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CHEMICALLY SYNTHESIZED Zn0O AND Al, Ag AND Cd DOPED Zn0
NANOPARTICLES AT HIGHER TEMPERATURE 600'C, STUDY OF
ANTIBACTERIAL ACTIVITY

R. 5. Shaikh Department of Physics, 5.G.B.5. College, Purna (Jn.) Dist: Parbhani (M.S.) India,
L. 8. Ravangave Department of Physics, 5.5.6.M. College, Loha Dist: Manded (M.5.) India.

Abstract:

Sol-Gel chemical precipitation method has been implemented to synthesize  ZnO nancparticles at 600 °C. Wurtize hexngonal
erysinl structure of as prepared pure and Al A and Cd doped Zn0 600°C nanoparticles have been confirmed by X-rav Diffraction
(XRIY) data, The crystalline size and have been estimated from XRD data. The chemical composition of as prepared 200 and 5%
Al Ag and Cd doped ZnO at 600°C samples nanoparticles has been Investigated by analysis of Fourier transform infra red
specttoscopy(FTIR), The direct band gap of nanoparticles has been estimated using Uy absorption spectra. The effect of cabcintion
temperature of Chemically prepared pure Zn0 and 5% AlAg and Cd doped Zn( at 800°C have been comparatively study using
Bocillio sharingrersiy WCIM2 130 and Preudosmanay o monieilii § culfure

Keyworls: S0l - Gel precipitation. ZnO' nanoparticles, XRD, SEM, FTIR, UV, Bacilfur thuringiensis NCIM2130 and
Paewdomonas of, momteilii 9 Antibocterial activity.

Inteoddwethin:
Zine Oxide {Zn0) is one such important metal of multi dimension charscteristics wse. It has the unique optical and elecirical
properties which can be wsed in a variety of applications, such ss high transmittance eonductive oxide coatings for solar cells, gas
sensors, LY pholodeteciors, and bulk acoustic wave resonators, 1t has direct bandgagp energy of 3.37 eV, which makes it transparent
ins visible light and operates in the UV 10 blue wavelengths, The exciton binding energy is 60 meV for Za0), The higher exciton
binding energy enhances the luminescence efficiency of light emission [2, 3], ZrD has exhibited better radiation resictance for
pessible devices used in space and nuclear spplications [4], Furthermore, Zn0) is hio-safe and biocompatible, and may be wsed for
Biomedicnl applications [3],

£ri} has also been confirmed s a promising functional matertal in ather nane devices such as field emitters and gas sensors.
The symthesis of Zn0 nancstructures is this currently atracting intense warldwide interest. Other favorable sspects of Zn0 include
its braud chemistry leading to many opporiunities for wet chemical etching, kow power threshald for optical pumping, radiation
hardness and biocompatibility. For a semiconductor 0 be useful, paniculasly ip reference 1o optoelectronic devices: band gan
enginesring is 4 erecial step in device dévelspment. In the case of Za0), allaying with MgO and CAD & an effective mesns of
increasing or decrensing the enesgy band gap respectively,

The main advantage of zinc oxide nanostructures and is the wide band gap that can be utilized in verious electronic and
opiochectronic devices, Therefore we planned oo synthesis of different type's mesphology of pure and doped ZnD nanosiructures
and study their structural and spectroscopic properties, The antibacterial activity of pure and doped Ind) nanostructural Fave been
studied.

(Fakhrougian ef of, 2013), Different methods have been used for the production of ZnQ mancparticles such as | ) Chemicsal
synthesis I} Hydrothermal method 3) Electrophoretic deposition 4) Co-precipitation §) Meclanochemical-thermal sy nibesis 6)
Chemical vapour depesitions T) Thermal decomposition 8} Sol-Gel methad 93 Electrochemical depositions snd 1) Anodization

Thee present study was aimed o i} Synthesis Zn0 nanoparticle using simple Sol — Gel chemical precipitation method by
utilizing Zinc acetste and sodium hydroxide in distilled water, il) study the morphological changes after caleinations at 600°C
temperature and iii} detect the antibacterial activity of 200 nanoparticles,

In order to study the antibacterinl activity of doped ZnQ) nanoparticles against Bocithis thuringiensis NCIM2130 and
FPeendannonay of. moteilii 9 cultares slighthy modified Agar Well Diffusion method was used, The pure Zn0) and Al doped Znd,
Ag doped Zn0), and Cd Doped ZivD nanepowder were calzined &1 600 °C ond used for antibacterial study.

Experimental method: Sel-Gel Chemicnl precipitation method for synthesized Znl) panoparthcles:

The chemicals used for this work were of anabytical grade obtined from Merck { Munvbai),

A modified method of Fakhroueian eral, 2013 was used where Zine scetate and sodium hydroxide and distilled water wsed in the
preparation of Znl) nanoparticles. Zine ascetate and sodium hydroxide was added slowly drop wise in & molar ratio of 1:2 under
vigorous stirring, and stiming was continsed for 4 hours. Fisst Zinc acesate stirred for 2 howrs and same e soufium hydroxide for
& hours. Then the mixire of zine acetate was slowly added drop wise in the soliftion of sedium hydroxide by continuous string for
2 hours, The precipitate obtained was filtered. The precipitate was dried in an oven at 100°C and ground o fie pewder using agate
mortar, The powder obtained from the above method was calcinated different temperatures such a5 prepared pure Znl GO0AC for
2 berirs. Similarly method used for $% doping ALAg and Cd in Zn0). The prepared pure sample 0 G800 and  doped Zi Al
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600°C, Zn0AgIH00"C and ZnOyCd) 600°C was then characterized for physical and morphological changes by X - ray diffraction
{XRD), UV absorption spectra, Scanning Electron Microscopy (SEM) and FTIR. Results and Discussion:

L.X - Ray Diffraction pattern study for prepared Zn0 and doped Zo0AlLAg and Cd) 600°C:

The X — ray diffraction (XRD) datn were recorded by the intensity data collected aver a 20 range of 20-80 degrees. The
particle size of samples was estimated with the heip of Debye-Scherer's equation using the full width at half maximem of
(IMFNO0Z) and (101 ) of the x-ray diffrction peaks (as shown in Figure 1. The particle crystalling size increases with increase in
ealcination temperature. A significant increase in crystalline size ks observed for the sample calcination of os prepared ZnO600°C
and doped ZnW ANGOIC,Zn0{ Ag) 600°C, and Zo0yCd 600" C.

D=02di/0Cesd ... (1)
Where D is size of crystalling nanoparticles(nm), & is wavelength of incident X — ray (nm) B is the full width at half maximum and
B is the diffraction angle

A= ray dilfraction studies confimmed that the synthesized Zn0 all the diffraction pesks with the report | COrigin 8.0
software) data and no characlertics were observed other than ZnO). The mean grain size of the particles was detesmined from the
XRD line boarding measurement using Debye-Scherer equation. The diffraction peaks indicates that the synthesized material was
in nanometer mnge. The particle size was found 1o be in the range 48.73nm depending on the calcination condition (as shown in
Table 1), The lnttice parameters calculated were also in agreed with report values. Similacly procedure used 10 caleulae particle
size doped ZrldAlAg and Cd) (44.18,46.36 and 41 54am ). The reaction temperatures greatly influence the particles morphology
af prepared ZnO nanoparticles. The size of Z0C) nanoparticles increased as the temperature for the hydrothermal synthesis increases.
This is due to the change of growth berween the different crystalline planes.
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Figure 1: Shows XRD pattern of as prepared Zn0 and
doped ZuOiALAg and Cd) at 600°C

Yable I: FWHM, Particles Size, thdd Lattice constans of Zn0} and Al, Ag and Cd Deped Zn0
sakapariicles.
ZnD 1 Thetw d hkl | FWHM | Particles | Lattice
Sample rl|] (A") Mg ) Size Dnm) | Parameters
»:a'a |E1
Zn() [ 317942 | 28122 324 | 5305
Volume-55, No.2 2021 146

Al
PRINCIELES et

Chri ﬁl‘m_‘.u:'MFﬂhf' i



Journal of the Maharaja Sayajirao University of Baroda
ISSN; 00250422

EARITE 344443 | 26014 a2 | 03078 |
362783 | 24742 10| 03611 48.73
477489 | 190480 | 102 | D.2982
Zn0(All | 3L4975 [ 284039 [ 100 | 03149 3181 | 5.250
600°C 341553 | 26250 |02 | 03149 4418
15,0835 | 240801 | 102 | 03149
Znl (Agy | 319616 | 280000 | 100 | 0,2952 | 3.284 | 5155
B0'C 346379 | 258973 |02 | 0393 |

| i A200 246568 R 11,3936 4hHi
477170 190558 102 01398k
Zn0HCd) 31,5720 283385 100 14723 3272 | 513
600°C 34,3530 20178 11 0. 314%
36,0813 248937 11 .314% 41.54

S

73652 | 101933 102 13140

2 Scanning Electron Microscople Study (SEM):

The Scanning Electron Microscopic images (SEM) of the samples alsa shows that (Figure 21 the physical structure of
Zn0 wae clanged with caleinations temiperature. The samples caleinate at 600°C. The SEM images of Zn0) samples show that the
applomeration particles are mueh less in this method of preparation, High resolution SEM images of Zndd calednmne shaw the
presence of manoparicles proin size 5Znm. The SEM imapes of Al doped Zn0-NPs were Shown in figuse.2 exhibits distimct,
irhomogensous porous network with an gverage prain size 66 nm which is estimated form visualized data in micrographs. The
wurzite hexagenal shaped nono rods of Ag attech on Znd} nopoparicles grain size 6%nm, The small crystalline agglomerated o
form nano fused clusters seen in the serface morphology of Zn{Ag). The microstructure was observed changes 1o hexagonal
nanoroeds at ligh temperature, The size of nanorods and nano grains are vary from 42 {0 69nm which is visualized in SEM images.
The increase in grain size s compared to obfained from XED data s due to agglomermation of the grains together, Znl(Cd)
nanostrectures exhibit significant varying morphology and may be used os antibecterial agent grain size 61 nm.

Figurel SEM image shows morphology Zn0) Nanoparticles and Za0
(Al Ag and Cd) doped Nanoparticles at 600°C

Tables Mo.2 Grain Size Znd) nanoparticles from SEM

£ angd Znld Doped Samples, Grain Size from SEM (nm)
Zniy GOC 52

ZnCi Al &005C i

EndiAg) s00°C ik

Zn0(Cd)y G0iC il

AFTIR Study of As-prepared Pare Zol} and caleined ZnDiAg)
FTIR spectrn of prepared and caleined  In0 were recorded at 600°C temperature in the wave number mnge 399-4000 cm™ and
presented in figure 3. The modes of vibmtions and their band assignment weee shown in table 3. FTIR spectra of the #n
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nanopowder exhibil severnl characteristics bands with remarkuble features. The shsorption band assigned in the region 447 to 470
en' atiributed to characteristics stretching mode of Zn0) and Al-D bonds [22, 23). These absomption bands were broadly spread in
the nhsorption region 464 to 497 cm' because of Al doping. On calcinasions the band was observed shifted to higher wave number
and become stronger. This shows that Ag is substitwied at site of Zn ions by replacement of Zn fon or at interstitial sites. The
ubsorption bands in the region 439 10 462 cm! associated vibration was not appearing in pure 200 structare. The similar assignment
has been reported in earlier literatuse [24]. The calcinations effect was also prosounced and bands were observed shified to higher
frequency region. The vibration band ar 667 cen i as-prepared Ag doped Znd) assigned to Cd-D-Zn siretching modes which was
i appeared in the pore Zo0 specira. This band was fond shifted to higher wave number region on increasing the calcinations
temperature. The absorpeion peak present ar 1020 e’ s assigned 1o C-0-C bending vibrational mode [25]. The absception hand
in the range 3425-3533 cm’! was assigned 10 stretching mode O-H group.  This reveals that small amount of water melecules
nbsorbed by the Zol pancpowder [26, 27].
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Table No.3 FTIR Spectra Vibrational bond
Vibrationnl | Samples | Samphes Samples | Samples
band Zn0 —600°C | Zn0 Al | Zn0D  Ag | #n0  Cd
Freguem:’! i GIC 00"
Freg.cm?! Froeg.cm”! Freg.em™
 Zn-0 447 464 430 430
Zn-0) 47 407 461 - | 452
Zn-0 73 Bix0_32 667 673
Zn-0) 923 831 | &7 R34
C=C 1022 120 1020 120
C=0 1404 1398.44 140808 1440.81
£=01 1 604) 158166 1580.11 | 1581,68
) 1369.02 | 236,61 2343.50 2359.02
C-H 2861.26 245251 2962.76 302641
O-H 3425.68 343460 3533.71 3415.69

4, UV-Visible Absorption Study for ZnOnanoparticles and AlAz and Cd doped Za0),

The absorption spectrum of pure Zn0, as-prepared and calcined ZndyAg) nanopowder was shown i figurs 4. All the
samples represent sigaificant absorption in uitraviolet and blue region of the absorption spectrum. The absorption intensity was
decrensed on 5% Ag deping in Zn(), As the calcinations temperature increased the peak height in the blue region decreased and
peik shified to longer wavelength, This concluded that major partion of the absorption spectrum (blue (o visible region) can be
actively wtilized in the solar cell device applications. Ze() sample exhibit & strong absorption peak at abowt 262 nm, The significant
red shift of 362 nm to 378 om was observed for prepared Al doped Zn0 samples, The band pap was caleslbated using equaiion
Eg=bef, The estimated band gap and near band edge wavelength is tabalated in table 4. On sintering at 600°C temperaiure
effectively fumed the band gap. Al though the grain siee was smaller as compared to pure Zn0 nancsiryciure as-prepared ZnldAl)
exhibit 3.34 ¢V band gap, which is significanily decrensed. Further an increasing temperature of calcingtions (600°C) the
absorption peak shified 1o longer wavelength and band gap was found decressed, The decrease of band gnp is related 1w presence
of P-type conductivity of doped semiconductor [29], The Cd doging in 200 nanostructure with the impurity level in the energy
band gap lead o the formation of P —type in the substance. [t was reported that reduction in hand fap 1280V led o enhance the
efficiency of charge earrier and material is optoelectronically wseful [29], The Cd - doped Enlr nanostrocture exhibiting acceptor
empurity maderiol may be used in optoelectronics, photoclecmechemical cells, and for biological applications[30, 317,
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Table 4, Variation between band pap(Eg) and sintering Temperature
Saitiples Zn0-Temperature | Wavelength Bandgap
nm Yy
L 300 *C 6l EN T
Zn (Al 6IMPC 373 3.34
[ ZnOiAg) 600°C 376 331
“Z00(Cd) B00°C 378 3.29

5, Material and Methoads

The antimicrobial activity of doped compounds ZnO(Cd), ZuO(Ag) and ZaO(Al) (Calcinied ot 600°C) are tested in
eomparison with pure Zndicaleinied s 400°C) nanocompound and Chloramphenicol as known antibiotic agent against Sacitlus
Tmringiensis WCIM2 130 and Prevdomors of monteifin 9 by slighily modified agar well diffusion method (Perszetal, | 90) [19]
on Muller Himton agar plates, The Bacillus tharingiensis NCIM2130 and Pseudomonas were grown separatedy in Nutrient broth
at 37°C for 24 hours on rotary shaker at 200 rpm. Muller Hinson agar plates were inoculased with (100 ul) 24 hours old culture of
Bocilles thuringlvnsis MCIM2 130 and Presdomorees of moeili? @ spread with sterile glass spreader. The well was made at the
centre of inoeulnted agar plate with a steribe cork borer of 10 i size. In each well 1 D0pl { Fpgms pure and doped nanocompaonds),
ZniiAg), ZnAlL ZndxCd) and pure Zn0) was poured by using micropipette. The inoculated plates were all owed o stand for 30
minutes for diffusion of poured compounds. Then all these plales are incebated at 37°C for 48 hours. After 48 howrs the inoubated
plites weng observed for the activity of ested compounds in terms of zone of inhibition. Zones of inhibition were measured and
compared with inhibitory zone of pure Zn600°C, with AlLAg and Cd doped Zn0 compounds.

5.1 Results and Discuszhon

Incubated plates of tested doped compounds Zn0i ALY, ZniX Ag), Zo0{Cd), and pure Zo0 and Antibiotic Chloramphenicol
shows miore or less Zanes of [nhibition, As per the obtained resulis, known antibiotic Chisramphenieol shown more antimicrobial
activity on both  Socélfuy forfmgiensis MCIMZ130 ond Presdomonay cf momellii 9 as compared to pure Zn0) compounds.
Chioramphenical has 46 mm mne inhibition against  Reciffs thuringlensis NCIM2130, 45 mm Zone of inhibition agains:
Frendomomas of momdellil B respectively.

In comparison with inhibition zone of Chloramphenicol, the inhibition zone of pure Zn0 is smaller (16 mm) ngainst
Horiffes thuringlensis NCOIMII30 but pure Zn0) and doped Zndd never show antimicrobial activity againgt  Pepudomomnns
i monreilii 9. While comparing inhibition zone of pure Zn) with respect to ZndXAg), Zn0{Al) and IR Cdy against Bacillic
thringiensis NCIM2130 and  Prendonronas of momteilii %, doped compounds are more active than pure Zn0, The photo places of
Al doped Zn0), Ag doped ZnO and Cd doped Zo0) nanestructures calcined at 600 °C have heen shown in figures 5.1, 5.2 and 5.3
respectively. The diameders of inhibition zones Tor Al doped Zr0), Ag doped Znd and Cd doped Zn0) are tabuloted in able 5. The
one of inhibition for doped ZnD{Cd) iz 39 mm, for InO{Ag) is 32 mm and for ZeO{Al) i 26 mm agninst Bacillus thiringlensis
NCIMZT where as for ZnO0Cd) is O mm, for ZnO{Ag) is 0 mm, and for Za0 (Al B 0 mm zone of inhibition aoainst
FPrendomonas o monte il ¥ have been ohserved.

On the basis of obtained results pure ZnO has antimicrobial activity bur modified doped Zn0 compounds are more active
than puse Za0 compound against Bacillus turinglensis NCIM2130 where as pure Ze0 and doped ZnO(Cd), £n0({Ag) and
ZnO(AT) compounds has no effest or less active against Prevdomoar of momeilii 9 have been observed, The effect of doping and
calcimations of the material are essential factors for increase the antibacterinl nativity, The literature on Za) reparted that Ag doped
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£n0 and Al doped Zn0 materials are bio safe material [3, 7, 10, | []. The effect of doping decrensed the grain size of manaparticles
tar as-prepared doped Zn0 nanostructure, The grain size of Al doped ZnCrwas 44,18 nm, that of Ag doped Zni) was 4636 mm and
of Cd doped Znl) was 41 S4nm). The particle size estimated for pure Zn() is about 48.73 nm, The grain size is one of the important
factor which helps to activate the material at partieular site of the bacterial ccll and prevent the growth, On calcinations the grain
size was slightly increased due to aggregation of the particles however the microstractare of surface morphedogy of the Zri and
doped Za() nano structures was modified which was described _ The change in particle size and modification of surface mnarphelogy
leads 1o increase the antibacterial activity of 2o AL Zr0 (Ag) and #n0 (Cd) nanostructures, The susiminarizing the figures 5.1,
5.2 and 3.3, table number 3 It i3 cleared that Za0 {Ag) and AnC (Cd) nancstructures are vary effectively usefol for antibacterial
activity agamst Bacillus thuringiensis NCIM2130, Among pure Zncl, Al doped Zn(d and Ag doped Zn0) the Cd doped Zn0)
caleimed at &M °C showing pood results, Therefore Zn{Cd} nano somple can be used as ontibiotic inhibiter agaira: Baeillfins
thurimgiensis NCIM2130. To increase the activity and stability the doping percentage of Cd should have to be increased,

Fogmre 5.1 Pt jilse diiicn Dabihiioms sose of Mo i
Plesrmgivmis SUTA F180 L ol ALj i s WA rhse o b fall
nmmEpamich @ A0

Fpare 8.2 Pl wiio it wboorw s Db 3 wsp ol By
Fienronpiwscs SO TN FLY T pf b g i dvimigs neswnn v ik #nid
mER R e &1 ey

Pigiwe 5.3 Photn plos s s labibnlinn pane ol Sacil
Pisiagyer 1M 210 PO dbm comporises sk Tall
ddmapariichs s 201

Table 5. Inhibition Zone {mm) Zones produced by Zn0 nane particles at 600 °C  calcimations |
| Temperatures
Biacterin) Cultune Inhibitien Zone {mm)
£n) Cd | ZnD  Ag | ZnO Al ZnD  Pure
§ 00t 600°C &00°C 600°C
Haciifus Furinglersis NCIM2130 39 i3 20 16

Volume-55 No.2 2027 150




Joumnal of the Maharaja Sayajirac University of Baroda
ISSN: 0025-0422
Prewdamonas ¢f momteilii 9 {1 0 0 i

Conclusion:

The prepared novel materials, Pure ZnOG00'C, Al doped Zn0, Ag doped Zn0) and Cd doped Znd) 600°C were tested
apninst Bacillus tharingrensis NCIM2130 and Preudomonay off monteilii @ for antibacterial activity, The entire samples show more
ar bess inhibition actity against Bacillus thuringlensiz NCIM2 130 however no significunt effect on Peeudomanas of momteilii 9
culturs, The sffect of calcinations temperature enhances the inhibition activity ngainet Hacilfas thuringfensis NOTMZESD, In
comparative stady of pure and doped Zn0) nanoparticles, Al doped Zn0, Ag and Cd doped ZnO nanstrucienes calinated at 600°C
shows good results agiinst Racifius thuringlensts NCIM2 130 However among pure Znid, Al doped ZnC and Ag doped £n0 the
Cd doped Zn0) cabcined @ 600°C showing versatile results, Therefore ZnC{Cd) nano sample can be used as antibiotic inhibiter
against Boeillay drringfensis MCIM2 130, -

The grain size is one of the important factor which helps to activate the material a1 particalar site of the bacterial cell and
prevent the growth. The effect of calcinations improved physical properties such as erystallity, band gap. surface morphology of
the nanopasticles that change is responsible to activate the antimicrobial activity of doped Zn0) nanopanicles. The doping of
different ebement in Fn0 shows varying antibacterinl activity ngainst Socitlar freingiersis NCIM2 UM [ the present study Cd
doped ZnD calcined w 600 °C temperature is significantly effective as microbinl inhibiter against Hocilfur tmringiensiy
WCIMZ 130,

References:

[1].Esmailzadeh H, Sang Poor P, Khaksar R, Farzanch Sh. Food Sci aod N, 20014;11(3): 21-28,

[2LEmami Far A, Badivar M, Shahedi M, Soleimanian Zad 5, framign S of Food Drdusiries, 2001 601 ) 57-67,

[3].Veissi Malekshahi £, Afshar D, Ranjbar R, Shirazi MH.Rezaci F, Mahboohi R, ./ MDP! Tropicad Med, 200 2; 17(5%): 1-4.
[4].M, W, Emanetogly, C. Gorle, ¥. Liu, 8. Liang and Y. Lu, Materials Science in Semiconductor Processing, 2, (3], 1999, 247-
252, doi: 100101 6551 360- 80019

[5).Y. Chen, D. Bagrnll and T. Yao, Mmerialy Sclence ond Engineering: 8, T5( 1-3) (20000, 190-195. doi: 0. [0165092] -
FIOTRIMINGTI-X

[6].P. Mitra, A, P. Chatterjee amd H, 5, Maitl, Materlaly Leeners, 33 (1-2) (1588, 13-38. doizi0 I01GE0R6T-57TR{FT 002 15-2
[7].Chitra B, Annadurai G.. Jur Food Kex J, 2001 ) (2013} 55-64.

[8] Khadije Remie Keikhoie | Mohgen Moo | bMehdi Hassanshahion . Sacide Saeidi, Advanced Herbal Wedieime, 2(4(2017)33-
i

[91.P. 5. Bedi and Arshdeep Kaur, Weorld Journal of Pharmacy aud Pharmaceniicol Soiences, (1 2)0 20153 11771 196
[10].5harma MNeha, Kumar Jiender, Thakur Shaveta, Sharma Shruti, Sheivastava Vikas Drig Sfeemtfon Tday 5 (2 0013 730 =54
[11].Mavale Govinda R., Thripuranthaka M., Late Dattatray, J, and Shinde Sandip 5; J5M Narefechmolomy & Navomedicing 301}
[2015) 1033-3%,

[12] Harktha Meruyu, Meenn YWangalapati, Seema Chaitarya Chippade and Srinivasa Rao Bammidi, Rasayvan Jowenal of Clem 4{1)
(2011}, X17.232

[13]. Baer, A W, Kirby, W. M., Sherris, 1. C._ & Torck, M. American dournal of Clinical Pathotogy, 45040 (19640, 4934496,
[14].fabra Fakhrosielan, Faraz M. Hassinl, Firsozeh Chalabian, Fatemeh Kalouzian, Azizoflash Shafickhant, and Pegzh
Esmaeilzadeh, Addvances in Vanspardoles, 2, (20030247 - 258,

[15].0. 1. Tarwg Jan, b, lsmail, M. Zakaullah, 5.H. Waqve, N. Badshalyetal, “Sn del £ Nasoesed 8012003 3679-3657

[ V6] M.G, Heatley, & method for the assay of penicilling Biochem S 3801044} 61-65.

[17).CL5], Performance Standards for Antimicrobial Disk Susceptibility Tests, Approved Standard, Tth ed., CLSY docnmert 12-
AlL Chnical and Labonsiory Standards [nstbite, 950 West Valley Road, Suite 25K, Wayne, Pennsylvania 19087, USA 2012
I WIET-1R98, LISA, 204,

[ 18].CLSL, Performance Standands for Artimicrobial Disk Suscepibility Tests, Approved Sandard, Teh ed., CLST docramer MG2-
Al Clinical and Laboratory Standards [nstitute, 50 West Valley Road, Suite 2500, Wayne, Pennsybamia 19087, USA, 2012
[19] Perez, O, Pouli, M, Bazerque, P, dcie Biold Med, Exp 1501990113115

[20].Manteir, L., Masana, RO B Soute-Mador, A M., Beazilion Aol Siod, Techal, 48 (20052320,

[21].Mounyr Babouin, Moeulay Sadiki, Sasd Koraichi Thnsoudn 4 review. Jovrnad of Pharmaeensical Angleris, 6 (2016) T1-7%,
[2ZL.L. Nang, F. Wang, F, Han, W, Prinyawiwatkul, H.K. Mo and B, Ge Sournad of Appdied Miceobiolegy 11402002) 956 — B63,

Volume-55, No2 Eflﬁ‘l 151
¢ v :.
, i T T r,l';lpﬁ'.l-
d i mah A "lll:."!lil
_“n ™. W A‘JE‘:JEI ;-Il.h FOREY P S — Cism -J 4t f:rr: ﬂF l-:""'.;l;



