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Abstract
The present study has focused on validating pre- treatment methods for cost effective production of bioethanol from discarded and otherwise waste flowers
which are renewable, abundantly available and eco-friendly. Floral waste was collected from various dumpsites and banquet halls and subjected to physical,
chemical and biological pre- treatments. Biological pre- treatment by enzymatic hydrolysis using crude cellulase enzyme (5%) yielded 39.4 ± 0.03 g/L of
alcohol which is 24.20% and 31.60% more than the alcohol obtained by physical pre- treatment (thermal hydrolysis) and chemical pre- treatment (1% KOH),
therefore simultaneous saccharification and fermentation was optimised. A maximum of 396 ± 6.48 g/L bioethanol was obtained after 96 hrs of
fermentation with the isolated yeast, Pichia kudriavzevii CY 902 at pH 5.5 and 37°C. The minimum ethanol selling price (MESP) of bioethanol produced in our
study was enumerated to be 30.43 Rs/ L which is 68.31% lesser than the market price of ethanol in India today, making our methodology for production of
bioethanol from mixed floral wastes very competitive and cost effective to the existing methodologies.

Introduction
Owing to the increscent world population and to their standards of living, there is an inflated demand for fuels. However, their supply is in contrast, as the
sources for these fossil fuels are limited and nonrenewable. It is due to this disproportion that the fuel prices are mounting day by day. Unless met by an
alternative, we will contribute to both depletion of fossil fuels and also to climate change through global warming. Fortunately, ethanol has met all the
parameters to be used as fuel (Prasad et al. 2007). Moreover, it is renewable, cost effective and ecofriendly. Bioethanol is an alternative term used for ethanol
indicating its origin from a biological source. Thus far, bioethanol was reportedly produced from various sources. The bioethanol obtained from sugar and
starch containing crops are grouped under first generation (1G) bioethanol (1G) (Kaur Singh et al, 2021). Due to this, more than 20 LMT (Lakh metric tonne)
of sugar from sugar factories had been diverted for ethanol production during sugar season 2020-21 in India, and diversion of about 50–60 LMT is projected
by 2025 (Ministry of Consumer Affairs, Food & Public Distribution,2021). As a consequence this reflected upon the prices of sugar (Jayashree, 2021). Hence
to avoid the conflict of food vs fuel, using non food and abundantly available lignocellulosic biomass of agricultural origin as 2G substrates were proposed
(Adeolu and David, 2021). Such a biomass must be subjected to expensive and time consuming pre- treatments to break down the complex sugars to simple
and fermentable sugars. These pre- treatments vary depending upon the types of sugars present in the biomass. Physical pre- treatments alter the physical
barriers of the biomass by reducing the particle size thereby making it more vulnerable to succeeding saccharification methods. Chemical pre- treatment by
using acids and alkali's attack the structural linkage between the lignocellulose and carbohydrates facilitating more access by enzymatic hydrolysis (Harinder
et al. 2012). Simultaneous saccharification and fermentation (SSF) involves the process of enzymatic hydrolysis followed by fermentation within the same
vessel thereby reduces the cost of production as well as minimising chances of contamination.

In the present study using mixed floral wastes as simple and abundantly available substrate for the production bioethanol was explored. India is a land of
culture and celebrations. Flowers are an inevitable part of every small and large occasion due to their immediate and abundant availability. However the
problem arises during their disposal. Our country is the world’s second largest producer of flowers (Nikhila and Ranjit, 2021), therefore making these one
time use material an excellent non food, ecofriendly and abundantly available substrates for ethanol production. Converting this waste to energy would not
only aid in solid waste management but also contribute to the economic growth of the country (Heera Lal, 2022) Although in the recent past floral waste have
been utilised to make products such as incense sticks, biosurfactants; sugar syrup etc (Meghmala et al. 2009), production of bioethanol has been less
emphasized on. Flowers are a good source of simple sugars (Fernandi et al. 2020). Hence they can be used as a promising substrate for ethanol production.
According to our literature survey, previous studies reported using single species of flowers as biomass and Saccharomyces cerevisiae to ferment ethanol
(Gethara Gowri et al. 2018; Omprakash. 2021; Phitchaphorn et al. 2021; Shreya and Omprakash, 2022; Sujit et al. 2009; Tripti et al. 2009) but using Pichia
kudriavzevii to ferment mixed floral wastes was not been reported thus far. Hence the present study was conducted to validate the effect of various pre-
treatment methods for production of bioethanol from mixed floral wastes using Pichia kudriavzevii. Fermentation economics were also calculated and
compared to the existing market prices of ethanol to understand the feasibility of the methodology for cost effective production of bioethanol.

Materials and methods

Collection of substrate
Floral wastes (FW) were collected from various banquet halls, dump yards and household in and around Secunderabad area. The moisture in the FW was
removed by drying them under direct sunlight at 42–45°C for 5–7 days. Dried FW was ground to coarse powder using an electric kitchen blender and stored.

Extraction
Solvent extraction of substrate which are of agricultural origin impacts the analysis of various components present in that substrate (Khamphet et al. 1997).
Therefore, solvents such as ethanol, methanol and distilled water were employed to extract the components present in FW. 1gm of FW was suspended in
10ml of each of the solvents and kept on an orbital shaker at 120 rpm at room temperature (RT) for 48 hrs. Following extraction, the slurry was filtered.
Components present in the floral extract (FE) were estimated. The ability of each of the solvent in extracting maximum reducing sugars from the FW was
determined.

Analysis of components in FE
Components in FE were qualitatively analysed for flavanoids, saponins, tannins (Nisreen 2016 ),carbohydrates, phenols, alkaloids were checked (Prabhavathi
et al. 2016 ). Subsequently they were also quantitatively analysed (Karthikeyan and Vidya 2019)

Pre- treatment
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Pre- treatment helps in increasing the concentration of fermentable sugars from the biomass which aid in increasing the yield of ethanol. Accordingly, FW
was subjected to three different types of pre-treatment methods such as physical, chemical and biological.

Physical pretreatment

a. Thermal hydrolysis: 1gm FW was suspended in 10ml distilled water and kept in a boiling water bath

(100°C) for varying time period of 10–30min (Mai et al. 2009).

b. Microwave treatment: 1gm FW was suspended with 10ml distilled water (1:10), was exposed to dry heat in a

microwave of 100PW (Power watts) for 5-30min (Ooshima and Harano 1984)

c. Autoclaving: 1gm FW was suspended with 10ml distilled water (1:10) was autoclaved at 121°C, 15lbs pressure for 21 min (Marvin et al.2020).

Chemical pretreatment
The FW was subjected to chemical pretreatment using acid and alkali.

a. Acidic hydrolysis: The FW (1gm) was suspended in 10ml of various diluted acids (1%) such as Sulphuric acid

(H2SO4), Hydrochloric acid (HCl) and Nitric acid (HNO3) ( Juan et al. 2019)and kept on an orbital shaker at 120rpm overnight.

b. Alkaline hydrolysis: The FW (1gm) was suspended in 10 ml of various dilute alkali solutions (1%) such as Sodium hydroxide(NaOH), Potassium hydroxide
(KOH) and Calcium hydroxide Ca(OH)2 (Praveen et al. 2009) and kept on an orbital shaker at 120rpm overnight.

Biological pre-treatment: Pre-treatments using extracellular enzymes produced by fungi are highly efficient in degrading complex biopolymers to simple and
fermentable form (Hem Kanta et al.2019) It is known that biomass of agricultural origin contain cellulose. This cellulose has to be converted to simple and
fermentable monosaccharides to increase the yield of ethanol. Hence cellulase producing fungi were isolated from rotten wood over PDA (Potato dextrose
agar) (Reddy et al.2014) Antibiotic streptomycin (1mg) was added as bactericidal agent. The isolates were then screened for their ability to produce cellulase
enzyme on CMC agar plates suspended with Congo red indicator (Uttam Kumar et al,2014). Fungal colonies showing clear zones of hydrolysis around them
were recognised as cellulase producers. Measuring these zones of hydrolysis indicates fungi with highest cellulase enzyme activity. The fungi thus isolated
was identified as Apergillus niger, was suspended in 250ml Czapekdox peptone broth suspended with cellulose (Amaeze et al. 2015)and incubated for 7–10
days until the mycelia was fully grown, at RT and pH 5. The media was centrifuged at 10,000 rpm for 5mins. The supernatant contained crude cellulase
enzyme. Enzyme activity was evaluated (Ghose, 1987) and its effectivity on the biomass was studied by suspending it into FW (1:10) at 5% and 10% (w/v)
concentrations, incubated on an orbital shaker at 120rpm overnight.

The FW was directly subjected to pre- treatment without extraction. The control flask maintained for each of the pre- treatment contained distilled water
added to the FW (1:10) and kept on an orbital shaker at 120 rpm as long as the pre- treatment was carried out, from few minutes to overnight. After pre-
treatment the FW slurry both in pre- treated and control flasks were filtered using whatmann filter paper. The concentration of reducing sugars in the filtrate
(FE) was estimated and compared for both controls and pre- treated samples to draw conclusions on effectiveness of each pre-treatment.

Isolation of microorganisms
A total of 3 yeast strains were isolated from sugarcane juice (SJ) and grape skin (GS) and labelled accordingly as SJ 4 SJ 5 and GS 5 were used for
fermenting the FW. Strain SJ 4 showed a maximum fermentation efficiency (96%) as compared to the strain isolated from grape skin (GS- 5) (82%).
Fermentation efficiency was calculated using the formula

Fermentation efficiency (%) = Practical yield / Theoretical yield x 100

Hence a pure culture of this strain was established and maintained over YPD (Fig. 2A). Microscopic examination using methylene blue staining showed long
elongated oval shaped budding yeasts (Fig. 2B). The strain was identified as Pichia kudriavzevii CY 902, by 16s rRNA method (Shuo-Fu et al. 2017; Kolawole
et al.2020). The cultural conditions for optimal growth of yeast was identified to be 37°C, pH 5.5 and 48 hrs of incubation.

Optimization of pre- treatments
For optimization, the FW was first subjected to extraction with distilled water for 48hrs follows by pre - treatment methods showing highest concentration of
reducing sugars in each of the physical, chemical and biological pre- Subsequently fermentation for 96 hrs using 10% inoculum of Pichia kudriavzevii CY 902
(V/V) The concentration of ethanol fermented was estimated using potassium di chromate method. The pre- treatment yielding the highest amount of
ethanol was optimised. The process was subsequently scaled up to obtain the product bioethanol.

Scale up and downstream processing
The production volume was scaled up from 10 ml to 250 ml (25gms FW + 250ml distilled water) with extraction and enzymatic hydrolysis with 5% (v/v) crude
cellulase enzyme followed by SSF for 96 hrs at RT and pH 5.5. Bioethanol obtained was separated by simple distillation at 80 ℃, followed by dehydration by
salting out using salts like KH2PO4, K2CO3 and rock salt at the rate of 0.3g/ml (Irene and Asker 2020; Shaoqu et al. 2017).

Evaluation of the purity of the product
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The purity of bioethanol produced was evaluated by Gas Chromatography and Mass spectrometry (GC-MS) studies were performed at Centre for Microbial
fermentation and technology, Department of microbiology, Osmania University using GC-MS QP2020 NX, Shimatzu, Japan equipped with a SH- Rsi-5 Sil MS
(30x 0.25 x 0.25 mm) coloumn. Similarly, the fuel properties were evaluated according to the ASTM (American standards of testing materials) and IS (Indian
standards) at Zeal Biologicals. Pvt. Ltd, Maredpally, Secunderabad. These properties were compared to commercially available anhydrous ethanol revealing
its purity and performance as fuel.

Techno- economical evaluation
Although the production of bioethanol is now well known and explored, making the production cost effective is challenging. The expenditure for production
bioethanol for our study was calculated in three categories namely, the cost of chemicals (CCm), the cost of equipments (CEq) and the cost of operation (COp)

(Johann et al. 2011; Sonica et al. 2020)

The cost of chemicals (CCm)
This cost involves expenditure on Media, Reagents and Chemicals. All chemicals were procured form Hi-media or Sigma Aldrich (Merck). The expense are
calculated to interms of obtaining 1L bioethanol. For our study, the media used were YPD broth for Pichia kudriavzevii CY 902, Potato dextrose agar (PDA)
and Cazepkdox broth for isolation and production of crude cellulase enzyme from Aspergillus niger respectively. Besides reagents such as DNS and
Potassium di chromate were used for estimations of reducing sugar and alcohol respectively to observe the progress of fermentation. The salt potassium
carbonate was added to dehydrate the distilled bioethanol obtained. The prices of each of these chemicals used were taken according to the latest price list
(2022–2023 ) as declared by the respective brand of chemicals. Thus the cost of chemicals were calculated.

The cost of equipments (CEq)
This cost includes the price of the equipments used at various stages for production of bioethanol. Such as Incubator, Autoclave, Centrifuge, Distillation unit
and Orbital shaker. The price of these instruments were obtained from their respective manufacturers. The cost calculated also includes the life time of the
equipment and the number of days these equipments were involved in the study for the production of maximum amount of bioethanol (Dmax). For, example,
orbital shaker was used for 48 hrs for extraction of the floral waste. Accordingly, number of cycles taken for producing the maximum yield of bioethanol is
calculated annually viz; 365/ 2 = 182.5. This usage is compared against the life time of the equipment which interprets the longitivtiy of using the instrument.
Therefore, the cost of equipments were calculated using the formula:

Cost Equipment (CEq) =. Price of equipment

365/ Dmax X Life time X Capacity

The cost of operation (Co)
The cost under operations comprise the expenses due to electricity consumed by the equipments used. The cost for electricity for each of the equipment is
taken from the tariff released by the Electricity board of Telangana state (TSSPDCL) for the Financial year 2023–2024. Accordingly, the cost were calculated
using the formula:

E (hrs)

Capacity

Total cost
The total cost was enumerated by substituting the values of each of the expense in the formula

Total cost for bioethanol production (Rs/L) = CCm+ CEq+ CO

Production cost per unit (Rs/g/L) = CCm+ CEq+ CO

Maximum bioethanol obtained (g/L)
Analytical methods

The effect of pre-treatment on the FW was analysed by estimating the amount of reducing sugars by 2,5 Dinitro salicylic acid (DNS) method (Miller 1959)
Glucose (1mg/ml) was used as standard. Concentration of reducing sugar was determined using a colorimeter by noting the absorbance at 540nm against
blank. Similarly, the concentration of alcohol was determined by potassium dichromate method (Williams and Reese 1950) using ethanol as standard
(1mg/ml). Concentration of alcohol was determined using a colorimeter by noting the absorbance at 600nm against blank.

Data analysis
The experiments were conducted in triplicates. All data are expressed as mean standard error (±). Statistical analysis was performed using Origin Pro 2023b
software. Single factor ANOVA analysis tool was used for comparing the means of more than two groups together. Results with p value < 0.05 were
considered significant.
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Results

The substrate
The floral wastes collected contained mixed flowers of Transvaal daisy, Rosa Rubiginosa, Chrysanthemum, Dianthus caryophyllus, Tagetes, Jasminum
multiform, Crossandra infundibuliformis, Artemisia pallens. The floral wastes weighed about 5.2 kgs. After sun drying for 5–7 days the moisture was
completely removed. The dry floral waste was blended to a coarse powder using electrical blender and weighed to be 3.9 kgs. The FW powder was
transferred to and maintained in zip lock bags until use.

Extraction
Components in the FW powder was extracted using various solvents (1:10). Since sugars are converted to alcohol by fermentation, the filtrate (FE) obtained
after filtering the FW, was analysed for reducing sugar concentration. The concentration of sugars in the FE extracted using distilled water was (34.37 ± 0.03
g/L) which is 25.41% and 43.96% more amount of sugar than in the FE extracted by methanol (25.41 ± 7.5g/L), and ethanol (19.26 ± 1.5g/L) after 48 hrs of
extraction (Fig. 1).

Analysis of components in the FE
As revealed in (Table 1) the components present in FE obtained from 1gm of FW were tannins (3.2mg/ml) and phenols (3.6mg/ml). While flavonoids
(0.17mg/ml) and proteins (0.25mg/ml) were present in negligible concentrations, saponins were absent. The concentration of total carbohydrates were
(34.37 ± 0.03 g/L). Subsequent qualitative analysis using Molish’s test, Fehling’s test revealed the presence of simple sugars such as glucose, fructose,
disaccharide (sucrose). The concentration of polysaccharide cellulose was estimated using anthrone reagent (Updegraff 1969) and was found to be 2.14 ± 
0.002 mg/ml, which is 6.23% of the total sugar content found in the FE. Converting this concentration of polysaccharide to simple and fermentable sugar
monomers would add to the amount of bioethanol yield.

Table 1
Components present in FE after extraction
Component Concentration (mg/ml/g)

Tannins 3.2 ± 0.005

Phenols 3.6 ± 0.24

Saponins -

Flavinoids 0.17 *

Proteins 0.25*

Carbohydrates 34.37 ± 0.03

Cellulose 2.14 ± 0.002

Values depicted are mean ± SD for n−3

(*variance is less than 0.001 )

Table 2
Comparison in the concentration of reducing sugars in control and pre- treated FW.

S.No. Pre- treatment Condition Concentration of reducing
sugar in control

Concentration of reducing sugar
after pre-treatment

p - value

1. Thermal
hydrolysis

1gm FW + 10ml water in boiling water
bath for 30 mins

9.5 ± 0.6 7.05 ± 0.02 < 3.12
E−09

2 Acidic 1gm FW + 10ml (1%Sulphuric acid) + 
overnight incubation

13.8 ± 3.64 5.2 ± 0.10 < 
2.32E−06

3. Alkaline 1gm FW + 10ml (1%KOH + overnight
incubation

13.8 ± 3.64 12.8 ± 1.62 < 2.1E−04

4. Enzymatic
hydrolysis

1gm FW + 5%crude enzyme + + 
overnight incubation

11.7 ± 0.12 16.04 ± 0.21 0.04

Values depicted are mean ± SD for n−3
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Table 3
Cost validation for production of bioethanol (Rs/L)

S. No. Cost of Cost calculated (Rs/L)

1 Cost of operation (Co) 0.0045

2 Cost of equipments (CEq) 2.33

3 Cost of chemicals (CCm 15.76

4 Total Cost (A) 18.09

5 Maximum amount of bioethanol produced (g/L) (B) 396

6 Cost/Unit (Rs/g/L) (A) / (B) 0.045

Depicting the enumeration of total cost involved in the study and the cost per unit

Table 4
Determination of minimum ethanol selling price (MESP) of bioethanol produced in

the study
S. No. Cost of Cost calculated (Rs/L)

1 Labour @ 5% 0.90

2 Maintainance @ 3% 0.54

3 Rentals @ 5% 0.90

4 Transportation @ 2000 Rs/ Ton of biomass 10 (for 5 Kg)

5 Production cost (Table 2) 396

6 Minimum ethanol selling price (MESP) 30.43

Depicting the production cost including the charges applicable at industrial scale.

Pre- treatment
The study has also focussed on reducing the cost of production by validating various pre- treatment methods so as to yield high amounts of bioethanol with
minimal pre- treatment.

Physical pre- treatment
Physical pre- treatment by thermal hydrolysis for 30min at 100°C showed a maximum of 7.05 ± 0.04 g/L reducing sugars from the FW when compared to
same treatment for lesser time. Autoclaving could yield 5.5 ± 1.5 g/L of sugars. Exposure of FW to 100 watt hour power (189.56 Celsius heat units) [Kyle’s
converter] in a microwave for 5 mins could yield maximum amount of 5.05 ± 0.04g/L reducing sugars. However it was observed that control showed a
maximum of 9.5 ± 0.6 g/L/ of reducing sugars which was 27.22%, 42.10% and 46.84% more than the optimum amount of reducing obtained by thermal
hydrolysis, autoclaving and microwave treatment respectively (Fig. 3).

Chemical Pre- treatment
The FW when treated overnight with dilute acids (1%) of H2SO4, HNO3 and HCl, the concentration of reducing sugars were estimated to be 5.2 ± 0.10 g/L,
4.1 ± 0.08 g/L and 3.6 ± 0.02 g/L respectively. Similarly, when the FW was treated with dilute alkaline solutions (1% ) of KOH, NaOH and Ca(OH)2, the
concentration of reducing sugars were estimated to be 12.8 ± 1.62 g/L, 8.8 ± 1.28g/L and 4.3 ± 0.24g/L respectively. The control flask showed a maximum
sugar concentration of 13.8 ± 3.64 g/L (Fig. 4). Pre- treatment with 1% sulphuric acid and 1% KOH could hydrolyse highest amount of sugar for acidic
treatment and alkaline treatment respectively. It is likely that alkali being more milder than dilute acid retained better concentration of reducing sugars which
could have been degraded by acidic conditions. Yet they were 65.15% and 8.69% lesser than the sugar concentration in the control.

Enzymatic hydrolysis
15 Cellulase producing fungi were isolated from rotten wood. Efficiency of the cellulase enzyme produced by each of these fungi was identified by measuring
the zones of hydrolysis on CMC agar plates. The fungal strain (CP- 6) showed the highest cellulase activity with a zone diameter of 52mm. It was identified
microscopically as Aspergillus niger by staining with lactophenol cotton blue. Pure culture was maintained on PDA agar plates and slants (Fig. 5). Enzyme
activity of crude cellulase enzyme was found to be 1.82 IU/ml/min and 0.92 IU/ml CMCase and FPase respectively. The enzyme was added in 5% and 10%
(v/v) concentrations to the FW slurry. An overnight enzymatic hydrolysis at RT and 120rpm showed that 5% enzyme could hydrolyse 22.25% more sugars
(16.04 ± 0.21 g/L) than 10% enzyme (12.4 ± g/L) and 27.05% more than control (11.7 ± 0.12 g/L). Therefore enzymatic hydrolysis was optimized to using 5%
(V/V) crude cellulase enzyme.
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A summary of the effect of all the pre- treatments, physical (thermal hydrolysis) chemical (acidic, alkaline), biological pre – treatment (enzymatic hydrolysis)
and the maximum amount of reducing sugars obtained from each of them in comparison to the control along with the p- value is described in Table.2.

Optimization of pre- treatments
It is notable from (Fig. 6), that enzymatic hydrolysis could produce 39.56 ± 0.08 g/L alcohol which was 20.22%, 24.01% and 19.79% more amount of alcohol
as compared to, pre- treatment by thermal hydrolysis (31.56 ± 1.2 g/L ) 1% KOH (30.06 ± 0.02 g/L) and control (31.73 ± 0.01g/L) respectively. It can thereby
be concluded that, the FW produced maximum alcohol after extraction with water (1:10) followed by simultaneous saccharification and fermentation with 5%
(v/ v) crude cellulase and 10% (V/V) Pichia kudriavzevii CY 902 for 96 hrs at RT and pH5.5.

Scale up for fermentation
For optimisation of pre- treatments, only 1g of floral waste powder was used in 1:10 dilution. Once the pre- treatment had been optimised, the study was
scaled up to 250ml (25gms floral waste 250 ml distilled water) in batches to acquire maximum amount of the end product, ethanol. Sample was withdrawn
every 24 hrs and analysed for the concentrations of both sugars and alcohol. Initial sugar concentration 1068g/L/Kg yielded a maximum of 396 ± 6.48 g/L
bioethanol after 96 hrs of fermentation, the maximum fermentation efficiency recorded was 96%.

Evaluating the purity of bioethanol obtained
The initial concentration of bioethanol after fermentation was 396 ± 6.48 g/L increased to 852.8 g/L after simple distillation, equivalent to concentration of
70% ethanol. For our study, potassium carbonate (0.3g/ml) showed instant dehydration yielding anhydrous ethanol separated into and organic phase in less
than 5mins. The bioethanol thus obtained was collected by carefully transferring it into separating funnel. Its concentration was equivalent to absolute
ethanol indicating its purity. The bioethanol obtained was checked for its purity by comparing fuel properties with that of commercially available absolute
ethanol is discussed in our previous paper (Shailaja and Shalini 2024) Additionally GC- MS analysis was done which revealed the purity of the bioethanol
indicated by peak formed with retention time 1.47. Besides two more peaks of hydrazine and propanol were identified with retention time 1.40 and 1.51
respectively (Fig. 7).

Cost analysis
Enumerating the total cost for production of bioethanol in our study was found to be 18.09 Rs/ L and the cost/unit (ml) was 0.045 Rs/g/L (Table.3). Breaking
up the expense showed that about 87.11% of this cost was towards procuring chemicals, 12.88% for equipments and 0.002% was the operational cost.
Escalating this methodology of bioethanol production to industrial scale involves additional costs such as labour, rentals, maintainance and transportation.
Including these costs to the production cost, we arrive at minimum ethanol selling price (MESP) which was calculated to be 30.43 Rs/L (Table.4).

Discussion
As production of ethanol is gaining importance, unlike employing conventional food crops like sugarcane and corn, using floral waste would help in reducing
land and water pollution and in turn add to the yield of bioethanol, thereby significantly reducing the mounting prices of both fuels and food crops. The aim of
this study was to effectively use the abundantly available floral waste to produce bioethanol.

Using distilled water for extraction could extract 25.41% and 43.96% more amount of reducing sugars than using methanol and ethanol respectively. Similar
results on water extraction from Clitoria ternatea flowers was reported (Ethel et al. 2021). This is the first step for cost effective production of bioethanol
since cost of distilled water is minimal as compared to the cost of ethanol and methanol.

The effect of heating on the biomass varies depending upon the kind of carbohydrates present in them (Abraham et al.2019). Therefore, exposing the FW to
increasingly high temperatures from 100°C, 121°C and 189.56°C during thermal hydrolysis, autoclaving and microwave treatment respectively denatured the
simple monomers, while the complex polysaccharide were broken down to simple sugars. Hence the control which retained both and showed higher
concentration of sugars than the pre- treated FW.

Pre- treatment of lignocellulosic biomass with dilute acids results in weakening the hemicellulose and thereby making it more available for degradation
during enzymatic hydrolysis (Chen-Guang et al. 2019; Niju et al 2020). However the FE obtained after extraction with water when analysed qualitatively for
the presence of hemicellulose (Esther 1930) did not show any detectable change in colour indicating the absence or negligible presence of hemicellulose.
The concentration of hemicellulose is less as compared to cellulose concentration in flowers (Buxton and Hornstein. 1986). Hence when the FW was
subjected to chemical pre-treatment targeted towards hemicellulose, there was no significant increase in the concentration of reducing sugars. Furthermore,
treating the biomass with either acid and alkali require subsequent neutralisation to remove any inhibitors formed due to pre- treatment (Haghighi et al. 2013)
SSF using crude cellulase enzyme obtained from Aspergillus niger isolated from rotten wood and fermentation by Pichia kudriavzevii CY 902 produced 396 ± 
6.48 g/L after 96hrs of fermentation.. This amount of ethanol with minimal pre- treatment in the present study were better than the results reported on
ethanol production from flowers by previous authors (Gethara Gowri et al. 2018; Omprakash. 2021; Phitchaphorn et al. 2021; Shreya and Omprakash, 2022;
Sujit et al. 2009; Tripti et al. 2009; Ravi et al.2016]. Moreover there was no further additional components added to the FE to enhance ethanol production
during fermentation. This also contributes towards production of cost effective ethanol. Considering the starter culture, while most of the previous studies
used Saccharmyces cerevisiae, we used Pichia kudriavzevii CY 902 . The bioethanol yield surpassed the amount of ethanol produced from Madhuca latifolia
using the same culture (Tripti et al. 2009). Although simple distillation aided in increasing the concentration of bioethanol, anhydrous bioethanol was
obtained by dehydration using salting out wherein hydrogen bonds between ethanol and water were disrupted in the presence of salt potassium carbonate
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(Shakhashiri, 1983) This method of purification also adds to cost effective production compared to other sophisticated extractive distillation (Elhan and
Kimberley 2017; Yuelei et al. 2012; Vicente 2007). The purity of ethanol thus obtained was checked by gas chromatography which revealed 3 peaks
corresponding to Hydrazine, propanol and ethanol. Hydrazine is a common ingredient present in chemicals and fertilizers used for agricultural crops (Ivan
and Vincent. 2023). They can also be carried from flower to flower by insects or bees (Shrabani Saha et al. 2021) Propanol is a common by product formed
during ethanol fermentation (Timothy et al. 2021). Hence these two components are expected to be identified during bioethanol fermentation using floral
wastes.

The cost for production of bioethanol is mainly dependent on the biomass utilised. Bioethanol produced from the first generation biomass was priced
between 49.41–65.61 Rs/L, as declared by the Ministry of Petroleum and Natural gas, Government of India during financial year 2021–2022. A majority of
this price was invested to procure the biomass itself (Simon et al. 2013). In India the cost for procuring biomass is priced at 3532 and 2225 Rs/ Tonne for
wheat / rice straw and sugarcane baggage respectively (Obiora 2022). Using the waste flowers as substrate is no cost biomass. Water is used as solvent for
extraction of maximum components from the biomass which is again a negligible expense as compared to using other solvents for extraction. The pre-
treatment method was restricted to enzymatic hydrolysis using crude cellulase enzyme which was produced from Aspergillus niger isolated from rotten
wood. This reduced the cost as compared to using ready made cellulase enzyme priced at 2965 Rs (Himedia price list 2023–2024).

The cost for production of bioethanol from kitchen waste 0.62 Rs/ G (Sonica et al. 2020). However they did not claim to purify the bioethanol obtained. The
cost for production of 396 ± 6.48 g/L bioethanol in our study including dehydration was 0.045 Rs/G. Which means more amount of bioethanol could be
produced from floral wastes for lesser cost in comparison. Ethanol produced in Brazil, USA and China using sugarcane is priced between 0.30–0.53 USD/L
(Gunter et al. 2013; Lili et al. 2015; Mustafa and Havva 2009). In India, ethanol predominantly produced using sugarcane/sugar syrup is priced at 65.61 Rs/L
[Ministry of Petroleum and Natural gas, Government of India, Financial year 2021–2022]. The minimum selling price of bioethanol produced in our study was
30.43 Rs/L which is cheaper than the cost of all the previously reported studies and commercial cost of ethanol both at national and international markets.
Therefore proving the feasibility of using mixed floral wastes for cost effective production of bioethanol as well as contributing to solid waste management.

Conclusion
This is probably the first study reported on using mixed floral wastes for the production of bioethanol using Pichia kudriavzevii CY 902. The study
demonstrated the efficacy of using distilled water for extraction. Since physical and chemical pre- treatment methods were not effective in increasing the
concentration of reducing sugars in the biomass as compared to the untreated control, they were excluded in the methodology. Simultaneous
saccharification and fermentation using 5% crude cellulase enzyme obtained from Aspergillus niger and Pichia kudriavzevii CY 902 yielded a maximum of
396 ± 6.48 g/L bioethanol after 96hrs of fermentation. It is notable that both saccharification and fermentation were carried out at 37 ℃ and no additional
components were added to enhance the yield of ethanol. Thereby making the process involve minimal cost, enumerated to be 30.43 Rs/ L as the MESP
which is 68.31% less than the market price of bioethanol (65.61 Rs/ L) in India. Thus using floral wastes for bioethanol production contributes to achieve the
vision of the country in using 20% ethanol blended fuel (E20) by 2025, faster with cheaper investment. The study also caters to producing bioethanol, as a
value added product from floral wastes, as well as contributing to solid waste management.
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Figures

Figure 1

Showing the quantitative analysis of reducing sugars liberated from the FW using various solvents. Water (34.37± 0.03g/L/g), methanol (25.41± 7.51 g/L/g)
and ethanol (19.26± 1.5g/L/g.
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Figure 2

Pure Culture of Pichia kudriavzevii CY 902 on YEPD plate (A) and microscopic field view (B) after staining using Methylene Blue

Figure 3

Maximum amount of reducing sugars hydrolysed through various physical pre- treatment by Thermal hydrolysis (TH) for 30 mins showed 7.05 ± 0.04 g/L/g,
microwave treatment for 5 mins showed 5.05± 0.04 g/L/gand autoclaving showed 5.5 ± 1.5 g/L/g of reducing sugars respectively,  in comparision to the
untreated control which showed 9.5 ± 0.6 g/L/.g of reducing sugars.
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Figure 4

Depicting the effect of chemical pre-treatment method on the concentration of reducing sugars in the FW, Using dilute acids (1%) H2SO4 (5.2 ± 0.12 g/L/g),
HNO3 (4.1 ± 0.08g/L/g) HCl (3.6 ± 0.02 g/L/g). Dilute alkali (1%) KOH (12.6 ± 1.62 g/L/g) NaOH (8.8 ± 1.28 g/L/g) Ca(OH)2 (4.3 ± 0.24 g/L/g) in comparision
to the untreated control which showed of 13.8 ± 3.64 g/L. reducing sugars.

Figure 5

Cellulase producing fungi isolated from rotten wood to obtain crude cellulase enzymefor hydrolysing cellulose present in the FW. Aspergillus niger on PDA
plate (A), microscopic field view (B) and zone of hydrolysis on CMC agar plate (C)
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Figure 6

Illustrating the concentration of alcohol produced by optimised physical, chemical and biological pre-treatment methods. Thermal hydrolysis (30mins,100°C)
(31.56g/L/g), 1%KOH (30.6 ± 0.02g/L/g) 5% crude cellulase enzyme hydrolysis (39.56 ± 0.08 g/L/g) Control (31.73 ± 0.01g/L/g)

Figure 7

Chromatogram of GC- MS analysis showing peaks of Hydrazine, ethanol and propanol with retention time of 1.40, 1.47 and 1.51 respectively.


