RESULTS
1 Determination of antimicrobial activity of polysaocharick gel
11 Agar diffusion susceptibility test

The resuit 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 summerized in
Table 3,4, 5 6:and 7, respectively. - The inhibition zone wes observed on agar media &
PG concentration 3.12-50 myml (wiv). The resuit showed inhibitory activity. PG
appeared to be quite promising for their capacity to innibit the growth of isolated bectena
from cow mstitis & well as for their broad spectrum activity against stancerd becteria.
Inackition, the strains thet exhibited resistance to gentamicin (MBC /8 pg/ml, Lonian
1991) were sensitive to PG, Accordling to viscosity of PG, the highest alloweble
concentration of 50 myml PGwes usedl in this stucy.

Al tested becteria were susceptible to PG, and the result showed thet 50
myml PG proouced 24.70-10.50 mmy 18.00-8.50 nm, 14.80-12.30 nmy 1360-12.90 nm
ad 17501030 mm in diameter innibition zone against Staphylococcus S,
Streptococcus 5P, E. coli, Klebsiella spp, and Pseudomonas Spp., respectively.
Inhibition zone of sharp and clear margin wes ootained. An increment of inhibition zone
ciameter was found with respect to increasing concentrations of PG, \Aheress the cortrol
(NSS) showed no inhibition zore.
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Table 3: Inhibitory activity of polysaccharide gel (PG; Monthong) on growth of
Staphylococci by agar diffusion method, no zone inhibition was observed in
NSS (control), NZ - no zone, SP =Staphylococcus spp. isolated from cow mastitis

Staphylococci Diameter of inhibition zone of PG, mm mean | SD
oy Om%ml ZSrRI%/mI 25m?/ml 625m§7nml 312mzq/ml
aemo| jcus (SP1 N N
aemo ﬁlcus SP24) 850+0 00 NZ NZ NZ NZ
. aureus (SP2 12101005  10.40t0.00  8.50+0.00 NZ /
aureus (SP illl.l&to.lz 9.90+0.07 358 888 NZ /
aureus (SP4 0010.01  101040.02 H(t NZ /
aureus (SP7 13 104010 9.0040.00 850+0 00 NZ NZ
aureus (SP1 é) (.00 NZ NZ /
e ot e oo obm N Vi
aureus gPZg 8.50+0.00 N ' %? NZ NZ
. simulan (SP5 illl.ZOir0.00 105010.00  8.50i0.00 NZ /
glmﬂlgﬂ §|F3)9 80t0.02  8.5010.00 NZ NZ /
]slmu an SP25; 15206005  12.60i0.05 10804007  8.50+0.00 NZ
. chromogenes (SP 147010060 11101013  8.5010.00 NZ NZ
.cﬂromo enes ngi 11701019 10, 1%|0 01 8.50}0.00 NZ NZ
. chromogenes (SP1 24701020 19901015 17304016  17.00t0.02 11.20+0.03
. Chromogjenes Plg gzgt% g 10.0010.00  8.50+0.00 NZ NZ
. chromodenes (SP1 10.1000.01  8.50+0.00 NZ NZ
. chromogenes (SP26 00011  8500.00 NZ NZ NZ
. chromodjenes (SP2/ 22 T0+0.014 20401013 162040012 1390009  8.50i0.00
. chromogienes (SP28 11, 1%48 02 3.50|8.88 NZ NZ NZ
. chromodienes (SP3 11.0010.1 0. NZ NZ /
gmbend KD S0 & N
. cnromogenes (SP34 11 80|000 8.5010.00 NZ NZ /
. chromogenes (SP35 11.70i0.11  8.50i0.00 NZ NZ NZ
. chromogenes (SP36 15301004 11.6010.11 8504000 NZ NZ
. chromogenes (SP3 14301008  10.30i0.03  8.50i0.00 NZ NZ
.chromogenes SP38 13904013 10101001  85040.00 NZ NZ
. hominis (SP10) 1090011 8.50i0.00 NZ NZ NZ
s.caprae (SP20) 11401003 10001000  850i0.00 NZ NZ
. hvicus (SP22 11801006 990004  850+0.00 NZ NZ
s (&6 B50000 K N7 Vi N7
. saprophyticus (SP29) 12701006 10104005  8.50i0.00 NZ NZ
. saprophyticus (SP39)  8.50t0.00 NZ NZ NZ NZ
. Xylosus (SP30) 8.5040.00 NZ NZ NZ NZ
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Table 4: Inhibitory act|V|ty ofJ)onsaccharlde el (PG; Monthong) on growth of
StreSptococm by agar diffusion method, no zone inhibition was bserved in
control); NZ = no zone, SP = Streptococcus spp. Isolated from cow

mastitis
Diameter of inhibition zone of PG, mm mean = SD
Stregtococu isolates 50 mg/ml 25 m%ml 12 5mgém 625T8/m| 312 n%q/ml
uberis (SR 3 16502029 13.10%0.00 9.60+0
uoeris (SR 4 14904019 10704018  980+0.17  8.50+0.00 NZ
uBerls SR 6 14.9040.05 il]2.40|0.01 11301007 8.50+0.00 NZ
uperis (SR 040+0.08  11.90t0.30  850+0.00  8.5010.00 NZ
uper|s (SR 14701012 1290:0.10  8.50+0.00 NZ NZ
uperis (SR 9 15401025 11804029  9.20+0.11  8.50+0.00 NZ
uperis (SR 1 17904011  14.80+0.12  8.50+0.00 NZ /
uperis (SR 22 4804003 12401018 9.00£0.09  8.50+0.00 /
uberis (SR 3 15706001 12804009  8.50+0.00 NZ NZ
uBerls SR 36 14801018 10.60+0.18 8.50+0.00 NZ NZ
upers (SR 38 14601055 10004015 850+0.00 NZ NZ
uBerls SR 39 8.5040.00  8.50+0.00 NZ NZ /
uberis (SR 41 14404009 10204005 850+0.00  8.50+0.00 NZ
X uBerls SR4 8.50+0.00 NZ NZ N/ N/
uperis (SR 43 14401004 990+0.19  850+0.00 \/ NZ
. Uberis (SR 44 13001007 11.10+0.04 §581888 NZ /
X Egﬁg B phe s g N 7
X UDeris %R 59 13.900.06 11%811%.11 8.5010.00 \/ NZ
X dys.dysaalactiae(SR23 17200003 14604009 11.80+0.11 10.00+0.07  8.50+0.00
Xdys d%//sagalac |ae%SR 22) 14501001 1000+0.13 ~ 8504000 850+0.00 NZ
i Sé%?é; e R R
v 0.
ovs| 11 149K, 9.00£0.00  8h0x NZ
X bovisl| ESR 3 13401015 10104019  850+0.00 NZ NZ
X dys.equisimilis (SR 2 10504003 15004009 11504011  8.50+0.00 NZ
R L
X avs.equisimilis (SR 35 14004003 11001007  85040.00 VA
X acidominimus(SR 21 99010.03  85040.00 NZ NZ NZ
XaC|gom|n|mus SR?2 8.50+0.00 NZ NZ NZ N/
X acigominimus (SR 3 0201006 8501000 850+0.00 NZ NZ
X agalactiae (SR 1) 14504009 11204000 9.50+0.00  8.50+0.00 NZ
Xporcinus (SR 27) 16904012 12504023 8504000  8.50+0.00 NZ
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Table 5: Inhibitory activity of polysaccharide gel (PG; Monthong) on growth of
Escherichia coli by agar diffusion method, no zone inhibition was observed
in NSS (control), NZ - no zone, CM = Clinical Mastitis,

Escherichia coli
150lates

E. coli (CM3
E. coli (CM4
E. coli (CM24
E. coli (CM40
E coli (CM49
E. coli (CM55
E. coli (CM 70

E. coli (CM84
E. coli (CM
E. coli (CM

E. coli (CM 1
E. coli (CM 1%

Diameter of inhibition zone of PG, mm maan D)

Somyiml
13 8n0!/i‘0 08
130040.05
1310+0.06
1230007
1430010
12704001
14.60+0,09

13.20+0.00
1360000
12504003

13.20:0.00
12.5040.02

2 mym

S
1250000
1030004
1230009
11304001
126040.05
14.00:0.03

11.3ftt0.00
11 A0

1240000
12.70:0.08
118ftt0.01

125y
1,00i0.00
1181003
1030000
105ft0.00
1150002
108000

1220008
1100004
8 30+0.00
10.70:0.03
12.6040.06

1050000

625 312’@/n1
1150+005 9.00:0.00
80H00 N
80000 Nz
80000 N
8oftt000  NZ
128002 12001007
8000  NZ
NZ \4
1000000  850+0.00
950000  9.00+0.16
8000 Nz
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Table 6: Inhibitory activity of polysaccharide gel (PG; Monthong) on growth of
Klebsiellapneumoniae by agar diffusion method, sc = clinical mastitis,
no zone inhibition was observed in NSS (control), NZ= no zone

. Diameter of inhibition zone of PG, mm mean £ SD
K. pneumoniag isolates 50 mg/ml 25 mg/ml 125 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 10.10i0.00  8.50£0.00
K. pneumoniae ?SCM) 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  11.300.06 11.00i0.01 8.50£0.00 NZ
K. pneumoniae (SC 82 11.90£0.01  8.50£0.00 NZ NZ NZ
K. pneumoniag (SC 93 8.50+0.00 NZ NZ NZ NZ
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Table 7: Inhibitory activity of polysaccharide gel (PG; Monthong) on growth of
Pseudomonas spp. by agar diffusion method, no zone inhibition was
observed in NSS (control), NZ = no zone, sc = subclinical mastitis

Pseudomonas spp. ISOlates

Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas
Pseudomonas

s e oon e of 15 I e < D)o

§.

AV
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1.2 Broth microdilution test of minimum inhibitory concentrations (MIC) and
minimum bactericidal concentrations (MBC)

1.21 Determination of MICand MBC of PG Monthong and galacturonic acid

The antibactenal activity of PG against bacteria isolatedl from cow mestitis
hae been further charactenized by cetermining the MICS (minimum - inhibitory
concentrations) and MBCs (minimum bactericidal concentrations) using the brath
microcilution method.  Values corresponding to MIC of PG of Staphylococcus Sop,
Streptococcus P, E.coli, Klebsiella op. and Pseudomonas Spp. Were giving in Table §
10, 12 14 and 16 along with the activity of gentamicin for comparison.  The results
showed thet 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 bectena
Was 1256.25 mym,

VBC values were mostly one doubling dilution higher than MIC values,
although occasionally they were icentical. PG showed the the same activity against gram
positive and gram negative bacteria. The MIC for PG was found to be 6.25 my/mil for
Staphylococcus Spp. and Streptococcus Spp. While E. coli, Klebsiella 0. and
Pseudomonas Spp. required about 125 my/ml for effective inhibition. The gram negative
becteria with the higest MIC and MBC of PG was E. coli (125 myiml and 25 mg/ml).
This fact wes in agreement with the agar diffusion method with the results mentioned
above (Table 5).

In aocition, the strains that exhibited resistance to gentamicin (MBC /8
pyml, Lorian 1991) were sensitive to PG. Comparison of the finging PG showed
dlifference resuit for gentamicin sulfate. The concentration of gentamicin used wes 0.03-
64 pyml. Gentamicin innibited the growth of Staphylococcus Spp. and Streptococcus
son. while E. coli, Klebsiella Sp. and Pseudomonas spp. and Table 8, 10, 12, 14 and 16
shoved the MIC and MBC values obtained, expressed in tems of the gentamicin
concentration. Garmpositive strains hadl lower MBC values (0.25 py/ml) than the Gram:

negative strains tested (405 py/ml).  Staphylococcus Spp. hed the lowest MC overall
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(0.125 pg/ml), while Streptococcus spp. showed the highest MIC (4 pg/ml) of the Gram
positive bacteria tested. E. colt and Klebsiella spp. had the lowest MIC overall (0.25
pg/ml), while PSeudomonas spp. showed the highest MIC (2 fig/ml) of the Gram negative
bacteria tested.

The MIC of galacturonic acid against Staphylococcus spp., Streptococcus
spp., E.coli, Klehsiella spp. and Pseudomonas spp. were showed in Table 9, 11, 13, 15
and 17, respectively. Galacturonic acid was employed in the range of 0.39-50 mg/ml.
The average range of MIC for most of bacteria was 1.56-12.5 mg/ml. The gram negative-
strains had higher MIC values (3.12-12.5 mg/ml) than the gram positive strains tested
(1.56- mg/ml). MBC values were mostly one doubling dilution higher than the MIC
values, although occasionally they were identical. The bacteria with the lowest MIC and
MBC of galacturonic acid was Staphylococcus spp. (156 and 3.12 mg/ml). A summary
of the MIC and MBC values of PG against those tested bacteria is also demonstrated in
Figure 6-10.
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Table 8: MICs and MBCs of Pol_ysaccharide gel (PG) and gentami_cin sulfate a(t;ainst
mastitis causing bacteria, Staphlococcus spp. by broth microdilution test

PG Monthong (mg/ml)  Gentamicin sulfate (pg/ml)

Staphylococci MBC MIC MBC MIC
. aureus (SP2 50 25 4 2
. aureus (SP3 >50 >50 0.25 0.125
. aureus (SP4 25 12.5 0.25 0.125
. aureus (SP7 25 12,5 0.25 0.125
.aureus (SP11 25 12,5 0.25 0.125
. aureus (SP13 25 12,5 1 0.5
. aureus (SP15 50 25 0.5 0.25
. aureus (SP23 6.25 3.12 0.25 0.125
. caprae (SP20) 12.5 6.25 0.5 0.25
. chromogenes (SP6 125 6.25 0.25 0.125
. chromogenes (SP8 50 25 1 0.5
. chromogenes (SP12 25 12,5 0.25 0.125
. chromogenes (SP16 6.25 3.12 0.06 0.03
. chromogenes (SP18 125 6.25 0.5 0.25
. chromogenes (SP26 125 6.25 0.25 0.125
. chromogenes (SP27 125 6.25 <0.03 <0.03
. chromogenes (SP28 125 6.25 0.5 0.25
. chromogenes (SP31 12,5 6.25 0.125 0.06
. chromogenes (SP32 6.25 3.12 0.125 0.06
. chromogenes (SP33 125 6.25 0.25 0.125
. chromogenes (SP34 6.25 3.12 05 0.25
. chromogenes (SP35 0.25 3.12 0.5 0.25
. chromogenes (SP36 6.25 3.12 0.25 0.125
. chromogenes (SP37 125 6.25 0.25 0.125
. chromogenes (SP38 6.25 3.12 2 1
. chromogenes (SP40 6.25 3.12 0.06 0.03
. chromogenes (SP42 25 125 <0.03 <0.03
. haemolyticus (SP1) 50 25 1 0.5
. haemolyticus (SP24) 125 6.25 1 0.5
. hominis (SP 10) 125 6.25 0.06 0.03
. hyicus (SP22) 125 6.25 0.25 0.125
. hyicus (SP41) 125 6.25 0.25 0.125
. saprophyticus (SP29) 125 6.25 0.06 0.03
. saprophyticus (SP39) 125 6.25 0.5 0.25
. simulan (SP5 50 25 0.5 0.25
. simulan (SP9 125 6.25 0.25 0.125
.simulan (SP21) 12,5 6.25 <0.03 <0.03

. Xylosus (SP30) 125 6.25 0.5 0.25



Table 9: MICs and MBCs of galacturonic acid against mastitis causing bacteria,
Staphylococcus spp., by broth microdilution test
_ gturonic acid
Staphylococci
. aureus
. aureus
- areus (P
- areus (P
. alreus g
. aureus
. areus (P
. aureus
. caprae
. chromogenes
. chromogenes
. chromogenes
. chromogenes
romogenes
. chromogenes
. chromogenes
. cromogenes
. chromogenes
. chromogenes
. chromogenes
. chromogenes
. chromogenes
. ciromogenes
. chromogenes
. chromogenes
. chromogenes
. chromo?enes
haemolyticus
haemolyti
. homini
. hyicus
. hyicus (OF
. saprophyticus g
. saprophytic
. simulan
. simulan
. simulan
. Simulan
. Xylosus
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MBCs and MICs of PG against Staphylococci

S
Q
(]
o | P
§ @ MBC PG
£ @ MC PG
Q |
3
(7]
[T
o
o
2

50 25 125 6.25 3.12 (@)

Concentration (mg/ml)

MBCs and MICs of gentamicin against Staphylococci

16

14
12

10 |

o N A O o

32 16 8 4 2 1 05 025 0.13 0.06 0.03

Concentration (pg/ml) (b)

MBCs and MICs of galacturonic acid against

20 Staphylococci
18
@ 16
B E‘ 7 MBC
| 10 1 MC
8
)
5 4 _ _
2
0 ot 1.
50 25 125 625 312 156 078 0.39
Concentration (mg/ml
(moim) o

Figure 6: A summary of MICs and MBCs of (a) polysaccharide gel (PG) Monthong
cultivar (b) gentamicin and (c) galacturonic acid against tested mastitis

causing bacteria, Staphylococci
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Table 10: MICs and MBCS 0 3pog acchandgt%el PG) and en@nbcm Sulfate

a aJns aSIIS Cau acteria roth
cro llution test
) Gentamcmsulfate (ligim)
Streptococei 1Solates

. amdommlmus % 6

. acidominimus

. audommlmus

- agalactiae (SR 1) R, 16

. bovisll (SR37) 125 6.25 R 16

. dys.dysagalactiae (SR
. dys.dysagalactiae
. dys.dysagalactiae

. qys. eqU|5|m|I|s
. dys. eqU|5|m|I|s
. dys.equisimilis (SR 31

. porcinus(SR27)
- suis (SR 60)

. uberisi
. Uberis
)

S B DIEE s
o3

heris
heris
beris
heris
her|s
her|s
heris
heris
heris
heris
heris
heris
eris
. Uberis
. uberis
. uberis
. Uberis
. Uberis
heris

* sensitive strains to gentamicin (VBC < 8 py/m)

Ol OO Ol

i
%
|

C C C C C CCCC CCC o C oo oo
o



Table 11: MICs and MBCs of galacturonic acid against mastitis causing bacteria,

Streptococcus spp., by broth microdilution test

Streptococei Isolates

. acidominimus
. acidominimus
. acidominimus

. agalactiae (SR )
. hovisll (SR 37)

. d sd sag aIactlae @E%
. s sa aactlae
. dys dysaga actiae

. dys.equisimilis ggg%
. dys.equisimilis
. dys eqU|S|m| 1S

. porcinus(SR 27)
. suis (SR60)

312
1%

i

6.2
6.2
6.2

uronic acid (

015
0.78

312

o4
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MBCs and MICs of gentamicin against streptococci

u“
2
10
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3R 16 8 . 4
Concentration (pg/ml) (b)
14 MBCs and MICs of PG against Streptococci
12
10 | —
- N o 0 MBC
m MIC
6 - e
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MBCs and MICs of galacturonic acid against
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I o e
§ 8 1 NIC
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o
| 4
__E L.
50 25 125 625 312 156 078 0.39
Concentration (mg/ml) (C)

Figure 7 A summary of MICs and MBCs of (a) polysaccharide gel (PG) Monthong
cultivar (b) gentamicin and (c) galacturonic acid against mastitis causing

bacteria, Streptococci, by broth microdilution test
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Table 12: MICs and MBCs of polysaccharide gel (PG and entamicin a%amst
mastitis causing bacterla Escherichia coli, linical Mastitis
by broth microdilution test

Ng{{)n\hong n%%) Cen’gﬁét&msulfate h;i%
Esch r| chia coli- Isolates
E coli (CM 2%

E. coli
| )

E coli
|
|
| 5 %
|
| .
|
|

(-]

|
0
8.
80

DO DDODODODDDD
OOOOOOOOO
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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 uronic acicl(mg/ml)

OO0 D
OO




MBCs and MICs of PG againstE. coli

12
- | 0 MBC
B {1 MC
50 25 125 6.25 3.12
Concentration (mg/ml) @)
MBCs and MICs of gentamicin against E. coli
; 7 ItiBC
u 1 MC
P
Concentration (Mg/ml) (b)
MBCs and MICs of galacturonic acid against
E. coli
9
8
7
= 6
3 1 MBC
w ° 1 MC
5 4
23
2
1
0
50 25 12,5 6.25 3.12
Concentration (mg/ml) (c)
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Figure 8: A summary of MICs and MBCs of (a) polysaccharide gel (PG) Monthong

cultivar (b) gentamicin and (c) galacturonic acid against mastitis causing

bacteria, Escherichia coli, by broth microdilution test
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Table 14: MICs and MBCs of polysaccharide gel (PG) and and gentamicin sulfate
against mastitis causing bacteria, K. pneumoniag, by broth microdilution

test, SC = clinical mastitis

m)  Gentamicin sulfate (qo/ml)
K. pneumoniag I50lates

K. pneumoniae
K. pneumoniae 3 0.
K. pneumoniae
K. pneumoniae 00
K. pneumoniae

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

ronic acid

—_

)

K. pneumoniae Jsolat

K. pneumoniag
K. pneumoniae
K. pneumoniae



MBCs and MCs of PGagainst K. pneumoniae
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Figure 9: A summary of MICs and MBCs of (a) polysaccharide gel (PG)
Monthong cultivar (b) gentamicin and (c) galacturonic acid against
mastitis causing bacteria, K. pneumoniae, by broth microdilution test
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Tablelo: MICs and MBCs of polysaccharide gel (PG) and gentamicin sulfate against
mastitis causing bacteria, Pseudomonas spp., by broth microdilution test,

SC = subclinical mastitis

PG Monthong (mg/ml)  Gentamicin sulfate(pg/ml)

Pseudomonas spp. isolates MBC MIC MBC MIC
Pseudomonas sp. (SC 71) 12,5 6.25 1 0.5
Pseudomonas sp. (SC 74) 125 6.25 2 1
Pseudomonas sp. (SC 75)* 25 12.5 8 4
Pseudomonas sp. (SC 76) 6.25 3.12 4 2
Pseudomonas sp. (SC 184) 12.5 6.25 1 0.5
Pseudomonas sp. (SC 190) 12.5 6.25 4 2
Pseudomonas sp. (SC 228) 12.5 6.25 2 1
Pseudomonas sp. (SC 273) 12.5 6.25 4 2
Pseudomonas sp. (SC 360)* 12.5 6.25 8 4
Pseudomonas sp. (SC 694) >50 >50 2 1
Pseudomonas sp. (SC 697) 25 12.5 2 1
Pseudomonas sp. (SC 1001) 12.5 6.25 4 2
Pseudomonas sp. (SC 1002) 25 12.5 2 1
Pseudomonas sp. (SC 1021) 125 6.25 4 2
Pseudomonas sp. (SC 1135) 25 12.5 4 2

* resistant strains to gentamicin (MBC >8 |ig/ml)
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Tablel7: MICs and MBCs ofgalacturonic acid against mastitis causing bacteria,
Pseudomonas spp., by broth microdilution test SC = subclinical mastitis

Pseudomonas spp. isolates

Pseudomonas sp. (SC 71)
Pseudomonas sp. (SC 74)
Pseudomonas sp. (SC 75)
Pseudomonas sp. (SC 76)
Pseudomonas sp. (SC 184)
Pseudomonas sp. (SC 190)
Pseudomonas sp. (SC 228)
Pseudomonas sp. (SC 273)
Pseudomonas sp. (SC 360)
Pseudomonas sp. (SC 694)
Pseudomonas sp. (SC 697)
Pseudomonas sp. (SC 1001)
Pseudomonas sp. (SC 1002)
Pseudomonas sp. (SC 1021)
Pseudomonas sp. (SC 1135)

Galacturonic acid (mg/ml)

MBC
12,5
6.25

50
6.25
25
12.5
50
12.5
50
50
6.25
6.25
6.25
125
6.25

MIC
6.25
3.12
25
3.12
12.5
6.25
25
6.25
25
25
3.12
3.12
3.12
6.25
3.12



MBCs and MICs of PGagainst Pseudomonas Spp.
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Figure 10: A summary ofMICs and MBCs of (a) polysaccharide gel (PG)
Monthong cultivar (b) gentamicin and (c) galacturonic acid

against mastitis causing bacteria, Pseudomonas spp., by broth
microdilution test, SC = subchronic mastitis

64
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1.2.2 Determination of MIC and MBC of different cultivar of durian rin
(Monthong, Chanee and native from Chumpom province)

In comparison of the antibacterial activity of PG from different cultivar of
durian; Monthong (M), Chanee (C) and native cultivar from Chumpom province (Ncv)
against . aureus and E. coli, it was found that the activity ofthe PG Monthong was less
active than that of Chanee and native cultivar from Chumpom province. Interestingly,
PG Chanee and native from Chumpom province were found to be more active than
Monthong in inhibiting growth of . aureus (Table 18). Also, PG Monthong, Chanee and
native from Chumpom province showed very similar MBC and MIC in inhibitory growth
of E. coli (Table 18)
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Table 18: MICs and MBCs of polysaccharide gel (PG) from varieties of durian against

tested bacteria, by broth microdilution test

Bacteria

Staphylococci
.aureus ATCC 29213
. aureus ATCC 25923
. aureus (SP2)

. aureus (SP23)

Escherichia coli
E. coli ATCC 25922
E. coli (CM 49)
E. coli (CM 85)

PG Native cultivar

(mg/ml)
MBC MIC
25 125
125 6.25
6.25 3.12
6.25 3.12
125 6.25
25 125
125 6.25

P
MBC

6.25
6.25
6.25
6.25

12.5
12.5
12.5

G Chanee
(mg/ml)
MIC

3.12
3.12
3.12
3.12

6.25
6.25
6.25

PG
MBC

50

50

50
6.25

12.5
12.5
50

Monthong
(mg/ml)
MIC

25

25

25
3.12

6.25
6.25
25
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1.3 Time kill analysis
1.3.1 PG Monthong (M)

Bactericidal activity of PG Monthong against 6 strains of PG susceptible
bacteria, . aureus (SP 2). . aureus (SP 23), . aureus ATCC 25923, E. coli (CM 49), E.
coli (CM 85) and E. coli ATCC 25922, was demonstrated by time kill analysis. The PG
inhibitory effect on bacterial survival during a 24 hr. period oftime at 37°c was analyzed.
Bacterial cells were cultivated in NSS, media without PG, media with PG atits MBC and
MIC. In NSS, bacteria were normally survived in the static level after incubation. The
colony counts of bacteria that cultivated in media with MIC of PG mostly they were
slowly declined throughout the incubation time. While, the colony counts of bacteria that
cultivated in media with MBC of PG were declined to 0% within 24 hr of incubation.
Time kill analysis illustrated that PG at the concentration of 50, 6.25, 25, 12,5, 50 and
12,5 mg/ml produced bactericidal activity in MHB medium against . aureus (SP 2), .

aureus (SP 23), . aureus ATCC 25923, E. coli (CM 49), E. coli (CM 85) and E. coli
ATCC 25922, respectively, the colony counts were declined to 0% at 8, 2, 24, 12, 16 and
24 hr, respectively (Figure 11 and 15).

1.3.2 PG Chanee (C)

Time kill curves were performed for 6 bacteria, . aureus and E. coli in the
presence of PG Chanee at their respective MBC and MIC (Figure 12 and 16 ). Killing of

.aureus (SP 2) and . aureus (SP 23) began almost immediately in 2 hr. In contrast,
killing of . aureus ATCC 25923, E. coll (CM 49), E. coli (CM 85) and E. coll ATCC
25922, was not apparent over the 12 hr of incubation, the colony counts were declined to
0% at 16, 16, 24 and 16 hr, respectively. Control suspensions without PG showed
bacterial in viability over the same period.

1.3.3 PG Native cultivar (Ncv) from Chumpom province

Time kill curves were performed for bacterial isolate from cow mastitis, .
aureus and E. coli in the presence of PG at their respective MBC and MIC (Figure 13 and
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17). To obtain the highest antibacterial agent performance it was very important to
optimize the contact time between bacteria and PG. Initial counts for control sample
were 5xI05CFU/mI. At 12 hr, MBC of PG application produced 1log reduction of

. aureus ATCC 25923, E. coli (CM 49) and E. coli (CM 85) compared with the control
sample and, the colony counts were declined to 0% at 20, 16 and 16 hr, respectively.
Killing of . aureus (SP 2) and . aureus (SP 23) and E. coli ATCC 25922 began in 2 hr,
the colony counts were declined to 0% at 8, 2 and 8 hr, respectively.

1.3.4 Galacturonic acid

Bactericidal activity of galacturonic acid against 6 strains of PG susceptible
bacteria, . aureus (SP 2). . aureus (SP 23), . aureus ATCC 25923, E. coli (CM 49), E
coli (CM 85) and E. coli ATCC 25922, was demonstrated by time kill analysis. The PG
inhibitory effect on bacterial survival during a 24 hr. period oftime at 37°c was analyzed.
Bacterial cells were cultivated in NSS, media without PG, media with MBC and MIC of
PG. In NSS, bacteria were normally survived in the static level after incubation. The
colony counts of bacteria that cultivated in media with MIC of PG mostly they were
slowly declined throughout the incubation time, except . aureus (SP 23) the bacterial
decrease 5 log after 16 hrincubation. While, the colony counts of bacteria that cultivated
in media with MBC of galacturonic acid were declined to 0% within 24 hr of incubation.
Time kill analysis illustrated that PG at the concentration of 50, 6.25, 25, 12.5, 50 and
125 mg/ml, respectively produced bactericidal activity in MHB medium against

aureus (SP 2), . aureus ATCC 25923, E. coli (CM 49), E. coli (CM 85) and E. coli

ATCC 25922, the colony counts were declined to 0% at 16, 24, 12, 24 and 12 hr,
respectively (Figure 14 and 18).
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2. The effect of various factors on inhibitory activity of PG

2.1 Temperature effect: Temperature had a substantial influence on the
antibacterial activity of PG. At incubation temperature (37°C), PG showed killing effect
against . aureus and E. coli after 24 hr incubation. Within the range 0f 25 to 37°c, PG’s
bactericidal activity against E. coli decreased with decreasing temperature to 25°c
(Figure 19 and 20). At incubation temperature (25°C), numbers of colony count of
E. coli was not declined to zero. Whereas number of colony count of . aureus declined
to zero as showed in Figure 20. The results indicated that temperature at 25°c effected in

decreasing bactericidal activity of PG against growth of E. coli but not effected against
. aureus.

2.2 pH effect: The antibacterial activity of PG against . aureus and E. coli was
also affected by pH, with the greatest activity being found at acidic pH values. Cell
number of . aureus ATCC 25923 were inhibited 65.84 % at pH 5.0. Cell number of .
aureus (SP2) were inhibited 25.51 % at pH 5. Cell number of . aureus (SP23) were
inhibited 36.56 % at pH 5.0 (Figure 21).

Cell number of E. coli ATCC 25922 were were inhibited 59.9% at pH 5.0 and
24.66 % at pH 3.0. Cell number ofE. coli (CM 49) were inhibited 32.1 % at pH 4.0. Cell
number of E. coli (CM 85) were inhibited 24.29 % at pH 5.0 (Figure 22).

Effect of PG on inhibitory activity of galacturonic acid is also demonstrated in
Figure 23 and 24 against . aureus and E. coli, respectively.

2.3 Salt effect: The effect of NaCl on the antibacterial activity of polysaccharide
gel was shown in Figure 25 and 26. In the control groups (without polysaccharide gel)
I0OmM NaCl alone effect on E. coli (Figure 26). In the presence of PG at its MBC with
25 or 100 mM NaCl, viable cells of£. coli were detected in experimental groups after 24
hr. Whereas killing effect of PG against . aureus was not change in the present of NaCl
(Figure 25).
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2.4 Divalent cations effect: The divalent cations (CaClz BaCh, and MgCh) at
concentrations of 10 and 20 mM did not interfere the bactericidal effect of PG on .
aureus (Figure 27, 29 and 31, respectively). The divalent cations at concentration of 10
and 20 mM reduced the bactericidal effect of PG on E. coli. The average of E. coli cell
numbers were inhibited approximately 70.55% to each divalent cations (Figure 28, 30 and
32, respectively). Except for the activity of ZnCl2on . aureus and E. coli, showed that
ZnCl2with MHB or with PG had against . aureus and E. coli (Figure 33 and 34).

The effect of mono and divalent cations on percentage inhibitory activity of
bacteria is also demonstrated in Table 19.
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Figure 31: Effect of MgCI2on inhibitory activity of PG against (a) . aureus (SP2),
(c) . aureus (SP23) and (c) . aureus ATCC 25923 after 24 hours
incubation
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Figure 32: Effect of MgCl2on inhibitory activity of PG a?amst( a) E. coh%CM 49)
E. coli (CM85) and (c) E. coli ATCC 25922 after 24 hours incubation
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Figure 33: Effect of ZnCI2on inhibitory activity of PG against (a) . aureus
(SP2), (b) . aureus (SP23) and (c) . aureus ATCC 25923 after 24

hours incubation
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Figure 35: Effect of ZnClz on inhibitory activity of PG against (a) . aureus ATCC
25923 and (b) E. coli ATCC 25922 after 24 hours incubation
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Table 19 A summary of mono and divalent cations on the inhibitory activity of PG

against bacteria
% Inhibition
Cation/ . aureus . aureus . aureus E. coli
cggcentratlon (SP2) (SP23) ATCC 25923 (CM49) (CM 85) ATCC 25922
TomMNaCl 10 10 I 100 1000 100
25mM NaCl 100 100 100 5457 5157 6542

c J_E)OmM NaCl 100 100 100 56.17 5951 711.86

a

OmMCaCl2 100 100 100 100 100 100

|OmM CaCb 100 100 100 60.71 5942 6543
BZBFmM CaCl2 100 100 100 6838  63.85 72.66

a

OmM BaCl2 100 100 100 100 100 100

|OmM BaCl2 100 100 100 6747 6553 1471
MZQ-TM BaCl2 100 100 100 7143 5532 551

8mM MaCl2 100 100 100 100 100 100

|OmM MgCI2 100 100 100 65.77 6231 100
ZZ&mM MgCl2 - 100 100 100 7098 6445 100

N

OmM ZnCl2 100 100 100 100 100 100

|OmM ZnCI2 100 100 100 0 0 0

20mM ZnCI2 100 100 100 0 0 0
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