Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(10):312-318

Research Article |SSN = 0975-7384
CODEN(USA) : JCPRC5

Ultrasound-assisted extraction of dietary fiber from Citrus
Changshan-huyou peels

Chen Keke', Yan Weit, Zhang Xiaofang', Tang Xiujuan?, Han Xiaoxiang™
and Li Jianrong™

'Department of Applied Chemistry, Zhejiang Gongshang University, Hangzhou, Zhejiang, China
“College of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou, Zhejiang, China
®Food Safety Key Lab of Liaoning Province, Bohai University, Jinzhou, Liaoning, China

ABSTRACT

Response surface methodology (RSM) was applied to optimize the ultrasound-assisted extraction (UAE) of dietary
fiber (polysaccharides) from Citrus Changshan-huyou peels. Box-Benhnken experimental design (BBD) was used
for experimental design and data analysis was conducted to obtain the optimum extraction conditions. Results: The
obtained optimum conditions were material/water ratio 1:37 (g/mL), extraction time 20 min, extraction power 60 W,
extraction temperature of 70 T and sodium hexametaphosphate 2 wt%. Under the optimized conditions, the yield of
dietary was 6.62%, in close agreement with values predicted by the mathematical model. The content of
polysaccharide in the product is 29.3 g/L. Compared with Conventional solvent extraction (CSE), UAE performed
better to extract dietary fiber.
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INTRODUCTION

Pomelo, known as one of the principal fruits in 1@hiis easy to grow and has high production and gmonomic
returns.Citrus Changshan-huyou, which is a cross between tl#rus-grandis (L.) Osbeck and theCitrus-sinensis

(L.) Osheck, has a history of more than one hundred yearsfliecent years, more attentions have been paid on
Changshan-huyou and it is a local citrus species native @mangshan County, Zhejiang Province. Citrus
changshan-huyou has excellent tolerance of cold, leanness andagdf2]. BesidesHu pomelo peels, about
20%-25% of the whole pomelo weight, are abundandiefary fiber and other significant characterstiuch as
bioactive substances[3].

Conventional solvent extraction (CSE) is the mashmonly used method to extract polysaccharides. €SHEnple

and safe, but high temperature and long extradiina of CSE lead to the degradation of polysacdeariand the
decrease of the pharmacological activity of polgsacides[4]. Recently, some new extraction methwde been
developed to improve the extraction process, eaffgthe ultrasound-assisted extraction (UAE)[5% reported[6],
the mechanical effect of ultrasound is able to letate the extraction of the organic compounds litientained
within the body of plants, due to disruption of ttedl walls and enhanced mass transfer of cellergst Ultrasonic
treatment is widely used in the processing of ptaaterials, particularly, for extracting molecutarbstances[7,8].
Besides, research has shown that, ultrasoundeddigts obtained a satisfactory extraction resulkextmaction

polysaccharides [4,9-11].

As we all know, the insoluble plant residue, a wastaterial formed during the production of herhattures,

represents a rich source of polysaccharides whightrpossess biological activities, similar to thadtained with
other plants[12]. The aim of this study was to deire the effects of extraction power, extractiemperature and
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extraction time in UAE on the yield of polysacclu@s (soluble dietary fibre) fro@itrus Changshan-huyou peels.
EXPERIMENTAL SECTION

2.1 Materials

FreshCitrus Changshan-huyou peels Changshan County, Zhejiang Province, China). The pomelo peel’s moisture
content was determined by drying at®Qo constant weight. Then the pomelo peels werargtanto fine power
(about size of 0.2mm). D-Glucose was obtained fRigma—Aldrich (St. Louis, MO, USA). All other cherais
used were of analytical grade.

2.2 Extraction methods

2.2.1 Conventional solvent extraction (CSE) of palycharides from pomelo peels

2.0 g of the ground power was mixed with sodiumameataphosphate buffers in a 500 mL round bottoresk.f
The round bottomed flask is immersed in a consimperature bath. The filtration experiment equiptredopts
vacuum pump and filler. Filtered supernatant vaceomcentration to a quarter of the original volumued then add
three times the volume of 95% ethanol. The solutias then centrifuged (3500 r/min, 10 min), andphecipitate
was dried under vacuum. The result was coarse audysiride.

2.2.2 Ultrasound-assisted extraction (UAE) of digfédber from pomelo peels
2.0 g of the ground power was mixed with sodiumameataphosphate buffers in a 500 mL round bottorisesdk.f
The round bottomed flask for ultrasonic processirtge same process goes for other operation methatiave.

2.3 Purification of dietary fiber
The experiment processes of dietary fiber purifed the literature[13].

2.4 Determination of the total polysaccharide
The content of total polysaccharide in the coardgsgaccharide extracted from pomelo peels was ohixbed with
phenol-sulfuric acid method[14].

RESULTSAND DISCUSSION

3.1 Effects of operation parameters of CSE on the yoélsbluble dietary fibre

There are many factors which can influence thedyiélsoluble dietary fibre, such as ratio of wdteraw material,
extraction time, extraction temperature and maasstifrn of extraction liquid, etc. In this studyetbffect of ratio of
water to raw material, extraction temperature arassriraction of extraction liquid (sodium hexamétzgphate)
were studied.

3.1.1 Effects of the single factor of CSE on theld/iof soluble dietary fibre

The influence of ratio of water to raw materialtbe yield of soluble dietary fibre was shown in.Fig. As ratio of
water to raw material increased, the contact astavden material and solvent also increased, makietgry fibre
more fully dissolved out from pomelo peels and yiedd of soluble dietary fibre increased. When wate raw
material was 35:1 (mL/g), 5.7% of yield of soluldietary fibre was obtained. However, the extractéficiency of
soluble dietary fibre declined slightly when theterao raw material was over 35:1 (mL/g). It waslpably due to
the increasing water content accelerated the dissol of impurities so as to hinder the dissolutioh
polysaccharides[15]. Considering yield of solubletaky fibre and energy consumption, less costcéffe, the
optimum ratio of water to raw material was 35:1 (gjL

Fig. 1b listed different extraction temperaturetbe yield of soluble dietary fibre when other egtian conditions
were kept constant. From Fig. 1b, we found thattieéd of dietary fibre increased with increasingtraction
temperature. The maximum extraction yield was olet@iat 73°. The yield of dietary fibre decreased at the
temperature over 76. The heat resistance of the soluble dietary filsepoorer. So the optimum extraction
temperature should be around@5

Fig. 1c listed different mass fraction of extraatiiquid on the yield of soluble dietary fibre whether extraction
conditions were fixed as follows: extraction termgiare of 70C and ratio of water to raw material of 35:1 (mL/g).
The results showed that the maximum extractiondya soluble dietary fibre was obtained with 2% roéss
fraction of extraction liquid. With increasing masaction of sodium hexametaphosphate, the yieldbde dietary
fibre decreased slighthly, so the mass fractiosoafium hexametaphosphate should be 2%.
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Fig. 1 Effects of three factorson theyield of polysaccharides: (a) ratio of water to raw material, (b) extraction temperature, and (c) mass
fraction of extraction liquid

3.1.2 The Response Surface Analysis of CSE
According to the central composite experimentalgteprinciples of Box-Benhnken, the effects of eadf water to
raw material, extraction temperature and massifradf extraction liquid on the extraction yield pémelo soluble

dietary fibre were optimized with response surfawthodology. Specific experimental scheme are shiawirable
1.

Table 1 Theresults of Response Surface Analysis of CSE

Experiments TemperatureC  Ratio of water to raw material/((mL/g)  Mass fractimnextraction liquid/%  Yield/%

X1 X2 X3
1 80 30:1 1 2.1
2 80 40:1 1 3.8
3 70 30:1 2 2.8
4 70 40:1 2 4.2
5 80 30:1 3 3.9
6 80 40:1 3 6.7
7 80 35:1 2 5.5
8 80 35:1 2 6.1
9 90 35:1 3 34
10 90 40:1 2 4.8
11 90 30:1 2 55
12 70 35:1 3 34
13 80 35:1 2 6.6
14 90 35:1 1 5.0
15 80 35:1 2 5.6
16 80 35:1 2 5.9
17 70 35:1 1 4.1

3.1.3 Interaction between the factors of CSE

The Design-Expert 7.1 analysis software is usesbktablish mathematical model and obtain the optirnonditions
of CSE, according to the regression equation tavanaps[16]. The results of experiments were sunmadrin Fig.
2. Among which, Figs.2a and 2d represented theaetxdm yield of pomelo soluble dietary fibre witkteaction
temperature and ratio of water to raw material. &vald see that ratio of water to raw material shibwemore
significant influence in comparison to extracti@miperature. The relationship between extractiorpéature and
mass fraction of extraction liquid were showed igsi2b and 2e. When mass fraction of extractionidigvas kept
constant, the yield increased with increasing efima temperature, passing through a maximum aed tecreased.
The trend was similar to the effect of ratio of eratio raw material and mass fraction of extractignid as shown
in Figs. 2c and 2f.

3.1.4 The determination of the extraction procd<SSE

Combined with the mathematical analysis of theesgion model, the best technology parameter of &S&llows:
ratio of water to raw material of 37.21:1 (mL/gktraction temperature of 81.34 and mass fraction of extraction
liquid of 2.19%; The yield of soluble dietary fibod the theoretical value is 6.105% under the ogtigxtraction
conditions. To test the reliability of the methodRSA, using the optimal extraction conditions ofuble dietary
fibre extraction experiment was carried out. At aene time, considering the convenience of theahcperation,
the optimal extraction conditions were modifiedticaof water to raw material of 37:1 (mL/g), extian
temperature of 8C and mass fraction of extraction liquid of 2%. Téetual yield of soluble dietary fibre was
6.03%. Compared with the theoretical predictiom, thlative error is smaller than 1%. Therefore,rdmult of the

optimal extraction conditions of polysaccharideragtion by RSA can meet the requirement of relighiand the
method is practical.
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Fig.2 (a-c) 3D response surface and (d-f) contour plots showing variations between a pair of experimental variableson predicted values of
polysaccharidesyield while keeping other variablesat a constant level: (a) and (d) ratio of water to raw material vs extraction
temperature; (b) and (€) ratio of water to raw material vs mass fraction of extraction liquid; (c) and (f) extraction temperature vs mass
fraction of extraction liquid.

3.2 Effects of operation parameters of UAE on tieddyof soluble dietary fibre

3.2.1 Effects of single factor of UAE on the yielfisoluble dietary fibre

The extraction efficiency of UAE was influenced\mrious factors. Fig.3a listed the effect of exti@ctime on the
yield of soluble dietary fibre, and other extranticonditions were fixed as follows: extraction tergiure of 7(C,
extraction power 60 W, ratio of water to raw matkaf 37:1 (mL/g). The results showed that Themopth yield of
soluble dietary fibre was obtained when extractiore was 20 min. Ultrasound facilitated the soluthietary fibre
inside the cells release to the exterior solveristf the soluble dietary fibre in broken celleased at the early
period of extraction, and the yield of soluble digtfibre increased in the first 20 min. Howevemd extraction
time induced the degradation of soluble dietaryefitand the yield of soluble dietary fibre decrelasehus, the

optimum extraction time was 20 min.

Fig. 3b listed different ultrasound temperaturetioa yield of soluble dietary fibre when other egtian conditions
were fixed. From the results, we can see that ikt yof soluble dietary fibre increased with thecrigasing

ultrasound temperature from ®0 to 70C. High temperature can

improve molecular movemest,

high-temperature solution will be conducive to makéuble dietary fibre dissolved from plant celB][1However,
high temperature led to the decrease of surfaceidierand the increase of vapor pressure with mirobles,
causing the damping of the ultrasonic wave[17].sThbe yield of soluble dietary fibre decreased nvbgtraction
temperature was over TQ Based on these results, the optimum extractimpéeature was 70. The effect of

extraction power on the yield of soluble dietatyrd in Fig.3c was studied with extraction tempamnf 70C and
other conditions fixed. The results showed that yiedd of soluble dietary fibre increased signifitg with
increasing extraction power, and then decreased el&raction power was over 60 W. It was well knothat
extraction power facilitated the disruption of cefhlls. Stronger extraction power improved the gjief soluble

dietary fibre at the early period. However, the enmhemical decompositions were generated with géon
extraction power[11].Thus, the optimum extractimwer was 60 W.
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Fig. 3 Effects of three factorson theyield of polysaccharides: (a) ultrasound time, (b) ultrasound temperature, and (c) ultrasound power

3.2.2 The Response Surface Analysis of UAE

According to the central composite experimentalgieprinciples of Box-Benhnken, the effects of attound time,
ultrasound temperature and ultrasound power omsttraction yield of pomelo soluble dietary fibrere@ptimized
with Response Surface methodology. Specific expamtal scheme are shown in Table 2.

Table 2 The results of Response Surface Analysis of USE

TemperatureC  Ultrasound time/ min  Ultrasound power/W

Experiments Yield/%
X1 X2 X3
1 70 20 60 6.3
70 20 60 7.1
3 80 20 70 5.8
4 70 25 50 5.8
5 70 25 70 5.9
6 80 15 60 5.2
7 60 15 60 4.5
8 70 15 50 55
9 70 15 70 6.0
10 60 20 70 3.7
11 60 20 50 35
12 70 20 60 6.5
13 80 20 50 6.2
14 80 25 60 4.8
15 70 20 60 6.5
16 70 20 60 5.9
17 60 25 60 5.6

3.2.3 Interaction between the factors of UAE

The three dimensional (3-D) response plots andoewnplots of yield of pomelo soluble dietary fibwith
ultrasound temperature, ultrasound time and ultrad@ower were given in Fig.4 respectively. As doog seen in
Figs.4d and 4e, the two-dimensional contour linesaboth saddle and it indicated that ultrasoungperature was
likely to affect the yield of pomelo soluble digtdibre than ultrasound time and ultrasound powespectively.
From Figs.4c and 4f, we could see that the efféclitoasound power on yield of pomelo soluble digtlibre was
stronger than that of ultrasound time, yield oubbé dietary fibre changed more at the power rahgae at the time
range.

3.2.4 The determination of the extraction procds$AE

Combined with the mathematical analysis of theesgion model, the best technology parameter of d&\llows:

ultrasound temperature of 7227 ultrasound time of 20.10 min and ultrasound poafe80.28 W. The theoretical
value of the yield of soluble dietary fibre of i68 % under the optimal extraction conditions. &st the reliability

of the method of RSA, using the optimal extractemmditions of soluble dietary fibre extraction expeent was

carried out. At the same time, considering the eoience of the actual operation, the optimal ekitvaconditions

were modified: ultrasound temperature of(7Qultrasound time of 20 min and ultrasound powel60fW. The

actual yield of soluble dietary fibre was 6.62%.n@@ared with the theoretical prediction, the rekatirror is

smaller than 1%. Therefore, the result of the ogliextraction conditions of soluble dietary fibedraction by RSA

can meet the requirement of reliability, and thefhod is practical.

3.3 The content of total sugar

Water-soluble non-starch polysaccharides are thm metive components of dietary fiber. Phenol-sidfuacid
method was employed to determine polysaccharidtents
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Results: The standard curve equation is C=140.13862, B= 0.9963. The absorbance values of the samples is
A=0.276, so the content of polysaccharide in thegpct is 29.3 g/L.
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Fig.4 (a-c) 3D response surface and (d-f) contour plots showing variations between a pair of experimental variableson predicted values of
polysaccharidesyield while keeping other variablesat a constant level: (a) and (d) ultrasound temperature vs ultrasound time; (b) and (e)
ultrasound temperature vs ultrasound power; (c) and (f) ultrasound time vs ultrasound power

CONCLUSION

The factors of CSE and UAE on the yield of soluthietary fibre from theCitrus Changshan- huyou peels were
studied. On the basis of the response surface hettw obtained the optimum technological conditiforssoluble
dietary fibre extraction. The CSE: ratio of wateraw material of 37:1 (mL/g), extraction temperatof 81C and
mass fraction of extraction liquid of 2%, the attyiald of soluble dietary fibre was 6.03%. The UAHtrasound
temperature of 7Q, ultrasound time of 20 min and ultrasound poweb@fW, the actual yield of soluble dietary
fibre was 6.62%. After treated by ultrasonic eximc the yield of soluble dietary fibre from th@itrus
Changshan-huyou peels increased to 6.62%, from 6.03% of CSE. Tppli@tion of ultrasound during the
extraction of polysaccharides from t8&rus Changshan-huyou peels had a positive effect on the extractiondyiel
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