
CHAPTER II
L IT E R A T U R E  R E V IE W

2.1 P la sm a  T e c h n o lo g y

2.1 .1  B asic  P rincip le
P lasm a state is a m ixture o f  ga ses  con sisted  o f  charged particles w ith  a 

roughly zero  net electrica l charge. W hen ap p ly  a high en ergy  sou rce, like electric  
fie ld , to  a h igh  v o ltag e  (H V ) e lectrod e , an ion ization  p rocess occurs, thus gen erating  
a num ber o f  ion ized  sp ec ies . T h e p lasm a has been used to m od ify  the su rfaces o f  
both inorganic and organic substrates. T h is techn iqu e is a dry p rocess and is operated  
under a w id e  range o f  pressure. M oreover, the surface m od ifica tion  by the plasm a  
treatm ent occu rs at the ou term ost surface, so  it d oes not ch an g e  the bulk properties o f  
m aterials. D u e to its several ad van tages o v er  the con ven tion a l ch em istry  m ethod s, 
the plasm a b eco m es m ore interested .

2 .1 .2  C lassifica tion  o f  P lasm a
T h e p lasm a is c la ss ified  into tw o  m ain states: hot p la sm as (therm al 

plasm as, or equilibrium  p la sm a s) and co ld  p lasm as (non-therm al p la sm a s, or non  
equilibrium  p lasm as).

2.1.2.1 Hot Plasmas
T he hot p lasm as are con sisted  o f  e lectron s and h eavy  

particles generated  at a h igh tem perature so  th ey  are h igh  tem perature g a se s  (u su a lly  
higher than 1 0 ,0 0 0  K ). T he su ffic ie n tly  h igh  w ork in g  pressures and lo w  electric  
f ie ld s  are u sed  to generate hot p lasm as. In hot p lasm as, the tem perature o f  electron  
(Te) is ap p roxim ately  equal to  neutral tem perature ( Tn), (Je ~  Tn) and the m axim al 
d egree o f  ion ization  is c lo se  to 100 %. T h ese  p lasm as are sustained  at h igh pow er  
d en sities (p o w er  input per unit vo lu m e) and have lo w  ch em ica l se le c t iv ity . The 
ov erh eatin g  o f  reaction  occu rs w h en  en ergy  is con su m ed  by the reagen ts into all 
d egree o f  freedom  so  h igh en ergy  con su m p tion  required to provide sp ec ia l q u en ch in g  
o f  the reagents is the m ain draw backs o f  hot plasm as in the point o f  v ie w  o f  their  
ch em ica l ap p lica tion s. T he hot p lasm as in clu d e e lectr ica l arc, p lasm a je ts  o f  rocket 
en g in es, th erm o-n u clear reaction  generated  p lasm a, etc.
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2.1.2.2 C old Plasmas
In co ld  p lasm as, the tem perature o f  h ea v y  particles —  

charged, neutral m olecu lar , and a tom ic sp ec ies  —  are lo w  but the tem perature o f  
electron s are high. N o rm ally , the tem perature is in the range o f  1 0 ,0 0 0  K. to 5 0 ,0 0 0
K. T h is p lasm a type has n eg lig ib le  heat cap acity  b ecau se  the free e lec tron s contain  
m uch less  than one m illio n  o f  the total m ass o f  the sy stem . H ow ever , the actual heat 
content o f  the p lasm a is low  (Fridm an and k en n ed y , 2004; S h ish o o , 2 0 0 7 ). T h e  
d egree o f  ion ization  is about 10"4 % to 10 %. A cco rd in g  to these ch aracteristics, co ld  
plasm as are appropriate for m o d ify in g  organ ic su rfaces. T he co ld  p lasm as are 
generated  by lo w  pressure d irect current (D C ) and radio frequ en cy  (R F ) d isch arges  
(silen t d isch arges), as w e ll as d isch arge from flu orescen t (n eon ) illu m in atin g  tubes. 
O ther typ es o f  co ld  p lasm as are auroras, m icro w a v e  (M W ) d isch arg e , coron a  
d isch arge, and d ie lectr ic  D B D  plasm a. The latter is used  in the present stu d y b ecau se  
it p rov id es m any ad van tages, in clu d in g  the reduction  o f  p rocessin g  c o st and the high  
production  rate.

2 .1 .3  D B D  P lasm a
The D B D  plasm a w as invented  by S iem en s in 1857 . T h e d isch arged  

plasm as are generated  by a num ber o f  individual fila m en ts. T he b reak d ow n  ch an n el 
(m icro -d isch arg es) is con tro lled  and the D B D  p rocess is op tim ized  for appropriate  
ap p lication s. T he D B D  p lasm a system  is com p o sed  o f  D B D  reactor, en ergy  sou rce , 
m eta llic  e lectrod e  (su ch  as a lum inum , copper, e tc .), and d ie lectr ic  m aterial (su ch  as 
glass, quartz, ceram ic, etc).

G en erally , d ie lectric  m aterial is covered  either at on e  s id e  o f  e lectrod e  
or both o f  them . T h e d ie lectric  m aterials have tw o  functions: (1 )  to lim it the  
d isch arge current and avo id  the arc transition, and (2 )  to ensure a h o m o g e n e o u s  
treatm ent b y  d istributing random ly stream ers (T en dero et al., 2 0 0 6 ).
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F ig u r e  2.1 S ch em atic  v ie w  o f  the D B D  system  used  for the su rface  m o d ifica tio n  ( I .  
air ga s cylinder, 2. m a ss-flo w  controller, 3. p la sm a cham ber, 4 . g la ss  d ie lectr ic  layer. 
5. upper e lectrod e, 6 . p o ly eth y len e  film , 7. low er  e lectrod e, 8. h igh vo lta g e , 9 . p ow er  
su p p ly , 10. n eed le  ca lv e , and 1 1. vacuum  pum p) (G ey ter  et a i,  2 0 0 7 ).

T o initiate and susta in  the generated  e lectron s in the D B D  sy stem , the 
en ergy  sou rces are im portant. T he en ergy  sou rce in D B D  system  can be alternative  
current (A C ), D C , R F, and M W . A fter ap p ly in g  the en ergy  to H V  e lectrod e , the 
electron s from m eta llic  e lectrod e strike the d ie lectr ic  m aterial b efore em ittin g  the 
e lectron s in the sy stem . T h ese  e lectron s are su b seq u en tly  struck at the bond o f  gas  
m o lecu le s , so  the h igh  en ergetic  sp e c ie s  are gen erated . T h ese  sp e c ie s  are used  to 
m o d ify  the substrate surfaces. T h e low er e lec tro d e  is ground e lectrod e  w h ich  is 
con n ected  to the resistor.

The D B D  p lasm a tech n iq u e has b een  used for the su rface m od ifica tion  
o f  various types o f  p o lym eric  substrates for d ifferen t p u rposes, su ch  as to en h an ce  
the com p atib ility  o f  d iss im ilar  p o lym er surface, to  im p rove d ep o sitio n  o f  thin film , to 
etch the p olym er su rfaces, and to m o d ify  the h yd rop h ilic , w etab ility , and printability  
properties o f  the p o lym eric  su rfaces. T he p o ly m eric  m aterials in fo o d  p ack a g in gs —  
such as p o ly (eth y!en e  terepthalate) (PE T ) (E sen a  et a i,  2 0 0 5 ), p o lyp rop y len e  (PP ) 
(B on g iov an n i, 2007 ; L eroux, 2 0 0 8 ; C hiang, 2 0 1 0 ) , p o ly eth y len e  (P E ) (R en  et a i. 
2 0 0 8 ), and p o ly lactic  acid  (P L A ) (G eyter  et a i,  2 0 1 0 )  —  have b een  su rface-m od ified  
w ith  the D B D  plasm a.
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E sen a  et al. (2 0 0 5 )  m od ified  the PET film  by u sin g  the D B D  plasm a  
gen erated  at a tm osp h eric  pressure. T he p lasm a source is R F, w h ile  typ ica l pow er  
during the treatm ent ranged from  150 พ  to 3 0 0  พ .  The resu lts o f  w ater con tact angle  
m easu rem en t and the atom ic force m icro sco p y  (A F M ) ind icated  that the w ettab ility , 
printability , and rou gh ness o f  the PET su rface  increased after the p lasm a treatm ent. 
T h ese  ch an ges im proved  the ad h esion  o f  su rface  coatin g and d ep ositio n .

F ig u r e  2 .2  W ater con tact an g les  o f  PET film  as a function  o f  D B D  p lasm a treatm ent 
tim e (E sen a  et a i,  2 0 0 5 ).

Liu et al. (2 0 0 5 )  m od ified  the surface o f  p o ly (m eth y lm eth acry la te)  
(P M M A ) film  w ith  the use o f  D B D  p lasm a. T he op erating param eters o f  D B D  
p lasm a, in clu d in g  d isch arge p ow er, e lectrod e  gap, and duration o f  exp o su re , w ere  
in vestigated . T h e results sh o w ed  that a short exp osu re treatm ent tim e s ig n ifica n tly  
ch an ged  w ater con tact an g le  and surface o x y g e n  con ten t o f  the P M M A  film . 
M oreover, the num ber o f  p lasm a treatm ent c y c le s  and the treating sp eed  increased  
the surface w ettab ility  o f  the P M M A  film . O n the other hand, the p lasm a p ow er did 
not a ffect the su rface  w ettab ility  but in creased  the am ount o f  o x y g e n  incorporated  
into the treated surface. T h u s, it w as a lso  reported that the operating con d ition s  
sig n ifica n tly  a ffected  ch an g es in ch em ica l and m icrostructure o f  th ose  p olym eric  
surfaces.



7

B o n g io va n n i et al. (2 0 0 7 ) m od ified  the surface o f  p p  film  by u sin g  A r  
plasm a to im p rove the ad h esion  o f  a h igh ly  fluorinated  u ltraviolet (U V )-cu red  
coa tin g  for grafting 2 -h y d r o x y l-2 -m e th y I-l-4 -(2 -a c r y lo y lo x e th o x y )-p h e n y l-  
propanone (A P P ) m o lecu le s  on pp . T h e operating con d itio n s w ere at a p lasm a  
treatm ent tim e o f  30  ร, a current o f  25  พ ,  and gas pressure o f  1.5 Torr. The A P P  
m o lecu le s  g a v e  the c le a v a g e  at the a -p o sitio n  to the carbonyl groups so  the radical 
p olym eriza tion  took p lace and con tin u ou s fluorination  occurred.

F ig u r e  2 .3  S ch em atic  representation o f  tw o  reaction step s (B o n g io v a n n i et a i,
2 0 0 7 ).

L eroux et al. (2 0 0 8 ) treated the pp  film  by u sin g  the D B D  p lasm a  
generated  at atm osp h eric pressure in order to m od ify  the ch em ica l and p h ysica l 
characteristics o f  pp  surface. From the X -ray p h otoelectron  sp ectro sco p y  (X P S )  
result, the carb oxy l groups on the p p  film  disappeared, so  carbonyl and hyd roxyl 
group p ercen tages d ecreased . It w as a lso  found that the air p lasm a o x id ized  the
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surface o f  p p  film , and increased the surface rou gh n ess o f  the film  w h ich  w as c lea r ly  
seen  from  the A F M  m icrographs, as sh ow n  in F igure 2 .4 .
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(a) (b)
F ig u r e  2 .4  A F M  top v ie w  and 3 D  im a g in g  o f  the p p  film : (a) b efore p lasm a  
treatm ent and (b) after 4 2  kJ ทา'2 p lasm a treatm ent (L erou x et a i,  20 08 ).

Ren et al. (2 0 0 8 ) m o d ified  the su rface o f  PE film  b y using D B D  
plasm a generated  in air. C om pared to the neat PE film , the ch em ica l co m p o sitio n  o f  
the film  ch an ged  after the p lasm a treatm ent. T he o x y g e n  fun ction al groups —  su ch  
as C -O , c= 0 , 0 - C = 0 ,  and CO3 —  w ere ob served  at the film  surface. M oreover, the 
equilibrium  betw een  ox id ation  reaction  and e tch in g  reaction  occurred w h en  the  
treatm ent tim e w as lon ger than 30  ร.
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F ig u r e  2 .5  A ttenuated  total reflection -F ou rier  transform  infrared (A T R -F T IR )  
spectra o f  (a) untreated PE fdm  and PE film  after D B D  p lasm a treatm ent at (b) 1 ร,
(c) 10 ร, (d ) 20  ร, (e )  3 0  ร , and (f)  4 0  ร (R en et a i,  2 0 0 8 ).

C h ian g  et al. (2 0 1 0 )  m od ified  the surface o f  p p  film  b y u sin g  a 
parallel p late n itrogen-b ased  D B D  je t  operated at a tm osp h eric pressure. T h e pp  
sam p le  w as treated w ith  m ixture o f  ox yg en  (O 2 ) and nitrogen (N 2 ) ga ses at various  
0 2/N 2 ratios ranging from  0 % to 1.6 % at d ifferen t gap d istan ces. T he h yd rop h ilic  
properties o f  both pristine and treated p p  film s w ere characterized  by con tact angle  
m easu rem en t. T he result sh o w ed  that the surface o f  p p  film  w a s e ffe c t iv e ly  m od ified  
at a w id e  range o f  0 2/N 2 ratios (< 1% ) and at a gap d istance le ss  than 10 m m .

G eyter eta l. (2 0 1 0 )  in vestigated  the surface m od ifica tion  o f P L A  film  
From the X P S  result, a num ber o f  o x y g en -co n ta in in g  groups w ere ob served  in the 
ca ses  o f  air and A r plasm a-treated  PL A  film s. M ean w h ile , the N 2 p lasm a treatm ent 
leaded  to the incorporation  o f  the n itrogen -con ta in in g  groups into the P L A  surface. 
S urprisingly , the Fie p lasm a added a few  o f  n itrogen -con ta in in g  groups.



10

T a b le  2.1 A to m ic  co m p o sitio n  and concentration  o f  d ifferen t ch em ica l b on d s on  
untreated and plasm a-treated PL A  film s (en erg y  d en sity  o f  4 .3  J cm"2) (G ey ter  et a i ,  

2010)

T reatm ent %c %0 %N o/c N/C 28 5 .0  eV 286.8  eV 289.1 eV
No 6 8 2 31.8 0 0 .47 0 4 9 .6 25.4 25 .0
Air plasm a 6 2 2 37.8 0 0.61 0 38.1 30.5 31 .4
Nitrogen plasm a 62.1 31 1 6.8 0 .50 0.11 41 .8 29.1 30.1
Argon plasm a 65.1 34 .9 0 0 .54 0 45 .6 28.3 26.1
H elium  plasm a 66.9 30 .4 2.7 0 .45 0.04 47 .4 26.5 26.1

2 .2  Z n O  P a r tic le s

2.2.1 B asic  Properties and A p p lica tion s
ZnO  has been  w id e ly  studied  s in ce  1935 and its unique properties  

have been in ten siv e ly  rev iew ed . ZnO  is a m etal ox id e , and the Z n -0  is bon d ed  w ith a 
very  strong ion ic  character (Jagadish  et a i ,  2 0 0 6 ). Furtherm ore, it has ga in ed  m ore  
attention in m an y ap p lica tion s, such as food  p ack agin g , ca ta ly s is , sen sors, 
en viron m en ta l rem ediation , m ed ic in e , and personal care (T ayel et a i ,  2010 ;  
R aghupathi et al., 2 0 1 1 ), b eca u se  it is b e lieved  to be n on tox ic , b io lo g ica l sa fe ty , and 
b iocom p atib le . In p ack agin g  ap p lication s, Z nO  provid es severa l ad v an ta ges, such  as 
o x y g e n  barrier property and antibacterial a c tiv ity . It a lso  acts as an u v  absorber as 
w e ll as a filler  to en h an ce the m echanica l property (B achari et a i ,  2 0 0 1 ; Z hao and  
Li, 2 0 0 6 ).

Z nO  has w id e  band gap en ergy  equal to 3 .3 6  e V , w h ich  absorbs the 
U V -lig h t at b e lo w  38 0  1 1 1 1 1  (Padm avathy et a i ,  2 0 0 8 ). T here are tw o  crysta llin ity  
form s o f  ZnO: w urtzite and zin cb len d . (F igure 2 .6 )  T he w u rtzite  structure is a kind o f  
h exagon al unit ce ll w h ich  the lattice param eters o f  a equal to 3 .2 4 9 5  À  and c equal 
to 5 .2 0 6 9  A* w h ile  the z in cb len d  structure is a cu b ic unit ce ll w h ich  the lattice  

param eters o f  a equal to b eq u al to c (Jagadish et a i ,  2 0 0 6 ).
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F ig u r e  2 .6  W u rtz ite  (a ) an d  z in c b le n d  p h a se s  (b ) o f  Z n O  (J a g a d ish  et a i ,  2 0 0 6 ).

2 .2 .2  Z nO  S y n th e se s
T h ere  are m a n y  m e th o d s  to sy n th e s is  Z n O , su c h  as a lk a lin e  

p r e c ip ita tio n , o r g a n ic -z in c  h y d r o ly s is , and  sp ray  p y r o ly s is . T h e  d iffe r e n t sy n th e s is  
m eth o d s an d  c o n d it io n s  y ie ld  Z n O  w ith  d ifferen t m o r p h o lo g ie s .

2.2.2.1 A lka line Precipitation
T h is  p roced u re  is u sed  to  sy n th e s iz e  Z n O  at room  

tem p era tu re  b y  m ix in g  z in c  n itrate ( Z n ( N 0 3)2) or z in c  a ce ta te  (Z n (C H 3C O O ) 2 ) w ith  
a lk a lin e  so lu t io n s , su ch  as a m m o n iu m  h y d r o x id e  (N H 4O H ), s o d iu m  h y d ro x id e  
(N a O H ), and  p o ta ss iu m  h y d r o x id e  (K O H ). A fte r  a d r o p -w ise  a d d it io n  o f  a lk a lin e  
so lu t io n s , th e  w h ite  p a r tic le s  o f  Z nO  are ob ta in ed .

2.2.2.2 O rgano-Zinc H ydrolysis
T h e  o r g a n o -z in c , su ch  as z in c  /-b u to x id e , is  u sed  as a 

p recu rsor  b y  m ix in g  r-bu tan ol w ith  d ie th y lz in c  h e x a n e  so lu t io n , th u s  y ie ld in g  th e  
Z n O  p artic le s.

2 .2 .2 3  Spray Pyrolysis
T h is  p roced u re  is u se d  to s y n th e s iz e  th e  Z n O  p artic le s  at h igh  

tem p era tu res (L i and H a n ed a , 2 0 0 3 ).
2 .2 .3  A n tim ic r o b ia l A c t iv it ie s  o f  Z n O

The antimicrobial activities of ZnO have been interested since it
inhibits the microbial growth or kills microorganisms either with or without u v
light. There are many proposed mechanisms for the antimicrobial activities of ZnO.
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N ev er th e le ss , the tw o  w id e ly  accep ted  m ech an ism s are: (1 ) the ZnO  p roduces the 
reactive o x y g en  sp e c ie s  (R O S ), w h ich  are p redom inantly h yd roxy l radicals and 
su p erox id e, and (2 )  the ZnO  particles accu m u late  at the c e ll m em brane. B oth  
m ech an ism s lead to d isorgan ization  o f  the m icrob ial ce ll m em brane, thus in h ib itin g  
the m icrob ial grow th or k illin g  the bacterial c e lls .

ZnO  +  hv --------------►  ZnO  ( e 'c B  +  h+vB)( 1 )

I i+V B  +  H 20  (O H  ) -------------- ►  • O H (2)

e CB +  0 2 -------------- ►  • o  2(3 )

F ig u r e  2 .7  P roposed  m ech an ism  for the R O S form ation  (M oafi et al., 20 11 ).

G en era lly , the an tim icrob ial ac tiv itie s  o f  ZnO  p articles are frequently  
tested  against G ram -negative E. coli and G ram -p ositive  ร. aureus bacteria. 
Surprisingly , ร. aureus are found to be m ore resistant than E. coli b ecau se a h igher  
con ten t o f  ZnO  is required to inhibit the bacterial grow th or to k ill th is G ram -p ositive  
bacterium . A  low er antim icrob ial a c tiv ity  o f  Z nO  against ร. aureus  is m ostly  lik e ly  
due to the fact that ร. aureus p rod u ces the ox id a tiv e  stress resp on siv e  gen e products, 
such  as su p erox id e, w h ich  d ism u tase  against the R O S produced by ZnO  particles  
(R aghupath i e ta l.,  2 0 1 1 ).

R egard less o f  the an tim icrob ial activ ities, Z nO  a lso  acts as a 
p h otop rotective , thus ex ten d in g  the sh e lf-life  o f  p olym eric m aterials. Bachari et al. 
(2 0 0 1 )  in vestigated  the p h otop rotective  property o f  ZnO  coated  on PET film . T he  
form ation  o f  stable p h oto -ox id a tion  products w a s confirm ed  by the absorbance peaks 
in the FTIR spectra located  at w aven u m b ers o f  1780 cm"1 and 3 2 6 0  cm"1. A s  an 
exa m p le , accord in g  to F igure 2 .8 , the photodegradation  o f  PET film s is d ecreased  
after the Z nO  coatin g .



13

F ig u r e  2 .8  A b sorb an ce at a w aven u m b er o f  1780  cm"1 in the FTIR spectra o f  PE T  
f ilm s  w ith  ZnO  d ep osition  elaborated  under various irradiation tim e; the o x y g e n  
partial pressure, the total pressure, and the radio frequency p ow er are, resp ective ly :  
(a) 0.01 and 1 Pa, 0 .3 8  พ  cm '2 ; (b ) 0.01 and I Pa, 0 .6 4  พ  cm"2 ; (c )  0 .0 5  and 1 Pa.
1.27 พ  cm"2 ; (d ) 0.01 and 1 Pa, 1.27  พ  cm"2 (B achari et al., 20 01  ).

G h u le  et al. (2 0 0 6 )  prepared ZnO  n an op artic les-coated  paper and 
stud ied  its antibacterial activ ity  against E. coll strain 11634 . A cc o rd in g  to T ab le  2 .2 , 
the h igh est antibacterial a c tiv itie s  are obtained  after exp o su re  to u v  light at a 
w a velen g th  o f  54 3  nm (a representative o f  h ou seh o ld  flu orescen t light) for 2 4  h. The 
resu lts a lso  sh o w ed  that the antibacterial a ctiv ities  increased  w ith  in creasin g  
exp o su re  tim e. It shou ld  be noted that the v iab le  bacteria w ere m onitored  by cou n tin g  
the num ber o f  co lo n y -fo rm in g  units (C F U ).

T a b le  2 .2  A n tibacteria l activ ity  o f  ZnO  n an op articles-coated  paper against E. coli 
strain 11634 (G h u le  et a l ,  2 0 0 6 )

Bacteria coiinl 
(CFU) after 
seeding and 
washing 
immediately

Bacteria count (CFU) on illumination with 365 nm 
light (1 mW an*3, 1 111

Bacteria count (CFU) on 
illumination with 365 nm 
light (1 เทพ a n '2. 3 h)

Bacteria count (CFU) on 
illumination with 543 nm,
1000 ๒* 5 0.1464 ท»พ cm 2, 24 h

เท light No light เท light No light In light No light
Blank (while CO 1100} l.l V  1๙ 2.6 1๙ 6.4 A  1๙ 2.4 A 1๙ 5.0 A . Ill4 2.4 A  1๙ 2.7 - 1๙Blank paper II  « ๙ บ  V เท, 2.0 « ๙ 4.S A Id1 1.5 < 10* 3.7 y io‘ 5.4 V to*
ZiiO nanoparliclo 1.0 A ๙ 1.6 '  1๙ 3.2 A !0: l.J A I0; 12 A  เท'1 <20 'ะ 20coaled paper
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T h e particle s iz e  o f  ZnO  a lso  a ffec ts  the in h ib ition  o f  bacteria l grow th. 
T ayel et al. (2 0 1 1 )  studied the antibacterial a ctiv ities  o f  Z nO  nan op articles com pared  
w ith  th ose  o f  con ven tion al ZnO  p ow d ers. B oth o f  them  w ere tested  aga in st G ram ­
p ositiv e  and G ram -negative bacteria. From T able 2 .3 , it m igh t be con clu d ed  that the 
antibacterial a c tiv ities  o f  ZnO  nanoparticles are stronger than those o f  Z nO  pow ders  
b ecau se ZnO  n anoparticles has larger surface areas.

T a b le  2 .3  A ntibacteria l a c tiv itie s  o f  ZnO  p ow d ers and nan op articles aga in st various  
typ es o f  bacterial strains as indicated  b y d iam eter o f  in h ib ition  zon e  and m inim al 
inhibitory con cen tration  (M IC )

Bacterial strain
ZnO powder ZnO nanopartide
Zone diameter* MIC (mM) Zone diameter MIC (mM)

Bacillus cereus 18 ± 1 1 17 35 ะ 1 6 7
Enterobacter cloacae 14 ะ: 0.9 74 19 ± 1.4 21
Escherichia coli 12 ±  0.8 68 21 ะ 1.3 16
E coli 0 1 57:H7 13 ะ: 0.6 64 18 ะ 1.1 17
Pseudomonas aeruginosa 11 ะ: 0.4 72 17 ± 1.2 26
Pseudomonas fluorescens 9 ±  0.3 80 18 ะ 1.1 24
Salmonella enteritidis 11 ะ: 0.5 54 22 ï  1.2 20
Salmonella typhimurium 12 ะ: 0.6 66 21 *  1.4 22
Staphylococcus aureus 17 ±  1.2 19 31 ± 14 10
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