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This study was conducted to find out optimum conditions of kanjang fermented with barley bran. Fermentation
conditions for optimization of taste of kanjeng made with barley bran was investigated with response surface
methodology. Optimal conditions of salty taste was as follows, the content of meju: 15%, the content of salt: 7%,
initial temperature: 24°C, middle temperature: 29°C and end temperature: 14°C. Optimal conditions of palatable
taste was as follows, the content of meju: 24%, the content of salt: 13%, initial temperature: 26°C, middle tem-
perature: 25°C and end temperature: 20°C. Optimal conditions of bitter taste was as follows, the content of meju:
28%, the content of salt: 18%, initial temperature: 35°C, middle temperature: 10°C and end temperature: 38°C.
Optimal conditions of overall acceptability was as follows, the content of meju: 15%, the content of salt: 19%,
initial temperature: 30°C, middle temperature: 38°C and end temperature: 23°C.
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Table 1. Levels of cultivation conditions in experimental design

Cultivation Level
i condition ) -1 0 1 2
X, Meju weight 15 20 25 30 35
X, Salt weight 7 11 15 19 23
X, Initial temperature 10 17 24 31 38
X, Middle temperature 10 17 24 31 38
X,  End temperature 10 17 24 31 38
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-2 BH 3RS 98] SAS(Statistical Analysis System)S:
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Table 2. Experiment data for sensory evaluation values, total nitrogen and GA/TA

Exp. Cultural conditions

No. Xl XZ X3 X4 XS Yl Y2 Y3 Y4 YS Y6 Y7 YS Y9 Yl 0
1 1300 119 131 131 1(31) 67 52 56 53 76 78 76 70 035 190
2 130) 119 13D 1(31) -1(17) &7 58 51 51 62 56 61 66 032 260
3 130 1% 131 -1a7) 131 72 50 42 41 72 68 68 54 030 202
4 1300 119 13D -117) -1a7) 34 38 34 48 40 46 46 42 034 182
5 130) 119 -117) 131 1331) 68 65 42 51 70 68 61 72 039 234
6 1(30) 119 -117) 131) -1A7) 74 50 43 45 64 56 68 64 045 210
7 130y 1% -117) -117) 131) 53 41 46 51 62 56 56 60 036 191
8 130) 119 -117y -117) -1a7 36 45 35 48 54 48 61 44 036 193
9 130y -1a1n 131 131 1(31) 48 28 33 45 41 39 52 54 057 234

10 130 -11H 163 13D) 107 3 38
11 130) -1 13 -117) 131y 61 59
12 130 -1 131 117y -1(17) 53 48
13 130y -1 -1(17) 131 1(31) 46 35
14 130) -1dH -1A7 13D -117) 48 39
15 130 -11n -1d7) -1d7 131 56 42
16 130y . -1y -7y 1Ay -1 S0 35
17 -1200 119y 13 13 131) 34 51
18 -1200 119 131 13D -17) 37 53
19 -120) 149  13DH -1aA7n 131 44 61
20 -1200 119 13D -1d7) -1(07) 38 50
21 -1200 119 -1a7) 131 131) 32 54
22 -1200 119 -107) 131 -17) 39 53
23 -120) 119y -117) -1A7) 131 46 54
24 -1 119 117y -1(A7)y -1(17) 43 48
25 -120) -1(11) 131 131 131 60 14
26 -1200 -11H 131D 13D -1 53 36
27 -120) -11D) 13D -1a7 131 61 32
28 -120) -111) 13D 147 -17) 37 44
29 -1200 -1 -117) 131 131 70 38
30 -1200 -1an -117) 131 -117) 43 17
31 -120) -1(11) -117) -1A7 131D 41 38
32 -120) -1y -117H 107 17 36 44
33 025) 0(15) 024 024 024 44 34
34 0(25) 0(15) 024 024 024 46 36
35 2(35) 015y o249 024 024 54 31
36 -2(15)  0(15) 024 024 024 32 36
37 025 2(23) 0249 024 0249 532 39
38 025) 27 024 024 024 58 38
39 0(25) 0(15) 2(38) 024 02 49 47
40 025 015 -2100 0249 024) 68 59
41 0(25) 0(05) 0@4) 238) 0024 50 33
42 025) 0(15) 024 -2(10) 024 45 44
43 025) 0(15) 0(24) 024) 2(38) 63 42
44 0(25) 0(15) 024 0Q4) -2000 69 39

29 34 41 48 42 42 0.50 19.1
35 39 45 44 39 51 0.60 10.7
25 35 45 4 36 42 0.32 17.6
29 38 41 32 41 38 0.41 225
29 31 41 48 36 46 043 19.6
36 43 42 42 41 43 041 19.0
49 54 030 202
28 36 45 39 32 35 0.30 11.7
27 35 39 34 34 34 0.25 16.0
35 42 38 33 36 38 0.15 9.4

28 35 41 29 35 36 0.17 18.7
35 50 43 33 46 38 0.26 10.2
35 36 45 36 43 38 030 203
39 45 45 39 45 41 027 216
38 38 46 44 49 39 017 232
32 39 31 38 35 33 027 235
23 35 38 4 45 36 040 222
32 36 35 41 50 36 051 21.6
35 42 42 48 46 46 0.35 13.6
36 44 42 48 46 41 0.36 10.9
25 24 29 35 34 29 025 295
32 33 41 41 46 35 032 154
33 33 41 42 46 41 0.16 12.9
25 32 48 50 38 38 040 2938
27 33 48 50 40 40 039 290
25 30 55 53 40 49 046 244
30 42 49 48 46 36 023 221
24 35 52 58 41 47 0.35 19.7
31 34 053 297
30 42 38 50 34 43 0.39 8.3

54 51 59 68 59 60 037 246
48 48 45 60 44 43 0.46 14.0
43 42 34 51 33 35 0.28 14.3
37 36 36 46 32 32 0.44 14.5
34 35 36 42 33 29 0.30 194

X,: Meju weight, X,: Salt weight, X,: Initial temperature, X,: Middle temperature, X,: End temperature, Y,: Color, Y,: Aroma, Y,: Sour taste, Y,
Bitter taste, Y: Sweet taste, Y, Salty taste, Y,: Palatable taste, Y,: Overall, Y,: Total nitrogen, Y,;; GA/TA
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Table 3. Simple statistics of experimental data for sensory evaluation values, total nitrogen and GA/TA under the different meju
weight, salt weight, initial temperature, middle temperature and end temperature

Variable Cultivation condition N. Mean S.D. Sum Min. Max.
X, Meju weight 44 25.0 48 1100 15.0 350
X, Salt weight 44 15.0 39 660 7.0 23.0
X, Initial temperature 44 24.0 6.8 1056 10.0 38.0
X, Middle temperature 44 24.0 6.8 1056 10.0 38.0
X End temperature 44 24.0 6.8 1056 10.0 38.0
Y, Color 44 51.1 13.0 2248 32.0 87.0
Y, Aroma 44 429 10.8 1888 14.0 65.0
Y, Sour taste 44 345 8.2 1520 230 56.0
Y, Bitter taste 44 40.0 6.8 1762 24.0 53.0
Y, Sweet taste 44 46.1 10.8 2029 29.0 76.0
Y, Salty taste 44 46.9 105 2066 29.0 78.0
Y, Palatable taste 44 44.6 11.0 1963 31.0 76.0
Y, Overall 44 437 10.7 1924 29.0 720
Y, Total nitrogen 44 0.346 0.108 15.551 0.602 0.147
Y, GA/TA 44 19.3 54 866.6 29.8 8.3

Table 4. Analysis of variance for the sensory evaluation values, total nitrogen and GA/TA of kanjang made with barley bran

R2
Source -
Color Aroma Sour taste Bitter taste Sweet taste
Linear Term 0.258%%* 0.315%%* 0.253 %% 0.281** 0.531%**
Quadractic Term 0.094 0.125 0.289:%* 0.175* 0.068
Cross Product Term 0.215 0.270* 0.157 0.167 0.188**
Total regress 0.567 0.710%** 0.699** 0.623* 0.787%%*
R2
Source
Salty taste Palatable taste Overall T.N. GA/TA
Linear term 0.303#%* 0.309%:** 0.494%** 0.596% 0.159
Quadractic term 0.082 0.096 0.116%* 0.041 0.277%%*
Cross Product term 0.336** 0.328%* 0.208** 0.192%* 0.147
Total regress 0.722%#% 0.732%%* 5.173%** (0.829%Hsk:k 0.582

*: significant at 10% level, **: significant at 5% level, ***: significant at 1% level.
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Table 5. Analysis of variance for regression model of the sensory evaluation value, total nitrogen and GA/TA on cultivation

conditions

Cultivation F-Ratio

conditions Color Aroma Sour taste Bitter taste Sweet taste
Meju weight 3.012%* 1.070 2.044 1.096 6.481%%*
Salt weight 1.259 6.426%** 2.654%* 2.236* 7.156%%*
Initial temperature 0.156 2.051* 2.336* 1.853 0.713
Middle temperature 1.079 2.861%* 2.780%* 1.578 1.291
End temperature 1.199 0.814 0.855 1.620 1.488

Salty taste Palatable taste Overall TN GA/TA

Meju weight 6.748%%* 6.382%%% 10.970*** 7.312% %% 0.959
Salt weight 5.116%** 5371 %x* 4.966%+* 7.056%%* 0.952
Initial temperature 0.305 2.440%* 2.088* 3.188%%* 1.761
Middle temperature 0.619 1261 2.645%* 2.579%* 2.562%*
End temperature 2.023 0.441 0.976 3.089%* 1.746

*: significant at 10% level, **: significant at 5% level, ***: significant at 1% level.
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Fig. 1. Response surface for the effect of the content of meju
and salt on the bitter taste, salty taste, palatable taste and
overall taste of kanjang made with barley bran.
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Table 6. Predicted values of response variables at the given conditions within the range of optimum conditions

. Predicted values
Response variables
Color Aroma Sour taste Bitter taste Sweet taste
Meju weight 26.164 30.990 15.000 27.942 17.944
Salt weight 10.256 14.566 7.000 18.398 14.600
Initial temperature 23.021 22.439 31.671 35.144 32.771
Middle temperature 29.808 21451 35.092 10.000 22.877
End temperature 23.383 20.161 22.950 38.000 23.352
. Predicted values
Response variables
Salty taste Palatable taste Overall Total nitrogen GA/TA
Meju weight 15.000 23.721 15.000 32.367 27.710
Salt weight 7.000 12.709 19.000 16.000 14.685
Initial temperature 23.963 25.811 30.185 20.676 22.470
Middle temperature 29.239 25.067 38.000 33.674 25.483
End temperature 14.494 20.158 23.006 21.670 22.818

Table 7. Correlation coefficients among cultivation conditions, sensory evaluation values, total nitrogen and GA/TA

Y, Y, Y, Y, Y, Y, Y, Y, Y, Y,
X, 0.435%%% 0058 0.248 0.242 0.495%%%  0473%%%  0384%%  0.613Fx  0547FEx (184
X, 0.041 0.533*%%x  (0324%%  0376%F  0495%FF 0244 0.340%*  0.293%  .0406%** -0.107
X, 0.033 0022 40230 -0.085 0.159 0051*  -0.170 -0.095 0.125 0.218
X, 0.197 -0.157 0.012 0.028 0.061 0.087* 0.053 0.113 0.239 0.162
X, 0.164 0.054 0.183 0.270% 0.105 0.097 0.084 0.104 0.242 0.199
Y, 0.143 0.492%%%  (282% 0.442%%%  Q55T#F%  Q444rFE 0.536%FF  0360%%  0.220
Y, 0.425%%x  0452%%x  Q461¥F* 0220 0.321%% 0428+ 0.190 -0.366%%
Y, 0.778%%x  (.503%F*  Q.600%*F=  0.697+%  0.662%**  -0.045 0.120
Y, 0.541%%%  0473%%%  0640%+%  0.638%** (051 0.185
Y; 0.784%%%  (.819%+  (.864%**  0.064 0.188
Y, 0.651%%% (740  (262% 0.161
Y, 0.809%**  0.100 0.144
Y, 0.260* 0.113
Y, 0.162

X, Meju weight, X, Salt weight, X,: Initial temperature, X,: Middle temperature, X,: temperature, Y,: Color, Y, Aroma, Y, Sour taste, Y,: Bitter
taste, Ys: Sweet taste, Y,: Salty taste, Y,: Palatable taste, Y,: Overall, Y, Total nitrogen, Y,,; GA/TA, *: significant at 10% level, **: significant

at 5% level, ***: significant at 1% level.

20.808°C B ZyFELw 23383°ColA 7HE =4 vEhgl.

710 gt G2 vFARIEF 30.990%, 2FAR)
14.566%, Z7|WELE 22439°C, £7|HELE 21451°C 2
DL E 2T 20.161°CHAA 7FE A4 el Algke) o)
S WSR-S WFEAIYE 15.000%, 2FANYEF 7.000%, =
7EE&E 31.671°C, 27|LELE 35092°C 2 W) Ee
22.950°CellA] 78 E=A JEbstth 2t it wjkzA
WA B 27.942%, AFAIAHF 18.398%, 271U ELE
35.144°C, £712EL%E 10.000°C 2 L/ |LHELE 38.000°C
oA 7¥ A et datel] tiek sk AL mFAg)
T 17.944%, 2FAYE 14.600%, =71LELT 32.771°C,
Z7IHFLT 22877°C ¥ LD FLT 233520C00A A
A vERg gkl dist Wik A vFEARIE 15.000%,
SFAIYF 7.000%, 271LELE 23963°C, F\RELn
29.239°C 2 AT LE 14494°CNM 714 A Vel
oh. et gholl sk wj A tFARIE 23.721%, &F
AR 12.709%, 27 |HELE 25811°C, 27|9HELT 25.067
°c ¥ W HFTLE 20.157°CAA M =A JeRdt) =3
A 71E=d 3t wjFRAL wFAIYE 20.158%, AFAL
UHF 16.000%, 27 E L% 30.185°C, =72ELE 38.000

ot

oC W WELTE 23.006°ColAN T B4 Vbl &4
Zo] gk vz AL WFANH 32367%, AFANYF
16.000%, 7L ELE 20.676°C, =71HFTLE 33.674°C 2
W HELE 21.670°0CHA 7FE =A VERITH GATAY
3 viFRAL WRAIE 27.710%, LAY 14.685%,
Z7|LELRE 22470°C, F/|HELT 25483v 2 E7E
LT 22818°ColA 7 =A VERTH

WA E, AFARE, 2daes, FdEes 3 B
7 Eese AAHAE Table 73 7ot AMEE HWFEAL
b 1% RS bl de AoT FAHSGLH,
7|9} Auke AFARIFEH 2 1% 2 5% FoleEolA

1=}

o

ARe wATh £ TG 1% feFEIN, B
ParEeEshe 10% Fe5FlA ARe ngloM, Hoke
]

1E2EoE |
FALE 2 2FANEH 1% froleelM, Aoke vF
A, 27 EERRES} 247 199} 5% feleEelA, T4
3 gk vIFARIES AR 242 5% Rl
FHH VxEe RN, 2FARIES 44 1% 2
10% FolF2ols Fhae AFAYY, 23AYFH 1%
FAFEelA FHE B0, GATAE SHHT we
HskE wolA ¥ o= AN
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ZH5HFE Alol] AT FEA 49 GATAE A9t v
o2 MEEALoloME & 4TS Bo ofH A o
3 71EEr) oW UmR TR gt VEEE Pl F
olFAL & & Ut

SHERE

O:

NEHUEAS AEe] BeAe] AHAE 9Asldr ol
AFEElO] Stonjisn, wEAFe wazde] ARl A}

€% "7t gtk ole MBLEAFY As daw, 28
e SO B Wzt Wi ®riAe daxdAve=
= & 277t JEd 7198 Aoz ARdE. 314
o B A7 A% 2w 459 e ¢EgLETs s
AA Az 2] FHAE AAlste IAENT 2
3, M9t GATAE A9 A 4Y 5ol st {24
Al A7t vigker B3], g7, g, A%, 7@ %, TY
A 715 9 229 I diME 1% £ FEAM
IE2 FolF g ot ole FUT 98E AR
g AS- oAl 7R RERNS 2YTeEA stef A 2
xS 9P F sde AL uidn.

<

2 o

2 A7e BASAS o8 199 Y PaAEAL 2
7) Sl FHEt WA pmel, 2 9 BAE A
ol W 5L olgATh RS HY wRRAL W
SEVENS Skl 2ARE A%, BT ol F1 pY

o Nddks ARoR ATt dEAe AFHF 15%, 3T
1%, Z712E 24°C, 7|8 %E 29°C, B7|&% 14°ColH, 7
£33 gte] A& WFH 24%, AFF 13%, V2=
26°C, 27|15 25°C, T7IeE 2rCeln, &ute] d=A&
vlEg 28%, 22T 18%, Z71RE 35°C, F71RE 10°C, %
71e% 38°coltt EFH7ER dEXE HFF 15%,
23F 19%, 27ILE 30°C, F71LE 38°C, B/l 23°C

ol

UMl 2

2 dve Juusk edTzg AL s

e, 2 Adol FA=HY.
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