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Process Optimization for Processing of Oyster Crassostrea gigas Gratin
with Cream Sauce

Chang Yong Lee!, Ye Youl Kim?, Suk Kyung Sohn?, Seok Min Lee?, Seon Hwa Oh? and Jin-Soo Kim'**

Research Center for Industrial Development of Seafood, Gyeongsang National University, Tongyeong 53064, Republic of Korea
*Department of Seafood Science and Technology/Institute of Marine Industry, Gyeongsang National University, Tongyeong 53064,
Republic of Korea

This study was conducted to optimize the processing process for the oyster Crassostrea gigas gratin with cream sauce
(OG-CS). The optimum concentration of added milk for oyster extract with milk (OE-M) was 35.0% based on the
frozen-boiled oyster (F-BO), as suggested by the results of sensory evaluation. Response surface methodology was
performed with whipping cream (WC)/[OE-M+mixed powder (garlic powder:onion powder=1:1) (MP)] (X,) and
OE-M/MP (X)) as independent variables and viscosity (Y)), amino acid nitrogen (Y,), and overall acceptance for
sensory evaluation (Y,) as dependent variables. The optimal proportions were 74.55% of WC, 20.25% of OE-M, and
5.2% of MP, and the predicted multiple response optimal values for the dependent variables were 3,735.6 cP of Y,
197.0 mg/100 g of Y, and 6.2 score of Y. Under optimal conditions, the experimental values for Y|, Y,,and Y, were
3,711.9+30.0 cP, 198.1+1.9 mg/100 g, and 6.3+0.5 score, respectively, which were not significantly different from
the predicted values (P>0.05). Further, the results of sensory evaluation suggested that the optimum concentration
of macaroni:cheese (1:2) to be 46.2% based on the F-BO. The OG-CS prepared under these optimal conditions was
superior to the commercial seafood gratin in overall acceptance.
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=& A AAF 2 1000] Fo] AAlskaL QlaL, = o] -5
F= 2, v, B, 22 9 g so] 235l 9o,
o] FoA Ao g BEE Q= A M (Pacific oys-
ter Crassostrea gigas)©|tt. F=-2 thilzlo] FH3sla, A|Hk
o] & om H|gpyl} 7] 20| 9423t FF-o|th(Zhang et al.,
2015). E3h, 2 vkl opu| Akl BRe-g ghefo] ot A
Al Woll Al A=A, iS4, gL £ 9 =48 5
o] 7|th=1(Lee et al., 2018), A FrFo] szof H]vk of 3 5]
Fulgoll = a7} 7| th ¥ m, o}l gHeFo] ot AFmu; A%
o2 gy &l A lok(Ueki et al., 2007; Tavarone et al., 2018).

wato] ofuje} F2e ZelmAlo] v A9 Elof glof A 4
5 542 F, B A4l Tolste, Bote 9 st g of
wlolo} wopxSo] Rto] glo] AT 4 gl AE F9 3
Uh Y] oA 9lek(Son etal., 2014). o] T JArE
2 104(2011-20204)7F 252,530-357,282 M/T2.2 2016
Wg 7120w 5| F7hsHs FAl0ln, HA 5 Akl
OF 65.1-72.9%5 A A3l Q&= F8 AR O] THKOSIS,
2021). 3HA]5k, 2 20204 7| F0.2 Tl iEo] Al U
2 AH|H3 9, 7 E 0B UNle] YEH(21%), A%
2(0.5%), 52H(0.4%), 2AZ(0.1%) 5= A= 11 gt
(MOF, 2021). (E8F, H8& AZ4-0% o] g5t 49 s
AL $EHT U, o] FIgke] fFHE A9 He &
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Zol = o] H5t wRuto] 2 Fof gt AlFEo] 4
2 upska glo] 2 QAlaRlel Atker waE 713 e,
FhH, F T 44HAIE 4] ENE % bz 718718 Al (home

tHaT FIS, 2019). o]} 7o) 3h=o] A4k, 4xH] o€, o=}
ojf & Fof| &gt AT Y, AR 4| ERHE S o= 1]
o] Hol a5 Thd] U= = U aH5h | Kk Y5 A
AhgE 7HE Agfshs 7HE o2 A7) S =] o
& thisl, e zutolg|of iRt -2, 7HA ¢HgSt Bl 4| E
HE F-3 5ol 7o A o2 wetE| )

A, M=ES B83 7HEY el wet dAite S
HA413%(Jo et al., 1988), 2u]=A(Kim et al., 2001), Z=v]FHA
ZA|E(Kim et al., 2006), Z42~(Hwang et al., 2015; Sorio,
2020), -2 2 H(Park et al., 2018), SFOJE £ BxY
(Cha et al., 2018) 5-°| HilE|o] QloL}, AAIT] AR} Y=
2 HHJ3HHMR 2 71249 5.0 ol that A A sk,

2 ATE o aoH] o ohks), 7HA QP s QA S
A Y2 G2 g g9 A2 A2 = e A
574 2| A3E Al=skeich

M=

29 2 2oe FARQ WEASZS MR
(Tongyeong, Korea)ol 4] 2020 140 2@ o=2 2y &
= (Pacific oyster Crassostrea gigas)2| Fe|= & o} 2}
s A ek, WAGSE 2 A 5 T3 Abe] =9 2[9.8-13.0
g8t 11.2+1.0 g/7)eE Adsto] -18°C olstof A%
sko] T ARgSERT) oju] AEE deAlsze] R
2 79.8+0.1 g/100 go]9ith. A & 1t & FU= &
“+(Maeil Co. Ltd., Seoul, Korea), $+F4~F(Hanju Co., Ltd.,
Ulsan, Korea), 7}&2|(Shinyoung Co., Gwangju, Korea)=
20204 6-10e]l /e FDA A4 tE nhES]| A DBS]
3 39 (Sunin Co, Yongin, Korea), 7724 (Ottogi Co., Ltd.,
Anyang, Korea), %3} £2HChungeun Co., Goyang, Korea),
tl5 E2(Chungeun Co.), 9]3-3=(Ottogi Co., Ltd.), =&z}
%] Z(Choheung Co., Ansan, Korea)x= 2020 6-10¥ 0] 22}
QoA -5k ARE-SFATE

29l Al 2| 2 Bl TLabg-e- 20209 6-1090]] 2249l
oA AT
38 = a2 Mz

39 2 2ehe) AZE ¢F WEASZRIE 258 2
SGFBB(O]5} S-HFE RS S-920.0-80.0%, wiw)o] 1
= 222(100.0%, Wiw), H32(0.3%, wiw)E 9o 5 oo
o] FALE BU'CT} Bl AIRNE 2852k 7 ohe A
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Z|E 28.5 cm X 0] 10.5 cm, 12 mesh)E AFE-3l0] 1 &S
wofotal, {2 Ao 7 SRt A asE SRFEE0l §
HA(140.6-183.4%, wiw), TR (uHsEE-FulE
=1:1; 8.8-20.0%, wiw)T £2(0.5%, wiw)yS A7kt 24
22 65°C7} H= A EE 52 Bt 71Est & A2ofA] Yzt
sto] Al zstolch. HEH 0= A9 & Lepd-2 AR IA] &
7](DR-PACK 22; Sense Pack Inc., Hwaseong, Korea)l| ¥z}
AYES, S{FEE AX Al Bt 2, 42 rtEY(5.2-
20.4%, wiw), X Z(10.2-41.2%, wiw) 2 TH2](0.2%, wiw)
£ A= Yo ok 742 9l 545385 (Daewon Engineer-
ing Co., Busan, Korea)d}o] #|%a}gich oFollA 715 A7}t
=9 248l BF YA T 71l gk Bl

o

Y = 2o A vy HAskE F1EAH(A),
PRFEEM) U BPRHOS SHUS2 o, 29 713
of W3t of & 7}A] £33 (Kim, 2000; Kang et al., 2007; Ryu et
al, 2015) 9 A4 557+ A3k F o] gkl o] 54
Z(central point)& HEHALX,, A(BHC); X, BICJO] 2Jsto]
45313 th2 S4B A Al € (central composite rotatable
design, CCRD) (Cho et al., 2015)0]| w}g} stHA| = H3535)5}
of YA A7 117(Table 1)E F2H9H o2 A x5k A
Aol ARg-sH T

32N

e EEE SR EXE EELERLEEEREE R
E AEF o2 AL ohs AR ghe & AbEsto] e Sl
29 2 2ok 8 Agland vign) HARE e a4
£ AE(Y), oPlARAA(Y) W FHH JSE(Y)R 59
i, ol 59 HlolE = I HEA S STt A= E-8-515it) 29
0] wigelo] ohat 2144 e] o) W 2H21e MINITAB 5
A 3 2 1 3H(MINITAB Ver. 18; MINITAB, State College, PA,
USA)S o|-gsto] A3t &, CCRDO ufeh 5SHA| 2 1.5
sfsjol FASIH 02 A AT 1Uhe] 47 Ans =y
2 5yt FEHP AT 7R Aol whet Al A E= v
FH S AA S 2 A EA A0S B2 EdE(model), 1215}
(linear), 22}3}+(quadratic), W.x}&H(cross-product) % 234 4

Table 1. Experimental range and values of the independent vari-
ables in the central composite rotatable design for optimization of
ingredient-blending concentration for preparation of cream sauce

Range level
Symbol
-1.414 -1 0 +1 +1.414
X 1.59 2.00 3.00 4.00 4.41
X, 2.59 3.00 4.00 5.00 5.41

'X, [A/(B+C)], X, (B/C); A, Whipping cream; B, Oyster extract
with milk; C, Mixed powder (garlic powder:onion powder=1:1).
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o] &= (lack of fit) Z}2}©] -f-0] 4 (P-value) 75 2Helsk3l L, ©]
= AdRghol diste] 25 07 AAA(RY)E SRlste] 24
A& AESI T EL o] & 2AR Bt HRie 9S40
420] A g o] A2 vhg H A3t wtg o] goto] T
o) 3tk 2}2he] B3 7k (target value)S A A 5lo] EH015+4]
o, 2ol 4 oGk (coded value)ys gHiFsHO] &
2 A gk (actual valueyS EQ 2 &9 A A& v, &
Asto] A4S IS

J2jE EAISE

S Pt FEH H] WA E UEhll = 22 $12 2
e Aol £2 SR AT A% 1213, 271
g 2 wxgke] 7k 7+ MAPLE software (MAPLE Ver. 12;
Maple Soft, Waterloo, Canada)®| o d5}o] A= 32 Z1)
=2 e, e et A8 hew 2,

3 3 2 3
Y:ﬁo z;‘ ﬂi Xf"z} ﬂii Xf"'; ,Zﬂ ﬁy‘ X; Xj
i= i= =1 j=
o714 Y= B4, s A4, B, B, B B9 X, X

=Sl 29 2 ok AEE S84 vighiE 3
A35l= MINTAB A Z 2 134 2] response optimizers 53]
o|Folglom, FAH R A 4 2| uhet AA AE
& 53 243 4uisole] i 2AH S0 LS 4
53 tH(Bezerra et al., 2008).
BEIME

AEMZE RFEaS AR st e AAMAANE
4000; Nippon Denshoku Industries Co., Tokyo, Japan)= AF
HEQH, O A= WE(L value)Z YER I ojuf 3E
ARA 0] TS LgF 97.3740.00, agk -0.37+0.01, bk
0.32+0.01°]%]c}.

OfO| L= AFRIA

o

op|ieibd i $RFEET AHAASE HAZ 5to] KFN
(2000)°l 4 At ol whet Formol o = 453t =,
ohnieAbd A S48 A2 A= A 10 goll S7E 7H
&t} 100 mLz 485131, wylste] S 5 0|5 0.1 N
NaOH 8RS AFg3lo] pH 8.52 243t the o7 36%
(v/v) formaldehyde &9 20 mLE 7}5}o A| 23} T, ofv] e
APA 4 0] 2742 0.1 NNaOH 49 © 2 pH 8.57} & w}7}#] 4]
ool AAslgon, o]5 BT & ofu] At SHS Ak
ahltt.
A Z=

WAl Aes 555 10 g2 FYZ FE(50 mL conical
tube, 30 X 150 mm; SPL Life Science Co. Ltd., Pocheon, Ko-
rea)ol| @11, o] 7] o WAIZ=7](odor concentration meter, XP-

329R; New Cosmos Electric Co. Ltd., Osaka, Japan)2] &<
T e The, WAL 1A o b B parafilm) 0.2
153 & modeE batchZ AAslo] AT o 7] A4 WA
A Feis BE ARA B8] S ofulaithKang
etal, 2014).
Mz

HAEE IYAAE 40°CE FX|51H A, spindle number 45
215t 2 = A (DV-1II; Brookfiled, Middleboro, MA, USA)Z
100 pm .2 32 5+ 243913, dloleli o) 5] Batgte.
2 e Sl
I (panel)ofl 2lst #SHIt

sjdo] oJgt HEE b= e D kol et HE(
daadol wek 7] g8 9 ¥ 3] (institutional review
A
[e]

board, IRB)Z2E] 917t o4 A4S 9Jgt A2l 41o)e)
%+ %1(GIRB-A21-Y-0062)& whar zlsjstqict. &, 2 7s
panel member 2021(20-30t]], EA} 1021, &2} 1091) 2.2 14
sto] A4 5, 7 9 2700l ohat 59 71558 A5l
o 1) B S9EE 7hE B4 Hstel 2 Al &
o AL g A B oA 7R E VAR SHe R, o
940 28 6-9 02, o[} AL 1-44.02,2) 2
d = ko] AN uigey XA ske] 4 o, A ot
WA 5= 83t TR 7|8kt ol 9t A 9 o=,
HEE5H0R, ofF Y AL 1- 02 510, 3) 39 = g}
gl A2 slatobhy 9 A= 17} ol Hslel 79 2
A%, 1 E e B SR 7SR E alEste] 7| STt of
F 90e A OO, MES SHOD, ol U AS 1Y
o2 sjo] Hlekch 12T, 4) 2% AE] Bt e
T B7b= AR A= oflE ek AL B A, 22 E F
37| EE 7120 5H 0= s, A|Z 38 2 1ekeho] o]
stk 94T AS 6-9%.0.2, o|wr H3 AS 14702 3
o 7}si et
SAX

tlo] el o] EEHAR B F-213F A (5% +-2)45)> SPSS &
A=) 7] A (SPSS for window, release 18)0] 25+ ANOVA test
£ o]g3slo] BAMLASES Duncan?] tEEAAS AASo] L

Eh 2l

2 & W8 292520 HASY FNa

22 59 ol sto] TSR

93288 Axs
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Fig. 1. Change of lightness, amino nitrogen, and volatile compo-
nent intensity (VCI) of oyster Crassostrea gigas extract with milk
as a function of concentration at 80°C. 'Difference letters on the
data indicate a significant difference at P<0.05.

e A, ot d WA SAS AR A= Fig 132
o} £ 83559 Wr(Lih= 67.4-83.5, ofu| =AM 4 S
©50.3-144.5 mg/100 g, WA] 7 164.2-288.6 levelo] 9
1, o)1= ©.8(H % 863, obu]iAFEl 4 512 37.8 mg/100 g,
M7= 71.6 level)2] F7F Bl&o] S7H8r5 W= A¢- 5
7¥obe AR, oflieabd A B AR O] 9 M Zhas)
e oA o2 Y ITH(P<0.05). ol= 7k 4t
HH W /43¢0 Egfr g oyl (trimethylamine) 5-9] o}yl
fmuol 2 S A7 S8 ) wuks o] F AU Aes
of $1de AAskl7] wiZolet HetE $ith(Heu et al., 2008;
Kang et al,, 2021). o|49] Ayt2 Ko} &-FHEEO] A= A|
7FER = W AJTto] FUBE W 79 vlEo] Eolmol w

ot
oxl
by
2
L

105

20-80% (v/w), 15% (viw) HA1S st
Eol A, o, WA 9 F9HE] 7| S =g Al o]l
7124%1 53 0 & 5o o]t} 943t 9 697, o]t F
oFgt A9 4-1- 0 2 5= 98 0 & W57t A= Table
20} g}, SR EY s B A9 - 37474, ot
O] 7% 5.4-6.57, WA Q] - 5.4-6.174, T34 7|50 7
9-5.4-6.4710]9) 11, o)1= -2 A7} H|&o] ZTIEeE A9
A9 57V A, O WA 2 S 715w 9] 4 35%
(VIw) TR | M= S7F= 73S, o] o= Tash= 7
T2 UEFH A TH(P<0.05). wheka], 9-5-9] 7} vlgof w2 %
FEEE B2 542 A2 H9-20% (viw) 72} 80%
(viw) 71 7ol Bkt F5H4] 71 5w 2] 79 35% (viw) 7t
T2} 80% (viw) F7HE 71 qto] ZFo] 7} 9191a1(P<0.05), 32
749 H7HE 2l 218 Q1 Zol7E lATHP>0.05). o]4<] -
F Z7E v gl w2 2EE A, O, WA 9 S 71w
gt AR u|Fo] Hol 23 9-3-9] 7} HlE-2 35% (viw)
2 s gt

= 12t NRE fe 228AA0] Higt SH

)

o
3!
bt

| &2}

IPas wigelE[FEIHA), HrrEeB) ¥ 8L
2HO)]9] HA3= 9)5to] Table 104 A AIg CCRDe]| whet
X, 9 X8 seR Raslelo] Rasle Axd 17 AR
T FERF[HE(Y), obr=AMA(Y) 9 S84 7|3
(Y15 5793 A= Table 33} et E3] 940} 00
A2 AT 240 2 MINITAB $A| %2 198 o] §5}0]
response surface regression (RSREG)& AA| 3 o} &=
of| gl 35-2] SRl A 7He] A E Maple software S A
&3to] 247} 3kl o & Akt SE - (Y )=
X9 % 141914 +1 412 0| 5845 F43) 44 4

Table 2. Results on the sensory evaluation of oyster Crassostrea
gigas extract with milk prepared with different milk-adding con-
centration based on the forzen-boiled oyster

Sensory evaluation (score)

Concentration o "
(%) Color Taste  Flavor accg;?traance
Control’ 5.0£0.0¢2 5.0£0.0* 5.0+0.0®  5.0+0.0°
20 3.7+0.5* 6.0£0.5 6.1£0.3>  5.9+0.3*
35 4.1+0.3® 6.5+0.5° 5.8+0.4* 6.4+0.5°
50 4.4+0.5%° 6.1£0.3>* 5.5+0.5% 5.7+0.5%°
65 4.510.5%c 58+0.4> 54+0.5% 5.6+0.5%°
80 4.7£0.5 5410.5% 54+0.5% 54+0.5%®

!Control, Commercial milk. *Difference letters on the data in the
column indicate a significant difference at P<0.05.
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Fig. 2. Three dimensional response surface plots for optimization

of ingredient-blending concentration of cream sauce based on Y,
(viscosity, cP), Y, (amino-N, mg/100 g), and Y, (overall accep-
tance, score). 'X, [A/(B+C)], X, (B/C); A, Whipping cream; B,
Opyster extract with milk; C, Mixed powder (garlic powder:onion
powder=1:1).

FS eI, X, 0] F$ -141004 +0.522 o] 58 1]
nJsHA| Zhashe e HEislon, o] its| Srsk=
AEE Ue ATk of| AP 2(Y )= X, 9] 739~ -1.4140] 4]
+14142 o] 55 FA] fadhe FFE el X,
O] AL _1.414001 4 +1.4147}17] o|E8E A A 3] Z7lete
AL UERY YTE 2220 M50l A 7| TE(Y))
X, %X, gol -1.41491 4 217} -0.41 9 0.01744] 34 3] &
7ksto] H 2|7} =L, 1 0] 5 I F50] M7 B 3455
sk e Hehd )lekFig. 2).

AP HE(Y), obrleibda(y) % T 715E
(Yol et A3}x|(Table 3)E ©]-8-5to] MINITAB program

£9] Povaluiels AE(Y) £ 7155(Y)) 4% A%
T 2E(X, X)), oA 23X, X)), AR (X X)) &
= F(EF)ol, ohn|=AR (Y, BF- dA) 28X, X)),
oA 1F(X ), WA 1 (XX ))& F 459 gito]
o)do] IR = UTHP<0.05). THA, HFgEPHH Al 4 &
o] FodE fstA] ghs A9 oheket 32 AAdskaL Sloj
ool eI E= e HEE & B art Qltk(Bezerra et
al., 2008; Kim et al., 2010). wh2br], 720 H&(Y), of
HEAREA(Y) 9 A 7|3 R(Y,)9] BRI A S
Fo/43(P<0.05)0] 1 &]= ke Yetli= 79 Y =3420-
1674X -1805X,+543 X >+730X,+738X, X, (R*=0.979, P-val-
ue=0.000), Y,=194.87-45.67X +10.34X+7.60X -7.58X X,
(R=0.990, P-value=0.000), Y,=6.1670-0.3996X-0.2009.X -
0.5083X > 0.5833X>-0.5250.X X, (R*=0.922, P-value=0.002)
of

SYAE 9o 1A WS R WAL o] ERwisol 4
4 7ho] APAS ANOVARH 22 A3 2 31 Table §
of gt aYane AN Sfa WeRAPAAL A
(V). oAb aa(Y,) 2 FGH 71 55(Y,)7h AR,
ol 2 Akl A §-0140] 1A H ATHP<0.05). AR £
of WigtE HAEE 915 vem A B A Aol
2% (lack of fit test)& HE(Y)), ob|=AbA2(Y,) B FA
712 %(Y,)7F 224 0.116,0.099 9 0.179= R5 0.055 o} =of

Aol el 2 7w ck(Isaet al., 2011; Shin et al., 2020). 2%
AR?)7F 242 0.979, 0.990 2 0.9222 19f 717k, model
4ol Z¥2+ 0.000, 0.000 2 0.0022 0.05Ech Yol A g
o] X5 A3t A1 0 2 UEFYTHZhou and Regenstein, 2004).

S, 2R s Mga e B HR LTS Arke A9

O] RSREGE Zg220] HE(Y)), op|ieAtda(Y) 9 &
A 712 =(Y,)oll et Gk, ol W kgt 22 of
& 7F2] 22} 3| A 9] Al o] 59 oS AR
ZA3M= Table 49} 2t} MINITAB 574 =213 2] RSREG
£ 2AE glo|gE E-§sto] AuE FEHae] gt 7t 3

Table 3. Central composite rotatable design of independent variables and response on dependent of cream sauce prepared under the condi-

tions

Coefficients RuN Mo, Uncoded values' Blending concentration' (%, w/w) Dependent variables?
assessed by X, X, A B C Y, Y, Y,
1 2.00 3.00 66.67 25.00 8.33 85135 2236 5.3
s;iicgr?na' factorial 2 4.00 3.00 80.00 15.00 5.00 39381 1538 5.6
(4 points) 3 2.00 5.00 66.67 27.78 5.56 35353  259.1 5.9
4 4.00 5.00 80.00 16.67 3.33 19130  159.0 4.1
5 1.59 4.00 61.33 30.94 7.73 72662 2789 56
Star points 6 4.41 4.00 81.53 14.78 3.69 21816 1407 44
(4 points) 7 3.00 2.59 75.00 18.03 6.97 7726.4 172.0 5.1
8 3.00 5.41 75.00 21.10 3.90 24695 2017 4.6
_ 9 3.00 4.00 75.00 20.00 5.00 34353 1964 6.3
geg;ﬁ'tsf’)o'”ts 10 3.00 4.00 7500  20.00 5.00 32634 1952 6.1
1 3.00 4.00 75.00 20.00 5.00 3562.1 193.0 6.1

'X [A/(B+C)], X, (B/C); A, Whipping cream; B, Oyster extract with milk; C, Mixed powder (garlic powder:onion powder=1:1). 2Y (Vis-
cosity, cP), Y, (Amino-N, mg/100 g), Y, (Overall acceptance, score).
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143 Gk s AR, 2] 0] 24 U 718 gt
B

SO A Qlsto] BAre] ofei g Au)ae]

2~
J84 © ©
i} 715 7F 22 E AL et ppEEas A A =
S0 % FIEA AL AR Sol S,

]
SRS v AvE A9 vhat ko] Fnl 3 At
UARE Az s 9 A S7HE Qo] $4] 42 5o
e Eo] anRrt FuiS 79 27} olol AR WS
gt o7 A E ojop ik RHH, M s A A8 FA
E54& 245k d 583 oE-E sh(Kim et al,, 2021), 2
Hao] FEHUFHE(Y), oAl a(Y) B T4 7]
T=(Y,)] A8 e dHA Y A AL Qe Al A
Yo} v male] AAslct =, A 1,942.2-12,360.0
cP, ol AR A FHEEL 138.7-296.7 mg/100 g, £35H4 715
B 195 dAsiglon, o5 Rk oA 2
9 7] 5 /g 0] 948 Ak ALY A O] F& o] TRk 4]
dlolEl S arste] Hm=o] 74-3,743.4 mg/100 g & =, ofv] 1=
APE2:9] 79-200.0 mg/100 g &, £3H4] 7|32 0] 79 3]
gkl 9 o2 AAskeitt. o] 2fjt Yol A A 20 gt
Z20) tiet FE W 42 o] 5] FA] HEE 4= Qe =

FEAE = S DS S

Table 4. Estimated coefficients of the fitted quadratic polynomial
equation for different responses of dependent variables based on
t-statistic

Y? Y, Y,

1 2 3

ﬁc;?:rf]'t P-value f?ccl):r]:t P-value fiCcci):rfl-t P-value
Intercept 3420 0.000  194.87 0.000  6.1670 0.000
X -1674 0.000 -45.67 0.000 -0.3996 0.003
X, 1805 0.000  10.34 0.001 -0.2009 0.041
XX 543 0.012 7.60 0.008 -0.5083 0.002
X%......130 0004~ -387 0.080 -0.5833 0.001
XX, 738 0.007 -7.58 0.015 -0.5250 0.004

'X, [A/(B+C)], X, (B/C); A, Whipping cream; B, Oyster extract
with milk; C, Mixed powder (garlic powder:onion powder=1:1).7Y,
(Viscosity, cP), Y, (Amino-N, mg/100 g), Y, (Overall acceptance,
score).

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

P-value
Dependent . . Cross - .
Model Linear Quadratic product Lack of fit
Y, 0.000 0.000 0.007 0.007 0.116
Y, 0.000 0.000 0.007 0.015 0.099
Y. 0.002 0.005 0.002 0.004 0.179

3

'Y, (Viscosity, cP), Y, (Amino-N, mg/100 g), Y, (Overall accep-
tance, score).

HH4o HA2AL 5T BHOR oA Age =
A3 o5 MINITAB &4 L2138 G-55to] de
H=0] 222 o =2+ Table 63} 2t} P40 v
g 2| A3hE SHH(X) 2 X)) gk s H=(Y) 2
AZre B35 ZH(coded value)o] Z+2f 1.41 9 -1.050]%11L, o] &
A A gHuncoded value) 0.2 3Hakel= A 7k7k 441 2 2.95
olglom, Ao ste gt H7HERE Sk 44 WY
(A) 81.52% (W/w), S-5=25(B) 13.80% (w/w) 2 SFHE
H(C) 4.68% (w/w)ol et A7 a20] vighesr 2488
EYHSX, 9 X)) HHES 12g ofu] A A(Y) H A
2 Fagho] 7171 -0.68 9 -1.410]%11L, o] & AAIgLo & gt
Absle 7©- 7FzF2.32 9 2.590]9) 0., oF 5 3lE 7S H 7]
£ & Sl A9 3 (A) 69.88% (Ww), SF5EE
(B) 21.73% (w/w) % E3HEIH(C) 8.39% (w/w)o] itk =&
0] vk XA S HR(X 2 X) FRIS 117
A 712 w(Y,) H A Fogho] 2171 -0.41 9 0.019]
L, o] 5 AAIFE O & FAtsh= - 747 2.59 W 4.010]91 2
], G5 3bE S FHbete 9 S AE(A) 72.14% (wiw),
FHFEE(B) 22.30% (w/iw) E ZFEZH(C) 5.56% (W/w)©]
At flolA Agst AP0 itz e SHHsE
FAlol F50he AH A, ShEE Y ST st
A X, 2 X = 247 -0.07 H -0.100] 9132, o] 5 AAIgEe.
2 3hakgt ghe 77k 2,93 2 3.900]%leH, 95 st ghe 3
FAH(A), FHFEEB) € STEL(O)Z thA] 3Hitel= 7
2 0|59 ZES 217} 74.55% (wiw), 20.25% (w/iw) 2 5.20%
(w/w)o] it}

A 2A[FWAY 74.55% (Ww), SF5=ZE 2025%
(wiw) E TFHET 520% (wiw)]ollA] AlzE 38 2 ek
& Y A40] o 25 M= Table 73} Zh. 2] 2] 270 A A
Z4 39 F Jeg8 YA o&E HE= 37356 cP,
obu] AR 4= 197.0 mg/100 g, 34 7| 5= 6.270]4)
3, A AT 3,711.9430.0 cP, oFi] = AFE A= 198.1 £ 1.9
mg/100 g, £3H4 7135 63+0.59 02 o= 504
1 zfo] 7k QI = A] FATHP>0.05).

s Y
ol rl flo

olo] Az uTo] Kot AAH MW BAL AYL
2 AR EAY, $95EE 9 ERRY)) M4 1Y

ole} ghehe| ey,
32 2 J2keel MxE Y3 oFkeL U XX Aot
Hlg x5

2% 2 efeko] et nprhRY e} X1 2(1:2, wiw)e 147} v]
S(154-61.6%, 15.4% 7H2)o] 2 2 2 "epeo] A
A7}, DS UEE 9 F3H 7| SES AW E A1 Ta-
ble 83} 2t} urh U of ] 20] 7} vl gol w23 2 e}
ol P B 247, THE UEE 9 55 7] Tee)
e e Bl BAglo] Wkl B 46.2% (wiw)7HA| 2]
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Table 6. Optimal conditions predicted for preparation of cream sauce obtained by MINITAB program

Dependent variables Value X X,
141 00 141 -1.41 00 141
Target 3,743.4 L 1 I 3,7434 l 1
g 12,360.0 — 12,360.0
Y2 Coded 1.41 -1.05
7,151.1 = 7,151.1 =
Actual 4.41 10422 | 2.95 1,042.2
-141 00 1.4 -1.41
Target 200.0 200.0
g 296.7 o ——1— 296.7 —
Y, Coded -0.68 217.7] -1.41 2177
Actual 2.32 138.7 2.59 138.7
Target Max Max -4
6.2 —
Y, Coded -0.41 0.01 50
Actual 2.59 4.01 ag
Multiple response Coded -0.07 -0.10
optimization Actual 2.93 3.90

'X [A/(B+C)], X, (B/C); A, Whipping cream; B, Oyster extract with milk; C, Mixed powder (garlic powder:onion powder=1:1). >Y| (Vis-
cosity, cP), Y, (Amino-N, mg/100 g), Y, (Overall acceptance, score).

A% FAAOL SIS ATE URIATP005), 0fF ok clo SRFER] FAAYI20% wh), EFRY
H3l7} 1 ALHP=0.05), 7 6}% A5 UERATHP<0.05).  (12.0%, wiw), 2:50.5%, wiw) Zk2F H7)sto] Aedas &
omm Aok 2479 3 11-4 qFFoR WHHUW,  wrF65Cr B AMRE S8 B rhdste] A2 8} . o]
WY R} F5H 7]z54 o mplEUe A2 BE & IYAAS Wzl ohe Best 2 BRE, 42 nkay
o oz-% o gt gieh. oake] ity W X =o] bl (154%, wiw), X Z(30.8%, wiw), THE](0.2%, wiw)E §7]

o W2 27 2 Tofge] BE BHOR wjsol Hob A7 o Y, F4MEAIA AzaArkFig 3). 014 AE 24
2 efetol] g nbmUI9 20 2 A7 U2 462% i WEALE o 7102 shlct.

(Ww)(H7 =Y 2] 2=15.4:30.8)° ATt Al 2| = sl ebe] o, o ok, 223 o]0 thigt
M 32 2 JajEo| e ZX EN T 71 e E 7| S@EE shal, X4 A9 = ety

202 2 2 Tepe WAL O] 98 35.0% (wiw)e}

Table 8. Results on the sensory evaluation of oyster Crassostrea

& = =2 4o o oo X A . . . .
T 0.5% (Ww)E B2 T 9 257 80°C7F B Al gigas gratin with cream prepared by different concentration of
FE 27 FetrHdshL, EET 2 1FES Eesk macaroni and cheese mixture

Sensory evaluation (score)

Table 7. Experimental and predicted Y|, Y,, and Y, of oyster

Concentration (%)’ [
Crassostrea gigas gratin prepared with optlmlzed conditions (%) Texture acczgltlgnce acggst?rl:ce
Value a a a

Dependent variables . . 15.4 4.5+0.2%2 3.120.5 4.7+0.3

Predicted _ Experimental 30.8 52:03° 40403  51:04°
Y,(Viscosity, oP) 373867 3711943007 465 65:0.5° 6705  6.8:0.4°
Y,(Amino-N, mg/100g) 197.0° 1981219 . 616 6.1:0.3°  55:04° 6102
Y, (Overall acceptance, score) 6.2° 6.3+0.5° 'Macaroni:cheese=1:2 (w/w), based on forzen-boiled oyster. *Dif-
'Difference letters on the data in the row in the row indicate a sig- ference letters on the data in the column indicate a significant dif-

nificant difference at P>0.05. ference at P<0.05.



Fig. 3. Photograph of oyster Crassostrea gigas gratin with cream
sauce prepared under optimization condition.

Table 9. Results on the sensory evaluation of developed oyster
Crassostrea gigas gratin with optimized manufacturing condition
and commercial seafood gratin with cheese

Sensory evaluation (score)

Gratin Overall
Color  Taste Flavor Texture acceptance

Commercial 5.0+0.0¢' 5.0+0.02 5.0+0.0* 5.0£0.0° 5.0+0.0°

Oyster gratin 7.3+0.5° 7.4+0.5° 7.8£0.4° 7.6+0.5° 7.3+0.5°
'Difference letters on the data in the column indicate a significant
difference at P<0.05.

of 35 S4o] o|xrk 953 79 6-97), oI A9 4-17
02 5H= 9% BEWOE Bk BEEALS Table 99}
ok A4 29 2 debee) e ae ol 737, 9 747,
784, ZA7F 7.6 W £3HA 715w 73702, 7|1&H 2l o
270 B]ste] B §O A 02 955HP<0.05). ]9} 2
o] A5k th o] ulsto] A4 2% B Tebro] mE 43k
o 997k B0 3t & ZYSHEI(Heu et al, 2008), 55
of w0 2 MAIES b 7S Babo] oh]et 247 B
SA AAAZ7] sl ek, ol 4He] T At v
of Wo} Al A 2 Jejehe g M= S Tetet] of
&, 9 o, 220 ol S ek @A 715w Hlste] 94
sfo] Algol ZAlstolm BAWA S8 Aol gloe]

e} grerelglet.

od my o

Ab AL

O] =52 2021 3| YARE AU 2 S katatelr| s
T 9] A YL ol i Ad(HY AARERA] gl 4
SA oHASE AR E ).
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