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Abstract  

Brazil is the top producer of citrus fruits in the world with 20 million tons annually while India stands 

5th on the list with total production of 6,286,000 tonnes annually. Citrus limetta being the third most 

cultivated species of citrus after orange and lemon with 4,200,000 metric tonnes produce annually in 

the world. CLPW is pectin rich agro waste and can utilised for the production of bioethanol which can 

be used as a substitute for the conventional fuel as it is cleaner and cheaper fuel source. On 

overviewing different research work it can be concluded that fruit peel waste especially citrus fruit 

has a huge potential for bioethanol production rather discarded into the environment. The 

carbohydrates content of the solid waste can be determined by using Anthrone method. The 

fermentation is done in the bioreactor using the combination with the maximum reducing sugar yield 

and using S. cerevisiae as the microorganism. Dichromate method used for the analysis of ethanol 

production. The moisture content of waste was 80.59% of total weight. The average carbohydrates 

content of sample was found out to be 62.35% on wet weight whereas the ash content was 10.51% on 

dry weight basis. With increase in acid concentration there is decrease in reducing sugar yield and 

vice-versa. With increase in temperature there is increase in reducing sugar yield. It can also be 

concluded that reducing sugar yield was maximum at 150˚C and without acid. It can be also concluded 

that rather throwing the peel waste it can be used as a source of energy production. It can be also 

concluded that the method used for treatment of waste can be serve as a tool for waste management. 

 

1. Introduction 
  Human society produced waste materials as it is one of an inevitable 

part of their life. In ancient times, the waste generation was less and 

land area available for disposal are more make it very easy to dispose 

the waste. But, with industrialisation and urbanisation the waste 

generated are more and it is difficult to rely on land for disposal. 

There is a need of other treatment options for the wastes generated 

due to human activities. The per capita waste generation in India is 

around 0.37 kg/person/day[1]. The other treatment option available 

for waste treatment and disposal includes composting, incineration, 

land filling and production of different biofuels. The choice among 

them is based on different technical and economic factors.   

According to an estimate by Food and Agriculture Organisation 

(FAO) the citrus fruit production around the world is around 115.6 

million tons in 2011. It is one of the most abundant crops in the world. 

Brazil is the top producer of citrus fruits in the world with 20 million 

tons annually while India stands 5th on the list with total production 

of 6,286,000 tonnes annually. Citrus limetta being the third most 

cultivated species of citrus after orange and lemon with 4,200,000 

metric tonnes produce annually in the world[2]. The distribution of 

citrus fruits types grown in the world is shown in figure 1. Around 

57% of processed citrus limetta contributes to peel wastes[2]. 

 
Fig. 1: Average Production Percentages of Main Types of Citrus 

Fruit Grown in the World 

Citrus limetta peel waste (CLPW) unlike other citrus peel wastes 

(CPW) may be used for cattle feed[3]. However, due to unavailability 

of cost efficient process for treatment of CLPW a large amount of it 

is lost[4]. CLPW is pectin rich agro waste and can utilised for the 

production of bioethanol which can be used as a substitute for the 

conventional fuel as it is cleaner and cheaper fuel source[5].  

Karimi and Karimi study on the ethanol production from kitchen and 

garden wastes and their residue left after for biogas production found  
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that the addition of fermentation biomass to the pre-treated solid 

significantly improved the bio methane production yield. They also 

found that after pre-treatment at 150 °C for 30 min and without 

detoxification, the maximum amounts of gasoline equivalent of 162.1 

and 120.6 L were obtained with and without starch hydrolysis, 

respectively, where methane production yield was 157.4 mL/g VS 

and ethanol yields were 75.9% and 94.2%[6]. 

Kiran and Liu his study uses a fungal mash rich in hydrolytic enzymes 

produced from waste cake in-situ and applied it for the hydrolysis of 

mixed food wastes. Around 127 g/L glucose and 1.8 g/L free amino 

nitrogen act as a balanced nutrient stream produced from the 

enzymatic pre-treatment of food wastes using this fungal mash at 24 

h. Also, using this solution as sole fermentation feedstock gives 58 

g/L of ethanol corresponding to an ethanol yield of 0.5 g/g glucose 

was obtained within 32 h. It can be concluded from this study that the 

pre-treatment of mixed food wastes with the fungal mash produced is 

an effective option for food waste saccharification and bioethanol 

production[7]. 

Agro wastes like carrot peel, onion peel, potato peel and beetroot peel 

are put forward for saccharification process by Penicillium sp. for the 

hydrolysis followed by the fermentation using yeast Saccharomyces 

cerevisiae for the production of alcohol. They found that 14.52% 

ethanol was produced on 28th day from beetroot peel using 

dichromate method and 17.3% ethanol from same waste and time 

using Gas chromatography method for analysis[8]. 

Castro et. al. work on production of ethanol using three sweet 

sorghum cultivars. The fermentation by Saccharomyces cerevisiae 

and Escherichia coli followed pre-treatment of residual bagasse with 

dilute phosphoric acid steam explosion. They found that sugar 

concentration in the juice ranging from 140 to 170 g/L and almost 

complete conversion into ethanol by yeast. They also found that 27.5 

g EtOH/L at enzyme concentrations of 11.5 FPU/gDW is produced. 

They also found that 10,600 L of ethanol per hectare was produced 

from the method they used[9]. 

The biofuels produced from agricultural waste such as ethanol and 

hydrogen is a renewable energy source. The maximum sugar 

production from pineapple peel is 34.03±1.30 g/L was obtained after 

24 h of incubation time and maximum yield of ethanol using S. 

cerevisiae after 72h is 9.69g/L with no hydrogen production whereas 

using E. aerogenes ethanol and hydrogen production are 1.38g/L and 

1,416mL/L after 72h and 12h cultivation respectively. But, when 

immobilized bacterial cell in matrix of loofah were used the biofuel 

production increased by 1.2-folds[10]. 
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Ethanol fermented from renewable sources for fuel or fuel additives 

are known as bio-ethanol. Many food crops have been specifically 

grown for the production of bio-ethanol in Nigeria. Itelima et. al. 

study on banana, plantain and pineapple peels for the production of 

bioethanol as these wastes are in abundance and do not interfere with 

food security were put forward for simultaneous saccharification and 

fermentation for 7days by co–culture of Aspergillus niger and 

Saccharomyces cerevisiae. They found that after 7 days of 

fermentation, pineapple peels had the highest biomass yield of 1.89 

(OD), followed by banana peels 1.60 (OD), while plantain peels had 

the least 0.98 (OD). They also found that reducing sugar 

concentrations ranged between 0.27 – 0.94 mg/cm3 for pineapple, 

0.20 – 0.82 mg/cm3 for banana and 0.16 – 0.45 mg/cm3. They also 

found that optimal ethanol yields were 8.34% v/v, 7.45 % v/v and 

3.98 % v/v for pineapple, banana and plantain peels respectively. 

They also conclude from the findings that pineapple and banana peels 

ethanol yields were significantly higher (P<0.05) than plantain peel 

ethanol yield. It can also be concluded that fruit wastes are no longer 

discarded into environment rather converted into the useful products 

like bioethanol which can serve as an alternative energy[11]. 

Santi et.al. uses orange peel waste (OPW) for conversion into 

bioethanol by consecutive acid-catalysed steam-explosion (ACSE), 

enzymatic saccharification and fermentation with Saccharomyces 

cerevisiae. They found that OPW pre-treated at 180°C for 150s yield 

the highest glucose solubilisation degree of around 56% at the end of 

the saccharification step and the maximum ethanol yield coefficient 

around 0.495g/g and productivity of 4.85g/L/h at the end of the 3rd 

repeated fermentation batch in shaken-flasks[12]. 

Boluda and Lopez have applied steam explosion and enzymatic 

hydrolysis for pre-treatment of Citrus limon L. peel wastes to obtain 

bioethanol, galacturonic acid and other co-products, such as d-

limonene and citrus pulp pellets. They observed significant 

antimicrobial activity of lemon essential oils on S. cerevisiae at 

concentrations above 0.025%. They found that steam explosion pre-

treatment reduces the residual content of essential oils below 0.025% 

and significantly decreases the hydrolytic enzyme requirements. 

They also found that ethanol production in excess of 60 L/1000 kg 

fresh lemon peel biomass can be produced[13]. 

Choi et. al. developed a novel approach for converting single-source 

CPW (i.e., orange, mandarin, grapefruit, lemon, or lime) or CPW in 

combination with other fruit waste (i.e., banana peel, apple pomace, 

and pear waste) to produce bioethanol. They used two in-house 

enzymes produced from Avicel and CPW and were tested with fruit 

waste at 12-15% (w/v) solid loading. They observed rate of 

enzymatic conversion of fruit waste to fermentable sugars were 

approximately 90% for all feed-stocks after 48 h. They also designed 

a d-limonene removal column (LRC) for successfully removal of 

inhibitor from the fruit waste. They also found that ethanol 

concentration is 14.4 to 29.5 g/L and yield is 90.2 to 93.1% when 

using LRC coupled with an immobilized cell reactor (ICR) which  is 

12-fold greater than products from ICR fermentation alone[14]. 

Citrus-processing industries generate every year huge amounts of 

wastes and citrus peel waste alone accounts for almost 50% of the 

wet fruit mass. Citrus waste is of immense economic value as it 

contains an abundance of various flavonoids, carotenoids, dietary 

fiber, sugars, polyphenols, essential oils, and ascorbic acid, as well as 

considerable amounts of some trace elements. Citrus waste also 

contains high levels of sugars suitable for fermentation for bioethanol 

production. However, compounds such as D-limonene must be 

removed for efficient bioethanol production[15]. 

On overviewing different research work it can be concluded that fruit 

peel waste especially citrus fruit has a huge potential for bioethanol 

production rather discarded into the environment. The main focus of 

this study was to produce bioethanol from citrus limetta peel waste. 

The specific objective of the study were to optimize the factors 

mainly temperature and acid concentration for hydrolysis of CLPW 

to obtain the kinetics of bioethanol production and calculating the 

theoretical bioethanol potential of Delhi. 

2. Methodology 
The waste i.e. citrus limetta peel commonly known as mousambi was 

collected from the fruit juice vendor outside the campus gate. It is 

followed by shredding of waste which is the size reduction technique 

for solid waste. In our study for shredding mixer grinder was used 

and the sample was put in air tight container and stored at 4˚C for 

further analysis i.e. Characterisation of Waste and Acid Hydrolysis 

followed by Estimation of Reducing Sugars for knowing the potential 

of waste to produce bioethanol. Characterisation of waste includes 

estimation of moisture content, ash content and carbohydrates content 

using the standard methods. Carbohydrates content was estimated 

using spectrophotometer by anthrone method at 630 nm wavelength. 

Acid Hydrolysis is done by using different concentration of acid at 

different temperature (130˚C to 150˚C). The reducing sugar yield was 

analysed by DNS method using spectrophotometer at 540 nm 

wavelength with acid hydrolysed supernatant. Some statistical 

analysis like Principal Component Analysis (PCA) and Factor 

Analysis (FA) are applied for interpreting the results obtained from 

acid hydrolysis and reducing sugars yield. The maximum reducing 

sugars yield is further used for fermentation.   

3. Results and Discussions 
3.1 Characteristics of Sample 
The sample was analysed for moisture content, ash content and 

carbohydrates as described in the previous chapter. As per the 

analysis carried out, the moisture content was 80.59% of total weight. 

The average carbohydrates content of sample was found out to be 

62.35% on wet weight whereas the ash content was 10.51% on dry 

weight basis. The composition of 62.35% total carbohydrate shows 

the enormous potential for ethanol conversion. The carbohydrate 

content is less than the carbohydrate content in a study by Khatiwada 

was 72.62%[16]. The only difference was that they used organic 

portion of kitchen waste and in our study instead of kitchen waste 

citrus limetta peel waste was used. 

3.2 Acid Hydrolysis and Estimation of Reducing Sugar in 

the Sample 
As mentioned in the methodology acid hydrolysis is done with 

different concentration of acid ranging from 0 to 10% at different 

temperature ranging from 130 to 150℃. It was found that the 

reducing sugar concentration at 0% acid concentration and 150℃ has 

maximum value i.e. 110.13 ppm. The combination of acid and 

temperature which has highest reducing sugar yield will be used for 

the fermentation. In our study, it can be recommended to use the 

sample with no acid at 150℃ hydrolysed sample for fermentation 

process. The variation of reducing sugar yield with acid and 

temperature is shown in the figure 2. 

3.3 Effect of Acid on Reducing Sugar Yield 
It can be seen from figure 2 that with increase in acid concentration 

there is decrease in reducing sugar yield and vice-versa. 

3.4 Effect of Temperature on Reducing Sugar Yield 
It can be seen from figure 2 that with increase in temperature there is 

increase in reducing sugar yield. 

 
Fig. 2 Variation of Reducing Sugar Yield with Acid Concentration 

and Temperature 

3.5 Statistical Analysis for Acid Hydrolysis and Reducing Sugar 

Estimation 

The statistical tools like principal component analysis (PCA) and 

factor analysis (FA) had been applied for the result obtained for acid 

hydrolysis followed by reducing sugar estimation. The figure 3 and 4 

shows the PCA and FA of the result obtained respectively. It can be 

found from the PCA that the first two principal components have 

eigenvalues greater than 1 and these two components explain 89.8% 
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of the variation in the data. Also, it can be seen that first component 

has large positive association with reducing sugar yield and second 

and third components have large negative association with 

temperature. There is negligible association of acid based on the PCA 

analysis. So, it is recommended to use distilled water for the 

hydrolysis of waste.  It can be found from the FA that first factor has 

variance greater than 1 and the percentage of variability explained by 

factor 1, 2 and 3 are 56.5%, 33.3% and 10.2% respectively. Together, 

all the three factors explain 100% variation in the data. 

 
Fig. 3 Principal Component Analysis (PCA) of Results Obtained 

 
Fig. 4 Factor Analysis (FA) of Results Obtained 

4. Conclusions 
It can be concluded that the citrus limetta peel waste have the 

potential for bioethanol production as it contain 62.35% of total 

carbohydrates. It can also be concluded that reducing sugar yield was 

maximum at 150˚C and without acid. It can be also concluded that 

maximum sugar yield of the waste with combination of acid and 

temperature will be used for fermentation using S. cerevisiae for the 

production of bioethanol. It can also be concluded that keeping in 

mind about the sustainability the use of simple hydrolysis with 

distilled water rather than acid hydrolysis is used for preparing the 

final sample for the fermentation as the less consumption of acid is 

done. It can be also concluded that rather throwing the peel waste it 

can be used as a source of energy production. It can be also concluded 

that the method used for treatment of waste can be serve as a tool for 

waste management.    
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