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Abstract: Response surface methodology (RSM) was used for optimization of enset fermentation process. Two
numerical (time and amount of starter culture) and one categorical variable (types of starter strain) was used for
evaluation of sensory quality of kocho. The physicochemical properties, proximate composition and color of
kocho product were also analyzed. It was found that the coefficient of determination (R?) of the response
variables were greater than 80% described that high percentage of the variability was defined by the model.
These findings revealed that fermentation time, amount of starter culture and types of starter strain affected the
sensory attributes of kocho. The preferred sensory quality of kocho was produced using 2% L. plantarum as

starter strain at 6 days of fermentation time.
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INTRODUCTION

Enset (Enseteventricosum (Welw.)Cheesman)
is the perennial banana-like plant that belongs
to order Scitaminae and family Musaceae.
Geographically it distributed in most part of
Asia and Sub-Saharan Africa. However, it is
considered as one of the oldest cultivated plants
and a unique food resources in Ethiopia
(Olango et al., 2014). Over 70% of its part is
composed of pseudostem and corm (Nurfeta et
al., 2012), and is used for the preparation of the
most important food products: Kocho, Bulla,
and Amicho. Kocho is a starchy fermented food
obtained from scraping pseudostem and grated
corm of enset plant (Nurfeta et al., 2012); fiber
is obtained as a by-product during scraping of
the pseudostem and used for making bags,
ropes, cleaning materials and mats (Tsegaye
and Struik, 2000). Enset fermentation
techniques and length differ among regions
(Hundumaé& Ashenafi, 2011). Pit fermentation,
surface fermentation and surface fermentation
followed by pit fermentation as a two-steps
process are the common fermentation
techniques used in different parts of a country.

Enset is a potential high yielding plant in
Ethiopia. Currently, about 123 million enset

plants are harvested all over the country with
the yield of nearly 32 milion quintals of kocho
(CSA, 2017). Tsegaye and Struik, (2001)
reported that the yield of kocho is high as
compared with others food crops in terms of
edible dry matter and energy, its, nutritive value
is also comparable to potato (Bosha et al.,
2016). This indicates that enset cultivation can
considerably improve food security at
household and at the national level.

Thus, kocho is a very important source of food,
energy and industrial raw material (Olango et
al., 2014), in Ethiopia. Traditionally, it is
ranked as the first important staple and co-
staples food crop in the central, south and
southwestern part of Ethiopia. The possible
reasons to the limited cultivation of enset and
consumption of kocho in others parts of the
country could be related to strong odor for non-
consumers and the long fermentation period.
The odor of kocho is not acceptable by most of
the inhabitants of nonenset cultivating areas.
The proximate composition of enset products
differs among studies (Yirmaga 2013; Bosha et
al., 2016). Enset products is rich in
carbohydrates and some minerals (Ca and Zn)
compared to other foodstuffs and contains
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comparable concentration of Cu, Fe, and Mn. It
is however the protein and fat contents are very
low as similar to potato and others starch rich
food products (Bosha et al., 2016). Therefore,
the food prepared from enset need to
complement with protein and fat.

To the best of our knowledge, so far, no study
has been carried out in the optimization of
kocho  fermentation. = Response  surface
methodology (RSM) has been applied in the
optimization of ingredient amount, processing
condition and formulation of different foods
such as, sausage, snacks food, cassava cake,
chocolate flavored beverage, biscuit dough, and
yogurt from coconut milk (Colmenero et al.,
1995; Thakur & Saxena, 2000; Gallagher et al.,

MATERIALS AND METHODS

Enset pulps and selection of starter strain
Approximately 20 kg of the scraping pulps of
enset was purchased from Wolkite area,
Ethiopia. Wolkite was selected because kocho
is a staple diet around Wolkite. Lactic acid
bacteria were isolated from kocho at different
fermentation stages and characterized for both
phenotypic  and  genotypic  properties.
Lactobacillus plantarum (n=1) and
Lactobacillus brevis (n=1) were selected as a
possible  starter strain due to their
predominance, fast pH reduction, high
microbial counts and biomass production. The
pulps of enset and freeze-dried starter strains
were stored at 4 °C until used.

Starter culture preparation

The freeze-dried starter strains were rehydrated
in sterile distilled water (27 °C) for 10 minutes.
500g of enset pulp roughly sterilized on water
bath was inoculated with starter strains in
amount of 2% (ca. 7 log CFU/g) after
rehydration. After incubation for 48h at room
temperature (20-25°C), it was used as a starter
culture. Tereafter, 500g of kocho pulp was
prepared according to a certain suggested level
of RSM (Table 1) and fermented at room
temperature  using  traditional = surface
fermentation method (Zerihun and Brihanu,
2015).

Experimental design and statistical analysis

The statistical analysis for generated test
formulation was done by using design expert
(version 7.0, Stat-Ease Inc., Minneapolis, MN,

2003; Gan et al., 2007; Deshpande et al., 2008).
Meanwhile, RSM has been carried out in the
optimization of functional foods (Chen et al.,
2016; Li et al., 2018). RSM combined both
statistical and mathematical techniques. It is
used for modeling and analysis of a response of
interest which is influenced by several
variables, and to optimize this response (Ei-
Gendy et al., 2013).

Thus, the aim of this study was to optimize
fermentation time, and concentration and types
of starter culture of kocho with highest
sensorial values. Meanwhile, the
physicochemical properties of kocho produced
were analysed.

USA) software. D-optimal was used to study
the interaction of variables by applying RSM.
There are two  numerical  variables;
fermentation time (days) and amount of starter
culture (%) and one categorical variable; types
of starter culture. The three coded (uncoded)
levels of fermentation days: -1 (2), 0 (4), +1(6),
amount of starter culture (%v/v): -1 (1), 0 (2),
+1 (3) and a single and mixed types of strain
were incorporated and given a total of 22
experimental runs (Table 1). Sensory
descriptive characteristics of kocho were taken
as the responses of the design experiment.
Experimental data were analysed by using JMP
13 software (SAS) by means of one-way
analysis of variance (ANOVA). Tukey’s test at
the significance P < 0.05 was used to show the
significance of differences. RSM was used to
derive equations to estimate the response
variables as follows:

Y= Bot BiXit+ BoXot BsXst BuXi*t BaaXot
B12Xi Xot+ Bi3Xi Xs+ PXe X3 )
where, B, is constant ; Pi, B2, B3 are the linear
regression, P11 and P are the quadratic
regression, Pio, Pi3, P23 are interaction
regression, and X, X, andX3 are variables.

Physicochemical analysis

Samples of 10 g of kocho were homogenized
with 90 ml of distilled water and their pH was
measured using a digital pH meter (Hanna
Instrument, HI2020, Romania). The pH meter
was calibrated prior to each reading with
standard buffers according to manufacturer’s
instruction. A titratable acidity of the sample
was determined as described by Oyedeji et al
(2013).
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The proximate composition (moisture, ash, fat
and protein content) of kocho samples was
determined according to the standard methods
of the Association of Official Analytical
Chemists (AOAC, 2000). Total carbohydrate
was calculated by difference.

Descriptive sensory analysis

The sensory evaluation of fermented kocho
samples was tested by trained Addis Ababa
University students according to Einstein
(1991). The selected panels contained 10
individuals peoples as recommended by Stone

RESULTS AND DISCUSSION

Model fitting for RSM

Two numerical variables, fermentation period
(X1) and starter culture amount (X;), and one
categorical variable, the types of starter culture
(X3), were used in the evaluation of Enset
fermentation. The experimental results on the
effects of those variables in sensory descriptive
of kocho are shown in Table 1.

The experimental data obtained from variables
(independent and dependent) were fitted to the
quadratic model and examine for the goodness
of fit. The analysis of variance (ANOVA) was
also done to define the lack of fit and the
significance of the independent variables on the
dependent variables (Table 2). The lack of fit
test is used to measure the failure of a model to
signify experimental data at the point of
excluding in the regression (Gan et al.,2007).
The goodness of model fit was recognized by
the coefficient of determination (R?) and should
be > 80% (Yaakob, et al., 2012). The R? values
for all response variables showed more than
80% and also the lack of fit is insignificant.
Therefore, high quantity of variables is well
described by the model.

Table 2. Analysis of variance of the response variances

and Sidel (1985). Each panellist evaluates all
samples using 5 point hedonic scales (1= very
poor; 5= excellent) for the selected descriptive
characteristics such as odor, color, texture,
appearance, and  overall  acceptability
(Meilgaard et al., 1991), using score sheets.

Color
The colors of the fermented kocho samples
were  determined using a  benchtop

spectrophotometer (CM- 600d, Konica Minolta,
Japan). Three measurements were made on
each sample.

Table 1. Arrangement of D-optimal and results of
response variables of kocho

R Variables' Responses 2
n X X X5 Vi Ys Y5 Y.
1 1 -1 B* 32 32 31 3.0
2 -1 1 P 28 30 23 25
3 -1 -1 PB 23 23 22 2.0
4 1 1 B 30 32 34 34
5 1 -1 P 33 39 37 40
6 -1 1 B 30 28 22 22
7 -1 1 PB 25 2.1 1.7 22
8 1 -1 PB 32 38 38 3.8
9 -1 1 PB 27 24 20 24
10 -1 -1 P 26 28 19 23
11 0 -1 PB 30 32 29 3.0
12 1 1 P 33 37 38 40
13 1 1 P 35 36 40 42
14 1 1 PB 34 37 37 3.6
15 0 1 B 26 27 3.0 3.0
16 1 -1 B 32 32 32 30
17 0.5 0 B 3.0 3.1 3.0 3.0
18 0 0 PB 3.1 30 34 32
19 0 -0.5 29 3.1 3.0 3.0

P
20 05 05 B 24 28 28 28
21 -1 1 P 28 28 24 25
22 1 1 PB 37 40 40 4.0

X, (time), X, (amount of starter), and X; types of
starter; 2 Y (odor), Y> (color), Y3 (appearance), Y4
(overall acceptability) ; 3B (L.brevis), P
(L.plantarum), PB (L.plantarum + L.brevis)

Source Df

Response variables

Odor Color Appearance Overall Acceptability
SS F SS F SS F SS F
Model 11 236 4.87** 5.38 20.19%**  10.3 25.5%*%%  8.89 22. 2%
Linear 4 2.14 46.4%** 475 185.4%** 10.0 268.3*** 9,19 240.1%**
Interaction 5 0.19 2.87" 0.76 16.0" 0.55 7.74" 0.32 4.45"
Quadratic 2 0.0015  0.39" 0.021 0.93" 0.039 1.33" 0.016 0.47"
Lack of fit 5 0.35 4.18" 0.13 1.10m 0.25 2.06™ 0.24 2.03"
Pure error 5 0.085 0.11 0.12 0.12
R? 84.3% 95.6% 96.5% 96.1%
Adj- R? 66.9% 90.9% 92.8% 91.8%

Df= degree of freedom;***significant at P < 0.001; **significant at P < 0.01; *Significant at P < 0.05; ™ not
significant; F = ratio of variance estimates; SS = Sum of squares
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Physicochemical properties

The two largest families of lactic acid bacteria;
L. brevis and L. plantarum were selected as a
starter culture in the fermentation of kocho.
The starter strains were selected based on their
predominance in traditional kocho fermentation
as well as a desired physicochemical
characteristic (result not show). Similarly,
different study reported on the use of L. brevis

fermentation food such as cheese, sauerkraut,
sourdough, borde, cassava, and sorghum flour
fermentation (Abegaz, 2007; Ali & Mustafa
2009; Edward et al., 2010; Lim et al., 2018), so
considered are a “generally regarded as safe”
organism. The pH values of kocho samples
ranged from 3.31 to 5.75, and also the
production of acidity ranges from 0.22 to
0.45% (Table 3).

and L. plantarum as

starter

culture

in

Table 3. Physicochemical and color properties of kocho products

R Variables Physicochemical analysis Color !
U Xy X2 X3 pH TA Mois-  Ash Protein  Fat T. Ch L a* b*
n ture (db)y}
(wb)*
1 6 1 B 425" 0.32¢ 79.1" 098  4.7° 0.5¢ 85.3h 69.21 3.6 19.9¢
2 2 3 P 5.14f  0.29¢ 84.42 1.04>  43¢f 0.35"  90.1° 67.0m  5.6° 18.0k
3 2 1 PB 5.75*  0.23M 81.3d 1.03b 523 0.5¢ 88.0¢ 66.6"  5.3f 15.9'
4 6 3 B 4.02° 032¢ 7881 0.99% 40c¢ 0.5¢ 84.34 75.0¢ 3.1k 22.5¢
5 6 1 P 4.15™  0.32¢ 77.0°  0.99% 440 0.5¢ 82.9" 71.9f  2.5m  15.6™
6 2 3 B 5157  0.26f 80.1°F  0.99% 3.9% 0.5¢ 85.5h 66.1° 3.7 13.3p
7 2 3 PB 5.18°¢ 0.26f 81.44  0.99%  4.5bd 0.75¢  87.6%¢ 673" 5.1¢ 18.51
8 6 1 PB 397"  0.35° 7537 0.99% 47° 1.0 82.0° 78.8%  2.6m  11.4°
9 2 3 PB 5108  0.26f 81.2¢  1.06%  4.5>d 0.75¢  87.5¢ 6448 7.0° 18.51
10 2 1 P 551 0.25% 83.8°  1.04>  4.3¢f 0.25%  89.4° 6577 5.1 19.2
11 4 1 PB 503" 0.25% 80.1F  1.02¢ 533 0.5¢ 86.9¢ 70.00 4.5 18.51
12 6 3 P 3.509  0.43° 79.0"  0.98  4.3¢f 1.5 85.8¢ 7128 24" 14.3°
13 6 3 P 3.37¢ 0.45° 77.6™  0.99%  4.1d¢ 1.2 83.9! 75.1¢ 2.7 15.4n
14 6 3 PB 3.42" 0.43% 7811 0.99%  4.4be 0.5¢ 84.04 79.4¢  1.7° 12.07
15 4 3 B 472  030° 79.28  1.02¢  4.4b¢ 0.2¢" 84.8 723¢ 47" 18.31
16 6 1 B 412~ 032 78.4%  0.98 4.5 0.5¢ 84.45 72.4¢ 3.2k 13.2p
17 5 2 B 425 0.30¢ 80.0F  0.99% 424 1.2 86.4 68.66  2.6Mm  21.6°
18 4 2 PB  4.847  0.29° 78.21 1.03%  4.1de 0.1 83.4m 67.1m  6.7° 19.7F
19 4 1.5 P 4961  0.34° 78.61 1.02¢  4.4b 0.25% 843K 67.9 47" 22.0°
20 3 1.5 B 532¢  0.24¢& 77.4n 1.06%  3.8¢ 0.75¢  83.0m™ 63.35  8.5% 19.4¢
21 2 3 P 5309  0.22 83.5¢  1.00¢  4.14¢ 0.5¢ 89.1°¢ 6529  6.49 20.6¢
22 6 3 PB 331 0.42° 79.28  1.04° 440 0.5° 85.1! 77.0°  0.97 12.24

"Values are the means of triplicate analysis; wb= wet base, 3 db= dry base; *Values in the same column with
different superscripts for each type of analysis are significantly different

The length of fermentation time and the amount
of starter culture showed the effect on the
reduction of pH. Run 22 (6 days, 3% mixed
starter culture) produced the lowest value of pH
at 3.31 and run 3 (2 days, 1% mixed starter
culture) produced the highest value of PH at
5.75. The metabolic activity of those strains
might be caused by the pH value differences.
The pH values were significantly different for
the different formulations of kocho products (P
< 0.05). The titratable acidity of kocho
increased when the pH was decreased. Increase
titratable acidity and reduction of pH related to
the production of organic acid during
fermentation of vegetables including kocho
fermentation (Andeta et al., 2018).

The moisture content of kocho samples ranged
from 75.3-84.4%. The moisture content

relatively reduced when the fermentation time
was increased (Table 3). Similarly, Gashe
(1987) reported that the moisture content of
kocho samples reduced from 84% to 66% at
day 6. This could be due to leakage or/and
evaporation at a time of fermentation.
Moreover, the reduction of the moisture
contents has been related to the use of water by
microbes for metabolic and growth activity, and
due to a function of factors such as
temperature, time and humidity (Karssa, et al.,
2014).The reduction of moisture would help to
avoid the growth of unwanted microorganisms
like clostridia (Andeta et al., 2018). There were
significant differences (P < 0.05) in the
moisture content of different formulations of
kocho products (Table 3). The ash content of
the samples ranged from 0.98 to 1.06%.
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However, Bosha et al (2016) and Yirmaga
(2013) reported relatively higher amount of ash
content, an average of 3.81 and 3.44%,
respectively. This differences could be due to
enset cultivars variances and the length of
fermentation time. Yirmaga (2013) also stated
that the ash content is highly affected by
fermentation time of kocho. The protein and fat
content of the samples ranged from 3.8 to 5.3%
and 0.1 to 1.5 %, respectively. Bosha et al
(2016) reported that the protein content of
kocho is low, like other starchy food such as
potato. Therefore, food prepared from kocho
need to complement with other protein rich
food such as meat, peas and beans. In this
study, the amount of protein was comparable to
the study by Yirmaga (2013), and higher than
that reported by Bosha et al (2016). The
average fat content obtained in this study was
similar to Bosha et al (2016). Protein and fat
content were significantly different for the
samples at different formulation (P < 0.05).
Total carbohydrate content of the samples
ranges from 82 to 90.1% (db). The food
products prepared from enset are rich in
carbohydrate (Bosha et al., 2016). The
carbohydrate content was significantly different
(P <0.05) for different kocho samples.

The color of kocho samples was measured with
a spectrophotometer in addition to panelist’s
evaluation. The tri-stimulus color parameters L-
A-B values are routinely used for describing the
influence of process variables on product color
(Teamir et al., 2018). The lightness of kocho
(L) ranged from 63.3 to 79.4. The lightest
sample was run 14 (6 days, 3% mixed starter
culture) the darkest was run 20 (3 days, 1.5%
mixed starter culture). The length of
fermentation duration relatively increased the
lightness value of kocho. The main reason
could be the limited oxygen availability during
lactic acid fermentation (Vatansever et al.,

odor
odor

2017), which reduced the effects on the color
changes. Similarly, other research indicated
that kocho developed dark discoloration when
loosely wrapped or taken off from the pit
(Hundumaé& Ashenafi, 2011). The color of
kocho product at different formulation showed
that a significant difference (P < 0.05).

Independent variables effect on the sensory
qualities of Kocho

The effect of fermentation time, amount and
types of starter culture on the sensory attribute
of kocho is represented by the quadratic model.
Sensory attributes analysis were carried out to
examine the application of traditional surface
fermentation practice, and a relatively shorter
fermentation time with an immediate addition
of starter culture during fermentation of enset.
Yaakob et al (2012) stated that the sensory
evaluation helps to describe product
appearances in respect to customer acceptance.
Figures1-4 show the effects of each variable on
the sensory quality of kocho.

The response surface scheme for the odor of
kocho is shown in Figure 1.

The linear and quadratic effect of fermentation
time were positive for all strain types except L.
brevis. Moreover, the linear effect of the
amount of starter culture was positive and
quadratic effect was negative for all strain types
(Table 4). The samples fermented for short time
were relatively less acceptable than others. The
odor of kocho depends on the fermentation
time, amount of starter culture and types of
strains. Kocho has an unpleasant odor, which is
unpleasnt for individuals from non-consumer
areas. Gashe (1987) stated that the activity of
the clostridial species during the first 20 to 30
days of kocho fermentation might be the
possible reason for a strong butyrous odor of
kocho.

ador

250

7 Z\//% .
B X . 1.5 3.00 .
B: Amount = e A Time B: Amount T A Time

1.00 2.00

Figure 1. Response surface scheme of the effect of fermentation period and starter culture on the odor of kocho
with different types of starter strains. (A) L. plantarum , (B) L. brevis and (C) Mixed starter culture
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The poor and very variable sensory attribute of
kocho could lead to a lower market price than
other crops (Ashenafi, 2006; Brandt et al.,
1997). Reduction of fermentation time with an
immediate addition of starter culture probably
inhibited the availability of unwanted microbes
due to fast pH reduction. In this study, the pH
reduction of kocho samples ranged from 5.75 to
3.31. The activity of spore-forming microbes
which caused off-flavor may be limited due to
lowering of the pH below < 4.4 (Gashe, 1987).
The response of odor by the panelists ranged
from 2.3 to 3.7. This showed that most
panelists accept the odor of kocho.

The color is one of major parameters in the
assessment of sensory acceptability of food
products; it plays an important role for
marketing purpose (Teamir et al.,, 2018;
Yaakob et al., 2012). A positive linear effect
and a negative quadratic effect of the amount of
starter culture were also found. The
acceptability of color of kocho samples ranged
from 2.1 to 4 as shown in Figure 2. Similarly to
the spectrophotometer results kocho samples
which were fermented for a long period of time
were relatively more acceptable than others.

strain types is affected by the fermentation
time, with positive liner and quadratic effects.
Yaakob et al (2012) also described that the
fermentation period, the amount of starter
culture and temperature could affect the color
of the yoghurt.

A positive liner effect of both fermentation
time and amount of starter culture on the
appearance of kocho are presented in Table 4.
However, the quadratic effect was negative in
both cases. Fermentation appearance of
fermented kocho samples is shown in Figure 3.
The appearance of kocho increased when the
fermentation period increased. This could be
due to the digestibility of kocho starch with the
microbes. The appearance of kocho ranged
from 1.7 to 4.0. Run 7 and 10 relatively shows
the lowest score. Samples which were
fermented for a long period of time with the
high amount of a mixed starter culture
relatively shown the highest score (run 13 and
22).

The overall acceptability of the kocho samples
ranged from 2 to 4.2. The liner effect of
fermentation period and amount of starter
culture were positive, and the quadratic effects

Table 4 shows that the color of kocho samples were negative (Table 4, Figure 4).
fermented with L. plantarum and mixed starter
Table 4. The regression coefficient of the actual factor for the response variables
Term Estimated coefficients

L.plantarum L.brevis Mixed

Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4
Bo 2.1 2.6 0.31 087 225 27 0.96 1.2 1.73 1.75  0.51 0.81
B 0.03 7E3 052 0.61 -0.02  -0.1 036 043  0.11 0.18 058 0.61
B2 038 016 087 027 034 017 076 027 041 0.14 065 023
B 002 003 -0.02 -0.03 002 003 -002 -003 0.02 003 -002 -0.03
Bi2 -0.05 -0.03 -0.2 -0.04 -0.05 -0.03 -0.2 -0.04 -0.05 -0.03 -0.2 -0.04

Y (odor), Y2 (color), Y3 (appearance), Y4 (overall acceptability)
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Figure 2. Response surface scheme of the effect of fermentation period and starter culture on the color of kocho
with different types of starter strains. (A) L. plantarum, (B) L. brevis and (C) Mixed starter culture
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acceptability of kocho with different types of starter strains. (A) L. plantarum, (B) L. brevis and (C) Mixed
starter culture

The optimum overall acceptability of kocho
was 4.0 at 6 days of fermentation time and 2%
L. plantarum strain types. However, lower
overall acceptability was shown in samples
fermented with mixed strain (3.8) and L.brevis
strain (3.3). Kocho samples which were
fermented for long period of time, with high

CONCLUSION

The optimized value obtained from RSM found
at the same ranges to the experimental results.
The RSM model successfully optimized
fermentation condition of kocho with the

ACKNOWLEDGEMENT

amount of starter culture and L. plantarum type
of strain appeared to be more acceptable. The
predicted values of the dependent variables
resulting from the equation ranged from 2.5 to
4.0. Therefore, the optimized region for overall
acceptability of kocho ranged between
“neutral” and “like”.

selected types of starter strains. Fermentation
time, amount of starter culture and types of
starter strain affected the sensory attributes of
kocho. Good quality of kocho could be
produced at 6 days of fermentation period with
2% of L. plantarum starter strain.

We thank Melanie Huch and Dominic Stoll for their supervision in the microbiological study, and
Luisa Martinez-Postigo and Lilia Rudolf, for excellent technical assistance.

Conflict of Interest: No conflict of interest was reported by the authors.

Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY

Vol. XXII (2018), no. 2

73



REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Abegaz, K. (2007). Isolation, characterization and identification of lactic acid bacteria
involved in traditional fermentation of borde, an Ethiopian cereal beverage. African Journal
of Biotechnology 6:1469-1478.

Ali, A.A., Mustafa, M.M. (2009). Use of starter cultures of lactic acid bacteria and yeasts in
the preparation of Kisra, a Sudanese fermented food. Pakistan Journal of Nutrition 8: 1349—
1353.

Andeta, A.F., Vandeweyer, D., Woldesenbet, F., Eshetu, F., Hailemicael, A. (2018).
Fermentation of enset ( Ensete ventricosum ) in the Gamo Highlands of Ethiopia:
Physicochemical and microbial community dynamics. Food Microbiology 73:342-350.
AOAC (2000). Official Methods of Analysis of AOAC, 17th ed. AOAC International,
Washington DC, U.S.A.

Ashenafi, M. (2006). A review on the microbiology of indigenous fermented foods and
beverages of Ethiopia. Ethiopian Journal of Biology 5:189-245.

Bosha, A., Lagibo, A., Tana, T., Mohammed, W., Tesfaye, B., Karlsson, L.M. (2016).
Nutritional and chemical properties of fermented food of wild and cultivated genotypes of
enset ( Ensete ventricosum ). Food Research International 89:806—811.

Brandt, A.S., Anita, S., Clifton, H., McCabe, J.T., Endale, T., Mulugeta, D., Gizachew, W.,
Gebre, Y., Masayoshi, S., Shiferaw, T. (1997). The “ Tree Against Hunger ” Enset-Based
Agricultural Systems in Ethiopia. American Association for the Advancement of Science,
Washington, DC.

Chen, H., Donglin, M.A., Li, Y., Liu, Y., Wang, Y. (2016). Optimization the process of
microencapsulation of bifidobacteriumbifidum bb01 by box-behnken design. Acta
Universitatis Cibiniensis SeriesE: Food Technology 20: 17-28.

Colmenero, F.J., Barreto, G., Mota, N., Carballo, J.(1995). Influence of protein and fat
content and cooking temperature on texture and sensory evaluation of Bologna sausage.
Lebensm-Wiss. U.-Technology 28:481-487.

CSA (2017). Central statistical agency agricultural sample survey.Report on area and
Production of Major Crops (Private peasant holding, Meher season). Addis Ababa.
Deshpande, R.P., Chinnan, M.S., Mcwatters, K.H. (2008). Optimization of a chocolate-
flavored, peanut — soy beverage using response surface methodology ( RSM ) as applied to
consumer acceptability data. LWT 41:1485-1492.

Edward,V.A., Huch, M., Dortu, C., Thonart, P., Egounlety, M., Holzapfel, W.H., Franz
C.M.A.P.(2010). Biomass production and small-scale testing of freeze-dried lactic acid
bacteria starter strains for cassava fermentations. Food Control 22:389-395.

Ei-Gendy, N.S., Madian, H.R., Abu Amr, S.S. (2013). Design and optimization of a process
for sugarcane molasses fermentation by Saccharomyces cerevisiae using response surface
methodology. International Journal of Microbiology 2013: 1-9

Einstein, M. A. (1991). Descriptive techniques and their hybridization. Sensory Science
Theory and Applications in Foods, 317-338.

Gallagher, E., O’Brien, C.M., Scannell, A.G.M., Arendt, E.K.(2003). Use of response surface
methodology to produce functional short dough biscuits. Journal of Food Engineering
56:269-271.

Gan, H.E., Karim, R., Muhammad, S.K.S., Bakar, J.A., Hashim, D.M., Rahman, R.A.(2007).
Optimization of the basic formulation of a traditional baked cassava cake using response
surface methodology. LWT 40:611-618.

Gashe, B.A. (1987). Kocho fermentation. Journal of Applied Bacteriology 62:473—477.
Hunduma, T., Ashenafi, M. (2011). Effect of altitude on microbial succession during
traditional enset (Ensete Ventricosum) fermentation. International Journal of Food, Nutrition
and Public Health 4: 39-51.

Karssa, T.H., Ali, K.A., Gobena, E.N. (2014). The microbiology of kocho: An Ethiopian
traditionally fermented food from enset ( Ensete ventricosum ). International Journal of Life
Science 8: 7-13.

Li, Y., Shu, G, Li, Y., Liu, Y., Song, Y.(2018). Optimization of prebiotics and oxygen

Weldemichael et al., Optimization of enset fermentation in the production of kocho 74
using response surface methodology



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

scavengers for bifidobacterium bifidum bb01l microcapsules by response surface
methodology. Acta Universitatis Cibiniensis SeriesE: Food Technology 22: 3-12.

Lim, S., Tingirikari, J.M.R., Seo, J.S., Li, L., Shim, S., Seo, J., Han, N. (2018). Isolation of
lactic acid bacteria starters from Jeungpyun for sourdough fermentation. Food Science and
Biotechnology 27:73-78.

Meilgaard, M., Civille, G.V., Carr, B.T. (1991). Sensory Evaluation Techniques, 2™ edition .,
135-235. CRC Press Inc, Boca Raton, Florida.

Nurfeta, A., Tsegaye, M., Abebe, A. (2012). Effects of substituting maize with kocho on
intake, digestibility, nitrogen utilization and body weight gain in sheep fed a basal diet of
Rhodes grass hay. Ethiopian Journal of Applied Technology 3: 13-24.

Olango, T.M., Tesfaye, B., Catellani, M., P¢ ME. (2014). Indigenous knowledge, use and on-
farm management of enset ( Ensete ventricosum ( Welw .) Cheesman ) diversity in Wolaita,
Southern Ethiopia. Journal of Ethnobiology and Ethnomedicine, 10: 1-18.

Oyedeji, O., Ogunbanwo, S.T., Onilude, A.A. (2013). Predominant lactic acid bacteria
involved in the traditional fermentation of Fufu and Ogi, Two Nigerian fermented food
products. Food and Nutrition Science 4: 40—46.

Stone, H., Sidel, J.L. (1985). Sensory evaluation practices (2™ ed.). San Diego: Academic
Press.

Teamir, M., Shimelish, A., Ramaswamy, H.S., Workneh, T.S. (2018). Effect of feed
components on quality parameters of wheat — tef — sesame — tomato based extruded products.
Journal of Food Science and Technology 55: 2649-2660.

Thakur, S., Saxena, D.C. (2000). Formulation of extruded snack food ( Gum based cereal
pulse blend ): Optimization of ingredients levels using response surface methodology.
Lebensm.-Wiss.u.-Technology 33:354-361.

Tsegaye, A., Struik, P. C. (2000). Influence of repetitive transplanting and leaf pruning on dry
matter and food production of enset ( Ensete ventricosum Welw . ( Cheesman )). Field Crops
Research, 68: 61-74.

Tsegaye, A., Struik, P.C. (2001). Enset ( Ensete ventricosum ( Welw .) Cheesman ) kocho
yield under different crop establishment methods as compared to yields of other carbohydrate-
rich food crops. NJAS - Wageningen Journal of Life Science 49:81-94.

Vatansever, S., Vegi, A., Garden-robinson, J., lii, C.A. H. (2017). The effect of fermentation
on the Physicochemical characteristics of dry-salted vegetables. Journal of Food Research 6:
32-40.

Yaakob, H., Ahmed, N.R., Daud, S.K., Malek, R.A. (2012). Optimization of Ingredient and
Processing Levels for the Production of Coconut Yogurt Using Response Surface
Methodology. Food Science and Biotechnology 21:933-940.

Yirmaga, M.T.(2013). Nutrition and Food Improving the Indigenous Processing of Kocho, an
Ethiopian Traditional Fermented Food. Nutrition and Food Sciences 3:1-6.

Zerihun, T., Brihanu, G. (2015). Community indigenous knowledge on traditional fermented
enset product preparation and utilization practice in Gedeo zone. Journal of Biodiversity and
Ecological Sciences 5:1-19.

Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY 75
Vol. XXII (2018), no. 2





