Food Engineering Progress
Vol. 14, No. 2. pp. 118~126 (2010.5)

TR

Food Engineering Progress

A0 Hi2t A JIBRAEEMe MRE 2slo| ME U E2IEEE SM
WAL - o]l
st e, F) A9 G2 i

Physicochemical Properties of Fibrous Material Fraction from
By-product of Aloe vera Gel Processing

Jin-Hong Baek' and Shin-Young Lee*

Department of Bioengineering and Technology, Kangwon National University
'KJM Aloe R&D Center

Abstract

The fibrous material fraction as a by-product from the commercial aloe vera gel processing was obtained and freeze
dried. The physicochemical characteristics such as the proximate composition, crystalline/surface structures and sev-
eral physical functionalities including the water holding capacity (WHC), swelling capacity (SW), oil holding capac-
ity (OHC), emulsion/foam properties and viscosity properties of this powdered sample (100 mesh) were investigated
and analyzed by comparison with commercial a-cellulose as a reference sample. The total dietary fiber content of
powdered sample was very high as much as 87.5%, and the insoluble dietary and soluble dietary fiber content ratios
were 77.6 and 22.4%, respectively. The FT-IR spectrum of powdered sample showed a typical polysaccharide prop-
erty and exhibited a x-ray diffraction pattern for cellulose III and IV like structure. SW (8.24£0.15 mL/g),
WHC(6.40+0.19 g water/g solid) and OHC(10.3240.29 g oil/g solid) of freeze dried aloe cellulose were about 3.3,
1.4 and 2 times higher than those of commercial a-cellulose, respectively. Aloe cellulose (~2%, w/v) alone had no
foam capacity while improved the foam stability of protein solution (1% albumin+0.5% CacCl,) by factor of 300%.
Emulsion capacity of 2%(w/v) aloe cellulose was about 70% level of 0.5%(w/v) xanthan gum, but its emulsion sta-
bility was about 1.2 times higher than that of xanthan gum. Also, aloe cellulose containing CMC (carboxyl methyl
cellulose) of 0.3%(w/v) showed a very good dispersity. Aloe cellulose dispersion of above 1%(w/v) exhibited higher
pseudoplasticity and concentration dependence than those of a-cellulose dispersion, indicating the viscosity proper-
ties for new potential usage such as an excellent thickening agent.
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g=ol| wigh A rlgEEAe] A B2 4E 3 =esiey 54 119

Aol el -8 Aol 53], ol Hevhse]
AR ghol AAL kol &o] 7hsstE R wlg- FEE o}

= Mg oR ARl o] &HA e
217 o] t}(Chantaroa et al., 2008; Wachirasiri et al., 2009;
Grigelmo-Miguel & Martin-Belloso, 1999; Nawirska &
Kwasniewska, 2005; Djilas et al., 2009).

AT ol Hlol g Hi Aol g HAFEe] ¥l o
o] gsluo] 218 ol gl Aolrh ole]d Zolx
A2 547 T A4 E 298 A e U=
A=, A 7he Tl AR Sl = HFR1(50%)7F 2o =
71E5 glom, o 8HA) she HAERAC) 442
10%} Ho] A2 ridolt i 28] HE &
ol W o,

dRole Mette] &= thd2E, 3500 ) FH
etaE hEAHSl WA BN Qo) ol &6 gt}
(Agarwala, 1997; Grindlay & Reynolds, 1986; Reynolds
& Dweck, 1999 ). @A) A AAIZOR =& AAAH &L ¢
844 7HR7h Qe =ARge) shtz A4 gow, 7
= ARAE, SEE 2 oJoFE oA Arhel A8l
TH(The Intermational Aloe Science Council, 2008).

7P de olgEe HEAA T2 LRl Hl2Hdloe
vera Linne) |, th5-32 & zt= tFAdoloja] & &
o] A 27 (parenchyma tissue)> 99%°|de] =& &
fretoh Al 2 RY AFES A9 Ao d=Eo|
A, g A A=FF F 60%s AT
(Grindlay & Reynolds, 1986; Reynolds & Dweck, 1999).
W, AR Al 22 ] oF 10%] sidehs thE o
FrdEolH, 53], HoldfEA e 5ol aA 7|theE .
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TA 5 (o-cellulose)e} Bl ETHA HESIFAL, o] 2HEH &
2o Feje] Afaed A 45 7154 A8sE vhds)
AeH, AL E Ae] drol| Aol fo] A=A 3}
£ 28kt ik

W=

£ Ao AT Y=ol ) AR dmole] AFE
Aol A, S 3o 98] P4 Lol ek
WIolm, SALZRE A4 Al Fue} Aol AT,

Aloe fiber2| =X

AeE dRof Aol RHAES 9 7E o] 2dS A|A
s7] S8l B2 HAS] AlHsIAA, 4218 AAS &
(5 ppm ©]3}) By Ete] FAIE 229 YR ARE F 3}
Atk olE YA EF(8,000xg)ste] LR HEHA(FE
10 wt%) 2 2o AFE 0 wt%)E Z83 T AR
AHd B8-S Fst 52 713(0.05 torr, 2441 7H3FA T

FAAZX NEE BE23K100 mesh)dt 1, o] S 29

FAAEE ARSI
A, Bl BEAEe B84 RiEERY 22BN T
2ol FFol  99%°]%del  a-cellulose©] A L(FDA,

1987), Sigma-AldrichAF2] A& (Product no. C8002)2 A&
skt

3] A A, geskE 2

PH(AOAC, 1995)0l wet SAskaint. gt
2] 0] df-(soluble dietary fiber, SDF) % &84 2
(insoluble dietary fiber, IDF)2] &3S AOACO|A
Prosky et al.(1988)] & 2-F ol 2lale] T3}
o] W], & 2]o]4df(total dietary fiber, TDF) &S &
q Aoldfet 848 Aoldfe N(TDF
%= IDF+SDF) 2.2 A4k} T},

Aloe fibere| 24 £

Ad 2 BHTE: A FXE Xray diffractometer
(Bruker model D5005, Karlsruhe, Germany)=Z #2313 T}
ZAZL 40kVA0mAolA TIEFS2 F(Cu K )&
AFEE}S AL, step size 0.04Z 20=10-60"7}A] 3|E A Z t}
T, BATERE A AAE R 7 (Hitachi SEM model S-
4300, Tokyo, Japan)© 2 #2353t &, A58 FH HZ
glo]ze] hAl AT -, AuZ FFS52H(100 A FA))3)
of M Skv, AlE AAF 3009 ZANA 200-1,0008] =
g ste] AT

FT-IR ¥4: FT-IR(Fourier transformed infra red) spectra
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T SANEANE 2mgs FTHT KBr discs AL
3em'e] FF=F Bio-Rad Model Excaliber (Cambridge,
USA) 71715 AH&-3te] ATt

X 43 (Water holding capacity; WHC): X532 Paton

9 W (1981) AREEII o AR 5g% 2 kste] m)g

AT 50 mL AAlRE el B, 7F AR SRTE &
F 7§ fElee® Xioizf‘?i"% TqEo] g3 e
- 2,000xgol A 1027F HAEE] & A QAo FS
%—73 S, HEYAIE PR g =9 92 Tha 2o
2 T3ttt
WHC = (W,-W,)/W, (1
A7IA W ARAE T3, W= d34 A5 74
(2), W= &3} AAE2] FA(g)olH, 2 AlFel thal 33
W AT
f%5(0il absorption capacity; OAC): RF%52

Chakraborty®] *'(1986)0.2 =431t} 1E 1S %
ZFste] nlg] AFE S0mL YAEDH] €3 10mLe]
soybean oil == rice bran oil¥} Z A3 E3EIAULE AR
Pl 7 A

oil EFES 1600xgol A 1087+ A4AE _%
X‘“7% O]'O:] “4"/] Tﬂ]’e‘ .Z-.X—] ]-)\,\_DZ] ]H]— :g‘:":_‘g_()\]g -
FE g9 oil g2 T 2ol ALtsidiT)

OAC (W, W /W, .

A7M W ARANE TH(), W2 33 A5 74
(g), W= @3 ZAdE9 FAl(g)olm, 2t Al=ol sl 33
HHE A gk

f3ls 2 oFY A (Emulsifying capacity and stability): -3}
S([EC) 2 #3 AAHMY([ES)S Yasumatsu et al.o] WY
(1972)° we} 33] whE A8t 2 A5 8gs A7t
3 blenderZ %74 5F<5 100mL % soybean oil 100 mL<}
;5:_@-3}1 lioi ]H7]_ ;6‘_%1—3]_0:] ‘l<_>|_§]_oﬂ_0_ ?‘Sﬂ/ﬂ—‘—]_oﬂq_
7t Aze] sl frstd el A FEomL, Vs F sk
50 mLe] YAEE T &7 1,475xgoll A 5E7F AAE
3}"3‘3} Fr3k 9] FI(V,y)E 715 O/W F3Ht e S
33 A2 80°C2] =& (water bath)oll A 308-7F /1L 3 &
,*‘L o7 Yrslslon, o5 AT (1475xg, S8 &
oRlE FrsHEge] FI(V,)E 7IFSHith EC 9 ES&
7} vy A o' YER Sl

H~
goi

EC(%) = (V,/Vi)x100 3)
ES(%) = (V/V)x100 )
7% FX 53 2+ A (Foaming capacity and stability):

- ol

AZ FASEC) 2 AZ FHAFS)S Mitchelle] 14
(1986)S AH&-3te] 33] HhE AT 0-3 wi%s] AlE
(1% egg albumin+0.5% CaCl, &%) 84 75 mL(Vi)&
& 7R 3R Edsisdnh Maddrel i ﬁﬂr
foam -3 (Vt)é 2431 th Foam 25°Col|A] 30%

=2 XA, AF well A€ HAFI(V)E 5— 7?}
-2, FC(A] mL%]' AE mL) 2 FS(E7153 mLY
Foll Fobdl= AA S mL)E the Aol o8l z}2t 31l
t}.

_\|L

FC=V,/V, (5)
FS =(V-V) /V, (6)
Ax B4 A7 a2 T A8 0.1-0.5%2] ¢HgA)
(CMOYE &3k, Sl dEAA 13% dgde=
SkATh. 60°CollA 7F23taz, ThA] 30°CE Wztste] 3144
S A(Brookfield DV-II+, Brookfield Eng. Labs Inc,.
Stoughton, MA, USA)E A&-314 spindle No. 12 A=E

=43kt
2oy ng

U0 Ao MEEY
U2 FAE 2He] A 295 94 v‘i—ﬂ sted 4
28 oF 10wt%4 TEZ AU o5
& A (100 mesh)l] EH 3 2 ﬁJ
LS Ol A T 2o, 1 A= Table

FERITES 1.1340.03%0]190H, v

SheFo] 89.25+0.04%= 714
A gHeFo] 7h7} 5384010
£ 0.31£0.02%0] £
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Table 1. Proximate composition of aloe fiber fraction.

Composition (%)

Moisture 1.13+0.03
Crude protein 3.9340.05.
Crude fat 0.31+0.02
Total ash 5.38+0.10
Carbohydrate* 89.251+0.04
Non-dietary fiber 1.7620.05
Insoluble fiber 67.90+1.04
Soluble fiber 19.594+0.13

Values are meantstandard deviation (n=3).
* Carbohydrate by difference.
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2R e AL 87.49%= 98%7F ZIHHFE thE 2]o] e
o|dt}. o8 e FFH EFAEEA I =2 A

9] 3ltel corn bran®] 59.02%(Schneeman, 1989), ¥ 7}

ZEAMEC] H]R] 9] 59.0%(Cho & Lee, 1996} =8 7}
FHEAEQ FFLeF ] A& cacao bean huske

~54.10%(Lee et al., 2001), AN2F 7FgEAHEQ G272
©] ~73.32% (Chantaroa et al., 2008), =E}2]Z2] BA(Z
71)2] ~64.8%(Synytsya et al., 2008)E.THe =& Fro]gle
vl 7 A (wet milling)®] 87.77%(Wachirasiri et al.,
2009)LF A F& 2] 81.7-96.3%(Wong & Cheung, 2005)

H71=3 de A2 £ TDF 72 7P =2 4 |

< & F om, TDF §Ho] 44-89%0l &3k
AL o AHoldfAaAE 3+ Betancur-Ancona et
al.(2004)2] ® o] oA A o) HF LA EA L] TFsA
o] FEatrhal AZFE ATt

sh, & 2ol T B84 2ol (IDF)= 67.90£1.04%
2 AR 776%°1 AL, T4 Aol fre 195940132
24%=5 28k, B84 849 Ble oF 35101
t}. o] Zh& Jenkins et al.(1988)°] B3 Ay axE A
7] 9184 #A == IDF/SDF Bl(3:1)¢} H]&=altt, et
Spiller(1986)7} ¥.323+ IDF/SDF¢] |4 E-(1.0-2.3:1)E.c}
Tha =2 3 Heloldlth AR HYF = 142411,
B 024361, AMA2FE 0539.1:1, FFHE 1.2-7.1:1
|tH(Saura-Calixto et al., 2000). ¥FH  ZRAFEQ] Z-$-
Hoh o obA #d H oRjFO F2u Fxd
THERAAES] S, A 33, Beol 27, ofadEtA s
3.7, WA 3.1, €7]1% 1415, LE bran 5.628 HIHS]
TH(Grigelmo-Miguel & Martin-Belloso, 1999).

S, B A7 3RS HFLS 53840.10%% Aol dF o
o2 ==, o= 2ol4d 2] mineral3}e] X138} o]}
AF wiel Aoz By, dwrygoz A4 gdoly
cellulose®} 22 A Aol f= ol2ndsdd 93] 171
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Fig. 1. FT-IR spectrum of aloe dietary fiber.
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Harland, 1989).

220 MRES FT-IR 84 ¥ AT

dRo AfHHEe A
2 Yepged], 344 24
™, Al g2 cellulose®} non-cellulose TFFO = 13
(Kay, 1982),

d=2o AFd 99 FT-IR 5%
1914 ¥ miel 7240l poly O-H, C-H, C=0 ¥ B-FF3
A= A9 cellulosel}t B-glucand] 544 FTHEE B
of AFA oFFe] IR 5 548 YERN A th(Petrovska
et al, 2001). wehr] L2ole] HHd £ glado] of
d oeel Aew AzhEQN, 584 Aoldfrt ol
o2 Z cellulosed 7Fsd o] =3kT).

ol Ht} o W] lsty] fal ole] AT
XA gdol s xAbe e, L A3 Fig. 2%
ARk o g2 20=10-40° A NA AL freh
peaki= 77¢1d], o] & A AEZ 20 EHZ
47020 =15, 17, 22, 34)°]1™, 20 =22°F9]
A AE2 02 AREHe] A& 7IQIgta 4~
ATHWada et al., 1994). 2o H= el 7Hol) aloe
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Fig. 2. X-ray diffraction diagram and peak list of X-ray
diffraction pattern from aloe dietary fiber.
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Fig. 3. Scanning electron microscopic view of aloe dietary fiber.

H]&-o] M3l= cellulose loytriclinic)$} cellulose IB(monoclinic)
o] F 7] S xdsl=, o] cellulose 1o} cellulose
IB= FIAIAF T4 5 bendingol] 93l AT wdEH, & <t
A2l cellulose lo= cellulose IBZ A EHETE 3HA| cellulose
II= cellulose 12] mercerizationol] 2l&f] A2gs2 wf Fst
Ao F UL ke 22 AA FH, cellulose 11 B IV
cellulose I 2 NEFH Z}zb A4 Frfole] A o
glycerol®] 7}F el 2Jsir AojA & FHe=Z HIAFHAUTH
(Marchessault & Sundararajan, 1983).

Aloe fiber?| FMHAZT

Aloe fiber®] FWF2E FAN AV o= Azt
A= Fig. 33 2t} 2008 21,0000 vi&=2 A3
S ) biocllulose9} 72 vAIEF3e] F+ZY a-cellulose
o] A fFATRE HFHA AT Lee et al(2005)>
biocellulose?] 3% AFA4TZE 7IAY a-celluloseE T
BEe] A FAFZE Z=Thal st 53], 10,0008 ©]
Joz A3 A3 biocellulose= a-celluloseSt= &2
EH EE e B2 3 ghe BAolA fAERE
vebd & #FE 5 AATAL AT AT biocellulose

do] FA == W, wihijeA s =2 dddd 7|l
sto] ARFFH 7 Lol AR HIAEJATHChao et al.,
2000, 2001).

AukA © 2 Svensson et al.(2005)< biocelluloseS 214+
3} 2 sulfationd}™ native biocellulose2] "AlEFTZ&
2] (compaction)§ +FE ZHAl =™ sulfation®] 79~ T
< Y&ty HH(flad +2E zretha sk ole &
cb71eke] ARl oa] ARl Felsh= OHYI
ol &4l Aol ZIQlskAY, m Al f(microfibril) 2]
bundle3}Z macrofibrildlsta. 2] EFE) = Hal= el 7120
Stohyr B 7 E A TH(Svensson et al., 2005; Surma-Slusarska
et al, 2008). ¥=2o] AEZoAE o3 RF2ts}st
biocellulose} FAMeE +2E YERloH, 2439 A=
7F B W AR A SHAT AN dRA 9 A=
o1atsh} fakslE T FTIROIA 1,740 21,240 cm™'9)
S5 bandZHF-F] acetylation?} A F= AL Hojn S
THEZF Hagk A= AztE At

E=3(WHC),
Aoldfde] FEFREH 22 FEAS L85
o] Aat, We] Fuof FA 7L 2 k|
triglycerideE W= 7143} #Ado] = AS=E 7 I
A3 ) TH(Gallaher & Schneeman, 2001). WEFA 2] o)A &
o] By AP 7w AREAN T8 v E 7Kg
B 4 JomZ aloe fibere] BG4S a-cellulose?} H]WL
shHA WS S48, 2 2 3= Table 291 2t}
Aloe fiber 2 a-cellulose®] X482 717} 6.40+0.19 2
4.43+0.13 g water retained/g solid®Z A a-cellulose 2]
ol ifrETh 14v) O -3 ASRE yehsith &, o] g
Ae Hwd & 3 M9l BEEOoR, Ang(1991)2
AER Q20 A YAA77E 2AE55 Baido] S7tet
of Afrdolo met 41005 AT B =d,
a-cellulose®] BG83 o|o} Hwz & UdX|st= 3t HE
O|AIL, Al TG HA- I} H]S=3F3ATh WHA, FE o] 2 o] 4]
= o oaule] & FHStEE AEE o glade] B
FHo] drhe F3, Aol T & FEYol of 4
°

95 7# 8 wj(Cadden, 1987), H|WE E& 58 55435

FS(OAC) X BEH(SW)

Table 2. SW, WHC and FAC of aloe dietary fiber

SW WHC FAC
(mL/g) (g water/g solid) (g oil/g solid)
Aloe fiber  27.3340.76° 6.40+0.19* 10.32+0.29°
o-cellulose  8.33+0.29° 4.4340.13° 4.92+0.08b

® Different letters in the same column indicate the significant differences

(p<0.05).
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o AL AP APA FRA e Be) AF
o] HojA|m2 Ande) AT erE AGA0] e Ao
= 2has) A A3kt 2 3

A=}
1 o] g-cellulose?] Hf5S H|

T3t aloe fiber 2 w3 A2
I Al Table 2004 B vie} 7o), B {5 7bzt

10.3240.29 2 4.9240.08 g oil retained/g solidZ, X --5°]
By vste] Jjd ez =4 JERECH, aloe fiberZt
A% a-cellulose .t} H" 5] &F 28 =& 7HS YERIS
th YRHA O 8 H 5> By Hlgte] AJrjFow
Al YERH, 2 tﬂﬂL 30~80%% LA L ilttﬂ(Lee
et al, 2005), B2 AEZQ 19] 72 Ang(1991)S HF
o] oF 2.5-8.5t2} 3kt T E84 Aol 2%_‘01]
A AR F 2] 57k B35 2 (Thebaudin et al., 1997),
2o Aol dfe =& HAES /A, R{Ho] R4
Ho}p & EAS YAt =2 Hfse 2T T &4AHE
Aol HAE F7MA171H, AW 2] el sk =4
o] ARgo] 7hsd Ao=m LA YA th(Wachirasiri et al,
2009; Thebaudin et al., 1997).
SHH | A (SW)S G2 AxX AZFA BHEyEs L
o3 7o S8 AE JAo Ao s Fas 4R
2 2 ol F5E g5 T B8 Hept
EiJo]l Ao Aoz U U tHFemenia et al., 2003; Simal
et al, 2000). 2ol AHA40) 8L 27334076 mL/gS
2 o-cellulose(8.33+0.29 mL/g) .t} <F 3301} & E4S
HAth dubd oz HEe] ¢ WHE2> HEYAR ] 7
St v A (micelle)y -2& 2= 74971 Alghs WA HH, 2%
o] oF3lk 718 2w tth(Elliason, 1980). wehr &=z
2ol = a-cellulose BTt A2 o] 23t Zo g Azty
Rnem, oo et o] FHe(ETe)el B oA H
22 gz 2ol di7T a-cellulose Rt & H4EHS
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Fig. 4. Emulsion capacity (EC) and stability (ES) of aloe
dietary fiber.
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F&ls 2 P M (Emulsifying capacity and stability)
O/W 32 oil/water Al AAEGA = 73}
Aol eJalf st & Lol Ago] FfE gl
=, Trg]_‘— =i} Og}o}x-lx% e} HH-GLN oﬂ/ﬂ A& 7&_?4
olidfre] T8 7154 BEe shtoltt. wabA frsh oA
A2 9] AMH-EE= 0.5% xanthan gumS H] W2 &}
PR HERQ2(4%)] frets ¥ f3t S A
stow, 1 A= Fig 49 2t}

d=2of Aojdfe] fslse oF 64.1741.91%= xanthan
gum(89.17+1.44%) HtheE o a-cellulose H U= oF
20t AT o] Fhe HIA|, By, AA, Sers] 59
FAAE e AR f73815(47.02-58.79%) B T thAa
= tH(Kuan & Liong, 2008). 57, 50%°]deld 35
o] 453k AoT AASIEZ (Wong & Cheung, 2005) &
ioﬂ AE g/\_q Oﬁ..‘:p_ ok3s 3tk 74 o7 xgﬂ;,]ﬂ;].
£, frelkg Tl e g2l SR 27} 99.351113%=
a-cellulose(77.0312.09%)E.tF E3kom, A1 -5 <t
AA 2 422 xanthan gum(84.0743.53%) H.THe ol
o9 g 53 f3bg A4S B3t Xanthan gum®]
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ofs
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