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Response Surface Methodology (RSM)
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Abstract

This study analyzed physicochemical characteristics by pretreatment method and optimized drying conditions for
dried sweet pumpkin using response surface methodology (RSM). Dry heat, wet heat, and microwave were the three
pretreatment methods chosen to remove off-flavor and to increase the processing aptitude of sweet pumpkin before
the pretreatment time with the same gelatinization viscosity was set. Furthermore, the dried sweet pumpkin’s quality
characteristics were compared before and after hot air drying. As a result, microwave treatment was set as the opti-
mal pretreatment method for the hot air drying of sweet pumpkin, while the optimal hot air drying conditions were
confirmed using the RSM. For the RSM, drying temperature and time were set as independent variables, whereas
the physicochemical characteristics of the dried sweet pumpkin were set as the dependent variables for optimizing
drying conditions. As a result of the optimization, the temperature of 43°C and 7.2 h were selected as the optimal
drying conditions. In comparing the values, the optimal ratio was more than 90%, and the corresponding values
were within the 95% confidence interval and prediction interval, so the suitability of the experimental design and
model was verified.
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Table 1. Levels of drying conditions in experimental design
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Table 2. Central composite design for the optimization of
drying condition

Exp No. X" X2
1 30 4
2 30 6
3 30 8
4 40 4
5 40 6
6 40 8
7 50 4
8 50 6
9 50 8
10 40 6
11 40 6
12 40 6
13 40 6
"Drying Temperature (°C)
IDrying Time (h)

71el Fo} colorimeter (Color i7, X-rite Inc., Grand Rapids,
MI, USA)E ©]&3t CIELab %S AHEste] L'(BE),
a (A (R)-5(G)), b' (3 (B)-FA (Y)E 4ot

A Ao wt, wlol AR 9 o]
AAE Al EF Az BHY HASE 9ste] R
EXHS A&t B4 Z2 3902 Minitab 17
(Minitab, Centre, PA, USA)S AMHS-3I3aL 2714 S
X Az 25, X, dx AhE A4t STl
we} 13712] A 248 AAS tHTable 2). W5

= T FEY), FEEHE(Y,), 7HE 18§

2oz

oft

wegole] Az s} 377

FFe ZPAAG. 1 F SR G, FEBYE, 184
THE B AAH W 2A0 YFHAT

SHXE

Ao X Aoz A= SPSS 25 (Statistical Package
for the Social Sciences, IBM-SPSS, Thomwood, NY,
USA)S ol&dle] B4k wAGgow, BAd s AR
7k Zpol7 e o ths A= Duncan’s multiple
range test= AFF AR S AA A THp< 0.05).

2d

24 I.I:LI k-]

=< 1=

=l

Ersefe] Mx2| AlZh 48
& & sk T3] o]FE A s A

M oxt
Mot 2L
>
>
QL
2
H
=
_).1‘_‘1
ich
ok
e
&
L
lof
1Z
=
T
o,
lof
ot
™
O%

A =
vlasiglon, dAe Al 23} HEe Fig 1-33%

i
3.3
M

o

fu

rir oo ol‘o_\|1_,l->j|
iy =
o :EL
fr ML o

o
of
N
N
)
12
2
X,
2
>
r
iR
)
N
)
o
Ho
R
iy
bl
N
)

o IILI
2
2
N
N
X,
S
gis
-0,
N
>,
rlo
o
o
i}
fu
to
[>
X,
Mo
i
o
2

H)(Cho et al., 2017), dukz oz A&
ofdE @2 Fhgo] Z |, setback®] St
A o Aoz dHA th(Jaspreet et al., 2006).
AE A 73-% Fig. 164 ¢} o] Azl A|7ke] F7}
gl wet 3 HEr Ag s AT vls=sAl fA
He A4S 2Yon 108 ol A7 TREE g 9
gk o) ekslyt wAlste] A ejsiainh AAF MRS 571E

o 2L
+ 3
i ox |o
of
KON
Lo

180

150

Wiscosity (cP)
o e}
= =

] 1

o
=1
!

304

100 — 1 Minute
— 2 Minutes
3 Minutes
L 80 — 4 Minutes

5 Minutes

6 Minutes

7 Minutes

8 Minutes

— 9 Minutes

lemperature (=)

— 10 Minutes
11 Minutes
12 Minutes
13 Minutes

0 ] 10 15 20 35

Time (min)

Fig. 1. Viscogram of sweet pumpkin treated every minute by oven.
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Fig. 2. Viscogram of sweet pumpkin treated every minute by steam.
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Fig. 3. Viscogram of sweet pumpkin treated every minute by microwave.
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Table 3. Quality characteristics of sweet pumpkin prepared by various pretreatments
Pretreatment!’ Moisture Contents Water Soluble.Solids Strength Hardness Free sugar Contents (mg/g)
(%) Activity (Brix) (kg/em?) (kg/em?) Fructose Glucose Sucrose
D 80.56 0.981 15.00 18.71 60.79 30.99 32.02 50.31
+0.54% +0.005° +0.00° +1.52° +£5.59° £2.19° +2.57° +3.91°
w 78.54 0.968 10.67 1.95 9.71 23.52 24.53 3535
+0.12° +0.004° +0.58° +0.15° +3.07° +2.17° +2.58° +2.97°
M 75.25 0.961 18.33 0.48 3.19 38.29 39.60 61.50
+0.11¢ +0.008° +0.58* +0.06° +0.48° +3.20° +3.13* +5.51*

"D: Dry heated, M: Microwave heated, W: Wet heated
YValue are meantstandard deviations of three (n=3) measurements.

The same superscripts(a-c) in a cloumn 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 characteristics of dried sweet pumpkin prepared by various pretreatments
Pretreatment” Moisture Contents ~ Water ~ Soluble Solids ~ Strength Hardness Free sugar Contents (mg/g)
(%) Activity (Brix) (kg/cm?) (kg/em?) Fructose Glucose Sucrose
DD 50.79 0.818 45.67 5.52 15.16 109.94 125.53 100.04
+0.33% +0.038° +1.53° +0.31° +8.34° +3.37° +4.18° +1.54°
WD 63.74 0.885 33.67 222 8.23 76.32 87.93 77.55
+0.09° +0.027° £2.31° £0.24° £3.00" £9.60" +8.56° +8.91°
MD 38.51 0.887 4733 1.32 4.24 107.11 119.69 117.16
+0.14¢ +0.01° +1.15° +0.22¢ +0.78° +1.38° +0.88" +3.19°

YDD: Dried after dry heat, MD: Dried after microwave heat, WD: Dried after wet heat

IValue are meantstandard deviations of three (n=3) measurements.

The same superscripts(a-c) 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 S. The quality factors of dried sweet pumpkin under different drying condition based on central composite design by response

surface analysis

Test  Y," Y,? Y)Y Y,) Y YO Y, Yo Y, Y, Y,
| 60.94 0.927 2533 3.68 12.05 52.85 61.56 67.47 52.99 17.06 43.04
+031  £0.016  +£2.08  +0.19 238  +494 4603 +9.18 +0.33 204 £3.96

, 5049 0898 3033 1.60 450 68.12 80.77 77.89 48.88 19.98 46.45
+0.09 0.026 +1.53 +0.08 007 406 =553 +146 147 449  £335
;4584 0.845 42.00 3.68 11.30 84.17  103.54 11852  48.11 18.60 3835
+0.02 0005  +1.00 038  +1.56 224  +42] +2.63 +1.16 130  =1.60

, 5301 0.934 3233 2.07 5.18 58.18 69.68 77.18 49.96 17.97 44.12
+0.11 0009  =0.58 +0.06 056 0.2 =046  =1.05 +0.73 +124 381

s 3463 0.919 42,67 3.40 8.47 79.59 9444 109.16  47.54 21.15 44.01
£0.10 0039 058  +025 £129 285 +3.61 +3.91 +1.06  +1.64 209

6 3238 0.834 47.00 5.18 12.00 9130  109.55 11920  47.86 18.50 37.91
+0.13 0013 +2.65 +0.15 167 916 1163  +1252 072  £0.75 +1.83
;5165 0.880 35.67 2.70 11.86 55.44 65.31 11825  46.77 18.23 37.62
+0.05  +0.046 058  +0.13 +0.58 524 756  +9.38 +0.31 +1.89  +1.76

g 2214 0.742 4733 19.25 38.11 101.14 12526 12326  49.55 17.83 33.45
+0.02 0063  +1.53 +1.03 292 537 6.8l +7.98 +1.04 052 0.50

o 1882 0.638 59.33 30.54 5126 10693 13081  188.02  48.73 18.76 36.74
+0.06  +0.056 058  £1.05 090 676 8.5 +814 016  =1.19 093

o 3610 0858t 3567 2.82 8.81 73.86 96.86  101.91  47.86 18.86 43.20
+0.09 0.033 +0.58 +0.16 099  £3.68  £289  £1258 023 +029 042

o 3996 0.840 37.33 3.53 8.67 7652 10092 11788 5081 20.83 48.24
+0.18  £0.046  +1.53 +0.5 +134 392 333 £752 034 0.1 +0.33

5 3676 0.876 35.67 29 8.38 76.66 9822 10591 4867 15.83 37.63
+028 0024  +231 +0.69 110 2.6 +2.48 319 116 098  £2.86

5 3297 0.833 38.00 3.72 7.97 7865 10245 11123 4727 17.05 41.66
+0.08  +0.058  +1.73 +1.32 +2.11 287 299 456 057  +145 +1.93

YMoisture Contents (%) *Water Activity (Aw) *Soluble Solids (Brix) “Strength (kg/cM®) YHardness (kg/cm?) “Fructose (mg/g) "Glucose (mg/g)

9Sucrose (mg/g) *L" %a" b’ P Value are meantstandard deviations of three (n=3) measurements.
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Table 6. Regression coefficient of the predicted quadratic polynominal models on the quality factors of drying sweet pumpkin

Y, Response Surface Regression R?(adj) Pr>F
Moisture Contents (%) 133.0 +0.252 X, - 20.89 X, + 1.989 X2 - 0.2216 X, X, 94.94 0.399
Water Activity (Aw) 0.093 +0.0443 X, + 0.0447 X, — 0.000489 X,* - 0.002000 X, X, 87.06 0.778
Soluble Solids (Brix) -18.15+0.745 X, + 4.583 X, 90.03 0.585
Strength (kg/cm?) 152.3 - 6.86 X, — 11.34 X, + 0.0687 X,* + 0.3480 X, X, 91.84 0.001
Hardness (kg/cm?) 265.6 — 12.20 X, — 16.29 X, +0.1302 X >+ 0.5019 X X, 92.49 0.000
Fructose (mg/g) -19.7+0.973 X, +9.66 X, 84.16 0.012
Glucose (mg/g) 1121 +1.259 X, +41.6 X, - 2.44 X2 86.45 0.022
Sucrose (mg/g) -81.4 +2.761 X, +13.57 X, 82.30 0.045
L 75.16 — 0.595 X, — 3.84 X, + 0.0855 X, X, 4536 0.735
b’ 54.31-0.334 X, 23.35 0.553

Y=b,+b,X,,b,X,,b, X, +b,,X,X2+b,,X,%, X,: Temperature (°C), X,: Time (h).

dol o, FErt 3 Azto] FuEgL X deuks A IYPYE 48.00 °Bx (Hwang et al, 2020)5 SEXE
Az 5 o] wlelaZ g olB s 7P A et WA 2 3tE YAtk
g o R M3t o]F Al TEuk 7xe] A HAsE A 24L& 43°Co &x9 724702 el
2 o F o] &a3itt. wom olof F|Fel= ASS T T 28.19%, T
AT 0.79, 74 TFE 46.90 °BxZ YERSTE 18]
HISHMEAMHS 0|88 =M 74 = oS IO AYge R S 30.02%, FEZAE 0.796, 7t
A Wl F4 24 Aol ot Agsittal B 84 2R 5133 BxE UENHT Sk Adgke H
H wlelazgolB HAAE AAS Teute] dF Ax  nE 59 Rde] g AFstaA e, 1 g
24& HAslsl7] flsle] vHSRHEAY S o] &35t < Table 70 YebATE oS3k A4S s Bts
7t Az o) me Ax dste] 4 247t He & 1 90% o] fA HlES BYlen, £E FE
T, FEEAE, 7HEE AR, AR, AR, A%, A BEAEE 95% AE 7 Ml Eo07F dew (7t
g, T, AEE =248 A3 Table 59 YERH oM, 2556-30.82%, 0.7659-0.8275), Yt 95% =77 W9
3] A2 Table 69 YEFATE Lee et al. (2015) ¥H3¥  (40.36-53.55)°] o017} QlloH, 7184 wFELS o =3k
AEAHA YERE 4= JdE 97 H3 Aol 135 o o =4 SA =] A A3 YAl mde] A
A1 Pr>Fgkol 0.0000¢ = FoFE 1% olelA 3] S Wk olue} o] ARl 27102 dTE T
m o] FAYS At s, 0.05HT 2 S By
o A58 Sk sis] el S5 T AT A e SR M i el v o
A=) & 7)o uo Ehiss
Zj(l;:;i: g Ei:) 5: gij/\;;_[; r;}g B:é | 10%);: }3 ; ;] ) ]<—> ;43; Response Variables A B A/B
Wz ol as|olth STEhs 2 WaSe] Mo EHe Moisture Qolntent (%) 28.19 30.02+0.24 0.93
b - = - Water Activity (Aw) 0.796 0.796+0.097 1
Fig. 49} 24, f2luatelld fE5H2 = 7V Soluble Solids (Brix)  46.95 51.3343.06 091
olo] HFXQl FE g 21.30%, FEIAHE 0.820, 7

Lo 09
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Fig. 4. Response surface for optimizing variables in dried sweet pumpkin according to temperature and time.
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