Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-1 Issue-5 || December 2022 || PP. 120-124

https://doi.org/10.55544/jrasb.1.5.13

Bioethanol Production from Ammonia Pretreated Rice Straw

Shaik Muzammil Pasha?!, P. Navya?, Shaik Musfera?, Y.S. Goutham! and Dr. Chand Pasha'*
!Department of Microbiology, Nizam College, Osmania University, Hyderabad, INDIA.
2Department of Microbiology, Shantinikethan Women’s College, Osmania University, Hyderabad, INDIA.

“Corresponding Author: cpasha21@gmail.com

www.jrasbh.com || Vol. 1 No. 5 (2022): December Issue

Received: 19-11-2022

Revised: 10-12-2022

Accepted: 20-12-2022

ABSTRACT

Rice straw is produced in large quantity throughout the world. Rice straw is a leading feedstock for bioethanol
production. Diluted ammonia pretreatment for one week at room temperature was found to be effective pretreatment. This
pretreated rice straw was acid hydrolyzed and subsequently fermented with Saccharomyces cerevisiae CP11 strain. 1.5%
ammonia pretreatment at room temperature for one week resulted 82.4% delignification and 78.49% of acid hydrolysis. Acid
hydrolysate was fermented with maximum ethanol concentration 5.70 % with an ethanol yield of 0.46g/g and fermentation
efficiency of 90.6%. Diluted ammonia pretreatment at higher temperature has reduced delignification, saccharification and

fermentation efficiency with more phenols and furfurals.
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I.  INTRODUCTION

Increasing demand, price, and pollution from
petroleum products drive the search for alternative
renewable fuel resources. Bioethanol is pure fuel source
derived by fermenting cellulosic biomass (1). Raw
materials for producing Bioethanol are residues of
agricultural crops like rice straw, sugarcane bagasse,
beet pulp, elephant grass, and wood. 80% of the
lignocelluloses are polysaccharides (2). Production of
bioethanol does not add carbon dioxide to the
environment; thus, it does not contribute to global
warming and eco- friendly. Burning of bioethanol results
in less consumption of escape organic compounds like
nitrogen oxide, carbon monoxide. The method of
producing bioethanol using lignocellulosic biomass has
wide interest (3). Rice straw is the most abundant
lignocellulosic material in the world, and is the outcome
of rice production. Rice straw is produced at a rate of
approximately 731 million tonnes per year, with Africa
accounting for 20.9 million tons, Asia accounting for
667.6 million tons, and Europe accounting for 3.9
million tonnes (4). 205 billion litres of bioethanol per
year can be produced from rice straw. It is such a large

production from a single biomass source (5). Rice straw
contains cellulose (32-47%), hemicelluloses (19-27%),
lignin (5-24%), and ashes (18.8%). Mostly, the rice
straw is considered useless and burned in fields (6). As
the cellulose is embedded in the lignin matrix, there is a
need to improve the acquisition of this cellulose, for the
conversion of cellulose to glucose. Ammonia is an
effective delignifying agent. Soaking in aqueous
ammonia is an alkaline treatment that leads to
delignification of the biomass and has a high impact on
substrates with low lignin content (7). Our aim is to
develop a method for pretreatment of rice straw with
ammonia and acid hydrolysis of cellulose and
hemicellulose in rice straw into simple sugars,
simultaneously the fermentation of hydrolysate to
bioethanol.

Il. MATERIALS AND METHODS

1.1. Raw materials and reagents:

Rice straw was collected from the paddy fields
of Jallapally village, Nizamabad district, Telangana,
India in June 2022. The moisture content was removed
by drying in a hot air oven at 85°C for 24hrs. The dried

emr 1 his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-1 Issue-5 || December 2022 || PP. 120-124

https://doi.org/10.55544/jrasb.1.5.13

rice straw was cut into small size using manual miller
and sieved by 20 and 80 meshes to obtain a size range of
0.19 mm-0.90 mm. The rice straws were then stored at
room temperature till further use. All chemicals were
analytical grade, obtained from MERK.

1.2. Compositional analysis:

The composition of rice straw was analyzed for
moisture, cellulose, hemicellulose, lignin and ash
content. The moisture content was estimated using dry
weight method (8). Cellulose content was obtained using
cold anthrone reagent (9). Hemicellulose was calculated
by using a standard fiber analysis procedure (10, 11).
Lignin content and ash content was determined using
TAPPI (Technical Association of Pulp and Paper
Institute, Atlanta, Georgia, USA, 1992) standard
methods (12).

1.3. Pretreatment of rice straw:

Rice straw was pretreated with ammonia at
different concentrations 0%, 0.5%, 1%, 1.5% (v/v) at a
solid loading of 10% (w/v). Treatments were done in
duplicates at room temperature for a week and in an
autoclave at 121°C with 15psi pressure for 60min
holding time.

The pretreated straw was filtered, washed
properly with deionized water, dried in an air-circulated
oven for 15hr at 90°C, and utilized for further hydrolysis
and fermentation procedures.

1.4. Acid hydrolysis and detoxification of rice straw:

The pre-treated rice straw was subjected to
sulfuric acid hydrolysis. The pre-treated biomass 10%
(w/v) in 0.5M sulfuric acid solution was autoclaved at
121°C for 10 minutes, then 10% pretreated biomass was
added and autoclaved at 121°C for 30 minutes. After two
batches subjected to heat treatment in water bath at 90°C
for 4 hrs. The acid hydrolysate acquired was detoxified
with dry lime up to pH 10 for lhr, filtered and pH was
readjusted to 6 with acid. This was succeeded by treating
with 2% (w/v) charcoal for 30min by stirring and
filtering. The obtained filtrate solution was utilized as a
sole source of carbon for fermentation experiments.

1.5. Fermentation:

Saccharomyces cerevisiae CP11 strain, isolated
and maintained in our laboratory was used in this study.
The inoculum was prepared by growing yeast on YPD
(YYeast extract, peptone and dextrose) media, at 30°C for
24hr. The prepared culture of Saccharomyces cerevisiae
CP11 was used as inoculum in fermentation.

To 100ml of acid hydrolysate, 1.5g yeast
extract, 1g of each peptone and (NH4)2SQs, 0.5g of each
K2HPO., MgS04.H,0 and MnSQO;, at pH 5.5 were added
to prepare fermentation media. The media was
autoclaved at 110°C for 30min. After cooling the media,
3% of inoculum was added. The fermentation was
carried out at 30°C, with agitation of 100rpm for 4hrs,
and then kept at static conditions for 92hrs. For every
24hr intervals, samples were collected, analyzed for
ethanol content and reducing sugars.

Analytical methods:

Ethanol estimation in fermentation broth was
carried out by gas chromatography. The method
involved a SHIMADZU GC 2010 with a flame
ionization detector. GC was carried out according to
NREL procedure LAP # 011, using ZB-Wax column
(30mm x 0.25mm).

Estimation of total sugars by Anthron method
and reducing sugars was done by DNS method of Miller
GL. (13).

Total content of phenolic compound in
hydrolysate was determined by FolinCiocalteus (FC)
method (14).

The concentration of furfural in the acid
hydrolysate was determined by measuring the
absorbance of difference spectrum at 277 nm, the
characteristic absorption maxima for furfural (15).

I11. RESULTS

a. Chemical composition of rice straw:

The compositional analysis of rice straw
showed that, it contained 9.75 + 0.25% moisture, 37.65
+ 0.81% cellulose, 27.05 + 0.96% hemicellulose, 11.35 £
0.47% lignin, and 20.24 + 0.21% ash. Holocellulose was
64.7 £ 1.77%, which was the combination of cellulose
and hemicellulose.

b. Pre-treatment of rice straw:

The results depicted that in pretreatment at
room temperature for one week, lignin content decreased
with increase in concentration of ammonia of
pretreatment. The rice straw soaked at a concentration of
1.5% at room temperature displayed the highest
delignification rate (82.46%) and high cellulose content
(64.24%) (Tablel).

Table 1: Rice straws composition after pretreatment
at room temperature

Concent

- Cellul |Hemicel |Holocel |, . . |Delignif
ration ose lulose |lulose Ligni ication Ash
of NHz | ¢ o 0 n (%) | (%)
(%) (%) (%) (%) (%)
Control
NaOH 47.12 [29.87 |76.99 |[8.57 |24.49 11.47
0 37.65 [27.05 |64.7 11.35 |0 13.21

0.5 4924 129.25 |78.49 |7.21 |36.47 12.11

1 53.15 |22.17 |75.32 |4.21 |62.90 17.25

15 64.24 |22.01 |86.25 |1.99 |82.46 10.65

In pretreatment at higher temperature for 60
minutes, lignin content decreased with increase in
concentration of ammonia but delignification is less than
room temperature method. The rice straw soaked at a
concentration of 1.5% at 121°C displayed the highest
delignification rate (78.41%) and high cellulose content
(56.21) (Table 2).

emr 1 his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrash.com

ISSN: 2583-4053

Volume-1 Issue-5 || December 2022 || PP. 120-124

https://doi.org/10.55544/jrasbh.1.5.13

Table 2: Rice straw composition after pretreatment

in autoclave:
Concen . -
tration Cellul :—klemlcel :—Ilolloce Ligni Pel!gmf Ash
of NHs ose ulose ulose | (%) ication %)
%) (%) (%) (%) (%)
Control
NaOH 48.21 |(31.24 7945 |8.75 |22.90 11.21
0 41.26 |30.87 72.13 |10.01|11.80 14.78
0.5 4765 |2955 |77.2 7.68 |32.33 (17.24
1 49.25 (26.11 75.35 |4.72 |58.41 18.65
15 56.21 |24.98 81.19 |2.45 |78.41 13.25

¢. Acid hydrolysis and detoxification:
Rice straws after pretreatment at room temperature:

The reducing sugars were 135.4; total sugars
were 158g in 1 liter acid hydrolysate of 200g substrate.
The maximum saccharification efficiency was 78.49%.
Total phenols were 24mg and furfural content was
10.87mg in liter acid hydrolysate.

Rice straw composition after pretreatment in
autoclave:

The reducing sugars were 112.32; total sugars
were 144q in | liter acid hydrolysate of 200g substrate.
The maximum saccharification efficiency was 69.17%.
Total phenols were 124mg and furfural content was
106.47mg in liter acid hydrolysate.

d. Fermentation:
Rice straw after pretreatment at room temperature:

Total reducing sugars in 100 ml fermentation
medium was 13.54 grams. Maximum ethanol
concentration and reducing sugar consumption was
found at 48 h of fermentation. The leftover sugar was
1.21g and the consumed sugar was 12.3g/100ml
fermentation medium. The maximum ethanol
concentration produced was 5.70 % with an ethanol
yield of 0.46g/g. A fermentation efficiency of 90.6% was
achieved.

Rice straw composition after pretreatment in
autoclave:

Total reducing sugars in 100 ml fermentation
medium was 11.23 grams. Maximum ethanol
concentration and reducing sugar consumption was
found at 48 h of fermentation. The leftover sugar was
2.81g and the consumed sugar was 8.422¢/100 ml
fermentation medium. The maximum ethanol
concentration produced was 3.75 % with an ethanol
yield of 0.445/g. A fermentation efficiency of 87% was
achieved.

IV. DISCUSSION

The compositional analysis of rice straw in this
study was moisture (9.75%), cellulose (37.65%),
hemicellulose (27.05%), lignin (11.35%) and ash
(20.24%), which was similar to other studies conducted
in Nigeria (4), India (16), China (17) and Egypt (18).

Though considering different regions, the chemical
composition of rice straw didn’t vary to a great extent,
and the results were almost similar. Hence, bioethanol
technology, once developed can be used globally. The
rice straw was delignified with different concentrations
of NH3 0, 0.5, 1 and 1.5 at 121°C for 30 minutes and at
room temperature for a week in this study. 1.5%
ammonia pretreatment at room temperature for one week
caused 82.4% delignification and 78.49% of acid
hydrolysis.  Rice straw was pretreated with dilute
ammonia (6) and 70°C for extended time to give a 70%
to 80% glucose yield (19). Rice straw was combined
with pretreated dilute sulfuric acid and ammonia and
used for enzyme hydrolysis. The rice straw efficiently
yielded fermentable sugar and achieved almost the same
crystallinity index as that of a-cellulose. (20). The acid
pre-treatment and subsequent enzyme treatment yielded
a high amount of reducing sugars, which were fermented
to vyield ethanol. The final glucose concentration
decreased, due to enzyme inhibition by glucose
accumulation (5). Similarly, Kolusheva and Marinova
(21) concluded that elevated concentration of glucose
significantly decreased the hydrolysis rate and affected
the enzyme inhibition. Vlasenko et al., (22) have found
that after acid pretreatment (10% solid mater, 0.8% acid
and 160 °C) followed by enzyme treatment, the yield of
glucose was 43 g L™ or 43% conversion of cellulose to
glucose. 67.7g/L reducing sugars and 79g/L total sugars
were obtained by ammonia pretreatment and acid
hydrolysis. The results in present study are higher than
reported. This is may be due to effective pretreatment
and acid hydrolysis. A study on sugarcane bagasse
showed 88.6% of production vyield with M1SAA
pretreatment at solid: liquid ratio of 1:6 (19). Kim et al.,
(23) reported 88.5% vyield using ammonia-recycled
percolation (ARP) and hot water pretreatment, 99% and
92.5% yield using ARP process with 60PFU and 10PFU
cellulose, respectively. Soaking in ethanolic aqueous
ammonia (SEAA) pretreatment of corn stover resulted in
almost 90% vyield (24; 25; 7). Poornejad et al., (26)
reported a yield of 93.3% with N-oxide pretreatment of
rice straw. Li et al., (27) reported a production yield of
84% using SAA-pretreated corn stover in two-phase SSF
process. Kim and Lee, (28) reported an SSF vyield of
84% with ARP pretreated rice straws. The present study
reports 90.06% ethanol fermentation efficiency without
cellulases, due to few inhibitors and efficient
delignification. In this study, the fermentation was
carried out using Saccharomyces cerevisiae, as it’s
efficient than other yeast species (29). Rice straw
pretreated at room temperature produced more ethanol
(5.7%) than rice straws pretreated in an autoclave
(3.75%) because there is a formation of furfurals at
larger amounts in the case of autoclave pretreated rice
straws. Usual pre-treatment methods at higher
temperatures are releasing more furfurals, which inhibit
fermentation efficacy. As a result, it is required that
pretreatment be performed at room temperature with
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ammonia for an extended period of time. This had
yielded high efficacy in pretreatment, acid hydrolysis
and ethanol fermentation efficiency.

V. CONCLUSION

Diluted ammonia pretreated rice straw was acid
hydrolyzed and subsequently  fermented  with
Saccharomyces cerevisiae CP11 strain. 1.5% ammonia
pretreatment at room temperature for one week caused
82.4% delignification and 78.49% of acid hydrolysis.
Acid hydrolysate was fermented with an ethanol yield of
0.458g/g of consumed sugar with fermentation
efficiency of 90.06%.
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