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Abstract 

The rapid increase in global waste generation necessitates innovative strategies for waste 

valorization. Inspired by recent reports that indicate the potential of waste as source of fine 

chemicals, this research paper focused on harnessing phytochemicals and cellulose from pea 

peels (PPs) and evaluating their antifungal properties. Different protocols were used to quantify 

11the amount of carbohydrates, proteins, ascorbic acid, flavonoids, and chlorophyll from the 

discarded pea peels. Our findings indicated that PPs contain 20% proteins, 24.52% chlorophyll, 

70% flavonoids, 12% ascorbic acid and 70% carbohydrates. Our findings were found to be 

consistent with those reported in literature; however, the quantitative analysis of ascorbic acid 

for PPs is being reported for the first time by us. This phytochemical profile of PPs indicates 

that this waste is full of useful phytochemicals and can be explored as source of nutraceutical 

and fine chemicals. 

PPs were also used for cellulose extraction and for this purpose three different strategies that 

yielded different results.  One strategy that was devised by us yielded superior yield that that 

reported in literature with added advantage of lesser consumption of chemical reagents and 

facile protocol involved.  

The methanolic and aqueous PPs extract were also screened for its antifungal potential against 

two fungal strains: Penicillium and Aspergillus niger. Our findings indicate that extracts 

showed significant antifungal potential at higher concentration. However, aqueous extract 

showed superior activity.  

The findings of this word offer dual solution to pressing issues: waste valorization and natural 

antimicrobial development. The study's outcomes can revolutionize waste management 

practices, encouraging the utilization of kitchen waste for valuable compounds. 

Simultaneously, the development of natural antimicrobial agents contributes to the fight against 

fungal infections and food spoilage without harming the environment. 

Keywords: Pea Peels, waste valorization, phytochemicals, cellulose, antifungal activity 

Introduction: 

Due to more stringent regulations and 

demand for renewable chemicals and fuels, 

manufacturing industries are increasingly 

moving towards higher sustainability to 
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improve cost effectiveness and meet 

consumer demand. One area of current 

research that has received a lot of attention 

in recent years as a possible alternative is 

the valorization of waste. [1] 

The waste valorization involves conversion 

of discarded items into highly beneficial 

items such as chemicals [2], materials [3], 

and fuel. Although valorization is not a new 

concept [5]; it has not been given its due 

importance until recent times when the 

primary and natural resources are rapidly 

decreasing due to their rapid consumption 

associated with ever increasing human 

population. [6] 

With the valorization of waste, we can 

avoid many problems such as climate 

change, energy crisis, resource scarcity and 

pollution. Valorization of waste is gaining 

ground in today’s due to its two-fold 

approach; it converts waste into useful 

items and reduces the volume of waste that 

is being continually dumped on earth crust. 

[7] 

Many valorization techniques have the 

potential to meet industrial demands by 

converting waste into valuable products. A 

recent review by Ruiz et al. highlighted the 

various benefits of continuous flow 

processes, especially for biomass and food 

waste valorization, which requires reaction 

control, efficient reaction cycles, higher 

yield production, ease of scale-up, and no 

separation of catalysts.8 Microwave heating 

is a green valorization approach by which 

extremely strong biopolymers and 

amorphous compounds can be decomposed 

without involving huge input of energy, 

pressure or extreme temperature 

conditions.  

Another valorization method involves 

pyrolysis of biomass at high temperatures 

in the absence of oxygen for fuel 

production. Previously the pyrolysis 

approach was used to produce char, now it 

is being used to produce usable small 

molecules from very strong biopolymers. 

Pyrolysis is also currently being used to 

produce some modern materials such as 

carbon nanotubes and grapheme-type 

materials that have many advantages. 

[9,10] 

Bioconversion is another method of 

valorization using biological 

microorganisms for complex waste 

degradation and fuel production. 

Bioconversion has been under intensive 

research for the past few years, and it is the 

most important use in the field of "the 

possibility of artificial control of metabolic 

pathways of microorganisms" to develop 

processes that increase product production. 

[11,12] 

Household waste contains most of the 

kitchen waste such as vegetable and fruit 

peels and seeds, etc. Vegetable and fruit 

waste is present in very high quantities, 

they have a very high moisture ratio, due to 

which microbes are produced in them and 

unpleasant odors spread. This causes many 

diseases. This waste carries many basic and 

important chemicals within itself. Fruits 

and vegetable peels, seeds, stems, leaves, 

pulp, and roots contain many valuable 

compounds such as antioxidants, oils, fatty 

acids, lipids, proteins, vitamins, 

carbohydrates, and carotenoids. These 

bioactive elements find extensive 

applications in pharmaceutics, cosmetics, 

biofuels, bio plastics, for storing food and 

in food flavors. [13] 

The Pisum Sativum, a pod plant, also 

commonly called pea, is a fruit but known 

as a vegetable.  They are eaten in large 

quantities everywhere and therefore the 

amount of their peels discarded as waste is 

also   significant. Various studies reveal that 

they contain high amounts of chlorophyll 

proteins, carotenoids, vitamins, 

carbohydrates, flavonoids, and 

antioxidants. Sucrose is a carbohydrate that 
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is found in large quantities in PPs, which we 

can also extract from peels by different 

ways. This sucrose can then be used in 

various fields such as bio plastics etc. Other 

nutrients also perform many functions in 

our body such as improving the immune 

system against diseases, keeping the skin 

fresh, losing weight, etc. Powder of PPs is 

used in soups and snack crackers. [15,16] 

Considering the importance of waste 

Valorization and the potential importance 

of PPs, the work was designed to extract 

and estimate chlorophyll, carbohydrates, 

protein, and flavonoids from the pea peels. 

The cellulose from the peels was isolated 

and the PPs extract was screened for 

antifungal activity against penicillium and 

Aspergillus niger.  

Materials and Methods 

Sample preparation. 

The Discarded PPs were collected, washed 

three times with distilled water and dried in 

shade for 3-4 days. The dried sample was 

ground to fine powder which was then 

preserved in sealed pack for further testing. 

Estimation of chlorophyll 

Arnon protocol (1949) [17,18] was used to 

determine the percentage amount of 

chlorophyll. In the samples. Briefly 0.5g 

sample was homogenized with 10ml of 

80% acetone with the help of piston and 

mortar. The extract thus obtained was then 

centrifuged for 20 minutes at 8000 rpm and 

4°C temperature. The absorbance of 

supernatant at 645 nm (for chlorophyll A), 

663 nm (for chlorophyll B), and 480 nm for 

carotenoids was recorded on UV/Visible 

spectrophotometer. 

Estimation of protein content 

Protein estimation was carried out by 

following Bradford protocol (1976) 

[19,20]. Briefly, 0.2g sample mixed with 

5ml phosphate buffer (pH 7) was 

centrifuged for 15 minutes at 15000 rpm 

and 4°C temperature. The supernatant was 

separated and to 1 mL of this supernatant 

was added 5ml Bradford reagent. The 

sample mixture has shaken, and absorbance 

was noted at 595 nm on the 

spectrophotometer. 

Estimation of carbohydrates 

The estimation of carbohydrates was 

carried out using reported protocol [21,22].  

Briefly, a 2ml aliquot of solution (made by 

homogenizing 0.5g sample into 5ml 

distilled water) was mixed with 1ml of 5% 

phenol solution in a test tube. To this 

aliquot 5ml of concentrated H2SO4 was 

added immediately and the solution was 

allowed to stand for 10 min. Afterwards, 

the mixture was vortexed for 1 minute and 

placed in a water bath for 20 minutes for 

color development. The absorbance was 

recorded at 490nm on spectrophotometer 

for the estimation of carbohydrates.  

The following formulae were used for the estimation of chlorophyll. 

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝐴 =
[12.7(𝐴663) − 2.69(𝐴645)𝑉]

1000 × W
 

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝐵 = [22.9(𝐴645) − 4.68(𝐴663)] ×
𝑉

1000 
× W 

𝑇𝑜𝑡𝑎𝑙 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 = 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝐴 + 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝐵 

𝐶𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑𝑠 = [𝐴480 + 0.114(𝐴663) − (0.638 − 𝐴645)]  ×
𝑉

1000 
 × W 

Where,  
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V= total volume of extract (ml) 

W= weight of plant sample 

A= Absorbance 

Estimation of flavonoids content 

Flavonoids determination was the method 

reported by Ejikeme et al.24 and Boham and 

Kocipai [25]. Briefly, 1g of sample added 

to 10ml of 80% methanol, the resulting 

solution was then centrifuged for 20min at 

8000rpm and 4°C temperature supernatant. 

The percentage yield of flavonoids was 

calculated by the following formula [26]  

Percentage yield of flavonoids was 

calculated by the following formula26: 

% age of Flavonoids =  
weight of Flavonoids

weight of sample
  × 100  

Estimation of vitamin C 

A reported protocol was used for the 

estimation of ascorbic acid [27,28] Briefly, 

1g sample was crushed with 4 ml oxalic-

EDTA solution (mixture of 0.05M oxalic 

Kocipai [25] acid and 0.2M EDTA 

solution). To the filtrate, 0.5 ml of 

orthophosphoric acid, 1ml of H2SO4 

(5%), 2ml of ammonium molybdate (5%) 

and 3 ml of distilled water was added, and 

the resulting solution was allowed to stand 

for 20 minutes followed by recording 

absorbance at 760 nm on 

spectrophotometer. 

Extraction of cellulose 

Cellulose was extracted from PPs by 

employing a reported procedure. [29,30]. 

Briefly, 1g of dried and crushed pea peels 

sample was treated with 2M NaOH for 1 

hour at 1210C. The solution thus obtained 

was filtered and the residue was subjected 

to the same procedure 3 times. The residue 

was later treated with AcOH (40ml of 85% 

acetic acid) and conc HNO3 (3 ml) 3 hr. at 

1500C. After cooling to ambient 

temperature, EtOH (50ml) was added to the 

mixture and centrifuged for 20 min at 

6000rpm and 4oC. Centrifugation was 

repeated with H2O (50 ml). The white 

colored residue thus obtained was dried in 

oven at 370C.  

To explore the most effective and 

economical protocol for extraction of 

cellulose from PPs, we designed two 

different strategies that yielded different 

but interesting results. 

Strategy 1 

Sample (1g) was suspended in MeOH 

(10ml of 80%) for 24 hrs. at rt and later 

centrifuged for 20 min at 4000rpm at 40C. 

The residue washed thrice with EtOH 

(10ml of 80%) and solid thus obtained dried 

in oven for 48 hr. the dried solid was heated 

and stirred at 121C in presence of 2M 

NaOH solution for 1 hour. Mother liquor 

was discarded and the solid thus obtained 

was subjected to the same procedure twice 

again. The solid obtained after alkali 

treatment was then subjected to acid 

treatment by heating it with AcOH (40ml of 

85% acetic acid) and conc HNO3 (4 ml) 

nitric acid) for 3 hours at 1200C. The 

resulting solid was cooled to rt, EtOH (50 

ml) was added to induce precipitation and 

the resulting mixture was centrifuged for 20 

min at 4000rpm and 40C. The solid thus 

obtained was washed with EtOH and again 

centrifuged with H2O (50 mL) to yield 

white crystals of cellulose that were dried 

in oven at 370C. 

Strategy 2 

Pretreated sample (1g) was heated in 

presence of 2M NaOH solution for 90 min 

at 150°C. The resulting reaction mixture 

was filtered, and the same procedure was 

repeated twice again. The solid residue thus 

obtained was dried at 65°C. Acid treatment 

was carried out by treating solid with 
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AcOH (20ml of 50%) and conc HNO3 (1 

ml) for 5 hr. at 130°C. The mixture was 

cooled to ambient temperature and allowed 

to stand for 24hours at rt.  EtOH (20ml) was 

added to the solution to induce precipitation 

and resulting solution was allowed to stand 

for additional 2 hr. the reaction mixture was 

filtered, and residue was suspended in 

EtOH (15 min) for 1 hr. followed by 

filtration to afford cellulose as white solid. 

The solid thus obtained was dried in oven 

at 37C and weighed to calculate yield.  

Antifungal activity of PPs extract 

Preparation of pea peels extract 

Methanolic extract of pea peels was 

obtained by refluxing 5g of finely ground 

sample with 250 ml of MeOH using a 

Soxhlet apparatus. The extract thus 

obtained was preserved in a sealed 

container for further use [31,33] 

Evaluation of antifungal activity 

Nutrient media was prepared by dissolving 

nutrient agar (2.8 g) in 100ml of distilled 

H2O taken in a conical flask. The flask 

along with its contents were covered with 

cotton and sterilized in an autoclave for 90 

min at 151°C [34]. 

The prepared nutrient media was poured 

onto sterilized Petri dishes under laminar 

air flow. The prepared petri dishes were 

sealed with scotch tape and kept at ambient 

temperature for 24 hours in an incubator to 

check for any contamination before using 

them for streaking [35]. 

The prepared petri plates free from 

contamination were then streaked with 

Penicillium and Aspergillus niger under 

laminar flow. Sample was loaded in the 

wells created by using micro-tips on the 

streaked petri dishes. Dermosporin 

(Antimicrobial drug) was used as standard, 

and all samples were applied in triplicate. 

After sample loading, the petri dishes were 

incubated for 1 week at ambient 

temperature. Antifungal activity was 

calculated by measuring the zone of 

inhibition of samples and the standard 

[36,39]. 

Results and Discussion 

Preliminary phytochemical screening 

PPs are wasted in huge quantities every 

year and discarded as waste. There is a huge 

amount of literature that indicates presence 

of many beneficial ingredients inside pea 

pods;15,16 however, not much has been done 

on exploring the potential of pea peels. This 

is the first report of complete 

phytochemical profiling of PPs.  

Estimation of chlorophyll content 

Chlorophyll is a pigment which gives green 

color to plants, and it is very beneficial like 

it reduces aflatoxins which are carcinogenic 

compounds, boost immune system, weight 

loss, and clear skin, neutralize body odor, 

increase body energy, have anti-aging 

property due to antioxidant activity and 

improve red blood cells quality.  

The percentage of chlorophyll A in pea 

peels was estimated to be 15.52% and 

Chlorophyll B was estimated to be 9%. The 

total chlorophyll content was estimated to 

be 24.52%. Holasova etal (2009) reported a 

total chlorophyll content to be 

23.06mg/100g in pea pods [40]. 

Estimation of flavonoids 

Flavonoids possess antioxidants, 

anticancer, anti-inflammatory, antiviral, 

cardio protective, and neuro protective and 

anti-microbial activities. The total 

flavonoids content in PPs was found to be 

70%; the value is consistent with that 

reported in literature for pea pods [41,42]. 
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Estimation of protein content 

Proteins are the building blocks of the body 

made up of different amino acids. The body 

requires protein for the maintenance and 

growth of cells and tissues. Our dietary 

requirements for protein changes 

throughout life. Enzymes are proteins that 

causes biochemical reactions in cells, some 

hormonal proteins act as a messenger, 

mostly proteins provide structure to cells 

and tissues, maintenance of blood and other 

body fluid pH, boost immune system, 

transport and store essential nutrients and 

provides energy to body.  

Kocipai [25]. Briefly, 1g of sample added 

to 10ml of 80% methanol, the resulting 

solution was then centrifuged for 20min at 

8000rpm and 4°C temperature supernatant. 

The mixture was then centrifuged for 

20min at 8000 rpm and 4°C temperature; 

supernatant was discarded, and the obtained 

residue was washed with ethanol (3×10ml 

of 80%). Solid sample was transferred to a 

crucible and left for drying in an oven for 8-

10 hours at 37°C temperature.  

The protein content in pea peels was 

calculated to be 20%; the literature 

indicates 17.76% in pea shells [43]. 

Estimation of ascorbic acid 

Vitamin C is a very essential nutrient which 

acts as an antioxidant and is also involved 

in regulation of blood pressure, prevents 

iron deficiency, lowers risk of heart 

diseases, reduces uric acid level, and 

prevents gout attacks. The percentage of 

ascorbic acid determined in pea peels was 

12%. 

Estimation of carbohydrates 

Carbohydrates are present in almost every 

type of food. These biomolecules play a 

very crucial role in human physiological 

processes, such as: serving as source of 

energy, maintaining blood glucose level, 

splitting of fatty acids for stopping ketosis, 

and are involved in biological recognition 

process.  

Pea peels are rich in carbohydrates 

concentration as literature explains peels 

have more than 70% carbohydrates and 

experimental work also correlates with 

literature, found percentage of 

carbohydrates in pea peas is 79.05% [44]. 

Estimation of cellulose percentage 

Cellulose is a complex polysaccharide 

consisting of hundreds to thousands of C, H 

and O. It is formed by more than 3,000 units 

of glucose. It is a major part of plant's cell 

wall whose function is to keep plant stiff 

and upright. The human body can't digest it, 

but it is important in diet as Fiber, but 

animals like horses, sheep, goat, and cow 

digest it that's why they get the required 

amount of energy from grass. Cellulose has 

many other vast applications like paper 

manufacturing and clothing. We separated 

cellulose from pea peels by using a reported 

protocol which yielded 16.38% cellulose 

which was less than that reported in 

literature.  

In our attempts to optimize the %yield of 

cellulose, two modified strategies were 

devised. The first strategy involved using 

the same protocol as reported in literature 

with a difference that instead of 

centrifugation, cellulose was separated by 

filtration and this strategy yielded 19.09% 

cellulose. Whereas the second strategy 

involved using less volume of acids (AcOH 

and HNO3 and solvents) and filtration was 

used for cellulose separation and this 

strategy afforded cellulose in best %age 

(32.66%) as compared to reported yield 

with added advantage of less consumption 

of expensive chemicals. The second 

strategy has the potential to be explored for 

extraction of cellulose in higher yields from 

various other food wastes as well. 
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Cellulose percentage calculated by following formula: 

% 𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 =
𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒

𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑎𝑤 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙
 × 100 

 
Figure 1: (a) Green pee peals sample before treatment   (b) Extracted Cellulose.

The FTIR spectrum of the extracted cellulose was compared with commercial Cellulose and 

the IR spectrum of both samples was found to be the same (Figure 2). 

 
Figure 2: FTIR spectrum of cellulose extracted from pea peels. 

Antifungal activity of pea peels extract 

Plant pathogens like bacteria, viruses, and 

fungi harms plant and reduce crops’ yield 

thereby affecting the economy from 

agricultural sector; amongst these 

pathogens, fungi are the most common one. 

Therefore, searching for agents that can 

reduce/eliminate the impact of fungal 

pathogens is of crucial importance. In our 

studies towards exploring the potential of 

PP as antifungal agents, we employed 

aqueous as well as methanolic extract of 

PP. Both extracts were used against two 

fungal strains (Aspergillus Niger & 

Pencilium). Initially lower concentrations 
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(20µL, 40µL, 60µL, 80µL and 100µL) 

were employed and later concentrations 

were increased (200µL, 400µL, 600µL, 

800µL and 1000µL) to get optimum 

activity from extracts. antifungal activity 

was checked in terms of zone of inhibition 

after 7 days of incubation at 37°C; 

Dermasporin (antibiotic) was used as 

standard /control.  

The findings from the preliminary studies 

indicate that both extracts showed similar 

activities against both fungal strain; 

however, aqueous extract showed superior 

activity at higher concentration. The 

minimum inhibitory concentration was 

found to be 100µL; below this 

concentration no inhibitory activity of 

either of the two extracts was observed. 

Another important aspect that was observed 

was that methanolic extract showed its 

activity after 8 days of incubation whereas 

aqueous extract showed significant activity 

after 3 days of incubation.

The results from antifungal activity are displayed in table 1. 

Sr. Concentrations 

Zone of inhibition (mm) 

Aspergillus Niger          Penicillium 

Methanolic 

Extract 

Water 

Extract 

Methanolic 

Extract 

Water 

Extract 

1 20µL 4.00 5.00 3.50 4.00 

2 40µL 5.00 8.00 4.00 6.00 

3 60µL 7.50 9.00 7.00 8.50 

4 80µL 9.00 11.00 8.50 10.00 

5 100µL 10.00 13.00 9.50 12.00 

6 200µL 17.50 24.00 15.00 21.50 

7 400µL 20.00 28.00 18.00 25.00 

8 600µL 27.00 31.00 23.00 28.00 

9 800µL 30.00 35.00 25.00 31.00 

10 1000µL 32.00 39.00 28.00 34.00 

11 Dermasporin 42.00 

Conclusion  

The presented work was concerned with 

detection and quantification of 

phytochemicals in discarded PPs. Our 

findings suggest that PP discarded as waste 

contains significant quantities of protein, 

carbohydrates, ascorbic acid. Therefore, 

this waste can be used as nutraceuticals. 

Cellulose was also extracted from PP and 

the methanolic as well as aqueous extracts 

of PP were screened for antifungal potential 

against two fungal strains. The results 

suggest that aqueous extract showed 

antifungal potential at higher 

concentrations; however, at lower 

concentrations, the antifungal activity was 

not pronounced much.  

This study has yielded interesting as well as 

promising results and we believe that in-

depth analysis of phytochemicals from PP 

can prove to be sustainable source of fine 

chemicals. 
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