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Abstract

Water soluble polysaccharides (WSP) and arabinogalactan of Portulaca oleracea L. (POL) were increased after
extrusion and commercial cellulase treatment. Arabinose and galactose content increased more about 1.5 times than
those of raw POL, and rhamnose also increased about 2.6 times in WSP. High molecular weight fraction (I) of POL
depending on extrusion condition including Ext I, Ext II and Ext III degraded into low molecular weight fraction
(II) about 37, 29, and 26%, respectively, ranged from 67,000-69,000 Da of molecular weight. Especially, the molec-
ular weight and composition of WSP with extruded, were increased from 9 to 13% in low molecular weight frac-
tion, compared to those of raw POL. Solubilization and degradation of polysaccharides were a directly propotional
to specific mechanical energy in POL extrusion. WSP obtained by extrusion at Ext I and Ext II were found to be
effective antioxidants in different in vifro assays with regards to 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scav-
enging activity and Trolox equivalent antioxidant capacity (TEAC). However, these results suggest that WSP
obtained using extrusion and subsequent enzymatic treatment may be an effective method to produce arabinogalactan
from POL and be used as a functional food ingredients.
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ul X & (Portulaca oleracea 1.)& —?—Tﬂ L]—El—oﬂ 2 B = HGYAA], FEA, ARA], o)A, FEA L 32 A
AAE oA A HRlgHe] &ole 1948 22 53 e wzke ] X gAZ ALeEo] $hth(Habtemarian
2ZA F2 4oy B FolA 5-9%01] @x} F2 A et al, 1993; Parry et al, 1993; Chan et al, 2000). 7}x] &
st ez, HvlE, FEA, viAA) T2 EU|% g o= L-noradrenaline, dopamine, dopa$} ZH&, -714F, o}
ok 2719 48 g Tog vEE HU|E s ‘BEx7  xH(glutamic acid, aspartic acid, alanine) 2! monoterpene
£ FoHzP Foe nAEE 25 4 A 59 8l A2 portuloside A 52] A& Aol ShiElo] &
EARE ol &&5o] kil AL ATH(Lee, 1999). o, A7, 2 1P aH Ze-S dte ZoE dHA Unk
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(Sakai et al., 1996; Seo et al., 2003; Chen et al., 2003).
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g Fo e =84 ¥3kE, fructose ¥ fructan $HEQ]
7 % A AFAA AN P Ca B KO FF STt
e S VA= ALE HIEUTtHMohamed &
Hussein, 1994). o}2iv] = z-eteke Agj @2 w9y 51,
EA & B4 8 Aol dfid T e VI5EAEE A
Fat7] Woll 7l AFLANE o] §E AL UTHKelly,
1999). @A} ofepH| =z ege AFL F2 HHF UF
(Larix occidentalis)| X FZE88te] €= AT AF
o] M=ol A AJE L Qlow, AR ofghu] =tk
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38k 20°C WETS) BARA AR Apg-akTh. v
Ad AFEA g 23S 93+ NovorH(Denmark)e
Pectinex 5XL, Viscozyme L, Alcalase % Flavourzyme &

& M8,

x|

or

of Hx2

A2 A3 v A AEA EEL A 7] 208 2]
80% o EHE-S H71slo] Ao 24417k WubElHA 25
stFom, A Az MAa RS 7hzE 20819 hexaned}
acetoneS F71ste] A2oA 2A17H wntale] 3%
ok ZF QRo] AAE AEE 24N AxEY O 5
WAl AHEEIR o, 7F FE8 0= S0°Cl A AebEE st

of FF FE&S FHsH

o, M o

(o]

U7k 2091 EWE @
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Table 1. Extrusion condition for Portulaca oleracea L.

Sample code Moisture content  Die temperature SME?
P (%) ©C) (kWh/ton)
Ext IV 35.5 128 567
Ext II? 27.2 133 538
Ext IIIY 30.5 146 510

DExtruded at 120°C of barrel temperature; ?Extruded at 140°C of barrel
temperature; “Extruded at 160°C of barrel temperature; “Specific
mechanical energy.
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Table 2. Operating condition of GC-FID for the determination of monosaccharides

Hewlett Packard chromatograph

SP-2330 column ( 30 m; 0.25 mm i.d.; 0.2 um film thickness; Supelco, Bellefonte, PA, USA)

Instrument (Agilent 6890 Series; Wilminton, DE, USA)20
Column

Oven temp. 230°C

Injector temp. 230°C

Detector temp. 250°C

Carrier gas N,

Injection volume 4 nL

al,, 2007)0. 2 AA|st &S 533t
OIR[3 CieRel 22406
HEA D A3 m X A ZH ] 54F Eal= ARl
23(Choi et al., 2007) A A3 Pectinex 5XL3} Viscozyme
LY o] & FRH9 48 TFHE TGS EFdaid
LAY A, Bal5Ad0] ¢ a4l Viscozyme
%

L(Novo Co., Denmark)S AH&-3lo] 22|31t

e ror
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248} phenol-sulfuric acid® (Dubois et al.,
1956)°] ¢Jsle] A3t om, o] w) FFEFZA glucose
£ ol&staitt mAd b3 FEA w42 Uppsala
W (Theander et al., 1995)°)] o]sle] HAI5IG T =, vl
d A5 4 7heRslE AFRAIE 250-500 mgell 12 N-
H,S0, 3mLE ¥ 30°ColA 1A17F &< whEAl7] 3L
74mL 75 A myo-inositolE 10 mL 3 7}k
T 1A17F &< autoclaving@t TR, glass filter2 ¢35}
7t s dg Azt thE R BAS flske] el
< alditol +=A3} 3}9] ethyl acetate® FZ3} GCE
A 8TE GO A 2712 Table 291 2t} A2 SP-
2330 30m; 025mm ID; 0.2um film thickness; Supelco,
Bellefonte, PA, USA)S A&3le]  Hewlett Packard
Chromatograph(Agilent 6890 Series; Wilminton, DE, USA)E
ARE3FA T Ovend &%+ 230°C, detector ==+ 250°C,
YF ZFEZZ= myo-inositol(Sigma Chemicals Co., St.
Louis, MO, USA)YE AME-3I3 T X E GdA] 2 A&
¥ RE 9Fol] sehd 0.88, 68H3-> 099 factors ¥}
o ALkttt

o

2 B 29

=AY mXE] BT £XE 542 gel permeation
chromatography(GPC)E ©]-8-3t] 413kl o, 4 %2712
Table 39 YERARATE A EE 03% NaCl £ &322
% GPC column(Shodex SB-806, Shoko Co., Seoul, Korea)
OS2 <4 1.0mL/min, &% 30°C Z7)A] refractive index
detector® AMg3te] S 3 th BF A2 Shodex

32

standard P-82 pullulns(Shoko Co., Seoul, Korea)S 2.0 mg/
mLe F=2 FAF HE 78.8x10% 40.4x10%, 21.2x10°
11.2x10%, 4.73x10%, 2.28x10%, 1.18x10* Da¥} glucoseE A}
&3ttt

DPPH free radical 2710l 2|8t & s} &

"EX3 80% ethanol &= AHE-SF kst

diphenyl-2-picrylhydrazyl(DPPH)*| €3 Az} Fol%s
WS ARSI v E Al REE 80% methanolol] 5 mg/
ml¢] F=E7F HEs A ths 34 0.1 mLo
100 uM DPPH A]°F 29 mLE 7}slxl wwhasl & 209
Halo A 308 A F 517 nmollN FEE=E A3
HEzT2= A5 YAl 80% methanolS 0.1 mL 3 7Hs}S
o AlE 9] blanke= DPPH ™Al 80% methanol 2.9 mL
£ F7ksldnh. AlRE F7bsHA &L U] FREE
122 ZaA7]sd 983 SFugml)s IC, o2 its)
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Trolox equivalent antioxidant capacity(TEAC)+< electron
transfer antioxidant capacitys =74 3= 21224 Van den
Berg et al.(1999)¢] WS WE3te] ARSIt ABTS
(2,2’-azono-bis(3-ethylbenzothiazolin-6-sulphonate))= hydroxy,
peroxyl, alkoxyl, inorganic radical 532} -2 f2]7]9} wH&
ste] oPdE Sl 2(ABTS")S AASIEZE ABTS' 893}

Table 3. Operating condition of gel permeation chromatography

Instrument ShodexRI-101
ShodexSB-806HQ GPC column
(300 mmL:8 mm I.d.; 030609 gel lot

Column number:Showa Denko K.K., Japan)
ShodexSB-806 M HQ GPC column
(300 mmL:8 mm I.d.; 040319 gel lot
number:Showa Denko K.K., Japan)

Column temperature 30°C

Eluent 0.3% NaCl

Flow rate 1.0 mL/min

Detector Refractive index detector

Injection volume 100 puL
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HtdE ENS WAIA A HEE ABTS™ #hr]ze]
gkl wkge] o3 FAsIth 7TmM ABTS™ 80|
245M FH&E &S Hrletal 4 Axo] ABTS'
&N 1302 3|Aste] AHE-SFSiTth DMSO(dimethyl

Al
sulfoxide)o] &alA1Z1 A& 10 uLe}t 100 uM ABTS' &)
990 L& Efate] A9 oA 205 WA v,
Banmo A FFEE A3 Positive control
Trolox(6-hydroxy-2.5.7.8-tetramethychroman-2 carboxylic
acid)¢} ascorbic acidE AH8-31% 2™, negative control>- A]
F thAl DMSO 10 uLE 718} 3L, controlol] T3t 2} A
E X4 inhibition(%) T3t o] Alklste] HEH o
2 1C,, #% T3kt

Control absorbance — Sample absorbance

Inhibition(%) =
nhibition(%) Control absorbance

x 100

SAHXZ

dE=AY A2 oA olsherd 9 ksl Ao
3l A= EAEA SAS 825 o]&3te] ANOVA teste}
Duncan®] tFFHAAR (FA5T 5%)S o] &3t

Aot o nE
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OfIE i £5 S
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CRIEY 1 =
A e oA Al el
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Hlsle] &Y %71 120,
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of AelgA =2 I '8}1 Ae AEAF Ede] kol
o4 (p<0.05)2.2 Z7teh= A3E Yerstth E=3t, o

AZo] AAFFL 27 AFo] vk 27 (p<0.05)
oz o Jhegro "=t o] AL AEHo| B EHA
Az EASFE o] BLeRANA FEo] FH1H}
ZAo &= 0 2 d2AY X AEFdE 22 R
Ashgs B AoR dFdnh hEEY AT MK
2 45 v Had w {95 (p<0.05)3 AFol=
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Table 4. Extractability of low molecules, lipid and pigment
from Portulaca oleracea L. depend on the extrusion condition

o]4%

- QA - 287 - %

Bon, dE2AY 2% 160°CE 223 7
o] oF7F mob=tl, oA Al Xl 59 fEo MA
SEATIE F7F8I7] W& Aoz A=)
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DEFCR

;d o]

tX[ed CleHel =&
A=Y AP AL o el &4 Viscozyme

LE AHgste] Ealletds A9 784 thR(WEP)] F
/O Z;]_E_(ChOI et al., 2007)oll4 B33k ZA e} H)aa]

(e}
=g

£ T FF Y a4AE FE2 vEte Zhzh 434
2! 23HH v°l?<*(p<0 05)0.2 F71s Azfoln, &34
JIFHEP)Y] A= doFE 9 34X 52394 &

Zrol & HehiA] ekgtot, Agst 24T A&l
E FIAEp<0.05)3 2olE B A2 2=}

wE vkx]d WEP ¥ HEPO| +&& HHW ¢ %‘ R
120°C2] 30% Bt} 140 2 160°CE &3k A$ 2z 33
2 3299 S8 L]-E}lHﬂ =AY L ogz‘g}% Hh=
AL AE5T Uk old A= nXHY 4E4F
% a2, 8 B AdkEel ofste] wiA Y A Y &
7 SUES g1E & Ak v, ARgsid td R
(HEP)®] 7% 95 AlsHT} ofH4 %.‘ﬂ‘fi FE&E YE
S THTable 5). &4 d T oS A& AxHe g8
ARl Tt F&EAL] FIpHA st 71eS 2 A A
Aol EAlshks Ao &3, 74 AEE ALt
T B Aol 8 T T 22 AHE AFsiEA A
JAQ AN G-V W2 Aoz d#A Uth(Na
et al., 2004; Jee et al., 2006).
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o] 214 (p<0.05)2.2 YAl YEHATHTable 6). o123 2

e GEAF AN ARA FFEDC] Tegt 27

o %

M N{N‘ r°|'

3]

A

op = ok
Oﬂ—?lom

uol' B:2

Table 5. Yield of water soluble polysaccharides(WSP) and acid

(Unit: %) soluble polysaccharides(HSP) depend on the extrusion
Fraction of .. . temperature (Unit:%)
Samples low molecules Lipid Pigment Samples WSP HSP
Raw" 16.24+0.20° 3.75+0.10° 0.75+0.05" Raw" 13.22+0.10% 6.524+0.22°
Ext I 17.68+0.14° 0.63+0.04° 0.58+0.02° Ext 17 30.02+0.14¢ 5.44+0.19
Ext 1Y) 18.17+0.20 0.88+0.03" 0.57+0.03" Ext IIP) 33.23+0.08° 5.73+0.04"
Ext 11T 18.80+0.05° 0.57+0.03° 1.10+0.05° Ext I 32.10£0.19" 5.57+0.13

YRaw, Portulaca oleracea L. without extrusion; *Extrudate of Portulaca
oleracea L. at 120°C; YExtrudate of Portulaca oleracea L. at 140°C;
YExtrudate of Portulaca oleracea L. at 160°C. ®Means*SE with different
superscripts in the same columns are significantly different (p<0.05).

YRaw, Portulaca oleracea 1. without extrusion; *Extrudate of Portulaca
oleracea L. at 120°C; YExtrudate of Portulaca oleracea L. at 140°C;
YExtrudate of Portulaca oleracea L. at 160°C. ®Means+SE with different
superscripts in the same columns are significantly different (p<0.05).
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Table 6. Water soluble and acid soluble polysaccharides of
Portulaca oleracea L. depend on the extrusion condition

(Unit: %)
Samples WSP HSP
Raw" 29.28+0.30"Y 21.22+0.44°
Ext I 30.77+0.82* 9.62+0.23"
Ext I 28.09+0.89 9.65+0.10°
Ext 1Y 31.68+0.28* 9.81+0.04°

YRaw, Portulaca oleracea L. without extrusion; ?Extrudate of Portulaca
oleracea L. at 120°C; YExtrudate of Portulaca oleracea 1.. at 140°C;
YExtrudate of Portulaca oleracea L. at 160°C. "Means+SE with different
superscripts in the same columns are significantly different (p<0.05).
ol Zskgto 2 HEPFol Aujdos g gl
W2 RO A2 4 )

OFXISd Cletx|e| g

=Y A 2rdd wE vxE gEA(WSP)e| dx
’d A= Table 79l YEPHSITE A5 XA FAE35=
Ao FFAL arabinose®} galactose”} AR o F
3, &%) rhamnose”’l &AM $-E4HS SF-EA] &%
ok TS oF 04% AEe] HAA =l 2 2 T
A ORAR EAEk=], A ddAE a(104) A4S
3 ZHtE RN o] 2] HEE 60% BE7F EA|EhH,
ozEH23lE ZHEEAS EAEA et v, T4
T A= ool A E QX Bl Ao ey
35S o] EtHAmin & El-Deeb, 1977). 3+, =H &2
oA o] 84 B o] B4 ghako] vtow F4 o

FA e FAAES vjFHE Agros Y FuAERQ
&3t A=t 24 A3 As AT F de AER
AHEE 4= QITH(Na et al, 2004). &Y 25 a40E

el 1% sish Pus 54 173

a3 mpx A ] YL ofeH|mAot AT X ol
A5 A AEY L5H) SRl on, Hies R 2.
S7FE 4 (p<0.05)% AAE EATh W, 2w 9
F AT 4SAHY AYT AF 115 A== A 2
239l o1 Ade Y U AN ded AH
Aol A2 2NN v del FiE 2=
HRESo]l FRtERAM SIAE HAed Jos d9e ¢
1

UL A—

Sick. mekal, kA el -8 obehulwzkebee] B2l
F2 0 g8 ZRNM B o) ¥ ATl AN IF
4Y 2o A4 YAEAYL FAY F Atk

OFRIS CHet|o| 2XteE 23

AE=8E A vpXd oA (WEP)S] EAF L9
T4 95 v gt kA 2ol Hl#E sk
H3lE HAth &, 42T AgadE 1A 2802
Ext I, Ext II 2 Ext III A|8oA Z}2F 37, 29 2 26% 3
Z=7F ARA BYEIDSE EAF Auge] wAE} S
66,000-74,000 Da¥ 9]9] EAHS Zl= A= 2y
o] F&= 194 p<0.05)8! &35 R TKTable 8, Fig. 1).
53], AEA 8o #arg 24 oA EAE
Ak v d> AP etA] &2 sl HlEt] 9-13% B
T F71e Ao B, olelgh @42 nhxE Rt
ool B¢} Bl grshEe] 83kt e 59
el B mE ZoRE ST ¢ Ut o] OEFH
o] &Y % WY A= 424 AP FHE 71AH
AR AYRX(SME)Q} Bl# Al FHd S HATK(Table 1).
meEbA, mXES Y AT I E =83 Ay
o ojste] wiXHE-E& P+ LA YAV S EH o

Table 7. Sugar composition of water soluble polysaccharides of Portulaca oleracea L. depend on the extrusion condition

(Unit: %)
Sugar Raw" Ext I? Ext I Ext 1119
Rhamnose 4.31£0.22% 11.50+0.32% 11.45+0.34° 11.43+£0.18*
Arabinose 29.23+0.28° 36.25+0.14* 34.82+0.58° 36.58+0.13*
Galactose 24.61+0.33¢ 48.05+0.17* 48.08+0.04° 47.32+0.34°
Glucose 40.14+0.41*7 2.38+0.27° 2.57+0.19° 2.62+0.37°
Arabinose+Galactose 53.84+0.61 84.3+0.31 82.94+0.62 83.9+0.47

YRaw, Portulaca oleracea L. without extrusion; ?Extrudate of Portulaca oleracea L. at 120°C; YExtrudate of Portulaca oleracea 1. at 140°C; YExtrudate
of Portulaca oleracea L. at 160°C. YMeans+SE with different superscripts in the same rows are significantly different (p<0.05).

Table 8. Molecular weight distribution and composition of water soluble polysaccharides of Portulaca oleracea L. depend on the

extrusion condition

Sample Fraction I Fraction II
Mw Composition (%) Mw Composition (%)
Raw" 1,836,000+9700™ 26.10 61,000+100° 73.90
Ext I? 1,376,000+1000° 16.48 68,000+250 83.52
Ext I1Y 1,340,000+20,000° 18.56 74,000+400° 80.98
Ext I11¥ 1,303,000+2600° 19.22 66,000+600° 80.67

YRaw, Portulaca oleracea L. without extrusion; 2Extrudate of Portulaca oleracea L. at 120°C; YExtrudate of Portulaca oleracea L. at 140°C; “Extrudate
of Portulaca oleracea L. at 160°C. "Means+SE with different superscripts in the same columns are significantly different (p<0.05).
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Fig. 1. Molecular distribution of water soluble polysaccharides
of Portulaca oleracea L. depend on the extrusion condition.
Raw, Portulaca oleracea L. without extrusion; Ext I, extrudate of
Portulaca oleracea 1. at 120°C; Ext II, extrudate of Portulaca
oleracea L. at 140°C; Ext III, extrudate of Portulaca oleracea L.
extruded at 160°C. Standard of MW: 1)7.88x10°, 2) 4.04x10°,
3)2.12x10°,  4)1.12x10°,  5)4.73x10%, 6)2.28x10*, 7)1.18x10%
8)5.9x10%, 9)glucose.

kol Zag) FAl trERTt 7HAFHE 9=
Z(branched)® WP ES RlstHor, o] o F2 2
4 7o & 9 33 FREAAS Has A7E
2 dYE 4 QthH(Eriksson et al., 1997; Pérez et al.,
2000).
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o7 FA FUIAeH, 4EAT 257 160°C8 A5
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Table 9. DPPH radical scavenging activity of water soluble
polysaccharides of Portulaca oleracea L. depend on the
extrusion condition

Sample IC4,(/mL)
Ascorbic acid 2.74+0.09%
Raw" 88.75+0.07°
Ext I? 76.85+0.35¢
Ext I’ 78.3240.15¢
Ext 11V 83.01+0.12"

YRaw, Portulaca oleracea L. without extrusion; ?Extrudate of Portulaca
oleracea L. at 120°C; YExtrudate of Portulaca oleracea L. at 140°C;
YExtrudate of Portulaca oleracea L. at 160°C. ®Means=SE with different
superscripts in the same columns are significantly different (p<0.05).
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Table 10. TEAC free radical scavenging activity of water
soluble polysaccharides of Portulaca oleracea L. depend on the
extrusion condition

Sample IC,, (/mL) TEAC (IC;, base)
Trolox 2.63+0.02% 1.07£0.06"
Ascorbic acid 1.65+0.01° 1.544+0.03%
Raw" 35.98+0.09° 0.07+0.01°¢
Ext I 27.90+0.04¢ 0.09+0.00°
Ext IT”) 27.03+0.02¢ 0.10+0.01°¢
Ext 1TV 29.48+0.27" 0.09+0.00°

YRaw, Portulaca oleracea L. without extrusion; ?Extrudate of Portulaca
oleracea L. at 120°C; YExtrudate of Portulaca oleracea L. at 140°C;
YExtrudate of Portulaca oleracea L. at 160°C. ?MeansSE with different
superscripts in the same columns are significantly different (p<0.05).
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