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ǴǾǪǕ ǻǷƷ ƴǾƾŧƗ ǳƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ ǼƛǷƸŨǾǭ ƴǉ ǼǽƗƷƘǥ
ǼǞǲǭ ǫƸū Ƿ ƠƜƦǭ ǫƸū ǻƘǵ ǻƸƢǥƘƛ 

ĨǻƸŬƾǕ ǯƘƛƸǡ ¡ħǼǽƘǲǁǷƷ ...Ɨ ƟƷƴǡ ÛĦǼǱƘƱ ǼǪǕ ǜƽǸǽƴǮƮǭ ÛĥǻƴǲǡƸǮƽ ƘǉƷƴǮƮǭ ¡ĤǳƳƗƹ  ǰǾƾƭ ƼǽƷƳƗ
mrsamaeghani@umsh.ac.ir ǌǾƮǭ ƠǁƗƴǶƛ ǳǷƸū ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ÛǯƗƴǮǵ ǼǦǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛǀǵǷŤř ǳƗƷƷƘǶš ÛǯƗƴǮǵ :ǧǸƖƾǭ ǳƴǲƾǽǸǱ

ǳƴǾŨš
 ǼƽƷƸƛ ǴǖǩƘǎǭ ǰǽƗ ƹƗ Ǜƴǵ .ƠƽƗ ƙƘǲƢƩƗ ǨƛƘǡƸǾǙ ǻƸǭƗ Ƙǵ  ǬƾǾǱƘūƷƗǷƸŨǾǭ ƸǊǭ ƟƗƸƥƗ ǧƸƢǲŧ ÛǻƸǂƛ ǼūƴǱƹ ǔǽƸƽ ǴǖƽǸơ ƟƗƹƗǸǭ Ǵƛ :Ǜƴǵ Ƿ ǴǭƴǢǭ

 .ƠƽƗ ǳƳǸƛ ǼƛǷƸŨǾǭ ǻƘǵ  ǴǽǸƽ ǨƛƘǢǭ ƷƳ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵǸǱƘǱ ǼǽƘǽƸƢŧƘƛ ƴǉ ǼǽƗƷƘǥ
 ¡XRD ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ǳƷƵǸǱƘǱ ǻƘǵ ǼūŤǽǷ .ƴǁ ǫƘƪǱƗ ƠƜƦǭ ǫƸūǷ ǼǞǲǭ ǫƸū ǻƘǵ ǻƸƢǥƘƛ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ Ƿ ǼƛƸƪơ ƟƷǸǅ Ǵƛ ǴǖǩƘǎǭ ǰǽƗ :Ƙǵ ƿǷƷ Ƿ ƳƗǸǭ
 ƠǒǪǙ ǨǡƗƴƭ Ƿ ŦƾǽƳ ƷƘǂƢǱƗ ƿǷƷ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ƟƗƷƵǸǱƘǱ Ǵƛ ƠƜƾǱ Ƙǵ ǻƸƢǥƘƛ ƠǾƽƘƾƭ .ƴǁ ǰǾǾǖơ ǼǩƘǢƢǱƗ Ƿ ǼǂƛǷƷ ǼǱǷƸƢŨǩƗ ŗǸŨƽǷƸŨǾǭ
 ǼŨǽƸƢŨǩƗ  ƷƘƛ  ƸǞǅ ǴǎǢǱ  pH  .ƴǁ ǫƘƪǱƗ  Ĥģī  CFU/mL  ǧƳƘǖǭ Ƙǵ ǻƸƢǥƘƛ  ǴǾǩǷƗ  ƳƗƴǖơ Ƙƛ  ũƸǭ ǯƘǭƹ ƟƘǖǩƘǎǭ .ƴǽƳƸū ǰǾǾǖơ  ƴǁƷ ǳƴǲǲŧ ƠǖǱƘǮǭ
 ƹƗ ǳƳƘǞƢƽƗ Ƙƛ Ƿ ǳƴǁ ƠǽƸǽƴǭ  SPSS 16ƷƗƺǝƗ ǫƸǱ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ǳƴǭƋ ƠƽƳ Ǵƛ ƟƘǕȆǍƗ .ƴǭƋ ƠƽƳ Ǵƛ ǧƳƘǖơ ƿǷƷ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ƟƗƷƵǸǱƘǱ (pHZPC)

.ƴǁ ǴƢǝƸū ƸǒǱ ƷƳ ģ/ģĨ Ƙǵ  ǯǸǭƹƋ ǼǭƘǮơ ƷƳ ǻƷƗƳ  Ǽǲǖǭ Ƭǎƽ .ƴǱƴǁ ǨǾǪƮơ Ƿ Ǵǽƺƪơ t ǯǸǭƹƋ Ƿ ANOVA ÛǯǸƽƸǾř ǻƷƘǭƋ ǻƘǵ ǯǸǭƹƋ
 ǧƘƢƾǽƸŧ ƷƳ ǼǆǩƘƱƘǱ ǴǱǸū ŠǾǵ Ƿ ƳƷƗƳ ƷƗƸǡ ǸǱƘǱ ǳƳǷƴƮǭ ƷƳ ƟƗƷƵ ǳƹƗƴǱƗ Ǵŧ ƳƗƳ ǯƘǂǱ TEM Ƿ SEM  ¡XRD Ƙƛ ƟƗƷƵǸǱƘǱ ǼūŤǽǷ ǼƽƷƸƛ :Ƙǵ  ǴƢǝƘǽ
 ǻƸƢŧƘƛ ƴǁƷ ǫƴǕ ǴǩƘǵ Ƹǎǡ .ƴǭƋ ƠƽƳ Ǵƛ Ī/ĨĤ ZnO ǻƗƸƛ pHZPC ƷƗƴǢǭ .ƴǭƋ ƠƽƳ Ǵƛ ĥģnm ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ Ƹǎǡ .ƳƷƗƴǱ ƳǸƩǷ ƟƗƷƵ ǸǱƘǱ
 ǯƘǭƹ Ɵƴǭ ƷƳ 2xMIC ƠǒǪǙ ƷƳ ƗǷƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƾř ƠǾǖǮƩ .ƳǸƛ Ƙǵ  ǴǽǸƽ ǴǾǢƛ ƹƗ ƸƢūƷƺƛ ZnO Ƙƛ ƻƘǮơ ƷƳ ƗǷƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƾř
 ũƸǭ ǯƘǭƹ ƟƘǖǩƘǎǭ ƷƳ ǻƸƢŧƘƛ ǴǽǸƽ Ƿ ƟƗƷƵ ǸǱƘǱ ƠǒǪǙ ÛǯƘǭƹ Ƙƛ ÛǳƴǱƘǭ ǳƴǱƹ ǻƘǵ ǻƸƢǥƘƛ ƳƗƴǖơ .ƠƽƗ ǳƴǾƽƷ ƸǞǅ Ǵƛ ZnO ƷǸǊƭ ƷƳ ĤĨģ  min

.(P<ģ/ģģĤ) ƠƽƗ ǳƳǸƛ ǻƷƗƳ  Ǽǲǖǭ ǛȆƢƱƗ ǻƗƷƗƳ
 ǫƸū ǻƘǵ ǻƸƢǥƘƛ Ǜƶƭ ǻƗƸƛ ǼƜƽƘǲǭ Ǵǲǽƺū ǯƗǸǲǕ Ǵƛ ƴǱƗǸơ Ǽǭ Ƿ ǴƢǁƗƳ ǼǽƘǽƸƢŧƘƛ ƴǉ ƸƥƗ ǻǷƷ ƴǾƾŧƗ ǳƷƵǸǱƘǱ Ǵǥ ƳƗƳ ǯƘǂǱ ǴǖǩƘǎǭ ǰǽƗ :ǻƸǾū  ǴƪǾƢǱ

.ƳƳƸū ǳƳƘǞƢƽƗ ǼǱƘƢƽƷƘǮǾƛ ǻƘǵ  ƠǱǸǞǕ ǨǭƘǕ ǻƘǵ ǻƸƢǥƘƛ ǳŤǽǷ Ǵƛ ǼǞǲǭ Ƿ ƠƜƦǭ

ǻǷƷ ƴǾƾŧƗ ÛǼƛǷƸŨǾǭƴǉ ƸƥƗ ÛǼǞǲǭ ǫƸū ǻƸƢŧƘƛ ÛƠƜƦǭ ǫƸū ǻƸƢŧƘƛ :ǻƴǾǪǥ ǯƘūţƗǷ

ǯƘƢƽƸǩ ÛƳƘƛƋ ǫƸƱ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ÛǌǾƮǭ ƠǁƗƴǶƛ ƴǁƷƗ ƻƘǲǁƷƘŧ-Ĥ
ǯƗƴǮǵ ÛǯƗƴǮǵ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛǼƢǁƗƴǶƛ ǫǸǪǕ ƟƘǢǾǢƮơ ƺŧƸǭ ǸǊǕ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƷƘǾǂǱƗƳ ÛǌǾƮǭ ƠǁƗƴǶƛ ǻƗƸƢŧƳ -ĥ

ǯƗƴǮǵ ÛǯƗƴǮǵ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛǼŨǁƺř ǳƴŨǂǱƗƳ ƷƘǾǂǱƗƳ ÛǼŨǁƺř ǼƽƘǲǁ ƙǷƸŨǾǭ ǻƗƸƢŧƳ -Ď
ǯƗƴǮǵ ÛǯƗƴǮǵ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƷƘǽƳƘƢƽƗ ÛǼƢƾǽƹ ƷƘǭƋ ǻƗƸƢŧƳ -ħ

ǯƗƴǮǵ ÛǯƗƴǮǵ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛǼƢǁƗƴǶƛ ǫǸǪǕ ƟƘǢǾǢƮơ ƺŧƸǭ ǸǊǕ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƷƘǾǂǱƗƳ ÛǌǾƮǭ ƠǁƗƴǶƛ ǻƗƸƢŧƳ -Ĩ
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ĦĦĥ

 ǴǭƴǢǭ
 Ĥģ  Ƹǵ  ƹƗ  ǴǱƗƹǷƷ  ÛǼǱƘǶƩ  ƠǁƗƴǶƛ  ǯƘǭƹƘƽ  ǰǾǮƲơ  ƸƛƘǲƛ.....
 Ǵƛ  ƸǞǱ  Ŧǽ  ÛƴǱǸǁ  Ǽǭ  ƿƸǽƶř  Ƙǵ ǯƘƢƽƷƘǮǾƛ  ƷƳ  Ǵŧ  ǻƷƘǮǾƛ
 ǯƗƷƘǮǾƛ  ĕĤģ  ƘƜǽƸǢơ  Ƿ  ƳǸǁ  Ǽǭ  ȆƢƜǭ  ǼǱƘƢƽƷƘǮǾƛ  ǻƘǵ ƠǱǸǞǕ
 ǯƗƷƘǮǾƛ ǰǽƗ Ǵŧ ǻƗ  Ǵǲǽƺǵ Ƿ ƴǲǵƳ  Ǽǭ ƠƽƳ ƹƗ ƗƷ ƳǸƱ ǯƘƩ ȆƢƜǭ
 ƠƽƗ ǼǱƗƷƘǮǾƛ Ǵǲǽƺǵ ƸƛƗƸƛ Ǵƽ ÛƴǱǸǁ  Ǽǭ ǨǮƮƢǭ ǯƘǭƷƳ ƠǶƩ
 ǼƱƸƛ  ǴǖƽǸơ  .(Ĥ)ƴǱƗ  ǳƴǂǱ  ȆƢƜǭ  ǼǱƘƢƽƷƘǮǾƛ  ƠǱǸǞǕ  Ǵƛ  Ǵŧ
 ǴǽƘř ƴǲǪƛ ǛƗƴǵƗ ǷƺƩ ƹƘƛƸǽƳ ƹƗ ǼƛǷƸŨǾǭ ƴǉ ǃƗǸƱ Ƙƛ ƳƗǸǭ
 ƻƘƽƗ Ƹƛ ǼƛǷƸŨǾǭ ƴǉ ǨǭƗǸǕ .(ĦǷĥ)ƠƽƗ ǳƳǸƛ ǼŨǁƺř ǫǸǪǕ
 ƸǾǙ Ƿ ǼǩƋ ǼƛǷƸŨǾǭ ƴǉ ǨǭƗǸǕ ǴƢƽƳ ǷƳ Ǵƛ ǼǽƘǾǮǾǁ ƚǾŧƸơ
 ǨǭƗǸǕ  ǄǡƗǸǱ  ƹƗ  ǻƷƘǾƾƛ  .(ħǷĥ)ƴǱǸǁ Ǽǭ  ǻƴǲƛ ǬǾƾǢơ  ǼǩƋ
 ƠƽƗ ǳƴǁ ƘǶǱƋ  ǳƳƘǞƢƽƗ  ƠǽƳǷƴƮǭ Ǵƛ  Ƹƪǲǭ  ǼǩƋ  ǼƛǷƸŨǾǭƴǉ
 ƠǾǪƛƘǡ  ÛƟƷƗƸƭ  ǨƛƘǢǭ  ƷƳ  ƘǶǱƋ  ǰǾǽƘř  ƠǭǷƘǢǭ  Ǵƛ  ǯƗǸơ  Ǽǭ  Ǵŧ
 ƘƢƜƾǱ  ƷƘǂǝ  Ƿ  ƟƷƗƸƭ ƷƳ  ǰǾǽƘř  ƸǮǕ ǴǮǾǱ  ǴƪǾƢǱ  ƷƳ  Ƿ  Ǵǽƺƪơ
 ǼǩƋ  ƸǾǙ  ǼƛǷƸŨǾǭ  ƴǉ  ǨǭƗǸǕ  ǴƪǾƢǱ  ƷƳ  .(Ĩ)ƳǸǮǱ  ǳƷƘǁƗ  ȅƘƛ
 ƳƷǸǭ  ƷƘǾƾƛ  ǼƛǷƸŨǾǭ  ƴǉ  ǨǭƗǸǕ  ƠƱƘƽ  ǻƘǵ ƠŧƸǁ  ƷƳ
 ƸǾǙ  ǼƛǷƸŨǾǭ  ƴǉ  ǨǭƗǸǕ  ǰǾƛ  ƹƗ  .(ĨǷħ)ƴǱƗ  ǴƢǝƸū  ƷƗƸǡ  ǴƩǸơ
 ƟƘǖǩƘǎǭ  ƷƳ  Ƿ  ǳƳǸƛ  ǴƩǸơ  ƳƷǸǭ  ƷƘǾƾƛ  ƟƗƷƵǸǱƘǱ  ƴǾƾŧƗ  ÛǼǩƋ
 Ƙƛ  ǼǩƋ  ƸǾǙ  ƟƗƷƵ  .(ĩ-ī)ƴǱƗ  ǴƢǝƸū  ƷƗƸǡ  ǳƳƘǞƢƽƗ  ƳƷǸǭ  ǜǪƢƲǭ
 ǼŨǽƺǾǝ  ǃƗǸƱ  ÛǳƳƘƽ  ƚǾŧƸơ  Ƿ  ƠǖǾƜǍ  ǨǾǩƳ  Ǵƛ  ǸǱƘǱ  ǳƹƗƴǱƗ
 ǻƗ ǳƴǲǽƗƺǝ ƷǸǍ Ǵƛ ǰǽƗƸƛƘǲƛ  ÜƴǲǵƳ  Ǽǭ ƹǷƸƛ ǼǱƘƾŨǽ ǼǽƘǾǮǾǁ Ƿ
 ƷƳ  Ǵŧ  ǸǱƘǱ  ǻƘǵ ǳƘŬƢƽƳ  ƺǾǶƪơ  Ƿ  ƠƱƘƽ  ƷƳ  ƘǶǱƋ  ƹƗ  ǳƳƘǞƢƽƗ
 ŦǽƺǾǝ  Ƿ ǼŨǽţǸǩǸǾƛ  ÛǼŨǁƺřǸǾƛ  ÛǼǽǷƷƗƳ  ǻƘǵƳƸƛƷƘŧ ǻƷƘǾƾƛ
 ƨǽƘƢǱ  ƹƗ  ǼƱƸƛ  .(Ĩ)ƠƽƗ  ǀǽƗƺǝƗ  ǧƘƭ  ƷƳ  ÛƴǱǸǁ  Ǽǭ  ǳƳƘǞƢƽƗ
 ǸǱƘǱ ƳƗǸǭ ƹƗ ǻƴǽƴƩ ǓƗǸǱƗ ƴǾǩǸơ ǧƘǮƢƭƗ ǳƴǭƋ ƠƽƳ Ǵƛ ƟƘǢǾǢƮơ
 ǯƗǸǲǕ Ǵƛ ǳƳƘǞƢƽƗ ƷƳ ƘǶǱƋ ƹƗ ǯƗǸơ  Ǽǭ ƷƘƢƱƘƽ Ƿ Ƭǎƽ ƸǒǱ ƹƗ Ǵŧ
 Ǵƛ ǼǽƘǽƸƢŧƘƛ ƠǭǷƘǢǭ .(ī)ƴǱƗ  ǳƳƸŧ ƳƘǶǲǂǾř ǼƛǷƸŨǾǭ ƴǉ ǨǭƗǸǕ
 ƠǪǕ Ǵƛ ƸǾƱƗ ǻƘǵ ǧƘƽ ƷƳ ǀŧ ǻƸƢŧƘƛ Ƿ ŦǾơƘƢƽǸǽƸƢŧƘƛ ǨǭƗǸǕ
 ǨǭƗǸǕ ǼƱƸƛ .(Ħ)ƠƽƗ ǴƢǝƘǽ ǀǽƗƺǝƗ ǫǷƘǢǭ ǻƘǵ  ǴǽǸƽ ƿƸƢƾū
 (Ĭ)ƴǱƗ ǼǮƽ Ƿ ǳƳǸƛ ƷǷƋ ƙƘǶƢǩƗ ǼǖǾƽǷ ƟƷǸǅ Ǵƛ ǼƛǷƸŨǾǭ ƴǉ
 Ǵŧ ƴǾƽǸǾƛ ǨǭƗǸǕ ƹƗ ǻƴǽƴƩ ǓƗǸǱƗ ǼǝƸǖǭ ƠǶƩ ƿȆơ ǰǽƗƸƛƘǲƛ
 ǻƘǵ  ƠǽǸǩǷƗ ǷƺƩ ƴǁƘƛ ǴǝƸǅ Ǵƛ ǯǷƸǢǭ Ƿ ǰǮǽƗ ƘǶǱƋ ƹƗ ǳƳƘǞƢƽƗ
 ǳƴǁ ǼǝƸǖǭ ƠǭȆƽ Ƙƛ ǌƜơƸǭ ǻƘǵ ǯƘūƷƗ ƹƗ ǻƷƘǾƾƛ ǼǂǵǷŤř
 ƴǱƗ  ǳƴǾƽƷ ǴƪǾƢǱ ǰǽƗ Ǵƛ ƳǸƱ ǴǖǩƘǎǭ ƷƳ ǻƳƘǽƹ ǰǢǾǢƮǭ .ƠƽƗ
 ǻƘǵ ǻƸƢǥƘƛ  ǨƛƘǢǭ  ƷƳ  Ƿ  ǳƳǸƛ  ǧƘǖǝ  ƷƘǾƾƛ  ƟƗƺǪǝ  ƴǾƾŧƗ  ǸǱƘǱ

 ǯƘǂǱ ǻƗ  ǳƳƘǖǩƗ ǟǸǝ Ǽǂŧ ǻƸƢŧƘƛ ƠǾǩƘǖǝ ǼǞǲǭ ǫƸū Ƿ ƠƜƦǭ ǫƸū
 (Ĥĥ)ǯƗƷƘŨǮǵ Ƿ Atmaca ǴǖǩƘǎǭ ƻƘƽƗƸƛ .(ĤĤǷĤģ)ƴǲǵƳ  Ǽǭ
 ťǸŧǸǪǾǝƘƢƽƗ  ǻƘǵ ǻƸƢǥƘƛ  ǴǾǪǕ  ǻǷƷ  ƟƘƢƽƗ  Ƿ  ǻǷƷ  ƴǾƾŧƗ
 ƗƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƽ Ƿ ƼǽƴǾǭƷƴǾřƗ ťǸŧǸǪǾǝƘƢƽƗ ÛƻǸƕƷǷƗ
 .ƠƽƗ  ǼƛǷƸŨǾǭƴǉ  ƸƥƗ  ǻƗƷƗƳ  ÛƣƗƸƛ  ǯǸƢǲǾǵƸǩǸǭ  ǌǾƮǭ  ƷƳ
 Ƿ  ƻǸƕƷǷƗ  ťǸŧǸǪǾǝƘƢƽƗ  Ƹƛ  ǻǷƷ  ƴǾƾŧƗ  ƸƥƗ  Ǵŧ  ǻƷǸǍ  Ǵƛ
 ƗƹǸǲǽţǷƸǽƋ  ƻƘǱǸǭǷƳǸƽ  ƹƗ  ƸƢǂǾƛ  ƼǽƴǾǭƷƴǾřƗ  ťǸŧǸǪǾǝƘƢƽƗ
 ƷƗƴǢǭ  Ǵŧ  ƴǱƴǾƽƷ  ǴƪǾƢǱ  ǰǽƗ  Ǵƛ  ǯƗƷƘŨǮǵ  Ƿ  Xie  .ƠƽƗ  ǳƳǸƛ
 ģ/ģĥĨ - ģ/ģĨ  mg/mL ƹƗ ǼǱǸƪƩ ƸƢŧƘƛǸǪǾŚǮŧ ǻƗƸƛ MIC
 ǻƗƸƛ  ƠǒǪǙ  ǰǽƗ  ƷƳ  ǻǷƷ  ƴǾƾŧƗ  ƟƗƷƵ  ǸǱƘǱ  Ƿ  ƠƽƗ  ƸǾǚƢǭ
 ƘǝƸǅ Ƿ ǳƳǸƛ  Ǽǂŧ ǻƸƢŧƘƛ  ƠǾǩƘǖǝ  ǻƗƷƗƳ  ǼǱǸƪƩ ƸƢŧƘƛǸǪǾŚǮŧ
 ǼǩƋ  ƸǾǙ  ǼƛǷƸŨǾǭ  ƴǉ ǨǭƗǸǕ  ƹƗ  .(ī)ƠƾǾǱ  ŦǾơƘƢƽƗ  ǸǽƸƢŧƘƛ
 ƴǾƾŧƗ ÛǫǸǾǱƘƢǾơ ƴǾƾŧƗ ǻƳ ǯǸš ƟƗƺǪǝ ǼƱƸƛ ƴǾƾŧƗ Ǵƛ ǯƗǸơ  Ǽǭ
 ƟƘǢǾǢƮơ ƷƳ Ǵŧ ƳƸŧ ǳƷƘǁƗ Ƽǭ ƴǾƾŧƗ Ƿ ǬǽƺǾǲǭ ƴǾƾŧƗ ÛǻǷƷ
 ǳƴǁ ǴǾǅǸơ ǼƛǷƸŨǾǭ ƴǉ ǨǭƗǸǕ ǯƗǸǲǕ Ǵƛ ƘǶǱƋ ƹƗ ǳƳƘǞƢƽƗ ǜǪƢƲǭ
 ǼƛǷƸŨǾǭƴǉ ǨǭƗǸǕ ǯƗǸǲǕ Ǵƛ ƳƗǸǭ ǴǱǸū ǰǽƗ ƹƗ ǰǾǲš Ǭǵ .ƠƽƗ
 ƹƗ  ǼƱƸƛ  .(ĤĦ)ƠƽƗ  ǳƴǁ  ƸŧƵ  ƟƘǱƗǸǾƭ  Ƿ  ǯƘƾǱƗ  ǻƗƸƛ  ǰǮǽƗ
 ǴǪǮƩ ƹƗ ǬǾƾǪŧ ƴǾƾŧƗ Ƿ ǬǽƺǾǲǭ ƴǾƾŧƗ ǯǸš ǻƺǪǝ ǻƘǵƴǾƾŧƗ
 ƹƗ ƸŬǽƳ ǼƱƸƛ .ƠƾǽƷǷƸǉ ǯƘƾǱƗ ǼƢǭȆƽ ǻƗƸƛ Ǵǥ ǻƶǚǭ ƳƗǸǭ
 ƷǸǍ Ǵƛ ǻǷƷ ƴǾƾŧƗ Ƿ ǫǸǾǱƘƢǾơ ƴǾƾŧƗ ǻƳ ǯǸš ǻƺǪǝ ǻƘǵƴǾƾŧƗ
 .(ĤĦ)ƴǱǸǁ  Ǽǭ ǳƳƘǞƢƽƗ ǼƢƜǡƗƸǭ ƟȅǸǆƮǭ ǴǾǶơ ƷƳ ǻƗ  ǳƳƸƢƾū
 ƸƥƗ ǼƽƷƸƛ ǻƗƸƛ Ǵŧ  ǯƗƷƘŨǮǵ Ƿ Sinha ǌƽǸơ Ǵŧ ǻƗ  ǴǖǩƘǎǭ ƷƳ
 ǻƘǵ ǻƸƢǥƘƛ ǻǷƷ Ƹƛ ǻǷƷ ƴǾƾŧƗ Ƿ ǳƸǢǱ ƨǽƗƷ ǳƷƵǸǱƘǱ ǷƳ ƠǾǮƽ
 Üƴǁ ǫƘƪǱƗ  (ǨǾǝǸǩƘǵ) ƠƽǷƳ ŦǮǱ Ƿ (ǨǾǝǷƺǭ) ƠƽǷƳ ƘǭƸƽ
 ǻǷƷ  Ƹƛ  ǼǪŧ  ƷǸǍ  Ǵƛ  ƟƗƷƵǸǱƘǱ  ƠǾǮƽ   Ǵŧ  ƳƗƳ  ǯƘǂǱ  ƨǽƘƢǱ
 ǻǷƷ ƴǾƾŧƗ ƟƗƷƵǸǱƘǱ .ƠƽƗ ǳƳǸƛ ƸƢǂǾƛ ǼǞǲǭ ǫƸū ǻƘǵ ǻƸƢǥƘƛ
 ƴǁƷ ǯƗƺǾǭ Ƿ ĕĨģ ǯƗƺǾǭ Ǵƛ ƗƷ ƸƢŧƘƛǷƸƢǱƗ ǻƘǵ  ǴǽǸƽ ƴǁƷ ǯƗƺǾǭ
 .ƠƽƗ ǳƳƗƳ ǀǵƘŧ ĕ īģ ǯƗƺǾǭ Ǵƛ ƗƷ ƠƽǷƳ ŦǮǱ ǻƘǵ ǻƸƢǥƘƛ
 ǯƗƺǾǭ ǨǾǩƳ Ǵƛ ƠƽǷƳ ŦǮǱ ǻƘǵ ǻƸƢǥƘƛ ǻǷƷ Ƹƛ ƸƢǂǾƛ ƸǾƥƘơ ǨǾǩƳ
 ťƴǱƗ ƸǾƥƘơ .ƠƽƗ ǳƴǁ ƸŧƵ ǼǩǸǪƽ Ƭǎƽ ǻǷƷ Ƹƛ ǼǞǲǭ ƷƘƛ ƸƢǂǾƛ
 ƷǸǊƭ ƠǪǕ Ǵƛ ƠƜƦǭ ǫƸū ǻƘǵ ǻƸƢǥƘƛ ǻǷƷ Ƹƛ ƟƗƷƵ ǸǱƘǱ ǰǽƗ
 ǳƴǁ ǯƗǸǲǕ Ƙǵ ǻƸƢǥƘƛ ǰǽƗ ƷƳ ǯƘŨǾǪūǷƴǾƢŚř Ǵǽȅ Ƹơ  ǬǾƲǉ Ǵǽȅ
 Ƿ Ƽǭ ƟƗƷƵ ǸǱƘǱ ǼƽƷƸƛ ƷƳ ǯƗƷƘŨǮǵ Ƿ Akhavan .(ĥ)ƠƽƗ
 ǯƗǸǲǕ Ǵƛ ƼǾǪǾƽ ťƹƘǱ ǻƘǵ ǬǪǾǝ ǻǷƷ Ƹƛ ǳƴǁ ƠǾƜƦơ Ƽǭ ƴǾƾŧƗ
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ĦĦĦ

 Ƽǭ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ Ǵŧ ƴǱƗ  ǳƳƸŧ ǳƴǵƘǂǭ ÛǧƘǽƸƢŧƘƛ ǼƢǱƋ ǳƳƘǭ
 Ƿ ǳƳǸƛ ǼǪŧƘǾǁƸǁƗ ǻƸƢŧƘƛ ǻƗƸƛ ǻƸƢǂǾƛ ƠǾǮƽ ǃƗǸƱ ǻƗƷƗƳ
 ƗƷ ǀǵƷ ǴƢƾǵƋ Ǽǂŧ ƙǷƸŨǾǭ ƠǾǅƘƱ Ƽǭ ƴǾƾŧƗ ƟƗƷƵǸǱƘǱ

.(Ĥī)ƠƽƗ ǳƳƗƳ ǯƘǂǱ ƳǸƱ ƹƗ ǼƢƾǾǩƘơƘŧǸƢǝ ƠǩƘƭ ƷƳ
 ƟƗƷƵǸǱƘǱ  ǼƛǷƸŨǾǭ  ƴǉ  ƸƥƗ  ǼƽƷƸƛ  ƷǸǒǲǭ  Ǵƛ  ǴǖǩƘǎǭ  ǰǽƗ  
 Zero Point of(  ǰǾǾǖơ  ÛMBC¡MIC  ǰǾǾǖơ  Ƙƛ  ǻǷƷ ƴǾƾŧƗ
 ũƸǭ ǯƘǭƹ ǼƽƷƸƛ Ƿ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵǸǱƘǱ pHzpc )Charge
 ƷƳ .ƴǁ ǫƘƪǱƗ 1,2x MIC  ƠǒǪǙ ǷƳ Ƙƛ ƻƘǮơ ƷƳ ǻƘǵ ǻƸƢǥƘƛ
 ǼƛǷƸŨǾǭ ƴǉ ƸƥƗ  ǼƽƷƸƛ ǻǷƷ Ƹƛ  ǳƴǁ ǫƘƪǱƗ  ǴƛƘǂǭ ƟƘǖǩƘǎǭ
 ƟƷǸǅ ǻƳƘǽƹ ƟƘǢǾǢƮơ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ
 ƷǸǒǲǭ Ǵƛ ǼǪƜǡ ƟƘǢǾǢƮơ Ǵŧ ƠƽƗ ƸŧƵ Ǵƛ ǫƹȅ Ƿ ƠƽƗ ǴƢǝƸŬǱ
 Ǵŧ  ƠƽƗ  ǳƴǁ ǫƘƪǱƗ  ŦǂƱ ƠǩƘƭ ƷƳ  ƟƗƷƵ  ǸǱƘǱ  ƸƥƗ  ǼƽƷƸƛ
 ǨƛƘǡ  ƟǷƘǞơ  ƟƗƷƵǸǱƘǱ  ǯǸǾƾǱƘŚƽǸƽ ǼƽƷƸƛ  ƨǽƘƢǱ  Ƙƛ  ƴǱƗǸơ  Ǽǭ

.ƴǁƘƛ ǴƢǁƗƳ ǻƗ  ǴǒƭȆǭ

Ƙǵ ƿǷƷ Ƿ ƳƗǸǭ
 ǳƷƵǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ ǴǾǶơ ǴǪƭƸǭ ǷƳ ǼǍ ǼƛƸƪơ ǴǖǩƘǎǭ ǰǽƗ.....
 ǼƛǷƸŨǾǭ  ƴǉ ǨǾƾǱƘƢř  ǰǾǾǖơ  ǻƘǵ Ơƾơ  ǫƘƪǱƗ  Ƿ  ǻǷƷ  ƴǾƾŧƗ

.ƴǁ ƗƸƩƗ ǳƷƵǸǱƘǱ
 ƟȅǸǆƮǭ ƹƗ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ :ǻǷƷ ƴǾƾŧƗ ǳƷƵ ǸǱƘǱ  ǴǾǶơ
 ÛƟƗƷƵ  ǳƹƗƴǱƗ  .ƴǁ  ǴǾǶơ  ǳƴƮƢǭ  ƟȅƘǽƗ  ÛNano Amor  ǼǱƘŚǮŧ
 ŗǸŨƽǷƸŨǾǭ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ǳƷƵ ǸǱƘǱ ǻƷƘƢƱƘƽ ƟƘƜǾŧƸơ Ƿ ǻţǸǩǸǝƸǭ
 ǼǂǲŧƗƸř ǼǱǷƸƢŨǩƗ ŗǸŨƽǷƸŨǾǭ Ƙǽ (SEM) ǼǂƛǷƷ ǼǱǷƸƢŨǩƗ
 Ƿ ǰǾǾǖơ ǻƗƸƛ .ƴǁ ǰǾǾǖơ (XRD) ƼŨǽƗ ǴǖǁƗ ƿƗƸř Ƿ (TEM)
 ƺǾǩƘǱƋ ƿǷƷ ƹƗ Ûǳƴǁ ǴǾǶơ ƟƗƷƵǸǱƘǱ ǃǸǆƲǭ Ƭǎƽ ǻƸǾū ǳƹƗƴǱƗ
 ǻǷƷ Ƹƛ ǳƴǁ ƙƶƩ ǯţǷƸƢǾǱ ƹƘū ǻƘǵ ǧǸŨǩǸǭ ǻƸǾū  ǳƹƗƴǱƗ ÛBET
 ťǸƢƽƗ ǧǸǪƮǭ ǴǾǶơ ǻƗƸƛ .ƠƽƗ ǳƴǁ ǴƢǝƸū ǳƸǶƛ ÛƴǭƘƩ Ƭǎƽ
 Ǵƛ ǨǽƸƢƽƗ Ơǂŧ ǌǾƮǭ ƷƳ ǳƷƵǸǱƘǱ Ĥģ g/L ƠǒǪǙ ÛƟƗƷƵǸǱƘǱ
 ƚƽƘǲǭ ǯƴǁ ǳƴǲŧƗƸř ǻƗƸƛ Ƿ ƴǁ ǳƳƷǷƋ ƷƳ ǯǸǾƾǱƘŚƽǸƽ ƟƷǸǅ
 (Bandelin Sonorex RK 31H) ŦǾǱǸƽƗƸƢǩƗ ǳƘŬƢƽƳ ƹƗ ƘǶǱƋ
 ǫƴǕ ƹƗ ǻƸǾūǸǪƩ ƠǶƩ. ƴǁ ǳƳƘǞƢƽƗ Ħģ min  ǯƘǭƹ Ɵƴǭ Ǵƛ
 ǼƛǷƸŨǾǭ ƠǾƽƘƾƭ ƟƘǂǽƘǭƹƋ ǻƗƸƩƗ Ƙƛ ǯƘǭƹ Ǭǵ ƘǎƱ ƹǷƸƛ

 .ƴǱƴǁ  ǴǾǶơ Ƙǵ  ǯǸǾƾǱƘŚƽǸƽ
 ǫƘƪǱƗ  ƠǶƩ  ǳƳƘǞƢƽƗ  ƳƷǸǭ  ǻƘǵ ǻƸƢǥƘƛ  :ǼǽƘǽƸƢŧƘƛ  ǻƘǵ  ǴǱǸǮǱ

 ¡(ATCC 25922) ǼǪǥƘǾǁƸǁƗ ǨǭƘǁ ǼǽƘǽƸƢŧƘƛ ƴǉ ƟƘǂǽƘǭƹƋ
 ÛǼǞǲǭ ǳǷƸū ǓƗǸǱƗ ƹƗ (ATCC 27853) ƗƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƾř
 ƻǸŧǸŧǸǪǾǝƘƢƽƗ Ƿ (ATCC 25923) ƻǸƕƷǷƗ ƻǸŧǸŧǸǪǾǝƘƢƽƗ
 Ǵƛ Ǵŧ ƴǱƳǸƛ ƠƜƦǭ ǫƸū ǻƸƢŧƘƛ  (PTCC 1114) ƼǽƴǾǭƷƴǾřƗ
 ƴǁƷ ǴǲǾǶƛ  ǌǽƗƸǁ .ƴǱƳǸƛ  ǳƴǁ ǻƷƗƳ ǴŬǱ  ŦǂƱ ƺǽƸǝ  ƟƷǸǅ
 ƘǽǸƽǸƢŚǽƸơ Ơǂŧ ǌǾƮǭ Ƿ ǻƹƗǸǵ ǌǽƗƸǁ   ĦĪ 0C ǻƘǭƳ ƘǶǱƋ
 ǳƴŨǂǱƗƳ ǻţǸǩǸǾƛǷƸŨǾǭ ǳƘŬǂǽƘǭƹƋ ƹƗ Ƙǵ ǻƸƢǥƘƛ ǰǽƗ  .ƠƽƗ ƷƘūƋ
 ƷǸŧƶǭ ǻƘǵ ǻƸƢǥƘƛ ƳƷƗƴǱƘƢƽƗ ǻƘǵ  ǴǽǸƽ .ƴǱƴǽƳƸū ǴǾǶơ ǼŨǁƺř
 ĥħ h  Ɵƴǭ Ǵƛ Ƿ ƴǱƴǁ ǳƳƗƳ Ơǂŧ ǼǱǸƱ ƷƘūƋ Ơǂŧ ǌǾƮǭ ǻǷƷ
 ǻƷƗƳ ǴŬǱ ĦĪ 0C ǻƘǭƳ Ƙƛ (RAD Production.co) ǴǱƘƱ ǫƸū ƷƳ
 ǴǾǶơ ǻƗƸƛ ǼǽƘǽƸƢŧƘƛ ǴǱǸǮǱ ƹƗ ÛǯǸǾƽƘƛǸŨǱƗ Ɵƴǭ ǼǍ ƹƗ Ƽř .ƴǽƳƸū
 ǯǸǾƾǱƘŚƽǸƽ ǴǾǶơ ƷǸǒǲǭ Ǵƛ .ƴǁ ǳƳƘǞƢƽƗ ǼǽƘǽƸƢŧƘƛ ǯǸǾƾǱƘŚƽǸƽ
 ƴǲǩƷƘǝ Ŧǭ ǬǾǱ ƗƴƢƛƗ ÛƹǷƷ Ƹǵ ƷƳ ƟƘǂǽƘǭƹƋ ǫƘƪǱƗ ƠǶƩ ǼǽƘǽƸƢŧƘƛ
 ǯƘǲǾǮǍƗ ǻƗƸƛ .ƴǁ ǴǾǶơ (mL Ƹǵ ƷƳ ǻƸƢŧƘƛ ƳƴǕ Ĥ-Ĥ/Ĩ ×Ĥģī )
 ƙƶƩ ÛƴǲǩƷƘǝ Ŧǭ ǬǾǱ ǯǸǾƾǱƘŚƽǸƽ ƬǾƮǅ ƟƷǷƴŧ ƳƘƪǽƗ ƹƗ
 ºUNICO-2100) ǀǞǲƛƗƸǝ ø ǼǽƸǭ ƸƢǭǸƢǝǷƸƢŨŚƽƗ ǴǪǾƽǷ Ǵƛ ǯƋ
 Ƿ  ǻƸǾū  ǳƹƗƴǱƗ  ĩĥģnm  ƧǸǭ  ǧǸǍ ǳƳǷƴƮǭ ƷƳ  (ǳƴƮƢǭ  ƟȅƘǽƗ

.(Ĥħ)ƴǁ ǬǾǒǲơģ/ģīı ģ/ĤǳƳǷƴƮǭ ƷƳ ƙƶƩ ǯƗƺǾǭ
ǼƛǷƸŨǾǭ ƴǉ ǨǭƘǕ Ǵƛ ƠǾƽƘƾƭ ǰǾǾǖơ

 ǯƗǸǲǕ Ǵƛ ƸƢǭƗƷƘř ǰǽƗ :MICƴǁƷ ǳƴǱƷƗƳƹƘƛ ƠǒǪǙ ǨǡƗƴƭ ǰǾǾǖơ
 Ơǂŧ ǌǾƮǭ ƷƳ Ƙǵ ǬƾǾǱƘūƷƗ ƴǁƷ ƹƗ Ǵŧ ƟƗƷƵǸǱƘǱ ƠǒǪǙ ǰǽƸƢǮŧ
 ǼǽƘǵ Ơǂŧ ǌǾƮǭ ƻƘƽƗ Ƹƛ Ƿ (ĤĨ)ƳǸǁ  Ǽǭ ǜǽƸǖơ Ûƴǲŧ  Ǽǭ ƠǖǱƘǮǭ
 ƟƗƷƵ ǸǱƘǱ ƹƗ ǼơǷƘǞƢǭ ǻƘǵ  ƠǒǪǙ ǻƗƷƗƳ ǴƢƽǸǾřƘǱ ǬƢƾǾƽ ƷƳ Ǵŧ

 .(Ĥĩ)ƴǽƳƸū ǰǾǾǖơ ÛƴǲƢƾǵ ǯǸǾƾǱƘŚƽǸƽ ƷƳ ǻǷƷ ƴǾƾŧƗ
 ǯǸƢŚǽƸơ ǌǾƮǭ ĥ mL ǻǷƘƭ ǫƗƴǥ Ƹǵ Ǵǥ ǴǩǸǩ Ĥĥ ƹƗ ƿǷƷ ǰǽƗ ƷƳ
 ǻǷƷ ƴǾƾŧƗ ǳƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ Ƿ ǨǽƸƢƽƗ (TSB) ƣƗƸƛ ƘǽǸƽ
 ǯǸǾƾǱƘŚƽǸƽ ÛǳƳƹƗǷƳ Ƙơ Ǥǽ ǻƘǵ ǴǩǸǩ Ǵƛ ƼŚƽ .ƴǁ ǳƳƘǞƢƽƗ ÛƳǸƛ
 ƴǵƘǁ ǯƗǸǲǕ Ǵƛ ǴǩǸǩ Ŧǽ) ǴǝƘǉƗģ/ģĤ ƠǡƷ Ƙƛ ƸǒǱ ƳƷǸǭ ǻƸƢǥƘƛ
 ƠǕƘƽĥħ h  Ɵƴǭ Ǵƛ Ƿ (ƴǂǱ ǴƢƲǽƷ ǯƋ ƷƳ ǼǱǸǾƾǱƘŚƽǸƽ Ƿ ƳǸƛ
 Ɵƴǭ ƸƦŧƗƴƭ Ƿ ĦĪ 0CǻƘǭƳ Ûĥģģrpm) ƷƗƳƸŨǾǁ ƷǸơƘƛǸǦǱƗ ƷƳ
 ƠǾǝƘǞǁ Ƿ ƟƷǷƴǥ ǳƴǵƘǂǭ Ƙƛ ƙƗǸƩ Ƿ ǴƢǝƸū ƷƗƸǡ (ĥħ h ǯƘǭƹ
 ƠǒǪǙ ǰǽƸƢǮŧ .ƴǁ ǴƢǝƸūƸǒǱ ƷƳ ƴǁƷ ǫƴǕ Ƙǽ ÛƴǁƷ ƟƷǸǅ Ǵƛ
 ǳƴǲǵƳ ǯƘǂǱ) ƟƷǷƴŧ Ǵŧ ƟƗƷƵǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ (ƠǡƷ ǰǽƸƢǂǾƛ)
 ƠǒǪǙ  ǨǡƗƴƭ  ǯƗǸǲǕ  Ǵƛ  ƳƗƳ  ǼǮǱ  ǯƘǂǱ  (ǬƾǾǱƘūƷƗǷƸŨǾǭ  ƴǁƷ
 ƠƽƳ Ǵƛ ƠǡƷ ǰǽƗ ƷƳ .ƴǁ ǴƢƱƘǲǁ ƟƗƷƵǸǱƘǱ ƴǁƷ ǳƴǲǲŧ ƠǖǱƘǮǭ
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ĦĦħ

.ƴǲƢƾǵ ŦǾơƘƢƽƗǸǽƸƢŧƘƛ ƟƗƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ ǳƴǭƋ
 ǼƛǷƸǦǾǭ  ƴǉ  ƟƗƸƥƗ  ǼƽƷƸƛ  ƷǸǒǲǭ  Ǵƛ  :ǻƷƗƶū ǤƾǽƳ  ƿǷƷ
 ǯǸǾƾǱƘŚƽǸƽ Ƙƛ ǻƷƗƶū ǤƾǽƳ ƿǷƷ ƹƗ ƟƗƷƵǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ
 ǻƘǵ  ǤƾǽƳ  ǴǾǶơ  ǻƗƸƛ  .ƴǁ  ǳƳƘǞƢƽƗ  ƴǲǩƷƘǝ  Ŧǭ  ģ/Ĩ  ǼǽƘǽƸƢŧƘƛ
 ƳƗƴǖơ  Ǵƛ  ƗƷ  ǨǽƸƢƽƗ  ǤǱȆƛ  ǻƘǵ  ǤƾǽƳ  ÛǯǸǾƾǱƘŚƽǸƽ  ǻǷƘƭ
 ƟƗƷƵ ǸǱƘǱ  ǯǸǾƾǱƘŚƽǸƽ ƹƗ  ǳƴǁ ǴǾǶơ  ǻƘǵ  ƠǒǪǙ ƷƳ ǄƲǂǭ
 ǯƘǭƹ ǛƸǑ ǨƱƗƳ ƟƘǽǸƢƮǭ Ǵƛ ƹǷƷ ǴǱƘƜǁ Ǥǽ Ɵƴǭ Ǵƛ Ƿ ǳƳƗƳ ƷƗƸǡ
 ǫƹȅ .ƴǱǸǁ ǻƶǙƘǥ ǻƘǵ  ǤƾǽƳ ƙƶƩ ȆǭƘǥ ƟƗƷƵǸǱƘǱ Ƙơ ƴǁ ǳƳƗƳ
 ǻƘǵ  ǤǾơǸǾƛ ǼƢǱƋ ǤƾǽƳ ƹƗ Ƙǵ ǀǽƘǭƹƋ ǰǽƗ ƷƳ Ǵǥ ƠƽƗ ƸǥƵ Ǵƛ
 ťǸŧǸǪǾǝƘƢƽƗ ǻƗƸƛ) ǰǾǪǾƽ ǼŚǭƋ Ƿ (ǴǽǸƽ Ǵƽ ǻƗƸƛ) ǰǾƾǽƘǭƘƢǲƩ
 Ǵƛ  (HiMedia Laboratories Pvt. Limited) (ƼǽƴǾǭƷƴǾřƗ
 ǻƸǾū ǳƹƗƴǱƗ Ƙǵ ǻƸƢǥƘƛ ƴǁƷ ǫƴǕ ǻƘǵ  ǴǩƘǵ Ƹǎǡ ĥħ  h ƴǵƘǁ ǯƗǸǲǕ

.ƴǱƴǁ ǴƜƽƘƮǭ ƘǶǱƋ ǰǾŬǱƘǾǭ Ƿ
 ǰǾǾǖơ ǻƗƸƛ :MBC ƟƗƷƵ ǸǱƘǱ Ǽūƴǲǂŧ ƠǒǪǙ ǨǡƗƴƭ ǰǾǾǖơ
 ǻǷƷ  Ƹƛ  ƴǂǱ  ǳƴǽƳ  ƟƷǷƴŧ  ƘǶǱƋ  ƷƳ  Ǵŧ  ǼǽƘǵ  ǴǩǸǩ  ƹƗ  ÛMBC
 Ƙƛ  Ƿ  (Ĥħ)ƴǱƴǁ  ǳƳƗƳ  Ƴƴƪǭ  Ơǂŧ  ǼǱǸƱ  ƷƘūƋ  Ơǂŧ  ǌǾƮǭ
 ǰǾǩǷƗ  .ƠǝƸū  ƟƷǸǅ ǼǲǪŧ  ƿƷƘǮǁ  ǼǩƗǸƢǭ  ǻƘǵ ƠǡƷ  ƿǷƷ
 Ǵƛ  ƠƜƾǱ ǯƋ ǻƘǵ ǻƸƢǥƘƛ  ƳƗƴǖơ ƴǁƷ ǀǵƘŧ ƷƗƴǢǭ Ǵŧ ǻƗ  ǴǩǸǩ
 ĕĬĬ/ĬĬ ǀǵƘŧ)  ƳǸƛ  ģ/ģģĤ ƹƗ  ƸƢǂǾƛ  ÛƴǵƘǁ ǴǩǸǩ  ƸǞǅ ǯƘǭƹ
 ǴǩǸǩ  ƷƳ  .ƴǁ ƙƘƲƢǱƗ  MBC  ǯƗǸǲǕ  Ǵƛ  (Ƙǵ ǻƸƢǥƘƛ  ǴǾǩǷƗ  ƳƗƴǖơ
 ƷƳ ƟƗƷƵ ǸǱƘǱ Ƙƛ ǴǶƩƗǸǭ ƷƳ Ƙǵ ǻƸƢǥƘƛ ǯǸǾƾǱƘŚƽǸƽ ƺǾǱ ǧƸƢǲŧ
 ƹƗ ǯƋ Ǵƛ ǋǸƛƸǭ CFU ƿƷƘǮǁ Ƙƛ ÛƴǲƢǁƗƴǱ ƷƗƸǡ Ơǂŧ ǌǾƮǭ

 .ƴǁ ǨǅƘƭ ǯƘǲǾǮǍƗ Ơǂŧ ǌǾƮǭ ƷƳ ǻƸƢŧƘƛ ƴǁƷ ǼǽƘǱƗǸơ
 ǰǽƗ ƷƳ :ƟƗƷƵ ǸǱƘǱ Ƙƛ ƻƘǮơ ƷƳ Ƙǵ ǻƸƢǥƘƛ ũƸǭ ǯƘǭƹ ǴǖǩƘǎǭ
 ǼƽƷƸƛ  ƠǶƩ ƴǲǩƷƘǝ  Ŧǭ ǬǾǱ  ƠǒǪǙ ƹƗ  Ƙǵ ǀǽƘǭƹƋ  ƹƗ  ǴǪƭƸǭ
 ǻǷƘƭ  ǀǽƘǭƹƋ  ǻƘǵ  ǴǩǸǩ  .ƴǁ  ǳƳƘǞƢƽƗ  Ƙǵ ǻƸƢǥƘƛ  ũƸǭ  ǯƘǭƹ
 Ƙƛ Ƿ (ǼǞǲǭ ǧƸƢǲŧ) ƟƗƷƵ ǸǱƘǱ ǯƳƸŧ ǴǝƘǉƗ ǯǷƴƛ Ơǂŧ ǌǾƮǭ
 Ƿ ǳƳƘǭƋ  MIC* ĥ Ƿ Ĥ ǻƘǵ  ƠǒǪǙ ƷƳ ƟƗƷƵǸǱƘǱ  ǯƳƸŧ ǴǝƘǉƗ
 ƷƳ ǴǱƘƱ ǫƸū ƷƳ Ƙǵ  ǴǩǸǩ .ƴǱƴǁ ƬǾǢǪơ ǼǽƘǽƸƢŧƘƛ ǯǸǾƾǱƘŚƽǸƽ Ƙƛ
 ǻƘǵ ǯƘǭƹ ƷƳ Ƿ ƴǱƴǁ ǳƳƗƳ ƷƗƸǡ ÛǼǪƜǡ ǨƭƗƸǭ ƷƳ ƷǸŧƶǭ ǌǽƗƸǁ
 ¡čħċ  ¡Ħģċ  Ƿ  Ďĩċ  minÛ(ƬǾǢǪơ  ǈƮǭ  Ǵƛ)  Ĥ<t <ċ  ÛƸǞǅ
 Ƙƛ  Ƙǵ ǻƸƢǥƘƛ  ƻƘǮơ  ƹƗ  Ƽř  Ďċ  Ƿ  ĩċ  ¡Ĕċ  ¡Ččċ  ¡ČĨċ  ¡Čēċ
 ǴƛǸŨǱƗ ǻƘǵ  ǴǩǸǩ ƹƗ ǯƘǭƹ Ƹǵ ǯƘǽƘř ƷƳ ÛƟƗƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ
 Ƿ ǳƴǁ ǴƢǁƗƳƸƛ Ơǂŧ ǴǱǸǮǱ Û(ƸƛƗƸƛ Čċ) ƚƽƘǲǭ ƠǡƷ Ƙƛ ǳƴǁ
 .ƴǱƴǁ ǳƳƗƳ Ơǂŧ ǼǱǸƱ ƷƘūƋ Ơǂŧ ǌǾƮǭ ǻǷƘƭ ǻƘǵ  ƠǾǪř ƷƳ

 ƠǕƘƽ Čē h ƹƗ ƴǖƛ ǯƘǭƹ Ƹǵ Ƿ ǴǽǸƽ Ƹǵ ǻƗƸƛ Ƙǵ  ǼǲǪŧ ƳƗƴǖơ
.ƴǱƴǁ Ǽǭ ƿƷƘǮǁ ǻƷƗƶū ǴǱƘƱ ǫƸū

 ǼƮǎƽ ǻƘǵƷƘƛ ǯƋ ǼǍ Ǵǥ pH ƹƗ ǻƗ ǴǎǢǱ pHZPC :pHZPC ǰǾǾǖơ
 ƹƗ  ƸƢǭƗƷƘř  ǰǽƗ  ǰǾǾǖơ  ǻƗƸƛ  .ƠƽƗ  ÛƳǸǁ Ǽǭ  ƸǞǅ  ƸƛƗƸƛ  ƙƵƘƩ
 Ǵƛģ/ĤM  ¡  )Cermany- MERCK Inc.( ǫƘǖǍ ŦǮǱ ǧǸǪƮǭ
  ģ/ĤMŦǽƷƴǽƸǪŧ ƴǾƽƗ Ƿ ƳǸƽ ǻƘǵ ǧǸǪƮǭ ƹƗ Ƿ ƠǾǩǷƸƢŨǩƗ ǯƗǸǲǕ
 mL  ƷƗƴǢǭ .ƴǽƳƸū ǳƳƘǞƢƽƗ   pH  ǳƴǲǲŧ ǧƸƢǲŧ ǨǭƗǸǕ ǯƗǸǲǕ Ǵƛ
 Ƿ ǴƢƲǽƷ Ĩģ mL ǰǩƷƗ ƳƴǕ ĤĤ ƷƳ ƗƷ ƠǾǩǷƸƢŨǩƗ ǧǸǪƮǭ ƹƗ Ħģ
 ƳǸƽ Ƿ ƴǾƽƗ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ Ĥĥ Ƙơ ĥ ǳƳǷƴƮǭ ƷƳ Ƙǵ ǧǸǪƮǭ pH
 ǸǱƘǱ  ƹƗ  ģ/ĥ  g  ǼǭƸƩ ǯƗƺǾǭ  .ƴǽƳƸū  ǬǾǒǲơ  ƷǸŧƶǭ  ǴƢǽƷȅǸǭ  Ƙƛ
 .(ĤĪ)ƴǽƳƸū ǴǝƘǉƗ  Ƙǵ ǰǩƷƗ  ƹƗ  ǫƗƴŧ  Ƹǵ ƷƳ  ǻǷƷ ƴǾƾŧƗ  ƟƗƷƵ
 ǸǱƘǱ ƴǡƘǝ Ƿ ƠǾǩǷƸƢŨǩƗ ǻǸƢƮǭ ǰǩƷƗ Ŧǽ ƨǽƘƢǱ ǧƸƢǲŧ ƷǸǒǲǭ Ǵƛ
 ǯƘǭƹ ǯƴǁ ǻƸŚƽ ƹƗ ƴǖƛ .ƴǁ ǴƢǝƸū ƸǒǱ ƷƳ ƴǵƘǁ ǯƗǸǲǕ Ǵƛ ǳƷƵ
 Hettich) ţǸǾǞǽƸƢǱƘƽ ƹƗ Ƽř Ƙǵ  ǰǩƷƗ ƹƗ Ŧǽ Ƹǵ ǼǽƘǶǱ pH ÛǟǸǝ
 Ƙƛ  (ĤĨ  min  Ɵƴǭ Ǵƛ  Ħģģģ  rpm ƷǷƳ  Ƙƛ  Rotofix 32  ǧƴǭ
 (schott   Germany CG-824) ƸƢǭpH  ǳƘŬƢƽƳ ƹƗ  ǳƳƘǞƢƽƗ
 pHZPC  ǴǎǢǱ  .ƴǱƴǁ  ƷƗƸŨơ  ƷƘƛ  Ħ  Ƙǵ ǀǱƗǸƱ  .ƴǽƳƸū  ǀǱƗǸƱ
 .ƴǽƳƸū ǰǾǾǖơ pH ǼǽƘǶǱ ƸǽƳƘǢǭ ƸƛƗƸƛ ƷƳ ǴǾǩǷƗ ƸǽƳƘǢǭ ǬƽƷ ƹƗ
 Ƿ ǼǞǾǅǸơ ƷƘǭƋ ÛSPSS 16 ƷƗƺǝƗ ǫƸǱ ƹƗ Ƙǵ  ǳƳƗƳ ƠǽƸǽƴǭ ǻƗƸƛ
 Ƿ  ANOVA  ÛǯǸƽƸǾř  ǻƷƘǭƋ  ǻƘǵ ǯǸǭƹƋ) ǼǍƘƜǲƢƽƗ ƷƘǭƋ
 Ƭǎƽ ǻƷƘǭƋ ǨǾǪƮơ Ƿ Ǵǽƺƪơ ƷƳ .ƴǁ ǳƳƘǞƢƽƗ ƚƽƘǲǭ (t  ǯǸǭƹƋ
 .ƠƽƗ ǳƴǁ ǴƢǝƸū ƸǒǱ ƷƳ ģ/ģĨ Ƙǵ ǯǸǭƹƋ ǴǾǪŧ ƷƳ ǻƷƗƳ Ǽǲǖǭ

 ǻǷƷ ƴǾƾŧƗ ǳƷƵ ǸǱƘǱ  XRDƸǽǸǆơ :ǜǩƗ-ĤǨŨǁ
 ǠǾǢƮơ ǰǽƗ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ
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ĦĦĨ

Ƙǵ  ǴƢǝƘǽ
 ǳƳƘǞƢƽƗ ƳƷǸǭ ǳƷƵ ǸǱƘǱ ƟƘǆƲǂǭ ǀƲƛ ǷƳ ƷƳ ǴǖǩƘǎǭ ƨǽƘƢǱ......
.ƠƽƗ ǳƴǁ ǴǽƗƷƗ ǳƴǁ ǫƘƪǱƗ ǻƘǵ Ơƾơ ƨǽƘƢǱ Ƿ ǠǾǢƮơ ǰǽƗ ƷƳ
 Ƿ ǻƷǸǪƛ ƷƘƢƱƘƽ ǼƽƷƸƛ ǻƗƸƛ :ǻǷƷ ƴǾƾŧƗ ǳƷƵǸǱƘǱ ƟƘǆƲǂǭ
 ǳƳƘǞƢƽƗ (XRD)ƼǦǽƗ ǴǖǁƗ ǟƸǞơ ƹƗ ǻǷƷ ƴǾƾŧƗ ǳƷƵ ǸǱƘǱ ǻƹƘǝ
 ǻǷƷ ƴǾƾǥƗ ǳƷƵ ǸǱƘǱ XRD ƸǽǸǆơ (ǜǩƗ)Ĥ ǨŨǁ .ƠƽƗ ǳƴǁ
 ƴǾƾǥƗ ƟƗƷƵǸǱƘǱ SEM ƸǽǸǆơ (ƙ)Ĥ ǨǦǁ .ƴǵƳ  Ǽǭ ǯƘǂǱ ƗƷ
 ƟƘǖǩƘǎǭ  .ƴǵƳ  Ǽǭ ǯƘǂǱ  ƗƷ  ǠǾǢƮơ  ǰǽƗ  ƷƳ  ǳƳƘǞƢƽƗ  ƳƷǸǭ ǻǷƷ
 ƟƗƷƵǸǱƘǱ  ǻǷƷ  Ƹƛ  TEM  Ƿ  ǼǂƛǷƷ  ǼǱǷƸƢǦǩƗ  ŗǸǦƽǷƸǦǾǭ
 ǻƗƷƗƳ ǻǷƷƴǾƾŧƗ ƟƗƷƵ Ǵŧ ƳƗƳ ǯƘǂǱ ǳƳƘǞƢƽƗ ƳƷǸǭ ǻǷƷ ƴǾƾǥƗ

.ƴǲƢƾǵ ĥģ nm Ƹǎǡ

 ǯƗƺǾǭǷ ŪǱƷ ÛǳƹƗƴǱƗ ÛǃǸǆƲǭ Ƭǎƽ ǯƗƺǾǭ ÛǨŨǁ ǼƽƷƸƛ ƨǽƘƢǱ
.ƠƽƗ ǳƴǁ ǳƳƷǷƋ Ĥ ǧǷƴƩ ƷƳ ǻǷƷƴǾƾŧƗ ƟƗƷƵǸǱƘǱ ǃǸǪƱ
 ƠƽƳ Ǵƛ Ī/ĨĤ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ   pHZPC ¡ĥǨŨǁ ƻƘƽƗ Ƹƛ

.ƠƽƗ ǳƴǭƋ
 ƸǽƳƘǢǭ (ĥ ǧǷƴƩ) ǰǁǸǪǽƗƳ ƣƗƸƛǷƸŨǾǭ ƿǷƷ ǫƘƪǱƗ Ǵƛ ǴƩǸơ Ƙƛ
 ǴǾǪǕ ǻǷƷ ƴǾƾŧƗ ǳƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ ƴǁƷ ǳƴǲǲŧƷƘǶǭ ƠǒǪǙ
  ĤĨĩ/ĥĨ- ĤĥĨģ μg/mL ǴǖǩƘǎǭ ǰǽƗ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ ǻƘǵ ǻƸƢǥƘƛ
 Ǵƛ ǋǸƛƸǭ ƴǁƷ ǳƴǲǲŧƷƘǶǭ ƠǒǪǙ ǰǽƸƢǮŧ ǯƘǾǭ ǰǽƗ ƷƳ Ǵŧ ƠƽƗ ǳƳǸƛ
 ǰǾǲš Ǭǵ .ƠƽƗ ǳƳǸƛ ATCC 27853  ƗƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƾř
 ƳǸƛ  ĦĤĥ/-Ĩģģģ  μg/mL  Ƙǵ ǻƸƢǥƘƛ  ǳƴǲǂŧ  ƠǒǪǙ  ǨǡƗƴƭ

TEM (b Ƿ SEM (a :ǠǾǢƮơ ǰǽƗ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ ƸǽǸǆơ :ƙ -Ĥ ǨǦǁ

 ǴǖǩƘǎǭ ǰǽƗ ƷƳ ƳƘǞƢƽƗ ƳƷǸǭ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ pHZPC :ĥ ǨŨǁ
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ĦĦĩ

 ǻƘǵ ǻƸƢǥƘƛ  ǻƗƸƛ  ƚǾơƸơ  Ǵƛ  ƸƢǭƗƷƘř  ǰǽƗ  ƸƦŧƗƴƭ  Ƿ  ǨǡƗƴƭ  Ǵŧ
 ƻƘǱǸǭǷƳǸƾř  Ƿ ATCC 25923ƻǸƕƷǷƗ  ťǸŧǸǪǾǝƘƢƽƗ

 .ƠƽƗ ǴƢǁƗƳ ƳǸƩǷATCC 27853  ƗƹǸǲǽţǷƸǽƋ
 ǻǷƷ ƴǾƾŧƗ ƟƗƷƵǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ ǼƛǷƸŨǾǭ ƴǉ ǼƽƷƸƛ ƨǽƘƢǱ
 ťǸŧǸǪǾǝƘƢƽƗ  ǻƸƢŧƘƛ  Ǵŧ  ƳƗƳ  ǯƘǂǱ  ǯţǸǾǞǽƳ  ŦƾǽƳ  ƿǷƷ  Ƙƛ
 ǴǩƘǵ  Ƹǎǡ  ǰǾŬǱƘǾǭ  ǰǽƸƢǂǾƛ  ǻƗƷƗƳ  ATCC 25923   ƻǸƕƷǷƗ
 PTCC ƼǽƴǾǭƷƴǾřƗ  ťǸŧǸǪǾǝƘƢƽƗ ǻƸƢŧƘƛ  Ƿ ƠƽƗ ƴǁƷ ǫƴǕ
 .ƠƽƗ ǳƳǸƛ ƴǁƷ ǫƴǕ ǴǩƘǵ Ƹǎǡ ǰǾŬǱƘǾǭ ǰǽƸƢǮŧ ǻƗƷƗƳ 1114
 Ƹƛ  Ĥģģģģ  μg/mL  ƠǒǪǙ  ƷƳ  ƟƗƷƵǸǱƘǱ  ǯǸǾƾǱƘŚƽǸƽ
  ± 0/ĪĪmmƴǁƷ ǫƴǕ ǴǩƘǵ ƳƘƪǽƗ Ƙƛ ƻǸƕƷǷƗ ƻǸǥǸǥǸǪǾǝƘƢƽƗ
 Ǵƛ ǋǸƛƸǭ ƸǾƥƘơ ǰǽƸƢǮǥ Ƿ ƴǁƷ ǼūƴǲǲǥƷƘǶǭ ƸƥƗ ǰǽƸƢǂǾƛ ÛčČ/čĨ
 ƳƘƪǽƗ Ƙƛ ƗƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƾř Ƹƛ ČĨĩ/čĨ μg/mL ƠǒǪǙ
 ǻƗƸƛ  .ƠƽƗ ǳƳǸƛ  ČĎ/ċČ   ± Č/ċħ  mm  ƴǁƷ ƴǁƷ ǫƴǕ ǴǩƘǵ
 ƠǒǪǙ  ǷƳ  ƷƳ  ƴǁƷ  ǫƴǕ  ǴǩƘǵ  Ƹǎǡ  ƗƹǸǲǽţǷƸǽƋ  ƻƘǱǸǭǷƳǸƾř
 ƠƜƦǭ  ƴǵƘǁ  Ǵƛ  ǋǸƛƸǭ  ƷƗƴǢǭ  ƹƗ  ƸƢǂǾƛ  Ĩģģģ  Ƿ  Ĥģģģģ  μg
 ũƸǭ ǯƘǭƹ ƟƘǖǩƘǎǭ .ƠƽƗ ǳƳǸƛ Ǭǵ (ǰǾƾǽƘǭƘƢǲƩ ŦǾơǸǾƛ ǼƢǱƋ)
 ƷƳ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ Ƙƛ ƻƘǮơ ƷƳ Ƙǵ ǻƸƢǥƘƛ
 Ƹƛ .ƴǁ ǼƽƷƸƛ ǻƸƢŧƘƛ Ƹǵ MIC ƷƗƴǢǭ ƸƛƗƸƛ čǷ Č ƠǒǪǙ ǷƳ
 ũƸǭ ƷƘšƳ MIC ƠǒǪǙ Ƙƛ ƻƘǮơ ƷƳ ǻƘǵ ǻƸƢǥƘƛ ƨǽƘƢǱ ƻƘƽƗ
 Ƙơ ħ ǼƜǽƸǢơ ǯƗƺǾǭ Ǵƛ ƘǶǱƋ ƠǾǖǮƩ ǴšƸūƗ ƴǱƗ  ǳƴǂǱ ƠǾǖǮƩ ǨǭƘŧ
 2xMIC ƠǒǪǙ ƷƳ .ƠƽƗ ǳƳƗƳ ǯƘǂǱ ǀǵƘŧ ǼǮƢǽƷƘŬǩ ƴƭƗǷ Ī

 ǳƴǁ ƸǞǅ Ħĩģ  min ǯƘǭƹ Ɵƴǭ ƷƳ Ƙǵ ǻƸƢǥƘƛ ǴǮǵ ƠǾǖǮƩ
 ǻƗƸƛ Ǽǂŧ ǻƸƢŧƘƛ ǯƘǭƹ ǨǡƗƴƭ ǜǩƗ-Ħ ǨŨǁ ƻƘƽƗ Ƹƛ .ƠƽƗ
 ǻƗƸƛ  Ûĥħģ ƼǽƴǾǭƷƴǾřƗ  ťǸŧǸǪǾǝƘƢƽƗ  ǻƗƸƛ  ÛĦĩģ ǼǪŧƘǾǁƸǁƗ
 ƗƹǸǲǽţǷƸǽƋ  ƻƘǱǸǭǷƳǸƾř  ǻƗƸƛ  Ƿ  Ĥīģ ƻǸƕƷǷƗ  ťǸŧǸǪǾǝƘƢƽƗ

.ƠƽƗ ǳƳǸƛ ĤĨģ min
 ǰǾƛ ǻƷƗƳ  Ǽǲǖǭ ǛȆƢƱƗ ÛǻƷƘǭƋ ǨǾǪƮơ Ƿ Ǵǽƺƪơ ƨǽƘƢǱ ƻƘƽƗ Ƹƛ
 ƴǁƷ  ǫƴǕ  ǴǩƘǵ  Ƹǎǡ  ƸǒǱ  ƹƗ  ǼƽƷƸƛ  ƳƷǸǭ  ǼǽƘǽƸƢŧƘƛ  ǻƘǵ  ǴǽǸƽ
 ǼơƷƘƜǕ Ǵƛ Ƙǽ Ƙǵ ǻƸƢǥƘƛ ƳƗƴǖơ Ü(P =ċ/čĔČ) ƠƽƗ ǳƴǂǱ ǳƴǵƘǂǭ
 ǯƘǭƹ Ǭǵ ƸƥƗ ÛǻƸƢŧƘƛ ǻƘǵ  ǴǽǸƽ ÛǴǶƩƗǸǭ ƷƳ ǯƘǭƹ Ƙƛ Ƙǵ ǻƸƢǥƘƛ ũƸǭ
 ǻƗƷƗƳ ǯǸǾƾǱƘŚƽǸƽ ƷƳ ƟƗƷƵǸǱƘǱ ƠǒǪǙ Ƿ ǴǶƩƗǸǭ ǯƘǭƹ Ƿ ǻƸƢŧƘƛ

 .(P <ċ/ċċČ) ƠƽƗ ǳƳǸƛ ǻƷƗƳ  Ǽǲǖǭ ǛȆƢƱƗ

ǠǾǢƮơ ǰǽƗ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ ǼǪŧ ƟƘǆƲǂǭ :Ĥ ǧǷƴƩ

ǻǷƷ ƴǾƾŧƗ ǳƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ (g/mLμ) MBC Ƿ MIC Ǵƛ ǋǸƛƸǭ ƨǽƘƢǱ :ĥ ǧǷƴƩ

 ƤƮƛ
 ǳƴǲǲŧƴǾǽƘơ  ǻǷƷƴǾƾŧƗ  ǳƷƵ  ǸǱƘǱ  XRD  Ǵƛ  ǋǸƛƸǭ  ƨǽƘƢǱ.....
 ǳƴǵƘǂǭ  ǻƸŬǽƳ  ǼǆǩƘƱƘǱ  ÛǯŤǾƾŧƗ  ƺƩ  Ǵƛ  Ƿ  ƠƾǱƋ  ǃǸǪƱ
 ƟƗƷƵ ǸǱƘǱ XRD ƨǽƘƢǱ Ǵƛ ǋǸƛƸǭ ƸǽǷƘǆơ ǰǾǲš Ǭǵ .ƠƽƗ ǳƴǂǱ
 ƟƗƷƵ ǸǱƘǱ Ǵŧ ƠƽƗ ǰǽƗ Ƹū ǯƘǾƛ Ǵŧ ƴǲƢƾǵ ƺǾơ ǻƘǵ  ŦǾř ǻƗƷƗƳ
 ǻƘǵ ƼŨǕ .(Ĥī ǷĤħ)ƴǲƢƾǵ ǼǩƘƢƾǽƸŧ ƷƘƢƱƘƽ ǻƗƷƗƳ ǼƛǸƱ Ǵƛ
 ǴǍǸƛƸǭ ƸǽǷƘǆơ ƻƘƽƗ Ƹƛ .ƠƽƗ ƟƗƷƵ ǸǱƘǱ ǨŨǁ ƸŬǱƘǾƛ TEM
 ǻƗƷƗƳ  ƘƢƜƾǱ  ǻǷƷ ƴǾƾŧƗ  ƟƗƷƵ  ǸǱƘǱ  Ǵŧ  ƠǝƸū ǴƪǾƢǱ  ǯƗǸơ  Ǽǭ
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ĦĦĪ

 Ƹū ǯƘǾƛ TEM ǻƘǵ ƼŨǕ ǰǾǲŢǮǵ .ƴǲƢƾǵ Ǭǒǲǭ ǻǷƸŧ ǨŨǁ
 ǠǾǢƮơ  ǰǽƗ  ƷƳ  ǳƳƘǞƢƽƗ  ƳƷǸǭ  ƟƗƷƵǸǱƘǱ  Ǵŧ  ƠƽƗ  ǓǸǉǸǭ  ǰǽƗ
 ƸǾǾǚơ  ƤǕƘƛ  ƟƗƷƵ  ǳƹƗƴǱƗ  ǀǵƘŧ  .ƴǱƷƗƳ  ƷƗƸǡ  ǸǱƘǱ  ǳƳǷƴƮǭ  ƷƳ
 ƚƜƽ ǴƪǾƢǱ ƷƳ Ƿ ƘǶǱƋ ǼǽƘǾǮǾǁǸŨǽƺǾǝ Ƿ ǻƷƘƢƱƘƽ ǻƘǵ ǼūŤǽǷ
 ǼǮƽ  ǃƗǸƱ ǀǽƗƺǝƗ  Ƿ  ǳƴǱƹ  ƟƗƳǸƩǸǭ  ǻƗƸƛ  ƘǶǱƋ  ǼƽƸƢƽƳ
/ǳŤǽǷ Ƭǎƽ ǀǽƗƺǝƗ ǰǽƗƸƛƘǲƛ Ƿ ǳƹƗƴǱƗ ǀǵƘŧ .(ĤĬ)ƳǸǁ  Ǽǭ ƘǶǱƋ
 ǻǷƷ  Ƹƛ  ǸǾƢŧƗƷ  ǻƘǵ ǳǷƸū  ƳƗƴǖơ  ǀǽƗƺǝƗ  Ƙƛ  ǳƗƸǮǵ  ǃǸǆƲǭ
 ƠǾǮƽ ǀǽƗƺǝƗ ǻƗƸƛ ƘǵƷǸƢŧƘǝ ǰǽƸơ ǬǶǭ ǯƗǸǲǕ Ǵƛ ƟƗƷƵ Ƭǎƽ
 ǧƘǖǝ  ǻƘǵ ǳǷƸū  ǀǽƗƺǝƗ  ƴǽƘǁ  .ƠƽƗ  ǳƴǁ  ƸŧƵ  ƟƗƷƵ  ǸǱƘǱ
 ǻƸǾū ǨŨǁ  ǻƗƸƛ  ǧƘǖǝ  ǻƘǵ  ǯƘŨǭ  ǯƗǸǲǕ  Ǵƛ  ǼƮǎƽ  (ǸǾƢŧƗƷ)

 ǯţǷƷƴǾǵ ÛƴǾƾŧƗƸřǸƽ ǨǭƘǁ (ROS) ǸǾƢŧƗƷ ǯŤǾƾŧƗ ǻƘǵ  ǴǱǸū
 ǸǾơƗƴǾƾŧƗ  ƻƸƢƽƗ  Ǵƛ  Ƹƪǲǭ  ǨǾƾŧǷƷƴǾǵ  ǧƘŨǽƳƗƷ  Ƿ  ƴǾƾŧǷƸř
 Ǽūƴǁ ǬŧƗƸƢǭ  ƠǩƘƭ Ŧǽ ƟƗƷƵ  ǸǱƘǱ  SEM  ƼŨǕ ƷƳ  .ƳǸǁ
 ŦšǸŧ  ƷƘǾƾƛ  ǻƘǵ ǧƘƢƾǽƸŧ  ǔǮƪơ  ƹƗ  ǼǁƘǱ  Ǵŧ  ƠƽƗ  ƳǸƩǸǭ
 ƳƸǞǲǭ ƷǸǍ Ǵƛ ŦšǸŧ ƷƘǾƾƛ ǳƹƗƴǱƗ  ǨǾǩƳ Ǵƛ Ƿ ƠƽƗ ƟƗƷƵǸǱƘǱ
 ƴǵƳ  Ǽǭ ǯƘǂǱ SEM ǛƗƸūǷƸŨǾǭ ǰǾǲš Ǭǵ ÜƠƾǾǱ ǳƴǵƘǂǭ ǨƛƘǡ
 Ǵƛ ƸƥƗ ƷƳ ǯƘǁ  ǼūƴǲŧƗƸř Ƿ ǻţǸǩǸǝƸǭ ÛƷƘƢƱƘƽ Ǵƛ ǴƩǸơ Ƙƛ ƟƗƷƵ
 ƟƗƷƵ ǸǱƘǱ  ǯǸǾƾǱƘŚƽǸƽ ƷƳ Ǵŧ ƴǽƘǁ ƟƗƷƵ ǯƴǁ ŦǽƳƺǱ  Ǭǵ
 ĥ ǧǷƴƩ Ǵƛ ǴƩǸơ Ƙƛ .(Ĥħ)ƴǲƛƘǽ ǔǮƢƪǭ ƠǩƘƭ ÛƟƘǂǽƘǭƹƋ ƷƳ
 ǳƷƵ ǸǱƘǱ Ǽūƴǲǲŧ ƠǖǱƘǮǭ ƠǾǅƘƱ ÛƟƗƷƵ ǸǱƘǱ ƠǒǪǙ ǀǽƗƺǝƗ Ƙƛ

ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ  MIC*1  ƠǒǪǙ Ƙƛ ƻƘǮơ ƷƳ ǜǪƢƲǭ ǻƘǵ ǯƘǭƹ ƷƳ Ƙǵ ǻƸƢǥƘƛ ǻƗƸƛ ũƸǭ ǯƘǭƹ ǼǲƮǲǭ :ƙ-Ď ǨŨǁ

 .ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ ǯǸǾƾǱƘŚƽǸƽ 1 x MIC ƠǒǪǙ Ƙƛ ƻƘǮơ ƷƳ ǜǪƢƲǭ ǻƘǵ ǯƘǭƹ ƷƳ Ƙǵ ǻƸƢǥƘƛ ǻƗƸƛ ũƸǭ ǯƘǭƹ ǼǲƮǲǭ :ǜǩƗ-Ď ǨŨǁ
.ƴǁ ǳƳƘǞƢƽƗ ǳƷƵǸǱƘǱ ǯǷƴƛ Ơǂŧ ǌǾƮǭ ƹƗ ǧƸƢǲŧ ǻƗƸƛ
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ĦĦī

 ƟƗƷƵ ǸǱƘǱ ƠǒǪǙ ǀǽƗƺǝƗ Ƙƛ .ƠƽƗ ǴƢǝƘǽ ǀǽƗƺǝƗ Ƙǵ ǻƸƢǥƘƛ ǴǾǪǕ
 ǼǽƘǽƸƢŧƘƛ ƴǁƷ ǴǱǸū ŠǾǵ ƳǸƩǸǭ ǻƘǵ  ǴǽǸƽ ƷƳ MIC ǰǾǾǖơ ƷƳ
 ǴǾǩǷƗ ƠǒǪǙ Ǵƛ ƟƗƷƵ ǸǱƘǱ Ǽǂŧ ǻƸƢŧƘƛ ƸƥƗ ǼơƷƘƜǕ Ǵƛ ƴǂǱ ǳƴǵƘǂǭ
 ǓǸǉǸǭ ǰǽƗ Ǵŧ ƠƽƗ ǴƢƾƛƗǷ ǼǽƘǽƸƢŧƘƛ ǴǾǩǷƗ ƠǒǪǙ Ƿ ƟƗƷƵ ǸǱƘǱ
 ƨǽƘƢǱ ƻƘƽƗ Ƹƛ .(ĤĬ)ƠƽƗ ǳƴǁ ƸŧƵ Ǭǵ ǰǾǢǢƮǭ ƸŬǽƳ ǌƽǸơ
 ǯǸǾƾǱƘŚƽǸƽ Ǽūƴǲǂǥ Ƿ ƴǁƷ Ǽūƴǲǲŧ ƠǖǱƘǮǭ ƸƥƗ  ĥ ǧǷƴƩ
 ǰǽƗ .ƠƽƗ Ǭǵ Ƹƛ ǠƜǎǲǭ ǼǪŧƘǾǁƸǁƗ ǴǾǪǕ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ
 ǸǱƘǱ MBC Ƿ MIC ƸǽƳƘǢǭ ǯƳǸƛ Ǭǵ Ǵƛ ŦǽƳƺǱ Ƹū ǯƘǾƛ ǴƪǾƢǱ
 Ƿ Ruparelia .ƠƽƗ ŦǽƳƺǱ Ǭǵ Ǵƛ ǼǪŧƘǾǁƸǁƗ ǨƛƘǢǭ ƷƳ ƟƗƷƵ
 ƸƥƗ ȅƘǮƢƭƗ Ǵŧ ƴǱƴǾƽƷ ǴƪǾƢǱ ǰǽƗ Ǵƛ ƳǸƱ ǴǖǩƘǎǭ ƷƳ ǯƗƷƘŨǮǵ
 Ƙǵ  ŦǮǱ ƳǸƩǷ ƠǪǕ Ǵƛ ǯǸǾƾǱƘŚƽǸƽ ƷƳ ƟƗƷƵǸǱƘǱ ǻƸǽƶř ǔǮƪơ
 Ǵƛ ǴƩǸơ Ƙƛ ǰǽƗƸƛƘǲƛ Ü(Ĥħ)ƴƛƘǽ ǀǽƗƺǝƗ ǻƶǚǭ Ơǂŧ ǌǾƮǭ ƷƳ
 ǰŨǮǭ ƘǶǱƋ  Ǽǂŧ ƙǷƸŨǾǭ  ƠǾǅƘƱ Ƹƛ  ƟƗƷƵ ǸǱƘǱ  ǳƹƗƴǱƗ  ǀǢǱ
 Ǽǂŧ ǻƸƢŧƘƛ ǼǽƗƷƘǥ ƟƗƷƵ ǸǱƘǱ ǻƸǽƶř ǔǮƪơ ƠǾǅƘƱ Ǵŧ ƠƽƗ
 ƴǵƳ ƷƗƸǡ ƸǾƥƘơ ƠƮơ ƗƷ MIC/MBC ƸǽƳƘǢǭ ǴƪǾƢǱ ƷƳ Ƿ ƘǶǱƋ
 .(ĥģ)ƠƽƗ ǳƴǁ ƸŧƵ ƺǾǱ ǯƗƷƘŨǮǵ Ƿ Gan ǌƽǸơ ƳƷǸǭ ǰǽƗ Ǵŧ
 ǻƘǵ ǴǽǸƽ ǻǷƷ Ƹƛ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ ǸǱƘǱ ƸƥƗ ƸǉƘƭ ǴǖǩƘǎǭ ƷƳ
 ATCC  ƗƹǸǲǽţǷƸǽƋ  ƻƘǱǸǭǷƳǸƾř  ƚǾơƸơ  Ǵƛ  ǼƽƷƸƛ  ƳƷǸǭ
 ťǸŧǸǪǾǝƘƢƽƗ   <ATCC 25922  ǼǪŧƘǾǁƸǁƗ   <  27853
 ATCC ƻǸƕƷǷƗ ťǸŧǸǪǾǝƘƢƽƗ < PTCC 1114 ƼǽƴǾǭƷƴǾřƗ
 ǻǷƷ ƴǾƾŧƗ ƟƷƵǸǱƘǱ ƸƥƗ ƸŬǽƳ ƟƷƘƜǕ Ǵƛ .ƠƽƗ ǳƳǸƛ 25923
 .ƠƽƗ ƠƜƦǭ ǫƸū ǻƘǵ ǻƸƢǥƘƛ ƹƗ ƸƢǂǾƛ ǼǞǲǭ ǫƸū ǻƘǵ ǻƸƢǥƘƛ Ƹƛ
 Ǵƛ ƗƸǆƮǲǭ ƟƗƷƵǸǱƘǱ Ǽǂŧ ǻƸƢŧƘƛ ǼǽƗƷƘǥ Ǵŧ ƠǞū ǯƗǸơ  Ǽǭ ƘǭƗ

.(Ĥħ)ƠƾǾǱ ǴƢƾƛƗǷ (ǼǞǲǭ ǫƸū Ƙǽ ƠƜƦǭ ǫƸū) ǼǩǸǪƽ ǳƷƗǸǽƳ
 ǳƷƵǸǱƘǱ ƠǒǪǙ ǀǽƗƺǝƗ Ƙƛ Ǵŧ ƳƗƳ ǯƘǂǱ ǴǖǩƘǎǭ ǰǽƗ ƨǽƘƢǱ ǰǾǲš Ǭǵ
 ƳƘƪǽƗ ƴǁƷ ǫƴǕ ǴǩƘǵ Ƹǎǡ Ƙǵ ǻƸƢǥƘƛ ǴǮǵ ǻƗƸƛ ÛǯǸǾƾǱƘŚƽǸƽ ƷƳ
 ƷƳ  ƸƢǂǾƛ  ƠǾǮƽ Ǵƛ  ƴǱƗǸơ  Ǽǭ  ǴƪǾƢǱ  ǰǽƗ  .ƴƛƘǽ  Ǽǭ  ǀǽƗƺǝƗ  ǳƴǁ
 ǓǸǉǸǭ  ǰǽƗ  ǴƢƜǩƗ  .ƴǁƘƛ  ǌƜơƸǭ  ƟƗƷƵ  ǸǱƘǱ  ƸơȅƘƛ  ǻƘǵ  ƠǒǪǙ
 ǸǱƘǱ ǼƛǷƸŨǾǭ ƴǉ ƠǾǪƛƘǡ ø ƠǒǪǙ ǼǎƱ ǴǎƛƗƷ Ƹū ǯƘǾƛ ƴǱƗǸơ ǼǮǱ
 ƠǭǷƘǢǭ ƳƘƪǽƗ ǧƘǮƢƭƗ ƸơȅƘƛ ǻƘǵ  ƠǒǪǙ ƷƳ ƗƸǽƹ Û ƴǁƘƛ ƟƗƷƵ
 ũƸǭ ǯƘǭƹ ǼƽƷƸƛ  Ǵŧ ǰǽƗ  Ǵƛ  ǴƩǸơ  Ƙƛ  .ƳƷƗƳ  ƳǸƩǷ ǻƷƘūƹƘƽ
 ǻƸơȅƘƛ ƠǾƽƘƾƭ ƹƗ Ǽǂŧ ǻƸƢŧƘƛ ƠǒǪǙ ǨǡƗƴƭ ǰǾǾǖơ Ǵƛ ƠƜƾǱ
 ƸƢǶƛ ǼǆǾƲǂơ ǨǭƘǕ ǯƗǸǲǕ Ǵƛ ǰǽƗƸƛƘǲƛ (ĥĤǷĤĩ)ƠƽƗ ƷƗƳƷǸƱƸƛ
 ǴƢƱƘǲǁ ǼƛǷƸŨǾǭ ƴǉ ǨǭƗǸǕ Ǽǂŧ ǻƸƢŧƘƛ ǨǾƾǱƘƢř ǼƽƷƸƛ ǻƗƸƛ
 ƟƗƷƵǸǱƘǱ  Ǽūƴǲǂŧ ƠǾǪƛƘǡ ǼƽƷƸƛ ǴǖǩƘǎǭ ǰǽƗ ƷƳ .ƠƽƗ   ǳƴǁ

 ƨǽƘƢǱ  ƻƘƽƗ  Ƹƛ  .ƴǽƳƸū ǼƽƷƸƛ  Ǭǵ ƿǷƷ ǰǽƗ  Ƙƛ  ǻǷƷ ƴǾƾŧƗ
 ǀǵƘŧ  MIC*Ĥ ƠǒǪǙ ƷƳ ǜǩƗ-Ħ   ǨŨǁ ƷƳ ǳƴǭƋ ƠƽƳ Ǵƛ
 ƸŬǽƳ Ǵƛ ƠƜƾǱ ƗƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƾř ǻƘǵ ǻƸƢǥƘƛ ƠǾǖǮƩ
 Ǵƽ ƠǾǖǮƩ ǀǵƘŧ ƴǱǷƷ Ƿ ƠƽƗ ǳƳǸƛ ƸƢ ǖǽƸƽ ƷƘǾƾƛ Ƙǵ ǻƸƢǥƘƛ
 ƠǒǪǙ ǀǽƗƺǝƗ Ƙƛ .ƠƽƗ ǳƳǸƛ Ǭǵ Ƙƛ ǴƛƘǂǭ ƘƜǽƸǢơ ƸŬǽƳ ǻƸƢŧƘƛ
 ƠǾǖǮƩ  ǀǵƘŧ  ƠǕƸƽ  MIC*ĥ  Ǵƛ  ƟƗƷƵǸǱƘǱ  ǯǸǾƾǱƘŚƽǸƽ
 ǧƸƢǲŧ ǻƗƸƛ (ƙ -Ħ ǨŨǁ) ƠƽƗ ǴƢǝƘǽ ǀǽƗƺǝƗ ƷƘǾƾƛ Ƙǵ ǻƸƢǥƘƛ
 ƠǾǖǮƩ ǀǵƘŧ ǴƢƜǩƗ .ƴǁ ǳƳƘǞƢƽƗ ǳƷƵǸǱƘǱ ǯǷƴƛ Ơǂŧ ǌǾƮǭ ƹƗ
 ǳƳǸƛ ǻƸơƴǲŧ ƴǱǷƷ ǻƗƷƗƳ ǴǾǢƛ Ǵƛ ƠƜƾǱ ǼǪŧƘǾǁƸǁƗ ǻƘǵ ǻƸƢǥƘƛ
 ǸǱƘǱ  ǯǸǾƾǱƘŚƽǸƽ  Ƙƛ  Ƙǵ ǻƸƢǥƘƛ  ƻƘǮơ  ǯƘǭƹ  ǀǽƗƺǝƗ  Ƙƛ  .ƠƽƗ
 ǀǵƘŧ Û MIC*ĥ ƠǒǪǙ ǻƗƸƛ ĩ h Ǵƛ ĥ  ƹƗ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵ
 ťǸŧǸǪǾǝƘƢƽƗ ǻƗƸƛ ÛĕīĪ ƹƗ ǼǪŧƘǾǁƸǁƗ ǻƗƸƛ ǼǽƘǽƸƢŧƘƛ ƠǾǖǮƩ
 ĕ īĤ/Ĥ ƹƗ  ƻǸƕƷǷƗ  ťǸŧǸǪǾǝƘƢƽƗ  ǻƗƸƛ  ÛĕĪģ ƹƗ  ƼǽƴǾǭƷƴǾřƗ
 ǀǽƗƺǝƗ ĕĤģģ Ǵƛ ĕ ĩĩ/Ī ƹƗ ƗƹǸǲǽţǷƸǽƋ ƻƘǱǸǭǷƳǸƾř ǻƗƸƛ Ƿ
 ǋƘƜơƷƗ  ǻƷƘǭƋ  ǨǾǪƮơ  Ƿ  Ǵǽƺƪơ  ƨǽƘƢǱ  ǰǾǲš Ǭǵ  .ƠƽƗ  ǴƢǝƘǽ
 ƠƽƗ ǳƳƗƳ ǯƘǂǱ ƻƘǮơ ǯƘǭƹ Ƿ Ƙǵ ǻƸƢǥƘƛ ǀǵƘŧ ǰǾƛ ǻƷƗƳ Ǽǲǖǭ
 ǳƳƘǞƢƽƗ Ƿ ǔǽƘǭ ǻƘǵ ǌǾƮǭ ƷƳ Ǵŧ ǰǽƗ Ǵƛ ǴƩǸơ Ƙƛ .(P<ģ/ģģĤ)
 Ƿ  ƟƗƷƵǸǱƘǱ  ǯƴǁ  ǰǾǂǱ Ǵơ  ǧƘǮƢƭƗ  ƟƗƷƵǸǱƘǱ  ǯǸǾƾǱƘŚƽǸƽ  ƹƗ
 ƳƷƗƳ ƳǸƩǷ ǳƷƵǸǱƘǱ -ǻƸƢŧƘƛ ƳƷǸƱƸƛ ǧƘǮƢƭƗ ǀǵƘŧ ǴƪǾƢǱ ƷƳ
 ƸƥƗ  ƴǱƗǸơ  Ǽǭ  ǳƷƵ  ǸǱƘǱ  ƠǒǪǙ  Ƿ  ƻƘǮơ  ǯƘǭƹ  ǀǽƗƺǝƗ  ǰǽƗƸƛƘǲƛ
 Ƙƛ  ǰǾǲš Ǭǵ  .(ĥĥ)ƴǽƘǮǱ  ǼƦǲƱ  Ƙǽ  ŪǱƷ  Ǭŧ  ƗƷ  ǼǞǲǭ  ǨǭƘǕ  ǰǽƗ
 ƷƳ Ơǂŧ ǌǾƮǭ ƷƳ ǳƴǁ ƳƗƹƋ ǯǸǽ ǯƗƺǾǭ ÛƻƘǮơ ǯƘǭƹ ǀǽƗƺǝƗ
 ǀǵƘŧ Ƹƛ ƳǸƱ Ǵŧ ƴƛƘǽ  Ǽǭ ǀǽƗƺǝƗ ƟƗƷƵ ǸǱƘǱ ǼǽƺƩ ǧȆƮǱƗ ƸƥƗ
 (ĥĥ)ǯƗƷƘŨǮǵ Ƿ Tiwari .ƳƷƗƳ ǬǾǢƢƾǭ ƸƥƗ  Ƙǵ ǻƸƢǥƘƛ  ƠǾǖǮƩ
 ƴǱƳǸƛ ǳƴǾƽƷ ǴǖǩƘǎǭ ǰǽƗ Ƙƛ ǼǶƛƘǂǭ ƨǽƘƢǱ Ǵƛ ƳǸƱ ǴǖǩƘǎǭ ƷƳ ƺǾǱ
 ǨǭƗǸǕ ǯƗǸǲǕ Ǵƛ ƗƷ ƟƗƷƵǸǱƘǱ ƠǒǪǙ Ƿ ƻƘǮơ ǯƘǭƹ ǀǽƗƺǝƗ Ƿ

  .ƴǱƗ  ǳƳƸŧ ƸŧƵ Ƙǵ ǻƸƢǥƘƛ ũƸǭ Ƹƛ ƷƶūƸǾƥƘơ
 ǌǾƮǭ pH ƹƗ ǼǖƛƘơ ƗƷ ƟƗƷƵ ǸǱƘǱ ƷƳ ƚǩƘǙ ǼƮǎƽ ƷƘƛ ǰǾǢǢƮǭ
 pHZPC ƹƗ Ƹơ ǰǾǽƘř ǌǾƮǭ pH ƸūƗ Ǵŧ ǻƷǸǍ Ǵƛ ƴǱƗ  ǳƳƸŧ ƸŧƵ
 ƸūƗ Ƿ ƠƜƦǭ ǼŨǽƸƢŨǩƗ ƷƘƛ ǻƗƷƗƳ ǳƷƵ ǸǱƘǱ Ƭǎƽ ÛƴǁƘƛ ǳƷƵǸǱƘǱ
 ǼŨǽƸƢŨǩƗ ƷƘƛ ǻƗƷƗƳ ǳƷƵ ǸǱƘǱ Ƭǎƽ ƴǁƘƛ ǯƋ ƹƗ ƸơȅƘƛ ǌǾƮǭ pH
 pHZPC ǯƗƺǾǭ ƳǸƱ ǴǖǩƘǎǭ ƷƳ (ĥĦ) Dimitri .ƳǸƛ ƴǵƗǸƱ ǼǞǲǭ
 ƟƷǸǅ Ǵƛ ƗƷ ǻǷƷ ƴǾƾŧƗ ǸǱƘǱ ǯǸš ƟƘƜǾŧƸơ ƹƗ ǻƷƘǾƾƛ ǻƗƸƛ ƗƷ
  pHZPC ǠǢƮǭ ǰǽƗ ƨǽƘƢǱ ƻƘƽƗ Ƹƛ .ƠƽƗ ǳƳƸŧ ǴƜƽƘƮǭ ǻƷǸƖơ
 ƠƽƳ Ǵƛ ƷƗƴǢǭ ƹƗ ǯƋ ƷƗƴǢǭ Ǵŧ ƠƽƗ ǳƳǸƛ Ĥģ ǻǷƷ ƴǾƾŧƗ ǸǱƘǱ
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ĦĦĬ

 ƴǽƘǁ pHZPC  ƟǷƘǞơ  .ƠƽƗ ƸƢǂǾƛ  ǼŧƴǱƗ  ǴǖǩƘǎǭ ǰǽƗ  ƷƳ ǳƴǭƋ
 ÛƚǾŧƸơ ƷƳ ƳǸƩǸǭ ǯŤǾƾŧƗ ǯƗƺǾǭ ÛƟƗƷƵǸǱƘǱ ǃǸǪƱ ƴǅƷƳ Ǵƛ
 ƷƳ  ƳǸƩǸǭ  ǨǾƾŧǸƛƸŧ  ǻƘǵ  ǴǱǸū  ƳǸƩǷ  ÛŦǽƸƢŨǩƗ  ǻƳ  ƠƛƘƥ
 ƘǵƸǾǚƢǭ ǰǽƗ ƷƳ ƟǷƘǞơ Ƿ ƳƷƗƳ ǼŬƢƾƛ ǴƜƽƘƮǭ ƿǷƷ Ƿ ǌǾƮǭ
 ǳƴǁ ǫƘƪǱƗ ƟƘǖǩƘǎǭ ƻƘƽƗƸƛ .ƳƷƗƶŬƛ ƸǾƥƘơ pHZPC Ƹƛ ƴǱƗǸơ  Ǽǭ
 ǓǸǉǸǭ ǰǽƗ ƹƗ ǼŧƘƭ ƨǽƘƢǱ (ĥħ) Ƙǵ ǻƸƢǥƘƛ pHZPC ǰǾǾǖơ ƠǶƩ
 ƷƳ ǼǪŧ ƷǸǍ Ǵƛ Ƙǵ  ǬƾǾǱƘūƷƗǷƸŨǾǭ ǻƗƸƛ pHZPC ƷƗƴǢǭ Ǵŧ ƠƽƗ
 Ǵǽȅ Ŧǽ ǻƗƷƗƳ ǼǞǲǭ ǫƸū ǻƘǵ ǻƸƢǥƘƛ .ƳƷƗƳ ƷƗƸǡ ĥ - ħ ǳƳǷƴƮǭ
 Ƿ ƴǲƢƾǵ ƳǸƱ ǼǩǸǪƽ ǳƷƗǸǽƳ ǼƩƷƘƱ ƠǮƾǡ ƷƳ ƴǽƷƘŧƘƽǸŚǾǩ
 ǯƘŨǾǪūǷƴǾƢŚř  (Ī-ī nm) ťƹƘǱ Ǵǽȅ Ŧǽ ǯƋ ǰǽƸǽƹ ƠǮƾǡ ƷƳ
 ƠǞƽ Ƙǵ  ǯƘŨǾǪūǷƴǾƢŚř ǳƹƗƴǱƗ Ǵƛ ƘǵƴǽƷƘŧƘƽ  ǼǪřǸŚǾǩ .ƳƷƗƳ ƳǸƩǷ
 Ƿ ƴǾŚǾǩ ǰǾƛ ƠǾǝƸǑ Ǭǵ ǋƘƜơƷƗ ǯƋ ǨǾǩƳ Ǵŧ ƴǲƢƾǾǱ ƠƲƽ Ƿ
 ƴǲƢƾǵ ǼǞǲǭ ƷƘƛ ǻƗƷƗƳ ƘǵƴǽƷƘŧƘƽ  ǼǪřǸŚǾǩ .ƠƽƗ ƴǽƷƘŧƘƽ ǼǪř
 Ǵƛ  ǴƩǸơ  Ƙƛ  .ƴǱǸǁ Ǽǭ ƠƜƦǭ ƷƘƛ ǻƗƷƗƳ ƟƗƷƵ ǸǱƘǱ ƙƶƩ Ƿ
 ǼƮǎƽ  ƷƘƛ  Ǵŧ  ƠǝƸū  ǴƪǾƢǱ  ǯƗǸơ  Ǽǭ  ǳƴǁ  ǴǽƗƷƗ  ƟƘƮǾǉǸơ
 ǳƴǽƴř  ƻƘƽƗ  Ƹƛ  Ƿ  ƠƽƗ  ǼǞǲǭ  ǷƳ  Ƹǵ  Ƙǵ ǻƸƢǥƘƛ  Ƿ  ƟƗƷƵǸǱƘǱ
 Ǵƛ  Ƙǵ ǻƸƢǥƘƛ  Ƭǎƽ Ƹƛ  ƟƗƷƵ  ǸǱƘǱ  ƙƶƩ ǯƗƺǾǭ  ŦǾơƘƢƽƗǷƸƢŨǩƗ
 Ƹƛ  ǴƜǪǙ  ǻƗƸƛ  ǰǽƗƸƛƘǲƛ  .(ĥħ)ƴƛƘǽ Ǽǭ  ǀǵƘŧ  ǴǖǝƗƳ  ǻǷƸǾǱ  ǨǾǩƳ
 ǳƷƵ ǸǱƘǱ ƹƗ ǻƸƢǂǾƛ ǻƘǵ  ƠǒǪǙ ǼƢƾǽƘƛ ǳƴǲǲŧ ƠǖǱƘǮǭ ǻǷƸǾǱ ǰǽƗ
 ǰǾǽƘř ƠǾƽƘƾƭ ǨǽȅƳ ƹƗ ǼŨǽ ƴǽƘǁ Ǵŧ ƴǁƘƛ ƳǸƩǸǭ ǌǾƮǭ ƷƳ
 ǻǷƸǾǱ  ǰǾǮǵ  ƳǸƩǷ  ǨǾǩƳ  Ǵƛ  ǰǾǽƘř  ǻƘǵ  ƠǒǪǙ  ƷƳ  Ƙǵ ǻƸƢǥƘƛ
 ǳƴǁ  ƿƷƗƺū  ǴƛƘǂǭ  ƟƘǢǾǢƮơ  ƷƳ  .ƴǁƘƛ  ŦǾơƘƢƽƗǷƸƢŨǩƗ  ǴǖǝƗƳ
 ǼǮǶǭ ƷǸƢŧƘǝ ǳƸǢǱ ǻƘǵ ǯǸǽ ǻǷƷƸƛ ƳǸƩǸǭ ƠƜƦǭ ƷƘƛ Ǵŧ ƠƽƗ
 ǼǩǸǪƽ  ǻƘǂǙ  ǰǾƛ  ƗƸǽƹ  .ƠƽƗ  ǯƋ  ǧƘǽƸƢŧƘƛ  ǼƢǱƋ  ƠǩƘƭ  ǻƗƸƛ
 Ŧǽ  ƠƜƦǭ  ƷƘƛ  ǻƗƷƗƳ  ƟƗƷƵ  ǸǱƘǱ  Ƿ  ƠƽƗ  ǼǞǲǭ  ƷƘƛ  ǻƗƷƗƳ  Ǵŧ
 Ǵŧ  ƠƽƗ  ǳƴǁ  ƳƘǶǲǂǾř  .ƳǸǁ  Ǽǭ  ƷƗƸǡƸƛ  ǼŨǾơƘƢƽƗǷƸƢŨǩƗ  ǴƛƵƘƩ
 ǀǲŧ Ǭǵ Ƹƛ ǻƗƸƛ ǼǝƘǉƗ ƠǪǕ Ŧǽ ŦǾơƘƢƽƗǷƸƢŨǩƗ ǻǷƸǾǱ ƴǽƘǁ
 ƴǽƘǁ  Ǵŧ  ƴǱƗ  ǳƳƸŧ  ǯƘǾƛ  ǰǾǢǢƮǭ  .ƴǁƘƛ  Ƙǵ ǻƸƢǥƘƛ  Ƿ  ƟƗƷƵǸǱƘǱ
 ƴǱƘƛ ǼǩǸǪƽ ǻƘǂǙ ǼƩƷƘƱ ǻƘǊǝ Ǵƛ ǼƽƘƽƗ ƷǸǍ Ǵƛ ƟƗƷƵǸǱƘǱ
 ƵǸǞǱ  ǧǸǪƽ  ǯǷƷƳ  Ǵƛ  ȅƘƛ  ǻƘǵ ƠǒǪǙ  ƷƳ  ȅƘǮƢƭƗ  Ǵŧ  ƴǱǸǁ  Ǽǭ

.(ĥĥ)ƴǲƛƘǽ Ǽǭ

ǻƸǾū ǴƪǾƢǱ
 ǯǸǾƾǱƘŚƽǸƽ Ǵŧ ƠǞū ǯƗǸơ  Ǽǭ ǴǖǩƘǎǭ ǰǽƗ ǻƘǵ  ǴƢǝƘǽ ƻƘƽƗƸƛ.....
 ǻƘǵ  ƠǱǸǞǕ ǨǭƘǕ ǻƘǵ ǻƸƢǥƘƛ ǨƛƘǢǭ ƷƳ ǻǷƷ ƴǾƾŧƗ ƟƗƷƵǸǱƘǱ
 Ƙǽ  Ǽǂŧ ǻƸƢŧƘƛ  ƸƥƗ  ǻƗƷƗƳ  ǜǪƢƲǭ  ǻƘǵ  ƠǒǪǙ  ƷƳ  ǼǱƘƢƽƷƘǮǾƛ
 ƠǒǪǙ ƹƗ  ƸƢǂǾƛ  ǻƘǵ  ƠǒǪǙ ƷƳ Ƿ ƠƽƗ ƴǁƷ Ǽūƴǲǲŧ ƠǖǱƘǮǭ
 ǰǽƗ  ǼǪŧ ƷǸǍ Ǵƛ  .ƠƽƗ ǼǖǽƸƽ Ǽǂŧ ǻƸƢŧƘƛ  ƸƥƗ  ǻƗƷƗƳ  MIC
 Ƿ ǴƢǁƗƳ ǻƸƢŧƘƛ ƴǉ ƸƥƗ ǻǷƷƴǾƾŧƗ ǳƷƵǸǱƘǱ Ǵŧ ƳƗƳ ǯƘǂǱ ǴǖǩƘǎǭ
 ǨǭƘǕ ǻƘǵ ǻƸƢǥƘƛ Ǜƶƭ ǻƗƸƛ ǼƜƽƘǲǭ Ǵǲǽƺū ǯƗǸǲǕ Ǵƛ ƴǱƗǸơ  Ǽǭ
 ǴƢƜǩƗ  .ƳƳƸū ǳƳƘǞƢƽƗ  ǼŨǁƺř  ǴǎǾƭ ƷƳ ǼǱƘƢƽƷƘǮǾƛ  ǻƘǵ  ƠǱǸǞǕ
.ƳƷƗƳ ǴǲǾǭƹ ǰǽƗ ƷƳ ǻƸƢǂǾƛ ƟƘǖǩƘǎǭ ǫƘƪǱƗ Ǵƛ ƹƘǾǱ ƸǭƗ ǰǽƗ

ǼǱƗƳƷƴǡ Ƿ ƸŨǂơ
 ƴǁƷƗ  ǼƽƘǲǁƷƘŧ  ǴǭƘǱ  ǯƘǽƘř  ƹƗ  ǼǂƲƛ  ǨǅƘƭ  ǴǩƘǢǭ  ǰǽƗ.....
 ƠƽƗ īĬĤĤĤĬĤĪĩīĤĨ ƴŧ Ƙƛ  ĤĦīĬ ǧƘƽ ƷƳ ǌǾƮǭ ƠǁƗƴǶƛ
 ǼǱƘǭƷƳ ǼƢǁƗƴǶƛ ƟƘǭƴƱ Ƿ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ƠǽƘǮƭ Ƙƛ Ǵŧ
 ƴǲǱƗƳ Ǽǭ ǫƹȅ ƷǸƱ Ƹƛ ǴǩƘǢǭ ǯƘūƴǲƾǽǸǱ .ƠƽƗ ǳƴǁ ƗƸƩƗ ǯƗƴǮǵ
 Ƿ  ǼƽƘǲǁ ƙǷƸŨǾǭ  ǳƘŬǂǽƘǭƹƋ  ƻƘǲǁƷƘŧ  ǫƴǢǭ  ǻƘǡƋ  ƙƘǲƩ ƹƗ

.ƴǲǽƘǮǱ ǼǱƗƳƷƴǡ Ƿ ƸŨǂơ ǯƘǁ  ǻƷƘŨǮǵ
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Antimicrobial Efficacy of Zinc Oxide Nanoparticles Suspension 
Against Gram Negative and Gram Positive Bacteria

Edris Hoseinzadeh1, *Mohammad Reza Samargandi2, Mohammad Yosef Alikhani3,  Ghodratollah Roshanaei4, Ghorban Asgari2 

ABSTRACT
Background and Objectives: Along with the rapid development of human life, controlling   harmful 
effects of microorganisms would be unavoidable. The objective of this study was to evaluate 
antibacterial efficacy of zinc oxide nanoparticles on different microbial strains.
Material and Methods: This experimental study was done using gram negative and gram positive 
bacteria in nutrient media. Nanoparticle characterization was determined using X-ray diffraction 
)XRD(, scanning and transmission electron microscopy )SEM and TEM(. Bacterial sensitivity to 
nanoparticles was tested using a disk diffusion test and minimum inhibitory concentration )MIC(. 
Time–kill studies and other tests were carried out using 108 CFU/mL of bacteria at baseline. A 
point of zero charge, pHzpc, of nanoparticle was investigated using the batch equilibration method. 
Obtained data were managed by SPSS Ver.16 and were analyzed through the Pearson, analysis of 
variance (ANOVA) and Student’s independent t-tests. 0.05 was selected as significant level for all 
tests. 
Results: Characterization results from XRD, SEM, and TEM showed that particles are in nano 
range and they do not contain any discernible crystalline impurity. The average ZnO nanoparticles 
diameter was 20 nm. The pHZPC for ZnO was found to be 7.51. The P. aeruginosa strain exhibited 
larger diameter inhibition zone )DIZ( to ZnO nanoparticle compared with other strains. Population 
of P.aeroginosa for 2 x MIC concentration was reduced to zero in the presence of nano ZnO within 
150 min. The bacterial CFU had significant difference with contact time, nanoparticles loading, and 
bacterial strain )P<0.001(.
Conclusion: This study demonstrated that antibacterial activity of ZnO can be a candidates for the 
elimination of gram negative and gram positive bacteria, particularly in nasocomial infection agent 
control.
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