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Abstract

The objective of this study was to obtain experimental data on optimum conditions of aloe vera gel concentration
by DIS (Dewatering Impregnation Soaking) or osmotic dehydration process under different osmotic agents and pro-
cessing factors such as operating pressure and agitation treatment in contactor. Dehydration regime (water loss/solid
gain; WL/SG) and water loss (WL) were determined as main objective variables of DIS process. As the result, poly-
ethylene glycol (PEG) solution as a single osmotic agent was more excellent dewatering property than binary solu-
tion of sugars (glucose, sucrose and high fructose syrup) and sodium chloride. However, ternary solution (sugar plus
sodium chloride) showed higher WL/SG ratio and WL(%) than those of binary solutions, and these results were
similar to that of PEG solution. Also, processing factors such as operating pressure and agitation treatment showed
only a very little effect, and thus either no operating pressure and agitation or slow agitation was found to be con-
sidered in such of processing design. From the DIS processing of fileted aloe using ternary solution (50% glucose
plus 0.5% NaCl) without operating pressure and agitation treatment, the WL/SG ratio and WL(%) of 19.37 and
66.24 were obtained, and these values were about 2 and 1.3 folds higher than that of binary solution (50% glucose),
respectively. Also, the highest polysaccharide content of 3,543+152 mg/L. was about 1.2 and 4.3 folds higher than
that of each binary solution (50% glucose) and fresh aloe gel, respectively.
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7], 2F) 2 AFEA o] HE@N AFEY H) §
o]t} (Chiralt & Talens, 2005). 3}#] 9+ A ¥ (Kim et al.,
200894 = AHFAR glucoseTHS AR slHong Hr}
RS AHFEA0 A did FrHES] FaAo] AN
ok E AALAAE SsA FEoly wyte] &e] thgh
AE7F 223} THChiralt & Talens, 2005; Marouze et
al., 1994).

ot ARYFY WHFARol AgHE §h Belse
A A0 fe) FFE Lo, ol&9 Aol F=E A
F, o] 24H E £ Uig &3] Sl o] HEH
AREER A 8Ze] Aol F23517] wjiZo|thRahman
& Perera, 1999). 54, AEAQ] Ads yrE #5Ed
ole] a3, £33 Sx, AlEY FEA3 o]o] A H
H] 8 5ol 2]E3HQui et al., 1998).

2F4e] A7elA 78 2 AMSHe AFETY AF
A2 FdoA e HFolAUIL (Lenart & Flink, 1984;
Silveira et al., 1996; Panagiotou et al., 1998; Kowalska et
al., 2001; Sereno et al., 2001; Mauro & Menegalli, 2003;
Alves et al,, 2005; Tsamo et al., 2005), kAl &, o] §F 2
FFNAME 2FolSthlLenart & Flink, 1984; Biswal et
al., 1991; Sereno et al., 2001; Azoubel & Murr, 2004). 3}
At ¥x, #, §9, TELA, tEF, maltodextrin,
SFFHA A, polyethylene glycol 5] AME-= %o,
ol AFAE 28T EFEE AHEEATHLenart &
Flink 1984a; Lenart & Flink, 1984b; Biswal et al., 1991;
Sereno et al., 2001; Saurel et al, 1994; Mandala et al.,
2005). 718} FREBAHAEES SF= 825 W] ARRHUE
g, o] W &2 E£A}FFo] F+F E-FS Tl &
Aol AEFe ashe Ao2 BIHUHChoi, et. al.,
1997).
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(Yakuri Pure Chemicals, Japan), glucose, anhydrous (Dae
Jung Chemicals & Metals, Korea), high fructose syrup
(Samyang Genex, Korea), NaCl (Dae Jung Chemicals &
Metals, Korea), CaCl, (Junsei Chemicals, Japan) %
polyethylene glycol 400 (clear viscous liquid: Sigma, USA)
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B ALl A3t

AE Elro| SHEY oY
AR (Kim et al,, 2008)°14 ptR7IA 2 AHFE49 ALt
o Fo]F A7} A A FE 7zt g0 v RE FHlaL,

2|7+ 4 (WR: weight reduction), S=#44(WL), 323 &
Z7HSG) @ dehydration regime-2 THe 2ol 2Jsl] -8}
o} (Biswal et al., 1991: Silveira et al., 1996; Shi et al,
1997; Sereno et al., 2001; Azoubel & Murr, 2004; Alves
et al., 2005).
2 i M;_Ma
Weight reduction (%) = (——] x 100
o §,—5;
Solid gain (%) = [ 0 )x 100

Water loss (%) = Weight reduction (%) + Solid gain (%)

Dehydration regime = Water loss(%) / Solid gain(%)

719 M3 Me ZzF 7] 2 AE Fo AEFA(g),
Sot 5 7tz AgelM 7] 9 A Feo] 1L AF
(@019, °] mW, z A 5] FEFFS 70°Ce] F 2
A 24 N 7ZF B3 AR S

A 23 g3 FZERAAGAFK S K)= 9A A
B (Kim et al., 2008)°| 49} vl A & A FA17He] Al
of thek SR 2 IYPE Frte) FAH JELE HE
3t NMC(normalized moisture content)®} NSC(normalized
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solid content)®] Tt} BA 2B -3} th(Lazarides et al.,
1994; Sereno et al., 2001).

NMC=I- K,, 6°°
NSC =1+ K; 6°°

oq714 K, E K& 247 58 2 £29] FEEHF
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8 3194 tHSereno et al., 2001).
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Fig. 1. Time changes of weight reduction (WR), solid gain (SG) and water loss (WL) of fileted aloes during DIS processing in
different concentrations of glucose, sucrose, fructose, NaCl and PEG solutions at 30°C

Data are the mean+S.E (n=3).
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W29l 3 F Z(glucose, sucrose, high fructose syrup), 1 &
o] YFMNaCl) 2 2 F9] I EZHPEG MW400, MW1000)
gAq3te] 4T g5 F FALAE(WR), TREAHWL) 2 3L
FEEA) F719] AAEsE AvRgten, 1 A3E Fig
1] Yepf Aot

AR 2 gd8e] FFo daglo]l B5 A2 A 7HE e
o2} FALA, $AAE 9 5 &4 25 hyperbolicsh
A F7Hge Bion, 45de] 7t S5kl ulg}
2A%Z, 44 % 2 FE 24 =T F74EAck
Fileted @20 4FEF 34 A7 o] F FE SH H 2
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AX (Kim et al.; 2008)o14 B& ule} 7o, HA T
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87} A5 FAlO] WL(%)7F & Ze] A#E7F S =&, Fig.
19] A5 25E Holo] BIEHE vehl= 2z dl$A17k
o] A|&¥ WL/SG Bl®} WL(%)E F+atglen, = A3
2 Z3sle] Table 19 YERHRATH

Fileted 220+ 5 % 10%2] NaCl2 H582= 3 4
9 WL/SG H|(540 2 8489 A WA ko ol
o] FRAAo] ul-g Wol(17.22 ¥ 2141%) L2d2| 4%
SAZME 2 A9 A8 £4 2 TN 7 A
#3lx e 5ok

Glucose?] 7%= 50 2 60%°l* WL/SG ®] #tel
1039 2 9542 WA & HuighS BAZ, olme #

2
BAAT 742} 4797 2 5530%= 9A] 52 Holirth =
3k, sucrose?] A 60%FLoA FHoe] WL/SG 4] #
FELAE HYon, 12 FEL glucosed} HlaLste] & A}
o] QU2 ¥HA | high fructose syrup (50%, wiv)Q! 745
= WL/SG H] Zte] 8.192 glucoset}t sucroseol] Y3 Thax
woron} fEAM0] 66.01%E B EoH] B EFE &
2 g 4F 49% 3% 3F 3o o H33 Ao
2 Vet

A, 50% F%2] polyethylene glycol (PEG)Q! 7%=
F2HF 400%) 790 WL/SG H] %ol 21.682 Z-Fell Hl3]

oF 2 vl o] oY, FRAME 70.23%E 7HF =i}
vhA 22 10002 £ FEAA0] 60.05%2 A
40091 79-Hu} Yo o} WL/SG H] o] 28912 714
=< e 2y v]§ 58 823482 Jeplidh

ol AuAt £ wEA Ad2 JFHE v, 28
A 4L =2 AFLZ o|RHD, E FER L3
AFE FAF Y FEALole] 84 Fxo AAT AjoloM &
TE A ZH Y= Bl (Saurel et al., 1994)8} 2 x| 3k
t}. o]# 3 AT S F=2 BAge] FolE wel §d9
grtert ZHAaEe Az 24 H =0 (Stokes-Einstein law),
Muhr & Blanshard(1982)% A 8] F-8-7-32(4] £ X8 o
A el 37k 4 H7)e SRR FHE o
AR7] Fixo] FAE =97, olE a3y RATE
719015k AFo] @48 I STt =, Saurel
et al.(1994) AFEraart AlFEHoA Ui 84
W (laminar layer)®] 343 U3 #AL 79, 782}
S0y o] 2o 83 oM FECh B e}

w2 Ao Ads gE d7AES] Had AR
# z 4R, PEG7I ¥ Eo] R F F59 2
WL/SG7} 5391 29, A8A Z/rY dFel vls) ¢
8 AFAYS A FHsH, 53], PEG 4002 €58
o] mj-$ izo} PEG 10008 THE © Z§}sk 8221 Aoz
A=A

oim 2le| ot

AE8A AACA €& PEGE ¥ WL/SG H] ¥
WL(%)E B3tE o vf-¢ 8 45829 E 38 F
At A g+ PEGE] 7H4-& Fol His) E4 o a7}
olEg A FhdN e §AVt Jees HFELES T
FA1717] 18 o8 g B ezt skl

2570 BE d7AES £ 8-S AAaAI AFE
& TN E FELEM BE e 839 2F ERE
o] Al8--& H 789 cHHawkes & Flink, 1978; Islam &
Flink, 1982).

Tsamo et al.(2005)2 F3te} EvlEo|A T} Ho] &7

Table 1. Dehydration regime through DIS processing of fileted aloes in different osmotic solutions at 30°

Variety of osmotic solution

Highfructo
Glucose (%) Sucrose (%) se syrup NaCl (%) PEG (50%)
(%)
30 40 50 60 70 30 50 60 50 5 10 MW400 MWI1000

WL/SG 546 8.53 10.39 954 4.87 533 6.88

ratio +0.11  +0.31 +1.10  +1.02 009 =081 033
3697 3778 4797 5530 S51.04
WL(%) 1567 2159 099 2236 2399 =253

+3.52

8.00 9.68 8.19 849 540 21.68 2891
+0.95 £1.05 095 096 =+0.88 256  +1.88

3852 4396 49.09 5201 66.01 1722 2141 7023  60.65

+344 185 £369 £285 +331 352 £2.82

Data are the meantS.E (n=3).
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Fig. 2. Effect of salts addition on normalized moisture (bottom) and solids content (top) during DIS processing of fileted aloes in

sugar solutions at 30°C Data are the mean+S.E (n=3).

(A) Glucose 50% + NaCl, (B) Glucose 50% + CaCl,, (C) Sucrose 60% + NaCl
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Fig. 3. Relationships between normalized moisture (top) and solid content (bottom) from fileted aloes and square root of contacting

time during DIS processing in sugar solutions with salts at 30°C

(A) Glucose 50% + NaCl, (B) Glucose 50% + CaCl,, (C) Sucrose 60% + NaCl
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Table 2. Dehydration regime through DIS processing of fileted aloes in mixed solutions of sugar and salt at 30°

Variety of osmotic solution

Glucose 50%+NaCl (%)

Glucose 50% +CaCl, (%)

Sucrose 60%+ NaCl (%)

0 025 050 1 3 5 0

0.25

0.50 1 3 3 0 025 050 1

WL/SG 1039 10.15 19.37 1861 17.17 11.73 1039
ratio +1.10 +091 =125 =151 =091 =215 =1.10

WL (%) 4797 5933 66.24 59.52 60.11 4639 47.97
+099 1264 +5.25 +6.15 +724 264 099

12.73
+1.45

58.27
+4.12

15.01 1322 7.6l 629 968 1803 1569 15.06
+1.05 +053 046 =023 =105 =215 2095 =154

64.01 60.08 53.48 53.05 5201 5533 5468 6041
2251 513 £3.12 2584 =185 396 2464 16.15

Data are the mean+S.E (n=3).

© A%E 2UY, FF8Ye 4F8AE HE A¢e
AEEFA e 4E8E T2 oy 7 HUHE A+
3% Grg % THE TPl I Fo €589 F
7hel 2R gFe FAAEE B AT 7L
FEo e T A2 £ 5 e EE 4F A
A3E Bo o 9¥s] 24187] §18 NMC 2 MSCe}
AZke] AlF2o] BAE FEdey, 1 AF= Fig 33
ig=3

Fig. 3914 B ule} o], NaClelyt CaCLet 22 E#/
o] WA AJ7ke] A F2o] WS NMC % NSCE= glucose
g9 = wis} rVIA R 71€717F M2 OE Fe
AN E Bk 947 H7IE 7 d-8A17kelA NMC
£ 271813, olsh= w2 NSCe ZAsiit. &, o
21§ NMCe] Z7} ¥ NSCo| Zae 9479 s=d we}
gstoug AdF 7o) HHFEE 7] A8l Fig 39
A WA A9 71€7) eV E B 2 IFE oA
9l kwet ks& ztz} 8%, ©] & F=o] tis] £As
Fig. 49 Yepf U}

(cytoplasmic membrane)& &3S Bt waha] 7)<}
2 I AFe] ¥E A= glucose SN HEZH K
Aol M F ®AHE £33 Ho] £ olF Adue ¥4
A =L, olol w} RG] AT FA HAW
NaCl& M X o} HZ71R] Eoj7F 88 EFA7| B2
glucose 8249 NaCl& H7lsHl =W o B2 % €5
7t dojt7] wifeolet Azte

8} 9k Lenart & Flink(1984)= ¥ EA)7F 3 ¥}l
ol ¥t cruste] FAE Wty g RS IO
AFeAt. £ HYFENA Y] FELA E @S5
E24ge] F+3¥o]| He AHY FEEYY A2 ES
Al Fx29 F7hel wet F7Hs 22 (Biswal et al, 1991),
NaCle] & €23l ¥ 7884 Ast 5o 94 €53
Aol F1go| F7HHU7] HEolgE B 5 Ah(Lerici
et al., 1985).
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% os | @ ® Kwi O Kwz (B) (c)
Euj /
£ 03
S
S 02
5
3 0 ﬁj_c,__———n—a
g L b—{T—¥—
= 0
T s
- S
X 4 ®Ks; [)Ksa -
-] -
5 .-® .

a® .- [ ] .o
E % .0------ . ® P
T 2 L P --0---®..__
H - a | ¥ 5 e
s 1|8 . .-- a EEEEES ;
= DD‘ _______ o-- E[’ -CJ-.__ﬂ ________ ES|

0

0 1 2 3 4 5 0 1 2 3 4 5 0 0.2 0.4 0.6 08 1

NaCl concentration(%, w/v)

CaClz concentration{%, w/v)

NaCl concentration{%, w/v)

Fig. 4. Changes of overall mass transfer coefficients during DIS processing of filleted aloes in sugar solutions with various salt

concentrations at 30°C

(A) Glucose 50% + NaCl, (B) Glucose 50% + CaCl,, (C) Sucrose 60% + NaCl
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Osmotic treatment
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Vacuum (106.52g)
No gas (100.38g)
Agitation

U rpm {106.39g)

25 rpm (107.25g)

4l rpm[CA] (107.88g)

50 rpmlIA] (107.25g)
100 rpm (RO7.50g)
Vacuum (59.96¢ : 56,25
Ni gas (60.59g  55.39%

Agitation
0 rpm

25 rpm
50 rpm|CA] (42

50 rpmlIA] (47.75g : 44.52%)
) rpm (37.11g : 34.49%)
Homogenation
Centrifugation (8000 rpm, 30min)
|
Precipitate Supe‘rnatanl
T ¥ ¥ ¥ ¥ 4+ ¥ ¥
Vacuum Nz gas O rpm 25 rpm 50 rpm 50 rpm 100 rpm Vacuum Nz gas O rpm 25 rpm  50(IA)  50(CAY" 100 rpm
24.36g 24.43g 2658 26.45g 2234g 19.76g 22.19g 3560g 36.16g 41.26g 23.28g 20.62g 27.99g 14.92g
Yield(%) 33.42 33.06 38.78 2171 19,11 26.10 13.87

Fg. 5. Yields of the concentrated aloe gels prepared by various DIS processing conditions.
*50 (IA): Intermittent agitation at 50 rpm,**50 (CA): Continuous agitation at 50 rpm,

7] 10 87H 2 38ko, 25, 50, 100 pme] % E=E 7+
83 wyhe] adg 5L 5 AEeH, AF
o] &3} 2ksle}l A#E=AE Br] §8) N, 7k= X&
o] Ao} 4 2 A#E Fig. 5o JERIRTH

27| F%F 107.25~107.89 g9 fillet® 258 mytsie] A
& AEAE AR $8LE 3449~ 4637%°1UNLH, o=
ankelR] ke 99 & 63.69%°) ¥l €2 s
o wj$ A 722 3 HHelddh. #2s 2 f4lEe
Fo| Ao HE AL HF FFHYS F& Fhe L
ST} SRS 0% Skeke %S HoA] abkst
A & A= HF 58] 38.78%°1A9 2 100 rpme
2 a9k A9 8] 1387%2 whke] gl 459
1739 E-2}3lch =, 50 rpmellA 7HE A o2 wHH501A)
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Fig. 6. Polysaccharide content of concentrated aloe products by different osmotic dehydration conditions.
PV: pulsed vacuum (10min), CV: continuous vacuum, 50IA: Intermittent agitation(50 rpm), S0CA: Continuous agitation(50 rpm)
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