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Abstract

This study was conducted to obtain the optimal conditions of hot air drying for Cudrania tricuspidata by response
surface methodology (RSM). The independent variables were blanching time (60, 120, 240 sec), drying temperature
(40, 60, 80°C) and drying time (12, 24, 36 h). The dependant variables were total polyphenol content (TPC), total
flavonoid content (TFC), DPPH radical scavenging activity (DPPH), and color difference (AE). Viable cell colony
was counted according to changes of blanching time. It was confirmed that microorganisms gradually decreased
with increasing blanching time. From RSM results, the predicted values of TPC, TFC, DPPH, and AE were 8.62
mg GAE/g, 56.65 mg RE/g, 40.26% and 11.69, respectively. Experimental values within the optimal range (240
sec, blanching time; 60°C, drying temperature; 24 h, drying time) were 10.06 mg GAE/g, 49 mg RE/g, 44.99%
and 10.53, respectively. The predicted values were similar to the experimental values. Comparing drying tendency
according to changes of blanching time, moisture reduction was bigger in the blanched sample than that in control
at 40°C. However, the differences between blanched and control decreased with increase of drying temperature.
Viable cell gradually decreased as increasing blanching time.
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Table 1. The central composite design for optimization of drying
condition of Cudrania tricuspidata

Xa Response variables -1 0 1

Xi Blanching time (sec) 0 120 240
X Drying temperature 40 60 80
X3 Drying time (h) 12 24 36
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Fig. 1. Measurement of viable cell count of Cudrania tricuspidata
according to blanching times.

Mean with the difference letter (a-b) are by DMRT (p<0.05).
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Fig. 2. Experimental drying tendency of Cudrania tricuspidata depending on blanching times and drying temperatures.

A, drying at 40C; B, drying at 60°C; C, drying at 80°C.
@, non-treatment sample; MM, 120 sec blanched sample; A\, 240 sec blanched sample.
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T ol FHo] T7FEE SAld 54 FiEgEe] Edehe 0 46.05

bl 283k Algte] @ fitta Haskit o) &l 40 120 6
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Table 3. Central composite design matrix for total polyphenol content (TPC), total flavonoid content (TFC), DPPH radical scavenging

activity (DPPH) and color difference (AE) of Cudrania tricuspidata under blanching and drying conditions

Exp.  No Blmgnecg) me  prving temp (C)  Drying me (1)  TPC (mg GAEfg)  TFC (mg REJg) DPPH (%) AB
1 120(0) 80(1) 36(1) 10.12+0.62 3374271 48.84+1.20 2421
2 0¢-1) 40(-1) 24(0) 10.76:0.30 64.01+1.79 41.34+1.64 493
3 120(0) 60(0) 24(0) 9.3340.19 56.31£3.19 39.01+0.44 13.76
4 120(0) 40(-1) 36(1) 10.59£0.31 71.96£1.13 37.59+3.95 5.09
5 0C1) 80(1) 24(0) 9.55+0.10 4139+1.48 44.65¢1.64 2.77
6 240(1) 40(-1) 24(0) 7.9340.29 52.24+0.66 42.21+0.70 228
7 240(1) 60(0) 12(-1) 8.20+0.28 49.05+4.83 36.93+1.71 272
8 0(-1) 60(0) 12(-1) 9.350.36 51.522.91 32.39+0.82 1351
9 240(1) 80(1) 24(0) 9.23+0.14 40814135 51.27£0.74 1742
10 0(-1) 60(0) 36(1) 9.58+0.42 48.912.57 38.17+0.95 19.98
11 120(0) 60(0) 24(0) 9.60£0.00 64.5+4.65 35.48+0.58 14.63
12 120(0) 40(-1) 12(-1) 8.62+0.29 35.48+2.44 34.75+0.98 343
13 120(0) 80(1) 12(-1) 9.0610.30 47.35%0.66 36.14+0.76 13.07
14 240(1) 60(0) 36(1) 9.32+0.05 53.74+4.52 35.01£2.68 1792
15 120(0) 60(0) 24(0) 9.5710.47 66.68+2.53 37.12£1.36 15.57
Table 4. The second polynomial equations for quality prediction of Cudrania tricuspidata calculated by SAS program
Response” The second polynomial equations R Significance
Y=10.877500-0.019000X,-0.061125X,+0.110208X-0.000021441X,*
TPC ) ) 09161 0.0395
+0.000261X,X;+0.000441X,+0.000155X3X-0.000948X3X,-0.000547X
TRC Y=-90.351250-0.034101X,+3.216875X,+5.601424X;-0.000320X 09186 00286
+0.001166X,X-0.020683X,™+0.001274X:X -0.052177X:X,-0.049242X;” ' ‘
Y=76.027500-0.027608X - 1.867438X,+0.932222X5+0.000137X,
DPPH ) ) 09303 0.0200
+0.000599X,X;+0.014211X,™-0.001337X5X,+0.010271X5X,-0.024708 X5
Y=-23.338750-0.035212X,+0.915500X,-0.161840X3-0.000025029X;
AE 09782 0.0012

-0.000281XX,-0.006107X,™+0.001516X5X +0.009875X5X,-0.005281X;"

l)TPC, total polyphenol content; TFC, total flavonoid content; DPPH, DPPH radical scavenging activity; AE, Color difference.

Table 5. Analysis of variance (ANOVA) results for TPC, TFC, DPPH and AE of Cudrania tricuspidata under blanching and hot air drying

Model 'S Blanching time (sec) Drying temp (C) Drying time (h) Stationary point
TPC” 536+ 0.9061 7.60%* 305 4,55+ saddle point
TFC 7.63%* 0.9186 115 11.54%* 7.63%* maximum
DPPH 7.42%* 09303 2.12 10.28** 5.94%%* saddle point
AE 24.91%* 09782 5.69%* 39.27%xx 48.04%* saddle point

"TPC, total polyphenol content; TFC, total flavonoid content; DPPH, DPPH radical scavenging activity; AE, Color difference.
ik p<0.001, ** 0,001<p<0.05, * 0.05<p<0.1.
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A Alzte] S71dE & ZejulE e AA3] fHast
= AE 1 = ATk o] M7 EWA A Azt STk
w2 TPCO| ZaE Bl o8 A7 23F 9] Atz
3l G Gl £EH U] wjFo] TAE A=
AR HETH3ES).

Drying time(hr)

Blanching time(sec)

Fig. 3. Response surface for total polyphenol content of Cudrania
tricuspidata at constant values (TPC: 8, 8.3, 8.5, 8.7 mg GAE/g) as
a function of blanching time, drying temperatures and drying times.

S 2 21z 27l wpE ] 8e] TRCE Table 39
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& TFCO| 2 43S YehA] & oz Atk
Dewanto 5(36)< ol gt Exg]l= TFCE 242
2 Mg 7)A Fetin Bustg e, & Aoa] 127
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3t AgkS YeRA.

2 2 AZx ZAd WE A 8ol DPPHE Table
ow, A3t ZEl2]2 Table 49 YERATE

Drying time(hr)

temperatureC)

Drying

Fig. 4. Response surface for total flavonoid content of Cudrania
tricuspidata at constant values (TFC: 50, 55, 60, 65 mg RE/g) as
a function of blanching times, drying temperatures and drying
times.
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Drying time(hr)

B, ne "illg o
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Fig. 5. Response surface for DPPH radical scavenging activity of
Cudrania tricuspidata at constant values (DPPH: 38, 38.5, 39,
39.5%) as a function of blanching times, drying temperatures and
drying times.
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B4 A3 2de 5% FaolM foldd Bylon R g
0978222 et A 2 & EWA A Az
Az A 5% el Aatel] Jgg vz om,
Az 25E 01% e d38S Jehiio
(Table 5). Fig. 69 L ZS EA]H LS uf x| 8o
Az o7t S/MEFE Aake A Skellen, 5Y
2 A AzPE v EHF A Azt

Y42 At A hdtsE A2 By e
o] IAFols EHAFH ZAWE %3 polyphenol
oxidase(PPO)7} EA51H, oJ&] A Arfol|lA 2] 34
< B4 a7 PPOS A3 slo] 2 S
UTH39,40). whEb - AFol BHA Aelrt Az Al
Aatg AR Az ERA ARz AR e
polyphenol oxidaseE B/ SHAIA E44 WS A
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Fig. 6. Response surface for color difference of Cudrania
tricuspidata at constant values (AE: 1, 5, 10, 15) as a function of
blanching times, drying temperatures and drying times.

T ZA 58S A A4 A1E (2017)

T HA sk AF Aol lolA T8 ] W
BEUE P nF2] AFE Adeked o] a9 FiE
olm@l), 53] Ax THAME dFE EL4& HAnstd
4 9= mathematical model= 2H=% 4 ke 3]
ATkl FAEe] B 2 Az g HAH =4S
Asr] s 4 24E FE= F Eede 9,
T SohExclE &, @atE 24 aEln A 59
contour mapsE superimposingdle] # 2 W9 & o S3}9th
(Fig. 7). &2 A2 AIZF 200-240%, A3 2% 50-60C,

A2 AIZE 2430 A7 HE7E A 202 dSo] HIo

Dl}l]'ilg ﬁmeu‘”

Drying tcmpcrature(“C)

Fig. 7. Superimposed response surface of total polyphenol content,
total flavonoid content, DPPH radical scavenging activity and color
difference for optimal drying condition range of Cudrania
tricuspidata extracts.

(a), TPC-8.7 mg GAEg; (b), TEC-60 mg RE/g; (c), DPPH-38.5%; (d), AE-10.0 as
a function of blanching time, drying temperature and drying time.

Table 6. Comparison between predicted and experimental values
for response variable of Cudrania tricuspidata at the given
condition” within the range of optimal condition

Response Predicted value Experimental value
variables @) ® B/AX100 (%)
TPC” (ng GAEjg) 862 10.06 116.71
TEC (mg RE/g) 56.65 49 86.5
DPPH (%) 4026 4.9 11175
AE 11.69 1053 90.08

240 sec blanching time, 60°C drying temperature, and 24 h drying time.
z)TPC, total polyphenol content; TFC, total flavonoid content; DPPH, DPPH radical
scavenging activity; AE, color difference.



Optimization of drying conditions of Cudrania tricuspidata using response surface methodology 81

o A3}t e ti9)gk 23 TPCE= 8.62 mg GAF/g, TFC
£ 56.65 mg RE/g, DPPHE 40.26% ~12]1 AEE 11.69
= YEsth oS Aol dieff a4 S A5kl Hlsl
dSH HA R W oo 1S A EAHA
A2] AlIZE 240%, AZ 2% 00, A2 AIZE 24417ke] 27
oA 1A FPstla E143F Az TPC, TFC,
DPPH, AE:= 712} 10.06 mg GAE/g, 49 mg RE/g, 44.99%,
105322 YEFSITH(Table 6). 219 2ol thA gt oS4k
vl wslS o, F Telulsd & Sehieo] = ko]
oA w2 g UsHAT Adde A5

86.5-116.71% = Yeh} FEx272] F8A40] A=A

o ok
I =

TR Gl PR o) o7 Beldow 4]
7ro] @3 $50] olRThE BHlo] Uk, BarEo] 48e

d
T e AE 74 B 7FEEE oF Wl AN 2
AFdre ddHor RIS A8 F e EWA
Aot E5 A2l el Asiie WA Edd
A Al R A s S5t E0F A
Azto] S7HEEE =] AAH R Fhdte As
le &= 3iet el & A2 A7 3 s 2300
=

whE Az FAE vl Aok 40CoM Az A FAfe)T
Hoh 33 A7t o e a7 A 29 JERY
o} sAIRE A2 2Tt SUFERE B e B A
2] 2] Az A Aol A Eole=e A g]lsisl
ok HFA R BaA B 32 HA 21 =E3
7] 98l WhE-EH EAR S o] &5kith 2 W total
polyphenol content, total flavonoid content, DPPH radical
scavenging activity, 2 2HAE)9] oS3t 717} 8.62 mg
GAF/g, 56.65 mg RE/g, 40.26%, 11.692] 42| & Vet
22 e W oo 24 =, 240 sec A A2 A7
60C A% &%, 24 h 743 AZbol|A] 2 &3S 10.06 mg
GAEJg, 49 mg REJg. 44.99%, 10532 JER}on o =5k}
APRE Ak S Bk
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