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ABSTRACT The purpose of this study was to investigate the drying characteristics and drying models of Ainsliaca
acerifolia Sch. Bip. using far-infrared thin layer drying. Far-infrared thin layer drying test on Ainsliaea acerifolia
Sch. Bip. was conducted at two air velocities of 0.6 and 0.8 m/sec, as well as three drying temperatures of 40, 45,
and 50°C respectively. The drying models were estimated using coefficient of determination and root mean square
error. Drying characteristics were analyzed based on factors such as drying rate, leaf color changes, antioxidant activity,
and contents of polyphenolics and flavonoids. The results revealed that increases in drying temperature and air velocity
caused a reduction in drying time. The Thompson model was considered suitable for thin layer drying using far-infrared
radiation for Ainsliaea accerifolia Sch. Bip. Greenness and yellowness values decreased and lightness values increased
after far-infrared thin layer drying, and the color difference (AE) values at 40°C were higher than those at 45°C
and 50°C. The antioxidant properties of Ainsliaea acerifolia Sch. Bip. decreased under all far-infrared thin layer drying
conditions, and the highest polyphenolic content (37.9 mg/g), flavonoid content (22.7 mg/g), DPPH radical scavenging
activity (32.5), and ABTS radical scavenging activity (31.1) were observed at a drying temperature of 40°C with

an air velocity of 0.8 m/sec.

Key words: Ainsliaea acerifolia Sch. Bip., far-infrared thin layer drying, antioxidant activity, polyphenolics, flavonoids
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Fig. 1. Schematic diagram of the far-infrared dryer. (1) blast fan, (2) far-infrared heater, (3) motor, (4) drying chamber, (5) belt

conveyer, and (6) blast pipe.
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MR= MM, @
_ Moo= M= M5
Me = - M- 2 M, 2

MR: Moisture ratio

M;: Moisture content at time t (%, d.b.)

M.: Equilibrium moisture content (%, d.b.)

Mo: Initial moisture content at time O (%, d.b.)
M. Middle moisture content in the middle of drying

time (%, d.b.)

M;: Final moisture content at drying finished time (%,
d.b.)
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Table 1. Semi-theoretical and empirical thin layer drying models

No. Model name Model References
1 Page MR:exp(-P-tQ) Page (13)
2 Lewis MR=exp(-ki ‘t) Bruce (14)
3 Henderson MR=A;-exp(-kz-t)  Westerman
et al. (15)

th=A" ln(MR)+
B-In(MR)

4 Thompson Ning et al. (3)

MR: moisture ratio.
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a, bel Wa} gk FPHo2 Wshs A AE ¢S 4
(4)5 o] 83l 2=3}TH16,17).

AE= VAL A2 1 A8 4)

AE: Difference values of the color between after and

o

before drying

AL: Difference values of the lightness between after
and before drying

Aa: Difference values of the redness between after
and before drying

Ab: Difference values of the yellowness between af-
ter and before drying
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St. Louis, MO, USA)E AH&35F3it) AFAS 2 & &
o & L= ‘%L%k% HAYE 100 g &
2 JER A TH20).

E SR Lo|E: = ZElH o= dEEL Jig
S WYste] SAATH2D). FE5 250 uLol 5% NaNO.
75 uL, 10% AICl; 150 plLE Z}7z} 7138k 5 6% & 1 M
NaOH 500 pL¢} S5/ 275 pLE 7}ske] ¥ks-do] &3

< 510 nmolA] S5tk RFEE R (+)-cateching
ARgEERl o, HAEA A F FEEY YR §F
< #AYE 100 g Y mg (+)-catechin®Z YEATH
(21,22).

ABTS @tz o] &3 3 43 34 & Pitste o
5742 ABTS radical cation decolorization assay %% ¢l
o]slo] Al EFSIT}. 2,2'-Azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid)(ABTS, Sigma-Aldrich Co.) 7.4
mM3} potassium persulphate 2.6 mM< 3} 5<¢F ¢F4 0

2] mg gallic acid

E—_O/] H]—Hrl

A8kl ABST cation 2t Zs F4A7 § o] &d&
414 nmoll A F33&= ghol 1.57F H=5 & F3A5(e=
3.6%<10" M'em )& ol g3ke] FHFE 24 atgint 84

% ABTS cation &)z €9 1 mLe| —%%‘iﬂ
o 90& ¥ SF =9 HIE SAHG oH,



o)

7]

L-ascorbic acid® &% 7l tH22). &

(5)Z YeS -
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AEAC: Mg ascorbic acid equivalent antioxidant ca—

pacity per 100 g of sample

AA: Change of absorbance in the presence of sample

AAa.t Change of absorbance after addition of ascor—

bic acid standard solution

AC,a: Concentration of ascorbic acid standard sol—

ution (mg/mL)

V: Volume of sample (mL)

W: Weight of sample (g)
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Fig. 2. Comparison of moisture content (A) and moisture ratio
(B) according to the drying time.

ps)

o
»
A
o

887

Rl

N
o

lo o
i

il
ol
e
[
N
P

RN
ol ¢
S

do o 1o 3¢

0%

av

o oX

o

o

L
B
gﬂ
rr

i

(3 _l)(

o

A

~

o
o
L=
rl

to, 1

SE
o

360 300+E0] 285,

2% 0.8 m/sec’} 0.6 m/secH.Th
T AxAIbe] OEE = Ao R et gk
7} 45°Ce] A9l % $54% 0.6, 0.8 m/

o

R
27083 210202 YEh Y £E&EE
ZQATFo] S AoR
= 50°Ce] AF @EFH] dxAl
[sec?] Az Z+Z}F 150%
= Ao yehy Ao A= 40,
0.6 m/secol A 27 210+, 12

4% 0.8 m/sec?] 7l

=
>

a0
BN
rfo

BN
2

¢
N
N
L

o
(@}

7}

f
Ll
=y
(o,

N
o

x
my e
B
ro

ofy
ol
I

B K

(&)
S 00

— rlo —E‘
3L
)

[\
(@]
AL
o

oo
o
r

¢

W
‘2
O
f
e}
ofy
U ofg
S

bt
o

o
N AT

BN
>,
N
9.
=
=

of
ol
&t
k1

H
oo
(@)
A
O
(@]
b

o

o
BN oy
N o
N _M
=
L BN
= [
fu F;)
B >

pL HoR

o B o
)
o
9

S S
=
o
<
of
o
\nt
L

e

ZA

Fig. 3¢ ©&3 e
Kint ] o}, Fig. 304l X+ vle}h
Az AZ 3 90o] AitE AlAdA ] g ¢
A AZREE 40°Ce £F5E 0.6, 0.8 m/secoll X z+z}
0.553, 0.465% YEl} Ax& w7t 714 =9 o= el
ok mmek AR dx 45°CY 0.6, 0.8
m/secel A %

7 MERE G En) )

A~
=

A~ 3L I~
TE5E

ey

I~

= 4817 747 0.3176, 0.23312 4

2 Ao R Uetsom, 4749
5 £35S 0.6, 0.8 m/sec?] TEHE
90+ A 0.1658, 0.00022 WHEFH o AxEE
A AzLE 50°C, 0.8 m/sec 70| 714 w2

3L 2~
T e

J

=

Az:A el whE g o S

e 21T

P
RAlrE

GFH ] YA vF A
ndo] welAiol AYAGFE Table 29

Table 20| YebH vle} o] ©FF o] Hxnd
SFgH| 9] AFZES Lewis, Page, Thompson % Hen-
derson Z1zEHo) A-8&3sle] Aslgla, 72t BEe] BEly
T YA Az $35E 42 e B
Azxrd Bdigol A= 0.9000 o]’de = e

a1, 25 A Thompson AFxEY RwuAd= A, B 2

S



883 Has-d o A

A 10
—a—50C-0.6m/s Experimental
08 | ---k-- 50°C-0.6m/s Predicted
’ —o—45°C-0.6m/s Experimental
° ---@-- 45C-0.6m/s Predicted
"E 06 - A —=—40°C-0.6m/s Experimental
o N - 40°C-0.6m/s Predicted
2 NL
2 04 4 .
5] N
=
‘v
0.2
00 ‘ ‘ ‘ ) M E—

0 30 60 90 120 150 180 210 240
Drying time (min)

B 10
—A—50°C-0.8m/s Experimental
08 | -4~ 50°C-0.8m/s Predicted
—6—45°C-0.8m/s Experimental
\ ---@-- 45°C-0.8m/s Predicted
-% 0.6 4 AR —&—40°C-0.8m/s Experimental
o AN - 40°C-0.8m/s Predicted
3
@ 04 -
)
= A
0.2 4
00 : ey —

HN
g
o
ox
ol
o
o
g

0 30 60 90 120 150 180
Drying time (min)

Fig. 3. Variations in experimental and predicted moisture ratios with far infrared thin layer drying time by the Thompson model

at air velocities of 0.6 m/sec (A) and 0.8 m/sec (B).

Table 2. Estimated values of model constants

Drying model

Model constants R?

Page P=—2.8507+0.1276 X T+0.0014 X (”21“)2+0.04722 X T2>< AV 0.9023

Q=31.874—1.424 X T+0.0157 X (T)+2.1984 X (AV)+0.0691 X T X AV 0.9823

Lewis k;=0.00031—0.0682 X AV+0.00199 X T X AV 0.9944

Henderson A1=5.0574—0.1696 X T— 0.4774 X (AV)+0.0017 X (T)*+0.0088 X T X AV 0.9678

k»=0.0351—0.0007 X T—0.1172 X (AV)+0.00172+0.0030 X T X AV 0.9948

Thompson Ar=—24.5525+0.8451 X T+1.2035 X (sz) —0.0077 X (T) 0.9952

B=—4.5636+0.1799 X T—0.0018 X (T)*+0.0014 X T X AV 0.9970

T: drying temperature (°C), AV: air velocity (m/sec).

A7 b2 0.9952, 0.99700.2 7H3 EA el 71l sheegvle] At 532 LAE 9l Aes
474A AxRde] AdS AAe ] flste] GF 5 R A R A A A Q1 AZAIZF oA HawE] & A A sk A
Aol vt Az Al ] AAEk S5k Abelo] 2 o & yepstth weba A9 ukE HEE o] &ete] T
AFRHS RMSES Table 3¢ wlaste] et A AT A9 AR, S35 e AxEes
Table 3°|4 X ufe} o] BE xR X AA 7} Thompson {1Z&EZE o] §3lH & AEEoA 5T

0.9525 o], RMSE+ 0.3020 o]st= YEelyth E79
Thompson 299 AAAF7F 0.9826 ©]4, RMSEE
0.1277 o]3l2 t}& AXEYHT} o= AUV} 5 ZH o
2 YE

Fig. 32 9494 vt A2 e 27
0.8 m/secell W& &1 A3k} Thompson AXE
ds o] &3t grgr| o oSS vk Zlolt). Fig. 39
A B upe) o] gule] AT dS5a2 $55 %
o} Agle] BE d4d WS xR A AxF

2ES
g v e ® IhdE.

M H3S|
Fig. 4= A9 b= Axo| o3 thEFH o Ax IS
AL(M %), Aa(BA /=A%) Ab(SA ) L AE(M AL 3t

4(A) VHERL v} o]
AL(EE)RE AH9IH A2 ews} By $E4w0)

5 F7lete A4S eI

m

Table 3. Statistical results of the measured values fitted to the predicted values for drying models

Model 40°C 45°C 50°C

odels 0.6 m/sec 0.8 m/sec 0.6 m/sec 0.8 m/sec 0.6 m/sec 0.8 m/sec
b R> 0.9525 0.9753 0.9858 0.9798 0.9951 0.9617
age RMSE 0.2103 0.1601 0.1174 0.1444 0.0506 0.3020
Lowis R? 0.9799 0.9879 0.9963 0.9959 0.9787 0.9926
RMSE 0.0589 0.0638 0.0688 0.0561 0.0397 0.0959
Henderson R 0.9849 0.9894 0.9963 0.9961 0.9801 0.9927
enderso RMSE 0.0999 0.0885 0.0658 0.0506 0.0494 0.1153
Thombson R? 0.9939 0.9981 0.9929 0.9891 0.9826 0.9962
P RMSE 0.1029 0.0451 0.1012 0.1181 0.0654 0.1277

RMSE: root mean square error.
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Table 4. Effect of drying temperature and air velocity on polyphenolic and flavonoid contents in A. acerifolia

Content (mg/g DW)

Decrease ratio (%)

Drying conditions

Polyphenolics Flavonoids Polyphenolics Flavonoids
Raw materials 60.5" 33.5° - -
40°C 0.6 m/sec 31.0° 19.1° 48.76 42.99
0.8 m/sec 37.9° 227 37.36 3224
450C 0.6 m/sec 37.2° 21.5° 38.51 35.82
0.8 m/sec 32.5¢ 22.0° 46.28 3432
s0°C 0.6 m/sec 27.1¢ 18.7° 55.21 4418
0.8 m/sec 29.4% 16.0° 51.40 52.24

Means with different superscripts (a-d) in the same coulmn are significantly different by Duncan's multiple range test (P<0.05).
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Table 5. Effects of drying temperature and air velocity on the antioxidant activity of A. acerifolia

Antioxidant activity

Decrease ratio (%)

Drying conditions

DPPH ABTS DPPH ABTS
Raw materials 49.7° 46.6" - —
40°C 0.6 m/sec 23.5¢ 23.3¢ 5272 50.00
0.8 m/sec 32.5° 3L1.1° 34.61 33.26
4500 0.6 m/sec 28.7° 30.1° 4225 35.41
0.8 m/sec 26.1¢ 25.8° 47.48 44.64
s0°C 0.6 m/sec 17.2F 18.2¢ 65.39 60.94
0.8 m/sec 20.2° 22.0¢ 59.36 52.79

Means with different superscripts (a-f) in the same column are significantly different by Duncan's multiple range test (P<0.05).
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