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Abstract: Lactic acid bacteria (LAB) are fastidious microorganisms that have specific nutritional
requirements. The de Man, Rogosa, and Sharpe (MRS) is an expensive standard growth medium
for LAB to produce lactic acid, and the industry is always looking for an alternative low-cost
medium. The date palm (Phoenix dactylifera L.) is naturally full of essential nutrients that lead to
stimulate or promote the growth of Lactobacillus spp. The date fruit industries generate a large
amount of unwanted date by-product. Thus, the objective of this study was to examine the effect
of different nitrogen sources on the growth of Lactobacillus reuteri grown in a date base medium.
In this study, date palm fruit was pressed, and the fiber was blended with distilled water, centrifuged,
and the supernatant was autoclaved to obtain date palm extract (DPE). The date palm medium
(DPM) was formed by mixing the DPE with buffer solution. The DPM was then supplemented
with different concentrations of different nitrogen sources. Lactobacilli MRS was used as a standard
growth medium. Three different L. reuteri strains were individually inoculated into batches of
MRS and DPMs at an initial inoculum 2.5 Log CFU/mL, and then incubated at 37 °C for 18 h.
Bacterial growth was monitored by measuring the optical density readings (O.D 610 nm) for up
to 18 h. At the end of the incubation period, final populations of each individual strain were
verified by enumeration of the MRS agar. Our results showed that the bacterial population in DPM
(control; without nitrogen), reached 3.55 + 0.5 Log CFU/mL. However, the bacterial populations that
reached 7.03 £ 0.1 Log CFU/mL in the DPM medium were supplemented with 0.8% phytone peptone,
compared to the MRS 7.90 + 0.24 Log CFU/mL. Our findings thus suggest that date by-products
could be used as a low-cost alternative for the LAB growth medium.

Keywords: culture growth; date palm by product; lactic acid bacteria; value-added products; nitrogen
sources; phytone peptone

1. Introduction

Lactic acid bacteria (LAB) have been used significantly in various food applications such as meat,
vegetables, beverages, dairy products, and other fermented products [1]. Depending upon the special
nutritional requirements of LAB species, a large variety of culture media have been developed with
different purposes and uses. Culture media must contain all the essential nutritional requirements
of the bacterial culture’s growth [2]. High cell mass productions have become constantly important
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as several companies have developed an interest in LAB not only as a starter culture, but also as a
valuable probiotic additive to their food products [3,4].

Lactic acid bacteria are demanding microorganisms that have complex nutritional requirements
for growth, including nitrogen source. Lactobacilli strains primarily use peptides to fulfill their demand
for complex nitrogen [5,6]. Guiying Zhang et.al. stated that peptides are required either to grow lactic
acid bacteria, or to stimulate their development [7]. Therefore, peptides can be obtained from a number
of sources, including skim milk, yeast extract, and because each source contains different peptides,
each strain will respond differently to each source of protein due to the particularity of the enzymes
involved [8]. However, these nitrogen sources are expensive and form a significant portion of media
costs. The standard medium, the de Man, Rogosa, and Sharp (MRS), is the main medium used to grow
LAB. The general composition of the growth medium consists of three groups: 1. Carbon source (energy
source), 2. Nitrogen source, and 3. Buffer solution. However, it is expensive, and the industry is always
looking for an alternative low-cost medium. Many studies have suggested that Lactobacillus reuteri
(L. reuteri) has a strong clinical record and strong probiotic properties, such as the ability to generate
antimicrobial products and the ability to prevent and minimize hypercholesterolaemia in mice [9].
Therefore, three different species of L. reuteri (CF2-7F, DSM 20016, and 55730) were used in this study.

Therefore, the utilization of unused food and agricultural by-products could be suitable for the
cultivation of Lactobacillus as an alternative medium at a low cost [10]. Food processing produces
many by-products such as fruit pomace, seeds, peels, pulps, unused flesh, and husks. Although
these by-products typically have been considered waste, studies have shown that these by-products
can be promising sources of valuable components that have several functionalities [11]. Several
studies have been conducted to replace expensive nitrogen sources with ingredients at a low cost.
Agricultural by-products such as wheat bran hydrolysates combined with steep corn liquor [12],
steep corn liquor mixed with Tween 80, and K,HPOy [13], canned molasses with marine and animal
by-products [14], and sweet potato supplemented with yeast extract [15] have been tested. Consequently,
fruit by-products such as palm dates are potentially good sources of energy, vitamins, and minerals
that can boost or sustain LAB growth [16].

Date fruit (Phoenix dactylifera L.) has been identified as a highly nutritious food with many
functional benefits to human health. Date fruit is nutrient-rich and includes carbohydrates (mainly
sucrose, glucose, and fructose), fiber, vitamins, minerals, and proteins (Table 1) which are essential
to stimulate or promote Lactobacillus spp. growth. Dates contain a high source of energy; it is
approximated that 100 g of the flesh can provide 314 kcal of energy [17]. Each year, the date fruit
production process includes significant loss of fruit dates that occur during the methods of harvesting,
processing, marketing, and handling; more than 55,000 tons of dates labeled as “by-products” [18-20]
(Figure 1). Date fruit industries generate quantities of date by-products which have been discarded or
used in very limited cases [21]. In our previous work [22], we tested the date by-products’ ability to be
used solely as a C-source. Therefore, in this paper, the objective was to extend our work by examining
the effect of different nitrogen sources on the cell mass production of Lactobacillus reuteri grown in date
by-products as a base medium.

Table 1. Dates (Phoenix dactylifera), Medjdoul, nutritional value per 100 g.

Principle Nutrient Value
Energy 307.12 Kcal
Carbohydrates 7497 g
Protein 181¢g
Total Fat 015g

Dietary Fiber 6.7¢g
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Table 1. Cont.

Principle Nutrient Value
Folates 0.015mg
Niacin 1.61 mg
Pantothenic acid 0.805 mg
Vitamins Pyridoxine 0.249 mg
Riboflavin (B2) 0.060 mg
Thiamin (B1) 0.050 mg
Vitamin A 0.16 mg
Vitamin K 0.0027 mg
Calcium 64 mg
Copper 0.36 mg
Iron 0.90 mg
Minerals Magnesium 54 mg
Manganese 0.296 mg
Phosphorus 62 mg
Zinc 0.44 mg
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Figure 1. Date palm fruit by-products and wastes.

2. Materials and Methods

2.1. Date Extract Formulation

Date palm extract was obtained by following the protocol as per Ayad et. al., [22] with slight
modifications. The date palm fruit was freshly picked from nearby Greensboro, NC store. The date
palm fleshes were pressed for 10 days to ooze out the syrup. The date fiber was blended with distilled
water at a ratio of 1:2 (w/v). The mixture was heated inside a shaking water bath at 65 °C for 2 h.
The solution was blended for 5 min, and then centrifuged at 4696 xg for 25 min at 4 °C. The collected
supernatant (1 L) labeled as date extract (DPE) was autoclaved at 110 °C for 15 min. Date palm medium
(DPM) was combined with a mixture of DPE and buffer solution (BS) at a ratio of 2:3 (v/v). The DPM
was dispensed in a sterile 200 mL bottle for experimental work.
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2.2. Preparation of Buffer Solution (BS)

By dissolving the following chemicals: (1 g) L-Cysteine. HCL, (2 g) disodium phosphate Na,HPOy,
(2 g) ammonium citrate NH4CgH507, (5 g) Sodium acetate C;H3;NaO,, (0.15 g) Calcium chloride CaCly,
(2 g) Dipotassium phosphate K;HPOy, (0.2 g) MgSO4.7H,0, (0.05 g) MnSO4.5H,0, and (1 mL) Tween
80in 1 L of distilled water, the buffer solution (BS) (1 L) was developed. The mixture was sterilized at
121 °C for 15 min.

2.3. Preparation of Protein Source

Four different nitrogen sources were used in this study (see Table 2). Batches of 100 ml of DPM
with different concentrations (0%, 0.2%, 0.4%, 0.6%, and 0.8%, w/v) of each of the nitrogen sources
were prepared.

Table 2. Chemical Description of Protein Sources Used in This Study.

Source Description/Application Suppliers

Enzymatic digest of animal tissue, nitrogen . .

Peptone (P) in a form readily available to bacteria Fisher Sci.

Tryptone (PII) Pancregtlc digest of casein is us‘ed asa Fisher Sci.
nitrogen source for bacteria

Proteose peptone No.3 (PIII) Enzymatic digest of protein BD Difco

Papaic digest of soybean meal, designed
Phytone peptone (PIV) specifically for cell culture applications, BD Difco
non-animal origin

2.4. Preparation of MRS

Lactobacilli MRS broth was prepared based on the formulations of de Man, Rogosa, and Sharpe
(MRS). MRS broth was sterilized at 121 °C for 15 min, cooled down, and then stored in a refrigerator to
be used within two days.

2.5. Bacterial Culture Activation

Three strains of Lactobacillus reuteri ATCC (PTA-4965, 23272, and 55730) were obtained from
the (=80 °C) stock storage collections of the Food Microbiology and Biotechnology Laboratory at
North Carolina Agricultural and Technical States University. A total of 10 mL of fresh MRS broth was
inoculated with (100 uL) of each culture, then incubated at 37 °C for 24 h. Cultures were streaked on
MRS agar and incubated at 37 °C for 48 h for experimental work.

2.6. Adaption Procedure

The overnight grown cultures were individually sub-cultivated twice in 10 mL batches of DPM
and MRS broth then incubated overnight at 37 °C. The activated strains were extracted through
centrifugation at 4696 xg for 10 min at 4 °C and then double washed with phosphate-buffered saline
(PBS), (1x, pH 6.8).

2.7. Inoculation Procedure

Each strain of L. reuteri (PTA-4965, 23272, and 55730) was tenfold serially diluted (up to 107%) in
PBS. Then 100 pL (~3.1 Log CFU/mL) was inoculated to each batch of DPMs and MRS broth and mixed
thoroughly. Each batch was incubated at 37 °C for 24 h. Initial bacterial populations were determined
using the bacterial enumeration method.
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2.8. Determination of Bacterial Growth, Titratable Acidity, and Changing pH Values

Bacterial growth was monitored during the incubation period at 37 °C by measuring turbidity
(O.D 610 nm), titratable acidity (TA), and pH values. Turbidity was monitored by measuring the optical
density (O.D 610 nm) readings using a Thermo Scientific Genesys 10S UV-Vis spectrophotometer
(Thermo Fisher Scientific, Madison, WI) at 2 h intervals for 18 h. The TA was determined by titrating
with 0.1 N NaOH using a pH meter and calculated as a percentage of acid. The pH values of each
sample were measured at the beginning (0 h) and end (18 h) of the fermentation period. The pH meter
(Accumet Basic, AB15/15+, Fisher Scientific, Pittsburgh, PA) was calibrated with pH standard buffers
4.0 and 7.0. After calibration, sample pH was taken and recorded. The electrode was rinsed with
distilled water between different samples.

2.9. Bacterial Enumeration

The microbial populations (Log CFU/mL) were calculated by plating on the MRS agar. The (1 mL)
samples were severely diluted in 9 mL of PBS, and then 100 uL from the appropriated dilution was
subsequently surface plated on MRS plates in triplicate. Plates were anaerobically incubated for 48 h
at 37 °C. Plates with 25-250 colonies were counted, and the bacterial population was translated to
Log CFU/mL.

2.10. Statistical Analysis

Each experiment was repeated three times, independently. All analyses and enumerations have
been made in duplicate. The mean square of each treatment was calculated. Significant differences
(p < 0.05) between treatments were observed using Duncan’s multiple range test. The one-way
variance analysis (ANOVA) was conducted using SAS (9.4) to determine significant effects at a p < 0.05
significance level.

3. Results

In our study, the effects of supplementing date palm extract (DPE) with different nitrogen sources
(PI, PII, PIII, and PIV) at different concentrations (0.0%, 0.2%, 0.4%, 0.6%, and 0.8%, w/v) were examined.
Figure 2 shows the growth of the L. reuteri 55730 strain in MRS and DPM broth. Growth was monitored
by measuring the optical density (O.D. 610 nm). In the medium of MRS, the O.D. 610 attained an
average of 0.813 within 8 h. There was no visual growth when the same strain was cultivated in the
DPM without protein supplementation (control). However, when 0.2% of PI, PII, PIII, and PIV was
added to DPM, the bacterial strain grew, reaching an O.D. 610 of 0.32, 0.31, 0.33, and 0.35, respectively.
With the addition of 0.4% of PI, PII, PIII, and PIV, the O.D. 610 reached 0.44, 0.45, 0.41, and 0.49,
respectively. Similarly, when DPM was supplemented with 0.6 % of PI, PII, PIII, and PIV, the O.D. 610
reached 0.65, 0.57, 0.61, and 0.62, respectively. Upon additional supplementation at 0.8%, the O.D.
610 reached 0.71, 0.72, 0.73, and 0.78, respectively. Our results indicated that phytone peptone (PIV)
had a higher bacterial growth compared to other sources of proteins. To confirm the effect of protein
sources on a bacterial population, additional work was conducted to measure the final population
in each treatment. Table 3 shows the bacterial populations (Log CFU/mL) of the L. reuteri 55730
strain at 37 ° C after 18 h of incubation. The bacterial population only exceeded 3.38 Log CFU/mL
from an initial population of approximately 2.44 Log CFU/mL when the strain was grown in the
DPM control. When DPM was supplemented with 0.2 % of PI, PII, PIII, and PIV, the population
reached 3.52, 2.40, 3.57, and 4.68 Log CFU/mL, respectively. With the addition of 0.4% of PI, PII,
PIII, and PIV, the bacterial population reached 4.71, 4.73, 4.73, and 4.73 Log CFU/mL, respectively.
Similarly, when DPM was supplemented with 0.6% of PI, PII, PIII, and PIV, the population of the strain
L. reuteri 23272 reached 6.6, 6.64, 6.58, and 6.78 Log CFU/mL, respectively. However, when DPM was
supplemented with 0.8% PI, PII, PIII, and PIV, the population of L. reuteri 23272 reached 6.78, 6.79, 6.72,
and 6.93 Log CFU/mL, respectively. However, the bacterial populations from the initial population



Fermentation 2020, 6, 64 6 of 10

2.56 Log CFU/mL continued to grow in the MRS sample and on average reached 7.86 Log CFU/mL.
Our results demonstrated that phytone peptone (PIV) provided bacterial cells with enough nutrients
to reach a higher bacterial population compared to other sources of proteins. Figures 3 and 4 show that
a similar pattern of growth was detected with the L. reuteri 23272 and PTA4965 strains. Our results
demonstrated that the growth of L. reuteri depends on the phytone peptone (PIV) concentration, not on
the strain. Analogous growth patterns results were obtained with the L. reuteri 23272 and PTA4965
strains which are shown in Tables 4 and 5, respectively. These results confirmed that the growth of
L. reuteri strains depend on the phytone peptone concentration.
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Figure 2. Growth of L. reuteri 55730 during incubation at 37 °C for 8 h in MRS and DPM as measured
by the optical density at 610 nm. TO = control, T1 = 0.2%, T2 = 0.4%, T3 = 0.6%, T4 = 0.8% of protein
source; PIV = Phytone Peptone, PIII = Proteose peptone No. 3, PII = Tryptone, PI= Peptone.

Table 3. Culture Populations Log CFU/mL of L. reuteri 55730 during incubation at 37 °C for 18 h in de
Man, Rogosa, and Sharpe (MRS) and date palm medium (DPM).

Protein Source

Growth Medium PIV PIII PII PI
DPM+0.0% (control) 346 +0.1F
DPM+0.2% 345+00F  351+00F 335+00F 342+00F
DPM+0.4% 474+00P  474+00C  467+00C  461+00P
DPM+0.6% 679+00C 564+00B 578+00B 527+00C€
DPM+0.8% 704+008  664+008 672+008  686+008

Note. PIV = Phytone peptone; PIII = Proteose peptone No. 3; PII = Tryptone; PI = Peptone; MRS (standard) reached
average to 7.86 Log CFU/mL; initial inoculum level was approximately 2.5 Log CFU/mL; mean values in the same
columns with the same superscript are not significantly different at p < 0.05, values are M + SD (1 = 3) .
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Figure 3. Growth of L. reuteri 23272 during incubation at 37 °C for 8 h in MRS and DPM as measured by
the optical density at 610 nm. TO = control, T1 = 0.2 %, T2 = 0.4%, T3 = 0.6%, T4 = 0.8% of protein source.
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Figure 4. Growth of L. reuteri PTA4965 during incubation at 37 °C for 8 h in MRS and DPM as
measured by the optical density at 610 nm. TO = control, T1 = 0.2%, T2 = 0.4%, T3 = 0.6%, T4 = 0.8% of
protein source.
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Table 4. Culture Populations Log CFU/mL of L. reuteri 23272 during incubation at 37 °C for18 h in MRS

and DPM.
Protein Source
Growth Medium PIV PIII PII PI
DPM+0.0% (control) 354+01P
DPM+0.2% 372+00¢  353+00E 351+01E 352+00EF
DPM+0.4% 472+01€  468+010 467010 471x01D
DPM+0.6% 6.83+0.08  658+00C 548+00C 678+00C
DPM+0.8% 714+008%  692+008  679+018  7.00+00B

Note. PIV = Phytone peptone, PIII = Proteose peptone No. 3, PII = Tryptone, PI = Peptone; MRS (standard) reached
average to 7.86 Log CFU/mL; initial inoculum level was approximately 2.5 Log CFU/mL; mean values in the same
columns with the same superscript are not significantly different at p < 0.05, values are M + SD (1 = 3).

Table 5. Culture Populations Log CFU/mL of L. reuteri PTA4965 during incubation at 37 °C for 18 h in

MRS and DPM.
Protein Source
Growth Medium PIV PIII PII PI
DPM+0.0% (control) 3.55+0.1F
DPM+0.2% 3.48+0.0P 357+ 0.0 E 451+01D 3.52+ 0.0 E
DPM+0.4% 4724010 423+01P 473+0.1€ 471£01P
DPM+0.6% 6.78+ 0.0 € 6.58+ 0.0 5.64+ 0.0 B 5.6+ 0.0€
DPM+0.8% 6.96+ 0.0 B 6.72+ 0.0 B 6.84+0.1B 6.78+ 0.0 B

Note. PIV = Phytone peptone, PIII = Proteose peptone No.3, PII = Tryptone, PI = Peptone; MRS (standard) reached
average to 7.86 Log CFU/mL; initial inoculum level was approximately 2.5 Log CFU/mL; mean values in the same
columns with the same superscript are not significantly different at p < 0.05, values are M + SD (n = 3).

4. Discussion

Our results are consistent with other findings that date palm extract could support lactobacilli
growth [23]. Our results indicated that supplementing date palm extract with different nitrogen sources
increased the growth of Lactobacillus reuteri. Many studies suggested that Lactobacillus reuteri (L. reuteri)
has a strong clinical record and strong probiotic properties, such as the ability to generate antimicrobial
products [24,25]. Others have investigated the potential of the L. reuteri strain to utilize different protein
sources to produce galactosidases [9].

Our results also agree with the work of Atilola et al., 2015 that the Phytone peptone (PIV) showed
the best enhancing effect to support the growth of L. reuteri. Their results indicated that phytone
peptone was promoting the growth of L. reuteri spp. by an average of 1.4 log CFU/ mL relative to their
control group [8].

Dates have a wide range of nutritional functional components, and they are a good source of
rapid energy due to their high carbohydrate content (70%-80%). Our findings indicated that DPM
supplemented with PIV assisted the L. reuteri growth compared with the un-supplemented DPM
(control). These results showed that no significant difference (p > 0.05) was observed in the growth
of LAB in MRS and the developed DPM medium. These results demonstrated that DPM + 0.8 PIV
could be a suitable medium for the growth of LAB and thus could be used as an alternative low-cost
medium. Additionally, we calculated the estimation cost of adding the 0.8% of phytone peptone to the
date by-product base medium (see Table 6).

To the best of our knowledge, this is the first study to report on the use of date palm by-products
in the cultivation of LAB. Based on our findings, we have some limitations. The first limitation of our
study is that we only used one date palm by-product species. Other kinds of date palm by-products
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could be tested in upcoming research. Additionally, we examined one extraction method for date
palm by-products; in future research, other methods of extraction or other methods such as protein
expression or enzyme activity could be performed. Another limitation could be that we studied specific
probiotic microorganisms (Lactobacillus reuteri CF2-7F, DSM 20016, and 55730). Other LAB strains such
as (Lactobacillus delbrueckii ssp. Bulgaricus and Bifidobacterium) could be examined.

Table 6. The total estimated cost of nitrogen sources for forming 1 Liter of DPM according to purchases
made from BD Biosciences.

. . Total Cost of Nitrogen
Media Nitrogen Sources g/L Cost per Gram Sources per Liter of Media
Proteose peptone No. 3 (10g) $0.467/g $4.67

MRS Beef Extract (10g) $0.358/¢g $3.58
$1.94
Yeast extract (5g) $0.194/¢g
Total $10.19
DPM Phytone peptone (8g) $0.186/g Total $1.49

5. Conclusions

Our results revealed that DPM could be a suitable medium for the growth of LAB. Additionally,
DPM could be used as a growth medium for the cultivation of Lactobacillus reuteri. This study
demonstrated that the growth of LAB was improved by supplementing DPM with phytone peptone
(PIV). The growth of the tested Lactobacillus strains in DPM+ 0.8% PIV was similar to that in MRS.
Therefore, DPM+ 0.8% PIV can serve as an alternative medium to costly MRS broth. These findings
might lead to more interesting applications of date palm by-products in lactic acid fermentation.
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