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Table 1 Results of the experimental design used in drying of persimmon fruit

b a L EA  Processing time (min)  Shrinkage Slice thickness Microwave power  No.
35.76 14.10 49.01 1881 3.67 76.14 3 500 1
30.01 15.04 47.69 20.31 3.95 74.03 5 500 2
2757 1571 47.91 21.42 3.53 75.21 5 700 3
26.28 14.02 44.44 18.08 7.16 71.62 7 300 4
3811 1315 52.23 15.04 6.17 72.13 3 300 5
25.88 16.01 43.01 20.92 4.52 72.11 7 500 6
28.28 15.81 48.54 19.82 371 74.05 5 500 7
30.26 16.02 49.02 20.28 3.95 74.96 5 500 8
29.58 13.73 49.83 16.21 6.37 71.81 5 300 9
29.00 15.22 47.02 19.91 3.88 74.51 5 500 10
25.63 16.52 37.01 21.81 4.34 72.49 7 700 11
28.71 1511 47.13 20.75 3.86 74.14 5 500 12
32.66 14.08 48.57 20.11 3.33 77.21 3 700 13
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Table 2 Analysis of variance and coefficients of predictive model of shrinkage percentage

P-value Mean square df Sum of squares  Coefficients Source
<0.001 7.27 5 36.35 74.3 Model
<0.001 14.6 1 14.6 1.56 A
<0.001 8.12 1 8.12 -1.54 B
0.001 4.41 1 4.41 -1.05 AB
0.007 2.41 1 2.41 -0.86 A?
0.11 7 0.79 Residual
0.4 0.05 3 0.15 Lack of fit
0.16 4 0.63 Error
0.96 R?
0.94 Adj-R?
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Table 3 Analysis of variance and coefficients of predictive model of persimmon processing time

P-value Mean square df Sum of squares  Coefficients Source
<0.001 4.6 4 18.42 3.86 Model
<0.001 12.1 1 121 -1.42 A
<0.001 1.35 1 1.35 0.47 B
<0.001 3.44 1 3.44 1.12 A’
0.001 0.19 1 0.19 0.26 B’
0.006 8 0.05 Residual
0.9 0.003 4 0.01 Lack of fit
0.01 4 0.04 Error
0.99 R
0.99 Adj-R?
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Table 4 Analysis of variance and coefficients of the predictive model of total color change (AE)

P-value Mean square df Sum of squares  Coefficients Source
<0.001 15.42 3 46.26 20.11 Model
<0.001 32.71 1 32.71 2.33 A
<0.001 7.8 1 7.8 1.14 B
0.002 5.75 1 5.75 -1.33 A?
0.16 9 1.42 Residual
0.4 0.17 5 0.87 Lack of fit
0.14 4 0.55 Error
0.97 R?
0.96 Adj-R?

Table 5 Analysis of variance and coefficients of predictive model of L color factor

P-value  Mean square df Sum of squares  Coefficients Source
<0.001 51.6 3 154.9 48.15 Model
0.004 28.3 1 28.3 -2.17 A
<0.001 107.3 1 107.3 -4.23 B
0.01 19.3 1 19.3 -2.45 B’
1.91 9 17.17 Residual
0.1 2.8 5 14.1 Lack of fit
0.76 4 3.1 Error
0.91 R
0.87 Adj-R?
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Table 6 Analysis of variance and coefficients of predictive model of a color factor

P-value Mean square df Sum of squares  Coefficients Source
0.003 3.8 3 11.4 15.32 Model
0.007 4.9 1 4.9 0.9 A
0.001 4.5 1 4.5 0.87 B
0.01 2.02 1 2.02 -0.79 A’

0.19 9 1.75 Residual
0.5 0.2 5 0.98 Lack of fit
0.19 4 0.77 Error
0.87 R
0.82 Adj-R?

Table 7 Analysis of variance and coefficients of predictive model of b color factor

P-value Mean square df Sum of squares  Coefficients Source
<0.001 40.83 4 163.3 29.06 Model
<0.001 10.96 1 10.96 -1.35 A
<0.001 137.7 1 137.7 -4.79 B
0.004 5. 1 5. 1.2 AB
0.002 8.9 1 8.9 1.66 B?
0.5 3.99 Residual
0.8 0.28 1.11 Lack of fit
0.72 2.89 Error
0.97 R?
0.96 Adj-R?
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Fig 2 Response surface of effect of microwave
power and thickness of slice on shrinkage of
persimmon

114

bl 1 Jis sla e S -2-3

SNS 377 At sp g S Gl i 3 -1-2-3
Jete s 3 a8 spd e edalie 2 Jyde olie 4 a5 L
oSl O e erps s G s A calis
S s sy 21 (P<O.0L) 5 5l pne (S8 2 Ao
et s ol spte 4 (2 0S2) OF muly el
Loddle e pos axs 5 ot olpd 0o Ll e
58S Calbis 5pSh ol e Doy e 4 ax
S8 rmen 5 0550k Ol 55SE o O3 ot
5SS Ao BLi &S ssd e salie sl ws)
dop b S Culns LUl 5 pites 55,00 Ol
i SR L €S s ey il o sSns (SAS 5,2
5O S e (SASs A sl Ol 5 S
Gr oA S pl S e e LI
PRPTY-VINP-R- VN PSR (E N (VP
o 2 Jsde 3 Jde ol Sl S culis 2als

U s Sl U5 L anslie 3 oS, culbis oS Wl e



1399 g:)'-{;)ﬁ)'é &17 092 498 e)w

DOI 10.29252/fsct.17.01.10

sl mle s el

s g oAt e WS e &S Calis a8
olos Laals sl o, cubies sl 53 Jseame L
3 5 Ol 2158 53 95,50l Ol Gl L sl 3
e g s Nl e s ol [21 5 13] e okal
SR AEL S el sl s Jpame 3L Sl sk
s Ol 1158 )3 &8 Calis JalS b g5l b Ol
L15] ol okl 3

Ep Ky ok 5 Joes ot b -3-2-3
s

S5 Ky Dl ess wbls 4 b TG4 adsas s
b i edalis S jskileacod sl Jlx
LSl plas 5 o8 Gl 5 555 S0l Oy slay 556
men (P<0.01) 551 sbsie (b 58 L EA) o5, )
Ko IS et L5650,k Ol o5 4 Sole
3 4z Dol fpames (8) K 55 st 5 (EA)
305556 5 (L) Sy sl 58U Gl S 5 s
SIS by, 554 S S s g s e (B) S
Mo o5 5 S0 Dt 2 a5 Sl 5 s Sl Ul
4 sla IS 4 a5 Lo sdalie LB 05 S8 51 ey
Ss S i Olyn alaly Sty o B4 i S
Sl 5 55,50l 015 L (8) S 503 556 5 (EA)
daf; O 54 G IS arp b o s il S
oly b () Ky ous Lt 5 (L) Ky pbdss Olge
s, ol ol o sSoe labaly & alses 5 595,
AU T B4 gl 5o e ol Do e b e abs
S JSE) bagaly man JS5 53 5 pm se slaliondl 55 0
Al ars glacbe 035 lsae a5 (5 54
TG4 sbadsr ol s @ ax s LT U4 Jiliz) L5
2t i O 5 A G SS muly e, prizmes
g bye (D) K5 s 5 (L) K by, slaysst
05SU Gy S e 5> el a3 5 Sl ,y5G
@ by s i S S5 (BA) S5 S e

sl a.:ﬁﬁjjjb/\i\.a ‘-)\j:

115

S oag 0Ly 5 i e HU -2-2-3

>
5 ol Ol a8 55l e edalin 3 s WSl
Bj 68 Calseds 5 5235, S0 Ol (slas 55U 35 4
Sasei2 JSa 55 (P<O.01) 5y s ime Jlo = &S 5w
S D3 p oS Sl 5 55 Sobe Ol 3 e
- orodaline ISl 4 g Lol sl o3l 0L Lo =
o5 LS Sl ool Ulpe & S 4 Ol &S 40
LB Jotr 52 i ) 2k o AU s Sl
Spoag Ol WSy Cubis 5 ns Sl Ul
o ool Sl Bl I el S5 e b
bl a ey L LSt e 5 cte S

el 5550 (3 USC2) 4 sl pei 5 (3 Usa)

72

62

Time (min)

700
600

B: Thickness (mm) ) A: Power (W)

3300
Fig 3 Response surface of effect of microwave
power and thickness of slice on processing time

Ol 3 a3 Ssle O3 Sl ime (8,5 K5 5o b ppizmes
aas K5 3 sl sy @Sy Culs 5 s Sbe
Ol Ll boeoslp Ol aalS s e edslis
S Sl sk S go M s na Sl
Olg Rl il 55,5k YL adls s Jsame
GRS i 1y dmame s Sosbs s S (s
o Ol Gl LS dy e s K00 5 s e
23350 Sl g Sdd g dais 0555 Gles 555, S0L
Sy als Sasby Ol 2l ials Cely g anly il
ol s e JWEl Esl VL 0l5 Kos Dl

Logoslp Ol Lials ool sudd cusb, 2als 5 e



s Sl e 03 S Gluag 5 S3ledis

O San 5 ol ol

p
e T
.
s
GRS ettt
(PSR et
SEETI LA 25 et et
e e i
e S
2 G e b g Lo S e R T e e e
gty S R et o e o
PRSI IS T
',"',,:', IS5 ozoog?o

L5
G
4 2

LA
5L,

brgt
005 0 oyt
o0 oty by b,
LA <7 v
"':""'g‘:':"':% ‘0‘;‘&4}:‘”&
IRATAAS
g
50

7
(07550
g log 0y e 00y
000 beite %,

LA,
LA

%

hegtuso,

407

L5054
2500

L5505
ool
oy

B: Thickness (mm) A: Power (w)

3300

7 700
\5\ 600

5 500
B: Thickness (mM A: Power (w)

3300

AN
T
SN
Y

¢
2
&
i
e

&
e
LR
IR
&

"“‘“ AL AL

a 50005, I I RIS elets

Q%%QO'&%@Q%%@«’.‘ '
ARG (XL LKA,

oS St

Py
oSrreests

500

B: Thickness (mm) A: Power (w)

Fig 5 Response of a and b affected by microwave power and slice thickness

53l p slagal 5 b 5SS a Gl ol
Soslp 0by) bran 35 A 4 oarg b 8 s
3 Foda ) Jspame sl il pomen 5 (S
© S sdd sl 0L (28 S e 5 SASs
ol €)1 9 Jods 53 (gluang ol opl 51 el s

el
e Cov 09051 -4-3
S o Sl edel S w4 ladie CUS ) g

ool L0 Sl g bl s bl 5SS e
Ssp ks 8 plnil (g Bl s b 5lejl) S O
e i olie 5 b ilel el s w0 slie O3
53 ldde pl 05 coslie (10 Jsaz) adie Jaw s 0

s e 0L ) agaly Sl S A e

116

Ol laysSl 5l 0Ly s () Ky 308 5556
ey als Lo 4t dy L6 oS Cubis 5 g5l
23955k U5 GRG0 S8 b (L) dyae S5
655 2] LS e sln B Rs OIS sy ks
S gln(0) Ky o5 580 a5 [24] il 5 [23]
oSB GhI ppaes ol sad 315 [25] S
Oliis Lws 55,0k Ol5 SRl L () KOs s
Sl 5 [25] Kp eSS [28] s sl K
[26] 25 s [24] <l o5 i BA) ) LS it
RO PR WP S

Solw g 3-3

soaSNb oy e 00 SSES Gl we Slles LilS
@l Gleang STl elind Loz el



1399 kﬁ;)j)'é g17 092 g98 O)LA.M::J

DOI 10.29252/fsct.17.01.10

sl mle s el

Table 8 Indicators and optimization objectives for persimmon drying

Importance Upper Lower Goal Variable
3 700 300 In range Microwave power
3 7 3 In range Slice thickness (mm)
3 77.21 71.62 Minimize Shrinkage (%)
3 7.17 3.33 Minimize Processing time (min)
3 21.81 15.04 Minimize AE
3 52.23 37.01 Maximize L
3 16.52 13.15 Minimize a
3 38.11 25.63 Maximize b

Table 9 Results of optimization of persimmon drying

Value Response Value Independent variable
72.5 Shrinkage (%)

5.97 Processing time (min) 312 Microwave power (W)
15.2 AE

51.16 L

13.15 a 3 Slice thickness (mm)
37.82 b

Table 10 Predicted and actual values of responses in optimal conditions of persimmon drying

Real value (experiment)  Predicted value (model) Response
68.82+1.28 72.5 Shrinkage (%)
5.65+0.44 5.97 Processing time (min)
14.66+1.84 15.2 AE
46.1642.12 51.16 L
11.16+1.09 13.13 a
35.06+2.51 37.82 b
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Drying of food products using microwave can be a good replacement to hot air dryers. In this study,
Response Surface Methodology (RSM) was used for optimization of the conditions for microwave
drying of persimmon slices. The effects of microwave power (300, 500 and 700 W) and slice thickness
(3, 5 and 7mm) as independent variables on shrinkage percentage, processing time and total color
change of persimmon as dependent variables (responses) were evaluated. All process variables were
statistically significant as quadratic regression models for all responses. As microwave power
increased, the shrinkage percentage and total color change of persimmon slice increased but
processing time decreased. As the thickness of persimmon slice increased, the processing time and
total color change of persimmon slice increased but shrinkage percentage decreased. The optimum
conditions obtained for minimum shrinkage percentage, processing time and total color change were 3
mm as slice thickness and the microwave power of 312 W. In optimized condition, the shrinkage
percentage, processing time and total color change of dried persimmon slices were 72.5 %, 5.97 min
and 15.2, respectively.
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