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Rhus coriaria Linn. (Anacardiacea), commonly known as sumac, has been used
as a spice, condiment, appetizer, and as a souring agent for centuries. A broad range of
nutritionally and medicinally significant phytochemical components have been identified
from various parts of sumac having antimicrobial, anti-inflammatory effects. However,
little is known about the biological activity of constituents present in its leaves against
fungal infections. The collected plant leaves were extracted with 80% acetone and
fractionated into n-Hexane Fraction (HF), Dichloromethane Fraction (DCMF), Ethyl Acetate
Fraction (EAF), and n-Butanol Fraction (BF). Various concentrations of these fractions
and Rhus coriaria total extract (TE) were tested for their antifungal, phenolics, and
flavonoids properties. The total phenolic and flavonoid contents were significantly higher
in Rhus coriaria TE, which also resulted in higher antifungal activity as compared to
other fractions. The MIC_, values of TE and fractions were ranged from 39.3 to 500 ug/mL
and as for the MFC_ values were ranged from 125 to 1000 ug/mL. Among the tested
fractions of Rhus coriaria leaves, DCMFEAF, and BF showed higher content in phenolic
and flavonoids along with promising antifungal activity against the tested organisms
respectively. The presence of phenolic and flavonoid constituents recommended Rhus
coriaria as a target for formulation of novel drugs against fungal infections with minimal
side effects.
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Theversatility of harmful microorganisms
in nature and unlimited human contact, gave the
chance for major diseases among human kind. It
was reported that pathogenic fungi produce toxic
and carcinogenic substance which could be
reached to human viafood, drink, andin turn effect
on human health (Peraica et al., 1999; Samson et
al., 2002; Schuster et al., 2004). Many serous
human diseases such as aspergill oses, candidoses,
coccidioidomycosis, mycetomaswere reported as
result of exposure to pathogenic related fungi
species (Samson et al., 2001; Nielsen & Heitman,
2007).
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As result of increase in the number of
resistant microbial strainsagainst synthetic drugs,
the research focused up on the potency of several
constituents of some plants which has suitable
conditions especially minimal side effects
(Habtemarian et al., 1993; Vermani & Garg, 2002).

Herbal medicine playssignificant rolein
human health. Most of the world people depend
on medical modulates of plant originintheir daily
life (Owoabi et al., 2007). This may be related to
that plant can naturally produce biologically
chemical compounds with promising vitality
against the growth of large scale of microbeswhich
be considered as a sole source of bioactive agents
(Adesina et al., 2000; Panico et al. 2005).
Previously, the potency of several plant extracts
such as Garlic (Allium sativum) against bacteria
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(Cavadlito & Bailey, 1944), fungi (Adetumbi et al.,
1986) and viruses (Weber et al., 1992).

Sumac (Rhus coriaria L., family
Anacardiaceae) isawell-known, popular spiceand
has been utilized extensively for medicina and
other purposes. Its leaves have been used as a
tanning agent for their high tannin content. The
berries have diuretic properties, and are used in
bowel complaints and for reducing fever. Other
reportsindicated that the extract of Sumacisused
in traditional medicine asamedicinal herb for its
antimicrobial and wound healing activity (Rayne
&Mazza, 2007).

Previously, it was reported that Sumac
leaves are good sources of phenolic acids and
several flavonoids (Mavlyanov et al., 1997,
Zalacain et al., 2003). These substances have
gained interest and used frequently against many
diseases as anti-inflammatory, antioxidant,
antibacterial, fungicide, antiviral, and candidicide.

The objectives of the present study were
to evaluate the antifungal profile of bioactive
fractionsfrom Sumac (Rhuscoriarial.) inorder to
provide a scientific basisfor the traditional use of
Sumec.

MATERIALS AND METHODS

Chemicals

All chemicalswere purchased from sigma
Aldrich Co (Milano, Italy). All chemicals and
reagents used in this study were of analytical
grade.

Sumac (RhusCoriarial.) leaves

Leaves of Sumac (R. coriaria L.) were
obtained from a commercial spice store (Othaim
Markets) in Riyadh, Saudi Arabia.

Test microorganisms:

The microorganisms used in this study
consisted of eight different fungal species:
Candidaalbicans ATCC 90028, C. tropicalisATCC
750, Cryptococcus neoformans ATCC 66031,
Aspergillus niger ATCC 322, Penicillium
chrysogenum ATCC 5476, Aspergillusflavus ATCC
227, Tricophyton rubrum ATCC 2327 and Candida
krusel ATCC 6258. Fungal strainswere maintained
on agar slant at 4°C and sub-cultured on a fresh
appropriate agar plates 24 h prior to any antifungal
activity. Sabouraud Glucose Agar was used for
the activation of fungi. The Mueller Hinton Broth
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(MHB) was used for the MIC and MFC
determinations.
Extraction and fractionation:

Fifty grams (50 g) of dried plant powder
was extracted in a Soxhl et apparatus using 500 mL
of 80% aqueous acetone Crude extracts were
maintained at +4 °C until use (Thakare, 2004). For
aqueous extracts fractionations, sequential liquid-
liquid extraction with n-hexane, dichloromethane,
ethyl acetate and n-butanol was performed. Each
fraction was then collected and concentrated to
dryness under reduced pressure to obtain n-
Hexane Fraction (n-HF), Dichloromethane Fraction
(DCMF), Ethyl Acetate Fraction (EAF) and n-
Butanol Fraction (n-BF). The different fractions
were freeze-dried by Telstar Cryodos 50 freeze-
dryer. The fraction residues were packed in
waterproof plastic flasks and stored at 4°C until
use.
Polyphenolsdeter mination:
Total phenolicand flavonoid content

Total polyphenols were determined by
Folin-Ciocalteu method as described previously
(Lamien-Meda et al., 2008). The results were
obtained from gallic acid calibrated curve and
expressed asmg of GallicAcid Equivaents (GAE)/
100 mg of fractions. The total flavonoids were
estimated according to the Dowd method as
adapted by Lamien-Meda et al. (2008). The
amounts of flavonoids in plant fractions were
expressed as mg of Quercetin Equivalents (QE) /
100 mg of fractionsfrom the calibrated curve.
Invitroantifungal activity: Preparation of inocula

Inoculum of each fungal strain will
subjected for growing on nutrient agar (Muller
Hinton broth) at 35°C for 72 h. After growth, the
fungal strainswere suspended in asaline solution
(0.9%, w/v) NaCl and adjusted to aturbidity of 0.5
Mac Farland standard (5x105 CFU/mL) as
previously reported (Konaté et al., 2012).
Prepar ation of fraction substances

The fractions of plant extract were
dissolved in 10% aqueous Dimethylsulfoxide
(DM SO) at afinal concentration of 1000 ¥ag/mL.
The stock solutionswere subjected to sterilization
by filtration process using 0.22 um sterilizing
Millipore express filter. Standard of Fluconazole
(100 mg /ml) was used as a positive control.
Minimum Inhibitory Concentration (M1C) assay

The MIC of the phytoconstituents and
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reference antibiotics was determined by serial
broth microdilution method asreported previously
(Konatéet al. 2012). The fungal strains were
subjected for growth in clear microtitre plates of
round bottom 96-well. The plateswere sealed with
parafilm and left for growth maintenance at 37°C
for 48 hours. M1C was defined asthefirst well with
no visible growth after incubation. The experiment
was carried out in duplicates (each experiment was
doneintriplicates).
Minimum Fungicidal Concentration (MFC)
From the wells which showed no visible
growthin MICtest, only 50 %1 werere- inocul ated
in fresh wells containing Saboraud dextrose broth
and incubated at 37°C for 48. MFC represented as
the lowest concentration resulting in no growth
on subculture (Hafidh, et al., 2011).

RESULTS

Polyphenol content

The total phenolics content per 100 mg
of sumac extract and fractionsranged from 48.7+3.5
t0 15.3+1.30 mg GAE. The highest content of total
phenolics was detected in TE, with 48.7+£3.5,
following by DCMFwith 36.1+1.12 mg GAE,EAF
with 29.16+0.19 mg GAE, and,BF with24.8+ 1.5mg
GAE. Thelowest total phenolicswereobtainedin
HF with, respectively 15.3+1.30 mg GAE. Thetotal
flavonoids content per 100 mg of Sumac extract
and fractionsranged from 13.5 + 2.7 10 4.80+0.31
mg QE. The highest content of total flavonoidsin

sumacwasrecorded in TEwith13.5+ 2.7, followed
by DCMF with 11.4+1.14 mg QE , EAF with
9.46+0.83 mg QE, and BF with 8.7+ 1.4 mg QE. The
lowest total flavonoidswere obtained in HF with,
respectively 3.70+0.28 mg QE. The results are
recorded inthe (Fig. 1).
Antifungal activity

R.coriaria extract and fractions
possessed agood antifungal activity in 100 mg/ml
concentrations. Flavonoids and phenols extracts
of R.coriaria showed a significant inhibitory
activity of a greater extent as compared to
fluconazole (Table 1). Asfor MIC_ and MFC, of
extract and fractions, result varied according to
microorganism (Table 2). The MIC values of
fractionswere ranged from 39.3 to 500 ¥.g/mL and
as for the MFC values were ranged from 125 to
1000 ¥g/mL (Table3). Thedatashowed remarkable
variation in biological activities among fractions
of R.coriaria extract towards fungal strains

DISCUSSION

The use of herbal plants as remedies in
folk medicineand its promising effect in different
human diseases makesit asamain target for most
drug designing scientists to synthesize new drugs
of plant origin with minimal side effects (Alam et
al., 2009; Hussaini et al., 2014), thismay berelated
toincreaseintherate of infection and devel opment
of disease worldwidewhichinturn devotethe drug
designers to screen and validate new biological

Table 1. Antifungal activity of extract and active constituents of Sumac
(R.coriaria) at concentration 100 mg/ ml.

Inhibition zones (mm)

Constituents C.al. C. tro. C. neo. A.n. A.f. P.ch. Tr.
Total extract 25 24 24.8 24 325 27.8 25.7
EHA 22 22 25 23 23 24 21
HF 25 23 21 23 22 23 23
DCMF 26 25 23 24 27 30 24
EAF 23 21 20 29.2 19 21 23
BF 25 23 22 23 23 28 23
Antibiotic 22 21 19 25 23 24 22

C. a: Candida albicans; C. tro: C. tropicalis; C. neo:

Cryptococcus neoformans; A. n: Aspergillusniger; P. c:

Penicilliumchrysogenum; A. f: Aspergillusflavus; T. r: Tricophytonrubrum; C. kr: Candida krusei; The results are
the means of number of the colonies + standard deviations. Standard of Fluconazole (100 mg /ml) was used as a
positive control. The antibiotic Inhibition zones(Resistant 12mm or less: Sensitive 19 mm or more). EHA:
Ethylhexyl Acetate; HF: Hexane Fraction; DCMF: Dichloromethane Fraction; EAF: Ethyl Acetate Fraction; BF:

Butanol Fraction.
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constituents of plant origin (WHO, 2000). recommended medical actions still need to be

Although there are many drugs of plant  discovered worldwide (Madureira, 2008). So,
origin were discovered and clinically established  intensive research protocolswere performed lastly
as antimicrobial, more flowering plans with  on plants of medical actions as source of human

Table 2. Minimum Inhibitory Concentration (MIC) of extract and fractions from Sumac (RhusCoriaria)

C.al. C. tro. C. neo. A.n. A.f. P.ch. Tr. C. kr.
Total extract 35.7 65.8 125 68.7 42.3 125 125 125
EHA 500 250 250 250 250 250 250 250
HF 250 250 500 250 250 250 500 250
DCMF 65.7 125 125 65.7 39.3 125 125 125
EAF 39.3 125 68.9 65.7 65.7 125 125 65.7
BF 65.7 125 125 65.7 65.7 125 125 125

C. al: Candida albicans; C. tro: C. tropicalis; C. neo: Cryptococcus neoformans; A. n: Aspergillusniger; P. c:
Penicilliumchrysogenum; A. f: Aspergillusflavus; T. r: Tricophytonrubrum; C. kr: Candida krusei; The results
are the means of number of the colonies * standard deviations.

Table 3. Minimum Fungicidal Concentration (MFC) of extract and fractions from Sumac (RhusCoriaria)

C.al. C. tro. C. neo. A.n. A.f. P ch. T.r. C.kr.
Total extract 250 125 250 125 125 125 250 250
EHA 1000 500 500 500 500 1000 1000 500
HF 1000 A1000 1000 500 500 A1000  A1000 1000
DCMF 125 250 250 250 250 500 250 250
EAF 250 500 500 125 125 500 250 250
BF 500 250 500 500 500 500 250 500

C. al: Candida albicans; C. tro: C. tropicalis; C. neo: Cryptococcus neoformans; A. n: Aspergillusniger; P. c:
Penicilliumchrysogenum; A. f: Aspergillusflavus; T. r: Tricophytonrubrum; C. kr: Candida krusei; The results are
the means of number of the colonies + standard deviations.
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Fig. 1. Total phenolics and flavonoid contents of extract and fractions from Sumac (RhusCoriaria). TE: total
extract; EHA: Ethylhexyl Acetate; HF: Hexane Fraction; DCMF: Dichloromethane Fraction; EAF: Ethyl Acetate
Fraction; BF: Butanol Fraction.
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disease management (Aiyelaagbe, 2001;
Woldemichael et al., 2003; Fatimaet al., 2014), one
of these protocols is investigation the inhibition
activity of whole extracts or chemical fractions of
natural plants against different microbes (Nasar-
Abbas & Halkman, 2004; Shah et al.,2014).
Previous studies, reveal ed the presence of naturally
occurring polyphenol compounds, saponosides,
coumarins, steroids and triterpeniesin most plant
materialsusing phytochemical assays (Nacoulma,
1996), these compound were shown to have
antimicrobial activities (El-Astal et al., 2005).

In this present study, acetone 80% was
used assolvent. In effect, according certain studies,
acetone 80% isthe best extraction solvent to extract
the different secondary metabolites. Moreover,
acetone extracts content more phenolic
compounds than the other solvents (Sun & Ho,
2005). Theresultsobtained in thisstudy confirmed
this statement. Our results showed that R. coriaria
presented the highest amount of polyphenol
content. The abundance of our extracts in
polyphenols may explainthe utility of R. coriaria
in the treatment of infectious diseases (Jai &
Hosmani, 2003; Sudharameshwari &. Radhika,
2007). The data obtained indicate that, the
antimicrobial activity of R. coriaria extractsmainly
depends on the presence of phenols and
glycosides such as anthocyanins, hydrolysable
tannins, and gallic acid (the main phenolic acid in
R.coriaria) (Kosar et al, 2007). Traditional using
of this spice may help in protecting from several
microbial diseases spontaneously and may aid in
control of bacterial or fungal growthin foods. The
antimicrobial activity of R. coriariaextract onfood
pathogens has been demonstrated in many in vitro
studies (Nasar-Abbas et al, 2004; Duman-Ayd et
al, 2008). As a matter of fact, secondary
metabolites, such as flavonoids, are important
antimicrobial activity (Scalbert, 1991; Hussaini et
al., 2014).

The presence of biologically active
compounds such as flavonoids, phenolic or
terpenoids naturally in R.coriaria and related
medical plants were shown to be the main source
of plant defensive mechanism against microbes
and insect damage, pharmacological activities
which is the reason to be used as antimicrobial
agentsfor human (Cowan, 1999; Nostro et al., 2000;
Dastagir et al., 2014).

In the same manner, the presence of
flavones and flavanones constituents provides
R.coriaria plant a priority to be used as food
preservative against pathogenic fungi (Lattanzio
et al, 2008). The inhibition mechanism of these
compounds occurred via suppression of enzymes
actions and cellular membrane functions of
pathogenic fungi. Thus, inthisstudy, the biological
activity of R.coriariafractionsagainst the studied
fungal strainswasrelated to the presence of active
phenolic, and flavonoids constituents as
previously reported (Mariitaet al., 2011).

CONCLUSON

The presence of phenolic and flavonoid
constituents recommended Rhus coriaria asanew
target for formulation of novel drugsagainst fungal
infections, and could be used as a natural
preservative in food industries against microbes

ACKNOWLEDGMENTS

TheAuthors extend their appreciation to
the Deanship of Scientific Research at King Saud
University for funding the work through the
research group project NO RGP-V PP-209

REFERENCES

1. Adesing, SK., O. Idowu, A.O. Ogundaini, H.
Oladimeji, T.A. Olugbade, G.O. Onawunmi,
and M. Pais. Antimicrobial constituents of the
leaves of Acalypha wilkesiana and Acalypha
hispida. Phytother. Res., 2000: 14: 371-374.

2. Owoabi, O.J., E.K.I. Omogbai, and O. Obasuyi.
Antifungal and antibacterial activities of the
ethanolic and aqueous extract of KigellaAfricana
(Bignoniaceae) stem bark. Afr. J. Biotechnol.,
2007: 6: 1677-1680.

3. Habtemarian, S., A.l. Gray, and P.G. Waterman.
A new antibacterial sesquiterpene from
Premmaoli gotrichia. J. Nat. Prod., 1993: 56:
140-143.

4, Vermani, K, and S. Garg. Herbal medicine for
sexually transmitted disease and AIDS. J.
Ethnopharmacol., 2002: 80: 49-66.

5. Peraica, M., B. Radic, A. Lucicand M. Pavlovic.
Toxic effects of mycotoxins in humans. Bull.
World Health Org., 1999: 77: 754-766.

6. Samson, R.A., J. Houbraken, R.C. Summerbell,
B. Flanningan, and J.D. Miller. Common and

J PURE APPL MICROBIO, 9(SPL. EDN.), MAY 2015.



564 GABR & ALGHADIR: ANTIMICROBIAL ACTIVITY OF SUMAC BIOACTIVE FRACTIONS

10.

11.

12.

13.

14.

15.

16.

17.

18.

Important Species of Fungi and Actinomycetes
in Indoor Environments; In Flanningan B,
Samson RA, and Miller JD (Eds.),
Microorganisms in Home and Indoor Work
Environments. Taylor and Francis, New York,
pp: 287-292.

Samson, R.A., JA.M.P. Houbraken,
A.FA Kuijpers, JM. Frank, and J.C. Frisvad.
New ochratoxin A or sclerotium producing
speciesinAspergillus section Nigri. Stud. Mycol,
2004: 50: 45-46.

Schuster, E., N. Dunn-Coleman , J.C. Frisvad
and P.W. Van Dijick. One the safety of
Aspergillus Niger: A review. Appl. Microbiol.
Biotechnol., 2002: 59: 426-435.

Nielsen, K. and J. Heitman. Sex and virulence
of human pathogenic fungi. Adv. Genet., 2007:
57:143-173.

Adetumbi, M.A., G.T. Javor and B.H. Lau.
Allium sativum (garlic) inhibits lipid synthesis
by Candida albicans. Antimicrob. Agents
Chemother., 1986: 30: 499-501.

Cavallito, C.J., JH. Bailey and Allicin. The
antibacterial principle of Allium sativum. I.
isolation, physical properties and antibacterial
action. J. Am. Chem. Soc., 1944: 66: 1950-1951.
Weber, N.D., D.O. Anderson, J.A.North, B.K.
Murray, D.L awson and B.G. Huger. In vitro
vinicidal activity of Aliumstivum (Garlic)
extracts and compounds. Plant.Med., 1992: 58:
417-423.

Panico,A.M., V. Cardile, F. Garufi, C. Puglia, F.
Bonina, and G. Ronsisvalle. Protective effects
of Capparisspinosa on chondrocytes. Life ci.,
2005: 77 (402) 2479-2488.

Rayne, S. and G. Mazza. Biological activities of
extractsfrom sumac (Rhusspp.): areview; Plant
Foods Hum. Nutr., 2007; 62: 165.

Mavlyanov, S.M., Sh. Yu. Islambekov, A .K.
Karimdzhanov and A..l. Ismailov, Anthocyanins
and organic acids of the fruits of some species
of sumac.Chemistry of Natural Compounds,
1997: 33: 209.

Zaacain, A., M. Prodamov, M. Carmona and
G.L. Alonso. Screening method for the detection
of artificial colours in saffron using derivative
UV-Vis spectrometry after precipitation of
crocetin. Biosystem Eng., 2003: 84(2): 211.
Thakare, M. Pharmacol ogical screening of some
medicinal plant as antimicrobial and feed
additives.M.Sc. Thesis, Virginia Polytechnic
Institute and State Univ. Virginia USA 2004.
Lamien-Meda, A., C.E. Lamien, M.M.Y.
Compaoré, R.T.N. Meda, M. Kiendrebeogo,
ZebaB, J.F. Millogo, and O.G. Nacoulma.
Polyphenol content and antioxidant activity of

J PURE APPL MICROBIO, 9(SPL. EDN.), MAY 2015.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

fourteen wild elible fruits from Burkina Faso.
Molecules 2008; 13: 581-594.

Konaté, K., A. Hilou, J.F. ,Mavoungou, A.L.
Lepengué, A. Souza, N. Barro, J.Y. Datté, ,B.
M. Batchi and O.G. Nacoulma. Antimicrobial
activity of polyphenol-rich fractions from Sida
alba L. (Malvaceae) against cotrimoxazol-
resistant bacteria strains. Ann. Clin. Microbiol.
Antimicrobials, 2012; 11:11-5, Doi: 10.1186/
1476-0711-11-5.

Hafidh, R., S. Ahmed, L. Abdulamir, F. Se-Vern,
B.Abu, A. Faridah, J. Fatemeh and S. Zamberi.
Inhibition ofgrowth of ‘ highly resistant bacterial
and fungal pathogens bya natural product, The
Op. Microbio. J., 2011: 5, 96-106.

Alam, M.T., M.M. Karim S.N. Khan.
Antibacterial activity of different organic
extracts of Achyranthesasperaand Cassiaal ata.
J. &i. Res., 2009: 1: 393-398.

Hussaini, J., N.U. Rehman, A.L. Khan, L. Ali,
J.S. Kim, A. Zakarova, A. AL-Harrasi and Z.K.
Shinwar. Phytochemical and biological
assessment of medicinally important plant
ochradenus arabicus. Pak. J. Bot., 2014: 46(6):
2027-2034.

Madureira, M.D.C. Rediscovering traditional
medicine. Spore, 2008: 136: 16-17.
Woldemichael, G.M., G. Wachter, M.P. Singh,
W.M. Maiese and B.N. Timmermann.
Antibacterial diterpenes from Calceolaria
pinifolia. J. Nat. Prod., 2003; 66: 242-246.
Fatima, H., A. Perveen, S. Qamarunnisa and U
Munir. Pharmacognostic and phytochemical
analysis of leaves and seeds storage of
abutilonPakistaicum Jafri andall an endemic
plant of Pakistan. Pak. J. Bot., 2014: 46(6): 2035-
2041.

Aiyelaagbe, O.0. Antibacterial activity of
Jatropamultifida roots. Fitoterapia, 2001: 72:
544-546.

Nasar-Abbas, S.M., and A.K. Halkman.
Antimicrobial effect of water extract of sumac
(Rhus coriaria L.) on the growth of some food
borne bacteriaincluding pathogens. Int. J. Food
Microbiol., 2004; 97: 63-69.

Shah, S, S. Saiedi, A. Mahmood and A. Madlik.
Phytochemical screening of volatile constituents
from aerial parts of murraya paniculata. Pak. J.
Bot., 2014: 46(6): 2051-2056.

WHO. Anti-tuberculosis drug resistance in the
world: Report No.2: Prevalence and trends; the
WHO/IUATLD global project on anti-
tuberculosis drug resistance surveillance.
Communicable Diseases, 2000: World Health
Organization, Geneva, Switzerland. Retrieved
from: http://www.emro. Who Int/stb/media/pdf/



30.

31.

32.

33.

34.

35.

36.

GABR & ALGHADIR: ANTIMICROBIAL ACTIVITY OF SUMAC BIOACTIVE FRACTIONS 565

without tannexes.pdf (2000).

Nacoulma, O.G. Medicinal plants and their
traditional usesin Burkina Faso. Ph.D. Thesis,
University of Ouagadougou, 1996: pp: 328.
El-Astal, Z.Y.,A.E.A.Ashouand A.A.M. Kerrit.
Antimicrobial activity of some medicinal palnt
extracts in Palestine. Pak. J. Med. <ci., 2005:
21:187-193.

Sun, T., and C.T. Ho. Antioxidant activities of
buck wheat extracts. Food Chem., 2005: 90: 743-
749.

Jai, P. N., and S.P. Hosmani. Antibacterial
activity of Nostocmuscorum against E.Coli and
Saphylococcusaureus. J. Ecobiol., 2003; 15 (6):
477-479.

Sudharameshwari, K. and J. Radhika J,
Antibacterial screening of Aegle marmelos,
Lawsoniainermis and Albizzialibbeck. Afr. J.
Trad. CAM, 2007; 4(2): 199-204.

Kosar, M., B. Bozan, F.Temelli and K. Baser.
Antioxidant activity and phenolic composition
of sumac (Rhuscoriaria L.) extracts. Food
chemistry, 2007: 103: 3:952- 959.
Duman-Aydyn, B. Bazi tibbi bitki ve
baharatlarin gyda patojenleri {zerine
antibakteriyel etkisinin araptyrylmasy
(Investigation of Antibacterial Effects of Some
Medicinal Plants and Spices on Food

37.

38.

39.

40.

41.

42.

Pathogens.) Kafkas Univ. Vet. Fak. Derg., 2008:
14: 83-87.

Scalbert, A. Antimicrobial properties of tannins.
Phytochemistry, 1991: 30: 3875-3883.

Nostro, A., M.P. Germano, V. D’Angelo, A.
Marino and M.A. Cannatelli. Extraction methods
and bioautography for evaluation of medicinal
plant antimicrobial activity. Lett. Appl.
Microbial., 2000: 30: 379-384.

Dastagir, G., F. Hussain and 1.U. Rehman.
Essential oil compostion of some plants of
family zygophyliaceae and euphorabiace. Pak.
J. Bot., 2014: 46(6): 2043-2049.

Cowan, M. Plants products as antimicrobial
agents. Clin. Microbiol.Rev., 1999: 12: 564-582.
Lattanzio, V., P. Kroon and S.D. Quideau. Plant
Phenolics— Secondary Metaboliteswith Diverse
Functions; In Daayf F, and Lattanzio V
(ed).Recent Advancesin Polyphenol Research,
2008: Volume 1.Blackwell Publishing Ltd. USA;
PP.1-24.

Mariita, R.M., C.K.PO. Ogol, N.O. Oguge and
P.O. Okemo. Methanol extract of three medicinal
plants from samburu in northern Keneya show
significant antimycobacterial, antibacterial and
antifungal properties. Res. J. Med. Plant, 2011:
5: 54-64.

J PURE APPL MICROBIO, 9(SPL. EDN.), MAY 2015.



