
CHAPTER VI

DEVELOPMENT OF A NOVEL ANTI-TUBERCULOSIS MELT-BLOWN 
POLYPROPYLENE FILTER COATED WITH MANGOSTEEN EXTRACTS 

FOR MEDICAL FACE MASK APPLICATIONS

6.1 Abstract

T h is  p r e s e n t  r e s e a r c h  r e p o r ts  th e  d e v e lo p m e n t  o f  th r e e - la y e r  m a s k , w h ic h  is  
m a d e  o f  lo w  c o s t  p o ly p r o p y le n e  f i l t e r  c o n ta in in g  m u l t i f u n c t io n a l  p r o p e r t ie s  s u c h  a s  
a n t ib a c te r ia l ,  a n t im ic r o b ia l ,  h ig h  b a c te r ia l  f i l t r a t io n  e f f ic ie n c y  (B F E )  a n d  so  o n . T h e  
P P  f i l te r s  w e r e  p r e p a r e d  b y  s p r a y  c o a t in g  w i th  v a r io u s  m a n g o s te e n  e x t r a c t  
c o n c e n t r a t io n s  f ro m  2  to  5 % (w /v )  in  a b s o lu te  e th a n o l .  T h e  p h y s ic a l  p r o p e r t ie s  o f  
f i l t e r s  w e re  e v a lu a te d .  T h e  B F E  e x p e r im e n ts  w e r e  p e r f o rm e d  b y  s p r a y in g  th e  
b io lo g ic a l  a e r o s o l  th r o u g h  th e  f i l te rs . B r e a th a b i l i ty  o f  f a c e  m a s k s  w e r e  a ls o  m e a s u r e d  
a s  a  p r e s s u r e  d r o p  p a r a m e te r s .  T h e  c o a te d  f i l te r s  w e r e  th e n  c h a l le n g e d  w i th  a n t i 
m u l t id r u g - r e s is ta n t  tu b e r c u lo s is  ( M D R - T B ) ,  Escherichia coli ( E.coli) a n d  
Staphylococcus aureus {ร. aureus) a s  th e  r e p r e s e n ta t iv e  b a c te r ia .  F ro m  th e  r e s u l t s  
s h o w  th a t  w i th  in c re a s e  th e  M G  c o n c e n t r a t io n  f o r  c o a t in g ,  c a u s e d  f ib e r  d ia m e te r ,  
h y d r o p h i l ic i ty ,  % B F E  (> 9 5 % )  a n d  p r e s s u r e  d ro p  o f  f i l t e r s  w e r e  a ls o  in c re a s e d . T h e  
M G  c o a te d  f i l te r  e x h ib i te d  g o o d  a n t ib a c te r ia l  p e r f o r m a n c e s  f o r  ร. aureus a n d  M D R -  
T B  w h e r e a s  s h o w e d  lo w  a c t iv i t ie s  a g a in s t  E.coli. T h is  s tu d y  d e m o n s t r a te s  th a t  th e  
f i l t e r s  c o a te d  w i th  M G  s ig n i f ic a n t ly  p la y  a n  im p o r ta n t  r o le  in  a c h ie v in g  a n t ib a c te r ia l  
f a c e  m a s k .

Keywords: M a n g o s te e n  e x t r a c ts ,  f a c e  m a s k , tu b e r c u lo s is ,  r e s p ir a to ry  s y s te m

6.2 Introduction

T h e  p r o te c t io n  o f  th e  h u m a n  r e s p ir a to ry  s y s te m  a g a in s t  th e  a e r o s o l  o f  b a c te r ia l  
c e l l s  f ro m  th e  h ig h - r i s k  e n v i r o n m e n t  is  o n e  o f  m o s t  p u b l ic  h e a l th - c a r e  a t t e n t io n s  
th e s e  d a y s . B e c a u s e  o f  th e i r  s m a ll  s iz e s ,  b a c te r ia l  c e l l s  c o u ld  e a s i ly  s p r e a d  in  th e  a ir
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a n d  p e n e t r a te  th o u g h  th e  h u m a n  r e s p ir a to ry  s y s te m  a n d  e v e n tu a l ly  c a u s e  d is e a s e  
( A n n a  B a la z y ,  2 0 0 6 ) ,  e s p e c ia l ly  in f e c t io n s  o f  M y c o b a c te r iu m  tu b e r c u lo s is  (T B )  
c a u s e  in f e c t io u s  d i s e a s e s  w h ic h  a re  m a in ly  th e  g lo b a l  p r o b le m .( A . C a r d u c c i ,  2 0 1 1 )  
W h e n  tu b e r c u lo s is  p a t ie n ts  c o u g h  o r  s n e e z e ,  s o m e  b a c te r ia l  d r o p le ts  w i th  p a r t ic le  
d ia m e te r s  r a n g in g  f ro m  1-5 p m  a re  e x p e l le d  in to  th e  e n v i r o n m e n t  ( D ia z  et al. , 2 0 1 0 ) . 
T h e  r e c o m m e n d e d  a d v ic e  to  p r o te c t  o u r s e lv e s  f ro m  b a c te r ia l  p a r t i c le s  is  u s in g  o f  f a c e  
m a s k  w h ic h  h a s  b e e n  u s e d  in  b r o a d  r a n g e  o f  h o s p i ta l  a n d  h e a l th  c a re  s e t t in g . F a c e  
m a s k s  to d a y  a re  u s u a l ly  c o m p o s e d  o f  s p u n  b o n d  o r  m e l t - b lo w n  p o ly p r o ly le n e  f i l te r s ,  
w h ic h  h a s  a  g o o d  c h e m ic a l  s ta b i l i ty  a n d  g o o d  th e rm a l  s ta b i l i ty .  H o w e v e r ,  th e y  
te c h n ic a l ly  la c k  o f  a n  a n t ib a c te r ia l  p r o p e r ty  w h ic h  is  c o n s id e r e d  im p o r ta n t  fo r  h e a l th .  
T h e r e f o r e ,  th e  u s e  o f  f a c e  m a s k  w i th  a n  a n t ib a c te r ia l  p r o p e r t ie s  g a in s  a n  in c re a s in g  
in te r e s t  f ro m  b o th  a c a d e m ic  a n d  in d u s tr ia l  p o in t  o f  v ie w .

T h e  te c h n ic s  to  e n h a n c e  a n t ib a c te r ia l  p r o p e r t ie s  to  f i l t e r s  in  m a n y  m e th o d s  
s u c h  a s  th e  d ip p in g  ( D u b a s  et al. , 2 0 0 6 , S h a te r i  K h a l i l -A b a d  et a l, 2 0 1 0 , X u e  et a l, 
2 0 1 2 ) ,  c o a t in g  ( T i l ik e t  et a l, 2 0 1 1 ) ,  p h y s ic a l  a n d  c h e m ic a l  b o n d in g  ( A lo n s o  et al, 
2 0 0 9 , L i et a l, 2 0 1 1 , L im  et a l,  2 0 0 4 , W a n g  et al., 2 0 0 8 )  o f  a n t im ic r o b ia l  m o le c u le s  
o n to  s u r fa c e . S p r a y - c o a t in g  te c h n iq u e  is  o n e  o f  a  c o m m o n  te c h n iq u e s  to  s p ra y  
a n t ib a c te r ia l  s u s p e n s io n  s o lu t io n  o n to  th e  s u r f a c e  a n d  s u b s e q u e n t ly  e v a p o r a te  th e  
s o lv e n t  o u t  ( A p p e n d in i  et a l, 2 0 0 2 ) .  T h e s e  m e th o d s  c a n  b e  a p p l ie d  to  a  w id e  r a n g e  o f  
in d u s tr ia l  f i l te r  a p p l ic a t io n s .  C o a te d  f i l te r s  c a n  b e  a  s e l f - c le a n in g  s u r f a c e  b e c a u s e  
th e y  c a n  c o n t in u o u s ly  c o m f ro n t  th e  b io lo g ic a l  a t ta c k s .

T h e  c o m m e r c ia l  s y n th e s iz e d  a n t ib a c te r ia l  a g e n ts  f o r  c o a t in g  s u c h  a s  s i lv e r  io n s  
( G u z m a n  et a l, 2 0 1 2 , K a a li  et al, 2 0 1 0 ) ,  c ip r o f lo x a c in  ( K w o k  et a l,  1 9 9 9 , K w o k  et 
al, 1 9 9 9 ), b e n z a lk o n iu m  c h lo r id e  ( M u n o z - B o n i l l a  et a l, 2 0 1 2 )  a n d  t r ic lo s a n  
( K a n d e lb a u e r  et al, 2 0 0 9 , Y a n g  et a l, 2 0 1 1 )  h a v e  h ig h  b io lo g ic a l  a c t iv i t ie s  b u t  th e y  
a re  a ls o  a  p o te n t  th r e a t  to  h u m a n  h e a l th  a n d  e n v ir o n m e n t .  T h e r e  h a v e  b e e n  m o re  
in te r e s ts  in  a n t ib a c te r ia l  f i l t e r  e s p e c ia l ly  th o s e  f ro m  n a tu r a l  s o u rc e s  w ith  v a r io u s  
b io a c t iv e  c o m p o u n d s  d u e  to  th e i r  lo w e r  to x ic i ty  a n d  g e n t le  to  th e  e n v ir o n m e n t .  
S e v e ra l  s tu d ie s  h a v e  r e p o r te d  th a t  x a n th o n e  d e r iv a t iv e s  f ro m  m a n g o s te e n  e x t r a c ts  
( M G ) , e s p e c i a l l y  a - m a n g o s t in ,  h a s  c a l l e d  m u c h  a t t e n t io n  s in c e  it  h a s  d e s i r a b le  
p r o p e r t ie s  ( V is h n u  P r iy a  V , 2 0 1 0 )  in c lu d in g  a n t i f u n g a l  ( G e e th a  G o p a la k r is h n a n ,
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1 9 9 7 ) , a n t io x id a n t  ( Y u  et a l,  2 0 0 7 ) ,  a n t ip la s m o d ia l  ( E l f i ta  et a l,  2 0 0 9 )  c y to to x ic  
a c t iv i t ie s  ( A ja y i  et a l, 2 0 0 7 )  a n t ib a c te r ia l  ( A r u n r a t t iy a k o m  et al. 2 0 1 1 ,  P e d r a z a -  
C h a v e r r i  et a l,  2 0 0 8 , V is h n u  P r iy a  V , 2 0 1 0 )  a n d  a n t i - m u l t id r u g s  r e s i s ta n t  tu b e r c u lo s is  
( M D R -T B )  (G a le  et a l,  2 0 0 7 , G a r c ia  et al.)

T h e  o b je c t iv e s  o f  th e  p r e s e n t  s tu d y  w e r e  to  m o d ify  th e  s u r f a c e  o f  lo w  c o s t  
c o m m e r c ia l  p o ly p r o p y le n e  m e l t - b lo w n  f i l te r  w i th  v a r io u s  c o n c e n t r a t io n s  o f  
m a n g o s te e n  e x t r a c t  b y  s p ra y  c o a t in g . P h y s ic a l  p r o p e r t ie s  o f  f i l te r s  w e r e  s tu d ie d . 
B a c te r ia l  f i l t r a t io n  e f f ic a c y  ( B F E )  a n d  p r e s s u r e  d r o p  w e r e  p e r f o r m e d  b y  N E L S O N  
L a b o ra to r y .  F u r th e r ,  th e  a n t ib a c te r ia l  a c t iv i t ie s  o f  c o a te d  f i l t e r  a g a in s t  G r a m - p o s i t iv e  
b a c te r ia  Staphylococcus aureus, G r a m - n e g a t iv e  b a c te r ia  Escherichia coli a n d  M D R -  
T B  w e re  e v a lu a te d  q u a n t i ta t iv e ly  a s  a  fu n c t io n  o f  e x p o s u r e  t im e s .

6.3 Experimental

6 .3 .1  M a te r ia ls
T h e  c o m m e r c ia l ly  a v a i la b le  f i l t e r s  ; f ro n t ( S P - 1 4 )  a n d  b a c k ( S P - 3 0 )  

la y e r s  m a d e  o f  p o ly p r o p y le n e  s p u n b o n d  n o n - w o v e n  f a b r ic  ( f ib e r  d ia m e te r :  
2 0 .8 8 ± 2 .7 9  p m  ,1 4  g /m 2) a n d  ( f ib e r  d ia m e te r :  2 0 .8 1 ± 3 .1 2  p m , 3 0  g /m 2), r e s p e c t iv e ly  
w e r e  p e r c h a s e d  f ro m  N a r u la  N o n w o v e n  C o m p a n y  L im ite d  T h a i la n d . T h e  m id d le  
la y e r  ( M B - 0 )  w a s  m a d e  o f  m e l t - b lo w n  p o ly p r o p y le n e  f i l t e r  ( f ib e r  d ia m e te r :  5 .3 0 ± 2 .1 6  
p m , 2 0  g /m 2). M a n g o s te e n  e x t r a c t  ( a - m a n g o s t in  a n d  y - m a n g o s t in  c o n te n ts
a p p r o x im a te ly  4 6 .3 6 %  a n d  5 .4 5 %  o f  d r y  w e ig h t  o f  e x t r a c te d  c r u d e ,  r e s p e c t iv e ly )  w a s  
s u p p o r te d  b y  D e p a r tm e n t  o f  C h e m is tr y ,  F a c u l ty  o f  S c ie n c e , S r in a k r a r in w ir o t  
U n iv e r s i ty ,  T h a i la n d  A b s o lu te  e th a n o l ( 9 9 % )  w a s  p u rc h a s e d  f ro m  S ig m a  A ld r ic h .  
M e d ia  fo r  b a c te r ia l  c u l tu re ,  s o y b e a n  c a s e in  d ig e s t  b r o th  (S C D B ) ,  T r ip t ic  S o y  B ro th  
( T S B ) ,  (T S A )  w e r e  p u rc h a s e d  f ro m  D if fc o . A ll o th e r  r e a g e n ts  a n d  s o lv e n ts  w e r e  o f  
a n a ly t ic a l  g r a d e  a n d  u s e d  w i th o u t  f u r th e r  p u r i f ic a t io n .

6 .3 .2  S p ra y  C o a t in g  a n d  F i l te r  E m b e d d in g
T h e  c o a t in g  s o lu t io n  2 %  a n d  5 %  ('พ/พ) w e r e  p r e p a r e d  b y  d is s o lv in g  

M G  2 0  a n d  5 0  g  in  1 0 0 0  m l o f  a b s o lu te  e th a n o l ,  r e s p e c t iv e ly  a n d  s t i r r in g  fo r  4  h o u rs . 
T h e  M B -0  f i l t e r  w a s  c a r r ie d  o u t  in  u l t r a f in e  s p r a y  c o a t in g  ( c o l l e c to r  s p e e d :  10 rp m .
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n o z z le  d ia m e te r :  2  m m , s p r a y in g  p r e s s u r e :  1 1 0  p s i) .  A f te r  c o a t in g ,  th e  c o a te d  M B  
f i l t e r  w e r e  p a s s e d  th r o u g h  th e  h o t  a i r  (6 5  °C )  b lo w e r  u n i t  to  e v a p o r a te  th e  r e s id u e  
e th a n o l .  T h e  f i l t e r s  c o a te d  w i th  2 %  a n d  5 %  (w /v )  o f  M G  c o n c e n t r a t io n s ,  w e r e  la b e le d  
a s  M B -2  a n d  M B -5 , r e s p e c t iv e ly .  F in a l ly ,  to  e m b e d  th e  3 la y e r s  o f  S P -1 4 , m id d le  
la y e r  ( M B - 0 ,  M B -2 , M B -5 )  a n d  S P -3 0  w e r e  s e a le d  w i th  h e a te r  to  p r o d u c e  a  3 - la y e r  
f a c e  m a s k .

6 .3 .3  D e te r m in a t io n  M G  C o n te n t  o n  F i l t e r
T h is  m e th o d  f o l lo w in g  to  C h a iv i s u th a n g k u r a  ( A p in y a  

C h a iv i s u th a n g k u r a ,  2 0 0 8 ) ,  c o a te d  f i l te r s  w e r e  c u t  in  c i r c le  s h a p e  w i th  d i a m e te r  1.5 c m  
in  r a n d o m  p o s i t io n .  T h e  f i l t e r  s a m p le s  w e r e  d i s s o lv e  in  e th y l  a c e ta te  a n d  th e n ,  A l l  
s a m p le s  w e r e  p e r f o r m e d  o n  H P L C  T h e r m o  ( T h e rm o  F in n ig a n ,  U S A )  w h ic h  c o n s is ts  
o f  C h r o m  Q u e s t  s o f tw a re ,  D e g a s s e r  T h e r m o  s e p a r a t io n  p r o d u c t ,  Q u a te r n a r y  g r a d ie n t  
s p e c t r a  s y s te m  P 4 0 0  a n d  u v  d e te c to r  s p e c t r a  s y s te m  2 0 0 0 . T h e  MG e x t r a c t  w a s  
s e p a r a te d  o n  a  1 5 0  m m  9  4 .6  m m  i.d .,  4 - lm  p a r t i c le ,  S y n e rg i  H y d r o  c o lu m n  
( P h e n o m e n e x ,  T o r ra n c e ,  C A , U S A )  w i th  a  4 .0  m m  9  2 .0  m m  i.d . C l8  ( O D S )  g u a rd  

c o lu m n . T h e  m o b i le  p h a s e  w a s  a  g r a d ie n t  p r e p a r e d  f ro m  a c e to n i t r i le  ( c o m p o n e n t  A ) , 
2 %  (v /v )  a c e t ic  a c id  in  w a te r  ( c o m p o n e n t  B ) , a n d  n - b u ta n o l  ( c o m p o n e n t  C ) . T h e  
g r a d ie n t  p r o g r a m  w a s :  A :B :C  f ro m  3 0 :7 0 :0  to  4 5 :4 5 :1 0  in  2  m in , f ro m  4 5 :4 5 :1 0  to  
8 0 :1 5 :5  in  2 3  m in , f ro m  8 0 :1 5 :5  to  8 0 :2 0 :0  in  2  m in , f ro m  8 0 :2 0 :0  to  9 5 :5 :0  in  8  m in ,

a n d  is o c r a t ic  a t  9 5 :5 :0  f o r  2 5  m in . T h e  f lo w  ra te  w a s  0 .5  m L  m in  a n d  th e  to ta l  
s e p a r a t io n  t im e  w a s  6 0  m in . C h r o m a to g r a p h y  w a s  p e r f o r m e d  a t  a m b ie n t  te m p e ra tu re .

6 .3 .4  F i l t r a t io n  P e r f o r m a n c e
B a c te r ia l  f i l t r a t io n  e f f ic ie n c y  ( B F E )  w a s  e v a lu a te d  f o l lo w in g  b y  

A S T M  F 2 1 0 1 -0 1  S ta n d a r d  T e s t  M e th o d  f o r  E v a lu a t in g  th e  B a c te r ia l  F i l t r a t io n  
E f f ic ie n c y  ( B F E )  o f  s u r g ic a l  m a s k s  u s in g  a  B io lo g ic a l  A e r o s o l  o f  Staphylococcus 
aureus A T C C  6 5 3 8  d i lu te d  in  1 .5 %  p e p to n e  w a te r  to  a n  a c c u r a te  c o n c e n t r a t io n  to  
y i e ld  c h a l le n g e  le v e l  c o u n ts  o f  2 2 0 0 ± 5 0 0  c o lo n y  f o r m in g  u n i t s  ( c fu )  p e r  te s t  s a m p le . 
T h e  s a m p le s  w e r e  p r e p a r e d  f ro m  c o m p le te  fa c e  m a s k s  1 0 0  m m  X 1 0 0  m m  in c lu d in g  
a ll  la y e r s  o f  m a s k  w h ic h  w e r e  in s ta l l e d  o n  th e  to p  o f  A n d e r s e n  s a m p le r ( s ix - s ta g e  
v ia b le  p a r t i c le  c a s c a d e  im p a c t  s a m p lin g  s y s te m  c o n ta in in g  o n e  a g a r ( S C D A )  p la te  f o r
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e a c h  s ta g e ) .  T h e  m ic r o o r g a n is m  a re  g e n e r a te d  in to  a e r o s o l  w i th  n e b u l iz e r  a t  th e  
v a c c u m  f lo w  ra te  th r o u g h  th e  A n d e r s e n  s a m p le r  m a in ta in e d  a t  1 C F M  ( 2 8 .3 ± 5 %  
1 /m in ) a n d  f ix e d  a i r  p r e s s u r e  fo r  o n e  m in u te .  T h e  a e r o s o l  d r o p le ts  w i th  m e a n  p a r t ic le  
s iz e  ( M P S )  o f  a p p r o x im a te ly  3 .0 ± 0 .3  p m . T h e  te s t s  w e r e  r e p e a te d  5 t im e s  f o r  e a c h  
s a m p le . A l l  p la te s  w e r e  in c u b a te d  a t  3 7  ° c  fo r  4 8  h o u r s .  T h e  c o lo n ie s  fo rm e d  w e re  
c o u n te d  a n d  c a lc u la te d  a s  in  e q u a t io n  1

B a c te r ia l  f i l t r a t io n  e f f ic ie n c y  (%  B F E )  =  [(C  -  T ) /T  ] X 100

W h e re  c  is  A v e ra g e  o f  c o n tr o l  v a lu e s  a n d  T  is  c o u n t  to ta l  fo r  te s t in g . 
D if f e re n t ia l  p r e s s u r e  ( D e l ta  p  o r  A P ) te s t  w h ic h  a ls o  r e la te  to  th e  b r e a th a b i l i ty  o f  f a c e -  
m a s k  m a te r ia ls .  T h e  e q u ip m e n ts  n e e d  to  b e  c a l ib r a te d  p r io r  to  u s in g  th e m . In s ta l l  th e  
s a m p le  h o ld e r  a n d  a d ju s t  m a n o m e te r  le v e l  to  a  r e f e r e n c e  m a rk . A l lo w  th e  a i r  f lo w  ra te  
to  b e  8  1/m in  p a s s  th r o u g h  th e  r e f e r e n c e  m a te r ia l  in to  s a m p le  h o ld e r  a n d  ta k e  
m a n o m e te r  m e a s u r in g  a t  f iv e  d i f f e r e n t  s i te s . A P v a lu e s  w e r e  c a lc u la te d  f ro m

A P =  M  /  A
W h e re  M  is  th e  a v e r a g e  m m  o f  th e  w a te r  o f  th e  te s t  r e p l i c a te s  a n d  A  is  

th e  a r e a  o f  te s t  c e l l  ( 4 .9  c m 2).

6 .3 .5  P h y s ic a l  P ro p e r t ie s  o f  C o a te d  F i l te r

6.3.5.1 Surface morphology
T h e  s u r fa c e  m o r p h o lo g y  o f  f i l t e r s  a n d  f ib e r  d i a m e te r s  w e r e  

c h a r a c te r iz e d  b y  H i ta c h i  ร - 4 8 0 0  F ie ld  E m is s io n  S c a n n in g  e le c t r o n  m ic r o s o p e  (F E -  
S E M )  a t  lO k V  a n d  S e m A p h o r e  4 .0  s o f tw a re .

6.3.5.2 Water contact angle
S ta t ic  w a te r  c o n ta c t  a n g le s  o f  th e  f i l t e r s  w e re  c a r r ie d  o u t  w i th  a  

K r ü s s  D S A  10 0  d r o p  s h a p e  a n a ly s is  s y s te m . T e n  d r o p le ts  o f  d i s t i l le d  w a te r  (1 0  p i)  
w e r e  d r o p p e d  o n  r a n d o m  te s t  a r e a s  o n  e a c h  s a m p le . T h e  p r o je c te d  p ic tu r e s  o f  th e
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d r o p le ts ,  a f te r  th e y  h a d  b e e n  c a p tu r e d  to  s ta y  o n  th e  f i l t e r  s u r f a c e  u n ti l  n o  c h a n g e  in  
th e i r  s h a p e s  w a s  o b s e r v e d  a n d  a n a ly z e d  th e  c o n ta c t  a n g le s .

6 .3 .6  A n t ib a c te r ia l  E v a lu a t io n
T h e  a n t ib a c te r ia l  a c t iv i t ie s  a g a in s t  g r a m - p o s i t iv e  b a c te r i a  

Staphylococcus aureus (ร. aureus, A T C C  2 5 9 2 3 )  a n d  Escherichia coli (E.coli, 
A T C C )  w e r e  s e le c te d  a s  a  m o d e l  f o r  th e  G r a m - n e g a t iv e  a n d  G r a m - p o s i t iv e  b a c te r ia  
c a r r ie d  o u t  a c c o r d in g  to  a  m o d if ie d  p r o c e d u r e  o f  th e  te s t in g  m e th o d  f o l lo w e d  b y  
A A T C C  te s t  m e th o d  1 0 0 -2 0 0 4  a s s e s s m e n t  o f  a n t ib a c te r ia l  f in i s h e d  o n  te x t i le s .  T h e  
f i l t e r s  w e r e  c u t  in  d is c  s h a p e  (1 5  m m  in  d ia m e te r ,  0 .2 4  ±  0 .1 0  c m  in  th ic k n e s s )  a n d  
s te r i l i z e d  u n d e r  uv la m p s  o f  F U N A - U V - L I N K E R  F S 8 0 0  f o r  6 0  m in . A  c o lo n y  o f  
ร.aureus a n d  E.coli w e r e  c u l tu r e d  in  T S B , 1 0 0  m l a t  3 7  ๐c  fo r  2 4  h o u r s  u n d e r  a  
s h a k in g  ( O rb i ta l  in c u b a to r  s h a k e r ,  G Y R O M A X ™  7 3 7 )  o f  1 2 0  rp m  w a s h e d  w i th  
n o rm a l  s a l in e  s o lu t io n  (0 .8 5  %  N a C l  s o lu t io n )  s u b s e q u e n t ly  e v a lu a te  th e  a n t ib a c te r ia l  
r e d u c t io n  te s t s  a s  a  f u n c t io n  o f  t im e s , a  p o r t io n  o f  s a l in e  s o lu t io n  c o n ta in in g  th e  
b a c te r i a  w a s  d i lu te d  to  1 0 5 c f u /m l .  5 0  p i o f  th e  p r e p a r e d  b a c te r ia l  s u s p e n s io n s  w e re  
p la c e d  o n to  th e  s a m p le  s u r f a c e s  c o n ta in e d  in  v ia ls .  A f te r  a  c e r ta in  p e r io d  o f  c o n ta c t  
t im e  (5 , 15 , 3 0 , 6 0  a n d  1 4 4 0  m in ) , th e n  p ip e t te d  2  m l o f  s te r i le  n o rm a l  s a l in e  to  th e  
v ia ls  a n d  v o r t e x e d  f o r  5 m in  to  r e m o v e  a d h e r e n t  b a c te r ia  to  s a l in e  s o lu t io n . T h e  1 0 0  
p i o f  e a c h  d i lu e n ts  w e r e  p la c e d  o n to  a g a r  p la te s .  T h e  c o lo n y  o f  b a c te r ia l  g r o w th s  
w e r e  c o u n te d  a f te r  in c u b a t io n  a t  3 7  °c f o r  2 4  h o u r s .  E a c h  te s t  w a s  r e p e a te d  fo r  3 
t im e s . T h e  p e r c e n ta g e  o f  r e d u c t io n  w a s  c a lc u la te d  a c c o r d in g  to  th e  f o l lo w in g  
e q u a t io n :

P e rc e n t  r e d u c t io n  o f  b a c te r ia l  (% )  =  [(C  -  T ) /C  ] X 10 0  
W h e re  c is  C e l ls  n u m b e r  o f  B la n k  a t  t im e  in te r v a ls  a n d  T  is  c e l l s  

n u m b e r  o f  a d d e d  a t  t im e  in te r v a ls .  F o r  a n t i - m u l t id r u g - r e s is ta n t  tu b e r c u lo s is  ( M D R -  
T B )  te s ts ,  M. tuberculosis H 3 7 R v  A T C C  2 7 2 9 4  a n d  c l in ic a l  is o la te  o f  m u l t id r u g -  
r e s i s ta n t  M. tuberculosis ( M D R -T B )  w e r e  u s e d  f o r  th is  s tu d y . T h e  s t r a in s  w e r e  
c u l tu r e d  o n  L o w e n s te in - J e n s e n  (L J )  m e d iu m  a n d  in c u b a te d  a e r o b ic a l ly  a t  37°c f o r  3 
w e e k s . T h e  m y c o b a c te r ia l  s u s p e n s io n  w a s  p r e p a r e d  in  0 .0 4 %  T w e e n  8 0  a n d  d i lu te d  
w i th  s te r i le  d i s t i l le d  w a te r  to  a  tu rb id i ty  o f  th e  M c F a r la n d  n o . 1. T h e  s u s p e n s io n  o f  1 .0
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M c F a r la n d  w a s  th e n  d i lu te d  1 :1 0 0  w i th  s te r i le  d i s t i l le d  w a te r  a n d  5 0  p i  w a s  p la c e d  
o n to  e a c h  o f  a t  le a s t  3 r e p l ic a te  o f  th e  c o a te d  f i l t e r s  a n d  6  r e p l ic a te  o f  th e  u n c o a te d  
f i l te r s .  T w o  m il l i l i te r s  o f  s te r i le  d i s t i l le d  w a te r  w a s  a d d e d  im m e d ia te ly  to  e a c h  o f  th e  
3 r e p l ic a te  o f  th e  u n c o a te d  f i l te r s  in  in d iv id u a l  c o n ta in e r s  a n d  v o r te x e d .  O n e  h u n d re d  
m ic r o l i te r s  o f  e a c h  s a m p le s  w a s  d r a w n  a n d  s p r e a d  o n to  a  7 H 1 1  a g a r  p la te  a n d  
in c u b a te d  a t  3 7 ° c  fo r  3 w e e k s  fo r  v ia b le  c o u n ts  to  p r o v id e  b a s e - l in e  d a ta .

6.4 Results and Discussion

T h e  c o n te n t  o f  a - m a n g o s t in  a n d  y - m a n g o s t in  c o a te d  o n  th e  v a r io u s  f i l te r s ,  
c h a r a c te r iz e d  b y  H P L C  te c h n ic  is  s h o w n  in  Table I .  . T h e  S E M  im a g e s  o f  th e s e  
f i l te r s  b e f o r e  a n d  a f te r  c o a t in g  a re  s h o w n  in  Fig 6.1. T h e  in f lu e n c e  o f  M G  s o lu t io n  
c o n c e n t r a t io n  f ro m  0  to  5 %  (w /v )  o n  s t r u c tu r a l  a n d  h y d r o p h o b ic i ty  o f  v a r io u s  f i l te r s  
w e r e  o b s e rv e d .  T h e  m o r p h o lo g y  o f  f i l te r s  c a n  b e  s e e n  f ro m  Fig. 6.1(a) th e  p r is t in e  
p o ly p r o p y le n e  m e l t - b lo w n  f ib e r s  s h o w  ty p ic a l  f ib r i l  s t r u c tu r e  w i th  s m o o th  s u r fa c e . 
A f te r  c o a t in g ,  th e  m e l t - b lo w n  f ib e r  s u r f a c e  s h o w s  m o re  r o u g h e r  a n d  c o v e r in g  w i th  
M G  p a r t i c le s ,  a s  s h o w n  in  Fig. 6.1(b). W ith  in c r e a s in g  th e  M G  s o lu t io n  
c o n c e n t r a t io n ,  th e  a v e r a g e  d ia m e te r  o f  th e  m e l t - b lo w n  f i l te r s  w e r e  s l ig h t ly  in c re a s e d . 
W e t ta b i l i ty  o f  c o a t e d ( M B - l ,  M B -2 )  a n d  u n c o a te d (M B -O )  f i l t e r  w e r e  p e r f o r m e d  b y  
w a te r  c o n ta c t  a n g le  m e a s u r e m e n ts .  Table 6.1 s h o w s  th e  w a te r  c o n ta c t  a n g le  o f  M B -0  
o f  a b o u t  1 3 8 ± 0 .1 1. P o ly p r o p y le n e  e x h ib i te d  a  h y d r o p h o b ic  s u r fa c e . W h e n  th e  f i l te r s  
w e r e  c o a te d  w ith  M G  s o lu t io n , th e y  s h o w e d  h ig h  h y d r o p h i l ic  p r o p e r t ie s  a n d  m u c h  
h ig h e r  b y  th a n  th o s e  u s in g  h ig h  c o n c e n t r a t io n  o f  M G  s o lu t io n .

T h e  d i a m e te r  o f  f i l t e r  f ib e r s  B F E  a n d  A P ,  w h ic h  a re  th e  im p o r ta n t  p a r a m e te r s  
th a t  c a n  r e v e a l  th e  p e r f o rm a n c e  o f  fa c e  m a s k  s h o w n  in  Table 6.2. F o r  B F E  te s t ,  th e  
p e n e t r a t io n  o f  b a c te r ia l  a e r o s o l  d r o p le ts  (3  p m )  th r o u g h  th e  f i l t e r s  m a y  d i f f e r  f ro m  
n o n b io lo g ic  s im u la n ts .  T h e s e  b io lo g ic a l  p a r t i c le s  w ill  b e  c a p tu r e d  b y  th e  3 la y e r s  o f  
f i l te r s .  W ith  in c re a s e  th e  f ib e r  d ia m e te r ,  c a n  p r o m o te  th e  B F E  o f  f i l te r s  d u e  to  th e  
lo w e r  f re e  v o lu m e  b e tw e e n  c o a te d  f ib e r s .  T h e s e s  p h e n o m e n a  w a s  a ls o  fo u n d  in  th e  
p r e s s u r e  d r o p  e v a lu a t io n s  th a t  w a s  c o n c e rn e d  w ith  b r e a th a b i l i ty  o f  u s e r . A c c o r d in g  to  
a  h ig h  le v e l o f  c o a te d  f i l t e r  d ia m e te r s ,  th e  a i r  c a n  d i f f ic u l t ly  p a s s  th r o u g h  th e  f i l te r  
la y e r  a n d  le a d  th e  p r e s s u r e  d r o p  to  in c re a s e . T h e r e f o r e ,  th e  p r e s s u r e  d r o p  w il l  b e
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In  th e  a n t im ic r o b ia l  s tu d y , th e  p r o to c o l  o f  te s t in g  w a s  s im u la te d  fo r  th e  re a l 
u s e  o f  f a c e  m a s k  ( b a c i l l i  a r e  c a r r ie d  th ro u g h  a i r b o rn e  d r o p le t  n u c le i  p r o d u c e d  f ro m  
c o u g h in g  a n d  ta lk in g )  w a s  u s e fu l  a s  a n  in d ic a to r  o f  s u r f a c e  a n t im ic r o b ia l  
a c t iv i ty ( A n d r e a ,  2 0 0 6 ) .  T h e  a - m a n g o s t in  a n d  y - m a n g o s t in  c o n te n ts  c o a te d  o n  f i l te r s  
w e r e  s h o w n  in  Table 6.1 w h ic h  a re  th e  m o s t  im p o r ta n t  r o le s  to  in h ib i t  b a c te r ia l  
g r o w th . S o m e  r e s e a r c h e r s  r e p o r te d  th a t  th e  m in im u m  in h ib i to r y  c o n c e n t r a t io n  o f  
b a c te r ia  ( M IC )  o f  a - m a n g o s t in  w a s  b e tw e e n  1 .5 7  to  5 0  p g /m l( P e d r a z a - C h a v e r r i ,
2 0 0 8 )  fo r  b a c te r ia  a n d  6 .2 5  (Ig /m l fo r  M D R - T B . H o w e v e r ,  th e  a c t io n  m e c h a n is m  o f  
a n t ib a c te r ia l  a c t iv i t ie s  o f  a - m a n g o s t in  th e r e  is  n o t  e n t i r e ly  u n d e r s ta n d ( H e m a is w a r y a  et 
al, 2 0 0 8 ) .  A n ti -  b a c te r ia l  a n d  m y c o b a c te r ia l  a c t iv i t ie s  o f  c o a te d  m e l t - b lo w n  f i l te r s  
w e r e  e v a lu a te d  in  te r m  o f  %  b a c te r ia l  r e d u c t io n  a s  a  f u n c t io n  o f  e x p o s e r  t im e s  s h o w n  
in  Fig 6.2-6.4. T h e  r e s u l t s  s h o w e d  th a t  th e  M B -0 , e x h ib i te d  s l ig h t ly  a n t ib a c te r ia l  
a c t iv i t ie s  o f  E.coli, ร.aureus a n d  M D R - T B . T h e  p e r c e n t  r e d u c t io n  o f  G r a m - p o s i t iv e s  
b a c te r ia l  ร.aureus a n d  M D R - T B  c le a r ly  in c re a s e d  o n  b o th  M B -2  a n d  M B -5  f i l te r s  
w i th in  th e  e x p o s e r  t im e  c o m p a re d  to  G r a m - n e g a t iv e s  l ik e  E.coli. A t  th e  s a m e  
e x p o s u r e  t im e s  6 0  m in s , T h e  m e l t - b lo w n  c o a te d  w i th  M G  s h o w e d  m o r e  e x h ib i te d  
in h ib i to r y  e f f e c t  a g a in t  ร.aureus th a n  M D R - M  T B . S in c e , T B  is  a  m y c o b a c te r ia  
c o n ta in in g  a  h ig h  d e g re e  o f  in tr in s ic  r e s i s ta n c e  to  m o s t  a n t ib io t ic s  a n d  
c h e m o th e r a p e u t ic  a g e n ts  ( A n d e r s e n  et a i, 2 0 1 0 ) .  T h e  lo w  p e r m e a b i l i ty  o f  th e  
m y c o b a c te r ia l  c e l l  w a l l  ( c o n s i s t in g  o f  6 0 % , N - g ly c o ly lm u r a m ic  a c id  a n d  m y c o l ic  a c id  
o f  d ry  w e ig h t) ,  w i th  its  c o m p le x  s t r u c tu r e ,  is  n o w  k n o w n  to  b e  a  m a jo r  f a c to r  in  th is  
r e s i s ta n c e  ( J a r l i e r  et a l, 1 9 9 4 ). D e s p i te ,  th e  G r a m - n e g a t iv e  (E.coli) s h o w e d  lo w  
a c t iv i t ie s  a n d  a t  2 4  h o u r s ,  E.coli g r o w th  w a s  o v e r  th a n  c o n tr o l .  T h e  r e s u l t s  o f  p r e s e n t  
r e s e a r c h  r e v e a le d  th e  m o re  u s e fu l  in fo rm a t io n  fo r  th e  f i l t e r  a p p l ic a t io n s .

increased (Patanaik e t a l ,  2010). Despite, the commercial face masks contain pressure
drop in range of 7-30 mird-fiO / cm2 (Viscusi e t a l., 2009).



121

6.5 Conclusions

T h e  th r e e - la y e r  f a c e  m a s k  w a s  s u c c e s s f u l ly  d e v e lo p e d  b y  th e  a s s e m b le  o f  
th r e e  la y e rs  f i l te r s  w h ic h  w e r e  s p u n  b o n d  a n d  m e l t - b lo w n  p p  m e d ia .  T h e  c o a te d  m e lt-  
b lo w n  p p  la y e r  w i th  M G  e x t r a c t s  r e s u l t in g  to  in c re a s e  th e  % B F E  a n d  b r e a th a b i l i ty .  In  
a d d i t io n ,  M G  c o a te d  f i l t e r  a ls o  e x h ib i te d  h ig h ly  a n t ib a c te r ia l  a c t iv i t ie s  a g a in s t  M D R -  
T B  a n d  ร. aureus w h ic h  a re  th e  g r a m  p o s i t iv e  b a c te r ia  c a u s e d  th e  in s p i r a t io n  d is e a s e s .
. T h is  s tu d y  d e m o n s t r a te s  th a t  th e  f i l te r s  c o a te d  w i th  M G  s ig n i f ic a n t ly  p la y  a n  
im p o r ta n t  r o le  in  a c h ie v in g  a n t ib a c te r ia l  f i l te r  in  m a n y  v a r io u s  a p p l ic a t io n s  s u c h  a s  
th e  f i l t e r s  u s e d  in  a i r  c o n d i t io n  s y s te m s .
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Figure 6.1 S E M  im a g e s  o f  p o ly p r o p y le n e  m e l t - b lo w n  f i l t e r  (a )  b e f o r e  c o a t in g  a n d  

(b )  a f te r  c o a t in g  w i th  5 %  (w /v )  o f  M G  s o lu t io n .
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P e r c e n ta g e  o f  E.coli r e d u c t io n  a s  a  f u n c t io n  o f  t im e  in te r v a ls .

Figure 6.3 P e rc e n ta g e  o f  s. aureus r e d u c t io n  a s  a  f u n c t io n  o f  t im e  in te rv a ls .
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Figure 6.4 P e r c e n ta g e  o f  M D R - M . tu b e r c u lo s is  r e d u c t io n  a s  a  fu n c t io n  o f  t im e  
in te r v a ls .

Table 6.1 T h e  c h a r a c te r i s t ic  p r o p e r t ie s  o f  p o ly p r o p y le n e  m e l t - b lo w n  f i l te r s

S a m p le
F ib e r

d ia m e te r
( p m )

W a te r  
c o n ta c t  
a n g le  0

D r u g  c o n te n t  o n  th e  m e l t - b lo w n  f i l te r  
m g /  s a m p le  a r e a  ( 1 .7 6  c m 2 )

a - m a n g o s t in y - m a n g o s t in

M B -0 5 .3 0 ± 2 .1 6 1 3 8 ± 0 .1 1 0 0

M B -2 5 .4 0 ± 2 .1 5 1 1 0 ± 0 .4 3 0 .0 6 3 4  ± 0 .0 0 1 1 0 .0 0 5 3  ± 0 .0 0 1 8

M B -5 5 .6 2 ± 1 .4 8 5 7 .4 ± 2 .7 6 0 .1 0 8 7  ± 0 .0 0 0 3 0 .0 1 0 0  ± 0 .0 0 0 5
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Table 6.2 T h e  f i l t r a t io n  p e r f o r m a n c e s  o f  c o m p le te  f a c e  m a s k

C o m p le te  fa c e  m a s k  
e m b e d d e d  

w i th  th r e e  la y e rs

P e r c e n ta g e  o f  
b a c te r ia l  f i l t r a t io n P re s s u re  D ro p

e f f ic ie n c y  
(%  B F E )

( m m f f O  /  c m 2)

S P 1 4 + M B - 0 + S P 3 0 9 5 .3 8 ± 0 .7 8 2 .9 0 ± 0 .1 0
S P  14 + M B - 2 + S P 3 0 9 6 .5 4 ± 0 .6 1 3 .3 6 ± 0 .1 6
S P  14 + M B - 5 + S P 3 0 9 7 .8 8 ± 0 .2 0 4 .7 0 ± 0 .1 0
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