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Abstract

Lactic acid is a chemical compound that plays a role in various biochemical processes and also widely
used in the food, cosmetic, pharmaceutical, and chemical industries. The aim of this study was to establish a
process of lactic acid (LA) production from organic banana peel waste using lactic acid bacteria isolated and
growth in MRS media at 37°C for 24 h from milk product. The results indicate that lactic acid production using
lactic acid bacteria are identified as Gram-positive, non-spore forming rods, catalase-negative, usually non-
motile. There was significant pH difference from 5.64 to 3.92 in the fermentation production medium containing
banana waste peel + inoculum and 5.64 to 3.89 in the medium containing banana waste peel extract + inoculum
+ malt extract during the course of time from 0 hours to 96 hours when compared to control containing only
banana waste peel without inoculum. There was dramatic increase in the percentage of crude lactic acid production
was similar along with change in pH from ranging from 6.14 to 6.71 before decolorization without activated
charcoal and 7.31 to 7.53 after decolorization with activated charcoal for fermentation production medium
during the course of 24 to 96 hours. Similarly, the percentage of crude lactic acid production increases ranging
from 6.73 to 6.98 before decolorization without activated charcoal and 7.79 to 7.96 after decolorization with
activated charcoal for fermentation production medium containing banana waste peel + Malt extract and inoculum
from 0 to 96 hours. This may due to the high rate of consumption of starch compounds to lactic acid with the
help of lactic acid bacteria.
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Introduction

Back ground of the study :

L actic acid, also called a-hydroxypropanoic
acid or 2-hydroxypropanoic acid, has a wide range of
application in different fields and in general in
preservation of human food stuffs (Davison et al.,
1995). Discovered by Scheele in 1780 and was
considered as a milk component and in 1789 was named
as “acide lactique” by Lavoisier. Later in 1857, Louis
Pasteur discovered that it was a fermentation
metabolite released by certain microorganism rather
than being a milk component (Benninga, 1990).

The production of lactic acid can be
performed in two ways: by chemical synthesis or by
fermentation (Abdel-Rahman et al, 2011). Chemical
synthesis is based on petrochemical resources and
has the disadvantage of giving rise to a racemic mixture
of DL-lactic acid . As for the second lane of production,
it corresponds to lactic fermentation based on a
biomass carbon source; this path is more advantageous
for its low energy consumption and its pure LA
production by selecting the appropriate lactic acid
bacteria (LAB) strain. (Hofvendahl and Hahn-
Hagerdal, 2000).

The organic waste arising from banana peel
approaches 30 - 40% of the gross weight and indicates
that banana peel is not effectively used after the fruits
are consumed.

Banana peel waste contains cellulose,
hemicellulose, starch, pectin and polysaccharides and
can be used as a supplementary source for the
production of industrial enzymes provides renewable
energy resources (Rehman et al., 2014). Lactic acid
production is not typicallya highly complex procedure.
However, for unutilized biomass to be used as a carbon
source, it must be saccharified and/or pretreated because
most lactic acid bacteria cannot utilize it directly. Thus,
the types of biomass and hydrolytic enzymes as well
as lactic acid producing microorganisms can affect the
efficiency of lactic acid production (Luo et al., 1997).

The present study investigated the
optimization of L-lactic acid production from banana
peel as an unutilized biomass substrate by anaerobic
fermentation process at laboratory level by using the
LAB pure cultures isolated from yogart (Ergo).
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Statement of problem :

Lactic acid can be produced by bacteria,
yeasts, and molds including genetically modified forms
of these organisms using carbohydrate substrates.
Banana peels are suitable substrates for some species
of lactic acid bacteria. This project covers lactic acid
fermentation processes, product recovery methods,
and commercial applications of lactic acid, including
foods, cosmetics, medical products, and biodegradable
polymers.

General objective :

e Production and synthesis of lactic acid in laboratory
scale from starch (obtained from waste banana peel)
via fermentation using lactic acid bacteria (LAB)
from milk products

Specific objectives :

o Isolation of Lactic Acid Bacteria (LAB) from
fermented Milk products.

o Tosynthesize Lactic acid from waste banana peel
via fermentation using Lactic acid bacteria isolated
from milk product.

e To determine the crude and purified Lactic acid
from waste banana peel by titratible method and
variable incubation period and pHon the lactic
acid yield.

o Todetermine antimicrobial potential of Lactic acid
against other bacterial isolates.

Scope and limitation of the study :

e This work involves investigation of lactic acid
production starting from isolation of potential lactic
acid bacteria (LAB), media formulation and
fermentation processes. The ultimate objective of
the whole project report is to improve value of the
agricultural product for the efficient production of
lactic acid by fermentation processes. Lactic acid
fermentation was performed using waste banana
peel starch as the main substrate.

Materials and Methods
Materials:

e The study areawas in Arba Minch located in the
Gamo Gofa zone of the southern nations,
nationality, and people region the most common
vegetation type grow in Arba Minch are mango
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tree, banana and acacia plants.

e Study Design: The study area was in Arba Minch
located in the Gamo Gofa zone of the southern
nations, nationality, and people region. Observational
study was conducted. The study was on fermented
milk products found in Arba Minch town between
October 2017 and October 2018. The laboratory
used for study were chemistry and microbial
biotechnology laboratory, Arba Minch University,
Arba Minch.

Sample Collection :

The samples were collected in different
houses or purchased from local market of Arba Minch.
Two types of samples were collected. The first sample
was curd (irgo) and the second was fermented milk
product (cheese). The samples were transported to
AMU microbial biotechnology laboratory and placed
in refrigerator at 4°C.

Media and Reagents :

The following solutions will be used : de
Man-Rogosa-Sharpe (MRS) broth, MRS-A (MRS +
1.5% of bacterial agar), 0.85% saline water, methylene
blue, crystal violet, safranin, Gram’s iodine, acetone
(95%), 3% hydrogen peroxide solution, NaCl(2, 4 and
6.5%), tryptone (1.0%), yeast extract (1.0%), beef
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extract (1.0%), NaCl (1.0%), glucose (1.0%), 1 M NaOH
and 1 M HCI.

Test (indicator) strains :

Salmonella thyphi (Clinical isolate), Shigella
flexineri (Clinical isolate), Staphylococcus aureus
(ATCC-25923) and Escherichia coli (ATCC-25922)
were obtained from Ethiopian Health and Nutrition
Research Institute, Addis Ababa, Ethiopia were used
as test microorganisms.

Isolation of lactic acid bacteria (LAB) :

For isolation of LAB, serial dilution agar
technique was used. Fermented milk was used directly
for isolation of lactic acid bacterial strains, while
cheese was serially diluted in saline solution (P.K.
Nagalakshmi et al., 2013).Ten gram of each sample
(except curd taken 10 ml) was dissolved into 90 ml of
MRS broth. After dissolving into MRS broth shake
homogeneously and incubated at 37°C for 24 hrsinan
aerobic condition. In the serial dilution agar plate
technique, 10ml of a stock solution was added to 90 ml
water blanks to form a microbial suspension. Serial
dilution of 102, 1073, 10", 10° and 10 by pipetting
10ml into 90ml water blanks. 10 ml of each dilution was
inoculated to MRS agar plates and incubated at 37°C
for 24 hrs for bacterial growth.

Cultivate the bacteria
using MRS medium

e it
Pure culture isolates E‘%'{
! 4

1000mL Shake

Banana peel extraction
and preparation

Malt preparation and
extraction

flask fermentation

s 4

.
:‘ Vi =

fermentation under the following ¥
parameters:

+« pHat5.54
Temperature 37°C
Substrate concentration 10% (w/v)
Malt extract with amylase enzyme
5 mL inoculum

Working volume 500 mL

Crude
lactic acid

Estimation of Lactic
acid by titration

method

Figure 1: Schematic flow Chart diagram for the production of lactic acid from lactic acid bacteria isolated
from milk product.



The plates for appearance of colonies
observed. Purified bacteria by streak plate method on
MRS agar and incubated at 37°C for 24hrs and
transferred to MRS agar slants and placed in
refrigerator at 4°C (Ram kumar et al., 2013).

Isolation, screening and identification of lactic acid
producing LAB :

Inoculate the isolated LAB strains in 5ml MRS
broth and incubated under anaerobic condition at30°C
for 18-24 hr. Obtain cell-free supernatant (CFS) by
centrifugation of this culture using Biofuge fresco
centrifuge at 10.000 x g for 10 min at 4°C. To clarify
whether the antimicrobial activity detected derived
from an organic acid or hydrogen peroxide (H,0,),
adjust the CSF to PH 7.0 by adding 1N NaOH to
eliminate the inhibitory effect of organic acids and add
3000 U/ml of catalase to eliminate the potential
inhibitory effect of hydrogen peroxide produced by
the isolates. Filter the so treated CFS through 0.45um
filter and used as crude lactic acid bacteria solution.

Biochemical characterization of LAB isolates :

Biochemical characterization of isolates on
the basis of catalase, Methyl Red (MR) test, Triple
Sugar Iron Agar test (TSI test), Citrate utilization test
and Voges Proskauer (\VP) Test were studied.

Preparation of Inoculum :

A single bacterial colony from potential
isolate were inoculated in to 1 ml of MRS broth under
aseptic condition and incubated at 37°C for 24 h. After
1 day of incubation, growth (turbidity) was appeared
in inoculated broth and this 1ml bacterial suspension
transferred to 10ml of MRS broth under aseptic
condition and incubated at 37°C for 24 h. After 1 day
of incubation, growth (turbidity) was appeared in
inoculated broth which preparation was directly used
as a source of inoculums.

The Process of Fermentation :
The fermentation was carried out by taking
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three 1000-mL Erlenmeyer flask with 500 mL production
medium were optimized by changing their
concentration of MRS broth with banana peel waste
as substrate, inoculum and malt extract having set 1
batch fermentation (only MRS broth and banana peel
extract) as control, set 2 batch fermentation (MRS broth,
banana peel and inoculum) and set 3 batch
fermentation (MRS broth, banana peel, inoculum and
malt extract with enzyme) for getting the optimum
production of crude lactic acid. All equipment,
including the medium, was sterilized at 15 psi and 121°C
for 15 min containing reaction mixture with substrate
and MRS broth. Autoclaved with medium substrate
was leave for some time to cool down at 37°C
temperature; initial quantity of 5SmL inoculum and 10%
substrate was poured in reaction mixture in Laminar
flow in order to avoid contamination with other
microbes and kept back inside incubator further for
fermentation for production of lactic acid with frequent
hand shaking the fermentation flasks. During
fermentation, the temperature was kept at 37°C, and
the pH adjusted at 5.5 to 6.0 for all three fermentation
flasks by adding 0.1N NH,OH where necessary.

Production and Extraction of Crude Lactic Acid :
Crude lactic acid was produced from 3
different fermentation broths viz. MRS broth,
inoculated with the bacterial culture in three different
conical flasks under incubation via frequent shaking
with hand from 24 hours to 90 hours. After the desired
incubation the fermentation broths were taken and
centrifuged in a high speed cooling centrifuge at
10,000 rpm for 10 minutes and the supernatant (crude
lactic acid) was collected and stored for further use.

Decolourisation of crude lactic acid :

These operations were carried out in glass
columns filled with the renewable granulated active
charcoal Purolite AC 20 was chosen and used for
decolourisation. The flow rate of the cell-free
fermentation broth after centrifugation through the
column was 1 bed volume per hour for decolourisation
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was performed.

Titrimetric Assay (Titratable Acidity) of Lactic Acid:
This method takes into account the
concentration of disassociated hydrogen molecules
and un-disassociated hydrogen ions. Acidity is related
with hydrogen in the solution so TA to measure the
total acidity is a better indication of lactic acid levels.
In this process the sample is titrated against 0.1N
NaOH with the addition of 2-3 drops of
Phenolphthalein indicator until the colour of the
sample turns light pink. The percentage of purity of
lactic acid is calculated using the given formula.

_ V (titr) x C (titr) x MW x Fx 100
B 1000 x W (sample)

Where, R=% of Lactic Acid
V (titr) = Total volume of titrant needed to reach
the end point in ml.
C (titr) = Concentration of titrant.
M W = Molecular weight of lactic acid = 90.08
F = Dilution Factor
W (Sample) = Sample amount in either gram or ml.
100 is multiplied to obtain the percentage of lactic
acid present.

Antimicrobial Activity and Bioassay By Agar Well —
Diffusion Assay :

Petri plates were prepared by pouring 20ml
of respective sterile molten media for test
microorganisms and allowed it to solidify. Spreading
the agar plates with 100 pl of each standardized tested
microorganisms. Dry the plates and make two wells
(each 7mm in diameter) into agar plates with sterile
borer and load wells with 25 pl of crude lactic acid
fermentation broth filtrate (supernatant after
centrifugation), after decoloration with activated
charcoal samples and 25 pl sterile broth. Then
incubated the plates at 37°C for 24 hrs for test bacteria
(Lihua et al., 2013). Diameter of zone of inhibition was
Measured (Kumar et al., 2013). Lactic acid activities
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were determined by measuring the diameter (mm) of
inhibition zone around the discs (Tatsikou et al., 2017).

Replications and Statistical Analysis :

All experiments were repeated three times on
different days. The average values +SE are presented
for few observations only. Statistical analysis of the
data was done using the software Sigma plot (version
12.0) and Microsoft excel 2010.

Results and Discussion

Lactic acid has a long history of uses for
fermentation and preservation of human food stuffs
and can be produced by either microbial fermentation
or chemical synthesis. Due to present environmental
concerns and the limited nature of petrochemical
feedstock, lactic acid can be commercially produced
by microbial fermentation. In recent years, lactic acid
consumption has increased dramatically because of
its role as a monomer in the production of biodegradable
Poly lactic acid (PLA), which is well-known as a
sustainable bio plastic material. However, the global
consumption of lactic acid is expected to increase
rapidly in the near future. Lactic acid bacteria can be
classified into two groups: homo-fermentative and
hetero-fermentative. While the homo-fermentative LAB
convert glucose almost exclusively into lactic acid,
the hetero fermentative LAB catabolize glucose into
ethanol and CO aswell as lactic acid (Hofvendahl and
Hahn-HagerdaF, 2000). Only the homo-fermentative
LAB has the industrial importance and used as
commercial production of lacticacid (Yun et al., 2003).
The homo-fermentative Lactic acid bacteria were from
the genera Lactobacillus, Sreptococcus and
Pediococcus (Stainer et al., 1976). The results of the
present study in the Lactic acid production using
Lactic acid bacteria are identified as according to
(Bergey’s manual, 1986) is Gram-positive, non-spore
forming rods, catalase-negative, usually non-motile,
that do not reduce nitrate, indole is not formed and
that utilize glucose (Figure 4 and 5).

According to the morphological and
biochemical characteristics of the six LAB isolates were
identified respectively based on the Bergey’s manual
of systematic Bacteriology (Table 1, Figure 5).



14 Ketamaw Seleign Yazie, et. al., JUC, Vol. 16(2), (2020).

-~
#

Figure 2: Growth of mixed culture of lactic Acid Bacteria on MRS Agar.

These colonies were carefully picked up and inoculated in MRS broth and consequently in MRS agar
media to obtain pure culture of lactic acid bacteria (Figure 5).

Isolate 4
Er-2-10"*

Figure 3: Pure culture of Lactic Acid Bacteria isolated from Ergo
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Table 1: Morphological, cultural and biochemical characteristics of lactic acid producing
isolates of lactic acid bacteria isolated from ergo.

Characteristics Lactic acid producing lactic acid bacteria isolates
Er-10 Er-1 | Er-1®9 | Er-2® Er-209 | Er-29

Colony Morphology Ft Cir Cir Cir Ft Irg
Cell Morphology Cocci Cocci Rod Cocci Cocci Rod
Gram Staining +ve +ve +ve +ve +ve +ve
Catalase Reaction -ve -ve -ve -ve -ve -ve
Methyl Red (MR) Test +ve +ve +ve +ve +ve +ve
Triple Sugar Iron Agar Test (TSI Test) +ve +ve +ve +ve +ve +ve
Citrate Utilization Test +ve +ve +ve +ve +ve +ve
\Voges Proskauer (Vp) Test ND ND ND ND ND ND

Legend: Ergo (Er) Positive reaction (+ve), Negative reaction (-ve), Not Determined (ND), Flat (Ft),

Raised (Ra), Circular (Cir), Irregular ( Irg).

P

CICIG] (]

™

&

Figure 4: Morphological and biochemical test of Lactic Acid Bacteria ([A] Gram +ve cocci shaped bacteria
[B] Gram +ve rod shaped bacteria [C] Catalase test reaction [D] Methyl red test [E] Citrate utilization test
[F] Bacterial inoculum.

The fermentation was conducted based on
the production of lactic acid banana waste peel
hydrolyzate addition in medium (MRS Broth) was set
at 10% (w/v) with and without malt extract obtained.
The pH was recorded before autoclaving the different
fermentation medium and set the pHt05.5t06.0 at 0
hours and started the fermentation. The results
indicate that there is significant pH difference from

5.64 t0 3.92 in the fermentation production medium
containing banana waste peel + inoculum and 5.64 to
3.89 in the medium containing banana waste peel
hydrolyzate + inoculum + malt extract during the course
of time from 0 hours to 96 hours when compared to
control containing only banana waste peel without
inoculum (Table 2).
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Table 2: pH at different time intervals before and after autoclaving of different fermentation
production medium.

Different . . L
f . Fermentation pH at different time intervals

ermentation
Production Before Set at 0 hours 24 hours 48 hours 72 hours | 96 hours
medium autoclaving
Flask 1 6.46 5.64 5.54 5.39 5.32 5.21
Flask 2 6.46 5.65 4,95 415 4,05 3.92
Flask 3 6.49 5.64 4,92 413 4.03 3.89

Flask 1: MRS broth + 10% banana peel extract
Flask 2: MRS broth + 10% banana peel extract + 5 mL inoculum
Flask 3: MRS broth + 10% banana peel extract + 5mL inoculum + 50 mL of Malt extract

y = -0.0045% 1 5.656°°1
R® =0.9882- | inear (Series1)

Time(hr)

Figure 5: graph of pH versus time of fermentation for flask,

y=-0.0183x+54

R® =0D.8746
e PH y@ e

g e PH
- v=-0.0182x+5.416 E
a R =0.8733 o z Linear (FH)
(PH
value)
Time(hr) Time{hr)
Figure 6: graph of PH versus Time Figure 7: graph of pH value versus Time

of fermentation for flask: of Fermentation for flasks
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Accordingly, the percentage of crude lactic
acid production was similar along with change in pH
ranging from 6.14t06.71 before decolorization without
activated charcoal and 7.31to 7.53 after decolorization
with activated charcoal for fermentation production
medium containing banana waste peel + inoculum
during the course of 24 to 96 hours (Table 4 and 5).
Similarly, the percentage of crude lactic acid production
was ranging from 6.73 to 6.98 before decolorization
without activated charcoal and 7.79 to 7.96 after
decolorization with activated charcoal for fermentation
production medium containing banana waste peel +
Malt extract and inoculum (Table 4 and 5). This may
be due to high cellulosic content of (46-72 %) (Li et
al., 2010) banana waste was considered as a potential
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source for production of fermentable sugars. Maximum
enzymatic hydrolysis with the help of malt extract
containing amylase was obtained by decreasing the
crystallinity of the cellulose and hemicellulose present
in the banana peel biomass. The percentage of purity
of lactic acid is calculated using the given formula.

_ V (titr) x C (titr) x MW x Fx 100
B 1000 x W (sample)

Where, R=% of Lactic Acid
V (titr) = Total volume of titrant needed to reach
the end point in ml.
C (titr) = Concentration of titrant.

Table 3: Estimation of crude lactic acid from different fermentation production medium without activated
charcoal by titration method.

Different fermentation Percentage of LA/100 mL sample at different time intervals of fermentation
Production medium 24 hr 48 hr 72 hr 96 hr
Flask 1 202+0.21 2.23+0.19 2.37+0.17 2.33+0.16
Flask 2 6.14+0.37 6.54+0.39 6.68+0.35 6.71+0.35
Flask 3 6.73+041 6.91+047 6.97+0.43 6.98+0.43

Flask 1: MRS broth + 10% banana peel extract

Flask 2: MRS broth + 10% banana peel extract + 5 mL inoculum
Flask 3: MRS broth + 10% banana peel extract + 5mL inoculum + 50 mL of Malt extract
* The titration was carried out with two dilutions for the sample (1:1i.e., 5 mL sample and 5 mL distilled water

and1: 9i.e.,, 1 mL sample and 9 mL distilled water).

Table 4: Estimation of crude lactic acid from different fermentation production medium after decolourization
with activated charcoal by titration method.

Different fermentation Percentage of LA/100 mL sample at different time intervals of fermentation
Production medium 24 hr 48 hr 72 hr 96 hr
Flask 1 2.16+0.17 2.21+0.15 2.31+0.19 2.29+0.16
Flask 2 7.31+£0.35 7.49+0.37 7.54+0.31 7.53+0.34
Flask 3 7.79+0.40 7971042 7.99+0.44 7.96+041

Flask 1: MRS broth + 10% banana peel extract

Flask 2: MRS broth + 10% banana peel extract + 5 mL inoculum
Flask 3: MRS broth + 10% banana peel extract + 5mL inoculum + 50 mL of Malt extract
* The titration was carried out with two dilutions for the sample (1:1i.e., 5 mL sample and 5 mL distilled water

and 1:9i.e., 1 mL sample and 9 mL distilled water).
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During fermentation, the rate of lactic acid
concentration increase dramatically with addition of
malt extract which indicates that the rate of glucose
consumption is highest in case of production medium
compared to the control with and without inoculum.
Similar results were obtained by Balmakki et al., (2016)
showed that the enzymatic hydrolysis yield was
significantly improved.

Conclusion

The required bacterial colonies were isolated
from milk sample (Ergo) by serial dilution method by
gram staining, endospore staining and biochemical
tests. The culture was inoculated into three different
mediums which include control without inoculum for
0 to 96 hours respectively. Percentage of crude lactic
acid was increased dramatically in malt extract
containing fermentation medium compared to with and
without malt extract. Decolorization by activated
charcoal was performed to increase percentage of lactic
acid yield.

Significance of the study :

The significance of this study can be seen
from five different angles.

o The first one is accompanying with economy. If
poly lactic acid (PLA) will be produced in Ethiopia,
then the cost will be incurred for importing PP, LDPE,
HDPE, PVC, PU, PS and other will be greatly
reduced. That means production of lactic acid from
available renewable resource material in Ethiopia
can be seen as huge import substitution.

e Thesecond significance of this study is comprised
on implementation of new technology in the
country. As we know technology is transferring
from developed countries to developing countries
in transition of globalization. etc

Recommendation:

o Further, purification of lactic acid through column
chromatography may give better production and
yield.

e Addition of synthetic enzymes in fermentation
production medium may help the further production
and yield in the large scale synthesis.

o \We performed the fermentation production in batch
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culture, but in future, if we use continuous
fermentation production method, we may get more
production and yield at the industrial level.

References

1. Abdel-Rahman M.A., Tashiroc Y., Sonomotoa K.
Lactic acid production from lingo cellulose
derived sugars using lactic acid bacteria: Overview
and limits. Journal of Biotechnology 156, 286-
301 (2011).

2. Abdel-Rahman MA, Tashiro Y, Sonomoto K
Recent advances in lactic acid production by
microbial fermentation processes. Biotechnol
Adv. 2013 Nov; 31(6), 877-902.

3. Adnan A.F.M, Tan I.K.P,, Isolation of lactic acid
bacteria from Malaysian foods and assessment
of the isolates for industrial potential. Bioresour.
Technol. 98, 1380-1385 (2007).

4. Akerberg C, Zacchi G. An economic evaluation of
the fermentative production of lactic acid from
wheat flour. Bioresour Technol; 75, 119-126 (2000).

5. Aloys, N. and Angeline, N., Traditional fermented
foods and beverages in Burundi. Food Res. Int.,
42,588-594 (2009).

6. Anhwange, B.A., Ugye, T.J., and Nyiaatagher
T.D., Chemical composition of Musa sapientum
(banana) peels. EJEAF Chemistry, 8, 437-442
(2009).

7. Bamidele, O.P., Fasogbon, M.B., Oladiran, D.A.,
et al., Nutritional composition of fufu analog flour
produced from Cassava root (Manihot esculenta)
and Cocoyam (Colocasia esculenta) tuber. Food
science & nutrition 3, 597-603 (2015).

8 Benninga H. A History of Lactic Acid Making,
Kluwer Academic Publishers, Dordrecht,
Netherlands, 1-61 (1990).

9. Berhe, K., Puskur, R., Teka, W., Hoekstra, D. and
Tegegne, A., Innovation in Banana Value Chain
development in Metema District, Northwestern
Ethiopia: IPMS Experiences Improving
Productivity and Market Success (IPMS) Project.
International Livestock Research, Addis Ababa,
Ethiopia (2008).

10. Bezuneh, T., Status of Banana Production in
Ethiopia. ISHS Acta Horticulturae, 49, 271-274
(2975).
https://doi.org/10.17660/ActaHortic.1975.49.34



Ketamaw Seleign Yazie, et. al., JUC, \ol. 16(2), (2020).

11

12,

13.

14

15,

16

17

18.

19.

20.

21,

Bustos G., Moldes A.B., Cruz, J.M., Dominguez
J.M., Production of fermentable media from vine-
trimming wastes and bioconversion into lactic
acid by Lactobacillus pentosus. J. Sci. Food.
Agric. 84,2105-2112 (2004).

CFC (Common Fund for Commodities).
Development of Organic Banana Production and
Export in Sudan and Ethiopia to the Middle East
and Europe. FC/CC/34/FISGB/10.Appraisal
Report, Addis Ababa, Ethiopia (2004).
Chandran, R.P,, Divakaran, D., and Chandran, A.
Comparative study on production of a-Amylase
from Bacillus licheniformis strains. Brazilian
Journal of Microbiol. , 42, 1397-1404 (2011).
P.K. nagalakshmi, R. Sumathi, K. Kanimozhi and
T. Sivakumar., isolation of bacteriocinnis in
producing lactococcuslactis from dairy products;
J. Acad. Indus. Res. \Vol. 1(10) (2013).

Ram Kumarpundir, Satishrana,
nehakashyapandamandeepkaur., probiotic
potential of lactic acid bacteria isolated from food
samples: an in vitro study; journal of applied
pharmaceutical science vol. 3 (03) (2013).
Charrington, C.A., Hinton, M., Mead, G.C.,
Chopra, I., Organic Acids: Chemistry, Antibacterial
Activityand Practical Applications. Advances in
Microbial Physiology. 32, 87 —108 (1991).
Chaturvedi, V. and Verma, P., An overview of key
pretreatment processes employed for
bioconversion of lignocellulosic biomass into
biofuels and value added products. Biotech., 3,
415-431(2013).

Coelho, L.F., de Lima, C.J., Bernardo, M.P., and
Contiero, J., D-Lactic acid production by
Leuconostoc mesenteroides B512 using different
carbon and nitrogen sources. Appl. Biochem.
Biotechnol., 164, 1160-1171 (2011).

Copeland L., Blazek J., Salman H., Tang M.C., Form
and functionality of starch, Food Hydrocolloids,
23,1527-1534 (2009).

CSA (Central Statistical Agency of Ethiopia),
Agricultural Sample Survey. Report on Area and
Production of Major Crops. Volume 1, V1l and VIII.
Statistical Bulletin 578. Addis Ababa, Ethiopia
(2014).

Das P.K., Das S., Sahoo D., Dalei J., Rao V.M.,
Nayak S. et al., Comparative Evaluation of

22,

23

24,

25,

26.

27.

28.

29.

30.

19

Purification Methods for Production of
Polypeptide Antibiotics — “Polymyxin B”and
“Cerexin A” from Bacillus Species. Pharma Tutor,
2(8), 188-200 (2014).

Datta R., Tsai S.P., Bonsignore P., Moon S.H.,
Frank J.R. Technological and economic potential
of poly (lactic acid) and lactic acid derivatives.
FEMS Microbiol Rev; 16, 221-231 (1995).

Datta, R. and Tsai, S. P, Technology and Economic
Potential of Poly (Lactic Acid) and Lactic Acid
Derivatives. J. of FEMS Microbiology Review.
16, 221- (1995).

Mufidah E., Prihanto A. A. and Wakayama M.,
Optimization of L-lactic Acid Production from
Banana Peel by Multiple Parallel Fermentation
with Bacillus licheniformis and Aspergillus
awamori. Food Science and Technology
Research, 23 (1), 137-143 (2017).

J. Tan, M. A. Abdel-Rahman, and K. Sonomoto,

“Biorefnery Based Lactic Acid Fermentation:
Microbial Production of Pure Monomer Product,”
in Advances in Polymer Science, vol. 279, pp.
27-66, Springer, New York LLC, (2018).

Alves de Oliveira R., Komesu A., Vaz Rossell C.E.,
Maciel Filho R. Challenges and opportunities in
lactic acid bioprocess design — From economic
to production aspects. Biochem Eng J. 2018; 133,
219-39. 10.1016/j.bej.2018.03.00

Awasthi D., Wang L., Rhee M.S., Wang Q.,
Chauliac D., Ingram L.O., et al. Metabolic
engineering of Bacillus subtilis for production
of d-lacticacid. Biotechnol Bioeng. 2018; 115(2),
453-63. 10.1002/hit.26472.

Reddy Tadi SR, Arun EVR, Limaye AM,
Sivaprakasam S., Enhanced production of
optically pure d-(-) lactic acid from nutritionally
rich Borassus flabellifer sugar and whey protein
hydrolysate based—fermentation medium.

Biotechnol Appl Biochem.; 64(2), 279-89. (2017).
10.1002/bab.1470.

LiuP, Zheng Z., Xu Q., Qian Z., LiuJ., Ouyang J.,
Valorization of dairy waste for enhanced d-lactic
acid production at low cost. Process Biochem.
71,18-22. (2018). 10.1016/j.procbio.2018.05.014
delaTorre I., Ladero M., Santos V.E., Production
of d-lactic acid by Lactobacillus delbrueckii

ssp. delbrueckii from orange peel waste: Techno-



20

3L

32.

economical assessment of nitrogen sources. Appl
Microbiol Biotechnol. 102(24),10511-21. (2018).
10.1007/500253-018-9432-4

Cubas-CanoE., Gonzélez-Fernandez C., Ballesteros
M., Toméas-Pejo, E. Biotechnological advances in
lactic acid production by lactic acid bacteria:
Lignocellulose as novel substrate. Biofuels
Bioprod Biorefin. 12(2), 290-303. (2018). 10.1002/
bbh.1852

Lépez-Goémez J.P., Alexandri M., Schneider R.,
Venus J., Areview on the current developments
in continuous lactic acid fermentations and case
studies utilising inexpensive raw materials.
Process Biochem. 79, 1-10. (2019).
10.1016/j.prochio.2018.12.012

ParkH.J., BaeJ.,KoH., LeeS., Sung H.B., Han J.,
et al., Low-pH production of d-lactic acid using
newly isolated acid tolerant yeast Pichia
kudriavzevii NG7. Biotechnol Bioeng. 115(9),

35.

36.

JUC \ol. 16(2), (2020).

2232-42. (2018). 10.1002/hit.26745

BaeJ.H., Kim H.J., Kim M.J., Sung B.H., Jeon J.H.,
KimH.S., et al., Direct fermentation of Jerusalem
artichoke tuber powder for production of I-lactic
acid and d-lactic acid by metabolically engineered
Kluyveromyces marxianus. J. Biotechnol. 266,
27-33. (2018).10.1016

Orrego D., Zapata-Zapata A.D., Kim D.,
Optimization and scale-up of coffee mucilage
fermentation for ethanol production. Energies.
11(4), 786 (2018). 10.3390/en11040786

Wu J., Elliston A., Le Gall G., Colquhoun 1.J.,
Collins S.R.A., Wood I.P,, et al., Optimising
conditions for bioethanol production from rice
husk and rice straw: Effects of pre-treatment on
liquor composition and fermentation inhibitors.
Biotechnol Biofuels. 11, 62. (2018).
10.1186/s13068-018-1062-7



