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Abstract 

Background  Lactobacillus delbrueckii was one of the most common milk lactic acid bacterial strains (LAB) which 
characterized as probiotic with many health influencing properties.

Results  Among seven isolates, KH1 isolate was the best producer of folic acid with 100 µg/ml after 48 h of incuba‑
tion; FolE gene expression after 24 h of incubation was in the highest value in case of KH1 with three folds. Lactose 
was the best carbon source for this KH1, besides the best next isolates KH80 and KH98. The selected three LAB isolates 
were identified through 16S rDNA as Lactobacillus delbrueckii. These three isolates have high tolerance against acidic 
pH 2–3; they give 45, 10, and 22 CFUs at pH 3, besides 9, 6, and 4 CFUs at pH2, respectively. They also have resist‑
ance against elevated bile salt range 0.1–0.4%. KH1 recorded 99% scavenging against 97.3% 1000 µg/ml ascorbic 
acid. Docking study exhibits the binding mode of folic acid which exhibited an energy binding of − 8.65 kcal/mol 
against DHFR. Folic acid formed four Pi-alkyl, Pi-Pi, and Pi-sigma interactions with Ala9, Ile7, Phe34, and Ile60. Addition‑
ally, folic acid interacted with Glu30 and Asn64 by three hydrogen bonds with 1.77, 1.76, and 1.96 Å.

Conclusion  LAB isolates have probiotic properties, antioxidant activity, and desired organic natural source for folic 
acid supplementation that improve hemoglobin that indicated by docking study interaction.
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Graphical Abstract

Background
Lactobacilli were mostly used bacterial strains that have 
numerous applications in industry and human health field 
like probiotics and food preservation [1]. Most probiotic 
microorganisms belong to the lactic acid bacteria (LAB) 
group. LAB exhibits fermentation activities which were 
exploited in food preservation for previous many years. 
Lactobacilli are the most famous group of (LABS) that are 
used as probiotics [2]. Lactobacillus strains have remark-
able health-promoting and preservation activities [3].

LAB is used as starter to improve the texture, flavor, and 
nutritional value of some products, such as sourdough, 
cheese, silage, beer, wine, fermented plant, and meat [4–6]. 
Specific probiotic strains have positive effects on atopic 
eczema [7], irritable bowel syndrome [8], diarrhea [9], and 
antibiotic-related diarrhea [10, 11]. Many Lactobacillus 
strains have strong antimicrobial efficiency with remark-
able inhibitory activity against Salmonella [12, 13].

Probiotics live in the gut and bind with epithelial cells 
like Lactobacillus and Bifidobacterium and yeast like Sac-
charomyces cerevisiae to prevent pathogen replacement 
and play an important role in health [14, 15]. It rapidly 

colonizes the intestinal epithelium by the genus Lacto-
bacillus, produces bacteriocin and lactic acid, and lowers 
the pH, thus impeding the growth and reproduction of 
intestinal pathogens.

Any folic acid shortage in the body of a person results 
in severe anemia symptoms. Because it is a rate-limiting 
enzyme, dihydrofolate reductase (DHFR) has an advan-
tage in the activation of folic acid. To show the degree of 
affinity towards this target, we aim to present the interac-
tion between folic acid and DHFR target sites in the cur-
rent work. The molecular docking procedure was carried 
out using the molecular operating environment (MOE) 
program [16].

In addition, Lactobacillus increases macrophage activ-
ity and production of immunoglobulin IgA, which plays 
an important role in the immune system, such as local 
regulation of immune responses, allergies, and inflamma-
tory diseases [17–21]. This study was conducted to iden-
tify and characterize the most potent LAB isolates as an 
alternative and safe source of folic acid supplementation 
besides other benefits like maintain gut normal flora in 
human that improve general body health.
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Methods
Bacterial isolation
Twenty-five isolates from different milk samples were 
examined morphologically through Gram stain reac-
tion, M17 and MRS agar, then maintained in MRS 
broth at 4°C. Then they used to test their antimicro-
bial activity against pathogenic multi-drug resistant 
strains.

Standard strain
Lactobacillus delbrueckii ATCC 730, which was glycerol-
maintained strain, was sub-cultured and activated on 
MRS broth at 30°C for 48 h within ISS-4075/ISS-4075R 
Incubated Shaker with speed 100 r.p.m.

Folic acid assay
Preparation of folic acid standard solution
Individual folate standards, tetrahydrofolate (THF), 5-meth-
yltetrahydrofolate (5-MeTHF), and 5-formyltetrahydro-
folate (5-FmTHF) were further purified and prepared [22]. 
Standard linear values of folic acid were compared with 
samples through UV spectrophotometer at 285 nm wave-
length (Fig. 1).

Extraction and deconjugation of folic acid
Six milliliters of culture was added to 10  ml of extrac-
tion buffer (0.1 M phosphate buffer includes 0.5% sodium 
ascorbate). The mixture is then located within a boil-
ing water bath for 15 min followed by centrifugation at 
4000 × g for 10 min. About 0.4 ml of human plasma was 
added to 3 ml of obtained supernatant. Human plasma 
contains deconjugatives that deconjugate the polyglu-
tamine of folic acid to the mono glutamine form. The 
mixture was incubated for 1 h at 37°C with continuous 
rotation. The reaction was terminated by placing the 

sample in boiling water bath for 5 min. Extracts were 
centrifuged at 27,000 × g for 10 min. The supernatant 
was then filtered through 0.45-µm filter and either used 
directly or stored at − 20 °C until use [22].

Ribonucleic acid isolation and complementary 
deoxyribonucleic acid synthesis
Ribonucleic acid isolation
Four total ribonucleic acids (RNAs) were isolated from 
72 h LAB strains in liquid MRS medium, using Trizol 
(Gibcol) according to the manufacturer’s protocol. First 
strand cDNA was synthesized using Advantage RT-for-
PCR Kit (Clontech, Palo Alto, CA, USA).

Conventional reverse transcription polymerase chain 
reaction amplification
Polymerase chain reaction (PCR) was performed in 50 μl 
reactions using primers (Table 1) from [23]. A PCR reac-
tion consists of 100 ng of synthesized cDNA, 200 mM 
dNTPs, 0.1 mM of each primer, 1.5 mM MgCl2, and 1 U 
Taq DNA polymerase (Takara), and sterile water to bring 
the volume to 50 μl. This is the PCR program:

Denaturation at 94°C for 4 min, 30 cycles of 94°C for 
30 s, 56°C for 50 s, 72°C for 1 min, and final extension 
at 72°C for 6 min. Agarose gel separated in % TAE buffer 
(40 mM Tris–Acetate, pH 7.6- and 1-mM Na-acetic acid 
(EDTA)). After electrophoresis, gels were stained with 
ethidium bromide (0.5 mg/ml) and visualized with UV 
light. Sizes were estimated by comparison with standard-
length DNA (GeneRuler™ 100 bp DNA Ladder, MBI Fer-
mentans, Vilnius, Lithuania).

Real time PCR amplification conditions
Complementary DNA (cDNA) from four samples was 
semi-quantitatively PCR using the primers shown in 

Fig. 1  Folic acid standard linear according to absorbance values at 285 wavelength for known concentrations from 5 to 125 µg/ml
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Table  1. The first four primers are specific to its FolE 
gene, and the last four primers are specific to its RecA 
gene, housekeeping gene. The real-time PCR reaction 
consisted of 12.5 μl of 2 × Quantitech SYBR® Green RT 
mix (Fermentase com.), 1 μl 25 pm/μl forward primer, 1 
μl 25 pm/μl reverse primer, 1 μl cDNA (50 ng), and 9.25 
μl of RNase-free water for a total of 25 μl. Samples were 
centrifuged before being loaded into the rotor wells. The 
real-time PCR programs are as follows:

Initial denaturation at 95°C for 10 min; 40 cycles of 15 
s at 95°C. Incubate for 30 s at 59°C and extend for 30 s 
at 72°C. Data collection is done in the expansion phase. 
Reactions were performed using a Rotor Gene 6000 sys-
tem “Qiagen, USA”. The 18S ribosomal RNA (rRNA) gene 
was used as a housekeeping gene (reference gene) in this 
trial. The cutoff cycle (CT) values represent the PCR 
cycle at which the first increase of fluorescence above a 
defined threshold occurred in each gain curve.

pH tolerance test
Isolates were inoculated in the brain heart fusion broth 
at optimized sugar source concentration for each iso-
late besides other nutritional factors which tested pre-
viously. Serial dilution was performed and about 100 µl 
of fermentation after 24 h of incubation was spread via 
glass rod on MRS agar and incubated at an appropriate 
CO2 concentration for 24 h.

Bile salt tolerance
Seven isolates were tested for their tolerance to different 
concentrations of chenodeoxycholate as bile salt. Firstly, 
isolates were selected as CFUs from MRS agar, then re-
suspended in MRS with the adjusted pH for each isolate 
and bile salt at the ratios 0.1 to 0.5%, and then inocu-
lated on MRS agar; CFU/mL cells were counted.

Molecular identification of Lactobacilli
PCRs were carried out in a programmable DNA ther-
mal cycler PCR system. PCR reaction mixture was 
optimized to 25 μl that contains 6 μl of template 

(bacterial) DNA solution and 8.5 μl of master mix, 
which includes dNTPs mix, MgCl2, Taq polymerase, 
and PCR buffer.

Primers were added separately after preparation 
from lyophilized stock (1 μmol/l of each primer). Spe-
cific two primers were listed in Table 2. The amplified 
DNA product along with a DNA marker gene ruler 100 
bp DNA ladder Ayonex was separated by electropho-
resis using 1.5% agarose gel within TAE. The gel was 
stained with ethidium bromide, and the banding profile 
was recorded using UV-gel documentation system. The 
amplified DNA product was purified and sequenced.

Total antioxidant capacity
(TAC)+Radical mono cation of (2,2’Azinobis (3-ethylb-
enzothiazoline-6 sulphonic acid)). By oxidizing ABTS 
with potassium persulfate and reducing it in the pres-
ence of antioxidants that donate hydrogen, ABTS was 
created, which was then detected using a UV1902 spec-
trophotometer at 734 nm. The total antioxidant capacity 
was evaluated using this decolorization assay [24]. The 
concentration of antioxidant and duration of reaction 
on the inhibition of the radical cation absorption were 
considered when the antioxidant activity was deter-
mined. Trolox, a water-soluble analog of vitamin E, was 
used as a positive control. The activity was expressed 
in terms of Trolox equivalent antioxidant capacity 
(TEAC)/mg extract.

Method of docking study
Folic acid has a main role in RBCs development and 
maturation. In normal physiological erythropoiesis, folic 

Table 1  Specific primers are used to detect FolE and RecA genes in three LAB strains and standard one

Primers Sequence (5’- > 3’) Template strand Length Tm GC%

FW 1FolE GCC​AGC​ATA​GTC​TGA​AGT​GT Plus 20 57.61 50.00

RW 1 FolE GCA​AAA​AGC​CAA​CGA​TGC​AAG​ Minus 21 59.81 47.62

FW 2 FolE TCA​ACT​AGC​CGC​GGA​ATT​TT Plus 20 58.18 45.00

RW 2 FolE TGG​CAG​TAG​GTG​AAG​ATC​CTG​ Minus 21 59.17 52.38

FW 1RecA GCC​CTA​ATT​GGT​CCA​GGC​G Plus 19 44.3 44.3

RW 1 RecA ACA​ACG​GCG​TTC​TCT​CCT​AT Minus 20 44.3 44.4

FW 2 RecA ACA​CAA​CGT​CAT​TGC​AAA​TGTGA​ Plus 23 44.3 44.3

RW 2 RecA GCC​TGG​ACC​AAT​TAG​GGC​AT Minus 20 44.3 44.3

Table 2  Two PCR universal bacterial primers used for 16s rDNA 
amplification of lactobacilli isolates

Primers Sequence

FW-Khedr16bac 5-GAT​CCT​GGC​TCA​GAC​GAA​CG-3 

RW-Khedr16bac 5-GCT​ACG​CAT​CAT​TGC​CTT​GG-3
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acid was converted to deferent derivatives to be ready for 
forming RBCs. Any deficiency in folic acid concentra-
tions in the human body leads to serious manifestation 
of anemia. DHFR is a rate limiting enzyme; it has upper 
hand in the activation of folic acid. In the present study, 
we try to present the interaction of folic acid and DHFR 
target sites to show the strength of affinity towards this 
target. The molecular docking process was done by using 
molecular operating environment (MOE) software. Crys-
tal protein was obtained from protein data bank (PDB 
codes: 1DRF).

Preparation of targeted proteins
Protein structure was obtained from protein data bank; 
at first, water molecules were excluded from the com-
plex. Then, quick preparation was done, missing amino 
acids were added, and unfilled valence atoms were cor-
rected. Protein peptide energy was minimized by apply-
ing CHARMM force fields. The protein essential amino 
acids were selected and prepared for screening.

Preparation of the tested candidates
2D structure of folic acid was drawn using Chem-Bio 
Draw Ultra17.0 and saved in SDF file format. From 
MOE software, the saved file was opened, ligand was 
protonated, and energy was minimized by applying 
0.1 RMSD kcal/mol, a MMFF94 force field.

Data analysis
- RT-PCR: Comparative quantification analysis was done 
using dd∆ct method through Microsoft Excel.

- Standard deviation and standard error statistics were 
evaluated through ANOVA incorporated Microsoft 
Excel.

Results
Lactobacilli isolation and cultivation
To obtain probiotic bacteria, LAB isolates were obtained 
from Egyptian traditional fermented items based on the 
most relevant scientific, functional, and health criteria. 
Based on their morphological traits and physiological 
and biochemical properties, among 25 bacterial isolates 
were collected from 25 different milk samples through 
serial dilution method, 10 samples from goat milk, 9 from 
cow milk, and 6 from buffalo milk (Fig. 2).

One hundred colonies include white color with 
rounded edges and appeared as microscopic dots on 
MRS agar. Rogosa agar was used as a selective and con-
firmed step for Lactobacilli isolates. Each serial dilution 
factor was poured in three MRS agar (triplicated), and 
plates were incubated for 24 h at 37°C and CO2 concen-
tration (5.5%). After incubation, CFUs were counted and 
examined for their gram stain reaction, and morphologi-
cal examination of colonies; about 100 hundred CFUs 
reacted positively with gram reaction and appeared bacil-
lary form under light microscope.

Carbon source optimization
Seven isolates among 25 isolates were selected accord-
ing to their ordinary cultivation temperature at 30°C, 
besides their rapid and ideal growth on MRS and Rogosa 
agar, cultivated on MRS broth. These seven isolates were 
tested on different carbon sources (glucose, mannose, 
fructose, sucrose, and lactose), with constant other factors 
like temperature at 30°C and CO2 concentration (5.5%), 
shaking at 150 r.p.m. for 3 days; within 3 days after each 
6 h, samples were collected from each isolate and meas-
ured for cell growth turbidity at OD600 through UV 
spectrophotometry.

Fig. 2  Number of isolated milk samples from different three sources, cow, goat, and buffalo
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Almost all of the samples were grown exponentially 
against control samples (without carbon source); in the 
case of lactose and glucose as a carbon source, four iso-
lates which gave maximum growth with lactose were 
KH32, KH44, KH50, and KH53, while another three 
reached maximal values with glucose were KH1, KH80, 
and KH98 (Fig. 3).

Folic acid production
Seven isolates were evaluated for their folic acid produc-
tion. It measured through colorimetric assay against folic 
acid standard with known values as in Fig. 1. The maxi-
mum folate productivity achieved in KH1 isolate was 
100 µg/ml after 48 h of incubation, while after the same 
incubation time, KH98 recorded productivity of 90 µg/ml 
followed by KH80 with 80 µg/ml. The rest of the isolates 
showed lower productivity than the three mentioned 
highest productivity (Fig. 4).

FolE gene expression
PCR detection and amplification of FolE gene in one 
standard strain and the seven isolates were done where 
the amplicons with molecular weight have 1470 basis 
points (bps) in size in agarose gel electrophoresis against 
wide range DNA ladder with 50–10,000 bps (Fig.  5), 

where the marker lane was loaded with 10 µl while each 
sample lane was loaded with 15 µl of DNA amplicon.

Using the RecA gene as a reference gene, RT-PCR was 
used to assess the expression of the folE gene, which 
codes for GTP cyclohydrolase I (GCYH-I), a first enzyme 
in the de novo tetrahydrofolate biosynthetic pathway 
found in bacteria, fungi, and plants. The expression of the 
folE gene was higher in just one isolate (KH1) with folds 
of 3 and 3.4 after 24 and 48 h of incubation while stand-
ard strain and all others were with onefold only after 24 h 
of incubation. After 48 h of incubation, FolE expression 
increased in all isolates besides the standard one, within 
48 h of incubation. KH98 was the best second folate 
expression after KH1 with 2.8 folds followed by the KH80 
with 2.2 folds, then standard with 2 folds (Fig. 6).

Growth optimization of the best isolates
CO2 concentration
The best three folic acid producers and their growth were 
optimized for many factors; they have grown well at 30°C 
on MRS agar plate (Fig. 7).

Co2 concentration is a fundamental factor for lactobacilli 
growth, so all selected isolates were tested at six different 
CO2 concentrations (2, 3, 4, 5, 6, and 7%). All isolates were 
grown rapidly and intensively at CO2 concentration 5%, 

Fig. 3  Colorimetric growth of the best seven isolates which gave maximum growth with lactose (the first three from left) and with glucose (the last 
four)

Fig. 4  Folate production of the best seven LAB isolates after 48 h of incubation in MRS broth
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and this concentration regarded the optimal concentration 
for Lactobacilli isolates in this study (Fig. 8); the best three 
growing isolates were KH1, KH80, and KH98.

Incubation time
The logarithmic growth curve of microorganisms was 
affected by the time of incubation; at different incubation 
time intervals, OD600 reads were recorded against the 
starter (zero time of incubation). The maximum Lactoba-
cilli growth was between 24 and 48 h of incubation that 
suggested to be logarithmic growth phase. All selected iso-
lates showed retardation in growth after 48 h of incubation. 
Stationary phase was achieved through constant reading at 
OD600 (Fig. 9). This colorimetric reading was confirmed by 
counting CFUs on MRS agar each day with triplicate plate 
for each isolate that was recorded in Table 3.

Optimization of probiotic characters
pH range tolerance
Three isolates were tested against wide pH range for 
determining low pH tolerance as gastric juice range was 
pH 1–2.5. KH1, KH80, and KH98 highly showed toler-
ance against extremely acidic pH 2–3; they give 45, 10, 
and 22 CFUs at pH 3, besides 9, 6, and 4 CFUs at pH 2 
respectively and as mentioned in Table 4.

Fig. 5  Agarose gel electrophoresis of FolE gene amplicon with DNA 
ladder marker (Band M), KH1 (Band 1), KH80 (Band 2), KH98 (Band 3), 
KH32 (Band 4), KH44 (Band 5), KH50 (Band 6), and KH53 (Band 7)

Fig. 6  Folds of FolE gene expression in seven selected isolates against standard strain along 48 h of incubation

Fig. 7  The best folic acid-producing three isolates as grown on MRS agar plates. A KH1, B KH80, and C KH98
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Bile salt tolerance
Among the seven isolates, there were three which showed 
high resistance against elevated bile salt concentrations 
when compared with the remaining four; these were 
KH1, KH2, and KH3 which give CFUs count at 0.3% bile 
salt 62, 80, and 81. These also give 25, 47, and 36 CFUs 
with 0.4% bile salt concentration respectively (Fig. 10).

PCR identification of Lactobacilli through 16s rDNA
The confirmed identification of Lactobacilli isolates (the 
best three with antibacterial activity) carried through 
amplification of 16s rDNA through PCR reaction using 

two universal bacterial primers mentioned in Table  1. 
PCR amplicon of the three isolates was sequenced and 
analyzed through BLAST on NCBI site for closely 
related sequences on Gene Bank. These isolates KH1, 
KH80, and KH98 have accession numbers as follows: 
MT798836, MT798837, and MT798838, respectively. 
Phylogenetic trees for the three isolates with the most 
related strains on NCBI were described in Fig. 11.

Three nucleotide sequences of the three isolates were 
compared together for similarity percentage through 
Jalview windows software edition 2.11.1.6. Alignment as 
in Fig. 12.

Single nucleotide polymorphism alignment shows 
similarity percentage of 98.56 with score 29,020.0 
between KH1 and KH80, between KH1 and KH98 
similarity percentage of 96.64 with score 27,960.0, and 
finally between KH80 and KH98 similarity percentage 
of 97.97 with score 28,440.0.

Antioxidant assay of KH1 fermentation
Serial dilutions of KH1 fermentation broth were car-
ried out and tested for their antioxidant activity 
against different known concentrations of ascorbic 

Fig. 8  The best three Lactobacilli isolates growth at different CO2 concentrations; 5% CO2 was the best one for almost Lactobacilli growth

Fig. 9  Growth pattern of three isolates as measured calorimetrically at OD600 for determining the exponential phase

Table 3  Log CFU count of three Lactobacilli isolates on MRS agar 
for 5 days of incubation at 28°C and CO2 concentration 5%

CFU count of the most potent three LAB isolates for 5 days

Incubation time/hours

Isolates 24 h 48 h 72 h 96 h 120 h

KH1 320 360 310 245 210

KH80 245 303 241 217 122

KH98 265 278 290 236 190
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acid (1.95, 3.9, 7.8, 15.6, 31.2, 62.5, 125, 250, 500, and 
1000 ug/ml) through DPPH assay. All dilutions of 
KH1 fermentations showed higher scavenging per-
centage than all ascorbic acid concentrations. The 
highest ascorbic acid concentration of 1000 µg/ml 
showed 97.3% scavenging while KH1 recorded 99% as 
described in Fig. 13.

Docking process
Molecular docking was carried out using docking algo-
rithms. The targeted pocket was fixed rigidly while the 
ligands were moved freely. During the refinement, each 
molecule was allowed to produce 20 different interac-
tion poses with the protein. Then the docking score 
(affinity  interaction energy) of the best-fitted poses 
with the active site at DHFR was recorded and 3D ori-
entation was generated by Discovery Studio visualizer 
software. The binding mode of folic acid exhibited an 
energy binding of − 8.65 kcal/mol against DHFR. Folic 
acid formed four Pi-alkyl, Pi-Pi, and Pi-sigma interac-
tions with Ala9, Ile7, Phe34, and Ile60. Additionally, 
folic acid interacted with Glu30 and Asn64 by three 
hydrogen bonds with a distance of 1.77, 1.76, and 1.96 
Å as shown in Fig. 14.

Discussion
After incubation on MRS plates, CFUs were counted and 
examined for their gram stain reaction and morphologi-
cal examination of colonies; about 100 CFUs reacted pos-
itively with gram reaction and appeared in bacillary form 
under light microscope. Seven bacterial strains among 25 
isolates were identified as Lactobacilli [24].

Lactic acid bacteria require rich, complex cultivation 
media for normal growth. The homofermentative LAB 
converted glucose to lactic acid while heterofermenta-
tive LAB fermented glucose to lactic acid, ethanol, acetic 
acid, and CO2. Simple carbohydrates or sugars are the 
carbon and energy sources for the growth of LAB. Lac-
tobacillus spp. have the ability to convert various types of 
sugar into lactic acid [25]. Glucose is the most used sugar 
while lactose is utilized in dairy products by Lactobacil-
lus strains [26, 27] reported that besides glucose, maltose, 
mannose, and galactose are also found to be preferred 
carbon sources for some LAB. [28] has 2% tryptone and 
pH 6.5 have been reported to increase antimicrobial 
activity. Lactobacillus durans E204 activity was compared 
to the control.

Folic acid is generally found in all types of food such 
as vegetables, fruit, and meat which is an important 

Table 4  CFUs counting of seven lactic acid bacterial isolates at wide pH range for 24 h on MRS plates against control (C)

Values described in this table were the count of CFUs/ml fermentation after 24 h of incubation in brain heart fusion liquid at optimal carbon concentration for each 
isolate besides the best CO2 concentration. Values above multiply in dilution factor 105

Isolates pH range C

8 7 6 5 4 3 2

KH1 123 145 112 82 77 45 9 147

KH80 120 142 111 45 21 10 6 140

KH98 121 162 98 67 41 22 4 166

Fig. 10  CFUs counting of the selected three isolates at different bile salt concentrations
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substance needed for nucleic acid synthesis and cell 
differentiation. Folic acid influences the physiological 
development of the fetal nervous system [29] reported 
that fermented milk bio-enriched with folate was 

able to increase folate concentrations in plasma and 
decrease homocysteine levels. Different researchers 
have reported that LAB could synthesize folate during 
fermentation depending on the growth conditions [30]. 

Fig. 11  Phylogenetic tree of the selected three isolates as identified Lactobacillus delbrueckii with the highly similar 16S rDNA sequences on NCBI 
GenBank

Fig. 12  Jalview alignment for three DNA nucleotide sequences KH1, KH80, and KH98 with length 265 nucleotides
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Fig. 13  Antioxidant activity of KH1 fermentation against several known concentrations of ascorbic acid through DPPH

Fig. 14  Folic acid docked in DHFR, hydrogen bonds shown in green lines, and the pi interactions are represented in pink lines (Fig. A, C) 
with surface mapping showing folic acid occupying the active pocket of DHFR (Fig. B, D)
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Many researchers report that LAB isolated from various 
sources such as dairy products, vegetables, and tradi-
tional fermented foods could produce folate both extra-
cellularly and intracellularly with different concentration 
when growing in folate free culture medium [30]. These 
results were supported by [31] when found that Lacto-
bacillus delbrueckii subsp. bulgaricus and Streptococcus 
thermophilus produced highest extracellular folate levels.

After 48 h of incubation, FolE expression increased in 
all isolates besides the standard one, within 48 h of incu-
bation; KH98 was the best second folate expression after 
KH1 with 2.8 folds followed by the KH80 with 2.2 folds, 
then the standard with 2 folds. These folds reflect the 
high folic acid productivity of these isolates [32]. 

Lactic acid bacteria (LAB) use carbohydrates as the 
main carbon source [32]. The amount of CO2 produced 
by LAB during the fermentation of sugars depends on 
several factors, such as type of fermented sugar where 
fermentation of glucose is faster than lactose, even in 
the case of active lactose fermenters. Also, the opti-
mum concentration of sugar being about 5% and opti-
mum initial reaction of the medium is approximately 
pH 7 [33]. A lower concentration of carbon dioxide 
can stimulate the growth of some microorganisms, but 
a higher concentration of carbon dioxide can prevent 
the growth of many spoilage microorganisms, includ-
ing bacteria and fungi; therefore, it is extensively used 
in food preservation [34].

Cultivation of lactic acid bacteria is recommended to 
be under anaerobic conditions by direct incubation in 
a CO2 incubator at 27 ± 1°C for 5–7 days. A microbial 
incubation period curve can provide helpful information 
for understanding microbial growth trends and selecting 
the optimal growth stage [35].

Yang et al. [36] found that Lactobacillus spp. strains iso-
lated from soybeans showed logarithmic growth period 
between 2 and 8 h. Also, Wu et al. [37] reported that L. 
delbrueckii ssp. has short latency phase of WDS-7 strain 
and the culture pH value reached to 3.8 after 20 h of incu-
bation; this strain had strong capacity for acid production.

Khalil et  al. [33] reported temperature and humidity 
optimization. pH conditions for secondary metabolite 
production using pH 8 and 37°C for Lactobacillus fae-
cium B3L3 Table 5.

According to Das et al. [38], acid and bile salts around 
0.3% tolerance is one of the important criteria for the 
selection of probiotic strain. The viability value and resist-
ant mechanism towards low pH or bile salts concentration 
depend on the type and species of bacteria that have abil-
ity to survive at a low pH in stimulated gastric juice [23, 
39, 40]. Recently, Hsu et al. [41] have found that intestinal 
probiotics, such as Lactobacillus spp., are resistant to the 
high concentration of bile salts at low pH. Laino et al. [29] 

stated that Lactobacillus delbrueckii ssp. isolated from 
Qarish cheese showed high tolerance to low pH and could 
survive under acidic environment of stomach.

Probiotics have numerous health benefits such as anti-
microbial and antioxidant activities [42]. Antioxidant 
activity of probiotics could help the host to destroy and 
neutralize free radicals [43]. The antioxidant activity of 
LAB depends on the source and strain. Reactive oxygen 
species (ROS) is a type of highly active oxygen free radi-
cals which includes superoxide anion radicals, hydrogen 
peroxide, and hydroxyl radicals [44]. Feng and Wang [45] 
reported that a small amount of ROS is required for many 
different cellular activities. Many researches tried to find 
natural and safer antioxidants from natural resources [46]. 
The antioxidant activities of Lactobacillus spp. strains iso-
lated from pickled tea and traditional fermented foods 
reached almost from 30 to 80% [38, 47]. Molecular dock-
ing studies is a powerful approach for structure-based 
drug discovery. It can be used for modeling the interac-
tion between a protein at level of atoms besides a tiny 
molecule. This technique facilitates characterization of 
small molecules behavior in the binding site of target pro-
teins and to elucidate vital biochemical processes [48].

Firstly, the structures of the folic acid were drawn 
by DFT program. Then, download the structure of the 
receptor DHFR form (Ala9, Ile7, Phe34, and Ile60) from 
protein data bank for use in Auto Dock Tools to identify 
the active sites of binding mode between the compound 
and the receptor. The data from the docking studied as 
receptor, folic acid moiety, receptor site, and binding 
energies are shown in Table 2. The 3D plots of the inter-
action of the prepared compounds with receptor were 
also symbolized in Fig. 12 [49].

Secondly, Folic acid’s binding mechanism exhibits 
an energy binding of − 8.65 kcal/mol against DHFR. 
Ala9, Ile7, Phe34, and Ile60 produced four Pi-alkyl, Pi-
sigma, and Pi-Pi interactions with folic acid. The bind-
ing energy of folic acid to DHFR is higher than chalcone 
derivatives which ranged from − 6.79 to − 8.02 kcal/mol 
[50], trimethoprim has a band energy of − 7.09 kcal/mol 
[50], dihydropyrimidine derivatives have a band energy 
from − 6.549 to − 8.392 kcal/mol [51], and approximately 
to the methotrexate which has a binding energy of − 8.78 
kcal/mol [52]. Moreover, as seen in Fig. 9, folic acid con-
nected with Glu30 and Asn64 by three hydrogen bonds 
that had 1.77, 1.76, and 1.96 Ao.

Table 5  DG, RMSD, and interactions kcal/mol of folic acid 
against targeted sites of DHFR

Targets 
screened

Tested 
compounds

RMSD 
value (Å)

Docking 
(affinity) score 
(kcal/mol)

Interactions

H.B interaction Pi -

DHFR Folic acid 1.14  − 8.65 3 4
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Conclusion
LAB Egyptian local isolates exhibit highest folic acid 
productivity reached 100 µg/ml after 48 h of incuba-
tion through KH1 which also with the highest FoLE gene 
expression after 24 and 48 h of fermentation in compari-
son of standard strain (Lactobacillus delbrueckii ATCC 
730); KH1 which were identified through 16S rDNA 
belong to Lactobacillus delbrueckii with genbank acces-
sion number (MT&98,836.1). All dilutions of KH1 have 
antioxidant activity with higher scavenging percentage 
than all ascorbic acid concentrations. Folic acid exhibited 
an energy binding of − 8.65 kcal/ mol against DHFR. Folic 
acid formed four Pi-alkyl, Pi-Pi, and Pi-sigma interac-
tions with Ala9, Ile7, Phe34, and Ile60. Additionally, folic 
acid interacted with Glu30 and Asn64 by three hydrogen 
bonds with 1.77, 1.76, and 1.96 Å. 

Authors’ contributions
Mohamed Khedr: conceptualization, writing review, methodology, resources, 
investigation, 16S rDNA identification, LAB isolation and purification step, 
growth optimization, probiotic evaluation, and writing the original draft. Fady 
Sayed Youssef: conceptualization, docking step, antioxidant step, methodol‑
ogy, and resources. Nora Elkattan: resources, writing original draft, and writing 
introduction besides discussion. Mahmoud S Abozahra: methodology and 
FolE gene expression step and participated in resources fund. The author(s) 
read and approved the final manuscript. Mohammed N. Selim: participated in 
resources fund and re-wrote the original draft. Abdullah Yousef: statistics and 
final draft writing. Kamal M. A. Khalil: resources and participation in material 
and methods processing. Alsayed E. Mekky: LAB isolation and purification 
step, growth optimization, and probiotic evaluation.

Funding
Not applicable.

Availability of data and materials
All data included in this study were presented in the form of tables and 
figures.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing or conflict interests.

Author details
1 Department of Botany and Microbiology, Faculty of Science, Al-Azhar 
University, Nasr 11884, Cairo, Egypt. 2 Department of Pharmacology Faculty 
of Veterinary Medicine, Cairo University, Giza 1221, Egypt. 3 Department 
of Microbiology, Research Institute of Medical Entomology, General Organiza‑
tion for Teaching Hospitals and Institutes, Giza, Egypt. 4 Department of Chem‑
istry and Biochemistry, Florida Atlantic University, Boca Raton, FL 33433, USA. 
5 Microbial Chemistry Department, National Research Centre, 33 El‑Buhouth 
Street, Dokki 12622, Cairo, Egypt. 6 Basic & Medical Sciences Department, 
Faculty of Dentistry, Alryada University for Science & Technology, Al ryada, 
Egypt. 7 Genetic Engineering and Biotechnology Division, Genetics and Cytol‑
ogy Department, National Research Centre, 33 El‑Buhouth Street, Dokki 12622, 
Cairo, Egypt. 

Received: 13 June 2023   Accepted: 14 November 2023

References
	1.	 Chugh B, Kamal-Eldin A (2020) Bioactive compounds produced by 

probiotics in food products. Curr Opin Food Sci 32:76–82
	2.	 Pop OL, Socaci SA, Suharoschi R, Vodnar DC (2019) Pro and prebiotics 

foods that modulate human health. The Role of Alternative and Innova‑
tive Food Ingredients and Products in Consumer Wellness. pp 283–313

	3.	 Jaiswal M, Sharma R, Subramani S, Mishra V, Sharma J, Parthasarathy 
P, Bisen PS, Raghuwanshi S (2020) Role of Lactobacilli as probiotics in 
human health benefits: current status and future prospects. Journal of 
Biotechnology and Biochemistry. 6:19–24

	4.	 Behera SS, Ray RC, Zdolec N (2018) Lactobacillus plantarum with 
functional properties: an approach to increase safety and shelf-life of 
fermented foods. Biomed Res Int. 2018:9361614

	5.	 Jurášková D, Ribeiro SC, Silva CCG (2022) Exopolysaccharides produced 
by lactic acid bacteria: from biosynthesis to health-promoting properties. 
Foods 11(2):156

	6.	 Jiang S, Cai L, Lv L, Li L (2021) Pediococcus pentosaceus, a future additive or 
probiotic candidate. Microb Cell Fact 20:45

	7.	 Sestito S, D’Auria E, Baldassarre ME, Salvatore S, Tallarico V, Stefanelli E, 
Tarsitano F, Concolino D, Pensabene L (2020) The role of prebiotics and 
probiotics in prevention of allergic diseases in infants. Front Pediatr 
8:583946

	8.	 Zhang T, Zhang C, Zhang J, Sun F, Duan L (2022) Efficacy of probiotics for 
irritable bowel syndrome: a systematic review and network meta-analysis. 
Front Cell Infect Microbiol 12:859967

	9.	 Feng Xiao MM, Zhuang LiJuan MM, Ling Chen MM, Zhao Hongying 
MM, Huang Rui MM, Guo ZhiFeng MM (2022) Comparison of different 
probiotics in the treatment of acute diarrhea in children: a protocol for 
systematic review and network meta-analysis. Medicine. 101(11):e28899

	10.	 Blaabjerg S, Artzi DM, Aabenhus R (2017) Probiotics for the prevention 
of antibiotic-associated diarrhea in outpatients-a systematic review and 
meta-Analysis. Antibiotics [Basel] 6(4):21

	11.	 Goodman C, Keating G, Georgousopoulou E, Hespe C, Levett K (2021) 
Probiotics for the prevention of antibiotic-associated diarrhoea: a system‑
atic review and meta-analysis. BMJ Open 2021(11):e043054

	12.	 Agbankpe AJ, Dougnon TV, Balarabe R, Deguenon E, Baba-Moussa L 
(2019) In vitro assessment of antibacterial activity from Lactobacillus 
spp. strains against virulent Salmonella species isolated from slaughter 
animals in Benin. Vet World. 12(12):1951–1958

	13.	 El Hage RE, El Hage JE, Snini SP, Ammoun I, Touma J, Rachid R, Mathieu F, 
Sabatier JM, Abi Khattar Z, El Rayess Y (2022) The detection of potential 
native probiotics Lactobacillus spp. against Salmonella Enteritidis, Salmo-
nella Infantis and Salmonella Kentucky ST198 of Lebanese Chicken Origin. 
Antibiotics 11:1147

	14.	 Tegegne BA, Kebede B (2022) Probiotics, their prophylactic and therapeu‑
tic applications in human health development: A review of the literature. 
Heliyon 8(6):e09725

	15.	 Staniszewski A, Kordowska-Wiater M (2021) Probiotic and potentially 
probiotic yeasts-characteristics and food application. Foods 10(6):1306

	16.	 Lamers Y, Prinz-Langenohl R, Brämswig S, Pietrzik K (2006) Red blood cell 
folate concentrations increase more after supplementation with [6 S]-
5-methyltetrahydrofolate than with folic acid in women of childbearing 
age. Am J Clin Nutr 84(1):156–161

	17.	 Royan M, Seighalani R, Mortezaei F, Pourebrahim M (2021) In vitro 
assessment of safety and functional probiotic properties of Lactobacillus 
mucosae strains isolated from Iranian native ruminants intestine. Ital J 
Anim Sci 20(1):1187–1200

	18.	 Anjana, Tiwari SK (2022) Bacteriocin-producing probiotic lactic acid 
bacteria in controlling dysbiosis of the gut microbiota. Front Cell Infect 
Microbiol 12:851140. https://​doi.​org/​10.​3389/​fcimb.​2022.​851140

	19.	 Chen J, Pang H, Wang L, Ma C, Wu G, Liu Y, Guan Y, Zhang M, Qin G, Tan Z 
(2022) Bacteriocin-producing lactic acid bacteria strains with antimicro‑
bial activity screened from bamei pig feces. Foods 11:709

	20.	 Huang J, Zhang J, Wang X, Jin Z, Zhang P, Su H, Sun X (2022) Effect of 
probiotics on respiratory tract allergic disease and gut microbiota. Front 
Nutr 9:821900

	21.	 Yeşilyurt N, Yılmaz B, Ağagündüz D, Capasso R (2021) Involvement of 
probiotics and postbiotics in the immune system modulation. Biologics 
1(2):89–110

https://doi.org/10.3389/fcimb.2022.851140


Page 14 of 14Khedr et al. Journal of Genetic Engineering and Biotechnology          (2023) 21:169 

	22.	 Abdel Ghany Elrahmany HM, Ali AA, El-Batawy OI, Khedr M, Hassan 
MA. Genetic engineering of UV-mutated Bifidobacterium longum and 
Lactobacillus acidophilus in relation to folic acid and Anti-inflammatory 
productivity. Egypt J Chem. 2023;66(13):983–92.

	23.	 Aarti C, Khusro A, Varghese R, Arasu MV, Agastian P, Al-Dhabi NA, Choi 
K. In vitro studies on probiotic and antioxidant properties of Lactobacil-
lus brevis strain LAP2 isolated from Hentak, a fermented fish product of 
north-east India. LWT. 2017;86:438–46.

	24.	 Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C (1999) 
Antioxidant activity applying an improved ABTS radical cation decoloriza‑
tion assay. Free Radical Biol Med 26(9–10):1231–1237

	25.	 Abedi E, Hashemi SMB (2020) Lactic acid production – producing micro‑
organisms and substrates sources-state of art. Heliyon 6:e04974

	26.	 Hayek SA, Gyawali R, Aljaloud SO, Krastanov A, Ibrahim SA (2019) Cultiva‑
tion media for lactic acid bacteria used in dairy products. J Dairy Res 
86(4):490–502

	27.	 Petrut S, Rusu E, Tudorache IS, Pelinescu D, Sarbu I, Stoica I, Vassu T (2019) 
Influence of various carbon sources on growth and biomass accumula‑
tion of some lactic acid bacteria strains. Revista de Chimie –Bucharest 
70:2434–2438

	28.	 Khay EO, Ouhsassi M, Harsal A, Idaomar M, AbriniI J (2013) Optimization of 
bacteriocin -like production by Enterococcus durans E204 isolated from 
camel milk of Morocco. Curr Res Microbiol Biotech. 1(4):155–159

	29.	 Laino JE, Zelaya H, Juárez del Vallea M, Savoy de Giori G, LeBlanc JG 
(2015) Milk fermented with selected strains of lactic acid bacteria is 
able to improve folate status of deficient rodents and also prevent 
folate deficiency. Journal of Functional Foods. 17:22–32

	30.	 Saubade F, Hemery YM, Guyot JP et al (2017) Lactic acid fermentation 
as a tool for increasing the folate content of foods. Crit Rev Food Sci 
Nutr 57:3894–910

	31.	 Levit R, Savoy de Giori G, de Moreno de LeBlanc, A. & LeBlan J.G. (2020) 
Recent update on lactic acid bacteria producing riboflavin and folates: 
application for food fortification and treatment of intestinal inflamma‑
tion. J Appl Microbiol 130:1412–1424

	32.	 George F, Daniel C, Thomas M, Singer E, Guilbaud A, Tessier F et al 
(2018) Occurrence and dynamism of lactic acid bacteria in distinct 
ecological niches: a multifaceted functional health perspective. Front 
Microbiol 9:2899

	33.	 Khalil N, Dabour N, El-Ziney M, Kheadr E (2021) Food bio-preservation: 
an overview with particular attention to Lactobacillus plantarum. Alex J 
Fd Sci Technol 18:33–50

	34.	 Cranz S, Valster S, Vulders R, Dellimore K (2020) Carbon dioxide 
as a novel indicator for bacterial growth in Sugar milk. J Food Saf. 
40:e12780 https://​doi.​org/​10.​1111/​jfs.​12780

	35.	 Yang E, Fan LH, Yan JP, Jiang YM, Doucette C, Fillmore S, Walker B 
(2018) Influence of culture media, pH and temperature on growth and 
bacteriocin production of bacteriocinogenic lactic acid bacteria. AMB 
Express 8(1):10

	36.	 Yang XY, Ke CX, Li L (2021) Physicochemical, rheological and digestive 
characteristics of soy protein isolate gel induced by lactic acid bacteria. 
J Food Eng 292:110243

	37.	 Wu C, Dai C, Tong L, Lv H, Zhou X (2022) Evaluation of the probiotic 
potential of Lactobacillus Delbrueckii Ssp. indicus WDS-7 Isolated from 
Chinese Traditional Fermented Buffalo Milk In Vitro. Pol J Microbiol 
71(1):91–105

	38.	 Das P, Khowala S, Biswas S (2016) In vitro probiotic characterization 
of Lactobacillus casei isolated from marine samples. LWT – Food Sci. 
Technol 73:383–390

	39.	 Mashood KK, Singh VA (2012) Rotational kinematics of a particle in recti‑
linear motion: perceptions and pitfalls. Am J Physics 80:720

	40.	 Shakibaie M, Mohammadi-Khorsand T, Adeli-Sardou M, Jafari M, Amir‑
pour-Rostami S, Ameri A, Forootanfar H (2017) Probiotic and antioxidant 
properties of selenium-enriched Lactobacillus brevis LSe isolated from an 
Iranian traditional dairy product. J Trace Elem Med Bio 40:1–9

	41.	 Hsu TC, Yi PJ, Lee TY, Liu JR (2018) Probiotic characteristics and 
zearalenone-removal ability of a Bacillus licheniformis strain. PLoS ONE 
13:e0194866. https://​doi.​org/​10.​1371/​journ​al.​pone.​01948​66

	42.	 Dehkordi SS, Alemzadeh I, Vaziri AS, Vossoughi A (2020) Optimiza‑
tion of alginate-whey protein isolate microcapsules for survivability 
and release behavior of probiotic bacteria. Appl Biochem Biotechnol 
90:182–196

	43.	 Talebi S, Makhdoumi A, Bahreini M, Matin MM, Moradi HS (2018) J Appl 
Microbiol 125(3):888–896

	44.	 Raza MH, Siraj S, Arshad A, Waheed U, Aldakheel F, Alduraywish S et al 
(2017) ROS-modulated therapeutic approaches in cancer treatment. J 
Cancer Res Clin Oncol 143:1789–1809

	45.	 Feng T, Wang J (2020) Oxidative stress tolerance and antioxidant capacity 
of lactic acid bacteria as probiotic: a systematic review. Gut Microbes 
12:1801944

	46.	 Zhou Y, Wang R, Zhang Y, Yang Y, Sun X, Zhang Q, Yang N (2020) 
Biotransformation of phenolics and metabolites and the change 
in antioxidant activity in kiwi fruit induced by Lactobacillus plan-
tarum fermentation. Journal of the Science of Food and Agriculture. 
100:3283–3290

	47.	 Cao ZH, Pan HB, Li SJ, Shi CY, Wang SF, Wang FY, Ye PF, Jia JJ, Ge CR, Lin 
QY et al (2018) In vitro evaluation of probiotic potential of lactic acid 
bacteria isolated from Yunnan De’ang pickled tea. Probiotics Antimicro 
11(5):103112

	48.	 Sayed FN, Mohamed GG, Deghadi RG (2023) Structural characteriza‑
tion and molecular docking studies of biologically active platinum (II) 
and palladium (II) complexes of ferrocenyl Schiff bases. J Mol Struct 
1278:134904

	49.	 Abd El-Sattar NE, El-Hddad SES, Ghobashy MM, Zaher AA, El-Adl K (2022) 
Nanogel-mediated drug delivery system for anticancer agent: pH stimuli 
responsive poly (ethylene glycol/acrylic acid) nanogel prepared by 
gamma irradiation. Bioorg Chem 127:105972

	50.	 Gond DS, Meshram RJ, Jadhav SG, Wadhwa G, Gacche RN (2013) In silico 
screening of chalcone derivatives as potential inhibitors of dihydro‑
folate reductase: assessment using molecular docking, paired potential 
and molecular hydrophobic potential studies. Drug Invention Today 
5(3):182–191

	51.	 Desai N, Trivedi A, Khedkar VM (2016) Preparation, biological evalua‑
tion and molecular docking study of imidazolyl dihydropyrimidines as 
potential Mycobacterium tuberculosis dihydrofolate reductase inhibitors. 
Bioorg Med Chem Lett 26(16):4030–4035

	52.	 Hobani Y, Jerah A, Bidwai A (2017) A comparative molecular docking 
study of curcumin and methotrexate to dihydrofolate reductase. Bioinfor‑
mation 13(3):63

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1111/jfs.12780
https://doi.org/10.1371/journal.pone.0194866

	FolE gene expression for folic acid productivity from optimized and characterized probiotic Lactobacillus delbrueckii
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Bacterial isolation
	Standard strain
	Folic acid assay
	Preparation of folic acid standard solution

	Extraction and deconjugation of folic acid
	Ribonucleic acid isolation and complementary deoxyribonucleic acid synthesis
	Ribonucleic acid isolation
	Conventional reverse transcription polymerase chain reaction amplification
	Real time PCR amplification conditions

	pH tolerance test
	Bile salt tolerance
	Molecular identification of Lactobacilli
	Total antioxidant capacity
	Method of docking study
	Preparation of targeted proteins
	Preparation of the tested candidates

	Data analysis

	Results
	Lactobacilli isolation and cultivation
	Carbon source optimization
	Folic acid production
	FolE gene expression
	Growth optimization of the best isolates
	CO2 concentration
	Incubation time

	Optimization of probiotic characters
	pH range tolerance

	Bile salt tolerance
	PCR identification of Lactobacilli through 16s rDNA
	Antioxidant assay of KH1 fermentation
	Docking process

	Discussion
	Conclusion
	References


