
http://dx.doi.org/10.4014/mbl.1801.01010

Microbiol. Biotechnol. Lett. (2018), 46(3), 210–224
http://dx.doi.org/10.4014/mbl.1801.01010
pISSN 1598-642X eISSN 2234-7305

Microbiology and Biotechnology Letters

Microbiota and Physicochemical Analysis on 
Traditional Kocho Fermentation Enhancer to Reduce 
Losses (Gammaa) in the Highlands of Ethiopia

Adane Hailu Dibaba1, Ashenafi Chaka Tuffa2
*, Endrias Zewdu Gebremedhin3, Gerbaba Guta Nugus4, and 

Girma Gebresenbet2

1Department of Biology, Ambo University, P. O. Box 19, Ambo, Ethiopia
2Department of Energy and Technology, Swedish University of Agriculture Sciences, Box 7032, 75007 Uppsala, Sweden
3Department of Veterinary Science, Ambo University, P. O. Box 19, Ambo, Ethiopia
4Department of Public Health, Ambo University, P. O. Box 19, Ambo, Ethiopia

Received: January 22, 2018 / Revised: April 4, 2018 / Accepted: July 9, 2018

Introduction

Fermented foods are produced and consumed world-

wide using various manufacturing techniques, raw

materials and microorganisms [1]. Ethiopia is one of the

countries where a variety of fermented, non-fermented

foods and beverages are produced and consumed from a

wide range of raw materials by using traditional tech-

niques. Warqe has been traditionally fermented for gen-

erations in an earthen pit into carbohydrate-rich food

product called kocho. Kocho is one of the most common

indigenous fermented foods consumed in Ethiopia.

Kocho is the dough like material which is the bulk of the

fermented starch obtained from the mixture of the

decorticated leaf sheaths and pulverized corm of the

warqe plant (Ensete ventricosum) [2]. 

Warqe (Ensete ventricosum) has been traditionally fermented in an earthen pit to yield a carbohydrate-rich

food product named kocho, for generations. A fermentation enhancer (gammaa) was added to this ferment-

ing mass to enhance the fermentation process. The objectives of this study were to assess the physicochem-

ical properties and microbiota of the kocho fermentation enhancer culture to reduce losses. Cross-sectional

study design was implemented to collect 131 gammaa samples on the first day of fermentation. The samples

were further classified into four groups according to the duration of fermentation (14, 21, 30, and 60 days)

practised in various households traditionally. The results showed that the fermentation time significantly

affected the physicochemical properties and microbial load of gammaa (p < 0.01). As the fermentation pro-

gressed from day 1 to 60, the pH decreased and the titratable acidity increased. The total coliform, Entero-

bacteriaceae, aerobicmesophilic bacteria (AMB), yeast, and mould counts were significantly reduced at the

end of fermentation. In contrast, the number of lactic acid bacteria (LAB) increased significantly until day

30 of fermentation, because of the ability of the LAB to grow at low pH. Lactobacillus species from LAB iso-

lates and Enter obacteriaceae from AMB isolates were the most abundant microorganisms in gammaa fer-

mentation. However, the Enterobacteriaceae and Lactobacilli species count showed decreasing and

increasing trends, respectively, as the fermentation progressed. These isolates must be investigated fur-

ther to identify the species and strain, so as to develop gammaa at the commercial scale.
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Warqe is banana like plant in its morphology and

growth habit. The plant grows as a perennial monocar-

pic plant with broad leaves, pseudo-stem, and a large

underground corm. Warqe is primarily grown for its

starchy food products in Southern and Southwestern

parts of Ethiopia [2, 3]. The plant is domesticated and

grown as a food crop only in Ethiopia and serves as a

staple food for more than 35% of Ethiopians [4]. Unfer-

mented, partially fermented or thoroughly fermented

parts of the warqe plant are baked or cooked and eaten

alone or in combination with various indigenous foods

[5]. Kocho is one of the food products of warqe, and it is

an acidic starchy food prepared by fermenting a mixture

of the scraped pulp of the pseudo-stem, pulverized corm

and decorticated leaf sheaths of the plant. Kocho can be

stored for an extended period of time [3, 5, 6]. The bread

prepared from fermented warqe is also known as kocho

bread [2].

Kocho fermentation takes place in an earth pit [1] and

it takes a few weeks in warmer regions or several

months or years in colder regions depending on ambient

temperatures of incubation [5]. It has been believed that

kocho fermentation is a microbial disintegration of the

grated corm and pseudo-stem and imparts flavour and

textural qualities of the fermenting food products [7].

Microorganisms are active in kocho fermentation of

starch hydrolysis, proteolysis, and lipolysis in determin-

ing of kocho product, odour, colour, flavour, and spoilage

at all [3]. These spoiled foods microorganisms may be

the main cause for postharvest food loss of warqe foods.

Food can be spoiled by various reasons. For instance,

contamination by microorganisms such as lactic acid

bacteria. Lactic acid bacteria often play a positive role in

fermented food production [39, 40]. However, these bac-

teria can also cause major spoilage, particularly fer-

mented foods that have low pH or high acidity [41]. Thus

the process needs a careful understanding of the role of

microorganisms in kocho fermentation enhancer culture.

Gashe [5] described the microbiology of traditional

kocho fermentation to be similar to the microorganisms

involved in the fermentation of other vegetables. The two

groups of lactic acid bacteria (LAB), namely Leuconostoc

species and Lactobacillus species, are responsible for

bringing about the desired changes, including the reduc-

tion of the pH and natural flavour development in kocho

[5].

There is a general belief that in the highland warqe

growing areas the pulverized mass of kocho will not fer-

ment by itself unless mixed with the enhancer (locally

called gammaa) [8]. Gammaa is a fermented product

that made locally from different herbaceous plants and

previously fermented kocho and it is used as an

enhancer in kocho fermentation process. Gammaa is

added in the pit to aid in the fermentation process.

Kocho would not ferment by itself without the addition

of fermentation enhancer mixed with a fermented mass

of kocho or else the fermentation process takes longer

time. It might be due to low microbial activity in the

high altitudes because of low temperature. Thus, it

requires an addition of active microbial population that

could enhance the fermentation mass in the pit [9]. Fer-

mentation enhancer consists either of already fermented

kocho or with various spices and herbs mixed. Ferment-

ing agents are prepared from the inner portion of the

corm and then mixed with the decorticated pulp and

grated corm after some weeks [10]. However, during this

study, it was observed that in some areas like Areka

area in Southern Ethiopia not added enhancer in the

kocho fermentation process. Addition of fermentation

enhancer in the fermenting mass of kocho may be used

as a starter culture. A starter culture is a product with

high viable microbial counts, and when added to certain

foods, it accelerates fermentation leading to a final prod-

uct with the desired change in the aroma; texture and

flavour profile [11, 12].

Although the microbiological analysis of kocho fermen-

tation enhancer (gammaa) was not studied previously,

enhancer incorporation in the fermenting mass of kocho

could result in a higher initial population of fermenting

microorganisms compensated for possible delayed micro-

bial growth at low temperatures at the high altitude

areas [9]. The quality of fermentation enhancer culture

is used as one of the factors that determine the final

quality and safety of the fermented foods [13]. However,

the microorganisms involved; the physicochemical

changes that occurred during the fermentation process

and the traditional preparation method of this conven-

tional fermentation enhancer of kocho (gammaa) were

not investigated so far. Generating adequate informa-

tion on the microorganisms involved in the fermentation

process of the enhancer is used to define scientifically

and to develop kocho fermentation enhancer commer-
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cially. It will minimize the longest fermentation time of

kocho, enhance the quality and quantity of the warqe

food products and also minimizes post-harvest losses of

fermenting kocho.

The objective of this study was to assess the physico-

chemical characteristics and microbiota of kocho fermen-

tation enhancer (gammaa) in the highlands of Ethiopia.

The specific objectives were to (a) assess the conven-

tional method of kocho fermentation enhancer prepara-

tion and the ingredients added to the fermentation

agent; (b) examine the physicochemical changes that

occur at different fermentation stages of enhancer cul-

ture and (c) isolate and enumerate microbiota of

enhancer at different fermentation times. It was

assumed that the results of the above objectives would

contribute to the minimization of post-harvest loss of

warqe during processing.

Materials and Methods

Study area description
The study was conducted at the Bacteriology Labora-

tory of Ambo Plant Protection Research Centre of Ethio-

pian Institute of Agricultural Research by collecting

samples from two warqe growing areas, namely, Wanchi

and Maruf from February 2016 to March 2017. Wanchi

and Maruf areas are high potential warqe production in

the central highlands of Ethiopia. Wanchi and Maruf

areas have an elevation range of 3,190 to 3,384 and

2,700 to 3,190 meters above sea level (m.a.s.l) respec-

tively. The livelihood of farmers in these areas is heavily

dependent on warqe production [2].

Wanchi and Maruf areas are located at Wanchi and

Toke Kutaye districts in Southwest Shewa and West

Shewa administrative Zones of Oromia Regional State

in Ethiopia, respectively. Average annual rainfalls of

Wanchi district range from 1,650 to 1,800 mm and the

mean annual temperature ranges from is 10 to 30℃. The

annual rainfall range of Toke Kutaye is from 800 mm to

1,100 mm and the temperature ranges from 10 to 29℃

[14]. 

Study design
A cross-sectional study was employed for the analysis

of microbiota and physicochemical changes of kocho fer-

mentation enhancer. Pilot survey and focus group dis-

cussions have been performed with the farmers to

investigate the traditional preparation process and

ingredients used for fermentation enhancer. The role of

enhancer in kocho fermentation process, the elements

added during the preparation of the enhancer (gam-

maa), the duration of fermentation time and storage

conditions were considered during the pilot survey. 

A total of 131 gammaa samples (80 from Wanchi and

51 from Maruf) were collected by using purposive sam-

pling techniques from different households of the two

study areas and further classified according to various

stages of fermentation time traditionally practiced as

14th, 21st, 30th and 60th days. Accordingly, out of the total

study samples 13, 44, 67 and seven households pro-

cessed fermentation time on 14th, 21st, 30th and 60th days

respectively. From all the selected houses, about 50 to 75

gm of gammaa samples were taken from fermenting pit

(boolla gammaa) on the first-day gammaa preparation

and the day’s gammaa was mixed with the fermenting

mass of kocho. Samples were collected into a sterilized

polyethylene bag using a sampling tong. The collected

samples were then packed in an icebox with an icepack

and transported to Bacteriology Laboratory for microbial

analyses within four hours after collection. 

Laboratory investigation
Physicochemical analyses 
Intrinsic and extrinsic parameters of samples (gam-

maa) such as temperature, pH, and titratable acidity

were measured using standard laboratory techniques

according to Gashe [5]. The temperature of each sample

was measured at the fermentation place. Reading was

made in the fermenting mass for about five minutes by

inserting a thermometer that was cleaned using 70%

ethanol. Temperature measurements were taken at

three points at approximately equilateral distances from

the centre according to the methods described by Gashe

[5] and Hunduma and Ashenafi [9].

The pH value of samples was determined by 1/10 dilu-

tion of the sample by dipping the digital glass electrode

attached to pH meter into the sample. Ten grams of

sample was mixed with 90 ml of distilled water. After

calibrating the pH meter using standard buffered solu-

tions at pH 7.00, 4.00 and 9.00, the readings of pH meter

were taken in triplicates.

The titratable acidity of samples was determined by
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titrating the sample with a standard base (NaOH) to the

phenolphthalein endpoints. After filtering the homoge-

nized sample through a filter paper, 10 ml of the volume

of the filtered homogenized sample was titrated with a

0.05 N standard solution of NaOH, after addition of 3 to

5 drops of phenolphthalein indicator. As the colour of the

sample changed to pink, the volume of NaOH consumed

until endpoint reached was used in triplicates to deter-

mine the amount of acid in the sample and the result

was expressed as percent of lactic acid using mathe-

matical equation (1) [15, 16].

Titratable Acidity (%) =  (1)

Where Va is the volume of the base used; 0.009 acid

milliequivalents factor for lactic acid; Na is normality of

the base used; and Ws is sample weight. 

Microbiota isolation
Twenty-five grams of sample was weighed and homog-

enized in 225 ml distilled water on a Rotary Shaker. The

homogenized sample was further diluted in series of ten-

fold dilutions (10-1 to 10-7) in 0.1% sterilized peptone

water by transferring 1 ml of the sample with an auto-

matic pipette after mixing the dilutions thoroughly by

using a vortex mixer before preparation of a further dilu-

tion. From serially diluted samples, 0.1 ml aliquots were

spread plated in duplicate on pre-dried agar plates of

appropriate media for counting by using a bent glass rod

sterilized by dipping into a 70% ethanol solution and

then passing it quickly through the Bunsen burner

flame.

Aerobic mesophilic total count
Aerobic mesophilic bacteria (AMB): Volumes of 0.1 ml

from the serially diluted sample were transferred to

plate count agar (PCA) plates by automatic pipette and

spread-plated in duplicate on pre-dried surfaces of plate

count (PC) agar with a sterile bent glass rod. The plates

were incubated in an inverted position at a temperature

of 30 to 32℃ for about 48 h. The colonies were enumer-

ated and expressed as colony forming unit per gram of

sample (cfu/g) according to the method described by

Karssa et al. [6].

Counts of coliforms: Volumes of 0.1 ml aliquots were

spread plated in duplicate on pre-dried surfaces of violet

red bile (VRB) agar plates. The plates were incubated at

30 to 32℃ for 24 h after which purplish red colonies sur-

rounded by a reddish zone of precipitated bile were

counted as coliforms [17].

Counts of Enterobacteriaceae: Volumes of 0.1 ml ali-

quots were spread plated in duplicate on pre-dried sur-

faces of violet red bile glucose agar plates supplemented

with 1% glucose. The plates were incubated at 30 to 32℃

for 20 to 24 h after which pink to red colonies with or

without haloes of bile precipitation were enumerated as

members of Enterobacteriaceae according to the method

described by Hunduma and Ashenafi [9] and Karssa et

al. [6].

Counts of lactic acid bacteria (LAB): Volumes of 0.1 ml

aliquots were spread-plated in duplicate on pre-dried

surfaces of MRS (de-Mann, Rogosa, and Sharp) agar

plates. The plates were incubated under anaerobic con-

dition, using anaerobic candle jar at 30 to 32℃ for 48 h.

All colonies were counted as lactic acid bacteria [6, 18]. 

Counts of yeasts and moulds: Volumes of 0.1 ml ali-

quots were spread-plated in duplicate on pre-dried sur-

faces of chloramphenicol bromophenol blue (CBB) agar.

Plates were incubated at 25 to 28℃ for three to five days.

Smooth (non-hairy) colonies without the extension at the

periphery (margin) were considered as yeasts whereas

hairy colonies with extension at the edge were consid-

ered as moulds [6, 9]. 

Purification and microbiota assessment: After colony

counting, 10 to 15 different representative colonies were

randomly picked from countable plates of PC and MRS

agar plates for further identification. Colonies of the

LAB were transferred into about 5 ml MRS broth and

purified by repeated streaking on MRS agar. Aerobic

mesophilic bacteria were similarly transferred into

approximately 5 ml nutrient broth for repeated purifica-

tion on nutrient agar. The pure cultures of LAB and

AMB isolates were differentiated to genus level by using

the following characteristics [9].

Characterization of isolates
Morphological characterization: Colony characteristics

of the pure strains such as colony colour, colony shape,

and colony size were considered on agar plates to deter-

mine colony morphology. Microscopic examination of cell

morphology and classification as rod and cocci, cell

arrangement, motility (unidirectional movement) and

Va Na× 0.009× 100×

Ws
------------------------------------------------------
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presence or absence of endospores was made from young

cultures. The colonies were stained on a clean slide with

crystal violet and observed under a light microscope

using oil immersion objective (100 times) [19].

Gram reaction: Gram reaction test was done by KOH

technique. One or two drops of 3% KOH solution was

placed on a clean microscopic slide. Colonies were asepti-

cally picked from the surface of the plate count (PC) agar

and de-Mann, Rogosa and Sharp (MRS) agar plates

using an inoculating loop and stirred in the KOH solu-

tion for 10 sec to 2 min. The inoculating loop was raised

slowly from the mass. Gram-negative bacteria were con-

firmed when the KOH solution becomes viscous, and the

thread of slime follows the loop for 0.5 to 2 cm or more. A

watery suspension that does not support the loop con-

firms Gram-positive bacteria [20].

Biochemical characterization of the isolates
Starch hydrolysis: A loopful of the suspension was

streak-plated on starch agar and incubated at 32℃ for

48 h. The plate was flooded with dilute Lugol’s iodine

solution for 30 sec. Clear zones around colonies were

considered as a positive test for starch hydrolysis (amy-

lase production) [9].

Triple sugar iron (TSI) test: This test was made to con-

firm the isolates production of H2S gas, production of gas

from glucose, the ability to ferment glucose, lactose, and

sucrose. These were done using TSI agar slant. The iso-

lates were inoculated by stabbing through the centre of

the medium to the bottom of the tube and then streaking

the surface of the agar slant by a straight inoculating

loop and incubated at 28℃ for 48 to 72 h. 

The formation of gas is as indicated by the presence of

bubbles or cracks in the agar or by separation of the agar

from the sides or bottom of the tube. The presence of

black coloration along the line of stab inoculation (black-

ening of the butt) was indicating a positive test for H2S

production. Red slant and the red butt of the media were

considered as no fermentation (negative test result) of

glucose, sucrose or lactose. Red slant with yellow butt

confirms no lactose or sucrose fermentation, but glucose

is fermented. Yellow slant with yellow butt was consid-

ered as fermentation of lactose, sucrose, and glucose.

Catalase test: The catalase test was conducted by

flooding colonies with a 3% solution of hydrogen perox-

ide (H2O2) on a clean microscopic slide. Formation of

bubbles indicated a positive test for catalase production

and negative for not producing bubble [20].

Indole test: Indole is a nitrogenous compound and a

degradation product of amino acid tryptophan of various

bacteria. It was tested by inoculating a tube of tryptone

water with a pure culture of the test organism and incu-

bation at 37℃ for up to 48 h. Five to ten drops (0.2 ml) of

Kovac’s reagent was added, shaken and allowed to stand

for up to 10 min. A pink coloration at the surface indi-

cates the presence of indole.

Oxidase test: This test measures the ability of a

microbe to oxidize aromatic amines. A small loopful of

each bacterial isolate was rubbed on a filter paper with

drops of 1% (W/V) aqueous N,N,N,N-tetramethyl-P-

phenylenediamine dihydrochloride solution. Strains

which developed a blue or deep purple colour within

30 sec were considered positive for oxidase test [21].

Statistical analysis
Data of physicochemical changes, microbial counts,

and isolates characteristics were analysed by the statis-

tical package for social sciences (SPSS) software version

20 using descriptive statistics regarding frequencies and

percentages. To apply inferential statistics method,

physicochemical and microbial counts data were trans-

formed to log10 to meet normality assumption in compar-

ing means of physicochemical and microbial counts of

gammaa on different fermentation times using Analysis

of Variance (ANOVA) test. 

Multiple comparison tests were done to identify which

fermentation days means of the physicochemical and

microbial counts of gammaa were significantly different.

In all statistical analyses, p < 0.05 was considered to be

statistically significant.

Results and Discussion

Preparation of kocho fermentation enhancer (gammaa)
In both Wanchi and Maruf areas, kocho is produced by

adding fermentation enhancer (gammaa) at different

time ranges. The study result showed that more than

half (51%) of the study participants added fermentation

enhancer on the 30th days. Decorticated and pulverized

mass of warqe pseudo-stem and corm were placed in an

earthen pit for fermentation and within three months

fully fermented kocho produced. All participants of the



Microbiota and Physicochemical Analysis on Gammaa  215 

September 2018 | Vol. 46 | No. 3

focus group discussion indicated that addition of gam-

maa in kocho fermentation mass enhanced the fermen-

tation process. They have also noted that addition of

gammaa improved the textural and flavour quality of

kocho.

All kocho processing activities were done by women

using traditional methods, although sometimes men

help in cutting or harvesting the mature plant. It was

also observed that along with kocho processing activi-

ties, fermentation enhancer (gammaa) is prepared and

placed open corm cavity. Hunduma and Ashenafi [9]

reported similar results that there was same practice in

the highlands of warqe producing areas. It was also

reported that similar methods are done at Wolaita in

Southern Ethiopia in kocho fermentation to initiate fer-

mentation process [22]. It has been believed that the pul-

verized mass in the pit would not ferment unless

gammaa is added to it or else the process would take lon-

ger time. It was indicated that in kocho fermentation

process, the addition of gammaa enhanced the fermen-

tation process of kocho in the high-altitude areas. It

could increase the fermentation process by increasing

active microbial population and by avoiding low micro-

bial multiplication which occurs due to low temperature

in high altitude areas.

Summary of the steps of traditional gammaa prepara-

tion process is presented in Fig. 1. After selection of a

matured warqe plant, non-edible parts of the plant such

as leaves and the outer semi-dried leaf sheaths were

removed from the plant. During this step, the outer

semi-dried leaf sheaths were removed from the plant

one by one and pseudo-stem cut. The pseudo-stem was

divided into three pieces. The lower section of the

pseudo-stem was detached from the corm at the crown

Fig. 1. Schematic diagram of traditional gammaa preparation processes in Wanchi and Maruf areas.
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by leaving the corm underground. The central part of

the corm in the ground was pulped by the serrated end

of “javga” (Fig. 2A). “Javga” is locally prepared wooden

equipment and it has two ends for different purposes.

The lower serrated end is used for pulverizing corm, and

the upper end is used for smashing pseudo-stem.

The pulverized corm and formed opened cavity at the

centre of the corm in the ground, locally known as

“boolla gammaa” (Fig. 2B). This empty corm cavity was

left open until the ingredients of gammaa prepared. The

inner walls of the emptied cavity were rubbed with a tra-

ditional ground mixed ingredient (qoricha gammaa)

with a hand before adding the ingredients. A traditional

ground mixed ingredient is composed of different plants

and plant parts such as herbs, fig tree leaves, aromatic

plants, and rotten and blackened warqe flower sheath.

Similar to our study Hunduma and Ashenafi [9], Urga et

al. [8] and Zewdie [23] reported the use of the same

ingredients for the preparation of a traditional ground

mixed ingredient. 

Plants commonly used for qoricha gammaa in the

study areas are vernonia (Vernonia amygdalina), warqe

flower sheath, thyme (Thymus vulgaris), fig leaves

(Ficus carica), lemon grass (Cymbopogon citratus), kos-

eret (Lippia abyssinica) and buckthorn (Rhamus prinoi-

des). These ingredients were added to the open cavity of

scraped corm and mixed with pulverized and decorti-

cated warqe pseudo-stem and corm (Fig. 2C) and then

Fig. 2. Pulverizing of the underground corm with a serrated end of javga (A); open cavity of the scraped corm, boolla gam-
maa, (B), adding of the pulverized and decorticated warqe pseudo-stem and corm in the open hole (C), and the tightly
packed corm cavity (D) for fermentation.
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tightly covered with warqe leaves (Fig. 2D). Then, it was

left to ferment for about 14 to 60 days depending on

household practice and finally this fermented product

used as kocho fermentation enhancer (gammaa). This

fermentation enhancer was added and mixed with the

fermenting mass in the earthen pit to enrich Kocho fer-

mentation process. It was done during the first regular

mixing of the fermenting mass by taking out the whole

mass from the fermentation pit. The result of the study

shows that one month seems optimum time to mix gam-

maa with fermenting mass of kocho since laboratory

result of physicochemical and microbial counts of gam-

maa on the 30th day confirmed (Fig. 3 and 4).

Physicochemical analysis
The results of laboratory analyses of pH, titratable

acidity, and temperature of gammaa at the beginning of

fermentation time were presented in Table 1. The physi-

cochemical parameters results during fermentation

period are presented in Fig. 3. On the first day, the pH of

gammaa samples ranged from 5.00 to 7.10 with the

mean value of 6.14 and standard deviation (SD) 0.43

(Table 1). Gammaa samples that fermented for different

periods of time (14, 21, 30 and 60 days) had significantly

different mean pH (F (3,127) = 62.42, p < 0.001). Multi-

ple comparisons using LSD (least significant difference)

test indicated that mean pH of gammaa was signifi-

cantly higher in the samples of gammaa fermented for

14 days (mean = 5.47, SD = 0.28) than mean of gammaa

samples fermented for 21 days (mean = 5.01, SD = 0.40),

p < 0.001, 30 days (mean = 4.42, SD = 0.31), p < 0.001,

and 60 days (mean = 3.93, SD = 0.11), p < 0.001. Simi-

larly, mean pH of gammaa was significantly higher in

the samples of gammaa fermented for 21 days than

those fermented for 30 days, p < 0.001 and mean pH of

gammaa fermented for 30 days than those fermented for

60 days, p < 0.001. 

The pH in different fermentation days is shown in Fig.

3A. The pH of gammaa samples decreased when the fer-

mentation time increases. It suggests that when fermen-

tation time increases the acidity of gammaa increases

due to increased involvement of acid-producing microor-

ganisms in the fermentation process. The previous stud-

ies conducted on kocho fermentation have shown similar

results [6, 24]. Gashe [5] reported that Leuconostoc spe-

cies and Lactobacillus species as the major bacteria

Fig. 3. Physicochemical changes in kocho fermentation enhancer at different fermentation days (A) pH, (B) titratable acidity
(%) and (C) temperature (℃) (mean ± S.E).
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mostly responsible for lowering the pH of kocho. As all

lactic acid bacteria were homo-fermentative, more acid

would be produced per mole of fermentable sugar, and

the rate of pH fall would be faster [9].

As the pH of gammaa dropped, the titratable acidity

(TA) percent was increased. On the first day, TA of gam-

maa ranged from 0.00 to 0.50 with mean 0.23 and SD

0.10 (Table 1). Analysis of variance test result showed

that gammaa samples fermented for different periods of

time (14, 21, 30 and 60 days) had significantly different

mean TA percent (F (3,127) = 12.14, p < 0.001). Post-hoc

comparisons test indicated that means of TA percent of

gammaa fermented for 14 (mean = 0.32, SD = 0.10) ver-

sus 21 days (mean = 0.52, SD = 0.18, p = 0.003), 14 ver-

sus 30 days (mean = 0.65, SD = 0.22, p < 0.001), 14 days

versus 60 days (mean = 0.71, SD = 0.27, p < 0.001), 21

days versus 30 days (p = 0.001) and 21 days versus 60

days (p = 0.018) were significantly different. As fermen-

tation time increased, TA percent also increased with

time of fermentation (Fig. 3B). Percentage of TA at the

early time of fermentation was lower than the later time

of fermentation due to the increased population of acid

producing bacterial species. 

Initially, gammaa samples temperature ranged from

11.10 to 16.50℃ with mean 13.83℃ and SD 1.20 (Table

1). Gammaa samples fermented for different periods of

time (14, 21, 30 and 60 days) had significantly different

mean temperature (F (3, 121) = 8.93, p < 0.001). Multiple

comparisons using LSD test indicated that mean tem-

perature of gammaa fermented for 14 days (mean =

Fig. 4. Microbiota counts (log10cfu/g) at different fermentation days of kocho fermentation enhancer (A) lactic acid bacteria;
(B) aerobic mesophilic bacteria; (C) total coliform and (D) Enterobacteriaceae (mean ± S.E).

Table 1. Physicochemical properties of kocho fermentation enhancer on the first fermentation day.

Physicochemical N Minimum Maximum Mean SD

pH 131 5.00 7.10 6.14 0.43

Titratable acidity (%) 131 0.00 0.50 0.23 0.10

Temperature (℃) 131 11.10 16.50 13.83 1.20
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14.57, SD = 1.01) was significantly different from mean

temperature of gammaa fermented for 21 days (mean =

16.48, SD = 1.07), p < 0.001 and 30 days (mean = 16.75,

SD = 1.41), p < 0.001. However, the trend showed that

temperature increased up to day 30 and decreased in

day 60 of fermentation times as can be seen from Fig.

3C. It indicated that there was a large variation in each

temperature measurement. It might be difficult to main-

tain the temperature of gammaa in the fermentation

pits since it was packed with dried warqe leaves or there

was a strong influence of ambit temperature on the fer-

mentation pits. This result confirmed that gammaa fer-

mentation process takes place at low-temperature range

(13 to 20℃). The results are in agreement with Gashe

[5], who confirmed that kocho fermentation taken place

at low fermentation temperature (14 to 18℃). 

Microbiota analysis
In this study, microbiota was analysed in the tradi-

tional kocho fermentation enhancer culture by detecting

only specific microorganisms which are involving in the

fermentation process. The microorganisms include lactic

acid bacteria, aerobic mesophilic bacteria, total coli-

forms, Enterobacteriaceae, yeast and mould counts.

Lactic acid bacteria (LAB)
At the beginning of fermentation time, lactic acid bac-

teria count (log10 cfu/g) in the samples of gammaa varied

from 3.90 to 7.00 with mean 5.12 and SD 0.72 (Table 2).

Gammaa samples fermented for different periods of

time had significantly different mean LAB (F (3, 114) =

63.09, p < 0.001). Multiple comparisons test indicated

that mean LAB in gammaa was significantly lower in

the samples of gammaa fermented for 14 days (mean =

6.47, SD = 0.14) than mean of gammaa samples fer-

mented for 21 days (mean = 9.81, SD = 0.57), p < 0.001,

30 days (mean = 10.70, SD = 0.43), p < 0.001, 60 days

(mean = 8.70, SD = 0.41), p < 0.001. Similarly, the mean

LAB in gammaa was significantly lower in the samples

of gammaa fermented for 21 days than those fermented

for 30 days; p < 0.001, however, the mean LAB in gam-

maa fermented for 30 days was significantly higher com-

pared to those fermented for 60 days, p < 0.001. 

Fig. 4A shows that LAB in gammaa samples

increased until day 30 and then declined at day 60 of fer-

mentation. The result indicated that as the fermentation

time increased from the first day to 60th days, the counts

of LAB also increased promptly till the 30th days of fer-

mentation and then decreased. It is due to the ability of

the LAB to grow at low pH or LAB produced acidic con-

dition up to 30 days, and then their multiplications

become decreased when the time of fermentation

increased. It may explain their tolerance to acidic envi-

ronments. Also, during gammaa fermentation, the

anaerobic condition created in the tightly packed pit

may favour their growth. According to Karssa et al. [6],

the decrease in pH and increase in titratable acidity

during the entire kocho fermentation could be attributed

to the activities of acid producing micro-organisms

mainly lactic acid bacteria. Yirmaga [24] also reported

that when the fermentation time increases, the counts of

LAB also increase due to the ability of the LAB to grow

at low pH of kocho. Similarly, Lu et al. [25] reported that

there is a general agreement on the dominance and ben-

eficial effects of the LAB on the fermentation process of

starchy food products.

Aerobic mesophilic bacteria (AMB)
At the beginning of fermentation time, aerobic meso-

philic bacteria in gammaa samples (log10cfu/g) varied

from 8.20 to 10.40 with mean 9.05 and SD 0.42 (Table 2).

Gammaa samples fermented for different periods of

Table 2. Microbiota count (log10cfu/g) in gammaa on the first fermentation days.

Microbiota (log10cfu/g) N* Minimum Maximum Mean SD

Lactic acid bacteria 116 3.90 7.00 5.12 0.72

Aerobic mesophilic bacteria 110 8.20 10.40 9.05 0.42

Total coliforms 113 6.50 9.50 8.16 0.45

Enterobacteriaceae 117 6.20 8.00 7.15 0.39

Yeast and mould counts 102 3.00 5.10 3.82 0.52

*Even though the sample size was 131, with microbiota results, it was reduced and varied for the fact that in some samples microbiota was
uncountable and could not be quantified.
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time had significantly different mean AMB (F (3, 102) =

244.98, p < 0.001). Multiple comparisons test indicated

that mean AMB was significantly higher in the samples

of gammaa fermented for 14 days (mean = 10.20, SD =

0.53) than in gammaa samples fermented for 21 days

(mean = 7.92, SD = 0.43), p < 0.001, 30 days (mean =

6.63, SD = 0.46), p < 0.001, 60 days (mean = 5.41, SD =

0.45), p < 0.001. Similarly, the mean AMB for all possi-

ble pairs according to fermentation time (21 versus

30 days, 21 versus 60 days and 30 versus 60 days) had

significantly different means, p < 0.001 for each pair. As

fermentation time was increasing, AMB was decreasing

(Fig. 4B). It was observed that AMB in gammaa samples

was decreasing sharply as fermentation time increases.

It indicated that at the initial stage of fermentation time

gammaa samples were dominated by AMB and as fer-

mentation time increased AMB decreased rapidly. This

result is in agreement with the previous report on kocho

fermentation studies [6, 9]. However, Ashenafi [1]

explained that kocho and bulla had high counts of AMB

and yeasts with the increase in the fermentation time.

Hunduma and Ashenafi, [9] also reported that the AMB

count reached levels as high as over log 9 cfu/g at about

three weeks of fermentation times.

Total coliforms
At the beginning of fermentation time, coliform

(log10cfu/g) in the gammaa samples varied from 6.50 to

9.50 with mean 8.16 and SD 0.45 (Table 2). Gammaa

fermented for different periods of time had significantly

different mean coliforms (F (3, 69) = 970.50, p < 0.001).

Multiple comparisons test indicated that mean coliform

of gammaa was significantly higher in the samples of

gammaa fermented for 14 days (mean = 6.76, SD = 0.43)

than mean of gammaa samples fermented for 21 days

(mean = 2.42, SD = 0.20), p < 0.001, 30 days (mean =

1.45, SD = 0.30), p < 0.001, 60 days (mean = 1.40, SD =

0.20), p < 0.001. Similarly, mean coliform in gammaa

samples for the pairs according to fermentation time (21

versus 30 days, 21 versus 60 days) had significantly dif-

ferent means, p < 0.001 for each pair while gammaa

samples fermented for 30 and 60 days had non-signifi-

cant different number of mean coliforms. 

As shown in Fig. 4C, coliforms in gammaa samples

were decreasing significantly until day 30. It is showed

that counts of coliform in gammaa decreased as the fer-

mentation time increased. It may be due to anaerobic

conditions created in the tightly packed gammaa fer-

mentation pit which might have brought a significant

lowering of pH by the acid producing ability of lactic acid

bacteria. Hunduma and Ashenafi [9] also reported simi-

lar condition in kocho fermentation process. After the

30th day of fermentation time, coliform counts reached

below the detection limit used in this study. The elimi-

nation of coliforms towards the ends of fermentation is

in agreement with the reports of Hunduma and

Ashenafi [9]. According to these authors, coliforms were

not detected following the proliferation of LAB and the

corresponding fall in pH after that. Lactic acid bacteria

have also been known to produce antimicrobial sub-

stances during fermentation of different foods [26−28].

Enterobacteriaceae
At the beginning of fermentation time, Enterobacteria-

ceae (log10cfu/g) in the gammaa samples varied from

6.20 to 8.00 with mean 7.15 and SD 0.39 (Table 2). Gam-

maa samples fermented for different periods of time had

significantly different mean Enterobacteriaceae (F (3, 82)

= 684.85, p < 0.001). Multiple comparisons test indicated

that mean Enterobacteriaceae in gammaa was signifi-

cantly higher in gammaa fermented for 14 days (mean =

8.28, SD = 0.54) than mean in gammaa samples fer-

mented for 21 days (mean = 5.55, SD = 0.37), p < 0.001,

30 days (mean = 1.68, SD = 0.57), p < 0.001, 60 days

(mean = 1.30, SD = 0.26), p < 0.001. Similarly, mean

Enterobacteriaceae in gammaa samples for the pairs

according to fermentation time (21 versus 30 days, 21

versus 60 days) had significantly different means, p <

0.001 for both pairs while gammaa samples fermented

for 30 and 60 days had non-significant different amount

of Enterobacteriaceae. 

As shown in Fig. 4D, Enterobacteriaceae was decreas-

ing until day 30. Numbers of Enterobacteriaceae reached

below the detection limit used in this study after 30

days. It was possibly due to lowered pH in the tightly

packed gammaa when fermentation time increased. Our

result supported the findings of Karssa et al. [6]. In this

study, the unfavourable conditions created due to a

reduction in pH over fermentation time might have

eliminated Enterobacteriaceae members from ferment-

ing kocho mass. A pH of 3.5 to 4.0 has been reported to

inhibit Enterobacteriaceae and other Gram-negative bac-
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teria [29]. The elimination of Enterobacteriaceae may

indicate the safety of kocho from enteric pathogens. Fer-

mentation has been demonstrated to be more efficient in

the removal of Gram-negative bacteria [30, 31].

Yeast and mould counts
At the beginning of fermentation time, yeast and

mould counts (log10cfu/g) in the samples varied from

3.00 to 5.10 with a mean of 3.82 and SD 0.52 (Table 2).

Gammaa samples fermented for different periods of

time had significant variations of yeast and mould

counts (F (3,102) = 204.56, p < 0.001). Multiple compari-

sons test indicated that samples of gammaa fermented

for 14 days (mean = 5.73, SD = 0.55) and 21 days (mean

= 5.76, SD = 0.49), had non-significantly different mean

yeast and mould counts, P = 0.838 while there was sig-

nificantly different yeast and mould mean counts

observed between gammaa samples fermented for 14

days and 30 days (mean = 3.66, SD = 0.45, p < 0.001), 60

days (mean = 2.54, SD = 0.35, p < 0.001). 

As shown in Fig. 5 count of yeast and mould were

observed throughout the fermentation period. However,

their count increased from day 14 to day 21 of fermenta-

tion and then showed decreasin with increasing of fer-

mentation times. This reduction in yeast and mould

count might be due to the anaerobic condition of gam-

maa fermentation, followed by a decrease in pH, and

increases in TA. It was reported that the low number of

yeasts in fermenting kocho could be due to unavailabil-

ity of sufficient oxygen in the tightly packed and sealed

fermenting mass [24]. Some reports indicated the fer-

mentative activities of yeast increases along with lactic

acid bacteria during similar fermentation processes [7,

32−34]. Gashe [5] isolated four yeast genera; Trichospo-

ron, Torulopsis, Rhodotorulla, and Candida from fer-

menting kocho mass which reached highest counts

between 22 and 43 days of fermentation and then sig-

nificantly decreased. The author also indicated that the

proliferation of yeasts requires an abundant and contin-

uous supply of oxygen. It all stated that reduction of

yeast and mould in the later stage of gammaa fermenta-

tion possibly due to the formation of increasing level of

acidity and anaerobic condition when fermentation time

increases. Similar to our result Adeta et al. [38] reported

that the presence of yeasts and mould throughout the

kocho fermentation period.

Morphological and biochemical characterization of the
isolates

Lactic acid bacteria (LAB) isolates
A total of 223 representative colonies were purified

and isolated by repeated streaking on MRS agar plates

from gammaa samples on different fermentation days.

Lactic acid bacteria isolation frequency and percentage

in different gammaa fermentation days are presented in

Table 3. From these isolates, 173 (77.6%) were Gram-

positive, catalase-negative, oxidase-negative, cocci or

rod-shaped and non-motile. These are unique character-

istics of lactic acid bacteria as described by Holzapfel et

al. [35]. Zewdie [23] also reported that LABs are natural

microbiota involved in the warqe fermentation process.

Gram-positive and non-motile cocci belonging to Leuco-

nostoc species and Streptococcus species constituted

27.7% and 12.7% of the LAB isolates respectively which

dominated the initial stages of gammaa fermentation.

The other 3.5% isolates were Gram-positive and non-

motile rods and grouped as Lactobacillus species. 

Lactobacillus species was found the most dominant of

LAB isolate in 14, 21 and 30 days of fermentation. How-

ever, on the 60th days of fermentation among LAB, only

Leuconostoc species was found, but the occurrence was

low (1.2% of the total LAB isolate, Table 3). In the study

of kocho fermentation Gashe [5] reported that the two

groups of the LAB, namely Leuconostoc species and Lac-

tobacillus species, are responsible for bringing about the

desired changes, including the reduction of the pH and

natural flavour development in kocho. This author also

reported that Leuconostoc mesenteroides initiated the

fermentation and dominated the lactic flora. In another

Fig. 5. Yeast and mould counts (log10cfu/g) of kocho fer-
mentation enhancer at different fermentation days (mean
± S.E).
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study, hetero-fermentative cocci were dominant during

the initial stage of fermentation and played an essential

role in starting kocho fermentation [36].

After the 14th day of fermentation, the microbiota was

dominated by Lactobacillus species. A study indicated

that Lactobacillus species succeeded Leuconostoc species

as the most abundant and actively growing micro-organ-

ism in kocho [5]. Through the activities of these Lactoba-

cilli species, the pH of kocho was reduced. The strong

acid producer, Pediococcus cerevisiae, which is usually

active in the upper range of mesophilic temperatures,

was present in fermenting kocho. Girma and Gashe [37]

also identified Lactobacillus species, Pediococcus spe-

cies, Leuconostoc species and Streptococcus species from

kocho and bulla purchased from different markets in

Addis Ababa and suspected these microorganisms to be

involved in the fermentation process.

Aerobic mesophilic bacteria isolates (AMB)
A total of 254 representative colonies were isolated

and purified by repeated streaking on nutrient agar

plates. Biochemical characteristics such as catalase test,

oxidase test, starch hydrolysis test and the ability of the

isolates to ferment glucose, sucrose, and lactose, and gas

production were determined on TSI slants. From a total

of 254 representative colonies, 206 isolates (81.1%) were

Gram-negative rods and Gram-positive cocci bacteria.

Aerobic mesophilic bacteria isolate frequency and their

percentage in different gammaa fermentation days is

presented in Table 4. From 115 identified isolates on the

first day of fermentation, about 52.4% were Gram-nega-

tive rods (Enterobacteriaceae, Aeromonas species, and

Pseudomonas species) and 6 (2.9%) isolates were Gram-

positive cocci (Staphylococcus species, and Micrococcus

species). About 69 isolates on the first day of fermenta-

tion of the identified Gram-negative rods were oxidase-

negative (Enterobacteriaceae) from all fermented glucose

on TSI agar slants. Only 20 isolates of Enterobacteria-

ceae members produced gas from glucose on TSI agar

slants. 

It was observed that Enterobacteriaceae was the most

dominant from AMB isolates on the first day, 14 and 21

days of fermentation, however, the occurrence showed a

decreasing trend (Table 4). It might indicate that the low

pH created an unfavorable condition for Enterobacteria-

ceae as fermentation times increased. Similar to this

result Karssa et al. [6] reported that a reduction in pH

over fermentation time eliminate Enterobacteriaceae

members from fermenting kocho mass by creating unfa-

vourable conditions for it.

In conclusion, the results of this study showed that

farmers prepare kocho fermentation enhancer (gam-

maa) on the same day kocho fermentation started. Fer-

mentation enhancer fermented in the boolla gammaa

for the range of 14 to 60 days before use. However, more

than half of the study participants (51%) mixed gammaa

with a mass of fermenting kocho on 30 days. The labora-

tory results revealed that 30 days of fermentation could

be taken as optimum fermentation time for gammaa. As

long fermentation days could cause the spoilage of kocho

in the fermentation pit, and therefore kocho spoilage

could be reduced by using gammaa at 30 days of fermen-

tation. It was reported that gammaa by itself does not

ferment without the addition of a traditional ground

mixed ingredients. For this purpose, different herbs, fig

tree leaves, aromatic plants, and rotten and blackened

warqe flower sheath used as mixed ingredients in the

study areas.

As the fermentation progresses from the first day to

60th days, the pH dropped, and titratable acidity

increased with days of fermentation. Aerobic mesophilic

bacteria counts were high at the initial stage of fermen-

Table 3. Frequency and percentage of lactic acid bacteria isolated at different gammaa fermentation days.

LAB isolates 

Number and proportion of isolates along fermentation days

Total %First day 14 21 30 60

No. % No. % No. % No. % No. %

Leuconostoc species 48 27.7 5 2.9 - - 6 3.5 2 1.2 61 35.3
Streptococcus species 22 12.7 4 2.3 - - 1 0.6 - - 27 15.6
Lactobacillus species 6 3.5 25 14.4 2 1.2 31 17.9 - - 64 37.0
Pediococcus species - - 14 8.1 - - 7 4.0 - - 21 12.1

Total 76 43.9 48 27.7 2 1.2 45 26.0 2 1.2 173 100
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tation time and then showed a considerable decrease in

60th days of fermentation. The number of lactic acid bac-

teria increased as the fermentation progressed and they

were the dominant microbiota on the 30th days of fer-

mentation. On the other hand, coliform and Enterobacte-

riaceae counts were higher at the start of the

fermentation process and showed a significant reduction

as the fermentation time progressed. However, yeast and

mould counts were slightly increased until 21 days and

then showed a remarkable decrease. Lactobacillus spe-

cies from LAB isolates and Enterobacteriaceae from

AMB isolates were the most abundant and dominant

microorganisms in gammaa fermentation. However, the

number of lactobacillus species and Enterobacteriaceae

showed increasing and decreasing trend along with the

fermentation days respectively. Therefore, it needs fur-

ther investigation on the species and strain level identi-

fication of different microorganisms involved in gammaa

fermentation. It may help to develop gammaa at a com-

mercial level. In addition to this, it detailed study on the

role of lactic acid bacteria in gammaa fermentation pro-

cess as well as its role in the spoilage of kocho in the stor-

age could be recommended. Moreover, the role of various

herbs and aromatic plants that are added during gam-

maa preparation deserves further investigation. 
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