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Influence of Temperature on Mass Transfer Kinetic and Microscopic
Structure During DIS Process of Aloe vera Leaf

Hye Mi Kwon, Ji Min Cha', Won Hur, and Shin Young Lee*
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Department of Bioengineering and Technology, Kangwon National University

Abstract

To enhance the performance of the DIS (dewatering & impregnation soaking) process for Aloe vera leaf slices, the
effect of temperature on DIS was investigated. DIS performance (water loss, solid gain) at various temperatures (25°C-
55°C) was analyzed and changes of cell tissue structures were monitored by microscopic examination. DIS was carried
out with an immersion time of 0-2 h and a thickness of Aloe vera leaf slices of 0.5 cm using poly(ethylene glycol)
of 40% (w/v) with a molecular weight of 4,000 Da as a hypertonic solution. Increasing immersion temperature showed
higher levels of water loss. In addition, the microscopic structures of samples treated at higher temperatures (55°C) indi-
cated more disruption than those of samples treated at lower temperatures (25 and 35°C). The highest level of gluco-
mannan content was observed at the 35°C of immersion temperature. The DIS sample treated at 35°C for 2 h without
any pretreatment was air dried at room temperature, and this dried sample showed both improved cell structure and
rehydration property in comparison to that of the sample prepared without DIS. Peleg and Weibull models were found
to be the most accurate for describing the rehydration kinetics of aloe samples.

Key words: aloe vera L., dewatering & impregnation soaking process, temperature effect, microscopic structure,

mass transfer
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A A1 ZF, PEG(polyethylene glycol) &%, PEG #AH¥, Al
= —'|:~77ﬂ), 4531, 2, 3, 4°] Orthogonal matrix L,(4°)

Wl wl DISE A8t DIS ASAE gozAle] &
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T Ao, Aozl HAHxAL 2% 55°C, A
2 A7}, PEG % 40%, PEG &% 4,000 Da 2 A EF

A, A EdH e

SESIE EES:

sle] Adzks vlwst ) DIS AR ER WLE =7 &
e R 139! glucomannan $HFS A 5lE= AAE

o)z HZA A T&(B5C)FEAAN s
o] FFE AT FAl A E8] 9 E o] Fo]] glucomannan
o] AFEH oz FEE7] witolet AT AR 4
T T A2 FRAEL FuAas Fuksh, Alxdt
Hol 9 HYPH A ZHOZRE O FE|E of7|stRE, Al X
Ao ewslel WS AHS 2= Aoz & dHA
2 THAlzmamora et al., 1997). Le Maguer et al.(2003)2 2]
Bz AREToA HExz ] E4e P28k ddo]
TR AP R 5T e AN dFES FE
2 ¥AFHE @ AHEAANN Fost A
Tortoe & Orchard(2006)= AFA2l= A2 o2 2 EA| g/l
TZ74 2d A (cell wall, middle lamella)l] T3k A3t J TS
T e, 53], AlEZF F7ko] oA o AKXt
3L St Wb glucomannan®] TS FIA717] 2IEH
AMe @R DISA B9 7P Fag dalate]w(¢F
50% H1%), B Mae] A gy dHg #AHS Zhe

Lo FEFS nA 7R WSt SHoA Bt HY
Eg gl ot

o]e] Ao & AFoMe HHst AFE
A 21 5 255 AL YA 20E IAHAIA A

1(25-55°C)91A DIS A& 33k, 593
sk D} o, &xo WE FHERZ ¥
n7 AR RUE PEHA AL HAE e
T d=Eol| DIS 3489 HAst 9 AXEAE 9
J ]E A5 & npAstazAl sHai
T2 o uhy

W=

AT AR dEoll= (F)KIM dE ] AF574
O ZHE A|Fguke g2 Wl2H4loe vera Linne)Z., 4°C2]
Aol BESHA AREEITE ds] dard AlAdg
dRAE ARG, 72 ES H Ve F287]E A

A7) f8l 22 FA8] AHsdL, EEAE AA
AL x4 FA 0.5ceme] SEfo]Ag Adsto] 4}
S ARE S o) W, ARYF A AR P
g %%kﬂzp_i °F 99%°lIitt. &, A=
00 Da®] PEG(Daejung Co. Ltd, Shiheung, Korea)

HE =
P AT

TXH sz LH
2lo]| 25 40%(W/w)
710 ¥lon, o] wj A= &
o] vl& ou]dg e o) FAE T AT
4*—1% vlst7] flal 1:5(by Welght)i skl 8715 44
25 (25-55°C)9] &gk Wo AT EHA g
S| &S AAH R AFEd AAAHT 4 AR
A} F A ZH0-2 hyell %}E‘ﬂl Er e U R
THAA FFEolE EATE AAT T AUt o] o,
Alge] H+t f,\—-‘?‘—?‘Sj]-Eh,]— 741 IHEFE 70°C2] 2Eo)A
24 A7y Axste] ARSIt Z2F ARolA Mg Algol
AREEROH, BE AR 33 FRHJL, HEaS A
Aol ARg-sk3i Tt

= #39

fFE| ALt

T AAWLE 271 A8 Foll 723 AREdx ¥
AR ANRE FHO Eo AHEA YR, YR
566 271 AR Fell 7123 1PE © FTE
Tkt Folx )02 E

A7 FM A EE 7 o=
Az, v AS ARESH FAIZFA(WR: weight
reduction), TEA2 E(WL) 2 PRI E(SG)S B89
(Lazarides et al., 1995; Sereno et al., 2001).

WR = (W-Wo)/Wo M
SG = (S-So)/Wo (2)
WL =WR +SG 3)
o714 W Woe Z47F dejo] A7k B 27]¢] Al

A7Folal, S Sow= ZH7} AlZollA ZF AIZF 9 2719 A

FE Aot 7k A5 FEFZFS 70°Ce] 2 E A

24 A7k B9t A E QL A, AR Tt nde

Sat 2 AE72) AEE BAHNEEEE WY S Fito

& Chiralt(1997) 18H A mdlo] w} T3 Ao
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AR st
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SHE
Arst s ste] mdlge Ajestol] AbE Y F,
2 deAdd {848 SHAA gy AREEHE A@ A
Peleg =9 (Peleg, 1988), Weibull =9 (Marabi et al., 2003),
1 i}” 29 (Abu-Ghannam & McKenna, 1997) 2 X|4=¢k
2] 29 (Krokida & Marinos-Kouris, 2003)2 A&}t

x5} £oistol

Xw = Xo + t/(A+B-t) Peleg model (6)

Xw =Xe + (Xo-Xe) exp(-(t/a)® Weibull model (7)

Xw = Xe + (Xo-Xe) exp(-k-t) First order model (8)

Xw = Xe[l-exp(-Ht)] Exponential model (9)

714 Peleg Zd] A= Al AHE zhe S
o3, BE FArde] wij7fgrolth. vk, Weibull 22 €] o
= N7k i}" 1S 2= scale mi7R¥SFO ]"’ p= Feluw
Folth T, 1 2552 B9 ke AlFstE ol
(min™), Z]’”“ 4ol He 5938 &< (min")°]t}.
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AR E ol o) H7tstdch
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_1 . L a2
SSE = nZ‘l(Xel Xeci) (19)
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2 _ izt
= - (11)
100 \X617XC1|
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0:]7]}\‘1 n< —‘,Y.S] Z’:O]Tq-
Z gy nE

U20{| DIS 22| ASK|F L OMITZR0| O|X = 22| st
DIS 34L& &% 9a) A3 JgFS wovz o
FRAAWLH TZES7HSG) Tt e +

7Fg S23% mj7H4o|t}h. 53], Kwon et al(2013)2] <=

r{r rir 00I-

80

®25°C WL HE35°CWL A45°CWL XK55°C WL X
025%C SG O35°C SG A45C SG X 55 SG —
-
,/
_— X
X
60 e N
/// k_,’—/’ ”
—~ Ka —1
o — -
S O
/| T e 9
§ 40 S T o
P B} i
= ) AT e
Q = P
g ; 7 4"43
/) k= ]
20 y J =
V4 8
V4
0 20 40 60 80 100 120
Time (min)
0 —= u] n  — il
0 20 40 60 80 100 120

Time (min)

Fig. 1. Time course of water loss and solid gain during DIS of
Aloe vera at different immersion temperatures of 25, 35, 45 and
55°C.
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Z X (Kwon et al., 2013)°]l
Jol] AM8-E PEG AHFA 9] £
ZP%WOOO Da)°l Aligl xﬂ% A7) HvE WS 27] o #
of ATl WAHU] wEelt). o]e} o], 2=
S7tE FELde A S7ke v, AP EEE) T
7he 2EoE4 0 A9 flSi=H, o183 2= Beristain
et al(1990)0l] i = BE uv} ) 53], 3122 7

Foll= &2 Z7PF IE AL &4o] Mxurs F3
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Fig. 2. Relationship between the values of Mw+Ms vs. M in

DIS aloe.
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Fig. 3. Relationship between normalized moisture and solid contents from DIS aloe of contacting time during DIS at different

temperatures.
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sn Ao g AFslom, I AAE Fig 59 2th.
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7S & AT ES o|FAL 7P Albe xS F

BHE o] 31t} Saurel et al.(1994)= A
|49 27t UF 58 79e AlERe] 723 HalE
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w0l Lazarides & Mavroudis(1996)= 29| J&2 =
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AR LEE AF3] Sl 24 APl dRd F4

A% 32 glucomannan®] 32 540 nmo| A2l OD e
2 Ao, 1 A3 Fig. 63 2o

A BE 1o} o] 35°C A4 AU oD %+
(0.476y% B 0w, o] BT} £ LmeXE OD ol 7

L o
[ (1]
| |

0.D at 540 nm
o

[=]
N

1

0 . '
a5

?‘e,s“ < @.-;C\ '\n'(;o @;;C’-
ga"“?\g g‘a“‘vw Sa""‘?\g f,a“‘vw

Fig. 6. Effect of temperature on glucomannan content (OD
540 nm) of Aloe vera gel during DIS process.
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Fig. 7. Time changes for microscopic views of cell structure of Aloe vera slice during DIS at 35°C (10x).

Bars : 100 pm

43813 55°C A BOM = 0.2737FA] 2ol A glucomannan
SHeFo] 7HAthS Hth 18 B R 4R DISY| HA2E
= 55°ClA EFFo]l Suigks Zidg s AxeE BRed
T AL, B ol wE Al 7HEE A fEE WA
o Ae 35°C 270l HAQ Ao w Azt

ol& FIsr] fI8f 35°C] AFEAE F fAAE 2]
ARSE ARSI O, o1 A¥= Fig 73 2T
QA AR 22 8] B gle] At E {FAE B
T Aom, o] wf Aozl WL oF 50%, SG #he
2.1%°] 3L, glucomannan®] $HEF2 0.45(0D at 540 nm)©]
Atk o] A= 55°Ce] Z$-Erh WL 32 2/3 FF0|302
1} glucomannan $F&-2 1.74 vy d23E] o] 35°C A 0]
o=l DISO] FZfFA 7P AgTE & = AT

wEFA Kwon et al.(2013)] &4 223} A9} A 51

Jﬂ."l

ad

L% 35°C, A 217+, PEG T& 40%, PEG &2}
4000 Da 2 A|ZEFA 0.5ecmE 2ol DISO FHE 3
3 Ao = &9}

DIS 2=20i|9| M5t S&

Arshe AF44 ﬁli—% ERE ¢ 5T Ao,
I EAL HEZF Azt AxAAw ] o3 BAEA
A Fgolunz AL AZd A|EE o A5 25 2 60°C
A A5 ES % A}—s}gaz, 2 A3 Fig. 83 2t}

st 2w gagle] DIS AgatA] e Az 4=
o] A] & (non- DIS)—‘E A7k -14'01] wpal %7] 10 8 Eoto|
w9 712 Bl 45 BOH, o] 30 £7HA] A48
S7FsIt7E 30 % F A1e] PRl EEdte] 60 & Tl
79] AAFE gholl WEHG. X, A5E 259 F71E o
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Fig. 8. Time changes for rehydration capacity of non-DIS and DIS aloes at 25°C and 60°C.
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Non-DIS
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- A -

After rehydration (25°C)

3 4 - ol

After rehydration (60°C)

Fig. 9. Microscopic view of non-DIS and DIS aloes before and after rehydration at 25°C and 60°C (x10).

Bar : 100 pm

3t AlZHlA ES] FFE T Pa‘ﬂo‘ﬂ 60 & ¥ %
steko 25 9 60°C AlZoA ZHzE S 2 6.64 kg-water/
kg-solide]lth. o]zl gh 27]9] w2 :Ef* = A8 H 2
Aol Aol 71918HH, o] F FRFF7E AP = HA Al
ZF YA BAlde] B2 YA FEFTI =0A
W, A5 FTEHE Eol At HHA B mge A
© 2 34 tH(Abu-Ghannam & McKenna, 1997).

WA, DIS Al59] A9+ %7] 30 #7F4= non-DIS Al
FERT B9 F7F 9dTh ey o]F HE kel Eeet
A AL 60 E7HAE A AS] S8t 60
DIS A|EHT} 13-16% B £ £35S EYo=2M A
TF3hse] AlEAtelE Bt

5392 ggel Se Eo mebd DIS Ao A%
B e N P
Fregelt AT Bt o Ge A3 s
Ao =

2 A 7ZFE tH(Krokida & Marinos- Kouris, 2003).

A, 60°C AR HFT HI G AF3siH]
(PR=X+D/(Xi+1)E A 43 2 32 non-DIS A&
oA ¢F 7.3, DIS Al&oA °F 832 DIS/} ¥ =& e
YRS ol& 60°ColAM 14F A% 3Y 2 a7
(X+/(Xi+t1)= JeRH A3k 7F 1-4 2FaL §F Krokida &
Marinos-Kouris(2003)¢] B 37zkz} v wapd of$- & 7k
”*$4°l°iﬁ} B A5 olgfgt AlFsihlE AlFshE =
S Brlg, 92 2 33 SHOE o 2wy B& grojth
£3], o] A9 A$E 60°ColA 100 & ©]d<] zﬂ#i‘r
2 AL grolmz 60°CHA 60 HO] AR AL H A
59 Azl & A 57 o =2 Ast 548 e
WS A A g

Table 1. Statistical tests and values of the parameters of all
models for rehydration kinetics of non-DIS and DIS aloes at
25°C and 60°C.

Temperature (°C)

Model  Parameters 25°C 60°C
Non-DIS DIS  Non-DIS DIS

k 0.0880  0.0530 0.0880  0.0620

R? 0.9540 09970 0.9170  0.9890

First-order SSE 0.0231  0.0813  1.1237  0.3081
$ 0.0256  0.0904 1.2486  0.3423
MRD(%) 3.8109 5.8068 17.3436 12.1948

A 1.7200 2.7820  0.4750  1.0020

B 0.1430  0.0990 0.1430  0.1250

Peleg R? 0.9930  0.9890  0.9980  0.9920
SSE 0.0136  0.0350  0.0029  0.0189

. 0.0152  0.0388  0.0032  0.0210

MRD(%) 2.4621 3.7850 0.7877  3.0516
o(min) 11.4455 16.2627 49239 12.8148

B 0.9380 1.1080  0.6110  0.7520

. R? 09780 0.9910 0.9880  0.9980

Weibull

SSE 0.0167  0.0094 0.0060 0.0028

$ 0.0186  0.0105 0.0067 0.0031

MRD(%) 2.9042 34642 13173 1.2827

H 0.0880  0.0690  0.0880  0.0620

R? 09540 09930 0.9170  0.9890

Exponential ~ SSE 0.0242  0.0738  1.1652  0.3350
. 0.0269  0.0820 1.2947 03722

MRD(%) 14.0836 18.4330 27.6599

* A, B, a(min), B, k and H are constants of each model.
R?: linear regression coefficient

SSE: sum of square error

¥*: Chi-square

MRD: Mean relative percent deviation

22.7148
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