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Ab stract

The eval u a tion of an ti bac te rial ef fects of mont mo ril lo nite
and its four in ter ca lates with cetylpyridinium (MMT-CP),
cetyltrimethylammonium (MMT-CTA), sil ver cat ion
(MMT-Ag+) and metal sil ver (MMT-Ag) showed that
pure, un mod i fied MMT had no an ti bac te rial ef fects. A
slight de crease of the absorbance and num ber of col o nies
can be ex plained by the ad sorp tion prop er ties of the ma te -
rial. MMT-CP and MMT-CTA ex hib ited the big gest an ti -
bac te rial ef fect af ter three hours of ac tion. Af ter a 24-hour
in cu ba tion, how ever, both in ter ca lates were in ef fi cient
probably be cause the sur face of MMT was cov ered with a
thick layer of bac te ria and, there fore, the ef fec tive com -
pound could not af fect the re main ing mi cro or gan isms.

Af ter 2-hour and 3-hour in cu ba tions, the an ti bac te rial
ef fects of MMT-Ag+ and MMT-Ag were sim i lar to those of 
MMT-CP a MMT-CTA but af ter a 24-hour in cu ba tion, a
sig nif i cant dif fer ence was ob served in the case of
MMT-Ag+. Con se quently, the use of in ter ca lated
MMT-Ag+ for dis in fec tion seems to be prom is ing.

In tro duc tion

Phyllosilicates are lay ered sil i cates in which tet ra he dral sil -
i cate lay ers are linked to gether in in fi nite, two-di men sional 
sheets and con densed with oc ta he dral (metalhydroxyl) lay -
ers of AlO6 or MgO in a ra tio of 2:1 or 1:1. The neg a tively
charged lay ers at tract pos i tive cat ions (e.g., Na+, K+, Ca2+,
Mg2+) which can hold them to gether. Their large cat ion
exchangeability en ables them to ad sorb var i ous cat ions
such as heavy met als and qua ter nary salts in clud ing
cationic sur fac tants. Phyllosilicates mod i fied by cat ion sur -
fac tants ex hibit a good abil ity for re ten tion of hy dro pho bic
toxic com pound, such as phe nols, polyaromatic hy dro car -
bons, her bi cides etc., from aque ous en vi ron ments. Ref er -
ences to these ap pli ca tions are given in our pre vi ous works
[1,2].

Re cently, a sig nif i cant sorp tion and in ac ti va tion of
Sal mo nella enteritidis and Esch e richia coli bac te ria us ing
mont mo ril lo nite (MMT) mod i fied with cationic sur fac tants 
have been dem on strated by Herrera et al. [3,4]. This idea is
quite novel and seems to be prom is ing for dis in fec tion of
var i ous types of wa ter. The aim of this work was to pre pare
phyllosilicate based ma te ri als with an ti bac te rial ac tiv ity

and to test them in a lab o ra tory as say. For this pur pose,
MMT was mod i fied with com pounds whose an ti bac te rial
ef fects are well known: cetylpyridinium (MMT-CP),
cetyltrimethylammonium (MMT-CTA), sil ver cat ion
(MMT-Ag+), and metal sil ver (MMT-Ag).

Ma te ri als and meth ods

Re agents
The used chem i cals were of the an a lyt i cal-re agent grade:
sil ver ni trate and eth a nol (96 %) were pur chased from
Lachema (Czech Re pub lic), cetyltrimethylammonium
(CTA) bro mide and cetylpyridinium (CP) chlo ride from
Sigma (USA) and borohydride from Merck (Ger many).
Pepton and agar were pur chased from HiMedia (Czech Re -
pub lic). Twice-dis tilled, deionised wa ter used for the prep -
a ra tion of all so lu tions was ob tained with a mixed-bed
ion-exchanger (Watek, Czech Re pub lic).

Mod i fi ca tion of mont mo ril lo nite with CTA and CP
Na+-rich mont mo ril lo nite type Wy o ming with an ex -
changed ca pac ity of 0.9 mequiv/g was used for the ad sorp -
tion of CTA and CP. MMT in ter ca la tion was per formed
ac cord ing to a re cently pub lished pro ce dure of Praus et al.
[1]. The cationic sur fac tants were dis solved in a 50:50 (v/v) 
mix ture of wa ter and eth a nol pro duc ing con cen tra tion of
about 1.0 mmol/l. MMT was added and the sus pen sions
were shaken vig or ously for 2 hours. Then they were fil -

tered us ing 1.2 mm glass fi bre fil ters (Whatman) and
washed seven times with wa ter un til the re ac tion with 1 %
AgNO3 so lu tion was neg a tive. MMT-surfactant sam ples
were dried at the lab o ra tory tem per a ture and used for an ti -
bac te rial tests. The lab o ra tory tem per a ture var ied from 20
to 24 oC.

Mod i fi ca tion of mont mo ril lo nite with Ag+and Ag0

Mont mo ril lo nite used for the in ter ca la tion with Ag+ was of
Wy o ming type with an ex change ca pac ity of about 0.7
mequiv/g (de ter mined by sat u ra tion with am mo nium).
AgNO3 so lu tions hav ing con cen tra tions of about 15
mmol/l were used for MMT sat u ra tion for a pe riod of 2
hours. This step was based on a sorp tion equi lib rium study.

The obtained sus pen sions were fil tered through 1.0 mm
mem brane fil ters. MMT-Ag sam ples were dried at the lab -
o ra tory tem per a ture and used for the an ti bac te rial tests. The 
lab o ra tory tem per a ture var ied from 20 to 24 oC.
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MMT-Ag ma te ri als were pre pared by re duc tion of the
Ag+ in ter ca lates in so lu tions of 10 mmol/l so dium
borohydride [5].

Prep a ra tion of stan dard ized bac te rial sus pen sions 
Esch e richia coli CCM 3988 was ob tained from the Czech
Col lec tion of Mi cro or gan isms (Brno, Czech Re pub lic).
Ster ile nu tri ent broth (10 ml) was in oc u lated with E. coli
and in cu bated over night at 37°C. Bac te rial sus pen sions
were di luted with a ster ile, 0.15 mol/l sa line so lu tion un til
the absorbance at 625 nm reached a value of 0.35, which
cor re sponded to a con cen tra tion of about 2.0 x108 cfu/ml.

An ti bac te rial ac tiv ity as say
An amount of 10 mg of MMT or mod i fied MMT
(MMT-CP, MMT-CTA, MMT-Ag+, MMT-Ag0) was put
into test tubes with 20 ml of 1 % nu tri ent peptone broth. A
vol ume of two ml of the Esch e richia coli sus pen sion (~
2.0x108 cfu/ml) was added to the tubes. The tubes were ag i -
tated for 2, 3 and 24 hours at 600 rpm and 25°C.The tubes
were then cen tri fuged for 10 min utes at 500 rpm. Af ter re -
moval of clay pel lets, absorbances of the supernatants were 

mea sured at l = 625nm.
Sub se quently, the supernatant was 10-fold di luted with

a ster ile, 0.15 mol/l sa line so lu tion to reach a fi nal di lu tion
of 10-10. Vol umes of 0.1 ml supernatant aliquots from di lu -
tions of 10-6, 10-7 and 10-8 were plated on the nu tri ent agar
No.2 for a growth as say. The plates were in cu bated at 37°C 
for 24 hours. Then the num ber of col o nies on each plate
was counted. Reduc tions in bac te rial counts were de ter -
mined by com par ing the ex per i men tal plate counts with the 
con trols. Each growth as say was re peated at least three
times us ing two rep lica plates for all above-men tioned di lu -
tions of each sam ple. The val ues ob tained were av er aged to 
give the fi nal data with stan dard de vi a tions. 

Sim i lar ex per i ments were con ducted with sam ples of
pure CP, CTA, AgNO3, and col loi dal Ag0.

Re sults and Dis cus sion

The eval u a tion of an ti bac te rial ef fects of MMT and its four
in ter ca lates (MMT-CP, MMT-CTA, MMT-Ag+ and
MMT-Ag) showed that pure, un mod i fied MMT had no an -
ti bac te rial ef fects. A slight de crease of the absorbance and
num ber of col o nies (Figs. 1 and  2) can be ex plained by the
ad sorp tion prop er ties of the ma te rial [6]. Figs 3 and 4 dem -
on strate ad sorp tion of the Esch e richia coli bac te ria on
MMT dur ing 2 and 24 hours. It is ob vi ous that af ter a
2-hour in cu ba tion in di vid ual bac te ria are well vis i ble but
af ter 24 hours a bac te ria cov er age is cre ated on MMT. The
in ter ca lates MMT-CP and MMT-CTA ex hib ited the big -
gest an ti bac te rial ef fect af ter three hours of ac tion (Figs. 1
and 2). CP and CTA be long to a group of de ter gents whose
pre cise mech a nism of the ef fect on bac te ria is not known. It 
is spec u lated that they cause phys i cal and chem i cal
changes of cel lu lar mem branes. It is also known that these
com pounds eas ily ad sorb to var i ous sur faces and their ef -
fec tive con cen tra tion can thus be de creased [7].

By de ter min ing the min i mal in hi bi tion con cen tra tions
(MIC) for CP and CTA and com par ing them with the com -
plexes MMT-CP and MMT-CTA, the de crease of the ef -
fec tive con cen tra tion of the com pounds bound in a

com plex with mont mo ril lo nite was con firmed. The de -
crease of ef fi ciency was about two-fold (MIC CP = 225mg/l
vs. MICMMT-CP =471mg/l,  MICCTA = 275mg/l vs.
MICMMT-CTA = 535mg/l). Af ter a 3-hour in cu ba tion, the ef -
fect of MMT-CTA was slightly higher than that of
MMT-CP. Af ter a 24-hour in cu ba tion, how ever, both com -
plexes were in ef fi cient (Figs. 1 and 2). This fact can be ex -
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Fig ure 1. An ti bac te rial ef fect of nat u ral and in ter ca lated MMT
based on absorbance mea sure ments

Fig ure 2. An ti bac te rial ef fect of nat u ral and in ter ca lated MMT
based on cal cu la tion of col o nies num bers. 

Fig ure 3. Ad sorp tion of Esch e richia coli on MMT af ter a 3-hour
in cu ba tion.



plained by an ob ser va tion that, af ter 24 hours, the sur face
of MMT was cov ered with a thick layer of bac te ria (Fig. 4)
and, there fore, the ef fec tive com pound could not af fect the
re main ing mi cro or gan isms. Be sides some other met als,
also sil ver be longs to the com pounds with a proven bac te ri -
cidal ef fect [6]. Mainly AgNO3 has been ap plied in hu man
med i cine to treat in flam ma tion of the skin and mucosae [6]. 
Re cently, how ever, the ef fect of sil ver in com plexes with
min er als used for dis in fec tion of wa ter con tam i nated with
coliform bac te ria has been in ves ti gated [7].

The re sults of a study of the an ti bac te rial ef fect of in ter -
ca lated com plexes MMT-Ag+ and MMT-Ag are shown in
Figs. 3 and 4. Af ter 2-hour and 3-hour in cu ba tions, the an ti -
bac te rial ef fects of the two com plexes were sim i lar to those
of MMT-CP a MMT-CTA. Af ter a 24-hour in cu ba tion, a
sig nif i cant dif fer ence was ob served in the case of
MMT-Ag+. While the two de ter gent com plexes in clud ing
MMT-Ag were in ef fi cient, only MMT-Ag+ was able to re -
tain its an ti bac te rial ef fect. This find ing is in keep ing with
the re sults of Rivera-Garza et al. [7]. Con se quently, the use 
of in ter ca lated MMT-Ag+ for dis in fec tion seems to be
prom is ing.

Con clu sion

1. Our ex per i ments with mod i fied mont mo ril lo nite doc u -
ment that in ter ca lates with sil ver cat ions ex hibit strong an -
ti bac te rial ef fects on the bac te rium Esch e richia coli. Other
MMT in ter ca lates showed only short-term ef fects.

2. Con se quently, in fu ture, we are go ing to test the ef fect
of MMT-Ag+ on Esch e richia coli and other types of bac te -
ria, such as Sal mo nella enterica, Enterococcus faecium,
Strep to coc cus faecalis etc., un der var i ous ex per i men tal
con di tions (tem per a ture, sa lin ity, pH, etc.). 
3. Us ing other met als with known biocidal prop er ties
(e.g., Ag+, Cu2+, Zn2+), we in tend to pre pare
phyllosilicate-metal com pos ites and test their ap pli ca tion
in the area of wa ter dis in fec tion tech nol ogy. A main ad van -
tage of such com pos ites can be their abil ity of im mo bi li za -
tion of dis in fect ing met als in the rigid phyllosilicate
struc tures that min i mizes the risk of their ac cu mu la tion in
hu man or gan ism when added di rectly in wa ter as, for ex -
am ple, is the case of the com monly-used AgNO3 and
CuSO4.
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Fig ure 4. Ad sorp tion of Esch e richia coli to MMT af ter a 24-hour 
in cu ba tion.


