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Dilute Solution Properties of Polysaccharide Rich Fraction from
Ultra-filtration of Aloe vera Gel
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Abstract

Two fractions (permeate and retentate) from fiber free Aloe vera gel were prepared using an ultra-filtration (UF) sys-
tem with a tubular ceramic membrane (MWCO of 50 kDa), and their dilute solution properties were investigated.
The intrinsic viscosities of fiber free Aloe vera gel and the retentate and permeate fractions that were prepared by
ultra-filtration were 18.48, 37.74, and 2.01 dL/g, respectively. UF aloe retentate as a polysaccharide rich fraction
exhibited polyelectrolyte behavior showing a sharp decrease of intrinsic viscosity by the addition of NaCl. However,
as its NaCl concentration increasing to 1 M, its intrinsic viscosity slightly increased due to conformational change
caused by the high concentration of NaCl. On the one hand, the intrinsic viscosities of the dilute UF-retentate solu-
tion were exponentially decreased with increasing temperature, and the temperature dependency of its intrinsic vis-
cosity showed a sharp discontinuity at 30°C instead of a linear Arrhenius behaviour, indicating a variation of flow
mechanism or network rearrangement of a molecular chain. The chain stiffness of polysaccharide rich fraction at
bellow and above 0.5 M of NaCl addition was 0.048 and 0.515, respectively, showing different stiffenings and sig-
nificant conformational change. The coil overlap parameter and critical concentration of UF-retentate were 3.0 and

0.08 g/dL, respectively.
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e AH S TR R A EEAE]
&2 F8A3k9 shto|ti(Morris,
1986; Szczesniak, 1986). 53], ¥ & I FHAEE
24 w7 HFEA A2 ARES] YA et BA
= BAE, SAEY] B A7), A EAe) &) A
Z+2-, coil overlap parameter 5l W3t F-83F YHE A|F
st oy o v d o] 8BNS dAdtsh= wig- 7F
H3t FFo|tiMorris & Ross-Murphy, 1981b; Mohmmad
Amini & Razavi, 2012).
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StA, & 2o W ZHdloe vera L) A AMAHoZE
A1 A F, Aok 9 s 224 Acemannant 2
& AETEZIT bioactive A FAJH-]THDagne et al., 2000;
He et al., 2005; Lachenmeier et al., 2005). Acemannan®] =
L FZ2E B-1,4-4F glucose #7]9F xFhEH, A2 a-
1,6-43} galactose 2H715 ZH= B-1,4-2 32| mannose =4
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9] glucomannan®! 9], mannose= C2, C3 =& C6 9ol
Al FEAH o Z ofAgslE o] 9 th(McAnalley, 1993). T2
Al d=Zol A9 thick stringy mucilage 54 F8 &
Ao 2 28351 (Meadows, 1980), L&t F 5 2 2
AR E, G, 9443 "A=7}, 3o ufolzyi A &
B3 AEZA o] HIEJATHGrindlay & Reynolds,
1986; Reynolds & Dweck, 1999).

Kwon 5(2013)2] 1740l oJshd d=2of viztziE o
A st g2 RS AAT 2o AZFE e
s Ei d& &R0 B{fHde IR Fa g
9l glucomannan®] $F-3Fo] native & Zof Axt} oF
238y EQ4TE X triple helix %2 54& Ve,
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ii/ﬂ ?:}EOHPJ _._ /ngaﬁl/ﬂ Sz Hl—s:]}\]ff] 7—1 o= 7]

an

£ A7 A=Al
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oh A dRe o] F8delM o] At 42
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AR o] UF ool 2hda Ak AAw Zh3ojA] 5 9l
o o191 #42 2AAE] ShAL o A0 Aol
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o AT BAAE 2% FEARE AT 8
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2 ATl ARESE dRole= (FH)KIMARY] FH(eju,
Korea)oll A Aulj g+ =] 2 &2 o) w2 (4loe vera Linne)]
o, AR HE] A Algutol 4Ce] A2 BHEEHA
AR e

ctelo4nt ZfHO[ K==
U2 9] fresh gel2HE] ¢He]oJZHUF) EF-H 3} F}ol
E3g A¢d +529 Tami UF system(Tami Industries S.A.,
France)S AF&-3te] G335t A STthKwon et al, 2013). $+
9404*‘4' TEHAY T B3]2 A0S torr, 24 hr)3F3
37, - 23H(80 mesh)ste] 72}2te] A5 2 ARE-SIATH

OOH‘I’.

AlZe| =X
N FHFE 718F 0.025~03 gL = MW=
U &A1 71a AW L(0~1.0 M)S] NaCle J7t, =

L el - A - o1

dsto] ARH o 3igitt o] W, NaCl H7F A8 2 vl
7 FEEE NaCl 898 243 12, o}7]0] A/ 82 7}
g 5 8eA A A Sl
SA5de| 59 & 74It+

AFEN] FAEAL 20-80°CE FA AEZHE &

2-4~Z(Viscosity bath, Dae Han Scientific Co., Korea)ol| ] &
A 7 T Al (Canon-Fenske size 200-350, Cannon Instrumment
Co., PA, USA)E Z43lith. D4 210 mL)e] A= The o]
27w ARl AEAel] Y YA L E(25-7040.1°C)5

NA 20:27F dBIAN v, A FA o] Fotele Al
St HEE Foidth o] o, o] 24 =2 Hele H7t
HE NaCle] FE5 WA 2o, ALt
o A E8Ae e HSAR HFTS 378t o
oﬂq_

BHHE n, B FEEE = o 2

sttt

o 25E ALt

N = (V)(P/Py) (1

14 18 pi 242t A
woh py 717t Bolel B8A715 ol
E, BAWE 1= 8 AQCZRE A,

Nred =(T]rel _])/C: nsp /IC (2)
o714 C= A7 &9 & (gdL)°), n,= WA=
Suls} Seirjols] Hmol AT AR Aol AL T

)\1(3)o§t‘]ﬂ =] aq_
nsp:(n_ns)/ns (3)

ol

H, ZH4-H%, [n] (intrinsic viscosity; dL/g)= T2
Huggins 2](1942) T+ Fuoss?] 2](1943)& AR&-ate] -3}
k.
(My/CO)=[n] + K' [nJ°'C “)
(n,/C)= A/(I+BC'?) = (n,/C)'= 1/A+ (BIA) C'?  (5)

714 Ax Z8AE, BE Aot

T, chain stiffness= Smidsrod®} Haug(1971) 2ol <]3|
T3kt

nl= A+B([n],)” o (6)
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714 A2 Z4E0]al, BE chain stiffness, [1],, < ©]
4% 0.1M NaClelA €] I35, = NaCl =0t}
A4 vikE 1.2~1.40]t}
wEkA chain stiffness(B)x= 2t NaCle] 5%
£ ZH31aL NaCl = Ay g5l tigk 243
= B v, A 71R71% 5 B(Inl,) = A=A
Holl o) AlLFstal BRS ekt
$HH, coil overlap parameter C'[n]i= Morris2} Ross-
Murphy €] W (1981b)ll e} log n, 2t log [n] A<
71717 AR e 7 A "] A= log
C*n] #oZHH AZEsden, o aiFstes =&
dilute zone} semidilute zone= i-Al= YA TECHE A
=3It 9714 n, = zero shear rate specific viscosity=
Newton -] HE=25E F3}30t}
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TN gZe UF thdE8 2l 3 el 42 (conformational
structure)= Ogawa 5(1972)2] Wl W} congo red (Sigma
Chemical Co., St Louis, MO, USA)$} thge] L8] &A1&
ZAFsEe] ot o] A st

ggdEd AlE 2mL(ImgmL)E 2mL Congo red
(50 pmol/L) 2 1 mL2] NaOHe¢} &3}slitt. o] wl, NaOH
9] TEE HAFTEERE 005~ mol/Le] YAFE W7t o
E5 ¥t %, 2mL Congo red (50 pmol/L)S} 1mL
NaOH &4-& &gt AL thx=7-=A] ARS-sH3ITH

A2 A 1087F 543 & UV-Vis £33 =] (Spectronic
Genesys-5, Rochester, NY, USA)Z 400~700 nmol| A F=A}3}
of HHFTIHE A WS T

Rt

3% Yo A E894(0.02~0.50 g/dL)e] =

=
3k =3
I FHAHEM,= n/OF ANEINLH, o] AR
ol

SEZ7I wEt FLFEE AT
148 d 545 JdeEplATh 2ev
AAEL G TR 9 UF ZBAEE LS A 557 5
A TH(p<0.05). °1&

e 2te traEat dejds e 433 540
2, s EAgAe] A= IEAEES] A
w2} Z71ethe 3 o2 A G-AE(Lapasin and Pricl,
1995; Tobitani and Ross-Murphy, 1997)e] H1e} 2 g %]
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Fig. 1. Variation of reduced viscosity according to concentra-
tions of fiber free centrifused gel, permeate and retentate of
ultrafiltration from Aloe vera gel at 25°C.

I A A Meadows(1980)= A 2ol A thick stringy
mucilage 573¢] F/3%°] oME3sE glucomannan THE©]
2t BE =, AR 5(Kwon et al, 2013)9] 714
= o] UF ZEAHEELS acetylated B-glucomannan®] 1T},

sk, olo} 748 Mo w2 Fro| F7FE4S Lapasin
7} Pricl(1995) EA7F 3]AE o, iRt 3 gE =
counter ionk= 3] F o] FERe} F YT = 7 SHnet
charge)’} ZHash, 2 A3, AEAE B HEE,
oo e} & HEo] F7HE sl Bkl skl

meba] G2 Ao FAgde Hajd 9 oyt A}
A2 AsTES & F ded, o9 Fg48d 548
wo} o S Ak QM e AR EE 7
a7} it

I =, [n](intrinsic viscosity; dL/g)= JLEA-ILEA}
7S A-go] FAE AL Gufoll ik ALEAbe] GRS 1

%]

el
PARE Al dafde] e st 008 He
ezt 73 o8 F7I8lRRE o] o R e 78 &
3, Fuoss, Fedors @ Korecz®] 22 o]&3}A =Hrt}
(Fuoss, 1943; Ghimici and Popescu, 1998).

£ AAAE(Fig DO A+ (n,/0)' vs. C*E =A]S}
Ne W AAAAT 2 AHEIAL, Fuoss 2ol WE A&

342 R AATHR?0.9683).

wWel Fuoss 4o] we} ARGORNE LHAE ARt
2 ToQom, 1 ke ANEYF PHAA L UF B

Aol A Z}z} 18.84 2 37.74 dL/go|A k. WHA,| UF-# &2}
B3o nAdad EAS B O 2 E Huggins 2[4 (4)| 0=
T AAAERE Feklen, 2 32 2.01dL/geE
o]
o

P =2 ARAERS B g2 UF BRAE9e]
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Fig. 2. Reduced viscosity of UF retentate fraction from Aloe vera
gel under different Na* counter ion concentrations at 25°C (a)
and changes in intrinsic viscosity by increasing NaCl concentra-

tion (b).

Z5S xanthan gum($F 110 dLg)e] 1350tk 28y
guar, locust bean, pectin, dextran, tara gum, konjac 5 T}
E HAA gFFol HisiA dA3A =L k-carrageen
(41.2 dL/g)3= vlssg 3 W9l ol v (Mohmmad Amini &
Razavi, 2012).

IRET2| NaCl &Y

dwtow Tyt 2RA el dgdd Na's Hbeiw
AP vt A5 HeltK(Lapasin and Pricl,
whEbr] Rl UF BA9)E2 o

1995). oj#g =2 vl

19l THAE ol Nae] A7h] JeliE of| g

= We A AT oY o] 27t WM elelA Na'

H7te] w2 &2 UF .1_'1‘7(]‘ 71‘:_]‘—'01 @E% =74 skar
)

0.005~0.500 M Na'ol|x] 782} Fxo] A 3t
E(Fig 2aye ILEA Tt 0o H2Fel ulet

o
X

—_L
i=] RS = |
2 Jeilew 0. 1M o9 NasEoMes 553
7& FJAH I AXHo g ZItelAa, ST ES T
7 ZoldE B dAF AT BT} ol9f o], ¥

- ZPge} + AL - oAl

o] 27 LA Na" 5% %7]"’“ et ST 5439
Ao a2, AH7ME Na'
=] UF 1% A8 Aze] 1A
Eixds Xé%jﬂ@ii 21| =] 7] W o] Th(Wyatt et al., 2011).
ol& Htt ¥ W3] AHuy] A LFHEE ALst
o] Na' T% &S A A3K(Fig. 2b), Na' F7Hs =
0.5 M7= AfrEe] 343 Asts Be ot dafj2d
EAE B0 o] o]e] FrolA o] AL 4]
e A3E mEA U, 3| AAe] Feds
B 3kslA Bz = Q) ek o]l &7t we] Z7td whek
T 9o vehgs & & sled, A WAE 0.005 2
0.500M Alole] NaCl F&xolx #zHH, F wAs
0.500 M ©]74¢] &2 NaCl F=ollA A2
A WA Folr] gEel UF ALEA 5‘5—.]1_ A A o2
AP A v7t H3A o] E(Smidsred and Haug, 1971)°]
59O =, Lapasin and Pricl(1995)= °|7 % &
7he] SR A -T’—'rorxqcﬂ ZaE ©S compactdt A
A}E 2 she LEA O] FeAste] 7191k
HA, 5 A °<§°—1ﬂ94 3L o] 2R TN AFHET S
g AL opnte S E S BARE dszhgl 7]dg o
FAtES] Fge R FAE= AR Ho|w, xanthan,
carageenan, welan, chitosan 5 (Wyatt et al., 2011) & 4+s}
scleroglucan®l| A &= A1 v} QIth(Coviello et al., 1995).
AW O 2 B-glucanS THIAFEC] AA T S 2=
multiple helical FENE zh= o], &2 2] H7IZ random
coil2 Hsr, o] Q& AfFF =S FAT Has IO
= A% =2 BIEA(Norisuye et al., 1980; Dong et al.,
2006; Giese et al., 2008).
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weEpa] 279 e ‘%74]9]' o]Fo] & TAIQ] 2 TAR
A7 7FAES & 4 =], Mudihinov 5(2010)%
At} pectinoll 4] o] 9} AR ARE B AEGT ol g
Lo & TR A E pectin®] A$-, 7HRAES] &
A T2 B-elimination ¥+-5-0 93 fF=== &5 712
s, WAk HAE SRketial skl

ShH, AAH =] 29 FEAS Arrhenius type 2] 02
Uepd F JO0BEE log )¢t /TS #AIE A A3}
(Fig. 3-4 insert)ol A= AP TFUZ 2] Arrhenius
&L ASFAo Y 30°CE WAE O E 72717 A= o
E 7 e WA BAE BTk 2 FAle] 7T RNE T
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Fig. 3. Effect of measuring temperature on intrinsic viscosity of
UF retentate fraction from Aloe vera gel. Insert: dependence of
log [n] on inverse temperature.

3 B3} oUAE 30°Co] Bkl A = 55.3 kl/gmol(13.2 keal/
gmol), 30°Co]/do A= 6.4 kl/gmol(1.5 keal/gmol) 2, &3]
Gt dA] gk #91(5~50 keal/gmol)o] AT, A250l A €]
25 oEAo] g A= 5L HideH, FE 9 &
3} oA g o Tk iRl S o m| i

Muhidinov 5(2010)& M2 t}2 HElo] TFHE 1l
A= o] ERE A A3, Ak HE'le] 73e- 35°C
011*1 ol gt W7t dojdtial st HlwH FAR At

Hon, o= HArle] g3-alel et #AETAL skt
Morris 5-(1980b)%= hyaluronate -84 ©] 40°CollA] o]z} gk
AsS Hister, OlL A el e e Agat
AdETy &Rk &, Tako 5(1977a, b= ZLFEe E
F tpgel sk 45°coﬂA1 o83t Waly} Yojt} 3k
om, o]z 2EHWsl] me}t fE57| TR YA
T27F GEp S on| st o}MEP.

g, AR & 71871 dinmyd(I/T)RES ALt
SE et AFH =Y AERAA ] miiASRE ARSE 5
$1TH(Mohidinov et al, 2010; Mohmmad Amini & Razavi,
2012). ololl wr=m AP o7 sl Exle fAEAHT}
S5 o AFgstrR 31FA 559 AFo] FrIek o}
2} 718715 F7hett meba 2 AR 735, A5l A
o] L 77 #e ALLFE EEAFYC] FE et
™, ol Al deeke ’"‘7}9} AEHEZ 2537}
=2 %— }EL HoFET

Lo W& UF
ERALES B T Z(c onforrnatlonal structure) S
3 0~1 M NaOH &9 |A congo red$} T
o] B3HA 548 =4 }o}"ioﬂﬂ I AI= Fig. 49k 2t
Aehe g9 2o &
Hstglo] 7 A& EOM WaTxE fFATS BIth
mebr] 2Eof mE Ao fAA ] Mshe EAFH E
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Fig. 4. Changes in absorption maximum of Congo red-UF
retentate complex under various temperatures at different
concentrations of NaOH.

= e Ao} riIA R SHH S B AoE
Hoth HEle] Ae= $3E Helo] Euld A ¢
Gt AS zher), ojlule LEZTlR o] HEle] S
Fol sﬁﬂl‘:lﬂ‘?& oH Lxo|fo g LxZ=rt2 o] Ytk

o]zt

g TR AATS o, xRSt E
A& ol 35°ColA ¢
(Mohidinov et al., 2010).

b 2Tl e IR ES] ae i 2
AbEE #HEEH, 30°C A5 M2 tE {57182 EAY
st the A1) S-al 2] o A E = Ao E Bl

AAZ LR 9] glucomannans E2ol] WAHA 7l
3 macol thal QHstEA] Fow wWE RS doT|H,
pH ®is}, 72 9 nAE 0 Qo oA e Fal ==t o]
gk el Wt WA HAe) vhde] dopAgste)] o
& X4 Eth(Yaron, 1993). 2}5 27350l 2 B S
GabEol| tisk 712kde] B odo] Qlrhar dekE T

Chain stiffness

Smidsred2} Haug(1971)2] W ol
e ol Ere o HHkol il
+ Fig. 59} 2t}

A5 E NaCl F7Fs= 0.5MS AF=Z 2719 284
7F 2 A HEo(R*=0.9998 %) Smidsrod and Haug(1971)
o] mdlo] & A g Bt

w4, A HA A=FG 0.50 Mo 3te] NaCl 5ol A
AT v U= 1.2~1.45 o] &35t o] Fox ¢ UF
B E3of thek B-value®l AR 7] stiffnessE A4+
t}. B-valuex= 0.0057~0.1062-2 H++ 0.078°] 1T}

o] Z+& gellan(0.085 in 0.03M Me4NCl) oxidized
konjac(0.055), hyaluronic acid(0.065)9} H]5=3}5

&

% BE THAE
EAsgon, 1 A

37, dextran
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Fig. 5. Intrinsic viscosity of dilute UF retentate solution as a
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25°C.

sulfate(0.23) Rt} ko™, alginatethigh content in
mannuronic acid)2] 0.0404}, xanthan®] 0.005E.t} =kt
(Launay et al, 1986; Dentini et al, 2005). AH¥I¥ o2
chain stiffness= %31 = (moderate-low) ¢ AT}

Lang 5(1982)¢] ®.io] ¢atd thrh As)d thde] B-
value= 0.0~0.24 W $]°]™, chain stiffness S4%k21 B3kol
2& s OS stiffstohal aFdaz, o] el 2o ™ rigid
roddt FElE Zh= W, 75 flexibledt FHE 2t=Th
3 shdth 2 BERE ol sl 7|z BH A H
A HAEPFH05M NaCl 5% ©]3he] 3]4-&Yo|A UF
BEH 3] AL stiffnesss Hwd A% Frmo|H
wEbA] HALA flexible AR AR & F Ao H
hyaluronic acid 2.t} ThA B <48 Hold )

2 T A A=l 0.50 Mool NaCl =0
AMe 2 olstET 3¢ 71871 kel & AXh ol of
HlE A Na® o]29] oA du] & uie} 7o, 35
& 52 domain®] FEAZF Fs gl 71Q1% tdAkEe]
3o m FHH= Aoz Bl

A ===} Coil overlap parameter

A gAe] YAFE Ce EAAIO)S] entanglement
(physical contact point)ell &3l= ZHA} FE=Z(Jampen et
al., 2000), o] ol Zrom E3} 7FalA 3= ufg- o
< FEAA HEol o B2 9FE FA drh &, I

i
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(]
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o,
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=3

B

rigid &5 o W C@g 2HA
2000).

UF Bfrof 8Lzt #£9)9] dAsEE Fst7] #st
o log n, % log Co #AE ZALsIIOH, 2 Aae
Fig. 63} 7},
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Fig. 6. Plot of specific viscosity vs. concentration (top) and coil
overlap parameter (bottom) for dilute UF retentate solution at
25°C.

(Fig. 6, top), ©] AAe] MIFHo2RE 3 dAlsE=
0.08 g/Lo] 1 t}. xanthan®] 0.024 g/dL, gellan®] 0.064%(w/
v) Bohe ul$ E=9ko1} chitosane] 0.3%ETHE ml$-
SYth(Launay et al., 1986; Hwang and Shin, 2000; Jampen
et al., 2000).

SHA, critical coil overlap parameter, C[n]'® &9
dilute(no coil overlap)o|*] semi-dilute(coil overlap) %
2 = WS U= Al gl
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