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Abstract  
 
The demands for colored products increased since color adds the attractiveness and value of a 
product. The commonly used dyes today are synthetic ones which easily produced, inexpensive, 
but need further handling due to the environment. Therefore, the development of natural dyes 
from microorganisms is widely carried out. Fungus Neurospora sitophila capable to synthesize 
pigments as its secondary metabolites. This research was conducted to examine the production 
of yellow pigment from Solid-State Fermentation of Neurospora sitophila by utilizing corn cob 
and banana peel waste as substrates and determine the effect of the water content and the 
length of the fermentation. Corn cobs and banana peels were first reduced in size to 60 mesh 
and sterilized before fermentation. The fermentation process was carried out with variations in 
water content of 40% - 70% by volume, and fermentation time of 5, 7, and 9 days. Carotenoid 
levels were investigated by spectrophotometric analysis UV-VIS and FTIR with a standard curve 
of beta carotene. The UV-VIS analysis resulted the best conditions for using corn cobs and 
banana peel waste were 60% water content and 7 days fermentation by obtaining pigment 
concentration of 110.49 ppm and 161.37 ppm, respectively, which an increase of pigment 
concentration compared to the original waste. FTIR analysis resulted that the extracted pigment 
contained beta carotene compounds. These results indicated that the fungus was capable to 
carry out the fermentation process for lignocellulosic substrates to produce carotenoid. This 
microbial pigment produced was potential to be more environmentally alternative to synthetic 
dyes. 
 
Keywords: corncob, banana peel, natural dyes, solid state fermentation, Neurospora sitophila, 
carotenoid pigments 

 
 

1. Introduction  

 

Color is an aspect that cannot be separated 
from human life, such as culture, art, and 
industry, including fashion, food, and 
beverages. The use of color is increasing along 
with the rapid developments in each of these 
fields. Colors can be classified as synthetic 
dyes and natural dyes. Synthetic dyes come 
from chemical reactions or minerals that 
provide sharp, durable, and inexpensive 
colors. Textile industry dominating the use of 
many kinds of synthetic dyes in their dyeing 
process such as multiple dyeing, fixing, and 
washing which consume a huge volume of 
water.  
 
The dyes are difficult to decompose, so they 
require extra treatment in the waste 
treatment due to their chemically stable 
(Ardila-Leal et al., 2021; Forgacs et al., 2004). 

Bad impacts can occur in the form of land, 
water and air pollution which endanger 
humans and other living creatures (Slama et 
al., 2021). From a health perspective, dyes in 
products which in direct contact with skin or 
other human organs pose a health risk if 
consumed in a long term and in large 
quantities (Lellis et al., 2019).  
 
The use of natural dyes is one solution to 
overcome this problem. Natural dyes can be 
produced from plants, animals and 
microorganisms which are easily decomposed 
and are not harmful to humans. Coupled with 
the sustainability offered by natural dyes, this 
becomes both interesting and challenging 
regarding the use and substitution of natural 
dyes in various industries. The main challenge 
of natural dyes from plants is the aspect of 
cultivation. Production of plant-based dyes 
requires large areas of land, its productivity 
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dependences on weather conditions, and even 
competes with its main function as food 
(Margono et al., 2022). Carrots, corn, lemons, 
turmeric crumbs and saffron are examples of 
sources of yellow color from plants with 
carotenoid pigments. Suji and pandan leaves 
are examples of green color with chlorophyll 
pigment (Kwartiningsih et al., 2021). 
 
Microbial and fungal pigments can be a 
solution as an alternative natural dye producer 
because they do not require large areas of 
land, do not depend on the season, and are 
easy to cultivate. Microorganisms are capable 
of producing dyes as a secondary metabolite 
product which is nutraceutical and anti-
oxidant through cultivation and fermentation 
under certain conditions, and the secreted 
microbial pigments adhere to the surface or 
inside of the material (Y. Liu et al., 2021; 
Narsing Rao et al., 2017). 
 
Bacteria and fungi have various kinds of 
pigments which are often referred to as 
microbial pigments or fungal pigments, 
including carotenoids, monascin, melanin, 
violacein, prodigiosin, pyocyanin, and so on 
(Aruldass et al., 2018; Margono et al., 2021; 
Rana et al., 2021). Several fungi and bacteria 
that have been reported to produce dyes 
include Neurospora sp, Brakeslea sp, Bacillus 

sp, Serratia marcescens, Rodhotulla, etc 
(Farawahida et al., 2022; Gmoser et al., 2017; 
Kavitha et al., 2010; Numan et al., 2018; 
Panesar et al., 2015; Wang et al., 2021). 
Studies say that the cost of producing fungal 
pigments is two times more expensive than 
conventional dyes (Narsing Rao et al., 2017), 
but this can be overcome by utilizing waste as 
a fermentation substrate. 
 
Maize or corn (Zea mays) is the number two 
largest source of carbohydrate in Indonesia, 
occupying 57.09 qu/ha as average national 
productivity at 2021 (Badan Pusat Statistik, 
2020b). Also, banana (Musa paradisiaca) is 
one of the largest horticultures produced in 
Indonesia. At 2021, banana production 
reached 8.74 million tons, increased by 6.82% 
from 2020 (Badan Pusat Statistik, 2020a). The 
increase in production and consumption of 
corn and bananas along with the increase and 
potentially abundant availability in the organic 
waste in the form of corn cob and banana 
peels, especially the type of kepok banana 
which is most often used as a processed food 
ingredient. Corn cob was estimated produced 
approximately 18 kg in every 100 kg of corn 
ear (Kapoor et al., 2016).  
 
The average chemical composition of corn cob 
reported was in the range of 33–43% 

cellulose, 26–36% hemicellulose, and 17–
21% lignin (Gandam et al., 2022; Lau et al., 
2019; Zou et al., 2021). While banana peel 
contains ±8.6% cellulose, ±7.9% 
hemicellulose, ±15.5% pectin, and ±6% lignin 
(Acevedo et al., 2021). Cellulose and 
hemicellulose are carbon-rich organic 
compounds of complex polysaccharides that 
can be reduced or converted into various 
products. This is in line with the concept of 
sustainability in biorefinery utilizing waste 
biomass into materials with added value, for 
example dyes. Several studies state that the 
both wastes still contained trace of 
carotenoids as maize and banana was rich of 
that compound (Jodiawan et al., 2021; Lau et 
al., 2019; Letelay et al., 2020; Pereira & 
Maraschin, 2015; Savitri et al., 2022).  
 
Carotenoids are natural dyes that give the red, 
yellow, and orange color spectrum. Some 
literature states that the fermentation process 
of natural dyes production from lignocellulosic 
biomass waste can increase carotenoid levels 
(Anshori et al., 2022; Kresnowati et al., 
2020). This indicates that the abundant 
corncob and banana peel wastes potential to 
be processed as fermentation substrates for 
natural carotenoid dyes. In this study, the 
microorganism used was Neurospora 

sitophila. Neurospora sp. reported to be able 
to hydrolyze lignocellulosic compound because 
it has the cellobiose dehydrogenase (CDH) 
enzyme, which is an extracellular hemo-flavo-
enzyme secreted to assist lignocellulolytic 
enzymes in biomass degradation (Dekker, 
1980; Phillips et al., 2011). The use of these 
fungi is expected to provide a shorter 
fermentation process without going through 
the hydrolysis process. Neurospora sitophila is 
generally known as the red oncom-making 
fungus and sometimes called the orange bread 
mould since it has pinkish-orange color due to 
carotenoid pigments.  
 
This study aims to observe the production of 
carotenoid pigments or natural yellow dyes 
from the fermentation process of corn cob and 
banana peel with fungus Neurospora sitophila 
using the solid fermentation method with 
variations in the water level of the 
fermentation medium and the length of time 
of fermentation.  
 
2. Methodology  
 
2.1. Materials  

 
Neurospora sitophila isolate was collected 
from the Laboratory of the Center for Food and 
Nutrition Studies, Universitas Gajah Mada. 
The fungi isolate was maintained in solid 
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potato dextrose agar (PDA) medium and 
stored at 4°C and was periodically re-
inoculated every 2 months. Agricultural 
lignocellulolytic substrates consisting of kepok 
banana peel and corncobs were obtained from 
local farmers in Surakarta, Central Java, 
Indonesia.  
 
2.2. Preparation of the substrates  
 
The two substrates were reduced in size to 60 
– 100 mesh. Banana peel waste was subjected 
to a delignification process to remove the 
lignin component with 4% NaOH solution. 
Heating was carried out for two hours at 90oC, 
then followed by washing with distilled water 
until the pH was neutral. Banana peel waste is 
then dried in an oven at 50oC. Both substrates 
then be stored in closed container at room 
temperature. 
 
2.3. Preparation of the microorganism 
 
Neurospora sitophila colony was taken from 
slanted PDA medium and cultivated in 250 ml 
culture medium consisted of 24 g/l sterile 
enrichment potato dextrose broth with the 
addition of nutrient solution consisted of 2 g/l 
KH2PO4; 5 g/l NH4NO3; 1 g/l NaCl; and 1 g/l 
MgSO4 7H2O. The cultivation process was 
carried out in the rotary shaker at 27°C and 
125 rpm for 7 days. Between the days, the 
growth pattern of Neurospora sitophila was 
obtained. The fungi were then harvested when 
entering stationary phase and then acted as a 
starter in fermentation process.  
 
2.4. Fermentation of Neurospora 

Sitophila  

 

10 grams of each substrate; kepok banana 
peel and corncobs powder was prepared and 
sterilized by autoclave for 20 min at 121 °C for 
the fermentation. The prior nutrient solution 
was also added to medium to provide the 
water phase and pH buffer to maintain the 
acidity at 6.5. Fermentation was carried out in 
a 250 ml Erlenmeyer flask on a shaker 
incubator at 125 rpm and kept at 27°C. To 
study the effect of water level and 
fermentation length to carotenoid production, 
the experiments were done by three levels of 
water content: 50%, 60% and 70% weight for 
corncobs substrate, and 40%, 50% and 60% 
weight for banana peel waste substrate; and 
three levels of fermentation length: 5,7, and 9 
days for both substrate variations.  
 
2.5.  Natural Dye Extraction Process  

 

After several days of fermentation, fermented 
substrate or media was taken for entering the 

extraction process to determine the 
concentration of carotenoids produced. 
Solvent extraction was used for this process. 
Yellow natural dye or carotenoid extraction 
was carried out by dissolving 4 grams of 
fermented substrate in 20 ml of ethanol 
solvent. Extraction was conducted by stirring 
for 1 hour. The purification process was 
carried out to separate the extract from 
residue using a vacuum filter. The carotenoid 
extract was then centrifuged for 5-10 minutes 
to remove the to remove remaining 
impurities. The supernatant was taken and 
filtered again through a two-micron 
membrane syringe filter and ready to be 
analyzed. 
 
2.6. Cell Growth Analysis 

 
Cell growth can be evaluated by the time-
dependent changes of the total number of the 
cell between days 1 to 7 from the culture 
medium. The hemacytometer analysis was 
conducted to count number of cells per day. 
The cell growth data was plotted as a curve to 
show increase in cell numbers in the matter of 
time (days). 
 
2.7. Spectrophotometer Analysis 

 
Spectrophotometer analysis was first 
conducted to obtain standard beta carotene 
curve. Beta carotene standard was from 
Sigma Aldrich and was diluted by 0,1 to 10 
ppm concentration, then was analyzed by a UV 
VIS spectrophotometer Thermo Scientific 
GENESYS 20 with a 475 nm wavelength. Beta 
carotene standard curve produced was 
conducted to calculate the levels of 
carotenoids produced by extrapolation 
method.  
 
2.8. Functional Group Analysis 

 
Fourier Transform Infrared (FTIR) IR Prestige-
21 in the spectral range between 400-4000 
cm-1 was used to analyze the chemical 
composition in pigment produced. The 
analysis was done by comparing the functional 
groups found between beta carotene standard 
and pigment produced. 
 
2.9. Statistical Analysis 
 

ANOVA was also used to conduct statistical 
significance analysis. This analysis was to 
calculate the significancy of the finding based 
on research variations; the levels of water 
content and three levels of fermentation 
length for both substrate variations.  
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3. Results and Discussion  

 

3.1. The Growth Profile of Neurospora 

sitophila 

 

Dyes or pigments are one of the products of 
secondary metabolism, where metabolite 
products are formed not in line with the cell 
growth period. Pigments are not synthesized 
in the exponential phase but are formed at the 
end of the growth period or at stationary 
phase (Ashok Kumar et al., 2015), thus 
harvesting of mold cells for the inoculation 
process was carried out when entering the 
early stationary phase. By observing the 
number of cells with hemacytometer every 24 
hours for 7 days, the growth curve obtained is 
presented in Figure 1. The growth of 
Neurospora sitophila cells entered the 
stationary phase on day 5 to day 7 with a cell 
number of 3.5 x 106. Based on the references 
of several journals, this number was adequate 
to conduct the fermentation (Gmoser et al., 
2018; J. Liu et al., 2021; Louhasakul et al., 
2023). 

 
Figure 1. Growth curve of Neurospora sitophila in 

sterile enrichment potato dextrose broth 

 
3.2. Carotenoids fermentation by 

Neurospora sitophila using corn 

cob and banana peel as substrate 

 
Productivity of natural yellow dye from the 
fermentation process was analyzed by 
extracting the fermented media by solvent 
method and followed by purification. The 
extract was analyzed using UV VIS 
spectrophotometry with a wavelength of 470 
nm. A calibration curve provided by beta-
carotene standard (Sigma Aldrich) in solution 
around 1 – 10 ppm presented in figure 2. The 
y-axis shows the absorbance on a UV Vis 
spectrophotometer while the x-axis shows the 
standard beta carotene concentration in ppm. 
Linear equation was obtained from the graph 
in the form y = 0.0169x + 0.1328; with R² 

value 0.9848. Afterwards, this equation was 
used to extrapolate the carotenoid 
concentration.  
 
The fermentation process for the synthesis of 
natural dyes carotenoid was carried out by the 
fungus Neurospora sitophila with 
lignocellulosic waste substrates: corn cob and 
banana peels in size 60 – 100 mesh. Particle 
size is also a key parameter in solid state 
fermentation that is related to the ability of the 
voids of the substrate pile to be filled with 
water and provide a surface for microbes to 
grow (Chilakamarry et al., 2022). The acidity 
was maintained at 6.2 as it’s the optimum pH 
in biomass production and also the carotenoid 
production as secondary metabolite (Kaur et 
al., 2019; Parra-Rivero et al., 2020). 
Neurospora sitophila was reported had 
optimum acidity of the growth environment at 
around 4,5 – 6,5 (Noverina et al., 2008). Since 
carotenoid was secondary metabolite product 
of Neurospora sitophila, those condition such 
as controlling the particle size and acidity level 
would make a great impact of this yellow 
pigment production.  

 
Figure 2. Beta-carotene standard curve 

 
The solid-state fermentation processes were 
conducted by water content variations of 40% 
- 60% by weight for corncobs and banana 
peel. Water content was an important aspect 
supporting cells to grow and reproduce as 
biomass in solid phase fermentation (Said et 
al., 2022), and also has a role in the 
production of pigment as secondary 
metabolite by influencing nutrient solubility, 
oxygen, heat, and mass transfer (Louhasakul 
et al., 2023). Furthermore, the length of 
fermentation varied by 5–9 days. 
 
The experimental carotenoid concentration 
produced by corn cob substrate using UV-VIS 
spectrophotometer analysis are presented in 
Table 1, while the carotenoid level by banana 
peel substrate fermentation is presented in 
Table 2. 
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Table 1. UV-VIS spectrophotometer data of the 

fermentation of Neurospora sitophila with 
corn cob as a substrate 

 

Water 
Content 

Time 
(Day) 

Average of 
Absorbance 

(A) 

Carotenoid 
Concentration 

(ppm) 

40% 

5 0.17 1.91 

7 0.82 40.86 

9 0.70 33.56 

50% 

5 0.20 4.07 

7 1.05 54.37 

9 0.78 38.00 

60% 

5 0.62 29.03 

7 1.76 96.09 

9 1.63 88.49 
 
Based on the data, the best performance at 
corn cob fermentation was obtained by 7 days 
fermentation with 60% water content since it 
has the highest carotenoid concentrations 
namely 96.09 ppm. While the lowest 
carotenoid content was obtained by 5 days 
fermentation with 40% water content namely 
1.91 ppm. At banana peel substrate 
fermentation, the best results were obtained 
by 60% water content for 7 days producing 
the highest carotenoid 161.77 ppm. 
Meanwhile, the lowest carotenoid content was 
obtained by 70% water content for 9 days with 
a concentration of 28.24 ppm carotenoid. 
 
Table 2. UV-VIS spectrophotometer data of the 

fermentation of Neurospora sitophila with 
banana peels powder as a substrate 

 

Water 
Content 

Time 
(Day) 

Average of 
Absorbance 

(A) 

Carotenoid 
Concentration 

(ppm) 

50% 

5 0.90 45.30 

7 2.72 153.00 

9 2.25 125.57 

60% 

5 1.85 101.90 

7 2.87 161.77 

9 1.57 85.24 

70% 

5 0.90 45.49 

7 1.70 92.73 

9  0.61 28.24 

 
The highest carotenoid concentration was 
obtained at 7 days the middle length of 
fermentation. According to some research, the 
length of Neurospora sitophila fermentation 
ranging from 3 – 9 days at room temperature 
(Jhondri et al., 2017; Singgih et al., 2015). 
The length of fermentation also regarded to 

the nutrient supplied. The study about 
productivity of beta carotene by fungi 
Yarrowia lipolytica found that the highest yield 
was obtained after 7 days of fermentation by 
the addition of sufficient H2O2 which acted as 
an oxidant agent in the system to cause cells 
undergo oxidative stress (Jing et al., 2023). 
These experiments were conducted as batch 
process which there were no adding nutrient 
in the middle of fermentation. The lower 
concentration of carotenoid in the longest time 
of fermentation was due to nutrient depletion 
which led to death phase of microorganisms 
as occurred in day 9.  
 
For molds, massive growth occurs at the final 
of exponential phase due to the maximum 
sporulation rate of spores during the static 
growth period between 5 and 7 days of 
fermentation as the formation of carotenoid 
(Seno Aulia et al., 2019). Other study also 
focused in carotenoid production by observing 
the profile of carotenoid formation from the 
appearance of a yellow-orange color on the 
substrate as an indicator of cell growth. The 
study about fermentation of palm oil empty 
fruit bunch by endogenous microorganism 
also experienced the same way by yellow 
orange color of substrate gave the highest 
carotenoid before decreased afterwards by 
color fading to whitish (Kresnowati et al., 
2020).  
 
Based on the experiments, the data showed 
that water content influenced the carotenoid 
produced. The highest levels of carotenoids 
were obtained at 60% water content, the 
highest water level among the other 
variations. This because fungus mostly like 
moist areas. Nevertheless, fungal metabolites 
work better in moist solid substrates than in 
submerged fermentation, in other hand, areas 
rich by water (Gmoser et al., 2019). A high-
water level could decrease the porosity of bed 
substrate which led to lower oxygen diffusion 
and enhanced aerial mycelial formation. 
Whereas, a low moisture levels reduced the 
solubility of the nutrients on substrate surface, 
and gave lower degree of bed swelling 
(Maxwell et al., 2019; Pandey, 2003). This 
optimum level of moisture provided the 
sufficient void area to the Neurospora 

sitophyla to grow by utilizing the nutrient in 
the fermentation medium and the oxygen. The 
continuous shaking by rotary shaker was also 
helped the medium to release the heat and 
carbon dioxide of metabolic reaction 
(Patakova, 2013). Thus, this condition 
enhanced the fungus to grow and metabolize 
producing yellow pigment as secondary 
metabolite.  
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In this study, fermentation of Neurospora 

sitophila with banana peel and corn cob as 
substrate produced carotenoid levels 
equivalent by 161.77 ppm and 96.06 ppm, 
respectively. As a comparison, the carotenoid 
content in fresh banana peel waste is 45 
mg/1000 g or 45 ppm (Aprilia et al., 2016); 
37.12–60.02 mg/1000 g (Letelay et al., 
2020); 3.47–36.6 mg/1000 g (Jodiawan et al., 
2021), and the carotenoid content in corn cob 
ranges from 49.35 mg/kg (Lau et al., 2019); 
and 25.8 μg/g (O’Hare et al., 2015). It was 
found that there were significantly different 
levels of carotenoids between both substrates 
condition, fresh waste and after fermentation 
occurred. On the other words, the fungus 
Neurospora sitophila was capable to carry out 
the fermentation process for lignocellulosic 
substrates producing carotenoid.  
 
The cellobiose dehydrogenase enzyme 
secreted by Neurospora sp. assist 
lignocellulolytic enzymes in biomass 
degradation and provide a shorter 
fermentation process (Phillips et al., 2011). 
This could be a potential problem solver 
regarding the abundant of lignocellulolytic 
biomass in agro-industrial sector in Indonesia. 
This research could be the preliminary 
research regarding this potential. 
 
The results of the analysis with UV-Vis 
spectrophotometer then processed by ANOVA 
on Minitab to determine the effect of variations 
treated on the sample. Table 3 and Table 4 
shows that the p-value of each variation was 
smaller than 0.05. It found that variations in 
water level content and fermentation duration 
affected the carotenoid fermentation process.  
 
The F-value of each variation and the 
interaction between the variations of both 
materials were also found to be significant to 
the concentration of carotenoid produced. 

 
Table 3. ANOVA result for corn cob substrate  
 

Source F-value P-value 

Water content (%) 168.64 0.000 

Length of 
fermentation (day) 232.97 0.000 

Water content (%) x 
Length of 
fermentation (day) 

7.40 0.000 

 
Tabel 4. ANOVA result for banana peel substrate 
 

Source F-value P-value 

Water content (%) 4.55 0.016 

Length of 
fermentation (day) 231.74 0.000 

Water content (%) x 
Length of 
fermentation (day) 

34.59 0.000 

 
3.3. Carotenoid Compounds by FTIR 

Analysis 

 

From the best fermentation results, the FTIR 
analysis was conducted to determine the 
presence of carotenoid compounds. The 
results of the carotenoid analysis recorded 
with the IR-Spirit Shimadzu FTIR 
Spectrometer in the spectral range between 
400-4000 cm-1 are presented in Figure 3–5. 
 
Beta-carotene naturally presence in trans 
configuration (Kaur et al., 2019; Saha et al., 
2015). The FTIR analysis of standard beta 
carotene (Figure 2) show transmission peaks 
at 2900–3050 cm−1 represents the C–H 
groups, bands at around 2800 cm−1 indicates 
the C–H groups. The peaks observed at 
around 1370–1450 cm−1 showed the 
deformation mode of the C-H group.  
 

 
 

 
Figure 3. FTIR result (standard beta carotene) 
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Figure 4. FTIR result (carotenoid produced by corn cob fermentation) 

 

 
Figure 4. FTIR result (carotenoid produced by banana peel fermentation) 

In addition, the peak found at around 1500–
2000 cm−1 shows the C=C double bond which 
indicates the stretching vibration of β-
carotene (Hagos et al., 2022).  
 
The band also occurred at around 967 cm−1 
represents the alkene -CH=CH- mode and at 
around 1020 cm−1 represents CO groups 
(Hassimi et al., 2020; Kaur et al., 2019; Moh 
et al., 1999; Neha et al., 2017; Pea et al., 
2020; Saha et al., 2015).  
 

The existence of those groups in the 
fermentation product solutions, as the same 
absorption peaks and bands as the beta 
carotene standard, indicated that both 
solutions contained beta carotene compounds 
(Figure 3 and 4). Another peak was found at 
around 1650 cm-1 which indicated a C=C 
group which also found at carotenoids 
(Damayanti et al., 2021; Pea et al., 2020; 
Saha et al., 2015). It means that Neurospora 
sitophila fermentations by utilizing the 
corncob and banana peel powder as 
substrates were successful since it contained 
the functional group of beta carotene. 
 

4. Conclusion 
 

Neuspora sitophila fungus capable to utilize 
lignocellulolytic biomass, such as banana peel 
and corncob powder as substrates for 
carotenoid fermentation. The best 
performances of corn cob and banana peel 
substrate fermentation were obtained 96.09 
ppm and 161.77 ppm, respectively. The 

optimum water content was 60% as this 
condition provided an optimum void area to 
fungus growing and metabolizing thus 
producing yellow pigment as metabolite 
product. The carotenoid levels of the two 
lignocellulosic wastes appeared to be 
increased after the fermentation process by 
the fungus. The results showed that 
carotenoid content was significantly influenced 
by the conducted variations. These findings, 
both the optimum water level and the length 
of fermentation, contributes the research of 
potential lignocellulolytic biomass as high 
value materials. The natural yellow pigment 
made from lignocellulolytic waste was a great 
option regarding sustainable dye in cosmetic, 
pharmacy, or the other industries. Further 
studies regarding optimizing the fermentation 
and extraction process and the potency of 
other lignocellulolytic biomass as substrate 
fermentation are highly required. 
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