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Enhancing the Flavor of Pead Oyster (Pinctada fucata)
Extract Using Reaction Flavoring
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The optimal substrates and reaction flavoring conditions were examined to develop pearl oyster extract
(POE) flavor using the Maillard reaction under a model system. The sugar for the Maillard reaction was
glucose, and the amino acid was cysteine, with glycine as the reaction substrate. A three-dimensional response
surface method was used to monitor the dynamic changes of the substrates during the Maillard reaction.
To enhance the flavor of POE, a two-step enzymatic hydrolysate (Brix 20°) was reacted with thé precursors
(1:1, v/v). A 2:1:1 mixture of 0.4 M glucose:0.4 M glycine:0.4 M cysteine (v/v) was selected as a suitable
reaction system for the reappearance of baked potato odor and boiled meat odor, and masking the shellfish
odor. The two-step enzymatic hydrolysate and selected precursors were reacted in a high-pressure reactor
to optimize the reaction parameters. The optimum conditions were 150 minutes at 120C and pH 7.0. The
pH was the most critical factor for the response of the baked potato odor and masking the shellfish odor,
while the reaction time affected the reappearance of the boiled meat odor.
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2478-S 5 F o, 53] side o3 Aad
reaction flavor2}3l 3T} (Manley, 1994; Kim, 2002; Cha ct al,,
2005). ©] Reaction flavoring 71&-8 8| FF YA NA] ah&
2378k} savory S A AMsl=H) Bol o] £E 3 glom
(Manley and Ahmedi, 1995), ¥+ 2] &jele] Wl w&
ZHHH 2] 21 F (ready-to-eat food)?] FRZ7M= 317]8ko}
savory@oll tigh =8 2 old] #AZ T3 w-g-A] 7159
AE BaeAdE 77 Aok &2 A7 ojv| et
peptide, @A, A AW, F L thiamin 59 AFELS
7tEE o) A==, Maillard 923} Strecker ¥-5), Maillard
qh8- S8 AE- 3} hydrogen sulfide, ammonia 2 thiol 32
W-§-, thiamin®] EE-3), o}r=it & Fo &3, P4tsl,
28] 31 ribonucleotided) E-3)7}F 173k Ao #osl=
8% 9352 47 A o (Nagodawithana, 1995). 53],
ol =4kl cysteine 7FHA] Strecker -8 ol #-3-Ad o]
743t 2-mercapto-acetaldehyde, acetaldehyde 2 hydrogen
sulfideE 3k, 0|2 g a}gHEo] |a7]ge] Bdd] Fa
3 ALEAE b-2-g 3o} (Nagodawithana, 1995; Hofmann
and Schiberle, 1995). WA= ©] reaction flavoring 7] &<&
o]-8% 3713 /e 2 Maillard ¥Hg ATFER )] 2B AT
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A 7trRIAE HVP) 2 ERFEES Hlsl m7|3k)
AEE AEF vk AT (Yoon et al,, 1994; Ko et al., 1997).
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technologyll #3+ <17+ W3] AgPsjojor & Hoz B}
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W2 (response surface method)-S o8-8l &2 wrgz
BE d&slast 727 SPRgd g ghgde) #sd 548
RUEHIA T2 4 Hur)3 9Fd v$- 20
g JAAZA Maillard ¥h-&-ol] BFA otk 2} o3t ¥k

2% )3l IOFI (Intemational Organization of Flavor
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olME o FAZLZ AL ATH Manley, 1994). Lukz]
o2 3718 7F9E v heterocyclic amine®} 22 kA A
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dawithana, 1995). TEhA] £ AFdAE 4719 22 AEAN
&7 kdAd-g nElste W EE AR RS 180T R T}
R 9e 2% 12002 238F5 AP A3hdTh (Kim
and Back, 2003). BF&&7] g HHAELS fractional
factorial designs AM&3IA oM, ¥HEETH FALNES 3
SAS (statistical analysis system) program (SAS, 1988)2 Al-8-8}
At YA S L Table 13 70| Maillard reactionol| 4] 8.3+
SHUTE Y He AR F, WA 308, 604, 904,
1204, 1508, ¥H-&-He] pH 5, 6, 7, 8, 98 -2, -1, 0, +1, +2¢]
SHAIZ F3gstAtt. &, Table 1o YERR SHHS ()&
FATAAE (Lee et al,, 1996)° @z} Fig. 13} 2o 107337+
(L148H 4, FHH 2, 53 9oz At 2L A3}
Aot T, o] FHMT FIFS WE THEUF (Y F,
o] B3 54RAARME T3 WA (baked potato
odor, Y1), ®1913 X3 (masking of shellfish odor, Y1), 4+
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Table 1. Levels of independent variables for experimental
design of Maillard reaction

Xi Independent Level
variable 2 -1 0 +1 +2
Xy Time (min.) 30 60 90 120 150
X2 pH of solvent 5 6 7 8 9
X1 Xz
+1 +1
+1 -1 2? Factorial
-1 1 experimental points
-1 -1
0 0 .
0 0 Center points
+2 0
-2 0 . .
0 +2 Axial points
0 -2

Fig. 1. Central composite design to k=2 for experimental
design of Maillard reaction.
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system (Statistical Package, SPSS Inc. USA)S ©| &3}
ANOVA test ¥ Duncan's multiple range testZ p<0.05 G52l A
A B3] Fo S HASATH (Han, 1999; Kim et al, 1993).

dat ¥ n#

2N vtg7|2e MH
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ghgo o] &5e 7, oAt 5 AFERES 2
HA 04 M glucose BH-E 7|20 2 Flo] 7)o = oln|=
Ake] 238 WIAAZPEA Maillard HH-8-& X171 - 283}
© a2 HU)F 223 g 58S #sde= Hre
A= Table 294 2ok olu) H7lele olmito g e 4o
Har7)gke] Irde) Fa% 9Es drhn GEF Fdtolr| e
%+ (Nagodawithana, 1995; Hofmann and Schiberle, 1995;
Macleod, 1986)3 A& AFZ2HN FEE9] obv|=t 24454
w4, Maillard W29l 719 A= 55 113 8] methionine,
cystine, threonine, alanine, lysine B glycine 52 X143} ).
Table 20l 49} o] o]E& ghicose £ T E= B33
L& Zgste] Maillard W13 A7 & BAEtE 7)o &
A& ZEZ A3, glucosetglycine+cystine®] E-37] 2 o] &k
Ha 7% 23 T BH 7P SFAL 1 A=
¢ Ao nzg, o] B/AL IR FE5Y ¥
= MAA717] A W AT EAE 25T Sheldon
and Shibamoto (1988)<= Maillard ¥F-8-°l A cystine2 WHg-%
719 F3WE AT vkgo] APEFZE §e | gFS
Wtk 8}9al, 3§ Hsich et al. (1980)2 §&ro}m) =it}
7}EA] alanine, glycine®] cystine®} £&3 o2 £¢712 =
oA 7Hd 4k a7 AT B 439 Aol

fu i3 ro

Table 2. Odor characteristics of glucose-amino acids solution as affected by amino acids during Maillard reaction at 120C

Reaction time (hr)

Glucose-amin? 4 12 16
acids solution Boiled Sweet Boiled Sweet Boiled Sweet Boiled Sweet
meat meat meat meat
Methionine+Threonine
Methionine +Alanine
Methionine +Lysine ++2 ++ + +
Methionine + Cystine +
Methionine + Glycine
Threonine +Alanine +
Threonine +Lysine + ++ ++
Threonine + Cystine + + + ++ + +
Threonine +Glycine
Alanine +Lysine ++ +
Alanine +Cystine + + + +4+ +
Alanine+Glycine
Lysine+Cystine + ++ +
Lysine +Glycine + +
Glycine +Cystine + + ++ + +++ ++ ++ ++

'0.2 M glucose (10 mL)+0.2M amino acid (5 mL)+0.2M amino acid (5 mL).
Symbols mean odor intensity (+: weak, +++: moderate, +++++: strong).
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AR A3E B v Qo §9, FHE Maillad ¥4
e A Aol Bojdhe ATEERA duroz
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IR FI Maillard K-S HAISITE (Manley, 1994;
Nagodawithana, 1995; Kim and Baek, 2003). PE-Glu-G-C %F%
A€ 120CollA Maillard ¥-3-A17) th& -8 E2] 371A
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Fig. 2. Response surface for baked potato odor (a), masking
of shellfish odor (b), boiled meat odor (c) at constant values
as a function of time and pH of solvent in Maillard reaction
at 120TC.

reaction flavoring =712 WH&2% 120Col A HEEAITE 150
B, pH 7.0 o2 AR HAT 9, PE-Glu-G-C ¥H&AlE
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Table 3. Polynomial equations for Maillard reaction calculated by RSM

Response Polynomial equation R? Significance
Baked potato odor Y*i%gf&ff&'11917);3‘;’)'?235)(2'0'412857)(12 0.9118 0.0311
Masking of shellfish odor YZ:ffg:;&f;?ﬁ;g&?167X2'°'4°75X12 0.9119 0.0310
Boiled meat odor Y o in b 0.9315 0.0191

Table 4. Predicted level of optimum conditions for maximized sensory characteristics in preparation of Maillard reaction

by the ridge analysis

Response Temp. (°C) Time (min.) pH Estimated response*
Baked potato odor 120.0 147.6 7.54 7.97 (max)
Masking of shellfish odor 120.0 149.9 6.98 7.34 (max)
Boiled meat odor 120.0 1499 - 6.97 7.71 (max)

*9 scale score by sensory evaluation (n=12).

Table 5. Analysis of the overall effects of reaction variables
on reaction conditions of model system

. F-ratio
Reaction - :
variable Baked Masking of Boiled
potato odor shellfish odor meat odor
Time 11.30" 773 7.38?
pH 3.93 263 1.04

'Significant at 1% level; *Significant at 5% level.

Table 6. Comparison between predicted values and observed
values of response variables in critical Maillard reaction.
Calculated using the predicted polynomial equations for
response variables. Critical values of independent variables:
reaction temperature 120C, reaction time 150 min, pH 7.0.
Mean values of triplicate determination by sensory test (9
scale score, n=12)

Response variable Predicted Observed
value value
Baked potato odor 7.48 7.1+0.9
Masking of shellfishy odor 7.25 6.910.5
Boiled meat odor 6.70 6.410.8
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