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SUMMARY

S'@Ven sirains of bifidobacteria were screened for their inhibitory
activity. Bif. bifidum ATCC29521, Bif. bifidum ATCC1569%, Bif. longum
NCFB2299, Bif. longum BL-04, Bif. infantis ATCC15567, Bif. catenulateum
ATCCI18371 and Bif. lactis BL-01 produced antimicrobial substances with a wide
spectrum of antimicrobial activity. Cell free culture of all bifidobacteria strains
inhibited strongly the growth of E. coli ATCC69337, Staphylococcus aureus
ATCC20231, Bacillus cereus ATCC33018, Pseudomonas aeruginosa
ATCC9027, E. coli 0157-H7, Staph, aureus, Bacillus cereus, Salmonella typhi
and Salmonella enteritidis and slightly the growth of lactic acid bacteria.
Supplementation of media with cysteine + glycine, inulin, hydrolyzed whey
protein, whey protein hydrolysate, tomato juice and carrot juice increased the
production of antimicrobial agents by all bifidobacteria strains, while bile salt _
decreased their production. The increase or decrease of antimicrobial agents”
production was proportional to the rate of supplementation. Bif. longum BL-04
and Bif. bifidum ATCC 29521 exhibited the highest inhibitory activity. It seems
that the production of antimicrobial agents by bifidobacteria is species and strain

dependent.
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INTRODUCTION

Bifidobacteria are well known to
beneficially affect human health by
improving the balance of intestinal micro-
flora, improving mucosal defenses against
pathogens, enhancing immune response,
reducing serum cholesterol, reducing
ammonia and free serum phenol in
patients with liver disease and improving
of lactose-tolerance. Additional health
benefits include vitamin synthesis, anti-

carcinogenic activity and anti-bacterial
activity (Kebary, 1995; Badawi and El-
Sonbati, 1997; Brassert and Schiffrin,
2000; Lourens-Hattingh and Viljoen,
2001 and Wright er al, 2002). It is
estimated more than 90 probiotic products
containing bifidobacteria are produced
worldwide (Shah, 2000). They include
fermented milk, butter milk, sour cream,
frozen dessert, cheese, baby foods,
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pharmaceutical preparations and livestock
feed supplements (Kebary, 1996; Kebary
et al., 1998; Hussein and Kebary, 1999;
Badran ef al., 2004; Boylston ef al., 2004,
Hamed et al,, 2004; Kebary ef al, 2004
and Moussa et al., 2004).

Several factors have been
claimed to affect the survival and growth
of bifidobacteria such as bile salt, amino
acids, tomato and carrot juices, hydro-
lyzed whey proteins, inulin and
sweeteners  (Kamaly, 1997; Dave and
Shah, 1998; Ibrahim, 2001; Hamed ef al.,
2004; Ibrahim ef al., 2004; Kebary et al,
2004 and Picot and Lacroix, 2004). The
production of antimicrobial agents by
bifidobacteria  have  been  reported
(Kebary, 1995; Badawi and El-Sonbaty,
1997; Hussein and Kebary, 1999; Kim ef

al.. 2001 and Saleh and El-Sayed, 2004).

It seems there is a lack of detailed
information in the literature about the
effect of nutrients and other factors on the
production of antibacterial agents by
bifidobactenia.

In view of the aforementioned,
the objectives of this study were to
investigate the ability of some bifidobac-
teria strains to produce antimicrobial
substances, determine their antagonistic
effect on some pathogenic bacteria and
some lactic acid bactena and study the
effect of nutrients, such as amino acids,
whey protein hydorlyzates, carrot and
tomato juices and bile salt on the pro-
duction of antimicrobial substances by
bifidobactena strains.

MATERIALS AND METHODS

Sources of bacterial strains used
in this study and the media on which were
grown are listed in Table (1). Dry cultures
of lactic acid bacteria and bifidobacteria
were activated by three successive
transfers in sterile 10% reconstituted skim
milk. Stock cultures were also prepared in
the same milk. Stock cultures of bacterial
strains were activated by two successive
transfers in the broth of the media listed in
Table (1) and incubated for 24 h at
optimum temperatures (30°C for Lb.
casei, Lactococcus lactis subsp. lactis and
Bacillus cereus; 37°C for Bifidobacteria
spp., Lb. helveticus, Lb. rhamnosus, Lb.
acidophilus, Staphylococcus aureus, E.
coli, Salmonella spp. and Pseudomonas
aeruginosa; 40°C for Lb. bulgaricus and
Streptococcus thermophilus). Solid media
were used to determine the inhibitory
activity of bifidobacteria strains against

the listed bactenal strains by adding 1.5%
agar to the broth media (Table 1).

Screening of antimicrobial agents
production by bifidobacteria:

Tubes containing 9.5 ml of sterile
modified lactobacilli MRS  broth
(Ventling and Mistry, 1993) were inocu-
lated with 0.5 ml of fresh bifidobacteria
strains cultures. All tubes were incubated
anaerobically using the Baltimore Bio-
logical Laboratories (BBL) gas pak (BBL,
Cockeysville, MD, USA) at 37°C for 36
h. The cultures were centrifuged at 8000
rpm for 30 min. at room temperature to
obtain the cell free broth, which was used
to measure the inhibitory activity by the
disc assay procedure (Pulusani er al,
1979). The target strains were seeded on
the appropriate solid media (Table 1). The
inhibitory activity was determined by
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measuring the diameter of inhibition zone
in mm. Staphylococcus aureus ATCC
20231 was used as test organisms to study
the effect of various factors on the
production of antimicrobial agents
because of its higher sensitivity towards
antimicrobial agents produced by bifido-
bacteria.

Factors affecting antimicrobial agents
production:

“The effect of fortification of
modified MRS medium with amino acids,
whey protein  hydrolysate (degree of
hydrolysis 10), hydrolyzed whey protein
(degree of hydrolysis 20), inulin, bile
salts, tomato and carrot juices on the
growth of bifidobacteria and their inhibit-
tory activity against Staphylococcus
aureus ATCC 20231 were studied.

A mixture of two amino acids;
cysteine and glycine were filter sterilized
and added to modified MRS medium to
give a final concentration from each
amino acid of 0.05, 0.075 and 0.10% (w /
v). Whey proteins, inulin and bile salts
were sterilized by steaming for three
successive days. Whey protein hydro-
lysate and hydrolyzed whey protein
(Proteint, Mountain Lake, MN, USA)

were added separately to the medium at.

the rate of 0.5, 1.0 and 1.5% (w / v). Also,
inulin (Orafti, Tienen, Belgium) was
added at the rate of 0.5, 1.0 and 1.5% (w /
v). Modified MRS medium was fortified
with bile salt (Sigma Chemical Comp.,

159

ST. Louis, MO, USA) at the rate of 0.5,
1.0 and 1.5% (w/v).

Tomato juice was prepared by
blending the npe tomato which was then
filtered through cheese cloth followed by
Whatman No. 1 filter paper. The super-
natant was adjusted to pld 6.6 and
autoclaved at 121°C for 15 min (Ibrahim,
2001). Sterile tomato juice was added to
the modified MRS at the rate of 0.5, 1.0
and 1.5% (v / v). Carrot juice was
centrifuged at 3000 rpm for 5 min, then
filtered through Whatman No. 1 filter
paper and autoclaved at 121°C for 15
min. Sterile carrot juice was added to the
modified MRS at the rate of 0.5, 1.0 and
1.5% (v / v). The concentration of these
nutrients were chosen according to the
literature (Kamaly, 1997; lbrahim, 2001).
Flasks contaming 95 ml of the fortified
modified MRS were inoculated with 5 ml

of fresh bifidobactena strains. All flasks .

were incubated anaerobically at 37°C for
36 h (Ventling and Mistry, 1993).
Samples from each culture were taken to
monitor the bacterial growth by measure-
ing the optical density at 600 pum (Liao et
al, 1993) wusing Jenway 6305 uv/vis
spectrophotometer (Jenway Ltd., Felsted,
Dunmow, England). The rest of the
cultures were centrifuged at 8000 rpm for
30 min at room temperature to get the cell
free broth, which was used to determine
the inhibitory activity by the disc assay
method against Staph. aureus 20231.
Staph. aureus was seeded on staphylo-
coccus medium 110.




Table (1): Baterial strains and media used in this study.

Bacterial strains

T Source of strains

=
[
!

Media

E;ﬁ&ht:¢'1ez"iu/71 longum BL-04
Bifidobacterium luctis BL-01

Rhodia. Madison. W1, USA

Lactobacillus rhamnosus LR-32

|
|
|
!

Moditied lactobacilli MRS {MRS + 0.05% L-
cvsteine-HCL) according to Ventling & Mistry
(1993).

Lactobeilli MRS (Difco Manual. 1984, Difeo
|Laboratories Detroit ML. USA).

Lactobacillus helveticus CNRZ 33
Lactobacillus casei N 334

[Prof. M. El-Soda Dain Sci. Dept. Fac. of
Agric. Alex. Univ. Egvpt.

|Lactobeilli MRS (Difco Manual. 1984, Difco
.Laboratories Detroit ML. USA).

Lactobacillus delbrueckii subsp. bulgaricus

LbRR

A Y

iProf. Larry L. McKay . Dept of Food Sci. and
(Nutrition Univ. ot Minncsota. MN, USA.

Streptococcus salivarius subsp.
thermophilus STES

|

TLactobcilli MRS (Difco Manual. 1984, Difco
Laboratories Detroit ML, USA).

I'Yeast lactose agar (Skinner & Quessal. 1978)

Bifidobacteriwun infantis ATCC 13367

[Prof. Joellen Feirtag. Dept. of Food Sci. and
INutrition. Univ. of Minnesota. MN. UISA.

:B{'/i</(>b_(!Lil§/'(g()n Z‘;l:g/]z,t/aleum ATCC 18371

Modified lactobacilli MRS (MRS +0.03% L-
cyvsteine-HC1) according to Ventling & Mistry
(1993

Luctococcus laetis subsp. lacris ATCC
11454

Lactobacillus case ATCC 393

Md. USA.

J

Lactobacillfs delbrucckii subsp. bnlgaricus

AITCC 1184

|

American Tvpe culture collection. Rockvile,

Modified M- (Terzaghi and Sandine. 1973).

|

|Lactobeilli MRS (Difco Manual. 1984, Difco
4
iLaboratories Detroit ML, USA).
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I able (1): Continued.

Bacterial strains

ATCC 4797
Lactobacilius acuLo/u/us ATCC 4356

Bifidobucicr.um bifidun ATCC 1 3696
Bifidobacterium bifidum ATCC 29521
Bifidobacterium iongum NCFB 2299

Escherichia coli ATCC 69337

EfapA/;/vnum us aurens ATCC 20231

[Bacillus cereus ATCC 33018

Psendomonas aeruginosa ATCC 9027

Lactobaciiu: de/hruecku subsp. bulgaricus

"Prof. Linda J Brady Dept of Food Scio and

Source of strains

~ Media

INutrition. Univ. of Minnesota. MN USA

iModiﬁcd lactobacilli MRS (MRS ~ 0 05% L- |

fey stetne-HC) according to Ventling & Mistn
1(1993).

“Prof. Baraka A. Abd El-Salam Dain Research
Hastitute. Agriculture Research Center. Cairo.

j['.;_.’_\ pt

E coli0157 H7

Qtaph\ lococeus aureus

Bacillus cereus

Pseudomonas aer uginosa

]Magkonek\ broth (Oxoid LTD. qumvslode
{Hampshire GB)

‘Sldph\ lococcus medium 110 (Difco Manual.
11984

iMannitol egg volk polvimyxin broth (Harmon
& Goepfert. 1984).
Nutrient broth (Abd El-Salam er al.. 7004)

i Prof. Gi. A Ibralim. Dainv Sci. and Tech. Dept.
\\atmnal Rescarch Center. Dokki. Cairo. Feypt.

v

i

‘Mackoneky broth (Oxoid LTD. Basingstode.
Hampshire GB).

Staphylococcus medium 110 (Difco Manual.
11984

iMannitol egg volk polymyxin broth (Harmon
(& Goepfert. 1984).

'Nutrient broth (Abd Cl-Salam er al., 2004).

Salmonella n'phi
’

Prof. A. M. Mettwally. Dept. of animal medicine.
Faculty of Veterinars Medicine. Alex. Univ,

Salmoncllu enteritidis

Mackoneky broth (Oxoid LTD. Basingstode.
Hampshire GB).
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RESULTS AND DISCUSSION

The inhibitory activity of cell frec
culture broth of different strains of
bifidobacteria against the various bacterial
strains is presented in Table (2) and Fig.
(1). It is obvious from these data that the
inhibitory activity of different strains of
bifidobacteria was most evident against
the pathogenic bacterial strains (Table 2),
therefore incorporation of bifidobacteria
or their free cell culture broth in different
foods might help to preserve these foods,
and at the same time improve their
nutritional and health benefits. Cell free
cultures of bifidobacteria strains had
lower inhibitory activity against lactic
acid bacteria, so bifidobactenia could be
used as adjunct in the manufacture of
different dairy products and other foods
without affecting the growth of lactic acid
bacteria used as starters for thesc
products. Streprococcus thermophilus was
more sensitive than lactobacilli (Table 2).
These results are in agreement with those
reported by Collins and Hall (1984);
Kebary ef al. (1995); Badawi and El-
Sonbati  (1997); Hussein and Kebary
(1999); Kim et al. (2001) and Saleh and
El-Sayed (2004). Bif. longum BL-04 and
Bif bididum ATCC 29521 exhibited the
greatest inhibitory activity.

Bifidobactena  strains  were
grown in modifiecd MRS medium Aortified
with cysteire and glycine to assess their
effect on cell growth and production of
antimicrobial agents (Table 3). It is
evident from the presented data that
addition of the mixture of amino acids
enhanced the growth of all bifidobacteria
strains and increased their inhibitory
activity against Staph.  aureus ATCC
20231 that was used as indicator bacteria

(Table 3). This increase of bactenal
growth and antimicrobial agents produc-
tion was increased with the increase of the
amount of amino acids added (Table 3).
The effect of supplementation of modificd
MRS with amino acids on both, growth of
bifidobacteria strains and production of
antimicrobial agents followed similar
trends (Table 3). It has been reported that
cysteine had a stimulatory effect upon the
growth of bifidobacteria (Collins and
Hall, 1984; Hunger and Peitersen, 1992;
Kamaly, 1997; Shah. 1997 and Dave and
Shah, 1998) which might be due to the
reduction of redox potential Morcover.
Murad er al (1997) found that
supplementation of buffalos” milk with
individual amino acids lysine, glycine and
cysteine enhanced the growth of B
bifidum and their ability of acid
development. Kamaly (1997) reported
that adding of a mixture of glycine and
cysteine was more effective to increase
the growth of bifidobactena and acid
production than adding each one
separately.

The impact of supplementation of
modified MRS medium with whey
proteins on the growth of bifidobactena
and production of antimicrobial substan-
ces is presented in Table (4). The obtained
results revealed that adding of whey
proteins enhanced the growth of all
bifidobacteria strains and the production
of antimicrobial agents and this increase
was proportional to the rate of adding
whey proteins (Table 4) Hydrolyzed
whey protein (HWP) (degree of
hydrolysis 20) was more effective to
stimulate the growth of all bifidobactena
strains and increasc the production of




Antimicrobial Factors of Bifidobacteria 163

antimicrobial agents by these bactena
than corresponding whey protein hydro-
lysate (WPH) (degrec of hydrolysis 10)
(Table 4). These results are in agreement
with those reported by Badran er al
(2004) and Hamed et al. (2004), who
found that replacing of non-fat dry milk
with whey proteins during manufacturing
of frozen yoghurt enhanced the growth of
bifidobacteria. ‘Also, Dave and Shah
(1998) found that supplementation of
yoghurt with whey protein concentrate
enhanced the growth of bifidobacteria.
This stimulatory effect of whey protein
might be due to the presence of cysteine.

Fortification of modified MRS
with inulin stimulate the growth of all
bifidobacteria strains and increased their
nhibitory activity against Staph. aureus
ATCC 20231. This increase of bifido-
bacteria growth and production of
antimicrobial agents was proportional to
the amount of added inulin (Table $5).
These results confirmed previous studies
by Gibson ez al. (1995), Roberfroid et al.
(1998) and Ibrahim et al. (2004) who
have shown that a product supplemented
with inulin provide an effective means to
enhance the growth of bifidobacteria.

‘Supplementation of modified
MRS with either tomato or carrot juice
increased  slightly the growth ‘of all
bifidobacteria strains and production of
antimicrobial agents (Table 6). There
were positive correlations between the
amount of juices added. and bactenal
growth and production of antimicrobial
agents (Table 6). This enhancement of

bifidobacteria growth and production of
antimicrobial agents might be due to the
presence of some vitamins and mineral
salts, those have been proved to promote
the growth of bifidobacteria (Hunger and
Peitersen, 1992).

Adding of bile salts to modified
MRS decreased the growth of all bifido-
bacteria strains and the production of
antimicrobial agents and this decrease
was proportional to the rate of adding bile
salts (Table 7). It has been reported that
bile salt retard or suppress the growth of
bifidobactena and this effect is species
and strain dependent (Lankaputhra and
Shah, 1995, Shah, 1997).

Bif longum BL-04 and Bif
bifidum ATCC 29521 exhibited the
highest inhibitory activity at any concen-
tration and type of nutricnt and bile salts
against Staph. aureus ATCC 20231 "’

It could be concluded that tested
bifidobacteria strains exhibited antibac-
terial activity that was more evident
against pathogenic bacteria, but had less
inhibitory ability against lactic acid bac-
teria. Fortification of media with amino
acids, whey proteins, inulin, tomato and
carrot juices enhanced the growth of
bifidobacteria and increased the produc-
tion of antimicrobial agents, while
addition of bile salt suppressed both, the
bactenial growth and production of
antimicrobial agents. It secms that the
production of antimicrobial agents is
species and strain dependent




Table (2): Antimicrobial spectrum of cell free cultures of bifidobacteria.

Target bacteria

Diameter of inhibition zone (mm)°

N A | B c | D E F G
a- Gram positive [ !
Lactobacillus helveticus 8 ‘ 8 8 8 8 ' 8 8
Lactobacillus bulearicus LbRR 9 { R 10 8 10 8 10
Lactobacillus case: & ‘ & & g g & 8
Lactobacillus casei ATCC 393 9 & 8 g 10 8 10
Lactobacillus acidophilus ATCC 4356 8 i g 8 8 8 b 8
Lactobuctlus delbruechii subsp. lactis ATCC 4797 l 8 ! 7 8 - 8 8 7 8
Lactobacillus delbruechii subsp. bulgaricus ATCC 11842 1 g 7 7 2 8 7 9
Lactobacillus rhamnosus 5 7 b ) 7 b 6 7
Streptococcus thermophilus StES ‘ 12 10 10 10 12 10 12
Lactococcus lactis subsp. lactis ATCC 11454 10 10 & 8 10 8 10
Staphylococcus aureus ATCC 20251 23 21 20 20 26 23 24
Bacillus cereus ATCC 33018 18 16 16 18 21 I8 20
Staphylococcus aureus 22 22 21 22 26 23 24
Bacilliis cereus 18 17 16 18 2] 19 20
b- Gram negative
Escheichia coli ATCC 69357 20 18 18 19 23 20 21
Pseudomonas aeruginosa ATCC 9027 20 20 21 20 22 20 22
Escherichia coli 0137 - H7 20 19 19 20 } 22 19 21
Pseudomonas aeruginosa 20 19 20 20 i 22 19 22
Saimonella tvphi 19 18 20 0 22 19 21
\Salmonella-enteritidis 19 19 20 21 L 23 19 22
a = bifidobacteria strains. A = Bif" bifidum ATCC 135696. B = Bif. longum NCFB 2295. C = Bif. /'hfanr/x ATCC 13567. D = Bif
catenulateum A'TCC V8371, &= Bif longum BL - 04. F = Bif” lactis BL. - 01. G = B bifidum ATCC 29321
b = All measurements including disc diameter of 6 mm,
£d
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Table (4): Effect of fortification of growth medium with hydrolyzed whey
protein (HWP) and whey protein hydrolysate (WPH) on growth of
bifidobacteria (optical density at 600 pm) and production of
antimicrobial agents (zone inhibition mm) against Staphylococcus
aureus ATCC 20231.

{ Bacteria HWP % WPH %
strains 00 | 05 [ 10 [ 15 00 | 05 | 1.0 | 15

Opitcal density at 600 um

T2 T TIG3 J 1174 T 1279 [ T 128 [ 1.166 [ T.T79 | 1.264

1.122 | 1.160 | 1.171 | 1.243 | 1.122 | 1.160 | 1.175 | 1.232

1122 | 1.173 | 1.182 | 1.249 | 1.122 | 1.181 | 1.192 | 1.221

1124 ) 1181 ) 1,191 | 1.251 | 1.124 | 1.179 | 1.196 | 1.234
1.132 } 1.192 | 1.202 { 1.273 | 1.132 | 1.187 | 1.192 | 1.253

1.126 | 1.187 | 1.195 | 1.251 | 1.126 | 1.179 | 1.185 | 1.241

1135 1 1.192 | 1.235 ] 1.291 | 1.135 | 1.193 | 1.205 | 1.274 |

Zone inhibition (mm)”
19 22 25 26 19 21 23 ] 24
17 19 22 24 18 20 22 22
17 18 22 24 18 20 22 23
18 20 23 24 19 21 22 22
21 24 26 28 24 22 24 26
19 22 24 26 19 22 24 24
21 25 27 28 21 23 24 26

* See Table (2).
a: Diameter of inhibition zone including disc diameter of 6 mm

e

QmMmUOwW> QmMmoOw?

Table (5): Effect of fortification of growth medium with inulin on growth of
bifidobacteria (optical density at 600 pm) and production of
antimicrobial agents (zone inhibition mm) against Staphylococcus
aureus ATCC 20231,

Bactenal
strains 0.0 | 0.5 | 1.0 T
Optical density at 600 pum
1.149 1163
1.163 1.173
1.168 1.182
1.177 1.196
1.182 1.203
1.176 1.199
1.193 | 1.215
Zone inhibition (nian)'

19 21

A*
B
C
D
E
F
G
A
B
C
D
E

* Sec Table (2).
a: Diameter of inhibition zone including disc diameter of 6 mm
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Table (6): Effect of fortification of growth medium with tomate and carrot
juice on growth of bifidobacteria (optical density at 600 pm) and
production of antimicrobial agents (zone inhibition mm) against
Staphylococcus aureus ATCC 20231.

Bactenal Tomato Juice (Yo
strains 00 [ 05 | 10 [ 15 00 |

arrot juice (%
05 [ 1.0 1.5

‘Opitcal density at 600 pm .
A* TR [ T34 T T 136 [ 1154 | T 128 [ ILI30 | 1.13U

1.122 | 1.136 | 1.140 | 1.149 | 1.122 | 1.130 | 1.139
1.122 | 1.139 | 1.146 | 1.158 { 1.122 | 1.136 | 1.141 | 1.149
1.124 | 1.146 | 1.152 | 1.164 | 1.124 | 1.139 ; 1.148 | 1.153
1132 | 1.158 | 1.169 { 1.174 | 1.132 | 1.147 | 1.158 | 1.162
1.126 | 1.148 | 1.153 | 1.163 | 1.126 | 1.145 | 1.149 | 1.153
1135 1 1.167 | 1.182 | 1.198 | 1.135 ] 1.159 | 1.173 | 1.182
Zone inhibition (mm)”
19 19 21 22 19 19 20 20

Ow

QmmoaOwy» Qmmd

* See Table (2).
a: Diameter of inhibition zone including disc diameter of 6 mm.

Table (7): Effect of fortification of growth medium with bile salt on growth of
bifidobacteria (optical density at 600 pm) and production of
antimicrobial agents (zone inhibition mm) against Staphylococcus
aureus ATCC 20231.

1
strains 00 | 0.5 | 1.0
Optical density at 600 Om
1.128 ITI3 1.003
1.122 1.108 1.003
1.122 1.106 1.005
1.124 1.109 1.001
1.132 1.113 1.108
1.126 1.103 1.001
1.135 = 1.116 1.109
“Zone inhibition (mm)”

A*
B
C
D
E
F
G
A
B
C
D
E
F

* See Table (2).
a: Diameter of inhibition zone including disc diameter of 6 mm

il
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