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ABSTRACT KEYWORDS
In order to investigate whether the weak acid solution is an effectively Pomegranate peel polyphenals;
pomegranate peel polyphenols extract agent or not, this work took 5% Acetic acid;
aqueous acetic acid asweak acid extraction agent, water and 50% aqueous Freeradicas;
ethanol extract as contrast agent to extract pomegranate peel polyphenols, Antioxidation;
thetota phenol content, total oxidation resistance, freeradical scavenging Bacteriostasis.

ahility, superoxideanion radical scavenging capacity of extracting solution
and extract antibacterial ability asevauation criterion to study the extracting
effect of 5% acetic acid agueous solution. It showed that pomegranate
peel polyphenols extract by 5% acetic acid agueous solution has higher
total phenol content, antioxidant capacity, free radicals scavenging ability,
superoxide anion radical scavenging capacity, and antibacterial ability
againgt E. cali, yeast and mold. Asaresult, 5% acetic acid aqueous solution
may be amore appropriate extract agent for pomegranate pedl polyphenals.
© 2015 Trade ScienceInc. - INDIA

INTRODUCTION

Pomegranate ped isrichin polyphenoals, including
tannins, flavonoidsand organic compoundsincluding
lagictannin, gdlictannins, dlagicacid, gdlicacid, cat-
echin, anthocyanin, chlorogenicacid, ferulicacid, quer-
cetin and other compounds™. In recent years, studies
have shown that pomegranate peel polyphenolshave
antioxidant, antibacterid , antidiarrhed, anti-tumor and
other functions, and thus shown great application value
infood, medicine, daily-usechemical and other fid dg*
8l

Thetradtional extraction solventsfor pomegranate
ped polyphenolsarewater, methanal, ethanol, acetone,

chloroform and ethyl acetate. It wasreported that the
composition of pomegranate peel polyphenol sextract-
ing by different solventsisnot thesame, and extraction
with polar solventshas greater antioxidant capability
compared to non-polar one, and aproper polarity of
solvent couldyield ahigher antioxidant activity than other
solventg®24, Theantioxidant cgpability isalso affected
by other factors, including solid-liquid ratio, tempera-
ture, particles zeof pomegranate ped and extract meth-
ods. Small-sized pomegranate ped particlescouldyield
higher antioxidant activity, and thetota phenolic con-
tent and antioxidant activity of pomegranate peel
polyphenolsincreaseasaninversefunction of ped par-
ticlesizé. Quet d. showed that theyield and content
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of antioxidantsincreased with reduced particlesize, in-
creased water/sampleratio and temperature, but anti-
oxidant activity waslow when extraction temperature
washigh. A recommended extraction conditionwasped
particlesizeof 0.2mm, water/ped ratio of 50/1 (w/w),
temperature of 25 °C, and extraction time of 2 min,
which gavethehigh antioxidant yield (11.5%) and con-
tent (22.9%), and DPPH scavenging activity of 6.2mg/
gi*¥. Someassi stant method can also increase the anti-
oxidant capability of pomegranate peel polyphenals,
such as pressurised water, microwave-assistant, ultra-
sonic-assisted, Etc. Upto 262.7mg/g of hydrolyzable
tannic acid equivalentsand 116.6 mg/g of punicaagin,
the secondary component of pomegranate ped polyphe-
nols could be extracted with pressurized (102.1 atm)
de-ionized water at 40°C by Cam et . Rezaet al.
optimized the ultrasonic ass sted extraction process of
pomegranate pedl polyphenol susing surfaceresponse
methodol ogy, and they recommended an optimal con-
ditionfor industrial applications, 70% ethanol-water
mixture as sol vent, temperature of 60 °C and extrac-
tiontimeof 30 minutes*”.

Someresearchersstudied theantimicrobia and an-
tioxidant potential of the activeingredients of pome-
granate peel extracts, exploring their prevention and
treatment rolein atherogenic, gastro-mucosa injuries,
ethanol - and acetone-induced ul ceration and diabetic
oxidative damage®?l. Many studies have confirmed
pomegranate peel asaremarkable source of antioxi-
dantg??#l, The study made by Keita Saito/? about
anti-oxidativefunction of thousands of natural plant
showed that the antioxidant activity of pomegranate ped
extract ranked fourth, and it isverified by experiment
that itsantioxidant activity isrelated to its pol yphenol
content. Some researchesfocused on the anti-tumor
potential of pomegranate ped polyphenold”82%, The
antimicrobid mechanismsof pomegranate ped polyphe-
nolsbased ontheir ability to preci pitate membrane pro-
teinandinhibit enzymes such asglycosyltransferases®.
Pomegranate peel polyphenolshave beenwidely ex-
ploited agai nst Staphyl ococcusaureusand hemorrhagic
Escherichiacolil®?8, Al-Zoreky proved theinhibitory
effect againgt Listeriamonocytogenes, Staphyl ococcus
aureus, Escherichiacoli and Yersniaenterocoliticaof an
80% methanolic extract of pomegranateped by invivo
andinsitu experiment®!. Negi et d. studied the bacte-

riostasis action of Granatum acetone, methanol and
water extract on Bacillus cereus, Bacillus coagulens,
Badillussubtilis, Staphyl ococcusaureus, Escherichiacoli
and Pseudomonas aeruginosa. Activity of acetone ex-
tract isthe strongest and MIC concentration is 150-
200ppm. Activity of agueousextract istheworst and
MIC concentration is400-700 ppmt339,

Comprehensve previousresearches, extraction sol-
vent of pomegranate pedl polyphenolsisusualy weter,
different concentrationsof a cohol, ether, acetone solu-
tion or ester solvent. Previous studies showed that
pomegranate ped polyphenol sisweak acid substance.
Accordingtotheprincipleof smilar miscibility, Pome-
granate pedl polyphenolsshould have better solubility
inacid solvent. Thisarticletook 5% acetic acid aque-
ous sol ution as extraction agent, water and 50% etha
nol-water solution as comparative extracting agent to
investigate the effect of 5% agueous acetic acid solu-
tion on the extraction of pomegranaterind polyphe-
nols, and carried out preliminary experimentsand anti-
oxidant antibacteria test with threekindsof extractant,
anditsaimisto providecertainideasand scientific ba
sisfor the devel opment and application of pomegran-
ate pedl polyphenolsresources.

EXPERIMENTAL

Material and methods

Anhui Hual pomegranateped (direct pedl, dried)
Distilled water, |aboratory made. Ethanol (AR), glacid
aceticacid (AR), Na,CO, (AR), concentrated sulfuric
acid (98%), hydrochloricacid (37%), ammonium mo-
lybdate (AR), trisodium phosphate (AR), vitamin C
(AR), pyrogallol (AR) gallic acid standard, potatoes
(PDA) medium (BR) and yeast extract peptone dex-
troseagar (Y PD) medium (BR) were purchased from
Sinopharm Chemical reagent Co., Ltd.; Tris
(hydroxymethyl) amino methane, 2,2-diphenyl-2-
picrylhydraz-yl(DPPH), Folin-phenol (Folin-ciocateu)
reagents, LB medium: sgma

General procedure
Extraction of thepomegranatepeel polyphenols

The pomegranate ped isdried to constant weight
inan ovenin 40°C, crashed in high speed pul verizer,
and passed through a 60-mesh sieve, then bagged to
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standby application. Weigh accurately three pieces of
20.00g of pomegranate peel powder, accordingtolig-
uidratioof m: V = 1:10, then add in 200mL of water,
50% ethanol, 5% aqueous acetic acid, respectively,
reflux and extract for 1.5 h for threetimes, filter and
merger filtrate, namely corresponding pomegranate ped
polyphenolsextract of three kinds of extraction agent.
Theextract solutionswere used directly for thetest to-
ta of phenalic content and antioxidant properties. Pome-
granate peel polyphenolsextract inthe samevolume
was concentrated under reduced pressureto apaste,
driedinvacuum oven to obtain pomegranate ped wa
ter extract, 50% ethanol extract and 5% acetic acid
extract for antimicrobid propertieseva uation.

Detection method

Deter mination of total phenolic content of pome-
granate peel polyphenolsextracts

Determination of total polyphenol content uses
Forint-phenol colorimetric method (Folin-Ciocalteu
method)®. Use Gallic acid as the standard. Forint -
phenol reagent isdiluted for 2 timesbeforeusing. De-
termination of sandard curve: Weigh accurately 44.3mg
of gdlicacid standard substancedriedin vacuum oven
to constant weight. Dissolved in water and diluted to
100 ml. Thiswasdlocated to the concentration of 8.86
ig/ml, 17.721g/ml, 35.44ig/ml, 70.88 ig/ ml, 88.60
ig/ml of solution. Respectively take Iml of the different
concentration of solution add to 10ml of colorimetric
tube, and then add 1ml of deionized water inturn, 0.5
ml of theforint - phenol solution diluted for 2 times,
1.5ml of 26.7% Na,CO, solution, and use water vol-
umeto 10ml, responsefor 2h at room temperature at
last. Taken solution without standard liquid as blank
control, scan onthe ultraviol et spectrophotometer (is-
land ferry UV - 7550) to get the peak value of maxi-
mum absorption peak at 760nm. Perform regression of
Concentration by the absorbance and standard curve
isobtained. Determination of polyphenolscontent in
pomegranate peel extract: Absorb 1.0ml of samplel,
sample 2 and sample 3, and respectivey dilutewith an
equal amount of distilled water to the concentration
below 0.08 mg/ml. Take 1 ml of diluted sampleliquid
add to 10 ml of colorimetric tube, add 1 ml of deion-
ized water, 0.5ml of theforint - phenol solution diluted
2times, 1.5 ml of 26.7% sodium carbonate solutionin
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turn, usewater volumeto 10ml, responsefor 2hat room
temperature, determineitsabsorbanceat 760nm. Mea-
sured absorbancy i ssubstituted into the standard curve,
andtota polyphenol content inthe sampleareobtained.

Determination of total antioxidant capacity of
pomegranate peel polyphenolsextracts

Tota antioxidant capacitiesin pomegranate peel
extracts were determined by the formation of
phosphomolybdenum complex method. Phosphomo-
lybdi c reagent concentrationisaways0.6mol/L of con-
centrated sulfuric acid, 28mmol/L of sodium phosphate
and 4mmol/L of ammonium molybdate solution. Inthe
10ml of tube, sequentially add above-mentioned 4ml
of phosphomolybdic reagent solution, 0.4ml sample
solution, incubate 90min at 95°C of constant tempera-
tureinwater bath, measure the absorbancy at 695nm
wavel ength onthe UV spectrophotometer (Shimadzu
UV-7550) for three parallel sampleson each sample
and takethe average’®Y.

Freeradical scavenging capacity of pomegranate
peel polyphenolsextract

Anion radica scavenging capacity in pomegranate

pedl polyphenolsextract i s determined by the DPPH
method. Preparation of DPPH formul ated solutions:
Weigh 0.0128g of DPPH, dissolve it with absolute
ethanlol in 50 ml of volumetric flask to volume, shake
and storein arefrigerator as stock solution (6.5x10
“mol/L). When using, diluted with ethanol to aconcen-
tration of 1.0x10*mol/L and preserved avoiding light.
At the sametime, threekinds of pomegranate peel ex-
tract were configured to the same concentration of so-
lution asan dternate. Determination of DPPH:- free radi-
cal scavenging ability: Samplesindicated by A let stand
for 30 min at room temperature, add in the cuvette, and
measure the absorbance of the sampleA,, A A aa
wavel ength of 517nm, the sequence of DPPH sample
adding reactionliquid wasshownin TABLE 1. Cacu-
late DPPH scavenging ability of pomegranate peel
polyphenol extracts extracted by different extraction
agent accordingto equation (1).
SA (%) =[1-(A-A)/A] X 100% (h)
A - Absorbancy of DPPH and solvent’s mixture; A, -
Absorbancy of DPPH-and sample after reaction; A -
Absorbancy of thesampleand solvent’s mixture

Theabovetest wasrepeated for threetimesto get
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TABLE 1: Thesequence of DPPH sampleadding reaction
liquid

Reaction liquid 1
A. 2 ml DPPH solution
Ai 2 ml DPPH solution
Aj  2ml sample solution

Reaction liquid 2
2mL 50% aqueous ethanol
2 ml sample solution
2 ml 50% ethanol aqueous

averagevaueof theclearance.

Superoxideanion (O,-) scavenging ability of Pome-
granate pee polyphenolsextract

Freeradical scavenging of Pomegranate pedl ex-
tract was eva uated by pyrogallol auto-oxidation sys-
tems. Join 9ml of pH vaueof 8.2 of Tris-HCI buffer in
20ml of tubesand let it stand in constant temperature
water bath at 25 °C for 20min, and inject 0.04ml of
pyrogallol solution (45mmol/L pyrogallol dissolvedin
10mmol/L HCL) pre-heated at 25 °C using amicro
syringe, immediately mix and pour into 1cm of cuvette,
place at room temperaturefor 5 min and measure ab-
sorbancy at 420nm, i.e.A ,, representspyrogalol auto-
oxidationrate. Previoudy added 0.1mL of threekinds
of aqueous solution of pomegranate peel polyphenol
extractsinthe Tris-HCI buffer, and then determine py-
rogallol oxidation rate according to the above method
toobtainA_, whiledoing areagent blank A,,. Accord-
ingtoformula(2), caculateinhibitionratiod (%0):

d (%) =[A,- (A-A) /A x 100% )

Antibacterial properties of pomegranate peel
polyphenal extract

In order to excludetheimpact of extract solvents
on the antimicrobial property of pomegranate peel
polyphenol sextract, the extraction of thesamevolume
was concentrated under reduced pressureto a paste,
driedinvacuum oven to obtain pomegranate ped wa
ter, 50% ethanol and 5% acetic acid extract powders
for antimicrobia propertiesevauation.

Strains of assessing antibacterial properties of
pomegranate peel polyphenol extract were molds,
yeastsand E.Cali. Theinhibiting ability of pomegranate
ped polyphenol extract to yeast and E. Coli wereeva u-
ated by punchinhibition zonemethod, whileinhibiting
ability to Mildew usinginoculation RBI mothed.

RESULTSAND DISCUSSION

————, FyurL PAPER

30

N
o
L

[ ]
o
1

Polyphenol Concentration (ug/ml)
P
(]

1.0

Z /
Ethanol Acetic acid

Extract Solvents
Figurel: Total phenol content of three pomegranate peel
extraction solutionscorresponding to different extraction
agents

T
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Contrast of three kinds of pomegranate peel
polyphenol extracts

Figure 1 showed thetota phenol content of three
pomegranate peel extract solutionscorrespond to wa
ter, 50% aqueous ethanol and 5% aqueous acetic acid
asextraction solvents, respectively.

Ascan be seenfrom Figurel, different extraction
agentsto extract pomegranate ped polyphenolswere
different. Total phenol content of pomegranate peel
extract preparing with water asextracting agent isthe
lowest, with 5% acetic acid agueous sol ution as ex-
tracting agent isthe highest, with 50% ethanol aqueous
solution asextracting agent fallsin between. That isto
say, adding organic solvent in thewater canimprove
the efficiency of the extraction of pomegranate peel
polyphenols, especially under acid condition, and 5%
acetic acid agueous solutionismoreeffectivefor ex-
traction of pomegranate ped polyphenolsasextraction
agent.

The reason may be that the pomegranate peel
polyphenolsaremainly dlagictannininwhichmolecules
contain severd phenalic hydroxyl groupsto makepome-
granate peel polyphenols have strong and weak polar
nature. Thispolarity alows pomegranate ped polyphe-
nolsmoreeasily to dissolvein apolar solvent. There-
fore, theefforts of 50% agueous ethanol and 5% acetic
acid solution are better than water’s for extraction of
polyphenol s pomegranate pedl. In addition, low-acid
nature of pomegranate pedl polyphenolsisclosetothat
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of acetic acid agueous solution. According to theprin-
cipleof smilar miscibility, polyphenolsgranatum ague-
ousacetic acid at 5% greater than thesolubility inwa-
ter and 50% aqueous ethanol, Therefore, 5% agueous
acetic acid hashigher extraction efficiency. Solubility of
pomegranate peel polyphenolsin 5% acetic acid aque-
oussolutionishbigger thanthat in water and 50% etha
nol water, 50 5% acetic acid aqueous sol ution hashigher
extraction efficiency.

Figure2illustrated the different total anti-oxidant
capacity of three pomegranate pedl extractssolutions.
Ascan be seen from thefigure, compared with aque-
ousextract of pomegranate ped polyphenols, tota anti-
oxidant capacities of ethanol extract and acetate ex-
tract of pomegranate peel polyphenolsimproved sig-
nificantly. Thetotal antioxidant capacity of acetate ex-
tract of pomegranate peel polyphenolswas slightly
higher, closer toitsethanol extract.

0.18

0.15

0.12 4

Absorption

0.09 4

0.06

0.03

54 | T T
Water Ethanol Acetic acid

Extract Solvents
Figure?2: Total anti-oxidant capacity of three pomegranate
peel polyphenol extraction solutions

Figure 3 was comparison of freeradical scaveng-
ing ability of three pomegranate peel polyphenolsex-
traction solutions, correspond to water, 50% aqueous
ethanol and 5% aqueous acetic acid. As can be seen
from thefigure, threekindsof extractshas certain scav-
enging effect on DPPH freeradicals, pomegranate ped
polyphenal sextract with threekinds of extraction agent
have closeahility to removefreeradicals, acetate ex-
tract is better than that of ethanol extract and water
extract. It representsthat radical scavenging ability of
extractsisclosealy related to the content of polyphe-
nols. Thisissimilar toresearchresultsby Negi eta. on
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Figure3: Freeradical scavenging ability of threepomegran-
ate ped polyphenolsextraction solutions
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freeradical s scavenging activity of pomegranate ped
extractl’¥, andisin accordancewith the determination
resultsof previoustota phenol content and total anti-
oxidant capacity.

Tannins in pomegranate peel polyphenols have
strong antioxidant effect, and can react with freeradi-
calstoplay arolein scavenging freeradicals. Because
5% of acetic acid aqueous sol ution had better efficiency
on extraction of pomegranate ped polyphenals, thecor-
responding extraction solution had better ability of re-
sisting oxidationand scavenging freeradica, and 50%
ethanol agueous sol ution was second, with water the
worst. Experimentd total antioxidant activity and DPPH:
freeradical scavenging ability, however, hadnoalinear
relaionship with theresultsof thetotal phenol content,
which might has something to do with different types
and quantities of concomitant polyphenolsand other
physiologicdly activeingredients. Datashowed that the
larger dlagic tanninsmonomer molecular weight was,
themoreindusivephenalic hydroxyl and HHDP groups
wereand thehigher itsantioxidant and freeradical scav-
enging ability werd3.

Figure4 showed the superoxideanionradica scav-
enging abilities of three pomegranate ped polyphenols
extraction solutions. Different from assessment results
of previoustotd antioxidant capacity and freeradical
scavenging ability, theorder of threekinds of extraction
agent corresponding pomegranate peel polyphenols
extractson scavenging superoxideanionis. acetate ex-
tract > agueous extract > pomegranate peel polyphe-
nolsethanal extract. Thisphenomenon of non-positively
related to the sort of superoxideanion radica scaveng-
ing and that of extract total phenolic content isprob-
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Figure4: Superoxideanion (O,-) radical scavenging abili-
tiesof three pomegranate pedl polyphenolsextracts
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ably caused by different of extracts’ physiological ac-
tiveingredientsand kinds. The specificmechanismre-
mainsto befurther in-depth research.

In order to eiminatetheeffectsof ethanol and ace-
ticacidonmicrobia growth, the eva uation of anti-bac-
terial property respectively extracted 100ml from
prophase preparation of three kinds of pomegranate
pedl polyphenolsextractsat first, stressed concentra-
tion to the paste, and then be freeze-dried, and dis-
solved threekinds of the obtained pomegranate peel
polyphenolsextractsafter drying in 100ml of distilled
water, and used the redissolved pomegranate peel
polyphenolssolution for antibacteria performancetest.

TABLE 2 and TABLE 3 were the comparison of
antibacterial properties of three pomegranate peel
polyphendlsextracts. Theinhibiting ability of pomegran-
ateped polyphenolsextract to thegrowth of mold was
evaluated by Inoculation RBI method. Thesmadller the
circleof moldfungusgrowth, thebetter inhibiting ability
it has. As can be seen from the datain the table, the
circleof corresponding fungd strainsto acetate extract
of pomegranate ped polyphenols, having adiameter of
only 2.0mm, indicating acetate extract had agood role
ininhibiting thegrowth of mold. Thecircle of corre-
sponding mould strainsto acetate extract of pomegran-
ate ped polyphenolshad adiameter of 12.0mm, aque-
ousextract of 16.0mm. It basically did not show asig-
nificant antibacterid activity. Thisissomewnheat different
from theresultsof previousstudies. Previousresearch
resultsindicated that theinhibitory effect of pomegran-
ateped polyphenolsextract onthegrowth of mold was

————, FyurL PAPER

very weak. However, 5% acetic acid extract of pome-
granate ped polyphenolsshowed distinct features. Itis
anotableresearch point to further sudy biologica com-
ponent of acetate extract of pomegranate ped polyphe-
nols. Inhibiting ability of pomegranate ped polyphenols
extract to yeast and E.coli wasevaluated by inhibition
zone method. Thelarger bacteriostatic circle, the bet-
ter antibacterial effect was. By thedatain TABLE 2,
thecircleof corresponding yeast strainsto acetic acid
extract of pomegranate pedl polyphenolshad adiam-
eter of 15.0mm, and diameter of E. coli bacteriostatic
circlewas25.7mm. Thecircleof corresponding yeast
strainsto a cohol extract had adiameter of 10.7mm,
and diameter of E. coli bacteriogtatic cirdewas20.3mm.
Thecircleof corresponding yeast strainsto aqueous
extract had adiameter of 10.0mm, and diameter of E.
coli bacteriogtatic circlewas 18.3mm. Anaysis shows
that thethree kinds of extracts had agood inhibitory
effect on E. coli and yeast, and pomegranate peel
polyphenolsextract was better than that of acetate etha:
nol extract which wasbetter than that of water extract.

TABLE 2: Inhibiting ability of pomegranateped polyphenols
extract tothemold growth

Mould bacteria circle szefmm
Three bacterialaps, 16.0

Three bacterialaps, 16.0

5% aqueous acetic acid extract Bacteriacircleissmal, 2.0

Pomegranate Ped Extracts

Aqgueous extract

50% agueous ethanol extract

TABLE 3: Inhibiting ability of pomegranateped polyphenols
extract to Yeast and E. Coli

Average size of the
Pomegranate Peel Extracts bacteriostatic circle/mm

Y east E.Cdli
Aqueous extract 10.0 18.3
50% agueous ethanol extract 10.7 20.3
5% aqueous acetic acid extract 15.0 25.7

Onthewhol e, acetate extract of pomegranate ped
polyphenolshad asignificantly inhibitory effect onyeedt,
E. coli and fungi, which was better than itsethanol ex-
tract and water extract. Therefore, 5% of acetic acid
aqueous solutionwasamoreidea extracting agentin
termsof antibacteria property.

CONCLUSIONS
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Thiswork isto investigate whether 5% aqueous
acetic acid solutioniseffectiveto extract pomegranate
pedl polyphenolsor not by taking water, 50% ethanol
and 5% acetic acid sol ution as extraction agent to ex-
tract pomegranate ped polyphenols, and taking total
phenoalic content, tota antioxidant properties, scaveng-
ing freeradicals, superoxideanionradica scavenging
ability and antibacteria ability aseva uation standards.
Theresults showed that pomegranate pedl polyphenols
extract with 5% acetic acid aqueous sol ution as extrac-
tion agent preparation had ahigher total phenol con-
tent. Whether antioxidant capacity, freeradical scav-
enging ability, or superoxide anion radical scavenging
capacity wasmoreoutstanding. It wasparticularly worth
mentioning herethat pomegranate pedl polyphenol s5%
acetic acid extract not only has agood antibacterial
effect on E.coli and yeast, but also mold. Thiswasa
new findingwhichdid not findin previousresearchre-
sultsand deservesfurther research. Asaresult, extracting
agent with 5% of acetic acid agueoussol ution for pome-
granate ped polyphenol swas more appropriate.
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