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Abstract

Purpose: The patterns of microbial succession and the associated physicochemical changes in the course of
beverage fermentation determine the safety status of the final product against foodborne pathogens. In this study,
the microbial dynamics during fermentation of three Ethiopian traditional fermented beverages (namely, borde, tej,
and grawa) and the growth potential of selected foodborne pathogens in ready-to-consume beverages were
assessed.

Methods: The raw materials used for lab-scale fermentation of the beverages were bought from open markets of
Jimma and Anfilo towns. During fermentation, samples were drawn every 6 h (borde fermentation) and 12 h
(grawa and tej fermentation). The dominant microbes of the fermentation phases were determined following
standard microbiological methods. The growth potential of Escherichia coli, Salmonella typhimurium, Staphylococcus
aureus, Listeria monocytogenes, and Candida albicans in the ready-to-consume beverages were assessed by
microbial enumeration over defined storage period.

Result: Early fermentation period of all beverages was dominated by aerobic mesophilic bacteria, staphylococci,
and Enterobacteriaceae with highest mean counts (Log CFU/ml) of 6.42 + 0.10, 544 + 0.08, and 540 + 0.11,
respectively. At the end of fermentation, yeast counts (Log CFU/ml) dominated in tej (941 + 0.06) and grawa (7.88
+ 0.02) samples, while lactic acid bacteria dominated in borde sample (7.33 + 0.07). During fermentation, pH
dropped for borde (4.58 + 0.03 to 4.22 + 0.01), and grawa (4.18 = 0.10 to 3.62 + 0.02), but increased for tej (5.26 +
0.01 to 5.50 + 0.03) during the first 24 h, though it dropped later down to 3.81 + 0.02 at 144th h. All reference
pathogens were unable to reach infective dose in grawa and tej samples. However, borde sample supported their
growth to infective dose within 24 h. Thus, grawa and tej beverages had the capability of inhibiting growth of
pathogens while borde needs basic safety control measures during preparation and storage.

Conclusion: With further safety evaluation of the products, the production processes of the three beverages could
be scaled up for commercial purposes using defined starter cultures originated from the same beverages. However,
the safety status of borde calls for further evaluation for alternative shelf-life extension mechanisms including the
introduction of organic preservatives from local products such as medicinal plants.
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Highlights

> LAB and yeast dominated the fermentation of all
local beverages.

> The counts of molds, coliform, and
Enterobacteriaceae were below detectable level at the
end of fermentation.

> Tej and grawa beverages did not support the growth
of test pathogens but borde.

> E. coli and S. typhimurium showed higher survival
ability than S. aureus and L. monocytogenes in grawa
and fej samples.

> The beverage could be source of probiotic and
starter culture LAB and yeasts.

Introduction

Fermentation is a low-priced food biotechnological
process being used worldwide to improve organoleptic
properties, reduce toxic substances and anti-nutritional
factors, and enhances the product’s acceptability (Sima-
tende et al. 2015). Originally, the production of fermen-
ted beverages was done to boost the shelf-life of
perishable raw materials of agricultural and animal ori-
gin. Currently, the widely accepted concept of fermenta-
tion is the use of microorganisms and their enzymes for
the production of fermented products through acidifica-
tion, alcoholization, and proteolysis (Ashaolu 2019; De
Roos and De Vuyst 2018).

During traditional fermentation of beverages, several
groups of microorganisms are known to involve in
the fermentation processes. While some microbes ini-
tiate the fermentation process, others dominate the
fermentation process in succession until few strains
finally takeover the remaining fermentation phases to-
ward the end of fermentation (Kosisochukwu et al.
2020; Mulaw and Tesfaye 2017; Tsafrakidou et al.
2020). Hence, certain microorganisms initiate the fer-
mentation and dominate for a specific period; subse-
quently, the number declines due to the accumulation
of different metabolites and inhibitory substances pro-
duced as by-products. In this way, the fermenting mi-
croorganisms provide an appropriate and conducive
environment to less sensitive species while it inhibits
the sensitive pathogens through the production of in-
hibitory factors (Chaves-Lopez et al. 2020).

In the early stage of fermentation, aerobic mesophiles
such as staphylococci, micrococci, members of Entero-
bacteriaceae, and Bacillus dominate fermenting bever-
ages. In the course of fermentation, however, the most
common fermenting microorganisms such as Leuconos-
toc, Lactobacillus, Streptococcus, Pediococcus, Micrococ-
cus, Saccharomyces cerevisiae, Kluyvermyces bulgaricus,
and Debaromyces phaffi dominate fermentation of
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African indigenous beverages (Bahiru et al. 2006; Jesper-
sen 2003; Ketema et al. 1998).

The dominant microorganisms at the end of fermenta-
tion of beverages are usually lactic acid bacteria and
yeast, which resist the changes in the physicochemical
properties of beverages, thus, persisting throughout fer-
mentation (Nemo and Bacha 2020). Both LAB and yeast
produce metabolites such as lactic acid, propionic acid,
acetic acid, ethanol, and hydrogen peroxide, as well as
other secondary metabolites/antimicrobial compounds/
which are strong inhibitory substances for microbial
growth (Siedler et al. 2019). These metabolites are po-
tentially effective in controlling microbes including fun-
gal growth (Adebiyi et al. 2019). Due to their
physicochemical characteristics, most of the high alco-
holic beverages are considered microbiologically safe
products, as the vegetative cells of pathogens cannot sur-
vive the high alcohol content, low pH, high carbon diox-
ide, low oxygen, and secondary metabolites (Kim et al.
2014). Pathogens such as E. coli, S. typhimurium, and L.
monocytogenes survive and grow rapidly at low alcoholic
beverages while 5% ethanol inhibits the growth and sur-
vival of the pathogens (Menz et al. 2010).

In Ethiopia, there are many traditional fermented bev-
erages such as tej, borde, tella, shameta, buquri, korefe,
keribo, siljo, and grawa (Lemi 2020; Nemo and Bacha
2020). Comprehensive data on the microbial dynamic
and pattern of growth of potentially pathogenic organ-
ism in cases of contamination of the ready-to-consume
beverages are scarce. Therefore, the present study aims
to assess the microbial succession in the course of fer-
mentation of borde, tej, and the newly described trad-
itionally fermented beverage (grawa) and to evaluate the
growth potential of selected pathogens in three of the
fermented beverages.

Materials and methods

Description of the study area

The study was conducted in Jimma town located 353
km southwest of Addis Ababa, the capital city of
Ethiopia. It is located at a latitude of about 7° 13 to 8° 56
N and longitudes of about 35° 52 to 37° 37E, an altitude
ranging between 1720 to 2110 m above sea level, a mean
annual rainfall of 800 to 2500 mm, and annual
temperature ranging from 7 to 30 °C. The town is typic-
ally known for vending various traditional fermented
beverages and foods of plants and animal sources (Nemo
et al. 2017; Nemo and Bacha 2020).

Sample collection and laboratory-scale preparation

The raw materials used for the preparation of the three
beverages were purchased from open markets of Jimma
town (for borde and tej), and Mugi town of Anfilo Dis-
trict located in Qellem Wollega Zone, for grawa. All raw
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materials were transported to the Research and Post-
graduate Laboratory, Department of Biology, College of
Natural Sciences, Jimma University and wused for
laboratory-scale fermentation of the three traditionally
fermented beverages for the determination of microbial
succession during fermentation, and challenge testing of
pathogens in the final products. Laboratory-scale prepar-
ation of the beverages was done by local brewers who
had experience in preparing the selected beverages. The
preparation protocol simulated the traditional technique
followed by the local producers, and aseptic techniques
were employed during preparation to avoid cross-
contamination. The detailed flow charts of the trad-
itional preparation techniques of the three beverages are
as given below (Figs. 1, 2, 3).

Preparation of borde

Borde is prepared mainly from maize (Zea mays), barley
(Hordeum vulgare), and malt. In this study, borde prep-
aration did not use any starter culture to speed up the
fermentation process either from previous fermentation
(black slopes) or commercial starter culture (Fig. 1).

Preparation of tej

Tej, also called honey wine, is a home-processed bever-
age prepared from honey, water, malt, and chopped
stems of hop (Rhamnus prenoides). In this study, the
preparation of tej followed the simulated procedure of
tej making in Jimma town (Fig. 2).

Preparation of grawa

Grawa is a fermented beverage prepared from specific
honey made using flowers of Vernonia amygdalina and
water from Anfilo District. Grawa from previous fer-
mentation (back slope) has been used as a starter culture
and the whole fermentation processes takes about 72 h
(Fig. 3).

Microbial dynamics

Microbial successions in grawa, borde, and tej sam-
ples were assessed by microbiological enumeration
during the 24 h fermentation period for borde, 72 h
for grawa, and 144 h for tej. Samples were drawn at
every 6 h gaps for borde and 12 h for grawa and tej.
Accordingly, 10 ml of each sample was suspended in
90 ml of peptone water and homogenized in a flask
for 10 min using a homogenizer (Edmund Buhler
GmbH, Germany) at 100 rpm. Then, 1 ml of each
sample was homogenized in 9 ml peptone water and
serially diluted up to 1077, Finally, 0.1 ml of aliquot
was spread plated on plate count agar (PCA) for aer-
obic mesophilic bacteria and aerobic spore-forming
bacteria (after heating the sample for 10 min at 80
°C for a count of the later), mannitol salt agar
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(MSA) for staphylococci, violet red bile glucose agar
(VRBGA) for Enterobacteriaceae, violet red bile agar
(VRBA) for coliform, de Man Rogosa Sharpe (MRS)
for lactic acid bacteria, and potato dextrose agar
(PDA) supplemented with 200 mgL™" chlorampheni-
col for yeast and mold counts. All of the media were
oxoid and incubated at 32 °C for 48 h for bacteria
and 28 °C for 2-5 days for yeast and mold. More-
over, the incubation condition for all microbes was
aerobic except for lactic acid bacteria, which was in-
cubated anaerobically using an anaerobic Jar (Hitech
e-601, China).

Physicochemical analysis during beverage fermentation
pH

pH was measured using a digital portal pH meter (pH-
013, China) after homogenizing 5 ml of borde sample in
20 ml of distilled water followed by pipetting 10 ml of
the homogenized sample into a beaker (Kebede 2007).
For grawa and Tej samples, 10 ml each was poured into
a beaker and the electrode of the pH meter was dipped
into the sample before recording the reading.

Titratable acidity (TA)

The TA of borde was determined by homogenizing 5
ml of borde sample in 20 ml distilled water and fil-
tered through Whatman no. 1 filter paper; then 9 ml
of the homogenate was pipetted into a beaker (Ant-
ony and Chandra 1997). However, for grawa and tej
samples, 9 ml of each sample was directly pipetted
into a separate beaker. For all samples, 3 to 5 drops
of 1 g/100 ml phenolphthalein indicator were added
and titrated with 0.1 mol/L NaOH solution until a
faint pink color persisted. The result was calculated
using the following formula:

Amount of NaOH titrated x mol/L of NaOH x 9

Lactic acid (g/100ml) = The volume of sample (ml)

Moisture and total solid content

Moisture content was determined by oven drying
(105 °C) of 10 ml of the borde samples until a con-
stant weight is persisted. Then, the moisture content
was calculated by subtracting the weight of the borde
sample after drying borde sample + empty crucible to
constant weight divided by borde sample + empty
crucible minus empty crucible times 100 (AOAC,
1990). The total solid content was determined by sub-
tracting the moisture content from 100.

Growth potential of pathogens in selected beverages

The selected beverage samples were separately chal-
lenged with reference strains including Escherichia
coli (ATCC25922™), Salmonella enterica subsp.
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|

Grind finely

|

|

Roast in oven

|

Cool for 2 hrs

|

Cut into very small pieces using
sterile knife

|

Mix thoroughly

|

|

Mix thoroughly

|

Allow fermention
overnight

Borde
Fig. 1 Flow chart of preparation of borde (this study)

One kg of maize (Zea mays) and 1 kg of white barley (Hordeum vulgare)

Soak in 2L of water and allow staying for 12 h

Sun-dry maize (Zea mays) seed for 5 hr

Weigh 1.5 kg of a mixture of maize and barely

Add 2L of water in a plastic bucket and 0.75 kg of grind sun-dry maize

Add additional 1L of water and 0.75 kg of grind sun-dried maize (To final volume of 3L)

|

Grind finely

!

enterica  serovar  Typhimurium (ATCC°13311™),
Staphylococcus aureus subsp. aureus (ATCC® 25923™),
Listeria monocytogenes (ATCC°19115™), and Candida
albicans (ATCC°14053™) which were obtained from
Ethiopian Public Health Institute (EPHI). Accordingly,
200 ml of each beverage was separately steamed at 80
°C for 10 min to kill any vegetative cells that might
be present in the beverages. Then, 100 ml of each
beverage was challenged separately with a 1 ml over-
night culture of the test strains to bring the final

inoculum level to 10%-10* CFU/ml. Then, 10 ml of
each beverage was homogenized in 90 ml of buffered
peptone water and 0.1 ml of appropriate dilution was
spread plated on eosin methylene blue agar for E.
coli, xylose lysine deoxycholate agar for S. typhimur-
ium, mannitol salt agar for S. aureus, Listeria selective
agar for L. monocytogenes, and Sabouraud chloram-
phenicol agar for C. albicans. A portion of the bever-
age was further sampled aseptically at 6 h intervals
from 0 to 24 h (Shamebo et al. 2016).
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Smoking of bucket jar using 2 g of a
dried red pepper

|

Add 3 L of tap water and 500g of honey

|

Mix thoroughly

|

Add 100 g of malt (Mixture of % barely and

s wheat) and mix. This stage is called ‘birz’

}

Allow fermenting overnight by covering the bucket with airtight plastic

|

Stir thoroughly

|

Cover the bucket jar and allow to ferment for 6 days at room temperature

}

Filter through a cotton cloth to remove wax

Tej
Fig. 2 Flow chart of preparation of tej (this study)

Cutting hop stems to pieces red
pepper

|

Add 270 g of hop stem and 1L of
water into iron pot and boil until it
turns red

}

Add 100g of malt and allow it to boil

Mix boiled malt and hop stem with
‘birg’

-

Wash the equipment (earthen jar or Bucket) using a leaf of Vernonia
cimygdaliml

Add 1.5 kg of honey and 5 L of water (Specific area)
+

Mix thoroughly

4

Add 0.5 L grawa from previous fermentation (Back slope)

Let it to ferment for 72 h at ambient temperature

+

Filter using sieve

Grawa

Fig. 3 Flow chart of grawa preparation process (Nemo and
Bacha 2020)

Data analysis

The colonies counted from replicate plates were calcu-
lated in CFU/ml and later converted to log CFU/ml. The
average mean counts during microbial succession,
challenge testing, and data of physicochemical parame-
ters were tested using one-way ANOVA analysis: post-
hoc multiple comparisons, Tukey method, and a signifi-
cant difference were considered at P < 0.05 using SPSS
version 26.

Results

The three Ethiopian traditional fermented beverages
(tej, grawa, and borde) are different in composition of
ingredients used for their preparation as well as their
uses. Both grawa and tej are yellow colored, had
sweet taste, and used to quench thirsty and have me-
dicinal values as used traditionally. On the other
hand, borde is an opaque, effervescent, whitish-gray
to brown colored beverage, commonly used to feed
lactating mothers, besides its use as meal replacement
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among segement of the population who cannot afford
full meal (Fig. 4).

Microbial dynamics

At the beginning of borde fermentation (0 h), aerobic
mesophilic bacteria (AMB), staphylococci, and Entero-
bacteriaceae initiated the fermentation process and grad-
ually started to dominate with counts exceeding > 5 log
CFU/ml. The AMB was continued to dominant until 6 h
of fermentation with a significant difference (p < 0.05) in
count from 0 h. At 12 h, and thereafter until the end of
fermentation, LAB and yeast dominated the fermenta-
tion and reached the maximum counts of 7.33 + 0.07
and 691 + 0.04 log CFU/ml, respectively. Similarly, in
grawa beverage, at 0 h the count of AMB was higher
(5.06 £ 0.02 log CFU/ml) than other microorganisms.
The dominance of AMB was continued until 24 h, and
after 24 h, the yeast and LAB dominated the fermenta-
tion process until the end of fermentation (72 h) and
reached the maximum counts of (7.88 + 0.02 and 7.64 +
0.04 Log CFU/ml, respectively). Likewise, in tej fermen-
tation, the counts of AMB until 36 h, staphylococci, and
ASFB until 24 h increased by more than 1 log CFU/ml
and later dropped down with a significant difference (P
< 0.05). However, the count of yeast was increased by
greater than 5 log (4.16 + 0.04 to 9.41 + 0.06 log CFU/
ml) and LAB was increased by nearly 5 log (4.01 + 0.03
to 8.88 = 0.01 log CFU/ml) with a significant difference
in counts between fermentation hours analyzed from the
beginning (0 h) to the end of fermentation time (144 h).
In all three beverages, the counts of molds from the be-
ginning of fermentation, and counts of coliform, and En-
terobacteriaceae after a certain time were recorded as
less than 2 log CFU/ml (Table 1).

Page 6 of 12

In general, the counts of AMB showed a significant
difference until 12 h for borde and grawa samples, and
24 h for tej sample. However, the counts of staphylo-
cocci showed no significant difference until 2 h for
grawa and 6 h for borde. The counts of LAB and yeast
showed significant difference in almost all the three bev-
erage samples (Table 1).

Physico-chemical changes during beverage fermentations
During microbial succession, the pH values of borde and
grawa samples were dropped from 4.58 + 0.03 to 4.22 +
0.01 and 4.18 + 0.10 to 3.62 *+ 0.02, respectively, from
the beginning to the end of fermentation time. However,
the pH of tej increased for the first 24 h and dropped
thereafter to a minimum of 3.81 + 0.02 at 144 h. The
titratable acidity and moisture content of the beverages
were increased as fermentation time increased, while the
total solid content was decreased. On the other hand, in
borde and grawa samples, there was no significant differ-
ence (P > 0.05) in changes in pH from 0 to 6 h and 0 to
12 h, respectively. Moreover, there was also no
significant difference (p < 0.05) in titratable acidity of
borde from 0 to 6 h of fermentation, and tej from O to
24 h of fermentation. However, there was a significant
difference in titratable acidity in most fermentation
times (Table 2).

Growth potential of pathogens in selected beverages

In a microbial challenge test of borde sample, the counts
of all pathogens were increased significantly until the
end of the challenge test. However, the rate of growth
varied whereby the counts of E. coli (3.15 + 0.03 to 5.82
+ 0.08 log CFU/ml) and S. aureus (3.72 + 0.05 to 6.05
log CFU/ml) increased by more than 2.3 log CFU/ml

F e

)

(c

Fig. 4 Pictures of Ethiopian traditional fermented beverages: tej (@), grawa (b), and borde (c). Tej is prepared from honey, water, malt, and
chopped stems of hop (Rhamnus prenoides), while grawa is made from only honey and water of Qellem Wollega Zone, Anfilo District. Borde is
usually made from maize (Zea mays) and wheat (Triticum spp.)
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Table 1 Microbial dynamics (mean + SD) during fermentation of selected Ethiopian traditional fermented beverages
Beverages Fermentation = Mean microbial count (Log CFU/ml)
time (h) AMB Staphylococci  Enterobacteriaceae  Coliform ASFB LAB Yeast
Borde 0 642 £ 010" 544 + 008° 540 +0.11° 335+ 007°  445+006° 475+004° 4124016
6 6.15 £ 005° 529 + 0.06° 417 +007° 260+£011°  426+004° 534+001° 445+ 030°
12 520 +002° 487 +001° 385 + 009° <2 404 +006° 555+014° 522+ 009°
18 510 £001° 415+ 005° <2 <2 398 £ 005> 609 +004° 586 = 0.06°
24 499 +006° 385 + 009" <2 <2 377 £011°  733+007° 691 + 004
Grawa 0 506 +002° 491 + 006° 429 + 006 413+003" 389+006° 463+003° 473 +002°
12 630+ 012" 514+ 001° 516 + 0.04° 411+003" 456+014° 570+002% 540 + 0,08
24 641 £ 004% 508 + 009° 473 + 0.06° 408+ 006" 451+001° 6264009 606+ 008
36 554 + 005" 437 +004° 361 +008° 303 +£002° 449+001° 649 +003° 639+ 006>
48 473+ 014 395+ 014 280 + 0.02° 2214013 339+008° 645+001b° 667+ 0.16°
60 3824005 362 +007° <2 <2 306 008" 746+ 009° 771+ 009°
72 339+002° 277 +001° <2 <2 258 +£003°  764+004  7.88+002°
Tej 0 537 £004° 390 + 0.02° 434+ 007° 323+£002° 413+002° 401003 416+ 004
12 594 +004° 473 +001° 470 + 0.06° 355+£001° 4254001 483+006 497+ 004"
24 658 002" 563 +0.11° 517 + 007° 351 +008° 542+001° 553+013  539+007°
36 662 = 0017 441 + 003° 426 + 0.04° 338+007° 436+003° 594+003" 662+ 007
48 636 £ 0.16° 431+ 002° 382 + 006" 315+£004° 417+010° 660+008° 677+ 001
60 541 +009° 405 +008° 328 +008° 283+003° 383+006° 665+004° 684+ 006
72 529 + 008 393 +002° 313 £ 001 <2 321+001°  710+003" 740 +005°
84 460 +0.10° 322 +002° 301 + 004" <2 314+001°  751+007° 753 +004°
% 428 +0214 277 +001 255+ 0.179 <2 283+005°  784+007° 843+ 006°
108 364 +004° 255+ 001° <2 <2 269 +0079  815+006° 861 + 007
120 352 £004° 2344002 <2 <2 251 +0079" 841 +008 876+0.11°
132 345+003° 213 +001 <2 <2 234+001" 862 +008° 901 +004°
144 342 +001° 207 006 <2 <2 2224002 883+001° 941 + 006

AMB aerobic mesophilic bacteria, ASFB aerobic spore forming bacteria, LAB lactic acid bacteria

Evaluation of the microbial dynamics was conducted following the traditional fermentation techniques and their respective duration of fermentation: 24 h for
borde (sampling every 6 h), 72 h of fermentation for grawa, and 144 h for tej (sampling every 12 h). The patterns of microbial dynamics of the three beverages
were presented with mean microbial counts (mean + SD of Log CFU/ml). The statistical analysis was determined by one-way ANOVA with Tukey post hoc test.
Different letters in superscript along a column indicate a significant difference (p < 0.05), the same letters indicate no significant difference (p > 0.05)

while S. typhimurium (3.48 + 0.04 to 544 + 0.01 log
CFU/ml) and C. albicans (3.57 + 0.07 to 5.09 + 0.09 log
CFU/ml) increased by less than 2 log CFU/ml (Fig. 5A).
In the grawa sample, fast reduction (0.52 log) of L.
monocytogenes was observed from the initial 0 h (3.90 +
0.02 CFU/ml) to 6 h (3.38 + 0.03 log CFU/ml) with a
significant difference (p < 0.05) between counts, while S.
typhimurium and E. coli were reduced by 0.1 log with
no significant difference (p > 0.05) between counts of
different sampling hours. At the end of microbial chal-
lenge testing, E. coli, S. typhimurium, S. aureus, and L.
monocytogenes were reduced by > 1 log unit. However,
C. albicans was reduced by 0.7 log (Fig. 5B). Moreover,
in tej sample, C. albicans was reduced to a lesser extent
(0.88 CFU/ml) when compared to other pathogens.
However, L. monocytogenes were highly reduced (2.2
CFU/ml) with a significant difference (Fig. 5C) among

counts. The pH in all samples drawn during the chal-
lenge test did show no remarkable difference.

Discussion

During the fermentation of borde, early hours of fermenta-
tion were dominated by AMB, staphylococci, Enterobacteria-
ceae, and ASFB. However, at the end of fermentation LAB
and yeast dominated the fermentation and reached the max-
imum count of 7.33 + 0.07 and 691 + 0.04, respectively. In
line with the present study, Kosisochukwu et al. (2020) re-
ported that microbes such as Streptococcus, Bacillus, and
Corynebacterium started the fermentation which were later
dominated by LAB and yeast during ogi fermentation (usu-
ally produced from the fermentation of maize or other ce-
reals). Similarly, Ketema et al. (1998) reported that the onset
of fermentation of borde was dominated by staphylococci,
Bacillus, and members of Enterobacteriaceae. In a related
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Table 2 Some physicochemical characteristics (mean + SD) during laboratory-scale fermentation of selected beverages

Sample Fermentation time (h) pH Titratable acid Moisture content (g/100 ml) Total solid content (g/100 ml)
Borde 0 458 +003° 0.17 + 0.02° 7417 £ 0.75° 2583 + 0.75°
6 455+ 002° 021 +001¢ 7665 + 048 2335 + 048°
12 431 +001° 025 + 002° 7759 + 004> 2241 + 004>
18 427 + 002" 032 +001° 7848 + 036° 2241 + 036°
24 422 +001° 040 + 002° 82.79 + 083° 2152 + 083¢
Grawa 0 418+ 0.10° 0.19 + 002 8557 + 0.08° 1443 + 0.08°
12 416 + 006° 022 +001° 85.71 + 0.03° 1429 + 0.03°
24 411 +008°° 025 + 0.02° 85.92 + 020% 14,08 + 0.20°°
36 396 + 003> 029 + 001 85.94 + 021 1406 + 021°°
48 390 + 002% 033 + 002° 86.32 + 021° 1368 + 0.21°
60 376 +002° 057+ 003" 88.15 + 0.32° 11.85 + 0.32°
72 362 +002° 083 + 008" 89.96 + 028 10.04 + 0.28°
Tej 0 526 + 001° 0.13 + 001" 7428 + 058" 2572 + 058°
12 536 + 0.02° 0.15 001" 7536 + 0.23" 2464 + 023°
24 550 + 003 0.12 + 001" 76.83 + 024 2317 + 024°
36 485+ 001¢ 023 + 0019 77.11 £ 056 2289 + 056>
48 458 + 0.02° 027 + 0039 7801 + 021" 2190 + 021
60 427 + 003 034 + 004 7882 + 0.209" 21.18 + 0.20%
72 419 + 0019 038 + 0.02° 7951 + 016 2049 + 016
84 414 +0029" 039 + 004 80.56 + 0.59° 1944 + 0599
9% 411+ 001" 042 + 003 8144 + 029° 18.56 + 0.29°
108 405 + 0.04 046 + 001™ 83.18 + 0.64° 1682 + 064"
120 394 + 005 049 + 001 8493 + 0.25° 1507 + 0.25'
132 385+ 001 054 +001%° 86.89 + 0.29° 1311 + 029
144 381 + 002" 058 + 001° 8876 + 0.22° 11.24 + 022

The physicochemical characteristics of the fermented beverages were assessed based on the beverages fermentation times: 24, 72, and 144 h for borde, tej, and
grawa, respectively. The mean + standard is presented and the statistical analysis was determined by one-way ANOVA with Tukey post hoc test. Different letters
in superscript along a column indicate a significant difference (p < 0.05), the same letters indicate no significant difference (p > 0.05)

development, Nemo and Bacha (2020) reported maximum
count of LAB and yeast at the level of 6.87 + 0.67 and 6.56 +
0.81 CFU/ml, respectively, from borde samples collected
from Jimma and Danaba towns. The dominance of Entero-
bacteriaceae in early fermentation initiate the fermentation
by utilizing simple sugars produced after the action of amyl-
ase from malt and amylolytic microorganisms and produce
some basic vitamins used by fermentative microorganisms
(LAB and yeast) for the production of organic acids, flavor
compounds, peptides, ethanol, and aroma compounds
(Ewuoso et al. 2020; Ketema et al. 1998). On the other hand,
the presence of some aerobic spore-forming bacteria (Bacil-
lus spp.) secrete a wide range of degradative enzymes, such
as amylases and proteases, and thus playing an important
role in sustaining the supply of simple sugars for fermenta-
tion processes to continue (Almeida et al. 2007).

At the end of the fermentation of grawa, the counts of
yeast and LAB reached the maximum counts (7.88 +
0.02 and 7.64 + 0.04 log CFU/ml, respectively). In higher

counts to the present study, Nemo and Bacha (2020) re-
ported 8.43 + 0.72 log CFU/ml of yeast and 8.13 + 0.67
log CFU/ml of LAB from grawa beverage collected from
Anfilo District of Qellem Wollega Zone, Southwest
Ethiopia. The lower count of yeast and LAB in the
present study could be due to environmental factors.
Even though the production process followed was simi-
lar during grawa fermentation, environmental conditions
such as temperature and moisture content could lead to
vibrant differences in the kinetics and the product be-
sides the microbial profile of the final product (Kirch-
mayr et al. 2017).

During tej fermentation, the counts of AMB, staphylo-
cocci, and ASFB were increased significantly (p < 0.05)
in the first 24 h and later dropped. However, the counts
of yeast and LAB continuously increased until the end of
fermentation and reached the maximum counts of 9.41
+ 0.06 and 8.88 + 0.01 log CFU/ml, respectively. This re-
port was much higher than the report by Nemo and
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Fig. 5 Growth potential of pathogens in borde (A), grawa (B), and tej (C) beverages. The growth potential of £. coli, S. typhimurium, S. aureus, L.
monocytogenes, and C. albicans in the three beverages was assessed within 24 h by drawing samples at an interval of 6 h. The growth or no
growth of these pathogens was determined having cultured the drawn samples on the pathogens’ respective media, incubated at 37 °C, and
counted viable cells which latter expressed in Log CFU/ml. The mean + standard is presented and the statistical analysis was determined using
one-way ANOVA with Tukey post hoc test. Different letters in superscript along a column indicate presence of significant difference (p < 0.05),
while the same letters indicate absence of significant difference (p > 0.05)
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Bacha (2020), who reported 6.31 + 0.63 and 6.09 + 0.53
log CFU/ml from Jimma town tej vendors. And report
by Bahiru et al. (2006) who reported yeast and lactic acid
flora counts (< 7 log CFU/ml) of tej from an indigenous
Ethiopian honey wine. The increment of counts ob-
served during the first 24 h dropped later due to pH

change (increased in the first 24 h and dropped later).
Moreover, the observed higher count of yeast and LAB
could likely be due to appropriate utilization of raw ma-
terials or ingredients (honey, wheat, and barley) without
adulterating. Mostly, the local fej retailer uses sugar
commercially produced in industries instead of using
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honey as raw materials mainly because the honey price
is getting expensive.

In tej fermentation, the presence highest counts of
yeast and LAB co-existed was originated from the
raw materials: honey, malt, and hops. In traditional
fermented beverages, the source of microorganisms
involved in the fermentation processes predominantly
originates from microflora naturally present in the
substrates and utensils/ equipment used for fermenta-
tion. During fermentation, microbial group coexisting
together to enhance the fermentation processes by
adapting to the changing intrinsic and extrinsic con-
ditions caused by the physicochemical changes associ-
ated with microbial activity, duration of fermentation,
temperature, and moisture content (Navarrete-bola
2012; Tamang et al. 2016).

In general, locally consumed beverages usually use
rudimentary materials for preparation, and hence the
microbial succession in due course of fermentation
usually depends on the physicochemical characteristics
of the fermenting matrix. Accordingly, the physico-
chemical properties of the selected beverages investi-
gated in the current study showed a significant
difference (p < 0.05) in their physicochemical properties
from the initial fermentation hours to the end of fer-
mentation. Specifically, there was a reduction of pH in
tej (5.26 £ 0.01 to 3.81 + 0.02), borde (4.58 + 0.03 to
4.22 + 0.01), and grawa (4.18 + 0.10 to 3.62 + 0.02) at
the end of the fermentation while titratable acidity in-
creased. The reduction in pH during fermentation time
is accounted to change in an organic substrate to differ-
ent end-products mainly organic acids esters and car-
bonyls by the action of the dominant microbes like
LAB and yeast (Peyer et al. 2016). Titratable acidities
increased significantly with days of fermentation in as-
sociation with the accumulation of dominant metabo-
lites such as lactic acid and acetic acid as opposed to a
decline in pH (Liang et al. 2020).

In the present study, there was an increment of mois-
ture contents (g/100 ml) in all samples; borde (74.17 +
0.75 to 82.79 + 0.83), grawa (85.57 + 0.08 to 89.96 +
0.28), and tej (74.28 + 0.58 to 88.76 + 0.22). The highest
moisture content (g/100 ml) at the end of fermentation
was lower than the report of Nemo and Bacha (2020),
who reported 87.29 + 3.21 in borde, 95.84 + 1.10 in
grawa, and 95.78 + 1.21 in tej. The increase in the mois-
ture content can be attributed to the addition of water
to the substrate before fermentation (Ekundayo et al.
2013). The increment of moisture content with fermen-
tation time is the consumption of dry matter and water
production during aerobic and anaerobic catabolism by
yeasts and lactic acid bacteria (Laetitia et al. 2005).

Microbiological challenge testing is a valuable ap-
proach to determine a food or beverage ability to
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support the growth of the specific pathogens. In the
present study, the growth of all reference pathogens in
two beverages (grawa and tej) was gradually reduced
and survived for only certain periods. The pH, alcoholic
content, secondary metabolites of LAB, and yeast could
be the main factors that are responsible for the reduc-
tion of pathogens inoculated for the beverages. The pH
of grawa and tej in the present study was less than 4
until the end of the challenge test. Fermented alcoholic
beverages contain valuable nutrients that have health
benefits and are mostly acknowledged as microbiologic-
ally safe due to their high ethanol content greater than
4% and low pH (less than 4.5) (Jeon et al. 2015). Accord-
ing to the Nemo and Bacha (2020) report, grawa and tej
had low pH (< 4) and higher alcoholic content (> 4%).
Occasionally, pathogens can survive extremely low pH
(< 4.00) for a certain time by pumping out of protons,
production of ammonia, and proton-consuming through
processes of decarboxylation of carboxyl groups of
amino acids of proteins source reaction and the pH
value 4.0-5.0 can support growth (Lund et al. 2014;
Vivijs et al. 2016).

In this study, E. coli and S. typhimurium showed
higher survival ability than S. aureus and L. monocyto-
genes in grawa and tej samples. Moreover, C. albicans
were more resistant than all pathogens challenged.
The better survival ability of Gram-negative bacteria
than Gram-positive could be due to the cell-free
supernatant of LAB and the ability to respond to
stress. Cell-free supernatant of LAB has good anti-
microbial properties against Gram-positive or closely
related microorganisms than Gram-negative (Mora-
Villalobos et al. 2020). E. coli is capable of producing
stress response mechanisms that facilitate its adapta-
tion to acid tolerance, which provides more resistance
in acidic environments (Chauret 2011). C. albicans
has an extraordinary capacity to alter extracellular
pH, creating a neutral environment from either acidic
or alkaline starting conditions, with changes in the
pH units when glucose is repressible and requires ex-
ogenous amino acids (Vylkova 2017).

In the current study, all pathogens reach the infective
dose in borde beverage. Borde supported the growth of
pathogens due to low alcoholic content, less acidic (4.22)
due to the short fermentation time of the beverages (an
overnight fermentation), and has a good nutritional pro-
file for the proliferation of microorganisms. Foodborne
pathogens like E. coli O157:H7, Staphylococcus aureus,
Shigella flexneri, and Salmonella spp. can survive and
grow in fermenting borde (Tadesse et al. 2005). Accord-
ing to Nemo and Bacha (2020) report, borde has low al-
coholic content, good nutritional value with relatively
high pH that supports the growth of some undesired
microorganisms.



Nemo and Bacha Annals of Microbiology (2021) 71:22

Conclusion

The selected beverages fermentation process was initi-
ated by AMB, Enterobacteriaceae, staphylococci, and
ASFB, and later due to the changes in physicochemical
properties, LAB and yeast (the most fermentative and
less affected by physicochemical changes) dominated the
fermentation. The higher counts of LAB and yeast in tej
were a potential source for industrial purposes: enzymes,
ethanol, and organic acids production. In the microbial
challenge testing, all reference strains challenged into tej
and grawa samples showed a gradual reduction. Among
the strains, E. coli had the highest resistance next to C.
albicans in two alcoholic beverages. Hence, the survival
ability of the pathogens in alcoholic and low pH bever-
ages (grawa and tej) was very low. Moreover, borde (the
low alcoholic beverage) supports the growth of patho-
gens and cause health risks unless care is taken after
preparation.
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