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Fig 1 Extraction yields of different treatment.
*Different letters indicate significant difference
between treatments.
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Fig 4 Anthocyanins content (mg/100g) of different
treatments.

*Different letters indicate significant difference
between treatments.

2. Vaccinium Corymbosum
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Fig 2 Total phenolic compounds content (mg/g) of

different treatments.
*Different letters indicate significant difference
between treatments.
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Fig 3 Total flavonoids content (mg/g) of different
treatments.
*Different letters indicate significant difference
between treatments.
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Table 1 Inhibition zone (mm) of different extracts against tested microorganisms.

treatments microorganisms

Temp Time Ethanol:water S.enteritidis E.coli L.monocytogenes S.aureus A.niger S.cerevisiea
25 20 40:60 11.33+0.577 11.33+0.577 12.33+0.577 15.33+0.577 12.33+£0.577  8.66+0.577
25 20 60:40 13.33+£0.577 11.33+0.577 12.33+0.577 18.33+£0.577  15.33£0.577 12+1
25 20 80:20 11.33£0.577 10.33+0.577 11.33+0.577 14+1 10.666+1.527  8.66+0.577
25 24 40:60 12.33+0.577 11.66+0.577 12.66 £0.577 16.66+£0.577 13.66+0.577  9.67+0.577
25 24 60:40 13.33+£0.577 12.33+0.577 13.67+0.577 16.33+0.577 13.67+1.528  10.33+1.528
25 24 80:20 11.33£0.577 10.33+0.577 10.33+0.577 13.33+0.577 10.33+£1.528  8.33+1.527
25 28 40:60 12+1 12+1 12.33+1.528 15.66+0.577 13.66+0.577 10.66+0.577
25 28 60:40 12.66+0.577 11.33+0.577 12.33+0.577 16.67+0.577 13.33+1.528 10.33+0.577
25 28 80:20 10.33+0.577 10+1 9.67+0.577 12.33+0.577  9.33+0.577 7.33+0577
40 20 40:60 8.66+1.528  9.33+0.577 11.66+0.577 13.67+£1.528  11.33+£0.577  8.33+0.577
40 20 60:40 10.33£0.577 11.66+0.577 11.33+0.577 13.33+0.577  9.67+2.08 8.33+1.528
40 20 80:20 9.33+0.577  10.33+0.577 9.33+0.577 11.33+0.577  8.33+1.527  6.33+0.577
40 24 40:60 11+1 9.66+0.577 11.66+0.577 14.33+0.577 13+1 8.66+1.528
40 24 60:40 10.66+0.577 10.33+0.577 9.33+0.577 11.66+1.528  9.33+1.528 7.66+0.577
40 24 80:20 9.33+0.577  9.66+0.577 8.33+0.577 10.33+0.577 8.66+2.08 5.33+0.577
40 28 40:60 9.66+0.577  10.33+0.577 9.66+1.528 14.66+0.577 10.66+1.527  8.33+1.528
40 28 60:40 9.33+0.577  10.66+0.577 9.33+0.577 12.33+0.577  8.33%£1.527 8.33+1.528
40 28 80:20 7.66+1.527  9.33+0.577 8.33+0.577 10.33+£0.577  8.33+0.577  5.33+0.577
55 20 40:60 8.33+0.577  9.66+0.577 9+1 11.66£1.528  9.33+0.577  6.66+0.577
55 20 60:40 8.33+0.577  9.66+0.577 9.33+0.577 11+1 6.66+0.577 6.33+0.577
55 20 80:20 7.33£0.577  6.33+0.577 8.33+0.577 10+1 7.33+1.527 6.33+1.528
55 24 40:60 7+1 9.33+0.577 10+1 10.66+1.527 8.66+2.08 6.33+0.577
55 24 60:40 8.33+0.577 10.33%£0.577 8.33+0.577 11.33+0.577  7.33+1.528 6.33+0.577
55 24 80:20 7.33£0.577  8.33+0.577 8.66+0.577 9+1 7.33+1.528 6.66+0.577
55 28 40:60 7.33£0.577  9.33+0.577 9.33+0.577 12.33+0.577 10.33+1.528  7.33+0.577
55 28 60:40 7+1 9.33+0.577 9+1 10.33+0.577  7.33%£1.528 7.33+£0.577
55 28 80:20 7.33£0.577  6.66+1.528 8.33+0.577 9.33+0.577  7.33+1.527  6.33+0.577
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Table 2 Minimom inhibition zone (mg/ml) of different extracts.

Treatments Microorganisms
T?ér)lp Time (h) Ethanol:Water S.enteritidis E.coli L.monocytogenes S.aureus A.niger S.cerevisiea
25 20 40:60 200 200 200 2 200 2000
25 20 60:40 2000 2000 2000 02 2000 2000
25 20 80:20 200 200 200 2 200 2000
25 24 40:60 200 200 200 2 200 2000
25 24 60:40 2000 2000 2000 02 2000 2000
25 24 80:20 200 200 200 2 200 2000
25 28 40:60 200 200 200 2 200 2000
25 28 60:40 20 20 20 0.2 20 200
25 28 80:20 200 200 200 2 200 2000
40 20 40:60 200 200 200 2 200 2000
40 20 60:40 200 200 200 2 200 2000
40 20 80:20 200 200 200 2 200 2000
40 24 40:60 200 200 200 2 200 2000
40 24 60:40 200 200 200 2 200 2000
40 24 80:20 200 200 200 2 200 2000
40 28 40:60 200 200 200 2 200 2000
40 28 60:40 200 200 200 2 200 2000
40 28 80:20 200 200 200 2 200 2000
33 20 40:60 200 200 200 2 200 2000
55 20 60:40 2000 2000 2000 20 2000 2000
55 20 80:20 2000 2000 2000 20 2000 2000
>3 24 40:60 2000 2000 2000 20 2000 2000
55 24 60:40 2000 2000 2000 20 2000 2000
55 24 80:20 2000 2000 2000 20 2000 2000
35 28 40:60 2000 2000 2000 20 2000 2000
55 28 60:40 2000 2000 2000 20 2000 2000
55 28 80:20 2000 2000 2000 20 2000 2000
Table 3 inhibition zone (mm) of antibiotics against tested microorganisms.
Antibiotics Microorganisms
S.enteritidis E.coli L.monocytogenes S.aureus A.niger S.cerevisiea

Erythromycin 12 13 11 15 15 14

Gentamicin 25 21 23 27 28 25

Penicillin 7 10 11 12 10 11

by S bt ot k) Mgl bals 0es] S 4 -t

5 el sl il o sinsl s Sllinl i g o
23 rsls) S Selslea] s 0L g e lo g BT
oo Ly b s i 5031 3550 (Sl 15 S

315 DL Ul gy o leas 4

Sl w55 Y0 Gles 53 Ul g Sl edd ol sl oslae
e b o N O 0t s s cela YE Ol @l S
zbo balie 5o L budsdl 5 b Sls s Ol
olas ool OF 5 el s add plsaal (glaejlae

50 6“@9&)‘})&9 dle 1y s Sds ol o zi

04


http://www.sid.ir

OLSea 5 Gseia, by

origin. Food Research International, 46: 505-
513.

[11] Shang, Y.F., Kim, S.M., Um, B.H. 2014.
Optimisation of pressurised liquid extraction of
antioxidants from black bamboo leaves. Food
Chemistry, 154, 164-170.

[12] Cam, M. and Hisll, Y. 2010. Pressurized
water extraction of polyphenols from
pomegranate peels. Food Chemistry, 123: 878-
885.

[13] Tabaraki. R., Heidarizadi. E., Benvidi. A.
2012. Optimization of ultrasonic-assisted
extraction of pomegranate (Punica granatum
L.) peel antioxidants by response surface
methodology. Separation and Purification
Technology, 98: 16-23.

[14] Bragaa. L.C, Shuppb. C.W, Cummingsb. C,
Jettb. M, Takahashic. J.A, Carmo. L.S,
Chartone-Souzaa. E, Nascimento. A. 2005.
Pomegranate extract inhibits Staphylococcus
aureus growth and subsequent enterotoxin
production. Journal of Ethnopharmacology,
96: 335-339.

[15] Iranian National Standards Organization
1389. www.isiri.org.

[16] Singleton. V, Orthofer. R, Raventos. R.
1999. Analysis of total phenols and other
oxidation substrates and antioxidants by mean
of Folin- Ciocalteu reagent. Methods in
Enzymology, 299: 152- 178.

[17] Blasa, M., Candiracci, M., Accorsi, A.,
Piacentini, P. M., Albertini, M. C., & Piatti, E.
2005. Raw Millefori honey is packed full of
antioxidants. Journal of Food Chemistry, 9:
217-222.

[18] Cheng, G.W., Breen, P.J. 1991. Activity of

phenylalanine ammonialyase (PLA) and
concentration of anthocyanins and phenolics in
developing strawberry fruit.

J.Am.Soc.Hort.Sci, 116:865- 869.

[19] Chandrasekaran, M. and Venkatesalu, V.
2004. Antibacterial and antifungal activity of
Syzygium jambolanum seeds. Journal of
Ethnopharmacology, 91: 105-108.

[20] CLSI (1) - Clinical and Laboratory
Standards  Institute. 2006.  Performance
Standards for antimicrobial disk susceptibility
tests; approved standarddNinth edition.
Clinical and Laboratory Standards Institute
document M2eA9 [ISBN 1-56238- 586-0]. 940

cLA -0

[1] Perumalla. A and Hettiarachchy, N.S. 2011.
Green tea and grape seed extracts Potential
applications in food safety and quality. Food
Research International 44: 827- 839.

[2] Aliakbarian. B, Fathi. A, Perego. P,
Dehghani. F. 2012. Extraction of antioxidant
from winery wastes using subcritical water.
The Jurnal of Subcritical Fluids,

65: 18- 24.
[3] Silvan. M, Mingo. E, Hidalgo. M, Pascual-
Teresa. S, Carrascosa. A.V, Martinez-

Rodriguez. A.J. 2013. Antibacterial activity of
a grape seed extract and its fractions against
Campylobacter spp. Food Control, 29: 25- 31.

[4] Sagdic. O and Ozturk. I, Kisi. O. 2012.
Modeling antimicrobial effect of different
grape pomace and extracts on S. aureus and E.
coli in vegetable soup using artificial neural
network and fuzzy logic system. Expert
Systems with Applications, 39: 6792- 6798.

[5] Akhavan. H, Barzegar. M, Weidlich. H,
Zimmermann. B. 2015. Phenolic compounds
and antioxidant activity of juices from ten
Iranian pomegranate cultivars. Journal of
Chemistry, 2015:1-7.

[6] Cam. M, Icyer. N.C, Erdogan. F. 2014,
Pomegranate peel phenolics:
Microencapsulation, storage stability and
potential ingredient for functional food
development. LWT - Food Science and
Technology, 55: 117- 123.

[7] Al-Zoreky. N.S. 2009. Antimicrobial activity
of pomegranate (Punica granatum L.) fruit
peels. International Journal of Food
Microbiology, 134: 244- 248.

[8] Hayrapetyan. H, Hazeleger. W.C, Beumer.
R.R.  2012. Inhibition =~ of  Listeria
monocytogenes by pomegranate (Punica
granatum) peel extract in meat paté at different
temperatures. Food Control, 23: 66-72.

[9] Yasoubi. P, Barzegar. M, Sahari. M, Azizi.
M.H. 2007. Total Phenolic Contents and
Antioxidant Activity of Pomegranate (Punica
granatum L.) Peel Extracts. Journal of Agric.
Sci. Technol, 9: 35-42.

[10] Wijngaard, H., Hossain M.B., Rai D.K,
Brunton. 2012. Technique to extract bioactive
compounds from by food by-products of plant


http://www.sid.ir

\Y’q-\j;c\i 0)‘53‘-\0 D)LA-\:J

L;’"U"&‘ @W}f}lﬁ

[2V] Dufty, CF., Power, RF. 2001. Antioxidant
and antimicrobial properties of some Chinese
plant extracts. Journal of international antimic
17: 527- 529.

[28] Ibrahium, IM. 2010. Efficiency of
pomegranate peel extract as antimicrobial,
antioxidant and protective agents. Journal of
Agricultural Sciences, 6 (4): 338-344.

[29]Oliveira, D., Salvador, A., Smania, A.,
Smania, Jr.E., Maraschin, M., Ferreira, S.
2013. Antimicrobial activity and composition
profile grape pomace extracts obtained by
supercritical fluid. Jurnal of Biotechnology,
Y€ VYL EYY,

[30] Gullon. B., Pintado. M. E., PerezAlvarez.
J., Viuda-Martos. M. 2016. Assessment of
polyphenolic profile and antibacterial activity
of pomegranate peel (Punica granatum) our
obtained from co-product of juice extraction.
Food Control, 59: 94-98.

[31] Qu, W., Breksa, A., Pan, Zh., Ma, H. 2012.
Quantitative determinate of major polyphenol
constituents in pomegranate products. Journal
of Food Chemistry, 132: 1585- 1591.

[32] Hugo, W. B., Bloom eld, S. F. 1971.
Studies on the mode of action of the
phenolic  antibacterial agent fentichlor
against Staphylococcus aureus and
Escherichia coli. 3. The effect of fentichlor on
the metabolic activities of Staphylococcus
aureus and Escherichia coli. Journal of Applied
Bacteriology, 34: 579- 591.

[33] Clinical Research Information on Drug
Induced liver injury. United States national
library of medicine. http://livertox.nih.gov.

W

West Valley Road, Suite ‘Y¥::, Wayne,
Pennsylvania 19087-1898 USA.

[21] CLSI (2) - Clinical and Laboratory
Standards Institute. 2006. Methods for dilution
antimicrobial susceptibility tests for bacteria
that grow aerobically; approved
standarddSeventh Edition. Clinical and

LaboratoryStandards Institute docu-ment
M7eA7 [ISBN 1-56238-587-9]. Clinical
andLaboratory  Standards Institute, 940
West Valley Road, Suite 1400, Wayne,
Pennsylvania 19087-1898 USA.

[22] Maviya. Sh., Jha. A., Hettiarachchy. N.
2014. Antioxidant and antibacterial potential
of pomegranate peel extracts. Journal of Food
Scientist & Technologist, 51(12): 4132-4137.

[23] Jackman, R.L., Yada, R.Y., Tung, M.A.,
Speers, R.A., 1987. Anthocyanins as food
colorants-a review. Journal of Food Biochem,
11: 201-247.

[24] Wang, Y., He, H., Yang, J., De, Y., Hao, X.
2008. New monoterpenoid coumarins from
Clausena anisumolens. Journal of Molecules,
13: 931-937.

[25] Suganya Devi, P., Saravanakumar.,
Mohandas, S. 2012. The effects of temperature
and pH on stability of anthocyanins from red
sorghum(Sorghum  bicolor) bran. African
Journal of Food Science, 6(24): 567-573.

[26] Oancea, O., Stoia, M., Comon, D. 2012.
Effects of Extraction Conditions on Bioactive
Anthocyanin  Content  of Vaccinium
Corymbosum in the Perspective of Food

Applications. Procedia Engineering, ¢Y: £A%—
¢q0,


http://www.sid.ir

JEST No. 65, Vol. 14, Jul 2017 ABSTRACT

Evaluation of Extraction Conditions on Phenolic Compounds and
Antimicrobial Properties of Pomegranate (Punica Granatum) Peels

Rahnemoon, P. !, Sarabi Jamab, M. %, Javanmard Dakheli, M. 3, Bostan, A. *

1. PhD student of food microbiology, Research Institute of Food Science and Technology.

2. Assistant Professor, Department of Biotechnology, Research Institute of Food Science and Technology.
3. Associate Professor, Department of Chemical Engineering, Iranian Research Organization for Science &
Technology (IROST).

4. Assistant Professor, Department of Nanotechnology, Research Institute of Food Science and Technology.
(Received: 2015/12/07 Accepted: 2016/05/08)

In recent years, tendency to use of natural antimicrobial agents in food industry has increased.
Pomegranate peels containing phenolic compounds and anti microbial agents, count as valuable source
for extraction of these compounds. In this study, the extraction of pomegranate peel extract was done at
different ethanol/water ratio (40:60, 60:40 and 80:20), temperature (25, 40 and 55°C) and time duration
(20, 24 and 28h). Extraction yield, Phenolic compounds, Flavonoids and Anthocyanins were measured.
Antimicrobial activity of pomegranate peel extracts were determined against some food born
microorganisms such as Salmonella enteritidis, Escherichia coli, Listeria monocytogenes, Staphylococcus
aureus, Aspergillus niger and Saccharomyces cerevisiea by agar defusion and MIC methods. Results
showed that at ethanol/water ratio 60:40, 25°C and 24h and maximum amount of Phenolic compounds
(349.518 mg acid galic/g dried extract), Flavonoids (250.124 mg rutin/g dried extract), Anthocyanins
(252.047 mg cyanidin3glucoside/100g dried extract) and the most strongest antimicrobial activity were
obtained. All extracts were demonstrated antimicrobial activity against every testedmicroorganisms.
Staphylococcuse Aureus showed the highest sensitivity among the tested microorganisms.

Keywords: Pomegranate Peel Extract, Antimicrobial Activity, Phenolic Compounds, Flavonoids,
Anthocyanins.
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