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Optimal Conditions of Reaction Flavor for Synthesis of Crab-like
Flavorant from Snow Crab Cooker Effluent
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ABSTRACT To develop a crab-like flavorant from snow crab cooker effluent (SCCE, 20°Brix), optimal reaction
conditions were determined using response surface methodology (RSM) combined with reaction flavoring technology
(RFT). Using five variables (proline, glycine, arginine, methionine, fructose), RSM based on a five-level central compo-
site design was applied to evaluate sensory acceptance (odor, taste, and overall acceptance) as dependent variables.
A model equation obtained from RSM showed 0.88 of R-square for odor, 0.90 for taste, and 0.95 for overall acceptance
with 0.07 lack of fit in overall acceptance (P<0.05). Odor score (predicted value) was 7.21 in the saddle point. Optimal
flavoring conditions for making a crab-like flavorant were as follows: addition of 0.29 g of proline, 0.63 g of glycine,
0.61 g of arginine, 0.02 g of methionine, and 1.07 g% (w/v) of fructose into SCCE with RFT (90 min at 130°C).
Odor score obtained under optimal conditions was 7.56, which was higher than the predicted value.

Key words: snow crab cooker effluent, response surface methodology, reaction flavor
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Table 1. Coded level of independent variables in experimental
design

Coded Independent variables"
level Proline Glycine Arginine Methionine Fructose

2 0.58 1.10 1.10 0.04 1.90
1 0.44 0.85 0.85 0.03 1.45
0 0.30 0.60 0.60 0.02 1.00
-1 0.16 0.35 0.35 0.01 0.55

-2 0.02 0.10 0.10 0.00 0.10

UThe content (w/v) was g % of each additive per 100 mL of
snow crab cooker effluent (20°Brix).
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Table 2. Central composite design consisting of 31 experiments for making natural crab-like flavorants with 5 experimental factors

in coded units

Independent variables'”

Dependent variable

3.4)

Run No. Proline Glycine Arginine  Methionine  Fructose Odor Taste Overall acceptance
1 -1 -1 -1 -1 -1 5.13 6.36 5.31
2 1 -1 -1 -1 1 6.15 6.50 6.15
3 -1 1 -1 -1 1 6.08 6.33 6.13
4 1 1 -1 -1 -1 5.58 5.92 5.63
5 -1 -1 1 -1 1 6.18 6.50 6.00
6 1 -1 1 -1 -1 6.50 6.80 6.40
7 -1 1 1 -1 -1 6.33 5.90 6.10
8 1 1 1 -1 1 6.80 5.85 6.70
9 -1 -1 -1 1 1 6.20 6.60 6.45
10 1 -1 -1 1 -1 5.30 5.50 5.30
11 -1 1 -1 1 -1 591 6.11 591
12 1 1 -1 1 1 5.93 6.20 5.98
13 -1 -1 1 1 -1 6.00 5.64 5.70
14 1 -1 1 1 1 5.67 5.75 5.75
15 -1 1 1 1 1 6.79 6.68 6.89
16 1 1 1 1 -1 5.46 6.33 5.60
17 -2 0 0 0 0 6.28 6.19 6.11
18 2 0 0 0 0 6.19 6.28 6.22
19 0 -2 0 0 0 6.50 6.20 6.40
20 0 2 0 0 0 6.25 6.53 6.14
21 0 0 -2 0 0 6.74 6.32 6.68
22 0 0 2 0 0 6.02 6.45 6.45
23 0 0 0 -2 0 6.36 6.74 6.45
24 0 0 0 2 0 6.17 6.03 6.22
25 0 0 0 0 -2 5.71 6.21 5.81
26 0 0 0 0 2 6.50 6.60 6.30
27 0 0 0 0 0 7.10 7.30 7.20
28 0 0 0 0 0 7.06 7.33 7.06
29 0 0 0 0 0 7.06 7.04 7.13
30 0 0 0 0 0 7.23 7.00 7.27
31 0 0 0 0 0 7.32 7.21 7.32

UThe coded levels of independent variables are same as represented in Table 1.
This experiment was conducted at 130°C for 90 min in a hot air dry oven.
3)Dependent variables were performed by acceptance test of 12 panelists with 9 hedonic scale (1: dislike extremely, 5: neither

like nor dislike, 9: like extremely).
“Mean value (n=24).
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Table 3. Model coefficients estimated by multiple linear re-
gression for dependent variables

Coefficient
Factor Odor Taste Overall
acceptance
Constant 7.17 7.16 7.20
Linear
Pro -0.04 0.01 0.04
Gly 0.06 0.02 0.04
Arg 0.08 0.04 0.09
Met -0.07 -0.15" -0.07
Fru 0.19 0.08 0.13
Quadratic
Pro’ -0.24° -0.22° -0.26°
Gly* 021" -0.19" -0.24"
Arg’ 021" -0.18" 0.16"
Met® -0.23 0.24" -0.22"
Fru’ 027 -0.18" -0.29°
Cross product
Gly X Pro -0.12 -0.04 -0.19°
Arg X Pro -0.01 0.16 0.13
Arg X Gly 0.02 0.04 0.03
Met X Pro -0.27 -0.16 033
Met X Gly 0.01 0.24" 0.06
Met X Arg -0.13 -0.04 -0.13
Fru X Pro 0.02 -0.13 -0.08
Fru X Gly 0.19 0.08 0.16
FruX Arg -0.19 -0.14 -0.18
Fru X Met 0.07 0.13 0.18
Model
Linear 0.04° 0.08 <0.01"
Quadratic 0.001" 0.001" <0.01"
Cross product 0.50 0.17 0.12
R’ 0.88 0.90 0.95
Total regression >F)  0.02 0.01 <0.01
Lack of fit 0.01 0.95 0.07
*P<0.05.

P =9 22318 (quadratic)The] EF7F §-2] 41 (7X0.05)2
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acceptance 21& 7.20—0.26[Pro]*—0.24[Gly]*—0.16
[Arg]®—0.22[Met]*—0.29[Frul®~0.19[Gly][Pro] -
0.33[Met][Pro] o & YE}lkt}. Taste9} overall accept—
ance?] 7% odorolA et 8] 238 2 W AFEH(cross
product)e] I #2X(/<0.05)% 717 Aoz ey},
WS- HEA oA dojzl fedo] = WgAFE o &
3t SR 7 Ul ke AEEAE Solry] 95k v
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e RITE Tasteol A methionine?] 7} % S7h=
negative 37} e o1 glycined] 7|27} @819 =
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Table 4. Volatile compounds in 31 experiments of crab-like flavorant base as shown in Table 2

Nitrogen-containing compounds (22) Ketones (7)

2-me‘th1pyrazine,.2-methylpyridine, . 2-octanone, 2-decanone, 2-undecanone, acetophenone,
2,5-dimethylpyrazine, 2,6-dimethylpyrazine, propiophenone, phenylacetone, butyrophenone
2,3-dimethylpyrazine, 2-ethyl-5-methylpyrazine,

trimethylpyrazine, 2-methyl-5-isopropylpyrazine, Alcohols (6)

2-ethyl-3,6-dimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine,
tetramethylpyrazine, 2-ethyl-3,5,6-trimethylpyrazine,
2,5-dimethyl-3-isobutylpyrazine, 4-(1,1-dimethylethyl)pyridine,

2-ethylhexanol, octanol, 5-decanol, 4-methyl-4-heptanol,
benzylalcohol, dodecanol

3,5-diisopropylpyridine, 3,5-bis(1-methylethyl)pyridine, Aldehydes (2)
2,5-dimethyl-3-(2-methylbutyl)pyrazine (isomer),
2-isoamyl-6-methylpyrazine, 2,5-dimethyl-3-(3-methylbutyl) benzaldehyde, 2-phenyl-2-butenal

pyrazine (isomer), 2,3,5-trimethyl-6-(2-methylbutyl)pyrazine
(isomer), 2,3,5-trimethyl-6-(3-methylbutyl)pyrazine (isomer),
2-acetyl-3,5,6-trimethylpyrazine styrene, 1-(ethoxymethyl)-4-methylbenzene, phenol

Aromatic compounds (3)

Sulfur-containing compounds (7) Miscellaneous compounds (9)

dimethyl disulfide, dimethyl trisulfide, methylmethyl thiomethyl  trimethylamine, 2-pentylfuran, pentadecane, 3-methoxydecane,
disulfide, methylbutyl disulfide, 1,1-bis(methylthio) ethane, (Z,Z)-5,11-hexadecadiene, 3-phenylfuran, nonadecane,
S-methylthio benzoate, benzylmethyl disulfide phenylacetonitrile, 4-methylquinoline
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Fig. 2. Mean amounts of volatile compounds in 31 experiments
of crab-like flavorant base. 1, N-containing compounds; 2, S-
containing compounds; 3, ketones; 4, alcohols; 5, aromatic com-
pounds; 6, aldehydes; 7, miscellaneous.
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Table 5. Results of sensory evaluation in the optimal model sys-
tem obtained from response surface methodology

Sensory Optimal content (g/100 mL)”
score Pro Gly Arg Met Fru
Odor 7.21 029 063 061 0.02 1.07
Taste 7.17 029 063 061 0.02 1.07
Overall 7.22 029 063 061 002 1.07
acceptance

1)Optimal ratio of each additive to 100 mL of snow crab cooker
effluent (20°Brix) obtained from results of response surface
methodology.

Table 6. Comparisons of sensory properties in crab-like flavor-
ant made from results of response surface methodology (RSM)

Odor Taste Overall
acceptance
Predicted value” 7.21 7.17 7.22
Actual value” 7.56 7.19 7.69

UPredicted value: predicted sensory scores of crab-like flavorant
obtained by polynomial equation of RSM.

P Actual value: real sensory scores of crab-like flavorant made
by results of RSM.
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