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Abstract

The optimization of dewatering and impregnation soaking (DIS) process for a concentrated Aloe vera product was
investigated using Taguchi method in combination with desirability function analysis. Polyethylene glycol (PEG) as
osmotic agent was adopted, and soaking temperature (T), immersion time (t), PEG concentration (C), PEG molec-
ular weight (MW), and thickness of 4loe vera leaf slice (x) were selected as affecting variables. L, (4°) orthogonal
array was designed by Taguchi method with four parameters such as water loss, solid gain, glucomannan, and
anthraquinone contents as objective functions. An overall quality index was transformed from individual objective
functions, and was optimized finally. The optimal setting for maximum overall desirability was obtained at 55°C (T),
2 hr (t), 40% w/v (C), 0.5cm (x), and 4,000 Da. (MW). The obtained overall desirability was 0.7842. The order
of affecting factors was T>C>x>MW=x>t and the experimental results under optimum condition were similar to the
prediction of an overall desirability of 0.8384. Also, it was found that the optimized DIS condition could be repro-
duced for a minimally processed Aloe vera product with high quality.
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SHA, A5FA = clear viscous liquid & waxy FEf2] A2
o2 E2135400-10000 Da)2]  poly(ethylene) glycol(Sigma

Chemical Co., St Louis, MO, USA)S A}8-3}t,
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(SG: solid gain)> %7] A& el 7] %3k
o] &= FFE T3 tHLe Marguer, 1988). 5, 591
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ARE-3le] FA|ZFA(WR: weight reduction), S~E4~4
(WL) ¥ IPFEIE(SG)S £43% th(Lazarides et al,
1995; Sereno et al., 2001).
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4o g9 fa& vd<Ql glucomannan FE,
anthraquinone 3%, 'H NMR #4241, FT-IR 4] 52 44|
st

Glucomannan®] ¥%: €29 glucomannan® FE+&
Eberendu et al.(2005)] H]Aw o] mE} 4 3FATE F,

400pLe] NS 138 fe wel 713, 7+ ol
4mL®2] Congo red(sodium 4,4'-diphenyl-2,2'-diazo-bis-1-
naphthalamino-4-sulonate) A 2F&  Z7}ste]  23}51A
vortexingdle] &3l o] EFES A2AX 2087
W2e &, ol FHEE 540 nmol| A S8

Anthraquinone ¥%: Anthraquinone & %2 Pochapski
et al.(2011)9] Wgol wet AA =R aL, A 22
0.5% ™ &k Z2kul 14 $5(Sigma Chemical Co., St Louis,
MO, USA) €9 10mLE 7}3te] &3l th, o] 8]

SN2 BT
SHEE 34

| (Spectronic Genesys-5, Rochester, NY,
USA)Z 515 nmol|A] HEES tjx o= st S5}
o} o] w, EFFAE 1,8-dihydroxyanthraquinone(Sigma
Chemical Co., St Louis, MO, USA)& AF&-3}o] F-3}3it}.

'H NMR =¥ EJ #4: 7|52 'H NMR(600 MHz) 2~}
EYS AL2A Bruker Model Advance 600(Karlsruhe,
Germany) spectrometers AH&-ste] AUt o] W] A&+
3 3lo] 10mgS 0.7 mL D,OZ &3 3te] ARE-3H]

FTLIR 2¥MEH E4: FTIR(Fourier transformed infra
red) spectrat &4 7125t A 2o i AlE 2mg
< 331 KBr discE ZA512 4cm™Y] 3|A=E Bio-Rad
Model EXCALIBER(Cambridge, MA, USA) 71715 A&-3&}
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of AU ZZAN EAHFEA ] A Wi(water loss), 223
¥ E SG(solid gain), anthraquinone 2 glucomannan®] -2

dut ol nE 7z} 24819l om, 1 AIE Fig 13} 2t}
WA DIS ASAFE WL ¥ SG #e HWH, &4
Taguchi Hoi| 2|8t DIS 82| =&} Ao 7F 2749 A xgol| wa HA 12.69+0.44%00 A 5
DISe] F4el 9 f‘fo% FE e AFEA T/ 2 w5, B U 83.6313.04% 7K & WHEE BHIY, F Hage
AHEgHe] 2% AHFAIZE, AR 2 Fe] AR, Al 41.74+1.63%0]1Jth. AR PEG EA}o] zhe x|
5 5, 49 71 Pi?ﬂ %EH st A, 22349y, A RS U =2 AFS B o9 Fo] A

O

ok AAHF Sz 5 2T Tortoe, 2010; Bekele &
Ramaswamy, 2010; Phlsut, 2012). Tk e ol ZF W
o] AAFEE wolAl HH AESF= AAA BolAA
HEg AFAE Folil A2 ARHIFE AR 3
BEIAE & F deH, E FHx2AE 7L F U= W
Hol a7Hrh

wEbA 2 AYoA e &R DIS w59 FAsE 98l
Taguchi M-S Auo}"it‘r Z AFELAE PEG(polyethylene

=

glyco)E AHE-3FS L PEG.J EAHPEG MW), =(C), 4t
Fg e 25(T), AFAIZHY) B A EFAXE AR sk
ol9] 7} 4 5F(1,2,3,4)S 283 Taguchi®] L (4°) 2 aHlE

W AT o714 PEGE 25 AHEAl AW A e
TR Gk B WLSGTE B AS, 55 o)
Aolg oz AAQ3ATHKim et al, 2008).

o] ARH FELAEo] Polx|= A2 At(Saurel et al.,
1994; Lazarides et al., 1995)| A= 25 ¢l =6, Saurel
et al.(1994)> PEG®l| <]t Atte] AHRg4olA PEGS
Ealgo] AZAGEE Alg xHd 2E YRSS 9E7] 4
AAH, o] Fo] FERAMS FAaAT = Aoz 283
|= U] e

e PRI 57 -0.6040.21-5.4540.0.34% HH =,
AA] 7t 2719 Aol el |yt mi- Zith oW“P
HIELE 1.984027%% Aoz uf$ vro gk W $jo]
oA AR g5o] mg WS B, ole obvte
ARE-3E 8291 PEGE] #42H400-10000 Da)o] Al &5.2] A&
A7|HoE A7) vt AT o] WA =L wfZo]
2 Azt A2 PEG A% 2 ZA-$(PEG MW
10000 Da: No. 4, 6, 9)°] ZFEE 3 =o] Ygton E3],

Fl

olo u}g} Table 132} Zol, 16 7] A |23l w2 z}zto No. 15 2] 7oA+ negative solid gaing E =, Spiazzi
Table 1. Experimental factors and levels for L, (4°) orthogonal array design of Taguchi’s method.
Level Temperature (°C) Time (hr) Concentration (%) PEG MW Thickness (cm)
eve
A B C D E
1 25 1 30 100 0.5
2 35 2 40 1000 1
3 45 3 50 4000 1.5
4 55 4 60 10000 2
Trial Coded value Experimental value
No. A B C D E Temperature (°C)  Time (h) Concentration (%) PEG MW  Thickness (cm)
1 1 1 1 1 1 25 1 30 400 0.5
2 1 2 2 2 2 25 2 40 1000 1
3 1 3 3 3 3 25 3 50 4000 1.5
4 1 4 4 4 4 25 4 60 10000 2
5 2 1 2 3 4 35 1 40 4000 2
6 2 2 1 4 3 35 2 30 10000 1.5
7 2 3 4 1 2 35 3 60 400 1
8 2 4 3 2 1 35 4 50 1000 0.5
9 3 1 3 4 2 45 1 50 10000 1
10 3 2 4 3 1 45 2 60 4000 0.5
11 3 3 1 2 4 45 3 30 1000 2
12 3 4 2 1 3 45 4 40 400 1.5
13 4 1 4 2 3 55 1 60 1000 1.5
14 4 2 3 1 4 55 2 50 400 2
15 4 3 2 4 1 55 3 40 10000 0.5
16 4 4 1 3 2 55 4 30 4000 1
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Fig. 1. Comparison of water loss (%), solid gain (%) glucomannan (540 nm) and anthraquinone content (515 nm) from Aloe vera

after DIS process with different factors and levels.

& Mascheroni(1997)%= < 2 oz o] 4F* g4 PEG
10000 % 20000 DacllA] o]21dk &9 3 ¥E =
=4

EEL] S8 FELY(WL)S AUE 3, 1FE
el F7HSG)E HAE sk Zeo| AA v ER

(Lazarides et al., 1995), & A3¢] & &dr&3 *e 1
i Y52 L2 DIS? A8l RS HAF=

Azle} AzhE)

nRRMA R, g2 FAAEIR  anthraquinoned}
glucomannan $F%= Z}7Z} 0.005-0.097(0OD at 515nm) 2
0.13-047(0D at 540 nm)2, HE)xdo] e #x g zpo]=

k.

Antharquinone2 No. 8, 12 ¥ 132] 3 7] A2 FoNA 7+
A 713 5 ppm oS HERAA oW, U A] A 2] el A
= A8 HA A FAUrt v, R Ao FAAFE]
glucomannan No. 4 z{a]—‘,%ﬂ/\i 2] A8E0.1340.01%)=

Table 2. Analysis effect factor on water loss from DIS treated aloe by orthogonal array design.

A B C D E
K, 116.94£3.59 116.8943.68 165.73£5.91 182.4244.12 248.51+13.93
K, 145.28+6.59 158.63+7.88 179.72+60.2 178.23£10.45 183.97+£5.33
K, 167.81+8.16 186.56£5.96 159.4248.11 157.44+7.91 116.0943.18
K, 237.8248.73 205.7749.55 162.98+7.03 149.76+4.59 119.2844.63
k, 29.24+0.90 29.2240.92 41.43+1.48 45.61£1.03 62.13+3.48
k, 36.32£1.65 39.66£1.97 44.93+1.51 44.5612.61 45.99+1.33
k; 14.95+2.04 46.64+1.49 39.86+2.03 39.36+1.98 29.03+0.80
k, 59.4612.18 51.44+2.39 40.75+1.76 37.44£1.15 29.82+1.16
R 30.22+1.28 22.22+1.47 5.07+0.55 8.17+1.58 33.11£2.68
Optimal level 4 4 4 1 1

k* =3 water loss at A,
KA = K4
R = max{k}- min {k*}
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Hel +2E(0.47£0.01%)S =
of A Azl e & 2ol B
°]& %< anthraquinone®] 77 71<#(5 ppm) = THE2]
HAF650 mg/L) ol ol ot QIap B QA
o]/ e] =obA rigtE DIS As B F25ES 271 9
M= 2t A AR Ay S dsior o
< HATh

whEbA] orthogonal matrix
}2 Axstgon, ol
Table 291 LERH AT

TR LA g5k 2 Q1R (A)oﬂ/ﬂ-/] =] /\/\I(KIA) k=)

IelrE B kN BEKVHLZTE HY kAo Ha ke
2| ghRINS ot AAtEAe] =71E Ak 2 A
I, WLE A 557, x(33.11£2.68) > temperature, T(30.22+
1.28) > time, %(22.22+1.47) > PEG #X4}%, PEG MW(8.17+
1.58) > PEG &%, C(5.07+0.55)2] <=M 2 GRS gt

=2 7} o1z} HALFS kA el o8] AA3 A=
B, 9A] Table 2014 HE upe} 7ol WLO| HZH4F
L 2% F£F(55°C), A7 4 =4 hr), PEG % 455
(60%), PEG ¥A%F 1 555400 Da), 7 1 (0.5 cm)°]
2 THT4, 14, C4, PEG MW1, x1).

W E e R AEseiA e ko FiRAE S wiit
A WP e R AAEHE A AFH(data not shown) SG
= PEG MW(4.29+0.23) > C(0.99+0.19) > T(0.61£0.09) > x
(0.59£0.22) > (0.5440.70)2] T+ 2 WLI= & #ol&

Wl SJAG e 7 AEe &
F UEs 924 WL 238

ATk I, SG 7+ A HHFES RE 3 FEE5°0),
*17& 1 2% hr), PEG ¥% 1 5%(30%), PEG %A1

Z=2(10000 Da), F71 3 423(1.5cm) (T3, tI, Cl, PEG
MW4, x3)Z, WL HAFE3= A g Aol & B

n X7t 2, GRe| FZ A ® Q! anthraquinone

glucomannan &3] M= AE52 JeEA = &ghe

[ ] OWater loss (%)
O Solid gain (%)
B Glucomannan
W Anthraguinene

0 10 20 30 40 50

Contribution (%)

e 0|83k DIS 340 ¢Jsk d=2oje] 5=

Thickness level
4

]Z—]§]_ 13

U z+zb T1, 2, C1, PEG MW3, x2 @ T4, tl, C2, PEG
MW3, x3°|4 HAFES Yelflo] 4+ HFHZALS AM=E
HA gk 2o & BT

o] 5g BT} AASHA Avrs] s 7t vkl o
3 7} Qlapd slolss} A SE ge) RIS 2V A,
Fig. 2014 R npe} 7ro] 7} 21zte] 7]edmi= WL, SG
glucomannan 2 anthraquinone 2] 4 7l Wk-g-ox M=
g3tk ol ©d 2HOR 4709 WSS FA

WEAY & QS dviste], 53] 400 gl vHE

'Y

St Aol & HATH o] 2 A dRo DIS *7501 A
2 OE vsutse] SA4S Ul s BoFe Ao,
ol# g k& 54 sAlol HAslete AAFES
23S AEA Taguchi Ho &2 Fole A2 % oJHo}
(Houng et al., 2003; Nandi et al., 2010).

agjBR olslid e oY 3 thEnkg-o] A st H
de] o] g5 Sk FgE A8t £ sk
DIS =82| BIRE &=0i 2[et 2[Xst

oju] A1F3% nle} 7Fo|, Taguchi AP AT oM M=E o}

=]
£ BHASRE Q] A 4 A% 2 ARAFES ve
gRonz o5 A0 WEAY £ dE FTY Y
A1) s A3t Dol s,

EL
%
\l
Jkﬂ
JN 9

o] HAxdo]l s A5 de ©]&F
= Derrlnger-/] NS e A4S A =3% th(Houng et al.,
2003; Corzo & Gomez, 2004; Nandi et al., 2010; Vieira et
al, 2012)

, 471 ¥H8-(WL, SG, glucomannan % anthraquinone &
‘%k)—J individual desirabilityS -3}, ©]9] FA1ZA &3}
£ Derringer & Suich(1980)%] Ax}e] we} G383l o,

=}

Temperature level

——Water loss

= = =Solid gain
— — Glucomannan

""" Anthraquinone

Time level
4

PEG concentration
PEG MW level™ 4 4
level

Fig. 2. Contribution and QDA (Quantitive descriptive analysis) of five factors on water loss, solid gain, glucomannan and
anthraquinone contents of DIS process. Axis numbers on radar chart show the level of each factor, and refer to Table 1 for the

details of factor levels.
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2 A= Fig 33 7k

WL % glucomannan o HUigs ARRE, 283
SG % anthraquinone &2 HAFS AEE st A2
Zyzre] HE e 7h WhgQIRte] ol whet g7 A
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Table 4. Results of confirmatory experiment.
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Prediction Experiment
Level of factors T4t2C2MW3x1 T42C2MW3x1
Water loss (%) 68.318 79.32
Solid gain (%) 1.177 2.2
Glucomannan (O.D at 540 nm) 0.4 0.3425
Anthraquinone (O.D at 515 nm) 0.022 0.022
Overall desirability 0.7842 0.8384
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