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To develop an effective use for poor-quality individually quick-frozen (IQF) oysters Crassostrea gigas stored for a long
period, the extract conditions, quality characteristics, and optimum reaction flavoring (RF) conditions of a complex
extract from these IQF oysters were investigated. The moisture, pH, and volatile basic nitrogen contents of IQF oys-
ters stored for 18 months (18M-IQFO) were 77.9%, 6.32, and 17.9 mg/100 g, respectively. Three different kinds of
extract were prepared from 18M-IQFO: a hot-water extract (HE), scrap enzymatic hydrolysate (EH), and complex
extract (CE). The respective extracts contained 5.5, 8.6, and 6.6% crude protein and 281.7, 366.0, and 343.0 mg/100
g amino nitrogen, and had 811, 359, and 1,170 mL/kg extraction yields. The CE was superior to the traditional HE
in terms of the extraction yield, amino-nitrogen content, and organoleptic qualities, except for the odor. To improve
flavor via the Maillard reaction, the reaction system used to produce a desirable flavor comprised CE (Brix 30°), 0.4
M glucose, 0.4 M glycine, and 0.4 M cysteine solution (4:2:1:1, v/v). The reaction time and pH were the indepen-
dent variables, and the sensory scores for baked potato odor, masking shellfish odor, and boiled meat odor were the
dependent variables. The surface response methodology (RSM) analysis of the multiple responses optimization gave
a reaction time of 120.6 minutes and pH 7.33 at 120°C. The reaction improved the flavor of CE considerably, as
compared to that of the unreacted extract.
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Table 1. Experimental range and value of the independent vari-
ables on the central composite design for reaction flavoring

Independent F Range revel

: actor
variable 1414 1 0 1 1414
Time (min) X, 9172 100 120 140 148.28
pH X, 5586 6 7 8 8.414
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Fig. 1. Code level of independent variables in experimental design
for reaction flavoring. X, time; X, pH.
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Table 2. Proximate composition, pH and volatile basic nitrogen (VBN) content of IQF oysters Crassostrea gigas stored for 18 months at

-20C

Sample’ Proximate composition (g/100 g) oH VBN
Moisture Crude protein Ash (mg/100 g)

A 77.9+0.22 12.61£0.9° 1.1£0.12 6.30+0.012 17.9+0.3°

B 80.2+0.3° 12.011.12 1.0£0.1° 6.19+0.012 11.940.12

'A, 18 months stored IQF oyster with poor quality; B, 1 month stored IQF oyster with good quality. **Means with different superscript in

the same column significantly differ at P<0.05.
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Table 3. pH, salinity, viscosity, NH,-N and volatile basic nitrogen (VBN) content of various IQF oyster Crassostrea gigas extracts (Brix 20°)

Extract’ Crude protein pH Salinity (%) Viscosity (cps)  NH_-N (mg/100g) VBN (mg/100 g)
WE 5.5+0.22 5.8+0.02 2.3+0.0° 15.7£0.2° 281.70.22 19.60.12
EH 8.5+0.1° 6.410.1° 1.9+0.0° 13.6+0.22 366.0+0.3° 22.940.2°
CE 7.1£0.1° 6.1+0.0° 2.2+0.0° 14.4+0.1° 343.0£0.5° 21.0+0.2°

"WE, hot-water extract; EH, scrap enzyme hydrolysate; CE, complex extract (WE+EH).
**Means with different superscript in the same column significantly differ at P<0.05.

2t} 22582 1QF 2 1 kg 2H2 811,359 2 1,170 mLE
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44%, Z7Val ). ZF A AR o] A7k U WAl 1l 23514 7|5
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Table 4. Extraction yield and sensory evaluation of various IQF oyster Crassostrea gigas extracts (Brix 20°)

Yield Sensory evaluation?
Extract!
(mL/kg) Color Taste Odor Over-all acceptance
WE 811+17° 3.5+0.32 4.1£0.2° 2.9+0.2° 3.4+0.3°
EH 3591102 3.840.2° 3.8+0.32 2.4+0.22 3.0+0.32
CE 1,170114°¢ 3.7+0.2° 4.0£0.22° 2.7+0.3° 3.3+0.4°

'WE, hot-water extract; EH, scrap enzyme hydrolysate; CE, complex extract (WE+EH). 25 scale score: 5, very good; 4, good; 3, acceptable;
2, poor; 1, very poor. **Means (n=7) with different superscript in the same column significantly differ at P<0.05.

Table 5. Flavor characteristics of glucose-amino acids solution during reaction flavoring at 120C

Reaction time (h)

Glucose-amino
4 8

acid solution’ 12 16

Boiled meat  Sweet Boiled meat  Sweet Boiled meat  Sweet Boiled meat  Sweet
Glu+Met+Thr
Glu+Met+Ala
Glu+Met+Lys ++2 ++ + +
Glu+Met+Gly
Glu+Thr+Cys + + + ++ + +
Glu+Ala+Cys + + + ++ +
Glu+Lys+Cys + ++ +
Glu+Gly+Cys + + ++ + +++ ++ ++ ++

10.2 M glucose (10 mL)+0.2 M amino acid (5 mL)+0.2 M amino acid (5 mL). 2Symbols represent odor intensity (+: weak, +++: moderate,

+++++: strong).
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2hA] o] B AS B3 AAE ] FulE HAA 7|7 Sl
L AEA g AA5}9Ich Sheldon (1988)-2 Maillard HH-2-of)
A cysteineS- HFS-% 7] o] 53 WA S )29t wh-g-o] H =4
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Fig. 2. Response surface for baked potato odor (Y,) at constant
values as a function of time (X,) and pH (X,) in reaction flavoring
at 120C.
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Fig. 3. Response surface for masking of shellfish odor (Y,) at con-
stant values as a function of time (X,) and pH (X,) in reaction fla-
voring at 120C.

ofu| Ak} 7} A] alanine, glycine®| cysteinex} E3F5t o 2
SN Foll A 7P 42 2| a17] gFoll kSt & AE
Aol AR 235 ®argh vf 9ot $HH, = Maillard
HESA] 42 2]31713Fe] Aol Tofsh= A d 24 ght
Ao g Seigol] 6% Kot ¥kgAo] o ZFetal, Be] SR
WS Fo] EAHET= BheE Lo o ks = o=
&4 2UthHReyes et al., 1982; Nagodawithana, 1995). w2}
A 1 Maillard ¥1-3-ofl 23t g7E AAsH7] 96t 0.2 M
glucose, 0.2 M ribose ¥ 0.2 M xylose £9.0 2 7}7} =317] 2]
S % A3 th2 Table 59 Zo] reaction flavoring BH-S- 213)
AZ A3 M2 fARE RS s AL, Sl hE ARol= A
9 gl= A& Yeh 3742 G 5 71 ARFAQl glucose =
E3714 o) M-S A & ARSI

Maillard £t32| & ZL|EZat 2[XMst SR

Eshol A B (Brix 307), 0.4 M glucose, 0.4 M glycine 2 0.4 M
cysteine 82 Z+z} 4:2:1:12 &35t WEg-A (o]} CE-Glu-
G-CHFSANE WH-AIZH RES-91 0] pH 5 S/ W5 22| s}
o] Maillard H-g-A| 71 th HE--A84d = 2] 37H4] S&pol of
et W57 Avte] A HSHE 33k Bhg3EH O 2 Figs. 2-4
of Uref 3tk OE-Glu-G-C ¥H&-7| €] Maillard ¥H-3-of 4] §1-8-
AZE L HEE-71 pHE| W Sto] whE FE51 0] 34, R 3F
9 3-o)A-& =A% Ail= Table 62 2t} Figs. 2-4 4 Table
6014 Aol 3717 Fsid0] 225} wkg AL Table 7}
2} 2, g, o3 Aol 9 AR 413713 wae) 4
A WRS 2 AL ZH2 120 oA 121.6%, pH 7.43, 120.5%, pH
7.12, 1231 130.8%, pH 7.152 YERTE Z8]aL o] 371X
FEHe-E B 183 multiple response optimization FHg-

Fig. 4. Response surface for boiled meat odor (Y,) at constant val-
ues as a function of time (X,) and pH (X)) in reaction flavoring at
120C.
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Table 6. Polynomial equations for reaction flavoring calculated by surface response methodology (RSM)

Response Quadratic polynomial equation R? P-value
Baked potato odor Y,=6.0000+0.2207X,+0.4328X,-1.2500X, X, -0.6000X,X,+0.1500X X, 0.974 0.001
Masking of shellfish odor Y,=6.0000+0.1332X,+0.2436X,-0.9687X X, -0.9688X,X,+0.0750X X, 0.993 0.000
Boiled meat odor Y,=5.8000+0.6596X,+0.3987X-0.4563X X, -1.1813X,X,+0.3000X X, 0.939 0.005
Table 7. Optimum reaction conditions of multiple responses for Maillard reaction
. Independent Critical value Stationa

Dependent variable vaFr)iabIe Coded Uncoded point ry
Y, X, 0.082 121.64 Maximum
(Baked potato odor) X, 0.431 7.43 Maximum
Y, X, 0.026 120.52 Maximum
(Masking of shellfish odor) X, 0.115 712 Maximum
Y, X, 0.535 130.80 Maximum
(Boiled meat odor) X, 0.153 7.15 Maximum

. o X, 0.032 120.60 Optimum
Multiple response optimization .

X, 0.328 7.33 Optimum

X, time; X, pH.
208 W2k 120Cof A BESAIZE 120.6:2, pH 7.339] 7} B35 58l IQF = 53 2w0] FE FIAE 4= U3
% Hgkakeict. shelstsics.

Maillard 2tS9| o=t A5ae] 28

%2 Maillard ¥H-g-z710 A 9] oS¢kt AA| Bt Ads
2|2 z70]| A reaction flavoring A1 & H7}gk 7} FLH 4
o] %%-g v w3k A7 Table 83} Pc} FTEUS &, %t
T, o9 F Al B a Ao
7} 6.08,5.98 Y 5.830.5 Al1=%](5.93, 5. 85 95778} oA

2fo] §lo] vl<3t A Ao, o] 2 A reaction flavoring

Table 8. Predicted and observed values of response variables in
critical reaction flavoring (RF)

Predicted
Response value Observed value
variable

RF extract RF extract Non-RF extract
Baked potato odor ~ 6.08° 5.93+0.25° 4.02
Masking of b b o
shellfish odor 5.98 5.85+0.19 4.0
Boiled meat odor 5.83° 5.77+0.28° 4.0°

Calculated using the predicted polynomial equations for response
variables, critical values of independent variables: reaction tem-
perature, 120 C; reaction time, 121 min at pH 7.3.

Mean values of triplicate determinations by sensory test (n=12, 7
scale score: 7, very good or stronger; 4, acceptable or moderate; 1,
very poor or weaker).

*®Means with different superscript in the same row significantly
differ at P<0.05.

Al AL

o] =50 2009 = AR(ILH)2] AP o @ skl LAt
o] X ol 43 7] 2 AFAL(No. 0074813)2] Yz
Al ool AALE- Y Tt
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