Food Sci. Biotechnol. Vol. 16, No. 6, pp. 928 ~ 934 (2007)

Food Science

and

Eiotechnolo@

(© The Korean Society of Food Science and Technology

Characterization of Polysaccharides Obtained from Purslane (Portulaca
olerace L.) Using Different Solvents and Enzymes

Ae-Jin Choi, Chul-Jin Km, Yong-Jin Cho, Yangha Kim', Jae Yoon Cha,> Jae-Kwan Hwang’, In-Hwan Kim*,

and Chong-Tai Kim*

Food Nano-Bio Research Group, Korea Food Research Institute, Seongnam, Gyeonggi 463-420, Korea
'Department of Food and Nutritional Science, Ewha Women's University, Seoul 120-750, Korea

2CJ Corporation, Seoul 152-050, Korea

*Deparment of Biotechnology, Yonsei University, Seoul 120-749, Korea
‘Deptartment of Food and Nutrition, Korea University, Seoul 136-703, Korea

Abstract Physiochemical properties, such as yield and molecular weight distribution of polysaccharide fractions, of poly-
saccharides in the enzymatic hydrolysates of purslane were investigated and characterized. A higher amount of micro
nutrients, such as potassium (9,413 mg/100 g), phosphorus acid (539 mg/100 g), leucine, alanine, lysine, valine, glycine, and
isoleucine, was present in whole purslane. The yield of water soluble polysaccharides (WSP) was 0.29, 7.01, and 7.94% when
extracted using room temperature water (RTW), hot-water (HW), and hot temperature/high pressure-water (HTPW),
respectively, indicating that HW or HTPW extraction may be effective to obtain WSP from purslane. The average ratio of L-
arabinose:D-galactose in the WSP was 37:49, 34:37, and 27:29, when extracted using RTW, HW, and HTPW, respectively.
These results indicate that water was a suitable extraction solvent for preparation of the arabinogalactan component of whole
purslane. A higher yield and total carbohydrate content was obtained by using Viscozyme L instead of Pectinex 5XL during
extraction of the WSP, which indicates that enzymatic treatment of purslane may be an effective method to control the Mw of
polysaccharides. Finally, it was confirmed that Viscozyme L is a suitable enzyme for the hydrolysis and separation of

polysaccharides obtained from purslane.
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Introduction

Purslane (Portulaca oleracea L.) is a summer annual
vegetable that is grown worldwide. This plant is widely
used as a vegetable because of its mild flavor, palatability, and
mucilaginous quality. The entire plant is edible raw, cooked,
or in the pickled state, and can be used to make a salad,
either alone or in combination with other vegetables (1).

Purslane has a long history of use for human food,
animal feed, and medicinal purposes. Purslane has been
used as a folk or traditional medicine for thousands of
years in many countries throughout the world, and is
known to have been used by the ancient Greeks, Persians,
and Indians. In Korea, this plant is utilized as a traditional
remedy to prevent vomiting, bleeding, hepatitis, and gastric
mucosal diseases (2, 3). Additionally, it is used in Middle
Eastern countries for treatment of small tumors and
inflammation, urinary disorders, liver obstructions, and
ulcers of the mouth and stomach (4, 5).

The aqueous extracts of purstane contain dopa, dopamine,
catecholamines, potassium, organic acids, amino acids,
monoterpene glucoside, and portuloside (6-8). It has been
reported that the aqueous extracts of purslane possess
muscle-relaxant properties and can decrease muscle
spasticities (9, 10). Purslane has a high percentage of o-
linoleic acid and is a richer source of fatty acid than any
other green leafy vegetable (11-13).
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Whole plant extracts of purslane in ethanol are known
to be inhibitory to Bacillus subtilis and those extracted in
chloroform, ethanol, and hexane are known to be inhibitory
to Rhizobium leguminosarum (14). Testing of hepato-
protective, diuretic, and ‘anti-inflammatory activities of
water extracts of purslane showed that they were 59.4% in
S-GPT and 55.8% in S-GOT when compared with the use
of sylimarin against CCl, intoxication and 43.7% diuretic
activity when compared with furosemide in mice (15).
When the antimicrobial activities of methanol extracts of
purslane were tested against food spoilage or foodborne
disease microorganisms, high antimicrobial activities against
Pseudomonas  citreonigrum, Pseudomonas aeruginosa,
and Klebsiella pneumoniae were observed (16).

The mucilage of purslane can be divided into acidic and
neutral fractions. The acidic fraction consists of
galacturonic acid residues joined by o-(1 —4)-linkages;
60% of which are present as calcium salt, whereas no
esterified galacturonic acid residues are present. The
neutral fraction is composed of 41% arabinose and 43%
galactose residues, as well as traces of rhamnose residues
(17). Polysaccharide complexes extracted from purslane
have been fractionated into neutral arabinogalactan and
polydispersed pectin-like polysaccharides using anion
exchange chromatography (18). Additionally, the interaction
of gum extracted from purslane using casein has been
evaluated to determine the competitive adsorption, emulsion
stability, and emulsification properties in O/W emulsions
to determine if it can be used as a hydrocolloid or nonionic
emulsifier in the food industry (19-21). Moreover, arabino-
galactan (AG) is known to be an excellent source of
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dietary fiber that is able to increase short-chain fatty acid
production (primary butyrate) via vigorous fermentation
by intestinal microflora (22). Additionally, AG may also
be effective when combined with cancer therapies due to
its ability to stimulate NK cell cytotoxicity, to stimulate the
immune system, and to block metastasis of tumor cells
into the liver (23). Furthermore, its unique physical
characteristics allow arabinogalactan obtained from
purslane to be used in various food, beverage, and
nutraceutical applications. Therefore, it is worthwhile to
conduct additional research to facilitate recovery of
arabinogalactan from purslane through methods such as
extraction, enzymatic hydrolysis, and separation.

In this study, the physicochemical properties of domestic
purslane were evaluated. The specific objectives of this
study were (1) to investigate the effects of different solvents
on the extraction characteristics of polysaccharides obtained
from purslane and (2) to study the effects of enzymatic
hydrolysis on the yield and molecular weight of poly-
saccharide fractions of purslane.

Materials and Methods

Materials Purslane (Portulaca oleracea L.), collected at
Pangyo, Gyeonggi, Korea (July, 2005), was freeze dried,
ground in a hammer mill, and then frozen. Commercial
pectinases (Pectinex S5SXL and Viscozyme L) were
purchased from Novo Co. (Krogshoejvej, Bagsvaerd,

Lyophilized Portulaca olercea (50 g)

Romoved low molecules with 80% EtOH, stirring for 24 hr at RT
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Denmark).

Proximate analysis The moisture, crude protein, crude
fat, and ash content of purslane were determined using the
AOAC procedure (24). The Kjeldahl method was used to
analyze the crude protein, and the Soxhlet method was
used to analyze the crude fat. The ash content was
determined by ashing in an electric furnace at 550°C.

Micro nutrients Micro nutrients were determined using
a portion of the digested purslane sample by dry ashing
and measuring the inductively coupled plasma atomic
emission spectrometry (model JY 38 Plus; Horiba Jobin-
Yvon, rue du Canal, Longjumeau, France).

Fatty acid composition Fatty acid composition was
analyzed using a gas chromatograph (Varian 3800; Arian
Inc., Walnut Creek, CA, USA) with a Supelcowax 10
fused-silica capillary column (i.d. 0.25 mm x 30 m, Supelco,
Bellefonte, PA, USA).

Amino acids Amino acids were analyzed following the
hydrolysis of dried samples using a HPLC (PU-980; Jasco,
Tokyo, Japan) equipped with an 851-AS auto sampler, a 150
mm internal diameter Waters pico-tag column and a UV-
975 UV/VIS detector (Waters Co., Milford, MA, USA)

Isolation of polysaccharides Figure 1 shows the production

Removed fat and pigment with hexane & acetone, stirring for 2 hr at RT

|

Removed protein with chloroform & 1-butanol, 2 hr, RT

|

*Water extraction
- 1 : stirring, 2 hr, RT (RTW)
- 2 : reflux + stirring, 2 hr, 100°C (HW)

-3 : pressure reactor, 30 min, 100°C, 10 psi (HTPW)

Centrifuged, 11,000xg, 10 min
Extractl

Precipitated polysaccharide : Added ethanol, stand for 24 hr at4°C

l

Residue 1

+ 0.1% K-Oxalate extraction for 2 hr at 98°C

1 Centrifuged, 11,000xg, 10 min 1
Supernatant PPT

Removed

[ Centrifuged, 11,000xg, 10 min |
Extract Il

Residue TI

. i °C—>
Precipitated polysaccharide : Added ethanol, stand for 24 hr at 4°C 0.1M HCl extraction for 2 hr at 98°C

¥
l «0.05 N NaOH extraction for 2 hr at 60°C —| ASP-1
| Centrifuged, 11,000xg, 10 min | + 1.25 N NaOH extraction for 2 hr at 4°C—>| AST-2
Supernatant PPT
Removed Dialyzed for 24 hr at RT
Lyophilization Lyophilization
WsP

Fig. 1. Fractionation of water, alkaline, and acidic soluble polysaccharides from purslane.
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processes used to prepare water soluble (WSP), potassium
oxalate soluble (KSP), acid soluble (HSP), and alkali
soluble (ASP) polysaccharides. The monosaccharides were
extracted by placing the ground purslane in 4 volumes of
80% ethanol and stirring for 24 hr at room temperature.
Next, to remove the fat and pigments, the residue pulp was
extracted using n-hexane and acetone for 2 hr at room
temperature. The residue was then dispersed in a mixture
of chloroform and butanol (2:1) to precipitate the protein,
and the dry residual matter was then used as the raw
material. Water, acid, and alkali extractable poly-
saccharides were obtained after fractionation following
different extraction methods, such as water, refluxing, and
pressure reactor extraction. The WSP were obtained by
water extraction followed by ethanol precipitation and
lyophilization. The KSP were obtained by conducting
potassium oxalate extraction, ethanol precipitation, and
dialysis on the residue from the water extraction (Residue
I). The HSP were obtained by conducting potassium
oxalate and hydrochloric acid extraction on Residue I.
ASPs were obtained by conducting potassium oxalate and
sodium hydroxide extraction on the residue from the water
extraction, following the method described for extraction
of the HSP.

Enzyme treatments After the low weight molecules
were removed from the purslane, it was dispersed into 500
mL of distilled water (1:10). Next, a mixture of Pectinex
5XL (0.25 mL) and Viscozyme (0.25 mL) was added to
each reaction. Enzymatic reactions were performed at a
pH of 5.0 and 50°C for 2 hr.

Polysaccharides analysis The total carbohydrates present
in the samples were determined using the phenol-sulfuric
method (25), and the composition of the sugars was
determined using the Uppsala method (26). Poly-
saccharides (250-500 mg) were hydrolyzed with 12 N
H,S0, (3 mL) at 30°C for 1 hr. After dissolution occurred,
74 mL of distilled water and 10 mL of myo-inositol were
added, and the solution was then autoclaved for 1 hr. After
being autoclaved, the solution was allowed to cool and
then filtered using a glass funnel. The neutral sugars were
quantified using a GC (Agilent 6890 Series; Hewlett Packard
Chromatograph, Wilmington, DE, USA) equipped with a
SP-2330 carbohydrate column (i.d. 0.25 mm x 30 m, film
thickness 0.2 pm, Supelco). Methylated alditol acatates
were identified by their fragment ions.

Mw determination To investigate the Mw distribution
and fractionation of the WSP and HSP, 20 mg of each
fractionated sample was dissolved in 2 mL of 0.3%
sodium hydroxide solution and the sample solution was
then eluted into a gel permeation chromatograph (Shodex
Series, Showa Denko K K., Tokyo, Japan) equipped with a
Shodex SB-806 HQ column (i.d. 8 mm x 300 m, Showa
Denko KXK.) at a flow rate of 1.0mL/min and a
temperature of 30°C. The void volume of the column was
determined by application of blue dextran (2 mg/mL
eluent buffer, Mw 2x10°. Solutions (100 mg/mL)
containing dextrans of known Mw (78.8x10%, 40.4x10%,
21.2x10%, 11.2x10%, 4.73x10*, 2.28x10%, and 1.18x10%)
were used for calibration.
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Statistical analysis All results expressed represent the
mean + standard deviation (SD). The significant differences
between group means were assessed using the Student’s #-
test (27). A p value of 0.05 was considered statistically
significant.

Results and Discussion

Proximate analysis of purslane The results of the
proximate analysis of purslane are shown in Table 1. The
protein and fat contents of purslane were 11 and 2.87%,
respectively. This may be due to cultivar or environmental
differences, as well as developmental factors or the plant
growth stage at the time of harvest. Mohamed and Hussein
(28) reported that the nutrient component of purslane was
different at different growth stages, however, in their study,
the nutrient values were evaluated using a different
method. In their study, the leaves were found to have the
highest protein content at all stages of growth, however,
the protein content of the roots declined significantly.
Omara-Alwala et al. (11) found that the fat content of the
entire plant was significantly lower than that of its leaves.
The fatty acid content of whole purslane found in this
study is presented in Table 2. The most abundant of the w-
3 polyunsaturated fatty acids (PUFA) was 18:3 ®3. This
acid is known to be the precursor of ®-3, longer chain
PUFA, therefore the use of purslane can be considered as
an alternative to marine sources of ®-3 PUFA. Omara-
Alwala er al. (11) also reported that eicosapentaenoic
(EPA, 20:5n-3) and docisahexaenoic (DHA, 22:6n-3) acids
are present in purslane. However, the longer-chain omega-
3 fatty acids, such as EPA and DHA, were not detected in
this study, which is an agreement with the findings of Liu
et al. (13) and Guil ef al. (29).

Micro-nutrients The micro-nutrients found in whole
purslane are shown in Table 3. A greater amount of micro-

Table 1. Proximate analysis of purslane (% d.b.)

Composition Content?
Crude protein 11.0+0.23
Crude fat 2.8+0.13
Total carbohydrate 69.5+0.37
Ash 16.7£0.73

DValues are the mean of values in triplicate.

Table 2. Fatty acid composition of purslane (mg/g, d.b.)

Fatty acid Content?
Ci6:1 ND
C18:2 w6 10.3+034
C18:3 @3 18.4+047
C20:4 ND
C20:5 o3 ND
C22:5 06 ND

"Values represent the mean of values obtained from experiments con-
ducted in triplicate.
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Table 3. Micro-nutrients composition of purslane Table 4. Amino acid composition of purslane
Composition ~ Content (mg/100 g) Tolerance limit (mg/kg) _ Content”
Amino acid -
Ca 463.84+2.52 mg/100 g % Ratio
Fe 12.20+0.18 Aspartic acid 1,184.3+5.52 12.1
Pb 0.085+0.01 <03 Serine 310.4+2.24 32
Cd - <0.1 Glutamic acid 1,605.8+7.21 16.4
Mn 13.01+0.24 Glycine 633.31£5.63 6.5
P 538.92+14.72 Histidine 249.31£2.22 2.5
Zn 2.84+0.24 Threonine 357.8£3.34 3.6
Cu 0.960.01 Arginine 470.314.57 4.8
K 9,412.96+358.87 Alanine 740.916.86 7.5
Se - Proline 514.5£5.95 52
Ge - Cysteine - -
"Values represent the mean of values obtained from experiments con- Tyrosine 280.8+4.74 2.9
ducted in triplicate.
Valine 637.3£5.69 6.5
Methionine 100.312.42 1.0
nutrients, such as potassium (9,413 mg/100 g), phosphorus Lysine 738.346.77 75
(539 mg/100 g), and calcium (464 mg/100 g), were .
present in whole purslane as compared to those obtained Isoleucine 548.0+5.58 56
by Kesden and Will (30). The potassium and phosphorus Leucine 905.9+8.79 9.2
contents of the? whole purslane found in this study were Phenylalanine 544.146.67 55
significantly higher than those found by Mohamed and
Hussein (28), whereas the calcium level was similar to Total 9,821.3£5.26 100

those of Mohamed and Hussein (28). The iron, manganese,
and copper content found in this study also much higher
than those found by Mohamed and Hussein (28).
However, in other reports, the reported calcium content of
whole purslane much lower, being 79 and 103 mg/100 g
dry weight (30, 31). It has been reported that the highest
potassium level occurs during the first growth stage, and
that this level decreases as the plants mature. Therefore,
the nutritional component of purslane may be affected by
cultivar or environmental factors. Horan et al. (32) showed
that a high potassium diet showed to was correlated with
lower blood pressure, therefore, purslane may reduce high
blood pressure due to its high potassium content compared
to that of other vegetable crops.

Amino acids The amino acid composition of whole
purslane is shown in Table 4. Glutamic acid was the most
prevalent amino acid (1,605 mg/100 g), followed by
aspartic acid, leucine, alanine, lysine, valine, glycine, and
isoleucine (1,184.3, 905.9, 740.9, 738.3, 637.3, 633.3, and
548.0 mg/100 g, respectively). These results are consistent
with those of Miller er al. (33), who suggested that
purslane has a good balance and concentration of essential
amino acids with a sufficiently high chemical score.

Extraction of polysaccharides The yield, total carbo-
hydrate, and uronic acid contents of extracted poly-
saccharides and non-starch polysaccharides were analyzed
to investigate their chemical properties. The extraction of
polysaccharides from whole purslane was accomplished
using methanol-chloroform with different solvents, such as
water (WSP), 1% potassium oxalate (KSP), 0.1 N HCl
(HSP), 0.05 N NaOH (NSP-1), and 1.25 N NaOH (NSP-

"Values represent the mean of values obtained from experiments con-
ducted in triplicate.

2), according to the procedure shown in Fig. 1. WSP and
KSP were obtained by precipitation with ethanol and
freeze-drying. The acidic and alkaline fractions (HSP,
ASP-1, and ASP-2) were neutralized, exhaustively
dialyzed, and then freeze-dried. The yield of WSP was
found to be 0.29, 7.01, and 7.94%, when extracted by
room temperature water (RTW), hot-water (HW), and hot
water/high pressure-water (HTPW), respectively (Table 5).
Conversely, potassium oxalate and hydrochloric acid
appeared to be much more effective at solubilization of
carbohydrates than water when the extraction was conducted
at 25°C for 2 hr. Similarly, Wenzel et al. (18) also reported
that the extraction yield obtained using boiling water was
twice the yield obtained using water of temperatures
ranging from 0 to 25°C. Additionally, the amount of total
carbohydrates recovered was between 23-29% when RTW
extraction was performed. Conversely, the uronic acid
content of WSP extracted by RT'W was much higher than
that of WSP extracted by HW or HTPW. These results
may indicate that HW or HTPW extraction can be an
effective method to obtain WSP from purslane. However,
in the hydrochloric acid and ammonium oxalate produced
a greater yield of polysaccharides than sodium hydroxide
when the KSP, HSP, and NSP were extracted. According
to Wenzel et al. (18), the ethanolic precipitation of crude
polysaccharides usually results in 2 insolubilized forms: a
major one (83-90%), which resembles a ‘cord filament’
and a minor one, which resembles ‘resin fines’. They also
reported that the ‘fines’ subfraction was composed of
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Table 5. Yield and composition of polysaccharide fractions from purslane

Extracts" Extrgc_tior;) : Polysaccharide NSP? (%)
condition Yield (%) TCH® (%) UAY (%)

1 0.29+0.01% 23.6411.42 4.30+0.03 11.87+0.51

WSP 2 7.01+0.24 22.7440.02 0.57+0.01 8.12+0.45
3 7.94+0.36 29.45+0.28 0.44+0.05 11.19+0.37

1 8.87+0.41 12.81+1.19 0.33£0.01 1.6210.04

KSP 2 5.04+0.35 9.1240.02 0.21+0.02 0.69+0.02
3 4.6310.44 7.3840.30 0.1940.02 0.68+0.01

1 7.93+0.67 24.39+0.49 0.510.01 9.6140.66

HSP 2 5.28+0.49 21.79+0.23 0.450.07 6.1840.54
3 5.08+0.43 22.58+0.25 0.4810.01 6.8520.56

1 1.30£0.05 23.500.60 3.05+0.13 6.8540.55

NSP-1 2 1.2340.04 22.22+0.48 3.09+0.10 5.62+0.49
3 3.5340.32 22.73+0.02 1.6120.05 5.67+0.57
1 2.59+0.02 43.70+1.70 0.91+0.00 18.13+0.67
NSP-2 2 2.70£0.17 45.3740.48 0.94+0.05 20.19+0.82
3 2.91+0.25 45.34+0.68 0.75+0.02 22.33+0.94

"WSP, extraction with water; KSP, extraction with 1% potassium oxalate; HSP, extraction with 0.1 N HCI; NSP-1, extraction with 0.05 N NaOH;
NSP-2, extraction with 1.25 N NaOH.
31, extraction at 25°C for 2 hr; 2, extraction at 100°C for 2 hr; 3, extraction at 100°C and 10 psi for 30 min.
3otal carbohydrate.
Uronic acid.
on-starch polysaccharide.
»Values represent the mean of values obtained from experiments conducted in triplicate.

Table 6. Sugar composition of polysaccharide fractions obtained from purslane using different extraction methods

ExtractsV Extraction Sugar composition (%)
condition” Rha Ara Xyl Man Gal Glu

1 9.4240.18% 37.09+2.26 0.26+0.36 - 48.83+1.36 4.4140.74

WSP 2 8.43+0.01 34.28+0.04 0.4840.01 0.62+0.10 36.97+0.05 19.22+0.09
3 6.4510.21 27.04+0.29 0.57+0.02 0.8940.08 28.75+0.16 36.29+0.72

1 9.41+0.01 33.00+0.30 1.7240.01 1.43+0.11 32.85+0.19 21.60+0.71

KSP 2 9.1840.07 16.89+0.71 2.63+0.01 0.88+0.09 34.58+0.40 35.8310.67
3 8.58+0.14 18.40+0.04 2.25+0.14 0.88+0.10 30.55+0.95 39.34+0.64

1 6.48+0.98 12.59+0.01 0.42+0.04 0.61+0.08 29.78+4.81 50.12+8.05

HSP 2 10.3840.11 12.50+0.42 0.67+0.01 0.60+0.01 30.98+0.03 44.86:+0.32
3 9.3410.27 9.79+0.11 0.72+0.03 0.6310.08 26.19+0.21 53.33+0.31

1 15.10+0.10 37.78+0.33 1.05+0.02 0.51£0.11 35.17£0.19 10.3940.15

NSP-1 2 22.39+0.24 18.7240.23 5.72+0.02 0.88+0.13 40.28+0.37 12.01£0.25
3 21.6740.55 18.38+0.68 3.374£0.01 0.77+£0.01 41.3110.04 14.5140.18

1 2.6740.14 6.0610.21 48.47+0.14 2.7540.14 10.45+0.28 29.60+1.41

NSP-2 2 3.01+0.41 7.12+1.34 46.04+0.20 2.99+0.13 10.21+0.30 30.63+0.30
3 2.58+0.01 11.39+0.07 37.1810.14 3.9610.14 9.9040.78 34.98+2.33

DWSP, extraction with water; KSP, extraction with 1% potassium oxalate; HSP, extraction with 0.1 N HC; NSP-1, extraction with 0.05 N NaOH:
NSP-2, extraction with 1.25 N NaOH.

?1, extraction at 25°C for 2 hr; 2, extraction at 100°C for 2 hr; 3, extraction at 100°C and 10 psi for 30min.

"Values represent the mean of values obtained from experiments conducted in triplicate.

acidic sugars, O-acetyl substituents, and protein, therefore ~ Sugar composition of polysaccharides The sugar
they might be suggested that it was enriched in the composition of polysaccharide fractions solubilized using
arabinogalactan component. various extractants is shown in Table 6. Increasing the
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extraction temperature and pressure increased the glucose
content of the WSP from 4.4 (RTW) to 19.2% (HW) and
36.3% (HTPW). Additionally, considerable amounts of
galactose, arabinose, rhamnose, and glucose were found in
the WSP, KSP, and HSP, which indicates that these
fractions contain a mixture of starch and pectin. These
results may also be due to the gelatinization of starch
during extraction, which is known to be the primary
solubilizing mechanism of plant polysaccharides. The HSP
showed a significant increase in glucose content via the
acid hydrolysis of starch. Additionally, the concentration
of sodium hydroxide had a strong effect on the glucose
content of the NSP. The average distributions of L-
arabinose:D-galactose of the WSP were 37:49, 34:37, and
27:29 when extracted with RTW, HW, and HTPW,
respectively. It has been reported that water extraction is a
suitable process for the preparation of the arabinogalactan
component of whole purslane. Amin and El-Deeb (17)
also reported that the acidic fraction consisted of
galacturonic acid residues joined by o-(1 — 4)-linkages,
and the neutral fraction was composed of 41% arabinose
and 43% galactose residues in the polysaccharides of
purslane. The structure of jonic (charged at pH>2.0)
arabinogalactan in the complex is not well defined, which
makes it somewhat similar in its internal composition and
structure to gum arabic (22).

Enzymatic treatments and Mw distributions In order
to investigate the effect of enzymes on the extractability of
polysaccharides, purslane was treated with pectinases prior
to preparation of the WSP and HSP after removal of the

Table 7. Effect of enzyme treatment on the extraction yield of
purslane? (%)

Enzyme WSP HSP

teatment”  Vield (%) TCH (%) Yield (%) TCH (%)

Control ~ 7.0120.629 22.74+0.02 5.28+0.44 21.79+0.02
P 11.10+0.71  17.7320.66 8.87+0.67 19.14+1.03
v 13.1240.76  29.62+1.53 6.76+0.54 21.61+0.05
PV 90.44+0.68 20332073 7.24+0.73 21.61+0.16

Values represent the mean of values obtained from experiments con-
ducted in triplicate.

IControl, no enzyme treatment; P, Pectinex SXL; V, Viscozyme L.;

PV, Pectinex SXL+Viscozyme L.

ITotal carbohydrate.

Table 8. Mw and composition of WSP

Fraction I Fraction 11
Samples” — —
Mw  Composition (%) Mw Composition (%)
Control 62,034,119 29.01 68,668 70.93
WSP-P 2,214,487 28.01 65,099 71.99
WSP-V 1,839,860 26.10 61,965 73.90
WSP-PV 1,919,907 2745 65,754 72.56

YControl, no enzyme treatment; WSP-P, water soluble polysaccharide
prepared using Pectinex 5XL; WSP-V, water soluble polysaccharide
prepared using Viscozyme L; WSP-PV, water soluble polysaccharide
prepared using a combination of Pectinex SXL and Viscozyme L.
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Rl response (mvx10)

Retetion time (min)

Fig. 2. Effect of enzyme treatment on the Mw of WSP. WSP-P,
water soluble polysaccharide treated with Pectinex 5XL.; WSP-V, water
soluble polysaccharide treated with Viscozyme L; WSP-PV, water
soluble polysaccharide treated with Pectinex 5XL+Viscozyme L;
Standard of Mw, 1) 7.88x10%; 2) 4.04x10%; 3) 2.12x10%; 4) 1.12x
10%; 5) 4.73x10% 6) 2.28x10% 7) 1.18x10%; 8) 5.9x10%; 9) glucose.

low molecules with ethanol, as described in Fig. 1.
Purslane treated with Viscozyme L exhibited a higher
yield and higher total carbohydrate content than purslane
treated with Pectinex 5XL in the WSP; however, there was
little difference in amounts of these enzymes in the HSP,
even when combined treatment using both enzymes was
conducted (Table 7). The Mw distributions of the WSP
fractions of purslane were determined using a Shodex SB-
806 column (Table 8 and Fig. 2). The WSP treated with
Viscozyme L, Pectinex 5XL, and both combined were
greatly decreased in Mw and weakly tailed towards a
lower Mw. The fractions were eluted as bi-modal peaks,
one less intense, about Mw 2,200,000 and a second,
dominant peak, with a Mw <66,000 fraction 1 could be
easily broken down into lower molecular materials.
Fraction II did not have a great change in molecular
weight, however, although enzymatic hydrolysis did occur
in this fraction. Overall, enzymatic treatment of purslane
appears to be an effective method to control the Mw of poly-
saccharides. Additionally, Viscozyme L. was demonstrated to
be a suitable enzyme for the extraction and separation of
polysaccharides from purslane.
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