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ABSTRACT

The effects of different extraction methods on the content and bioactivity of polysaccharides from jujube dried with
two methods were investigated. The antioxidant activities of Ziziphus jujube polysaccharides (ZJP) were
investigated with DPPH radical scavenging activity and reducing power. Inhibitory effects of ZJP on a-amylase
were also investigated. The most appropriate deproteinization method was sevag method. ZJP yields were affected
differently. The highest DPPH radical scavenging capacity observed in USIPSfor the oven-dried jujube and MSIPS
for the freeze-dried. ZJP from oven-dried jujube had better reducing power than the freeze-dried. The higher
a-amylase inhibition activity observed in MTJPS,
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INTRODUCTION

Jujube, the most important economic fruit for eelibiedicinal use, is a key member of the Chinesashérbelongs
to the Rhamnaceae family, and is widely distributethe temperate and subtropical areas of thelNdemisphere,
especially the inland region of North China.[1] diteonally, it is widely consumed as fruit for hungin many
eastern Asian countries. Moreover, it has been us&daditional Chinese Medicine as a home remedyahorexia,
lassitude, and loose stools in deficiency syndroofethe spleen and of hysteria in women for 4,0eary.[2]
Recently, many reports on jujubes have been puddisboncerning the health-promoting effects, inaigdi
anticancer effects,[3-5] immune stimulating acyifs] hepatoprotective effects,[7,8] gastrointestiprotective
effects,[9] anti-inflammatory actidif! and antioxidant properties.[11,1,12] Polysacclesidre one of the main
components of jujube and have been shown to exilgihy biological activities including anti-prolitgion
capability on melanoma cell,[13] immune stimulatafépcts[14] and antioxidant activity.[15]

Drying is one of the most important preservationtiods employed in storage of jujube and dried jegulare
valuable ingredients in a variety of sauces angpsoGao et al.[16] reported that the amounts ofagpchin and
catechin were significantly increased after therowave-drying treatment of the jujube fruits. Upntmw, there was
no information about the effects of drying methaxsbiological activities of polysaccharides fronjujpe fruits.

And the increasing interest in plant bioactive comgnts is accompanied by a need to expand thecapph of

plant extraction protocols.[17] Development of acomomical and efficient extraction technique fojupe

polysaccharides is of an urgent necessity.

As is known to all, oxidation is imperative to maasganisms for the energy production. However, nhoded
production of oxygen-derived free radicals can dganeellular components such as lipids and DNA,[@Bythich
brings about some diseases such as cancer, rhédragtwitis and atherosclerosis, etc.[20] It hastbreported that
many plant polysaccharides have strong antioxidhilities and should be paid more attention to esipy them as
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novel potential antioxidants.[21-23]

Diabetes mellitus (DM), also simply referred todsabetes, is a metabolic diseases characterizédaniigh blood
glucose level that can cause serious damage to $ysigm, such as blood vessels and nerves.[24FTdrerthree
main types of diabetes, type I, type Il and gesteti diabetes. Type |l diabetes is the most commdrich is

affecting 90-95% of the U.S. diabetes populatidsl.[@ne of the therapeutic approaches to treat ihigetkes is to
decrease the postprandial hyperglycemia by retgralysorption of glucose. Inhibition of carbohydrayelrolyzing

enzymes, such as a-glucosidase and a-amylasensgleced a possible pathway. Because the enzyragsagtey
role in digesting carbohydrates.[26] Thus, therdstion of the action of a-glucosidase and a-aneylasinhibitors
might be one of the most effective approaches tdrobtype 2 DM. So far, to control post-prandigplerglycaemia
after meals, acarbose and voglibose are used eiltvee or in combination with insulin. However, esidffects of
these compounds, such as liver disorders, flatuleatimominal pain, renal tumours, hepatic injurytacepatitis,
abdominal fullness and diarrhoea, have been reph§2# Therefore, there is an increasing need é&etbpment of
a natural, safe product without side effects.

Jujube polysaccharides are a sort of compositespobharides with complicated structures which assiple to be
altered or lose its activities during extractiomberefore, different extractions and the antioxtdaativity and their
inhibitory potential against-amylase of jujube polysaccharides were investidyatehis paper.

EXPERIMENTAL SECTION

2.1 Materialsand Methods

2.1.1 Chemicals

2, 2-Diphenyl-1-picryl-hydrazyl (DPPH) and D-glueosvere purchased from Sigma-Aldrich (St. Louis, YSA
Bovine serum albumin (BSA) was obtained from Bigpha(Goéttingen, Germany). 4-Nitrophenyl-a
-D-glucopyranosidepNPG), and a-amylase (E.C.3.2.1.1) were obtained Bigma Chemical Co. (St. Louis, MO).
Trichloroacetic acid (TCA) and dimethyl sulfoxidéDMSO) were purchased from Sinopharm Chemical Retage
Co. Ltd. (Shanghai, China). All other chemicals antyents were analytical grade.

2.1.2 Dried Jujube Preparation

A local cultivar ofZiziphus jujuba Mill., called ‘muzao’ is planted in Yulin (110°1E; 37°36°N; average elevation,
1049 m), Loess plateau region of China. Jujubetdrabtained were carefully washed, halved and stomée
retaining edible portions (flesh and skin) were Ithisliced (3 mm thickness) and processed as follqajsbeing
dried in an oven (Gallenkamp, UK) at %O for 8 h; (b) being freeze-dried in a freeze-drimodel No. G5200H at a
temperature of -56C for 48 h. Then the dried jujube fruits were grindh a mill (FW-80, Taisite Co., Tianjin,
China) and sealed in air-tight plastic bags stareder dry and dark conditions until used.

2.1.3 Preparation of Crude Polysaccharides

UAE of polysaccharides from dried jujube was pearfed using an ultrasonic clearer (KQ-700DE, Kunshan,
Zhejiang, China) with thermostatic temperature mantFive grams of dried jujube powders were exgedcwith
distiled water in a 250-mL beaker held in the adonic clearer and extracted experimentally atdhgmal
extraction condition: extraction temperature of°6Q extraction time of 30 min, ultrasonic powers280 w, and
W/M ratio of 30:1. After filtration to remove debriragments, the filtrate was concentrated usisgeed vacuum
concentrator (BUCHI 409, Buchi Corp., New Castl&, DSA). The protein was removed as described lasifs,
and the solution was then precipitated with a tHode of volume of 95% ethanol overnight af@. The resulting
precipitate was collected by centrifugation at 30pth for 10 min (PM180R, ALC International, Milaitaly),
washed with ethanol and acetone in turns, cengidudhen vacuum-dried. Then the crude polysacchands
obtained (named as CJPS). The CJPS were weightedwalance (AUY 220, Shimadzu, Japan).

HWE was carried out in a water bath (HH-6 Guohuaivyi Company, Shanghai, China) at the optimal exiva
condition: extraction temperature of 8D, extraction time of 4 h, and W/M ratio of 30:1.

MAE was carried out in a ME1-3 L microwave extragtiapparatus (Wuxi Pulaima Instrument Co., Ltdangsu,
China) with a power of 300 W, extraction time ofrin, and W/M ratio of 30:1 based on the preliminaptimal
experiment. After extraction, the post-treatmenthaf water extraction solutions was the same @skeationed in
UAE. In this study, all the experiments were condddn triplicate.

The total sugars content was examined by phendl#gulacid colorimetric method using glucose asndtad
reference material.[28]
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2.1.4 Removal of Proteins

Sevag M ethod

The crude polysaccharide extracts were transfenteca 250 mL separatory funnel. After additionsefvag reagent
(chloroform: n-butanol = 4:1, 10 mL), the solution was shakerokagsly for 20 min at room temperature and
centrifuged at 12,000 rpm for 20 min. The supemtaigere collected and the protein content was detexd by the
Coomassie brilliant blue G-250 method with bovieeusnalbumin as a standard.[29]

TCA Method

Five milliliters TCA aqueous solution were furthedded separately to the crude polysaccharide éxtaacl stirred
at 100 rpm and at %&C for 12 h using a stable temperature magnetiestiAfter centrifugation at 12,000 rpm for 15
min, the supernatant was collected for protein@uigisaccharide analysis.

2.1.5 Assay of DPPH Radical Scavenging Activity

The DPPH radical scavenging activity test of ZJB warried out according to the method of Shimadal.80]
with some modification. Briefly, 2 mL of DPPH soluti¢0.4 mmol/L DPPH in methanol) was added with 2 mL
ZJP and reacted at room temperature. The mixtugeskaken and the absorbance was measured at 5Ithem.
percent DPPH radical scavenging effect was caledlatcording to the following equation:

DPPH scavenging effect (%) = (1+1/Ao) x 100
where A is the absorbance of DPPH solution without ZJP A&nid with ZJP.

2.1.6 Reducing Power

The reducing power was determined according tortetihod of Oyaizu[31] with some modification. ZJPngdes in

phosphate buffer (2 mL, 0.2 M, pH 6.6) were mixathypotassium ferricyanide (2 mL, 1%) and were ivettied at
50°C for 20 min. Trichloroacetic acid (2 mL, 10%) wadded, and the mixture was centrifuged at 3000rfori 10

min. The supernatant (2 mL) was with distilled wgf mL) and ferric chloride (0.4 mL, 0.1%) and thiesorbance
was read spectrophotometrically at 700 nm aftem®@. A higher absorbance of the reaction mixturéidated

greater reducing power.

2.1.7 a-Amylase Inhibitory Assay

The a-amylase inhibitory activity of ZJP was determirstording to the method described by Kim et al.[82h
slight modifications. Starch azure (2 mg, Sigma@ltal Co.) which was used as a substrate, wassdef in
0.2 mL of a 0.05 mol/L Tris-HCI buffer (pH 6.9) daming 0.01 mol/L CaGland boiled for 5 min. The starch
solution was then pre-incubated at 37 °C for 5 niihe sample was dissolved in ultra pure water {thal
concentration was 10 mg/mL) and 0.1 mL of PPA sofuf2.11 U/mL) (Sigma Chemical Co.) in the abowdeb
was applied for each assay. The reaction was dastieat 37°C for 10 min and stopped by adding 0.5 mL of 50%
acetic acid. The reaction mixture was then cergdatlat 3000 rpm for 5 min. The absorbance of tlsaltiag
supernatant at 595 nm was recorded. dHaenylase inhibitory activity was calculated asdolb:

PPA inhibitory (%)7 (A. —~A_)-(A-A)] (A. —A_)x 10(

where A., A., As and A are defined as the absorbance of 100% enzymeitpctonly the solvent with the
enzyme), 0% enzyme activity (only the solvent withthe enzyme), a test sample (with the enzyme) aaolank (a
test sample without the enzyme), respectively.

2.1.8 Statistical Analysis

Statistical analysis was performed by using PASWtiStitics 18 software (Somers, NY, USA). The resulese

presented as means of three determinations + 3Dd@td deviation). The results obtained were apdlyrsing

one-way analysis of variance (ANOVA) for mean diffieces among the samplgsValues of < 0.05 were
considered to be statistically significant.

RESULTSAND DISCUSSION

3.1 Polysaccharides Content

The selective dehydration of jujube for polysacates extraction by an appropriate method is venyartant. Both
yield and activity of polysaccharides are stronglgpendent on the type of dehydration employed. The
polysaccharides yields of oven-dried samples wégkehn than that of freeze-dried ones except for RE.and
SSJPS (Figure 1). Clearly, the application of odleying positively affected the polysaccharides ¢ieWhen
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compared with sevag and TCA methods for the remoivptoteins, the yields of polysaccharides withAT@ethod
decreased sharply for freeze-dried samples. Thpsolsably because of the tempestuous reaction batW€A and
proteins, which can lead to the degradation of gmigharides, and thus a higher loss of polysaa#®mnvas
observed in this way.[33] Based on the above resuit order to remove most proteins and avoid tes lof
polysaccharide, the most appropriate deproteiminatiethod was sevag method. In addition, compargdMWE,

UAE and HWE, polysaccharides yields were affectiéfémntly.

3.2 Protein Content

Some polysaccharides contain neutral sugar, arydateeusually conjugated with other components sischrotein
to exhibit various activities. So it was necesgargnalyse the protein content in these polysaadssamples. The
protein contents of freeze-dried samples were higinen that of oven-dried ones except for USJPS SR#PS
(Figure 2). TCA method was an effective for the osal of proteins of MTJPS for the freeze-dried skmand the
sevag method was appropriate for MSJPS of the dvied-sample.

3.3 Scavenging Effect on DPPH Radical

Methanol solutions of DPPH have a characteristisogftion maximum at 517 nm. The method of scavangin
DPPH is based on the reduction of DPPH methanaitisol in the presence of a hydrogen donating art#ox,
resulting in the formation of the non-radical foB®PPH-H by the reaction.[34] It can accommodate nsamyples

in a short period and is sensitive enough to detetite ingredients at low concentrationsgh.[35]tBmbasis of this
principle, the scavenging effects of polysaccharisiemples on the DPPH radical are measured anchshdvigure

3.

The DPPH radical scavenging capacity of water ektham jujube was found to falls between sevag ah

methods with the highest values observed in US#PShk oven-dried jujube and MSJPS for the freerdd
sample. For oven-dried samples with sevag metitedantioxidant activities of polysaccharides extddy UAE
were mostly higher than those extracted by HWEMAE from the three samples except for SSIPS (Figur&he
DPPH radical scavenging abilities were influencegditie different drying method because of the chargfethe
physicochemical properties of the polysaccharidijube samples. These findings provide useful iamations in
the application of UAE for extraction of polysacddas from jujubes as components of health food medicinal
products. TCA caused a significant decred®e<(0.05) in the radical scavenging ability of freedried jujubes
compared with the sevag method.

The polysaccharides have been proved to be ablerettuce the stable DPPH radical to yellow
diphenylpicrylhydrazine, and the antioxidant adgivaf polysaccharides is highly related to theiewtical structure
and need to be done in the futrure work.[36]

3.4 Reducing Power

It has been reported that there was a direct @iiwel between antioxidant activity and reducingagty.[37] The
reducing properties are generally associated wighpresence of reductones, which could donate eobgd atom
and exert antioxidant action by breaking the fiaiaal chain.[38] Reductones are also reporteddotrwith certain
precursors of peroxide, thus preventing peroxiden&tion. The antioxidant activity was concomitarithwthe

reducing power.[39,40] The reducing capacity ofoanpound may serve as a significant indicator opigential

antioxidant activity. In order to elucidate theatgdnship between the antioxidant activity andrésucing power of
jujube polysaccharides, we investigated th&"Feg* transformation in the presence of polysaccharitesples.
The reducing powers of all samples are shown inreid.

Results indicated that the reducing power of palgbarides was highly increased with MAE, exceptSodPS for
oven-dried samples. However, it has been reported microwave is an electromagnetic radiation wath
wavelength from 0.001 m to 1 m (frequency from A®! Hz to 3 x 18 Hz), and may have the possibility
influence to the characterization and biologicalvéty of biopolymers.[41] When compared with sevagd TCA
methods for the removal of proteins, the reducimyvgr of polysaccharides with sevag method keptebett
antioxidant activity for oven-dried samples. For smof the samples, polysaccharides from oven-djigube
powder had better reducing power than the freeizeldmes.

3.5 Inhibition on the a-Amylase Activity

The low level ofa-amylase inhibition in natural fruits, vegetablesldegume grains is reported to offer a good
strategy to control postprandial hyperglycaemig482 In this connection, the higdtamylase inhibition activity
observed in MTJPS samples of the present studysséeiine suitable for implementing in the dietarggbice of
type Il diabetes.
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The effects of the WSPs prepared from jujubes enatlamylase activity were shown in Figure 5. MT§R8 the
highesta-amylase inhibitory activity while UTJPS of the émng powder had the least. Ultrasonic extraction
significantly affected th@-amylase inhibition property (but not freezing p@mdof presently investigated jujube
samples. It was speculated that the WSP from juiniggat contain some amylase inhibitory groups anponents,
leading to a direct effect in reducing tleeamylase activity. Gourgue et al. [44] have repdbrthat the
polysaccharides having a large amount of free cattmgroups isolated from fruit would inhibit thenzyme
activity. Some minor compounds such as tannins @ndic acid on the polysaccharides might also iihibe
activity of a-amylase.[45,46] These results suggested that tB® Wom jujube might help in prolonging blood
glucose response and hence control the postpragid@se concentration.
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Figure 1: Polysaccharides content in jujube extracted with different methods
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Figure 2: Prptein content in the polysaccharides from jujube extracted with different methods
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Figure 3: DPPH radical scavenging activity of polysaccharidesin jujube extracted with different methods
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Figure4: Reducing power of polysaccharidesin jujube extracted with different methods
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Figure5: Inhibition against a-amylase of polysaccharidesin jujube extracted with different methods
CONCLUSION

In the past decades, it has been found that theomse polysaccharides in plants are not only eneegpurces but
they play key biological roles in many life processas well.[47] In the present study, we obtaired dptimum
extraction method for production of the crude pabteharides from jujubes for special biological \atigs.
Anti-oxidation tests in vitro indicated that ZJPdhactivities of DPPH radical and reducing power.pAmg to
different methods would obtain different effectipelysaccharides. One of the reasons is differehtspocharides
with different molecular weight and the low molemulveight products are more effective than highenalar
weight products.[48] Crude and different polysacidefractions extracted from the jujube fruits ealed strong
antioxidant capacities however, fractions had tighdst antioxidant activities and should be consideas a source
of prospective antioxidants. To investigate themraidical scavenging polysaccharides fractionghé&irworks on
purify and functions evaluation are in progress.
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