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Determining Optimal Processing Conditions for Flounder Verasper
moseri Jordan et Gilbert Sikhe using Response Surface Methodology
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We examined sensory characteristics to determine the optimal conditions for flounder Verasper moseri Jordan et
Gilbert sikhe preparation, using response surface methodology. Our aim was to develop the optimum mixing rates
and materials for producing highly palatable flounder sikhe. The optimal fermentation temperature, salt concentra-
tion, and fermentation period for preparing flounder sikhe of acceptable quality were 11.63°C, 4.66% and 9.12 days,
respectively. The optimal percentages of red pepper powder, garlic, monosodium glutamate, ginger, radish and foxtail
millet were 16.08%, 7.21%, 2.96%, 3.70%, 10.12% and 13.72% respectively.

Key words: Flounder sikhe, Sundried sea salt, Standardization of processing conditions, Microbiological, Quality
evaluation

N o= URS Wl bt GoFsta SRolut, AGASAAE B
o] Bk, Z1e]uh Alsel Tet A7 olske W mlagatA] A
7}A4a|(Verasper moseri Jordan et Gilbert) & 2 $-2|u2t Aol gt ALz e 7] 9] o] R o)A ¢l A] tH(Kim and Cho,
Fofolol Al AE oS0 0 259 Fo shtolck /b 2012), Alsj A A% AFAR AF| ul7} F7hero] o
ZHr)= docosa hexaenoic acid (DHA), eicosapentaenoic acid g} & slefo] o ok Algfo] e Wo| §EL I 9= A
(EPA) 5} 22 245 g7t S7sto] dz5 3, 1A 7oL, o] = Qlste] Al o] Ay ThEro] of7] E o] A = Al
&, 202, A4 4 A & 0131 7}Xl Al A2 o]-§Hof gt 7153 Qlek. dubA o = gl AEAol Yl AlAIA A
TH(Cha et al., 2004). A]3}= o] = Qo] EAHo g 7V AEZE QAL YA SFAAT AR 9E oA &
710% H91S) 28 718101 of FFA TEAR AL E L 0| Ao shaslolobd ek ol A 1§ 54 =
T 2| FARE Eddsto] SAAHCRA Zikts HEgt 4, 7184, 7443, 71 QP 59 oheket 2xdo] ] E|of
ol YETH A G714 gt A BE Agel A3 of stk o] S SlsA Alsle] A9 YR SA4S X 20
ok Fnlet 22 o] A H= A AP A Aot Woo et FE3 24 7)ol gt 54 ‘”‘—?WPJ&L A7golar, 15
al., 1992). Alsll= A&t wra g7l 55t FH7tE= FA) o| M 714} Al 2t AL TANA, 7| B % 2R 95k Zu]7]
27} fAksTe] XM SARE AT 715 A BRI &, Te3 $ETR AAo|Th A el uhabe] Al A4l
o ofst aREelo] e fARE, Aoliga Wbzl ot & A0 G AFoluHE o gelrE QIze ofnle]
FAaT)o] 7|tE= AFURAFLEA 29 ¢jute] 2 Q A5 o= e 29l o 310l 9] 7| 5oL & o] 2 E|
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Table 1. Experimental design for flounder Verasper moseri Jordan et Gilbert sikhe prepared of fermentation condition

Variable Level Ingredient

Sample No. X Fa;tors X Red pepper  Garlic MSG' Radish Ginger  Foxtail millet
1 2 2 powder (%) (%) (%) (%) (%) (%)
Temp (°C) Day Salinity (%)

1 10 11 4 15 7 3 15 3 14
2 10 11 6 15 7 3 15 3 14
3 10 17 4 15 7 3 15 3 14
4 20 11 4 15 7 3 15 3 14
5 10 17 6 15 7 3 15 3 14
6 20 17 4 15 7 3 15 3 14
7 20 11 6 15 7 3 15 3 14
8 20 17 6 15 7 3 15 3 14
9 15 14 5 15 7 3 15 3 14
10 15 14 5 15 7 3 15 3 14
11 15 14 5 15 7 3 15 3 14
12 15 14 5 15 7 3 15 3 14
13 25 14 5 15 7 3 15 3 14
14 5 14 5 15 7 3 15 3 14
15 15 20 5 15 7 3 15 3 14
16 15 8 5 15 7 3 15 3 14
17 15 14 7 15 7 3 15 3 14
18 15 14 3 15 7 3 15 3 14

"Monosodium glutamate.
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Table 2. Experimental design for flounder Verasper moseri Jordan et Gilbert sikhe prepared with material proportion

Variable Level Ingredient

Factors
Sample No. X, X, X, Temp Day Salinity Radish Ginger  Foxtail millet

Red pepper  Garlic MSG! (°C) (%) (%) (%) (%)

powder (%) (%) (%)
1 10 4 2 11.6 46 46 15 3 14
2 10 4 3 11.6 46 46 15 3 14
3 10 10 2 11.6 46 46 15 3 14
4 20 4 2 11.6 46 46 15 3 14
5 10 10 4 11.6 4.6 4.6 15 3 14
6 20 10 2 11.6 4.6 4.6 15 3 14
7 20 4 4 11.6 4.6 4.6 15 3 14
8 20 10 4 11.6 4.6 4.6 15 3 14
9 15 7 3 11.6 4.6 4.6 15 3 14
10 15 7 3 11.6 4.6 4.6 15 3 14
11 15 7 3 11.6 4.6 4.6 15 3 14
12 15 7 3 11.6 4.6 4.6 15 3 14
13 25 7 3 11.6 4.6 4.6 15 3 14
14 5 7 3 11.6 4.6 46 15 3 14
15 15 13 3 11.6 4.6 46 15 3 14
16 15 3 11.6 4.6 46 15 3 14
17 15 7 5 11.6 46 46 15 3 14
18 15 7 1 11.6 4.6 4.6 15 3 14

"Monosodium glutamate.
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Table 3. Experimental design for flounder Verasper moseri Jordan et Gilbert sikhe prepared with material proportion

Variable Level Ingredient

Factors
Sample No. X, X, X, Red pepper  Garlic MSG! Temp Day Salinity
Ginger Radish  Foxtail millet POWder (%) (%) (%) (°C) (%)
(%) (%) (%)

1 2 10 10 16.0 7.2 29 11.6 4.6 46
2 2 10 18 16.0 7.2 29 11.6 46 46
3 2 20 10 16.0 7.2 29 11.6 46 46
4 4 10 18 16.0 7.2 2.9 11.6 46 4.6
5 2 20 18 16.0 7.2 2.9 11.6 46 4.6
6 4 20 10 16.0 7.2 29 11.6 4.6 4.6
7 4 10 18 16.0 7.2 29 11.6 4.6 4.6
8 4 20 18 16.0 7.2 29 1.6 4.6 4.6
9 3 15 14 16.0 7.2 29 11.6 4.6 4.6
10 3 15 14 16.0 7.2 29 11.6 4.6 4.6
1 3 15 14 16.0 7.2 29 11.6 4.6 4.6
12 3 15 14 16.0 7.2 29 11.6 4.6 4.6
13 5 15 14 16.0 7.2 29 11.6 4.6 4.6
14 1 15 14 16.0 7.2 29 11.6 46 4.6
15 3 25 14 16.0 7.2 29 11.6 46 4.6
16 3 5 14 16.0 7.2 29 11.6 46 4.6
17 3 15 22 16.0 7.2 29 11.6 46 46
18 3 15 6 16.0 7.2 2.9 11.6 4.6 4.6

"Monosodium glutamate
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Table 4. Experimental design for flounder Verasper moseri Jordan et Gilbert sikhe prepared of fermentation condition

Variable Level Ingredient

Factors
Sample No. .
X X, X, Flavor Taste Texture Color  Overall quality
Temp (°C) Day Salinity (%)
1 10 1 4 4.97+0.21*  4.78+0.48° 5.00+£0.14° 5.67+0.88° 5.010.14°
2 10 1 6 447+1.21¢  4.78+0.91° 4.44+0.45% 4.67+0.69¢ 4.54+0.81°
3 10 17 4 - - - -
4 20 1 4 - - - -
5 10 17 6 4531045 4.33+0.78° 4.78+0.41¢ 5.3310.44c  4.52+0.10°
6 20 17 4 - - - -
7 20 1 6 4.8110.23° 4.44+1.11¢  511+0.84c 556+0.75° 4.81+0.54%
8 20 17 6 - - - -
9 15 14 5 4.6410.76° 4.22+0.24¢  5.00+0.71¢ 5.56+0.39° 4.60£0.15°
10 15 14 5 4981047  4.78£0.11¢  522+0.15° 5.33£0.57¢  5.01%0.64°
1 15 14 5 4.6410.62° 4.22+0.87  5.00+0.54° 5.56+0.41°  4.62+0.14°
12 15 14 5 4.98+0.18> 4.78+0.84° 5.22+0.67° 5.33+0.16° 5.00+£0.49°
13 25 14 5 - - - -
14 5 14 5 5.15+0.742  5.11+0.23* 5.33+0.64° 5.44+0.18° 5.12+0.16%°
15 15 20 5 - - - -
16 15 8 5 5.75£0.16  6.2240.34®  5.67+0.17¢2  6.2241.197  5.8110.842
17 15 14 7 4.20£0.11¢  4.44+0.69¢ 4.4440.78° 4.00+0.95¢ 4.21+0.26°
18 15 14 3 3.9140.32¢  3.5610.81°  4.33+0.34¢ 4.44+0.41¢ 3.90£0.74¢
**Values with different superscripts in the same row are significantly at P<0.05 by Duncan’s multiple range test.
I-No data.
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Fig. 1. Perturbation plot and response surface for the effect of sensory characteristics of flounder Verasper moseri Jordan et Gilbert sikhe

prepared with production process standardization.
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Table 5. Experimental design for flounder Verasper moseri Jordan et Gilbert sikhe prepared with material proportion

Variable Level Ingredient

Factors
Sample No. X X, X, )
Flavor Taste Texture Color Overall quality
Red pepper Garlic MSG!
powder(%) (%) (%)
1 10 4 2 575+0.122  550+0.35° 5.25+0.32® 5.88+0.11° 5.21+0.21%
2 10 4 3 5.13+0.51°  550+0.21° 5.00+0.51° 5.88+0.21*  5.42+0.15°
3 10 10 2 4.88+0.97¢ 5.13x0.51° 5.00+0.21° 5.50£0.25®  5.10£0.21°
4 20 4 2 4.37+0.14¢  450+0.32¢ 4.75+0.12¢ 5.63£0.612  4.81%0.75¢
5 10 10 4 4.1320.22° 4.63+0.21° 4.63+0.64¢ 5.13£0.32°  4.62+0.23¢
6 20 10 2 4.75+0.84c 5.00+0.33° 5.75+1.01° 5.5040.28*  5.31+0.54°
7 20 4 4 4.62+0.42° 4.63+0.27° 4.50+0.32¢ 5.2510.74°  4.82+0.12¢
8 20 10 4 4.88+0.64° 4.25+0.63° 4.63+0.29° 4.88+0.12¢ 4.70+0.91¢
9 15 7 3 5.004£0.12°¢  5.00£0.12°¢ 5.13+0.21c  5.38+0.54*  5.10+0.21°
10 15 7 3 5.00£0.42° 5.00+0.23° 5.13+0.54° 5.38+0.21> 5.12+0.11°
11 15 7 3 5.00£0.32  550+0.45° 5.13+0.52° 5.384+0.63° 5.35:0.36°
12 15 7 3 5.00£0.17¢  5.5040.23° 5.13%0.31¢ 5.38x0.55* 5.31+0.12°
13 25 7 3 5.00£0.41>*  5.131#0.11c 5.25+0.82° 5.63+0.512  5.35+0.22°
14 5 7 3 5.13£0.26° 4.38+0.18°  5.50+1.00° 5.25+0.23° 5.10£0.24°
15 15 13 3 5.2510.12° 4.38+0.24¢ 550+1.32® 5.38+0.94°> 5.11+0.58°
16 15 1 3 3.1320.37¢  3.25+0.32" 5.25+0.81° 5.25+0.41° 4.22+0.12°
17 15 7 5 5.00+0.12* 5.38+0.12 5.38+0.62° 5.50+0.66*® 5.35+0.63°
18 15 7 1 5.1340.63° 6.13+0.122  5.50+0.15° 5.63+0.41°  5.65+0.23?

**Values with different superscripts in the same row are significantly at P<0.05 by Duncan’s multiple range test. 'monosodium glutamate.
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Fig. 2. Perturbation plot and response surface for the effect of sensory characteristics of flounder Verasper moseri Jordan et Gilbert sikhe
prepared with production process standardization.
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Table 6. Experimental design for flounder Verasper moseri Jordan et Gilberu sikhe prepared with material proportion

Variable Level Ingredient

Factors
Sample No. )
Ginger Radish Foxtail millet Flavor Taste Texture Color Overall quality
(%) (%) (%)
1 2 10 10 4.75£0.23¢ 5.13+0.36¢ 5.50+0.14° 5.13£0.11¢  5.13+0.26°
2 2 10 18 4.63+£0.21¢ 5.50£0.22° 5.88+0.52° 5.00+0.21¢  5.25+0.16°
3 2 20 10 3.88+0.91°  4.88+0.78° 4.75+0.36° 4.88%0.10¢  4.59+0.58
4 4 10 18 5.25£0.33° 5.88£0.82° 5.63+0.33° 5.88+0.36* 5.66+0.33°
5 2 20 18 5.25£0.51°© 5.75+0.63 5.38+0.44c 5.75+0.24*  5.53+0.14°
6 4 20 10 5.6340.24> 5.13+0.56° 6.13+0.25® 5.75+0.63° 5.66+0.61°
7 4 10 18 6.13£0.36 6.13+0.98° 6.63+0.63° 6.13+0.12®  6.25+0.39°
8 4 20 18 3.634£0.74¢  4.75+1.03° 5.25+0.84° 4.75+0.22¢ 4.59+0.21°
9 3 15 14 5.1340.22°¢  5.3840.94° 5.88+0.59° 5.13+0.85° 5.38+0.14¢
10 3 15 14 5.13£0.36° 5.3840.13° 5.88+0.93* 5.13+0.39° 5.38+0.89°
11 3 15 14 4.7520.51¢  4.88+0.36° 5.88+0.21® 5.38+0.93 5.22+0.12¢
12 3 15 14 4.75+0.36¢ 4.88+0.36° 5.88+0.53° 5.384+0.36° 5.22+0.11¢
13 5 15 14 4.7520.19¢  5.00+0.23¢ 5.00+0.12¢ 5.38#0.12°  5.03%0.74¢
14 1 15 14 1.88£0.05"  3.13+0.11"  1.75+0.12"  3.63+0.51"  2.5910.219
15 3 25 14 4.75+0.36¢ 5.38+0.32° 5.63+0.36° 5.75£0.36° 5.38+0.69°
16 3 5 14 5.13+0.23°  4.7520.51¢ 5.25+0.41% 4.63£0.56° 4.94+0.74
17 3 15 22 5.63+0.78° 6.25+0.69*  6.00+0.48> 6.00+0.41®  5.97+0.14°
18 3 15 6 5.1340.34°  4.88+0.26° 5.63+0.26° 5.63x0.31°  5.31+0.21¢

*Values with different superscripts in the same row are significantly at P<0.05 by Duncan’s multiple range test.
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Fig. 3. Perturbation plot and response surface for the effect of sensory characteristics of flounder Verasper moseri Jordan et Gilbert sikhe

prepared with production process standardization.
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