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In Vitro and In Vivo Physiological Characteristics of Dietary Fiber
from By-product of Aloe vera Gel Processing
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Abstract

A fiber fraction (Aloe cellulose), the by-product obtained from Aloe vera gel processing was freeze dried and inves-
tigated for in vitro glucose/ bile acid retarding effects of powdered sample (100 mesh) comparing with commercial
o~cellulose as a reference sample. We also examined the effectiveness of physiological functionality such as the anti-
obesity and anti-constipation on Sprague-Dawley (SD) rat. The Aloe cellulose powders during in vitro dialysis
experiment for 2 hours exhibited the glucose and bile acid retarding index of 20.32-35.2% and 53.13-28.30%,
respectively. Especially, freeze dried aloe cellulose showed the 2.5 and 1.2-6 times higher effect on in vitro glucose
and bile acid retardation than those of a-cellulose. These relatively good retarding effects on glucose and bile acid
diffusion suggest a potential of preventing from diabetes and arteriosclerosis of some extent. Also, the results from
animal experiments on SD rats fed a high-fat diet for 4 weeks suggested that Aloe cellulose might be used as a
novel dietary fiber showing an effective anti-obesity and anti-constipation effect.

Key words: Aloe vera dietary fiber, in vitro glucose/ bile acid retardation effect, animal experiment, anti-obesity and

anti-constipation effect
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3, CMC 892 vf$- -3t Ak 71, =29
2ol dH 1% o132 TEoNA a-cellulose BT} =2 &%
94}“” 9 o7t 9 ZSE E4E Yehlo] Al2-& 2o

- &AZ2A Y 244715 SEAIRE o]

< ety maska.
o] A2)7) %5430

o]u}z% o7 /\]o]/H O -

NIR™

=
o

o chFsty FRE AT 2
71] H_Q_/H \:1 /\_Q_H /\lo]/H o = ?——,—o]——t—ﬂ o].‘é_sq A(})Ja
adE ME o9& oz HIEthKay, 1982
Schneeman, 1987; Prosky, et al, 1988; Lee & Lee, 1996).
T84 A2 %  H-f5(water-holding
capacity)®] =1, gel H4%50] st S2E9 HAS
= Frh E SolA ] AFAIS STMATIAL, 2
A-gste] g Al & (Krotkiewski, 1987;

ps)
s

SiKel 2=
[e]
T

b 4 o

S=E
v T =



174 WG - AR - S -

Saltzman et al., 2001), ©]2]3F G4l 43} W G2 A
AL P 3Ate] Al ] glucose toleranceE 5 XIA7]
= 335 Zt=val Byt (Jenkins et al., 1976, 1978;
Anderson & Chen, 1979). &=, ©&4Hbile acid)Z} 233l
o R MEHoREA AW FFEAe] BES 9% S
HE9 &A% E %3 (Anderson et al, 1984; Van Horn
et al, 1986), ool we} A5 FHZ=HE e A2,
A g FHEskE det o] wEs BRe
Aoz ¥ EATHKoseki, et al, 1990; Kay & Truswell,
1977).
H, B84

O FE Hfrsol AA flol Ewgt
Sto] ol M ] o] AT THAAA T
(Anderson et al., 1984). B, o7 WollA] Aol oJsl] <
5 Hayo] e AlE A WAk(short chain fatty acid) 2
Tave 5, T2 g3 ddHE 235 JeEpY
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1990; Yoon et al., 1987; Torsdottir et al., 1990; Kim et
al., 2004).

wetr] B AFoMe GEo ASE Q19 ol dfE
Aol A+t 7154 aAlst A7) dto g, Aot e
2ol o] A7 2tete] 2o Afde A
71585 §33tstaat stk &, g2 weke 7hE &
FAHE]] dRO ARdS FEAxE] 2EAESE 4
ol
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, ©19] in vitro Holl 23 glucose & bile acid®] FFA|
AgIE EFA F(a-cellulose)St ¥ R3PHA ZHAESFA T
ol2d, AP ETES o83 in vivo AES T3t T
2 HEZlE BE WRlen, olE As8sgte RN T
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In vitro H0i| 2|8t glucose ! bile acid2| SX|
Glucose 2 bile acid®] FFAIaHd=
glucose == bile acide= FA419S 22 FHstA]
A} E-ol &2 glucose ==& bile acide F4 5
3hA] Eetez BA o] glucose H bile acide] FEE
B3l bzt =7 819 th(Adiotomre et al., 1990). % ©]
32cm’ 4ol 10cme] F42KSigma D7884 : M.W. cut-
off <1200)% 0.1% sodium azide &0l &% = ¥
ARgaA T FA Y] 1% B8 EAHAR ddeA F2
T AR Uy AR 02g2 ¥, 9719 glucose
36 mg & &3NAIZ 0.1% sodium azide £ 6 mL £+
0.05M phosphate buffer(pH 7.0)91 1L% 15 mmol
taurocholic acid(Sigma T-4009)E 6 mLE ¥ 3it}. witiH
o] FAY B @] F2 F 150mL &2 871 ¥
3L 14X 7F B)F FEAIZ o, o] of tixTe] A= A

TS Al glate] w7 ER] Mo ® AAISIITE e R
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Glucose retardation index(%,)

= 100- Total glucose diffused from sack containing fiber x 100 (1)
Total glucose diffused from sack withour fiber

Bile acid retardation index(%)

- 100— (Total bile acid diffused from sack containing fiber . 0) Q)
Total bile acid diffused from sack without fiber

o] o, glucose FHFS ABTSH(White & Kennedy,
1981l wel ZA3IATh =, 0.1% sodium azide 8§
£AZ A5 2 B glucose £ 1 mLoll ABTS Al<f
(glucose oxidase 60 mg, peroxidase 6 mg 2 ABTS 50 mg
< 0.12M phosphate buffer & 250 mLol| &3flg %)
S5mLE A7, AoAM 30-4087F WAIEAAL,
450 nmel| A o] FH=S SA 5

S| bile acid THHFHS Boyd et al.2] WH(1966)°] w2}
=4 A Th =, bile acid (Sigma B-8756) &< 1 mLol
70% H,SO, €9 S5mLE P 5% Fol 0.25% furfural
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Table 1. Compositions of experimental diet for the animal study

(g/kg diet)

Experimental diet”

Ingredient
ND HFD HFD+ADF
Casein, 80 mesh 200 200 200
L-Cystine 3 3 3
Corn starch 245 0 0
Maltodextrin 10 125 125 125
Sucrose 68.8 68.8 18.8
Cellulose, BW200 50 50 50
Soybean oil 25 25 25
Lard - 245 245
Mineral mix, S10026 10 10 10
DiCalcium phosphate 13 13 13
Calcium carbonate 5.5 5.5 5.5
Potassium citrate, 1 H,O 16.5 16.5 16.5
Vitamin mix, V10001 10 10 10
Choline bitartrate 2 2 2
FD&C Blue dye #1 0.05 0.05 0.05
Aloe dietary fiber - - 50
Total 773.85 773.85 773.85

“ND: Normal diet, HFD: High fat diet, ADF: Aloe dietary fiber.

g | mLE 7}z F7bsldTh 6027k HhR]sle] B3 A o]
A2 FAE o] Ho FF I 510 nmollA FEE
= A5
In vivo A0 2|8t H|2H Y BH[JHM St

Uz Aol df HFo] vgk & WuAA a5 FAL
st7] flste] IFHE UFoE thg o] FEAES A
Aletart.

AYFE: AT 677 F 57 3F(Sprague Dawley)& &
Aol A2 Y #5179 28717 - ARS-3Hith

A3 Hol9 xA: sEAFN AMEE 2o]= HNE =
2 HEFAS 93 IR’ ALE<Ql open source diet
(D12492, Research diet, Inc. New Bruswick, USA)©] 3} &
o, 5 o] 24 (%) Table 13} 7t} o] w), A& 2o
= FRof| AolAfE ARSI, H7T TS 5%l AT

AR 2 ARE: AT ES 25 20.7-22.1°C, )
FE 49.9-542%, 7]1315 10-153] 2 124 7K QA 84
9% 8 F719] WHEE 200-300 Lux) 349 FE A
FANA ARESIATE 177 B AEAIZ F wire cage
oA 3-4utE] B A ste] ARALE AT, A FALE A
it B IAPAE+ O] (5%) AT E o] o
Al 3097 AEA 0|2 ARSIt old], 7} & A|Fo]
H]S23 10nhE] & 1202 Sl

3, S8 E TRTE AFESIAA, 2859 Hole
AHrEe] AHAES stk Ao AFFe F 233 34
A

Table 2. Antibodies used for labelling smooth muscle cells

Antibody Source Binding site
Anti-smooth muscle Myosin heavy chain
myosin heavy chain Sigma M-7786 polypeptides of

(SMMHC) 204 and 200 kDa
Polypeptide of c.
Anti-smoothelin Srsrgg'?}féﬁrzl . 60 kDa
(R4A) (SM) SC.08562 ’ (cytoskeleton-associ-

ated protein)

A A 3R 30d $oll S8

A 5] AH: 30Y7He] AF 2 0] ARgo] B AP FES
12417+ AAAZ] & ethyl ether2 7PHAl A A FAZIZ
EsH o2 Y oF 5-7mLe] NS AHFH s o] A
& &8I A|(heparin: Sigma H7005)7} E°] U micro
haematocrit tube(GRAF Cat. No. 5.530-06)2 A7 3
3000 rpm(4°C)0llA] 10327+ YAlEelste] 84S EE8k A,
LA ] A EE Sl

sh, A = 7 H A, % 5 A71E AFHEA
om, 4% ¥ saline® = 2|38} filter paper(Whatman
No. 2)& TS AAS = FAE Frh

T, A2 e W4 W (Inguinal fat pads)S A 3L

PAE ZHACH, B % 2 2 THAZ F 05-

A 8- (dissolved in phosphate buffer pH 7.4)°l 327 (484 7+
old) ¥ FAlIAE S Xt ek 2l (embedding) 2
< A3 o] F microtomeS ARSI 5-7um FAZ
A dis e & A6t dA F s Al
T R o83t g2 713 Hematoxilin-Eosin
(HE) @42 & 21 5 hematoxilin®l] oF 10% {413k of

& SIS cosinell 5E7F Aol AAsIgom], 9A

=4
Ferdn|z oz Bas.
s, U Qe B g wEe 2] A9

immunohisto-chemistry= © I2¥ $ PBST(phosphate
buffered saline + Tween 20, 10X, pH 7.4)& ©]&3}4
peroxidase blockingdt3 3L, 12} antibodyE Az F
blocking #8& A%l th& 22} antibodyE ] &30
FA T EAREE-S AAlste] ettt o] W AREH
antibody:= Table 2%} 2t}

RT-PCR: HH] & A & 12t S-S flal o
S NAFALE o]gste] EHI TR Trizol reagent
(Invitrogen, USA)E ©]&-3l4] RNAS £33 em, o] &
Tong et al(2005)%] el F3ke] RT(reverse transcription)
g 48 9 PCR I8 Fat AR AApEAJIA}
4 o] 5 ]3] AFE-3F primer= Table 33+ 72T}
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Table 3. Primer sets for detecting rat Proxl1, c-kit and GAPDH

el - S8 -

Primer (F/R) Size (bp)
Rat Prox] SAAG CCA GCG GAC TCT CTA GC-3' o8
X 5-ACA GGT CGC CAT CTT CAT CA-3'
Rat oK 5 ATCTGCTCTGCGTCCTGTTG-3' 491
5_-GTTGGGGACGAACTTCAGGT-3'
5_TGT CAG CAA TGC ATC CTG CAC C-3'
Rat GAPDH 5_GAA GTC ACA GGA GAC AAC CTG GTC C-3' 420
SAAE: 2 Ay At Hax 9} 2A 7 o A ] glucose STHAATE F3IHh. 1 A

Aol g =
EFUAE YA, 54 Sigma Stat
3.1(SYSTAT Software, Inc., Chicago, IL, USA)=E One
Way ANOVA #2439 ow, ALS7ZF5S 2 Duncan's
multiple range test(SAS version 8.12)E A5t}

_|}L i

T
Aloe cellulose2| In vitro M2| 7|54 EX
Glucosed] F5A 83} T4 ©]-8-3F aloe cellulose
9] glucose &5 A EHE Yot g8ty FAHE
glucose®] S 247 Bt AAH R =A%t 1 AFE
glucose F3-&(%)2] A WsI2A Fig. 10 YeRH AT
el Ieg FAES £ 27] AR §43]
S7Fate] oF 85%¢°l EatlL, o|F mm|sHAl F7tste] 24
17 Fol= oF 90%01] galgith v g2 HI7HE 6
| oF 75%°l =2, o] F A3 F7tste] 24
Al °F 80%°1 %0}915}. b 2ol Aol df=
glucose-J T3} AA2HE e A=, o= Aelidf7t
FZ2Ul glucoseE 77O T+ 7HE & ZH(entrapping

effect)oﬂ 7118t} (Schneeman, 1987).
F24%719] glucose retardation index(%)= glucose®] &
TFAALHE Adshs ARE AREEHER 302, X7 2
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Fig. 1. Glucose movement across dialysis bag in the presence of
a-cellulose and aloe cellulose.

aloe cellulosex= £S5 ]%?E 2N ZF B2+ in vitro X
T B4R A Aol 20.3240.02-35.2040.09% 3= 104
FHE HYoH, -cellulose 2.0}

ol vl _:——J’:Z\l_"% 2l a
T FFAA a3t of 25M) o =2 S 73*}0]91‘:}
AA AL 2olHdf T 784 2lolAdf<l alginic acid,
guar gum, CM-cellulose ¥ citrus pectin®] F4] 30% 7=}
Al glucose &5 JAAFE oF 30% F==o|t}h w2 &
2o AoldfE olE # WS oldeE wme H=2
glucose TTAA BT UFE BHoF= AME glucose
o FFAlel oJgt & FmaFrt 7| Ert.

259 &Rof Aol MY (whole lean)d] FZ=&°l sl
AMe Gol #ete] & % A Fe] AUTE Okyar et
al.(2001)=  ND(non-diabetic), type I(IDDM;
dependent diabetes mellitus) 2! type II(NIDDM; (non-insulin
dependent diabetes mellitus) & AFHE-3}d A. vera®] leafe}
gel®] FE=S ARt AES A, B FolMe €9
TFET 9 237 IdHAL skt 28y A vera®l
leaf®} gel®] FZE=-2 IDDM % NIDDM FollA] d7tat
g4 HPo, F73HAIQl glibenclamide$} H] L 3}oq
type 11 BiollA] 3 T5o] ATk shith v, gel F
ZolA= NIDDM FolA vt d97tsts Hlom, weba
gele] §1= 4 vera 92] pulp’} NIDDMS] X 59l §-83}c}
3 3tk Rajendran et al(2007)%= A. vera sap2 2 2] 3k
AA3] F7A7IH, EF
& ol Hls) #A

insulin

duFe= AT B 7+ glycogens:
Iod, =9 ' 4“% 9 5 A4S
Hel

Bile acid®) &% 7‘]“‘] E_-v]- Aloe cellulose®] in vitro
913} bile acid T4 AAEHS Golr 7] Yale] =4
8] £ == bile acide] ¥ 72417 B HAIA
A5t Z/\]'d A= Fig. 29 72}
9] bile acid AL %7] A 7R H|lE F
7Fsitht o] % T2AZMAA] MAE] F7kske] 724
7] 90%°17d FaAsH T ©l "’HU} 7% glucose
erg]r H|s=shaith weba Alg 3
A1 ZF A bile acidd] FHE X
|, bile acid®] &5 AAZHE EE} uﬂ 3] 2o}y )
3lod glucosedl| A 9F RIFZIR| 2 F4] %7] 1-24]7F Ato] €]
bile acid &4 & #| A 4=(bile acid retardation index, %)=

lo B 2
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20 —il-Aloe cellulose
—0—a-cellulose
—&—control

Bile acid passing into dialysate (%)

0 10 20 30 40 50 60 70 80
Dialysis time (hr)

Fig. 2. Bile acid movement across dialysis bag in the presence
of a-cellulose and aloe cellulose.

Ttk 2 A3, FA9E o] &gt 2417 5t in vitro
G5k SR a3 53.1340.20-28.30+£0.08% % W%
=94th

o= vl EFE2 o-cellulose BT} @54 S-x A a7}
7} of 1281 H) MI7HA = =2 Fholdtt B

¢+>

FHa o 1. X
AlE Holdfr & 874 Aoldfrel bile acid 5
quﬂ A 47} citrus pectin 30.4%, guar gum 22.3%, alginic
acid 17.0% 2 apple pectin 13.4% LS 2T W(Lee &
Lee, 1996), & Al59] & A5 =2 #OE bile
acid & AAaH7}t Hojde & & Uk Story(1985)=
Ao Holdfe Bl T S5 AAANA EF A
EUES FaA]F Bk ol 2) bile acidehe] Aol &)
frel 2ele] bile acid S HEAIA AFTEE HEAT
ol Wists FomM TR AtiAte Y=
]3] cholesterol A4S #3HAIZITkL ST &, Dixit &
Joshi(1983)= s=AHANA A vera®] 9 %—%%Ol o=
o H]3] LDL¥} VLDL-cholesterol & 77} 79% 2 37.5%
1} 7+4A17132 HDL/total cholesterol H] S Z7] <=0l H|
8 fA8] STk BArgh vp i

wEhA aloe cellulose2] ©]&3h wl§ =3 ¥ =
PR FRAAEIE P % SUR A &

Lo

e

7F 71U s AFAE FF in vivo FES] a/do] v
Erhal Aetsiei

S=4R0l oI5t aH(2t Y HHHM Sot

AT ¢ o] AAZFY W3} . A A5 SHF ¢
2]o) dH &} 2ol §-8-2 Table 49 72},

AE A 2F9] Ht AT AP 7Ho] Apollo] 265-
266.7 go] Hl=g 3k W eloldh 2y A 30Y &
7 AFS Yubd o] 403.10£32.43 g, LA W4 o] Fo
455.43+21.10 g & JA A oA T =2 AT 7
£ YERH AT

A% Z7VEL IA YA 070 6.29+1.06 g/day, LHFA 0]
0] 4.55+0.96 g/dayZ, A5 F7HER st A4
ol Uk ol Hl3) AT F7HEC] °F 23.6% SVt
shlom, wabs 4774e] A PO R AFo] AA
3] F7betal Hvte] fEES & & AU ¥, g=

1
7}

o

2
o~
na

Aol 7kt H+t AT F7HES 6.3340.60 g/day=
Hu]BEA RE A A o] HTE Q8] # ¥o]ojA] 7]
et 22, Ae 247 95 Rolx gokon, FAH
2 F AT p<0.01). AR 2ol H g A2 <]

F& AR o) 7]lste] A A o]l A dubA] o] H T
AFFol Adom, tebs Holage e3l8 o =4 |
ERtTh W2 AL g2l Ao i 7kt Aela
E2 9F 32.75%010.2™, o] Zhe W2 0]H(20.2612.03%)
Hobe X0 IA 2] 0] #(34.3540.09%) H tHE Tha B
ofr] R Aol f AV AFFIHE FEsAl=
B AR AZHEA.

7] & Az FA W AF ] A7) FAE S

A5t 3= Fig. 33 2ok

FA A o] = gukal o] oA B Th 7]. u]x]—’ AR 9
Ske] FAIE thd S7HAIF T WHE, d=of 2ol 7t
o] A7 FA= ¥ @01;% H| 528k ol AT LXl
]

M
Kl

J

7] “l‘7'"1— lzlﬁ“‘ 01 OM
1%«1 99+131g Bt} < 17% =
Aol M7k W 103go= o
HRA ol FES UrEM] Atk

Table 4. Changes in body weight, food intake and food efficiency ratio of rats fed high fat diet containing Aloe cellulose tablet

composition for 4 weeks

Groups " Initial weight (g) Final weight (g) Weight gain (g/day) Food intake (g/day)  Food efficiency ratio (%)?
ND 266.70+10.89% 403.10+£32.43 4.55+0.96*Y 22.76+2.22° 20.2642.03°
HFD 266.80+8.49 455.434£21.10 6.29+1.06* 18.7242.16° 34.35+0.09%
HFD+ADF 266.60+8.86 456.61£10.21 6.3340.60% 19.42+1.57° 32.754+0.043°

D' ND: normal diet, HFD: high fat diet, ADF: Aloe dietary fiber (5%, w/w).

? Food efficiency ratio (%)= (weight gain/food intake)x100.
% Values are means+SD (n=10).

¥ Values with different subscripts within the same column are significantly different at p<0.01 ANOVA test by Duncan's multiple range test.
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Liver weight (g)
=)

ND HFD HFD+ADF

Kidney weight {(g)

ND HFD

HFD+ADF

1.2
*

C
E0.38
2
:
c
&
= 0.4
7

ND HFD HFD+ADF

Testis weight (g) .
[p*]

ND HFD HFD+ADF

Fig. 3. Organ weight changes in rats fed high fat diet containing Aloe cellulose for 4 weeks.

* Significantly different at p<0.05 compared with ND group.
** Significantly different at p<0.05 compared with HFD group.

282 Yehi A& oy A4S F8) 1 7159
biomarker®l  AST(aspartate  aminotransferase)®} ~ ALT
(alanine transaminase)E 2AFSH Ao A o] 9} H] 5251
Ank2jol ol Hls| AAA o] ww]EA FFskAL
Aol HolHHH/IE T BASIT. AW 29
7F Bl 23 FAAR Fo4de fller ol A

4o <Js) 7re] £elt FAe] vErbA wskr] wEe]

2 Azt
olefst 7k WA o] St 2k 2 Q) A A3 A
= Ao2 AZEe 7+ A Yo AW =S ZASHA

ou, 1 AJ}+= Fig 49 2t

AR o] & AWkt o] Ex vt #HE(Fig 49 FHE)
S} gzl Aol df HrkrolE dutdlolisdt vt
A& Aol EAE A 5 ok 2ER IR

HFD + ADF

Fig. 4. Effect of Aloe cellulose supplementation on hepatic tissue morphology in rats fed high at diet.

s © Scale bar 50 pm
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Fig. 5. Inguinal fat pad weight in rats fed high fat diet
containing Aloe cellulose for 4 weeks.

* Significantly different at p<0.05 compared with ND group.

** Significantly different at p<0.05 compared with HFD group.
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S5 A gslete] Ak U F US He 24

Nom, ol ofute FEo| AolHdf{7t HE A

celluloset} biocellulose®} mIZI7IA 2 AWk S5 oA

sto] 7ho] AWEAS AAler] wielz AzbE A

(Akiba & Matsumoto, 1977; Chau et al., 2008).

UP-S, Az 2 0 2 YA W(Inguinal fat pads)e] FAIE
A= Fig. 59 2t

2lo]e] WA FA= 5.2+1.12 go| Ao IA]

5 HFHT oAM= 102+1.82 g0 2 AR e F

A\
Jz i o r
2 rE r°1'
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Fig. 6. Effect of Aloe cellulose on number of fecal pellets in
distal colon of rat fed high fat diet.

* Significantly different at p<0.05 compared with ND group.

** Significantly different at p<0.05 compared with HFD group.
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Fig. 7. Expression of C-kit and Prox1 in colonic tissue (sigmoid colon) of rat fed high fat diet containing Aloe cellulose.
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