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Abstract

Traditional fermented dairy products represent a rich and largely untapped reservoir of lactic acid
bacteria with potential probiotic properties. This research isolated and characterized Lactobacillus
strains from four types of artisanal fermented dairy products (laban, zabadi, jameed, and fermented
camel milk) collected from local markets in the Jeddah region, Saudi Arabia. A total of 127
presumptive Lactobacillus isolates were recovered, of which 48 were confirmed to the species level by
16S rRNA gene sequencing. Eight species were identified: L. plantarum (n = 14), L. rhamnosus (n =
9), L. acidophilus (n =17), L. casei (n = 6), L. fermentum (n = 5), L. brevis (n = 3), L. helveticus (n = 2),
and L. delbrueckii subsp. bulgaricus (n = 2). These 48 strains were screened for six probiotic attributes:
acid tolerance (survival at pH 2.0 for 3 hours), bile salt tolerance (0.3% oxgall for 4 hours),
antimicrobial activity against four enteric pathogens, cholesterol assimilation, antioxidant capacity
(DPPH radical scavenging), and adhesion to Caco-2 intestinal epithelial cells. L. plantarum LP-J07
emerged as the top candidate, showing 94.6% acid survival, 88.7% bile survival, broad antimicrobial
activity, 47.3% cholesterol removal, and 12.8% adhesion to Caco-2 monolayers. L. rhamnosus LR-Z03
ranked second across all criteria. These results indicate that Saudi Arabian fermented dairy foods
harbor Lactobacillus strains with strong probiotic characteristics suitable for further development as
functional food ingredients or dietary supplements.

Keywords: Probiotics, Lactobacillus, fermented dairy, lactic acid bacteria, functional foods, acid
tolerance, bile tolerance, antimicrobial activity, cholesterol assimilation, Caco-2 adhesion

Introduction

The global probiotics market is projected to exceed 80 billion USD by 2028, yet most
commercially available strains originate from a narrow pool of species isolated decades ago
in European and North American laboratories [, This raises two concerns. First, strain
diversity in commercial products is limited, which constrains the range of health benefits that
can be delivered. Second, strains selected under Western dietary contexts may not perform
optimally in populations with different genetic backgrounds, diets, and gut microbiome
compositions 12,

Traditional fermented foods from the Middle East and North Africa offer an alternative
source of probiotic candidates. Products like laban (fermented buttermilk), zabadi (set
yogurt), and jameed (dried fermented yogurt) have been consumed for centuries and harbor
microbial communities adapted to the local ingredients, climate, and production practices I,
Fermented camel milk, consumed widely across the Arabian Peninsula, is of particular
interest because camel milk differs from cow milk in protein composition, fat globule size,
and antimicrobial peptide content, all of which could select for distinct bacterial populations
[4]

A candidate probiotic must survive the harsh conditions of the upper gastrointestinal tract
primarily gastric acid and bile salts before reaching the large intestine where it can exert
beneficial effects ). Beyond survival, desirable probiotic traits include the ability to inhibit
pathogenic bacteria, assimilate cholesterol, produce antioxidant metabolites, and adhere to
intestinal epithelial cells to enable transient colonization 1. Not all Lactobacillus strains
possess these traits equally, and strain-level screening is necessary to identify the best
candidates.
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This research isolated Lactobacillus strains from four types
of traditional fermented dairy products sold in the Jeddah
region and subjected them to a systematic in vitro probiotic
screening panel. The goal was to identify top-performing
strains that could be developed into region-specific probiotic
formulations [7),

Theoretical background

The FAO/WHO defines probiotics as live microorganisms
that, when administered in adequate amounts, confer a
health benefit on the host 1. For Lactobacillus species, the
main mechanisms of action include competitive exclusion of
pathogens through niche occupation and bacteriocin
production, modulation of host immune responses via
interaction with gut-associated lymphoid tissue, and
metabolic activities such as bile salt hydrolysis and short-
chain fatty acid production . The ability to survive gastric
transit is a prerequisite for all downstream effects, and
strains that tolerate pH 2.0 for at least two hours are
generally considered acid-resistant . Bile tolerance at 0.3%
oxgall mimics the physiological concentration in the human
duodenum and serves as a second survival hurdle.

Material and Methods

Material

Samples of laban (n = 12), zabadi (n = 10), jameed (n = 8),
and fermented camel milk (n = 6) were purchased from
traditional markets in Jeddah, Saudi Arabia, between March
and September 2023. Products were transported on ice to the
Microbiology Laboratory at the Red Sea Institute of Marine
Biology within two hours of purchase and processed
immediately. De Man, Rogosa, and Sharpe (MRS) agar and
broth (Oxoid, UK) were used for isolation and cultivation of
Lactobacillus. All chemicals and reagents were of analytical
grade unless otherwise stated. The research was approved
by the Institute's Research Ethics Panel (Ref:
RSIMB/REP/2023-019, dated 28 February 2023).

In vitro screening protocol

Acid tolerance was assessed by incubating washed cell
suspensions (108 CFU/mL) in MRS broth adjusted to pH 2.0
with HC1 at 37°C for 3 hours; survival was calculated as the
ratio of viable counts at 3 hours to initial counts. Bile
tolerance used MRS broth supplemented with 0.3% oxgall
(Sigma-Aldrich) at 37°C for 4 hours. Antimicrobial activity
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was tested by the agar well diffusion method against
Escherichia coli ATCC 25922, Salmonella typhimurium
ATCC 14028, Staphylococcus aureus ATCC 25923, and
Listeria monocytogenes ATCC 7644; inhibition zone
diameter > 10 mm was considered positive. Cholesterol
assimilation was measured by the o-phthalaldehyde method
after 24 hours of growth in MRS broth containing 100
pg/mL water-soluble cholesterol. Antioxidant capacity was
evaluated as DPPH free radical scavenging activity of cell-
free supernatants. Adhesion to Caco-2 cells (ATCC HTB-
37) was quantified by adding 108 CFU/mL to differentiated
monolayers (21-day post-confluence), incubating at 37°C
for 2 hours, washing three times with PBS, lysing with 0.1%
Triton X-100, and plating serial dilutions %,

Methods

Presumptive  Lactobacillus  colonies  (Gram-positive,
catalase-negative rods) were picked from MRS agar plates
incubated anaerobically at 37°C for 48 hours. Species-level
identification used 16S rRNA gene sequencing: genomic
DNA was extracted with the boiling method, the 16S gene
was amplified with universal primers 27F/1492R, and PCR
products were sequenced bidirectionally by Macrogen
(Seoul, South Korea). Sequences were compared against the
NCBI GenBank database using BLAST, with a 99% identity
threshold for species assignment ['!l. All probiotic assays
were performed in triplicate. Data were analyzed by one-
way ANOVA with Tukey's post-hoc test in SPSS v28. A
composite probiotic score was calculated by ranking each
strain across all six attributes and summing rank positions,
with the lowest total score indicating the best overall
candidate.

Limitations

In vitro assays provide an indication of probiotic potential
but cannot substitute for in vivo validation. Acid and bile
tolerance measured in laboratory media may not fully
replicate the buffering effects of food matrices during
gastric transit. Additionally, adhesion to Caco-2 cells is a
simplified model of the complex mucus-coated intestinal
epithelium. The small sample size for fermented camel milk
(n = 6) limits the diversity of isolates recovered from this
product type. Future work should include animal feeding
trials and human intervention studies to confirm the health
benefits suggested by these in vitro results.

Results
Table 1: Probiotic screening results for the eight Lactobacillus species isolated from Saudi fermented dairy products

Species Acid % Bile % Antimicr. Chol. % DPPH % Adhesion %
L. plantarum 94.6 88.7 4/4 47.3 38.2 12.8
L. rhamnosus 91.2 82.1 3/4 41.8 34.7 10.4
L. acidophilus 87.3 74.8 3/4 36.4 293 9.7

L. casei 78.4 69.3 2/4 31.2 27.1 7.8
L. fermentum 72.1 63.4 2/4 24.7 22.4 6.3

L. brevis 68.9 57.2 1/4 19.8 18.6 5.1
L. helveticus 83.7 71.6 2/4 339 31.2 8.4
L. delbrueckii 61.4 52.8 1/4 16.3 14.7 42

Acid % = survival at pH 2.0 (3 h); Bile % = survival in
0.3% oxgall (4 h); Antimicr. number of pathogens
inhibited out of 4; Chol. % = cholesterol removed from
medium; DPPH % = free radical scavenging; Adhesion % =

cells adhering to Caco-2 monolayer. Values are means of
the best-performing strain per species.

L. plantarum showed the highest acid tolerance (94.6%) and
bile tolerance (88.7%), and was the only species to inhibit
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all four test pathogens. Its cholesterol assimilation (47.3%)
and DPPH scavenging (38.2%) also exceeded those of all
other species. L. delbrueckii subsp. bulgaricus consistently
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ranked lowest, with acid survival of only 61.4% and bile
survival of 52.8%.
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Fig 1: Scatter plot of acid tolerance versus bile salt tolerance for eight Lactobacillus species, showing L. plantarum and L. rhamnosus in the
upper-right quadrant indicating strong dual tolerance
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Fig 2: Proportional contribution of six probiotic properties to the overall screening profile of all 48 Lactobacillus isolates, with antimicrobial
activity and adhesion capacity being the most variable attributes

The composite probiotic score ranked L. plantarum LP-J07
first (score = 8), followed by L. rhamnosus LR-Z03 (score =
14) and L. acidophilus LA-L0S5 (score = 19). Strains isolated
from fermented camel milk showed marginally higher acid
tolerance on average (84.1%) than those from cow-milk
products (79.3%), though this difference wasn't statistically
significant (P = 0.12).

Discussion

The dominance of L. plantarum as the top probiotic
candidate mirrors findings from studies on fermented foods
in other regions. L. plantarum is a versatile species with a
large genome that encodes numerous stress-response and

adhesion genes, giving it a natural advantage under the
acidic and bile-rich conditions of the gastrointestinal tract
[121 1ts ability to inhibit all four test pathogens likely reflects
production of organic acids, hydrogen peroxide, and
possibly plantaricin-class bacteriocins, which have been
documented in dairy-associated L. plantarum strains
elsewhere 131,

The relatively poor performance of L. delbrueckii subsp.
bulgaricus is consistent with its traditional role as a yogurt
starter culture rather than a probiotic. This subspecies is
adapted to milk fermentation but lacks many of the stress-
tolerance mechanisms needed to survive gastric transit [4],
Its inclusion in commercial yogurts should therefore be
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understood as contributing to product flavor and texture
rather than delivering probiotic benefits to the consumer.
The finding that camel-milk isolates showed slightly higher
mean acid tolerance is intriguing and may reflect the lower
pH of fresh camel milk compared with cow milk, which
could pre-select for acid-adapted strains ™. A larger sample
of camel-milk products would be needed to confirm this
trend and to explore whether the unique antimicrobial
peptide profile of camel milk selects for Lactobacillus
strains with distinctive functional properties.

The 12.8% adhesion rate of L. plantarum LP-J07 to Caco-2
cells is modest compared with values reported for some
commercial probiotic strains (up to 20-25%), but it falls
within the range considered adequate for transient
colonization M3, Adhesion could likely be improved by
microencapsulation or co-administration with prebiotic
substrates that promote Lactobacillus growth in the distal
gut.

Conclusion

This research identified L. plantarum LP-JO7 and L.
rhamnosus LR-Z03 as the most promising probiotic
candidates from a collection of 48 Lactobacillus strains
isolated from traditional Saudi Arabian fermented dairy
products. Both strains demonstrated strong acid and bile
tolerance, broad antimicrobial activity, and measurable
cholesterol assimilation and antioxidant capacity. These
strains are candidates for development into locally sourced
probiotic formulations that could complement the imported
products currently dominating the Saudi market. Validation
through animal feeding trials and human clinical studies is
the necessary next step before commercial application.
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