje] FAHOE /ARl sk, 2 kgt A 9l
= B EAUA| 84S oJAI5ki(Zhang et al., 2022), B4 BA
o AFEQh U AEAL Fol ol ofa] & 222 sk A
© & defA lth(Cohen and Yang, 1995; Corzo and Bracho,
2006; Kang et al., 2021).
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-e- Y,(Hardness, g/cm?)
No.1

No.11 No.2

352.4 000 3431 3795

No.10 No.3
3%0.7 351.6
Nog 353 390.6 No4
382 365.9
No.8 336.5 No.5
402.8
No.7 No.6

Fig. 4. Results on hardness of boiled frozen ark shell Scapharca
subcrenata by central composite design for independent variables.
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-o- Y;(Overall acceptance, score)

No.1

No.11 No.2

No.10 7.2 . g No.3

7.2

No.9 No.4

No.5

No.7 No.6

Fig. 5. Results on overall acceptance of boiled frozen ark shell
Scapharca subcrenata by central composite design for independent
variables.

HE 2o SpobA el A2 7|tk 4 glork,
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Table 6. Optimal processing conditions predicted of blanching and dewatering time for pretreatment of boiled frozen ark shell Scapharca

subcrenata by MINITAB program

Dependent variables Value X! X,
Target Min. Min. a0 1A
73
% Coded 0.73 0.90
69.5
Actual 223.8 715 6t
Target 380 380
421 421
Y, Coded 0.69 141
379 379
Actual 2214 237 89.4 337
Target Max Max
9.0 9.0
Y, Coded 0.59 5.5 0.70 55
Actual 215.4 20 64.5 20
Multiple Response Coded 0.50 1.16
optimization Predicted Y, 64.7 /100 g; Y, 379.8 g/cm? Y,, 7.9 score

' X (Blanching time, sec), X,(Dewatering time, sec). *Y,(Moisture, g/100 g), Y, (Hardness, g/cm?), Y, (Overall acceptance, score).



Table 7. Predicted and experimental moisture content, hardness
and overall acceptance of blanching and dewatering time for pre-
treatment of boiled frozen ark shell Scapharca subcrenata under
optimal condition

Dependent variables Predicted values Experimental values

Y, 64.7% 65.2+0.6°
Y2 379.8° 382.0+36.0°
Y2 7.9 8.2+0.3°

'Y, (Moisture, g/100 g). *Y, (Hardness, g/cm?). * Y (Overall accep-
tance, score). “Difference letters on the data in the row indicate a
significant difference at P>0.05.

Table 8. The optimal blanching and dewatering time of boiled fro-
zen ark shell Scapharca subcrenata determined by response surface
methodology

Pre-treatment process Blanching Dewatering
Time (sec) 210 80

A2l Az oz A2 o AA| -5 Mol ZHE 4= 9l
Al 2 v WAL 2GS TEA 72 A
aflof Sheh(Park, 1999). BA 9 B4 A7He 247) st
Azt W5 Ak Aarere] SR H(Y), A=(Y,) H FHA
7| EE(Y)9 Ol 5L FAlo] WHET 5 gl Bl A
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AT PG FEI RS, AETE SAMS] HH o5A L

Table 63 2t} Y5 A< Aarate] Sl A7 2 g4 AlZE
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Z}7F 2102, 80.620]Q1T}. o]/de] 2| & 270 A Azt
WE 2} A ko] B3RO 64.7 /100 g, =S 397.8 ¢/
cn?, £5H4 7|5 798 02 of| S Q). A3k W
0] 270 ek AR FEHRY o SR A HA 24
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TH(Cho et al., 2005; Yoon et al., 2017). ©}2}A] o] 5 SHH,L
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