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ABSTRACT

To manage waste and address energy crises, the current study focuses on the
concept of "Energy from Waste”. Molasses, a byproduct in sugar synthesis process,
is one of the most prevalent types of organic waste. Due to excessive production and
use in distilleries in Pakistan, the non-fermentable portion is drained in spent wash
and it is creating serious environmental problems viz soil acidification, manganese
deficiency and inhibit seed germination. Effective conversion of non-fermentable
sucrose portion of black strap molasses to bioethanol is the main purpose of this
study. Bacillus cereus FA3s sucrolytic potential for bio-converting sucrose from
molasses into reducing sugars for ethanologenesis was assessed. The Plackett-
Burman model for hydrolytic screening and Central Composite Design for
ethanologenic optimization parameters was employed. With corresponding F (9.53)
and p values (0.0451), the model was significant for reducing sugars (75.52 £0. 019
g/L) obtained via 12 IU of B. cereus FA3 crude enzyme dosage at 30°C in 5 days.
The ethanolic yield (g ethanol/g of consumed sugars) of standard Saccharomyces
cerevisiae K7 (0.35%0.05) and experimental Metschnikowia cibodasensis Y34
yeasts 0.36 + 0.09 were also examined from 75 mL molasses hydrolyzate at 32.5°C
in 8 days. Significantly better response and positive waste management
development were the outcome of this study which will help improve ethanol
production in the future.

Keywords: Invertases; sucrose hydrolyzing bacteria; RSM (response surface
N 8MCESS methodology); molasses as by-product; Bacillus cereus.
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The final low-grade massecuite is extracted to produce a heavy, highly viscous liquid from which conventional
techniques are unable to extract any more sugar (Solomon, 2011). About 2.5 to 4 % of molasses were produced from
one tone of sugarcane. It contains the following: 35% sucrose, 20% water, 9% fructose, 7% glucose, 3% reducing
sugars, 4% carbohydrate, 5% nitrogenous and non-nitrogenous compounds each, 5% ash, and 5% others (Teclu et
al., 2009; Singh, 2020). Sugarcane molasses, a by-product of sugar processing that is created in large quantities as
waste, is the absolute substrate for the ethanol production process in Pakistan. Molasses production has ranged from
2 to 3 million tons over the past ten years (Arshad et al., 2019).

The expansion of the sugar industry and the production of ethanol from molasses can both boost the economic
condition of the farmers and ultimately contribute to the Grass Domestic Production (GDP). In the world, Pakistan ranks
fifth, seventh, and eighth in terms of sugarcane production, sugar production, and sugar consumption, respectively.
Five percent of Pakistan's total cropped area is used for sugarcane cultivation. In Pakistan, a sizable amount of cane
molasses has been turned into alcohol during the past ten years. Ethanol is currently used as anhydrous ethanol as
fuel or blended with gasoline due to its sufficiently high price on the global market (Bromberg and Cheng, 2010; Arshad
and Amjad, 2012; Arshad et al., 2017). Initially, there were thirteen distilleries in Pakistan. Of these 13, 10 are
connected to sugar mills. Whereby two are non-operational and eight are operational (Rashid and Altaf, 2008). It is
anticipated that there will be 21 distilleries with a combined capacity of 504 million liters (Selladurai et al., 2010; Arshad
et al., 2017). Currently, the existing 22 distilleries are functional for converting molasses (2.0 million tons) to alcohol
annually (Parkash, 2015; Arshad et al., 2019).

The distillery used Saccharomyces cerevisiae to anaerobically ferment molasses at pH 4-5 pH and 30-32°C (Roberto
Ometto et al., 2009). The microbes produce ethanol by fermenting glucose and reducing sugars, but they do not
ferment 35% of the disaccharide sucrose. The primary challenge is the conversion of these non-fermentable sugars
into ethanol, which creates a new avenue for environmentally friendly pretreatment methods. The quantity of reducing
sugars is increased using the appropriate pretreatment technique. Many microorganism-derived enzymes are crucial
in managing the sucrose portion of molasses as waste. Microbes can produce intracellular/extracellular invertase
enzymes that hydrolyze the disaccharide sucrose, resulting in fermentable sugars (fructose and glucose) (Sanchez
and Cardona, 2008; Chahed Ep Limayem, 2012). The properties of waste can also be altered by these bacterial
enzymes, making it more treatable or helping to turn waste into value-added products. Overall, it seems that enzymes
have a lot of promising ability for use in many waste treatment applications. The primary tools used to create invert
sugars are the enzyme invertase and acid. When the sucrose structure is hydrolyzed by acid, 50% sucrose is inverted.
There are no byproducts when sucrose is fully reduced to invert sugar using the invertase enzyme. There are many
different enzymes. The biosphere contains a large number of these enzymes, particularly in microbes and plants. One
important metabolic enzyme that comes in various isoforms is invertase. The organism's ability to survive is further
enhanced by these isoforms (Andjelkovic et al., 2010). According to Kulshrestha and Tyagi (2013), these isoforms
seem to control the entry of sucrose into various utilization pathways. According to Gupta and Verma (2015), the
microbes chosen for fermentation and invertase production must be productive and adaptable.

The use of bacterial invertases to break down the non-fermentable portion of molasses has been crucial in managing
a variety of molasses waste. Additionally, mathematical models for the optimization of fermentation parameters and
the enzymatic hydrolysis of disaccharide sugars will be included. Through the integration of bacterial invertases for
enzymatic hydrolysis, the study covers the state-of-the-art by utilizing mathematical modeling to convert the maximum
amount of reducing sugars into ethanol.

MATERIALS AND METHODS

Selection, Collection and Preservation of Substrate

Sugarcane molasses, a by-product of the sugar processing industry, is produced in bulk as waste. Molasses
possesses fermentable as well as non-fermentable sugars (NFS). The NFS consists of sucrose (non-invert sugar),
dextran, amylose and amylopectin. The Pakistani distilleries exploit the fermentable and inverted sugar (80-90%) for
the production of ethanol. In the present study, the remaining 10% non-inverted sucrose served as a substrate for
hydrolysis by bacterial invertases and exploited for ethanol production by yeast isolates. Substrate (Cane molasses,
brix 85) was collected from a local sugar factory in the district of Layyah, Punjab. The collected substrate was stored
in screwed air-tight jars and was kept at 4°C for 6-8 months. Various contents of molasses were analyzed by using
biochemical testing. Total (carbohydrates) and reducing sugars were calculated using the phenol-sulfuric and the 3,
5-dinitrosalicylic acid (DNS) protocols (Dubois et al., 1956; Miller, 1959). The AOAC protocols were employed for
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moisture contents assessment. The study was planned on the basis of sucrose (38.10+2.4%) from cane molasses as
analyzed by Khairul et al. (2022).
Selected Microorganisms for The Study
Sucrose degrading bacterium (Bacillus cereus FA3) and ethanologenic yeast isolates (Metchnikowia cibodasensis Y34
and Saccharomyces cerevisiae K7) were collected from already isolated and characterized cultures from Microbiology
laboratory, University of Education, Lahore, Pakistan. The bacterial strain was isolated and characterized in 2024
whereas yeast isolates in 2017 and all strains were not genetically modified. Sucrolytic bacterium Bacillus cereus FA3
has accession No. 0Q450350 and is used for the Saccharification model. B. cereus FA3 is the selected
invertase/sucrose-producing bacterium with the potential of 0.629 IU (Chaudhary et al.,, 2024). The yeast isolate
Saccharomyces cerevisiae K7 and Metchnikowia cibodasensis Y34 having accession numbers AB693153 and
AB693154 were used for fermentation models (Chaudhary and Karita, 2017). Production of ethanol is the study's
primary focus. Hence Saccaromyces cerevisiae is employed as a control since it is utilized in Pakistani distilleries.
PlacketT Burman Model for Sucrose Hydrolysis of Molasses
Placket Burman Design (PBD) is a well-known type of statistical design (Brereton, 2003). PBD is used for the screening
of parameters for hydrolysis of the disaccharide part of molasses caused by B. cereus FA3. For the selection of these
factors, Design Expert Software (version 6.0.8) was used for the analysis. In this study, six assigned variables viz
substrate (molasses brix 85) quantity, buffer volume, B. cereus FA3 crude invertase dosage, time period, temperature,
and pH were screened in 12 experimental designs. The selection of hydrolysis parameters of the study was based on
other research conducted by different authors from the literature (Manoochehri et al., 2020; Chaudhary et al., 2024).
In a conical flask, the design-specified molasses and acetate buffer (set as specified pH) concentrations were
dispensed and sterilized. Following the addition of the enzyme dose, the flask was incubated at a specific temperature
and time-period as specified by the design.
For crude B. cereus FA3 invertase, a basal medium with 7 pH and percent composition were prepared by mixing 0.01
grams MgSOs4, 0.1 grams of yeast extract, 0.7 grams Na:HPO4, 0.05 grams of sodium citrate, and 0.2 grams of
potassium dihydrogen phosphate. The bacterial isolate was inoculated in basal medium, incubated at 37°C for three
days followed by centrifugation. Filtrate serve as crude enzyme (Bai et al., 2012; Abu Gharbiya et al., 2018). Acetate
buffer (g/L) composed of 5.772 g sodium acetate, 1.778 g acetic acid with pH 5 adjusted by HCI to make final volume
of liter. Acetate buffer is the best choice for invertase assay due to adjustment of lower pH (>5) (Yucekan and Onal,
2011).
After molasses hydrolysis, samples from each experimental run were drawn out for analysis. Contents of reducing and
total sugars were measured using DNS (Miler, 1959) and phenol sulphuric acid methods (Dubois et al., 1956).
Statistical tools viz ANOVA and regression were used to assess the significance of the model. The set of parameters
was predicted by software that was validated by performing experiments based on predicted parameters.
Central Composite Design (CCD) Based Optimization of Ethanolic Fermentation Factors
The Central Composite Design (CCD) was used for the optimization of ethanolic fermentation factors. It is the most
common fractional factorial design used in response surface model. The biggest advantage of CCD model is the
accuracy of optimization parameters (Bhattacharya, 2021). The three factor CCD model comprised a 20-run
experiment was conducted each yeast separately. The factors used for CCD models were enzymatic hydrolyzate of
molasses, incubation time, and reaction temperature. In the conical flask, enzymatic hydrolyzate (following predicted
set of hydrolysis parameter by PBD). Yeast inoculum was used at 5%. To complete the volume up to 100mL, a sterilized
synthetic medium was used. The flask was incubated at temperature and time duration specified by CCD runs. Yeast
inoculum was prepared in MYG (malt, yeast extract-glucose) medium at 37°C overnight. The synthetic media (g/L)
contained 6.5 grams of yeast extract, 2.6 grams of (NH4)2SOa, 2.72 grams of KH2PO4, 0.8 grams of magnesium
sulphate heptahydrate, 0.3 grams of calcium chloride, 0.00042 grams of zinc chloride, 1.5 grams of citric acid, and 6
grams of sodium citrate (Camelia et al., 2010). The appropriateness of the model was assessed statistically by ANOVA
and regression computed by software. The responses were ethanol titer and ethanol yield. Ethanol titer and reducing
sugars were assessed following the protocol with acid dichromate and DNS (Miller, 1959; Bennett, 1971).
Yield was measured as:

Ethanol yield (g/g) = Ethanol titer (g/L) /RS consumed (g/L) x 100
Validating Optimizing CCD Model
Optimum predicted values based on CCD were assessed utilizing factors from Design Expert Software. Each response
was tested in triplicate to ensure the accuracy and reliability of the predicted values.
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RESULTS AND DISCUSSION

Compositional Analysis of Cane Molasses

The composition of molasses was measured biochemically. The moisture contents (%) were 19.67. The reducing
(fermentable) and total (non-fermentable) sugars were assessed as 17.68, and 52g/L correspondingly (Table 1).
Plackett Burman Design for Enzymatic Molasses Hydrolysis

Spectrophotometric analysis of the reducing sugars and total sugars were performed (Table 2). A high level of reducing
sugar contents in enzymatic hydrolysis of molasses with B. cereus FA3 reached up to 81.23+ 0.26 g/L after 5 days
when 12 IU crude enzyme and 50/55 mL molasses/buffer with 5 pH was loaded at 30 °C temperature. Total sugars
contents were identified up to 204.65+2.99 g/L with the same parameters as was mentioned for reducing sugar
response. From responses, it may be deduced that the B. cereus FA3 invertase converted the disaccharide part of
molasses into monomers efficiently and it was observed by the increase in sugars concentration after hydrolysis.

The data for ANOVA to elucidate the suitability of the model for enzymatic molasses hydrolysis (Table 3). For reducing
sugars, the Model F-value of 9.52 implies the model is significant. There is only a 4.51% chance that a Model F-value
could occur due to noise. On the other hand, for total sugars, the model was found non-significant with an F-value of
2.91 with a 20.51 % chance of occurrence due to noise. In general terms, the values of (p>0.05) indicated the
appropriateness of model.

Computed regression coefficients’ statistical data was recorded (Table 4). In enzymatic hydrolysis of molasses, the R-
Squared for reducing sugars was 0.9621 which inferred the significance of model along with adj R-Squared of 0.8612.
The value of 7.397 explained a sufficient signal for design space navigation in term of adequate precision. In the same
way, the value of 5.183 adequate precision and r- squared 0.8859 explained the appropriate signal for total sugars.
For model significance, the value of adequate precision must be more than 4. The high values for Coefficient of variation
(C.V) 13.81 and press 3073.00 for reducing sugar model interpreted the significance.

Table 1: Compositional analysis of cane molasses.

Parameters Contents
Moisture (%) 19.67 £0.13
Fermentable (reducing) sugars (g/L) 17.68+ 0.21
Total sugars (g/L) 52+ 1.73

Table 2. PBD for screening molasses hydrolysis factors and responses.

Parameter Runs

1 2 3 4 5 6 7 8 9 10 11 2
Buffer 40 55 55 40 55 55 55 40 40 55 40 40
(A) mL
Molasses 25 25 50 50 25 25 50 25 25 50 50 50
(B) mL
Crude
enzyme 6 12 6 12 12 6 12 6 12 6 12 6
(©) U
Tg mp0) 5 30 37 30 37 30 30 37 37 37 37 30
Time (E) 1 1 1 5 1 5 5 5 5 5 1 1
Day
pH (F) 4 4 4 4 5 5 5 5 4 4 5 5
RS (Y1) 7628 5146 4017 4611 2506 7367 8123 7310 3275 7591 7121 73.31
g/L + + + + + + + + + + + +

0.023 0.036 0.49 0.020 0.031 0.039 0.260 0.031 0.027 0.077 0.029 0.137

TS (Y2)* 190.46 146.46 116.90 11994 7596 192.23 204.65 180.04 96.15 157.14 172.01 188.42
g/L + + + + + + + + + + + +

1.45 0.76 0.23 1.66 1.022 0.922 2.99 0.52 0.31 2.47 0.22 1.076
*Y1, Y2: Responses after enzymatic Saccharification, RS: Reducing sugars, TS: Total sugars
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Table 3. Analysis of variance for PBD model of molasses hydrolysis for various responses

Responses Source Sum of DF Mean F value P-value Model
squares square suitability
Reducing sugars Model 4881.62 8 610.20 9.53 0.0451 S*

A 133.75 1 133.75 2.09 0.2441
B 105.07 1 105.07 1.64 0.2902
C 678.11 1 678.11 10.59 0.0473
D 271.19 1 271.19 4.24 0.1317
E 36.10 1 36.10 0.56 0.5072
F 332.27 1 332.27 5.19 0.1071

Residual 192.06 3 64.02

Cor Total 5073.68 11

Total sugars Model 156.30 8 19.54 291 0.2051 NS*

A 14.03 1 14.03 2.09 0.2440
B 0.19 1 0.19 0.029 0.8755
C 12.72 1 12.72 1.89 0.2624
D 0.88 1 0.88 0.13 0.7419
E 30.16 1 30.16 4.49 0.1242
F 25.54 1 25.54 3.80 0.1462

Residual 20.14 3 6.71

Cor Total 176.44 11

*S-significant, NS-Non significant

Table 4: Regression analysis for different responses for PBD model of molasses hydrolysis.

Treatments Responses C.v* Press R Sqr* Adj R sqgr* Pred R sqgr* Ad pr
Hydrolysis ~ Reducing sugars 13.81 3073.00 0.9621 0.8612 0.7166 7.397
of Molasses

by B. cereus Total Sugars 2.55 322.17 0.8859 0.5815 -0.8260 5.183
FA3

*C.V-coefficient variation, R Sqr-R square, Adj R sgr-Adjusted R square, Pred R sqr-Predicted R square, Ad pr-
adequate precision.

Validation of Predicted Hydrolytic Parameters and Responses by PB Model via Experimentation

Predicted data from software and experimental values were presented in Table (5). The predicted values for
reducing/total sugars in enzymatic hydrolysis of molasses were computed as 72.81 and 167.06 g/L respectively at 30
°C with 50/50 mL of buffer/molasses concentration at 5.0 pH and 12 IU enzyme dosage within 5-day hydrolytic time.
When molasses underwent hydrolysis under anticipated conditions, the experimental values showed enhancement.

Table 5. Predicted parameters validation for molasses hydrolysis employing PB design.

Technique Responses Experimental value Predicted *Residual *Error (%)
(g/L) value (g/L)
B. cereus FA3 Reducing 75.52+0.019 72.81 2.71 3.72
Hydrolysis sugars
Total Sugars 169.45+0.038 167.06 2.39 1.43

*Residual = Exp. value — Pred. value
*Error = Residual / Pred value *100

Optimization for Fermentation Conditions Based on CCD
The values presenting ethanol titer and yield according to different conditions planed by CCD was illustrated in Table
(6). Both yeasts generate maximum ethanolic titer at 32.5 °C, with 50/50 mL hydrolyzate/synthetic medium when
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incubated for 8 days. The ethanol yield recorded were 0.32+0.01 and 0.33+0.002 g/g of sugars by both standard,
experimental yeast isolates on the same conditions as prescribed for ethanolic titer.

The CCD model’s appropriateness for optimized conditions for ethaolic yield response of standard yeast was evident
by 57.31, <0.0001F and p values. There is only a 0.01% chance of noise due to "Model F-Value". The 3.84 F with
0.0832 probability value inferred the non-significance of “Lack of Fit” for the response by standard yeast. Non-significant
lack of fit narrated the well fithess of the model. In the same way, experimental yeast presented the appropriateness
for the ethanolic yield model (14.51 F, 0.0001 p valus) and non-significant lack of fit (0.61 F, 0.7014 p values). There
is a 70.14 % chance of occurring of noise due to "Lack of Fit F-value". The 3.27 F values inferred the standard yeast
model significance for the second response i.e., ethanolic titer while the experimental yeast implied the non-significance
by 2.26 F value (Table 7). The regression analyzed data for various coefficients, adequate precision, and C.V were
narrated in Table 8. The validity of the standard yeast yield model was verified by 0.9379 (R?) and 0.8821 (Adj R-sqrd).
The factors of the model corresponded with 15.33 adeq. Prec. and 9.81 C.V. Similarly, R-sgrd (0.9539), Adj R-sqrd
(0.9124), Adeq. Prec (17.29), and CV (7.95) presented the yield model suitability for experimental yeast. For the
ethanolic titer via standard yeast, the values of R-sqgrd, Adj R-sqgrd, and Adeq. Prec were 0.7466, 0.5186, and 6.491.
On the other hand, R-squared, Adj R-square, and adeq. Prec values for the experimental yeast were 0.6702, 0.3733,
and 4.935.

Table 6. Responses to different parameters in CCD model for molasses hydrolyzate fermentation.
Runs Variables Standard yeast Experimental yeast

M.H/S.M* Incubation Temp Ethanolic Ethanolic Ethanolic Ethanolic
mL (X) Days (Y) °C (2) Yield Titer Yield Titer
1 50/45 8 45.11 0.29+0.01  13.01+0.11 0.21+0.01 14.29+0.05
2 25/70 1 40 0.20+0.10 12.6+0.01 0.23+0.02 13.2+0.01
3 75/20 1 40 0.26+0.01 12.4+0.02 0.22+0.01 13.36+0.01
4 25/70 15 40 0.21+0.02 14.13+0.04 0.28+0.10 15.21+0.01
5 75/20 15 25 0.25+0.10 13.21+0.03 0.18+0.05 14.35+0.10
6 7.96/87.04 8 325 0.17+0.01 11.79+0.08 0.13+0.15 12.17+0.01
7 75/20 1 25 0.12+0.01 12.09+0.07 0.15+0.09 13.32+0.02
8 50/45 8 325 0.28+0.10 14.29+0.08 0.25+0.10 15.28+0.10
9 25/70 15 25 0.23+0.10 14.79+0.01 0.24+0.07 15.23+0.01
10 50/45 8 19.8 0.18+0.01 13.09+0.10 0.14+0.01 14.28+0.10
11 50/45 19.7 325 0.26+0.10 12.85+0.11 0.21+0.10 13.26+0.02
12 50/45 8 325 0.27+0.02 14.91+0.02 0.28+0.11 15.97+0.01
13 50/45 -3.77 325 0.16+0.02 10.27+0.07 0.13+0.08 11.26+0.02
14 50/45 8 325 0.32+0.01 15.32+0.02 0.33+0.02 16.78+0.10
15 50/45 8 325 0.27+0.01 14.28+0.03 0.30+0.02 5.27+0.01
16 92.0/3.0 8 325 0.19+0.02 10.33+0.06 0.13+0.06 10.39+0.01
17 50/45 8 325 0.28+0.00 14.31+0.09 0.31+0.02 15.28+0.00
18 25/70 1 25 0.17+0.02 12.32+0.11 0.19+0.06 13.17+0.00
19 50/45 8 325 0.29+0.01 15.02+0.70 0.28+0.01 16.29+0.02
20 75/20 15 40 0.17+0.01 13.36+0.21 0.25+0.11 14.37+0.01

*Ratio of molasses hydrolyzate (M.H) and synthetic medium (S.M). Yeast inoculum 5% was added in each run to make
the fermentation medium volume up to 100 mL.

Validation of Optimized Parameters of Fermentation by CCD Model

Predicted optimum factors for ethanolic yield (g/g) and titer (g/L) for both yeasts were 0.31, 15.64 (K7) and 0.34, 16.55
Experimental findings for ethanolic yield and titer was enhanced when predicted conditions were applied for an
experiment (Table 9).

Interrelationship of Different Variables for Ethanolic Yield Model

The interrelationship of factors for both yeasts were presented by the following equations:

Ethanolic Yield response for K7 yeast = +0.30+0.088X-0.0034Y+0.0058Z-0.024X2+0.00407Y2+0.005384Z2+0.005XY-
0.015XZ-0.0075YZ+2.833
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Ethanolic Yield response for Y34 yeast = +0.31+0.084X+0.013Y-0.004Z-0.025X?-0.00538Y2-0.0058472-
0.00875XY+0.011XZ-0.00375YZ+3.083
Positive and negative signs in the equations represent the antagonistic and synergistic effects on the response.

Table 7: Analysis of variance for responses in CCD model for molasses hydrolyzate fermentation

Responses Yeasts Source*  Sum of squares D.F Mean of square F value P value

Mod 0.071 9 7.854 57.31 <0.0001 S*
Res 1.370 10 1.370

- Standard yeast LOF 1.087 5 2.174 3.84 0.0832 NS*

.0_; PE 2.833 5 5.667

Q CT 0.072 19

2 Mod 0.065 9 7.189 14.51 0.0001 s

2 Res 4.955 10 4.955

L Experimental yeast LOF 1.872 5 3.743 0.61 0.7014 NS
PE 3.083 5 6.167
CT 0.70 19
Mod 13.99 9 1.55 3.27 0.0393 S
Res 4,75 10 0.47

< Standard yeast LOF 4,73 5 0.95 227.33 <0.0001 S

= PE 0.021 5 4.160

o CT 18.74 19

2 Mod 16.69 9 1.85 2.26 0.1103 NS

2 Res 8.22 10 0.82

L Experimental yeast LOF 8.20 5 1.64 391.51 <0.0001 S
PE 0.021 5 4.187
CT 2491 19

*Mod-Model, Res-Residual, LOF-Lack of fit, PE-Pure error, CT-Cor total, *S-significant, NS-Non significant

Table 8. Analysis of regression for responses in CCD model for molasses hydrolyzate fermentation.

Responses Yeasts *C.V* Press *R Sqr *Adj R sqr *Pred R sqr *Ad pr
Ethanolic Standard yeast 9.81 0.043 0.9379 0.8821 0.6584 15.33
yield Experimental 7.95 0.019 0.9539 0.9124 0.8315 17.290

yeast
Ethanolic Standard yeast 24.21 35.74 0.7466 0.5186 -0.9267 6.491
Titer Experimental 31.76 61.99 0.6702 0.3733 -1.4884 4.935
yeast

*C.V-coefficient variation, R Sqgr-R square, Adj R sqgr-Adjusted R square, Pred R sqrd-Predicted R square, Ad pr-
adequate precision. (Y34) under hydrolyzate/synthetic medium-75/20 mL, 32.5°C for 8 days.

Table 9: Optimum molasses fermentation responses to validate the predicted values of CCD model.

Responses and yeasts Experimental value Predicted value *Residual *% Error
Ethanolic yield K7 0.35+0.05 0.31 0.04 11.4
Ethanolic yield Y34 0.36+0.09 0.34 0.02 5.55
Ethanolic titer K7 15.82+0.13 15.64 0.18 3.19
Ethanolic titer Y34 16.89+0.29 16.55 0.34 2.05

*Residual = Exp. value — Pred. value, *Error = Residual / Pred. value *100

DISCUSSION

Being an agrarian country, Pakistan generates enormous amounts of crop waste throughout the year. Certain crop
juices that contain free sugar can be used directly to produce bioethanol. Sugarcane, sugar beet, and sweet sorghum
are certain sugar-based feedstocks whose sugars especially glucose/other monomers are fermented microbially to
produce ethanol. Among these crops, molasses is generated as a byproduct of sugar synthesis process and is
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considered as a promising sugary feedstock for ethanologenesis. A considerable amount of fermentable sugars, mostly
fructose and glucose, are present in molasses. Either bacteria or yeast can ferment these sugars to produce ethanol.
Sugarcane molasses, a waste product of sugar processing, is the only substrate used in Pakistan to produce ethanol
(Driouch et al., 2010; Solomon, 2011). Molasses is widely used for the industrial production of bioethanol in Brazil. One
limitation is that the higher molasses concentration results in less ethanol being produced because of osmotic pressure
(Barbosa et al., 2016).

The present study focuses on the conversion of non-fermentable sugar-sucrose in molasses employing B. cereus FA3
invertase potential for enzymatic hydrolysis. The invertase/sucrase potential of selected bacterium was determined to
be 0.629+0.015 IU. Invertase or beta-fructo furanosidase is involved in catalysis of sucrose hydrolysis to D-fructose
and D-glucose (equimolar) and forming inverted sugar as an outcome. In the current study, the pH and temperature
with efficient activity were noted as 5 and 30 °C. From the literature, it was found that bacterial invertases exhibited
activity in all pH i.e., acidic, neutral, and alkaline with an optimum of 4.5 pH (Toledo et al., 2019). Bacteria are
considered as the main source for the production of intracellular and extracellular invertases though other sources are
animals, plants, yeasts, and fungi. Among bacteria, invertase Actinomycetales (Anthrobacter, Streptomyces,
Brevibacterium), and some Bacillus strains are the best examples of invertase producers. Bacillus cereus is capable
of producing invertase due to better safety, efficiency, and scalability (Yoon et al., 2007).

In this study, the Placket-Burman design (PBD) was followed by CCD of response surface methodology (RSM) to
optimize conditions for ethanol production. Placket-Burman and central composite models are widely used by
researchers for screening and optimization of experimental factors (Yan et al., 2011; Awad et al., 2013). Maximum
sugars viz 81.23+ 0.26 g/L (reducing sugars), 204.65 + 2.99 g/L (total sugars) were observed at 5 pH, 30 °C, 12 IU
enzyme dosage, 50% molasses substrate when hydrolyzed for 5 days. Yun et al. (2002) and Khandekar et al. (2014)
described the higher hydrolytic activity of invertase enzyme at lower concentrations of substrate. The pH 5 is
considered as the best pH for the efficient activity of invertase in Aspergillus niger (Manoochehri et al., 2020). Similar
results were found in the present hydrolysis experiment. The values of maximum reducing sugars in the study varied
from the findings of Yan et al. (2011) where 164.8 g/L reducing sugars at 4.82 pH, 55 °C and 142.2 IU glucoamylase
load. The values of total sugars were in agreement with the finding of 22.17 +0.66 % after pretreatment with sulphuric
acid in cane molasses (Raharja et al., 2019). Pretreatments are considered as the best techniques to increase the
sugar contents by converting polymeric unit into monomers (Jayanti et al., 2019).

From CCD models in current study, maximum ethanolic yield and titer was noted as 0.35+0.05, 5.82+0.09 (K7) and
0.36+0.09, 6.89+0.29 (Y34) under optimized conditions viz 75/20 mL hydrolyzate and synthetic medium, 32.5 °C and
8 days. Shankar et al. (2015) employed RSM, which is based on the central composite design, to maximize the ethanol
production process of S. cerevisiae MTCC 170 at 35 °C, and 4% glucose with 10% ethanol yield. The ethanol yields
were consistant with the findings of Hawaz et al. (2024) that were 0.33 g/g of ethanol yield with S. cerevisiae isolate
TA2 and 0.30 g/g with Wickerhamomyces. anomalus isolate HCJ2F under laboratory conditions. The findings of Yadav
et al. (2011) and Naito et al., 2019 were corroborated our finding of ethanol yield who observed7.5 g/L ethanol titer, a
yield of 0.3 g/g and 7.6 g/L by S. cerevisiae OVB11 and S. cerevisiae H28 respectively. The selection of a better
substrate for fermentation is worth considering for better end-product production. The yeast isolates converted the
sugar monomers into ethanol and carbon dioxide in a fermentation medium (Vasconcelos, 2015; Raharja et al., 2019).
In fermentation experiments, the substrate concentration is one of the main factors that can affect cell growth, end-
product formation, and yeast cell metabolism (Grahovac et al., 2016). A high concentration of substrate will inhibit cell
growth. The present finding showed the maximum values at a 3:1 ratio of substrate with synthetic medium and yeast
inoculum. Ergun and Mutlu (2000) observed cell inhibition at 40% substrate concentration in beet molasses
fermentation. High sugars repress the enzymes in the fermentation pathways of yeast and slow down the conversion
of sugars into ethanol as low ethanol titer was seen in the experiment with high hydrolyzate concentration (Zohri and
Mostafa (2000); Reddy and Reddy (2006). The high sugar contents in the fermentation medium inhibited the yeast
cells' ability to use sugar. The ethanolic yield in the current study by M. cibodasensis Y34 and S. cerevisiae K7
corroborated the finding of Chaudhary et al. (2024) with the mango juice by following the CCD model. Predicted values
from the software were validated experimentally. Santiago Urbina et al. (2011) successfully enhanced ethanol
production up to 8% by adhering to the model’s predicted parameters. Statistical models such as Plackett Burman and
Central composite designs are considered as efficient screening and optimization tools by saving time and reducing
the number of experiments.
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CONCLUSION

It was concluded that the highest reducing sugars by Bacillus cereus FA3 hydrolyzed molasses were 75.52+0.019 g/L.
After eight days of fermentation, the yeast Metchnikowia cibodasenis Y34 produced a maximum ethanol yield of
0.36+0.09 g/g sugar consumed. Both Bacillus cereus FA3 and Metchnikowia cibodasensis Y34 are anticipated to be
ethanol tolerant and possess a positive waste-to-bioethanol conversion potential. By utilization of non-fermentable
sugars, there is a fair margin to increase ethanol yield per ton of molasses.
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