
C H A P T E R  I I I

RESULTS

1. Determination of antimicrobial activity of polysaccharide gel

1.1 Agar diffusion susceptibility test

The result of the initial screening of polysaccharide extract for antibacterial 
activity of Staphylococcus spp. 42 isolates , Streptococcus spp. 34 isolates, E. coli 13 
isolates, Klebsiella spp. 5 isolates and Pseudomonas spp. 15 isolates are summarized in 
Table 3, 4, 5, 6 and 7, respectively. The inhibition zone was observed on agar media at 
PG concentration 3.12-50 mg/ml (w/v). The result showed inhibitory activity. PG 
appeared to be quite promising for their capacity to inhibit the growth of isolated bacteria 
from cow mastitis as well as for their broad spectrum activity against standard bacteria. 
In addition, the strains that exhibited resistance to gentamicin (MBC ^8 pg/ml, Lorian 
1991) were sensitive to PG. According to viscosity of PG, the highest allowable 
concentration of 50 mg/ml PG was used in this study.

All tested bacteria were susceptible to PG, and the result showed that 50 
mg/ml PG produced 24.70-10.50 mm, 18.00-8.50 mm, 14.80-12.30 mm, 13.60-11.90 mm 
and 17.50-10.30 mm in diameter inhibition zone against Staphylococcus spp., 
Streptococcus spp., E. coli, Klebsiella spp., and Pseudomonas spp., respectively. 
Inhibition zone of sharp and clear margin was obtained. An increment of inhibition zone 
diameter was found with respect to increasing concentrations of PG. Whereas the control 
(NSS) showed no inhibition zone.
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T ab le  3: In h ib ito ry  a c tiv ity  o f  polysaccharide  gel (P G ; M o n th o ng ) on g ro w th  o f
S t a p h y l o c o c c i  by agar d iffu s io n  m ethod, no zone in h ib it io n  was observed in
NSS (co n tro l), N Z  -  no zone, SP =  S t a p h y l o c o c c u s  s p p .  iso la ted fro m  cow m astitis

Staphylococci Diameter of inhibition zone of PG, mm mean i  SD
50mg/ml 25mg/ml 12.5mg/ml 6.25mg/ml 3.12mg/ml

ร haemolyticus (SP1) 8.50±0.00 NZ NZ NZ NZ
ร haemolyticus (SP24) 8.50±0.00 NZ NZ NZ NZ
ร. aureus (SP2) 12.10±0.05 10.40t0.00 8.50±0.00 NZ NZ
ร. aureus (SP3) 11.10±0.12 9.90±0.02 8.50±0.00 NZ NZ
ร. aureus (SP4) ll.00i0.01 10.10±0.02 8.50±0.00 NZ NZ
ร. aureus (SP7) 13.10±0.10 9.00±0.00 8.50±0.00 NZ NZ
ร. aureus (SP11) 8.50±0.00 NZ NZ NZ NZ
ร. aureus (SP13) 11.80±0.06 NZ NZ NZ NZ
ร. aureus (SP15) 12.30±0.08 10.00±0.00 8.50±0.00 NZ NZ
ร. aureus (SP23) 8.50±0.00 NZ NZ NZ NZ
ร. simulan (SP5) 11.20±0.00 10.50±0.00 8.50i0.00 NZ NZ
ร. simulan (SP9) 
ร. simulan (SP21)

ll.80t0.02 8.50i0.00 NZ NZ NZ
ร. simulan (SP25) 15.20±0.05 12.60i0.05 10.80±0.07 8.50±0.00 NZ
ร. chromogenes (SP6) 14.70±0.06 11.10±0.13 8.50t0.00 NZ NZ
ร. chromogenes (SP8) 11.70±0.19 10.10i0.01 8.50i0.00 NZ NZ
ร. chromogenes (SP12) 24.70t0.20 19.90i0.15 17.30±0.16 17.00t0.02 11.20±0.03
ร. chromogenes (SP16) 13.20t0.18 10.00i0.00 8.50±0.00 NZ NZร. chromogenes (SP18) 12.70±0.06 10.10t0.01 8.50±0.00 NZ NZร. chromogenes (SP26) 10.60±0.11 8.50±0.00 NZ NZ NZ
ร. chromogenes (SP27) 22.70±0.14 20.40i0.13 16.20±0.0.12 13.90±0.09 8.50i0.00
ร. chromogenes (SP28) 11.10±0.05 8.50i0.00 NZ NZ NZร. chromogenes (SP31 ) 11.50i0.14 8.50±0.00 NZ NZ NZร. chromogenes (SP32) 12.30±0 00 8.50±0.00 NZ NZ NZร. chromogenes (SP33) 8.50±0.00 NZ NZ NZ NZร. chromogenes (SP34) 11.90i0.00 8.50i0.00 NZ NZ NZ
ร. chromogenes (SP35) 11.70i0.11 8.50i0.00 NZ NZ NZ
ร. chromogenes (SP36) 15.30±0.04 11.60i0.11 8.50±0.00 NZ NZ
ร. chromogenes (SP37) 14.30±0.08 10.30i0.03 8.50i0.00 NZ NZ
ร. chromogenes (SP38) 13.90±0.13 10.10i0.01 8.50±0.00 NZ NZ
ร. hominis (SP10) 10.90±0.11 8.50i0.00 NZ NZ NZ
s.caprae (SP20) 11.40t0.03 10.00±0.00 8.50i0.00 NZ NZ
ร. hyicus (SP22) 11,80±0.06 9.90±0.04 8.50±0.00 NZ NZร. hyicus (SP41) 8.50±0.00 NZ NZ NZ NZ
ร. saprophyticus (SP29) 12.70±0.06 10.10±0.05 8.50i0.00 NZ NZ
ร. saprophyticus (SP39) 8.50t0.00 NZ NZ NZ NZ
ร. xylosus (SP30) 8.50±0.00 NZ NZ NZ NZ
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Table 4: Inhibitory activity of polysaccharide gel (PG; Monthong) on growth of
Streptococci by agar diffusion method, no zone inhibition was observed in 
NSS (control), NZ = no zone, SP = Streptococcus spp. isolated from cow 
mastitis

Streptococci isolates
Diameter of inhibition zone of PG, mm mean ± SD

50 mg/ml 25 mg/ml 12.5mg/ml 6.25mg/ml 3.12 mg/ml
ร. uberis (SR 3) 16.50±0.29 13.10±0.00 9.60±0.20 8.50±0.00 NZ
ร. uberis (SR 4) 14.90±0.19 11.70±0.18 9.80±0.17 8.50±0.00 NZ
ร. uberis (SR 6) 14.90±0.05 12.40i0.01 11.30±0.07 8.50±0.00 NZ
ร. uberis (SR 7) 16.40±0.08 ll.90t0.30 8.50±0.00 8.50i0.00 NZ
ร. uberis (SR 8) 14.70±0.12 12.90±0.10 8.50±0.00 NZ NZ
ร. uberis (SR 9 ) 15.40±0.25 11.80±0.29 9.20±0.11 8.50±0.00 NZ
ร. uberis (SR 10) 17.90±0.11 14.80±0.12 8.50±0.00 NZ NZ
ร. uberis (SR 22) 14.80±0.03 12.40±0.18 9.00±0.09 8.50±0.00 NZ
ร. uberis (SR 30) 15.70±0.01 12.80±0.09 8.50±0.00 NZ NZ
ร. uberis (SR 36) 14.80±0.18 10.60±0.18 8.50±0.00 NZ NZ
ร. uberis (SR 38) 14.60±0.15 10.00±0.15 8.50±0.00 NZ NZ
ร. uberis (SR 39) 8.50±0.00 8.50±0.00 NZ NZ NZ
ร. uberis (SR 41) 14.40±0.09 10.20±0.05 8.50±0.00 8.50±0.00 NZ
X uberis (SR 42) 8.50±0.00 NZ NZ NZ NZ
ร. uberis (SR 43) 14.40±0.04 9.90±0.19 8.50±0.00 NZ NZ
ร. uberis (SR 44) 13.00±0 07 11.10±0.04 8.50±0.00 NZ NZ
ร. uberis (SR 45) 14.70±0.00 11.90±0.13 8.50±0.00 NZ NZ
X. uberis (SR 47) 12.90±0.04 10.30±0.01 8.50±0.00 NZ NZX uberis (SR 59) 13.90±0.06 11.60±0.11 8.50±0.00 NZ NZ
X dys.dysagalactiae(SR23) 17.20±0.03 14.60±0.09 11.80±0.11 10.00±0.07 8.50±0.00
X dys.dysagalactiae (SR 24) 14.50±0.01 10.00±0.13 8.50±0.00 8.50±0.00 NZ
X bovisl (SR 53) 10.70±0.03 8.50±0.00 8.50±0.00 NZ NZ
X bovisll(SR 26) 16.50±0.18 12.70±0.05 9.00±0.09 8.50±0.00 NZX bovisll (SR 32) 18.00±0.11 14.90±0.01 9.00±0.00 8.50±0.00 NZX bovisll (SR 37) 13.40±0.15 10.10±0.19 8.50±0.00 NZ NZ
X dys.equisimilis (SR 28) 16.50±0.03 15.00±0.09 11.50±0.11 8.50±0.00 NZX dys.equisimilis (SR 29) 13.10±0.19 8.50±0.00 8.50±0.00 8.50±0.00 8.50±0.00X dys.equisimilis (SR 31) 19.50±0.11 16.30±0.05 9.00±0.01 8.50±0.00 NZX dys.equisimilis (SR 35) 14.00±0.03 11.00±0.07 8.50±0.00 NZ NZ
X acidominimus(SR 21 ) 9.90±0.03 8.50±0.00 NZ NZ NZX acidominimus (SR 25) 8.50±0.00 NZ NZ NZ NZX acidominimus (SR 33) 9.20±0.06 8.50±0.00 8.50±0.00 NZ NZ
X agalactiae (SR 1) 14.50±0.09 11.20±0.00 9.50±0.00 8.50±0.00 NZ
X porcinus (SR 27) 16.90±0.12 12.50±0.23 8.50±0.00 8.50±0.00 NZ
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T ab le  5: In h ib ito ry  a c tiv ity  o f  po lysaccharide  gel (PG ; M o n th o ng ) on g ro w th  o f
E s c h e r i c h i a  c o l i  by agar d iffu s io n  m ethod, no zone in h ib it io n  was observed
in  NSS (co n tro l), N Z  -  no zone, C M  =  C lin ic a l M a s titis ,

Escherichia coli isolates Diameter of inhibition zone of PG, mm mean i  SD
50mg/ml 25 mg/ml 12.5mg/ml 6.25mg/ml 3.12mg/ml

E. coli (CM 3) 13.80±0.08 12.00±0.06 ll.00i0.00 8.50±0.00 NZ
E. coli (CM 4) 13.00±0.05 12.50±0.00 11.8fti0.03 11.50±0.05 9.00±0.00
E. coli (CM 24) 13.10±0.06 10.30±0.04 10.30±0.00 8.50±0.00 NZ
E. coli (CM 40) 12.30±0.07 12.30±0.09 10.5ftt0.00 8.50±0.00 NZ
E. coli (CM 49) 14.80±0.10 11.80±0.01 11.50±0.02 8.50±0.00 NZ
E. coli (CM 55) 12.70±0.01 12.60±0.05 10.8ftt0.00 8.5ftt0.00 NZ
E. coli (CM 70) 14.60±0.09 14.00±0.03 12.20±0.08 12.80±0.22 12.00±0.07
E. coli (CM 84) 13.20±0.00 ll.3ftt0.00 11.00±0.04 8.50±0.00 NZ
E. coli (CM 85) 13.60±0.00 11 OOtO.OO 8 50±0.00 NZ NZ
E. coli (CM 90) 12.50±0.03 12.40±0.00 10.70±0.03 10.00±0.00 8.50±0.00
E. coli (CM 186) 13.20±0.00 12.70±0.08 12.60±0.06 9.50±0.00 9.00±0.16
E. coli (CM 194) 12.50±0.02 11.8ftt0.01 10.50±0.00 8.50±0.00 NZ
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T ab le  6: In h ib ito ry  a c tiv ity  o f  polysaccharide  gel (PG ; M o n th o ng ) on g ro w th  o f
K l e b s i e l l a  p n e u m o n i a e  by  agar d iffu s io n  m ethod, sc =  c lin ic a l m astitis ,
no zone in h ib it io n  was observed in  NSS (co n tro l), N Z =  no zone

K. pneumoniae isolates
Diameter o f  inhibition zone o f  PG, mm mean ± SD

50 mg/ml 25 mg/ml 12.5 mg/ml 6.25mg/ml 3.12 mg/ml
K. pneumoniae (SC 73) 13.60±0.00 12.30±0.00 11,20±0.00 10 .10 i0 .00 8.50±0.00
K. pneumoniae (SC74) 13.50±0.00 12.80±0.09 10.70±0.12 9.00±0.36 9.00±0.23
K. pneumoniae (SC 78) 12.20±0.01 11.30±0.06 ll .0 0 i0 .0 1 8.50±0.00 NZ
K. pneumoniae (SC 82) 11.90±0.01 8.50±0.00 NZ NZ NZ
K. pneumoniae (SC 93) 8.50±0.00 NZ NZ NZ NZ
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T ab le  7: In h ib ito ry  a c tiv ity  o f  polysaccharide  gel (PG ; M o n th o ng ) on g ro w th  o f
P s e u d o m o n a s  spp. by agar d iffu s io n  m ethod, no zone in h ib it io n  was
observed in  NSS (co n tro l), N Z  =  no zone, sc =  subc lin ica l m astitis

Diameter of inhibition zone of PG, mm ( mean ± SD)
Pseudomonas spp. isolates 50mg/ml 25 mg/ml 12.5mg/ml 6.25mg/ml 3.12mg/m1

Pseudomonas sp. (SC 71) 10.50±0.00 8.50±0.00 NZ NZ NZ
Pseudomonas sp. (SC 74) 10.60±0.07 8.50±0.00 NZ NZ NZ
Pseudomonas sp. (SC 75) 13.90±0.08 11.70±0.04 10.50±0.00 NZ NZ
Pseudomonas sp. (SC 76) 11.70±0.19 8.50±0.00 NZ NZ NZ
Pseudomonas sp. (SC 184) 11.70±0.02 8.50±0.00 NZ NZ NZ
Pseudomonas sp. (SC 190) 12.60±0.05 10.90±0.05 8.50±0.00 NZ NZ
Pseudomonas sp. (SC 228) 14.30±0.05 14.10±0.06 10.30±0.03 8.5ftt0.00 NZ
Pseudomonas sp. (SC 273) 11.60±0.05 8.50±0.00 NZ NZ NZ
Pseudomonas sp. (SC 360) 16.40±0.02 15.00±0.02 8.50±0.00 NZ NZ
Pseudomonas sp. (SC 694) 15.40±0.02 12.30±0.08 8.50±0.00 NZ NZ
Pseudomonas sp. (SC 697) 13.60±0.04 11.90±0.03 8.50±0.00 NZ NZ
Pseudomonas sp. (SC 1001) 10.70±0.12 8.50±0.00 NZ NZ NZ
Pseudomonas sp. (SC 1002) 14.90±0.06 11.50±0.02 11.00±0.03 8.50±0.00 NZ
Pseudomonas sp. (SC 1021) 17.50±0.09 14.50±0.06 10.20±0.03 8.50±0.00 NZ
Pseudomonas sp. (SC 1135) 10.30±0.00 8.50±0.00 NZ NZ NZ
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1.2.1 Determination of MIC and MBC of PG Monthong and galacturonic acid

The antibacterial activity of PG against bacteria isolated from cow mastitis 
have been further characterized by determining the MICs (minimum inhibitory 
concentrations) and MBCs (minimum bactericidal concentrations) using the broth 
microdilution method. Values corresponding to MIC of PG of Staphylococcus spp., 
Streptococcus spp., E.coli, Klebsiella spp. and Pseudomonas spp. were giving in Table 8, 
10, 12, 14 and 16 along with the activity of gentamicin for comparison. The results 
showed that the PG had a significant influence on the MIC values. PG showed in vitro 
antimicrobial activity against all strains tested. The average MBC for most of the bacteria 
was 12.5-6.25 mg/ml.

MBC values were mostly one doubling dilution higher than MIC values, 
although occasionally they were identical. PG showed the the same activity against gram 
positive and gram negative bacteria. The MIC for PG was found to be 6.25 mg/ml for 
Staphylococcus spp. and Streptococcus spp. while E. coli, Klebsiella spp. and 
Pseudomonas spp. required about 12.5 mg/ml for effective inhibition. The gram negative 
bacteria with the higest MIC and MBC of PG was E. coli (12.5 mg/ml and 25 mg/ml). 
This fact was in agreement with the agar diffusion method with the results mentioned 
above (Table 5).

In addition, the strains that exhibited resistance to gentamicin (MBC ^8 
pg/ml, Lorian 1991) were sensitive to PG. Comparison of the finding PG showed 
difference result for gentamicin sulfate. The concentration of gentamicin used was 0.03- 
64 pg/ml. Gentamicin inhibited the growth of Staphylococcus spp. and Streptococcus
spp. while E. coli, Klebsiella spp. and Pseudomonas spp. and Table 8, 10, 12, 14 and 16 
showed the MIC and MBC values obtained, expressed in terms of the gentamicin 
concentration. Garm-positive strains had lower MBC values (0.25 pg/ml) than the Gram
negative strains tested (4-0.5 pg/ml). Staphylococcus spp. had the lowest MIC overall

1.2 Broth m icrodilution test o f minimum inhibitory concentrations (M IC) and
minimum bactericidal concentrations (MBC)



49

(0 .125  p g/m l), w h ile  Streptococcus spp. show ed  the h ighest M IC (4  p g/m l) o f  the Gram  
p ositive  bacteria tested. E. colt and Klebsiella spp. had the lo w est M IC overall (0.25  
p g/m l), w h ile  Pseudomonas spp. sh ow ed  the h ighest M IC (2 fig /m l) o f  the Gram negative  
bacteria tested.

The M IC o f  galacturonic acid against Staphylococcus spp., Streptococcus 
spp., E.coli, Klebsiella spp. and Pseudomonas spp. w ere sh ow ed  in Table 9, 11, 13, 15 
and 17, resp ectively . G alacturonic acid w as em ployed  in the range o f  0 .3 9 -5 0  m g/m l. 
The average range o f  M IC for m ost o f  bacteria w as 1 .56-12 .5  m g/m l. The gram negative- 
strains had higher M IC values (3 .1 2 -12 .5  m g/m l) than the gram p ositiv e  strains tested  
(1 .56- m g/m l). M B C  values w ere m ostly  one doubling d ilution  h igher than the MIC  
values, although o cca sio n a lly  they w ere identical. The bacteria w ith  the lo w est MIC and 
M B C  o f  galacturonic acid  w as Staphylococcus spp. (1 .5 6  and 3 .12  m g/m l). A  sum m ary 
o f  the M IC and M B C  va lu es o f  PG  against those tested bacteria is a lso  dem onstrated in 
Figure 6-10 .
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Table 8: MICs and MBCs of polysaccharide gel (PG) and gentamicin sulfate against 
mastitis causing bacteria, Staphlococcus spp. by broth microdilution test

Staphylococci
PG Monthong (mg/ml) Gentamicin sulfate (pg/m l)

MBC MIC MBC MIC
ร. aureus (SP2) 50 25 4 2
ร. aureus (SP3) >50 >50 0.25 0.125
ร. aureus (SP4) 25 12.5 0.25 0.125
ร. aureus (SP7) 25 12.5 0.25 0.125
ร. aureus (SP 11) 25 12.5 0.25 0.125
ร. aureus (SP13) 25 12.5 1 0.5
ร. aureus (SP15) 50 25 0.5 0.25
ร. aureus (SP23) 6.25 3.12 0.25 0.125

ร. caprae (SP20) 12.5 6.25 0.5 0.25

ร. chromogenes (SP6) 12.5 6.25 0.25 0.125
ร. chromogenes (SP8) 50 25 1 0.5
ร. chromogenes (SP12) 25 12.5 0.25 0.125
ร. chromogenes (SP16) 6.25 3.12 0.06 0.03
ร. chromogenes (SP18) 12.5 6.25 0.5 0.25
ร. chromogenes (SP26) 12.5 6.25 0.25 0.125
ร. chromogenes (SP27) 12.5 6.25 <0.03 <0.03
ร. chromogenes (SP28) 12.5 6.25 0.5 0.25
ร. chromogenes (SP31) 12.5 6.25 0.125 0.06
ร. chromogenes (SP32) 6.25 3.12 0.125 0.06
ร. chromogenes (SP33) 12.5 6.25 0.25 0.125
ร. chromogenes (SP34) 6.25 3.12 0.5 0.25
ร. chromogenes (SP35) 6.25 3.12 0.5 0.25
ร. chromogenes (SP36) 6.25 3.12 0.25 0.125
ร. chromogenes (SP37) 12.5 6.25 0.25 0.125
ร. chromogenes (SP38) 6.25 3.12 2 1
ร. chromogenes (SP40) 6.25 3.12 0.06 0.03
ร. chromogenes (SP42) 25 12.5 <0.03 <0.03

ร. haemolyticus (SP1) 50 25 1 0.5
ร. haemolyticus (SP24) 12.5 6.25 1 0.5

ร. hominis (SP 10) 12.5 6.25 0.06 0.03
ร. hyicus (SP22) 12.5 6.25 0.25 0.125
ร. hyicus (S P 41 ) 12.5 6.25 0.25 0.125

ร. saprophyticus (SP29) 12.5 6.25 0.06 0.03
ร. saprophyticus (SP39) 12.5 6.25 0.5 0.25
ร. simulan (SP5) 50 25 0.5 0.25
ร. simulan (SP9) 12.5 6.25 0.25 0.125
ร. simulan (SP21) 12.5 6.25 <0.03 <0.03

ร. xylosus (SP30) 12.5 6.25 0.5 0.25
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Table 9: MICs and MBCs of galacturonic acid against mastitis causing bacteria,
Staphylococcus spp., by broth microdilution test

Staphylococci
Galacturonic acid(mg/ml)MBC MIC

ร. aureus (SP2) 1.56 0.78
ร. aureus (SP3) 6.25 3.12
ร. aureus (SP4) 3.12 1.06
ร. aureus (SP7) 6.25 3.12
ร. aureus (SP11) 3.12 1.56
ร. aureus (SP13) 6.25 3.12
ร. aureus (SP15) 3.12 1.56
ร. aureus (SP23) 3.12 1.56
ร. caprae (SP20) 3.12 1.56
ร. chromogenes (SP6) 3 12 1.56
ร. chromogenes (SP8) 3.12 1.56
ร. chromogenes (SP12) 3.12 1.56
ร. chromogenes (SP16) 3.12 1.56
ร. chromogenes (SP18) 6.25 3.12
ร. chromogenes (SP26) 6.25 3.12
ร. chromogenes (SP27) 3.12 1.56
ร. chromogenes (SP28) 6.25 3.12
ร. chromogenes (SP31 ) 12.5 6.25
ร. chromogenes (SP32) 6.25 3.12
ร. chromogenes (SP33) 3.12 1.56
ร. chromogenes (SP34) 12.5 6.25
ร. chromogenes (SP35) 1.56 0.78
ร. chromogenes (SP36) 6.25 3.12
ร. chromogenes (SP37) 1.56 0.78
ร. chromogenes (SP38) 6.25 3.12
ร. chromogenes (SP40) 0.78 0.39
ร. chromogenes (SP42) 3.12 1.56
ร  haemolyticus (SP1) 12.5 6.25
ร  haemolyticus (SP24) 3.12 1.56
ร. hominis (SP10) 3.12 1.56
ร. hyicus (SP22) 1.56 0.53
ร. hyicus (SP41) 3.12 1.56
ร. saprophyticus (SP29) 3.12 1.56
ร. saprophyticus (SP39) 3.12 1.56
ร. simulan (SP5) 3.12 1.56
ร. simulan (SP9) 3.12 1.56
ร. simulan (SP21) 0.78 0.39
ร. simulan (SP25) 12.5 6.25
ร. xylosus (SP30) 3.12 1.56
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MBCs and MICs o f PG aga ins t S t a p h y l o c o c c i

MBCs and MICs of gentamicin against Staphylococci
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Concentration (pg/ml) (b)
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F igu re  6: A  sum m ary o f  M IC s  and M B C s o f  (a) polysaccharide  gel (PG ) M o n thong

c u lt iv a r  (b ) gen tam ic in  and (c) g a lac tu ron ic  acid  against tested m astitis

causing bacte ria , S t a p h y l o c o c c i
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Table 10: MICs and MBCs of polysaccharide gel (PG) and gentamicin sulfate 
against mastitis causing bacteria, Streptococcus spp., by broth 
microdilution test

Streptococci isolates PG Monthong (mg/ml) Gentamicin sulfate(|ig/ml)
MBC MIC MBC MIC

ร. acidominimus(SR2\) 12.5 6.25 8 4
ร. acidominimus (SR 25)* 50 25 2 1
ร. acidominimus (SR 33) 25 12.5 32 16
ร. agalactiae (SR 1) 50 25 32 16
ร. bovisll (SR 37) 12.5 6.25 32 16
ร. dys.dysagalactiae (SR 5) 50 25 16 8
ร. dys.dysagalactiae (SR23) 25 12.5 8 4
ร. dys.dysagalactiae (SR 24) 12.5 6.25 8 4
ร. dys.equisimilis (SR 28) 50 25 16 8
ร. dys.equisimilis (SR 29) 50 25 8 4
ร. dys. equisimilis (SR 31) 25 12.5 8 4
ร. porcinus(SR 27) 25 12.5 16 8
ร. suis (SR 60) 50 25 16 8
ร. uberisiSR 3) 25 12.5 32 16
ร. uberis (SR 4) 12.5 6.25 16 8
ร. uberis (SR 6) 25 12.5 16 85. uberis (SR 7) 12.5 6.25 8 4
ร. uberis (SR 8) 12.5 6.25 16 8
ร. uberis (SR 9) 6.25 3.12 8 4
ร. uberis (SR 10) 12.5 6.25 8 4
ร. uberis (SR 22) 12.5 6.25 8 4
ร. uberis (SR 30) 50 25 32 16
ร. uberis (SR 34) 12.5 6.25 32 16
ร. uberis (SR 36) 25 12.5 8 4
ร. uberis (SR 38) 25 12.5 16 8
ร. uberis (SR 39) 25 12.5 16 85. uberis (SR 40) 12.5 6.25 32 16
ร. uberis (SR 41 ) 12.5 6.25 8 4
ร. uberis (SR 42) 50 25 32 16
ร. uberis (SR 44) 12.5 6.25 16 8
ร. uberis (SR 45) 12.5 6.25 16 8
ร. uberis 1 SR 46) 12.5 6.25 16 8
ร. uberis (SR 47) 12.5 6.25 8 4
ร. uberis (SR 59) 50 25 8 4
* sensitive strains to gentamicin (MBC < 8 pg/ml)
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Table 11: MICs and MBCs of galacturonic acid against mastitis causing bacteria, 
Streptococcus spp., by broth microdilution test

Streptococci isolates Galacturonic acid (mg/ml)MBC MIC
ร. acidominimus ŜR 21) 6.25 3.12
ร. acidominimus (SR 25) 6.25 3.12
ร. acidominimus (SR 33) 6.25 0.3
ร. agalactiae (SR 1) 3.12 0.15
ร. bovisll (SR 37) 1.56 0.78
ร. dys.dysagalactiae (SR 5) 6.25 3.12
ร. dys.dysagalactiae (SR23) 3.12 0.15
ร. dys.dysagalactiae (SR 24) 3 12 0.15
ร. dys.equisimilis (SR 28) 6.25 3.12
ร. dys.equisimilis (SR 29) 6.25 3 12
ร. dys. equisimilis (SR 31) 3.12 0.15
ร. porcinus(SR 27) 6.25 3.12
ร. suis (SR 60) 6.25 3.12
ร. uberis(SR 3) 6.25 3.12
ร. uberis (SR 4) 1.56 0.78
ร. uberis (SR 6) 6.25 3.12
ร. uberis (SR 7) 1.56 0.78
ร. uberis (SR 8) 1.56 0.78
ร. uberis (SR 9) 1.56 0.78
ร. uberis (SR 10) 1.56 0.78
ร. uberis (SR 22) 6.25 0.3
ร. uberis (SR 30) 6.25 3.12
ร. uberis (SR 34) 6.25 3.12
ร. uberis (SR 36) 1.56 0.78
ร. uberis (SR 38) 3.12 0.15
ร. uberis (SR 39) 6.25 3.12
ร. uberis (SR 40) 1.25 6.25
ร. uberis (SR 41 ) 1.56 0.78ร. uberis (SR 42) 25 12.5
ร. uberis (SR 44) 6.25 3.12
ร. uberis (SR 45) 1.56 0.78
ร. uberis (SR 46) 6.25 3.12
ร. uberis (SR 47) 1.56 0.78
ร. uberis (SR 59) 3.12 0.15
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MBCs and MICs of gentamicin against streptococci
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Table 12: MICs and MBCs of polysaccharide gel (PG) and gentamicin against 
mastitis causing bacteria, Escherichia coli, CM = Clinical Mastitis, 
by broth microdilution test

PG Monthong (mg/ml) Gentamicin sulfate (pg/ml)
Escherichia coli isolates MBC MIC MBC MIC

E. coli (CM 3) 25 12.5 2 1
E. coli (CM 4) 25 12.5 2 1
E coli (CM 24) 25 12.5 1 0.5
E. coli (CM 40) 25 12.5 0.5 0.25
E coli (CM 49) 12.5 6.25 0.5 0.25
E. coli (CM 55) 25 12.5 2 1
E coli (CM 70) 25 12.5 0.5 0.25
E coli (CM 84) 12.5 6.25 1 0.5
E. coli (CM 85) 50 25 1 0.5
E. coli (CM 90) 25 12.5 0.5 0.25
E. coli (CM 186) 25 12.5 1 0.5
E coli (CM 194) 50 25 0.5 0.25
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Table 13: MICs and MBCs of galacturonic acid against mastitis causing bacteria, 
E. coli, by broth microdilution test, CM= Clinical Mastitis

Escherichia coli isolates Galacturonic acid(mg/ml)MBC MIC
E. coli (CM3) 12.5 6.25
E. coli (CM4) 25 12.5
E. coli (CM24) 25 12.5
E. coli (CM40) 50 25
E. coli (CM49) 25 12.5
E. coli (CM55) 25 12.5
E. coli (CM70) 25 12.5
E. coli (CM84) 50 25
E. coli (CM85) 50 25
E. coli (CM90) 25 12.5
E. coli (CM 186) 25 12.5
E. coli (CM 194) 12.5 6.25
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Table 14: MICs and MBCs of polysaccharide gel (PG) and and gentamicin sulfate 
against mastitis causing bacteria, K. pneumoniae, by broth microdilution
test, SC = clinical mastitis

K. pneumoniae isolates PG Monthong (mg/ml) Gentamicin sulfate (gg/ml)MBC MIC MBC MIC
K. pneumoniae (SC 73)* 25 12.5 >64 >64
K. pneumoniae (SC 74) 25 12.5 0.5 0.25
K. pneumoniae (SC 78)* 12.5 6.25 8 4
K. pneumoniae (SC 82) 25 12.5 0.5 0.25
K. pneumoniae (SC 93) 12.5 6.25 0.25 0.125

* resistant strains to gentamicin (MBC >8 (Ig/ml)
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Table 15: MICs and MBCs of galacturonic acid against mastitis causing bacteria, 
K. pneumoniae sc= clinical mastitis, by broth microdilution test

Galacturonic acid (mg/ml)
K. pneumoniae isolates MBC MIC
K. pneumoniae (SC 73) 12.5 6.25
K. pneumoniae (SC 74) 6.25 3.12
Kโ. pneumoniae (SC 78) 12.5 6.25
K. pneumoniae (SC 82) 6.25 3.12
K. pneumoniae (SC 93) 6.25 3.12
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T a b le lô : M IC s  and M B C s  o f  po lysaccha ride  gel (PG ) and gen tam ic in  su lfa te  aga inst 
m as titis  causing bac te ria , P seudom onas spp., by b ro th  m ic ro d ilu t io n  test, 
SC = su b c lin ic a l m astitis

PG M onthong (m g /m l) Gentam icin su lfa te (pg /m l)
Pseudom onas spp. isolates M B C M IC M B C M IC

Pseudom onas sp. (SC 71) 12.5 6.25 1 0.5
Pseudom onas sp. (SC 74) 12.5 6.25 2 1
Pseudom onas sp. (SC 75)* 25 12.5 8 4
Pseudom onas sp. (SC 76) 6.25 3.12 4 2
Pseudom onas sp. (SC 184) 12.5 6.25 1 0.5
Pseudom onas sp. (SC 190) 12.5 6.25 4 2
Pseudom onas sp. (SC 228) 12.5 6.25 2 1
Pseudom onas sp. (SC 273) 12.5 6.25 4 2
Pseudom onas sp. (SC 360)* 12.5 6.25 8 4
Pseudom onas sp. (SC 694) >50 >50 2 1
Pseudom onas sp. (SC 697) 25 12.5 2 1
Pseudom onas sp. (SC 1001) 12.5 6.25 4 2
Pseudom onas sp. (SC 1002) 25 12.5 2 1
Pseudom onas sp. (SC 1021) 12.5 6.25 4 2
Pseudom onas sp. (SC 1135) 25 12.5 4 2

* resistant strains to gentam icin (M B C  >8 |ig /m l)
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T a b le l7 : M IC s  and M B C s  o f  g a la c tu ro n ic  ac id  aga ins t m as titis  caus ing bac te ria , 
Pseudom onas sp p ., b y  b ro th  m ic ro d ilu t io n  test sc =  su b c lin ic a l m as titis

Pseudom onas spp. isolates Galacturon ic acid (m g /m l)
M B C M IC

Pseudom onas sp. (SC 71) 12.5 6.25
Pseudom onas sp. (SC 74) 6.25 3.12
Pseudom onas sp. (SC 75) 50 25
Pseudom onas sp. (SC 76) 6.25 3.12
Pseudom onas sp. (SC 184) 25 12.5
Pseudom onas sp. (SC 190) 12.5 6.25
Pseudom onas sp. (SC 228) 50 25
Pseudom onas sp. (SC 273) 12.5 6.25
Pseudom onas sp. (SC 360) 50 25
Pseudom onas sp. (SC 694) 50 25
Pseudom onas sp. (SC 697) 6.25 3.12
Pseudom onas sp. (SC 1001) 6.25 3.12
Pseudom onas sp. (SC 1002) 6.25 3.12
Pseudom onas sp. (SC 1021) 12.5 6.25
Pseudom onas sp. (SC 1135) 6.25 3.12
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MBCs and MICs of PG against Pseudomonas spp.
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1.2.2 Determ ination o f  M IC  and M B C  o f  d iffe ren t cu ltiva r o f  durian rinds  
(M onthong, Chanee and native from  Chumpom  province)

In  comparison o f  the antibacteria l ac tiv ity  o f  PG from  d iffe ren t cu ltiva r o f  
durian; M onthong (M ), Chanee (C ) and native cu ltiva r from  Chumpom  province (N cv) 
against ร. aureus and E. coli, i t  was found that the ac tiv ity  o f  the PG M onthong was less 
active than that o f  Chanee and native cu ltiva r from  Chumpom  province. Interesting ly, 
PG Chanee and native from  Chumpom  province were found to  be more active than 
M onthong in  in h ib it in g  g row th o f  ร. aureus (Table 18). A lso , PG M onthong, Chanee and 
native from  Chumpom  province showed very s im ila r M B C  and M IC  in  in h ib ito ry  grow th  
o f  E. coli (Table 18)
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T ab le  18: M IC s  and M B C s  o f  po lysaccha ride  gel (PG ) fro m  va rie tie s  o f  d u r ia n  aga inst 
tested bac te ria , b y  b ro th  m ic ro d ilu t io n  test

Bacteria
PG N a tive  cu ltiva r  

(m g /m l)
PG Chanee 

(m g /m l)
PG Monthong  

(m g /m l)
M B C M IC M B C M IC M B C M IC

Staphylococci
ร. aureus A TC C  29213 25 12.5 6.25 3.12 50 25
ร. aureus A TC C  25923 12.5 6.25 6.25 3.12 50 25
ร. aureus (SP2) 6.25 3.12 6.25 3.12 50 25
ร. aureus (SP23) 6.25 3.12 6.25 3.12 6.25 3.12

Escherichia coli
E. coli A TC C  25922 12.5 6.25 12.5 6.25 12.5 6.25
E. coli (C M  49) 25 12.5 12.5 6.25 12.5 6.25
E. coli (C M  85) 12.5 6.25 12.5 6.25 50 25
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1.3 T im e k i l l  analysis

1.3.1 PG M onthong (M )

Bacteric ida l ac tiv ity  o f  PG Monthong against 6 strains o f  PG susceptible 
bacteria, ร. aureus (SP 2). ร. aureus (SP 23), ร. aureus A TC C  25923, E. coli (C M  49), E. 
coli (C M  85) and E. coli A TC C  25922, was demonstrated by tim e k i l l  analysis. The PG  
in h ib ito ry  effect on bacteria l surv iva l during a 24 hr. period o f  tim e at 3 7 °c  was analyzed. 
Bacterial cells were cu ltiva ted in NSS, media w ithou t PG, media w ith  PG at its M B C  and 
M IC . In NSS, bacteria were no rm a lly  survived in  the static level after incubation. The 
colony counts o f  bacteria that cu ltiva ted in  media w ith  M IC  o f  PG m ostly they were 
s low ly  declined throughout the incubation time. W hile , the co lony counts o f  bacteria that 
cultivated in  media w ith  M B C  o f  PG were declined to 0% w ith in  24 hr o f  incubation. 
Time k i l l  analysis illus tra ted that PG at the concentration o f  50, 6.25, 25, 12.5, 50 and
12.5 mg/m l produced bactericidal ac tiv ity  in M H B  medium  against ร. aureus (SP 2), ร.
aureus (SP 23), ร. aureus A TC C  25923, E. coli (C M  49), E. coli (C M  85) and E. coli 
ATC C  25922, respectively, the co lony counts were declined to 0% at 8, 2, 24, 12, 16 and 
24 hr, respectively (F igure 11 and 15).

1.3.2 PG Chanee (C)

T im e k i l l  curves were performed fo r 6 bacteria, ร. aureus and E. coli in  the 
presence o f  PG Chanee at the ir respective M B C  and M IC  (Figure 12 and 16 ). K il l in g  o f

ร. aureus (SP 2) and ร. aureus (SP 23) began almost im m ed ia te ly  in  2 hr. In  contrast, 
k ill in g  o f  ร. aureus ATC C  25923, E. coll (C M  49), E. coli (C M  85) and E. coll ATC C  
25922, was not apparent over the 12 hr o f  incubation, the co lony counts were declined to 
0% at 16, 16, 24 and 16 hr, respectively. Contro l suspensions w ithou t PG showed 
bacterial in  v ia b ility  over the same period.

1.3.3 PG Na tive cu ltiva r (N cv) from  Chumpom  province

T im e k i l l  curves were performed fo r bacteria l isolate from  cow mastitis, ร. 
aureus and E. coli in the presence o f  PG at the ir respective M B C  and M IC  (F igure 13 and



68

17). To obtain the highest antibacterial agent performance it  was very important to 
optim ize the contact tim e between bacteria and PG. In it ia l counts fo r contro l sample 
were 5 x l0 5 CFU /m l. A t 12 hr, M B C  o f  PG application produced 1 log reduction o f  
ร. aureus A TC C  25923, E. coli (C M  49) and E. coli (C M  85) compared w ith  the control 
sample and, the co lony counts were declined to 0% at 20, 16 and 16 hr, respectively. 
K ill in g  o f  ร. aureus (SP 2) and ร. aureus (SP 23) and E. coli A TC C  25922 began in 2 hr, 
the co lony counts were declined to 0% at 8, 2 and 8 hr, respectively.

1.3.4 Galacturonic acid

Bacteric ida l a c tiv ity  o f  galacturonic acid against 6 strains o f  PG susceptible 
bacteria, ร. aureus (SP 2). ร. aureus (SP 23), ร. aureus A TC C  25923, E. coli (C M  49), E. 
coli (C M  85) and E. coli ATC C  25922, was demonstrated by tim e k i l l  analysis. The PG 
inh ib ito ry  effect on bacterial surv iva l during a 24 hr. period o f  tim e at 3 7 °c  was analyzed. 
Bacterial cells were cu ltiva ted in  NSS, media w ithou t PG, media w ith  M B C  and M IC  o f  
PG. In  NSS, bacteria were no rm a lly  survived in  the static level after incubation. The 
colony counts o f  bacteria that cu ltiva ted in media w ith  M IC  o f  PG m ostly  they were 
s low ly  declined throughout the incubation time, except ร. aureus (SP 23) the bacterial 
decrease 5 log after 16 hr incubation. W hile , the co lony counts o f  bacteria that cultivated  
in  media w ith  M B C  o f  galacturonic acid were declined to 0% w ith in  24 hr o f  incubation. 
T im e k i l l  analysis illustra ted that PG at the concentration o f  50, 6.25, 25, 12.5, 50 and
12.5 mg/m l, respective ly produced bactericidal ac tiv ity  in M H B  medium  against ร.
aureus (SP 2), ร. aureus A TC C  25923, E. coli (C M  49), E. coli (C M  85) and E. coli 
ATC C  25922, the co lony counts were declined to 0% at 16, 24, 12, 24 and 12 hr, 
respectively (F igure 14 and 18).
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ร. aureus (SP 2) and PG Monthong (M)

ร. au reu s(SP 23) and PG Monthong (M)

-0.625% PG(M); r a c  

-0.312% PGM; MC 

NSS

(b)

ร. aureus  ATCC 25923 and PG Monthong (M)

Figure 11: Time- kill analysis of polysaccharide gel (PG Monthong) in
(a) Staphylococcus aureus (SP2), (b) Staphylococcus aureus (SP 23)
and (c) Staphylococcus aureus ATCC 25923 in Mueller hinton broth
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ร. aureus (SP 2) and PGChanee (C)

ร. aureus  (SP 23) and PGChanee (C)

ร. aureus  ATCC 25923 and PG Chanee (C)

Figure 12: Time- kill analysis of polysaccharide gel (PG Chanee) in
(a) Staphylococcus aureus (SP2), (b) Staphylococcus aureus (SP 23) and
(c) Staphylococcus aureus ATCC 25923 in Mueller hinton broth
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ร. aureus (SP2) and PG Native cultivar (Ncv)

ร. aureus  (SP 23) and PG Native cultivar (Ncv)

Time (hour) (b)
ร. aureus  ATCC 2S923 and PG Native cultivar (Ncv)

Figure 13: Time- kill analysis of polysaccharide gel (PG Native cultivar) in
(a) Staphylococcus aureus (SP2), (b) Staphylococcus aureus (SP 23) and
(c) Staphylococcus aureus ATCC 25923 in Mueller hinton broth
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ร. aureus (SP 2) and galacturonic acid (GA)
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0.78% GA; MIC 
N SS

(a)

ร. aureus (SP 23) and galacturonic acid (GA)

0.312% GA; MBC 
0.156% GA; MIC 
NSS

(b)

ร. aureus ATCC 25923 and galacturonic acid (GA)

0.312% GA; MBC 
0.156% GA; MIC 
NSS

(c )

Figure 14: Time- kill analysis of galacturonic acid in (a) Staphylococcus aureus
(SP2), (b) Staphylococcus aureus (SP 23) and (c) Staphylococcus aureus
ATCC 25923 in Mueller hinton broth
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E. co li (CM49) and PG Monthong (M)

E. coli (CM 85) and PG Monthong (M)
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(b)

E. co li ATCC 25922 and PG Monthong (M)

Figure 15:Time- kill analysis of polysaccharide gel (PG Monthong) in
(a) Escherichia coli (CM 49), (b) Escherichia coli (CM 85) and
(c) Escherichia coli ATCC 25923 in Mueller hinton broth
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Figure 16: Time- kill analysis of polysaccharide gel (PG Chanee) in
(a) Escherichia coli (CM 49), (b) Escherichia coli (CM 85) and (c)
Escherichia coli ATCC 25923 in Mueller hinton broth
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E. c o li (CM 49) and PG Native cultivar (Ncv)

—♦— 2.5% PG(Ncv); MBC 
—■ — 1.25% PG(Ncv); MIC 
—*— N SS

(a)

E. coli (CM 85) and PG Native cultivar (Ncv)

E. coli ATCC 25922 and PG Native cultivar (Ncv)

Figure 17: Time- kill analysis of polysaccharide gel (PG Native cultivar) in
(a) Escherichia coli (CM 49), (b) Escherichia coli (CM 85) and
(c) Escherichia coli ATCC 25923 in Mueller hinton broth
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E. co li (CM 49) and galacturonic acid (GA)
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E. coli (CM 85) and galacturonic acid (GA)
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1.25% GA; MIC 
NSS

(c )

Figure 18: Time- kill analysis of galacturonic acid in (a) Escherichia coli (CM 49),
(b) Escherichia coli (CM 85) and (c) Escherichia coli ATCC 25923 in
Mueller hinton broth
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2. The effect o f  various factors on in h ib ito ry  a c tiv ity  o f  PG

2.1 Temperature effect: Temperature had a substantial in fluence on the 
antibacterial a c tiv ity  o f  PG. A t incubation temperature (37°C ), PG showed k ill in g  effect 
against ร. aureus and E. co li after 24 hr incubation. W ith in  the range o f  25 to 37 °c , PG ’ s 
bactericidal a c tiv ity  against E. coli decreased w ith  decreasing temperature to 25 °c  
(F igure 19 and 20). A t incubation temperature (25°C ), numbers o f  co lony count o f
E. coli was not declined to zero. Whereas number o f  co lony count o f  ร. aureus declined 
to zero as showed in F igure 20. The results indicated that temperature at 2 5 °c  effected in 
decreasing bacteric ida l a c tiv ity  o f  PG against g row th o f  E. coli but not effected against 
ร. aureus.

2.2 pH effect: The antibacterial ac tiv ity  o f  PG against ร. aureus and E. coli was 
also affected by  pH , w ith  the greatest a c tiv ity  being found at acid ic pH  values. Cell 
number o f  ร. aureus A TC C  25923 were inh ib ited 65.84 % at pH 5.0. Ce ll number o f  ร. 
aureus (SP2) were inh ib ited  25.51 % at pH 5. Ce ll number o f  ร. aureus (SP23) were 
inh ib ited 36.56 % at pH 5.0 (F igure 21).

Ce ll number o f  E. coli ATC C  25922 were were inh ib ited  59.9% at pH 5.0 and 
24.66 % at pH 3.0. Ce ll number o f  E. coli (C M  49) were inh ib ited 32.1 % at pH 4.0. Cell 
number o f  E. coli (C M  85) were inh ib ited 24.29 % at pH 5.0 (F igure 22).

E ffec t o f  PG on inh ib ito ry  ac tiv ity  o f  galacturonic acid is also demonstrated in 
Figure 23 and 24 against ร. aureus and E. coli, respectively.

2.3 Salt effect: The effect o f  NaC l on the antibacterial a c tiv ity  o f  polysaccharide  
gel was shown in  F igure 25 and 26. In the contro l groups (w ithou t polysaccharide gel) 
lOOmM NaC l alone effect on E. coli (F igure 26). In the presence o f  PG at its M B C  w ith  
25 or 100 m M  NaC l, v iab le cells o f£ .  coli were detected in experimental groups after 24 
hr. Whereas k il l in g  effect o f  PG against ร. aureus was not change in the present o f  NaCl 
(Figure 25).
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2.4 D iva len t cations effect: The d iva lent cations (C aC l2, BaCh, and M gC h ) at 
concentrations o f  10 and 20 m M  did not interfere the bacteric ida l effect o f  PG on ร. 
aureus (F igure 27, 29 and 31, respectively). The d iva lent cations at concentration o f  10 
and 20 m M  reduced the bacteric ida l effect o f  PG on E. coli. The average o f  E. coli cell 
numbers were inh ib ited  approxim ate ly 70.55% to each d iva len t cations (F igure 28, 30 and 
32, respectively). Except fo r the ac tiv ity  o f  ZnC l2 on ร. aureus and E. co li, showed that 
ZnC l2 w ith  M H B  or w ith  PG had against ร. aureus and E. coli (F igure 33 and 34).

The effect o f  mono and d iva lent cations on percentage in h ib ito ry  ac tiv ity  o f  
bacteria is also demonstrated in Table 19.
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T e m p e r a tu r e  an d  ร. a u re u s (S P  2)
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□ MHB(Control)
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■ 0.625% PG( M BC ) 
□ MHB(Control)

(b)

T e m p e r a tu r e  a n d  ร. au reu s AT c c  25923
12 -J 
1 0 - /

Figure 19: Effect of temperature on inhibitory activity of PG against (a) ร. aureus
(SP2) (b) ร. aureus (SP23) and (c) ร. aureus ATCC 25923 after 24 hours
incubation
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Temperature and E. c o l i (CM 49)

■  5% P G (M B C )  
□  M H B (C on tro l)

(b)

T e m p e r a t u r e  a n d  E. c o li  A T C C  2 5 9 2 2

■  1 .2 5 % P G (M B C )  
อ  M H B (C on tro l)

(c )

Figure 20: Effect of temperature on inhibitory activity of PG against (a) E. coli
(CM49), (b) E. coli (CM 85) and (c) E. coli ATCC 25922 after 24 hours
incubation
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ร. a u r e u s  in PG and MHB (contro l)
—O— ร. aureus ATCC 

25923 in MHB for
-A-SP2 in MHB for 24hr
-O-SP 23 in MHB for 24hr
♦  ร. aureus ATCC 

25923 in 5% PG
-*-SP24|n5% PG for 

24hr
-m - SP 23 in 6.25% PG for24hr

X ร. aureus mean CFU/ml in GAfbr Ohr
/ \  Ç  a i i r o i i Q  m o a n

CFU/ml in MHB for Ohr

F ig u re  21 ะ E ffe c t o f  p H  on in h ib ito ry  a c t iv ity  o f  PG  aga ins t ร. aureus a fte r  
24 hou rs  in cuba tio n , p H  o f  m ed ium  was ad jus ted  by  1M  H C I  
and 1M  N aO H
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E . c o l i in PG and MHB (contro l)

pH

- ๐ -
E. coli ATCC 25922 in MHB for 24hr

—!Aj_CM49 in MHB for 24hr
- ๐- CM 85 in MHB for 

24hr
E. coli ATCC 25922 in 1.25%PGfor24 hr
CM49 in 1.25%PGfor 
24 hrm

CM85 in 5%PG for 24 hr
E. coli mean CFU/ml in MHB for 0 hr
E. coli mean CFU/ml in PGforo hr

F ig u re  22: E ffe c t o f  p H  on in h ib ito r y  a c t iv ity  o f  PG  aga ins t E. co li
a fte r 24 hou rs  in cu ba tio n , p H  o f  m ed ium  was ad jus ted  by  1M  
HC1 and 1M  N aO H
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ร. a u re u s  in galacturonic acid (GA) and MHB (contro l)

8
pH

ร. aureus ATCC 
25923 in MHB for

SP 2 in MHB for 
24hr

SP 23 in MHB for 
24hr

- ร. aureus ATCC 
25923 ๒3.12% 
GA for 24hr

- SP 2 in 1.56% GA 
for 24hr

-SP 23 ๒3.12% 
GAfor 24hr

ร. aureus mean 
CRJ/ml in GAfor 
Ohr
ร. aureus mean 
CFU/ml in MHB for 
Ohr

F ig u re  23 ะ E ffe c t o f  p H  on in h ib ito r y  a c t iv ity  o f  g a la c tu ro n ic  ac id  (G A )
aga ins t ร. aureus a fte r 24 hou rs  in cu ba tio n , p H  o f  m ed ium  was  
ad jus ted  by  IM  HC1 and 1M  N aO H
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E . c o l i in galacturonic acid (GA) and MHB (control)
E. coli ATCC
25922 in MHB
for 24hr- à - CM 49 in MHB
fbr24hr
CM 85 in MHB
for 24hr

• E. coli ATCC
25922 in 2.5%
GAfor 24hr

—àr- CM49 ๒2.5%
GAfor 24hr
CM 85 in 5% GA
for24hr
E. coli mean
CFU/ml in GAfor Ohr

—0—E. coli mean
CFU/ml in MHBfor Ohr

F ig u re  24: E ffe c t o f  p H  on in h ib ito r y  a c t iv ity  o f  g a la c tu ro n ic  ac id  aga ins t 
E. co li a fte r 24 hou rs  in cu ba tio n , p H  o f  m ed ium  was ad jus ted  
by IM  HC1 and 1M  N aO H
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NaCI and ร. aureus (SP 2)

Epน.๐
O)p

12 f  
10 
8 
6 
4 
2 
0I  fi ll!

Ohr I 24hr 

OmM NaCI

Ohr 24hr 

25mM NaCI

Ohr ; 24hr 

lOOmMNaCI

■ 5%PG(MBC) 
o MHB( Control)

(a)

NaCI and ร . aureus (SP 23)
12
10

E3น.o
บ)๐

■ 6.25%PG(IVBC) 
□ MHB(Control)

(b)

NaCI and ร . aureus ATCC 25923

Figure 25: Effect of NaCI on inhibitory activity of PG against (a) ร. aureus
(SP2), (a) ร. aureus (SP23) and (c) ร. aureus ATCC 25923 after
24 hours incubation
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NaCI and E. co li (CM49)

■  1.25%PG(MBC) 
□  MHB(Control)

(a )

NaCI an d  E. coli (CM 85)

■ 5%PG(MBC) 
□ MHB( Control)

(b )

NaCI a n d  E. coli ATCC 25922

Figure 26: Effect of NaCI on inhibitory activity of PG against (a) E. coli
(CM 49), (b) E. coli (CM 85) and (c) E. coli ATCC 25922 after 24
hours incubation
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CaCI2 and ร. a u re u s  (SP 2)

■ 5%FG(M3C) 
อ MHB( Control)

(a)

CaCI2 and ร. aureus (SP 23)

CaCI2 and ร. aureus ATCC 25923

■ 5%PG(WBQ 
อ M-B( Control)

(c )

Figure 27: Effect of CaCl2 on inhibitory activity of PG against (a) ร. aureus
(SP2), (b) ร. aureus (SP23) and (c) ร. aureus ATCC 25923 after
24 hours incubation
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CaCI2 and E . c o l i  (CM 49)

I5น.๐
o>6

■  1.25%PG(MBC) 
□  MHB( Control)

(a)

CaCI2 and E. co li(CM 85)
14
12

=■  10

!  • I 6g>
J  4

2
0mMa

■ 5%PG(NBC) 
อ MHB(Control)

Ohr I 24hr 
OmM CaCI2

Ohr I 24hr 
10mM CaCI2

Ohr I 24hr 
20mM CaCI2 (b)

CaCI2 and E. coli ATCC 25922
14
12

_  10
I5น.๐
09๐ mmOhr I 24hr Ohr j 24hr Ohr j 24hr 

10mM CaCI2 20mM CaCI2

■ 1.25%PG(MBC) 
□ MHB( Control)

OmM CaCI2 (c)
Figure 28: Effect of CaCh on inhibitory activity of PG against (a) E. coli

(CM 49), (c) E. coli (CM 85) and (c) E. coli ATCC 25922 after 24
hours incubation
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BaCI2 and ร. au reus  (SP 2)

๐)๐

■ 5%PG(MBC) 
□ MHB(Control)

(a)

Ez>
๐)๐

BaCU an d  ร . aureus (S P  23)

■  6.25%PG(MBC) 
□  MHB(Control)

(b)

B aC I2 a n d  ร . aureus  ATCC 2 5 92 3

Figure 29: Effect of BaCh on inhibitory activity of PG against (a) ร. aureus
(SP2) (b) ร. aureus (SP23) and (c) ร. aureus ATCC 25923 after 24
hours incubation
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BaCI2 and E. coli (CM 49)

■  1 .25% PG (N B C ) 
□  N H 3( Control)

(a)

BaCI2 and E. coli (CM 85)

BaClj and  E. coli ATCC 25922

■  1 .25% PG (M 3C ) 
□  MHB(Control)

(c)

Figure 30: Effect of BaCh on inhibitory activity of PG against (a) E. coli (CM 49),
(b) E. coli (CM 85) and (c) E. coli ATCC 25922 after 24 hours
incubation
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MgCI2 and ร. a u re u s  (SP2)

■  5% P G (M B C ) 
□  MHB( C ontrol)

(a)

M gCI2 a n d  ร . aureus  (S P  23)

M gCI2 a n d  ร . aureus  ATCC 2 5 9 2 3

Figure 31: Effect of MgCl2 on inhibitory activity of PG against (a) ร. aureus (SP2),
(c) ร. aureus (SP23) and (c) ร. aureus ATCC 25923 after 24 hours
incubation
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MgCI2 and E . c o l i(CM 49)

๐)๐

14
12-
พ-/

I I Uiน
)hr ! 24hr 
OmM MgCI2

Wir 2‘ 
10mM Mg

Ihr Ohr 24hr 
วเ2 20mM MgCI2

■ 1.25%PG(MBC) 
□ MHB( Control)

(a)

MgClz an d  E. coli (CM 85)

M gC I2 a n d  E. coli A TCC 2 5 9 2 2

■ 1.25%PG(NBC) 
ช M-B(Control)

(c )

Figure 32: Effect of MgCl2 on inhibitory activity of PG against (a) E. coli (CM 49)
E. coli (CM 85) and (c) E. coli ATCC 25922 after 24 hours incubation
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ZnCI2 and ร. a u r e u s  (SP2)

Z nC I2 a n d  ร .  a u re u s  ( S P  2 3 )

I3

๐

m 6.25%PG(MBC) 
□  MHB( Control)

Ohr j 24hr 

OmM ZnCI2

Ohr I 24hr 

10mM ZnCI2

Ohr I 24hr 

20mMZnCI2 (b)

Z n C I2 a n d  ร .  a u re u s  A T C C  2 5 9 2 3

■  5%PG(MBC) 
อ  NHB(Control)

(c)
Figure 33: Effect o f ZnCl2 on inhibitory activity o f PG against (a) ร . a u reu s

(SP2), (b) ร . a u re u s  (SP23) and (c) ร . a u re u s  ATCC 25923 after 24
hours incubation
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ZnClz and E. co li (CM 49)

Ep
น .๐
๐)q

■  1.25%PG(NBC) 
□  MHB(Control)

(a)

ZnC I2 an d  E . c o l i  (C M  85)

■  5%PG(MBC) 
□  MHB(Control)

(b)

ZnCI2 and £  coli ATCC 25922

■ 1.25%PG(MBC) 

□ MHB(Control)

(c)
Figure 34: Effect o f ZnCl2 on inhibitory activity o f PG against (a) E . c o li

(CM 49) (b) E. c o li  (CM 85) and (c) E. c o li  ATCC 25922 after 24
hours incubation
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ZnCI2 and ร. a u re u s  ATCC 25923 in 5% PG (MBC) in MHB

5%PG(MBC) in 
MHB+ZnCI2 10mM

5%PG(MBC) in 
MHB+ZnCI2 20mM

— 0%PG(MBC) in 
MHB+ZnCI2 10mM

- à r -  0%PG(MBC) in 
MHB+ZnCI2 20mM

- e -  5% PG
(MBC;control)

O -M H B (C ontrol)

(a)

Z nC I2 a n d  E .  c o l i  A T C C  2 5 9 2 2  in 1 .25%  P G  (M B C ) in M H B

{ว— 1.25% PG (M BC)i 
ท MHB+ZnCI2 
10m M

-A— 1 ,25% PG(M BC)i 
ท MHB+ZnCI2 
20m  M

* -0 % P G (M B C )in
MHB+ZnCI2
10m M

-^— 0% PG(M BC)in 
MHB+ZnCI2 
20mM

MHB(Control)

(b)

Figure 35: Effect o f ZnCl2 on inhibitory activity o f PG against (a) ร . a u re u s  ATCC
25923 and (b) E . c o li  ATCC 25922 after 24 hours incubation
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Table 19 A summary o f mono and divalent cations on the inhibitory activity o f PG
against bacteria

% Inhibition
Cation/
concentration

ร. a u reu s  
(SP 2)

ร. a u reu s  
(SP 23)

ร. a u reu s  
ATCC 25923 (CM 49)

E. co li  
(CM 85) ATCC 25922

z +

OmM NaCl 100 100 100 100 100 100
25mM NaCl 100 100 100 54.57 57.57 65.42
lOOmM NaCl 100 100 100 56.17 59.51 71.86

Ca++
OmM CaCl2 100 100 100 100 100 100
lOmM CaCb 100 100 100 66.71 59.42 65.43
20mM CaCl2 100 100 100 68.38 63.85 72.66

Ba++
OmM BaCl2 100 100 100 100 100 100
lOmM BaCl2 100 100 100 67.47 65.53 74.71
20mM BaCl2 100 100 100 71.43 55.32 75.51

Mg++
OmM MgCl2 100 100 100 100 100 100
lOmM MgCl2 100 100 100 65.77 62.31 100
20mM MgCl2 100 100 100 70.98 64.45 100

Zn++
OmM ZnCl2 100 100 100 100 100 100
lOmM ZnCl2 100 100 100 0 0 0
20mM ZnCl2 100 100 100 0 0 0
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