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Abstract
Background

In recent times, agricultural waste has been utilized in many industries as an energy source in several processes. Wheat straw,
one of the most cost-effective raw material, has a great potential to be utilized as a substrate in fermentation to produce lactic
acid. Utilization of agro waste material as the carbon source provides a cheap and environment friendly production of lactic acid.

Methods

A comparison of chemical and biological pretreatment of wheat straw and the use of pretreated wheat straw hydrolysate
in fermentation of Lactobacillus was carried out using optimized process parameters of temperature and ph. Pretreatment
methods using dilute acid and white rot fungus Coriolis versicolor were performed on wheat straw as well as the effect of co-
pretreatment with calcium hydroxide on differentially pretreated wheat straw was studied by analyzing sugar and lactic acid
concentrations during fermentation. The effect of different pH (7, 8, and 9) on fermentation using dilute acid pretreated wheat
straw was observed to lower the lactic production with the increase in ph. Dilute acid pretreatment of wheat straw provided
the highest concentration of glucose at 57.2mg/L and subsequently enhanced yield of lactic acid during fermentation while the
biologically pretreated wheat straw hydrolysate provided comparatively lower concentration of glucose at 49.2mg/L and thus
decreased lactic acid production.

Result

The final lactic acid concentration of 48.14 mg/L was obtained in dilute acid pretreated wheat straw with Yp/s of 0.915 mg/mg,
while the use of biologically pretreated wheat straw hydrolysate provided 39.56 mg/L concentration of lactic acid and an Yp/s
of 0.908 mg/mg. However, a reduced lactic acid concentration of 27.03 mg/L and 20.62 mg/L was seen after the co-pretreatment
of both dilute acid and fungal pretreated wheat straw with calcium hydroxide respectively, indicating its adverse effects on
fermentation process.

Conclusion
Pretreatment of wheat straw with dilute acid can be considered a good saccharification method to obtain the optimum concentration
of lactic acid in microbial fermentation carried out at optimum temperature and pH conditions.

Keywords: Lactic Acid, Solid State Fermentation, Pretreatment ,Wheat Straw Agro-Residues, Isolated Bacteria, Coriolis Versicolor

Introduction

Demand for production of various chemicals in industry keep ris-
ing to fulfil human requirements that grow over time, thus greater
amounts of lactic acid are produced each year through fermentation
to meet various industrial needs such as, food preservation, phar-
maceutical drug production and in leather industry[1] . Because

of the great industrial significance, D- Lactic acid is produced as
an intermediate in the synthesis of chiral material, lactic acid does
not only act as an effective raw material but is also responsible for
improving the quality and efficiency of poly lactic acid,which is
the most important value added chemical that plays role in various
industrial and research areas [2].
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In biotechnology different methods and experiments are applied
to obtain the desired and valuable results and products, Fermen-
tation is one of the primitive and sophisticated methodology that
is currently being used, generally linked with food processing and
preservation[3].

It can be assumed that agricultural waste or by-products such as
wheat straws are low-cost materials because they are available in
nature, relatively cheap, necessarily involve little handling, and are
effective materials. According to their physicochemical properties
and low cost these materials are available in large quantities and
have the potential to produce useful and beneficial product. As a
strategy for diversifying energy resources, stimulating rural eco-
nomic development and minimizing greenhouse gas emissions,
biofuel production from agricultural waste is currently attracting
global attention. Ethanol is an important solution transport fuel to
oil for automobiles with modified engines or as an additive in fuel
blends to improve engine performance. Pretreatment to disrupt the
structure of the rigid cell wall, enzymatic hydrolysis to grind the
polysaccharides and subsequent fermentation are major process-
es for producing ethanol from lignocellulosic biomes. Due to low
fermentation efficiency and ethanol titters, high enzyme cost and
high-water consumption, the commercialization of second-gener-
ation bioethanol from lignocellulosic biomass is still under devel-
opment. Advanced technology is imperative to achieve high yields
of ethanol and titter ethanol with low enzyme loads. Different pre-
treatment techniques were employed to improve enzyme digest-
ibility. Lactic acid is an important and useful industrial chemical
used in food industry as an oxidizing agent and preservative, as
well as other pharmaceutical applications. Many companies have
recently expressed interest in manufacturing lactic acid for plastics
that are biodegradable. This has resulted in extensive screening of
various possible substrates for lactic acid overproduction to meet
the future demand[4].

The main concern of industrial lactic acid fermentation is to mini-
mize the material cost and improve the performance and efficiency
of the process.Several renewable materials, such as wheat straw
and corn Stover have been previously used for the value-added
processing of lactic acid[5]. A major problem associated with
fermentation is the pretreatment of lignocellulose with high cost
enzymes and materials. Biological or chemical pretreatment of lig-
nocellulose thus comes as one of the cheap methods for chemical
production. Therefore, use of cheap materials and substrates for
lactic acid production would effectively reduce the overall produc-
tion cost and thus having a positive impact on many other industri-
al areas where it is being used.

Wheat Straw

When the wheat grains are harvested the resulting raw material is
wheat straw, therefore, this raw material is extremely value able,
capable of feeding animals in one way and creating desirable items
such as lactic acid, laccase and other. The comprehensive charac-
terization of wheat straw is necessary and useful for producing

new products with known properties[6].The production of wheat
straw has recently increased, wheat is a beneficial approach for
the production of bioethanol. Modern extraction technologies has
been improved to remove the value added chemical from wheat
straw to enhance the profitability of industrial products. The burn-
ing of wheat straw in greater quantities is an open invitation for
global warming and carbon dioxide emission, to overcome this
problem, fermentation of wheat straw for desire products is an
encouraging approach to reduce the pollution and improve the
economy[7]. Wheat straw is an extensive source of lignocellulose,
Wheat straw contain cellulose, hemicellulose, lignin and protein
which is a cheap source for chemical production[8].

Wheat Straw As Agriculture Waste
When agro-industrial residues are known, these residues are the
method for the processing of various useful chemicals such as lac-
tic acid, ethanol, biofuel, biogas, and mostly used in different areas
of research. This promising approach is highly feasible to mitigate
the rate of emissions and reduce costs [9].

Wheat straw is one of the cheapest and most attractive source of
fermentation material in the world, as it typically contains about
70% carbohydrate and can therefore be used by microbial fermen-
tation. In the processing of industrial activates, agro-industrial
residues and waste are generated; in addition, substances such as
straw, plant, stock, leaves, etc[10]. In recent decades, wheat straw,
an important and qualitative source of biomass, has frequently
been considered a feasible option for material production. Prefera-
bly, this waste is now attracting the researchers due to its efficiency
for industrial work[11]. In order to achieve the maximum produc-
tion rate it is important to know that all parts of the straw are not
significant for industrial utilization [12].

What is Lignocellulose?

Lignocellulosic products, like wood, agricultural or forestry waste,
are a mixture of natural polymers based on lignin, cellulose and
hemicellulose, and tannins with more than two hydroxyl groups
per molecule. Lignocellulose is one of the cheapest and most re-
newable sources of fossil fuel replacement. Structural, cellulose
appears to be linked to several mixtures of plants and can influence
their biodegradation.Cellulose is the vital ingredient of lignocel-
lulose accompanied by lignin and hemicellulose. Cellulose and
hemicellulose differ in the sense that hemicellulose has branches
with thin lateral chains covering multiple sugars and oligomers
that can be easily hydrolyzed [13]. The lignocellulose disposal
and byproducts of agro-industrial activities can be divided into a
few groups; those in which, in addition to the output of lignocel-
lulose residue, there is a market for fruit processing and those in
which the lignocellulose source is the important source comprising
agro-industrial waste from the processing of wheat and wood and
the accumulation of simple carbohydrates [14].

Under normal circumstances and climate, lignin would not be able
to degrade, but it has an important issue that restricts the use of
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lignocellulose for various purposes (Zhu et al., 2011:1029). The
concern of non-degradability has been made simpler by the use
of microorganisms such as bacteria that generate various natural
enzymes to physiologically breakdown lignocellulose[15].

Lignocellulose as a rigid, lattice structure of lignin-protected poly-
saccharide microfibers, it protects polysaccharides from interfer-
ence of hydrolytic enzymes and external factors and helps to sus-
tain the compound's complex structure. The polysaccharides most
frequently formed include the microfibers of hemicellulose and
cellulose filaments[16].

Table 1. 1: The composition of lignocelluloses substance (Eika W. Qian, 2014)[16]

Straw Lignin %

Hemicellulose%o Cellulose %

Wheat 16-21

26-32 29-35

Figure 1. 1: Collection of Wheat StrawCoriolisVersicolor for Pretreatment

Pretreatment of agriculture waste is an important process for obtain-
ing the sugar and value-added chemicals. This white rot fungus is
a type of mushroom which contributes in many medicine prepara-
tions. Therefore, it has the potential to degrade the lignin and provid-
ing the environment Wheat straw was used as the substrate for the
production of Lactic acid. The straw was collected by conventional
harvest equipment from a commercial farmers’ field in Northern Cy-
prus. The collected straw was stored in black polyethylene bags and
stored at room temperature (25 oC) and ambient relative humidity.
Prior to the fungal and acidic pretreatment, the wheat straw sample
were washed with distilled water in other to get rid of the dust and
other contaminants to certain level. It was then oven dried at 60 oC
for 48 hours. The dried wheat straw was milled with a blending ma-
chine. Total weight of the blended wheat straw is 500 g.

Solution Preparation
During the entire experiment, different solution and buffer have
been prepared according to the requirement and conditions.

Buffer Solutions

Buffer solution were prepared, 3.9 g of 0.1M sodium dihydrogen
phosphate dissolved in 250ml of distilled water and 0.7 g of 0.1M
disodium hydrogen phosphate dissolved in 50 ml of distilled water

by adding the few drops of base on acid, adjust the pH at 6 by pH
meter, get the buffer to be used for experiment.

Pretreatment of Wheat Straw

Lignocellulosic biomass is a potential source for production of
chemicals, biofuels and organic acids. Due to complex structure of
lignocellulosic biomass it can’t be used directly therefore fermenta-
tion is required. Pretreatment plays an important role in separating
cellulosic material from lignin fractions i.e. it breaks down the lignin
barrier leading to release of cellulosic content (Anwar et al., 2014)
which further breaks down upon pretreatment leading to release of
glucose, xylose, xylanose, arabinose which upon fermentation gets
converted to product. 2 Pretreatment method were used for pretreat-
ing the wheat straw and they include: (a) Dilute acid pretreatment
and (b) biological pretreatment.

Dilute Acid-Based Pretreatment Method

10g of the Wheat straw sample was weighed and mixed with dilute
sulfuric acid (4 % v/v). The mixture was adjusted to pH 5 using
10M NaOH and then placed inside the autoclave at 121 C for 1 hour.
After autoclaving, the mixture was filtered and the filtrate were cen-
trifuge at 1500 rpm for 5 minutes, the supernatant were evaluated for
its sugar concentration by phenol sulfuric method.

Int J Petro Chem Natur Gas, 2022

www.opastonline.com

Volume 2 | Issue 2 | 49



Figure 2.1: PretreatedWheat Straw by Dilute Acid

Biological (Fungal) Pretreatment

60 g of wheat straw sample were weighed and humidified by buf-
fer solution, flask was covered by foil and kept it in autoclave for
sterilization, after cooling the sample were inoculated with the se-
lected fungi Coriolis versicolor that was already available in the
microbiology laboratory. The culture was incubated at 30 C for 21
days. After the incubation period, the culture was dried in an oven
at 40 oC for and then blended to fine powder.

The pretreated substrate was kept in buffer solution for 20 minutes,
suspended solid (1g of sample into 10ml of buffer) and centrifuge
at 1200 rpm for 15 minutes, the crude filtrate were analyzed for its
sugar concentration by phenol sulfuric method.

Figure 2. 2: Pretreatment Of Heat Straw By Coriolus Versicolor

Phenol Method For Determination Of Glucose Content
In Pretreated Samples

100mg/mL Glucose solution was prepared and used to make dif-
ferent standard solutions of 10, 20, 40, 60, 80 and 100 mg/mL. 0.2
ml of 5 % phenol was added into each conc. of glucose standard

test tubes as well as the tubes containing pretreated sample (both
the acid and fungi pretreated sample) followed by the addition of
1 ml 4 % (v/v) sulfuric acid into all test tubes. The content in each
tube (Glucose standard solution and Sample) were properly mixed
and the absorbance were determined at 490 nm in a spectropho-
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tometer. The leaner equation as presented in Figure 2.1 were used
to determine the glucose concentration of the samples.

Figure 2.3: Standard Solution Of Glucose And Sample

Preparation Of Inoculum

Mixed bacteria culture isolated from diary waste were used for as
the inoculum. Briefly, the dairy waste was mixed with water and
filtered, the filtrate was place 20 ml of nutrient broth and incubator
at 37 C for 24 hours. After 24 hours bacterial growth wasobserved,
and the bacteria culture were used for the fermentation of pretreat-
ed and processed wheat straw for Lactic acid production.

Fermentation Experiment

This experiment was performed in 500 ml flask, 100 ml of pre-
treated wheat straw hydrolysate were used as substrate, 4M KOH
were used to maintain the medium at pH 6 and at a temperature
of 35.5 oC culture mixture were set at agitation rate of 150 rpm,
the microbial inoculum in the medium was 10 % v/v in both flask
with or without the presence of Ca (OH) 2 or without over liming.
The concentration of lactic acid was measured at different time
intervals in both cases.

Determination Of Lactic Acid Concentration

The concentration of lactic was measured by spectrophotometer
in which, the fermented liquid sample was measured by making
20-fold dilution. 1.2 g dissolve 100 ml in H20 the known concen-
tration of lactic acid then series is prepared using 2 times dilution
and measured the absorbance of all test tube including sample at
390 nm in spectrophotometer.

Sterilization

Throughout the process, Sterilization is very crucial in each exper-
iment to prevent the contamination, therefore, all the containers
and solution were covered with aluminum foil and heated at 121
C at least for 15 minutes. Safety cabin and ethanol were used to
remove the contamination from glass and plastic test tubes.

Figure 2.4: Sterilizing The Material And Solution

Results And Discussions

In this section the experiment results are discussed, along with
glucose measurements for the different types of Wheat straw pre-
treatment methods (Acid and fungi). The results of lactic acid yield
for different types of pretreatment methods are shown, as well as
lactic acid production at different pH were observed.

Effect Of Different Pretreatment Methods On Glucose
Concentration In Wheat Straw

The effect of different pre-treatment methods notably Acidic and
fungal treatment on glucose concentration of wheat straw for lactic
acid fermentation were evaluated with glucose standards (Table
3.1). Results revealed that the acid pre-treated samples had the
highest glucose concentration compared to the fungal pre-treated
sample (Table 3.2)

Lactic Acid Production By Bacteria Fermentation Of
Pretreated Wheat Straw

Lactic acid standards were prepared, and its absorbance was mea-
sured. The linear plot of the lactic acid standard (Figure 3.2) were
used to determine the production of lactic acid from pre-treated
wheat straw by bacteria. The prepared lactic acid standard as well
as the its absorbance is represented in Table 3.3
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Table 3. 2: Absorbance Of Lactic Acid Standards

S/N Conc. of Lactic acid (mg/L) Absorbance (490 nm)
1 0 0
2 10 0.018
3 20 0.026
4 40 0.031
5 60 0.051
6 80 0.071
7 100 0.112
Raw Material
Wheat straw
nomienl | preveimens || Selogel | pretroatment
H,S0. H>SO,4 with ElC e Fungus with
Ca(OH)2 Ca(OH):
Fermentation

A

Lactic acid
Analysis

Figure3. 1: Process flow diagram

Effect Of Dilute Acid Pretreatment On Lactic Acid Pro-
duction By Bacterial Isolates

Mixed bacterial culture fermentation of the acid pre-treated wheat
straw revealed a diauxic yield of lactic acid over time. From the
results presented in figure 3.4, it can be seen that lactic acid yield
increased over time in an exponential phase until 48 hours and

reached a steady state after 48 hour and after 72 hours there was a
slight difference in productivity and finally reached to maximum
concentration at 96 hours. The average concentration of lactic acid
was significant, and a higher lactic acid yield was observed in fer-
mentation using dilute acid pre-treated wheat straw.
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Dilute acid pretreatment of wheat straw

60

50
40
30
20
10

Lactic acid (mg'L)

1d 24 32 40

43

56 a4 T a0 g 96

Time (h)

Figure3. 2: Lactic Acid Concentration Over Time Determined During Fermentation Containing Wheat Straw Pre-Treated With Dilute

Acid.

Effect Of Fungi Pretreatment On Lactic Acid Production
By Bacteriallsolates

A graduallyaccumulating concentration of lactic acid was seen
during the fermentation of bacterial strains that contained fungal
pre-treated wheat straw. Though concentration increased consis-
tently over time, there was no obvious steady state observed in

45

fungal pre-treatment for lactic acid until 72 hours which started
going into steady state after that until 96 hours. The average dif-
ference of production was seen between 24 to 96 hours. An overall
lower lactic acid production was observed in fermentation using
fungal pre-treated wheat straw hydrolysate condition as shown be-
low in figure 3.5

40
35
30
25
20
15
10

Lactic acid (mg/L)

32 40

48

56 o4 80 88 ]

Titne (h)
Biological pretreatinent of wheat stvaw

Figure3. 3: Lactic Acid Concentration Determined Over Time During Fermentation In Condition Containing Wheat Straw Pre-Treated

With Fungi.

Effect of ca (oh) , On Dilute Acid pretreated wheat straw
for lactic acid production by bacterialisolates

From Figure 3.6 calcium hydroxide was added with the aim of in-
creasing concentration of lactic acid, in order to achieve the max-
imum production of desired product.Ca (OH) 2 has the ability in
fermentation process to enhance the desired chemical production.
The production of lactic acid increased slowly by the day and nev-
er reached a significant production rate. The concentration of lactic
acid in different experiments with effect of Ca (OH) 2 on dilute

pre-treated wheat straw was not enhanced dramatically. However,
Calcium hydroxide addition in dilute acid pre-treated wheat straw
adversely affect the production of lactic acid during fermentation
and the efficiency of bacteria to produce lactic acid was signifi-
cantly decreased in the presence of calcium hydroxide. An overall
lower lactic acid yield was observed in fermentation withCa (OH)
2treatment of dilute acid pre-treated wheat straw as compared to
only dilute acid pre-treated wheat straw.

Int J Petro Chem Natur Gas, 2022

www.opastonline.com

Volume 2 | Issue 2 | 53



Effect of Ca(OH)2 on dilute acid pretreated wheat straw

3n

25

20

Lactic acid {mg/L)

18 24 32 40 45

56 64 T a0 38 96

Titne (h)

Figure3. 4: Effect of ca (oh) ,On Dilute Acid Pre-Treated Wheat Straw.

Effect of Ca (OH) , on Fungi Pretreated Wheat Straw
For Lactic Acid Production By Bacterial Isolates

From Figure 3.7 The addition of calcium hydroxide in biological
pre-treatment minimize the production of lactic acid. There was
a decrease in lactic acid production due to lesser availability of
nutrient (glucose) for the bacteria or as a result of the presence of
Ca (OH) 2. Therefore, a subtle increase in lactic acid concentra-
tion can be seen until the final stage. The average value of con-

centration was lower, there was a steady state observed with the
Ca (OH) 2 effect after 48 hours along with gradual increase until
96 hours. The lactic acid concentration was slightly higher in di-
lute acid pre-treated wheat straw with Ca (OH) 2 than inCa (OH)
2co-treatment onfungus pre-treated wheat straw. Overall, Calcium
hydroxide addition in funguspre-treated wheat straw showed nega-
tiveeffects on the production of lactic acid in bacterial isolates and
a reduced uptake of glucose by bacteria.

Eftect of Ca(OH)2 on biologically pretreated wheat straw

25

20

15

1n

Lactic acid (mgfL)

la 24 32 40

45 6 64 72 80 BE B4

Time (h)

Figure3. 5: Effect Of Ca (Oh) , On Fungi Pre-Treated Wheat Straw.
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Comparison for The Effect of The Different Substrate
Pretreatment Methods and Effect ca (oh) 2 on Lactic
Acid Production

Figure 3.8given below, shows that lactic acid yield was highest
during fermentation of bacterial isolates with dilute acid pre-treat-
ed wheat straw compared to the biological pre-treatment method.
Fungal pre-treated wheat straw condition produced lower lactic
acid as compared to the acidpre-treated wheat straw. However,ad-
verse results were seen in conditions containing an additional
pre-treatment of calcium hydroxide. Lactic acid production de-
creased significantly in the presence of Ca (OH) , due to lesser
availability of sugar from hydrolysate. Alkaline pre-treatment has
shown to yield increased amount of sugars from wheat straw in
older studies. However, results reported hereby proves adverse and
negative effects of alkaline treatment of wheat straw along with
acid pre-treatment which may result in neutralization and reduced
efficiency of saccharification. Initial concentration of lactic acid

was comparable between conditions of single pre-treatment and
Calcium hydroxide co pre-treatment. Though an obvious differ-
ence can be seen after 24 hours of fermentation when concentration
between conditions started to diverge more going towards the end.
Fermentation using fungi pre-treated wheat straw produce higher
lactic acid than fungi + Ca (OH) ,pre-treated wheat straw.Howev-
er, Acid + Ca (OH) , pre-treated fermentation was slightly high-
er compared to Fungi +Ca (OH) , pre-treated condition. Though
overall results of highest lactic acid yield pointed towards the acid
pre-treated wheat straws without Ca (OH) , effect as the strongest
condition used in fermentation of bacterial isolates.Processing of
lignocellulose can produce inhibitor compounds like lignin deriv-
atives such as, furan derivatives ethanol and phenolic compounds.
These inhibitor compounds were accumulated by co-pretreatment
with calcium hydroxide and decreased the conversion of sugars
and thus the lower production of lactic acid in Ca (OH) , pretreated
wheat straw (Zhang, 2009) [17].

Final Lactic acid concentration using wheat straws with different pretreatments methods

SR
W 45
E
§ 5
g
8
g
2
=
g
3 5
o
—l

Timeh

micid WPung  mAcid+ CalOH)Z

3
20
15
i | [T |
0
2 24 48 T2 Q6

BFung + Ca(OH)2

Figure3. 6: Comparison of Final Lactic Acid Concentration Using DifferentSubstrate Pre-Treatment Methods And Effect Ca(Oh), On

Lactic Acid Production

Comparison Of Glucose Concentration Yield Using Vari-
ous Pre-Treatment Methods Of Saccharification

Glucose concentration was determined at different hours during
fermentation in different pre-treated wheat straw hydrolysate con-
ditions. A comparison of glucose concentration available in cell
culture changing over time is presented in figure 3.9. Initial glu-
cose concentrations obtained from various pre-treatment methods
of wheat straw is presented at 0 hours. Dilute acid pre-treated
wheat straw released the highest amount of glucose compared to
rest of the methods while biological pre-treatment followed acid
pre-treatment in glucose yield from wheat straw. Addition of Calci-

um hydroxide to dilute acid and fungus pre-treated wheat straw did
not uplift glucose yield in wheat straw. On the contrary, calcium
hydroxide addition reduced the efficiency of glucose consumption
by cells and a higher residual glucose amount can be seen towards
96 hours in fermentation using calcium hydroxide co-treated wheat
straw. Ineffectiveness of increase in glucose yield and reduced up-
date by bacteria shows that calcium hydroxide co-treatment with
dilute acid and biological pre-treatmentis not a productive way of
co-treatment to release glucose from wheat straw. Consumption of
glucose can be seen over time in all conditions, however, a higher
residual glucose is left at 96 hours aligning with the lactic acid
production in given fermentation conditions.
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Figure3. 7: Comparison of glucose concentration over time in fermentation conditions with different pre-treatment methods

Comparison Of Concentration Of Lactic Acid Produc-
tion At Ph 7, 8 And 9 By Bacterial Isolates During Fer-
mentation

A comparison of lactic acid production is given below in figure
3.10. A linear production of lactic acid was seen at pH 7 for 96
hours of fermentation. Effect of pH was slight throughout fer-
mentation at pH 7 with gradual increase in lactic acid production.
However, fermentation at pH 7 produced significantly lower lactic
acid in comparison to experimental conditions at pH 5 reported
above. A lower initial concentration of lactic acid was seen at 8
hours which increased linearly until 48 hours of fermentation. An
early steady state was observed after48 hours in lactic acid con-
centration, thus resulted in a lower concentration in the final hours.
An overall production of lactic acid was lowered in fermentation
at pH 8 as compared to experiments performed at optimal pH of
5 and 7 rendering pH 8 not suitable for producing efficient prod-
uct from bacterial isolated during fermentation. In fermentation
at pH 9 lowest lactic acid was seen since the start of fermentation
at 8 hours which followed the same pattern of gradual linear pro-

duction in next hours while a steady state was observed during
fermentation at pH 9 at 48 hours. Final lactic acid concentration
of lactic acid below was lowest at pH 9 fermentation as shown
in figure An obvious difference of concentration can be seen be-
tween pH 7, pH 8 and pH 9. High pH effectsculture’s viability and
growth, thus its abilities to produce the product like lactic acid.
Highest concentration of lactic acid was achieved at pH 5 which
was used as an optimal pH to carry out the experiments reported
above. The lowest lactic acid concentration was achieved at pH 9.
Though, pH 8 and 9 were slightly comparable throughout towards
the end of fermentation, however, it also shows its lethal effect to
bacterial cell growth and metabolism.As fermentation was carried
out at higher pH conditions, itadversely affected the efficiency of
bacterial isolates to produce lactic acid.A high alkaline pH of 7,
8 and 9 is able to neutralize the lactic acid available, since the
Actual pH of falls to 4-5 when lactic acid is produced, but when
pH is raised, the alkaline effect of pH has inhibitory effect on the
lactic acid production and start neutralizing the produced lactic
acid (Hetényi, 2011).
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Lactic acid concentration at different pH conditions
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Figure3. 8: Comparison of lactic acid concentration produced in fermentation at pH 7, 8 and 9

Table 3. 1: Comparison Of Lactic Acid Concentration From Renewable Resources

Parameter This Study
Substrate Corn Stover Cheese Whey hardwood pulp Corn Stover Wheat Straw
powder

Pretreatment meth- | Chemical Biological Chemical Biological and Chemical, Biolog-
od chemical ical
Glucose concentra- |42 g/L 184.67 g/L 552 g/L 80g/L 57.2 mg/L, 49.2
tion mg/L
Lactic acid concen- |40 g/L 113.8 g/L 48.9 g/L 45 g/L 48,14 mg/L, 39.56
tration mg/L
References Invalid source ((Peng liu, 2018) Invalid source Invalid source

specified. specified. specified.

Comparison Of Total Lactic Acid Yield In Different Fer-
mentation Conditions

A comparison of final lactic acid concentration in all experimental
conditions reported above can be seen in fig 3.11in order to eval-
uate the efficiency of different pretreatment methods applied on
wheat straw and the effect of various pH conditions to produce
the maximum concentration of lactic acid from bacterial isolates
during fermentation. Fermentation from wheat straw with dilute
acid pretreatment method of saccharification produced the highest
concentration of lactic acidand consumed the highest amount of
glucose. This is because dilute acid has the potential to release
more sugar from wheat straw.Addition of calcium hydroxide did
not enhance the productivity as compared to conditions without

calcium hydroxide treatment, but it also had an adverse effect in
the production of lactic acid by decreasing the efficiency of bac-
teria to produce the product. Use of wheat straw with calcium hy-
droxideco-treatment along with acidic and biological pretreatment
in fermentation reduced the yield of desired product.

Highest concentration of lactic acid was achieved at an optimal
pH of 5 which was used to carry out fermentation with different
pretreatment methods. However, much lower lactic acid yield was
obtained with fermentation at pH 7, 8 and 9, where pH 9 at final
72 hours, resulted in lowest production of desired product after
coming to steady state in last hours.
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Total Lactic acid production (mg/L)

Lactic acid concentration (mg/L)

Experiment conditions

m Fermentation after dilute acid Pre-treatment
® Fermentation after Fungal pre-treatment

Effect of Ca{OH)2 on fermentation of acid pretreated wheat straw
m Effect of Ca{OH)2 on fermentation of fungal pretreatedwheat straw
W Fermentation after dilute acid pre-treatment (pH 7)

Fermentation after dilute acid pre-treatment (pH 8)
B Fermentation after dilute acid pre-treatment (pH 9)

Figure 3.9: Comparison of final lactic acidyieldin different fermentation conditions

Table 3. 2: Lactic acid yields obtained from fermentation using pretreated wheat straws

Dilute Acid Fungi Acid + Ca(OH), Fungi + Ca(OH),
Product yield, Yp/s (mg/mg) 0.915 0.908 0.66 0.67
Percent Yield (%) 84.20 80.40 50.84 48.53
Lactic Acid Yield during lactic acidfermentation has an inverse effect on cell cul-

As shown in table 3.5 above, Product yield from substrate and
percent yield has been calculated for lactic acid produced during
fermentation. Product yield for dilute acid pretreated fermentation
was highest with a value of 0.915 mg/mgand the percent yield of
84.2%, while fungus pretreatment of wheat straw provided the
product yield of 0.908 and percent yield of 80.40%. However,-
co-pretreatment of acid with calcium hydroxide and fungi with
calcium hydroxide provided lowest product yield of 0.66mg/
mg and 0.67 mg/mg respectively and the lowest percent yield of
50.84% and 48.53%.

Conclusion

Chemical and biological pretreatment of wheat straw was carried
out to convert biomass into sugars for use in fermentation process
of lactic acid production. Different fermentation conditions were
performed from differently pretreated wheat straw hydrolysate
while the sugar and lactic acid analysis was performed through-
out the process with intervals.All the fermentation processes were
carried out at an optimum pH of 5 during this experiment after
analyzing lactic acid production at pH 5, 7, 8, and 9.Increased pH

ture and yields lower lactic acid concentrations.Moreover, the ef-
fect of calcium hydroxide co-pretreatment along with dilute acid
and fungal pretreatment on the yield of sugar and lactic acid was
evaluated. Total initial sugar yield from dilute acid pretreatment
was 57.2 mg/L while the fungal pretreatment yield was 49.2mg/L.
Co-pretreatment of dilute acid and fungal pretreated wheat straw
with calcium hydroxide released a comparable amount of glu-
cose. No significant difference of initial glucose concentration was
found after the co-pretreatment with calcium hydroxide. However,
a decreased consumption rate of glucose by bacteria was observed
during fermentation using calcium hydroxide co-retreatment on
both dilute acid and fungal treated wheat straw. Dilute acid pre-
treated wheat straw provided the highest yield of lactic acid of
48.14 mg/L as compared to the fungus pretreated wheat straw
yield of 39.56 mg/L. Use of calcium hydroxide with chemical and
biological pretreated wheat straw hydrolysate lowered the total
lactic acid production significantly as compared to individual pre-
treatments without calcium hydroxide.
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It was found that saccharification of wheat straw using chemical
pretreatment method provides enhanced amount of converted glu-
cose whereas conversion of biomass in biological pretreatment
followed the chemical pretreatment. Whereas, adverse effects
were seen on lactic acid production in fermentation using calcium
hydroxide co-pretreated wheat straw hydrolysate.

Demand for lactic acid has been increasing rapidly in various in-
dustries recently. There have been many ways of lactic acid pro-
duction. This methodology and technology sustain many process
in chemical industries like the production of many organic acid
like lactic acid and others, global use of this technique can pro-
duce bio-energy to fulfil the requirement of low cost energy. With
the increasing demand of environment friendly production using
fermentation process, it is necessary to move towards the use of
inexpensive and cost-effective raw materials. The major barriers
towards the production of lactic acid in industry are the larger
amount of production and high cost of production. To explore the
best and cheapest resources, this study evaluated saccharification
methods for lignocellulose conversion into pentose and hexose
sugars. Findings of this study can be utilized for an environment
friendly production of lactic acid using the cheapest resource of
wheat straw which is easily and abundantly available in low cost-
can be used after pretreatments with dilute acid.However, study
was performed on a small scale in shake flask and presented limit-
ed data, though future studies can be performed on bioreactor scale
for confirmation with larger data. Furthermore, efforts for develop-
ing the procedure to produce higher concentrations of lactic acid
for industrial production would be highly useful. More efforts for
continuous process development should be made to further devel-
op utilization approaches of the method. The results presented in
this study suggest the importance of evaluating commercial poten-
tial of using pretreated wheat straw as substrate in the large scale
production of lactic acid [19-64].

Declaration

Ethical Approval And Consent To Participate

The research was approved by the ethics committee of Cyprus in-
ternational university. There was no coercion whatsoever, partici-
pation did not have any influence on the care provided or received
and there were no financial incentives for the investigators nor for
the patients included.

Consent For Publication
Not applicable

Availability Of Data And Materials
All the materials were used in the microbiology laboratory of Cy-
prus international university.

Competing Interests
Cyprus international university paid for this research.

Funding
This work was supported by Cyprus international university

Acknowledgements

First, I want to thank the great ALLAH Almighty, who gave me
success in every field of life. His grace, substance and provision
made the completion of this work. I am especially thankful to my
supervisor Prof. Dr. HaticeErkurt for all her support, encourage-
ment and assistance from the onset of this study. I want to thank
my teachers, M. Tariq, Prof. Dr. DogaKavaz and Prof. Dr. Nahi-
tRizaner. I also want to thank some people who assisted me in
the Laboratory work, Lab assistant, Mr. HuzeifaUmer, Miss Sylvia
and Miss Badru, a big thanks to you all. I am forever grateful to
my mother Shamim Akhter, my wife Asiya Ejaz and my siblings,
Saeed Ahmad, Hasan Ejaz, M. Yasir, Kashif Rasool, Rashid Ra-
sool, Raja Haider Ali and my sisters for all their support and en-
couragement. | want to thank my nephews and nieces, Romaisa,
Waniya, Mariya, Jhariya, Jasim, Qasim, Haroon and Ramzan Ra-
sool. I love you all. I wouldn’t forget to thank my friends and col-
leagues, whom I wouldn’t be able to mention all for their support,
Nisar Ahmad, Asad Ali, Asim Igbal, Abdul Khaliq, Sohail Shaker
and Ameer Hamza, M. Tariq and M. Ayub and a lot of others not
mentioned here. You Guys are the best.

References

1. Abdel-Rahman, M. A., Tashiro, Y., &Sonomoto, K. (2013).
Recent advances in lactic acid production by microbial fer-
mentation processes. Biotechnology advances, 31(6), 877-
902.

2. Hama, S., Mizuno, S., Kihara, M., Tanaka, T., Ogino, C.,
Noda, H., & Kondo, A. (2015). Production of D-lactic acid
from hardwood pulp by mechanical milling followed by si-
multaneous saccharification and fermentation using metabol-
ically engineered Lactobacillus plantarum. Bioresource tech-
nology, 187, 167-172.

3. Bozoglu, T. F.,, & T. Faruk Bozoglu, a. B. (1996). Lactic acid
bacteria (Vol. 8). Springer.

4. Richa Singh et al. (2014, may). POTENTIAL OF WHEAT
STRAW FOR BIOGAS PRODUCTION USING THER-
MOPHILES. Recent Advances in Bioenergy Research, iii,
pp.242-249.

5. Liu, P, Zheng, Z., Xu, Q., Qian, Z., Liu, J., & Ouyang, J.
(2018). Valorization of dairy waste for enhanced D-lactic acid
production at low cost. Process Biochemistry, 71, 18-22.

6. Arroyo Lopez, F. N., Romero Gil, V., Bautista Gallego, J., Ro-
driguez Gomez, F., Jimenez Diaz, R., Garcia Garcia, P, ... &
Garrido Fernandez, A. (2012). Potential benefits of the appli-
cation of yeast starters in table olive processing. Frontiers in
microbiology, 3, 161.

7. Kapoor, M., Panwar, D., &Kaira, G. S. (2016). Bioprocesses
for enzyme production using agro-industrial wastes: technical
challenges and commercialization potential. In Agro-Industri-
al Wastes as Feedstock for Enzyme Production (pp. 61-93).
Academic Press.

Int J Petro Chem Natur Gas, 2022

www.opastonline.com

Volume 2 | Issue 2 | 59


https://doi.org/10.1016/B978-0-12-802392-1.00003-4
https://www.frontiersin.org/articles/10.3389/fmicb.2012.00161/full
https://doi.org/10.1016/j.procbio.2018.05.014
https://doi.org/10.1016/j.biortech.2015.03.106
https://doi.org/10.1016/j.biotechadv.2013.04.002

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

kim and dale, 2. (2004). Global Potential bioethanol Produc-
tion from Wasted Crops and Crop Residues (Vol. 4). Biomass
and Bioenergy.

Kapoor, M., Panwar, D., &Kaira, G. S. (2016). Bioprocesses
for enzyme production using agro-industrial wastes: technical
challenges and commercialization potential. In Agro-Industri-
al Wastes as Feedstock for Enzyme Production (pp. 61-93).
Academic Press.

Mussatto, S. 1., & Roberto, I. C. (2004). Alternatives for de-
toxification of diluted-acid lignocellulosic hydrolyzates for
use in fermentative processes: a review. Bioresource technol-
ogy, 93(1), 1-10.

Steve Gillman, 2. (2017, october 10). Wheat straw waste could
be basis for greener chemicals. Research and innovation.
Ghaffar, S. H. (2019). Wheat straw biorefinery for agricultural
waste valorisation.

Chen, H. (2015). Lignocellulose biorefinery engineering:
principles and applications (No. 74). Woodhead Publishing.
Huy, H. N. H., &Khue, T. N. H. (2016). Lactic acid production
from rice straw using plant-originated Lactobacillus rhamno-
sus PNO4. Journal of Chemical and Pharmaceutical Research,
8(5), 590-594.

Thomas, A. D. (2014). Biobased Thermosets. isreal : William
Andrew.

Eika W. Qian, 2. (2014). Lignocellulosic Biomass. Computer
Aided Chemical Engineering.

Jing, X., Zhang, X., & Bao, J. (2009). Inhibition performance
of lignocellulose degradation products on industrial cellulase
enzymes during cellulose hydrolysis. Applied biochemistry
and biotechnology, 159(3), 696-707.

Hetényi, K., Németh, A., &Sevella, B. (2011). Role of pH-reg-
ulation in lactic acid fermentation: Second steps in a process
improvement. Chemical Engineering and Processing: Process
Intensification, 50(3), 293-299.

Mussatto, S. 1., & Roberto, I. C. (2004). Alternatives for de-
toxification of diluted-acid lignocellulosic hydrolyzates for
use in fermentative processes: a review. Bioresource technol-
ogy, 93(1), 1-10.

Mussatto, S. 1., & Roberto, I. C. (2004). Alternatives for de-
toxification of diluted-acid lignocellulosic hydrolyzates for
use in fermentative processes: a review. Bioresource technol-
ogy, 93(1), 1-10.

Cavka, A., &Jonsson, L. J. (2013). Detoxification of lignocel-
lulosic hydrolysates using sodium borohydride. Bioresource
technology, 136, 368-376.

Cavka, A., &Jonsson, L. J. (2013). Detoxification of lignocel-
lulosic hydrolysates using sodium borohydride. Bioresource
technology, 136, 368-376.

Trontel, A., Bargi¢, V., Slavica, A., Santek, B., & Novak, S.
(2010). Modelling the effect of different substrates and tem-
perature on the growth and lactic acid production by Lactoba-
cillus amylovorus DSM 20531T in batch process. Food Tech-
nology and Biotechnology, 48(3), 352-361.

Anuj K Chandel and Om Singh, 2. (2012). Detoxification of

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lignocellulose Hydrolysates: Biochemical and Metabolic.
Bioenerg. Res.

Lucena, B. T., dos Santos, B. M., Moreira, J. L., Moreira, A. P.
B., Nunes, A. C., Azevedo, V., ... & de Morais, M. A. (2010).
Diversity of lactic acid bacteria of the bioethanol process.
BMC microbiology, 10(1), 1-8.
C.RodriguesL.P.S.Vandenberghe., e. a. (2017). Production
and Application of Lactic Acid. Current Developments in Bio-
technology and Bioengineering, 543-556.

Talebnia, F., Karakashev, D., &Angelidaki, I. (2010). Produc-
tion of bioethanol from wheat straw: an overview on pretreat-
ment, hydrolysis and fermentation. Bioresource technology,
101(13), 4744-4753.

Novik, G., Meerovskaya, O., &Savich, V. (2017). Waste deg-
radation and utilization by lactic acid bacteria: use of lactic
acid bacteria in production of food additives, bioenergy and
biogas. Food additives.

Reddy, G., Altaf, M. D., Naveena, B. J., Venkateshwar, M., &
Kumar, E. V. (2008). Amylolytic bacterial lactic acid fermen-
tation—a review. Biotechnology advances, 26(1), 22-34.
Hassan K, e. a. (2001, feburary). Lactic acid production from
agriculture residues. Biotechnology Letters, 23(3), 179-184.
Jasneet Grewal, a. S. (2017). Lactic acid production by Lacto-
bacillus brevis mediated bioprocesses utilizing lignocellulosic
agro-wastes . Enzyme and Microbial Biochemistry , pp1-5.
John, R. P., Nampoothiri, K. M., & Pandey, A. (2007). Fer-
mentative production of lactic acid from biomass: an over-
view on process developments and future perspectives. Ap-
plied microbiology and biotechnology, 74(3), 524-534.

Zhou, J., Yang, T., Mei, Y. Z., Kang, L., & Dai, C. C. (2014).
Laccase production by Phomopsis liquidambari B3 cultured
with food waste and wheat straw as the main nitrogen and
carbon sources. Journal of the Air & Waste Management As-
sociation, 64(10), 1154-1163.

Kucharska, K., Rybarczyk, P., Holowacz, 1., Lukajtis, R.,
Glinka, M., &Kaminski, M. (2018). Pretreatment of ligno-
cellulosic materials as substrates for fermentation processes.
Molecules, 23(11), 2937.

Chaisu, K., Charles, A. L., Guu, Y. K., Yen, T. B., & Chiu, C.
H. (2014). Optimization lactic acid production from molasses
renewable raw material through response surface methodolo-
gy with Lactobacillus casei M-15. APCBEE procedia, 8, 194-
198.

Verbeke, K. A., Boobis, A. R., Chiodini, A., Edwards, C.
A., Franck, A., Kleerebezem, M., ... & Tuohy, K. M. (2015).
Towards microbial fermentation metabolites as markers for
health benefits of prebiotics. Nutrition research reviews,
28(1), 42-66.

Pandey, L. M., Kharat, D. S., &Akolkar, A. B. (2013). Pollu-
tion minimization by using gain based fermentation process.
International Journal of Chemical Sciences, 11(4), 1730-1736.
Gavila, L., Constanti, M., & Medina, F. (2015). d-Lactic acid
production from cellulose: dilute acid treatment of cellulose
assisted by microwave followed by microbial fermentation.

Int J Petro Chem Natur Gas, 2022

www.opastonline.com

Volume 2 | Issue 2 | 60


https://link.springer.com/article/10.1007/s10570-015-0720-1
https://doi.org/10.1017/S0954422415000037
https://doi.org/10.1016/j.apcbee.2014.03.026
https://www.mdpi.com/1420-3049/23/11/2937
https://doi.org/10.1080/10962247.2014.930077
https://link.springer.com/article/10.1007/s00253-006-0779-6
https://doi.org/10.1016/j.biotechadv.2007.07.004
doi: 10.5772/intechopen.69284
https://doi.org/10.1016/j.biortech.2009.11.080
https://link.springer.com/article/10.1186/1471-2180-10-298
https://repozitorij.pbf.unizg.hr/en/islandora/object/pbf:3098
https://doi.org/10.1016/j.biortech.2013.03.014
https://doi.org/10.1016/j.biortech.2013.03.014
https://doi.org/10.1016/j.biortech.2003.10.005
https://doi.org/10.1016/j.biortech.2003.10.005
https://doi.org/10.1680/jgrma.19.00048
https://doi.org/10.1016/j.biortech.2003.10.005
https://doi.org/10.1016/B978-0-12-802392-1.00003-4
F:\opast pdf\Meena\IJPNG\2022\Jun\IJPNG -22-19\Kim, S., & Dale, B. E. (2004). Global potential bioethanol production from wasted crops and crop residues. Biomass and bioenergy, 26(4), 361-375

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Cellulose, 22(5), 3089-3098.

Loépez, M. J., Nichols, N. N., Dien, B. S., Moreno, J., &Both-
ast, R. J. (2004). Isolation of microorganisms for biological
detoxification of lignocellulosic hydrolysates. Applied micro-
biology and biotechnology, 64(1), 125-131.

Abdel-Rahman, M. A., Hassan, S. E. D., Azab, M. S., Mahin,
A. A., & Gaber, M. A. (2019). High improvement in lactic
acid productivity by new alkaliphilic bacterium using repeat-
ed batch fermentation integrated with increased substrate con-
centration. BioMed research international, 2019.

Sauer, M., Porro, D., Mattanovich, D., &Branduardi, P. (2010).
16 years research on lactic acid production with yeast-ready
for the market?. Biotechnology and Genetic Engineering Re-
views, 27(1), 229-256.

Idrees, M., Adnan, A., Malik, F., & Qureshi, F. A. (2013). En-
zymatic saccharification and lactic acid production from ba-
nana pseudo-stem through optimized pretreatment at lowest
catalyst concentration. EXCLI journal, 12, 269.

Mussatto, S. 1., & Roberto, I. C. (2004). Alternatives for de-
toxification of diluted-acid lignocellulosic hydrolyzates for
use in fermentative processes: a review. Bioresource technol-
ogy, 93(1), 1-10.

Mussatto, S. 1., & Roberto, I. C. (2004). Alternatives for de-
toxification of diluted-acid lignocellulosic hydrolyzates for
use in fermentative processes: a review. Bioresource technol-
ogy, 93(1), 1-10.

Naeem, M., Ilyas, M., Haider, S., Baig, S., & Saleem, M.
(2012). Isolation characterization and identification of lactic
acid bacteria from fruit juices and their efficacy against anti-
biotics. Pak J Bot, 44(323), 8.

Nadir, N., Ismail, N. L., & Hussain, A. S. (2019). Fungal pre-
treatment of lignocellulosic materials. In Biomass for Bioen-
ergy-Recent Trends and Future Challenges. IntechOpen.
Nipat Sritrakul., e. a. (2017, december). Dilute acid pretreat-
ment, enzymatic saccharification and fermentation of lactic
acid. Agriculture and Natural Resources, 51(6), pp.512-519.
Pleissner, D., Qi, Q., Gao, C., Rivero, C. P., Webb, C., Lin,
C. S. K., & Venus, J. (2016). Valorization of organic residues
for the production of added value chemicals: A contribution
to the bio-based economy. Biochemical Engineering Journal,
116, 3-16.

Pleissner, D., Qi, Q., Gao, C., Rivero, C. P., Webb, C., Lin,
C. S. K., & Venus, J. (2016). Valorization of organic residues
for the production of added value chemicals: A contribution
to the bio-based economy. Biochemical Engineering Journal,
116, 3-16.

Abd Alsaheb, R. A., Aladdin, A., Othman, N. Z., Abd Malek,
R., Leng, O. M., Aziz, R., & El Enshasy, H. A. (2015). Lac-
tic acid applications in pharmaceutical and cosmeceutical in-
dustries. Journal of Chemical and Pharmaceutical Research,
7(10), 729-735.

Sindhu, R., Binod, P., & Pandey, A. (2016). Biological pre-
treatment of lignocellulosic biomass—An overview. Biore-
source technology, 199, 76-82.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Yanez, R., BelénMoldes, A., Alonso, J. L., &Parajo, J. C.
(2003). Production of D (—)-lactic acid from cellulose by
simultaneous saccharification and fermentation using Lacto-
bacillus coryniformis subsp. torquens. Biotechnology letters,
25(14), 1161-1164.

John, R. P., Nampoothiri, K. M., & Pandey, A. (2006). Sol-
id-state fermentation for L-lactic acid production from agro
wastes using Lactobacillus delbrueckii. Process Biochemistry,
41(4), 759-763.

Rosario Muioz.,Blanca de las Rivas.,et al., (2011). The lactic
acid bacteria are a group of Gram-positive bacteria, non-re-
spiring non-spore-forming, cocci or rods, which produce lac-
tic acid as the major end product of the fermentation of carbo-
hydrates. Molecular Wine Microbiology.

Naik, S. N., Goud, V. V,, Rout, P. K., & Dalai, A. K. (2010).
Production of first and second generation biofuels: a compre-
hensive review. Renewable and sustainable energy reviews,
14(2), 578-597.

Saeed A, H., & Salam A, I. (2013). Current limitations and
challenges with lactic acid bacteria: a review. Food and Nutri-
tion Sciences, 2013.

Ur-Rehman, S., Mushtaq, Z., Zahoor, T., Jamil, A., & Murta-
za, M. A. (2015). Xylitol: a review on bioproduction, applica-
tion, health benefits, and related safety issues. Critical reviews
in food science and nutrition, 55(11), 1514-1528.

Tyler, C. A., Kopit, L., Doyle, C., Yu, A. O., Hugenholtz, J.,
& Marco, M. L. (2016). Polyol production during heterofer-
mentative growth of the plant isolate Lactobacillus florum 2F.
Journal of applied microbiology, 120(5), 1336-1345.

Wan, C., & Li, Y. (2011). Effectiveness of microbial pretreat-
ment by Ceriporiopsissubvermispora on different biomass
feedstocks. Bioresource technology, 102(16), 7507-7512.
Wang, X., Wang, G., Yu, X., Chen, H., Sun, Y., & Chen, G.
(2017). Pretreatment of corn stover by solid acid for d-lactic
acid fermentation. Bioresource technology, 239, 490-495.
Linko, Y. Y., &Javanainen, P. (1996). Simultaneous liquefac-
tion, saccharification, and lactic acid fermentation on barley
starch. Enzyme and Microbial Technology, 19(2), 118-123.
Toptas, Y., Giil¢in, A. K. C. A., &Cabuk, A. (2014). Lactic
acid production by Lactobacillus brevis isolated from oral mi-
crobiota. European Journal of Biology, 73(1), 1-7.

Zhang, Y. H. P, Ding, S. Y., Mielenz, J. R., Cui, J. B., Elander,
R. T, Laser, M., ... & Lynd, L. R. (2007). Fractionating recal-
citrant lignocellulose at modest reaction conditions. Biotech-
nology and bioengineering, 97(2), 214-223.

Zhang, Y., Li, M., Nie, T., & Ni, Z. (2018). A process study
of lactic acid production from Phragmites australis straw by
a thermophilic Bacillus coagulans strain under non-sterilized
conditions. Processes, 6(10), 175.

Copyright: ©2022 Asif Rasool. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

Int J Petro Chem Natur Gas, 2022

www.opastonline.com

Volume 2 | Issue 2 | 61


https://www.mdpi.com/2227-9717/6/10/175
https://doi.org/10.1002/bit.21386
https://dergipark.org.tr/en/pub/iufsjb/issue/9061/112993
https://www.sciencedirect.com/science/article/abs/pii/0141022995001891
https://www.sciencedirect.com/science/article/abs/pii/S0960852417305965
https://www.sciencedirect.com/science/article/abs/pii/S0960852411006651
https://doi.org/10.1111/jam.13108
https://doi.org/10.1080/10408398.2012.702288
http://dx.doi.org/10.4236/fns.2013.411A010
https://www.sciencedirect.com/science/article/abs/pii/S1364032109002342
https://www.sciencedirect.com/science/article/abs/pii/S1359511305003922
https://link.springer.com/article/10.1023/A:1024534106483
https://www.sciencedirect.com/science/article/abs/pii/S0960852415011347
https://www.sciencedirect.com/science/article/abs/pii/S1369703X15301315
https://www.sciencedirect.com/science/article/abs/pii/S1369703X15301315
https://www.pakbs.org/pjbot/PDFs/44(SI1)/48.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0960852403002827
https://www.sciencedirect.com/science/article/abs/pii/S0960852403002827
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4778351/
https://doi.org/10.1080/02648725.2010.10648152
https://www.hindawi.com/journals/bmri/2019/7212870/
https://link.springer.com/article/10.1007/s00253-003-1401-9
https://link.springer.com/article/10.1007/s10570-015-0720-1

