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Analysis of Processing Conditions on Maesil Kochujang
Production Using Response Surface Methodology

Min-Ji Lee and Jun Ho Lee'

Dept. of Food Science & Engineering, Daegu University, Gyeongbuk 712-714, Korea

Abstract

Response surface methodology (RSM) was used for the analysis and optimization of the production process
of Kochujang added with Maesil extract. The process variables were the amount of Maesil extract (0~8%)
and red pepper powder (6~10%). pH and all color characteristics (L*-, a*-, and b*-value) decreased but
titratable acidity and water activity increased with the addition of Maesil extract. Amino nitrogen content
appeared to decrease with the addition of red pepper powder. The highest sensory flavor score was obtained
when 2.20% Maesil extract and 8.62% red pepper powder were blended, the highest sensory taste score with
6.63% Maesil extract and 9.50% red pepper powder, and the highest sensory color score with 7.80% Maesil
extract and 8.62% red pepper powder, respectively. The point chosen as representative of the optimal area

corresponds to X;=3.60%, X>=10% and X;=4.08%,

respectively.

X2=9.96% for physicochemical and sensory quality,
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Table 1. Independent variables and their coded and actual
values used for analysis

Coded levels
-2 -1 0 1 2
Maesil extract 9% X; 0 2 4 6 8
Red pepper powder % Xz 6 7 8 9 10
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Fig. 1. Response surfaces for pH and ti-
tratable acidity of Maesil extract added
Kochujang as a function of Maesil ex-
tract and red pepper.

Fig. 2. Response surfaces for amino
nitrogen and soluble solids of Maesil
extract added Kochujang as a function
of Maesil extract and red pepper.

Table 2. The central composite experimental design with the observed responses (physicochemical properties)

Vlanalb le Titratable ~ Amino  Soluble oo, Moisture
Exp.—€vels  pH idity (mL) nitrogen solids Fivit (%)
X X acidity (m (mg%) (°Brix) actvity °

Reducing Color
sugar
(%) L a b

W o0~ UTlds W~
1
SO O =

-1 -1 4254001 11.02+0.06 164.210.81 64.4+0.35 0.672+0.001 42.80+0.04
-1 1 428%0.01 11.81£0.20 167.75+0.87 64.6+042 0674+0.001 41.82+1.23
-1 368£0.01 20.59£0.06 171.14+0.84 6521007 0.691£0.001 42.30+0.16
1 373%0.02 20.82+054 189.84+1.04 66.0+0.28 0.6970.001 40.54£0.33
0 492x0.02 7.16x0.14 214.01£1.12 63.9£042 0679+0.004 43.16*+1.64
0 358*0.01 256.12+0.05 193.31+0.98 656+0.78 0.701+0.003 40.970.06
-2 3.89%0.01 1587=0.33 18846%+0.96 63.3+0.85 0.686+0.002 43.78%+0.05
0 3.82+0.07 1534%+0.07 198.85+1.02 63.8+0.28 0.681+0.000 43.69+0.01
2 393*0.03 1846+268 16561+0.84 65.1+0.99 0.683+0.003 42.86+1.21

11.44+0.00 24.93+0.07 9.26+0.38 7.21+0.27
11.71£0.00 24.32+£0.11 9.41+0.45 6.93+0.96
11.25+0.03 23.23+0.00 7.53+0.14 564+0.05
11.02+0.02 23.80£0.19 7.76%+0.46 561038
11.56£0.05 2549+0.04 11.19+0.47 9.04+0.33
11.55+0.00 2253+0.05 6.72+0.01 471+0.29
11.57+0.00 24.82+024 9.61+0.85 7.68+0.39
1145+0.05 24.29+011 101+0.35 7.93+0.02
11.67£0.02 23.42+0.05 805012 6.04+0.17
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Fig. 3. Response surfaces for water activity, moisture content, and reducing sugar content of Maesil extract added Kochujang

as a function of Maesil extract and red pepper.

e
rﬂ
ofN

shabet o2k Zhxshe A RS vetdidle
7heo] Zrhetel wiel i3 Wste AAA
+ mlulsigl ot vl A ko] W A% 3t
TR FE2A e A WdEFE
& AEIVE T 833%E Ve, S8
o] Ag- A FE AU 356%, E7HE I 172%
A maAe AEA A 6%
£ 2742 Aok 23 9=l
a7 vl gl
A== 3 amylase®] #-8o2 FaE o] AT = B
L2499 A5 n27HF Arbge] Aa WAFEA A7t
ol 7HESE AR DL IR, ZXIHF A
Zhel wa WA FE e Arhe] Sl A8
o] ZtadtdchFig. 3). siAlW e} #hdgte] &vkolr]= ot
Ak 2R e] dEs 3 ZoR F5Hr

Mz
270 w1 A% W) SIS AW R (Fig. 4),

Al SeEal Hriuko] F7I4E Lx, ax3td} brgh 7Had}
A% Yl =4 Lee $(12) 2 Park®} Hong(13)9)

Req
PePper (o)

A A b ARS, AAFEES Aok ARE
o) Astel §Alsdch AR EAE Ay %
o e AR o EA ehteh TEIHE o] 27}
ol BB Lx, axzk bigte] s vl v s

b

=5 E4

A nFAe] el 3, st 2 Ak gyt F53A
Table 33} 2o, 3Fej A& vl
T ek 862%0l A Hole HeEE ngon, gt
o A4 A EEd Hrlek 663% 9 227 T 950%
oA Hole FeHAH-E vetiich Ao A9 wj S
A7rek 780% Y 2E7FE 3 862%cll4] o] AeHA
yele], mjAFEd Arjske] u3rlE sk o
A T Zo2 VehdohFig. 5). AAA HsHA
S A E o wjAFEY AUl Y gow 238 B
Aot Fold S & 5 gt o]#d A mAd-g 2ol
74 o) Alste] ZstAl 2AX 5B 3 e 2ol
2 Atzgch

2

o
=
o

N
N
off
\]
[\-)
(=]
=]
[e)
WE 1o

o rly o

6 Req Peppe, - P

Fig. 4. Response surfaces for color (L*, a*, bx-value) of Maesil extract added Kochujang as a function of Maesil extract

and red pepper.
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Fig. 5. Response surfaces sensory flavor (A), taste (B), and color (C) of Maesil extract added Kochujang.

Table 4. The equations derived using RSM for the prediction of the dependent variables (physicochemical properties)

Response The second order polynomial R®

pH Y=5.931111—0.381667X: —0.263333X2+0.025417X,% 4 0.002500X1 X2 +0.016667X” 0.9924
Titratable acidity Y =29.217500 + 2.452083X1 — 6.333333X2 + 0.047344X ° — 0.070000X 1 X + 0.445625X > 0.9981
Amino nitrogen Y =141.885278 — 23.147917X, + 23.271667X2 -+ 1.172760X:% + 1.645000X 1 X2 — 1.977708X" 0.3553
Soluble solids Y =60.019444— 0.537500X 1 +0.916667X2 +0.021354X,% + 0.0750000X 1 X2 0.052083X 5> 0.7456
Water activity Y =0.752861 —0.005125X; — 0.017500X2 + 0.000589X:” + 0.000500X 1 X2 + 0.000979X > 0.8882
Moisture content Y =51.156944 +0.807500X — 2.040833X2— 0.047240X,° — 0.086250X: X2+ 0.124792X 0.6503
Reducing sugar Y =13.975278 +0.355417X; — 0.846667X2 1 0.013385X,%— 0.062500X: X2 + 0.069792X," 0.5340
Lx—value Y =30.389722 — 1.408958X1 — 0.437917X2— 0.13229X %+ 0.146875X1X>— 0.02416 7X, 0.9408
ax— value Y =3.537500— 0.362083X + 2.080833X2— 0.028906 X 1>+ 0.010000X 1 X2 — 0.146875X," 0.8396
bx—value Y =4.985139— 0.553542X; + 1.304167X5— 0.022214X,* + 0.031250X 1 X2 — 0.106979X>> 0.8293

Table 5. The equations derived using RSM for the prediction of the dependent variables (sensory properties)

Response The second order polynomial R?
Flavor Y =16.546667— 1.027500X1 — 2.751667X2+ 0.056875X:% + 0.045000X, Xz + 0.182500X % 0.7374
Taste Y= —7.656667 +1.280833X] +2.416667X2— 0.074375X,% ~ 0.045000X 1 Xz — 0.127500X 5 0.6933

Color Y=19.786389+0.385417X, — 4.698333X + 0.047552X,° — 0.010000X, X2 +0.316458 X 0.8501
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Table 6. Criteria used for graphical optimization (physical
properties)

Criteria Goal Limit
Xi: Maesil extract (%96) In the range 0~8
X2 Red pepper (%) In the range 6~10
Y pH Maximize 4.0~4.92
Y2 Titratable acidity (mL) Maximize 10.0~25.12
Y3 Water activity In the range 0.672~0.701
Y4 Color (L*-value) Minimize 2253~24
Ys: Color (ax-value) Minimize 6.71~11
Ys: Color (b*-value) Minimize 471~9

Table 7. Criteria used for graphical optimization (sensory
properties)

Criteria Goal Limit
Xi: Maesil extract (%) In the range 0~8
Xa: Red pepper (%) In the range 6~10
Y1: Flavor Maximize 5~6.64
Y2: Taste Maximize 5~6.91
Ys: Color Maximize 5~17.55
(A 10 L=225
a=6.72
b=4.71
g9
§ 2
& 5
g g -
il B % )
'g % S o
= 3
e
7 N\l
\h=9
6 T T T
0 2 4 6 8
Maesil extract (%)
(B)

Red pepper (%)

Maesil extract (%)

Fig. 6. Superimposed contour plots for all the responses
affected by Maesil extract and red pepper.
(A) physical property, (B) sensory property.
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4.08%, X2=9.86%, flavor=6.30, taste=>5.64, color=7.76%
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