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INTRODUCTION 

One of the major crises the world is facing these days is 

related to the food crisis. Whereas one of them is due to 

the scarcity of foods, another is a vast array of diseases 

contaminated via food. Every year 40,000 people die by 

foodborne diseases
[1] 

The diseases can often lead to food 

poisoning, cholera, dysentery, shigellosis, giardiasis -an 

infection in the small intestine, gastrointestinal disorder, 

etc.
[2]

 The pathogens come in contact with the food via 

both preparation time and during preserving time. 

Although some of the pathogens die while cooking 

others prevail and cause diseases in the enteric and other 

parts of the body. Moreover, cooking for a short time 

also lets the pathogens to grow and expand in food 

products.
[3]

 Probiotics are live microorganisms which 

have various health benefits upon the health of human 

beings and animal when consumed in appropriate 

amounts.
[4]

 Probiotics improve digestion of the one 

consuming these. Furthermore, some of the Probiotics 

show certain anti-microbial activity against a few enteric 

pathogens.
[5]

 Antibiotic treatment, though fast-acting, is 

currently the least recommended treatment option.
[6] 

Due 

to the rapid emergence of resistant pathogens, antibiotics 

are becoming less and less effective. However, 

antibiotics kill all the bacteria irrespective of their 

functions in the body. This results in destroying the gut 

flora that can prevent pathogen invasion. Thus, the need 

for alternative treatment is crucial. Therefore, Probiotics 

can become an excellent solution to treat many of the 

common foodborne diseases. A combination of 

antibiotics and probiotics can restore the normal 

predominance beneficial enteric bacteria on one hand 

and can inhibit the harmful bacteria on the other hand.
[4]

 

The lactic acid bacterium has antagonistic effects on 

food-borne infective and spoilage microorganisms.
[7]

 

Probiotics put numerous health benefits including 

prevention of diarrhea or irritable bowel syndrome, 

pouchitis, ulcerative colitis, lactose intolerance, urinary 

tract infection, constipation, allergies, bacterial & yeast 

vaginosis. Probiotics have been found to be useful in the 

control of blood cholesterol, Helicobacter pylori 

infection 
[8]

 and even cancer in some animal model.
[9]

 

Probiotic bacteria may be producing various Anti-

microbial metabolites, which include organic acids 

(lactic and acetic acids), and bacteriocins. The organic 

acids not only lower the pH, but they can also be toxic to 

the pathogens,
[10]

 Lactobacillus, Bifidobacterium, 

Lactococcus, Leuconostoc, Bacillus and many others are 

integrated into the list of Probiotics.
[11]

 Probiotics are 

well recognized to possess specific Properties such as; 

gastric juice and bile tolerance, adhesion to the epithelial 

cells of the intestine, survive in the gastrointestinal tract 

of humans and animals and improvement of the intestinal 

microbial balance,
[12]

 In different studies inhibition of 

Gram +ve organisms by LAB is reported but 

investigations about Gram -ve bacteria are very few. It 

has been reported that some Lactobacillus strains had 

inhibitory activity against E.coli.
[13]

 Bifidobacteria are 
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ABSTRACT 
Probiotics are well known to show positive health effects upon the humans and animals are now being used as 

medicines to combat the diseases due to their ability to inhibit the pathogenic microorganisms. The aim of our 

study was to determine the effect of lactobacillus and Bifidobacteria sp when combined with different antibiotics 

against E.coli, S.aureus, P.aeroginousa, Bacillus sp. Kirby Bauer disc method was used for evaluating the zone of 

inhibition alongside the agar well diffusion method. Bifidobacteria sp and L.acidophilus showed better 

enhancement of zone in combination with antibiotics in most of the cases than antibiotics or probiotics alone. 

These results suggest the combinatory effect of antibiotics and probiotics could increase the efficacy of bacterial 

disease treatment. Probiotics can be a great approach in the future for aiding not only the food-borne disease but 

other bacterial infection as well when combined with antibiotics. 
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anaerobic, Gram-positive, rod-like organisms with a 

characteristic Y- or V-shaped end. They inhabit mainly 

the intestinal and vaginal mucosa of humans and 

animals.
[14]

 

 

Pathogens used in this study were E.coli, Bacillus, 

S.aureus, and P.aeruginosa. Also, in this study, 

Lactobacillus and Bifidobacterium sp were screened for 

their antagonist activity against four pathogens and 

antibiotic susceptibility for the development of probiotics 

in combination with antibiotics against pathogenic 

organisms. 

 

MATERIALS AND METHOD 

A. Sample collection 

LAFTI 10, ABY3 both which are starter culture packs 

and Skimmed milk were all obtained from a dairy 

industry, Anand Gujarat India while all the pathogens 

were obtained from Ashok And Rita Patel Institute of 

Integrated Study and Research In Biotechnology And 

Allied Sciences Gujarat India. 

 

B. Isolation of pathogenic strains 

The pathogens were revived in nutrient broths (15ml 

each), and left on 37°C incubator shaker for 24hrs for 

good turbidity growth then with the help of a sterile wire 

loop they were streaked onto nutrient agar slants (20ml 

each), overnight incubation at 37°C. The slants were 

refrigerated at and sub-cultured every two-three weeks. 
[15]

 

 

C. Screening of pathogenic strains 

Isolates of different pathogens were screened to confirm 

their characteristics by performing gram staining and 

biochemical tests with the help of biochemical test kit 

purchased from Himedia Ltd. 

 

D. Antimicrobial activity of antibiotics against 

pathogenic strains 

MHA was prepared and 100ul of each bacterial culture 

was spread into respective plates and left to settle for 10’. 

The next four different antibiotics disc (Gentamycin, 

Tetracyclin, Chloramphenicol, Ciprofloxacin) were 

placed with the help of sterile forceps following Kirby 

Bauer disc method. The plates were then incubated at 

37°C for 18-24hrs. Zone of inhibition (ZOI) was 

observed the next day. (See figure 1 and Table 1,2) 

 

E. Isolation of probiotics 

1gm of both starter culture packs were weighed 

individually and suspended into autoclaved skimmed 

milk (100ml) each and left for propagation for 2-3 hours. 

After propagation period serial dilution was made of 10 

fold ranging from 10^1 to 10^6. From this 10^2 and 

10^6 were selected. Simultaneously MRS (De Man, 

Rogosa and Sharpe agar) and Bifidobacterium agar, 

modified were prepared, autoclaved, poured and left to 

solidify for streaking purpose in which loop-full of 10^2 

and 10^6 were streaked using four flame method. For 

pour plate technique the agar was allowed to cool down a 

bit and then 1ml of 10^2 and 10^6 dilutions were 

inoculated into the respective agar, mixed well and 

poured into sterile Petri plates. Once solidified MRS and 

Bifidobacterium agar was overlayed again without any 

inoculations. Streak plates were aerobically incubated at 

37°C for 48-72 hrs while the pour plates were 

anaerobically incubated at 37°C for 48-72 hrs placed in 

anaerobic jars. 
[15]

 

 

F. Screening of probiotics 

Isolates of both Lactobacillus and Bifidobacteria were 

screened based on Gram staining and performing the 

various biochemical test by using a biochemical test kit 

provided from Himedia. Ltd 

 

G. Antimicrobial activity of probiotics against 

pathogens 

Probiotics broth (starter culture were directly added to 

N.broth and left on incubator shaker overnight) were 

centrifuged at 8000 rpm for 10’. The supernatant was 

filtered through a sterile 0.22 µm syringe filter. Muller 

Hinton Agar was prepared and 40ul of bacterial cultures 

were spread on to each plate and allowed to settle for 

10’. Next with the help of a sterile cup borer of 5mm 

wells were punched and 90ul of aliquot was added to 

wells. To ensure proper diffusion of supernatant and to 

inhibit the growth of test organisms during the diffusion 

process, plates were kept in a 4°C refrigerator for 30 min 

after which the plates were incubated aerobically for 24 

hours at 37°C. ZOI was observed the next day. This 

process was repeated thrice. 
[16]

 (See figure 2 and Table 

3) 

 

H. Antimicrobial activity of probiotics against 

antibiotics 

Muller Hinton Agar was prepared and with the help of 

sterile spreader 100ul of probiotic cultures was spread. 

Sterilized forceps were then used to place different 

antibiotics discs into petriplates. Overnight incubation at 

37°C for 18-24hrs. This process was repeated twice 
[17]

 

(See figure 3 and Table 4) 

 

I. Combine effect of probiotics with antibiotics 

40ul of the supernatant of probiotics were inoculated into 

each antibiotic disc and left to propagate for 1-2hr at 

37°C then 1hr at 4°C for proper diffusion. Muller Hinton 

Agar was prepared, 100ul of bacterial cultures were 

spread then with the help of sterile forceps each 

antibiotics disc was carefully placed into each Petri 

plates. The incubation period for 18-24hrs at 37°C. The 

zone of inhibition was measured by the capillary meter. 
[17]

 (See figure 4,5 and Table 5,6,7) 

 

RESULTS 

The antimicrobial activity of the four antibiotics was 

determined against the four pathogens by Kirby Bauer 

disk method. Most of the zones were round in shape (Fig 

1). Gentamycin was found to be sensitive (>29mm) 

towards Bacillus sp, S.aureus, and P.aeruginosa, 

Ciprofloxacin showed intermediate zones (>20mm) 
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towards all four bacterial pathogens (Table 1) 

Tetracycline showed intermediate zones against E.coli 

and Bacillus sp, sensitive towards S.aureus and resistant 

(>10mm) towards P.aeruginosa whereas 

Chloramphenicol was found to be resistant towards 

E.coli, S.aureus, and P.aeruginosa and intermediate zone 

towards Bacillus sp. (Table 2) ANOVA statistics were 

carried out resulting in a P-value of 0.0005. (<0.05) 

 

   
E.coli                           Bacillus sp.                          S.aureus                   P.aeruginosa 

Fig. 1: Antibiotics tested against E.coli, S.aureus, Bacillus Sp and   P.aeruginosa. 

 

Tabale 1: Results of  zone of inhibition for antibiotics against pathogens. 

Pathogens 

Diameter of Inhibition 

Zone (mm) 

Diameter of Inhibition Zone 

Duplicate (mm) 

Antibiotics 

GN TC C CIP GN TC C CIP 

E.coli 21 20 21 30 20 20 23 30 

Bacillus 29 22 25 35 27 23 24 31 

S.aureus 31 28 16 41 33 30 18 40 

P.aeruginosa 29 10 12 42 29 10 12 40 

 

Table 2 represents RIS interpretation according to 

Himedia catalog following CSLI and EUCAST 

guidelines 2019. (R=resistant, I=intermediate, 

S=sensitive (GEN=gentamicin, TC=tetracycline, 

C=chloramphenicol, CIP=ciprofloxacin) 

The agar well diffusion method was used to assess the 

activity of the probiotics against the selected pathogens 

(Fig 2). L.acidophilus showed the highest activity against 

Bacillus sp and lowest activity against P.aeruginosa. On 

the other hand, the Bifidobacteria sp showed no zone of 

inhibition. ( Table 3). 

 

Tabale 2: Ris interpretations of antibiotics against pathogen. 

Antibiotics 
Pathogens 

E.coli Bacillus sp S.aureus P.aeruginosa 

GEN I S S S 

TC I I S R 

C R I R R 

CIP I I I I 

 

  
Fig. 2: Probiotics tested against E.coli, Bacillus sp, P.aeruginosa  and S.aureus  L=L.acidophilus, 

B=Bifidobacteria sp. 
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Table 3: Results of zone of inhibition for probiotics against pathogen. 

Pathogens 

Diameter of 

Inhibition 

Zone (mm) 

Diameter of 

Inhibition Zone 

Duplicate (mm) 

Diameter of 

Inhibition Zone 

Triplicate (mm) 

Probiotics 

Lacto Bifido Lacto Bifido Lacto Bifido 

E.coli 16 - 14 - 14 - 

Bacillus 15 - 15 - 13 - 

S.aureus 15 - 13 - 13 - 

P.aeruginosa 13 - 13 - 12 - 

 

The antimicrobial activity of the four antibiotics was 

determined against the selected probiotics by Kirby 

Bauer disk method in which no zone of inhibition was 

observed for both the probiotics against antibiotics 

tested. ( Fig 3 and Table 4) 

 

 
Fig. 3: Antibiotics tested against L.acidophilus (left) and Bifidobacteria sp (right). 

 

Table 4: Results of the zone of inhibition for  probiotics+antibiotics against pathogens. 

Pathogens 

Bifido+Antibiotics Lacto+Antibiotics 

The diameter of Inhibition Zone (mm) 

GN TC C CIP GN TC C CIP 

E.coli 30 27 31 32 27 23 26 32 

Bacillus 32 27 28 35 31 28 25 33 

S.aureus 33 39 13 43 31 39 8 43 

P.aeruginosa 29 10 15 46 21 10 10 43 

 

In the current study, the antibacterial activity of 

Probiotics + Antibiotics against pathogens was examined 

by measurement of their inhibitory zones and were 

compared with the zone of inhibition of antibiotics and 

probiotics alone to see the enhancement of zone by 

probiotic strains. All the four antibiotics (GN, TE, C, 

CIP) showed an increase in ZOI when combined with 

both Bifidobacteria sp and L.acidophilus against E.coli 

(Fig 4,5) GN, TE, CIP showed an increase in ZOI when 

combined with Lactobacillus while C showed an 

intermediate zone against Bacillus sp. For combination 

with Bifidobacteria sp GN, TE, C showed an increase in 

ZOI while CIP showed an intermediate zone against 

Bacillus sp, Against S.aureus all the four antibiotics 

(GN, TE, C,CIP) showed an increase in ZOI when 

combined with Bifidobacteria sp. Whereas all the three 

antibiotics except CIP showed an increase in ZOI when 

combined with Lactobacillus. CIP showed an increase in 

ZOI when combined with both Lacto and Bifido against 

P.aeruginosa, All the four antibiotics (GN.TC.C and 

CIP) showed an increase in the zone of inhibition when 

combined with both Bifidobacteria sp and Lactobacillus 

against E.coli in comparison with antibiotics and 

probiotics alone. GN remained as an intermediate in the 

case of Bifido and showed a reduced zone in the case of 

Lacto. TE showed an intermediate zone in the case of 

both Lacto and Bifido and C showed an increase in zone 

incase of Bifido and reduced zone incase of Lacto against 

P.aeruginosa. (Table 5,6,7) 
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Fig. 4: Bifidobacteria+Antibiotics tested against E.coli, S.aureus , Bacillus sp and P.aeruginosa. 

 

 
Fig. 5: L. acidophilus +Antibiotics tested against E.coli, S.aureus, Bacillus sp and P. aeruginosa. 

 

Table 5. Results of the zone of inhibition for  probiotics+antibiotics against pathogens. 

Pathogens 

Bifido+Antibiotics Lacto+Antibiotics 

The diameter of Inhibition Zone (mm) 

GN TC C CIP GN TC C CIP 

E.coli 30 27 31 32 27 23 26 32 

Bacillus 32 27 28 35 31 28 25 33 

S.aureus 33 39 13 43 31 39 8 43 

P.aeruginosa 29 10 15 46 21 10 10 43 

 

Table 6: Ris interpretations of bifidobacteria+antibiotics against pathogens. 

Antibiotics + 

Bifidobacteria sp 

Pathogens 

E.coli Bacillus sp S.aureus P.aeruginosa 

GEN S S S S 

TC S S S R 

C S I R R 

CIP I I S S 

 

Table 7: Ris interpretations of lactobacteria+antibiotics against pathogens. 

Antibiotics + 

L.acidophilus 

Pathogens 

E.coli Bacillus sp S.aureus P.aeruginosa 

GEN I S S I 

TC I S S R 

C I I R R 

CIP I I S S 
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Fig. 6: Antimicrobial activity of antibiotics 

against pathogen. 

Fig. 7: Antimicrobial activity of probiotics 

against pathogen. 

 

     
Fig. 8: Antimicrobial activity of combination of 

Bifidobaceria sp + antibiotics against pathogen. 

Fig. 9: Antimicrobial activity of combination 

of L.acidophilus+antibiotics against pathogen. 
 

DISCUSSION 

R.Georgieva et al,
[18]

 stated that Skim milk was chosen 

as a second model system because it is an natural 

medium for the growth of most LAB and 

Bifidobacterium and is commonly used for production of 

freeze-dried cultures at the same time it is an excellent 

medium for developments of many pathogens. Current 

finding is similar to the results reported by Gillard and 

Speck
[19]

 that L.acidophilus showed stronger antibacterial 

property against gram positive bacteria (S.aureus and 

Clostridium perdingers) This is also in agreement with 

Bassyouni et al.
[20]

 that Lactobacillus strains tested 

against Salmonella thyphimurium, E.coli and 

Staphylococcus sp and all of the tested isolates have an 

antibacterial effect against the pathogenic bacteria. A 

measurable zone of inhibition around an antibiotic disc 

in this type of project shows that the antibiotic would be 

effective at killing those particular bacteria.
[21]

 Probiotics 

including Lactobacillus, Bifidobacterium and are known 

to be inhibitory to the growth of a wide range of 

intestinal pathogens in humans
[22]

 In addition to the 

favorable effects against disease caused by an imbalance 

of the gut microflora, several experimental observations 

have revealed a potential protective effect of probiotic 

bacteria against the development of colon tumors.
[23]

 

Another study showed that gut bacteria have resistance 

and because the bacteriae in the gut are the exposure to 

other bacteriae that pass through the digestive tract, they 

are able to share this resistance.
[24]

 It should be noted that 

the testing of antimicrobial susceptibility for this type of 

strictly anaerobic and slow-growing bacteria is difficult, 

sometimes requiring the repetition of experiments.
[25]

 

Use of strains inhibiting S.aureus and E.coli as 

antimicrobial agents may provide a safe alternative in 

food preservation
[18]

 C.Moubareek et al,
[25]

 in his studies 

stated that Broad-spectrum antibacterial agents, 

Chloramphenicol and tetracycline, behaved differently. 

This is in accordance with EFSA
[26]

 that strains with this 

type of acquired resistance have a low potential for 

horizontal spread and may be used as feed additives. 

Antimicrobials are used under certain clinical conditions 

for treating anaerobic or mixed infection, such as 

amoxicillin (alone or with clavulanic acid), imipenem, 

clindamycin and cefoxitin are highly active against 

Bifidobacteria. The administration of one of these 

compounds may lead to the elimination of these bacteria 
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from the infection site, as investigated by Mory et al.
[27]

 

The lack of effectiveness of the antibiotic discs could be 

indicative of several factors, The concentration of the 

probiotic bacteriae may not have been the ideal 

concentration for the concentration of antibiotics used. 

The probiotic bacteriae could be resistant to 

antibiotics.
[21]

 In addition, a study reported the existence 

of probiotic Lactobacilli strains resistant to tetracycline 

(29.5%), chloramphenicol (8.5%) and erythromycin 

(12%)
[28]

 CIP showed an increase in ZOI when combined 

with both Lacto and Bifido against P.aeruginosa, this is 

in accordance with Jagriti Sharma et al.
[17]

 If a probiotic 

contains bacterial strains that exhibit antibiotic 

resistance, this resistance could be spread to the bacteriae 

that is being treated and cause the pathogenic bacteria to 

become resistant. 
[24]

 It was reported in Somayeh et al
[29]

 

that in half of the cases the efficacy of combination of 

probiotics plus antibiotics was higher than that of 

antibiotics alone and that the mean diameter of inhibitory 

zones in the combination form of tetracycline + 

probiotics was higher than that of tetracycline or 

probiotics alone, although the difference was statistically 

insignificant. According to Jagriti Sharma et al
[17]

 almost 

all the probiotic strains showed maximum enhancement 

of zone in combination with those drugs for which they 

have zero susceptibility. 

 

CONCLUSION 

In this study for the first time, Bifidobacterium sp was 

used in combination with antibiotics against selected 

pathogens and showed better results in comparison to L. 

acidophilus. Hence the type of antibiotics and Probiotics 

is also important in creating the synergistic or 

antagonistic effects. They may play an important role in 

the food industry as starter cultures, co-cultures or bio-

protective cultures, to improve food quality and safety or 

as Probiotic therapeutics appropriate for clinical 

practices. In addition, sensitivity or intrinsic resistance of 

the majority of the strains to a recommended set of 

antibiotics makes them safe for use in different products 

for human or animal consumption.  

  

When antibiotic is used separately, the pathogen tolerates 

in the situation better than the combination forms of 

antibiotics plus probiotics. However, Probiotics increase 

the penetration rate and provide higher sensitivity 
[30]

 

Therefore Probiotic strains can be used to support the 

potency of antibiotics against bacterial pathogens. In 

conclusion, it can be stated that Probiotics plus 

antibiotics can be consumed without causing any harm 

and since antibiotics are mainly absorbed in the ileum the 

therapeutic dosage that reaches the colon might therefore 

be low compared to the initial dose hence Bifidobacteria 

and Lactobacilli might survive better in vivo than in 

vitro. So overall Probiotics can be a great approach in the 

future for aiding not only the food-borne disease but 

other bacterial infection as well when combined with 

antibiotics. 

 

 

Future aspect 

Probiotics plus antibiotics can be used in the form of 

medicines specifically in the form of tablets for 

prevention against diseases. It can also be used to 

revolutionize wound treatments in the future.  
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