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Abstract: Shameta is a traditional, Ethiopian, cereal-based fermented porridge exclusively prepared
for lactating mothers. The aim of this study was to determine the microbial quality of Shameta
samples collected from households of lactating mothers and to determine microbial dynamics and
physicochemical changes during laboratory fermentation of Shameta. Isolation and characterization
of the dominant microbes and analysis of the physicochemical properties of samples were done
following standard microbiological methods and analytical techniques. Results of this study showed
that the highest mean count of lactic acid bacteria (8.33 log cfu/g) was recorded in a sample from
laboratory-fermented barley-based Shameta, and the lowest (5.88 log cfu/g) in Shameta made from
a mixture of barley and maize (BMS). In both barley-based and maize-based laboratory-prepared
Shameta, the microflora were dominated by LAB, followed by yeasts. The dominant LAB were
the genus Lactobacillus (74.85%), followed by Enterococcus (15.79%). It could be concluded that
Shameta collected from households of lactating mothers are fairly safe for consumption, as the
stringent physicochemical conditions of the final product could inhibit the growth of pathogens.
However, as Shameta is a traditional fermented porridge fed to lactating mothers, we call for a further
improvement to the fermentation process by using defined starter cultures.

Keywords: barley-based Shameta; fermentation; LAB; lactating mothers; maize-based Shameta;
porridge; starter culture

1. Introduction

Fermented foods are among the staple foods of humans and have been produced
and consumed since the development of human civilizations [1]. In Africa, cereal-based
fermented foods are staples and complementary and weaning foods for infants and young
children [2]. Traditional fermented foods are prepared using locally available equipment,
raw materials and microorganisms known of by old traditions, although the products
and materials used vary from place to place [3,4]. Due to their preparation processes that
involve uncontrolled conditions, traditional food fermentation processes involve a wide
range of microorganisms and their enzymes to achieve the desirable characteristics [5].
However, lactic acid fermentation has attracted attention, as it reduces contamination by
pathogenic microbes because of their well-established ability to produce lactic acid, besides
other antimicrobial metabolites, that result in lowering of the pH of the fermented food
products [6].

The major microbes in cereal-based fermented foods are lactic acid bacteria (LABs),
yeasts and molds [7,8]. Along with other microorganisms, such as endospore forming
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bacteria, they play significant roles at different stages of fermentation, such as enhancing
organoleptic and preservative properties while improving nutritional quality [9,10]. The
growth dynamics, survival and biochemical activities of microorganisms in food are the
results of stress reactions in response to the physicochemical changes in the food’s microen-
vironment [11]. Many studies support that LAB grow better than other microorganisms in
fermented food products due to the increase in acidity; the anaerobic conditions created
in the course of fermentation; and their ability to produce antimicrobial products, such as
hydrogen peroxide, diacetyl, carbon dioxide, organic acids and bacteriocins [12,13].

Shameta is an indigenous traditional fermented porridge produced and consumed
by lactating women in order to help them recover and gain strength after delivering
babies. It is produced from a mixture of different ingredients, such as cereal grains (maize,
barley, sorghum or wheat); vegetable oils, mainly rapeseed; and spices and herbs as flavor
enhancers and preservatives. Unlike other fermented products in Ethiopia, Shameta is made
with a double fermentation process, especially when maize is used as a major ingredient.
In the first stage of fermentation, the ingredient mixture (dough) is allowed to ferment
for a week and then cooked to make porridge. Cooked porridge, once cooled at room
temperature, is subjected to the second fermentation process (that lasts for 14-30 days) after
the addition of some other ingredients. During these two fermentations, it is expected that
different changes take place in terms of microbial dynamics and physicochemical parameters.

So far, several studies have been done on describing the process, microbial dynamics
and safety of various fermented foods of Ethiopia, such as Borde [14], Azo [15], Tella [16],
Bubugn [17] and Wakalim [18]. However, there is a gap in the assessment of the microbial
quality and growth dynamics of traditionally prepared and used Shameta in the western
part of the country. Therefore, the aim of this study was to determine the microbial quality
of Shameta samples collected from households of lactating mothers and to investigate the
growth dynamics and identify the dominant microorganisms in Shameta fermentation
under laboratory conditions. The information generated in this study could help to deter-
mine the appropriate fermentation time, proper substrate combinations and safety level of
traditionally prepared Shameta, besides presenting baseline data for large scale production
of the product using a defined starter culture.

2. Materials and Methods
2.1. Description of the Study Area

The study was carried out in East Wollega Zone of Oromia Regional State, located in
the western part of Ethiopia at latitude of 80°31'52" south and longitude of 360°07'51" east.
It has annual rainfall of 1150-2070 mm/year on average and a temperature range of 18.5
to 27.5 °C (Figure 1). Based on the census conducted by the Central Statistical Authority
of Ethiopia [19], this zone has 17 districts and a total population of 1,213,503, of whom
606,379 are men and 607,124 are women. It has an area of 12,579.77 Km?2. Some of the major
crops grown in the zone are Teff (Eragrostis tef), barley (Hordeum vulgare), wheat (Triticum
aestivum), faba bean (Vicia faba L), sesame, groundnut, field pea, maize, sorghum, finger
millet, potato, tomato and hot pepper [20]. The zone was selected based on the popularity
of the use of fermented porridge (Shameta) in the diets of lactating mothers.

2.2. Shameta Sample Collection and Laboratory-Scale Fermentation of Shameta
2.2.1. Study Population and Household Shameta Sampling

Shameta is a fermented porridge solely produced and consumed by lactating mothers
of the Oromo community in the western part of Ethiopia. East Wollega Zone was pur-
posively selected for the study based on the community’s rich experience and culture of
producing and consuming Shameta. From the zone, four districts (Sibu Sire, Guto Gida,
Jimma Arjo and Wayu Tuka) (Figure 1) were purposively selected for the study due to the
popularity of the product among lactating mothers in those districts. Lactating mothers
who gave birth in health centers during 2-16 January 2021 were considered as the study
population. This was intentionally done to collect samples having more or less similar
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fermentation ages. Mothers who gave birth before and after the specified dates of data
collection, and those who gave birth outside of health centers, were excluded from the
study. A significant deviation in processing method or ingredients compared to the tra-
ditional practice were also considered exclusion criteria. A list of the mothers who gave
birth in the specified period was acquired from the district heath offices. Accordingly, a
study population consisting of 103 lactating mothers (35 from Sirbu Sire, 34 from Guto
Gida, 23 from Jimma Arjo and 11 from Wayu Tuka) was used for the study. Based upon
the proportion sampling method, a total of 27 samples were randomly collected from four
districts (Sibu Sire (9), Guto Gida (9) Jimma Arjo (6) and Wayu Tuka (3)). Collection of
additional data related to ingredients used, methods employed and other relevant infor-
mation continued to the end of April 2021. The ethical clearance permit was secured from
the Research and Ethical Clearance Board of Jimma University, College of Agriculture and
Veterinary Medicine, before resuming data and Shameta sample collection. Both data and
sample collections were performed in accordance with the permit secured from the board.
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Figure 1. Map of the study site.

2.2.2. Collection of Shameta Samples

During sample collection, efforts were made to gather fresh samples based upon the
delivery date of mothers (two-week interval). As indicated above, 9 samples each from
Sibu Sire and Guto Gida, 6 from Jimma Arjo and 3 from Wayu Tuka districts were collected
in triplicate. Based upon ingredients and fermentation time, three similar samples were
combined and thoroughly mixed to group the samples into nine categories (Table 1). The
samples were collected using sterilized glass bottles with a holding capacity of 500 mL each
and transported using an icebox.

2.2.3. Laboratory Sample Preparation

Preparation of maize: Maize grains were sorted, cleaned and thoroughly washed by
immersion in cold tap water. It was stirred by hand and strained out of the water to remove
impurities. The kernels were then sun dried and milled using hammer milling machine into
flour to a sieve size of 0.5 mm. Finally, the maize flour was packaged and stored at room
temperature in glass bottles (container) until it was used for formulation and fermentation.
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Table 1. Sample collection sites and the ingredients used for the preparation of Shameta samples,
East Wollega Zone, 2020.

Sample Sources

Samples

Approximate Premix Added

(Districts) Code Major Ingredients Types of Spices and Herbs Rapeseed Oil
Added (%)
Sibu Sire BMWS Barley (86%) + Maize (5%) + wheat (5%) F + BCU + Gr + R (0.5%) 35
BMS Barley (89%) + Maize (5%) BC + BC2 + R (1.5%) 4.5
MS Maize (95%) F+WC + Gr + R (0.5%) 4.5
Guto Gida MEFG Maize (86.5%) + Faba bean (5%) F + BC + BCU + Gr + B (1%) 7.5

MG Maize (91%) G+BC+Gr+B(1%) 8

MBEG Maize (81%) + Ba(r;‘;’/y) (5%) + Fababean  po | Wy Gr+ R (1.5%) 75
Jimma Arjo BMJ Barley (87%) + Maize (5%) F + Gr (0.5%) 75
BJ Barley (96%) F + Gr (0.5%) 35
Wayu Tuka MW Maize (91%) BCU + R (1.5%) 7.5

BMWS = barley (86%) + maize (5%) + wheat (5%) from Sibu Sire, BMS = barley (89%) + maize (5%) from Sibu Sire,
MS = maize (95%) from Sibu Sire, MFG = maize (86.5%) + faba bean (5%) from Guto Gida, MG = maize (91%) from
Guto Gida, MBFG = maize (81%) + barley (5%) + faba bean (5%) from Guto Gida, BMJ = barley (87%) + maize
(5%) from Jimma Arjo, B] = barley (96%) from Jimma Arjo, MW = maize (91%) from Wayu Tuka, F = fenugreek,
BCU = black cumin, Gr = garlic bulb, R = rue leaf, BC = black cardamom, Gn = Ginger, WC = White cumin,
B = basil leaf (n = 27).

Preparation of barley: Barley was cleaned by the sorting technique followed by de-
hulling by mortar and pestle (made of wood) with the addition of little water to soften the
bran and ease its removal. The bran was removed from the dried barely and milled using a
hammer milling machine into flour to a sieve size of 0.5 mm. Finally, the maize flour was
packaged and stored at room temperature in glass bottles (container) until it was used for
formulation and fermentation.

Preparation of faba beans: Faba beans were sorted and cleaned, and their skin was
removed via hummer mill. Then, after the skin was removed, it was milled using a hammer
milling machine into flour to a sieve size of 0.5 mm. Finally, the faba bean flour was
packaged and stored at room temperature in glass bottles (container) until it was used for
formulation and fermentation.

Preparation of rapeseed: During preparation of rapeseed, a grinding stone was used
for size reduction. The traditional sorter was used to remove unwanted materials after it
was dried in the sun light. Then, the rapeseed was milled repeatedly using a mortar and
pestle, until crude oil was visible in the mortar. The ground rapeseed was transferred to a
clay pot (3 L holding capacity) and sealed for three days. After three days, 1 L hot water
was added to crude rapeseed oil, and it was separated from the cake by pressing the mix
through a cloth and sieve.

Preparation of spices: Spices such as fenugreek (Trigonella foenum-graecum), black
cumin (Nigella sativa), black cardamom and white cumin (Cuminum cyminum) were roasted
on a griddle made of a thick iron sheet after grinding using a spice grinding machine.
However, garlic bulbs and basil leaves were only cleaned and washed with water before
being added to the mixture of all ingredients. The mix was transferred to a fermentation
vessel to kick of the fermentation processes.

Barley-based Shameta fermentation: In this study, the major ingredient used for
laboratory fermentation of Shameta was barley (Hordeum vulgare) (10.44 kg), as maize (Zea
mays) (0.6 kg) was added only to improve the appearance (white color) of the final product.
The barley was mixed with maize before milling, which was followed by sieving the flour
and cooking it. The flour was cooked for about 2:30 h, and rape seed oil (0.9 kg) was added
before the porridge matured. Different spices (0.06 kg) were added after the porridge was
cooked very well. Then, the porridge was allowed to cool overnight at room temperature
and transferred to a fermenting vessel in which garlic bulbs and basil leaves were added in
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a stratified manner in between each stratum of cooked and cooled porridge, with the layers
being of equal volumes (Figure 2).
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Figure 2. Flow diagram of traditional barley and maize-based Shameta preparation.

Maize-based Shameta fermentation: As its name indicates, the major ingredient used
for maize-based Shameta preparation was maize (Zea mays) (9.72 kg). Barley (Hordeum
vulgare) (0.6 kg) and faba beans (Vicia faba L.) (0.6 kg) were added as minor or supplementary
ingredients. Maize was mixed with barley and faba beans before milling and sieving of
the flour. The flour was cooked for about 1:30 h, and rape seed oil was added before the
porridge matured. The spices were added to the matured porridge. Then, the porridge
was allowed to cool overnight at room temperature before transferring it to fermenting
vessel, in which garlic bulbs and basil leaves were added in between strata or layers of
cooked and cooled porridge intermittently, as mentioned above for barley-based Shameta
fermentation (Figure 2).

2.3. Determination of pH and Titratable Acidity (TA)

The pH was measured using a digital portable pH meter (pH-013, China) after ho-
mogenizing five grams of the sample in 20 mL distilled water, followed by pipetting and
measuring of 10 mL of the homogenized sample into a beaker [21]. The TA of Shameta
was determined by homogenizing 2.5 g of sample in 10 mL of distilled water and filtering
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the mixture through Whatman No. 1 filter paper [22]. In the filtrate, 3 to 5 drops of 1%
(wt/v) phenolphthalein indicator was added, and the sample was titrated with freshly
prepared 0.1 mol/L NaOH solution until a faint pink color persisted for 30 s. The TA value,
in terms of lactic acid as a dominant organic acid in the product, was determined using the
following equation:

N X Vnaon X Eq.wt x 100
Vs (mL) x 1000

%Lactic Acid (wt/v) = 1)
where, N = normality of titrant (mEq/mL), VNaon = volume of titrant (mL), Eq. wt = equivalent
weight of predominant acid (mg/mEq, which is 90.08 for lactic acid), Vs = volume of sample
(mL) and 1000 = a factor for converting mg to grams.

2.4. Moisture Content Determination

A standard method of the Association of Official Analytical Chemists [23], particularly
official method 925.09, was used to determine the moisture contents of Shameta samples.

2.5. Enumeration of Microbial Groups

The counting and characterization of microbial groups were carried out following
standard microbiological methods [24]. For Shameta fermented under laboratory conditions
but following the traditional preparation techniques, samples were drawn at 0 h and then
every 24 h for 10 days, and finally on day 14 to examine the microbial dynamics of barley-
based Shameta. Similarly, samples were drawn at 0 h and then every 24 h for the first 13 days
to examine the microbial dynamics of maize-based Shameta. For both Shameta samples
collected from households of lactating mothers and laboratory-prepared Shameta, each 10 g
sample was aseptically transferred into 90 mL of sterile peptone water and homogenized in
a flask at 100 rpm for 10 min on a shaker (Compact shaker, D-72379 Hechingen, Germany).
After homogenization, 1 mL of each sample was aseptically transferred into 9 mL of pre-
sterilized peptone water and mixed thoroughly using a vortex mixer. Then, the homogenate
was serially diluted up to 10=7, and 0.1 mL volume aliquots of appropriate dilutions were
spread-plated on respective pre-sterilized and surfaced dried agar media. Finally, the
inoculated plates were incubated at appropriate temperatures and for various durations,
after which counts (enumeration) were carried out as described below:

2.5.1. Aerobic Mesophilic Bacteria (AMB) Counts

A 0.1 mL aliquot from the appropriate dilution was spread-plated in duplicate on plate
count agar (PCA) and incubated at 32 °C for 48 h. Counts were performed with countable
plates (30-300 colonies per plate) using a colony counter, and each count is expressed in
log cfu/g.

2.5.2. Enterobacteriaceae Counts

A 0.1 mL aliquot from the appropriate dilution was spread-plated in duplicate on
Violet Red Bile Glucose (VRBG) agar and incubated at 32 °C for 24 h. Then, purple/pink
colored colonies surrounded by purple halos were counted as members of Enterobacteriaceae.

2.5.3. Total Coliform Counts

To enumerate total coliforms, a 0.1 mL aliquot of serially diluted sample was inoculated
into trypticase soya agar (TSA) (Oxoid, London, UK), and after 30 min, overlaid with Violate
Read Bile (VRBA) agar medium (BFCO). The plates were incubated at 37 °C for 24 h. Then,
typical coliform colonies were counted [25].

2.5.4. Aerobic Spore-Forming Bacteria Count (ASFB)

For ASFB counts, 10 mL of the appropriate dilution was heat treated in a water bath
adjusted to 80 °C for 10 min and cooled rapidly under tap water. Then, a 0.1 mL aliquot
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from the appropriate dilution was spread-plated on nutrient agar (NA) and incubated at
32°Cfor 72 h.

2.5.5. Lactic Acid Bacteria Counts

From the appropriate dilutions, 0.1 mL aliquots were spread-plated in duplicate on
pre-dried surfaces of MRS (de-Mann, Rogosa and Sharpe) agar (Oxoid) plates. The plates
were incubated under anaerobic conditions using anaerobic jar (BBL, anaerobic Jar System)
at 30-32 °C for 48 h [26].

2.5.6. Staphylococci Counts

A 0.1 mL aliquot from the appropriate dilution was spread-plated on mannitol salt
agar and incubated at 32 °C for 3648 h. Thereafter, yellow colonies surrounded by red
color were counted as staphylococci.

2.5.7. Yeast and Mold Counts

Yeast and mold were counted by inoculating a 0.1 mL aliquot from the appropriate
dilution on potato dextrose agar (PDA) medium supplemented with 200 mgL~! chloram-
phenicol and incubated at 25 °C for 3-5 days [27].

2.5.8. Detection of Salmonella spp.

Pre-enrichment for Salmonella was done by mixing 25 g of a sample with 225 mL
of buffered peptone water in a sterile flask and incubated at 37 °C for 24 h. Selective
enrichment was done by transferring 1 mL of the pre-enrichment culture into 10 mL of
selective selenite broth, homogenizing the mix and incubating the mix at 37 °C for 24 h. A
loopful culture from selective enrichment broth was further transferred to selective agar
media (xylose lysine deoxycholate (XLD)) agar and incubated at 37 °C [28]. Characteristic
Salmonella isolates were further characterized biochemically for confirmation of whether
the presumptive Salmonella isolates belonged to the genus Salmonella or not. For further
confirmation of the presumptive Salmonella, the triple sugar iron (TSI) test, lysine iron
test, urease production test, citrate utilization test, H,S gas test and indole production test
were conducted using triple sugar iron agar, lysine iron agar, urea agar, Simmon citrate
agar and sulfide indole motility medium (all Oxoid), respectively, following the standard
microbiological procedure.

2.6. Characterization of LAB

Pure cultures of LAB isolates were characterized by basic morphological features,
Gram reaction, catalase production, acid and gas production from glucose, growth under
different salt concentrations and level of acidity following standard microbiological meth-
ods. Finally, the isolates were grouped into different genera based on their morphological,
biochemical and physiological characteristics [29].

2.7. Cell Shape, Cell Arrangement and Motility Test

Overnight, pure broth cultures were smeared on clean microscopy slides, and then we
analyzed them under phase contrast microscopy for their cell shapes and arrangements [21].
Motility was studied using a sulfur indole motility solution on MRS medium according to
Okoro et al.s method [30].

2.8. Gram Reaction

Isolates were grouped into either Gram-positive or Gram-negative based on their
responses to the Gram reaction test [31]. Briefly, each isolate was smeared on a grease
free slide, air-dried and heat fixed by passing each slide over the blue flame of a burning
Bunsen burner repeatedly. Each slide was flooded with a crystal violet solution, dried for
a minute, rinsed with distilled water and treated with iodine for a minute. The stained
slides were decolorized in 95% ethanol (for 30 s), rinsed with distilled water and counter-
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stained with safranin for 30 s. The slides were rinsed again, air-dried and observed under
the oil immersion objective lens (x100) of the light microscope [31]. Only those isolates
that retained the original dye (crystal violet) and appeared violet were considered Gram-
positive, the others being Gram-negative.

2.9. Catalase Test

The catalase test was performed by transferring an overnight activated bacterial culture
to a slide containing a drop of a 3% solution of hydrogen peroxide (Hy0O,). The formation
of bubbles within a few minutes was taken as a positive result for catalase production [32].

2.10. Acid and Gas Production from Glucose

In order to determine the homo-fermentative and hetero-fermentative characteristics of
isolates, acid and CO, production from glucose were evaluated as suggested by Seeley and
Vandemark [33]. Briefly, pure bacterial isolates were separately inoculated into test tubes
(inverted Durham tubes) containing 5 mL pre-sterilized glucose broth and bromocresol
purple (15 mL/L 0.04 percent solution), the latter being the pH indicator. The tubes were
incubated for seven days at 30 °C. The accumulation of gas in the Durham’s tube was
considered a positive result for gas production, and a change in the color of the medium to
yellow was considered a positive test result for acid production.

2.11. Test for Tolerance to Different Salt Concentrations

The ability of each isolate to grow under different sodium chloride concentration
was tested via inoculation of a loop-full of an overnight culture into test tube containing
pre-sterilized MRS broth whose sodium chloride concentration was increased by 4 or 6.5%
compared to the control. Then, the overnight incubated broth culture was streaked on MRS
agar and incubated at 37 °C for 24 h to observe growth or no growth [34].

2.12. Test for Tolerance to Different pH Levels

The growth of the isolates at different pH levels was determined by inoculating a
loop-full of an overnight culture into MRS broth whose pH was adjusted to 2.5, 4 or 9.5.
Then, the overnight activated broth culture was streaked on MRS agar and incubated at
37 °C for 24 h to observe the growth [34].

Data Analysis

Microbial counts and physicochemical properties data of Shameta samples collected
from households of lactating mothers and samples of Shameta prepared in the laboratory
were statistically analyzed using analysis of variance (ANOVA) and least significant differ-
ence (LSD). All samples were tested in triplicate and statistically analyzed using SAS (SAS
Institute, Cary, NC, USA) version 9.3, and the significance threshold was p < 0.05. Fisher’s
least significant difference (LSD) was used for mean comparison tests to identify significant
differences among means (p < 0.05). The coefficients of variation (CV) were determined
from the standard deviations and means of the parameters, and the results are expressed as
mean =+ standard deviation.

3. Results and Discussion
3.1. Physicochemical and Microbial Quality of Shameta

The pH and titratable acidity (TA) values of Shameta samples collected from house-
holds of lactating mothers are as presented in Table 2. The Shameta samples were collected
from four different districts but combined into nine groups based on similarity of their
ingredients and durations of fermentation.

The highest and lowest pH values were found in BMS and MG samples, as opposed
to the corresponding TA values. The variations in pH and TA of samples might be asso-
ciated with differences in the duration of fermentation, ingredients used and roles and
dynamics of microorganisms during the fermentation process [35]. Based upon the range
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of measured pH values (3.6 to 4.4), this product is categorized as an acidic food, which is an
indicator of the relative safeness of the food against certain low-pH-intolerant foodborne
pathogens [36,37]. The average pH (4.0) recorded in the present study is greater than those
of other fermented foods in Ethiopia, such as Cheka (pH = 3.74) [38], but similar to that
of Borde (pH < 4.2) [39]. Similarly, the average TA (0.78%) recorded in the present study
is greater than the TA value of Azo (0.35%), but lower than that of Cheka (0.94%) [15,38].
The acids produced during fermentation lower of the pH values of Shameta, which ulti-
mately inhibits the growth of pathogenic microbes, thereby prolonging the shelf life of the
final products.

Table 2. Physicochemical properties (pH and TA) of Shameta samples collected from households of
lactating mothers, East Wollega Zone, 2020.

Coded Samples pH Titratable Acidity (%)
BMWS 414014 0.78 +0.01¢
BMS 4440012 057 +0.01f
MS 41+0.014 0.74 +0.024
MFG 3.9+0.00° 0.82+0.01°
MG 3.6+0.02f 1.1+0.032
MBEFG 39+0.02¢ 0.82+0.00P
BM]J 42+0.01P 0.61+0.00¢
BJ 3.9+0.00¢ 0.81+0.01P
MW 42+0.01° 0.76 +0.01 4
Ccv 0.56 1.14
MSD 0.1 0.03

BMWS = barley (86%) + maize (5%) + wheat (5%) from Sibu Sire, BMS = barley (89%) + maize (5%) from Sibu Sire,
MS = maize (95%) from Sibu Sire, MFG = maize (86.5%) + faba bean (5%) from Guto Gida, MG = maize (91%) from
Guto Gida, MBFG = maize (81%) + barley (5%) + faba bean (5%) from Guto Gida, BM] = barley (87%) + maize
(5%) from Jimma Arjo, B] = barley (96%) from Jimma Arjo, MW = maize (91%) from Wayu Tuka, CV = coefficient
of variation, MSD = minimum significant difference. (Each sample was collected in triplicate and combined with
similar samples into pools based upon similarities in ingredients and fermentation time, 7 = 27). *f The same
superscript for two or more values of different samples in the same column indicates the absence of a significant
difference (p > 0.05), whereas different superscripts indicate a statistically significant difference (p < 0.05).

Lactic acid bacteria (LAB) mainly carry out lactic acid fermentation, which has essential
roles in preservation and the wholesomeness of fermented food products [35]. In the present
study, LAB were the only dominant microbes in Shameta samples. The highest mean count
(8.33 log cfu/g) was recorded in the laboratory-prepared barley-based Shameta sample
and the lowest (5.88 log cfu/g) in the BMS sample (Shameta made of barley blended
with maize) (Table 3). The low mean count of LAB being observed in the BMS sample
might have been due to the limited nutrients in the fermenting matrix and/or unfavorable
biophysical environmental factors [40]. The growth pace of LAB in laboratory-prepared
maize-based Shameta was faster than that of barley-based Shameta. This might have been
due to variations in the nutrient contents of the substrates and their fermentability [41].
Even if the amounts of major ingredients in barley-based Shameta samples were more
or less the same, there were statistically significant differences (p < 0.05) in the counts of
LAB, which was also true for maize-based Shameta. This might have been due to the
variations in types and amounts of spices and herbs added during Shameta preparation.
In addition, the stage at which spices and herbs are added to the semi-processed product
affects the counts of LAB in the fermented product. The types and amounts of bioactive
compounds in spices and herbs affect the growth of microorganisms in food products to
different degrees [42].

A study in North-East Nigeria showed that the total LAB counts (log cfu/g) in com-
mercial Fura ranged from 4.37 to 6.18 [43], which is a lower range than in the present
study. However, it is a similar range to that found in a study on sorghum-based ogi, whose
mean counts were 6.64 to 8.15 log cfu/g [44]. In addition to essential oils in spices used for
fermentation, low pH values recorded in the present study could be attributed to the ob-
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served inhibition in the growth of pathogenic microorganisms in the laboratory-fermented
Shameta, which would have practical relevance to the preservation of the product.

Table 3. Mean microbial count (log of cfu/g) of “Shameta” samples collected from households of

lactating mothers, East Wollega Zone, 2020.

CODE * LAB AMB Entrobacteriaceae TC Stap hsy;;(.:accus ASFB Yeast Mould
BMWS 7.54 4 0.02°¢ 44040.1° 3.69 +0.002 3.36 +0.022 3.22 +0.00°¢ 247 +0.01° 432 +0.024 3.26 4 0.02¢
BMS 5.88 4+ 0.01h 418 +£0.01¢ 3.38 +£0.01° 3.27 £ 0.012® <2 <2 5.26 4+ 0.012 3.32+£0.02°
MS 6.74 +0.02f 3.50+0.14 2.74 +0.02 4 <2 322+0.01° <2 418+0.014 226 +0.02f
MFG 7.74 £0.02° 45840.01° 338 +0.01° 3.28 +0.012® 3.28 +0.01° <2 354+0.10° 21140018
MG 6.74 +0.02f 3.3240.01f 3.32 4 0.01b¢ 3.2240.00° <2 <2 4.78 +0.02° <2
MBFG 6.81 + 0.01 3.36 +0.02 & 2.65+0.014 <2 3.2540.012P <2 444400249 <2
BMJ 6.88 +0.01° 3.37 +0.00 & 3.33 +0.01b¢ 248 +£0.01¢ 247 4+0.02¢ 2.60+0.1° 4.26 4 0.03 <4 247 +0.01¢
BJ 6.28 = 0.018 3.18 £ 0.018 3.28 4 0.01¢ 2504+0.1°¢ 25240029 2540120 3.65+0.01° 3.67 £0.012
MW 7.40 +£0.014 33240011 270 +0.14 <2 247 +0.02¢ 2.51 + 0.00 2P 3.5140.01° 26240014
Lab1l 8.33 +£0.01° 3.59 +0.014 <2 <2 <2 <2 438+£0.02°¢ <2
Lab2 6.26 +0.18 3.48 +0.02 9 <2 <2 <2 <2 51140.112 <2
cv 1.20 1.01 1.16 1.36 0.50 2.79 1.48 0.58
MSD 0.13 0.10 0.10 0.10 0.04 0.13 0.19 0.04

* BMWS = barley (86%) + maize (5%) + wheat (5%) from Sibu Sire, BMS = barley (89%) + maize (5%) from Sibu
Sire, MS = maize (95%) from Sibu Sire, MFG = maize (86.5%) + faba bean (5%) from Guto Gida, MG = maize
(91%) from Guto Gida, MBFG = maize (81%) + barley (5%) + faba bean (5%) from Guto Gida, BM] = barley (87%)
+ maize (5%) from Jimma Arjo, B] = barley (96%) from Jimma Arjo, MW = maize (91%) from Wayu Tuka, CV
= coefficient of variation, MSD = minimum significant difference. (Each sample was collected in triplicate and
combined with similar samples into pools based upon similarities in ingredients and fermentation time, n = 27).
a-h The same superscript for two or more values of different samples in the same column indicates the absence
of a significant difference (p > 0.05), whereas different superscripts indicate a statistically significant difference
(p <0.05).

The present results show that the counts of aerobic mesophilic bacteria (AMB) in all
samples and the counts of Enterobacteriaceae in almost all samples were >3 log cfu/g. The
counts of Enterobacteriaceae were within the range of 2—4 log cfu/g, a range closer to that
found in an earlier report [45]. Enterobacteriaceae are a large group of biochemically and
genetically-related bacteria used to assess the general hygiene status of a food product. They
are usually considered by food manufacturers as hygiene indicators and are therefore used
to monitor the effectiveness of the implemented preventive measures [45,46]. In Ethiopia,
the majority of ready-to-eat foods are contaminated by members of Enterobacteriaceae, such
as Salmonella spp. and E. coli, due to unhygienic food handling practices, especially during
transportation, handling and selling [47]. Likewise, AMB is an indicator of quality, not
safety, and cannot directly contribute towards a safety assessment of ready-to-eat food;
however, it can provide useful information about the remaining shelf lives of the food
products [45]. In the present study, one of the major sources of contamination of Shameta
with Enterobacteriaceae might be unsafe water being used for the washing of plates, forks
and hands. The safety status of the food serving environment may be another.

The counts of total coliform (TC) in more than half of the samples were below the de-
tectable level (<2 log cfu/g), and the counts of Staphylococcus spp. were 2.47-3.28 log cfu/g.
The mean counts of TC and Staphylococcus spp. of the samples were much lower than in
a report on commercial Fura, whose TC and Staphylococcus spp. counts ranged between
6.03 and 7.26 log cfu/g and 6.30 and 7.01 log cfu/g, respectively [43]. The low counts of
TC and Staphylococcus spp. in the present study might be accounted for by the relatively
good hygienic practices exercised by producers and consumers, the use of essential oils, the
low pH and the processing methods (cooking) applied before the first phase fermentation
of Shameta. The count of coliforms is an indicator of the degree of fecal contamination of
food products [48]. Except for shiga toxin-producing Escherichia coli, which is hazardous if
detected in a 25 g sample [49], the majority of coliforms are harmless or cause relatively
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brief diarrhea [50]. As the present study did not focus on the isolation and identification of
fecal coliforms, it is difficult to generalize our findings to the safety of Shameta with respect
to coliform identities.

The mean counts of Staphylococcus spp. in the present study ranged between <2 and
3.28 log cfu/g, which meets the thresholds for Staphylococcus aureus and other coagulase
positive staphylococci in foods [49]. S. aureus is among the pathogens of public health
concern [51,52] which contaminates the majority of ready-to-eat foods in Ethiopia due
to the poor hygiene of food producers and vendors [47]. The prevalence of S. aureus in
Shameta samples and laboratory-fermented Shameta needs further investigation vis-a-vis
the intrinsic parameters of the products, and the current data on Staphylococcus count could
only be used as baseline data and could not be used to draw sound conclusions on the
safety status of this product with respect to pathogenic S. aureus.

In the current study, more than 50% of the samples had Bacillus counts below detectable
levels (<2 log cfu/g). However, species of the genus Bacillus and related genera have
long been troublesome microbes in food industries due to their resistant endospores [53].
Liicking et al. [54] reported that spore-forming bacteria, especially Bacillus cereus, are
important contaminants in the dairy industry with a high impact on the quality and safety
of dairy products. According to the Food Safety Authority of Ireland and United Kingdom,
the threshold for Bacillus cereus in ready-to-foods placed on market ranges between 10°
and <10° cfu/g [55,56]. One of the challenges of these spore-forming bacteria is that their
toxins and spores are often not detected until after an outbreak of food poisoning [57]. No
Salmonella spp. was detected in any Shameta sample.

The counts of yeasts were >4 log cfu/g in almost all samples, and the counts of molds
in more than half of the samples fell between 2.11 and 3.67 log cfu/g. The presence of molds
in samples collected from households might have been due to poor handling practices and
exposure to contaminants from humans, utensils and water [58]. Foods with high water
content, such as meat, milk and seafood, are easily spoiled by bacteria, unlike foods with
low water content. Spoilage of staple foods is usually initiated by molds or yeasts [59].
However, at optimum pH (4.5 to 8.0), fermentative bacteria multiply faster and out-compete
molds, reducing their growth [59], making such a pH a good way to preserve fermented
food products for longer periods of time against deterioration by molds.

3.2. Physicochemical Changes and Microbial Dynamics during Barley-Based
Shameta Fermentation

The pHs, titratable acidity (TA) values and moisture contents of the laboratory-
prepared barley-based Shameta samples were as shown below (Figure 3). The initial
pH of the fermented sample was 5.30, and it dropped down to 3.94 at the final stage of
fermentation. As a result, TA increased from 0.2 to 0.55 on the 14th day of fermentation
(Figure 3a). Similarly to the present findings, drops in pH with time of fermentation were ob-
served during the fermentation of beverages, including akamu, Borde and kisra [14,60,61].
However, during fermentation of “azo,” a traditional Ethiopian fermented condiment, the
pH started to drop from day one to day six, but remained constant from the 7th day till
the final stage of fermentation [15]. The absence of a change in pH in the latter could be
accounted for by the depletion of fermentable ingredients in the fermenting matrix.

The moisture content of fermenting Shameta increased from 60.55 (day 1) to 64.65g/100 g
at the final stage of fermentation (day 14) (Figure 3b). The low moisture content observed
at the initial stage of fermentation might have been due to the presence of large amounts
of beta-glucan and starch in the samples, as they have ability to form bonds with water
molecules, making a more viscous matrix and making it difficult to evaporate all water
during the drying we did to measure moisture content of samples [62,63]. However,
later, as microorganisms broke down polysaccharides into simple sugars, none of the
polysaccharides” bound with water molecules; thus, free water was available, and the
samples became less viscous and easily dried out. Similarly to our findings, increments
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in moisture content during fermentation were reported for other traditional Ethiopian
fermented food products, including Azo and Borde [14,15].
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Figure 3. pH and TA values (a) and changes in the moisture content (b) of laboratory-prepared
barley-based Shameta.

The mean counts (log cfu/g) of microorganisms and their dynamics in the course
of the fermentation of barley-based Shameta samples prepared in the laboratory were
as presented in Figure 4. The mean counts (log cfu/g) of LAB at the beginning and the
end of fermentation were 3.41 and 8.33 log cfu/g, respectively. Accordingly, LAB were
the dominant microflora throughout the fermentation. Considering the relatively low
count at the beginning of fermentation, the gradual increment LAB during fermentation
might have been due to viscosity of the product, and the nature of the processing methods
(cooking) applied before fermentation. At the initial stage of fermentation, the count of
LAB was 3.41 log cfu/g, which later increased exponentially until reaching a maximum of
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9.79 log cfu/g on the 10th day of fermentation. The decline in LAB after the 10th day of
fermentation might have been due to the lack of available sugar, which could be attributed
largely to LAB activity [64]. In agreement with the present finding, the maximum growth
of LAB with counts as high as 10.09 log cfu/g was observed on the 7th day fermentation of
Azo [15].

12
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0
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Figure 4. Growth dynamics of various groups of microorganisms during barley-based Shameta
fermentation. LAB = lactic acid bacteria, AMB = aerobic mesophilic bacteria, TC = total coliforms,
ASFB = aerobic spore forming bacteria.

In the course of fermentation, the rise in the count of LAB, as compared to other
microorganisms, contributed most to the increment in acidity of the fermenting Shameta.
Anaerobic conditions created with time favor the growth of only facultative anaerobes,
micro-aerophiles and aciduric organisms [13]. It may also have been due to the inhibitory
effects of antimicrobial products, such as hydrogen peroxide, diacetyl, carbon dioxide
(COy), organic acid and bacteriocins, produced by LAB and inhibiting other competitive
microorganisms in the matrix, including pathogens [12]. However, the decrement at
the end of fermentation might have been due to the reductions in nutrient levels in the
composited cereals.

The mean counts of AMB increased until the 5th day of fermentation and started to
decrease from the 6th day onwards, which persisted till the end of the fermentation stage,
leaving counts less than 4 log CFU/g. Likewise, in akamu and Azo fermentation, AMB
persisted until the final stage of fermentation [15,61]. However, the count of AMB at the
final stage of azo fermentation was greater than the mean count recorded in present finding.
Enterobacteriaceae and TC did not survive until the final stage of Shameta fermentation,
whereas Staphylococcus spp. and ASFB were detected throughout the fermentation period
(Figure 4). Similarly, Enterobacteriaceae and TC did not persist until the final stage of azo and
borde fermentation, even though they started the processes [14,15]. This might have been
due to the fact that members of the family Enterobacteriaceae are not capable of growing
under anaerobic conditions in a food product when the product’s pH is lower than 5.8 [65].
In addition, their disappearance might have been due to inhibitory activity by LAB through
the production of various metabolites, including lactic acid, acetic acids, bacteriocins,
diacetyl and hydrogen peroxide [12].
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The sources of microorganisms detected during fermentation could have been the
equipment and raw materials used for fermentation, including the spices added during
fermentation (after cooking and cooling). The potential presence of spores on those utilities
and raw materials could pave the way for the proliferation of other microbes, due to the
simple products released by such amylolytic bacteria. Almeida et al. [66] reported that the
aerobic spore-forming bacteria (Bacillus spp.) secrete a wide range of degradative enzymes,
such as amylases and proteases, which convert polysaccharides and proteins to simple
compounds, and then open the door for the proliferation of other non-amylolytic lactic
acid bacteria.

Yeasts and molds were encountered at the early stage of fermentation (Figure 3).
Counts of yeasts increased exponentially until the 7th day (6.45 log cfu/g) and then de-
creased until the final stage of fermentation, when there was a mean count of 4.38 log cfu/g.
As in our observations, yeasts were reported to persist until the final stage during Borde
fermentation [14]. In contrast to the present results, yeasts were encountered at the initial
stage of Azo fermentation but eliminated on the 4th day of fermentation [15]. The presence
of yeast in Shameta until the final stage of fermentation is crucial due to their ecological
interactions with lactic acid bacteria. According to Steinkraus [67], yeasts afford vitamins
and contribute factors for the growth of LAB. The growth paces of molds were slow, and
they persisted for a few days before being eliminated after the 5th day of fermentation. The
detection and growth of molds during the early stage of fermentation could be accounted
for by their introduction into the fermentation system through the spices and herbs used,
or possible contamination of utensils and the environments [58]. However, its subsequent
disappearance after the 5th day of fermentation was probably due to the low oxygen level
in the fermenting matrix, and the inhibitory effects of the antimicrobial products produced
in the course of fermentation by LAB and yeasts [12,13] and those released from the spices
used. Fredlund et al. [68] reported that yeasts produce some volatile organic compounds
that contribute to reducing mold growth and spore germination in bacteria.

3.3. Physicochemical Changes and Microbial Dynamics during Maize-Based Shameta Fermentation

The pH and TA values at the final stage of maize-based Shameta fermentation were
3.72 and 0.75, respectively (Figure 5a). The observed values are in agreement with pH
and TA values recorded for Cheka, an Ethiopian traditional cereal and vegetable-based
fermented beverage with values of 3.91 and 0.77, respectively [38]. Several papers have
reported that low pH values are desirable, as they inhibit the growth and survival of
spoilage organisms and give the fermenting organisms an advantage [69-72]. The moisture
content of the maize-based Shameta increased from its initial value of 62.32 g/100 g to
69.21 g/100 g at the final stage of fermentation (Figure 5b). Higher moisture content
usually lowers the shelf life of a product, especially in developing countries where the
use of physical means of food preservation, such as refrigeration, is not common [73].
Fortunately, while the moisture content increased, the pH value dropped into the acidic
range, a condition that does not support the growth of non-acid-tolerant vegetative cells of
pathogenic microorganisms [36,37].

The pattern of microbial dynamics of maize-based Shameta fermentation was as
presented below (Figure 6). Accordingly, lactic acid bacteria (LAB), aerobic mesophilic
bacteria (AMB), Staphylococcus spp., aerobic spore forming bacteria (ASFB) and yeasts were
detected throughout the fermentation period. The highest mean counts were recorded for
LAB (8.5 log cfu/g), followed by yeasts (6.44 log cfu/g). The highest mean counts of LAB
and yeasts observed in the present finding might have been due to their in situ cell-to-cell
interactions, as multiplication of yeasts is favored by the acidic environment developed
by metabolic activities of LAB, and the growth of LAB is favored by the yeasts activities,
as the latter provide several growth factors [74]. However, LAB are the most common
microorganisms responsible for cereal fermentations. They enhance flavor, nutritional
value, detoxification and lactic acid production [75].
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Figure 5. pH and TA values (a) and moisture content (b) of laboratory-prepared maize-based Shameta.

The mean counts of Enterobacteriaceae and total coliforms (TC) increased for the first
two days of fermentation. Then, there were gradual declines in counts before their total
elimination from the fermentation system on the 7th and 6th days of fermentation, respec-
tively (Figure 6). The elimination of Enterobacteriaceae and TC might have been due to
the drop in pH, the inhibitory effects of essential oils in spices and production of other
antimicrobial metabolites by lactic acid bacteria [12]. Accordingly, Enterobacteriaceae dis-
appeared from the fermenting Shameta when the pH further dropped to 4.3, the result
that corroborated an earlier report [60] that revealed the observation that Enterobacteriaceae
cannot grow between pH 3.5 and 4.0. An early drop in the mean counts of pathogenic
microorganisms (including members of Enterobacteriaceae and coliforms) leading to ultimate
elimination from the fermenting product at the end of fermentation is advantageous from



Fermentation 2022, 8, 124

16 of 22

the consumer safety point of view, as some of these pathogens could release toxins and/or
carcinogenic substances (nitrosamines) from the fermentation of nitrogen sources [76].
Morphologically distinct molds were encountered at the initial stage of fermentation
with a mean count of 2.48 log cfu/g, and detected up to the 5th day of fermentation
before their elimination from the fermentation system thereafter. In line with the present
finding, molds were eliminated from fermenting Borde after 12 h of fermentation [14]. In
other studies, molds were detected at the initial stages of fermentation, but then drastic
reductions occurred in the course of fermentation, for kenkey and ogi [77-79]. However,
during a microbial study of akamu, molds were detected at both initial and final stages of
fermentation, which lasted for 72 h [61]. Detection of yeasts throughout the fermentation
period has a positive role in enhancing the development of the typical flavor in the final
fermented products, besides their contribution to nutrient availability, as some of them also
produce enzymes such as amylase, protease and phytase [79,80]. Thapa and Tamang [81]
reported that mucoraceae fungi have roles in the initial phase of fermentation, mostly in
scarification of the substrates which create favorable conditions for LAB. According to
Petrova et al. [82], however, LAB of the genera Lactobacillus, Lactococcus and Streptococcus are
able to directly metabolize starch for the production of organic acids and other compounds,
which have essential roles in the preservation and wholesomeness of food products.
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Figure 6. Growth dynamics of various microbial groups during the fermentation of maize-based
Shameta; LAB = lactic acid bacteria, AMB = aerobic mesophilic bacteria, TC = total coliforms,
ASFB = aerobic spore forming bacteria.

3.4. Identification of Dominant Lactic Acid Bacteria

A total of 171 microbial isolates were isolated from Shameta samples (both laboratory-
prepared and those collected from households of lactating mothers) (Table 4). Of the total
strains, 73 were isolated from samples collected from households of lactating mothers,
whereas 58 and 40 were isolated from laboratory-prepared barley-based and maize-based
Shameta, respectively. Results of biochemical characterization of the isolates revealed
that all the isolates were Gram-positive, non-motile, non-catalase producers. There were
rods, cocci or cocci in tetrads. The biochemical test results confirmed that the dominant
isolates were LAB, an observation that further strengthen the dominance of LAB in many
cereal-based fermentations [41].



Fermentation 2022, 8, 124

17 of 22

Table 4. Morphological, physiological and biochemical characteristics of LAB isolated from
Shameta samples.

Group of LAB

I(n=128) II (n =27) III (n = 16)
Characteristics
Microscopic morphology Rod Cocci Cocci in tetrads
Gram reaction + + +
Catalase Test - - -
Oxidation fermentation - - -
Motility test - - -
KOH Test - - -
CO, from Glucose - - -
Growth at temperature
10°C - - -
15°C —/+ - -
32°C + + +
37°C + + +
45°C +/— + +
Tolerance to NaCl (%)
2.5 +/— +/— +/—
4 + + +
6.5 +/— + +
pH tolerance
pH4.4 +/— + +
pH9.6 - + -
Possible Identity of the Lactobacillus Entrococcus Pediococcus
Isolates

—/+ = more than 80% did not grow, +/— = more than 80% grew; LAB = lactic acid bacteria, “+”= growth/ or

“u_u

positive test result; “-“ = No growth/ or negative test result.

As shown in Table 4, all (100%) isolates were capable of growing both at 32 °C and
37 °C, though none of them were tolerant to 10 °C. In the present results, all isolates were
found to grow in 4% NaCl, but 84.21% did now grow at pH 9.6. This result is in agreement
with the study on Fura samples by Owusu-Kwarteng et al. [83], although the data on
growth temperature showed variations between the two results. Regarding gas production
from glucose, all (100%) the isolates were homo-fermentative, contrary to earlier reports
by Owusu-Kwarteng et al. [83] and Gebrelibanos [15], in which about 30 and 36% of the
isolates were able to produce gas from glucose during biochemical characterization of Fura
and Azo samples, respectively.

Based on the morphological and biochemical characteristics they displayed, LAB
involved in Shameta fermentations were identified as members of the genera Lactobacil-
lus, Pediococcus and Entrococcus. The isolates were dominated by Lactobacillus (74.85%),
followed by Entrococcus (15.79%). Gebrelibanos [15] reported that the genus of Lactobacillus
was the dominant (52%) genus in Azo samples. Among Lactobacillus spp., Lactobacillus
fermentum and L. brevis have been reported to dominate the intermediate and final stages of
the fermentation of fufu [84]; however, Lactobacillus spp. such as Lactobacillus buchnerii, Lac-
tobacillus casei and Lactobacillus pentosus were among the dominant isolates in maize-based
ogi [13]. In line with the present results, Lactobacilli dominated the lactic flora throughout
the fermentation process of Borde [14], although Pediococcus species were predominant in
the latter stage of corn dough fermentation [85]. In general, lactobacilli were the dominant
LAB in the fermentation of Shameta, frequently accompanied by other genera contributing
to the observed acidification of Shameta towards the end of fermentation, which indirectly
contributed to the safety of the final product against acid-sensitive pathogens.

Lactobacillus is the genus that encompasses large number of GRAS species (Generally
Recognized As Safe), and many of its strains are among the most important bacteria in food
microbiology and are used as probiotics [86]. Enterococci are some of the lactic acid bacteria
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(LAB) of importance in foods for ripening and aroma development of certain traditional
cheeses, ogi and sausages [87,88]. It is reported that Enterococci are used as probiotics,
although they are important nosocomial pathogens that may cause bacteremia, endocarditis
and other infections [86]. Like other lactic acid bacteria, Pediococcus strains are widely dis-
tributed in fermented foods, and the species are source-specific. Gebrelibanos [15] reported
in Pediococcus from “Azo”, a condiment made of barley and endod leaves supplemented
with different spices.

4. Conclusions

The results of this study indicated that LAB were the dominant microbial groups in
all samples collected from households of lactating mothers. The detection of Enterobac-
teriaceae in same samples collected from households of lactating mothers with counts on
the borderline of safety requirements is good indication of poor handling practices and
post-production contamination at the household level in an otherwise acidic product. This
calls for awareness development among the consumers to avoid possible proliferation of
the potentially pathogenic microorganisms during storage and processing for consumption.
On the other hand, in both laboratory-prepared barley-based Shameta and maize-based
Shameta, LAB dominated the fermentation, followed by yeasts. In the courses of laboratory
fermentation of barley and maize-based Shamata, AMB, Staphylococcus spp. and ASFB were
detected until the end of fermentation, though with much lower counts than the two domi-
nant groups (LAB and yeasts). However, Enterobacteriaceae, coliforms and molds failed to
persist till the end of fermentation. Physicochemically, the pH of fermenting Shameta kept
on dropping till the end of fermentation, and there was a corresponding rise in titratable
acidity, determining the microbial profile of the final product. It is worth considering that
spontaneous fermentation contributes to the growth of pathogenic bacteria, especially in the
early stages of fermentation. The detection of Staphylococcus spp. in samples collected from
households of lactating mothers and its persistence to the end of spontaneously fermented
Shameta calls for proper hygienic practices, such as switching to controlled fermentation
of the product using defined starter cultures. Proper selection of bacteria and yeast for
fermentation will lower the risk of infection and diseases in mothers and babies. In general,
the microbiology of Shameta fermentation was dominated by Lactobacillus, followed by
Enterococcus (among LAB) and yeasts. These genera could be candidate starter cultures for
large-scale production of nutritious and flavored Shameta that preserves better. Detailed
characterization and molecular identification of the dominant genera are recommended
before optimization and scaling up of the product.
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