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Production of Ethanol from Apple Peels using Acid Hydrolysis and Fermentation
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The increased reliance on food-based feedstock for bioethanol production has intensified
concerns related to food security and environmental sustainability. Ethanol is produced
from sugar and starchy materials like sugarcane, sugar beet, corn, and wheat. A greater
dependence on these crops contributes to the global food crisis. Around 6.96 million
tons of fresh fruits are produced in Pakistan, including 0.54 million tons of apples
annually. As a result, a massive amount of fruit waste is generated, which is often
discarded openly, leading to adverse environmental impacts. This work subjected apple
peels to acid hydrolysis and fermentation for ethanol production. The parameters of acid
hydrolysis such as particle sizes (149, 210, 297, 590, and 2000 um), solid loadings (3,
6, 9, 12, and 15 grams (gm)), acid concentrations (4, 8, 12, 16 and 20%), and the
hydrolysis time (1, 2, 3, 4 and 5 hours) were investigated. The results showed that the
maximum sugar of 15.4° Brix was obtained at 9 gm per 50 mL of solid loading with a
particle size of 297 um at a 12% acid concentration in 2 hours of incubation time. The
fermentation of apple peel hydrolysate yielded 2.0% (v/v) ethanol. Thus, the results
suggested that apple fruit waste can be a potential feedstock for ethanol production.
Furthermore, it indicated that bioethanol could be produced from a waste resource,
which can help to meet the current energy demands and reduce environmental pollution.
This approach not only provides a value-added utilization of agro-industrial waste but
also contributes to renewable energy generation, reduced environmental pollution, and
decreased dependence on fossil fuels.

1. Introduction

present, the ethanol production from biomasses is the
best-established process for conversion of biomass to

The growing population has diverted the world to
industrialization, which increased fossil fuel
consumption, depleted the fossil fuel reserves, and
adversely impacted the environment [1]. The energy
consumption and demands are increasing day by day
[2]. The world utilized 88.5 million barrels per day of
oil in 2020 [3]. According to expectations, utilization
will be 115 million barrels in 2040. The transport
sector consumes 57% of liquid fuel, which is the major
contributor to COx, SOx, and NOx emissions [4].

The bioethanol production was biomass started from
Brazil and the United States in the early 1970s. At

energy. Pakistan is a growing economy globally,
where 80% of the population experiences an
electricity shortfall of 8 to 10 hours per day in the
summer season. According to a study [4], only 60% of
the total population has access to electricity. Fossil
fuel accounted for 80% of the total energy
consumption [4]. Usually, people use biomass as a fuel
source for (cooking and heating) in the villages [4].
The government strives to decrease oil consumption
and increase reliance on coal or alternate resources.
This fossil fuel consumption has also rendered adverse
environmental impacts like global warming and
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climate change [5]. Pakistan needs an indigenously
produced liquid fuel to meet energy requirements in
this scenario.

Ethanol is a sustainable, non-toxic liquid fuel that
burns cleanly and decreases greenhouse gas
emissions. It reduces the environmental damage
caused by gasoline combustion. It could be a feasible
solution to meet Pakistan’s energy, economic and
ecological challenges. It can withstand as an alternate
transportation liquid fuel, potentially decreasing the
dependence on fossil fuels and setting up a supportive
back to the economy.

In the past, ethanol was produced only from sugar and
starchy materials such as sugarcane, sugar beets, and
maize [6]. More dependence on these crops resulted in
global food shortages affecting the food supply chain.
Furthermore, the price of ethanol feedstocks (corn,
sugarcane, sugar beets, potato, wheat, etc.) was also
increased [7]. Therefore, these crops cannot meet the
worldwide ethanol demand due to their primary value
in food and feed [6].

Pakistan is an agricultural country where fruit crops
are cultivated up to 7466228 hectares [8]. According
to a study, the fruit production is 6.96 million tons,
including 0.54 million tons of apples [8]. A large
quantity of fruit is utilized in food processing
industries to produce jam, jellies, pickles, and fruit
juices. Thus, a considerable amount of waste is
generated, which is dumped in the landfills or rejected
by the environment [3]. Inadequate dumping of such
waste could also threaten the groundwater where the
water table is high. Also, it is an ecological burden to
the environment [9].

This study focuses on bioethanol production from
apple peels via acid hydrolysis and fermentation. The
acid hydrolysis parameters, such as acid
concentration, hydrolysis time, particle size, and solid
loading, were investigated for maximum
saccharification and ethanol production. Being cost
intensive in nature, the treatment of the waste
adversely affects the cost of production apple peels
and hence it is generally dumped as a waste. So, the
production of bioethanol is one of the promising
methods to overcome fossil fuels.

2. Materials and Methods
2.1 Collection of Raw Material

The experimental procedure of this work is depicted in
Fig. 1. The 4 kg peels of Fuji and Gaja, apple fruit, in

mixed form, were collected from a juice shop of the
local market at Nawabshah, Pakistan. The
physicochemical properties of apple peels are
mentioned in Table 1. Laboratory scale concentrated
HCI and KOH were purchased from Sigma Aldrich,
whereas a 10% KOH solution was prepared in the
laboratory. Baker’s yeast (Saccharomyces cerevisiae)
dried powder was purchased from the chemical shop,
and the culture was grown in an Erlenmeyer flask and
stored at 40C [3,10].

Collection of
Peels

Drying Grinding Sieving

Acid
Hydrolysis

pH Adj Fermentation Ethanol

Fig. 1: Process flow chart
2.2 Experimental Procedure
2.2.1  Substrate Preparation

The apple peels were chopped and subjected to
grinding in a grinder of model number D-545. Sieve
analysis of ground peels was performed to separate in
different particle sizes of 2000, 590, 297, 210, and 149
um of the mesh numbers 10, 30, 50, 70, and 100,
respectively, using a sieve shaker Model. No. 881205
(Heiko Seisakusho). Different-sized particles of apple
peels were collected and stored for acid hydrolysis.

2.2.2  Acid hydrolysis

Acid hydrolysis of dried ground apple peels was
performed at 750C, with fixed agitation of 120 rpm as
suggested by Gebregergs et. al. [11]. Different
substrate loadings with five different particle sizes of
mesh 10, 30, 50, 70, and 100 were added in 50 mL
distilled water at five different acid concentrations to
prepare the samples. Each sample was run for 5 hours.
Hourly readings were taken to observe the sugar
contents. After the hydrolysis, the pH of the solutions
was adjusted to 4.9, using a 10% KOH solution. The
solution was filtered to remove insoluble particles
according to the method reported by Parthiban et. al.
[12]. The sugar contents of the solution were checked
through the digital Brix meter (model TK-1022).

2.2.3  Yeast Fermentation

The Baker’s yeast (Saccharomyces cerevisiae) is a
micro-organism that can convert sugar to ethanol and
carbon dioxide via the fermentation process [13,14].
Baker’s yeast (Saccharomyces cerevisiae) culture was
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grown by adding 5 gm of yeast powder in 50 mL
distilled water along with 2 mL of H3PO4, 1 mL of
H2S04, and 5 gm of urea in a round bottom flask [15].
Then the solution was kept for agitation at 120 rpm for
36 hours at a temperature of 290C [1,3]. Later, 10 mL
of mature culture was transferred to the maximum
saccharified sample for fermentation. The
fermentation was carried out at 330C, 120 rpm, and
pH 4.9 [16]. After the fermentation, the ethanol
content of the solutions was analyzed using an
ebulliometer with its calculating dial [17].

3. Result and Discussion

3.1 Physio-chemical Characteristics of Apple Peels

The composition of apple peels is shown in Table 1,
which was taken from the literature [10]. Similar
pieces of apple fruit peels were taken for this work.
Apple peels contained carbohydrate material that
could be solubilized to fermentable sugar. The degree
of hydrolysis and its parameters (particle size, acid
concentration, solid loading, and hydrolysis time)
were investigated in the experimental work.

Parameters Range
Moisture (%) 89.07-90.27
Lipids (%) 0.18-0.35
Proteins (%) 0.30-1.28
Ascorbic acid (%) 0.317-0.322
Fiber (%) 0.87-2.08
Carbohydrates (%) 6.5-9.34
Reducing sugar (%) 0.29-0.97
Total soluble sugar (Brixo) | 6.76-6.86
Ash (%) 0.29-0.63
pH 3.53-3.61
All the values are in weight % as per 100 gm of
dried sample except soluble sugar and pH.

Table 1: Physio-chemical characteristics of apple
peels [10]

3.2 Acid hydrolysis of apple peels

Table 2 shows the results of sugar yield after 1 hour of
hydrolysis. It can be observed that all particle sizes of
apple peels were hydrolyzed slowly for lower acid
concentrations, while the degradation was faster at the
high acid concentrations. For the particle size of 2000
um, the sugar contents were 1.7°, 2.1°, 2.7°, 3.2°, and
3.3° Brix at acid concentrations of 4, 8, 12, 16, and 20
% (v/v) respectively, with substrate loading of 3 gm.
Thus, the sugar contents increased with the increased
acid concentration for all the substrate loadings and
particle sizes. The maximum sugar of 7.2° Brix was
achieved at 20% (v/v) acid concentration with 297 pym
particle size and 9 gm substrate loading.

The second-hour results of hydrolysis are shown in
Table 3. It can be observed that the peels were
hydrolyzed rapidly. For the particle size of 2000 pum,
sugar yield was increased to 26, 30, 29, 22, and 28%
at 4, 8, 12, 16, and 20% (v/v) acid concentrations,
respectively, with substrate loading of 3 gm. For the
same particle size, at 4% acid concentration, the sugar
yield was increased to 26, 34.5, 58.3, 60.8, and 52%
for the substrate loadings of 3, 6, 9, 12, and 15 gm,
respectively. Results showed that the high solid
loading requires more acid to degrade. Whereas, the
maximum sugar content of 15.4° Brix was achieved
after 2 hours at 12% (v/v) acid concentration, 297 um
(mesh 50) particle size, and 9 gm substrate loading.

The third-hour results are shown in Table 4. It can be
observed that maximum hydrolyzation occurred
within two hours. For the particle size of 2000 um, an
increase in sugar yield was observed with prolonged
hydrolysis time. Specifically, at a solid loading of 3 g,
the sugar yield increased from 26% to 32%; at 6 g,
from 34.5% to 42.4%; at 9 g, from 58.3% to 60%; at
12 g, from 60.8% to 63.3%; and at 15 g, from 52% to
58.6% However, the hydrolysis in the solutions of 3,
6, and 9 gm of mesh 50, 70, and 100 was stopped in
the third hour. Sugar yield achieved 15.7° Brix at 9 gm
substrate loading for mesh 50 at 12% acid
concentration. Thus, the maximum sugar yield was
2% more than achieved in the second hour. In contrast,
further increments in acid concentrations lowered the
sugar yield. As in the case of particle sizes 590 um and
297 um with 6, 9, and 12 gm solid loading, the sugar
yield almost decreased with the increase of acid
concentration (Table 4).

Hydrolysis almost stopped during the third hour for
most of the conditions. However, during the fourth
hour, it proceeded to high substrate concentrations of
12 and 15 gm (Table 5). The sugar yield was slightly
increased up to 4%. However, the sugar contents were
decreased for the lower solid loadings (3, 6, 9 gm) at
smaller particle sizes of mesh 50, 70, and 100. Thus,
the hydrolysis process almost stopped after the third
hour.

The analysis results of the fifth hour hydrolysis time
are shown in Table 6. The sugar contents were reduced
for all particle sizes, substrate loadings, and acid
concentrations. The organic components of peels
deteriorated as they were kept in an acidic
environment for a long time. This is also in agreement
with Cui et. al. [18].

Since multiple factors affect the rate and extent of
hydrolyzation, such as particle size, acid
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concentration, substrate concentration, and reaction creased over time until the first 2 hours. However, a
time. Fig. 2(a) shows the effect of substrate further increase in the hydrolysis time resulted in
concentration and hydrolysis time. The maxi-mum

sugar yielded at an acid concentration of 12% and 149

um particle size. It shows that sugar production in-

Table 2: First-hour hydrolysis results
Particle size Mesh 10 (2000um) Mesh 30 (590pum) Mesh 50 (297pm)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15
4% HCI 1.7 [ 1.9 2° 18 [ 12° [ 22° | 34" | 42" [ 3.3 25 | 27| 38 | 41 | 37 | 3.1°
8% HCI 21" [ 24| 26" | 22" [ 15 | 31 | 41° [ 52| 46" | 36" [ 3.8 5 5.9° 5 [ 4.1
12% HCI 27 [ 31132 | 29 [16° ]| 36" | 45 |54 |52 [ 41 4° 53 [ 6.8 |58 |49
16% HCI 32° |35 (38 |33 [19 |37 | 47 [58 [53 | 42 (44 |57 |69 |59 |53
20% HCI 3.3 | 3.6° 4° 3.2° 2 39" | 51 162 [ 56" | 44" |46° | 58 | 72 |62 |56

Mesh 70 (210um) Mesh 100 (149um)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15
4% HCI 2.5° 3.1° 3.9° 3.4° 2.9° 2.3° 2.7° 3.6° 3.2° 1.8°
8% HCI 3.4° 4.3 5.3° 4.5° 3.6° 2.9° 3.9° 4.9° 4.2° 3
12% HCI 4° 4.4° 6.2° 5.2° 4.1° 3.3° 4.1° 5.2° 4.5° 3.7
16% HCI 4.2° 4.9° 6.3° 5.4° 4.6° 3.6° 4.4° 5.6° 4.7° 4.2°
20% HCI 4.5° 5.4° 6.7° 5.7° 4.9° 3.8° 4.4° 5.9° 5.1° 4.6°

Table 3: Second-hour hydrolysis results
Particle size Mesh 10 (2000um) Mesh 30 (590um) Mesh 50 (297um)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15
4% HCI 23 |29 [ 48 [ 46° | 25 | 31° | 3.7 5° 4° |37 [35 142 | 52 4.1° 3.7
8% HCI 3 35° 163 | 57 [33 |39 [49 |74 [66° |56 [43 |65 | 7.9 6.4° 5.5°
12% HCI 3.8 | 44 | 8.1° 7 45 | 46° [ 65 | 12° [ 85 | 7.2° [51°]|76° | 1564 9.2° 7.3
16% HCI 41° [ 657 | 87 | 79 [56° | 48 [ 67 | 11° [ 94 | 76" [47 |72 | 123 | 104" | 8.7
20% HCI 46° [ 64 | 94" | 82 [62° | 47 [ 65 | 100 [ 98 | 8 [42° 169 | 11.6° 11° 9.2°

Mesh 70 (210um) Mesh 100 (149um)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15
4% HCI 3.2° 3.5° 4.8° 3.5° 3 2.7° 3.4° 4.4° 4.5° 2.8°
8% HCI 3.9° 5.2° 7 5.5° 4.8° 3.4° 4.1° 6.7° 6° 5°
12% HCI 4.4° 6.7° 13.1° 8° 6.5° 3.9° 6° 11.7° 8.3° 6.9°
16% HCI 4.1° 6.5° 9.7 9.9° 8 3.5° 4.9° 10.8° 9.4° 8.2°
20% HCI 3.8° 5.9° 9.3° 10.1° 8.7 3.1° 4.2° 10.2° 9.3° 9°

Table 4: Third-hour hydrolysis results
Particle size Mesh 10 (2000um) Mesh 30 (590pm) Mesh 50 (297pum)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15
4% HCI 25" | 3.3 5 49 [29° | 32° | 41 |53 [48 |42 | 36" | 46" [ 5.6 4.4° | 3.9°
8% HCI 32" |47 [ 65 | 62 [39°| 42° | 53 |78 [72°]168 | 45 | 68 | 82 6.5° [ 59°
12% HCI 3.9° 6 9.8 [ 85" | 5° 4.9° 7 13 [ 9 |76 | 62 |79 [ 157 | 9.7 | 79
16% HCI 43 |59 |91 |87 [58 | 47 [ 69 [10° |97 |86 [ 47 [75 | 124 | 107" [ 9.1°
20% HCI 367 | 65 [ 88 |84 |64 | 44 | 66" |98 |99 [89 | 4 7.3° | 10.9° | 10.8° | 9.4°

Mesh 70 (210pm) Mesh 100 (149pum)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15
4% HCI 3.3 3.6° 5.3° 3.9° 3.3 2.8 3.6° 4.7 4.8° 3.5°
8% HCI 4.2° 5.5 7.5 5.9° 4.9° 3.6 4.7° 7 6.4° 5.7
12% HCI 4.6° 6.9° 13.2° 8.6° 7.1° 4° 5.9° 12.1° 7.8 7.7
16% HCI 45 6.9° 9.9° 10.1° 8.6 3.7 5.9° 11° 8.9° 8.8
20% HCI 4 6 9.6° 10.2° 9.1° 34 5.7° 10.4° 9.8 9.5

Table 5: Fourth-hour hydrolysis results

Particle size Mesh 10 (2000pm) Mesh 30 (590pum) Mesh 50 (297pm)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15
4% HCI 24" [31° 49 |52 131 |31 |42 5.4° 4.7° [ 3.9° | 3.2° | 44 5.3° 4.5° 4.3°
8% HCI 28 146" 163 |66 |43 4° 5.5° 7.6° 7 59° [ 41 | 6.6° 8 6.6° 6.2°
12% HCI 3.6° |58 |97 9° 52° |47 | 68 [ 125 |97 | 7.7 | 46° |75 | 15.2° 9.9° 8.5
16% HCI 36° |67 [91]92° | 6 44 (67 103 |99 | 79" [45 | 7.1° 12° 10.8° 9.3°
20% HCI 35154 |87 |87 |65 |43 (61| 94 |92 [82 [35 | T 10.4° 11° 9.7°
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Mesh 70 (210pm) Mesh 100 (149um)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15
4% HCI 3.2° 3.3 4.6° 3.9° 3.4° 24 3.2° 4.1° 4.9° 3.6°
8% HCI 4 5.1 7.1° 6 4.9° 3.3 4.4° 6.6° 7 5.9°
12% HCI 4.1° 6.4° 12.8° 8.8 7.3 3.6° 5.5° 10.8° 10.3° 8
16% HCI 4 6.5° 9.3° 10.7° 8.9° 3.3° 5.2° 10.1° 9.6 9.5
20% HCI 3.3 5.4° 9.2° 10.5° 9.5° 3.1° 5 9.1° 8.5 9.6°

Table 6: Fifth-hour hydrolysis results

Particle size Mesh 10 (2000um) Mesh 30 (590pum) Mesh 50 (297pm)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15
4% HCI 18° | 20 | 38 [ 33 [13 [ 14 | 27 |36 |23 |27 |21 [27 | 3.0 31° | 2.1°
8% HCI 19° |33 | 44 [ 46" [ 19 [ 24 | 36" |51 |46° |41 | 26° [39 | 53 4.7 | 3.8
12% HCI 27 |38 | 73 | 67 | 21 | 28 [ 49 [10 |68 [54 |32 |42°| 115 | 82" | 56°
16% HCI 23 |39 |68 | 61 |34 |27 [47 |71 |73 [48 |27 |51 | 93 9.1° | 6.9°
20% HCI 24" |34 | 61 | 65 | 267 | 20 [ 40 [65 |68 [51°]15 |49 | 7.7 9.2 | 7.6°

Mesh 70 (210pm) Mesh 100 (149um)

Solid loading (gm/50mL) 3 6 9 12 15 3 6 9 12 15
4% HCI 1.4° 1.9° 2.8 2.7° 1.8° 1.1° 2.1° 24 3.6° 2.0°
8% HCI 1.9° 3.0° 4.7° 3.9° 2.6° 1.5° 1.3° 3.2° 4.5° 3.6°
12% HCI 1.9° 3.7 8.9° 5.9° 5.2° 1.9° 2.9° 6.9° 7.9° 5.7
16% HCI 2.3° 3.2° 6.2° 7.9° 6.3° 1.4° 2.7 5.8 7.1° 6.8
20% HCI 1.6° 2.9° 5.8 8.6° 6.7° 1.4° 2.6° 5.2° 7.5° 6.4°

reduced sugar contents. This could be attributed due to
the catalytic activity of HCl at an optimum
concentration which improved the rate of hydrolysis.
In contrast, no significant increase in sugar yield was
observed beyond 2 hours.

Since multiple factors affect the rate and extent of

hydrolyzation, such as particle size, acid
concentration, substrate concentration, and reaction
time. Fig. 2(a) shows the effect of substrate
concentration and hydrolysis time. The maximum
sugar yielded at an acid concentration of 12% and 149
um particle size. It shows that sugar production
increased over time until the first 2 hours. However, a
further increase in the hydrolysis time resulted in
reduced sugar contents. This could be attributed due to
the catalytic activity of HCl at an optimum
concentration which improved the rate of hydrolysis.
In contrast, no significant increase in sugar yield was

observed beyond 2 hours.

As shown in Fig. 2(b), particle size also affected the
sugar contents. The maximum hydrolyzation was
achieved at 297 pm while larger particles declined the
sugar yield. At 2000 um particle size, sugar yield was
3.8°,4.7°,5.1°,4.5 °, and 3.9° against the substrate
loading 3, 6,9, 12, and 15 gm, respectively. Maximum
production was achieved at 9 gm loading, where the
sugar yield was observed at 5.1°,7.1°,15.5°, 15.8°, and
15.3° against the particle size 2000, 590, 297, 210, and
149 pum respectively.

Acid concentration also has affected sugar yield
during hydrolysis (Fig. 2 (c)). At the optimum solid
loading and particle size of the substrate, the
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maximum sugar yield was achieved at a 12% acid
Therefore, the optimum acid
concentration was 12% against 9 gm solid loading
with 297 pum particle size.

concentration.

Thus, 9 gm substrate concentration of 297um particle
size at 12% acid concentration for 2 hours hydrolysis
time yielded maximum sugar of 15.40 Brix. The
sample above was then subjected to the fermentation
process.

3.3 Fermentation of the Hydrolysate

The hydrolysate mixture of apple peels with the
highest sugar was neutralized before being subjected
to fer-mentation. Then grown yeast culture was
transferred to a hydrolysate mixture. The fermentation
was performed for 36 hours in the round bottom flask
at 33°C and 120 rpm. The fermentation process
yielded 2% v/v ethanol in the hydrolysate mixture
separated by distillation. Different researchers used
various fruit peels for ethanol production. Oberoi et.
al. [19] used orange peels and produced 0.46 gm/gm
ethanol per substrate consumed. Abidin et. al. [20]
used cassava peel (Manihot esculenta) and obtained
3.58 % v/v bioethanol. Mushimiyimana and
Tallapragada [21] used carrot, onion, potato, and sugar
beet peel and achieved ethanol production of 2.2, 14.4,
15.3, and 17.3%, respectively. In addition, Saleem et.
al. [22] used Pomegranate waste peels and achieved
0.42 £ 0.08 gm/gm ethanol per substrate consumed. In
this study, apple peels yielded 15.7° of sugar via acid
hydrolysis and 2% v/v ethanol during the fermentation
process.
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Fig. 2: Effect of (a) hydrolysis time, (b) particle size, and (c) acid concentration on sugar yield during acid
hydrolysis of apple peels at different solid loadings.

4. Conclusion

The effect of different parameters such as particle
sizes (149, 210, 297, 590, and 2000 pm), solid
loadings (3, 6, 9, 12, and 15 gm/50 mL), acid
concentrations (4, 8, 12, 16 and 20%), and the
incubation time (1,2 3, 4 and 5 hours) was investigated
during the acid hydrolysis of apple peels. The apple
peel hydrolysate was also subjected to fermentation
for bioethanol production. The results showed that the
maximum sugar content of 15.4° Brix has achieved at
9 gm solid loading per 50 mL, with a particle size of
297 um at 12% acid concentration in a 2-hour
incubation time. The fermentation of apple peels
hydrolysate yielded 2.0% v/v ethanol. The study's
findings suggest that lower solid loadings can yield
high sugar contents with a high rate of hydrolysis.
Furthermore, the larger particle size of peels produced
less sugar with a long hydrolysis time. In addition, the
exposure of peels to the acid for an extended time at
high temperatures can deteriorate peels' organic
contents, resulting in less sugar content. The study
suggests fruit peels from the food industry as the
potential ~ feedstock for ethanol production.
Furthermore, it provides an insight into bioethanol
production from waste resources. This can help meet
the current energy demands with less economic
burden and minimize environmental pollution.

Acknowledgment

Not available

Reference

[1] Ye Sun and Jiayang Cheng, "Hydrolysis of
lignocellulosic materials for ethanol production: a

review,” Bioresource technology.Vol. 83, No.l, pp. I-
11, 2002.

[2] Abdur Raheem, Mohammad Yusri Hassan and
Rabia Shakoor, "Bioenergy from anaerobic digestion
in Pakistan: Potential, development and prospects,”

Renewable and Sustainable Energy Reviews.Vol. 59,
pp. 264-275, 2016.

[3] In Seong Choi, Yoon Gyo Lee, Sarmir Kumar
Khanal, Bok Jae Park and Hyeun-Jong Bae, "A low-
energy, cost-effective approach to fruit and citrus peel
waste processing for bioethanol production,” Applied
Energy.Vol. 140, pp. 65-74, 2015.

[4] Hans-Wilhelm Schiffer, Tom Kober and Evangelos
%J Zeitschrift fiir Energiewirtschaft Panos, "World

energy council’s global energy
2060.”Vol. 42, No.2, pp. 91-102, 2018.

scenarios o

[5] Muhammad Imran Qureshi, Usama Awan,
Zeeshan Arshad, Amran Md. Rasli, Khalid Zaman and
Faisal Khan,
consumption, air pollution, greenhouse gas emissions

"Dynamic linkages among energy

and agricultural production in Pakistan: sustainable
agriculture key to policy success,” Natural
Hazards.Vol. 84, No.1, pp. 367-381, 2016.

© Aror University of Arts, Architecture, Design & Heritage, Sindh 2025 27



[6] Anubhuti Gupta and Jay Prakash Verma,
"Sustainable bio-ethanol production from agro-
residues: A review,” Renewable and Sustainable
Energy Reviews.Vol. 41, pp. 550-567, 2015.

[7] Farid Talebnia, Dimitar Karakashev and Irini
Angelidaki, "Production of bioethanol from wheat
straw: An overview on pretreatment, hydrolysis and

fermentation,” Bioresource Technology.Vol. 101,
No.13, pp. 4744-4753, 2010.

[8] Economic Wing, "Fruit Vegetables and
Condiments Statistics of Pakistan 2018-19,” Ministry
of National Food Security & Research, 2020.
Available from:
http://www.mnfsr.gov.pk/frmDetails.aspx

[9] Amit Bhatnagar, Mika Sillanpdd and Anna Witek-
Krowiak, "Agricultural waste peels as versatile
biomass for water purification — A review,” Chemical
Engineering Journal.Vol. 270, pp. 244-271, 2015.

[10] Polyana Campos Nunes, Jailane de Souza
Aquino, Ismael Ivan Rockenbach and Tdnia Lucia

Montenegro Stamford, "Physico-Chemical
Characterization,  Bioactive ~ Compounds  and
Antioxidant Activity of  Malay Apple

[<italic>Syzygium malaccense</italic> (L.) Merr.
&amp; L.M. Perry],” PLoS ONE.Vol. 11, No.6, pp.
e0158134, 2016.

[11] Alula Gebregergs, Mebrahtom Gebresemati and
Omprakash Sahu, "Industrial ethanol from banana
peels for developing countries: Response surface
methodology,” Pacific Science Review A: Natural
Science and Engineering, 2016.

[12] R. Parthiban, M. Sivarajan and M. Sukumar.
"Ethanol production from banana peel waste using
Saccharomyces cerevisiae,” in Sustainable Energy
and  Intelligent  Systems  (SEISCON  2011),
International Conference on. of Conference. pp. 177-
183.Year.

[13] Monisha Abbi, Ramesh Chander Kuhad and Ajay
Singh, "Bioconversion of pentose sugars to ethanol by
free and immobilized cells of Candida shehatae (NCL-
3501): Fermentation behaviour,” Process
Biochemistry.Vol. 31, No.6, pp. 555-560, 1996.

[14] Ja Kyong Ko, Youngsoon Um, Han Min Woo,
Kyoung Heon Kim and Sun-Mi Lee, "Ethanol
production from lignocellulosic hydrolysates using
engineered Saccharomyces cerevisiae harboring
xylose isomerase-based pathway,” Bioresource

Technology.Vol. 209, pp. 290-296, 2016.

[15] M Ballesteros, JM Oliva, P Manzanares, M Jand
Negro and I Ballesteros, "Ethanol production from
paper material using a simultaneous saccharification
and fermentation system in a fed-batch basis,” World
Journal of Microbiology and Biotechnology.Vol. 18,
No.6, pp. 559-561, 2002.

[16] Mark R. Wilkins, Wilbur W. Widmer and Karel
Grohmann, "Simultaneous saccharification and
fermentation of citrus peel waste by Saccharomyces

cerevisiae to  produce ethanol,”  Process
Biochemistry.Vol. 42, No.12, pp. 1614-1619, 2007.

[17] Phitchaphorn Khammee, Yuwalee Unpaprom,
Chudapak Chaichompoo, Piyapit Khonkaen and
Rameshprabu %J 3 Biotech Ramaraj,
"Appropriateness of waste jasmine flower for
bioethanol conversion with enzymatic hydrolysis:
Sustainable  development — on  green  fuel
production. ”Vol. 11, No.5, pp. 1-13, 2021.

[18] Jingang Cui, Dawei Qi and Xue %J Ultrasonics
Sonochemistry Wang, "Research on the techniques of
ultrasound-assisted liquid-phase peeling, thermal
oxidation peeling and acid-base chemical peeling for

ultra-thin graphite carbon nitride nanosheets.”’Vol.
48, pp. 181-187, 2018.

[19] Harinder Singh Oberoi, Praveen Venkata
Vadlani, Ronald L Madl, Lavudi Saida, Jithma P %J
Journal of agricultural Abeykoon and food chemistry,
"Ethanol production from orange peels: two-stage
hydrolysis and fermentation studies using optimized
parameters through experimental design.”Vol. 58,
No.6, pp. 3422-3429, 2010.

[20] Zainal Abidin, Ellena Saraswati and Tadjuddin
%J Int J PharmTech Res Naid, "Bioethanol
production from waste of the cassava peel (Manihot

esculenta) by acid hydrolysis and fermentation
process.”’Vol. 6, pp. 1209-1212, 2014.

[21]  Isaie Mushimiyimana and Padmavathi
Tallapragada, "Bioethanol production from agro
wastes by acid hydrolysis and fermentation process,”
2016.

[22]  Ayesha  Saleem, Ali Hussain, Asma
Chaudhary, Qurat-ul-Ain Ahmad, Mehwish Igtedar,
Arshad Javid, Afia Muhammad %J Biomass
Conversion Akram and Biorefinery, "Acid hydrolysis
optimization of pomegranate peels waste using
response  surface  methodology  for  ethanol
production,” pp. 1-12, 2020.

© Aror University of Arts, Architecture, Design & Heritage, Sindh 2025 28



