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ABSTRACT
In the present study, 30 lactic acid bacteria (LAB) strains were isolated from 
Anbaris, a traditional fermented dairy product manufactured in rural villages 
of Lebanon from goat milk with a distinct sharp taste, and identified as 
members of the Lactobacillus genus. Among these strains, twelve showed 
potential probiotic characteristics with acid and bile tolerance, angiotensin- 
converting enzyme (ACE) inhibitory activity, and antimicrobial capacity 
against Staphylococcus aureus, but not against E-coli. Pooled isolates have 
displayed a very high ACE inhibitory activity (>70%). These isolates also had 
a high tolerance to all pH values between 3.0 and 5.0, making Anbaris 
contain probiotic LAB that can cross saliva, upper and lower stomach, and 
the intestines. The isolates were also characterized using pulse-field gel 
electrophoresis (PFGE). The obtained results are the first to be collected on 
Anbaris. This increases the marketability of this product as a source of 
probiotics, nutritional, economical, and empowering women cooperatives 
in rural areas.
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Introduction

Fermentation is one of the traditional processes used to improve the shelf-life and safety of foods while 
providing food security for people in certain regions, enabling them to survive severe winters or 
drought periods.[1–4] Lactic acid bacteria (LAB) is widely used to produce fermented dairy products.[5– 

7] Traditional dairy products, such as Labneh Anbaris, are naturally fermented in rural Lebanon.
Labneh Anbaris is a unique artisanal type of strained yogurt produced using traditional methods. 

The manufacturing process of this type of dairy product usually starts with pouring fresh goat milk 
into an earthenware vessel and adding coarse salt (5% m/v). This is followed by continuous whey 
draining while refilling the container with fresh milk every 5–7 days for two. The final product, 
a highly acidic (pH = 3.14) cheese-like texture, is shaped into balls and stored in well-sealed glass jars 
with or without vegetable or olive oil.[7,8] Few studies investigated this traditional product.[7,9] These 
studies have explored the presence of mesophilic and thermophilic LAB of different genera contribut
ing to Anbaris’ high acidity[9] and evaluated the production methods and physicochemical properties 
across various regions in Lebanon.[7]

Probiotics are live microorganisms that provide health benefits to the host organisms.[10–12] Lactic 
acid bacteria (LAB) are Gram-positive and are naturally present in the gastrointestinal tract of humans 
and ruminants.[13] These LAB play an important role in keeping the balance of microbial flora.[14–16] 

Probiotic bacteria are effective against various enteropathogenic microorganisms.[17] Probiotics from 
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the genus Lactobacillus are known for their beneficial properties in preventing highly infectious 
diarrhea in the pediatric group.[18] LAB, isolated from traditional dairy products, have been identified 
as perfect substitutes for the lost microbiota in the human body, acting as probiotics and exhibiting 
several health benefits such as improved digestibility, improved lactose utilization, aggressive action 
toward pathogenic bacteria, and anti-carcinogenic effects, among others. The antibacterial properties 
of probiotic strains have also been investigated in foods for shelf life extension.[19]

Furthermore, a study reported that four Lactobacillus strains from the cheese were effective against 
enteropathogenic bacteria.[20] These strains showed as well a high tolerance for bile salts and organic 
acid. In addition, another study identified Lactobacillus plantarum KCC-24, which was isolated and 
characterized from Italian rye-grass forage, as an excellent probiotic candidate for developing quality 
food for ruminant animals and humans.[21]

Analyzing such dominant microorganisms in traditional cheeses and yogurt has been the trend to 
find new genetically stable strains that hold probiotic characteristics.[22] The present study aimed to 
characterize the various LAB strains isolated from the traditional Labneh Anbaris produced in rural 
areas of Lebanon. Most importantly, this work also aimed to identify potential probiotic properties of 
these LAB strains to use them for the local production of functional foods.

Materials and methods

Samples

Labneh Anbaris is freshly produced during the summer season when goat milk is available in the rural 
villages and then stored to be consumed during the other seasons. Labneh Anbaris was prepared 
between July and August. Two different batches were purchased from two local villages, Erseil and 
Kweikh, Eastern Lebanon. Samples were then transferred aseptically at 4°C to the laboratory for 
further analysis. Each batch was sub-divided into two batches so that one was stored at 4°C and the 
other at 25°C to imitate the common storage conditions.

Microbiological analyses

Isolation of lactic acid bacteria: Lactic acid bacteria colonies were isolated using the selective plating 
technique that follows the homogenization and serial dilution method.[23] In the procedure, 90 ml of 
sterile buffered peptone water (CM 0009-Oxoid-Cambridge, U.K.) was added to 10 g of each 
Anbaris sample and homogenized in a stomacher circulator 400 (Seward Ltd., London, UK) for 
2 minutes at a speed of 250 rpm to obtain a 1:10 dilution. Serial dilutions were prepared, and 
dilutions 10−1 and 10−3 were spread plated (0.1 ml) in duplicates onto the agar plates designated for 
the isolation of the various Lactic acid bacteria strains: a) MRS agar pH 5.7 (CM 0361-Oxoid- 
Cambridge, U.K.) for presumptive Lactobacilli, b) M17 agar pH 7.2 (CM 0785-Oxoid- Cambridge, 
UK) for presumptive lactococci. All plates were then incubated at 30°C and 45°C for 72 h under 
aerobic and anaerobic conditions. From each M17 and MRS plate incubated at 30°C and 45°C, 30 to 
50 colonies of presumptive LAB, corresponding to the highest dilution at which growth occurred, 
were extracted and streaked onto separate Plate Count Agar (64475- Biorad- C.A., USA) plates and 
incubated for another 24 hours. Three to five isolated colonies were then subcultured onto 5 ml M17 
and MRS broth (Oxoid- CM 0817, Oxoid-CM 0359, respectively). After 24 hours of incubation, 1 ml 
of the obtained turbid broths was transferred to sterile microtubes and frozen with 1 ml of 15% 
glycerol at −20°C.

Cell morphology of the isolated strains was determined using light microscopy Lx500 (Labomed, 
NY, USA). All 158 isolates were subjected to Gram staining, catalase, and oxidase tests.[24–26] 

According to the morphology of the bacterial cells (Gram-positive, catalase-negative, oxidase- 
negative, rods, or cocci), 64 of the 81 isolates were obtained from Kweikh, and 49 of the 77 isolates 
obtained from Erseil were selected for further analyses.
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Isolates with similar biochemical and morphological characteristics from each batch (Kweikh or 
Erseil) were pooled to facilitate the analysis procedure. This resulted in 12 pooled isolates extracted 
from the Erseil batch labeled from E01 to E12 and 18 pooled isolates extracted from the Kweikh batch 
labeled from K01 to K18.

Phenotypic characterization: All phenotypic tests were conducted based on previous studies[27–30]] 

Isolates were tested for temperature tolerance (at 15, 30, and 45°C), salt tolerance (at 4.0, 6.5, and 
8.0%), carbohydrate utilization, CO2 production from glucose, and L-arginine hydrolysis, black zone 
formation (only for cocci), and citrate utilization.

Acid tolerance: A test for acid tolerance was conducted as described in a previous study.[22] 

Tryptone broth tubes were adjusted to different pHs of 3.0, 3.5, 4.0, 4.5, and 5.0 using 0.1 N HCl. 
Three to five colonies of the active LAB cultures (37°C for 24 hours) were inoculated into the pH- 
adjusted broth media. Inoculated tubes were later incubated at 37°C for 72 hours, after which they 
were periodically checked for bacterial growth indicated by turbidity or for no growth indicated by 
clarity in the broth.

Bile tolerance: This test was performed as described in a previous study.[31] Three to five colonies of 
the active LAB cultures were inoculated into both MRS broth and MRS broth containing 0.3% Oxbile 
(70168-Fluka- Sigma-Aldrich, St. Louis, MO). The rapid growth of isolated strains in a broth medium 
with and without added bile was deliberated. Bacterial growth was monitored hourly for 8 hours by 
measuring the absorbance at 620 nm using a spectrophotometer (U-1800 Spectrophotometer, Hitachi 
Co. Ltd. Japan) with and without bile. Absorbance values vs. incubation time were later plotted in 
graphs, and a comparison of the cultures was based on the times required for each to increase the 
A620 nm by 0.3 units.

Antibacterial activity test (Well Diffusion Assay): The antibacterial activity experiment was per
formed using the well diffusion assay method described in a previous study.[32] Standard curves (CFU 
vs. Optical Density) were extrapolated to allow standardization of the lactic acid bacterial inocula and 
indicator strains (S. aureus and Escherichia coli). In the procedure, 0.1 ml of BHI broth containing 105 

cells/ml of indicator strains, Staphylococcus aureus, and E. coli were spread onto BHI plates (0.7% agar, 
w/v). Wells were made in the lawn of the soft agar. Fifty μl aliquots of 24 hr grown cultures (108 CFU/ 
ml) were poured into the wells where a crystal of pronase E (P 6911- Sigma-Aldrich, St. Louis, MO) 
was placed close to the edge of the well containing the bacteriocin sample to confirm the proteinaceous 
nature of bacteriocin. Plates were incubated at 37°C for 24 hours. Bacteriocin production was signified 
by the emergence of a clear inhibition zone around the well.

ACE inhibitory activity: This experiment was performed according to the method explained in 
a previous study.[22] 1% (v/v) of 24-hour active LAB cultures were inoculated into 10 ml of 10% 
reconstituted skimmed milk media and incubated at 37°C for 72 hours. Later, fermented skimmed 
milk was adjusted to pH 4.6 (using 1 N NaOH or 1 N HCl) and centrifuged at 12,000 × g for 
20 min at 4°C to obtain the whey supernatant. The pH of the supernatant was adjusted to 8.3 with 
5 N NaOH and further centrifuged at 12,000 × g for 20 min in a bench centrifuge (the whey 
supernatant was used in the assay of ACE inhibitory activity). 60 μl of each sample was mixed with 
200 μl of Hip-His-Leu solution {50 mM Hip-His-Leu (H 1635- Sigma-Aldrich, St. Louis, MO) 
dissolved in 100 mM Na-borate buffer (pH 8.3) and 300 mM NaCl} and 40 μl of 25 mM ACE 
{angiotensin converting enzyme (A 6778- Sigma-Aldrich, St. Louis, MO) dissolved in cold deio
nized water}. After incubation at 37°C for 1 hour, 250 μl of 1 N HCl was added to stop the reaction, 
and 1.7 ml of ethyl acetate was added to extract the hippuric acid liberated by ACE. The mix was 
centrifuged at 5,000 × g for 20 min, and 0.5 ml of the upper layer was transferred into a test tube 
where the ethyl acetate was evaporated at room temperature for 20 min in a rotary vacuum 
evaporator. The hippuric acid was diluted in 1.0 ml sterile distilled water, and the absorbance 
was measured at 228 nm using U.V. spectrophotometrically (U-1800 Spectrophotometer, Hitachi 
Co. Ltd. Japan). The percentage of ACE inhibitory activity was calculated by the following 
formula[22]

ACE inhibitory activity (%) = [(B-A)/(B-C)] ×100
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where A is the optical density in the presence of both ACE and ACE inhibitory compounds, B is the 
optical density without ACE inhibitory compounds, C is the optical density without ACE and ACE 
compounds

Results and discussion

Biochemical and phenotypic characteristics of isolated LAB

The biochemical and phenotypic characteristics of the 30 pooled isolates investigated by Erseil and 
Kweikh are displayed in Table 1. Among the 12 pooled isolates extracted from the Erseil batch of 
Anbaris, only two cocci isolates (E08 and E10) out of the five cocci (E06, E07, E08, E10, and E11) 
showed high tolerance to temperatures of 30 and 45°C, sustainability under harsh saline conditions of 
4.0, 6.5, and 8.0%, based on the formation of a black zone upon incubation on bile esculin agar. Hence, 
this concludes that those pooled strains may belong to the Enterococcus genus. This genus is 
considered one of the few coccus groups with high tolerance to harsh conditions, similar to species 
belonging to the Lactobacillus genus.[32,33]

On the other hand, from the other 7 rod-shaped pooled isolates from this same batch (E01, E02, 
E03, E04, E05, E09, and E12) presumably of the Lactobacillus genus, only E02 and E05 showed high 
tolerance to temperature (15, 30, 45°C) and salt (4.0, 6.5, 8.0%) proving to be of a strong nature. 
Results also show that pooled isolate E12 seems to be heterofermentative, proved by its ability to 
produce CO2 as a by-product of fermentation recognized by the presence of a bubble in the Durham 
tube. Although it was salt-tolerant (4.0, 6.5, 8%) and arginine utilizing, it was unable to survive the 
high temperature of 45°C proving its non-thermophilic nature.

Table 1. Physiological, phenotypic and probiotic characteristics of lactic acid bacteria isolated from traditionally fermented Labneh 
Anbaris (number of strains positive for each character).

Physiological tests

Preliminary Identification

Erseil Isolates (E01-E12) Kweikh Isolates (K01-K18)

Rods 
(E01-E05, E09, E12)

Cocci 
(E06-E08, E10, E11)

Rods 
(K01-K07, K09-K17)

Cocci 
(K08, K18)

+ - + - + - + -

Gram Stain reaction 7 0 5 0 16 0 2 0
Catalase activity 0 7 0 5 0 16 0 2
Oxidase Test 0 7 0 5 0 16 0 2
Growth at temperature (°C) 15°C 6 1 4 1 11 5 2 0

30°C 7 0 5 0 15 1 2 0
45°C 6 1 4 1 10 6 1 1

Growth in a medium with NaCl (%) 4.0% 4 3 2 3 9 7 0 2
6.5% 4 3 2 3 9 7 0 2
8.0% 4 3 2 3 9 7 0 2

Production of CO2 from Glucose 1 6 0 5 10 6 0 2
NH3 from Arginine 2 5 2 3 3 13 0 2
Black Zone Formation 

(Only for cocci)
- - 5 0 - - 2 0

Citrate Utilization 4 3 1 4 7 9 0 2
Resistance to
Acidity (pH 3.0–5.0) 3.0 3 4 1 4 1 15 0 2

3.5 4 3 4 1 10 6 0 2
4.0 7 0 4 1 14 2 2 0
4.5 7 0 5 0 16 0 2 0
5.0 7 0 5 0 16 0 2 0

Antimicrobial activity Staph. aureus 2 5 0 5 1 15 0 2
E. coli 0 7 0 5 0 16 0 2

ACE inhibitory activity No activity 2 5 2 3 13 3 2 0
<60% 1 6 1 4 2 14 0 2

60–80% 2 5 0 5 1 15 0 2
80–99.9% 2 5 2 3 0 16 0 2
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The majority of the pooled isolates from the Kweikh batch were morphologically characterized as 
rod-shaped cells presumably belonging to the Lactobacillus genus (K02, K03, K04, K05, K10, K12, K13, 
K14, K16, and K17) and heterofermentative, producing CO2 as a by-product of the fermentation. 
Amongst these isolates, only K03 and K04 showed the strongest tolerance nature surviving the 
different temperatures and salt concentrations. K03 utilized arginine as an energy source producing 
NH3 and the by-products ornithine, CO2, and ATP.[34] This isolate also utilized citrate (key inter
mediate in Kreb’s cycle) as a carbon source, converting it into oxaloacetate, which is usually later 
metabolized by oxaloacetate decarboxylase to produce the aroma compound diacetyl, pyruvate, and 
other metabolic products.[35]

Acid and bile tolerance

According to the literature, the two major conditions for a probiotic strain are tolerance to high acidity 
and high concentration of bile components, the former being dominant in the stomach and the latter 
being majorly present in the intestine.[36,37] Conforming to both conditions allows a probiotic strain 
ingested via food to survive the transit through the upper gastrointestinal tract, cross all barriers, and 
remain in a viable physiological state to benefit the host.[22,37]

This study showed that only pooled isolates E01, E02, E07, E12, and K01 had a high tolerance to all 
pH values between 3.0 and 5.0. This result is highly significant as it proved that Anbaris from both 
villages do contain LAB of probiotic nature that can cross the human digestive tract, including the 
saliva (pH 6.5–7.5), upper stomach (pH 4.0–6.5), lower stomach (pH 1.5–4.0) and the intestines (pH 
4.0–7.0).[38] Hence, this gives the product an added health value. This will allow the strains to survive, 
grow and perform all required beneficial effects in the intestinal tract simulating the originally present 
lactic acid microbiota responsible for the body’s immune system.[39]

As for bile tolerance, results were divided based on four criteria of growth rates: no growth, slow 
(taking > 8 hours to reach A620 nm of 0.3 units), moderate (reaching an A620 nm of 0.3 units within 6– 
8 hours), and fast (reaching an A620 nm of 0.3 units within 4–6 hours). Figures 1A, 1B, 2A, 2B, 3A, 3B, 
and 4 display the moderate and fast growth rates of Erseil and Kweikh isolates with and without added 
bile.

It is noticeable that many of the isolates originating from the Erseil batch have displayed high 
tolerance to bile, with pooled isolates E04 and E06 having the best bile tolerance ability to reach an 
A620 nm of 0.3 units within 4–6 hours, showing a fast growth pace. However, none of the pooled 
isolates originating from the Kweikh batch were able to grow at a fast rate (4–6 hours to reach A620 nm 
of 0.3 units) in the presence of bile, but pooled isolates K13 and K15, showed very good bile tolerance 
ability and K01, K07 and K10, a moderate bile tolerance ability.

Antibacterial activity

The antibacterial activity test is another necessary probiotic selection test performed to estab
lish the inhibition capabilities of the isolated strains against pathogenic organisms. 
Staphylococcus aureus (Gram-positive) and E. coli (Gram-negative) were used as indicators 
for the antibacterial abilities of the isolated strains. Pooled isolates E01, E09, and K03 showed 
a strong inhibition against S. aureus, as indicated by the clear inhibition zones. None of the 
pooled isolates had an effect against E. coli.

This result was particularly significant because probiotic isolates can provide a two-fold 
benefit. If added to food products, they may extend the shelf life by inhibiting major patho
genic and spoilage microorganisms while enriching the food with added health benefits known 
about probiotics. Furthermore, at the human level, those LAB strains, through their secretions, 
play a major role in inhibiting invasive pathogenic bacteria.[40] The major antimicrobial 
metabolites produced by the Gram-positive LAB are bacteriocins, which attack closely related 
Gram-positive bacteria (excluding LAB, which display immunity to them) such as 

1270 M. G. ABIAD ET AL.



Staphylococcus, Bacillus, Listeria, Clostridium, and others.[40] These proteinaceous agents act by 
“forming membrane channels or pores that destroy sensitive cells’ energy potential, leading to 
their instant death.[41] This ability to suppress the growth of harmful bacteria is vital since 
such bacteria can invade the system via food, air, water, or any other source, causing harmful 
effects on the human body.[22]

However, these bacteriocins are not frequently active against Gram-negative bacteria that 
are characterized to have an outer membrane that protects the cytoplasmic membrane from the 
action of antimicrobial compounds.[42,43] This membrane acts as a permeability barrier for the 
cell preventing the entry of antibiotics, detergents, and dyes.[42] The Proteobacteria family is 
among these Gram-negative bacteria, including E. coli, Salmonella, Shigella, and other 
Enterobacteriaceae[44] hence explaining the lack of activity against E. coli in this present study.
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Figure 1. A. Moderate growth graph (optical density at 620 nm vs. time) of isolates E01, E04, E05 and E10 without added bile; 
reaching A620nm = 0.3 unit within 6–8 hours.B. Fast growth graph (optical density at 620 nm vs. time) of isolates E02, E03, E08, E09, 
and E11 without added bile; reaching A620nm = 0.3 unit within 4–6 hours.
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ACE inhibitory activity

Another basic prerequisite test performed on the LAB isolates to prove their probiotic nature is the 
angiotensin-converting enzyme (ACE) inhibitory activity test. According to the obtained results, 
pooled isolates E01, E02, E03, E04, E07, E08 as well as K11 have displayed a very high ACE inhibitory 
activity (>70%), reaching an approximate 99.90% inhibition in isolates E07, E08, a 93.18% inhibition 
in isolate E03, and 80.68% in isolate E01.

According to a study, Angiotensin II is a hormone recognized as the major cause of high blood 
pressure and elevated heart activity in pumping blood to the main arteries leading to its weakening.[45] 

This hormone is one of the major causes of hypertension medications, heart failure, diabetes, and 
inflammatory responses to arterial injury.[46] Pharmacological agents that function by either inhibiting 
the synthesis of Angiotensin II or blocking its action were utilized to cure hypertension.[46] However, 
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Figure 2. A. Moderate growth graph (optical density at 620 nm vs. time) of isolates E03 and E09 with added bile; reaching A620nm 

= 0.3 unit within 6–8 hours.B. Fast growth graph (optical density at 620 nm vs. time) of isolates E04 and E06 with added bile; 
reaching A620nm = 0.3 unit within 4–6 hours.
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scientists have shifted toward the more natural sources of inhibition, discovering that fermented milk 
is active in lowering blood pressure.[22] The probiotic LAB present in the milk exerts an ACE 
inhibitory effect to treat hypertension and congestive heart failure.[22,46] Having an ACE inhibitory 
activity allows the probiotic strains to prevent constriction of the vessels, lower blood pressure, and 
maintain normal activity of the heart.[45]

Preliminary probiotic selection

The isolation and characterization of microorganisms from traditional dairy products have always been 
the means to find new, genetically stable strains that hold probiotic characteristics. Such studies have 
been implemented in several countries, including the Balkan region,[32] Spain,[47] Greece,[48,49] 

Bulgaria,[33] and Bangladesh.[22] Depending on the production technology and the ecological 
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characteristics of the areas in which production and fermentation occur, different microbiota can be 
identified.[50,51] In this study, tests performed on Labneh Anbaris originating from rural Lebanon 
indicated the occurrence of probiotic strains in this artisanal, traditional product. Obtained results 
proved that isolates E01 (homofermentative, acid-tolerant, moderate bile tolerant, antimicrobials 
against S. aureus and 80.68% of ACE inhibitory activity), E03 (homofermentative, acid-tolerant, bile 
tolerant, 93.80% ACE inhibitory activity), and K03 (heterofermentative, temperature tolerant (15, 30, 
45°C), salt-tolerant (4.0, 6.5, 8.0%), acid-tolerant (3.5–5.0) with antimicrobial abilities against S. aureus) 
are the most suitable candidates to be recognized as probiotic strains, although K03 has low bile 
tolerance. Its tolerance to the other harsh conditions and its Gram-positive bacterial inhibitory nature 
makes it an interesting strain to be further investigated, assessing the array of its potential uses.

The previous promising and interesting results necessitate further investigation into isolated 
strains, especially genetic identification. Hence, the significant outcomes of our study open the 
doors to the various positive roles that identified probiotic strains might play in food production, 
mainly dairy, health benefits, and economic edge in the local and regional markets. For instance, 
isolated stains with a fermentative nature and health-promoting characteristics can replace the 
currently used dairy starters. This substitution can aid in producing fermented dairy products labeled 
as functional foods.[52]

Furthermore, the isolation of these strains from the artisanal dairy products (e.g., Labneh Anbaris) 
and their characterization as probiotics can allow their incorporation as live beneficial microbial 
supplements in dairy (ice creams, yogurts) and nondairy products (energy bars, cereals, infant 
formula) exhibiting health-promoting effects. These live active cultures may be a safe, natural 
approach to improving public health conditions. The emergence of new public health threats (such 
as new foodborne pathogens, increased resistance to antibiotics, and new incurable diseases) suggests 
the important role of these probiotics as preventive and curing agents for many types of diseases. This 
identification of probiotic strains and their use in functional foods has been proven to prevent and 
treat several health conditions, including acid reflux, eczema, autism, adrenal fatigue, food allergies, 
lactose intolerance, respiratory and vaginal infections, among others.[53]

This study is the first to address the probiotic properties of Labneh Anbaris. These findings will 
enhance the productivity and marketability of this traditional product by highlighting its health- 
promoting characteristics. Focusing on having good taste attributes is major since different regions 
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have different taste preferences, and Anbaris has a strong acidic flavor that does not appeal to all 
consumers. Much like the strategy used for the promotion of yogurt, the focus should be on the 
possibility of offering this product with a variety of textures and flavors (depending on the fermenta
tion time and storage conditions).[54] For instance, the addition of thyme to the final product can 
reduce the strong acidic taste and add to the acceptability of this product.

Most importantly, the standardization of the production process of Anbaris is vital for the 
consistency of the final product. Maintaining the traditional cottage scent of production, goat milk 
fermentation should be standardized under controllable, precise conditions that permit the produc
tion of a safe, fermented final product with a high nutritive value.[54] Offering this product at an 
acceptable price/value ratio and accentuating its positive attributes and health-promoting, immunity- 
boosting benefits is the key to increasing awareness and ensuring a successful marketing strategy.[54] 

Later, this product can be subjected to modification strategies, offering Anbaris with less fat, less 
cholesterol, fewer calories, fortified with vitamins, calcium, and fibers.

Having certain economic, health, and development advantages over some other dairy products can 
increase Anbaris production and aid in the development of the rural areas where the product is being 
produced. Because gender inequality still exists in many rural regions, women cooperative unions 
aiding in the economic independence of rural women are being formed. This could also empower 
women and increase their contributions to their family income.

Conclusion

Traditionally, fermented dairy products have been the center of research for many years as reservoirs 
of naturally present LAB with probiotic characteristics. These well-characterized strains can replace 
the currently used dairy starters, producing fermented, functional dairy products. Expanding this 
research to the traditional dairy products of rural Lebanon was the aim of this study. Labneh Anbaris’ 
rich chemical composition, high acidity, health-promoting factors as well as long shelf life allowed it to 
be an excellent candidate for a probiotic search. The local microbiota of this Anbaris was investigated 
from the probiotic point of view to be used as live microbial supplements or as new starter cultures to 
produce functional foods. Results allowed the classification of pooled isolates E01, E03, and K03, 
belonging to the Lactobacillus genus, as potential probiotic strains. Such results allow the categoriza
tion of Labneh Anbaris as a functional dairy product that can improve digestibility and nutritional 
value and confer several health benefits (antagonistic effect against enteric pathogens, anti- 
carcinogenic effects, improved immunity etc.). These health-promoting strains can also be used as 
dietary adjuncts to many types of functional dairy and nondairy products, boosting their beneficial 
health effects.

This study, however, needs further expanded research aimed at the genetic identification (genus/ 
species level) of the different species involved. The conduction of a PCR (Polymerase Chain Reaction) 
for this identification is recommended to understand the nature of the species, relate them to the 
current results, and characterize the new probiotic strains identified. Furthermore, to assure the 
probiotic nature of the isolates identified, studies should be conducted on the antimicrobial metabo
lites (diacetyl and bacteriocins) produced by the strains proving their health-promoting immunity- 
boosting nature. Today, the increasing demand for safer foods with fewer chemical additives has 
elevated the interest in finding good alternatives to antibiotics, to which several pathogenic strains 
have gained resistance. Bacteriocins may present a good alternative to antibiotics and may be the 
gateway to producing healthier, safer foods. Future studies about the different types of Bacteriocins 
produced from LAB, their potential contributions to the field, and their technical applications in food 
need to be done.
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