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Abstract: Water Hyacinth Biomass (WHB) is an ideal feedstock for bioethanol production as it is rich in hemicelluloses and cellulose
while the lignin content is low. This feedstock is, therefore, a high source of reducing sugars (Cs and Cg). Water hyacinth plants were
collected from five sites selected along the river Yamuna in Delhi: A. Okhla West, B. Okhla East, C. Okhla Barrage, D. Najafgarh
Drain and E. DND Flyover. As feedstock plants growing in different conditions of water quality in Delhi exhibited different sugar
contents, a comparative study reveals that plants from site A (Okhla West) possessed maximum reducing sugar content.

The sugar content in plants growing in different sites was:
A>B>C>D>E

Maximum saccharification (sugar extraction) was obtained after 3% sulphuric acid pretreatment for 1.5h at 121°C. Optimization of
acid pretreatment helps in breaking strong linkages between cellulose, hemicellulose and lignin, thereby making the feedstock more
accessible for further enzymatic hydrolysis.

Of the three yeast strains used, the Four Seasons Yeast(FSY) gave best results for bioethanol fermentation (0.198g/L) when used on
3% sugar hydrolysate from 1:10 WHB after 24h. Corresponding values of bioethanol production by other two yeasts were slightly
lower. Studies in time course utilization of hydrolysate corroborated the results for efficiency of yeasts in the order:

FSY> Baker’s Yeast> Yeast Extract.

IndexTerms- Pontederia crassipes (Water Hyacinth), bio feedstock, yeast strains, bioethanol fermentation.

. INTRODUCTION

Covering over four million hectares of water surface in India, water hyacinth is now considered as the most noxious weed.
Continuous efforts to eradicate this plant by physical means or biocontrol have not met with much success as its prolific growth far
surpasses the removal strategies. Moreover, the disposal of waste biomass also poses serious problems of soil contamination.
Ironically, this weed has in recent times, emerged as one of the most promising and appropriate raw materials for biofuel production
and as a viable alternative to conventional fossil fuels. Water hyacinth feedstock-based bioethanol and briquettes are being exploited
to produce biogas and electricity (Bhattacharya& Kumar, 2010; Ganguly et al,2012; Alvi et al,2014; Das et al,2016; Bote et al, 2020;
Hirphaye et al, 2022; Ainomujuni et al, 2023 and Dandasena & Shahi, 2023). In addition, this weed has a unique absorption capacity
for removal of heavy metals thereby cleansing of water bodies (Chauhan et al, 2016 and Ainomujini et al, 2023). By not being a part
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of the human food chain, exploitation of the water hyacinth does not compete with the food crops and thus, does not endanger the
food security.

Recent years have witnessed many advances in the pretreatment technologies for enhancing bioethanol from lignocellulosic
biomass (Baig et al, 2017; Busic et al, 2018; Rezania et al,2018; Broda et al, 2022; Haldar & Purkait, 2021; Sai Kumar et al,2021;
Caeser et al,2024 and Jain & Kumar, 2024). Various studies involving different pretreatment approaches have been carried out for the
conversion of water hyacinth biomass into ethanol. These include pretreatment with acids, enzymatic or microbial cellulose treatments
prior to saccharification and subsequent fermentation by yeast and other microbes (Das et al, 2016; Zhang et al, 2016 and Chauhan et
al, 2020).

Ethanol is being extensively produced from lignocellulosic biomass derived from agricultural wastes using yeast fermentation
(Irfan et al, 2014). Present investigations have been carried out with the objective of comparing the fermentation efficacy of three
different yeasts as manifested by bioethanol production.

1. METHODOLOGY

2.1 Collection of Substrate

Plants of water hyacinth —Pontederia crassipes (earlier called Eichhornia crassipes (Family Pontederiaceae) were collected from
five sites selected along the river Yamuna in Delhi, India: A. Okhla West, B. Okhla East, C. Okhla Barrage, D. Najafgarh Drain and
E. DND Flyover. After removing the roots, the petioles and leaves were washed with tap water to remove dirt. Leaves and petioles
were dried in sun for 12 hours. Many cuts were made in the plant parts to hasten drying. The sundried biomass was chopped into
small pieces and oven-dried at 106°C for 6 hours. Dried plant material was ground in a mixer-grinder to reduce the particle size to
few mm and filtered through a 1mm sieve. The ground material was stored in air-tight containers at room temperature and was
subsequently used for saccharification and fermentation procedures.

2.2 Acid Pretreatment

Sulfuric acid pretreatment of the substrate was carried out according to the procedure already outlined in an earlier investigation
(Chauhan et al. 2020). 3% sulfuric acid pretreatment yielded maximum sugars. The hydrolysate was cooled and vacuum filtered with
Whatmann filter paper No. 1 to remove unhydrolysed material. The hydrolysate was neutralized with 10N NaOH and subjected to
sugar analysis. Optimum conditions were ascertained for maximum sugar extraction. However, for subsequent fermentation
experiments, three different concentrations of water hyacinth biomass (WHB) viz., 1:10, 1:15 and 1:20w/v (powder: sulfuric acid)
were used along with two different concentrations of sulfuric acid (2% and 3%).

2.3 Detoxification of Acid Hydrolysate

The acid hydrolysate was heated at 60°C for 15 min. to reduce the concentration of volatile components. Volume lost due to
heating was replaced by equal amount of heated distilled water. Over limed the mixture with Ca(OH). up to pH 10 along with 0.1%
sodium sulfite. The mixture was filtered to remove insolubles and subsequently re- acidified to pH 6.0 with 1N H,SO..The filtrate
was concentrated and used for fermentation experiments.

2.4 Fermentation and Ethanol Formation

Yeast (Saccharomyces cerevissiae) was obtained from three sources. Commercial Baker’s yeast (BY) was obtained from the
local market. Yeast extract (YE) was obtained from CDH. “Four Seasons” instant dry yeast (FSY) was provided by Kothari
Fermentation and Biochem Ltd. The Primary Inoculum consisted of a combination of Culture medium and yeast cells. First, yeast
cells (1g/100mL) were introduced into 50.0mL of culture medium containing yeast extract (10g/L) peptone (20g/L) and glucose
(20g/L). The inoculum was then incubated for 24h at 30°C.The detoxified acid hydrolysate was supplemented with yeast extract
(1g/L), (NH4)2SO;4 (2g/L) and MgSO. (1.0g/L) to make a solution. For fermentation experiments the inoculum to solution ratio used
was 1:10.

Samples were spectrophotometrically analyzed for ethanol (according to Caputi et al (1968) and reducing sugar content by
Miller’s 3,5-dinitrosalicylic acid --DNS method (Miller, 1959) at the beginning and at the end of 4,8,12,16.20,24 and 36 hours.

All experiments were performed in triplicates (n=3), values are represented as Mean + S.D
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RESULTS AND DISCUSSION
Sugar content in Water hyacinth stem and leaves from different sites is in the following order:

Site A>B>C>D>E

Since optimization of dilute acid pretreatment conditions yields more cellulose and hemicellulose- derived sugars from site
A, plants from Site A were chosen for bioethanol production.

3.1 Fermentation and Ethanol Production
In the present studies, yeast from three different sources were used, viz.,Four Seasons Yeast, Commercial Baker’s Yeast and
Yeast Extract Powder.

Using the Four Seasons Yeast, there was a gradual increase in ethanol formation for the first twelve hours. Thereafter, a spurt
was observed which reached a peak production level at 24h (Fig. 1). However maximum ethanol production (0.198g/L) was recorded
when 3% sugar hydrolysate from 1:10 WHB was used (Fig.1). The corresponding values of ethanol from 2% hydrolysate with the
same biomass concentration after 24h were 0.170g/L. Both the treatments had a nearly equal ethanol production after 36h too. There
was a corresponding gradual decline in the sugar utilization after 36 hours of fermentation.

A similar pattern of ethanol formation was observed while using Baker’s yeast. Amount of ethanol formed under
corresponding conditions with 3% hydrolysate was 0.18g/L (24h) and 0.176g/L respectively (Fig.2). In both these experiments there
was a gradual utilization of reducing sugar hydrolysate recording a minimum at 36h. With 2% hydrolysate and 1:10 biomass
concentration, maximum amount of 0.168g/L ethanol was formed after 24 h which gradually decreased a little at 36h.

Fermentation with yeast extract showed maximum ethanol production by 3% hydrolysate at 1:10 biomass concentration
(0.171g/L) after 24h (Fig.3), whereas 0.156g/L ethanol was formed with 2% hydrolysate under similar conditions. Ethanol formation
declined in both the cases at 36h. A similar pattern of sugar utilization was observed while using both hydrolysate concentrations.
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Fig. 1: Formation of ethanol from 3% reducing sugar hydrolysate by 0.2% Four Seasons Yeast.
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Fig. 2: Formation of ethanol from 3% reducing sugar hydrolysate by 0.2% Bakers Yeast.
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Fig. 3: Formation of ethanol from 3% reducing sugar hydrolysate by 0.2% Yeast extract.

Studies in time course of utilization of hydrolysate sugar and ethanol formation revealed that maximum efficiency of ethanol
formation is exhibited by Four Seasons Yeast at 3% hydrolysate followed by Baker’s Yeast and Yeast Extract respectively at the same
concentration (Figs 4, 5, 6 and 7).

Further studies are underway to make a comprehensive insight regarding the comparison of microbial and fungal inocula for
second generation water hyacinth feedstock-based bioethanol production. Using strains of Aspergillus niger as a source of cellulase
enzyme, much better recovery of fermentable sugars is possible by saccharification of water hyacinth substrate (see Alvi et al, 2014
and Bhatia et al, 2019). This will help in making the bioconversion economically more sustainable (see Haldar & Purkait, 2021 and
Shakila Begum et al, 2024).
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Fig 4: Time Course of Utilization of 3%Reducing Sugar Hydrolysate and Ethanol formation by 0.2% Four Seasons Yeast
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Fig 5: Time Course of Utilization of 3%Reducing Sugar Hydrolysate and Ethanol formation by 0.2% Bakers Yeast
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Fig 6: Time Course of Utilization of 3%Reducing Sugar Hydrolysate and Ethanol formation by 0.2% Yeast Extract.
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Fig. 7: Alcoholic fermentation by three different yeasts (1:10,3%, and 24 hours)
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