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ABSTRACT

The increased demand for Lactobacillus bacteria in industry and the developing probiotic sector prompts a quest 
for cost-effective prebiotics and fermentation medium that provide a high yield and quality of these bacteria. The 
mean doubling time of Lactobacilli identified the optimum concentration of honey and inulin as 0.5% and 5%, 
respectively. The effect of pH (2.5) on honey and inulin-supplemented lactic acid bacteria was observed to show 
an absorbance (620 nm) of 0.54 and 0.62, respectively, as compared to the control of 0.49 at 4 h. The prebiotic-
supplemented Lactobacillus strains were able to exhibit higher growth in presence of 0.4% bile salts, and 15% NaCl, 
and higher cell surface hydrophobicity as compared to Lactobacillus without supplementation of prebiotics. The 
effect of prebiotics on Lactobacillus strains in skimmed milk exhibited 2.31 times more growth, after 5 weeks of 
refrigerated storage. Kirby–Bauer assay confirmed the enhanced anti-methicillin-resistant Staphylococcus activity 
of Lactobacillus strains in prebiotic-supplemented skimmed milk. The study concluded that honey supplemented in 
skimmed milk can serve as potential growth and anti-MRSA enhancer for Lactobacillus plantarum, Lactobacillus 
acidophilus, and Lactobacillus casei var. rhamnosus.

1. INTRODUCTION

Lactic acid bacteria (LAB) are well-known probiotics. They are 
typically characterized as Gram-positive, non-spore-forming, non-
motile, catalase-negative, and acid-producing bacteria growing under 
micro-aerobic or strictly anaerobic conditions [1]. They are known 
for their ability to survive in the gastrointestinal (GI) tract, production 
of lactic acid, anti-microbial substances such as bacteriocins, and 
other compounds such as hydrogen peroxide, diacyl, and many 
more. These metabolites are well studied for providing anti-tumor, 
anti-cancer, and toxin-reducing effects, and protection against 
antibiotic-associated inflammatory, pathogenic, and metabolic 
conditions [2-4]. Due to these properties, incorporation of the these 
probiotic microorganisms in foods has increased rapidly during the 
last two decades. Consumption of probiotic bacteria through food 
products and functional beverages is an ideal way to re-establish the 
balance of the intestinal microbiota [5]. However, with the changing 
lifestyles, several factors have been reported to affect the viability 
and probiotic activity of LAB cultures in food and the GI tract 
such as acidity, pH, dissolved oxygen content, redox potential, and 
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hydrogen peroxide [6]. Therefore, efforts have been intensified to 
find efficient means to stimulate the growth and survival of probiotic 
microorganisms in bio-products.

One of the approaches utilized to achieve sufficiently high numbers 
of desirable microorganisms in the ecosystem of the human GI tract is 
through the use of prebiotics. Prebiotics are generally oligosaccharides 
substrates, usually non-viable and non-digestible, that selectively 
stimulate the beneficial microbiota and can be found naturally in fruits, 
vegetables, honey, and milk, or they can be produced industrially, by 
extracting and hydrolyzing hemicellulose derived from lignocellulosic 
materials [7]. Inulin is one of the most well-known soluble prebiotic, 
with the ability to reach the large intestine in an intact condition and 
later hydrolyze in the upper section of the intestine [8]. Earlier studies 
have demonstrated the effect of inulin, on the growth and viability 
of different strains of probiotics such as Lactobacillus acidophilus, 
Lactobacillus rhamnosus, and Bifidobacterium lactis and hence 
increasingly used while preparing any functional foods [9]. However, 
the use of inulin at higher concentrations is quite expensive, even more 
than the use of a specially designed medium for Lactic acid bacteria 
– Mann-Rogosa-Sharpe (MRS) medium for the growth of these 
strains [10,11]. Honey includes both prebiotic oligosaccharides and 
antibacterial components, which can synergistically boost probiotic 
effectiveness against infections [12]. It not only increases the viable 
cell count but can also potentially enhance the survival of LAB in the 
GI tract and exhibit enhanced anti-microbial effect against pathogenic 
infections [13,14].
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The present study is aimed to assess the effect of inulin and different 
varieties of honey on the shelf life, potential characteristics, and in vitro 
antibacterial activity of LAB. The study also evaluated the potential of 
prebiotic-enriched skimmed milk (PESM) as a substitute medium for 
growth of LAB and antagonistic activity of PESM grown LAB strains 
against methicillin-resistant Staphylococcus aureus (MRSA).

2. MATERIALS AND METHODS

2.1. Cultures
Three LAB strains comprising of Lactobacillus plantarum NCIM 
2374 (NCIB 6376), L. acidophilus NCIM 2660 (ATCC 11975), and 
Lactobacillus casei var. rhamnosus NCIM 2364 (ATCC 7469) were 
used for this study. To evaluate their effect on the characteristics 
of the LAB, inulin (HiMedia, India) and three varieties of honey, 
namely, (D) Dabur, India, (P) Patanjali, India, and (R) raw honey 
(from local store at Pune, India), were used as prebiotics in this study. 
For evaluation of antimicrobial activity, a standard strain of S. aureus 
(NCIM 2127), and three clinically isolated strains of MRSA were 
procured from Bharati Hospital, Pune, India. All the LAB strains 
were maintained in de MRS medium (HiMedia, India), while the 
Staphylococci strains were enriched with Brain Heart Infusion (BHI) 
agar (HiMedia, India). All these cultures were incubated overnight at 
37°C at still conditions.

2.2. The Growth of LAB
Effect of different varieties of honey and inulin on the growth of 
each strain of LAB was analyzed by supplementing them with 
undiluted honey samples and inulin individually, in the concentration 
of 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 5.0%, and 10%. All the prebiotic 
supplemented LAB strains were incubated overnight at 37°C. The 
flask without any supplementation served as control. Optical density 
(OD) at 620 nm was measured. Concentration of each of the variety 
of honey and inulin was recorded and the medium exhibiting the 
highest growth for each of the LAB strains was considered for further 
experiments.

2.3. Preparation of LAB Sets
Based on the concentrations of inulin and honey sample showing the 
highest growth of LAB, the following sets were prepared for further 
experiments and labeled as follows:
I.	 L. plantarum
II.	 L. acidophilus
III.	 L. casei var. rhamnosus
IV.	 L. plantarum + 0.5% inulin
V.	 L. acidophilus + 0.5% inulin
VI.	 L. casei var. rhamnosus + 0.5% inulin
VII.	L. plantarum + 5% honey (Dabur, India)
VIII.	L. acidophilus + 5% honey (Dabur, India)
IX.	 L. casei var. rhamnosus + 5% honey (Dabur, India)
While preparing the sets, each of the medium was inoculated with 1% 
of LAB strains (6.25 × 104 cfu/mL), and incubated at 37°C for time 
period based on the experimentation.

2.4. Mean Doubling Time (Td)
The growth of LAB sets was analyzed by measuring the OD620nm of 
each set periodically after every 8 h. The growth rate was calculated 
using the equation µ = (ln X2 - ln X1)/(t2 - t1), where X2 and X1 are the 
initial and final cell concentrations at initial (t1) and final (t2) times. 
Later, the mean doubling time (Td) was calculated as Td = ln 2/µ [15].

2.5. Characteristics of LAB
To understand the effect of inulin and honey on the LAB strains to be 
able to withstand osmotic stress and survive in the GI tract, its tolerance 
to change in pH, bile salt concentration, and NaCl concentration were 
assessed [16].

2.6. Tolerance to Low pH
The pH of the medium for all the sets was adjusted to 2.5 using 
0.5 N HCl.

2.7. Tolerance to Bile Salt and NaCl
Tolerance to bile salt and NaCl was observed by the addition of 0.2%, 
0.3%, and 0.5% w/v bile salt, and 5%, 8%, 10%, 12%, and 15% w/v 
NaCl separately to the medium for all the sets.

All the inoculated sets were incubated for 18–20 h at 37°C (still) and 
observed for growth by measuring OD at 620 nm.

2.8. Cell Surface Hydrophobicity
The effect of inulin and honey, on the adherence ability of LAB, 
was evaluated by testing the cell surface hydrophobicity of the 
LAB sets [17,18]. The cells from all the sets were harvested by 
centrifuging 5 mL of the medium at 4000 g at 4°C for 15 min. The 
cell pellets were washed twice with standard phosphate-buffered 
saline and resuspended in 12 mL potassium nitrate (KNO3) solution 
(0.1 mol/dm3; pH 6.2). The initial absorbance of the cell suspensions 
was measured at 620 nm (A0).

Each LAB set suspension was tested for its ability to adhere to the 
surface in presence of three solvents – xylene (non-polar solvent), ethyl 
acetate (polar basic solvent), and chloroform (polar acidic solvent). 
The solvent-suspension mixtures were prepared by adding 1ml of 
each of the solvent to 3 mL of each of the LAB sets individually. 1 ml 
of each solvent was mixed with 3 ml of MRS medium as a control. 
The solvent-suspension mixtures were incubated for 10 min at 37°C, 
mixed vigorously for 2 min, and again incubated for 20 min at 37°C. 
The aqueous phase was then removed from the mixtures, and the 
absorbance of the remainder was measured at 620 nm.

The percentage microbial adhesion to solvents (MATS) was calculated 
as MATS (%) = 1 − (A₀/A₁) × 100; where A₁ = Absorbance of the 
aqueous layer and A₀ = Absorbance of control.

2.9. The Growth of LAB in Skimmed Milk
The effect of inulin and honey on the growth of the LAB strains in 
skimmed milk was analyzed by inoculating 1% of LAB sets, I to IX 
(6.25 × 104 cfu/ml each) in pasteurized skimmed milk (separately), and 
incubating at 37°C overnight. Later, the viability of LAB was observed 
by storing these sets at 4°C for 5 weeks. Each set was diluted (1:10 v/v) 
with sterile 0.1% peptone water and serially diluted. After incubation 
for 18 h, the colonies were enumerated on MRS agar plates. Percent 
viability was calculated as follows [19]:

% viability = (Final cfu/ml after storage/initial cfu/ml) × 100

2.10. Antibacterial Activity of LAB
The antibacterial activity of the LAB strains grown in the presence 
of honey and inulin was evaluated. Each of the honey and inulin 
supplemented sets (I–IX) were prepared in skimmed milk individually 
and incubated overnight at 37°C. The antagonistic activity was 
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determined using the agar well diffusion method as described by Bhola 
and Bhadekar (2019) [20]. The media plates were seeded with the 
clinically obtained MRSA isolates (A, B, and C), and S. aureus culture 
(D), individually. All the plates were kept for diffusion for 1 h at room 
temperature, post which they were incubated overnight at 37°C. Zone 
diameters (mm) were measured according to Barry et al. (1979) [21].

2.11. Statistical Analysis
All the experiments were performed in triplicates independently and 
the results were represented as an average with standard deviations and 
probability values to understand the level of significance.

3. RESULTS AND DISCUSSION

The unique health benefits of honey have made it a potential substitute 
for research, aiming to achieve a positive microbial balance in the GI 
tract and potentially contribute to the industry of functional foods. 
With this objective, the study aimed to evaluate the potential of honey 
as a prebiotic substitute for inulin.

The LAB strains were grown individually and measured for turbidity 
in the medium. It was observed that in the presence of 5% (D) honey, 

all three LAB strains exhibited an OD620 ranging from 0.97 to 0.99, 
post which it declined with an increase in the concentration. The OD620 
for the LAB strains inoculated with (P) and (R) honey was observed to 
be in a range from 0.17 to 0.33, and 0.26 to 0.29, respectively. In the 
presence of 0.5% inulin, all three LAB strains showed the highest OD 
ranging from 0.83 to 0.96. The growth of all the prebiotic supplemented 
medium was observed to be more than the control [Figure 1]. Based 
on these observations, 5% (D) honey and 0.5% inulin were used for 
further experiments. Similar results were obtained by Chick et al. 
(2001), where Streptococcus thermophilus, Lactobacillus delbrueckii 
sub spp. bulgaricus, and L. acidophilus were able to grow in the 
presence of honey [22]. Inulin also showed a positive effect on the 
growth of LAB strains at the concentration of 0.5% w/v, which was 
significantly higher than the growth in control conditions [23,24].

The calculated growth rate revealed that prebiotic-enriched LAB 
strains had a significantly lower mean doubling time (P < 0.05) control 
LAB strains, meaning that both, (D) honey and inulin, which exerted 
a prebiotic effect on the LAB strains. As represented in Figure  2, 
a decrease of 6.38%, 8.7%, and 18.37% was observed in the mean 
doubling time of inulin supplemented sets IV, V, and VI as compared 
to the Td of respective control sets I, II, and III. Decline in the mean 
doubling time of honey supplemented sets VII, VIII, and IX was 

Figure 1: Growth of lactic acid bacteria in presence of different concentrations of honey ([D]: Dabur, [P]: Patanjali, [R]: Raw), and inulin. Standard deviation bars 
derived from the mean of data from three independent experiments.

Figure 2: Mean doubling time of lactic acid bacteria strains in present of 5% Dabur honey (d) and 0.5% inulin. Standard deviation bars derived from the mean of 
data from three independent experiments, with P value derived with significant difference with respective controls.
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46.81%, 56.52%, and 57.75% as compared to the Td of respective 
control sets I, II, and III. The mean doubling time of the control sets 
was observed to be 4.7, 4,6, and 4.9 h respectively. Comparable results 
were observed in the past by many researchers where supplementation 
of prebiotics like inulin significantly reduced the mean doubling time 
of probiotic cultures [25,26]. However, very few studies were found on 
the effect of honey on the mean doubling time of lactobacilli strains. 
The decreased doubling time suggests that 5% (D) honey, similarly 
to inulin, can stimulate the growth of LAB in products during the 
manufacturing and storage of probiotic foods and beverages [27].

Probiotic bacteria are mostly delivered in food systems and survive in 
the human GI tract. However, conditions such as low pH and osmotic 
stress can hinder the growth, viability, and fermentation processes of 
Lactobacillus spp. [28,29]. The LAB sets were exposed to pH 2.5 for 
different time intervals and examined for growth. The TVC (×1013) of 
(D) honey-enriched sets IV, V, and VI increased to 1.282, 1.368, and 

1.2 after 4 h, and inulin-enriched sets VII, VIII, and IX increased to 1.2, 
1.297, and 1.272 after 4 h of incubation at 37°C. The TVC of all the 
prebiotic-enriched sets was higher than the control set (P < 0.05) and 
was observed to be persistent after 4 h of incubation time [Figure 3]. 
This showed an enhancement to the results obtained by Dixit et al. 
(2013), where the growth of L. acidophilus NCIM 2660, without 
any prebiotic, was observed to increase post 2  h of incubation and 
remained constant for 6 h [30]. Furthermore, past studies by Urdaneta 
and Casadesús (2017) and Guan et al. (2017) revealed that the growth 
rate of LAB strains increased in low pH for 2–3 h of incubation, post 
which no further growth was observed [31,32].

As represented in Figure 4, the average absorbance of the control sets 
I, II, and III significantly dropped (P < 0.05) with the increase in bile 
salt concentration from 0.2% to 0.4%. The average TVC (×1013) of 
(D) honey-enriched sets was observed to be 0.722 which was higher 
(P < 0.05) than the control at 0.4% concentration of bile salt. Inulin-

Figure 3: Growth of lactic acid bacteria strains at pH 2.5 at different time intervals (h). Standard deviation bars derived from the mean of data from three 
independent experiments with * indicating P < 0.05, *** indicating P < 0.01, $ indicating P < 0.05 as compared to corresponding time intervals from Set I, ¥ 

indicating P < 0.05 as compared to corresponding time intervals from Set II, and ¢ indicating P < 0.05 as compared to corresponding time intervals from Set III.

Figure 4: Effect of different concentrations of bile salts on the growth of lactic acid bacteria strains. Standard deviation bars derived from the mean of data from 
three independent experiments with * indicating P < 0.05, *** indicating P < 0.01, $ indicating P < 0.05 as compared to corresponding concentration from Set I, ¥ 

indicating P < 0.05 as compared to corresponding concentration from Set II, and ¢ indicating P < 0.05 as compared to corresponding concentration from Set III.
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enriched sets also showed significantly higher tolerance to bile salts 
with an average TVC (−1013) of 0.87, 0.857, and 0.377 at 0.2%, 0.3%, 
and 0.4% bile salt concentration, respectively. Tolerance to bile salts 
has been viewed as a condition for colonization and metabolic action 
of probiotics in the host’s digestive system, affecting the intestinal 
microflora [33].

The LAB sets were exposed to NaCl at the concentrations of 5%, 8%, 
10%, 12%, and 15%. As represented in Figure  5, the average TVC 
(×1013) of the sets IV, V, and VI were observed to be 1.525, 1.531, 
and 1.411, respectively, compared to the average TVC (×1013) of 
control sets I, II, and III, of 0.696, 0.657, and 0.701, respectively. 
Similar results were observed for inulin-enriched sets VII, VIII, and 
IX with their average TVC (×1013) values of 1.432, 1.248, and 1.32, 
respectively. Furthermore, it was observed that the (D) honey-enriched 
sets were significantly more tolerant to NaCl at higher concentrations 
of 10%, 12%, and 15% than the inulin-enriched sets. NaCl is the 
most commonly used additive in fermented foods for the prevention 
of spoilage. Prebiotics are known to serve as a carbon source to the 
selected LAB strains, improving their tolerance to acids and salts, and 
indicating their ability to survive in the harsh GI environment and 
fermentation processes [34,35].

The hydrophobic nature of lactobacilli sets was evaluated with xylene, 
ethyl acetate, and chloroform as solvents to assess the hydrophobic, 
electron donor (basic), and electron acceptor (acidic) characteristics of 
the LAB surface, which are attributed to carboxylic groups and Lewis 
acid-base interactions [36]. As presented in Figure  6, the sets had 
more than 50% hydrophobicity toward xylene. However, the average 
microbial adhesion to xylene was lowest for (D) honey-enriched LAB 
sets (66.83%) as compared to control LAB sets. Inulin-enriched sets 
exhibited 72.54% of adhesion in an average. The assay also revealed 
that all the sets had a higher affinity toward chloroform in the range 
of 78.96–90.46% and had the least affinity toward ethyl acetate in 
the range of 26.78–38.46%. According to Giarous et al. (2009), LAB 
strains should present a hydrophobic surface for a high capacity of 
adhesion to intestinal cells and solid materials [37]. Many previous 
studies have shown that the presence of (glyco-)proteinaceous material 
at the cell surface results in higher hydrophobicity, whereas hydrophilic 
surfaces are associated with the presence of polysaccharides [36,38]. 
The strains had a high affinity toward chloroform, indicating probiotic 
strains have the non-acidic and poor electron acceptor properties [39].

With MRS medium being expensive, the growth and viability of LAB 
strain in skimmed milk as a cost-effective alternative was tested. The 

Figure 5: Effect of different concentrations of NaCl on the growth of lactic acid bacteria strains. Standard deviation bars derived from the mean of data from three 
independent experiments with * indicating P < 0.05, *** indicating P < 0.01, $ indicating P < 0.05 as compared to corresponding concentration from Set I, ¥ 

indicating P < 0.05 as compared to corresponding concentration from Set II, and ¢ indicating P < 0.05 as compared to corresponding concentration from Set III.

Figure 6: Percent cell surface adhesion of lactic acid bacteria strains. Standard deviation bars derived from the mean of data from three independent experiments 
with P < 0.05.
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percentage viability of the sets in skimmed milk was evaluated after 
5 weeks of incubation. As seen in Figure 7, the viability of the (D) 
honey-enriched sets IV, V, and VI, was 1.63, 2.31, and 2.51  times 
higher than the control sets showing 35%, 27.65%, and 24.34% 
viability, respectively. Inulin-enriched sets also showed 2.44  times 
higher viability on an average as compared to the control sets after 
5 weeks of refrigerated storage. A study conducted earlier had observed 
a similar growth rate and viability of LAB strains in milk and milk-
based products [40].

Agar well diffusion procedure was performed with all the LAB sets 
grown in PESM, and the zone diameters were measured against 
clinical isolates of MRSA. The zone diameters of these LAB sets 
were significantly higher than the control sets, showing an average 
zone diameter of 19.3 mm and 14.2 mm for standard S. aureus strain 
and MRSA strains, respectively. Honey-enriched LAB sets exhibited 
average zone diameters of 19.7 mm and 16 mm for standard S. aureus 
strain and MRSA strains, respectively. Inulin-enriched sets were able to 
show an average zone diameter of 19.3 mm and 17.7 mm for standard 
S. aureus strain and MRSA strains, respectively [Table  1]. The data 
were analyzed statistically using two-way ANOVA test and p value 
obtained was <5%. These results were compared to an earlier study 
observing an average zone diameter of 11.5 mm of LAB strains grown 
in MRS medium against S. aureus NCIM 2127 [20]. Skimmed milk 
serves as a potential growth environment for LAB strains, enabling 
them to produce antimicrobial bacteriocins and compounds at a higher 

concentration. Supplementation of (D) honey further enhanced the anti-
MRSA activity of these LAB strains suggesting its potential to serve as 
a prebiotic and provide holistic metabolic benefits to gut microbiota.

4. CONCLUSION

Dietary applications of probiotic strains and non-digestible 
oligosaccharides aim to improve gut microflora and promote a more 
beneficial bacterial community. Honey can be identified as a potential 
prebiotic due to the presence of oligosaccharides that can promote 
the growth of lactobacilli, as well as antimicrobial components that 
can work in tandem with probiotics to combat certain pathogens. 
This synbiotic combination has the potential to improve the distinct 
health benefits of probiotic microorganisms, while also presenting 
opportunities for the development of novel functional foods.
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