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Abstract In this study, sensory evaluation was performed to select the pretreatment
method for dried sweet pumpkin products, and the drying conditions were
optimized by using response surface methodology (RSM). Based on the results of
the sensory evaluation, the steaming method was selected for pretreatment. To
optimize the drying conditions of the steamed sweet pumpkin products, the
temperature (30, 40 and 50C) and duration (4, 6 and 8 h) of hot-air drying were
set as independent variables, and moisture content, water activity, soluble solids,
strength, hardness, and free sugar contents were set as dependent variables. In the
process of optimization, moisture contents, water activity, and soluble solids were
designated as optimization variables by R* and Pr)F values. The optimum drying
conditions were found to be 42C and 5.7 h. The suitability of the experimental
design and model was evaluated by comparing the predicted values with the
experimental values measured under optimal conditions. The moisture content
and water activity were within the 95% confidence interval. Although the soluble
solids contents were out of range, it was calculated to be higher than the predicted
interval and appeared closer to the target value. Therefore, it was concluded that
the manufacturing conditions optimized in this study were the ideal conditions for
drying sweet pumpkin products.
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Table 1. Drying conditions which designed by central composite
design

%

Condition No. X"

1 30
30
30
40
40
40
50
50
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"Drying temperature (C).
2Drying time (h).
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Table 2. Sensory acceptance evaluation of dried sweet pumpkin by pretreatment

Test" Flavor Odor Color Hardness Sweet Overall taste
oD 3.00+0.90% 2.67+1.1% 3.09£1.13° 3.79+0.99° 2.67+0.96° 2.8540.71°
SD 3.45£0.71° 3.21+1.24° 4.1240.89° 2.30+1.02° 2.97+1.02° 3.12+0.89°
MD 2.94+1.09° 2.73+1.10° 3.3641.22° 3.18+1.16" 2.94+0.86° 3.03:0.88°

0D, oven-dried; SD, steam~—dried; MD, microwave-dried.

IThe same superscripts () in a column are not significantly different each other at p¢0.05 level by the Duncan’s multiple range test.

Table 3. Preference evaluation of dried sweet pumpkin by pretreatment

Test" Flavor Odor Color Hardness Sweet Overall taste  Overall preference Retake opinion
oD 2.83t0.91%2  3.2241.04° 2.38+0.83° 2.72+1.20° 2.84+1.14° 2.78+1.13° 2.79+0.93° 2.3941.34°
SD 3.13:0.94° 2.91£1.12° 4.25+0.84° 3.25+0.92° 3.28+1.28° 3.31£1.03° 3.331.05° 3.07£1.44°
MD 2.661.07° 2.7241.05° 3.1311.31° 3.35+1.02° 3.34+1.07° 3.19£1.03° 3.09+1.01° 2.57+1.55°

0D, oven-dried; SD, steam-dried; MD, microwave-dried.

2The same superscripts ) in a column are not significantly different each other at p¢0.05 level by the Duncan’s multiple range test.
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Table 4. Quality analysis of steamed sweet pumpkin for each drying condition

Bp. Y" Y2 Ys? Y Ys? Yed Y;? Ye?

1 50.77¢037°  0.908#0.025  22.00+1.00 11.6141.29 31.29+0.65 19.71+0.98 8.67+1.20 13.67+0.83
2 26.70+0.14 0.8840.005  29.67+0.58 19.840.79 48.63+3.29 20.2840.42 20.39+0.32 17.16+0.18
3 16.81£0.11 0.840+0.044  34.00+2.00 10.54£0.36 22.7241.13 2446113 26.07+2.27 21.52+1.58
4 46.91+0.35 0.891+0.017  25.33+1.15 2.28+0.03 9.21+0.06 22.37+2.23 25.5242.95 15.6621.79
5 18.99+0.06 0.84610.003  30.33:0.58 4.68t0.08 13.77+0.19 27.9740.17 26.180.26 20.8310.88
6 14.77£0.10 0.77710.052  35.33t1.15 11.380.54 28.7610.34 32.6141.45 33.19£3.23 31.60+2.51
7 44.1140.08 0.838:0.027  27.67+0.58 1.87+0.03 5.68+0.07 4728318 53.9743.56 45 454375
8 14.52+0.12 0.676:0.010  35.33+153 6.69:0.41 17.4141.42 76.51£1.91 89.68+2.36 76.1142.29
9 13.07£0.07 0.65410.016  47.33:0.58 23.72+0.64 19.8241.15 81.95¢1.93 95.65+2.51 85.28+1.91
10 17.66£0.06 0.810:0.010  34.33t153 3.55£0.47 14.09+0.13 25.4142.08 25.39+2.78 21.09+2.98
1119124017 0.820£0.040  34.00+1.00 4.72+0.41 13.79+0.31 24.43+0.36 25.36+1.22 20.35+3.55
12 20.18+0.20 0.82010.000  34.67¢1.15 4.02+0.33 14.18+0.52 30.72+4.30 255242.15 20.6243.52
13 19.25¢0.38 0.820:0.030  33.33+1.53 4.65+0.29 14.174¢0.71 27.472.85 26.293.21 21.03+2.73

"Moisture contents (%).

DWater activity (Aw).

ISoluble solids (°Brix).

“Strength (kg/cm?).

9Hardness (kg/cm?).

9Fructose (mg/g).

Glucose (mg/g).

9Sucrose (mg/g).

Walues are meantstandard deviations of three (n=3) measurements.
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Fig. 1. Surface plot of moisture contents according to hot-air
drying temperature and time of steamed sweet pumpkin.
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Fig. 2. Surface plot of water activity according to hot-air drying
temperature and time of steamed sweet pumpkin.
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2 30
40 40 4
Temp 50 Temp 50

Fig. 3. Surface plot of soluble solids (A), fuctose (B), glucose (C), sucrose (D) according to hot-air drying temperature and time
of steamed sweet pumpkin.
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Table 5. Sensory acceptance evaluation of steamed-dried sweet pumpkin

Exp. Flavor Odor Color Hardness Sweet Overall taste
1 2.9141.04" 3.30£1.16® 3.76+0.90° 2.1641.15' 2.76£0.97° 2.8240.77%°
2 3.06£0.93° 3.36t1.06° 3.58:0.90° 2.030.95' 2.5840.79° 2.700.92%
3 2.88+1.02° 2.76+1.06%° 3.79+0.96° 3.24+1.06> 3.15+0.94° 3.30£0.81°
4 3.09+1.07° 3.2141.14% 3.85+0.71° 2.1241.14' 3.00+0.95° 3.1520.94%
5 3.18:0.88° 2.82+1.04%° 3.790.86° 2.73+0.94% 3.06£0.97° 3.33:0.99°
6 3.03£0.92° 2.3641.03° 3.97+1.05° 3.39+0.93% 2.9141.04° 3.24+0.94°
7 3.33+1.02° 3.1641.15% 3.730.91° 3.03+1.16™ 2.88+1.14° 2.97+1.02%
8 2.79+1.02° 2.42+41.12° 3.70+0.92° 3.67+1.11° 2.8240.77° 2.88+0.82%
9 2.42+1 00° 2.28+1 3(0° 3.42+1.15° 4.73+0.76° 2.48+1.15° 2.3341.24°
10 3.09:0.95° 2.5241.12° 3.4510.79 2.27+1.07° 2.85+1.00° 2.8240.85%
11 3.00£1.00° 2.88+1.24%° 3.61+1.00° 2.73+0.98* 2.830.82° 2.88+0.82%
12 2.97+1.02° 2.67+1.08% 3.55+1.06° 2.4540.87° 3.12+0.86° 3.18£0.85%
13 2.75+0.95° 2.75+1.19% 3.61+0.90° 2.730.98% 2.97+0.92° 2.94+0.86%

"The same superscripts @) in a column are not significantly different each other at p¢0.05 level by the Duncan’s multiple range test.

Table 6. Preference evaluation of steamed-dried sweet pumpkin

Exp. Flavor Odor Color Hardness Sweet Overall taste Overall Retake opinion
preference
1 2.63:0.98" 2.34+1.04° 4.00£0.84° 2.22+1.01° 2.69+1.15° 2.69+0.78% 2.64+0.82%f 2.26+1.26™
2 241:080° 2.38+0.83° 3.75+1.05 2.38+1,13 2.67+0.96° 2.7+0.98 2.6120.86' 2.33+1.18%
3 2.64+1.08° 2.97+0.98° 3.36+1.22% 3.1240.93* 3214117 3.480.76° 3.33:0.82% 3.1541.38°
4 2584103 2.45+1.03° 3.56£0.83%° 2.6141.12%4 3 .06£0.90° 3.15+0.91% 3.16£0.97%4 24841 45%¢
5 2.76+1.00° 2.8241.01° 3.30£0.98% 29141.16%  3.1241.19° 31241.14%°  321:0.93°  2.63+1.47%
6 291+1.01° 2.9741.13° 358+1.06%°  3.15+1.09° 3214117 3.24+1.12% 3.48t0.94° 2.8141.39°%°
7 2.88t0.96° 2.70£1.107 3.70:0.81% 2.761.15%  2.911.01° 3.00£1.16%° 3.0611.03%  2.93+1.44%
8  2.76:0.97° 3.03£1.07° 3.39£0.90% 2.67+1.11%%9  2.88+0.96° 2.79:0.86% 2.76£0.75°%" 2044122
9 242+0.90° 2.7981.27° 2.76£1.12° 1.61£0.93° 2.33+1.22° 1.97+1.05° 2.00£1.08° 1.630.93°
10 2.94+1.00° 2.851.15° 3.33%1.08™ 2.56£0,97% 2.85¢1.15° 2.580.83° 2.67+0.82% 2.22+1.26%%¢
11 2.6441.06° 2.6141.12° 3.0641.14% 2.8241.01%°  2.88+1.08° 2.88+0.89" 2.88+0.93%%"  2.50+1.22%°
12 29141.16° 2.76+1.06° 321+1.08°¢  3.18+1.16° 3.1541.12° 3.21+1.05% 3.12+0.93%° 2 .93+1.36®
13 2.63:0.91° 2.59+0.95° 3.6740.92% 2.67+0.99%  3.06£0.90° 2.97+0.88"° 2.91+0.91%%" 22741 252

"The same superscripts (9 in a column are not significantly different each other at p¢0.05 level by the Duncan’s multiple range test.
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Fig. 5. Surface plot of sensory acceptance of flavor (A), odor (B), hardness (C), sweet (D), overall taste (E) according to hot-air

drying temperature and time of steamed sweet pumpkin.
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Table 7. Regression equation of predictive quadratic polynomial model for quality factors of steamed-dried sweet pumpkin

Yn Response surface regression R? (adj) Pr)F

Moisture contents (%) 187.37 - 0.3763 Xi — 42.85 X, + 2.896 X, 98.40 0.063
Water activity (Aw) 0.550 + 0.0220 X; + 0.0275 X, - 0.000263 X;* - 0.001450 X:X, 90.59 0.077
Soluble solids (°Brix) -4.71 + 04110 X — 3472 X, 84.90 0.209
Strength (kg/cm?) 182.6 - 7.75 X1 - 8.97 X» + 0.0733 X4? + 0.2865 X, 76.73 0.000
Hardness (kg/cm?) 196.6 - 8.06 X; + 0.0883 X;? 46.13 0.000
Fructose (mg/g) 282.0 - 14.09 X - 10.82 X, + 0.1775 X¢* + 0.374 Xi%, 95.60 0.068
Glucose (mg/g) 282.3 - 18.07 X + 8.30 X, + 0.2824 X;* = 0.1429 XX 99.49 0.001
Sucrose (mg/g) =279 + 18.68 Xi + 16.68 X, — 0.2289 X;* 80.12 0.003

Y = by + biXi + boXo + buXi? + biaXiXo + bpXo?.
X4, temperature (C); Xp, time (h).
Pr)F: p-valug)F-value
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Fig. 7. Overlaid contour plot of optimized conditions. (a)1,
minimum of moisture contents; (a)2, maximum of moisture
contents; (b)1, minimum of water activity; ()2, maximum of
water activity; (c)1, minimum of soluble solids; (¢)2, maximum
of soluble solids.
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Optimization of drying conditions for dried sweet pumpkin
Table 8. Comparison of observed values predicting response variables according to optimal drying conditions of steamed-dried
sweet pumpkin
Response variables A B 95% Cl 95% Pl
Moisture content (%) 21.33 22.3841.08 19.86-22.80 17.26-25.40
Water activity (Aw) 0.817 0.8030.040 0.797-0.837 0.760-0.874
Soluble solids (°Brix) 32.46 39.33+2.08 30.88-34.04 26.95-37.98
A, predicted value; B, experimental value; Cl, confidence Interval; P, prediction interval.
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