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Abstract: Traditional preparation of African indigenous vegetables (AIVs) such as African black
nightshade (Solanum nigrum) and African spiderplant (Cleome gynandra) involves either boiling
and discarding the first water or lengthy boiling. Fermentation is considered a better alternative
processing technique due to the enhanced retention of phytochemical contents and sensory properties.
However, little is known about the impact of lactic acid fermentation on the phytochemical content,
antioxidant capacity, sensory acceptability and microbial safety of the African black nightshade and
African spiderplant. This study aimed to ferment AIVs using combined starter cultures (Lactobacillus
fermentum and Lactococcus lactis) and further determine their effect on the phytochemical content
(phenolic compounds and flavonoids), antioxidant capacity, sensory acceptability and microbial safety
of the vegetables. There was a marked increase in phenol and flavonoid contents in all fermented
vegetables (p < 0.05). The highest phenol content was 228.8 mg/g GAE (gallic acid equivalent) in
the starter-culture-inoculated African black nightshade, while flavonoid content was 10.6 mg/g QE
(quercetin equivalent) in the same. Starter-culture-inoculated AIVs presented significantly higher
antioxidant capacity with a 60–80% radical scavenging activity compared to levels in uninoculated
batches (p < 0.05). Fermented vegetables were more liked than the boiled vegetables and were
microbiologically safe. In conclusion, lactic fermentation of AIVs increased phytochemical contents
(phenolic compounds and flavonoids), maintained antioxidant capacity and improved product safety
and sensory acceptability. Therefore, fermentation and consumption of the African indigenous
vegetables are to be encouraged.

Keywords: African black nightshade; African indigenous vegetables; African spiderplant; antioxi-
dant; fermentation; flavonoid; Lactobacillus fermentum; Lactococcus lactis; phenolic compounds

1. Introduction

African indigenous vegetables (AIVs) are rich in micronutrients such as vitamins (β-
carotene, ascorbic acid, riboflavin and folic acid), minerals and dietary fibre [1]. The wide
varieties of AIVs such as Amaranthus spp., okra (Abelmoschus caillei), cowpea (Vigna unguica),
jute mallow (Corchorus olitorius), black nightshade (Solanum scabrum and Solanum nigrum),
turkey berries (Solanum torvum), spiderplant (Cleome gynandra), cassava leaves (Manihot es-
culenta), kidney bean leaves (Phaseolus vulgaris) and eggplant (Solanum aethiopicum) contain
nutrients which can help meet micronutrients requirements [2].

The FAO/WHO recommends a daily intake of 400 g of vegetables per individual [3].
However, low intake of fruits and vegetables is prevalent in Sub-Saharan Africa (SSA),
particularly in rural areas among vulnerable families [4]. AIVs are climate resilient, nu-
tritious and locally available, and hence are considered sustainable food strategies for
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the mitigation of food insecurity and micronutrient deficiency [2,5]. AIVs are produced
and consumed mainly in rural areas where they are a source of income and are used in
medicinal and religious practices [6].

The African black nightshade (Solanum nigrum) is common in Africa. It is eaten cooked
or fermented (although still by few) [7,8]. Its fruits are also eaten. These vegetables have
a high content of nutrients, namely iron, proteins and ascorbic acid, and phytochemicals,
namely phenolic compounds and carotenoids [8,9]. The ethanolic and aqueous extracts
of African black nightshade can protect the body from DNA damaging aflatoxin B1 and
Reactive Oxygen Species [7].

The African spiderplant (Cleome gynandra) is a climate-resilient vegetable. It grows
in regions of 15 to 25 ◦C under complete sun exposure. It contains minerals and vita-
mins, therefore it has huge potential in reducing micronutrient deficiencies [10]. The
African spiderplant is used as food and herbal medicine due to its high levels of β-carotene,
α-tocopherols, folic acid, ascorbic acid, iron and calcium. In addition to the phytochemi-
cal content, it has exhibited antifungal, anti-inflammatory, anti-cancer, anti-diabetic and
immunomodulator properties in vitro [11–13].

Both the African black nightshade and African spiderplant are adapted to the SSA en-
vironment and can help to achieve food security, the second Sustainable Development Goal
(SDG) [2,9]. However, these AIVs are underutilized because they are considered to be for
the poor. Their limited consumption can be attributed to the lack of nutritional information
and the dietary shift from indigenous foods to exotic ones due to rapid urbanization [2,14].
Like most AIVs, African black nightshade and African spiderplant are mostly available
only during rainy seasons due to inadequate preservation techniques [8,9].

These two vegetables contain phytochemicals such as phytates, oxalates, lectins, tan-
nins, alkaloids and saponins [8]. These phytochemicals contribute to the sensory properties
of these vegetables and their antioxidant capacity [15]. Normally, they are boiled for a
long time or boiled and the water is thereafter discarded to eliminate bitterness, thereby
reducing the heat-labile and water-soluble nutrients in the end product [16,17]. In addition,
these pre-cooking processes are labour-intensive and consume a lot of heating energy when
compared with alternative techniques for AIV processing such as fermentation [8,9,18,19].

Lactic acid bacteria (LAB) have been widely associated with beneficial health effects
due to their probiotic properties. They have been used for centuries to improve the
nutritional and sensory properties of foods and for preservation [20–22]. Lactobacillus
fermentum is a heterofermenter and is known to produce bacteriocins which can help in
food preservation. Further, Lb fermentum metabolism contributes to flavour and texture of
the product and probiotic properties including modulation of the microbial environment
of the host’s gut [23]. Lactococcus lactis is a homofermenter that produces lactic acid, thus
contributing to a lower pH of food. The Lc lactis is commonly found in lactic fermented
foods such as cheese, yoghurt and sauerkraut and has been observed to prevent microbial
growth in foods and prevent gut wounds. With respect to the symbiotic relationship
between the two LAB during fermentation, the acidity achieved by Lc lactis metabolism
helps the Lb fermentum to proliferate [24,25].

Fermentation of vegetables is widely practiced in the SSA but with variation in tech-
niques and outcomes [8,26,27]. Products such as kawal and bilkaga are popular in Sudan and
South Sudan, whereas the okpehe and ugba are widely known in West Africa. The traditional
fermentation skills are usually transferred in the family from one generation to another and
it can be different even within a community [8,28]. In spontaneously fermented vegetables,
lactic acid bacteria like Lactobacillus plantarum dominate the microbial population [29,30].
Generally, lactic acid bacteria and mesophilic microorganisms are commonly found in
fermented vegetables [31].

LAB fermentation of AIVs has the potential to reduce micronutrient deficiency, protect
vegetables against spoilage and increase their sensory acceptance [8,9]. Stoll et al. [18]
fermented African indigenous vegetables using Lactiplantibacillus plantarum and Limosi-
lactobacillus fermentum and observed faster acidification of the vegetables’ media. This
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fermentation can be performed using readily available materials, and is considered to be a
better processing technique than cooking and sun drying [18]. This study used a different
combination of Lc. lactis and Lb. fermentum to analyse their effect on the vegetables. These
starter cultures have been successfully used in the fermentation of African kale, an African
indigenous vegetable [32].

Additionally, Lb. fermentum was previously isolated from fermented African prod-
ucts [33], while Lc. lactis was isolated from vegetables and used as a bio-preservative agent
against Listeria monocytogenes in cheese [34] and in milk [35]. However, there is limited
information on the influence of lactic acid fermentation on the phytochemical content,
antioxidant capacity and sensory acceptability of African black nightshade and African
spiderplant. Therefore, this study aimed to evaluate the effect of lactic bacteria starter
culture (Lc. lactis and Lb. fermentum) fermentation on the phytochemical content (phenolic
compounds and flavonoids), antioxidant capacity, sensory acceptability and microbial
safety of African black nightshade and African spiderplant.

2. Results and Discussion
2.1. Fermentation Dynamics

The pH values dropped from 6.80 and 6.82 to 3.82 and 3.23 at the end of the fer-
mentation period in the starter-culture-inoculated African spiderplant and African black
nightshade, respectively, (Figure 1), while the pH values in the control fermentation (uninoc-
ulated batches) were 3.83 and 4.46 in African black nightshade and African spiderplant,
respectively. Just within 24 h of the present fermentation, the pH was lower when compared
to the pH of 5.20 in the starter-culture-inoculated African black nightshade and African
spiderplant observed by Degrain et al. [36] at 72 h. Between 24 h and 48 h, lactic acid
bacteria were at the logarithmic phase of growth in all fermented AIVs (Figure 1).
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Figure 1. Lactic acid bacteria counts and pH of fermented African black nightshade and African
spiderplant. The mean ± SD counts and pH values were determined from duplicate fermentations.

The LAB counts were approximately log 7.70 CFU/mL and 7.83 CFU/mL for the
uninoculated African black nightshade and African spiderplant, respectively, whereas
log 9.09 CFU/mL and log 8.30 CFU/mL of LAB counts were observed in the starter-
culture-inoculated African black nightshade and African spiderplant, respectively, at 96 h
(Figure 1). The inoculum contributed to the rapid growth pattern of lactic acid bacteria in
starter-culture-inoculated AIVs.

The starter strains produce antimicrobial compounds such as organic acids and bacte-
riocins that help to promote the fermentation process [18,19]. The organic acids lower the
pH of the food medium. The low acidity facilitates the organic acids to diffuse through the
cell membrane, collapsing the electrochemical gradient of protons through the cell which
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leads to death of the cells of harmful microorganisms. The bacteriocins, on the other hand,
destabilize and permeabilize the cell membrane by forming ionic pores or channels, which
release molecules such as amino acids and prevent the formation of macromolecules [37].
This ability of lactic acid bacteria to replenish harmful microorganisms has opened their
use as bio-preservation agents [34,35,38].

In both starter-culture-inoculated and uninoculated fermentation batches, the enteric
bacteria were eliminated after approximately 72 h (Figure 2). It is noticeable that in the
uninoculated batches, it took 72 h for their removal, while the use of the starter cultures led
to the removal of contaminants just after 48 h (Figure 2). In all batches, there was no more
presence of yeast and moulds after 48 h (Figure 3). This is in agreement with the study
by Chen et al. [31], who observed up to 96% LAB at the end of fermentation. This unique
growth pattern gives safety to fermented foods, as suggested by Oguntoyinbo et al. [32].
The ability of the starter strains to produce antimicrobial compounds such as organic acids
and bacteriocins helps to safeguard the fermentation product [19].
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Figure 2. Total enteric count of fermented African black nightshade and African spiderplant. The
mean ± SD counts were determined from duplicate fermentations.

Lc. lactis rapidly lowers the pH, hence inhibiting the growth of potential microbial
contaminants while at the same time providing a favourable environment for Lb. fermentum
to grow. At 72 h, there was no more growth of enteric bacteria, yeast and moulds in the
starter-culture-inoculated batches (Figures 2 and 3). However, in uninoculated batches,
enteric bacteria, yeast and moulds could be detected even after 72 h (Figures 2 and 3). Both
Lb. fermentum and Lc. lactis produce lactic acid, which lowers the pH of the fermented
products and concomitantly inhibits the growth of hazardous microorganisms [19]. These
results are in agreement with those of Stoll et al. [33], where lactic acid bacteria proliferated
in both spontaneous and starter-inoculated vegetables [33]. However, LAB counts were
lower in uninoculated AIVs than in the starter-inoculated samples. The same trend was
observed by Chen et al. (20) and Stoll et al. [33]. The growth of LAB has been associated
with lower pH, which confers to the food safety and quality attributes [23].
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Figure 3. Yeast and mould count of fermented African black nightshade and African spiderplant.
The mean ± SD counts were determined from duplicate fermentations.

2.2. Phytochemical Content (Total Phenolic Compounds and Flavonoids)

Fermentation increased flavonoid and phenolic compound contents, especially in
starter-culture-inoculated AIVs. Both starter-culture-inoculated African black nightshade
and African spiderplant showed significantly higher flavonoids and total phenolic com-
pounds than levels in the uninoculated AIVs (Figures 4 and 5) after 144 h of fermentation.
In the inoculated African black nightshade and African spiderplant, flavonoid contents
were 10.96 mg/g QE and 6.67 mg/g QE, respectively. The increased flavonoids and total
phenolic compounds during the fermentation process are associated with biochemical
changes in the food matrix due to increases in phytochemicals and volatile compounds in
fermented foods [33,38,39]. Enzymes present in lactic acid bacteria such as Lb. fermentum
catalyse changes in the food through the cleavage of bonds or hydrolysis of phytochemical
molecules such as coumaric acid and vanillic acid [40].
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Figure 4. Flavonoid content in mg/g quercetin equivalent (QE) of uninoculated and starter-cultured
AIVs. RNS: unfermented African black nightshade, SNS: uninoculated African black nightshade,
LNS: starter-culture-fermented African black nightshade, RSP: unfermented African spiderplant, SSP:
uninoculated African spiderplant, LSP: starter-culture-fermented African spiderplant. The analysis
was carried out in triplicate. Means with * are statistically different; p > 0.05 according to Tukey’s test.
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lated and starter-cultured AIVs. RNS: unfermented African black nightshade, SNS: uninoculated
African black nightshade, LNS: starter-culture-fermented African black nightshade, RSP: unfer-
mented African spiderplant, SSP: uninoculated African spiderplant, LSP: starter-culture-fermented
African spiderplant. The analysis was carried out in triplicate. Means with * are statistically different;
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There was a statistically significant increase (p < 0.05) in the total phenolic compounds
in all fermented AIVs (Figure 5). In the uninoculated and culture-inoculated African black
nightshade, the phenolic compound contents were 218.4 mg/g GAE and 228.8 mg/g GAE,
respectively. An increase in phenolic compounds has been observed in the fermentation of
African black nightshades and is explained by the ability of lactic fermentation to enhance
the phytochemical content of fermented foods through enzyme-catalysed changes [41,42].
De Grain et al. [36] reported the increase in phenolic compounds in a fermented vegetable
medium with the increase in acidity. The low pH stabilizes the phenolic compounds, and
they can be detected in significant amounts. The enzymatic activity of lactic acid bacteria
results in simpler phenolic compounds and increases in the quantity [43].

2.3. Antioxidant Capacity

In the present study, radical scavenging activity (RSA) was observed in unfermented
African spiderplant and African black nightshade and was maintained in starter-culture-
inoculated vegetables (LNS and LSP) more than in control (uninoculated batch) vegetables
(SSP and SNS) (Figure 6). The RSA was between 60 to 80% in the starter-cultured AIVs, and
this was higher than levels in the control (uninoculated) vegetables. The findings of this
study on antioxidant activity in fermented products are similar to those of Gomez-Zavaglia
et al. [41], and also match the high antioxidant activity noted in apple juice fermented with
L. plantarum [39]. Adebo and Medina-Meza (2020) [42] noted the increase in total phenolic
compounds in African fermented products, which potentially increase the antioxidant
activity of African fermented products. The increase in phytochemical content during
fermentation has been attributed to the increase in antioxidant capacity in fermented
foods [41,43]. Overall, fermentation plays a big role in improving and maintaining the
antioxidant capacity of food through the production of important phenolic compounds
such as quercetin [41].
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2.4. Evaluation of Sensory Acceptability

In this study, fermented vegetables were generally more liked than boiled vegetables
for taste and aroma properties (Figure 7). LAB ferment sugar present in the food and
produce lactic acid, which acidifies the products, while the enzymes and aroma compounds
such as diacetyl and ethyl ester give the product pleasant organoleptic properties [44].
The fermented vegetables were preferred more than those prepared using conventional
methods (boiling). Lactic acid fermentation is believed to enhance flavour in fermented
products [45,46]. The improved sensory properties of lactic fermentation are likely to be
the reason for panellists preferring the fermented ones.
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3. Materials and Methods
3.1. Preparation of Materials and African Indigenous Leafy Vegetables

The African black nightshade and African spiderplant used in this experiment were
purchased from Musanze agricultural products market in Rwanda. They were grown in the
manure fertilized volcanic soil, along the Birunga region, where annual rainfall is between
1300 to 1600 mm. They were grown during the short rainy season and were harvested by
hand between 6–8 weeks. They were transported in a cool box to the Food Microbiology
laboratory, Institute of Food and Bioresources Technology at Dedan Kimathi University
of Technology (DeKUT, Nyeri, Kenya). The leaves were washed with tap water and dried
with paper towels and stored for analysis.

3.2. Preparation of Starter Inocula

The starter cultures Lc lactis and Lb fermentum used in this experiment were obtained
from Jomo Kenyatta University of Agriculture and Technology (JKUAT, Juja, Kenya),
Department of Food Science and Technology, Food Microbiology laboratory. On arrival
at DeKUT Microbiology laboratory, the strains were grown in MRS (De Man, Rogosa and
Sharpe medium, Himedia (Mumbai, India)) at 30 ◦C overnight. The inocula were prepared
by centrifuging 2 mL of fresh overnight cultures at 13,000 rpm for 10 min and washed twice
with quarter-strength Ringer’s solution (Himedia (Mumbai, India)).

3.3. Fermentation of African Black Nightshade and Spider Plant Leaves

Fermentation was performed in 10 L stainless steel buckets with a combined inoculum
of both starter cultures (Lb. fermentum and Lc. lactis) where for each vegetable 1 kg of leaves
and 3 L of salt and sugar brine solution were used. The solution consisted of a combination
of salt and sugar, 3.0 % each. Common table salt (Kensalt ltd), (Mombasa, Kenya) and retail
sugar (Kabras sugar company ltd), (Kakamega, Kenya) were purchased at local stores in
Kenya. The brine solution was sterilized by autoclaving for 15 min at 121 ◦C. Weights were
used to hold all plant material below the surface of the liquid. Inoculation and sampling
were performed under sterile conditions. The samples were allowed to cool to room
temperature, or for the starter batches, they were inoculated with the combined Lc lactis and
Lb fermentum cultures approximately 106–107 CFU/mL, whereas the uninoculated (control)
batch was performed within each fermentation trial [18]. The fermentations were carried
out in duplicate at 25 ◦C. The progress of the fermentation was determined by microbial
enumeration on De Man, Rogosa and Sharpe agar (MRS) Himedia (Mumbai, India), and
pH determination was as described by Wafula et al. [47], while the total enteric bacteria
count and yeast and moulds were enumerated on violet red bile glucose agar (VRBGA)
and potato dextrose agar (PDA) Himedia (Mumbai, India), respectively, as described by
Oguntoyinbo et al. [32] at 0 h, 24 h, 48 h, 72 h, 96 h, 120 h and 144 h. After fermentation, the
leaves were separated from the brine for the analysis of phytochemical content, antioxidant
capacity and sensory acceptability.

3.4. Determination of Phytochemical Content

(a) Determination of flavonoid content

Aluminium chloride colorimetric method was used for the determination of flavonoids [36].
The sample (0.25 g) was mixed with 25 mL of methanol in an amber bottle and extracted
with a shaker for 30 min. The extracts were kept for 72 h and then filtered through a
Whatman No 1 filter paper into a 50 mL round flask. The content was topped up by
methanol before centrifuging for 10 min at 5000 rpm. Then, 4 mL of distilled water and
1 mL of plant extract were added into a 10 mL volumetric flask. After 3 min, 0.3 mL
of 5% sodium nitrite solution was added, and held for 3 min before adding 0.3 mL of
10% aluminium chloride. After 5 min, 2 mL of 1 M sodium hydroxide was added, and the
volume was made up to 10 mL with distilled water. Absorbance was measured at 415 nm
using a UV-Vis spectrophotometer (Shimadzu model UV–1601 PC, Kyoto, Japan). The
amount of total flavonoids was calculated from the calibration curve of standards prepared
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from quercetin. The treatments analysed were as follows: RNS, unfermented African black
nightshade; SNS, uninoculated African black nightshade; LNS, starter-culture-fermented
African black nightshade; RSP, unfermented African spiderplant; SSP, uninoculated African
spiderplant; LSP, starter-culture-fermented African spiderplant.

(b) Determination of total phenolic compound content

Total phenolic compounds were determined using the spectrophotometric method
described by Matenge et al. [1]. For the total phenolic compound analysis, a 72 h extraction
was performed as described above. First, 1 mL of the supernatant was filtered through a
0.45 µ micro-filter into test tubes and mixed with 2 mL of 10% Folin–Ciocalteu’s reagent and
vortexed. Then, 4 mL of 0.7 M sodium carbonate was added, and the mixture was vortexed
again. The mixture was left for 2 h to develop colour before absorbance measurement at
735 nm with a UV-VIS spectrophotometer (Shimadzu model UV–1601 PC, Kyoto, Japan).
Gallic acid was used as the standard.

3.5. Determination of Antioxidant Capacity

Antioxidant capacity was determined through evaluation of the radical scavenging
activities of the various fermented treatments against 2, 2-Diphenyl-1-picryl hydrazyl
(DPPH) radical (Sigma-Aldrich) using the spectrophotometric method described by Degrain
et al. [36] and Rahman et al. [48]. Different concentrations were prepared in methanol: 0, 2.5,
5, 10, 20 and 40 mg/mL. Vitamin C was used as the antioxidant standard at concentrations
similar to those of the extract concentrations. An amount of 1 mL of the extract was placed
in a test tube, and 3 mL of methanol was added, followed by further addition of 0.5 mL of
1 mM DPPH in methanol. A blank solution was prepared containing the same amount of
methanol and DPPH. Methanol was used to zero the spectrophotometer and the absorbance
was read at 517 nm using a UV-Vis spectrophotometer (Shimadzu model UV–1601 PC,
Kyoto, Japan). The radical scavenging activity was calculated using the following formula:

Scavenging activity =
absorbance of control− absorbance of th sample

absorbance of control
× 100

3.6. Evaluation of Sensory Acceptability

Sensory analysis (preference) of the fermented AIVs was performed by 20 untrained
panellists consisting of university students using a 9-scale hedonic scale (9 represented
‘extremely like’ and 1 represented ‘extremely dislike’). The panellists were informed about
the study and gave consent to participate in the study. The unfermented leaves were
prepared by boiling for 10–15 min before sensory evaluation, while the fermented ones
were given to the panellists as they were. Panellists examined their sensory perception of
colour, appearance, taste, feel in the mouth and smell and scored the general acceptability
based on nine (9)-point hedonic scale. The panellists also provided additional descriptive
comments on the fermented AIVs.

3.7. Data Analysis

Statistical analyses of pH values and log10-transformed microbial counts were per-
formed using Microsoft Excel 2021. The results for the phytochemical analyses were
presented as the means and standard deviation of two replicates. The data were analysed
using a one-way analysis of variance using Sigma plot version 14.0, Stat software Inc.,
Munich (Germany), at the significance level of p < 0.05, followed by post hoc comparison
using Tukey’s test. The graphs were plotted using GraphPad Prism software Inc. 9.0.0 Cal-
ifornia (USA). Sensory acceptability results were analysed using SPSS version 21 (IBM,
International Business Machines Corporation, New York, NY, USA).

4. Conclusions

In the present study LAB starter culture fermentation increased phytochemical content
(phenolic compounds and flavonoids) in both African black nightshade and African spider-
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plant. Furthermore, the radical scavenging activity in the LAB starter-culture-fermented
AIVs was between 60 to 80%, which was higher than levels in the control spontaneously
fermented vegetables. There was no statistically significant difference in sensory accept-
ability between African black nightshade and African spiderplant fermented with starter
culture. From the observations of this study, lactic fermentation could help to improve
phytochemical content and antioxidant capacity. However, more studies need to be car-
ried out using other assays such as the Oxygen Radical Absorption Capacity test, the
Hydroxyl Radical Antioxidant Capacity test, the Total Peroxyl Radical Trapping Antioxi-
dant Parameter test, the Total Oxyradical Scavenging Capacity test, the Cupric Reducing
Antioxidant Power test, the Ferric Reducing Antioxidant Power test, the Folin–Ciocalteu
test and the 2,2′-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid test to be able to draw
conclusive observations.

Author Contributions: Conceptualization, M.L.I., E.N.W. and E.E.O.; methodology, M.L.I., E.N.W.
and E.E.O.; software, M.L.I. and E.N.W.; validation, M.L.I., E.N.W. and E.E.O.; formal analysis, M.L.I.;
investigation, M.L.I.; resources, M.L.I. and E.N.W.; data curation, E.N.W. and E.E.O.; writing—original
draft preparation, M.L.I.; writing—review and editing, E.N.W. and E.E.O.; visualization, E.N.W. and
E.E.O.; supervision, E.N.W. and E.E.O.; project administration, M.L.I.; funding acquisition, M.L.I. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded through the East African Community (EAC) Scholarship 2019 funded
by the German Development Bank (KFW) and the Dedan Kimathi University of Technology.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was sought from panellists during sensory evalua-
tion of the vegetables.

Data Availability Statement: Not applicable.

Acknowledgments: Irakoze Marie Lys is grateful to the East African Community Scholarships
for funding the research as part of her master’s studies. Authors are thankful to Jomo Kenyatta
University of Agriculture and Technology and the Dedan Kimathi University of Technology for
granting laboratory access. Further gratitude is given to David Abuga and Jonah Mbae for the
laboratory technical support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Matenge, S.T.P.; Li, J.; Apau, S.; Tapera, R. Nutritional And Phytochemical Content of Indigenous Leafy Vegetables Consumed In

Botswana. Front. Food Nutr. Res. 2017, 3, 1–7.
2. Mbhenyane, X.G. Indigenous Foods and Their Contribution to Nutrient Requirements. South Afr. J. Clin. Nutr. 2017, 30, 5–7.
3. FAO. FAO Fruit and Vegetables–Your Dietary Essentials. In The International Year of Fruits and Vegetables; FAO: Rome, Italy, 2020.

[CrossRef]
4. Nsabimana, A.; Bali Swain, R.; Surry, Y.; Ngabitsinze, J.C. Income and Food Engel Curves in Rwanda: A Household Microdata

Analysis. Agric. Food Econ. 2020, 8, 11. [CrossRef]
5. Ekhuya, N.A.; Wesonga, J.M.; Abukutsa-Onyango, M.O. Production, Processing and Storage Techniques of African Nightshade

(Solanum Spp.) Seeds and Their Correlations with Farmers’ Characteristics in Western Kenya. Afr. J. Food Agric. Nutr. Dev. 2018,
18, 13338–13351. [CrossRef]

6. Ontita, E.; Onyango, C.; Onwonga, R.; Nyamongo, D. Indigenous Knowledge on the Uses of African Nightshades (Solanum
nigram L.) Species among Three Kenyan Communities. Asian J. Agric. Ext. Econ. Sociol. 2016, 14, 1–8. [CrossRef] [PubMed]

7. Odongo, G.A.; Schlotz, N.; Baldermann, S.; Neugart, S.; Huyskens-Keil, S.; Ngwene, B.; Trierweiler, B.; Schreiner, M.; Lamy, E.
African Nightshade (Solanum scabrum Mill.): Impact of Cultivation and Plant Processing on Its Health Promoting Potential as
Determined in a Human Liver Cell Model. Nutrients 2018, 10, 1532. [CrossRef]

8. Oguntoyinbo, F.A.; Fusco, V.; Cho, G.S.; Kabisch, J.; Neve, H.; Bockelmann, W.; Huch, M.; Frommherz, L.; Trierweiler, B.; Becker,
B.; et al. Produce from Africa’s Gardens: Potential for Leafy Vegetable and Fruit Fermentations. Front. Microbiol. 2016, 7, 981.
[CrossRef]

9. Irakoze, M.L.; Wafula, E.N.; Owaga, E. Potential Role of African Fermented Indigenous Vegetables in Maternal and Child
Nutrition in Sub-Saharan Africa. Int. J. Food Sci. 2021, 2021, 3400329. [CrossRef]

10. Mashamaite, C.V.; Manyevere, A.; Chakauya, E. Cleome Gynandra: A Wonder Climate-Smart Plant for Nutritional Security for
Millions in Semi-Arid Areas. Front. Plant Sci. 2022, 13, 1–15. [CrossRef] [PubMed]

http://doi.org/10.4060/CB2395EN
http://doi.org/10.1186/s40100-020-00154-4
http://doi.org/10.18697/ajfand.82.17445
http://doi.org/10.9734/AJAEES/2016/31099
http://www.ncbi.nlm.nih.gov/pubmed/27492652
http://doi.org/10.3390/nu10101532
http://doi.org/10.3389/fmicb.2016.00981
http://doi.org/10.1155/2021/3400329
http://doi.org/10.3389/fpls.2022.1003080
http://www.ncbi.nlm.nih.gov/pubmed/36212376
Eliud Wafula
Highlight



Bacteria 2023, 2 58

11. Imanirampa, L.; Alele, P.E. Antifungal Activity of Cleome gynandra L. Aerial Parts for Topical Treatment of Tinea Capitis: An in
Vitro Evaluation. BMC Complement. Altern. Med. 2016, 16, 194. [CrossRef]

12. Sogbohossou, E.O.D.; Kortekaas, D.; Achigan-Dako, E.G.; Maundu, P.; Stoilova, T.; Van Deynze, A.; de Vos, R.C.H.; Schranz, M.E.
Association between Vitamin Content, Plant Morphology and Geographical Origin in a Worldwide Collection of the Orphan
Crop Gynandropsis gynandra (Cleomaceae). Planta 2019, 250, 933–947. [CrossRef]

13. Singh, H.; Mishra, A.; Mishra, A.K. The Chemistry and Pharmacology of Cleome Genus: A Review. Biomed. Pharmacother. 2018,
101, 37–48. [CrossRef]

14. Seburanga, J.L. Decline of Indigenous Crop Diversity in Colonial and Postcolonial Rwanda. Int. J. Biodivers. 2013, 2013, 401938.
[CrossRef]

15. Moyo, M.; Amoo, S.O.; Aremu, A.O.; Gruz, J.; Šubrtová, M.; Jarošová, M.; Tarkowski, P.; Doležal, K. Determination of Mineral
Constituents, Phytochemicals and Antioxidant Qualities of Cleome gynandra, Compared to Brassica oleracea and Beta vulgaris. Front.
Chem. 2018, 5, 128. [CrossRef]

16. Traoré, K.; Parkouda, C.; Savadogo, A.; Ba/Hama, F.; Kamga, R.; Traoré, Y. Effect of Processing Methods on the Nutritional
Content of Three Traditional Vegetables Leaves: Amaranth, Black Nightshade and Jute Mallow. Food Sci. Nutr. 2017, 5, 1139–1144.
[CrossRef] [PubMed]

17. Essack, H.; Odhav, B.; Mellem, J.J. Screening of Traditional South African Leafy Vegetables for Specific Anti-Nutritional Factors
before and after Processing. Food Sci. Technol. 2017, 37, 462–471. [CrossRef]

18. Stoll, D.A.; Wafula, E.N.; Mathara, J.M.; Trierweiler, B.; Kulling, S.E.; Huch, M. Fermentation of African Nightshade Leaves with
Lactic Acid Bacterial Starter Cultures. Int. J. Food Microbiol. 2021, 342, 109056. [CrossRef]

19. Medina, E.; de Castro, A.; Romero, C.; Ramírez, E.M.; Brenes, M. Safety of Fermented Fruits and Vegetables; Elsevier Inc.: Amsterdam,
The Netherlands, 2016; ISBN 9780128006207.

20. Gadaga, T.; Lehohla, M.; Ntuli, V. Traditional Fermented Foods of Lesotho. J. Microbiol. Biotechnol. Food Sci. 2020, 9, 2387–2391.
21. Capozzi, V.; Fragasso, M.; Romaniello, R.; Berbegal, C.; Russo, P.; Spano, G. Spontaneous Food Fermentations and Potential Risks

for Human Health. Fermentation 2017, 3, 49. [CrossRef]
22. Medina, P.E.; Pérez-Díaz, I.M.; Garrido-Fernández, A.; Arroyo-López, F.N. Review of Vegetable Fermentations with Particular

Emphasis on Processing Modifications, Microbial Ecology, and Spoilage. In The Microbiological Quality of Food Foodborne Spoilers;
Woodhead Publishing: Sawston, UK, 2017; pp. 211–236. [CrossRef]

23. Naghmouchi, K.; Belguesmia, Y.; Bendali, F.; Spano, G.; Seal, B.S.; Drider, D. Lactobacillus fermentum: A Bacterial Species with
Potential for Food Preservation and Biomedical Applications. Crit. Rev. Food Sci. Nutr. 2019, 60, 3387–3399. [CrossRef]

24. Darby, T.M.; Owens, J.A.; Saeedi, B.J.; Luo, L.; Matthews, J.D.; Robinson, B.S.; Naudin, C.R.; Jones, R.M. Lactococcus Lactis Subsp.
Cremoris Is an Efficacious Beneficial Bacterium That Limits Tissue Injury in the Intestine. iScience 2019, 12, 356–367. [CrossRef]
[PubMed]

25. Maalaoui, A.; Trimeche, A.; Marnet, P.G.; Demarigny, Y. Use of Lactococcus lactis subsp. lactis strains to inhibit the development of
Pathogens. Food Nutr. Sci. 2020, 11, 98–112. [CrossRef]

26. Lemi, B.W. Microbiology of Ethiopian Traditionally Fermented. Int. J. Microbiol. 2020, 2020, 1478536.
27. Tamang, J.p.; Cotter, P.D.; Endo, A.; Han, N.S.; Kort, R.; Liu, S.Q.; Mayo, B.; Westerik, N.; Hutkins, R. Fermented Foods in a Global

Age: East Meets West. Compr. Rev. Food Sci. Food Saf. 2020, 19, 184–217. [CrossRef]
28. Gabaza, M.; Muchuweti, M.; Vandamme, P.; Raes, K. Can Fermentation Be Used as a Sustainable Strategy to Reduce Iron and

Zinc Binders in Traditional African Fermented Cereal Porridges or Gruels? Food Rev. Int. 2017, 33, 561–586. [CrossRef]
29. Ibinabo, T.I.; Wafula, E.N.; Josiah, K.; Julius, M.M. Phenotypic and Genotypic Characterization of Lactic Acid Bacteria Isolated

from Spontaneously Fermented Vegetable Amaranth. Afr. J. Food Sci. 2021, 15, 254–261. [CrossRef]
30. Wafula, E.N.; Brinks, E.; Becker, B.; Huch, M.; Trierweiler, B.; Mathara, J.M.; Oguntoyinbo, F.A.; Cho, G.S.; Franz, C.M.A.P. Draft

Genome Sequence of Lactobacillus Fermentum BFE 6620, a Potential Starter Culture for African Vegetable Foods, Isolated from
Fermented Cassava. Genome Announc. 2017, 5, 7–8. [CrossRef]

31. Chen, Z.; Kang, J.; Zhang, Y.; Yi, X.; Pang, X.; Li-Byarlay, H.; Gao, X. Differences in the Bacterial Profiles and Physicochemical
between Natural and Inoculated Fermentation of Vegetables from Shanxi Province. Ann. Microbiol. 2020, 70, 60. [CrossRef]

32. Oguntoyinbo, F.A.; Cho, G.S.; Trierweiler, B.; Kabisch, J.; Rösch, N.; Neve, H.; Bockelmann, W.; Frommherz, L.; Nielsen, D.S.;
Krych, L.; et al. Fermentation of African Kale (Brassica carinata) Using L. plantarum BFE 5092 and L. fermentum BFE 6620 Starter
Strains. Int. J. Food Microbiol. 2016, 238, 103–112. [CrossRef]

33. Huch (née Kostinek), M.; Hanak, A.; Specht, I.; Dortu, C.M.; Thonart, P.; Mbugua, S.; Holzapfel, W.H.; Hertel, C.; Franz, C.M.A.P.
Use of Lactobacillus Strains to Start Cassava Fermentations for Gari Production. Int. J. Food Microbiol. 2008, 128, 258–267.
[CrossRef]

34. Ho, V.T.T.; Lo, R.; Bansal, N.; Turner, M.S. Characterisation of Lactococcus Lactis Isolates from Herbs, Fruits and Vegetables for
Use as Biopreservatives against Listeria Monocytogenes in Cheese. Food Control 2018, 85, 472–483. [CrossRef]

35. Bukvicki, D.; Siroli, L.; D’Alessandro, M.; Cosentino, S.; Fliss, I.; Said, L.B.; Hassan, H.; Lanciotti, R.; Patrignani, F. Unravelling
the Potential of Lactococcus Lactis Strains to Be Used in Cheesemaking Production as Biocontrol Agents. Foods 2020, 9, 1815.
[CrossRef]

36. Degrain, A.; Manhivi, V.; Remize, F.; Garcia, C.; Sivakumar, D. Effect of Lactic Acid Fermentation on Color, Phenolic Compounds
and Antioxidant Activity in African Nightshade. Microorganisms 2020, 8, 1324. [CrossRef] [PubMed]

http://doi.org/10.1186/s12906-016-1187-9
http://doi.org/10.1007/s00425-019-03142-1
http://doi.org/10.1016/j.biopha.2018.02.053
http://doi.org/10.1155/2013/401938
http://doi.org/10.3389/fchem.2017.00128
http://doi.org/10.1002/fsn3.504
http://www.ncbi.nlm.nih.gov/pubmed/29188041
http://doi.org/10.1590/1678-457x.20416
http://doi.org/10.1016/j.ijfoodmicro.2021.109056
http://doi.org/10.3390/fermentation3040049
http://doi.org/10.1016/B978-0-08-100502-6.00012-1
http://doi.org/10.1080/10408398.2019.1688250
http://doi.org/10.1016/j.isci.2019.01.030
http://www.ncbi.nlm.nih.gov/pubmed/30739017
http://doi.org/10.4236/fns.2020.112009
http://doi.org/10.1111/1541-4337.12520
http://doi.org/10.1080/87559129.2016.1196491
http://doi.org/10.5897/AJFS2021.2107
http://doi.org/10.1128/genomeA.00801-17
http://doi.org/10.1186/s13213-020-01605-5
http://doi.org/10.1016/j.ijfoodmicro.2016.08.030
http://doi.org/10.1016/j.ijfoodmicro.2008.08.017
http://doi.org/10.1016/j.foodcont.2017.09.036
http://doi.org/10.3390/foods9121815
http://doi.org/10.3390/microorganisms8091324
http://www.ncbi.nlm.nih.gov/pubmed/32872680
Eliud Wafula
Highlight

Eliud Wafula
Highlight

Eliud Wafula
Highlight



Bacteria 2023, 2 59

37. García-Díez, J.; Saraiva, C. Use of Starter Cultures in Foods from Animal Origin to Improve Their Safety. Int. J. Environ. Res.
Public Health 2021, 18, 2544. [CrossRef]

38. Martín, I.; Barbosa, J.; Pereira, S.I.A.; Rodríguez, A.; Córdoba, J.J.; Teixeira, P. Study of Lactic Acid Bacteria Isolated from
Traditional Ripened Foods and Partial Characterization of Their Bacteriocins. LWT 2023, 173, 114300. [CrossRef]

39. Mora-Villalobos, J.A.; Montero-Zamora, J.; Barboza, N.; Rojas-Garbanzo, C.; Usaga, J.; Redondo-Solano, M.; Schroedter, L.;
Olszewska-Widdrat, A.; Pablo López-Gómez, J. Fermentation Multi-Product Lactic Acid Bacteria Fermentations: A Review.
Fermentation 2020, 6, 23. [CrossRef]

40. Zhao, Y.S.; Eweys, A.S.; Zhang, J.Y.; Zhu, Y.; Bai, J.; Darwesh, O.M.; Zhang, H.B.; Xiao, X. Fermentation Affects the Antioxidant
Activity of Plant-Based Food Material through the Release and Production of Bioactive Components. Antioxidants 2021, 10, 2004.
[CrossRef]

41. Gomez-Zavaglia, A.; De Los Angeles Serradell, M.; Ozogul, F.; Tamang, J.P.; Shin, D.-H.; Jung, S.-J.; Chae, S.-W. Functional
Properties of Microorganisms in Fermented Foods. Front. Microbiol. 2016, 7, 578. [CrossRef]

42. Adebo, O.A.; Medina-Meza, I.G. Impact of Fermentation on the Phenolic Compounds and Antioxidant Activity of Whole Cereal
Grains: A Mini Review. Molecules 2020, 25, 927. [CrossRef]

43. Wijayanti, E.D.; Setiawan, N.C.E.; Christi, J.P. Effect of Lactic Acid Fermentation on Total Phenolic Content and Antioxidant
Activity of Fig Fruit Juice (Ficus carica). Atlantis Press. 2017, 2, 282–289. [CrossRef]

44. Amaral, G.; Bushee, J.; Cordani, U.G.; KAWASHITA, K.; Reynolds, J.H.; ALMEIDA, F.F.M.D.E.; de Almeida, F.F.M.; Hasui, Y.;
de Brito Neves, B.B.; Fuck, R.A.; et al. Patterns and Determinants of Fruit and Vegetable Consumption in Sub-Sahara Africa: A
Multicountry Comparison. J. Petrol. 2013, 369, 1689–1699. [CrossRef]

45. Chelule, P.K.; Madiba, S.; Mokgatle, M. Perceptions and Usage of Selected Fermented Foods for Feeding Children Aged
13–60 Months in Tshwane, Gauteng Province. Pan Afr. Med. J. 2020, 36, 1–8. [CrossRef] [PubMed]

46. Felix, E.A.; Francis, K.A. Effect of Traditional Fermentation Process on the Nutrient and Anti-Nutrient Content of Maize and
African Locust Beans. J. Food Sci. Nutr. Res. 2019, 2, 65–75. [CrossRef]

47. Wafula, E.N.; Kuja, J.O.; Wekesa, T.B. Isolation and Identification of Autochthonous Lactic Acid Bacteria from Commonly
Consumed African Indigenous Leafy Vegetables in Kenya. Bacteria 2023, 2, 1–20. [CrossRef]

48. Rahman, M.M.; Islam, M.B.; Biswas, M.; Khurshid Alam, A.H.M. In Vitro Antioxidant and Free Radical Scavenging Activity of
Different Parts of Tabebuia Pallida Growing in Bangladesh. BMC Res. Notes 2015, 8, 621. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/ijerph18052544
http://doi.org/10.1016/j.lwt.2022.114300
http://doi.org/10.3390/fermentation6010023
http://doi.org/10.3390/antiox10122004
http://doi.org/10.3389/fmicb.2016.00578
http://doi.org/10.3390/molecules25040927
http://doi.org/10.2991/hsic-17.2017.44
http://doi.org/10.1017/CBO9781107415324.004
http://doi.org/10.11604/pamj.2020.36.293.25053
http://www.ncbi.nlm.nih.gov/pubmed/33117487
http://doi.org/10.26502/jfsnr.2642-11000010
http://doi.org/10.3390/bacteria2010001
http://doi.org/10.1186/s13104-015-1618-6
Eliud Wafula
Highlight


	Introduction 
	Results and Discussion 
	Fermentation Dynamics 
	Phytochemical Content (Total Phenolic Compounds and Flavonoids) 
	Antioxidant Capacity 
	Evaluation of Sensory Acceptability 

	Materials and Methods 
	Preparation of Materials and African Indigenous Leafy Vegetables 
	Preparation of Starter Inocula 
	Fermentation of African Black Nightshade and Spider Plant Leaves 
	Determination of Phytochemical Content 
	Determination of Antioxidant Capacity 
	Evaluation of Sensory Acceptability 
	Data Analysis 

	Conclusions 
	References

