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4. 'Ul'lUl 

!dfl~ 1l1m.h~!'YlfYi l'ltJijflfW.f11l'll 'W f1l'j!~'Wlh~ll'lfY~~~~flll11'j II~~ ~ri ~flflf)flll11'j~rllr1t1! 

~fl~ I ~f) ijf1l'j1,*II~~ ri~flflf) ~~I'lntl.! cyj'vMlJ~~~miml1l11'j 1vtlJ'VJf)1] I'l~fl~ ll'Wijf1l'jU1!'U'l 

lh~!l'lfYl'W1J~1J1tl.!1J1f) u~~ij!! 'W 11l!lJ~lvtlJff~~'W fl~l~l'ifl!dfl~ t~f)11J'W l'l'U ';hijf1l'jU1VMlJ~~~
<u 

hll'lfYlrl'lJ~~~m1 flflll11'j i In,*~m1 flflll11'j~~fl1llri~~~ ll1'ln~V'WI'l'jltJl'ifl~'Unf)f1 !!~~ij~~!iltJ 
J/ 

I'iflfl~ffll1m 'jlJ f1l'j ri~flflf)~~l'lntl.! cyj'flll11'j~fl~1.J 'j~!l'lfY 'W flf)1l1f)U f1l'j 'l~Ylrl'lJ1l1f)ffl'j rl'~!f1'jl~l1• 



I 

~ , 

'U tlfHl1f)i1 flW ~Nl,}VV'! li fl 11lJ ff'U i ~ l1 ~~Yi\9lJ 'U lfflJ,j~ 'U tl'l~ ci'lJ 111'ffllJl 'l tl'lflV(;l91tJ~mw f11'l 
'" 

t~~t1Jt~'U 191'Utl'l~il'U'Vl~ 6tJ'U tntl'U ~ tl1~tJ'U tl~'U~nW~l'Utl'ltl1111'l~'1~'U'htJ'U ut1J111~ntll,ytn~ 
I • "tI 

f11 'lttlltiYv'U U'I tl1111 'llJ 1 f)l1~91 1 ~VU'I ri'tJ 'l ~ f) tl'U'U tl'l tt~'U~mr~lJ li tl tl1111 'll1Yi \9lJ 'Ul~ 'U i1 ~ ~l1li 
" ,II I 

ff1j'lflV(;l~11~ tlV'U V'If11'l t~~ ttl t~'U 191'Utl'l~il'U'Vl~ 6l1~'UtJ'Utilu'U1 'U tl1111'l 1~ fJffl'll11~~~ttl'U 
u • 

,c:u::s o.c:t. .a:.. Q,I 

5.11i~lt'U 'Uf11'l l~fJ 

5.1 f11'l~'UttJ~ci'lJ 
t91~ fJlJ~ci'lJ~1f)1ff~~tliltlJtl11i'l'llJ"lfl~1~ fJtl1Ylt'lf'U tCJf(;l(;ll (;lff tt il'l t~m~'U 1~ fJl11f11'l. '" 
~ 

'Vl~fftl'U11'11 'U t tJtt'U'Uffl'l t~fJl U(;l~fflHmlJ1 'U a~ril'U~l'1'l 

, ~ 

l11 f11 'l'Vl~ fftl'U fflJ,j~ 'Vll'1 f) lfJill~ tt (;l~ ~lill~'U tl'l~ ci'lJl1 i ~Yi\9lJ 'U1~'U tllYl t'If'U 

~f)ElW~~l fllfJ'Utlf) l~fJl~tfl~tl'l scanning electron microscope (SEM) 
~ 

fflJ,j~l 'U f11'l ~~ci'\J\J1 


fflJ,j~ f11 'l (;l ~ (;l WU 
~ 

1 

~ 

fflJ,j~f11'l u~i ~l'U'Utl'l i UUl tltlf)c)ft~'U 
<V 'i 'pi ,,; 
(;If)ElW~flll1J~~'U 'U'Ul~t~~'U !~fJ !"lftfl'ltl'l BET 

_ d ~ ~ 

fflJ'U91'Vll'1ml flllWt'U'ILtH'UU'In(;llJ (tensile strength, Young 's modulus, %Elongation) 

fflJ ,j~l 'U f11 'l tiutJ ffm V'Vll 'I ~bfll~ 

, I I tI 

5.3 ti~ti1tlf) 11 ~tl U.l~"lffflJ'U i ~ 'll1ff'U 1 ~lJll11f11'lffti~ffl'l "htiUJl1ffflll~l1mm~fflJ ~lf)U'U
• u 

.a:.. .c:t..c:t..c:t. d 1IJVd 4 

Rotary evaporator t91lJffl'l(;l~(;llfJ Dimethyl sulfoxide (DMSO) 50 lJ(;l(;l(;l91'l tf)'U n'Vl~W111JlJ 4 

d ,,; • II) .1'1 31 
U'Ir11tCJf(;ltCJffJff t~mtl'Ul !lJ !''If'l1'U 



• • 

",. " 

5.4 fftlmttiv~9l''UtYiVfl~H~Vmn'jYiihh~iY'Vl~m~ i 'U tll'j iJ'UiJ~tll'j t'il'iW'\J V~'ili-)'U 'Vl~ 6Yi 
I 

u • 

tlV i M'tn~tln nJ1tff(J 1~ (JtJ 1ff1'j~Yfl~HIP1"~'ln1~lJ1'Vl~ ffV'Un'UtlrilJ 'ili-)'U 'Vl~ 6~tlV i "r1n~t1wmn'U
• • u 

H'UflYi1~V11mlJ'U1tl Staphylococcus aureus U'UflYit~V11mlJ"'U 
d ~ " 

Echerichia coli U"~(Jff~ Sacchoromyces cerevisiae 'j1lJ;1~'j1 Aspergislus niger 

" , ,,, 
5.5 tll'jffm:l1fflJU~tll'j iJ'UiJ~ ~i-)'U 'Vl~ 6 '\JV~UH'UYl"lJYiijtll'j 1~lJff1'j ffn~Yiij~" iJ'U 'iJ~~"i-)'U'Vl~6 

OJ ~I J .::t.::t ~ Q

6.1 fll"rW~lnrtt'l'lJ\l1flU'UfI't1&"H'.119ft'l\l1t'ltTUt'l~&llt'llViU 
. " 

tJ1UH'UYl"lJtt'UflYi1~V19fmJ 1"ffYi'il1m:jfvU'UflYi1~(J Acetobacter Xylinum lJl'tJf'Utl~~ 

• d "" 31 i 'i ~ J '" 31 31 .d
'il1'U 1'UtlJ~'\JV~1\I"~'UH'Vl 'j tlmlJtff'U V19fmJ ~ "ff 1~lJ'\J'UU1h ~'UmlJfl11lJt'\JlJ'\J'U'\JV~ffn Cl~"l(J'Vl 

i~ 'il1tltll'j'Vl~ffV'lJ~1(JV'Uyh11'j~'Vll~ 1m~ff~1~ llJ"'tl,,~'U';h 19f"" hm1"~t'ilm~'Uij. ~ 

tlfifflJ~'U -fl'j~1111~n'UHIP11~'U tll'jtlfifflJ~'U -flu'U'U~I~H~~H 'j ~u,,~ I~tn~~'Uli ~1flijlP1 vn'U 'il1tl 

" " tll'j11m1~MfflJU~'Vll~tl" tll'j~~i'UtJ1 m11H~'U~~tl tll'jH1'U'\JV~ IVtJ1H"~VVtlcj$1'il'U ij~l 

im1'1fl(J~n'UYl"lJH'UflYit~V19f"~hff~I~tJtltlf'Utl~ ~ Vd1~ I 'j ~~llJUH'UYl "lJH'U'U~~~Utl,,~ij 
fflJU~~1tl~(J'U U1J,,~ i 'U ~h'U ijfl11lJ1 tl-i ~ Hff~t~lJ~'U H,,~ijfflJ u~i 'U tll'jIP1V~l'UH'UflYit~ (J 

..J ~ ~ ~ Ill) le::t ~ ~ 4 

Staphylococcus aureus 9f~1lJ'U~"'il1tltll'jt~lJm~1'Vl'U'Ufl H~ IlJlJH"(J'U(J~E.coli l1'jV A.niger 

'" "" ..... tI.4 OJ Col '~I J
6.2 fll"H'Imnfll"HVI'lJ tTl "1 tTfl~ \l1 fl1 t'I t) flUUl ~ ~UUNlh'1 t'I 'lJ 

ffm,:n~WJ'U1tll'j ~'U ltlUH'U Yl" lJ1'lJ 1 vmli-)1lJ v{~ijtll 'j1~lJff1'jffn~ 'il1tl ff~'UI~ 'j'il1tlff1'j 

. " " ffn~1tl~VtliT~fl~.yjij'j1(J~1'U tlV'U m!llj~~ H"~Vtll'j iJ'UiJ~'il i-)'U 'Vl~ 6'lJ1~'lfiJ~ 1~ (J I~";htll'j1~~ (JlJ 

Ylmr'il1tl1ff~~ vi-)tlJV{li 'j'jlJ'lf1~fim1'UflYi1~ V19fCl" 1" ff 111tll'j 111 "~ff1'jffn~'il1mtl~VtliT~fl~;1~. . " 

" 
~ 

U'lJ'Uffn~~1(JtJ1U"~ffn~ 1~(JW'Vl1'U V""~ ilJ 
'\J V~ ff1'j ff1flty'\J V~ ff1'j ffn~ fflJ'U I ~'j~H~tl~h~ n'U 'il1tl tll 'j 'Vl~ ffV'U fflJU~ '\J V~HH'U Yl",JH"r~~ 'U 11 

ijfflJU~'YI1~tll(Jm~1"'~;1m~'\JV~ I'U 1vYl",J~ttl~(J'UHtlM Itl 1~(J~'U11tll'j 111"~ff1'jfflJ'U I~'j 

ffn~ 'il1mtl~VtliT~fl~1'\J1 I tli 'UHH'UYl ",JijH"~Vm1lJH~~H 'j ~191~ tl" '\JV~ HH'U Yl",J fl11lJff1lJ1Hl• 

" " J
i'Utll'j~~i'UtJ1 U"~fl~'j1tll'jt1~-i H1'U IVtJ1 '\J'Un'Utl'imw tll'j l11"~H"~'lfiJ~'\JV~ffnffn~ (i'U 

," " 4e::te::t4 0 " " 
'Vl'UflV 'U1 l1'jV W'Vll'UV") 'il1tl tll'j ffm:l11tit:l~~'U ~~tl'j ~iY'Vl~m~ i'U tl1'j iJ'UiJ~tl1'j1 'il'i ty'\JV~ ~i-)'U'YI 

~6~tlV i "r1n~tll'j 1l.h1iY(J l~(J'Vl~ffv'Un'Utl~lJ~ i-)'U'Vl~ 6~tlv i "r1n~t1tymn'U V1m'jt1~"~'lfiJ~ 



• • 

.,
\Ii'" dd. d.d. QI 

!~!!f) !!'UfI'V1!HJ!!mlJ'Ulf) Staphylococcus aureus !!'UfI'V1!,)V !!f)nm'U Echerichia coli ,)llJ'V1~,)l 

Aspergislus niger 'Vi'Ui1U~l-JVhurVi.yhf)n h, "~ff1,) fffi~fflJl-J1'Vi') !'l1il~f)l1~fJ~!!ff~~fflJ'lJ'~f)n 
Q,I ~ .:::to do 0' .::::to' 
V'UV~'''l-J'V1,)V'\1''lV'1 'lfl-J~ !'lfl-J Staphylococcus aureus, Staphylococcus epidermidis, Asperjillus 

~ ef~ Q,I 1:::\ ~ QI d. d. 

niger II"::; Escherichia coli 'V1~l-J'\Jl-Jf)'U'l1,)lJ1ruf)n 1'\1"~!!"::;'lfl-J~'\J~~ff1')fff)~ 1~Vm1V"::;mV~ 
... ~ ,,; 

~llJ'U'V1f111lJl l-J'\11'IJ~'V18.2 !m::; 8.3 

~mJ1'l1')::;ff'V1llm'Vi'\J~~ff1,)fffi~111f)fflJl-J1'Vim11~ m::;'lf1V 'Vi~ ~1~~ !'Utyf11oWU"::;~Wl~ 
)I " I I 

f11') ~'U~~!:jf~11~l-J'V1~V1~Vl '*ff1') fflJl-J 1'Vi') 11 1f)f11') fffi~~lV!fl'V11l-J~" Vifll1lJ!,rlJ,rl-J 1: 1 (w/v) Vi 

~l'Uf11')m~~ ~'U!!11~!m::;!~~ tJlJil-J l'l1U'U'Uff1')"~mtJi l-J DMSO 
., ., ., 

6.3 .1 ffnfffi~111f)m::;'lf1vij~'mf11,) ~'U~~f)n!l1~U1'\J~~!:jf~vl~ 3 'lf11~ '~!!~f)~l~fil-J fi~ 
u 

IV QI),I .c!I" \fJ jld. d. <I!I " .ot!t 0 Q.II .ot!:t " 

ff11J1HIV'UV~!'lf~ B. subtilis !~~'V1ff~ ')~~"~lJ1 f1~ !'lf~ E. coli !m::;!'lf~ S. aureus ~llJm~'U•. " .,
I'U~~111f)ff1,) fffi~ 111f1!'\1~lm ::;'lf1tJijq'V1~l l-Jf11,) ~'U~~f11,)!11~ ty!~'U l~'\J~~u'UflVi!~ tJ'\1mtJ'lfl1~ !m::; . ., 
!1ll-J!!'\1~~'\J~~vJ"111l-J ~tJ~ (flavonoid) '\1 "ltJ'lf11~ViijfflJ'lJ'~vl~'V11~!f1~'lfi'V1tJ1!!"::;'V11~f11m'Vi'V1V 

., 
!'If'U vJml11'Ul-J (flavanone) 'lf11f1l-J (chalcone) !!,,::;vJm11l-J (flavone) !1ll-J~l-J l-J~f)111f)oW~~ij 

~Qld I d. d. Q.I~j} ~ ~ Q.ld. ~; 
~1l-Jll1tJ'V1'Vi'Ul1lJ ff1,) 1,8-cineollJfJrufflJ'U~~1'U!'lf~ B. subtilis 'U~f)111f)l-J pinostrobin V~lJq'V11i 

., 
o <'t 

'V11"1tJ!'lf~ E. coli 
., ., ., 

6.3.2 ff1')fffi~ 111f1!'UUlf11oW ij 'l1')~ff'V1llfl1'Vi i 'U f11') ~'U ~~f11,)! 11~U1!~'U l~'\J~~!:jf~vl~ 3 'lf11~ 
u u 

• l.I\I)" I Q.I.a " )I li]jJdd. .a.a " 
Q.lQI'.c!l .a 

!~!!~f)~Nf)l-J f1~ ff11J1HltJ'UtJ~!'lf~ E. coli !~~'V1"l~ ')~~"~1J1 f1~ !'lf~ B. subtilis !m::;!'lf~ s. 
" ., 

aureus ~lmh~'U l~Vij,)ltJ~ll-Jil~ f111lJijq'V1~'\J~~Ym!'Uru l1f11oW ll-Jf11,) ~'UiJ~~~l-J'V1~ Vll-J'V11~!mY'lf 
,,)I I " 

m,)lJn~l-Jmr1oW ,)llJvl~ 1~ij,)ltJ~1l-J f11')i~tJ!ntJlfimm il-Jf11,) ~'U~~ E.coli (Singh !!"~f1W::; 

2005 ,Basri !m::; Fan (2005) , Voravuthikunchai !m::; Suwalak (2008) , Voravuthikunchai !m~ 

Suwalak (2008) Oussalah U"::;f1ru::; (2006)) 
., ., ., 

6.3.3 ffnfffi~111f)~1~~ ij'l1')~ff'V1llm'Vill-Jf11,)~'U~~f11,)!l1~ty!~'U l~'\J~~!:jf~vl~ 3 'lf11~ 1~ 
, QI .c!I QI Q.I .c!I liIjJctd. .a .a 1\1] 'd. cv Q.I .c:!:I" " t " J,/ " 

!!~f)~1~f)l-J f1~ ff11J1HltJ'UV~!'lf~ E.coli !~~'V1"l~ ,)~~"~lJ1 f1~ !'lf~ S. aureus U~ !lJm,mtJ'UtJ~!'lf~ 

B. subtiUs 
., ., ., 

6.3.4 ffl'H,.fi~ 111f)'Vi~ij'l1')::;ff'V1~m'Vi i l-J f11') ~'U ~~f11,)!11~ty!~'U 1~'\J~~!:jf~vl~ 3 'lf11~ 1~i 'U . ., 
,)::;~'U~1 !!~i1!f1tJij,)ltJ~1l-Ji1~~rl'l1')::;f)~ml111l-J'\1~m~!'\1V chavicol, chavibitol, U"::; ~-

'" d "J ~QI '" '" situsterol i i l-J 'U'Vi~lJq'V11i<!J1!!'UfI'V1!')tJ !~f)~llJ 
., ., ., 

6.3.5 111') fffi~ 111f)~lij'l1') ~ff'V1llm'Vi i l-J f11') iJ'U~~f11,)!11~ty!~ 'U 1~'\J~ ~!:jf~vl~ 3 'lf11~1~i 'U 

http:ffl'H,.fi


I ... " (w/v) CjJ'fJI"JHJB.subtillis 

~LJ~ 2 rmm'jiJ'U6\l'Ufl\l~lHY~'W'~'j'lfiJf)~1\l"l ~~nf)~1VW'Vl1'Wfl{l ~f]11lJl.u'lJ.u''W 1:1 

I ... " (w/v) CjJ 'fJI'lffl E. coli 

Irl'fJILJ~V'UI'¥ivmm~1'j\)lflm'j~nf)m~'lf1V ~\! ~1~\l 1'IJ\!!miju{l~'1h U,r\l~1V~hyh 
, " ,

{l~mvm'Vl1'W fl{l ~'Ui1~n~nf) '¥iii ~{liJ'U iJ\l~{lil'W 'Y1~ V~\l~f)~fl~l'j ~nf)I'U\!!mij If)V~l'j~nf)'¥i'~ 
" ii~mltu~I~'W~~flihhCjJ1{l 'U11 lij'fJImV'UI'¥iV'U~{lm'j~nf)I'U\!!mij ~1V~1Yi1{l~mV'lfiJf)~1\l"l 

\r) j.I , : ~ I III ~, 'JI Q..I 

tf)Ufl IlJ1i1'Wfl{l W'Y11'Wfl{l 'W1 f]{lfl h~fl'jlJ U{l~I~mC)f'W ~'U11 tf)m'jflV{l~'Ufl\l~1'j~flf)l1V1'U 

" 1 " ... '" " ... 1J)"~ ~ ~ ~\l~f)f) 1V1lJ 1i1'W fl{l f)V'jflV{l~'Ufl\l~l'j ~flf)I'U\!!m'W f)1V1lJ'Y11'Wfl{l ~1lJ1'j t1~flf) tf)t1\lm \l11'W \l'U fl\l 
", JI r 

U111,rfl~~'Wl~'j11lJ~'W 'jfl\llJ1~'fJIfl'Vl1'Wfl{l U1fl~'W f]{lfl h~fl{lJU{l~I~mC)f'W CjJ1lJ~1~'U~\lU~f)\l 

i'W lLJ~ 3 
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~ " " ll1tJ~H'l'Vlll""'t)'U fl'VlnV'UV.:!f11·H~~Wl~'U 111'\J tl,:u~'t)~~hJ'Vl~ V~"W11i Disc diffusion method 
". u • 

"" " ~~f11':i V'UV':!f)l'H~~ tl.jl~'U 1'fl'\J tl.:!l~tl~~lJ 'Vl~ V'\J't).:!""l':i""f1l1l'Utl.jf11lj ~lf)~TYh~~~ltJl1.:! 5 'll"W 11 

'$i'~~~.:!lmll,:!'lJ'fll':il.:!~ 1 

11' d ~.::i ~.c:. 8 
'UU1~lilUfn\Hlu[Jfl't'l1~1~ illil't'l[J (1J't'I't'Il1J\>I'a) ± S.D. 

E. coli 

ATCC 25922 

llJ'VlllJ tl~ 203 ± O,S 

19,0 ± 0,7 

: ~ 
lJlf)~lJ 15.7 ± OA 

103 ± 0,9 

10.0 ± 0.7 

Tetracycline 19.0±0.6 

S. aerus 


ATCC 25923 


22,0 ± 0,7 


20,0± 0,7 


lS,O ± 0,7 


12,7 ± OA 


11.3 ± O,S 


2S.9±OA 


Kanamycin lS.6±0.S lS.7±0.5 

B. subtilis 

ATCC 6633 

253 ± OA 

24,0 ± 0,7 

21.0 ± 0,7 

13.0 ± 0,7 

12.0 ± 0.7 

20.5±0,6 

263±0.5 



" 	 " " ~1~~n~!'lJUJf11i1~ln~Tt11€'1:i:€'11V~~ 5 'lf11~ ~1lJ1~tlV'IJV~f11~!~1UJ!~'IJ 1\P1'IJfl~!9ffl 
u u 

" JI , JI 

U'lJfllit1V~~ 3 'lf11~ l¢i' 1~V~1~~n~!'lJt1Jf11i1~lmlJ'VI1'Ufl€'1 !fl'Vll'Ufl€'1 U€'1:i:'llln~'U i,rH€'1f11~V'lJV~ 

~~nil~l~~n~~lm~n !Cb''UU€'1:i:fl€'1fl h'VlflflJ 1~V~~lV€'1:i:!fltl~\PIllJ'IJ'VIfl11lJ1~tI 8.1 (i'U!fln~l~
'" 

U'U 'IJ) 

7. 	 ~~lJU€'1:i:1~1~WH€'1~1'U1~V 
\Ii~~ ~ .1 .1 ,~.. "'''' 1 "" 
t~'IJfl\l€'1~lnf11~rrn1Jlm :i:'lJ1'U f11~'IJ'U ~lJUH'U TI€'1lJU'lJfl'VI! ~ VlCb'€'1 'J €'1~U€'1:i:!~m\PI'U 'W'lJ11 

~lnf11~lJf'IJlJ~ ~~lJl1~'IJfl~ UH'UYJ~lJ~lm! 'lJflli!1 VlC)f€'1'J h ~U€'1:i:!~m~'U 1 ¢i'YJmJ~~llJ1~tl 
, 	 " 

f'IJlJ~:i:'VIl'U l¢i' li~fl11lJ1 lJ1 ~u~~ U€'1:i:YJ~lJ~ ~lJl1~11~n;ifl!1J'UuH'U 'lf1Vfl1'IJfllJfl11lJ9f'U 111 fl€'1~• 
" " f11~!!'W1Hl'U 'IJfl~flfln9f! ~'U mf'IJfl'U 1~flflnI C)f~ 1 fl'lll 111fl~1n:i:m tI l¢i' 'U fln'illnU v~ij~lJl1~ 

I Q,I! ~ J ~ ~ ~ ~ c/d ~ 'i d
'lf1VV'lJV~f11~!'il~t1J'lJfl~ !'lffl B. subtiUs Cb' ~!'U'U ~€'1'U 'VI~ V'VIfll'illJ'U!lJfl'U fl~ 'U fll11ll !nl:i:~llJl~tl!'WlJ 

" 	 , 
flU! ~lJl1~f11~ V'lJV~ ~il'U 'VI16'IJfl~UH'UYJ~lJ 1~ Vf11~!~lJ~l~~n~m~'U I 'W~ 1~Vlijfl!~lJ~l~~n~ 'illn 

" " !lJ~flnl1~fl~€'1~ '1 'UUH'U YJmJ 'W'IJ ilf11~!~lJ~l~~n~ ~lmlJ~flnl1~fl~¢i'1t1'll1~1lJ1~ tl'lf1VV'lJV~f11~ 
ca 1\1] r Q,I' Q,I' " ca a" 
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Growth Inhibition of Pathogenic Bacteria 

By Extract of Quercus Infectoria Galls 


C. Satirapathku\ and T. Lee\a, APCBEES Member 

Ahstract- Extract of Quercus infectoria galls was evaluated for its 
antimicrobial activity against a wide variety ofpathogenic bacteria such as 
Escheria coli A TCC 25922, Staphylococus aurus A TCC 25923 and 
Bacillus subtilis A TCC 6633. The antimicrobial activities ofQ. infectoria 
extracts prepared from different solvents of varying polarity were 
examined and their efficacies were then compared by the disc diffusion 
method Crude extracts ofthe solvents exhibited the anitmicrobial effect to 
a different extent as seen in the varying diameters of the zones of 
inhibition. The antimicrobial activity ofthe methanol extract wasfound to 
be superior to all other extracts. Ethanol and aqueous extracts showed a 
strong though lower antimicrobial effect against all the tested organisms 
while chloroform and hexane extracts of Q. infactoria were found to be 
least active. Compared to the commercial antibiotics, all the extracts 
exhibited a good antimicrobial activity. All the gram-positive bacteria and 
gram-negative bacteria tested were susceptible to all aqueous and solvent 
extracts of Q. infectoria galls. The methanol extracts oJ different 
concentrations were then incuboJed with the three bacterin strains, and the 
minimum inhibitory concentrations (MICs) ofeach bacterial strain were 
determined The MIC values ofmethanol extracts for E. coli A TCC 25922, 
S. aureus ATCC 25923 and B. subtilis ATCC 6633 are 2.500, 1.25 and 
0.625 mg mi - J respectively. Microscopic observation under scanning 

electron microscopy (SEM) revealed a sharp decline in bacterial 
population density for all three bacterial strains. The bacterial morphology 
of all the strains became more irregular in shape differing from their 
respective originally homogeneous forms. 

Index Terms- antimicrobial activity, Quercus infectoria 
galls, pathogenic bacteria, the extracts 

I. INTRODUCTION 

Recently, there has been an increase in the number of 
reported poisoning outbreaks caused by food-borne 
pathogenic bacteria. The evolution of bacterial resistance to 
currently available antibiotics has necessitated the research 
for more novel antimicrobial compounds. Many local plants 
are cheap, readily available and widely used in traditional 
folk medicine since they produce a diverse range ofbioactive 
compounds. In several occasions, the use of plant extracts is 
more preferable over the use of human-synthesized medicine. 
Unlike human-synthesized medicine which normally consists 
of only a single bioactive compound, the extracts from plants 
may contain more than one bioactive ingredients which 
synergistically work against a particular disease. In addition, 
being from nature is normally perceived as safer and 
therefore, more acceptable by humans. 
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Antimicrobial, antifungal and antiviral activities are 
among the medicinally useful properties for which many 
plant extracts are employed. Particularly, the antimicrobial 
activity of such extracts has formed the basis of various 
applications, including raw and processed food preservation 
(antimicrobial cans or food preservatives), textile industries 
(antimicrobial dyes or antimicrobial cloths), pharmaceuticals 
(natural antibiotics), and alternative medicine (substitutes for 
human-synthesized drugs). Therefore, plants with possible 
antimicrobial activity should be tested against an appropriate 
microbial model to validate their effectiveness and to 
ascertain the parameters at which they best work. 

Quercus infectoria Olivier (Fagaceae) is a small shrub 
mainly present in Greece, Asia Minor, Syria and Iran. It is 
locally cultivated for its valuable medicinal properties. The 
medicinal properties of the plant have been a subject of 
numerous investigations. In traditional folk medicine, the 
galls are extracted with hot water for use as a gargle to relieve 
inflamed tonsils or directly applied onto the inflamed skin to 
reduce swelling. Ethyl acetate extract of the galls has been 
reported to be very effective in killing mosquito larvae and is 
currently a promising candidate for the development of 
environmentally-friendly larvicide II J. In addition, they have 
also been known to produce many bioactive compounds 
[2,3] with antibacterial [4], antifungal [5], antidiabetic [6}, 
local anaesthetic [7), antiviral [8], and anti-inflammatory [9] 
activities. Moreover, they contains the mixture of tannin 
(60-70%) with antitumor activity [1 0 I, polyphenols with 
antivenom activity [I J], gallalic acid, methyl gallate and 
ellagic acid with antioxidant activity [1 2.13]. Tannins are 
generally defined as water-soluble polyphenolic compounds 
ranging in molecular weight from 500 to 3000 Daltons and 
having the ability to precipitate proteins [14] . 

Due to its myriad of useful medicinal properties 
mentioned above, there is a further incentive to find out more 
about the potential of this plant as an antimicrobial agent. 
Hence, this study was designed to assess the effectiveness of 
different solvent extracts of Q. infectoria galls toward the 
growth inhibition of gram-positive and gram-negative 
bacteria. We also investigated the effect ofthe extracts on the 
morphological changes of the test pathogenic bacteria under 
scanning electron microscope. 

II. MATERIALS AND METHODS 

A. 	 Test microorganisms 

Tested pathogenic bacteria comprised Escherichia coli 
ATCC 25922, Bacillus subtilis ATCC 6633, and 
Staphylococcus aureus ATCC 25923. The bacteria were 
maintained by subculturing periodically on nutrient agar and 
were preserved at 4 °C prior to use. 
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B. Culture media 

The nutrient agar was prepared by dissolving 5 g peptone, 
1.5 g beef extract, 1.5 g yeast extract, 5 g NaCI and 20 g agar 
in 1000 ml distilled water, boiling the mixture and adjusting 
its pH value to between 6.4-6.8. The nutrient mixture was 
then sterilized by autoclaving at 15 psi pressure (121°C) for 
20 min. Nutrient agar was prepared by pouring the nutrient 
mixture to the same thickness on sterilized petri plates. The 
test bacteria were then grown overnight at 37°C, 120 rpm in 
10 ml nutrient broth. This broth was used for seeding the 
bacteria onto the agar plates. 

C. Plant materials 

The galls of Q. infectoria were obtained commercially 
from a Thai traditional drug store. All samples were washed 

with distilled water, cut into small pieces and dried at 60°C 
overnight. They were crushed with a mechanical mortar into 
fine powder before the extraction (Fig I). 

D. Extraction conditions 

Extracts of dried plant materials were prepared by using 
solvents of varying polarity . The dried plant materials of 5 g 
each were extracted by maceration in different solvents (25 
ml) for 5 days at room temperature in a dark place. The 
solvents used were methanol, ethanol, hexane, chloroform, 
and distilled water. Following the solvent maceration, the 
extract was filtered through Whatman filter paper IV. The 
solvent was then distilled under reduced pressure in a rotary 
evaporator until it became completely dry . The weight of the 
solid residue was recorded and taken as yield of crude 
extracts. The extracts were stored at -20°C and freshly 
dissolved in 10 % dimethyl sulfoxide (DMSO, Merck, 
Germany) before use. The corresponding concentration was 
expressed in term of mg of extract per ml of solvent (mg 
mrl). 

E. Antimicrobial assay 

Antimicrobial activity was tested by the disc diffusion 
method. Small discs of filter paper (diameter 6.0 mm) were 
impregnated with 50 III of different extracts and placed on top 
of the seeded media of the three bacterial strains. The 
antibacterial assay plates were incubated at 37°C for 24 h 
and the diameters of the zones of clearing were noted. In 
addition, the discs ofthe standard antibiotics; tetracycline (10 
Ilg per disc) and kanamycin (10 Ilg per disc) were also 
experimented separately which would serve as positive 
antibacterial controls. For this study, the diameter of the zone 
of inhibition around each disc (disc diameter included) was 
taken as a measure of the antibacterial activity. The diameters 
of the zones of inhibition by the samples were then compared 
with the diameters of the zones of inhibition produced by the 
standard antibiotic discs. Each experiment was carried out in 
triplicate and the mean diameter of the inhibition zones was 
recorded. 

F. Minimum inhibitory concentration (MIC) 

l\1lCs of the extracts were determined by the broth dilution 
method using serial dilution of the plant extracts as described 
previously by Evans et at. [15]. Briefly, the test bacteria were 

prepared in nutrient broth and incubated at 37 ° C for 24 h. 
After that, the cultures' concentrations were adjusted with 
sterilized saline to bring the optical density at 660 nm to 0.04. 
Serial two-fold dilutions of the extracts were prepared in 
nutrient broth with concentrations ranging from 5.0000 to 

0.0049 mg/m\. The I ml of each serially diluted extract was 
separately added to the tubes containing an equal volume of 
the inoculum (I ml) . All the tubes (total volume of2 ml) were 
then incubated at 37·C for 24 h. 

The l\1lC values were interpreted as the highest dilution 
(lowest concentration) of the sample, which showed clear 
fluid with no development of turbidity. Solvent blanks and 
positive controls were also included. All tests were 
performed in triplicate. 

G. Morphological observations under scanning electron 
microscope (SEM) 

4

Cells of each strain at a logarithmic phase in nutrient agar 
were treated with the extracts for 12 h. The bacterial cells 
treated with 10 % DMSO were used as control. The cells 
were collected by centrifugation and washed with the sodium 
phosphate buffer. Following that, the samples were fixed in 
2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.3, at 

0 C overnight, and post fixed in I % osmium tetroxide in the 
phosphate buffer for I h at room temperature before 
processing for the observations under scanning electron 
microscope. 

III. REsULT AND DISCUSSION 

A. Yield ofextracts 

The solvents with an increasing order of polarity were used 
for the extraction of Q. infectoria galls. The percentage yields 
of the extracts for Q. infectoria were: 52% (methanol), 42% 
(ethanol), 30% (water), 2% (hexane), and 2% (chloroform) as 
shown in Fig. 2. Methanol extracted the most materials from 
the plant followed by ethanol and water. The extracts of 
chloroform and hexane yielded the lowest amount. 

dried samples (a) and powder (b) 



TABLE I . ANTIBACTERIAL ACTIVITIES OF DIFFERENT EXTRACTS OF Q. 
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Figure 2. Percenlage of 5 g dried material extracted after extractions 
with 25 ml of methanol, ethanol, water, chloroform and hexane. 

B. Antimicrobial assay 

The antimicrobial activity of five solvent extracts of Q. 
inJectoria gaJls was studied by the disc diffusion method and 
the results are shown (Table I, Fig. 3-5). All the solvent 
extracts showed a significant inhibitory activity against all 
pathogenic bacterial strains. Methanol, ethanol and aqueous 
extracts exhibited a higher antibacterial activity than 
chlorofonn and hexane extracts did and produced inhibition 
zones ranging from 19.0 to 25.3 mm in diameter at the 
concentration of 5 mg ml -I. Methanol extract displayed an 
excellent activity against gram-positive B. subtilis ATCC 
6633 (25.3 mm), S. aureus ATCC 25923 (22.0 mm) and 
gram-negative E. coli ATCC 25922 (20.3 mm). Ethanol 
extracts showed a strong though a little bit lower activity 
against gram-positive B. subtilis ATCC 6633 (24.0 mm), S. 
aureus ATCC 25923 (20.0 mm) and gram-negative E. coli 
ATCC 25922 (19.0 mm). Similarly, aqueous extracts also 
showed a strong activity against gram-positive B. subtilis 
ATCC 6633 (21.0 mm), S. aureus ATCC 25923 (18.0 mm) 
and gram-negative E. coli ATCC 25922 (15.7 mm)_ 
However, chlorofonn and hexane extracts only displayed a 
mild to moderate activity against all of the tested bacteria. 
Chlorofonn extracts were found to be active against 
gram-positive B. subtilis ATCC 6633 (13.0 mm), S. aureus 
ATCC 25923 (12.7 mm) and gram-negative E. coli ATCC 
25922 (10.3 mm). Finally, hexane extracts were found to be 
active against gram positive B. subtilis ATCC 6633 (12.0 
mm), S. aureus ATCC 25923 (I I.3 mm) and gram-negative 
E. coli ATCC 25922 (10.0 mm). The results were compared 
with those of tetracycline, and kanamycin as standard 
antibiotics. On overall consideration, the antimicrobial 
activities of the alcoholic extracts were higher as compared to 
those of other less polar extracts. This may imply that the 
bioactive molecules responsible for the antimicrobial action 
should be more hydrophilic in nature. In addition, a higher 
antibacterial activity was also observed against gram-positive 
bacteria. 

Solvent 
Diameter of inbibition zone (mm) :I: S.D.· 
E. call 

ATCC 25922 
S. aerus 

ATCC 15913 
B. subtllis 

ATCC6633 

Methanol 20.3:1: 0.8 22.0:1: 0.7 25.3:1: 0.4 

Ethanol 19.0:1: 0.7 20.0:1: 0.7 240:1: 07 

Distilled water 15.7:1:0.4 18 .0:1:0.7 21.0:1: 0.7 

Chloroform 10.3:1: 0.9 12.7:1:0.4 13 .0:1: 0.7 

Hexane 10.0:1: 0.7 11.3 ± 0.8 120:1: 0.7 

Tetracycline 19.0:1:0.6 28.9±0.4 20.5±06 

Kanamycin J8.6:1:0 .8 18.7:1:0.5 26.3:1:0.5 

a Mean value ofthrl!e determinations, each from a differenl place 

Figure 3 Antimicrobial activity of the extracts on E. coli ATCC 25922: Disc 
diffusion test for the effect of Q. infecloria against E .coli ATCC 25922 
grown on nutrient agar medium. J. ethanol; 2. methanol; 3.chloroform; 4. 
hexane; 5.water. 

Figure 4 Antimicrobial activity of the extracts on S. aureus ATCC 25923: 
Disc diffusion test for the effect of Q. infecloria against S. aweus ATCC 
25923 grown on nutrient agar medium. I. ethanol; 2. methanol; 
3.chloroform; 4.hexane; 5.water. 

. 



Figure 5 Antimicrobial activity of the extracts on B. subtilis ATCC 6633 : 
Disc diffusion test for the effect of Q. injeclOria against B. SUblilis ATCC 
6633 grown on nutrient agar medium. 1. ethanol ; 2. methanol; 3.chloroform; 
4.hexane; 5.water. 

The results from this study demonstrate that the gram
positive bacteria like S. aureus ATCC 25923 and B. subtilis 
ATCC 6633 are more susceptible to the extracts than 
gram-negative bacteria such as E. coli ATCC 25922 were. 
The reason behind the more resistant behavior of such 
gram-negative bacteria could be due to the 
lipopolysaccharide (LPS) layer in their outer membrane 
which acts as an extra barrier against the entry of the 
bioactive molecules. In addition, there is also a report from 
Ikigai H et al. that the more resistant behavior of 
gram-negative bacteria is actually partly pertaining to the 
highly negative charges on the LPS layer even though its 
exact mechanism is not yet understood [1 6]. High amounts of 
tannin present in the galls of Q. infectoria may suggest that 
tannin is the active compound responsible for the 
antibacterial activity in this study [1 7, 18]. When considering 
the nature of tannin, it is a phenolic compound which is 
soluble in water and alcohol so it is hydrophilic in nature 
which is in correspondence to what we have predicted earlier 
about the nature of the bioactive molecules in the Q. 
infectoria extracts [1 6. 18). Hence, it may be concluded that 
the active compounds in the extracts are likely to be 
hydrophilic tannins and that gram-positive bacteria are more 
resistant to such compounds due to the LPS layer which 
forms an extra protective coating. 

C. Minimum Inhibition concentration (MIC) 

Table 2 indicates the minimum concentrations of the 
methanol extracts required to completely inhibit the growth 
of the three bacterial pathogens. The relative growth of each 
microorganism after 24 h of incubation in the presence of 
different concentrations of Q. infectoria extracts was 
compared to the control. Methanol extract of Q. infectoria 
suppresses the growth of E. coli ATCC 25922 at the MIe of 
2.500 mg mr1while the growth of S. aerus ATCC 25923 is 
affected at the MIe of 1.250 mg ml- I

. The most susceptible 
bacterial strain in the study is B. subtilis ATCC 6633 which 

requires only the MIe of 0.625 mg mrl to inhibit their 
growth. 

TABLE 2. MICs OF DIFFERENT EXTRACTS OF Q. INFECTORIA GALLS 

Sal\lenl c,x.nd 

MICs of solvent extracts (mglml)" 
£ coli 
ATCC 
25912 

S. a~,us 
ATCC 
25923 

n. subtilis 
ATCC 
6633 

Po311ive 
Conkol 

N'gaJive 
Control 

5.0000 - - - + -
2.5000 - - - + -
1.2500 + - - + -
0.6250 + + - + -
0.3125 + + + + -
0.1563 + + + + -
0.0781 + + + + -
0.0391 + + + + -
0.0195 + + + + -
0.0098 + + + + -
0.0049 + + + + -

a ~ Absence of gro\\lth, Posilive Control: Bacterial suspension and saline; + Presence of growth, 
Negati ve Cannol : Extracts and broth 



Figure 6 Scanning electron microscope images of E. coli ATCC 25922 
with the methanol extract of Q, inJectoria at 24 h, Untreated bacterial cells 
were typically rod-shaped and the cell surfaces were relatively smooth (a), 
The cells treated with the extract at 5 mg ml - ' (b) , 

D, Scanning electron microscope observation at 24 h 

The effects of the methanol extracts of Q, infectoria 
galls on the surface morphology of gram-positive and 
gram-negative bacteria during its logarithmic phase of 
growth were shown in Fig. 6-S. The spectrum of 
antimicrobial activities on the surface morphology of 
individual cells and bacterial populations was visualized. 

Figure 7 S:;''\J1Jl.;ng electron microscope images of S. aureus ATCC 
25923 with th·, r.1I thanol extract of Q. infectoria at 24 h. Untreated 
bacterial cells were typically spherical in shape (a). The cells treated with 
the extract at 5 mg mr' (b). 

The effects of the methanol extract on the surface 
morphology of E. coli ATCC 25922 were generally similar. 
Untreated organisms (Fig. 6a) appeared rod-shaped. 
Exposure to the extract resulted in only occasional 
morphologic defects characterized by tubular outpouchings 
from the cell wall (Fig. 6b). 

The effects of the methanol extract on the surface 
morphology of S. aureus ATCC 25923 during its logarithmic 
phase of growth were similar under the experimental 

conditions utilized. Untreated staphylococci (Fig. 7a) 
appeared to be smooth and spherical in grape like clusters. 
Exposure to the extract resulted in the appearance of small 
bleb-like structures on the surface of some cells; irregular 
spherical structures lying free or appearing to extrude from 
cells were also observed (Fig. 7b). 

The effects of the methanol extract on the surface 
morphology of B. subtilis ATCC 6633 were also relatively 
similar. Untreated organism (Fig. Sa) appeared rod-shaped. 
Exposure of this organism to the extract resulted in 
morphological abnormality as seen in the formation of 
spherical globules and collapse in structures of the treated 
cells (Fig. Sb). 

For all strains of bacteria tested, treatments with 
methanol extract of Q. infectoria clearly result in a sharp 
decline in bacterial population density observed under 
scanning electron micrographs. Morphology of the bacteria 
was also altered becoming more irregular and 
inhomogeneous in shape. Small degraded pieces of cellular 
debrises were also observed in all micrographs following the 
treatment with the Q. infectoria extract. 

Figure 8 Scanning electron microscope images of B. subtilis ATCC 6633 
with the methanol extract of Q. infectoria at 24 h. Untreated bacterial cells 
were typically spherical in shape (a). The cells treated with the extract at 5 
mg mr' (b). 



IV. CONCLUSION 

The results obtained from this study reveal that 
Quercus injecloria galls have an antimicrobial activity 
against gram-positive and gram-negative bacteria. In this 
study, it ~as observed that the potency of this medicinal 
plant was enhanced by the type of solvents used with 
methanol being the most effective solvent. This study 
corresponds with the results of other researchers who have 
observed that the alcoholic extracts of Q. injecloria were 
found to be more active against all bacteria ever studied till 
present. Hence, the active materials, most likely to be 
tannins, in Q. injecloria were probably be better dissolved in 
alcohol and water rather than in hexane or chloroform. 

In addition, it was also found that all extracts from the 
galls inhibited the growth of gram-positive bacteria more 
effectively than they did on the gram-negative bacteria since 
the gram-negative bacteria possess an extra protective layer 
of LPS on the cell membrane which is highly negatively 
charged. 

This study also demonstrates visually the spectrum of 
the effects of the methanol extract on the surface 
morphology of specific bacteria making them more irregular 
and inhomogeneous in shape. The more thorough 
investigation under scanning electron microscope may help 
to correlate these various morphologic forms with 
biochemical alternations occurring within the cell wall. 
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Abstract 

A bacterial cellulose (BC) film was synthesized by Acetobacter xylinum in static cultivation. 

Afterwards, physical and biological properties of the BC films were modified by supplementation 

of crude extract from fruit rind of mangosteen (Garcinia mangostana) , using extract concentrations 

of 2.5-1 O.O%wt for the BC film in the wet form (never dried film) immersion. From FT -IR analysis, the 

interaction between BC functional groups and mangosteen extract compounds, which absorbed into the 

BC film, was indicated. The tensile strength and Young's modulus of the BC film containing 

mangosteen extract were decreased by increasing extract concentration in the solution, whereas 

the elongation at break was increased. In addition, antimicrobial tests showed that the growths 

of Escherichia coli and Staphylococcus aureus were inhibited by the BC film containing extract from rind 

of G. mangostana. 

Keywords: Bactorial cellulose film, Autobacter xylinum, Garcinia mangostana 

Introduction 

Cellulose is a biopolymer consisting of ~ cellulose, are its free of other bio-products, 

( 1 ,4) glucose in its structure. Cellulose from excellent mechanical strength, fine fiber network 

plants is usually found in a mixture with structure, large specific surface, high water 

hemicellulose, lignin, pectin and biogenetic absorption capacity, and high crystallinity. BC has 

products. Cellulose can also be generated by some been used for several applications such as food 

microbial cells such as Acetobacter, Agrobacteria, supplement, modified paper pulp, membranes, 

Rhizobia, and Sarcina strains. However, only high performance speaker diaphragms, paint 

Acetobacter species produce enough amount of thickeners, biomedical applications (artificial skin, 

cellulose for commercial interest. The major artificial bone, tissue engineering and others) 

advantages of BC, which differ from planted [1 -2]. 
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Mangosteen ( Garcinia mangostana Linn.) 

is a tropical fruit tree in plant family "Gultiferae". 

It is planted widely in area of Asia such as India, 

Sri lanka, Myanmar, Malaysia, Indonesia, 

Philippines and especially Thailand. The fruit rind 

of G. mangostana has been used as traditional 

medicines of these countries, for treatments for 

abdominal pain, diarrhoea, dysentery, leucorrhoea, 

gonorrhoea, skin infection, wounds, etc. Besides, 

the extract from fruit rind of G. mangostana 

has been documented for inflammatory inhibition, 

antitumor ability, antioxidant activity , and 

antibacterial activity [3]. It was reported that the 

extract from rind of Garcinia mangostana has 

many complex phenolic compounds such as 

xanthones, flavonoids, tannins, and other bioactive 

substances [4]. 

Because of many advantages of Be on 

wound healing, for instance, wound exudates 

control, ability to retain moisture, biocompatibility, 

and so on, it is one of biomaterials which has 

been interested for using as a wound dressing. 

Previously, in order to generate antimicrobial ability 

of this biocompatible and nontoxic material, the 

addition of antimicrobial chemical agents into 

the films has been applied. However, many of 

these agents were often toxic to human body 

and its degradation in the environment was not 

easy [5-6]. 

In this research, with the aim to create 

antimicrobial ability of Be film, the modification of 

the film by supplementation of crude extract 

from fruit rind of G. mangostana was studied. 

film by means of immersion of film samples 

in mangosteen extract solution. 

Materials and Methods 

Microbial strains: The A. xy/inum strain 

was isolated from nata de coco. The stock culture 

was kindly supplied by Pramote Thammarad, the 

Institute of Research and Development of Food 

Product, Kasetsart University, Bangkok, Thailand. 

Culture media and method: The culture 

medium for the inoculums was coconut-water 

consisting of 5.0% sucrose, 0 .5% ammonium 

sulfate and 1.0% of 30%v/V acetic acid. The 

medium was sterilized at 11 ODe for 5 min. 

Precultures was prepared by transferring 1 5 mL 

of the stock culture to 300 mL medium in a 

500 mL Erlenmeyer flask and incubated statically 

at 30De for 7 days. After that, the 5%v/V 

preculture broth was added to the main culture 

medium. The activated main medium 75 mL was 

inoculated in a in a 14.5cm diameter Preti-dish 

and kept at 30 0 e for 7-10 days. The bacterial 

cellulose pellicles were purified by washing 

with deionized (01) water, treated with 1 %w/v 

sodium hydroxide at room temperature for 

24 hours to remove bacterial cells , neutralized 

by 1 %v/v acetic acid for 1 hour and then rinsed 

with 01 water until pH became neutral. Afterward, 

the films were immersed into 20%vIV ethanol 

for 10 minutes before were air dried at 

room temperature for 3 - 5 days and stored in 

plastic film. 

Impregnating BC tUrns with mangos teen 

Mangosteen extract was impregnated into the Be extract: The purified Be films in wet state were 
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immersed in a solution of mangosteen extract 

(purchased from Thiptipa Co., Ltd., Pathumthani, 

Thailand) with concentrations of 2.5, 5.0 and 

10.0%wt at room temperature for 2 days. 

Afterward, the films were air dried at room 

temperature for 3 - 5 days and stored in 

plastic film. 

In this study, BCM and BC film refers 

to BC film with and without the mangosteen 

extract impregnation, respectively. 

Fourier Transform Infrared Spectroscopy 

analysis: FTIR spectroscopy was used primarily 

to identify the chemical structure of the 

sample. FTIR spectra of the films were recorded 

with Perkin Elmer (Spectrum One, Massachusetts, 

USA) in the region of 4000-450 cm- I 
. 

Mechanical property test: All BC and 

BCM films in dry form were tested for tensile 

strength, Young's modulus and elongation 

at break. From the test conditions followed ASTM 

o BB2, the film samples were cut into 

strip-shaped specimens 10 mm width and 

1 0 cm length. All tensile elastic properties were 

the average values determined from at least five 

specimens and measured by Hounsfield Universal 

Testing Machine (H 1OKM, Redhill, England). 

Antibacterial test: The antibacterial test 

of BC and BCM films against Escherichia coli 

(E. coli) and Staphylococcus aureus (S. aureus) 

bacteria was determined. The film samples were 

cut into round-shaped sample of 3.B cm diameter 

according to the method described by AA TCC 

TM 39-19B9 (Assessment on Textile Materials: 

Mildew and Rot Resistance of Textile) . Before 

the antibacterial assay, all BC and BCM films were 

sterilized by UV irradiation for 20 min in each 

side. The incubation was 24 hours at 3rC. 

Results 

BC was synthesized by Acetobacter 

xylinum in form of a pellicle which floated on culture 

medium in static condition . To create antimicrobial 

activity of the BC film, the crude extract from 

fruit rind of G. mangostana was added into 

the BC film. All films were dried by air drying 

process and kept in dry place at room temperature. 

The physical and biological properties such 

as mechanical properties and antimicrobial ability 

of the BCM films were then investigated. 

FTIR analysis: Fourier transform infrared 

(FTIR) spectroscopy of BC and BCM films was 

examined for the detection of functional 

groups or chemical bonds that exist in BC 

and mangosteen extract compounds. The FTIR 

spectra of all samples were detected at 

wavenumbers ranging from 4000 to 450 cm- I 

as demonstrated in Figure 1. 
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3600 3150 	 2700 2130 1800 1350 9O\J 450 

Wavenumber (em' l) 

Figure 1 	 The FTI R spectra 'in wave number 

ranging from 4000 to 450 cm-Iof (a) 

BC, (b-d) BCM films and (e) 

mangosteen extract powder. The 

supplementation of mangosteen 

extract (%wt) in BCM were: (b) 

2.5%, (c) 5.0% and (d) 10.0%. 

The BC film showed a band at 3373.4 

cm- I and 1641.9 cm- 1 which were attributed 

to hydroxyl group (-OH) and glucose carbonyl 

group (C=O) of cellulose. Meanwhile, the 

characteristic absorptions of mangosteen extract 

compounds were the bands at 1611.3 and 

1519.8 cm-" which were represented to 

double bond (C=C) in aromatic ring and 

o-c-o of ether. The peaks attributed to 

O-H and C=O stretching vibrations of BC film 

were apparently shifted and there were some 

new peaks on the BCM films around 1520,3

I 	 I1520.4 cm- and 1615.2-1616. 1 cm- . 

These changes indicated interactions between 

the functional groups of BC film and mangosteen 

extract compounds. 

Mechanical property: Figure 2 shows the 

effects of mangosteen extract addition on tensile 

strength of the films. The tensile strength of the 

BC film was 32.04 MPa. After the films were 

immersed into mangosteen extract solution at 

concentration of 2,5%wt, the tensile strength of 

the BCM-2.5%wt was increased to 52.69 MPa. 
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'tl••0.00 


~ 
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~ lO.O' 

~ 
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O.~+---~---~---~--~ 
• . 0 	 10.."'. 	 7.' 

MRngosteen cxtnact cooccnlntHon (-/.w/v) 

Figure 2 	 Tensile strength of BC and BCM films 

as a function of mangosteen 

extractsupplementation (%wt) . 

Therefore, the binding between the extract 

compounds and the film, to some extent, could 

enhance the tensile strength of the films, However, 

with the increase of the extract concentration 

to 5.0 and 10.0%wt, the tensile strengths of 

the BCM films were decreased to 41 .99 

and 24.52 MPa, respectively. Due to the presence 

of high content of mangosteen extract compounds 

inserting BC fibrils, the films became more 

amorphous. Amorphous films are usually less 

rigid, weaker and more easily deformed. Therefore, 

the BCM films at high content of the extract 

compounds became less stable and less durable 

than the unmodified one. 

Figure 3 demonstrates the effects of the 

extract compounds on percentage of elongation 

at break of the films. 
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Figure 3 	 Elongation at break of BC and BCM 

films as a function of mangosteen 

extract supplementation (%wt) . 

The elongation at break of the films 

of BC and BCM-2 .5, 5.0 and 10.0%wt film 

were 19 .06, 12.00, 14.67 , and 21.93%, 

respectively. The tendency of the percentage of 

elongation at break of the BCM films was opposite 

to its tensile strength. The BCM films of higher 

content of the extract compounds have higher 

elongation at break than lower ones. When the 

content of extract compounds increased, the 

amorphous fraction of the fil~s increased 

allowing the increase of percentage of elongation. 

Young's modulus of BCM films as a 

function of mangosteen extract content is 

presented in Figure 4. 
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By addition of mangosteen extract with 

concentrations of 2.5, 5.0, and 10.0%wt, the 

modulus of elasticity of the BCM films were 

519.88,270.57 and 129.64 MPa, respectively, 

whereas that of the BC film was 375.82 MPa. 

The reduction of elastic modulus should be arised 

from the increase of amorphous structure in the 

BCM films. The flexibility and endurance of the 

BCM films were less than the BC film, since 

the unmodified BC film has more organized 

fiber-network structure. 

Antibacterial ability: E. coli and S. aureus, 

representative gram negative and gram positive 

bacteria, were used for bacteria testing to examine 

the antibacterial properties of the BC and BCM 

films. The results of antibacterial testing of the 

films are shown in table 1 and figure 5. 

Figure 4 	 Young's modulus of BC and BCM films 

as a function of mangosteen extract 

supplementation ( %wt) . 
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Table 1 	 The antibacterial activity of BC and BCM films against E. coli and S. aureus at the end of the 

incubation for 24 hours. 

Microbial strains Sample 	 Result 

BC Inhibition of growth under the sample. No clear zone. 

E. coli BCM 5.0 %wt Inhibition of growth 6.0mm in width of clear zone . 

BCM 10.0 %wt Inhibition of growth 6.6 7~:O.06mm in width of clear zone. 

BC Inhibition of growth under the sample.No clear zone. 

S. aureus BCM 5.0 %wt Inhibition of growth 4.0~0.05mm in width of clear zone. 

BCM 10.0 %wt Inhibition of growth 5.1 7~0 . 08mm in width of clear zone. 

Figure 5 The results from antibacterial testing of BC, BCM-5.0%wt and BCM-10.0%wt (from left 

to right) on S. aureus (upper row) and E. coli (lower row) for 24 hours, incubated at 3 rc. 

The result indicated that antibacterial 

ability of the BCM films were better than that of 

the BC film . The BCM films showed the inhibition 

of growths of E. coli and S. aureus under and 

around the film samples, which could be observed 

by clear zones. This showed potent inhibitory 

activity of mangosteen extract against the gram 

negative and gram positive bacteria. However, 

the degree of antibacterial activities does not 

depend linearly on the mangosteen extract 

concentration in the BCM films. Therefore, the 

release rate of the active components should be 

an important factor for the antimicrobial control. 

Conclusions and Discussion 

The modification of BC films by 

mangosteen extract supplementation was used 

to improve antibacterial ability of the films. 

The FT -IR results indicated interactions between 

the functional groups of BC film and mangosteen 

extract compounds. The tensile strength and 

Young's modulus of the BCM films were 
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decreased with the increase of concentration of The antibacterial ability was controlled by 

the extract compounds. whereas the percentages the release of the active components from 

of elongation at break were increased. The mangosteen extract. 

changes of mechanical properties were owing to 

the interactions between mangosteen extract Acknowledgments 

compounds and the functional groups of BC. as The authors would like to acknowledge 

well as the increase of amorphous fraction and the financial support from Ratchadaphiseksomphot 
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of the extract compounds . The BCM films 

showed antibacterial activity towards E. coli and 

S. aureus under and around the film samples. 
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Abstract: A bacterial cellulose (BC) film was synthesized 
by Acetobacter xylinum in static cultivation. Afterwards, 
physical and biological properties of the BC films were 
modified by supplementation of crude extract from fruit 
rind of mangosteen (Garcinia mangostana), using extract 
concentrations of 2.S-10.0%wt for the BC film in the wet 
form (never dried film) immersion. From Ff-IR analysis, 
the interaction between BC functional groups and 
mangosteen extract compounds, which absorbed into the 
BC film, was indicated. The tensile strength and Young's 
modulus of the BC film containing mangosteen extract 
were decreased by increasing extract concentration in the 
solution, whereas the elongation at break was increased. 
In addition, antimicrobial tests showed that the growths 
of Escherichia coli and Staphylococcus aureus were 
inhibited by the BC film containing extract from rind of 
G. mangostana. 

Introduction 

Cellulose is a biopolymer consIsting of P-(l,4) 
glucose in its structure. Cellulose from plants is 
usually found in a mixture with hemicellulose, lignin, 
pectin and biogenetic products. Cellulose can also be 
generated by some microbial cells such as 
Acetobacter, Agrobacteria, Rhizobia, and Sarcina 
strains. However, only Acetobacter species produce 
enough amount of cellulose for commercial interest. 
The major advantages of BC, which differ from 
planted cellulose, are its free of other bio-products, 
excellent mechanical strength, fine fiber network 
structure, large specific surface, high water absorption 
capacity, and high crystallinity. BC has been used for 
several applications such as food supplement, 
modified paper pulp, membranes, high performance 
speaker diaphragms, paint thickeners, biomedical 
applications (artificial skin, artificial bone, tissue 
engineering and others) [1,2]. 

Mangosteen (Garcinia mangostana Linn.) is a 
tropical fruit tree in plant family "Guttiferae". It is 
planted widely in area of Asia such as India, Sri lanka, 
Myanmar, Malaysia, Indonesia, Philippines and 
especially Thailand. The fruit rind of G. mangostana 
has been used as traditional medicines of these 
countries, for treatments for abdominal pain, 
diarrhoea, dysentery, leucorrhoea, gonorrhoea, skin 
infection, wounds, etc. Besides, the extract from fruit 
rind of G. mangostana has been documented for 
inflammatory inhibition, antitumor ability, antioxidant 
activity, and antibacterial activity [3] . It was reported 

that the extract from rind of Garcinia mangostana has 
many complex phenolic compounds such as 
xanthones, flavonoids, tannins, and other bioactive 
substances [4]. 

Because of many advantages of BC on wound 
healing, for instance, wound exudates control, ability 
to retain moisture, biocompatibility, and so on, it is 
one of biomaterials which has been interested for using 
as a wound dressing. Previously, in order to generate 
antimicrobial ability of this biocompatible and 
nontoxic material, the addition of antimicrobial 
chemical agents into the films has been applied. 
However, many of these agents were often toxic to 
human body and its degradation in the environment 
was not easy [5 ,6] . 

In this research, with the aim to create 
antimicrobial ability of BC film, the modification of 
the film by supplementation of crude extract from fruit 
rind ' of G. mangostana was studied. Mangosteen 
extract was impregnated into the BC film by means of 
immersion of film samples in mangosteen extract 
solution. 

Materials and Methods 

Microbial strains: The A. xylinum strain was 
isolated from nata de coco. The stock culture was 
kindly supplied by Pramote Thammarad, the Institute 
of Research and Development of Food Product, 
Kasetsart University, Bangkok, Thailand. 

Culture media and method: The culture medium 
for the inoculums was coconut-water consisting of 
5.0% sucrose, 0.5% ammonium sulfate and 1.0% of 
30%v/v acetic acid. The medium was sterilized at 110 
°C for 5 min. Precultures was prepared by transferring 
15 mL of the stock culture to 300 mL medium in a 500 
mL Erlenmeyer flask and incubated statically at 30°C 
for 7 days . After that, the 5%v/v preculture broth was 
added to the main culture medium. The activated main 
medium 75 mL was inoculated in a in a 14.5 cm 
diameter Preti-dish and kept at 30 °C for 7-10 days. 
The bacterial cellulose pellicles were purified by 
washing with deionized (DI) water, treated with 
1%w/v sodium hydroxide at room temperature for 24 
hours to remove bacterial cells, neutralized by I %v/v 
acetic acid for I hour and then rinsed with DI water 
until pH became neutral. Afterward, the films were 
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immersed into 20%v/v ethanol for 10 minutes before 
were air dried at room temperature for 3-5 days and 
stored in plastic film. 

impregnating Be films with mangosteen extract: 
The purified BC films in wet state were immersed in a 
solution of mangosteen extract (purchased from 
Thiptipa Co., Ltd., Pathumthani, Thailand) with 
concentrations of 2.5, 5.0 and 10.0%wt at room 
temperature for 2 days. Afterward, the films were air 
dried at room temperature for 3-5 days and stored in 
plastic film. 

In this study, BCM and BC film refers to BC film 
with and without the mangosteen extract impregnation, 
respectively. 

Fourier Transform infrared Spectroscopy analysis: 
FTIR spectroscopy was used primarily to identify the 
chemical structure of the sample. FTIR spectra of the 
films were recorded with Perkin Elmer (Spectrum 
One, Massachusetts, USA) in the region of 4000-450 

lcm· . 

Mechanical property test: All BC and BCM films 
in dry form were tested for tensile strength, Young's 
modulus and elongation at break. From the test 
conditions followed ASTM D 882, the film samples 
were cut into strip-shaped specimens 10 mm width and 
10 cm length. All tensile elastic properties were the 
average values determined from at least five 
specimens and measured by Hounsfield Universal 
Testing Machine (H 10 KM, Redhill, England). 

Antibacterial test: The antibacterial test of BC and 
BCM films against Escherichia coli (E. coli) and 
Staphylococcus aureus (s. aureus) bacteria was 
determined. The film samples were cut into round
shaped sample of 3.8 cm diameter according to the 
method described by AA TCC TM 39-1989 
(Assessment on Textile Materials: Mildew and Rot 
Resistance of Textile). Before the antibacterial assay, 
all BC and BCM films were sterilized by UV 
irradiation for 20 min in each side. The incubation was 
24 hours at 37 0c. 

Results and Discussion 

BC was synthesized by Acetobacter xylinum in 
form of a pellicle which floated on culture medium in 
static condition. To create antimicrobial activity of the 
BC film, the crude extract from fruit rind of G. 
mangostana was added into the BC film. All films 
were dried by air drying process and kept in dry place 
at room temperature. The physical and biological 
properties such as mechanical properties and 
antimicrobial ability of the BCM films were then 
investigated. 

FTiR analysis: Fourier transform infrared (FTIR) 
spectroscopy of BC and BCM films was examined for 
the detection of functional groups or chemical bonds 

l600 llSO 2100 2250 1800 IlS0 900 450 

Waveoumber (em·') 

Figure I . The FTIR spectra in wave number ranging 
from 4000 to 450 cm·lof (a) BC, (b-d) BCM films and 
(e) mangosteen extract powder. The supplementation 
of mangosteen extract (%wt) in BCM were: (b) 2.5%, 
(c) 5.0% and (d) 10.0% 

that exist in BC and mangosteen extract compounds. 
The FTIR spectra of all samples were detected at 
wavenumbers ranging from 4000 to 450 cm·1 as 
demonstrated in Figure I. The BC film showed a band 
at 3373.4 cm- I and 1641.9 cm·1 which were attributed 
to hydroxyl group (-OH) and glucose carbonyl group 
(C=O) of cellulose. Meanwhile, the characteristic 
absorptions of mangosteen extract compounds were 
the bands at 1611.3 and 1519.8 cm-" which were 
represented to double bond (C=C) in aromatic ring and 
O-C-O of ether. The peaks attributed to O-H and C=O 
stretching vibrations of BC film were apparently 
shifted and there were some new peaks on the BCM 
films around 1520.3-1520.4 cm- I and 1615.2-1616.1 
cm- I

. These changes indicated interactions between 
the functional groups of BC film and mangosteen 
extract compounds. 

Mechanical property: Figure 2. shows the effects 
of mangosteen extract addition on tensile strength of 
the films . The tensile strength of the BC film was 
32.04 MPa. After the films were immersed into 
mangosteen extract solution at concentration of 
2.5%wt, the tensile strength of the BCM-2.5%wt was 
increased to 52.69 MPa. Therefore, the binding 
between the extract compounds and the film, to some 
extent, could enhance the tensile strength of the films. 
However, with the increase of the extract 
concentration to 5.0 and 1O.0%wt, the tensile strengths 
of the BCM films were decreased to 41.99 and 24.52 
MPa, respectively. Due to the presence of high content 
of mangosteen extract compounds inserting BC fibrils, 
the films became more amorphous. Amorphous films 
are usually less rigid, weaker and more easily 
deformed. Therefore, the BCM films at high content of 
the extract compounds became less stable and less 
durable than the unmodified one. 

Figure 3. demonstrates the effects of the extract 
compounds on percentage of elongation at break of the 
films. The elongation at break of the films of BC and 
BCM-2.5, 5.0 and 10.0%wt film were 19.06, 12.00, 



14.67, and 21.93%, respectively. The tendency of the 
percentage of elongation at break of the BCM films 
was opposite to its tensile strength. The BCM films of 
higher content of the extract compounds have higher 
elongation at break than lower ones. When the content 
of extract compounds increased, the amorphous 
fraction of the films increased allowing the increase of 
percentage of elongation. 
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Figure 2. Tensile strength of BC and BCM films as a 
function of mangosteen extract supplementation (%wt) 
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Figure 3. Elongation at break ofBC and BCM films as 
a function of mangosteen extract supplementation 
(%wt) 
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Figure 4. Young's modulus ofBC and BCM films as a 
function of mangosteen extract supplementation (%wt) 

Young's modulus of BCM films as a function of 
mangosteen extract content is presented in Figure 4. 
By addition of mangosteen extract with concentrations 
of 2.5, 5.0, and 10.0%wt, the modulus of elasticity of 
the BCM films were 519.88, 270.57 and 129.64 MPa, 
respectively, whereas that of the BC film was 375.82 
MPa. The reduction of elastic modulus should be 
arised from the increase of amorphous structure in the 
BCM films. The flexibility and endurance of the BCM 
films were less than the BC film, since the unmodified 
BC film has more organized fiber-network structure. 

Antibacterial ability: E. coli and S. aureus, 
representative gram negative and gram positive 
bacteria, were used for bacteria testing to examine the 
antibacterial properties of the BC and BCM films. The 
results of antibacterial testing of the films are shown in 
table I . and figure 5 . 

The result indicated that antibacterial ability of the 
BCM films were better than that of the BC film. The 
BCM films showed the inhibition of growths of E. coli 
and S. aureus under and around the film samples, 
which could be observed by clear zones. This showed 
potent inhibitory activity of mangosteen extract against 
the gram negative and gram positive bacteria. 
However, the degree of antibacterial activities does not 
depend linearly on the mangosteen extract 
concentration in the BCM films. Therefore, the release 
rate of the active components should be an important 
factor for the antimicrobial control. 

Table I: The antibacterial activity of BC and BCM 
films against E. coli and S. aureus at the end of the 
incubation for 24 hours 

Microbial 
Sample Result

strains 
Inhibition of growth 

BC under the sample. 
No clear zone. 

Inhibition of growth
BCM 5.0 

E. coli 	 6.0 mm in width of
%wt 

clear zone. 
Inhibition of growth

BCM 10.0 
6.67±0.06 mm in

%wt 
width of clear zone. 
Inhibition of growth 

BC under the sample. 
No clear zone. 

Inhibition of growth
BCM 5.0 

S. aureus 	 4.0±0.05 mm in width
%wt 

of clear zone . 
Inhibition of growth

BCM 10.0 
5.17±0.08 mm in

%wt 
width of clear zone. 
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[7] 	 M. Phisalaphong and N. Jatupaiboon, Carbohyd. Polym. 
74 (2008), pp. 482-488. 

[8] 	 O. Saibuatong and M. Phisalaphong, Carbohyd. Polym. 
79 (2010), pp. 455-460. 

Figure 5. The results from antibacterial testing of BC, 
BCM-5.0%wt and BCM-lO.O%wt (from left to right) 
on S. aureus (upper row) and E. coli (lower row) for 
24 hours, incubated at 37 DC 

Conclusions 

The modification of BC films by mangosteen 
extract supplementation was used to improve 
antibacterial ability of the films. The FT-IR results 
indicated interactions between the functional groups of 
BC film and mangosteen extract compounds. The 
tensile strength and Young's modulus of the BCM 
films were decreased with the increase of 
concentration of the extract compounds, whereas the 
percentages of elongation at break were increased. The 
changes of mechanical properties were owing to the 
interactions between mangosteen extract compounds 
and the functional groups of BC, as well as the 
increase of amorphous fraction and toughness of the 
BCM films at high content of the extract compounds. 
The BCM films showed antibacterial activity towards 
E. coli and S. aureus under and around the film 
samples. The antibacterial ability was controlled by the 
release of the active components from mangosteen 
extract. 
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Abstract Modified bacterial cellulose (BC) films with water and ethanolic Garcinia mangostana 
extracts supplementation were studied to compare the inhibitory effects against 6 microbial strains: 
Escherichia coli (E. coli), Staphylococcus aureus (s. aureus), Aspergillus niger (A. niger), 
Staphylococcus epidermidis (s. epidermidis), Propionibacterium acnes (P. acnes), and Candida 
albicans (c. albicans). After immersion the BC films into distinct concentrations (2.5-1 O%w/v for the 
water extract and O.25-1.00%v/v for the ethanolic extract), physical and biological properties of the 
BC films containing G. mangostana extract were investigated. From the analysis, the water absorption 
capacity (WAC) of films were higher with the addition of water Garcinia mangostana extracts. The 
antimicrobial tests showed that the growths of S. aureus, S. epidermidis and P. acnes were inhibited by 
the supplementation of water and ethanolic G. mangostana extracts except the growth of E. coli which 
was inhibited only by the supplementation of the water extract compounds. However, no inhibitions 
were observed in the cultures ofA. niger and C. albicans. 

Keywords: bacterial cellulose, film, Garcinia mangostana, mangosteen extract, antimicrobial ability 

Introduction 
Bacterial cellulose (BC) which 

synthesized by some microbial strains (i.e. 
Acetobacter, Agrobacteria, Rhizobia, and 
Sarcina) has the same chemical composition as 
plant cellulose composing of~-(1,4) glucose in 
its structure, but free from hemicellulose, 
lignin, and pectin. Moreover, BC microfibrils 
have unique properties which distinct from 
plant cellulose such as high tensile strength, 
high water holding capacity, moldability, high 
crystallinity, large specific surface, and fine 
fiber network structure. Owing to its excellent 
mechanical properties, BC has been used for 
various applications especially biomedical 
applications (Le. artificial skin, artificial bone, 
tissue engineering, and others) (1). However, 
BC has no antimicrobial activity in itself. 
Previously, there have been many attempts to 
generate antimicrobial activity of this 
biocompatible and nontoxic material by the 
supplementation of antimicrobial chemical 
agents, but these agents is not easy to 
decompose in the environment and have 
toxicity to human (2). 

Mangosteen or Garcinia mangostana 
Linn. is an indigenous plant widely spread in 
South and Southeast Asian countries, for 
instance, India, Srilanka, Myarunar, Malaysia, 
Indonesia, Philippines and Thailand. It has 
been known as folk medicines in treatments of 
abdominal pain, diarrhea, dysentery, infected 
wounds, suppuration, chronic ulcer, 
leucorrhoea and gonorrhoea. Recent studies 
reported that various phytochemical substances 
exist in extract from the rind of mangosteen 
such as phenolic compounds particularly 
xanthones, anthocyanins, tannins, triterpenes, 
polysaccharides, vitamins B 1, B2, C, and other 
bioactive substances (3). Furthermore, G. 
mangostana extract has been found that it has 
an anti-inflammatory inhibition, antitumor 
ability, antioxidant activity and antibacterial 
acivity (4). 

In this present work, the BC films were 
modified by supplementation of extracts of 
fruit rind of G. mangostana to enhance 
antimicrobial ability. Immersion of the BC 
film into mangosteen extract solution was 



applied for the impregnation at various 
concentrations. Antimicrobial activities of the 
modified BC films by supplementation of the 
water extract (BCWM) and the modified BC 
films by supplementation of the ethanolic 
extract (BCEM) were examined to investigate 
the inhibitory effects of the impregnation of G. 
mangostana extracts. 

Materials & Methods 
Microbial strains 

The stock culture of Acetobater xylinum 
AGR 60 was kindly supported by Pramote 
Thammarad, the Institute of Research and 
Development of Food Product, Kasetsart 
University, Bangkok, Thailand. This strain was 
isolated from nata de coco and kept at 4 °C 
before further use. 

Culture media and method 
The culture medium for the inoculums 

was coconut-water consisting of 5.0% sucrose, 
0.5% ammonium sulfate and 1.0% of 30%v/v 
acetic acid. The medi urn was sterilized at 110 
°C for 5 min. Precultures was prepared by 
transferring 15 mL of the stock culture to 300 
mL medium in a 500 mL Erlenmeyer flask and 
incubated statically at 30°C for 7 days. After 
that, the 5%v/v preculture broth was added to 
the main culture medium. The activated main 
medium 75 mL was inoculated in a 14.5 cm 
diameter Preti-dish and kept at 30°C for 7-10 
days. The bacterial cellulose pellicles were 
purified by washing with deionized (DI) water, 
treated with 1 %w/v sodium hydroxide at room 
temperature for 24 hours to remove bacterial 
cells, neutralized by 1 %v/v acetic acid for 1 
hour and then rinsed with DI water until pH 
became neutral. Afterward, the films were air 
dried at room temperature for 3-5 days and 
stored in plastic film. 

BC films impregnation with water and 
ethanolic mangosteen extracts 

The purified BC films in wet state were 
immersed in a solution of water mangosteen 
extract (purchased from Thiptipa Co., Ltd., 
Pathumthani, Thailand) with concentrations of 
2.5, 5.0, and 10.0%w/v or in an ethanolic 
extract solution of mangosteen (kindly 
supported by Thai-China Flavours and 
Fragrances Industry Co., Ltd., Phra Nakhon Si 
Ayutthaya, Thailand) with solution 
concentrations of 0.25, 0.50, and 1.00%v/v at 
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room temperature for 2 days. The excess 
content of the extract compounds on BC film 
surface was removed by rinsing with 20%v/v 
ethanol solution and then the films were air 
dried at room temperature for 3-5 days and 
stored in plastic film. 

Water Absorption Capacity (WAC) 
Water absorption capacity was determined 

by immersing the dried BC, BCWM, and 
BCEM films in distilled water at room 
temperature until equilibration. The films were 
then removed from the water and excess water 
at the surface of the film was blotted out with 
Kim wipes paper. The weights of the swollen 
films were measured and the procedure was 
repeated until there was no further weight 
change. The water content was calculated 
using the following formula: 

w-w
WAC(%) = h d xlOO 


Wd 


Where Whand Wd denoted the weight of 
hydrate and dry membrane, respectively. 

Antimicrobial test 
The antimicrobial properties of BC, 

BCWM, and BCEM films were examined 
against Escherichia coli (E. coli), 
Staphylococcus aureus (s. aureus), Aspergillus 
niger (A. niger), Staphylococcus epidermidis 
(s. epidermidis), Propionibacterium acnes (P. 
acnes), and Candida albicans (c. albicans). 
The film samples were cut into round-shaped 
sample of 38 mm diameter according to the 
method described by AATCC TM 39-1989. 
The incubation was 24 hours at 37°C under 
aerobic conditions for E. coli, S. aureus, S. 
epiderm idis , and C. albicans while the 
inoculated plates of P. acnes was incubated 
anaerobically at 37°C for 72 hours and the test 
of A. niger was performed in the AGAR plate 
for a week of inoculation at 30°C. Before the 
antimicrobial assay, all BC, BCWM, and 
BCEM films were sterilized by UV irradiation 
for 20 min in each side. 



1.00%v/v of ethanolic G. mangostana extracts 
were 239.50, 277.14, and 354.87%, 
respectively. Because of the hydrophobic 
property of ethanolic G. mangostana extract 
compounds, compared to the BC film, the 
WACs of the BCEM films tended to decrease. 
However, the impregnation of the films with 
the extract compounds at high content could 
have constructive interfere in chemical bonds 
of the films and might result in a looser film 
structure. This could be a reason for relatively 
higher WAC of the BCEM film with the 
supplementation of 1.00% ethanolic G. 
mangostana extract. 

Antimicrobial ability 
On the examination of antimicrobial 

ability of the modified BC films, E. coli and S. 
aureus were used as the representative gram 
negative and gram positive bacteria, 
respectively. S. epiderm idis , P. acnes, C. 
albicans and A. niger illustrated the pathogenic 
bacteria and fungus . From tables 1 and 2, the 
results indicated that the antimicrobial 
activities of the BCWM and BCEM films were 
better than those of the BC film. The BCWM 
films showed the inhibition of growths of E. 
coli, S. aureus, S. epidermidis and P. acnes, 
meanwhile the BCEM films expressed the 
inhibitory effects against S. aureus, S. 
epidermidis and P. aenes. However, both of 
BCWM and BCEM films did not show 
inhibition effect on the growth of C. albieans 
and A. niger. The differences of bactericidal 
inhibition against gram negative (E. eoIi) and 
gram positive (s. aureus) could be explained 
by their compositions and the arrangement of 
cell membrane. Peptidoglycan, an outer 
membrane of gram positive bacteria, is not a 
barrier to solutes. Conversely, the gram 
negative cell membrane does not permit 
lipophilic solutes into cytoplasm because of an 
outer phospholipidic layer. However, there are 
porins on the layer of the gram negative cell 
membrane causing the permeability of 
hydrophilic solutes (5). Therefore, the BCWM 
films showed the inhibitory effect on E. eoIi, 
but the BCEM films did not. 

Mostly, the antimicrobial activities were 
increased with the concentration of the G. 
mangostana extracts but not as a linear 
relationship. However, for the test of 
antimicrobial activity of BCWM against P. 
aenes, the clear zone in a dose of 5 and 
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Results & Discussions 
WAC analysis 

Wound exudates control and ability to 
retain moisture are essential properties for 
wound healing process. Therefore, the WAC 
analysis of BC, BCWM, and BCEM films was 
examined by immersing the dried films in 
distilled water at room temperature until 
equilibration. Figure 1 showed that the WAC 
of the BC film was 328.77%. After the BC 
films were immersed into water extract 
solution at concentrations varied from 2.5, 5.0 
and 10.0%w/v, the WACs of BCWM films 
were increased related to the amount of the 
supplementation to 577.09, 651.14 and 
756.88%, respectively, owing to the more 
hydrophilic property of the BCWM films. 

•• 

0.0 2.5 5.0 7.5 10.0 

Water G. mangostana extracts (%w/v) 

•• 

0.00 	 0.25 0.50 0.75 1.00 

Ethanolic G. mangos/ana extracts (%v/v) 

Figure 1 The water absorption capacity of a) 
BCWM and b) BCEM films as a function of water 
and ethanolic extract concentration 

On the other hand, the WACs of the 
BCEM films were slightly lower than that of 
the BC film. The WACs of BCEM films with 
the supplementation of 0.25, 0.50, and 



IO%w/v is roughly the same size. The 
concentration of released extract compounds 
and the diffusion length should be the most 
important factors affecting on the inhibition of 
microbial growths (observed by clear zone). 

Therefore, not only the initial concen
tration of impregnated G. mangos/ana extracts 
but also the rate of bioactive compounds 
release should be considered for the 
antimicrobial control of the modified BC films. 

Table 1 Antimicrobial activities of BC, BCWM, and 
S. epidermidis, P. aenes, and C. albieans 

Natthawul N el.al. (2011) 

Conclusions 
The WAC of BC film could be improved 

by the addition of water extract of G. 
mangos/ana. The antimicrobial activity of the 
BC film could be improved by the 
supplementation of water and ethanolic 
extracts of fruit rind of G. mangos/ana. The 
BCWM showed antimicrobial activities against 
E. coli, S. aureus, S. epidermidis and P. aenes 
and the BCEM expressed antimicrobial 
activities against S. aureus, S. epidermidis and 
P. aenes. 

BCEM films against E. eoli, S. aureus, A. niger, 

Microorganisms Sample 

BC 

Clear zone 
{mm) 

0 

Microorganisms Sample 

BC 

Clear zone 
{mm) 

0 

E. eoli 

BCWM-2.5%w/v 
BCWM-S.O%w/v 

BCWM-IO.O%w/v 
BCEM-0.2S%v/v 
BCEM-0.50%v/v 
BCEM-l.OO%v/v 

BC 

7.S0±1.32 
8.33±0.29 
9.33±1.44 

0 
0 
0 
0 

P. aenes 

BCWM-2.S%w/v 
BCWM-S.O%w/v 

BCWM-IO.O%w/v 
BCEM-0.2S%v/v 
BCEM-O.SO%v/v 
BCEM-l.OO%v/v 

BC 

S.SO±0.87 
6.00±0.00 
6.00±0.00 
4.83±1 .89 
S.00±I.S2 
7.42±1.28 

0 

S. aureus 

BCWM-2.S%w/v 
BCWM-S.O%w/v 
BCWM-IO.O%w/v 
BCEM-0.2S%v/v 
BCEM-O.SO%v/v 
BCEM-l.OO%v/v 

BC 

S.OO±l.OO 
S.SO±O.SO 
6.S0±0.87 
2.00±0.87 
S.33±0.S8 
6.83± 1.44 

0 

C. albieans 

BCWM-2.5%w/v 
BCWM-S.O%w/v 

BCWM-IO.O%w/v 
BCEM-0.2S%v/v 
BCEM-O.SO%v/v 
BCEM-l.OO%v/v 

0 
0 
0 
0 
0 
0 

S. epidermidis 

BCWM-2.S%w/v 
BCWM-S.O%w/v 

BCWM-IO.O%w/v 
BCEM-0.2S%v/v 
BCEM-O.SO%v/v 
BCEM-l.OO%v/v 

l.33±0.S8 
4.17±0.29 
S.OO±O.SO 
2.17±1.26 
2.33±0.29 
3.S0±0.00 

Table 2 Antifungal activity of BC, BCWM, and BCEM films against A. niger 

Observed growth 
Microorganisms Sample 

Grade Clear zone (mm) 

A. niger 

BC S 0 
BCWM-2.S%w/v 3 0 
BCWM-S.O%w/v 4 0 
BCWM-IO.O%w/v S 0 
BCEM-0.2S%v/v 2 0 
BCEM-O.SO%v/v 2 0 
BCEM-l.OO%v/v 2 0 

*Grade was used as a measurement of fungal growth: 0 = none, 1 = only apparent under microscope, 
2 = trace «10%), 3 = light growth (10-30%), 4 =medium growth (30-60%) and S = heavy growth 
(> 60%) 
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