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The antimicrobial effects of garlic (Allium sativum) against pathogenic microorganisms have been well 
documented.  It is generally stated that garlic exhibits differential inhibition between pathogenic and 
beneficial bacteria. Though there is substantial evidence to support the claim for pathogens, there is 
limited literature on its effects on beneficial bacteria, specifically probiotic bifidobacteria. This study 
aimed to investigate the antimicrobial effects of different garlic preparations on five strains of 
bifidobacteria. The disk diffusion assay revealed antibacterial activity of different garlic preparations 
characterised by zones of inhibition ranging from 13.0 ± 1.7 to 36.7 ± 1.2 mm. Minimum inhibitory 
concentration (MIC) values for garlic clove extract ranged from 75.9 to 303.5 mg/ml (estimated 24.84 to 
99.37 µg/ml allicin). Bifidobacterium lactis Bi-07 300B was on average the most resistant to garlic, 
followed by B. lactis Bb12, B. longum LMG 13197, B. longum Bb356 and B. bifidum 11041, being most 
sensitive. This study reveals for the first time, susceptibility of bifidobacteria to antibacterial activity of 
garlic. Caution is therefore advised when using probiotic bifidobacteria and garlic simultaneously. 
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INTRODUCTION 
 
Garlic [Allium sativum L. (Liliaceae)] has been used 
worldwide for centuries as a spice, food and folklore 
medicine to cure and prevent various illnesses 
(Haciseferoğullari et al., 2005). It has numerous health 
benefits confirmed by numerous studies, which include its 
antiarthritic, antithrombotic, anticancer and antimicrobial 
activities (Amagase et al., 2001; Corzo-Martínez et al., 
2007). Garlic has also been used to treat acne, ringworm, 
high blood pressure, gastrointestinal problems as well as 
asthma  (Deresse and  Mohammed,  2009; Kumar et al.,  2010). 
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Allicin is the main active compound in crushed garlic 
cloves responsible for its antibacterial activity (Ankri and 
Mirelman, 1999; Groppo et al., 2007). This compound is 
produced after intact garlic tissues are damaged by 
crushing or cutting, when alliin is converted into allicin by 
the enzyme allinase (Ruddock et al., 2005). It has been 
found that garlic exhibits antibacterial activities against a 
wide range of Gram-positive and Gram-negative bacteria 
including species of Escherichia, Salmonella, Staphylo-
coccus, Klebsiella, Proteus, Bacillus, Clostridium, Neisse-
ria, Proteus, Pseudomonas, Shigella and Mycobacterium 
(Ankri and Mirelman, 1999; Belguith et al., 2010; 
Deresse, 2010; Gupta and Ravishanka, 2005; Harris et 
al., 2001; Rees et al., 1993; Ruddock et al., 2005; Uchida 
et al., 1975).  Helicobacter  pylori,  the causative  agent of 
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stomach ulcers, is also susceptible to garlic (Cellini et al., 
1996; Sivam, 2001). Garlic also has antifungal, 
antiprotozoal and antiviral properties (Ankri and 
Mirelman, 1999; Harris et al., 2001).  It has been 
documented that garlic inactivates and harms virulent 
microorganisms but not helpful ones in the body (Hayes, 
1996). Rees et al. (1993) stated that garlic exerts 
differential inhibition between beneficial and potentially 
harmful enterobacteria.  

Probiotics are live microorganisms which when 
administered in sufficient amounts exhibit various health 
benefits for the host (Moubareck et al., 2005; 
Wohlgemuth et al., 2010). The most commonly used 
probiotic strains which are commercially available are 
Bifidobacterium and Lactobacillus strains, which belong 
to the lactic acid bacteria (LAB) and which are normal 
inhabitants of the human gut (Rolfe, 2000;  Kolida et al., 
2006; Wohlgemuth et al., 2010). Bifidobacteria are 
probiotics that are beneficial microorganisms with 
acclaimed health beneficial effects on the host if ingested 
in sufficient amounts.  At the same time that probiotics 
are recommended to consumers for health benefits, there 
are herbs such as garlic, which are also recommended 
for the same reason.  

Although there have been numerous studies on the 
effects of garlic on pathogens, there are few studies on 
the susceptibility of beneficial bacteria, specifically 
probiotic strains of Lactobacillus (Rees et al., 1993; 
Naganawa et al., 1996; Ross et al., 2001). Susceptibility 
of lactic acid bacteria such as Enterobacter spp. and 
Lactobacillus acidophilus has been tested (Banerjee and 
Sarkar, 2003; O’Gara et al., 2000; Ross et al., 2001; 
Ruddock et al., 2005). The use of garlic alone or together 
with other herbs and spices in foods has the potential to 
extent to its use as an alternative food preservative in 
foods in which garlic flavour is desirable, or for extending 
the shelf life of raw meat products. 

To our knowledge, there has been no study thus far on 
how garlic affects the probiotic strains of bifidobacteria. 
Since viability is crucial to probiotics’ success, it is 
important to test their susceptibility to foods or food 
ingredients with antimicrobial effects.  The objective of 
this study was therefore to investigate the antibacterial 
activity of different garlic preparations against selected 
strains of bifidobacteria. 
 
 
MATERIALS AND METHODS 
 
Microorganisms and growth conditions 
 
Commercial probiotic cultures of Bifidobacterium lactis Bb12 (CHR-
Hansen), B. longum Bb536 (Morinaga Milk company), B. lactis Bi-
07 300B and Lactobacillus acidophilus La14 150B (Danisco) were 
used.  Bifidobacterium longum LMG 13197 and B. bifidum LMG 
11041 type strains were obtained  from BCCM/LMG culture  collec- 

 
 
 
 
tion, and revived as specified.  L. acidophilus was grown in MRS 
broth while bifidobacteria were grown in MRS supplemented with 
0.05% cysteine hydrochloride (MRS-cys-HCl) broth.  All cultures 
were incubated at 37°C for 48 h in anaerobic jars containing 
Anaerocult A gaspacks (Merck Ltd. Modderfontein, SA). 
 
 
Preparation of garlic extracts 
 
Garlic cloves, garlic paste, garlic powder and garlic spice were 
bought from a local supermarket in Pretoria. These were stored at 
4°C for no longer than two weeks. To prepare garlic clove extract 
(GC), 10 g were crushed in 5 ml sterile distilled water (sdH2O) using 
a mortar and pestle, centrifuged at 3500 rpm using Eppendorf 
miniSpin centrifuge and then filtered through a 0.22 μm filter 
membrane (Minisart). The weight of the insoluble material was 
subtracted from the weight of the original cloves and the final 
concentration of garlic extract in solution was determined (Bakri and 
Douglas, 2005). Extracts of garlic paste (GP), garlic powder (Gp) 
and garlic spice (GS) were prepared the same way except that 10 g 
Gp and GS were suspended in 10 ml autoclaved distilled water 
(dH2O). 
 
 

Allicin concentration 
 
The concentration of allicin in each garlic preparation was 
determined spectrophotometrically by reaction with thiol, 4- 
mercaptopyridine (Miron et al., 2002). Briefly, a 1:1 dilution of each 
garlic extract was incubated at room temperature in 1 ml 4- 
mercaptopyridine (10

-4
 M) in 50 mM phosphate buffer, 2 mM EDTA, 

pH 7.2, which results in formation of 4-allylmercapthiopyridine, 
causing a shift in absorbance. The decrease in optical density at 
324 nm after 1 h was used to calculate the allicin concentrations in 
each garlic preparation. εM 39, 600 M

-1
cm

-1
 at 324 nm was used for 

the calculation. 
 
 

Disk diffusion assay 
 

The antimicrobial activity of the garlic preparations were tested 
using the disk diffusion method according to Benkeblia (2004), with 
minor modifications. Bacterial cell suspensions were adjusted to a 
0.5 McFarland’s standard. A lawn of bifidobacteria was prepared by 
spreading 100 μl of each of the broth cultures (incubated at 37°C 
for 48 h) onto MRS-cys-HCl agar plates. Filter disks (1 cm) were 
impregnated with 30 µl of the GC, GP, Gp and GS extract. Sterile 
dH20 and ampicillin (Amp) at a final concentration of 5 mg/ml) were 
used as negative and positive controls, respectively. Plates were 
then incubated anaerobically at 37°C for 48 to 72 h, after which the 
diameters of any resultant inhibition zones were measured (mm). 
This assay was repeated in triplicate. 
 
 

Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) determination  
 

The minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) of the garlic extracts was 
determined according to a method described by Bakri and Douglas 
(2005) with minor modifications. Extracts were diluted in MRS-cys-
HCl broth and inoculated with 100 µl of the bifidobacterial cultures 
which were all adjusted to a concentration equivalent to 0.5 
McFarland’s standard beforehand. Tubes were then incubated 
anaerobically for 24 h at 37°C and  the highest dilution where  there  
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Table 1. The antibacterial activity (inhibition zones) of different garlic extracts and ampicillin on the probiotic strains tested. 
 

Probiotic strain 

Antimicrobial compound 

GC Gp GP GS Amp 

Zone of inhibition (mean diameter (mm) ± SD) 

B. bifidum LMG 11041 36.7 ± 1.2 28.0 ± 2.0
 

21.3 ± 2.5 22.3 ± 0.6 52.0 ± 2.0 

B. lactis Bb12 22.3 ± 1.5 17.3 ± 2.1 
a
 19.3 ± 2.1 34.7 ± 2.1 

B. lactis Bi-07 300B 13.0 ± 1.7 
a a a 

31.0 ± 1.7 

B. longum Bb536 31.3 ± 2.3 24.0 ± 3.0 20.7 ± 2.1 19.7 ± 1.5 44.7 ± 1.5 

B. longum LMG 13197 28.0 ± 1.0 19.7 ± 2.1
 a

 24.0 ± 2.0 43.3 ± 2.5 

Lactobacillus acidophilus La14 150B 
a a a a 

44.0 ± 2.6 
 

Each value is mean of 3 replicates ± standard deviation (SD); GC, garlic clove extract; GP, garlic paste extract; Gp, garlic powder 
extract; GS, garlic spice extract; 

a
no inhibition zone. 

 
 
 

was no bacterial growth was recorded as the MIC. Dilutions 
showing no visible growth were plated out (100 µl) onto MRS-cys-
HCl agar plates and incubated anaerobically for a further 24 h at 
37°C.  The highest dilution where there was no growth at all was 
recorded as the MBC. Sterile MRS-cys-HCl broth and Amp were 
used as a negative and positive control, respectively.  MIC and 
MBC determinations were performed in triplicate. 
 
 
Time kill curves 
 
MRS-cys-HCl broths were inoculated with each of the 
Bifidobacterium spp. respectively and incubated overnight 
anaerobically at 37°C. Broth cultures were adjusted to a 0.5 
McFarland’s standard and viable plate counts were performed in 
order to confirm the initial amount of bacteria before exposure to 
the preparations.  The cultures were exposed to MBC 
concentrations of garlic extracts or ampicillin (positive control) in 
triplicate.  Tubes were then incubated at 37°C for 6 h. A 1 ml 
sample was taken from each of the tubes immediately after addition 
of garlic, after 0.5, 1, 2, 3, 4, 5 and 6 h of incubation. The samples 
were serially diluted in sterile ¼ strength Ringer’s solution up to 10ˉ

6
 

and 100 μl of each dilution was pour-plated onto MRS-cys-HCl agar 
plates and then incubated anaerobically at 37°C for 72 h.  An 
uninoculated culture was used as a negative control. 
 
 
Statistical analysis 
 
Statistical analysis of the data (standard deviations of means and 
Student’s t-tests at the 5 % significance level) was performed using 
StatSoft STATISTICA 10.  p < 0.05 showed marked significant 
difference, and p > 0.05 was non-significant.  

 
 
RESULTS AND DISCUSSION 
 
Disk diffusion assay 
 
The final concentration of garlic extract in solution was 
determined to be 60.7% (w/v) for GC, 10.7 % (w/v) for 
GP, 9% for Gp and 8.9% (w/v) for GS. The estimated 
allicin concentrations in these extracts were 198.74 

μg/ml, 124.98 μg/ml, 26.63 μg/ml and 10.24 μg/ml for 
GC, GP, Gp and GS, respectively. Table 1 shows 
diameters of zones of inhibition for the tested 
Bifidobacterium strains. The reported values are means 
of triplicate measurements. All bifidobacterial strains were 
inhibited by GC extract and inhibition zones ranged from 
13.0 ± 1.7 to 36.7 ± 1.2 mm. Gp and GS inhibited all the 
strains, except B. lactis Bi-07 300B. No inhibition was 
obtained for GP for most bifidobacterial strains except for 
B. bifidum LMG 11041 and B. longum Bb536. Therefore 
GC had the highest antimicrobial activity compared to 
other tested preparations. Ampicillin was used as a 
positive control and all strains were susceptible with 
inhibition zones ranging from 31.0 ± 1.7 to 52.0 ± 2.0 mm. 
The susceptibility of the tested strains to the different 
garlic preparations differed. The resistance pattern (from 
the most to the least resistant) of the strains to GC 
extract was B. lactis Bi-07 300B > B. lactis Bb12 > B. 
longum LMG 13197 > B. longum Bb536 > B. bifidum 
LMG 11041. There was no correlation between the 
sensitivities of the strains to GC extract compared to GP, 
Gp and GS.  The resistance pattern of the strains to GP 
was B. lactis Bb12 ~ B. lactis Bi-07 300B ~ B. longum 
LMG 13197 > B. longum Bb536 > B. bifidum LMG 11041. 
For Gp, it was B. lactis Bi-07 300B > B. lactis Bb12 > B. 
longum LMG 13197 > B. longum Bb536 > B. bifidum 
LMG 11041. The pattern for GS resistance was B. lactis 
Bi-07 300B > B. lactis Bb12 > B. longum Bb536 > B. 
bifidum LMG 11041 > B. longum LMG 13197. Overall, B. 
bifidum LMG 11041 was the most sensitive (p < 0.05) to 
the antibacterial effects of the garlic preparations and B. 
lactis Bi-07 300B was most resistant.  No inhibition zones 
for L. acidophilus due to any of the garlic extracts was 
observed but its susceptibility to ampicillin was observed 
as was expected.  Lactobacillus is reported to be very 
sensitive to this antibiotic (D’Aimmo et al., 2007). This is 
the first time that sensitivity of bifidobacterial species to 
garlic is being reported.  
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Table 2. Inhibitory effect (minimum inhibitory concentration (MIC)) of different garlic extracts on the probiotic strains tested. 
  

Probiotic strain 

Antimicrobial compound 

GC Gp GP GS 
Amp (μg/ml) 

Garlic concentration (mg/ml) (estimated allicin concentration μg/ml) 

B. bifidum LMG 11041 75.9 (24.84) 30 (8.88) 107 (124.98) 44.5 (5.12) 0.00000035 

B. lactis Bb12 202.3 (66.25) 45 (13.32) >107 (124.98)* 89 (10.24) 0.035 

B. lactis Bi-07 300B 303.5 (99.37) >90 (>26.63)* >107 (>124.98)* >89 (>10.24) 0.05 

B. longum Bb536 86.7 (28.39) 45 (13.32) 107 (124.98) 44.5 (5.12) 0.00005 

B. longum LMG 13197 151.75 (49.69) 90 (26.63) >107 (>124.98)* 89 (10.24) 0.002 

L. acidophilus La14 150B  303.5 (99.37) >90 (>26.63)* >107 (>124.98)* >89 (10.24)* 0.5 

 

GC, garlic clove extract; GP, Garlic paste extract; Gp, garlic powder extract; GS, garlic spice extract; *not inhibited by the highest 
concentration of the garlic extract tested. 

 
 
 

Table 3. Inhibitory effect (minimum bactericidal concentration (MBC)) of different garlic extracts on the probiotic strains 
tested. 
 

Probiotic strain  

Antimicrobial compound 

GC Gp GP GS Amp 

MBC (µg/ml) 
Garlic extract dilution (estimated allicin concentration µg/ml) 

B. bifidum LMG 11041 1:5 (39.75) 1:2 (13.32) >107 (>124.98)* 1:1 (10.24) 1:7 (0.000005) 

B. lactis Bb12 1:1 (198.74) 1:1 (26.63) >107 (>124.98)* >89 (>10.24)* 1:2 (0.5) 

B. lactis Bi-07 300B 1:1 (198.74) >90 (>26.63)* >107 (>124.98)* >89 (>10.24)* 1:2 (0.5) 

B. longum Bb536 1:4 (49.69) 1:1 (26.63) >107 (>124.98)* 1:1 (10.24) 1:4 (0.005) 

B. longum LMG 13197 1:2 (99.37) >90 (>26.63)* >107 (>124.98)* >89 (>10.24)* 1:3 (0.05) 

L. acidophilus La14 150B  >607 (>198.74)* >90 (>26.63)* >107 (>124.98)* >89 (>10.24)* 1:1 (5) 

 

GC, garlic clove extract; GP, Garlic paste extract; Gp, garlic powder extract; GS, garlic spice extract; *not inhibited by the highest 
concentration of the garlic extract tested. 

 
 
 
It was expected that if there was any antimicrobial 

effects, it would be observed in fresh GC extract as it 
possess the active ingredient allicin, which is released 
upon crushing of the cloves. This compound is 
responsible for the antimicrobial activity of garlic and is 
active against a wide variety of Gram-positive and Gram-
negative microorganisms (Benkeblia, 2004; Durairaj et 
al., 2009). Only two strains were susceptible to GP (Table 
1), while all strains besides one were susceptible to Gp 
and GS. GS, Gp and GP had in general lower inhibition 
zones for the bifidobacterial strains. This is probably due 
to the harsh preparation processes of these preparations. 
Gp and garlic granules, used as GS, are dehydrated, 
dried and stored for long periods of time before they are 
utilized. Therefore active ingredients found in fresh garlic 

extract, such as allinase, are often eliminated or become 
inactive thereby producing insignificant amounts of allicin 
and thus negligible antimicrobial properties (Yu and Shi-
ying, 2007). 
 
 
MIC and MBC determination 
 
Tables 2 and 3 show MIC and MBC values obtained. The 
garlic extract concentrations as well as the deduced 
allicin concentrations were used to calculate MIC and 
MBC values. MIC values for the garlic preparations, 
except GP, were lower for most bifidobacterial strains 
compared to the control Lactobacillus strain. This 
indicated   that  the   bifidobacterial strains    were    more  



 
 
 
 
 
 
sensitive to the garlic preparations than Lactobacillus 
acidophilus. For GC, Gp, GP and GS extracts the MIC 
values ranged from 75.9 to 303.5 mg/ml garlic (estimated 
24.84 to 99.37 µg/ml allicin), 30 to > 90 mg/ml garlic 
(estimated 8.88 to > 26.63 µg/ml allicin), 107 to > 107 
mg/ml garlic (estimated 124.98 to > 124.98 µg/ml allicin) 
and 44.5 to > 89 mg/ml (estimated 5.12 - > 10.24 µg/ml 
allicin), respectively. B. bifidum LMG 11041 had 
significantly lower MIC and MBC values overall for all the 
garlic extracts, indicating that it was by far the most 
susceptible of the bifidobacterial strains tested. On the 
contrary, B. lactis Bi-07 300B had significantly higher (p < 
0.05) MIC and MBC values than all the other test strains 
and was therefore the most resistant. MBC values 
obtained for GC and Gp were double or more than the 
MIC values. 

A further interesting observation made from the MIC 
values obtained is that garlic preparations containing 
minimal levels of allicin still exhibited antibacterial effects 
on bifidobacteria. It would be expected that allicin 
concentrations lower than those recorded as MIC for GC 
would not inhibit bacterial growth. However, as indicated 
by results obtained specifically for Gp and GS, allicin 
levels five times lower than MIC for GC were inhibitory to 
bifidobacteria growth (Table 2). This observation 
suggests that these garlic preparations have other 
antimicrobial compounds, though less potent than allicin, 
that act synergistically with low levels of allicin in these 
garlic preparations to inhibit bacterial growth. Compounds 
such as ajoene and vinyl dithiins (Harris et al., 2001) and 
other thiosulfanates (Hovana et al., 2011) with 
antimicrobial effects were isolated as products of garlic 
degradation. It has been shown that addition of ajoene to 
fungal cultures resulted in inhibition at concentrations 
lower than experienced with allicin (Harris et al., 2001). 
Inhibitions observed with low levels of allicin in this study 
could be attributed to this factor. 

MIC values for GC and Gp extract against L. 
acidophilus were higher compared to those reported in 
literature (Owhe-Ureghe et al., 2010; Ross et al., 2001). 
Allicin concentration value for GC extract obtained in this 
study was also slightly lower than those reported by Bakri 
and Douglas (2005). These differences may be due to a 
number of reasons. According to Deresse (2010), garlic 
species tend to vary in different countries as well as the 
processing methods used for different garlic preparations. 
Lower allicin concentrations and higher MIC values may 
also be due to little precautions taken to prevent loss of 
garlic components, specifically allicin, by volatilization. 
Allicin is a very volatile and unstable compound which, 
depending on environmental conditions and processing 
actions, will undergo numerous reactions and form other 
derivatives (Hovana et al., 2011). Therefore this may 
result in lower or no antibacterial activity when garlic is 
exposed for  long periods of time. The origin  and  type of 
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strains used may also play a role in these differences.  

GC extract was able to inhibit all bifidobacterial strains 
and had the strongest/highest (p < 0.05) antimicrobial 
activity of all the preparations tested. Gp and GS were 
found to have similar antimicrobial effects and only 
inhibited certain strains. GP had the lowest inhibitory 
effect with only B. bifidum LMG 11041 being slightly 
susceptible. There have been few studies on the 
antimicrobial activity of GP, Gp and GS, but it is known 
that Gp has a lower inhibitory effect than GC due to its 
high vegetable content (O’Gara et al., 2000). Different 
culture media may have an effect on antimicrobial activity 
of garlic components and it is known that cysteine has an 
effect on allicin (Ross et al., 2001). This may therefore 
have had an influence on the interpretation of our in vitro 
test results on the antimicrobial activity of GP preparation 
as cysteine was added to MRS broth used during the 
experiments. Therefore these results may be an 
underestimate of Gp, GP and GS’s full antimicrobial 
potential. 
 
 
Time-kill curves 
 
Figure 1 shows the time kill curves for the tested 
bifidobacteria strains. The initial average concentration of 
bacteria for all strains was approximately equal to 0.5 
McFarland’s standard. All the strains were sensitive to 
Amp, the positive control, with B. longum Bb 536 showing 
the highest reduction in viable numbers to that of the 
initial amount (Figure 1b). In general, all the 
bifidobacterial strains tested experienced a significant 
decrease (p < 0.05) in cell numbers when exposed to GC 
extract than other preparations. B. bifidum LMG 11041 
(Figure 1a) and B. longum Bb536 were the only two 
strains that showed a reduction in viability for all the garlic 
preparations over the allocated time period. Overall, B. 
bifidum LMG 11041 showed the highest (p < 0.05) 
reduction in viability for all preparations (Figure 1a, b).  
Viability of B. longum LMG 13197 (Figure 1c) incubated 
in both Gp and GS decreased; while viability of B. lactis 
Bb12 (Figure 1d) incubated in the same preparations 
decreased slightly less. For both of these strains, there 
was no reduction in cell numbers when exposed to GP. 
B. lactis Bi-07 300B showed the closest trend to that of 
the comparison strain, L. acidophilus (Figure 1e, f).  
There was no significant reduction in viability for these 
strains upon exposure to GP, Gp and GS with a minor 
decline for GC. This could also possibly indicate that B. 
lactis Bi-07 300B requires a longer exposure period of 
more than 6 h to succumb to the antimicrobial effects of 
garlic compared to the other strains. The negative 
control, incubated with no garlic preparations, 
experienced no decline in cell numbers for all strains, as 
expected. On  the  contrary  there was a gradual increase 
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(b) 

 

(c) 

 

Time (h) 

Time (h) 

Time (h) 
 

 

Figure 1. The effect of garlic preparations (GC, garlic clove extract; GP, 
Garlic paste extract; Gp, garlic powder extract; GS, garlic spice extract) at 
their respective MBC for each strain, on viability of B. bifidum LMG 11041 
(a), B. longum Bb536 (b), B. longum LMG 13197 (c), B. lactis Bb12 (d), B. 
lactis Bi-07 300B (e) and L. acidophilus (f) over 6 h. Ampicillin (5 mg/ml) 
and broth cultures without garlic were used as positive and negative 
controls, respectively. 
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Figure 1. Contd. 
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in numbers over 6 h. There was a significant difference (p 
< 0.05) in viability for the negative control if compared 
with that of garlic treated cultures. The order of strains 
that demonstrated the highest drop in viability towards 
the garlic preparations was as follows: B. bifidum LMG 
11041 > B. longum Bb 536 > B. longum LMG 13197 > B. 
lactis Bb12 > B. lactis Bi-07 300B. 

All strains, including L. acidophilus, showed a decrease 
in viability from that of their initial bacterial concentration 
once exposed to GC for 6 h; therefore they were all 
affected by the GC, some not as much as others. Total 
reductions of 1.2 log, 0.8 log, 0.9 log, 0.8 log and 0.4 log 
were observed at the end of the 6 h exposure to GC for 
B. bifidum LMG 11041, B. longum Bb 536, B. longum 
LMG 1037, B. lactis Bb12 and B. lactis Bi-07 300B, 
respectively. For most strains, GC had the shortest lag 
phase when compared to the other garlic preparations 
and on average took 1 h to start inhibiting the bacterial 
cells. The most sensitive strain, B. bifidum LMG 11041 
succumbed to the antibacterial activity of GC within 0.5 h. 
GP, Gp and GS had an average minimum exposure time 
of 2 h before they started having an inhibitory effect on 
the strains.  

Upon exposure to GP, there was a slight increase in 
viability for B. lactis Bb12 (Figure 1d) and B. longum LMG 
13197 (Figure 1c). This could be an indication that the 
active antimicrobial compounds of GP were diminished 
and the remaining population of cells started multiplying. 
The diminished antimicrobial activity could be due to 
instability of the active compound or its transformation 
into stable components such as polysulfides and 
thiosulphonates (Cellini et al., 1996; Belguith et al., 
2010). Regrowth of bacteria exposed to garlic 
preparations was observed elsewhere. Margues et al. 
(2008) observed regrowth of Salmonella enterica 
exposed to garlic powder. Feldberg et al. (1988) 
suggested regrowth of Salmonella typhimurium could be 
due to its ability to titrate allicin or to metabolize it into 
noninhibitory compounds (Belguith et al., 2010). 
Exposure periods longer than 6 h to GP, Gp and GS may 
be required to observe a reduction in B. lactis Bi-07 300B 
viability as there was no decrease during the 6 h. These 
results may possibly indicate that this strain takes a 
longer time to succumb to the antimicrobial effect of GP 
than other strains do. However, comparing viable counts 
of all garlic exposed strains to the untreated cells, it is 
evident that in the presence of any garlic preparation, 
growth of bifidobacteria was inhibited. There was a 
significant increase in viable numbers of untreated 
bacteria overtime, whereas either a decline or no change 
in viable numbers was observed for garlic exposed cells 
(Figure 1). This highlights that the presence of garlic has 
negative effects on bifidobacteria. 

A minimum exposure period (MEP) of 1 h to GC was 
required  for  all strains but B. bifidum  LMG 11041, which 

 
 
 
 
required only 30 min.  The MEP for all other garlic 
extracts was 2 h.  B. lactis strains however, required 
longer than 6 h as no decrease in viability was observed 
until the end of the exposure period for all garlic extracts. 
There was a significant difference (p <0.05) in viability for 
controls compared to garlic exposed cultures. The 
differences in minimum exposure period observed for the 
tested strains indicated that sensitivity of bifidobacteria to 
garlic preparations differed between strains. This 
highlights that no generalizations should be made for the 
different strains on their sensitivity to antimicrobial effects 
of garlic. Inter-strain variations in garlic extract sensitivity 
was also observed for strains of Streptococcus mutans 
by Chen et al. (2009) who attributed it to be partially due 
to different cell surface composition in different strains.  
 
 
Conclusions 
 
Results show that garlic does have antimicrobial effects 
against bifidobacteria, with fresh GC extract being the 
most potent.  This is a significant information as many 
consumers may take probiotics and garlic 
simultaneously, which would therefore decrease the 
viability and hence the affectivity of the probiotics. This 
then becomes a huge disadvantage to the consumer. 
Therefore from this study we conclude that garlic exerts 
antibacterial activity against bifidobacteria.  Caution is 
therefore needed when using probiotic bifidobacteria and 
garlic simultaneously. However, further research 
investigating the effect of food constituents on the 
antibacterial activity is recommended.  
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