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This study was conducted to develop a sauce prepared with sweet pumpkin and Korea Doenjang. The optimum
conditions for manufacturing sweet pumpkin-doenjang sauce were investigated using the response surface methodology,
based on the central composition design. The amount of stock added, the thickening agent, and doenjang were
used as the independent variables, and the sensory characteristics (taste, flavor, color, and overall acceptability)
were used as the dependent variables to evaluate the optimum conditions for the preparation of the sauce. The
optimum conditions for the maximized-responses variables in the preparation of the sauce were 448.5 g of sweet
pumpkin stock, 331.5 g of the thickening agent, and 20.0 g of doenjang. The quality characteristics of sweet
pumpkin-doenjang sauce that was manufactured at optimum conditions were as follow: 89.55% moisture content,
0.70% crude protein, 0.10% crude lipids, and 0.71% crude ash. The pH of the sauce was 5.96; total acidity, 0.08%
and soluble solids, 6.80 °Brix. The total polyphenol content of the sauce was 5.70 mg/L. The electron-donating
ability and reducing power of the sauce were, 14.24% and 1.64 OD, respectively.
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Table 1. Coded levels of independent variables in experimental
design for preparing conditions of sweet pumpkin-doenjang sauce

Independent variables

Coded level’
Stock (g) Thickening agent (g) Doenjang (g)
-1.68 4332 3102 16.8
-1 440.0 316.0 18.0
0 450.0 3260 200
+] 460.0 336.0 220
+1.68 466.8 336.6 232

"Coded independent value means as follows : -1.68; lowest level, 0; middle level,
+1.68; highest level.
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Table 2. Central composite design of response surface methodology for preparing conditions of sweet pumpkin-doenjang sauce

Coded independent variables”

Actual independent variables

Treatment No
X Xz X3 Stock (g) Thickening agent (g) Doenjang (g)
1 -1 -1 1 440 316 18
2 +1 -1 -1 460 316 18
3 -1 +1 1 440 336 18
Fractional 4 +1 +1 -1 460 336 18
point 5 -1 1 + 440 316 2
6 +] -1 +1 460 316 22
7 -1 +1 +1 440 336 22
8 +1 +1 +1 460 336 22
9 -1.68 0 0 4332 326 20
10 +1.68 0 0 466.8 326 20
Star 11 0 -1.68 0 450 3102 20
point 12 0 +168 0 450 3366 20
13 0 0 -1.68 450 326 16.8
14 0 0 +1.68 450 326 232
15 0 0 0 450 326 20
16 0 0 0 450 326 20
Central 17 0 0 0 450 326 20
point 18 0 0 0 450 326 20
19 0 0 0 450 326 20
20 0 0 0 450 326 20
l)Xl; Weight of stock, X»; Weight of thickening agent, Xs; Weight of doenjang
g2l 422k HE F SR TE &4, gallic acid (Sigma Co, USA)S ZTFO2 3
s 2 edTeE Al olste} FFE BT
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Table 3. The experimental design and resulting responses for Box-Benken design response surface analysis

Variables” Sensory qualityz)

Sampls X1 X2 X3 Flavor Taste Color acc(;getarﬁiity
1 -1 -1 -1 5.50+1.41” 5.8010.45 6.4010.55 5.00+0.71
2 +] -1 -1 5.400.55 5.201045 4.5010.71 6.00+1.00
3 -1 +1 -1 6.50£1.32 5.0011.41 5.00£1.22 6.20:0.84
4 +] +] -1 5.70£0.67 5.8010.45 5.8010.45 6.00+1.00
5 -1 -1 +1 34041.14 440+1.14 4.60+0.55 4.50+0.87
6 1 -1 +1 4.20:0.84 3.50£0.50 4.50+0.50 5.8010.45
7 -1 +1 +1 6.20+0.84 5.4040.55 4.00+0.71 6.40+0.89
8 +1 +1 +1 6.00£0.71 5.80£1.30 6.60+0.55 6.200.45
9 -1.68 0 0 5.00£1.22 4.60£1.52 4.600.55 5.80+0.45
10 +1.68 0 0 6.00£1.73 5.60£1.14 6.00£0.71 6.20+0.84
11 0 -1.68 0 4.80+0.45 4.80£0.45 5.20£0.84 5.60+0.55
12 0 +1.68 0 6.50£0.79 6.70£0.67 6.20:1.10 7.000.00
13 0 0 -1.68 6.40+0.89 5.6010.55 6.6010.55 6.2010.45
14 0 0 +1.68 3.6010.89 3.60£0.89 4.00£1.22 4.40£0.55
15 0 0 0 6.00£0.71 7.60£0.42 6.40+0.55 7.200.45
16 0 0 0 7.0040.71 6.70+0.67 5.80+0.84 7.60+0.55
17 0 0 0 8.20+0.84 7.20£0.45 7.80£0.45 8.40+0.55
18 0 0 0 7.60£1.52 8.0040.71 7.600.55 7.80+0.84
19 0 0 0 7.60£0.55 7.50£0.71 7.40£0.55 7.80+0.57
20 0 0 0 7.60+0.89 7.50+0.50 7.70+0.45 7.80+0.45

UX); Weight of stock, X Weight of thickening agent, Xs; Weight of doemjang.
z)Sensory scores were evaluated from very poor (1 point) to very good (9 points).
Walues are meantSD of 50 panels.

Table 4. Second order polynomial equations by RSM program for processing of sauce manufactured with stock, thickening agent, and
doenjang

)

Response Second order polynomial equations” R Significance
Y=2153.1]6655+6.031201X,+4887256X,-0.436579X 0005829,
Hlavor 0.006031X;™-0.208439X.7-0.002750X X +0.006250X:X +0.01TS00X:Xo 0.8563 0.004
Y=- 1687235050+ STRTIX 2 3T4T40K#4 55 494X 0,007 14X, -
Taste 0.006581;"0.248471X5"40.003375X:X,-0.004375X:X #0.021875X:X 09362 00001
Y=-759.575050+2.879130K,+1.1 152386 902666 X,-0.0061 13X - .
Color 0.006655X;™0.167927X:"+0.006750X:X,+0.022500X:X, +0.010000X X 0.8400 0.0054
Overal Y=-2085.84716146.147445X,45.17905 1 X045, 686304X,-0. 005629, - 09134 00003"
accepiability 0.005766X;-0.222312X:-0.003375 XX +0.001875X:X, +0.006875X:Xe ' -

Xl, Weight of stock, Xo; Weight of thickening agent, Xs; Weight of doenjang.
Rz is coefficient of correlation for determination.
", significant at p<0.01 level.
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Deenjang (g)

Fig. 1. Response surface for flavor of sweet pumpkin-doenjang
sauce at constant values (sensory evaluation value: 5, 6, 7) as
conditions of weight of stock, thickening agent and doenjang.

Doenjang (o)

Stack (g)

Fig. 2. Response surface for color of sweet pumpkin-doenjang sauce
at constant values (sensory evaluation value: 4.5, 5.5, 6.5) as
conditions of weight of stock, thickening agent and doenjang.

Doeryang (q)

s
Stock (g)

s

Fig. 3. Response surface for taste of sweet pumpkin-doenjang sauce
at constant values (sensory evaluation value: 4, 5, 6) as conditions
of weight of stock, thickening agent and doenjang
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Thickenin!
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Fig. 4. Response surface for overall acceptability of sweet
pumpkin-doenjang sauce at constant values (sensory evaluation
value: 4, 5, 6) as conditions of weight of stock, thickening agent
and doenjang.
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Table 5. Regression analysis for regression model of color, flavor,
taste and overall acceptability in preparation conditions of sauce

F-ratio
Preparation conditions
Flavor Taste Color acc(zggg%llity
X, stock (g) 305 1049™ 627" 731"
X, thickening agent ()  6.18" 11.05™ 455" 826"
X5 doenjang (9) 709 19.48™ 558" 1306

“Significant at 10% level, ~Significant at 5% level, " Significant at 1% level.

Table 6. Predicted levels of optimum conditions for the
maximized responses of variables by the ridge analysis

Preparation condition”

Response Estimated
Xi X X3 responses  Morphology
(Max)
Flavor 44973 33109 1954 748~ Maximum
point
Taste 45129 32838 19.65 746~ Maximum
point
Maximum
Color 424 3791 1952 7.19 oin
Overall Maximum
weepiiy 088 3836 19.78 778 oy

"X,; Weight of stock, X;; Weight of thickening agent, Xs, Weight of doenjang
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Fig. 5. Superimposed response surface for optimization of
preparation conditions of sweet pumpkin-doenjang sauce.

Table 7. Optimization of preparation condition of sweet
pumpkin-doenjang sauce for maximum response variables by
superimposing contour maps

Preparation conditions Optimum range Optimum condition
Stock (g) 440~457 4485
Thickening agent (g) 325~338 3315
Doenjang (2) 19-21 20

REutE gL A 250 AnFel Bk
19} 27k 3315 g 2 9] /M 200
g)°ﬂ we} Az D@mﬂﬂi of kg gs;aokt e
89.55%, Z &4 0.

F

[‘

SIeKTable §). ol TH512) guyg-sr Feke ¥ 87.6%,
el 1.55%, AW 0.61%, qu'r‘ 0.67%01‘2151———“: Kim -5(28)
of A3hs} vlash 2w, $2} ) FFE 2 Aol
G910 B, Al el ol PeHe s @
F gl

Table 8. Approximate composition of sweet pumpkin-doenjang
sauce

Contents (%)
Moisture ~ Crude protein Crude lipids Crude ash ~ Carbohydrate
Sauce 89.55+0.00" 070002 010000 071003  8.94%0.45

Values are meantSD of triplicate determinations.
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Table 9. Contents of pH, total acidity, and soluble solids of sweet
pumpkin-doenjang sauce

Measurement Sauce
pH 596:0.03"
Total acidity (%) 0.08+0.00
Soluble solids (°Brix) 6.800.00
DValues are meantSD of triplicate determinations.
Ut Aol ME
G5 ulEgase] AR EAS 2AME AakTable 10),
5 YeRfE L'ge 50,02, A4S YeEhE a gk

58, FAE=E YERHE b3k 207424 artegas
o] FAEQ Gdadt B&o] Ax EAI FALSH ¥
SIS R I Jith ©set 380 Ae EAJe gk
6298, a %k 6.38 = b ZtS 20042 B IE H} ATH3S).

Table 10. Hunter’s value of sweet pumpkin-doenjang sauce

Hunter’s value Sauce
L 50020.54"
a 2.58+043
b 2974147

Values are meantSD of triplicate determinations.

%59}12}3_' 393, Han 5(35)2 ©aute] & ZYulls g
2 913.01 mg/L, 7<4x}%045—t— 45.66%°10oH, ©rsuro
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Table 11. Total polyphenol content, electron donation activity,
and reducing power of sweet pumpkin-doenjang sauce

Measurement Sauce
Total polyphenol (mg/L) 5.700.10"
Electron donation activity (%) 14.24£1.05
Reducing power (OD) 1.64£0.00

"Values are meantSD of triplicate determinations.
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