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Abstract

The objective of this study was to characterize the probiotic lactic acid bacteria to improve the quality of silage. A total of
42 LAB isolates were isolated from the date syrup, and the potent strains were characterized as Lactobacillus casei LC09
and L. lactis LL25. These two strains showed the ability to survive at low pH, stimulate gastric conditions, and be sensitive
to most of the prominent antibiotics. LAB strains have adhesion ability (p <0.001) on the surface of the HT-29 cell lines and
y-hemolytic type, and no zones developed around the blood agar medium. The cell-free extract of the selected LAB showed
promising DPPH and ferric reducing power activity. Among the selected fungi, LC09 showed the maximum zone of inhibi-
tion against Fusarium oxysporum (26 +1 mm), Aspergillus niger (27 +2 mm), and Fusarium graminearum (26 +1 mm).
The strain LC09 showed maximum activity against F. graminearum (29 + 1 mm) and F. oxysporum (24 +2 mm). Acetic acid
and lactic acid production are the prominent end products determined from the cell free extract of both LAB (p <0.001).
Lactic acid production was 5.3 +0.32 g/L and 4.7 +0.28 g/L for strains LC09 and LL25, whereas, acetic acid level was
0.39+0.03 g/L and 0.27 +0.47 g/L for these LAB. Quail bush and date wastes were used for the preparation of silage, and
LAB strains were inoculated and treated for 30 days. In vitro silage analysis showed that quail bush-date waste inoculated
with LC09 and LL25 showed a decreased pH level at the end of fermentation (after 30 days) (p <0.001). Lactic acid and
acetic acid levels were increased in the experimental silage (p <0.001). Thus, ensiled quail bush-date waste could promote
silage quality, improve fibre digestion and reduce the growth of pathogenic bacteria and fungal strains.
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1 Introduction

Epiphytic microorganisms from the plant materials or addi-
tional inoculums are useful for the ensiling process and
improving the quality of silage. Many microbial strains,
mainly lactic acid bacteria (LAB), are used in this process
to improve the silage quality. There are many factors that
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influence on the quality of silage. The supplementation of
various microorganisms that produce increased amounts of
lactic acid is of great interest because of their great effect on
decreasing the pH value of the medium [1]. The impacts of
LAB inoculants on the silage process are due to the produc-
tion of various metabolites of interest that effectively inhibit
the growth of pathogenic microorganisms. Hence, the ability
of a potent strain to utilize various substrates from the forage
plants and synthesize various metabolites can be an addi-
tional advantage in the competition with other microorgan-
isms for food or other factors. These criteria are useful for
the selection of the most prominent strains for this process
[2]. The ensiling process is highly complex and involves
interactions between various microbiological and chemical
processes. Several bacterial genera are playing a potent role
in the process of ensilage. LAB strains that are highly asso-
ciated with silages are bacteria from the genera Streptococ-
cus, Lactococcus, Enterococcus, Leuconostoc, Pediococcus
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and Lactobacillus [3]. Bacteria from these genera are able
to compete for nutrients with other microorganisms, includ-
ing, fungi, yeast, bacilli, enterobacteria, and clostridia. LAB
produces various quality end products, and degrades vari-
ous nutrients, and enhances the availability of nutrients to
the ruminants [3]. LAB produces volatile fatty acids, which
inhibit the growth of other microbes that support the growth
of molds and yeast and initiate aerobic deterioration, which
causes the nutritional value of fodders to decrease, induce
spoilage, and generate heat [4].

The presence of bacteria in the fodder significantly
determines the effect of the fermentation process. One of
the common procedures to enhance LAB populations in
silage is to increase the exogenous LAB population, and
another way is to reduce the pathogenic microbial popula-
tion in silage. The LAB supplement enhances silage quality
by improving lactic acid content, inhibiting the growth of
pathogenic microorganisms, and reducing the pH value of
silage. The heterofermentative LAB species are considering
for their antifungal activities and significantly improve the
silage quality compared to homofermentative LAB strains.
Lactic acid is an important substrate for yeast, reducing the
aerobic stability and feeding-out of the silage. Inoculation
with heterofermentative Lactobacillus buchneri and fac-
ultative heterofermentative Lactobacillus plantarum was
evaluated during the ensiling of sugar cane. L. buchneri
showed good capacity for reducing DM losses and effec-
tively increasing aerobic stability [5]. Pedroso et al. [6]
stated that Lb. buchneri improved aerobic stability in silage,
however, L. plantarum negatively influenced silage. The
LAB species such as, Lactobacillus brevis, Lactobacillus
paracasei, Lactobacillus brevis buchneri and L. plantarum
improved silage [7]. Inoculations with various strains that
belong to the same sub species have yielded silages with
distinct properties, suggesting that analyses should be done
not only at the subspecies level but also at the strain level
[8]. Most of the LAB produce antifungal and antibacterial
compounds and therefore have the potential to inhibit the
proliferation of fungi and bacteria. Heterofermentative and
homofermentative LAB species synergistically act on each
other and improve microbial quality in the silage. Moreover,
under certain conditions, the epiphytic LAB population is
not effective or the composition is inadequate for enhanc-
ing effective homolactic fermentation. Applications of LAB
improve nutrient quality and are safe for all organisms [4].

Mycotoxin and fungal spoilage affected feed quality,
nutrient composition, reduction in consumption, palatabil-
ity, and dry matter of silage. The fungi from genera such
as Fusarium, Pencillum and Aspergillus were contaminated
with silage. The supplementation of LAB can improve the
production of acetic acid, which inhibits the growth of molds
and yeasts, and thus enhances the stability of the silage.
The inoculated LAB species, such as L. paracasei and L.
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rhamnosus GG, could inhibit the proliferation of fungi and
yeasts [9]. LAB synthesizes novel metabolites such as ace-
tic acid, lactic acid, phenylacetic acid, cyclic dipeptides,
3-hydroxy propionaldehyde, and hydroxy fatty acids, and
these metabolites are associated with antifungal activity
[10]. LAB produces various secondary metabolites, includ-
ing, diacetyl, organic acids, and antimicrobial secondary
metabolites, and inhibits the growth of Aspergillus flavus
[11]. LAB effectively degrades mycotoxins by enzymatic
activity. L. paracasei, L. bulgaricus, and L. plantarum are
used to improve the quality of fermentation in silage, and
these LAB strains produce various hydrolytic enzymes [12].
LAB species such as Lactobacilli plantarum and L. casei
enhanced silage quality by effectively preventing the prolif-
eration of various pathogenic microbial flora by decreasing
the pH value in the surrounding environment. Silage quality
was mainly affected by bacteria such as Enterococcus hirae,
E. mundtii, E. casseliflavus, and E. faecalis. These bacte-
rial species wer broadly reported on fodder [13]. The pH
of the forage and its level of butyric acid were considerably
decreased by various LAB strains [14].

Inoculation of silage with LAB strains not only improved
the quality of the animal feed, but also improved animal
performance, absorbance of various mycotoxins, reduc-
ing greenhouse gas emissions, protein availability, and
N availability. At optimum temperature (28 °C), fodders
like ryegrass showed good results from the LAB strains L.
plantarum, P. acidilactici, and P. pentosaceus. However, at
higher temperature levels (45 °C), P. acidilactici improved
silage quality [15]. Several LAB strains are commercially
available, and these are used to improve forage fermentation
by enhancing lactic acid production. The supplementation of
Lactobacillus with silage showed positive impacts like being
less expensive than enzyme formulation, non-corrosive to
farm machinery, and eco-friendly [16]. The impacts of fac-
ultative heterofermentative and homofermentative LAB have
been studied, and improved beneficial effects were reported
previously [17]. Inoculation of fodders with LAB during the
process of ensiling very much improves the quality of silage
by their ability to ferment ethanol and acetic acid using
heterofermentative pathways or ferment soluble sugars to
lactic acid using homofermentative pathways. The macro-
molecules, including, 1,2-propanediol are produced by some
LAB species, such as Lactobacillus buchneri which uses
heterofermentative pathways to ferment ethanol and acetic
acid and improved aerobic stability of the silage [18]. Halo-
phytes are plants that survive at very high concentrations of
soil and water and have various physiological functions that
enable them to withstand the high concentrations of salt.
Plants from the genus Atriplex lentiformis (quail bush) grow
under abiotic and biotic stress and are used as fodder along
with other nutrient supplements. In Saudi Arabia, various
saltbushes, including, Atriple semibaccata, A. canescens, A.
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tatarica, A. leucoclada, A. halimus, A glauca, A. farinose, A.
dimorphostegia and A. coriacea were reported [19].
Agro-industrial by-products were used as the raw material
for silage preparation. These include date palm, wheat bran,
olive cake, tomato pulp, grape marc, citrus pulm, and banana
waste. These traditional preparations of silage practice
replace the traditional feedstuffs and concentrations [20].
Agro-industrial waste by-products of plants are promising
ingredients that are capable of providing protein, energy,
and other nutrients, as well as bioactive compounds such as
nondigestible polysaccharides, polyphenols, and bioactive
peptides for livestock. These agro-industrial waste by-prod-
ucts can be fed to livestock after the modification process.
The present study was performed to analyze the ensiling
properties and nutrient quality of quail bush and date palm
to be effectively used for feeding ruminants to improve their
health benefits. To improve the silage quality, Lactobacillus
strains were inoculated, and beneficial effects were analyzed.
We hypothesize that LAB can improve the nutritional value
and anaerobic fermentation quality of mixed quail bush and
date palm by preventing the growth of pathogenic bacteria.

2 Materials and methods
2.1 Isolation of lactic acid bacteria from date syrup

Date syrup samples were serially diluted using sterile dou-
ble distilled water. The samples were spread on MRS agar
medium (Himedia, Mumbai, India) (pH 6.5) supplemented
with 1-cysteine hydrochloride (0.12 g/L) to suppress the
growth of non-lactic acid bacteria. The culture plates were
incubated for 72 h at 30+ 2 °C. Then the isolated colonies
were further purified using the same culture medium, and
the pure colonies were maintained on MRS agar slants. The
LAB strains were preserved in glycerol (50%) for long-term
storage.

2.2 Characterization of LAB

A total of 42 LAB isolates were isolated from the date syrup,
and the potent strains (LC09 and L. lactis LL25) were char-
acterized. These two strains were characterized by morpho-
logical, physiological, and biochemical tests and 16S rDNA
sequencing. The isolates were individually cultured in nutri-
ent broth medium (Himeida, Mumbai, India) for 18 h. It
was centrifuged at 10,000 rpm for 10 min. Genomic DNA
of the selected strains was performed using a commercial
kit (Merck, Germany) and used as a template for polymer-
ase chain reaction (PCR). Forward (5'-GAGAGTTTGATC
CTGG-3') and reverse (5-TACCGCGGCTGCTGGCAC
-3") primers were selected as described earlier. The prim-
ers, template, DNA polymerase, and DTP mix were used to

amplify 16S rDNA using a thermocycler PCR machine. The
amplified gene was purified and sequenced using Applied
Biosystems [21, 22].

2.3 Analysis of antibiotic susceptibility

The selected bacterial strains, L. casei LC09 and L. lac-
tis LL25, were cultured in MRS broth (Hiemdia, Mumbiai,
India). The culture medium was sterilized using an autoclave
at 121 °C for 20 min. Then the medium was cooled and inoc-
ulated with the strains LC09 and LL25. The inoculums were
diluted using physiological saline for appropriate density
and spread on Petri plates with MRS agar medium. Then the
antibiotics such as streptomycin (10 pug), bacitracin (10 pg),
erythromycin (10 pg), chloramphenicol (20 pg), amoxicillin
(20 pg), kanamycin (20 ug), and penicillin (10 pg) (Hime-
dia, Mumbai, India) were loaded. Plates were incubated at
32 +2 °C, and antibiotic resistance was analyzed. The values
from all determinations are expressed as the mean + standard
deviation.

2.4 Tolerance to low pH values

This experiment was performed as suggested by Leite et al.
[23] with a few modifications. Briefly, 2.0 mL of 18 h culture
at 32+ 2 °C was harvested by centrifugation (10,000 rpm for
10 min). The LAB pellet obtained after centrifugation was
suspended in phosphate buffered saline (pH 6.5, 0.1 M) and
the optical density was observed at 600 nm. Then the sample
was appropriately diluted, and the final optical density of
the sample was 0.60 +0.20 at 600 nm. Then the pH of the
medium was adjusted between 2.0 and 4.0 with 1 N hydro-
chloric acid and incubated at 32+ 2 °C for 3 h. The pH toler-
ance of the LAB was evaluated by enumerating the bacterial
cells using MRS agar medium. Then the percentage of the
LAB survival rate was evaluated.

2.5 Bile salt tolerance test

In this method, 18 h cultures of Lactobacillus strains (LC09
and LL25) were grown at 32+ 2 °C and harvested by cen-
trifugation (10,000 rpm for 10 min). The pellets were sus-
pended in PBS (pH 6.5, 0.1 M), and the cell density was
measured at 600 nm using a UV visible spectrophotometer.
The optical density of the culture was adjusted to 0.50 +0.05
at 600 nm using sterile double distilled water. Then the
oxygall concentration of the culture was adjusted to 0.3%,
0.4% and 0.5% (w/v). Then the culture was incubated for 3 h
at 32+ 2 °C. It was spread on MRS agar medium, and viable
cell counts were made using an automated colony counter.
The bacterial survival rate (%) was calculated as described
previously [23].
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2.6 Adherence test

The adhering ability of the tested bacterial strains to the
intestine was determined in vitro using HT-29 cells [24].
In this method, a monolayer culture of HT-29 cells was
prepared in a tissue culture plate at a 5 x 10° cells/mL con-
centration. Then the monolayer was washed with phos-
phate buffered saline (PBS) (pH 7.2, 0.1 M). In the mean-
time, the overnight culture of LAB strains was individually
harvested by centrifugation at 10,000 rpm for 10 min. The
pellets were suspended in PBS (pH 6.5, 0.1 M), and the
cell density was measured at 600 nm using a UV visible
spectrophotometer. The final LAB concentration was
maintained at 10° CFU/mL and was added to the HT-29
monolayer with RPMI-1640 medium. The microtiter cul-
ture plate was incubated at 37 +2 °C for 2 h in 5% CO,.
Then the monolayer was washed three times with phos-
phate buffered saline (pH 7.2, 0.1 M) and finally fixed in
methanol (Merck, Germany) for 15 min. After complete
fixation, the monolayer was washed again with PBS, air
dried and stained with Giemsa stain. Then the microtitre
plate was examined under a bright field microscope. The
adhesion property was analyzed by examining viable bac-
terial counts. MRS agar plate was prepared and 0.1 mL
sample was spread on MRS medium. The plate was incu-
bated at 32 +2 °C for 24 h for the development of colonies.
The percentage of LAB adhesion was finally calculated.

2.7 Hemolytic activity test

The selected bacterial strains were plated on MRS agar
plates (Himedia, Mumbai, India) with defibrinated sheep
blood. The culture plate was incubated at 32 +2 °C
for 48 h. The positive control (Staphylococcus aureus
ATCC6538) was used to check hemolysis. A clear zone
around the colonies indicates f-hemolysis, a greenish zone
around the colonies indicates a-hemolysis, and no zone
around the colonies indicates y-hemolysis or no hemolysis
[23].

2.8 Antioxidant properties of Lactobacillus strains
2.8.1 2,2-Diphenyl-2-picrylhydrazyl Assay

In this study, the free-radical-scavenging properties of the
screened LAB from date syrup samples were evaluated using
the DPPH method with Trolox as the standard. DPPH was
dissolved in ethanol and prepared at a 0.2 mmol/L concen-
tration. The cell-free extract (50 -100 uL) was mixed with
a DPPH solution (500 pL) and incubated for 30 min in the
dark at room temperature. The sample was centrifuged at
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5000 rpm for 5 min, and the absorbance of the sample was
measured using a microtiter plate reader.

2.8.2 Ferric reducing power assay

The working reagent was prepared by adding 2 mL of
2.4,6-tri(2-pyridyl)-triazine (TPTZ) (10 mM/L) with 2 mL
of Iron(IIl) chloride hexahydrate (20 mM/L) to 40 mL of
acetate buffer (300 mM, pH 3.6) (Sigma-Aldrich, USA). The
solution was equilibrated, incubated at 37 °C, and stored in
the dark. The cell free extracts (50—100 uL) was added to
microtiter plate and mixed with FRAPS solution (200 pL)
and incubated for 30 min at room temperature in a dark. The
absorbance of the sample was measured using a UV-vis-
ible spectrophotometer at 595 nm against a blank. FeSO,
was used as the standard curve, and the final results were
expressed as mg/mL Fe?* [25].

2.9 Antifungal properties of LAB strains

The antifungal properties of Lactobacillus species were
determined by the agar spot method against Aspergillus
niger, Aspergillus flavus, Fusarium oxysporum, Fusarium
graminearum, and Rhizopus microsporus. In this method,
20 mL of sterilized MRS agar (Himedia, Mumbai, India)
medium was carefully poured into the Petri dishes. Then
50 pL of the selected bacterial strain was spotted on it. The
plates were incubated at 32 +2 °C. Then, 100 pL of bacte-
rial suspensions were added to MRS soft agar medium on
the same Petri plates. Then it was incubated for 3 days at
32 °C, and antifungal activity was measured. In the control
experiments, only fungal strains were incorporated. Experi-
ments were performed in triplicate, and an average value was
considered for analysis [16].

2.10 Organic acid production

The LAB strains were grown in the culture medium with
the following composition (g/L): fructose, 10.0; glucose,
10.0; malic acid, 2.0; sorbitol, 5.0; MnSO,.H,0, 0.05;
MgSO,.7H,0, 0.2; EDTA, 0.1; K,HPO,, 1.0; Tween 80,
1 mL; and ammonium citrate, 2.0; (pH 6.2). After 24 h of
culture, the cell free extract was subjected to the determina-
tion of organic acid. Lactic acid and acetic acid production
were analyzed by high-performance liquid chromatography
(HPLC) [26].

2.11 Pectinase activity of LAB

Pectinase activity of the bacterial strain was screened as sug-
gested by Varghese et al. [27]. The selected bacterial strains
were cultured on pectin-agar medium and incubated for 24 h
at 37 °C in an incubator. After 24 h of incubation, Gram’s
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iodine solution was flooded and incubated for 20 min to
determine a zone of clearance due to the hydrolysis of pectin.

2.12 Silage preparation

The whole quail bush (Atriplex suberecta) was collected
from the wild and used for the preparation of silage. Date
waste was collected from the date processing industry. The
Lactobacillus strains, L. casei LC09 and L. lactis LL25 iso-
lated from date syrup, were used and the culture was incu-
bated for 24 h in MRS broth medium (Himedia, Mumbai,
India). The growth was monitored by using a VU — Visible
spectrophotometer at 700 nm, and the optical density was
adjusted (0.50 +0.07) using physiological saline. Quail bush
and date were used at various ratios (1:1, 1:2, 2:1, 1:3, 3:1,
1:0, and 0:1). Then 1.0 kg of fresh matter was mixed with
1.0 mL of L. casei LC0O9 and L. lactis LL25. Silage prepara-
tion was carried out in small plastic bags containing 1.0 kg
fodder. Bush was cut into about 10-mm length and carefully
packed into the plastic bags. All bags were vacuumized and
stored at 30 +2 °C for 30 days.

2.13 Analysis of compost maturity

The silage sample (100 g) was mixed with 300 mL of deion-
ized water and extracted for 24 h at 4 °C. It was filtered using
cheesecloth, followed by filter paper, and the filtered sample
was stored at 0 °C. Organic acid (lactic acid and acidic acid)
levels were evaluated by the HPLC method as described pre-
viously by an Agilent 1260 HPLC system (Agilent, USA).
The pH of the sample was evaluated using a digital pH
meter. Crude fibre and organic matter were detected by the
AOAC method [28]. Crude protein was determined by Low-
ry’s method, and organic matters were tested as described
previously [29]. Acid detergent fiber and neutral detergent
fiber were estimated as suggested previously [2]. To deter-
mine aerobic stability, sampling (100 g) was made using
a sterile container (n=23) and subjected to testing aerobic
stability at room temperature (28 +2 °C). To avoid particle
(dust) contamination and drying, a layer of film with some
holes was applied to cover the neck of the container. An
empty container was used to determine the room tempera-
ture. Aerobic stability of the silage is defined as the time
it took for the temperature in the silage to increase above
ambient temperature.

2.14 Statistical analysis

A one way analysis of variance was performed, and a
p-value < 0.05 was considered statistically significant.

3 Results and discussion
3.1 Characterization of lactic acid bacteria

The selected LAB was analyzed based on macroscopic analy-
sis and culture characteristics. A total of 42 LAB isolates were
observed on MRS agar plates, and all colonies were white
pinhead colonies. The biochemical characters of two of the
most active Lactobacillus strains were selected for 16S rDNA
sequencing. The characterization of the isolated date syrup
samples was carried out using the 16S rDNA gene using PCR
analysis. The two isolated LAB were identified as Lactoba-
cillus casei and L. lactis. The probiotic properties of these
two bacterial strains were analyzed to fulfil some criteria of
probiotics, such as survival ability at low pH values, pres-
ence of high bile salt concentrations, ability to strongly adhere
intestinal cells, and non-pathogenic strains [30].

3.2 Antibiotic sensitivity of LAB strains

The selected bacterial strains LC09 and LL25 were sensitive
against all tested commercial antibiotics, however, the sensi-
tivity pattern differs between the tested strains (Table 1). The
antibiotic-sensitivity test revealed that L. casei LC09 and L.
lactis LL25 are highly safe, which is the initial step to analyz-
ing their probiotic features. Increased amounts of probiotics
in dietary feed supplements can effectively establish a poten-
tial reservoir of various antibiotic-resistant genes in the gut
and transfer them to pathogenic organisms that commonly
share the same intestinal habitat. Hence, it is an essential task
to evaluate the antibiotic resistance of any isolated LAB to
avoid any serious clinical implications. The selected bacte-
rial strains were highly susceptible to tetracycline, penicil-
lin, chloramphenicol, and ampicillin. These findings were
in accordance with the observations by Arasu et al. [4] who
revealed that Lactobacillus are highly sensitive to beta-lactam
antibiotics, such as penicillin, ampicillin, and broad-spectrum

Table 1 Antibiotic sensitivity of the isolated LAB from date syrup
samples

Antibioticc Concentration Zone of inhibition
(ug) (mm)

LC09 LL25
Streptomycin 10 22+2 20+1
Bacitracin 10 29+3 31+
Erythromycin 10 32+2 33+2
Chloramphenicol 20 33+1 30+3
Amoxicillin 20 39+2 28+1
Kanamycin 20 9+0 13+2
Penicillin 10 26+2 2442
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antibiotics tetracycline. Antibiotic susceptibility varied based
on the type of isolate. Lactobacillus strains were susceptible
to gentamicin [31] and erythromycin [32].

3.3 LAB strains tolerate low pH

In the present study, the LAB strains (LC09 and LL25) were
subjected for various pH tolerance (pH 2.0 — 4.0). The isolated
strains LC09 and LL25 showed potential surviving rate of
93.94+2.1% and 98.1 +3.8% after exposure to pH 3.0. At pH 2.0,
the isolated strains were unable to survive after 3 h of exposure.
At p 4.0, the survival rate improved. LC09 and LL25 showed a
surviving rate of 90.3+3.1% and 98.6+3.6%, respectively. The
influence of LAB survival rate in relation to pH is described in
Fig. 1. The selected bacterial strains survived at low pH. The
potent probiotic strains should survive at a low pH value (pH
3.0) in the stomach, which was considered a major criteria for
the screening of any probiotic bacteria [16]. The survival rate
of L. casei LCO9 and L. lactis LL25 varied based on pH values
and viability was reduced, but viability was observed at low pH
values. Previous results also showed that incubation of bacte-
rial strains at very low pH (<2.0) affected the viability of the

bacterial cells [33]. The present finding was similar to the results
of Arasu et al. [16] revealed the adaptation of LAB strains in
relation to the surviving environment. The potent probiotic
strains should survive at a low pH value (pH 3.0) in the stomach,
as previously suggested for the screening of any probiotic bac-
teria [4]. In the present study, the selected strains survive at low
pH values (pH 3.0-4.0). The survival rates of L. casei LC09 and
L. lactis 1125 varied based on the present observation. Previous
studies revealed that incubation of bacterial strains at very low
pH (<2.0) affected the viability of the bacterial cells [29]. The
present finding was similar to the results of Valan Arasu et al.
[16] revealed the adaptation of LAB strains in relation with the
surviving environment (low pH).

3.4 Bile salt tolerance of LAB strains

The bacterial strains LC09 and LL25 were incubated with var-
ious bile concentrations (0.3%—0.5%) and bile salt tolerance
was determined. As described in Fig. 2, the selected strains
from date syrub survived at the selected concentrations of
bile salt after 3 h of incubation. The strains, LC09 and LL25
showed maximum survival rate of 93+3.1% and 96 +2.9%,

Fig. 1 Survival rate of charac-
terized L. casei LC09 and L. 120 -
lactis LL25 at low pH values
(2.0 — 4.0). The bacterial sus- 100 1 I I
pensions were treated for 3 h at :\3
32+2°C 5 80 1
‘5
— 60 -
£ ® LCO9
g 40 - LL25
n
20 A
0
2 3 4
pH value
Fig.2 Survival rate of selected 120 -
LAB from the date syrub in
0.3%, 0.4% and 0.5% bile salt |
X . 100
concentrations after 3 h incuba- . I I
tion 5 80 I
8
8
— 60 -
g mLC09
£ 40 - LL25
n
20 -
0
0.3 0.4 0.5
Bile salt (%, w/v)
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respectively, at a 0.3% bile salt concentration. Moreover, sur-
vival rates slowly declined at 0.4% and 0.5% concentrations.
The survival ability of the Lactobacillus strains in bile salt
concentrations supports the organism’s rapid colonization and
increased metabolic activity in the small intestine of the host
species [34]. The bile salt concentration of humans varied
between 0.3% and 0.5%. However these bile salt concentra-
tions varied based on the secretion of pancreatic enzymes
and diet composition [35]. The increased bile salt tolerance
revealed the application of LAB strains in feed applications.

3.5 Adhesion ability of LAB

The adhesion property of the selected LAB strains from date
syrup on HT-29 cell lines was evaluated by microscopic
observation after Giemsa staining. The present finding showed
that the selected strains adhered very strongly on the surface
of the HT-29 cell lines. The number of adhered bacteria on the
cell lines was evaluated by plating method. The LAB strain
LC09 showed maximum adhesion ability (93 +3.9%), fol-
lowed by LL25 (89.1 £2.6%). The present finding revealed
that the strains firmly adhered to the mucus layer of the intes-
tine. The selected probiotic LAB must be able to firmly adhere
to the mucus layer of the intestine in order to be established
and colonized in the intestine [36]. In the study both isolates
showed excellent ability to colonize and adhere on the intes-
tinal cells. The present findings were similar to the proper-
ties of LAB strains, which found that the adherence property
is mainly strain specific mainly due to the variation in the
receptors for microbial adhesions on mucus and also based
on bacterial origin. The screened Lactobacillus sp. from date
syrup showed potent binding activity, strongly adhered to the
cell lines, and auto-aggregation took place between LAB and
HT-29 cells. Muryany et al. [37] reported auto-aggregative
pattern of bacterial cell attachment with cell lines (HT-29)
which was screened from the fermented fish.

3.6 Hemolytic test

The selected bacterial strains did not show any hemolytic
signs on the blood agar medium. The selected two strains
were y-hemolytic (non-hemolytic) and no zones developed
around the colonies. Hemolytic properties is an important
virulent factor among pathogenic bacteria. The present find-
ing was similar to previous report that showed bacteria from
the genus Lactobacillus show no haemolytic property [38].
Bacteria exhibiting hemolytic activity can induce the release
of haemoglobin by disrupting red blood cells. These hemo-
lytic bacteria produce hemolysins, and beta haemolytic strains
produce cytotoxic phospholipase. The hemolytic property of
Bacillus strains was determined among probiotics, and 58% of
probiotic strains exhibited haemolytic activity [39].

3.7 Antioxidant activity of CFE from the LAB

The antioxidant properties of the cell free extract (CFE) of
the selected LAB strains were analyzed. Figure 3a and b
depict the antioxidant properties of strains LC09 and LL25.
The strain LC09 exhibited better DPPH antioxidant activity
than the strain LL25 (Fig. 3a). Also, the CFE of the strain
exhibited 2.1 +0.3 mM FRAP/ug protein at 100 pL. con-
centration (Fig. 3b). Bacteria from the genus Lactobacil-
lus are widely used as natural antioxidants that effectively
prevent cellular damage due to oxidative stress caused by
free radicals in the host species. These Lactobacillus species
metabolized flavonoids and phenolic compounds and this
metabolizing ability was species specific [40]. The increased
amount of flavonoids and phenols during the enzymatic
hydrolysis of LAB increased its antioxidant properties [16].
The present finding showed that the selected Lactobacillus
spp. from date syrup had different abilities to metabolize
flavonoids and phenolic compounds and contributed various
degrees of antioxidant properties. The higher concentrations
of phenol and flavonoids in the date syrup may be due to
the activity of Lactobacillus sp. The 1,1-diphenyl-2-picryl-
hydrazine (DPPH) and ferric reducing ability of plasma
(FRAP) assays analyze the antioxidant properties of the CFE
to scavenge and reduce various radical compounds [28]. The
antioxidant power of any sample is based on the total phenol
and total flavonoid of the extract. Based on the present find-
ings, the selected strains from date syrup showed significant
scavenging activity in DPPH and reduction activity in the
FRAP assay. During microbial fermentation, the amount of
phenolic content and flavonoids in the medium increased
due to the metabolic activities of Lactobacillus sp. [24, 40].

3.8 Antifungal activity

The antifungal properties of the selected bacterial strains
were evaluated by the agar overlay method against A.
niger, A. flavus, F. oxysporum, F. graminearum and R.
microsporus. Among the selected LAB strains, LC09
showed maximum zone of inhibition against F. oxyspo-
rus (26 =1 mm), A. niger (27 +£2 mm) and F. gramine-
arum (26 +£ 1 mm) after 3 days of incubation. The strain
LL25 showed the highest zone of inhibition against F.
graminearum (29 + 1 mm) and F. oxysporus (24 +2 mm)
(Table 2). Lactic acid bacteria produce various organic
acids, including lactic acid. The enhanced production of
various organic acids critically reduces the pH of the cul-
ture medium. The reduced acidic pH inhibited the growth
of pathogens by reducing their intracellular pH, leading
to an arrest of cell functions. These inhibitory functions
of LAB are associated with antibacterial and antifungal
organic acid production [41]. Lactobacillus species can
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Table 2 Antifungal activity of crude extract against fungal strains

Fungi Zone of inhibition (mm)
L. casei LC0O9 L. lactis LL25
A. niger 27+2 18+2
A. flavus 19+3 16+3
F. oxysporum 29+3 24 +1
F. graminearum 26+2 29+2
R. microsporus 20+1 16+0

be effectively used in various agricultural practices for
controlling the growth of mycotoxigenic fungi [42].

3.9 Organicacids production

Acetic acid and lactic acid production were end prod-
ucts determined from the CFE. Lactic acid production
was 5.3 +0.32 g/L and 4.7 +0.28 g/L for strains LC09
and LL25, respectively. Acetic acid production was
0.39+0.03 g/L and 0.27 +0.47 g/L for strains LC09 and
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LL25. The bacterial strains from the genus Lactobacil-
lus specifically metabolize the oligosaccharides using
fructofuranosidase enzyme. These organisms degraded
long-chain inulin and oligofructose and utilized them for
metabolic processes. Lactic acid was considered the major
end product. Acetic acid production in the culture medium
by the LAB strains may be the result of the biochemical
pathway, including, citrate metabolism, heterofermentative
pathway, and degradation product of lactic acid. Antibac-
terial organic acid production was reported in lactic acid
bacteria [43] and the organic acid exhibited antifungal
activity against Penicillium nordicum [44].

3.10 Pectinolyic property of LAB

In plant tissues, pectic polysaccharides are common compo-
nents; thus, LAB isolated from the fruit syrup could harbour
pectinolytic activity. The strain LC09 showed a 28 +3 mm
zone of clearance on the pectin-agar plate, whereas LL25
showed a 19+ 1 mm zone around the colony. Vidhyasagar
et al. [45] reported the degradation of pectin by LAB strains
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screened from various fermented foods. Among the strains
screened, L. plantarum subsp. argentoratensis, Leuc. lactis
and P. pentosaceus hydrolyzed pectin significantly. Chat-
terjee et al. [46] reported that the available pectin effectively
improved titratable acidity and bacterial growth in Bifido-
bacterium and LAB cultures. The pectin degrading LAB
species have wide applications in feed formulation and fer-
mented food production [47].

3.11 LAB improved silage quality

The chemical composition of silage was analyzed after
30 days. Lactic acid and acetic acid levels were increased
in the experimental silage (p <0.001). The pH of the
silage decreased considerably compared to the control
(» <0.001). Compared with the control silage, the experi-
mental silage improved fermentation quality after 30 h.
Whole quail bush and date wastes were tested at various
ratios, and a 1:3 ratio was most suitable. At this concen-
tration, DM (%) improved significantly compared to the
control and the pH value declined to 3.94 +0.01. Also,
acetic acid and lactic acid production were high at this
concentration (p <0.001) (Table 3). In addition, the CP,
OM, and NDF percentages increased at this ratio, which
was considered the optimum level (p <0.001). The crude
protein content improved in the experimental silage due
to LAB activities. The amount of NDF decreased signifi-
cantly in the silage inoculated with LAB strains (Table 4).
The objectives of silage preparation and additional inocu-
lation with the selected LAB strains are to enhance the
production of organic acids, decrease pH levels, and effec-
tively inhibit the proliferation of pathogenic bacteria [48].
In recent years, several Lactobacillus strains have been

used to inoculate the ensilaged forage to reduce the effect
of native epiphytic LAB. They may be based on various
properties, such as their ability to effectively dominate the
naturally available microflora in the forages and to syn-
thesize organic acids such as acetic acid and lactic acid to
reduce the pH value of the silage. In our study, a decreased
pH value was observed; correspondingly, the lactic acid
and acetic acid amounts were improved in the silage. Inoc-
ulating silage with potent LAB effectively improved the
silage quality by promoting the multiplication of LAB,
inhibiting various pathogenic bacteria and considerably

Table 4 Chemical composition of whole quail bush and date wastes
for 30 days

Quail bush and CP OM NDF ADF
date waste ratio

01:01 9.28+0.02 83.82+3.2 70.8+3.7 412452
Control 8.81+0.11 82.7+£29 713+£82 424+62
01:02 9.44+0.06 79.3+2.8 68.6+19 42.7+29
Control 8.72+0.29 67.8+2.7 71.2+22 43.6+1.1
02:01 6.2+0.08 782+1.5 71.1+72 40.8+1.7
Control 591+0.28 76.4+22 72.6+1.8 41.5+52
01:03 10.1£0.07 89.3+3.7 673x1.5 394+1.5
Control 8.1+0.04 86.4+037 70.1+£29 42.1+69
03:01 6.9+0.17 81.2+4.8 69.1£92 42.8+25
Control 57+£0.69 764+1.3 703+£27 43.1+33
01:00 831+0.05 91.3+£44 769+18 41.8+44
Control 8.01+0.04 88.6+1.8 784+34 426+7.3
00:01 9.08+£03 694+2.7 67.9+49 40.61+6.1
Control 8.46+0.04 68.1+£2.5 68.1+£5.1 419+53

CP: crude protein, OM: organic matter; NDF: neutral detergent fiber;
ADF: acid detergent fiber

Table 3 Fermentation quality

. Quail bush and date DM (%) pH Acetic acid (%) Lactic acid (%)

of whole quail bush and date waste ratio

wastes after 30 days of silage

process 01:01 57.32+1.31 4.29+0.07 0.61+0.02 1.36 +£0.07
Control 49.31+2.98 5.38+0.02 0.56+0.1 0.94+0.05
01:02 53.49+1.09 4.34+0.04 0.59+0.09 1.29+0.06
Control 47.6+2.08 5.42+0.06 0.55+0.2 1.02+0.07
02:01 49.18+1.7 4.42+0.01 0.52+0.2 1.24+0.08
Control 45.74+3.2 5.18+0.02 0.53+0.11 1.01+0.02
01:03 59.46+4.2 3.94+0.01 0.69+0.09 1.48+0.2
Control 58.67+3.7 5.02+0.04 0.54+0.08 1.27+0.08
03:01 56.72+2.5 4.08+0.12 0.62+0.1 1.09+0.06
Control 54.51+2.6 5.13+0.15 0.51+0.1 0.94+0.01
01:00 552+19 4.42+0.16 0.42+0.7 0.64+0.01
Control 446+13 5.64+0.9 0.47+0.04 0.53+0.03
00:01 56.3+3.9 4.28+0.18 0.49+0.02 0.81+0.021
Control SLIx1.7 491+£0.21 0.53+£0.02 0.74 £0.021

DM: Dry matter
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Table 5 Aerobic stability

Silage stabilit
of silage ensiled at various & Y

Temperature (°C)

compositions of grass and 20 40 60 80 100 120

date waste and treatment with

hetero-fermentative Lactic Acid 01:01 32.1 33.4 33.2 347 36.8 34.1

Bacteria 01:02 32 322 33.1 342 35.6 339
02:01 32.1 33.1 335 349 35.2 32.5
01:03 32 322 33.1 342 37.5 33.7
03:01 32.1 324 33 35.1 36.2 32.5
01:00 32 33.1 335 352 352 324
00:01 323 333 33.7 349 36.4 335
Ambient temperature 32 33.1 335 34.1 35.1 322

decreasing the pH level of the medium, which reflected the
quality of the silage. The CP level was found to be higher
in the experimental groups than in the control silage. The
present finding confirmed that the supplemented LAB
increased lactic acid production and improved the silage
quality of natural biomass. The inoculated lactic acid bac-
teria improved alfalfa silage [49] and corn silage [50] and
reduced the growth of pathogenic bacteria and fungi.

3.12 Aerobic stability of silage

The variation in aerobic stability of the mixture of silage
prepared at various compositions of quail bush and date
waste is described in Table 5. Silage temperature increased
up to 100 h of aerobic exposure and decreased thereafter.
The temperature variance is varied based on the composition
of the fodder and date waste. After 80 h of aerobic exposure,
temperature rose slowly in almost all silages and reached its
maximum after 100 h of treatment (p <0.001). Heterofer-
mentative LAB strains have a good ability to maintain the
aerobic stability of silage. The present finding indicates that
the addition of LAB inoculum improves the aerobic stability
of silage. In the case of homofermentative LAB inoculums,
poor aerobic silage stability was reported [51, 52]. Rapid
aerobic deterioration of silage material is mainly caused by
the unrestricted growth of pathogenic bacteria and yeasts,
which utilize organic acid and increase the pH value of the
silage and temperature [53]. The present finding supports the
application of the selected hetero-fermentative LAB strains
as silage inoculants to enhance the production of organic
acids, thus reduce deterioration activity.

4 Conclusions

The characterized two LAB isolates, Lactobacillus casei
LCO09 and L. lactis LL25, from date were resistant at low pH
values and also in a stimulated gastric environment. These
two strains produced lactic acid and acetic acid and inhibited
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the growth of fungi and pathogenic bacteria. These strains
enhanced silage quality in quail bush-date waste silage
after 30 days. The silage ensiled with Lactobacillus spe-
cies showed a protective role from aerobic deterioration of
silage material because of the presence of organic acids and
the reduced level of pathogenic bacteria and fungi. The date
syrup-derived LAB strains could be useful for the prepara-
tion of silage inoculants to improve ruminant feed.
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