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ABSTRACT

Jujube, the most important economic fruit for eglibiedicinal use, is an important member of the &wgnherbs.
Jujube polysaccharides are the most promising corapts in its fruit. As apart of a continuing studg the
biological activities of jujube, we have researched the fractionation of the polysaccharides fromulpe by
sequential extraction. Jujube polysaccharides vwsmguentially extracted with water at 22 °C (fraatid (F1)) and
60 °C (F2), and with 0.1 M HCI (F3) and 2 M KOH (&t 37 °C. Soluble fractions (16.8% yield) werenpmsed
of neutral sugars, uronic acids, and small amowftprotein. Galactose and arabinose are the mainstituents of
jujube polysaccharides. F3 showed the highest piasileto be antioxidant, followed by F4 and F2. Jogu
polysaccharides could be used as potential natansioxidants in food industry.
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INTRUDUCTION

Epidemiological studies have shown that intake raft§ and vegetables is related with reduced riskhwonic

diseases. In consequence, increased consumptigrodiicts from fruit which are rich in dietary fibrend

phytochemical constituents has been recommende?]. [Therefore, various natural products are reogivi
continuous attention as antioxidants. Polysacckar@hd their fractions with polyhyroxyl groups ar@romising

group of antioxidative compounds [3,4].

Jujube, the most important economic fruit for eglibledicinal use, is an important member of the &€enherbs.
Jujube belongs to the Rhamnaceae family, and islwidistributed in the temperate and subtropicaharof the
North Hemisphere, especially the inland region afrtN China [5]. Traditionally, it is a popular ftuin many

eastern Asian countries. In addition, it has begpliad in Traditional Chinese Medicine as a hommedy for

anorexia, lassitude, and loose stools in deficiesynydromes of the spleen and of hysteria in woroed®00 years
[6]. In recent years, many researches on jujub&e heported its health-promoting effects, includangticancer
effects [7-9], immune stimulating activity [10], fetoprotective effects [11,12], gastrointestinadtpctive effects
[9], anti-inflammatory action [13], and antioxidaptoperties [14-16]. Polysaccharides are one of rian

components of jujube and exhibit many biologicahdties including anti-proliferation capability omelanoma cell
[17], immune stimulating effects [18] and antioxidactivity [19].

Thus as apart of a continuing study on the biokalgactivities of jujube, we have researched orfithetionation of

the polysaccharides from jujube by sequential ektsa. The chemical composition and structural dezg from

FT-IR spectra, along with the antioxidant actistief the polysaccharide fractioimsvitro are reported.
EXPERIMENTAL SECTION

2.1. Sequential extraction of jujube polysaccharide
The procedure was based on the different soludslitif the polysaccharides from jujube. Jujube (B@as extracted
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with distilled water (500 mL) under constant stigiat 22 °C for 1 h (fraction 1 (F1)) and, agaifthwvater (500
mL) at 60 °C for 1 h (F2), to remove the bulk of tvater-soluble polysaccharides. The water-inseloé$idue was
then sequentially extracted with 0.1 M HCI (500 n{EB) and with 2M KOH (500 mL) (F4), each treatmant
37 °C for 16 h. The insoluble residue was washat @iM HCI (100 mL) and distilled water until neaitpH, and

then dialyzed against running tap water (7 L/h)48rh and then freeze-dried (F5: 7.1752 g). Eatlibte fraction

(F1 to F4) was filtered through a No. 3 sintereakglfunnel (9.5 cm diameter) under reduced presiesd, the pH

of the acid and alkali extracts was adjusted to &ither with 2 M KOH or with concentrated HCI, aspropriate,
and all of the extracts were dialyzed against wéter4d8 h (molecular weight cutoff 12-14 kDa). THelyzed

solutions were concentrated at 40 °C under redypredsure and kept at -20 °C for the further anslyBach
supernatant solution (F1 to F4) was freeze-driedHe further chemical analyses, and the infratBj. Recoveries
of the soluble fractions (g): F1, 0.4738; F2, 18,003, 1.5280; F4, 3.1479.

2.2. Chemical Analysis of Polysaccharide Fractions
Protein. Total nitrogen in jujube polysaccharidemmples was determined according to the method odifBrd [20].
Uronic acids were determined by Blumenkrantz ¢24].

Carbohydrate analysis. The four soluble fractiaosnfthe sequential extraction were hydrolyzed Withl H,SO,
(100°C, 90 min), whereas the final residue was pre<iatith 12 M HSQ, (30 °C, 1 h), followed by hydrolysis
with 1 M H,SO, (100 °C, 90 min) and the neutral sugars and uronic amtisased in the five fractions were
analyzed. Neutral sugars composition was determimgdgas chromatography (GC) [22]. A Shimadzu gas
chromatograph model GC-2014C was used. The coluasmavDB-17 capillary fused silica, 30 mx0.25 mm, i.d
0.25um film thickness. The injector, and detector terapanes were 25, and 280C, respectively. The whole
process applied the following temperature programh3®°C -160°C, 30°C /min, 0 min; 166C -180°C,10°C
/min, 2 min; 180°C -210°C, 3°C /min, 2 min; 21°C -220°C, 1°C /min, 4 min.

2.3. Fourier transform infrared spectroscopy (FT-IR)

Jujube polysaccharide fractions were incorporatéal KBr and pressed into a 1 mm disk. FT-IR speofrajube
samples were obtained at a phase resolution of 4 and averaging 32 scans/min. Spectra were recardéte
transmittance mode from 4000 to 400 tmsing a Vetex 70 Fourier transform infrared spengter [22]. Five
replicate spectra were obtained for each jujubggaaichrides fraction.

2.4.1n vitro antioxidant activity

2.4.1. Preparation of the extracts

Each polysaccharide soluble fraction (0.2 g) wasgd in a centrifuge tube; 30 mL of water were ddaad the
tube was constantly and thoroughly shaken for firb@n temperature. Next, it was centrifuged (280§} 10 min),
and the supernatant was recovered. The triplicdtaas were produced to measureithgitro antioxidant activity
[22].

2.4.2. DPPH radical scavenging activity

DPPH radical scavenging capacity was estimatedrdicgpto He et al. with slight modification [23].n@ milliliter
of diluted jujube polysacchrides extract was mixgth 1 mL of DPPH solution, the mixture was kepttie dark
for 30 min and the absorbance at 517 nm was datedni

2.4.3. Reduction power

The reducing power of jujube polysacchrides samale determined according to the reported methoH [24ube
polysacchrides samples (1 mL) were mixed with 2 ofil0.2 mol/L phosphate buffer (pH 6.6) and 2 mL18%
potassium ferricyanide. After the above mixture wasibated at 56C for 20 min, 2 mL of 10% trichloroacetic
acid was added. Then, 2 mL of the reaction mixtwes added to the test tubes. Next, 0.4 mL of O.&#ficf
chloride and 2 mL of distilled water were added #meh vortexed. After 30 min, absorbance of thetanes was
determined at 700 nm, and the vitamin C equivalead calculated using a standard curve. Results sgreessed
as milligrams of vitamin C equivalent antioxidaapecity per milligrams (mg vitamin C eqg./mg).

2.5. Statistical analysis
Results are expressed as mean values * standaidtiolev(SD). Comparison of means of at least three
determinations, using a significance levePof 0.05, was performed by one-way analysis of vaggANOVA).

RESULTS AND DISCUSSION

3.1. Sequential extraction and chemical analyses pfiube polysaccharide fractions
The sequential extraction process was based odiffieeent solubilities of polysaccharides from jbgs The yield,
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uronic acids and protein contents of polysacchafidetions from jujube are shown in Table 1. Ta®tovery
(16.8%) corresponded to nondialyzable compounddress minerals and low-molecular-weight substancese
removed during exhaustive dialysis of the fractidRecovery of soluble fractions (F1-F4) amounted.&% of the
jujube dry weight. F3 showed the highest uronids@iontent. The uronic acids and protein contentise insoluble
residue (F5) were quite low, which could be rela@dhe high values of lignin associated to theluisle dietary
fiber of jujube fruits.

Table 1. Yields, and the contents of uronic acidsf and protein of polysaccharide fractions from jujube (g/100 g dry weight)

Fractions Yield (%) Uronic acids Protein
F1 0.6 1.82+0.01d 247+0.01b
F2 1.4 201+£0.01c 1.45+0.02c
F3 1.9 285+0.02a 0.23x0.02d
F4 3.9 256+0.1b 436%0.01la
F5 9.0 Trace Trace

Value of three determinations+SD; values within siaene column followed by different superscript symare significantly different &0.05);
F1, soluble in water at 22 °C; F2, soluble in wag160 °C; F3, soluble in 0.1 M HCl at 37 °C; Falgble in 2 M KOH at 37 °C; F5, insoluble

residue.

Table 2. Neutral sugars determined by GC (g/100 grdweight) in hydrolyzed fractions of jujube

Neutral sugars F1 F2 F3 F4 F5
Rhamnose 0.39+0.01c 0.34+0.01d 0.98%+0.038.67+0.02b 0.70+£0.01b
Arabinose 296+0.08c 3.02+0.13c 13.43+@818.12+0.29b 1353+041a
Xylose 0.27+£0.01d 0.33+0.01d 1.04+0.09c .32®0.71a 2.35+0.17b
Mannose 0.48+0.0lc 1.28+0.09b 137+0.11b 2520.10a 0.59+0.01c
Glucose 0.63+0.07d 2.28+0.11b 1.65+0.08c 6220.08a 0.75+0.08d
Galactose 9.63+£0.35¢c 6.21+0.23d 21.12+1.2914.46+0.63b 20.94+1.69a
Total sugar(%) 14.36 13.46 39.59 38.51 38.86

Mean value of three determinationsSD; values withie same line followed by different symbols @eificantly different (R0.05); F1,
soluble in water at 22 °C; F2, soluble in watereé °C; F3, soluble in 0.1 M HCl at 37 °C; F4, solelin 2 M KOH at 37 °C; F5, insoluble

residue.

Table 3. Antioxidant power values of soluble polysaharide fractions from jujube

Reducing power

Fractions DPPH (%) (mg Ve eq./100 g DW

F1 36.6+04c 413.9+29d
F2 43.0+0.6Db 4354+19c
F3 47.7+0.1a 541.9+4.1la
F4 433+1.1b 453.3+59b

Value of three determinations#SD; values within saene column followed by different superscript sytmare significantly different @.05);
F1, soluble in water at 22 °C; F2, soluble in wa#60 °C; F3, soluble in 0.1 M HCI at 37 °C; F4lgble in 2 M KOH at 37 °C; F5, insoluble
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Figure 1. GC chromatogram of the monosaccharide stalards and jujube sample. The peaks represent : (fYhamnose, (2) arabinose, (3)
xylose, (4) mannose, (5) glucose, and (6) galactose

180



Qing-Han Gaoand Min Wang J. Chem. Pharm. Res,, 2015, 7(12):178-183

1098.46

©
F2 8
™

T%
2932.91
872.55
712.88
630.37

F3

© o Q

3 et g

© B (=]

=1 HQ.' —
—

71331 —

F4

2930.60
1654.55
1420.60
1100.03
872.76

3422.73

(o))
~
\ = &
(97] ¥
[0} b © o9
© ST o N8 8 8
[ee] Yo} ™ . q ©
F5 < N 9 9 b
g g S E‘; < \—|
) N g - -
) g8 & = 9
5 8 ? § © g
o N 9 o % o
% =
| | | | | | |
3500 3000 2500 2000 1500 1000 500

Wavenumber cm?!

Figure 2. Infrared spectra of polysaccharide fractons from jujube fruit. F1, soluble in water at 22 T; F2, soluble in water at 60 °C; F3,
soluble in 0.1 M HCl at 37 °C; F4, soluble in 2 M IOH at 37 °C; F5, insoluble residue

Neutral sugars determined by GC in partially anchgletely hydrolyzed fractions of the polysacchrides shown
in Table 2. All the fractions contained rhamnosabaose, xylose, mannose, glucose and galactagarérl).
Galactose and arabinose are the main constitudntguibe polysacchrides. The acid-soluble fracti®3) was
mainly composed of arabinose (13.43 g/100 g) athalctisse (21.12 g/100 g) as well as small amountsylafse.
The general composition of jujube depended on #aditaction sequence [25]. The monosaccharide ntmie the
five fractions were different, for the variety imamching degree and even the difference in the rmiaéin. Jujube
polysacchrides with uronic acid and amounts obia@se and galactose, which suggested the mainafyjpgube
polysacchrides is pectic polysaccharide. In addjtjojube polysaccharides also contain a certaiawof xylose
and glucose, which give us an idear of the exigt@idhemicellulose component in them, such as *ybzm.

3.2. Fourier transform infrared spectroscopy

For more detailed information of the polysacchaigeesent in jujube and its cell-wall fractions #eguisition of
FT-IR spectra in the region 3750—-400 ¢was performed (Figure 2). With mid-infrared FT-4Rectroscopy, we
can monitor the main functional groups and glycasiihkages present in different polysaccharidecticns

obtained from plant cell-walls [26], which repretean important improvement in comparison with titalitional

chemical — instrumental methods [25].

All the fractions showed a broadly stretched inéepsak around 3500-3400 ¢ngsample concentration broads this
absorption band and moves it to 3400 Ymand a weak band around 2930 tnwhich is the characteristic
absorption of hydroxyl groups, and the C—H bondpeetively in the polysaccharide molecule [27,28ddition,
some weak bands from 1400 to 1200 tmere also the characteristic absorptions of agamgharide from FT-IR
[27]. The amide band at 1650 Tinis proposed for identification of proteins by $Bectroscopy [26]. The amide I
band at 1540 cimindicates the presence of secondary amides, vethlso related to the presence of proteins [29].
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Bands around 1618.03~1654.56 tamd 1508.68~1542.72 ¢inMateos-Aparicio et al. [30] suggested the present
of protein in jujube polysacchrides. In our worlke tabsorption bands at 1650 and 1540 ane to proteins found

in all the fractions, although with different reélet intensity. The presence of FT-IR absorption dsarat
2924.21~2932.91 cihsuggested the prevalence of fhglycosidic linkage in the fractions tested [26heTpresence

of FT-IR absorption bands at 1419.66~1421.61" @uggested the present of the uronic acid. A lafggorption
band at 1425 cthin all soluble fractions was due to uronic acidsagreement with the certain content of uronic
acid in these fractions. The fractions tested shibsyecifica-D-glucopyranoside bands in the 871.76~872.76 cm
region.

3.3. Potential antioxidant activity of soluble polgaccharide fractions

In the past, it has been found that the plant paiglsarides are not only energy resources but ddgoimportant

biological roles in many life processes. The bindgtids of polysaccharides can be affected by savéactors

including chemical components, molecular weightucttire, conformation, even the extraction and aisoh

procedures [28]. Ethanolic extracts from jujubeibitbd DPPH radical scavenging activity and redgcpower

(Table 3). The antioxidant activity of differentIpsaccharide fractions correlates directly to theréasing sulfate
group content or to the decreasing molecular weifitthe polysaccharides [22]. The jujube polysaidgw extracts
presented a similar change in the trend of antamtichctivity. According to Rupérez et al. [22],fdiEnces in
antioxidant abilities of the soluble fractions niidfe related to molecular mass. Moreover, anionxgs in jujube
polysacchrides would display a significant anti@xitl effect. Different molecular mass and neutragjasu
composition of jujube polysacchrides would alsoy@aole inhibiting human LDL oxidatioim vitro [22].

CONCLUSION

Jujube polysacchrides contained rhamnose, arahingdese, mannose, glucose and galactose. Galaende
arabinose are the main constituents. On the b&s§i$-tR spectra of the different polysaccharidecfians obtained
from the sequential extraction of jujube fruit, taoag link between structural proteingglycosidic linkage and
a-D-glucopyranoside networks in this fruit was susfgd. F3 exhibited antioxidant potential. Neveriss| at
present, the mechanisms of the polysaccharideaatatt by sequential method from jujube exert thatioxidant

activity are still unknown. In this sense, it isgykat interest to have available highly purified avell characterized
jujube polysaccharides with which to elucidate thebde of action. Antioxidant activity may ariset mmly from

phenolics, but from some other phytochemicals, saglpolysaccharides from jujube. Jujube polysaddésy the
most promising components in the jujube fruit, colé used as potential natural antioxidants in foddstry.
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