
Almaz Gonfa (1),  Habtamu fufa(1), W.H. Holzapfel(2)  &

Howard A.Foster(3)



1.BACKGROUND INFORMATION

2. INTRODUCTION

3. METHODS & MATERIALS

4. RESULTS & DISCUSSIONS

5. CONCLUSION & RECOMONDATION



Fermented Foods/Drinks

• Foods/drinks that have been subjected to the action of micro-
organisms or enzymes, in order to bring about a desirable 
change.

• Numerous food/drink products owe their production & 
characteristics to the fermentative activities of microorganisms.

•

Fermented foods/drinks originated many thousands of years ago 
when presumably micro-organism contaminated local raw 
food/ drink materials .

• Microorganisms that play role in fermentation (Lactic Acid 
bacteria, Yeast & Mould)



• Considering history & origins of fermented  foods & drinks, 

literatures showed that these were used since prehistoric times 

in various parts of the world (Table 1a) Additional tables\Table 

1a.doc

• Fermented foods / drinks are produced in all parts of the world 

& comprise about one-third of the world wide consumption of 

food and 20- 40 % (by weight) of individual diets. (Table 1b),   

Additional tables\Table 1b.doc &  (Table 1c)Additional 

tables\Table 1c.doc

Additional tables/Table 1a.doc
Additional tables/Table 1b.doc
Additional tables/Table 1b.doc
Additional tables/Table 1c.doc


Micro-organisms generally cause changes in the foods which:

– Help to preserve the food,

– Extend shelf-life considerably over that of the raw materials 
from which they are made,

– Improve aroma and flavour characteristics,

– Increase its  vitamin content or its digestibility compared to the 
raw materials.

– Other benefits of fermented foods/drinks (Table 
1d)Additional tables\Table 1d.doc

Additional tables/Table 1d.doc


Lactic Acid Bacteria – are very impt group in FF/FD

• Major group of Fermentative organisms. This group is 
comprised of 11 genera of gram-positive bacteria:

• The lactic acid bacteria can be divided into two groups based 
on the end products of glucose metabolism.

• Those that produce lactic acid as the major or sole product of 
glucose fermentation are designated homofermentative.

• Those that produce equal amounts of lactic acid, ethanol and 
CO2 are termed heterofermentative.

•

The homolactics are able to extract about twice as much 
energy from a given quantity of glucose as the heterolactics.



• All members of Pediococcus, Lactococcus, Streptococcus, 
Vagococcus, along with some lactobacilli are homofermenters
(5 genera) .

• Carnobacterium, Oenococcus, Enterococcus, Lactosphaera, 
Weissells and Lecconostoc and some Lactobacilli are 
heterofermenters (6 genera)

• The heterolactics are more important than  homolactics in 
producing flavour & aroma components such as 
acetylaldehyde & diacetyl.



 Ethiopia also has many traditional fermented foods /drinks 

& these are being consumed since the pre-historic times. 

 Traditional fermented milk & milk products are one of those

 Ethiopia as a country with the largest cattle herd in Africa (1st

) and also ranking 10th in the world should be able to benefit 

form the milk and milk product which is one of the major 

dairy product. 



• In Ethiopia, fermented milk products are widely consumed by  all 
community: 

(agro-pastoral community - high lands & Central parts  

-E, N & S. pastoral lowlands - with the Borans constituting 
the major group)

• Thus, fermented milk products play a central role in the diet of most Ethiopians, 
& the products are of great nutritional, economic, cultural  & social values, 
which also contributed much towards the rural house hold food security.

• Variety of fermented dairy products are produced in Ethiopia  (Ergo, Ititu, Arera,
Ayib, Kibe, Augate) among which Ergo and Ititu are the most important and popular 
ones.

• common denominator for the traditional rural communities in both areas (agro-
pastoral and pastoral) during traditional fermented milk processing : 

 Application of  smoke to 

 natural spontaneous fermentation of unheated milk in a pre-smoked 
traditional containers/vessels  of various origins, at ambient 
Temperature (Fig. ……)

 Application of  smoke of various wood plants to all containers ( Fig…)      



 these traditional vessels are cleaned thoroughly with warm

water using a special kind of fresh green leaf  (Image 3.1.1 & 

3.2.1 ) Image 3.1.1- 3.1.2  Ergo.doc & Image 3.2.1-

3.2.2.Ititu.doc

 Then, are frequently smoked with splinters (twigs) of different  

types of wood  plants (Image 3.1.1 & 3.2.1 )

 then cleaned with a fiber from Enset (FB) plant locally known as 

Foxsoo Image 3.3a-3.3c.doc to clean out the charcoal chips.

 The traditional containers which have been in use continuously 

develop smooth slimy inner surfaces , believed  the LAB 

dominant in the fermentation process might selectively develop 

an ability to survive in this slimy inner surface wall or biofilm.

Image 3.1.1- 3.1.2  Ergo.doc
Image 3.2.1-3.2.2.Ititu.doc
Image 3.3a-3.3c.doc


 The raw milk as well as the containers traditionally utilized 

in the rural areas may thus contribute their own organisms to 

the fermentative actions

 This process is also believed to invariably ensures proper 

development of flavor and aroma of the fermented milk  (Ergo, 
Ititu)



 Similar methods are used in the preparation of the traditional vessels for 

Ititu fermentation in the pastoral community of Borona with slight 

variation. (Image 3.2.1-3.2.2.Ititu.doc)

 Ititu is prepared at 27–30oC for 15 -30 days with periodic removal of whey 

wooden pipet (Dhumaa) & addition of fresh milk every 3-4 days, needs

longer time of fermentation.

 The container filled up with fresh milk every 3-4 days  until finally filled 
with hardened fermented curd or Ititu. B/s of its typical nature, is usually 

not produced in urban areas .  

 Ergo (spontaneous & carried out at ambient temperature  of  23-25oC for 

2-3 days, This may be (extended from 5 to 21 days during the dry season,

lower milk production. 

Image 3.2.1-3.2.2.Ititu.doc


 Ititu a fermented hardened milk curd, containing reduced moisture, and 
has a slightly stringent taste & longer shelf life compared to Ergo. 

 According to Sanders (Sanders, 1991), spontaneous fermentation of 
unheated milk takes advantage of the action of naturally occurring mixed 
microbiota inherent in the raw milk & the environment.- Starter selection

 LAB constitute dominant microorganisms in the natural ferm. milk,  play 
an essential role in the milk fermentation &  bio-preservation, 

 In natural fermentation, the milk substrate as well as the fermentation 
conditions for these products such as smoking, type of smoking plant 
materials used, the traditional containers (gourds) & environmental factors 
can provide the necessary selective forces for development of LAB strains 
with unique functionalities.

 Besides, LAB contribute to the appealing taste & extended shelf life of 
these products (inhibit pathogens & spoilage). Thus the survival of 
pathogenic microbiota is reduced, particularly at low pH (≤4.5) ((De Vos & 
Hugenholtz, 2004, Jay, 2005)



 Even though Ergo and Ititu have been made for generations in rural 

Ethiopia, the studies made on these products so far are few & only 

focus on the microbial & physiological studies of the final 

products which cannot lead to the isolation of the dominant LAB 

which play a key role through all the fermentation steps for the 

possible selection and development of starter cultures. 

 Besides, no published scientific investigation on the microbial 

succession using the time tested indigenous technologies such as 

application of smoke & use of different kinds of traditional vessels 

used for the preparation of these fermented milk products, &

investigate their effect on  the chemical, microbial & sensory 

properties of the products.

 Thus, there is no complete figure as to what is happening during each 

fermentation steps of these products with respect to the microbial succession 

and dynamicity



 However, the process has long been known to be a fairly effective method 

for converting milk into a more stable food product and has long been used 

for processing small quantities of milk

 Thus with this in mind this first experimental phase study was  undertaken 

to isolate & identify the microbiota in Ergo and Ititu as a basis for possible 

future development of suitable starter cultures for Ergo & other fermented 

milk products

Major Objective

To investigate the microbiological, physio-chemical, as well as biochemical 

parameters & to evaluate the organoleptic quality of  Ergo & Ititu as available 

to the consumer in the actual life. Thus focus was on three main targets i.e..

 (1). microbial succession, (2). investigating effect of traditional 

processing on the products and the microbiota and (3). isolation and 

characterization of dominant LAB which may be utilized as future starter 

cultures. 



2.1. Ergo & Ititu fermentation & sample collection 

 Field survey was conducted in different regions of Ethiopia, 

Oromia in selected communities ( Map 3.1) Map 3.1.doc study & investigate the 

basic traditional methods used in different communities for preparing  these 

products

 Field fermented Ergo & Ititu samples & traditional vessels  & various plant 

materials used for smoking and preparation of these fermented products were 

collected:-

 For preparation of Ergo & Ititu in the laboratory & studying the microbial 

succession under laboratory conditions (mimicking the actual situation applied 

by the traditional community), the traditional dairy fermentation vessels & all 

the plants used for smoking these vessels & other materials used in preparation of 

these vessels were also collected from study sites  (next slide)

Map 3.1.doc


 Studying microbial succession during fermentation in the lab was considered more 

feasible than actual field site studies due to distances. 

 Fresh raw milk samples collected from nearby farm houses around A.A. within a 

radius of 20 Kms, (microbial succession) both with & without application of 

smoke.

 Brown bottles & traditional vessels were used to compare the results & to study 

the effects of the traditional processing with application of smoke on these products 

& its compositional & microbial spectrum.

 Spontaneously Ergo & Ititu fermentation was carried out in the lab according to 

procedures illustrated in (Image 3.1.1, 3.1.2 & Image 3.2.1 and 3.2.2.) Image 

3.1.1- 3.1.2  Ergo doc.doc and Image 3.2.1-3.2.2.Ititu.doc

 Traditional vessels & materials are illustrated in  (Image  3 3a -3.3c )  Image 

3.3a-3.3c.doc . Sampling was carried out at different stages of the fermentation  as 

elaborated in the following sections. The field samples transported  immediately to 

the laboratory in ice box for analysis and kept at 4oC until analysed. 

Image 3.1.1- 3.1.2  Ergo doc.doc
Image 3.2.1-3.2.2.Ititu.doc
Image 3.3a-3.3c.doc


2.2. Sampling, source & collection of samples

• Study was conducted - in A.A at Previous  (EHNRI) in Fermented FM 

Laboratory.

• A total of 125 -fresh raw milk samples were collected from nearby 

individual farmers homes Around A.A. (20 Kms) for microbial succession 

studies in the laboratory.

• Physico-chemical, microbiological & organoleptic studies were performed 

on fermented field Ergo & Ititu samples, collected from villages houses at 

the study sites after fermented as well as on laboratory fermented Ergo & 
Ititu samples intended for microbial succession studies in laboratory



2.2.1. Laboratory Fermented Ergo Samples:- the first group (microbial succession)

• 3-sub-groups based on smoking /or not, the type of vessels used  (traditional or 

conventional) & the types of plant materials . These are: 

 (a). Sample A:- brown bottles without application of smoke for up to 96 h

 (b). Sample B1:- in Guchumma and Kebea to  which smoke from local the  

plant kededa (Rhamnus staddo) was applied. 

 (c). Sample B2 :- in Guchumma & Keabea pre-smoked  with 

Weyra (Olea africana).

 For laboratory-based preparation of Ergo sample B1 and B2, 

Guchumma & Keabea (traditional vessels) smoking procedure was applied 3 

times with intervals of 10 minutes for about 30 minutes with hot read chips 

from the splinters of the above mentioned plants.

The smoking temperature varied  from 750C up to  870C during application of 

smoke from Kededa (R.staddo) Weyra (O.africana) respectively Image 3.1.1-

3.1.2  Ergo.doc

Image 3.1.1- 3.1.2  Ergo.doc


2.2.2. Laboratory fermented Ititu samples (Sample C1 & C2):-
2nd main group of samples. Fresh raw milk samples from individual farmers homes

used for  preparation of Ititu.

 sample C1 : - traditional procedures from the results of previous surveys 

and traditional equipment Gorfa (made from woven grass)

 sample C2: - Sororro (made from hallowed wood) 

 Both smoked with splinters of Karo (Osyris wightiana) and/or Acacia

nilotica -3 times within 10 to 15 minute intervals b/n each application, for a 

total of about 45 minutes. 

 The temperature of smoke varied from 800C up to 870C in the case Gorfa & 

Sororro respectively.

 After the milk coagulated, whey was removed using a wooden pipet known 

locally as Dhumma & an additional volume of fresh milk was added as 
practiced in the rural community Image 3.2.1-3.2.2.Ititu.doc

Image 3.2.1-3.2.2.Ititu.doc


 This process of whey removal & fresh raw milk addition was repeated 
several times (in our case about 7 times) until each of the container was 
filled with the hardened curd 

 The lids of Gorfa & Sororro were treated by rubbing with the leaves of 
Ourgoo (Ocimum basilicum) as practiced by the rural households during 
traditional preparation. 

2.2.3. Field fermented Ergo and Ititu samples  (D1 & D2 ):- the 

third main group of samples were traditional fermented Ergo and Ititu which were 
collected from the field after fermentation at the rural farmers homes using traditional 
practices (3.1.1.-3.2.1 and 3.2.1-3.2.2)

 Sample D1 (field fermented Ergo samples) collected from 5 villages (farm 
associations) in the South-Western Oromia regions 

 Sample D2 (field fermented Ititu) samples, were  collected from 3 villages  
(Aaba olas) in the southern pastoral regions of Borona



2.3. Microbiological sampling, enumeration & isolation of  MOs       

For laboratory fermented Ergo and Ititu preparations, the fresh raw milk samples were 

immediately transferred to the laboratory for 0 h sampling

 Sample A (Ergo- in brown bottles ) 0 up to 96  h

 Sample B1 & B2 (Ergo -in  smoked Traditional vessels ) 0- 504 h (21 days)

 Sample C1 & C2 (Ititu- in  smoked Traditional vessels ) 0- 2160 h (90 days)

2.3.1. Enumeration 

• Standard Microbiological methods  used (Harrigan and McCance (1990).

• Both general & selective media were used for isolation and enumeration of various 

microbial groups (PCA, PDA, VRBA, M17, MRS) for enumeration of  TAMB, Yeast 

& Mold,  LAB) respectively .

2.3.2. Isolation

• Appropriate dilution of  each fermented milk samples – sampled on each media in 

duplicate  incubated at various temp for each group.

• . colonies were counted  and reported as cfu/ml according (Marth, 1978). 



2.4. Purification & preliminary identification of isolates of each microbial group

Purification of each isolate for further biochemical tests was done on agar plates from 

each medium . 

The pure cultures of LAB,  Enterobacteriace, Yeast and Moluds were further 

identified & characterized to genus and sps level using  updated conventional 

methods (such as phenotyping, various biochemical tests  and sugar utilization 

profile using API 50 CHL, API 20C AUX (BioMe´rieux, Marcy l’Etoile, France) 

system of carbohydrate assimilation profiles..

2.5. Physico-chemical analysis of Ergo and Ititu

Ergo and Ititu samples were analysed at various stages of fermentation to establish the

physico-chemical characteristics of these samples to enable establishment of the

suitable duration of fermentation. These included the pH, titratable acidity, gross

composition and the gel strength.



• pH &TA - (Marth, 1978 and Gilliland et al.,1984).

• Determination of the gross composition of Ergo and Ititu

 Fat , Protein , Total solid (TS) and moisture content ,  (Roese-Gotthiels
method (Marth, 1978); Kjedahl methods)  and  Determination of gel firmness  
(viscosity of  the samples) – by a viscometer model HAAKE Viscometer (Mess 
Technik GmbH) 

2.6. Sensory evaluation 

• All the laboratory fermented and field collected Ergo (both smoked and un-
smoked) and Ititut samples were evaluated by a panel composed of 10 individuals

• Taste, aroma, appearance and gel firmness (consistency) were evaluated, using a 
scale from 1 to 5, with an explanation of 1 as poor, 2 unsatisfactory, 3 average, 4 
good  and 5 points as best.  2 Groups of Judges – FSNRD 

2.7. Statistical Analysis

• All experimental data were expressed as mean ± standard deviation (SD)

• Data analysis was carried out using the SPSS software (version 17.0; SPSS Inc.,
Chicago, IL, USA).

• Statistically significant differences between different groups and within groups of
samples were determined with one-way ANOVA and two-way ANOVA and a value
of P < 0.05 was considered as of statistical significance.



3.1. Microbiological and compositional 
Microbial succession

 Similar trend during the first 24 h with very slight variation (Figure 3.1a, 3.1b,

and 3.1c). Figures 3.1a -3.2b update.pdf

Ergo –sample A:-

 change in the TAMC after 24 h (day 1) was slightly faster with in 48 h (day 2) to

72 h (day 3) reaching up to 109 CFU/ml & dropped to 108 CFU/ ml at 96 h (day

4).

Coliform groups continued to show change from 102 CFU/ml at 0 h to 105

CFU/ml after 24 h (day1) & then dropped 100 fold every 24 h up to 96 h (day 4)

at which it was observed to be reduced to 102 CFU/ml.

Yeast count continued to increase from101 CFU/ml at 0 h to 105 CFU/ml up to 48

h (day 2) and starts to drop after 48 h to 102 CFU/ml at 96 h (day 4)

Mould count on the other hand continued to increase from101 CFU/ml at 0 h by

about 100 folds every 24 h, reaching about to 107 CFU/ml after 96 h (day 4)

(Figure 3.1a).

Figures 3.1a -3.2b update.pdf


Ergo –sample B1 and B2 :-

 TAMC - same in both samples, increased almost 100 fold every 24 h  & reached 

108 CFU/ml within 24 h.

 This continued at a similar level by showing only 10 fold increase up to 72 h (day 3) 

& then started to decrease after 96 h (day 4), which finally dropped 105 CFU/ml after  

day 21 with almost insignificant variation between both sample groups (Figure 3.1b 

and 3.1c).

 Coliform - showed raise from 103 CFU/ml at 0 h to 105 CFU/ml after 6 to 12 h, & 

then started to drop 100 fold  every 6 h down to 102 CFU/ml at 24 h and then 

dropped to below detection level after 24 h throughout the fermentation period in 

both samples (B1 and B2) (Figure 3.1b and 3.1c). 

 The change in LAB group was more or less similar up to 24 h in all Ergo samples, 

being around 108 CFU/ML. However, after 48 h (day 2) the change in LAB count in 

sample B1 slowed up to 96 h (day 4), representing only 10 to 20 fold. However, 

after day 7, this dropped by 100 fold, to 107 CFU/ml and continued at the same level, 

without further change throughout the rest of the fermentation period until day 21



 Yeast -- slow increase by 10 to 20 fold up to 18 h and raised to 100 fold (105 

CFU/ml) at 24 h and continued to increase at a similar rate up to 72 h (day 3), and

started to drop after 96 h (day 4) until day 21 finally reaching 103 CFU/ml.

 Mold - was steady and slow, being 101 CFU/ml at 0 h and finally increasing to 105

CFU/ml on day 21 (Figure 3.1b and 3.1c)

Compositional analysis

 pH and TA:- There was a continuous change in pH and TA (% lactic acid) over the

fermentation periods. This change was similar for all Ergo samples up to 96 h.

 Considering the trend of the pH & TA changes, the pH was dropped from 6.58 at 0

h to 4.22 at 96 h in sample A ; from 6.59 at 0 h and 4.27 at 96 h in sample B1 and

6.60 at 0 h to 4.32 at 96 h in sample B2, while the increase in TA was from 0.34 at

time to 1.45 at 96 h for sample A; 6.24 at 0 h to 1.27 in sample B1 and 0.27 at 0 h

to 1.26 at 96 h in sample B2 respectively (Figure 3.1a, 3.1b, 3.1c and Table 3.3)

 Table 3.3 & 3.4 Composition & Sensory.doc

Table 3.3 & 3.4 Composition & Sensory.doc


• After 96 h, there was a continuous drop in the pH value and increase in TA values in

both groups of samples, finally reaching a pH of 3.71 and TA of 2.85 in sample B1

and pH of 3.79 and TA of 2.51 in sample B2 at the end of the succession study (day

21) (Figure 3.1b and 3.1c and Table 3.3)

• There was no significant difference both within and between these 3 LAB

fermented Ergo samples in fat and protein content in the final product.

• However, there is difference in the moisture content  and total solids (TS) values ,

in the 3 samples. The smoked samples (B1 and B2) showed reduced moisture 

content and increased TS values compared to the un-smoked sample (sample A) 

(Table 3.4).

3.1.2. Laboratory fermented Ititu samples (sample C1 and C2)

Microbial succession

• There was no statistically significant difference in the development of the microbial,

pH & TA values in both groups Ititu samples Lab. prepared using two different

types of traditional vessels with application of smoke from the same plant during the

microbial succession study (Figure 3.2a, 3.2b). Figures 3.1a -3.2b update.pdf

•

Figures 3.1a -3.2b update.pdf


Ititu -sample C1 and C2 :-
 TAMC was almost the same  trend in both samples, which were fermented in 2 

different types of smoked traditional vessels, with the smoke from the same plants 
which is increasing almost by 100 fold every 24 h and reached 108 CFU/ml within 
24 h and continued  at similar level by showing only 10 to 20 fold increase up to  
144 h (day 6) and then started to decrease by 100 fold after 720 h (day 30), and
finally dropping to 107 CFU/ml after 720 h (day 30) and then remained at the same 
level in the final product with almost insignificant variation between both sample 
groups (Figure 3.2a and 3.2b).Figures 3.1a -3.2b update.pdf

 Coliform groups showed to increase raise from 102 CFU/ml at 0 h to 105 CFU/ml
after 6 to 12 h as was in Ergo samples, and then started to drop by 200 fold every 6 h 
which it and reduced to 101 CFU/ml at 24 h and was then undetectable after 24 h 
throughout the fermentation period in both Ititu samples (C1 and C2) (Figure 3.2a 
and 3.2b).

 LAB group  - was similar in both Ititu samples (C1and C2) with an increase of 10 
to 30 fold, reaching 108 CFU/ML after 24 h (day 1) & continued to - and reached 
109 CFU/ml after 264 h (day 11) and then started to - by 100 fold after  720 h (day 
30) and dropped to 107 CFU/ml after 1440 h (day 60) and finally stabilized  & 
continued at this level in the final product at day 90 (Figure 3.2a and 3.2b). 

Figures 3.1a -3.2b update.pdf


 Yeast -- showed -- by 100 fold up to 24 h raising from 102 CFU/ML at 0 h to 105 

CFU/ml after 24 h (day 1) and continued at this level without much change up to 

720 h (day 30) . Then, started  --  after day 30 to 104 CFU/ml and continued at this 

level in the final product without further change up to day 90 in both groups of 

samples (Figure 3.2a and 3.2b). 

 Mould showed ---  from 101 CFU/ml at 0 h to 102 CFU/ML  after 24 h (day 1) & 

continued --- at slow rate  & then showed  ---  after 720 h (day 30) continuing to 

 & reaching 106 CFU/ml in the final product with insignificant differences between 

both groups of samples (Figure 3.2a and 3.2b).

Compositional analysis 

 pH and TA:- continual drop in pH & increase in TA throughout the fermentation 

periods; a similar trend was observed until 24 h as for the Ergo samples. 

 There was no significant difference b/n both groups of Ititu samples in the trends

with respect to pH and TA values over time. The pH value  dropped from 6.54 at 0 h 

to 4.58 at 24 h in sample C1, from 6.61 at 0 h to 4.67 at 24 h in sample C2, while 

the increase in TA was from 0.35 at 0 h to 0.94 at 24 h for sample C1,  and 0.31 at 0 

h to 0.89 at 24 h in sample C2 (Figure 3.2a, 3.2b and Table 3.3)Table 3.3 & 3.4 

Composition & Sensory.doc

Table 3.3 & 3.4 Composition & Sensory.doc


 After 24 h, there was a continuous i --  n the pH value & -- in TA values in both 

groups of samples, finally reaching  pH of 3.58 and  TA of  3.92 in sample C1 &  

pH of 3.67 and  TA of 3.84 in sample C2 at the end of the succession study (day 

90) (Figure 3.2a, 3.2b and Table 3.3). 

 Fat , Protein, Moisture & TS : Only slight difference both within & between the 2 

lab –fermented Ititu samples (sample C1 and C2) in fat (which was 10.8 ± 0.91 

and 12.5 ± 0.53), protein (9.17 ± 0.51 and 8.9 ± 0.45) moisture (65.0 ± 0.27 and 

67.5 ± 0.13) and TS (35 ± 0.18 and 32.5 ± 0.27) in the final product in which all the 

values were slightly higher in Sample C1. 

3.1.3. Field fermented Ergo (sample D1) and Ititu (sample D2) 

 For both groups the microbial & compositional analysis was performed for the final

product only, as the Ergo and Ititu samples were collected after fermentation at the

farm home level and only the analysis in the final product was studied to

investigate the microbial and compositional profile of these products.



Microbial and compositional profile of field Ergo (sample D1)

Microbial 

TAMC of the samples was 6.81 ± 0.76 to  7.96 ± 0.67, with the mean value 

of 7.38 ± 0.54 f cfu/ml or five villages. 

LAB count was 7.64 ± 0.33 cfu/ml to 8.86 ± 0.47, with the mean of 

8.13±0.48 for five villages.

Yeast count was 4.38 ± 0.52,/ to cfu/ml to 6.56 ± 0.29 cfu/ml, and the mean 

value of 5.47±0.27 for five villages.

Mould count was 3.18 ± 0.71 cfu/ml, to 5.91 ± 0.38, and the mean value of

4.22±0.71 for five villages.

Coliform groups were not detected in any of field Ergo sample (Table 3.1a) Tables

3.1b & 3.1c Field samples Microbial.doc . There were no statistically significant

difference both within and between samples with regard the microbial profile.

Tables 3.1b & 3.1c Field samples Microbial.doc


Compositional analysis

pH was 3.80 ± 0.05, & 4.11± 0.02, with a mean value of  3.96 ±0.07, for 5 

villages. 

TA value was 1.78 ± 0.25, to 1.85 ± 0.62, and the mean value 1.81±0.53 for 

5 villages (Table 3.1a).

Fat (5.88 ± 0.13) , protein (5.73 ± 0.27), moisture (81.8 ± 0.23) and  TS

(18.2 ± 0.41) content of field collected Ergo samples (sample D1) did not 

show statistically significant differences, neither within nor between the 

samples from the 5 villages. 

Also there was no statistically significant difference in the compositional 

values of the field fermented Ergo samples and those of the laboratory 

fermented Ergo samples (sample B1 and B2), prepared using similar methods 

and materials with application of smoke. 



Microbial and compositional profile of field Ititu (Sample D2)

TAMC of this group of samples was 6.25 ± 0.76 cfu/ml, the maximum 6.93±0.39, and 

the mean value 6.51±0.38 for five villages . 

 LAB count was 6.21 ± 0.87 cfu/ml, while the maximum was 7.99 ± 0.7l, with the 

mean of 7.24±0.76 for five villages. 

Yeast count was 4.42 ± 0.51 cfu/ml, while the maximum was 5.94 ± 0.27, with the 

mean value of  5.08±0.30 for five villages. 

Mould count was 6.07 ± 0.43 cfu/ml the maximum 7.79 ± 0.17 with a mean value of 

7.01±0.24 for five villages.

 Coliform groups were not detected in any sample (Table 3.1b).

Compositional analysis

 pH  min. was 3.71 ± 0.33, max- was 4.11± 0.31, with a mean value of 3.90 ±0.45,, for 

5 villages. 

TA –min- value was 1.18 ± 0.11,  max- was 2.78 ± 0.41, with a mean value of 

2.07±0.42 for 5 villages (Table 3.1b). Tables 3.1b & 3.1c Field samples Microbial.doc

Tables 3.1b & 3.1c Field samples Microbial.doc


 The field collected Ititu samples (sample D2) showed similar trends in 

compositional analysis results as those of lab fermented Ititu samples  as the values 

of  

 Fat (13.5  ± 0.37), Protein (9.6 ± 0.31), Moisture (71.8 ± 0.11) and  TS (28.2 ±
0.13) did not show statistically significant differences from those of lab –fermented 

Ititu samples (sample C1 and C2) using the same methods with application of 

smoke (Table 3.1b) .Tables 3.1b & 3.1c Field samples Microbial.doc

3.3.2. Preliminary microbial identification

 Cultural characteristics, morphology and Gram reactions of the isolates were

the primary methods used as the preliminary identification and characterization and

grouping of the bacterial colonies for further biochemical tests (Sneath et al.,

1984).

 The majority of the isolated colonies were Gram-positive rods, Gram-positive

cocci, yeasts, and molds, followed by Gram-negative rods.

 A total of about 1278 LAB, 425 non-LAB, 350 yeast and 265 mould strains were

isolated from all the 6 sub-groups of samples mentioned above.

 Out of these, only 300 LAB, 83 yeasts and 57 mold isolates were selected after

preliminary phenotypic identification to genus and species level.

Tables 3.1b & 3.1c Field samples Microbial.doc


 Among those selected groups only yeasts were identified to species level using

automated phenotypic identification kit API 20C AUX system during this phase of

the study.

•

?? With the major focus on the LAB, strains selected for further identification in the

next study phase of the project were further identified using automated kits and

various molecular and other methods, including MALDI–TOFF, for further

identification to species and subspecies level, since the main focus was on LAB

groups for the final selection of starter cultures among those groups, thus this group

needs to be well characterized.

 Among the selected LAB, 181, 67, 34, 6 and 12 isolates belonged to the genera

Lactobacillus, Lactococcus, Enterococcus Leuconostoc and Pediococcus

respectively based on the presumptive identification to genus level.

 Of the yeast strains identified to species level during this study phase 9, 13, 15, 17

and 29, belonged to Rhodotorula mucilaginosa, Geotrichum penicillatum, Candida

krusei, Picha anomela and Saccharomyces cerevisiae respectively (Table

3.2).Table 3.2 yeast.doc

Table 3.2 yeast.doc


 Among the selected 57 mould isolates 9, 11, 13, 24 belonged to the genera  

Rhizopus, Fusarium, Botrytis and Penicillium respectively (results not shown).

 Staph. aureus was the only pathogenic bacterium detected in a few of the raw milk 

samples, i.e. in 4 out of 125 samples used in the microbial succession study. It 

finally disappeared from these samples after 18 h of fermentation (results not 

shown). 

3.3. Sensory analysis

 All taste, aroma , appearance & gel-firmness (consistency) scores differed 

significantly b/n the products as evaluated by both panels

 Both groups of Ergo samples (sample B1 and B2) , were fermented with application 

of smoke in the traditional vessels were found to have a better taste, aroma, 

appearance and gel-firmness (consistency) and overall acceptability than those 

fermented in brown bottles (sample A; Table 3.4), in general.

Table 3.3 & 3.4 Composition & Sensory.doc


 But, variation b/n the products observed - based on the type of plant used for 

smoking  & the type of traditional vessel used for fermentation. 

 Thus Ergo samples (sample B1) produced with application of  Kededa (R. staddo)

smoke were found to have a better score than that of Weyra (O. africana) smoked 

(Sample B2) by both groups of panels especially, with regard aroma and gel-

firmness.

 The Ititu samples, significant variations in terms of taste, aroma, appearance and 

gel-firmness (consistency)  were observed based on the type of traditional vessels 

used since a similar plant, i.e., Karo (O. wightiana), was used for smoking in both 

vessels. 

 Ititu produced in Gorfa (Sample C1) was found to be of better quality and overall

acceptability than that of Ititu fermented in Sororro (sample C2) especially with

respect to gel-firmness (consistency) (Table 3.4) Table 3.3 & 3.4 Composition &

Sensory.doc and also overall acceptability.

Table 3.3 & 3.4 Composition & Sensory.doc


• But, variation  b/n  the products based on the type of plant used for smoking and 

the type of traditional vessel used for fermentation. Thus Ergo samples (sample 

B1) produced with application of  Kededa (R. staddo)





4.1.Discussion
• In all the analyzed Ergo and Ititu samples LAB are the dominant group of 

the fermented milk microbiota (Figure 3.1a, 3.1b, 3.1c, 3.2a, 3.2b & 
Table 3.1a, 3.1b) and this supports the previous findings by many authors 
(Kassya et al., 1991; Beukes et al., 2001; Savadogo et al., 2004; Sulieman
et al., 2006).

• The high microbial load in Ergo and Ititu (especially of  LAB) could 
render the products good sources of various LAB which in turn give great 
opportunity for the selection of best starter cultures.

• The prevalence of the LAB as dominant group in Ergo and Ititu had 
contributed to the reduced pH value in the final products. Thus, Ergo and 
Ititu could be considered as slightly acidic products.  ((Motarjemi and 
Nout, 1995;  WHO, 1996;  Abdel-Rahman  et al., 2009;; Savadogo et al., 
2004; Rashid and Miyamoto, 2005)



• Fermented foods are normally considered to be safe against food-borne 

diseases because of their low pH (Gadaga et al., 2004) 

• The  low pH values observed within short time intervals of fermentation 

are also an indication of the presence of sufficient fermentable sugar and an 

evidence that the LAB isolated in this study from both groups of samples 

are strong acid producers.

• The counts coliform groups in all of the fresh raw milk samples used to 

prepare laboratory fermented  Ergo and Ititu samples during microbial 

succession studies were initially in the order of 102 to 103 CFU/ml 

initially



• and increased to105 CFU/ml within the first 18 to 24 h of fermentation 

which finally much reduced in the final product of Ergo sample A 

(fermented in brown bottles without application of smoke). Similar results

were recorded by other authors (Al-Otaibi, 2009; Lore et al., 2005)

• But, coliforms were totally absent from all the Ergo and Ititu samples fermented 

in smoked traditional vessels after 24 h of fermentation and thus from the final 

products of  all Ergo and Ititu samples, which were fermented in the smoked 

traditional vessels (Figure  1b, 1c, 2a, and 2b) ??, in addition to the low pH, 

which may be attributed to the antimicrobial effect of the smoke which applied to 

the traditional vessels prior to fermentation.

• However, the presence of coliforms and the slight increase during the early start of 

the fermentation before 24 h could contribute to acid production at the initial 

stages of fermentation. _____Pave ground for LAB –fast pH reduction



 The slightly high coliform count detected in all raw milk 

used for preparation of laboratory fermented Ergo and Ititu

and that of the Staph. aureus in few (6.8%) of the raw milk 

samples  may be a consequence of the low level of hygiene 

maintained during the milking and handling (Beukes, 1999).

 This includes the sanitary status of the rural house hold and 

rural women who handle the milk, the quality of water used 

and the utensils. Exposure of the product while it is displayed 

for sale in bowls can serve as source of contamination.



• Staphylococci were present in 6 (4.8%) out of 125  raw milk 

samples used to prepare the laboratory fermented Ergo and

Ititu samples. Staph. aureus was detected in low numbers of 

101 to 102  CFU/ml initially at 0 h in those 6 raw milk samples 

and finally undetectable after 24 h of fermentation in all the 6 

samples. ______ Show effect of Fermentation on Pathogens & 

Spoilage MO 

• However, higher numbers were recorded by  Soomro et al. 

(2003). Bendahou et al., (2008) and Abdel-Rahman, (2001) 

and some-how similar results were  reported by other authors 

(Abdel-Rahman  et al., 2009; Varga,  2007).



• Yeasts , presence could also be considered to as an advantage  

as they are very important micro-organisms not only for the 

production of bread, beer, wine and other alcoholic drinks, but 

also they are widely distributed in dairy  and raw milk  and 

some with antioxidant activities (Cocolin et al., 2002), for 

their proteolytic and lipolytic activity, as well as the ability to 

ferment (or assimilate) lactose and to use citric, lactic and 
succinic acids (Roostita and Fleet, 1996). 



• The isolation of moulds in a relatively higher range in Ititu samples could 

be attributed to two aspects. They could be spoilage organisms from the 

contamination of the product improper handling or could also be beneficial 

ones in the process of fermentation. This needs to be further investigated 

before any final judgment.  

• Salmonella spp and other pathogens were not detected in any of the 

examined raw milk samples, and neither in fermented Ergo and Ititu

samples during this study. 

• This is in agreement with the previous results reported by many other 

authors on similar fermented products  ( Abdel-Rahman  et al., 2009), 

Beukes et al., 2001; Varga,  2007;  Nassib et al., 2003). However, the 

current finding totally disagrees with the results reported for Ergo by 

Ashenafi (Ashenafi et al., 1994).           



 In conclusion, the initial slightly elevated levels of contamination with coliforms 

and the detection of Staph. aureus even in a very few samples (in 4.8%)  as a  

pathogenic organism in the fresh raw milk samples used for preparation of 

laboratory fermented Ergo & Ititu samples during the microbial succession studies 

are an indication of the critical point for the safety of fermented products from 

these  raw milk samples. (in HACCP  Application Principle)

 As shown in this study, the absence of both the coliforms and the Staph. aureus

were from all the laboratory fermented Ergo and Ititu samples prepared in the 

smoke treated traditional vessels after 24 h of fermentation & final products, 

But, still detectied in the laboratory fermented Ergo sample A, fermented in 

brown bottles without application of smoke at 102 CFU/ml level in the final 

product. 

 The fact neither of the  groups were detected in any field fermented Ergo (sample 

D1) and Ititu (sample D2) samples further support the effect of the smoke 

treatments of the traditional vessels on these groups (spoilage and pathogenic 

groups) coupled with the low pH of the final products. 



 Thus, minimizing contamination of the raw milk is another 

way of controlling spoilage & pathogen levels in the final 

product. Therefore, measures should be taken to interrupt the 

transmission of spoilage & pathogens to fermented products at 

both the household & commercial levels .

 In Ethiopia, in addition to the raw milk produced at large dairy 

farms, a significant portion of raw milk is normally collected 

from nearby farm house & accumulated  and cooled at various 

stations located in those areas (among which Debre Zeit, 

Kuriftu, Sululeta and Hollota), & then transported to the 

central processing plant of Shola Dairy Enterprise and other 

similar plants located in Addis Ababa City.



 Thus, at the commercial level, improvement of product quality and 

safety could be achieved by applying Good Manufacturing Practices 

(GMP), Good Hygienic Practices (GHP) and the Hazard Analysis 

and Critical Control Point (HACCP) system. 

 However, even though the benefits of small-scale starter culture 

application as a means of improved hygiene, safety and quality

control, in support of HACCP approaches, are not yet realised in 

small-scale fermentation operations (Holzapfel, 2002) due to 

various reasons, educating the rural women who are known to 

involved in the milking, handling and processing the milk and milk 

products especially in the traditional community in particular & the 

milk and milk product vendors in general, to improve the hygiene 

of milk and milk products is a strategy that can be used in efforts 

aimed at to preventing food-borne diseases



• The rural women in Ethiopia use natural lactic fermentation 

through spontaneous fermentation, also inocula recycling for 

the processing & preservation of various fermented food items 

& drinks including dairy products as mentioned above 

(FAO,1990; Kumisa, 1993). --- contributed to the safety

• Therefore, the preparation procedures for these products are 

still traditional arts & the fermentation is uncontrolled, 

starter cultures are not normally used.

• Even though at the same time, fermented foods & fermented 

milk products play a major role in the diet of numerous 

regions in Africa and Asia (Holzapfel, 2002), variations in the 

quality & stability of the products is often observed.



• Thus, the technological & hygienic problems of traditional
fermented dairy products need to be addressed in order to reduce
losses due to, poor quality & unstable shelf-life of products.

• In addition to addressing such issues, it is believed that an
appropriate scientific experimentation such as isolation,
identification, evaluation, selection and use of starter cultures based
on the specific metabolic functions of the particular organisms
involved will improve this traditional technology for the better
exploitation by local people.

• Such innovation could help the producers to improve their products
quality, shelf life and thus its marketability. Isolation of the
dominant LAB with functional and also probiotic properties as
mentioned by Holzapfel (Holzapfel, 2002) and characterization at
species. level is the primary important step



• Thus the information obtained in this study was utilized for further
research in next phase of the project which mainly focus on the selection of
fine strains from the dominant LAB isolated in the present study based on
evaluations of the strains, in particular with respect of good technological,
functional and probiotic properties, type of metabolites and general
organoleptic properties..

• The pretreatment of milk by smoking the traditional fermenting vessels &
the type of microbiota existing & interacting in the product are found to 
show a very high influence on microbial groups development constituting 
the microbiota during storage of the final products milk.

• Studies show that recycling of inocula achieves a natural selection of 
LAB in various fermented foods (WHO, 1996). LAB strains that have 
survived, and the results of, natural selection in a food system would be 
much more beneficially utilized if examined in a systematic way for a given 
product from various prospects under a given set of conditions.



• This is why in this study all the samples are prepared for the
analysis by exactly following the traditional methods as practiced in
the actual rural life i.e.

• using traditional vessels with application of smoke as practiced
by the traditional community as this is believed to create a better
condition and opportunity for the natural selection of some LAB
strains by using the same traditional vessel which is believed to
give a chance for the strains that are normally known to survive in
the slimy inner wall of the traditional vessel & have a better
chance to proliferate as soon as fresh milk is introduced into these
vessel and emerge as dominant for natural selection of the better
cultures with some important functional and technological
properties.

•
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