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Abstract: Probiotics improve gut health; however, their intake through diet is mainly in the form of
dairy products, which represents a challenge to lactose-intolerant individuals and vegetarians. This
study aimed to determine the prebiotic potential of baobab and to evaluate the potential of using
fermented baobab-based beverages as functional foods. The prebiotic content of baobab fruit pulp
was determined. Lactic acid bacteria (LAB) were isolated from raw milk samples, identified through
phenotypic and molecular methods, and evaluated for their probiotic potential. Three potential
non-dairy synbiotic functional beverages using baobab fruit pulp fermented with potential probiotic
Limosilactobacillus fermentum and mixed with milk, water, and apple juice separately were produced.
The growth and survival of probiotic L. fermentum in the beverages at room (25 °C) and refrigeration
(4 °C) temperatures for 3 weeks were determined. Baobab fruit pulp contained phytochemicals,
vitamins, fatty acids, inulin, and fructooligosaccharides. Sequence alignment of the LAB isolates iden-
tified homologous sequences of Lacticaseibacillus casei, Limosilactobacillus fermentum, Lactiplantibacillus
plantarum, Lentilactobacillus buchneri, and Lactiplantibacillus pentosus with 97.2-98.5% similarity. All the
lactic acid bacteria did not produce DNAse and gelatinase enzymes, exhibited antagonistic activity
against test pathogenic organisms, and demonstrated tolerance to bile salt, simulated gastric juice,
and acid. The viability of L. fermentum increased from an initial inoculum size of 10°~108 CFU/mL
in the baobab-based beverages and remained constant at 108 CFU/mL both at room and refrig-
eration temperatures. However, after three weeks, the viability of L. fermentum in the synbiotic
beverages reduced to 107 CFU/mL. Refrigerated synbiotic beverages had more viable L. fermentum
cells (8.04-8log;y CFU/mL) than those stored at room temperatures (7.95-7.7logyg CFU/mL) after
three weeks of storage. This study has shown that baobab fruit pulp has prebiotic potential and can
be used in the production of a non-dairy functional beverage.
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1. Introduction

The human gastrointestinal tract comprises indigenous microbiota whose role is
to protect the host from exogenous pathogenic infection, increase host nutrients, act as
a xenobiotic, metabolize drugs, be involved in immunomodulation, and maintain the
structural integrity of the gut mucosal barrier. However, gut dysbiosis occurs due to
immune-mediated disorders caused by pathogenic bacteria in the gut, changes in dietary
intake, stress, and antibiotic use [1]. When gut dysbiosis occurs, the exogenous intestinal
pathogens might secrete harmful toxins that block the epithelial cell function and the
host’s metabolic response to cause pathological disorders, including multi-system organ
failure, colon cancer, and irritable bowel syndrome [1]. Previous studies have indicated
that the overgrowth of pathogenic bacterial populations and the significant decline of
health-promoting bacteria play an important role in innate intestinal inflammation and the
pathogenesis of the gastrointestinal disease [2—4].
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A proven way to remedy gut dysbiosis is through intake of diets containing living
microorganisms (probiotics) with the same beneficial attributes as the indigenous micro-
biota. However, for a probiotic to exert its beneficial effect in the host, it has to be taken in
through a delivery medium commonly called functional foods [5]. A delivery medium can
be in the form of a pharmaceutical drug supplement or in the form of feed/food which,
when consumed, can confer the required probiotic benefit on the host [5]. The two major
mediums of delivery for probiotics are dairy and non-dairy probiotic carriers. The widely
and commonly used carriers for probiotics are dairy products such as milk (fermented,
powder) ice cream, yogurt, and cheese, while non-dairy probiotic carriers include fruits,
rice, oatmeal, cereal-based products, and fruit juice [6].

Non-dairy probiotic carriers can serve dual roles as prebiotics and probiotic delivery
mediums. In 2008, at the 6th Meeting of the International Scientific Association of Probiotics
and Prebiotics (ISAPP), prebiotics were defined as a selectively fermented ingredient
that results in specific changes in the composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host health [7]. Prebiotics also serve as food
for probiotics. Non-dairy probiotic carriers serve as excellent functional foods as the
challenges of lactose intolerance in the host, refrigeration as a means of preservation
of the functional food, and allergies from cholesterol intake are eliminated [8]. Also,
non-dairy products, due to their physical structures, establish a conducive environment
for probiotics by limiting the adverse environmental conditions of the gastrointestinal
tracts [8,9]. Plants contain polysaccharides such as inulin which are prebiotics and are
capable of fermenting in the intestinal tract, thus enabling them to interact with probiotics,
thereby enhancing the functionality of the organisms [10]. Plants possess oligosaccharides
that deliver probiotics directly into the large intestines, thus preventing the digestion of
probiotics in the gastrointestinal tract [11]. Prebiotics are present in significant amounts
in several edible fruits, vegetables, and cereals and can alter the colonic microflora to a
healthy composition by inducing beneficial luminal or systemic effects within the host [1].

Baobab (Adansonia digitata) is a potential source of polysaccharides such as sugar,
carbohydrates, pectin (mainly soluble and insoluble fibers), proteins, vitamin C, calcium,
and lipids [12]. These polysaccharides possess a prebiotic potential and thus can enhance
the growth of probiotics in the large intestine, thus promoting the health of the gastroin-
testinal tract. The pectin also prevents the binding of pathogens to the intestinal wall,
thereby chelating heavy metals [13]. Baobab fruit pulp contains a high concentration of
potassium, copper, magnesium, and manganese [12]. Baobab is rich in fiber, low in fat
and protein concentration, but contains different amino acids, thus making it ideal for
fiber supplements in foods and increasing the nutritional profile of the food. Due to its
low-sugar and high-fiber content, it possesses a low glycemic index which allows for easy
digestibility and satiation [14]. The fruit pulp also contains stearic, palmitic, and arachidic
acids, all of which contribute to its pharmacological use. Baobab is an excellent source of
vitamins, micronutrients, and soluble fibers, having pre- and probiotic effects, thus serving
as an intestinal regulator in the case of gastric disorders [15,16].

Lactose intolerant individuals interested in consuming foods that confer probiotic
benefits can derive such health benefits from non-dairy foods. The development of synbiotic
foods using baobab fruit pulp combined with lactic acid bacteria could ameliorate and
eliminate the challenge of the inaccessibility of lactose-intolerant persons to functional
foods. The prebiotic potential of baobab fruit pulp and its fit as a constituent in the
formulation of a functional beverage were evaluated for the first time in this study. This
study aimed to produce synbiotic beverages composed mainly of baobab fruit pulp and
probiotic lactic acid bacteria (LAB) and to determine its efficacy as a functional food.

2. Materials and Methods
2.1. Sample Collection

Raw milk samples with nutritional content—dry matter (12.70% =+ 0.25), non-fat dry
matter (7.57% =+ 0.39), fat (3.23% =+ 0.09), protein (3.56% =+ 0.31)—were obtained from a
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cattle farm in Ibadan, Nigeria using sterile sample bottles and transported in ice packs
to the Microbiology Laboratory at the University of Ibadan for analysis. Baobab fruits
grown in Ogbomosho, Nigeria were purchased from Molete Market, Ibadan, Nigeria, and
identified at the Plant Anatomy herbarium of the Botany Department at the University of
Ibadan as Adansonia digitata Linn belonging to the family Bombacaceae Yori Osi.

2.2. Isolation and Purification of Lactic Acid Bacteria

The method of Misganaw and Teketay [17] was employed in the isolation of LAB from
milk samples. Each of the milk samples (1 mL) was homogenized in sterile, distilled water.
Tenfold serial dilutions of the homogenized milk samples were carried out. Using the pour
plate technique, 1 mL of the selected dilution factor (10~%) of each sample was inoculated
unto previously prepared MRS agar (Oxoid Limited, Basingstoke, Hants, UK) in duplicates
and incubated microaerophilically at 37 °C for 24-48 h. Pure cultures were obtained by
repeated streaking of distinct representative colonies and characterized morphologically.
The pure isolates were preserved on MRS agar slants at 4 °C.

2.3. Phenotypic and Molecular Characterization of Isolates

Pure isolates on MRS agar were characterized by examining their colonial morphology
such as color, shape, edge, and consistency. The isolates were then subjected to microscopic
and biochemical tests for further characterization and identification [18]. The following
tests were carried out: Gram staining by Oyeleke and Manga [19], spore staining by Fawole
and Oso [20], catalase testing by Oyeleke and Manga [19], motility testing by Shields
and Cartcath [21], indole testing by MacFaddin [22], growth at different concentrations
of sodium chloride (NaCl) by Ogundare et al. [23], oxidase testing by MacFaddin [22],
gelatin hydrolysis testing by Leboffer and Pierce [24], carbohydrate fermentation testing by
Harrigan and McCance [25], and starch hydrolysis testing by Seeley and Van Demark [26].

The method of Iruene et al. [27] was employed for the molecular characterization of
the isolates. Genomic DNA was extracted from overnight cell cultures grown in MRS broth
using a Quick-DNA™ Fungal /Bacterial Miniprep Kit (Zymo Research, Irvine, CA, USA)
according to the manufacturer’s protocols. The final DNA concentration and purification
were determined using an Epoch™ microplate spectrophotometer (Agilent Biotek, Santa
Clara, CA, USA) and DNA quality was checked by 1% agarose gel electrophoresis. Poly-
merase chain reaction amplification of the 165 rRNA gene for presumptive LAB strains
was carried out using bacterial universal primers—27 F:5'-AGA GTT TGA TCC TGG CTC
AG-3" and 1492 R:5' GGT TAC CTT GTT ACG ACT T-3'. A polymerase chain reaction was
performed in a 50 pL reaction containing 25 pL One Taq® 2X Master Mix with standard
buffer, 1 uL forward primer, 1 uL reverse primer, and 22 uL. RNase free water. Then 49 puL
of the mixture was added into a sterile polymerase chain reaction tube, and 1 uL of gDNA
was added and used as a template. The conditioning of the amplified gene fragment: pre-
denaturation of the target DNA at 96 °C for 4 min followed by 30 cycles at 94 °C for 1 min,
primer annealing at 51.5 °C for 1 min and 30 s, and primer extension at 68 °C for 8 min.
Polymerase chain reaction was completed with 10 min elongation at 68 °C followed by
cooling to 4 °C. The reactions were carried out in a 96 well thermal cycler—Applied Biosys-
tems GeneAmp™ Polymerase chain reaction 9700 (Applied Biosystems, Thermofisher
Scientific, Waltham, MA, USA). The size of the 16S rRNA gene polymerase chain reaction
products was confirmed by electrophoresis on a 1% (w/v) agarose gel stained with GelRed
and visualized using a Uvitec Uvisave Q9 gel documentation system (Uvitec, Cambridge,
UK). Polymerase chain reaction products were purified using the QIAquick Polymerase
chain reaction purification Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. The purified amplicons were sequenced using an automated DNA sequencer
(ABI model 3350; Applied Biosystems) at Inqaba Biotech, Nigeria. The sequences of the
bacterial isolates of this study were then compared to those in GenBank (National Cen-
tre for Biotechnology Information; https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi accessed on
15 July 2021) using the Basic Local Alignment Search Tool for nucleotide sequences (blastn).
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2.4. Determination of Probiotic Properties of Lactic Acid Bacteria Isolates

All Gram-positive, catalase-negative, and non-spore-forming isolates were identified
as lactic acid bacteria and screened for their probiotic potential.

2.4.1. Acid Tolerance of Lactic Acid Bacteria Isolates

The method employed by [28] was used in determining the acid tolerance of LAB
isolates. The overnight broth culture of test isolates was serially diluted, and 1 mL of the
seventh dilution factor was inoculated into MRS broth (Oxoid Limited, Basingstoke, UK)
with the pH adjusted to 2.5 and 3.0 using concentrated hydrochloric acid. The survival of
LAB was quantified using plate count on MRS agar after incubating microaerophilically at
37 °C at intervals of 0 and 4 h.

2.4.2. Bile Salt Tolerance of LAB Isolates

Tolerance to bile salts was carried out according to the method of Klingberg et al. [28].
MRS broth was supplemented with bile salt (Oxoid Limited) at concentrations of 0.3%,
0.5%, and 1% (w/v), and MRS broth without bile salt was used as the control. LAB isolates
(18 h old) were inoculated into supplemented and non-supplemented MRS broth and
incubated anaerobically at 37 °C for 0 and 4 h. The survival rate was determined using the
pour plate method on MRS agar in duplicates.

2.4.3. Antagonistic Activity of LAB Isolates

Salmonella enterica ssp. enterica sv. Typhi, Pseudomonas aeruginosa, Listeria mono-
cytogenes, Staphylococcus aureus, and Klebsiella pneumoniae were the pathogenic (test)
microorganisms collected from University College Hospital (UCH), Ibadan. The LAB
isolates were inoculated into sterile MRS broth and incubated microaerophilically at 37 °C
for 48 h. The culture was centrifuged at 3260x g for 15 min using Sorvall™ ST 8 Small
Benchtop Centrifuge (Thermofisher Scientific, Waltham, MA, USA), and the supernatant
was filtered. The overnight broth culture of the pathogenic organisms was standardized to
0.5 McFarland standard and inoculated on Mueller Hinton agar (Oxoid Limited). Using
the agar well diffusion method, a 5 mm cork borer was used to bore wells in the agar, and
0.5 mL of the filtered supernatant was dispensed into the wells and allowed to diffuse into
the agar for 1 h. The plates were incubated at 37 °C for 24 h and the diameters of the zone
of inhibition were measured as described by Nami et al. [29].

2.4.4. Tolerance of LAB Isolates to Simulated Gastric Juice

The viability of the organism in the presence of gastric juice was determined by
suspending 3 mg/mL of pepsin (Thermofisher Scientific) in a sterile 0.85% saline solution
adjusted to pH 2.5. The simulated gastric juice was inoculated with an 18-24 h-old culture
of the test organism and incubated microaerophilically at 37 °C for 4 h. The viable cell
population was determined on MRS agar using the pour plate method by Tokatli et al. [30].

2.5. Safety Assessment Tests on Lactic Acid Bacteria Isolates

DNase test, gelatinase test, and hemolytic activity test were carried out to determine the
pathogenicity of the LAB isolates, which is a criterion in the selection of potential probiotics.

2.5.1. DNase Test

The protocol by UK Standards for Microbiology Investigation Protocol [31] was used.
The overnight culture of each LAB isolate was inoculated on DNase agar (Oxoid Limited)
and incubated at 37 °C for 24 h. The plates were flooded with concentrated HCI, left to
stand for a few minutes, and then excess HCl was removed. Observation of clear zones
around the colonies indicates a positive result.
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% Fatty acid =

Absorbance of sample x Gradient factor of specific fatty acid x Dilution Factor

2.5.2. Gelatinase Test

The method of [24] was used. Nutrient gelatin medium (Himedia, Mumbai, India) in
test tubes was inoculated with an overnight culture of each test isolate and incubated at
37 °C for 24 h. After incubation the tubes were refrigerated. Partial or total liquefaction of
the gelatin agar indicates a positive result.

2.5.3. Hemolytic Activity

Hemolytic activity was determined by employing the method described by [32].
Tryptic soy agar with 5% sheep blood agar plates (Carolina Biological Supply Company,
Burlington, NC, USA) was inoculated with an overnight culture of LAB isolates and
incubated anaerobically for 48 h. The plates were examined for clear, greenish, or no zones
of clearance which depicted beta, alpha, and gamma hemolysis, respectively.

2.6. Preparation of Baobab Fruit Pulp

Baobab fruit pods were opened, and the pulp was separated from the seed. The
pulp was pounded in a clean and surface-sterilized mortar and pestle before blending
in a sterile blender into fine powder according to the UK Standards for Microbiology
Investigation Protocol [31].

2.7. Phytochemical Screening of Baobab Fruit Pulp

Qualitative determination tests of tannin, phlobatannin, saponin, flavonoid, steroid,
terpenoid, cardiac glycoside, cardenolide, alkaloids, anthraquinone, chalcones, and phenol
were carried out employing the method described by Sofowora [33]. For quantitative
determination of the phytochemical constituent of baobab pulp powder, the standard
procedures outlined by AMC-RSC [34] and AOAC [35] were used.

2.8. Determination of Fatty Acid Content of Baobab Fruit Pulp

The fatty acid content was determined as described by AOAC [36]. The sample
(2 g) was weighed into a 100 mL conical flask, and 20 mL of benzene was added, shaken
thoroughly to extract all the fatty acids. The mixture was transferred into a 250 mL
separatory funnel to separate the benzene extract from the aqueous extract. A 5 mL aliquot
of the benzene extract was pipetted into a 15 mL test tube, and 2 mL of 10% copper acetate
was added to develop a blue color. Standard concentrations of each fatty acid were prepared.
The absorbance of the sample extract and the standard solutions at different concentrations
were determined using Genesys™ 10S UV-Vis spectrophotometer (Thermofisher Scientific)
at a wavelength defined for each fatty acid: lauric acid (640 nm), stearic acid (650 nm),
palmitic acid (630 nm), arachidonic (690 nm), oleic acid (670 nm), linoleic acid (660 nm),
linolenic acid (680 nm), ricinoleic acid (610 nm), dihydroxy stearic acid (655 nm).

The percentage of each fatty acid was obtained using the formula:

)

Weight of Sample x 10000

2.9. Determination of Vitamin Content of Baobab Fruit Pulp

The vitamin A, B, and C content of baobab fruit pulp was analyzed according to the
standard method adopted by AOAC [37].

2.10. Determination of Mineral Content of Baobab Fruit Pulp

Minerals including the calcium, iron, sodium, and magnesium contents of baobab
pulp were determined according to AOAC [38] standards.
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2.11. Proximate Analysis of Baobab Fruit Pulp

The nutritional composition of baobab fruit pulp was analyzed to determine the crude
protein, ash, ether extract, crude fiber, dry matter, and carbohydrate content using the
method of AOAC [35].

2.12. Preparation of Baobab Fruit Pulp Beverages

Three (3) baobab fruit beverages (AM, AA, and AW) were produced. AM was prepared
using baobab fruit pulp and milk in a ratio of 60:40. Baobab fruit pulp (60 g) was added to
40 mL of milk, and the mixture was blended. AA comprised of the baobab fruit pulp and
apple juice in the ratio of 60:40. Baobab fruit pulp powder (60 g) was mixed with 40 mL
of apple juice. The mixture was blended. AW is a 100% w/v mixture of baobab fruit pulp
and deionized water. These beverages were fermented using the selected probiotic test
organism (L. fermentum).

2.13. Preparation of Synbiotic Baobab Fruit Beverage

L. fermentum exhibited the best probiotic attributes, such as tolerance to low pH, bile
salt tolerance, survival in gastric juice of pH 2.5, and antagonistic activity against selected
pathogenic organisms, out of the five LAB species isolated from the milk samples and was
selected as the choice species in producing the synbiotic beverages. The method of Johan-
ningsmier et al. [39] was employed to prepare the inoculum concentration of the probiotic.
A single colony of L. fermentum was inoculated into sterile MRS broth and incubated at
37 °C for 24 h. It was centrifuged at 3260 g for 10 min, the supernatant was decanted,
and the pellets were washed thrice with sterile 0.85% normal saline; harvested cells were
resuspended into 9 mL of 0.85% normal saline solution. Inocula count was determined
using the pour plate method by incubating at 37 °C for 48 h. Viable counts were reported
in CFU/mL. The beverages were pasteurized and inoculated with 1 mL (comprising of
6.3 x 10° cells) of L. fermentum and incubated at 30 °C for 48 h for fermentation.

2.13.1. Determination of Growth Rate of L. fermentum in the Synbiotic Fruit Beverages

Over a 48 h period, the rate of growth of L. fermentum in the synbiotic beverages was
determined at 12 h intervals using the pour plate technique. Each beverage (1 mL) was
inoculated onto MRS agar plates and incubated at 37 °C for 48 h. Colonies that developed
were enumerated as described by Mpofu et al. [40].

2.13.2. Determination of Total pH and Titratable Acidity of Synbiotic Fruit Beverages

The pH was determined using a Jenway 3520 digital pH meter (Jenway®, Staffordshire,
OSA, UK). The total titratable acidity was determined as described by AOAC [41], 10 mL
of each fruit juice was titrated against 0.1N NaOH using phenolphthalein as an indicator.
Each ml is equivalent to 90.08 mg of lactic acid, and the acid equivalent is the volume of
NaOH utilized. The titratable acidity was calculated as:

Volume of NaOH x 0.1 NaOH x 90.08
10

2

2.14. Determination of the Prebiotic Potential of Baobab Fruit Beverage

The prebiotic potential of the fruit pulp and beverages was determined using the
method of Englyst [42]. The fructooligosaccharides were determined by weighing 1 g of
baobab fruit pulp and baobab fruit beverage, respectively, into a 50 mL centrifuge tube;
2 mL dimethyl sulphoxide was added and capped. The mixture was stirred for about
2 min on an RT 2 basic magnetic stirrer (Thermofisher Scientific) to homogenize, and the
tube was placed in a beaker of boiling water on a hot plate with a stirrer for 1 h. The
tube was removed, without cooling, and 8 mL of sodium acetate buffer at pH 5.2 was
added, pre-equilibrated at 50 °C, and vortex mixed using an LP Vortex mixer (Thermofisher
Scientific). The tube was left at room temperature at about 35 °C until the content cooled
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to between 30 °C and 40 °C. x-amylase solution (0.5 mL) followed by 0.1 mL of sucrase
borohydride solution was added and vortex mixed. The tube was capped and incubated for
16 h with continuous mixing for the first 1 h. Ethanol (40 mL) was added, and the tube was
inverted and left for 1 h at room temperature. The mixture was centrifuged at 3260 g for
10 min, and the supernatant was removed by decantation or aspiration without disturbing
the residue. The residue was washed twice using 50 mL 85% ethanol each time and mixed
by inversion on a magnetic stirrer to suspend the residue and supernatant removed as
before. Acetone (40 mL) was added to wash the residue, stirred for 5 min, and centrifuged
at 3260 x g for 10 min. The supernatant liquid was removed by aspiration and discarded.
The residue in the tube was placed in a beaker of water at 65-75 °C on a stirrer hot plate
with continuous stirring of the content until the residue appeared dry.

Weight of residue

Weight of sample <100 ©)

% Fructooligosaccharide =

Inulin content was determined by weighing 1 g of baobab fruit pulp and baobab fruit
beverage, respectively, into a 100 mL volumetric flask, and 1 mL of 95% ethanol was added
to wet the sample. About 10 mL of 0.5 M KOH was added and the mixture was held
overnight at room temperature. The mixture was diluted to 100 mL with distilled water
and again held overnight at room temperature. An aliquot (5 mL) of the diluted solution
was pipetted out of the mixture into another 100 mL volumetric flask, and three drops
of 0.1% phenolphthalein solution were added. The resulting solution was neutralized
using 1 M HCI dropwise until neutral pH was achieved. Two milliliters of 0.2% sodium
borohydride solution in 2% KI were added to the neutralized solution and made to volume
with distilled water. Standard solutions of inulin in the range 0-10 ppm were prepared
from 100 ppm stock solution. Inulin solution was subjected to the same treatment as the test
sample. The absorbance of the sample and the standard solutions of different concentrations
taken after 30 min of adding 0.2% sodium borohydride solution was determined in the
spectrophotometer at a wavelength of 628 nm.

o Tnulin — Absorbance of sample x glr(?(():ggnt factor x dilution factor @)

2.15. Estimation of the Shelf Life of Synbiotic Beverages

The shelf life of the synbiotic beverages was determined for 3 weeks at refrigeration
temperature of 4 °C (RF) and room temperature of 25 °C (RT).

2.16. Statistical Analyses

Triplicate samples were analyzed. Data was expressed as mean value £ standard de-
viation. Statistical analysis was performed using a two-way analysis of variance (ANOVA)
with the value of p < 0.05 considered significant. SigmaPlot® v12.5 (SYSTAT Software, Inc.,
San Jose, CA, USA) was used for statistical data analysis.

3. Results
3.1. Occurrence of Lactic Acid Bacteria in Milk Samples

Twenty-three (23) LAB isolates were obtained from milk samples. The morphological
and biochemical characteristics of the isolates showed that all were Gram-positive and
tested negative for catalase, oxidase, starch hydrolysis, and gelatin liquefaction. The isolates
were non-motile, non-spore formers, and fermented specific sugars (Table 1).

Sequences checked against the blastn database revealed similar sequences of between
97.2% and 98.5% similarity, as shown in Table 2. Five of the presumptively identified isolates
were selected with given codes and GENBANK accession numbers YMI (NZ_AP012544),
16 (CP035054), 29VI (NZ_CP023174), 2 (GCA_000298115), and 27RI (NZ_CP022130), were
closely affiliated to those in the database as demonstrated by the databank algorithm, and
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were identified as Lacticaseibacillus casei, Limosilactobacillus fermentum, Lactiplantibacillus
plantarum, Lentilactobacillus buchneri, and Lactiplantibacillus pentosus.

Table 1. Morphological and biochemical characteristics of LAB isolates from fermented milk.

Carbohydrate Fermentation Tests

)
g .5
S & @
T & v g O 9 o o o ¥ - o = v v v Y
& 2 o o U O ¢ 2 2 3 2 ¥ L o 2 o 2 o @
Colonial & ‘2 = = .g ° 2 S E § § e % £ 2 & 2 & ¢ ¢ § £ 2 Probable
Isolates M L E =T33 Z &£ 5 2 5 848 %S5 E R E S F E &
orphology » 2 8 % K £ ¢ ¢ @ &= &8 8 - B E & & ;» s oD © s ¥ Isolates
Eg,-zuo~¢2°oozmumm~lg S Ao g g
o %
is]
YM1 Small, r"‘“?d' + - == == — — + + — 4+ + + + + + + + - - + + - - L. casei
creamy white
15,9, 16, 3A, S54, 10 Small, rour}d + - - - — — 4+ 4+ — 4+ 4+ 4+ 4+ — 4+ + — — 4+ + + — + L fermentum
creamy white
14, 29VI1, 29U2, 9A1, 29V2, 31V2, Small, round b L L4 4 444 ha e L w s s s Lplantarum
27R2,1G1, 26Y2, IE1, 3A2, 22A1 creamy white -P
2, MA Small, rour}d + - - — — — 4+ + — + + + + — + + - + + + + - + L. buchneri
creamy white
27R1, 15B1 Small, round + - - - - — 4+ + - + 4+ + 4+ + + + + + + + + - + L. pentosus

creamy white

Key: YM1: Lacticaseibacillus casei isolated from fermented milk used in this study; 15, 9, 16, 3A, S54, 10: Limosilac-
tobacillus fermentum isolated from fermented milk; 14, 29VI, 29U2, 9AI, 29V2, 31V2, 27R2, IG1, 26Y2, IE1, 3A2,
22A1: Lactiplantibacillus plantarum isolated from fermented milk in this study; 2, MA: Lentilactobacillus buchneri
isolated from fermented milk; 27R1, 15B1: Lactiplantibacillus pentosus isolated from germented milk samples in this
study; - represents negative reaction; + represents positive reaction.

Table 2. Molecular identification of lactic acid bacteria isolates.

Isolate Code

Accession Number Percentage Similarity Closest Relative

YMI
16
29VI
2
27RI

NZ_AP012544 98% Lacticaseibacillus casei
CP035054 97.20% Limosilactobacillus fermentum
NZ_CP023174 98.50% Lactiplantibacillus plantarum
GCA_000298115 98.50% Lentilactobacillus buchneri
NZ_CP022130 98% Lactiplantibacillus pentosus

Lactiplantibacillus plantarum (52%) was the highest occurring lactic acid bacteria iso-
lated from the milk samples while Lacticaseibacillus casei (4%) had the least occurrence, as
presented in Figure 1.

L. pentosus
9%

L. plantarum
52%

L. buchneri
9%

L. casei
4%

Figure 1. Occurrence of lactic acid bacteria isolates in milk samples. Lactobacillus plantarum was
predominant among the lactic acid bacteria isolated from the milk samples.
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3.2. Probiotic Potential of Lactic Acid Bacteria Isolates

The LAB isolates (40-70%) tolerated the low pH of 2.5. L. fermentum (72%) had the
highest survival rate while L. buchneri (40%) had the least survival rate (Figure 2). At pH

3.0, L. fermentum (80%) still had the highest survival rate, as shown in Figure 3.

80

70

60

50

40

30

Survival rate (%)

20

10

B3

L. fermentum

L. casei

Lactic Acid Bacteria

O 1hr 3hr

B3

L. buchneri

B3

L. pentosus

L. plantarum

Figure 2. Survival of the lactic acid bacteria isolates at pH 2.5 after 1 and 3 h, respectively. All isolates
survived at pH of 2.5 but L. fermentum was the most resilient even after 3 h.
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60
50
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Survival Rate (%)

30
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L. fermentum

L. casei

O1hr 3 hrs

B

L. buchneri

Lactic Acid Bacteria

B3

L. pentosus

L. plantarum

Figure 3. Survival of lactic acid bacteria isolates at pH 3.0 after 1 and 3 h, respectively. L. fermentum

was well adapted to pH 3.0 far more than the other LAB isolates.

The percentage of LAB isolates that survived different concentrations of bile salt
(0.3%, 0.5%, and 1%) ranged from 40.7% to 93.3%. The percentage of L. casei that sur-
vived 0.3%, 0.5%, and 1% bile salt concentrations after 4 h were 59.3%, 50%, and 40.7%,
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Survival Rate (%)

120

100

80

60

40

20

respectively, while L. fermentum had the highest percentage survival rates of 85%, 70.6%,
and 64.3% in 0.3%, 0.5%, and 1% bile salt concentrations, respectively, after 4 h of incuba-
tion (Figures 4-6).

O1hr D4hrs

Il I
1 I T L -
N
I I
Tt LT
L. fermentum L. casei L. buchneri L. pentosus L. plantarum

Lactic Acid Bacteria

Figure 4. Survival of lactic acid bacteria isolates in 0.3% bile salt after 1 and 4 h, respectively. L.
fermentum and L. buchneri survived well in 0.3% bile salt concentration after 1 h however after 4 h, the
rate of survival of L. buchneri and L. fermentum decreased slightly.

100 DO1hr [14hrs

M nr
1| e =

40

Survival Rate (%)

30

20

10

0 - — - — - — - — - —

L. fermentum L. casei L. buchneri L. pentosus L. plantarum

Lactic Acid Bacteria
Figure 5. Survival of lactic acid bacteria isolates in 0.5% bile salt after 1 and 4 h, respectively. After

1h, L. fermentum isolates survived well in 0.5% bile salt although at the end of 4 h in 0.5% bile salt,
L. pentosus was the most adapted.



Fermentation 2022, 8, 673

11 0f 22

Survival (%)
o ~ ) ©
5] =) ) o

v
o

30

20

10

0 T B

L. fermentum

L. casei

O1h O4h

_I_

L. buchneri L. pentosus

Lactic Acid Bacteria

L. plantarum

Figure 6. Survival of lactic acid bacteria isolates in 1% bile salt after 1 and 4 h, respectively.
L. fermentum isolates were well suited to adapt and survive in 1% bile salt.

All LAB isolates tolerated simulated gastric juice at pH 2.5 after 4 h of incubation, with
survival rates ranging between 64-90%. L. casei had the lowest survival rate at 64%, and
L. fermentum had the highest survival rate at 90% (Figure 7).
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Figure 7. All lactic acid bacteria isolates were able to tolerate simulated gastric juice but L. fermentum

had the highest survival rate.
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L. fermentum exhibited antagonistic activity against all the pathogens. L. casei and L.
pentosus did not inhibit Listeria monocytogenes and Klebsiella pneumoniae, while L. buchneri
and L. plantarum had no inhibitory effect on Listeria monocytogenes (Table 3).

Table 3. Antagonistic activity of lactic acid bacteria against clinical pathogens.

Indicator Pathogenic Zones of Inhibition (mm) by Lactic Acid Bacteria
Organisms L. fermentum  L.buchneri  L.casei L.plantarum L. pentosus
Salmonella typhi 15 14 17 13 13
Pseudomonas aeruginosa 19 13 18 17 19
Listeria monocytogenes 14 - - - -
Staphylococcus aureus 20 15 17 16 13
Klebsiella pneumoniae 13 13 - 14 -

3.3. Safety Assessment Tests

All of the LAB isolates tested were non-hemolytic and did not produce DNase and
gelatinase enzymes.

3.4. Phytochemical Analysis of Baobab Fruit Pulp

Baobab fruit pulp contained saponin, tannin, alkaloids, anthraquinone, glycosides, and
phenols in appreciable quantity; phlobatannin and flavonoids were present in moderate
amounts while steroids, terpenes, chalcones, and cardenolides were available in trace
quantities (Table 4).

Table 4. Phytochemical analysis of baobab fruit pulp.

Phytochemical Compounds Value & SD (mg) Inference
Saponin 0.219 £ 0.003 AA
Tanin 0.010 % 0.001 AA
Phlobatannin 0.006 £ 0.001 MA
Alkaloids 0.177 4+ 0.002 AA
Anthraquinone 0.007 £ 0.001 AA
Steroids 0.002 + 0.001 TA
Terpenes 0.002 £ 0.001 TA
Glycosides 0.114 4+ 0.001 AA
Chalcones 0.002 4+ 0.001 TA
Cardenolides 0.001 4 0.001 TA
Phenols 0.129 + 0.003 AA
Flavonoids 0.006 £ 0.001 MA

AA = Present in an appreciable amount; MA = Present in a moderate amount; TA = Present in trace amount.

Linoleic (15.88%) and oleic acids (11.94%) were the predominating fatty acids in the
baobab fruit pulp (Table 5).

Baobab fruit pulp contained vitamins A, B, and C, with vitamin C having the highest
value at 224.65 mg /100 g (Table 6). Among all of the minerals, the calcium content was the
highest with a value of 610 mg/100 g. Magnesium (280 mg/100 g), sodium (200 mg/100 g),
and iron (18 mg/100 g) were present in lesser amounts (Table 6).

The proximate composition of baobab fruit pulp was protein (3.85%), ash (7.20%), fats
(2.70%), crude fiber (3.40%), dry matter (93.07%), and carbohydrates (75.92%) (Table 7).

The nutrient composition of baobab beverages revealed protein (5.25%), ash (2.60%),
crude fiber (0.90%), dry matter (74.15%), moisture content (25.85%), and carbohydrate
(85.99%) as presented in Table 8.
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Table 5. Fatty acid composition of baobab fruit pulp.

Fatty Acids Value £ SD (%)
Arachidonic 1.16 = 0.02
Behenic 0.11 £ 0.01
Caproic 0.07 £ 0.01
Caprylic 0.03 4+ 0.01
Capric 0.03 £0.01
Erucic 0.16 + 0.01
Lauric 1.90 4 0.03
Linoleic 15.88 £+ 0.02
Linolenic 1.26 + 0.04
Lignoceric 0.10 & 0.01
Margaric 0.22 +0.01
Myristic 1.21 +0.04
Oleic 11.94 £+ 0.03
Palmitic 452 £+ 0.01
Palmitoleic 0.09 £+ 0.01
Stearic 7.10 &+ 0.01

Table 6. The vitamin and mineral content of baobab fruit beverages.

Vitamins Value + SD (mg/100 g)
A 3.88 + 0.01
B 0.55 £ 0.01
C 224.65 £ 0.03
Mineral Component Value =+ SD (mg/100 g)
Calcium 610.0 £0.71
Magnesium 280.0 =0.21
Sodium 200.0 £ 0.05
Iron 18.0 £ 0.01

Table 7. Proximate composition of baobab fruit pulp.

Content

Amount + SD (%)

Crude protein
Ash
Ether extracts
Crude fiber
Dry matter
Carbohydrates

475 £0.01
722 £ 0.04
1.40 £ 0.01
3.60 £ 0.07
43.78 = 0.01
39.25 £0.03

Table 8. Proximate composition of baobab fruit beverage.

Contents

Amount £ SD (%)

Crude protein
Ash
Crude fiber
Dry matter
Carbohydrates
Moisture Content

541 +£0.01
2.60 £ 0.01
0.90 £ 0.01
44.00 £ 0.07
3229 £0.01
14.80 = 0.01

The fructooligosaccharide (FOS) and inulin contents of baobab fruit pulp were (0.77%

+0.02) and (0.81% + 0.02), respectively.
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3.5. Growth Rate of Probiotic L. fermentum in Synbiotic Beverages
L. fermentum grew in the beverages over a 48 h period with an increased survival rate.
Microbial cell concentration of 8.12 log1g CFU/mL, which is the highest, was observed in
AA and AM beverages (Figure 8).
8.3
8.2
8.1 -
8 -
7.9
7.8
7.7 4
7.6
75

7.4 A T T T
12 24 36 48

Time (Hours)

—— AM

Log,, cfu/ml

AW

Figure 8. The growth rate of L. fermentum in the synbiotic beverages increased over a 48 h period.
The highest growth rate of L. fermentum was observed in AA and AM beverages. Key: AM—baobab
fruit pulp and milk beverage; AA—baobab fruit pulp and apple juice beverage; AW—baobab fruit
pulp and apple juice beverage.

The pH of the synbiotic beverages declined as time progressed from 0-48 h. The initial
pH of the AA beverage was 5.86, but it decreased to 5.12 after 48 h. AM had an initial pH
of 5.94 and final pH of 5.16, while the AW beverage had an initial and final pH of 6.01 and
5.07, respectively, after 48 h (Figure 9).

7
I
6
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0 12 24 36 48

Time (Hours)

Figure 9. Effect of L. fermentum on the pH of the synbiotic beverages. The acidity of the beverages
increased as time progressed. AW and AA beverages had the highest acid content of 3.60 mg/mL
after 48 h (Figure 10). Key: AM—baobab fruit pulp and milk beverage; AA—baobab fruit pulp and
apple juice beverage; AW—baobab fruit pulp and apple juice beverage.
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Figure 10. Effect of L. fermentum on the total titratable acidity (TTA) of the beverages. The acidity of
the synbiotic beverages increased after 48 h. AW and AA beverages had the highest acid content of
3.60 mg/mL after 48 h. Key: AM—baobab fruit pulp and milk beverage; AA—baobab fruit pulp and
apple juice beverage; AW—baobab fruit pulp and apple juice beverage.

3.6. Effect of Storage Conditions on the Growth Rate of Potential Probiotics in the
Synbiotic Beverages

L. fermentum was able to survive in the fruit drinks when stored at refrigeration and
room temperatures for three weeks. After 7 days, L. fermentum in the synbiotic beverages
demonstrated the highest survival rate as compared to after 14 and 21 days (Figure 11).
However, the survival rate of L. fermentum in the refrigerated beverages was higher than
those stored at room temperature.
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7.4
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CFU/ML) IN SYNBIOTIC BEVERAGES

6.6

CONCENTRATION OF L.LFERMENTUM CELLS (LOG,,
o
K

RT RF RT RF RT RF
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TIME (DAYS)
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Figure 11. The survival of L. fermentum in the synbiotic fruit beverages after 7, 14, and 21 days at
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room temperature (RT) and refrigeration temperature (RF). Within 7 days of storage at room and
refrigeration temperatures, all LAB isolates survived, with the number of L. fermentum cells in the
synbiotic beverages being the highest. However, the survival of L. fermentum in the refrigerated
synbiotic beverages was the highest. Key: AM—baobab fruit pulp and milk beverage; AA—baobab
fruit pulp and apple juice beverage; AW—baobab fruit pulp and apple juice beverage.

3.7. Influence of Probiotic L. fermentum on the Chemical Properties of the Synbiotic Beverages

The pH of the beverages was determined after three weeks at room temperature and
refrigeration temperature of 4 °C. There was a decline in the pH of the beverages after three
weeks under both storage conditions; however, the reduction in pH of the beverages stored
at room temperature was more than those refrigerated. The pH of AM ranged between
3.80-4.37. AA ranged between 3.70-4.40, while AW ranged between 4.30—4.58 at room
temperature. After three weeks of storage at refrigeration temperature, the pH of AW
beverage declined from 4.66 to 4.49, AM from 4.37 to 3.80, and AA reduced from 4.40 and
3.70 (Table 9).

Table 9. Effect of storage on pH and titratable acidity of synbiotic beverages.

Synbiotic Week 1 Week 2 Week 3
Beverages pH TTA pH TTA pH TTA
RF RT RF RT RF RT RF RT RF RT RF RT
AW 4.66 4.58 4.23 4.50 4.52 4.49 4.01 4.27 4.49 4.30 4.15 4.35
AA 4.40 4.37 4.28 4.95 3.92 3.74 4.05 4.50 3.70 3.85 4.20 4.65
AM 4.37 4.34 4.30 4.73 4.10 4.01 4.14 4.55 3.80 3.00 4.37 4.60

Key: AM—baobab fruit pulp and milk beverage; AA—baobab fruit pulp and apple juice beverage; AW—baobab
fruit pulp and apple juice beverage.

The acidity of the synbiotic beverages increased under both storage conditions after
three weeks however the acidification rate at room temperature was higher than at refriger-
ation temperature. AA had the highest acidic content (4.95 mg/mL) at room temperature,
while AM had the highest acidity of 4.37 mg/mL after three weeks of storage.

3.8. Prebiotic Composition of Synbiotic Beverages

A decrease in the prebiotic content of the synbiotic beverages stored at room and
refrigeration temperatures was observed after three weeks of fermentation. However,
it was observed that the fructooligosaccharides, inulin, and lactate content of the synbi-
otic beverages stored at refrigeration temperature was higher than those stored at room
temperature (Table 10).

Table 10. Prebiotic composition of the synbiotic beverages after fermentation.

Synbiotic Beverages Parameters RF (Mean + SD) RT (Mean £ SD)
Fructooligosaccharides 0.17 +0.01 0.15 +0.01
AA Inulin 0.13 + 0.01 0.07 £ 0.01
Lactate 0.19 £+ 0.00 0.16 4 0.00
Fructooligosaccharides 0.16 +0.01 0.14 +0.01
AW Inulin 0.10 + 0.01 0.07 £ 0.01
Lactate 0.17 £+ 0.00 0.16 4 0.00

Key: AA—baobab fruit pulp and apple juice beverage; AW—baobab fruit pulp and apple juice beverage.

4. Discussion

Twenty-three lactic acid bacteria isolated from milk samples were identified as L.
buchneri, L. casei, L. fermentum, L. plantarum, and L. pentosus. The morphological and
biochemical characteristics of the LAB isolates conform to that of Bergey’s Manual of
Determinative Bacteriology [43]. The 165 rRNA gene sequencing revealed the isolates to
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be closely related to Lacticaseibacillus casei, Limosilactobacillus fermentum, Lactiplantibacillus
plantarum, Lentilactobacillus buchneri, and Lactiplantibacillus pentosus.

Lactobacillus plantarum had the highest occurrence at 48%, and Lactobacillus casei had
the lowest occurrence at 4%.

A major criterion used in probiotic selection is the ability to withstand acidity which
invariably depicts its inability to inactivate due to the low pH of the gastrointestinal tract.
All LAB isolates were able to survive at pH 2.5 and 3.0, although their viability started
to decrease after 3 h of incubation. This demonstrates their potential to survive in the
extremely acidic pH of the gastrointestinal tract. A similar study by Nami et al. [29]
showed a decrease in the viability of the LAB isolates after 3 h of incubation at pH 3.0. All
the organisms had a survival rate above 50% after 1 and 2 h of incubation. After 3 h of
incubation, only 67% of the LAB isolates showed a viability of more than 50%. This agrees
with the work of Hoque et al. [44] where all the Lactobacillus species isolated from yogurt
were able to survive an acidic pH of 2.5 to 3.5. L. fermentum demonstrated the highest
capacity to withstand low pH among the isolates tested. The adaptive acid tolerance
reaction could be controlled by the production of some genes during adaptation, which
comprises two different responses, pre-challenge adaptation and transient adaptation that
occurs during low pH challenge.

It takes 4 h for food to digest in the intestine [29]. All the isolates were able to resist
bile salt concentrations of 0.3%, 0.5%, and 1% in varying degrees for 4 h. The ability to
resist the effect of bile salt is an important criterion for probiotic selection, because the
mean intestinal concentration of humans is supposedly 0.3% (w/v) [45]. This demonstrates
that the LAB isolates met these probiotic criteria, although L. fermentum survived best. As
the bile salt concentration increased and time progressed, the viability of the LAB species
decreased, and this conforms to the work of Owusu-Kwarteng et al. [46], where all L.
fermentum strains isolated from West African fermented millet dough were able to resist
0.3%—2% bile concentration with decreased viability.

Lactic acid bacteria are capable of lowering pH, producing antibacterial substances
such as lactic and organic acids [47], and producing bacteriocins capable of inhibiting the
growth of pathogenic and spoilage bacteria [48,49]. In this study, the metabolites produced
by LAB present in the culture supernatant demonstrated antagonistic activity against the
clinical pathogens and this lends credence to their antimicrobial potential.

The small and large intestine is colonized by probiotic microorganisms and must be
able to survive the harsh conditions therein to be functional. Gastric juice is secreted in the
stomach where high acid persists. Therefore, the survival of an organism in gastric juice is
a major criterion for probiotic selection. In this study;, all tested LAB species were able to
survive simulated gastric juice at pH 2.5 with a percentage survival rate ranging between
64% and 90% after 4 h. L. fermentum had the highest survival rate, while L. casei had the
least survival rate. Reference [50] reported that the survival rate of Lactobacillus species in
gastric juice differs with different strains.

Safety assessment of probiotic organisms is an important factor that must be consid-
ered before they are used in producing any functional food [51]. Thus, in the guidelines
set by [52], safety assessment is a recommended criterion for choosing probiotics. In this
study, the LAB isolates did not liquefy gelatin or produce DNase enzyme and were thereby
incapable of hydrolyzing host DNA and unable to lyse red blood cells. The absence of
DNase, gelatinase, and hemolytic activity is an indication that the organisms are GRAS
organisms and non-virulent, which is a criterion for probiotic selection.

Baobab pulp contains considerable quantities of phytochemicals which makes it suit-
able as a dietary supplement and valuable for pharmaceuticals. Phytochemical compounds
are secondary metabolites of plants that contribute to their use as pharmaceutical, nutri-
tional, and dietary supplements [53]. These components are also referred to as nutraceuti-
cals owing to their health-promoting properties as well as preventive and therapeutic use
in the treatment of chronic diseases [54].
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In this study, the fruit pulp of baobab contained a substantial amount of oleic and
linoleic acid with a moderate amount of linolenic acid; therefore, baobab pulp can serve
as a source of omega-3, -6, and -9 supplements and can help in improving health. Polyun-
saturated fatty acids (PUFA), which are mainly linoleic and «-linolenic acids, are both
synthesized by plants and are essential for the prevention of diseases and good health [55].
Fatty acids are valuable in the pharmaceutical and food industries. Linolenic acids
(omega-3 supplements, omega-6 supplements) have been indicated for the prevention and
treatment of cardiovascular diseases, improved concentration, memory, motivation, and
motor abilities; they are also indicated during pregnancy for the reduction of postpartum,
depression, and mood swings as well as improved health after birth [56]. They also serve
both preventive and therapeutic purposes in conditions relating to premenstrual syndrome,
diabetes, skin problems, and inflammation, to mention but a few [57]. Omega-9 supple-
ments (oleic acid) are useful in increasing the healthy lifestyle of consumers and also help in
combating total and bad cholesterol (LDL) and increasing the good ones (HDL), preventing
coronary diseases and aging [58].

The amount of vitamin C in baobab pulp was very high (224.6 mg/100 g), and this
shows that it is a good source of antioxidants. The vitamin C content in this research is
higher and agrees with that of [59] who reported a range of 169-231 mg/100 g. Vitamins
play an essential role in human nutrition and health but cannot be synthesized by humans
and are therefore taken up in the diet. According to Aluko et al. [60], the daily intake of
ascorbic acid in children and adults is about 17 mg/day and 30 mg/day, respectively; thus,
baobab fruit can serve as a good source of ascorbic acid.

Minerals are inorganic nutrients required in minute quantity which are needed for
the maintenance of physiochemical processes essential to life. Macronutrients (calcium
and sodium) and micronutrients (iron and magnesium) are required for normal growth
and development [61]. Deficiency of any of these minerals may result in impairment in
cognitive performance, predisposition to infections due to lowered immunity, anemia, and
many other conditions [62]. In this study, baobab was found to contain a higher amount of
calcium and other essential nutrients such as iron, magnesium, and sodium. Consumption
of this fruit can serve as a good source of micro and macronutrients.

Adequate nutrition is an important factor of a public health concern as it provides
the basis for dietary assessment and formulation of healthier diets before consumption.
High amounts of carbohydrates in food serve as a source of energy [63]. The result of this
study showed that baobab is rich in carbohydrates (75.92%) which is comparable with the
findings of Elmadfa et al. [64] that reported a carbohydrate content of 70.03% in baobab fruit
pulp obtained from Adamawa State, Nigeria. Storage conditions, processing procedure,
the difference in ripening age, well as the possibility of genetic variation may have been
responsible for the result variation.

The human colon harbors about 10'°~10'2 microbial cells which are mostly anaerobes
known as the gut microbiota. Their composition can be modulated by diet variation. Pre-
biotics are a nutritious, non-digestible group of carbohydrates that can be incorporated
into diets so that when fermented by gut microbiota in the gastrointestinal tract, they
can provide nutrients to stimulate the growth and activities of the gut microbiota. Car-
bohydrates in plants such as fructooligosaccharides (FOS) and inulin are the best-known
sources of prebiotics. Baobab fruit pulp and the beverages produced in this study con-
tained significant amounts of fructooligosaccharides and inulin. According to the study
by Lockett et al. [65], the prebiotic potential of mango, banana, and apple peel powder
at 0%, 2%, and 4% concentrations encouraged the proliferation of several test probiotics
evaluated. Their study revealed that even at 0% concentration, the growth of the test probi-
otics increased significantly. This demonstrates that the concentration of prebiotics presents
in baobab fruit pulp and beverages as determined in this study will support the growth
of probiotics. Thus, they can be used to stimulate the activities of the gut microbiota and
also to enhance host health by improving immune function, improving digestion, colonic
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integrity, and also down-regulate allergenic response [66]. Prebiotics can also improve the
uptake of zing, iron, and calcium and decrease colon cancer and cholesterol.

After inoculation of L. fermentum into the different beverages, pH reduced and acidity
increased over time. This increased acidity may be attributed to the production of lactic
acid by L. fermentum and conforms to the study by Sharma et al. [67], who also noticed a
decrease in the pH of probiotic mutandabota (a traditional food in South Africa produced
from baobab fruit) over some time after inoculation with Lactobacillus rhamnosus.

L. fermentum inoculated into the various baobab fruit beverages were able to survive
after 48 h. The viability of the probiotic organism increased as time progressed, and this
could be due to the presence of additional nutrients in the beverages which were able
to support the growth of the organism. Over three weeks, the pH of the synbiotic fruit
beverages stored at room and refrigeration temperatures decreased with an increase in
acidity and subsequent decrease in viability of L. fermentum, and this may be associated
with the increased production of lactic acid by L. fermentum, since fermentation commenced
over the storage period. According to Othman et al. [68], lactic acid production is the
metabolic end product of LAB fermentation which accumulates over time and inhibits LAB
growth due to pH alteration into acidic conditions. L. fermentum in the synbiotic beverages
survived best at refrigeration temperature than at room temperature.

Prebiotics are fermentable carbohydrates used by probiotics, and this is significant as
it influences the composition and metabolic activities of the gut microbiota [69]. Although
these carbohydrates are indigestible in the gastrointestinal tract, they can be broken down
by the gut microbiota to produce short-chain fatty acids (SCFA) and lactate [70]. In this
study, the test LAB isolates degraded the fructooligosaccharides and inulin content of the
fruit beverages after three weeks with the production of lactate, and this may enhance the
gut microbiota.

5. Conclusions

This study has shown that baobab fruit pulp can serve as a prebiotic as it contains
fructooligosaccharides and inulin. The ability of the potential probiotics to remain viable
and to survive in the synbiotic beverage produced has been established in this study. Thus,
the synbiotic beverage produced with baobab bulb has the potential to serve as a non-
dairy functional food and probiotic delivery medium for lactose intolerant individuals and
vegetarians. Further studies may evaluate the in vivo probiotic potential of baobab-based
functional foods on the gut microbiota.
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