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Comprehensive review on utilization of fruit wastes as 

nutraceuticals and healthy food 

 
Ekta and Mahboob Karuvakkottil 

 
Abstract 
Seed coat, hull, husk, peels, seeds, and pomace are examples of non-utilized agriculture by-products that 

can pollute the environment. Furthermore, certain agricultural by-products are said to have a high 

nutritional value and might be employed in the food sector as a functional component and food. It is the 

outer covering of fruits that protects them from the surroundings. Some fruits, such as pomegranate, have 

a thick and rough skin, whereas others, such as mango, have a thin peel. Because of the hard texture and 

harsh flavor, most people avoid eating the fruit skins. Fruit peel wastes potentially contain helpful 

compounds similar to those found in fruit. These beneficial ingredients can be employed to create 

pharmacologic/medicinal, nutrient-dense, and energy-dense products. Fruit peel trash recycling has aided 

in the discovery of valuable substances as well as the reduction of solid waste management issues. These 

fruit peels can be used to extract phytochemicals of interest through efficient distillation, industrial 

extraction, scientific integration, and management. Fruits' outer skins are frequently peeled off and 

discarded because they are usually non-edible and useless. Phyto wastes are often viewed as non-edible 

hard seeds and peels and disposed as such. Fruit merchants on the streets and in markets, as well as the 

fruit processing industry as a whole, generate a lot of trash, which can be an environmental threat and a 

source of illness if not properly managed and handled. As a result, repurposing them as an antioxidant 

source could provide cost-effective new generational remedies and measurable economic rewards to the 

pharmaceutical and nutraceutical sectors, as well as contribute to pollution control. Bioactive-functional 

components like polyphenols, antioxidants, and antimicrobial compounds like natural pigments, as well 

as bioactive-functional components like protein, peptides, polysaccharides, dietary fibers, and others, 

may all be found. Different forms of fruit by-products were well-integrated in the production of 

functional foods, such as bread and dairy products, according to studies. This review article is crucial 

since it sheds light on the nutritional content, health advantages, and applications of fruit by-products 

from fruit wastes. 

 

Keywords: Food waste, waste utilization, pomace, peel, pigments, application 

 

1. Introduction 

Fruit processing waste is well recognized as a significant environmental issue, considering 

that, for economic reasons, landfilling is the most common and broadly applied method of 

disposing of waste with high moisture content. Landfilling biomass, on the other hand, has 

serious environmental effects since it causes greenhouse gas accumulation (Roggeveen, 2010 

and FAO, 2017) [39, 101]. Active chemicals derived from agricultural and food sector waste are 

becoming increasingly popular as functional food supplements and active pharmaceutical 

treatments. Biopolymers, especially pectin, are abundant in agro-food waste, with a global use 

of about 60 thousand metric tons in the food sector in 2018(Pectin-A Global Market Overview, 

2019 and Albuquerque et al., 2019) [92, 8]. 

In recent years, the food industry has seen a steady growth in demand for natural-source 

additives (e.g., antioxidants, preservatives) as an alternative to conventional additives that have 

been linked to health issues due to toxicity, as per concern functional meals demand had 

increased which may aid the immune system and illness resistance to the human body 

(Galanakis,2020) [46]. Viruses too have been a major concern for customers in recent decades 

especially during the coronavirus outbreak in 2019, so functional food became a trend to fight 

against pandemic (Galanakis, 2020) [46]. 

The use of bioactive peel and seed elements provides an effective, environmentally friendly, 

and low-cost therapy for a variety of human illnesses, as well as the development, 

improvement, and documentation of novel nutraceutical. Bioactive compounds having 

antioxidative, antidiabetic, hepatorenal protective, anti-thyroidal, anti-inflammatory, 

antibacterial, cardiovascular protecting, neuro-protective, anticancer, and wound healing  
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properties have already been found in seed and peel extracts 

(Dike et al., 2021) [26].  

Fruits cultivated in certain geographical and sub-regions have 

long been consumed across the world owing to their various 

health advantages. Fruit consumption of 400 grams per day is 

recommended by the FAO and WHO to decrease heart 

disease, obesity, cancer, and other health problems (FAO 

2018) [42]. Fruits' high popularity has resulted in a rise in 

yearly output on the worldwide market, which has led to 

advancements in processing technologies (Castellani et 

al.,2014) [126]. The fruits are processed into a variety of goods 

such as fruit juice, sweets, jelly, powders, and so on due to 

their perishable nature, and as a result of this processing a 

large amounts of fruit wastes such as peel, seed, and other 

inedible portions of fruits create a significant number of 

wastes, which are either discarded as fruit or feed to animals 

(Mirabella et al., 2014) [127].  
Fruits and vegetables, which account for 22% of world 
output, have a higher rate of food loss and waste than other 
commodities (FAO 2018) [42]. Approximately 75,000 Mt of 
mango fruit waste is produced internationally, which includes 
10,384 Mt of fruit waste produced in Brazil, 39,000 t of 
banana waste produced in the US, and 1 Mt of apple pomace 
produced in India (Ermis and Ertan,2020) [128]. Several 
environmentalists have affirmed that dumping of fruit waste 
can have numerous environmental consequences, including 
the release of greenhouse gases (Carbon dioxide and 
methane), breeding of insects, mice, and bacteria in the 
vicinity of the fruit waste, which can prove to be deleterious 
to health (Cheok et al., 2016) [25]. Fruit wastage emerges as a 
blue water hotspot in Asia, Latin America, and Europe 
because of food wastage volumes (FAO 2011) [41]. 
Not only this but some fruit wastes such as banana, mango, 
pomegranate, and others, contain the majority of their 
nutritional value in inedible parts, and if we simply discard it, 
it can result in the wastage of majority of nutritional value of 
the fruit, thus causing a greater loss (Nascimento et al., 2016) 
[129]. Many health problems, including cancer, cardiovascular 
disease, chronic disease, diabetes, and hypertension, can be 
prevented by using fruit waste powder (Dabas et al., 2013) 
[29].  
Several methods have been developed to use of the fruit's 
waste for different purposes because Fruit waste containing 
numerous bioactive components may be used as a food 
product for human consumption, in addition to other 
applications such as biogas generation, cattle feed, and plant 
fertilizer, using various processing processes such as drying, 
extraction, and so on. (Bhandari et al., 2013) [16]. By reducing 
the moisture content of the fruits waste, it may be turned into 
powders to prevent deterioration, enhance shelf life, and save 
transportation costs. The rise in human health consciousness 
has resulted in an increase in demand for nutritionally 
available foods, such as functional foods (Bhandari et al., 
2013) [16]. Dried powders are used in a variety of culinary 
items, including extruded goods, dairy, bread, and 

confectionery and are regarded as functional foods or 
nutritional supplements, and may also be employed as a 
replacement, due to their extensive physicochemical 
characteristics and these products improve the valorized 
product's physicochemical characteristics, such as 
phytochemical and antioxidant activity (Bhandari et al., 2013) 
[16]. 
Apple and raspberry pomace powders can be used to boost 
fiber content and improve organoleptic aspects in baked 
foods. Apple pomace powder was used as a soya meal 
substitute and source of dietary fiber in baked goods such as 
cookies, toffees, and sauce, and it may also be employed as a 
flavoring in the juice industry. (Shalini and Gupta 2010 and 
Mirabella et al., 2014) [108, 127]. Passion fruit peel, pineapple 
peel, and pomegranate powder can be added to dairy products 
such as skim yoghurt and probiotic yoghurt to assist speed up 
fermentation and enhance texture (Sah et al., 2016) [106]. When 
avocado peel powder was added to the tea, it was discovered 
to have powerful antioxidant and sensory effects (Ajila et al., 
2010 and Mirabella et al., 2014 and Rotta et al., 2015) [4, 127, 

102].  
The powders are employed as an adsorbent in water treatment 
to remove colors and metals (copper, for example) that pollute 
the water. For waste water treatment, wood apple shells, 
grapefruit peels, orange peels, banana peel powder, and 
watermelon rind powders, among other things, have been 
utilized (Chen et al., 2018) [24]. Fruit waste powders can be 
utilized to generate electricity, also apple fruit waste powder 
is utilized as a fuel for energy generation such as steam and 
biogas, lowering the cost of energy generation (fossil fuels) 
and disposal, as well as being used in bio-transformation 
(Shalini and Gupta 2010) [108]. As a drying fuel, peels, litchi 
seed, mango, and logon are used. Instead of deteriorating 
plastics that are hazardous to the environment, fruit waste 
powders are utilized in packaging as bio-plastic films such as 
PHA (polyhydroxy alkenoates) in green applications. The 
oxygen and moisture barrier characteristics of bio-plastic are 
superior. Fruit waste, such as citrus fruit waste, grape pomace, 
and apricot waste, is used to make bio-plastic films (Tsang et 
al., 2019) [114]. Moro et al. (2017) [130] created a bio-plastic 
made from passion fruit peel powder, which contains 60% 
fiber. Pomegranate peel powder, red pitaya peel powder, and 
other natural colorants Fertilizer, animal feed, emulsifiers, 
essential oils, preservatives, and ethanol manufacture are just 
a few of the applications for fruit waste powder. (Choonut et 
al., 2014 and Gunjal 2019 and Ajmal et al., 2014) [27, 50, 7]. 
 
2. Fruit Waste Utilization 
Solid trash (peel, skin, seeds, stones, etc.) and liquid waste 
(juice and washing water) are two forms of waste generated 
during the processing of fruits. Some fruits have a high 
rejected rate in horticulture. Portions such as mango (30-
50%), pineapple (40-50%), and orange (30%) 50% of the 
time, and 20% of the time, it's bananas. (Sharma et al., 2020) 
[112]. 

 
Table 1: fruit processing wastes available in India 

 

Fruits Nature of waste produced Production (tones) Approximate waste (%) Potential quantities of waste (tones) 

Mango Peel, stones 6987.7 45 3144.4 

Banana Peel 2378,0 35 823.3 

Citrus Peel, rag and seed 1211.9 50 606.0 

Pineapple Skin, core 75.7 33 24.7 

Grape Stem, skin and seed 565 20 - 

Apple Peel, pomace and seeds 1376.0 - 412 

Source: Joshi and Sharma,2011 [40] 
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The Indian government favors the establishment of fruit 

processing plants and the commercialization of value-added 

goods. The Indian market is brimming with raw fruit 

materials, however due to poor raw fruit management, every 

year, we lose roughly 30-35 percent of the fruits we produce, 

which is insufficient. (Bisht et al., 2013) [18]. The major 

causes are a lack of infrastructure and inadequate postharvest 

management techniques. The post-harvest production losses 

in India from maturity to harvest are the cause of this loss. 

Processing costs have been estimated at Rs 75,00-1,00,000 

crore per year (Bisht et al., 2013) [18]. 

 

2.1 Avocado (Persea Americana) peel utilization 

Avocado peels, like other fruit peels, are frequently thrown 

due to a lack of knowledge about their possible uses but there 

had used to extract oils from avocado peels and describe them 

in order to assess their appropriateness for eating and other in 

which the extraction was carried out using a Soxhlet 

apparatus using n-hexane as the solvent, which was chosen 

because to its low toxicity and high extraction rate (Tafere, 

2021) [110]. The extracted oil's proximate analysis and 

physicochemical characteristics were examined. The oil 

recovered from the peel yielded 40.6 percent of the total 

output. The best working parameters for extracting oil from 

avocado peel oil were determined based on the particle size of 

2.6 mm, solvent type N-hexane, and extraction duration of 3-5 

hours. The influence of process factors on oil yield was 

investigated using a generic factorial design. At a 5-hour 

extraction period, a maximum oil yield of 40.6 percent was 

achieved. Avocado peel oil can be utilized in a variety of 

medicinal and energy-related applications (Tafere,2021) [110]. 

 Avocado residues (seeds and peels) include readily removed 

starch and cellulose which helps making them ideal for 

bioplastic manufacture having characterization of starch 

revealed that it is a high-solubility, low-water-absorption, and 

low-swelling-power starch, which is reflected in the 

proportion of amylose and also effects the development of 

biodegradable films. With 3 g of starch, 2 g of glycerin, 6 g of 

PVA, and 5 mL of 30 percent NaOH, the greatest results in 

terms of film formation and durability were achieved 

(Sánchez, et al.,2021) [131]. 

Avocado (Persea americana) seeds constitute an un-

conventional starch source, its seed starch functional and 

rheological properties suggest it could have many possible 

applications as an ingredient in food systems and other 

industrial applications as we use two different solvents (one 

containing Tris, NaCl and NaHSO3; the other only sodium 

bisulphite) in starch isolation had no influence on starch yield 

or properties (Barbosa et al.,2017) [82]. The isolated starches 

had functional properties similar to those of commercial 

maize starch in which avocado seed starch had a slightly 

lower gelatinization temperature (65.7 °C) than maize starch 

(66.32 °C) despite their differing amylose contents (Antonio, 

et al.,2017) They remained useful at higher temperatures (95 

°C), with G' values between 850 and 1000 Pa in which 

Avocado seed starch has potential applications in products 

such as baby food, sauces, bread products, jellies, candies and 

sausages, also Other possible uses are as a vehicle in 

pharmaceutical products, and in biodegradable polymers for 

food packaging. (Guerrero, et al.,2017) [82]. 

 

2.2 Apple (Malus domestica) pomace utilization 

Skin and flesh account for 95% of apple pomace, with seeds 

accounting for 2% to 4% and stems accounting for 1% and 

It’s high in beneficial bioactive chemicals (Gramatina et al., 

2017 and Bhushan et al., 2008) [77, 17]. In comparison to the 

rest of the apple, the investigations demonstrated that 

phenolic compounds are mostly prevalent in the peels 

(Kruczek et al., 2017) [132]. According to Sluis et al., (2002) 

[118], juices made from two apple species have roughly 3% to 

10% of the antioxidant content of the whole fruit. Dietary 

fibers found in apple pomace are well-balanced in terms of 

soluble and insoluble fibers, and they are higher-quality 

elements than those found in popular cereals (Kruczek et al., 

2017) [132]. 

 
Table 2: Application of fruit peel waste in food and its results 

 

Product Application Results Reference 

Chicken patty 

and beef 

Wet apple pomace is used to replace 

10% and 20% of the meat. 

•Product having a high fibre content, pectin, and antioxidant activity. 

•Product with a softer texture 

(Jung et 

al., 2015) [133] 

Chicken 

sausage 

Apple pomace is substituted for 3%, 

6%, and 9% of the chicken meat, 

respectively. 

•Antioxidant activity and colour have been improved. Fibre enrichment 

is a great way to add some variety to your diet. 

•Hardness will increase 

(Yadav et 

al., 2016) [112] 

Chicken 

nuggets 

Apple pomace is substituted for 3%, 

6%, and 9% of the chicken meat, 

respectively. 

•Very good sensory characteristics for pomace additions up to 6%. 

•Improved emulsion stability and cooking yield. 

 

(Yadav et 

al., 2016) [112] 

Buffalo meat 

patties 

2 percent, 4 percent, 6 percent, and 8 

percent of buffalo meat is replaced with 

apple pomace. 

•Cooking yield and emulsion stability improved, textural 

characteristics improved, and sensoric assessment for up to 6% apple 

pomace was acceptable. 

(Younis & 

Ahmad, 2018) 

[124] 

Stirred yogurt 

and yoghurt 

drinks 

Up to 3% dried apple pomace can be 

added to the fermented product. 

•Viscosity, stiffness, stability, and antioxidant activity are all 

improved. 

•The product's colour has changed. 

(Wang et 

al., 2019) [121] 

Acidophilic 

yoghurt 

2.5 percent, 5%, 7.5 percent, and 10% 

extracted fibres from apple pomace 

were added to the mix. 

•Physical and sensory qualities in the items have been improved by up 

to 5%. 

(Issar et 

al., 2017) [60] 

Yoghurt 

To get 3.3 percent, apple pomace 

extract was used. 

(wextract/wmilk) 
•Increased antioxidant activity and phenolic content. 

(Fernandes et 

al., 2019) [107] 

 

These facts sparked study into the use of apple pomace as a 

functional component in various food types for the purpose of 

fortification and increased nutritive content, with the primary 

goal of creating goods with increased value and acceptance by 
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customers. The greatest result was reached by adding apple 

pomace extract to the pizza salami, which was enough to keep 

it from going rancid for 8 weeks when maintained at –18 °C. 

Sensory study found that the taste and fragrance of 

experimentally manufactured food did not alter (Kammerer et 

al., 2014) [65].  

Apple pomace's potential as a natural stabilizer and nutritional 

fiber source in stirred yoghurt and yoghurt drinks has also 

been investigated (Wang et al., 2019) [121]. The whey 

separation also reduced during the course of the 28-day 

storage period, which was likely attributable to the additional 

apple pomace's water-holding capacity and emulsifying 

capabilities. In this study, the effect of yoghurt fortification 

was also seen as an increase in polyphenolic chemicals. 

Another study was conducted on the enrichment of dairy 

products by adding up to 10% fiber derived from apple 

pomace (Sharma, & Gupta, 2017) [84]. The use of apple 

pomace up to 6% as a substitute for buffalo meat in the patties 

yielded acceptable sensory results. The higher levels received 

a worse grading owing to a sweet flavor that was unsuitable 

for that type of product. The apple pomace has a high-water 

holding capacity, which elicited a favorable response from the 

panelists; nevertheless, the apple pomace's high oil holding 

capacity had a detrimental impact on the patties' taste 

qualities. (Younis and Ahmad, 2018) [124]. 

 

2.3 Banana peel (Musa) utilization 

Banana peel has been used as an herbal medicine for the 

treatment of a variety of illnesses, including burns, coughs, 

ulcers, and diarrhea. Banana peel, for example, has been used 

to aid in the healing of burn wounds (Pereira & Maraschin, 

2015) [93]. Banana peel extracts have also been linked to a 

variety of health benefits, including lowering blood sugar and 

cholesterol. Cardiovascular disease, diverticulosis, 

constipation, irritable bowel syndrome, colon cancer, and 

diabetes have all been linked to dietary fiber. (Rodriguez et 

al., 2006) [100]. Individual phenolic compounds found in 

banana peel, such as dopamine, ferulic acid, and caffeic acid, 

have potent antioxidant capacity, antimicrobial activity, and 

could be used as food preservatives as for example like, 

dopamine's radical scavenging capacity was found to be 

greater than glutathione, BHT, luteolin, or quercetin, also has 

a higher radical scavenging capacity than catechin and is 

similar to Gallo catechin gallate and ascorbic acid in terms of 

action (Kanazawa & Sakakibara, 2000) [66]. Bioactive 

components found in peel and seed extracts show great 

potential in the treatment and management of 

diabetes, Antioxidant activities can help to mitigate the 

negative consequences of ROS (reactive oxygen species) This 

is a widely used technique, Antioxidant enzymes including 

paraoxonase (PON1), superoxide dismutase (SOD), and 

catalase may increase their activity in a direct or indirect way 

(CAT) (Ketnawa et al., 2012) [66]. 

A large number of bananas (102 million tonnes of fresh fruit) 

are produced each year in which the peel, which accounts for 

around 35% of the total weight of the fruit, has been shown to 

be high in dietary fiber and phenolic compounds. (Anjum et 

al., 2014 and Scarlett et al., 2016) [10, 120]. The total phenolic 

content of banana peel ranges from 4.95 to 47 mg gallic acid 

equivalent/g dry matter, making it a rich source of phenolic 

compounds (Carranza et al., 2016) [85]. This amount is 1.5–3 

times higher than what was calculated in the flesh. The age of 

the fruit has been discovered to alter the phenolic content of 

the peel. (Sundaram et al., 2011 and Sulaiman et al., 2011) (10) 

[25]. As the fruit ripens, the amount of total phenolic content 

decreases. For example, overripe peel has 52 percent less 

phenol than ripe peel, while ripe peel contains 15–45 percent 

less phenol than green peel, total flavonoid levels and 

antioxidant capabilities were found to be comparable. 

(Fatemeh et al.,2012 and Sundaram et al., 2011) [10, 44].  

The effects of four distinct banana peel preparation 

techniques, including dry milling, wet milling, wet milling 

and tap water washing, and wet milling and hot water 

washing, on the chemical composition and characteristics of 

the banana peel dietary fiber concentrate were studied 

(BDFC) (Wachirasiri et al., 2009) [95]. The BDFC had 

significantly more fat, protein, and starch content after dry 

milling than after wet milling, resulting in decreased water 

holding capacity (WHC) and oil holding capacity (OHC). 

Washing following wet milling might improve the removal of 

protein and fat, resulting in a higher concentration of total 

dietary fiber (Julakarangka et al., 2009) [95]. When compared 

to washing with tap water following wet milling, washing 

with hot water resulted in a greater loss of soluble fiber 

fraction, resulting in a lower WHC and OHC of the produced 

BDFC. The BDFC had the greatest content of total and 

soluble dietary fiber, WHC and OHC, after wet milling and 

tap water washing (Luang et al., 2008) [95]. 

 

2.4 Pineapple peel (Ananas comosus) utilization 

The pulp, peels, stems, and leaves are the most common 

pineapple by-products. Processing residuals typically range 

from 45 to 65 percent. The main bio-waste from pineapple 

processing is the peel, which can be used to generate methane, 

ethanol, and hydrogen. (Upadhyay et al., 2013 and Choonut et 

al., 2014) [117, 27]. The core is the second primary bio-waste 

and can be utilized to make pineapple juice concentrates, 

alcoholic and non-alcoholic beverages, or vinegar. Bromelain, 

a commercially available enzyme produced from pineapple 

stems, is already on the market (Kodagoda and Marapana, 

2017 and Arshad et al., 2014 and Bresolin et al., 2013) [76, 11, 

19]. 

This enzyme has been used in a variety of industrial 

applications, including as a meat tenderizer, a bread dough 

improver, a fruit anti-browning agent, a beer clarifier, a tooth 

whitening agent, animal feed, and cosmetic substance, as well 

as in the textile industry, due to its strong proteolytic activity 

(Dorta and Sogi,2017) [31]. Bromalin can be recovered from 

various pineapple wastes, including as the stem, core, and 

peel, utilizing various extraction and purifying procedures. 

Pineapple by-products contain both soluble and insoluble 

dietary fiber, which can be exploited in the development of 

low-calorie and dietary fiber-rich foods. (Cassellis et al., 2014 

and Huang et al., 2011) [23, 55]. 

Through submerged and solid-state fermentation, pineapple 

waste has been used to produce lactic and citric acids. Under 

anaerobic conditions, lactic acid was created from pineapple 

waste in a three-liter micro fermenter with a stirring speed of 

50 rpm, a temperature of 40°C, and a pH of 6.0 (Rani et al., 

2004) [118]. Solid pineapple waste can also be used as the sole 

substrate for Yarrowia lipolytica solid state fermentation to 

produce citric acid. A two-stage fermentation procedure can 

also be used to make vinegar from pineapple waste (Sossou et 

al., 2009) [134]. Pineapple peels, which are high in carbs and 

proteins, have been discovered to be a suitable feed for biogas 

production. The primary component of vanilla is vanillin (4 
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hydroxy 3 methoxy benzaldehyde), which is made from 

vanillic acid. Ferulic acid, a precursor to vanillic acid, is 

found in pineapple peel waste (Lun et al., 2014) [83]. 

The pineapple industry's activity has resulted in massive 

waste generation. The peel accounted for 29-40 percent 

(w/w), the core for 9-10 percent (w/w), the stem for 2-5 

percent (w/w), and the crown for 2-4 percent (w/w) of the 

total pineapple mass. (Ketnawa et al., 2012) [72]. Pineapple 

peels were fermented with three distinct strains of acetic acid 

bacteria, which are Propionic bacteria. Panteoagglomerans, 

Acidipropionici, and Pantea Dispersa are only a few 

examples. (Teklu et al., 2021) [135].  

In a factorial experimental design, three fermentation periods 

(24hr, 48hr, and 72hr) and three acetic acid bacteria 

(Propionic Bacterium Acidipropionici, Panteoagglomerans, 

and Pantea Dispersa) were examined and organized where 

Fermentation was carried out at 28°C in 500 mL Erlenmeyer 

flasks containing 200 mL medium (Belay Dereje., et al, 2021) 
[14]. Constant factors were aeration rate, temperature, and 

carbon supply. The pH, total soluble solids, total residual 

reducing sugar, and titratable acidity were all determined. The 

pH, total soluble solids, total residual reducing sugar, and 

titratable acidity of the vinegar samples ranged from 3.5 to 

4.31, 1.3 to 2.31 brix, 0.50 to 2.47 percent, and 3.13 to 6.15 

mg/100g, respectively (Chalchisa et al., 2021) [113]. The 

results collected showed significant differences (P0.05), As a 

result, the most critical parameters impacting vinegar output 

were bacterial strain and fermentation duration (Belay Dereje 

et al, 2021) [14]. The optimal yield of acetic acid generation by 

propionic bacterium Acidipropionici acetic acid bacterial 

strain was reported to be 6.15 g/L at a fermentation time of 72 

hours based on experimental findings and interaction effects 

(Teklu et al., 2021) [135].  

Apart from bromelain extraction, Ketnawa et al. (2012) [72] 

suggest that the peel's fiber might be used in various industrial 

applications. Pineapple peel has been touted as having good 

culinary application potential due to its high concentration of 

dietary fibre, which accounts for 42.2 percent (w/w) of the 

content, and its ability to generate pectin (Huang et al., 2011) 

[24]. 

 

2.5 Citrus peel (Rutaceae) utilization: 

Citrus fruits are the second most eaten crop after grapes in 

terms of global agricultural output. Citrus fruits have vibrant 

colors and unique aromas, and they are the richest source of 

vitamin C (Taghizadeh et al., 2017) [111]. Citrus raw materials 

are used in the food industry to make cordials and soft 

beverages, pasteurized juice concentrates, preservatives, and 

frozen canned juices, candied peels, flavoring oils, and 

marmalades (FAO 2017) [39].Citrus waste is generated at a 70 

percent greater rate, with just 50 to 65 percent of it being 

treated where Citrus waste consists of seeds, peels, and 

membrane remnants, it is also vital to treat massive volumes 

of Citrus waste in order to avoid major contamination in the 

environment (Duhan et al., 2014) [90]. 

Recent studies focus on newer techniques to use Citrus waste 

for applications in chemical industries in which Pulps, peels, 

seeds, and membrane residues (40–60% of the whole fruit) in 

Citrus waste exceeds to about 110–120 million tons per year 

in the world. Food processing, pharmaceutical, and chemical 

industries have developed biodegradable polymers and 

functional materials by organic acids obtained from Citrus 

wastes (Zhang et al.,2015) [34]. Many bioactive molecules, 

biogas, fuels, and ethanol were extracted from Citrus waste by 

physicochemical and microbial processes and applied in food 

and pharmaceutical industries (Mulhaupt et al., 2013) [136]. 

Orange peel powder in bread goods is nutrient-dense orange 

peel. Orange peel powder is high in crude fiber, phenolic 

compounds, and -carotene, and may be used in baked goods 

like cookies (Belose et al., 2020) [14].The modifications that 

happened during cookie storage were also investigated and 

Preliminary tests were carried out to determine the ideal level 

of orange peel powder for the production of high-quality 

cookies in which the high-quality cookies were made with 2% 

orange peel powder and 98% refined wheat flour. The 

moisture content of orange peel powder was 7.53 percent, 

carbs 80.27 percent, protein 5.34 percent, fat 2%, and crude 

fiber 14.87 percent, vitamin C 45 mg/100g, and iron 0.8 

mg/100g, according to the chemical composition(Godase et 

al., 2020) [14].  

Orange peel powder has a light orange hue and a bulk density 

of 0.45 grammes per milliliter (Belose et al., 2020) [14]. Fresh 

cookies included 4.2 percent moisture, 10.8% protein, 23.1 

percent fat, 0.35 mg/100g crude fibre, 76.9% carbs, 35.8 

mg/100g calcium, 2.7 mg/100g iron, and 650.3 g/100g -

carotene (Godase et al., 2020) [14]. According to a storage 

research, cookies produced with 2% orange peel powder and 

98 percent refined wheat flour and packaged in polypropylene 

(PP) and low-density polyethylene (LDPE) may be kept in 

good condition for up to 3 months with little sensory, 

nutritional, and textural losses. (Belose et al., 2020) [14]. 

Citrus peels rich in flavonoids were shown to have anticancer 

properties. Citrus peels offer cancer-preventive properties, 

according to a study led by Lai et al., Citrus peels had a 

considerable anti-inflammatory, antiproliferative, 

antiangiogenic, and apoptosis-inducing effect on prostate 

cancer tumors, as well as strong anti-inflammatory, 

antiproliferative, and antiangiogenic properties. Citrus peel's 

high polymethoxyflavone content may potentially help to 

prevent azoxymethane-induced colonic carcinogenesis (Shafie 

et al., 2021) [71]. 

 

2.6 Roselle (Hibiscus sabdariffa) and dragon (Selenicereus 

undatus) fruit peel utilization 

The roselle (Hibiscus sabdariffa) will swiftly decay after two 

days after being picked off the tree. As a result, roselle should 

be utilized to its maximum potential as an antioxidant source 

(Suryaningsih et al., 2021) [105]. Fruit waste has a lot of value 

as a source of pectin that may be used in a variety of ways. 

The primary goal was to find the best conventional and 

microwave-assisted heating settings for extracting pectin from 

red-flesh (Hylocereus polyrhizus) dragon fruit peels, white-

flesh dragon fruit (Hylocereus undatus) peels (DFP) (Dao et 

al., 2020) [137]. 

Dragon fruit peel, in addition to roselle, is a possible source of 

antioxidants. Flavonoids, antioxidants, anthocyanins, and 

vitamin C are found in Roselle's calyces (Hibiscus subdariffa 

L). These active chemicals have a lot of promise as a natural 

antioxidant source. Furthermore, total anthocyanins (622.91 

mg/100g), ascorbic acid (140.13 mg/100g), and total 

phenolics (37.42 mg/g dry weight) were all present and 

roselle is a good source of phenolic compounds (Salem et al., 

2011) [3]. Because of the presence of these polyphenol 

components, roselle extract has a modest antioxidant effect. It 

also contains anthocyanins, which are plant pigments that 

give it its color. (Beltrán et al., 2011) (20). The calyces of 
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roselle are the most significant component, and they may be a 

rich source of phenolic compounds and anthocyanins and 

because of its antioxidant and color properties, Roselle's 

calyces are appropriate for use in meals as a natural extract, 

concentrate, or powder. (González et al., 2012 and Prenest, 

2007) [48, 96]. 

 

2.7 Grapes (Vitis vinifera) pomace utilization 

The winemaking business uses around 80% of the grape crop, 

resulting in massive volumes of grape pomace that are still 

high in phenolic compounds which can be utilized, Because 

of its high phenolic, flavonoid, and vitamin C content and 

have more phenolic content and antioxidant activity than fruit 

meat, according to several studies. The main phenolic 

components were protocatechuic acid, caffeic acid, 

chlorogenic acid, and quinic acid and its rich in antioxidants 

(Zhang et al.,2021) (125). 

preparation of an antibacterial agent the majority of the 

dietary fiber and phenolics in grapes collect in the fruit skins, 

seed, and pulp, which are discarded following juice 

production. The use of grape pomace as a functional element 

in baking goods has been investigated alternate fining agents 

for red wines, seafood to minimize rancidity on ice storage to 

boost dietary fiber and total phenolic acid in dairy products, 

eliminate red wine tannins in yoghurt and salad dressings, as 

well as preventing lipid oxidation. (Zhu et al., 2015) [138]. 

Grape pomace extracts, in the form of liquid extracts, 

concentrates, or powders, can be used in foods, 

pharmaceuticals, cosmetics, and other items (Prodanov et al., 

2005) [97]. According to the investigations, grape pomace 

extracts might be utilized as a functional supplement in food 

preparation, to enhance beverages, or even as an element in an 

osmotic solution to make dried fruit with a greater phenolic 

content. Grape pomace extracts were also successfully 

integrated into chitosan edible films (hydrophobic and 

hydrophilic), offering antioxidant effects and perhaps 

extending shelf life (Ferreira et al., 2014) [45]. 

phenolic extracts from grape pomace can also be utilized to 

substitute synthetic antioxidants in the food sector in which 

the red grape extract was employed as a natural antioxidant in 

pork patties by Garrido et al., (2011) [47]. The researchers 

looked at lipid oxidation, color stability, and overall product 

acceptance and came to the conclusion that grape pomace 

extracts might be employed as meat preservatives. Guerra-

Rivas et al. (2016) [49] tested the shelf life of lamb meat using 

grape pomace seed extract with vitamin E as a control, after 

the 7th day of storage, both the grape seed extract and vitamin 

E were successful in lowering lipid oxidation (20%), 

according to the researchers (Beres et al.,2017) [15]. 

 

2.8 Mango (Mangifera indica) peel utilization 

Mango trash accounts for roughly 75000 MT and is 

increasing due to increased mango fruit production and 

processing. Mango seed kernels are a substantial waste 

product, accounting for 20 to 60% of the total. Mango seed 

kernel oil is said to be high in polyunsaturated fatty acids like 

oleic and linoleic acids, both of which have health benefits 

(Dorta et al.,2012) [31]. Mango peel powder is also high in 

antioxidants and is used in a variety of value-added goods. 

When ripe mango peels were compared to raw fruit peels, the 

carotenoid content was found to be 4–8 times greater in ripe 

mango peels. Dry peel has a total dietary fiber level ranging 

from 45 to 78 percent. In both raw and ripe mango peels, 

soluble dietary fiber accounts for more than 35% of total 

dietary fiber (Ajila et al., 2011) [4]. Soluble dietary fiber binds 

to cholesterol in the blood and reduces its intestinal 

absorption, whereas insoluble dietary fiber binds to 

cholesterol in the blood and reduces its intestinal absorption. 

The antimicrobial action of mango kernels, which are high in 

flavonoids and tannins, was discovered (Kittiphoom and 

Sutasinee, 2013) [139]. Mango kernels also contain a unique 

lipid component with technical and physiological benefits that 

might be used in the food business Furthermore, the 

antioxidant and antibacterial properties of mango kernel and 

peel can be used to substitute standard additives in food items 

to improve shelf life (Ethiraj and Suresh, 2012) [38]. On the 

other hand, the viability of bioactive chemicals found in 

mango by-products being considered for creative functional 

food creation should be underlined, also the possibility for 

making vinegar from mango peels and stones was examined 

(Simancas et al.,2021) [99]. 

Mango peel is high in dietary fiber, pectin, carotenoids, 

polyphenols, and enzymes, accounting about 10-20% of the 

fruit (Kim et al., 2010) [114]. 51.2 percent total dietary fiber, 96 

mg GAE/g polyphenols, and 3092 g/g carotenoids were found 

in mango peel. The water absorption of wheat flour infused 

with mango peel powder (MPP) increased from 60% to 68 

percent, according to farinograph results (Ajila et al., 2008) 
[6]. 

The antioxidant capabilities of the biscuits containing mango 

peel were boosted and may be used to obtain high-quality 

jelly pectin where Uronic acids, galactose, arabinose, and 

rhamnose are abundant in mango peel pectin, The pectin’s 

recovered are heavily methylated, resulting in gels containing 

substantial quantities of sugar (>50%) and acid. Vitamin C 

(188 to 392 g/g dry peel) and E (205 to 509 g/g dry peel) are 

also abundant in mango peel. Protease, peroxidase, 

polyphenol oxidase, xylanase, and amylase activity were 

found in both raw (green mangoes) and mature mango peels 

(Ajila et al., 2007) [5]. 
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Source: Kyriakos et al., 2021 [79] 

 

Fig 1: The prospect of using encapsulated or non-encapsulated pomegranate peel estracts as natural additives in various food products 
 

2.9 Pomegranate (Punica granatum) peel utilization 

Pomegranate (Punica granatum L.) is a significant source of 

phenolic chemicals in nature. Fresh or marketed in the form 

of juice is the most common way to consume it. Pomegranate 

output in the world is estimated to be worth $1 billion. In 

2017, it is expected to reach about 3.8 million tonnes 

(Kahramanoglu, 2019) [64]. The processing of pomegranate 

juice creates a lot of trash consists mostly of peel (78%) and is 

a possible material for additional valuing (Kaderides et al., 

2020) [63]. However, the majority of these wastes are either 

employed as animal feed or thrown away 

into landfills (Erdogan et al., 2014). 

Secondary metabolites found in pomegranate peels include 

phenolic acids (e.g., gallic acid, ellagic acid, caffeic acid), 

flavonoids (e.g., catechin, Gallo catechin, epicatechin), 

anthocyanins), and hydrolysable tannins (e.g., ellagitannins 

(e.g., punicalagin), Gallo tannins) (Kaderides et al., 2020) [63]. 

Many in vitro and in vivo investigations have linked the 

presence of these phenolic compounds to a variety of 

biological activities and health advantages, including 

antioxidant, anti-inflammatory, antimutagenic, 

anticarcinogenic, and antihypertensive properties (Kandylis et 

al., 2020) [67]. Furthermore, their existence has been linked to 

the prevention and treatment of a number of chronic illnesses, 

including cardiovascular disease, diabetes, obesity, and 

Alzheimer's disease (pourrad et al., 2021) [75]. 

Pomegranate peels account for almost a fourth of the fruit's 

total weight (Adamopoulos et al, 2015) [62]. Peels also have a 

significant amount of crude protein (1.30–8.72 g/100 g) 

(Hamza et al., 2013) [103]. Salama, et al., (2013) (103) reported 

that lysine, leucine, and aromatic amino acids (phenylalanine 

and proline) tyrosine), threonine, valine, and sulphur-

containing amino acids and isoleucine (Emad et al.,2013) [103]. 

The principal minerals found in pomegranate peels include 

potassium, Calcium, Phosphorus, and sodium, with iron being 

present in large proportions. Zinc, Copper, and Selenium have 

also been discovered. Antioxidants abound in pomegranate 

peels. The levels of vitamin B1 (thiamine), B2 (riboflavin), 

and ascorbic acid are all high. Vitamins C (L-ascorbic acid), E 

(-tocopherol), and A (retinol) are all antioxidants (Rowayshed 

et al., 2013) [103]. 

PPEs have been found to improve the physical, chemical, and 

microbiological stability of a variety of foods, including meat, 

fish, poultry, dairy products, as well as edible oils and fats, 

throughout processing and storage, as well as their shelf life 

(Kaderides et al., 2021) [79]. Furthermore, their presence did 

not appear to have a negative influence on the completed 

items' sensory attributes or popular acceptability (Athanasia et 

al., 2021) [140]. 

 

3. Applications of Fruit By-Products in Foods: 

3.1 Pomegranate peel 

In wheat bread Pomegranate peel (PGP) was used up to 10% 

of the time in wheat bread, the antioxidant levels of bread 

increased when PGP substitution increased, the concentration 

of free radicals dropped, antioxidant value increased (karnoop 

et al.,2015) [141]. 

In cookies the addition of up to 7.5 percent pomegranate peel 

(PGP) to cookies boosted the dietary fiber content from 0.32 

to 1.96 g/100 g, which is more than 6 times greater than the 

control. boosted the mineral content of cookies, specifically 

calcium, sodium, potassium, iron, and zinc. The total phenolic 

compounds and antioxidant activity of cookies increased; 

Pomegranate peel (PGP) was used to make up to 10% of the 

biscuits. PGP was discovered to be high in dietary fibre, total 

polyphenol, -carotene, calcium, and iron. Increased PGP 

inclusion increased the hardness of the biscuit dough while 

decreasing the cohesion and springiness (Ismail et al.,2014) 
[58]. 

In wheat noodles the addition of PGP to wheat noodles 

changed the color and texture of the noodles, making them 

darker and tougher (Kazemi et al., 2016) [70]. 

In manufacture of ice cream, pomegranate peel (PGP) was 

added. also 2 to 4% pomegranate seed oil was used as a milk 

fat replacement as a result ice cream increased total acidity, 

decreased pH, and changed the hue. Pomegranate seed oil 
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raised the conjugated fatty acid content of ice cream, and 

combining PGP and pomegranate seed oil increased the 

antioxidant and anti-diabetic effects of ice creams. 

pomegranate seed oil is ideal for the creation of functional 

foods. (Aslan et al.,2013) [21]. 

 

3.2 Apple pomace (AP) 

In order to make the cake, up to 30% apple pomace (AP) was 

used. Water absorption, mixing tolerance index, dietary fibre 

and dough development time all increased with higher AP 

incorporation, but dough stability decreased gelatinization 

temperature of the cake was found to rise (Sudha et al., 2017) 
[109]. 

 

3.3 Mango seed kernel (MSK) 

In antioxidant-rich idli and mathi, up to 40% of mango seed 

kernel (MSK) was included. Idli and mathi are traditional 

Indian snacks that are commonly eaten for breakfast in India. 

Due to the best approval for all features in sensory evaluation 

when compared to other formulations, the incorporation of 

10% MSK in both idli and mathi formulations were used for 

further analysis. It was discovered that adding 10% MSK to 

both idli and mathi enhanced moisture content, crude fiber, 

crude fat, total ash, and energy considerably. Mineral content, 

such as calcium, iron, and magnesium, was dramatically 

boosted when 10% MSK was added also the addition of 10% 

MSK, the antioxidant activity of mathi increased (Kaur et al., 

2017) [69]. 

 

3.4 Grape pomace (GP) 

In semi-hard and hard cheeses, 0.8 and 1.6 percent of GP 

were utilized in two different recipes. With increasing GP 

concentration and ripening time, cheeses' total phenolic 

content (TPC) and radical scavenging activity (RSA) 

increased. Semi-hard cheese fortified with 1.6 percent 

Chardonnay GP before distillation had the greatest TPC and 

RSA (Bertolino et al., 2016) [96]. 

In this study, 1–3% GP, 0.5–1% GP, and 1–2% GP were used 

to make yoghurt, House Italian salad dressing, and Thousand 

Island salad dressing, respectively. The fortified items showed 

up to a 65 percent reduction in peroxide. Furthermore, the 

enriched samples' dietary fibre content ranged from 0.94 to 

3.6 percent, with total phenolic content and DPPH radical 

scavenging activity (Tseng et al., 2013) [115]. 

In the study, grape pomace (GP) was used in bread in 

amounts of 2, 5, and 10. The antioxidant activity of bread 

samples improved, addition of 10% GP, the total phenolic 

content of bread increased by more than 150 percent. The 

study also discovered that adding GP to bread changed the 

colour, texture, and colour of the crust and crumb. As the 

amount of GP reinforced increased, the hardness increased 

while the springiness and cohesiveness reduced. (Fuguero et 

al., 2015) [142]. 

In the experiment, 20 to 30 percent of grape pomace (GP) was 

used in the cookie recipe. The colour and texture of the 

cookies were dramatically impacted by the fortification. With 

the addition of GP, the amount of dietary fibre, total phenolic 

content (TPC), and free-radical scavenging activity of cookies 

increased, the amount of dietary fibre (Sharma et al., 2017) 
[84]. 

Five, ten, fifteen, and twenty percent of GP were used in 

cookies, Anthocyanin, total phenolic content (TPC), 

flavonoid, tannins, and antioxidant activity of cookies all rose 

significantly as GP concentration increased. Furthermore, the 

colour intensity rose as the GP amount increased, with the 

highest colour intensity reported in cookies fortified with 20% 

GP (Ghirardello et al.,2016) [143]. 

 

4. Pigments Extraction from Fruit Wastes  

Compounds derived from fruit waste powder, such as 

anthocyanin, are utilized as a natural food colorant and bio-

pigment (Gunjal 2019) [50]. 

Petrochemical-derived synthetic pigments have been widely 

utilized in a variety of food items. However, these colours 

have harmful impacts on human health, making it necessary 

for scientists to search for more safer, natural, and 

environmentally friendly pigments (Bhat., et al, 2021) [5]. In 

this regard, maximizing the potential of agri-food wastes, 

which may be achieved primarily via the use of green 

processing and extraction technologies. Because of their wide 

range of applications, the pigments industry has been 

significantly expanding in recent years. 

 As a result, sustainable pigment manufacturing from 

renewable bioresources is required, Valorisation of vegetal 

wastes (fruits and vegetables) and their by-products (e.g., 

peels, seeds, or pomace) can fulfil natural pigment production 

demands at industrial scales for possible food, 

pharmaceutical, and cosmeceutical uses. Natural colours such 

as anthocyanins, betalains, carotenoids, and chlorophylls are 

abundant in these wastes/by-products (Gupta., et al., 2021) 
[85]. These natural pigments are thought to have a big role to 

play in the creation of functional foods and have a lot of 

biotherapeutic potential. We evaluated important research 

information and advancements on natural pigments from 

vegetal wastes, greener extraction and processing processes, 

encapsulating techniques, and possible bioactivities using a 

sustainability perspective. This evaluation is intended to help 

not just the concerned industries, but also health-conscious 

customers, as it was designed with an eco-friendly approach 

(Sharma et al., 2021) [85]. 

 

5.Probiotics from Fruit Peels 

Fruits have been used in medicine for dry cough, acute thirst, 

and painful throat for over two centuries. The need for 

innovative functional foods has risen in recent years, and 

probiotics are now widely consumed throughout the world 

and regarded one of the most important functional food items 

(Hamid et al.,2019) [1]. Furthermore, the fruits and peels are 

abundant in bioactive chemicals and have a high nutritional 

value (Viana et al., 2019) [28]. The useful components found in 

abundance in pomegranate, citrus, mango, and Opuntia 

ficusindica (barbary fig) peel include antioxidants, fibre, and 

oligosaccharides (as prebiotics) (Coelho et al.,2019) (28). Both 

probiotics and dietary fibre have been shown to lower colon 

cancer risk and alleviate constipation, Furthermore, several 

dietary fibres derived from fruits have been proven to have a 

significant influence on the survival of these bacteria and are 

suggested as a component in probiotic dairy meals (Santo et 

al., 2012) [107]. 

Anticancer, antioxidant, and antibacterial effects of probiotic 

yoghurt produced with pineapple peel powder were enhanced 

against Escherichia coli, but no significant impact was 

detected against Staphylococcus aureus (Kechnie et al.,2015) 
[106]. Apple, banana, and passion fruit peel powder improved 

the rheological qualities of probiotic yoghurt and increased 

the development of Lactobacillus casei, Bifidobacterium 
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animalis subsp. lactis, Lactobacillus acidophilus, and 

Lactobacillus paracasei (Santo et al., 2012) [107]. In fermented 

goods, the effect of mango peel supplementation on the kefir 

microorganism's growth rates and antioxidant qualities was 

also calculated (Vicenssuto et al.,2020) [119]. Efforts have also 

been made to produce a fat and sugar-free probiotic set 

yoghurt using composite fruit peel powder (orange, passion 

fruit, and pineapple) utilized in varied amounts, 1 percent, 0.5 

percent, and 0.7 percent (w/v), respectively (musk et al.,2020) 
[94]. FPP (fruit peel powder) was developed from industrial 

waste and added to fat-free, sugar-free set yoghurts in three 

distinct. Over the course of a month, changes in tithable 

acidity, pH, and lactic acid bacteria viability were assessed. In 

fat and sugar-free yoghurt combined with 0.5 percent FPP 

combination, increased hardness, decreased syneresis, and 

high lactic acid bacteria counts were found (Sajiwanie.,2020) 
[94]. 

 

6. Conclusion 

Fruit waste amounts to more than one billion tones 

worldwide, owing to the fact that the majority of waste is 

discarded in the inedible portion of the fruit, as well as the 

perishable nature and mechanical damage to fruits. The non-

edible portion of certain fruits has more bioactive chemicals 

and health advantages than the edible portion, which is 

discarded in many businesses, producing environmental 

problems. These fruit wastes are turned into edible ingredients 

by processing them into powders and decreasing their 

moisture content to extend shelf life and inactivate 

deterioration-causing enzymes. Many processing, including as 

drying and extraction, have been developed to make the most 

of the fruit waste. To improve the functional characteristics of 

the created product, these powders have been integrated into 

numerous food items such as bread, confectionery, and dairy 

goods. The abundance of bioactive compounds found in fruit 

waste powders prompted the development of a number of 

extraction methods for bioactive component extraction and 

valorization of new products. Despite the advancement of 

numerous procedures, many companies continue to dispose of 

fruit waste or use it as cow fodder. Instead of discarding fruit 

waste, every fruit company should make an effort to 

safeguard the environment by repurposing it for medicinal 

human use. Despite the development of improved drying 

processes, issues such as stickiness, nutritional loss, and 

moisture rehydration still exist in some fruit powders. As a 

result, further research should be done by researchers in order 

to solve the difficulties. Other than encapsulation, co-

crystallization, and other methods for integrating bioactive 

chemicals must be developed, as some compounds inactivate 

in particular environments due to their instability. 

 

7. Reference 

1. Abdel-Hamid M, Romeih E, Huang Z, Enomoto T, 

Huang L, Li L. Bioactive properties of probiotic set-

yogurt supplemented with Siraitia grosvenorii fruit 

extract. Food chemistry. 2020 Jan 15;303:125400. 

2. Mochamad Busairi A. Conversion of pineapple juice 

waste into lactic acid in batch and fed â batch 

fermentation systems. Reaktor. 2008;12(2):98-101. 

3. Abou-Arab AA, Abu-Salem FM, Abou-Arab EA. 

Physico-chemical properties of natural pigments 

(anthocyanin) extracted from Roselle calyces (Hibiscus 

subdariffa). Journal of American science. 2011;7(7):445-

56. 

4. Ajila CM, Aalami M, Leelavathi K, Rao UP. Mango peel 

powder: A potential source of antioxidant and dietary 

fiber in macaroni preparations. Innovative Food Science 

& Emerging Technologies. 2010 Jan 1;11(1):219-24. 

5. Ajila CM, Bhat SG, Rao UP. Valuable components of 

raw and ripe peels from two Indian mango varieties. 

Food Chemistry. 2007 Jan 1;102(4):1006-11. 

6.  Ajila CM, Leelavathi KU, Rao UP. Improvement of 

dietary fiber content and antioxidant properties in soft 

dough biscuits with the incorporation of mango peel 

powder. Journal of cereal science. 2008 Sep 1;48(2):319-

26. 

7. Ajmal M, Adeel S, Azeem M, Zuber M, Akhtar N, Iqbal 

N. Modulation of pomegranate peel colorant 

characteristics for textile dyeing using high energy 

radiations. Industrial Crops and Products. 2014;58:188–

193.  

8. de Albuquerque MA, Levit R, Beres C, Bedani R, de 

LeBlanc AD, Saad SM. Tropical fruit by-products water 

extracts as sources of soluble fibres and phenolic 

compounds with potential antioxidant, anti-inflammatory, 

and functional properties. Journal of functional foods. 

2019 Jan 1;52:724-33. 

9. Alaa GA. Antioxidant and antibacterial activities of 

Hibiscus sabdariffa L. extracts. African Journal of Food 

Science. 2012 Nov 15;6(21):506-11. 

10. Anjum S, Sundaram S, Rai GK. Nutraceutical application 

and value addition of banana (Musa paradisica L. 

Variety, “Bhusawal Keli”) peel: A review. International 

Journal of Pharmacy and Pharmaceutical Sciences. 2014 

Oct 1;6(10):81-5. 

11. Arshad ZI, Amid A, Yusof F, Jaswir I, Ahmad K, Loke 

SP. Bromelain: an overview of industrial application and 

purification strategies. Applied microbiology and 

biotechnology. 2014 Sep;98(17):7283-97. 

12. Ayala‐Zavala JF, Rosas‐Domínguez C, Vega‐Vega V, 

González‐Aguilar GA. Antioxidant enrichment and 

antimicrobial protection of fresh‐cut fruits using their 

own byproducts: Looking for integral exploitation. 

Journal of food science. 2010 Oct;75(8):R175-81. 

13. Banihani S, Swedan S, Alguraan Z. Pomegranate and 

type 2 diabetes. Nutrition research. 2013 May 

1;33(5):341-8. 

14. Belose BB, Kotecha PM, Godase SN, Chavan UD. 

Studies on utilization of orange peel powder in the 

preparation of cookies. IJCS. 2021;9(1):1600-2. 

15. Beres C, Costa GN, Cabezudo I, da Silva-James NK, 

Teles AS, Cruz AP. Towards integral utilization of grape 

pomace from winemaking process: A review. Waste 

management. 2017 Oct 1;68:581-94. 

16. Bhandari BR, Bansal N, Zhang M, Schuck P, editors. 

Handbook of food powders: Processes and properties. 

Elsevier; 2013 Aug 31. 

17. Bhushan S, Kalia K, Sharma M, Singh B, Ahuja PS. 

Processing of apple pomace for bioactive molecules. 

Critical reviews in biotechnology. 2008 Jan 1;28(4):285-

96. 

18. Bisht TS, Sharma SK, Rawat L. Effect of enzyme 

treatment on oil recovery and quality parameters from 

wild apricot kernel cake. International Journal of 

Fermented Foods. 2016;5(2):73-7. 

19. Bresolin IR, Bresolin IT, Silveira E, Tambourgi EB, 

https://www.thepharmajournal.com/


 
 

~ 1440 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Mazzola PG. Isolation and purification of bromelain from 

waste peel of pineapple for therapeutic application. 

Brazilian archives of biology and technology. 

2013;56:971-9. 

20. González CS, Balderas FT, Regules AO, Beltrán JA. 

Antioxidant properties and color of Hibiscus sabdariffa 

extracts. Ciencia e investigación agraria: revista 

latinoamericana de ciencias de la agricultura. 

2012;39(1):79-90. 

21. Çam M, Erdoğan F, Aslan D, Dinç M. Enrichment of 

functional properties of ice cream with pomegranate by‐
products. Journal of food science. 2013 

Oct;78(10):C1543-50. 

22. Çam M, İçyer NC, Erdoğan F. Pomegranate peel 

phenolics: Microencapsulation, storage stability and 

potential ingredient for functional food development. 

LWT-Food Science and Technology. 2014 Jan 

1;55(1):117-23. 

23. Cassellis ME, Pardo ME, Lopez MR, Escobedo RM. 

Structural, physicochemical and functional properties of 

industrial residues of pineapple (Ananas comosus). 

Cellulose Chemistry and Technology. 2014 Jul 1;48(7-

8):633-41. 

24. Chen Y, Wang H, Zhao W, Huang S. Four different kinds 

of peels as adsorbents for the removal of Cd (II) from 

aqueous solution: Kinetics, isotherm and mechanism. 

Journal of the Taiwan Institute of Chemical Engineers. 

2018 Jul 1;88:146-51. 

25. Cheok CY, Mohd Adzahan N, Abdul Rahman R, Zainal 

Abedin NH, Hussain N, Sulaiman R, Chong GH. Current 

trends of tropical fruit waste utilization. Critical reviews 

in food science and nutrition. 2018 Feb 11;58(3):335-61. 

26. Chinyere Dike S, Orish CN, Nwokocha CR, Sikoki FD, 

Babatunde BB, Frazzoli C. Phytowaste as nutraceuticals 

in boosting public health. Clinical Phytoscience. 2021 

Dec;7(1):1-23. 

27. Choonut A, Saejong M, Sangkharak K. The production of 

ethanol and hydrogen from pineapple peel by 

Saccharomyces cerevisiae and Enterobacter aerogenes. 

Energy procedia. 2014 Jan 1;52:242-9. 

28. Coelho EM, de Souza ME, Corrêa LC, Viana AC, de 

Azevêdo LC, dos Santos Lima M. Bioactive compounds 

and antioxidant activity of mango peel liqueurs 

(Mangifera indica L.) produced by different methods of 

maceration. Antioxidants. 2019 Apr 16;8(4):102. 

29. Dabas D, M Shegog R, R Ziegler G, D Lambert J. 

Avocado (Persea americana) seed as a source of bioactive 

phytochemicals. Current pharmaceutical design. 2013 

Oct 1;19(34):6133-40. 

30. Deliza R, Rosenthal A, Abadio FB, Silva CH, Castillo C. 

Application of high-pressure technology in the fruit juice 

processing: benefits perceived by consumers. Journal of 

Food Engineering. 2005 Mar 1;67(1-2):241-6. 

31. Dorta E, Lobo MG, Gonzalez M. Reutilization of mango 

byproducts: study of the effect of extraction solvent and 

temperature on their antioxidant properties. Journal of 

Food Science. 2012 Jan;77(1):C80-8. 

32. Drago L. Chloramphenicol resurrected: A journey from 

antibiotic resistance in eye infections to biofilm and 

ocular microbiota. Microorganisms. 2019 Aug 

21;7(9):278. 

33. Duda-Chodak A, Tarko T. Antioxidant properties of 

different fruit seeds and peels. Acta Scientiarum 

Polonorum Technologia Alimentaria. 2007 Sep 

30;6(3):29-36. 

34. Zhang E, Wang Y, Lv T, Li L, Cheng Z, Liu Y. Bio-

inspired design of hierarchical PDMS microstructures 

with tunable adhesive superhydrophobicity. Nanoscale. 

2015;7(14):6151-8. 

35. Algarni EH. Extraction of Natural Pigments from Food-

Industrial Waste and their Use in the Manufacture of 

Jelly Candy for a Child. World. 2020;9(4):33-40. 

36. Ermiş E. Food powders properties and characterization. 

Springer, Cham; 2020. 

37. do Espírito Santo AP, Perego P, Converti A, Oliveira 

MD. Influence of milk type and addition of passion fruit 

peel powder on fermentation kinetics, texture profile and 

bacterial viability in probiotic yoghurts. LWT. 2012 Jul 

1;47(2):393-9. 

38. Ethiraj S, Suresh ER. Studies on the utilisation of Mango 

processing wastes for production of vinegar. Journal of 

food science and technology (Mysore). 1992;29(1):48-50. 

39. FAO (2017). Statistical database. Statistical Database. 

Food and Agriculture Organization of the United 

Nations. http://www.fao.org/faostat/en/. 

40. Joshi P, Sharma OP, Ganguly SK, Srivastava M, Khatri 

OP. Fruit waste-derived cellulose and graphene-based 

aerogels: Plausible adsorption pathways for fast and 

efficient removal of organic dyes. Journal of Colloid and 

Interface Science. 2022 Feb 15; 608:2870-83. 

41. FAO. 2011. Global Food Losses and Waste. Extent, 

Causes and Prevention (available at 

http://www.fao.org/docrep/014/mb060e/mb060e00.pdf). 

42. FAOSTAT 2018. FAO statistical database (FAOSTAT).  

43.  FAOSTAT, F. A. O., 2017, 

http://www.fao.org/faostat/en/#data 

44. Fatemeh SR, Saifullah R, Abbas FM, Azhar ME. Total 

phenolics, flavonoids and antioxidant activity of banana 

pulp and peel flours: influence of variety and stage of 

ripeness. International Food Research Journal. 2012 Sep 

1;19(3). 

45. Ferreira AS, Nunes C, Castro A, Ferreira P, Coimbra 

MA. Influence of grape pomace extract incorporation on 

chitosan films properties. Carbohydrate Polymers. 2014 

Nov 26;113:490-9. 

46. Galanakis CM. The food systems in the era of the 

coronavirus (COVID-19) pandemic crisis. Foods. 2020 

Apr 22;9(4):523. 

47. Garrido MD, Auqui M, Martí N, Linares MB. Effect of 

two different red grape pomace extracts obtained under 

different extraction systems on meat quality of pork 

burgers. LWT-Food Science and Technology. 2011 Dec 

1;44(10):2238-43. 

48. González-Montelongo R, Lobo MG, González M. The 

effect of extraction temperature, time and number of 

steps on the antioxidant capacity of methanolic banana 

peel extracts. Separation and Purification Technology. 

2010 Mar 10;71(3):347-55. 

49. Guerra-Rivas C, Vieira C, Rubio B, Martínez B, Gallardo 

B, Mantecón AR, Lavín P, Manso T. Effects of grape 

pomace in growing lamb diets compared with vitamin E 

and grape seed extract on meat shelf life. Meat science. 

2016 Jun 1;116:221-9. 

50. Gunjal BB. Value-added products from food waste. 

InGlobal Initiatives for Waste Reduction and Cutting 

Food Loss. IGI Global. 2019, 20-30. 

https://www.thepharmajournal.com/


 
 

~ 1441 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
51. Sánchez H, Ponce W, Brito B, Viera W, Baquerizo R, 

Riera MA. Biofilms Production from Avocado Waste. 

Ingenieria y Universidad. 2021 Oct 12;25. 

52. Harini K, Ramya K, Sukumar M. Extraction of nano 

cellulose fibers from the banana peel and bract for 

production of acetyl and lauroyl cellulose. Carbohydrate 

polymers. 2018 Dec 1;201:329-39. 

53. Hassanpour Fard M, Ghule AE, Bodhankar SL, Dikshit 

M. Cardioprotective effect of whole fruit extract of 

pomegranate on doxorubicin-induced toxicity in rat. 

Pharmaceutical Biology. 2011 Apr 1;49(4):377-82. 

54. Hossin FL. Effect of pomegranate (Punica granatum) 

peels and it’s extract on obese hypercholesterolemic rats. 

Pak J Nutr. 2009;8(8):1251-7. 

55. Huang YL, Chow CJ, Fang YJ. Preparation and 

physicochemical properties of fiber-rich fraction from 

pineapple peels as a potential ingredient. J. Food Drug 

Anal. 2011 Sep 1;19(3):318-23. 

56. Imafidon KE, Amaechina FC. Effects of aqueous seed 

extract of Persea americana Mill. (avocado) on blood 

pressure and lipid profile in hypertensive rats. Adv Biol 

Res. 2010;4(2):116-21. 

57. Imandi SB, Bandaru VV, Somalanka SR, Bandaru SR, 

Garapati HR. Application of statistical experimental 

designs for the optimization of medium constituents for 

the production of citric acid from pineapple waste. 

Bioresource technology. 2008 Jul 1;99(10):4445-50. 

58. Ismail T, Akhtar S, Riaz M, Ismail A. Effect of 

pomegranate peel supplementation on nutritional, 

organoleptic and stability properties of cookies. 

International journal of food sciences and nutrition. 2014 

Sep 1;65(6):661-6. 

59. Ismail T, Sestili P, Akhtar S. Pomegranate peel and fruit 

extracts: a review of potential anti-inflammatory and anti-

infective effects. Journal of ethnopharmacology. 2012 

Sep 28;143(2):397-405. 

60. Issar K, Sharma PC, Gupta A. Utilization of apple 

pomace in the preparation of fiber‐enriched acidophilus 

yoghurt. Journal of Food Processing and Preservation. 

2017 Aug;41(4): e13098. 

61. Kefford JF, Chandler BV. The chemical constituents of 

citrus fruits. The Chemical Constituents of Citrus Fruits. 

1970. 

62. Kaderides K, Goula AM, Adamopoulos KG. A process 

for turning pomegranate peels into a valuable food 

ingredient using ultrasound-assisted extraction and 

encapsulation. Innovative food science & emerging 

technologies. 2015 Oct 1;31:204-15. 

63. Kaderides K, Mourtzinos I, Goula AM. Stability of 

pomegranate peel polyphenols encapsulated in orange 

juice industry by-product and their incorporation in 

cookies. Food Chemistry. 2020 Apr 25; 310:125849. 

64. Kahramanoglu I. Trends in pomegranate sector: 

production, postharvest handling and marketing. 

International Journal of Agriculture Forestry and Life 

Sciences. 2019 Dec 23;3(2):239-46. 

65. Kammerer DR, Kammerer J, Valet R, Carle R. Recovery 

of polyphenols from the by-products of plant food 

processing and application as valuable food ingredients. 

Food Research International. 2014 Nov 1;65:2-12. 

66. Kanazawa K, Sakakibara H. High content of dopamine, a 

strong antioxidant, in cavendish banana. Journal of 

agricultural and food chemistry. 2000 Mar 20;48(3):844-

8. 

67. Kandylis P, Kokkinomagoulos E. Food applications and 

potential health benefits of pomegranate and its 

derivatives. Foods. 2020 Jan 23;9(2):122. 

68. Karnopp AR, Figueroa AM, Los PR, Teles JC, Simões 

DR, Barana AC. Effects of whole-wheat flour and 

bordeaux grape pomace (Vitis labrusca L.) on the 

sensory, physicochemical and functional properties of 

cookies. Food Science and Technology. 2015 

Oct;35:750-6. 

69. Kaur A, Brar JK. Use of mango seed kernels for the 

development of antioxidant rich idli and mathi. Int J 

Home Sci. 2017;3:715-9. 

70. Kazemi M, Karim R, Mirhosseini H, Hamid AA, Tamnak 

S. Processing of parboiled wheat noodles fortified with 

pulsed ultrasound pomegranate (Punica granatum L. var. 

Malas) peel extract. Food and Bioprocess Technology. 

2017 Feb;10(2):379-93. 

71. Lau KQ, Sabran MR, Shafie SR. Utilization of vegetable 

and fruit by-products as functional ingredient and food. 

Frontiers in nutrition. 2021 Jun 15;8:261. 

72. Ketnawa S, Chaiwut P, Rawdkuen S. Pineapple wastes: 

A potential source for bromelain extraction. Food and 

bioproducts processing. 2012 Jul 1;90(3):385-91. 

73. Anwar J, Shafique U, Salman M, Dar A, Anwar S. 

Removal of Pb (II) and Cd (II) from water by adsorption 

on peels of banana. Bioresource technology. 2010 Mar 

1;101(6):1752-5. 

74. Khaskheli MI, Memon SQ, Siyal AN, Khuhawar MY. 

Use of orange peel waste for arsenic remediation of 

drinking water. Waste and Biomass Valorization. 2011 

Nov;2(4):423-33. 

75. Ko K, Dadmohammadi Y, Abbaspourrad A. Nutritional 

and bioactive components of pomegranate waste used in 

food and cosmetic applications: A review. Foods. 2021 

Mar 19;10(3):657. 

76. Kodagoda KH, Marapana RA. Development of non-

alcoholic wines from the wastes of mauritius pineapple 

variety and its physicochemical properties. 

77. Konrade D, Klava D, Gramatina I. Cereal crispbread 

improvement with dietary fibre from apple by-products. 

InCBU International Conference Proceedings 2017 Sep 

24;5:1143-1148. 

78. Kruczek M, Gumul D, Kačániová M, Ivanišhová E, 

Mareček J, Gambuś H. Industrial apple pomace by-

products as a potential source of pro-health compounds in 

functional food. Journal of Microbiology, Biotechnology 

and Food Sciences. 2021 Jan 6;2021:22-6. 

79. Kaderides K, Kyriakoudi A, Mourtzinos I, Goula AM. 

Potential of pomegranate peel extract as a natural additive 

in foods. Trends in Food Science & Technology. 2021 

Sep 1; 115:380-90. 

80. Lai CS, Li S, Miyauchi Y, Suzawa M, Ho CT, Pan MH. 

Potent anti-cancer effects of citrus peel flavonoids in 

human prostate xenograft tumors. Food Funct. 

2013;4:944–9. 10.1039/c3fo60037h 

81. Calinoiu LF, Mitrea L, Precup G, Bindea M, Rusu B, 

Dulf FV, Stefanescu BE, Vodnar DC. Characterization of 

grape and apple peel wastes’ bioactive compounds and 

their increased bioavailability after exposure to thermal 

process. Bull. Univ. Agric. Sci. Vet. Med. Cluj-Napoca-

Food Sci. Technol. 2017 Jan 1;74:80-9. 

82. Chel-Guerrero L, Barbosa-Martín E, Martínez-Antonio 

https://www.thepharmajournal.com/


 
 

~ 1442 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
A, González-Mondragón E, Betancur-Ancona D. Some 

physicochemical and rheological properties of starch 

isolated from avocado seeds. International journal of 

biological macromolecules. 2016 May 1; 86:302-8. 

83. Lun OK, Wai TB, Ling LS. Pineapple cannery waste as a 

potential substrate for microbial biotranformation to 

produce vanillic acid and vanillin. International Food 

Research Journal. 2014 May 1;21(3):953. 

84.  Maner S, Sharma AK, Banerjee K. Wheat flour 

replacement by wine grape pomace powder positively 

affects physical, functional and sensory properties of 

cookies. Proceedings of the National Academy of 

Sciences, India Section B: Biological Sciences. 2017 

Mar;87(1):109-13. 

85. Sharma M, Usmani Z, Gupta VK, Bhat R. Valorization of 

fruits and vegetable wastes and by-products to produce 

natural pigments. Critical Reviews in Biotechnology. 

2021 May 19;41(4):535-63. 

86. Mitra SK, Pathak PK, Lembisana Devi H, Chakraborty I. 

Utilization of seed and peel of mango. InIX International 

Mango Symposium. 2010 Apr 8;992:593-596. 

87. Mohammed MA, Ibrahim A, Shitu A. Batch removal of 

hazardous safranin-O in wastewater using pineapple peels 

as an agricultural waste-based adsorbent. International 

Journal of Environmental Monitoring and Analysis. 

2014;2(3):128-33. 

88. Oreopoulou V, Tzia C. Utilization of plant by-products 

for the recovery of proteins, dietary fibers, antioxidants, 

and colorants. InUtilization of by-products and treatment 

of waste in the food industry. Springer, Boston, MA. 

2007, 209-232. 

89. Lozada-Ramírez JD, Ortega-Regules AE, Hernández LR, 

Anaya de Parrodi C. Spectroscopic and Spectrometric 

Applications for the Identification of Bioactive 

Compounds from Vegetal Extracts. Applied Sciences. 

2021 Mar 29;11(7):3039. 

90. Sadh PK, Duhan S, Duhan JS. Agro-industrial wastes and 

their utilization using solid state fermentation: a review. 

Bioresources and Bioprocessing. 2018 Dec;5(1):1-5. 

91. Pahua-Ramos ME, Ortiz-Moreno A, Chamorro-Cevallos 

G, Hernández-Navarro MD, Garduño-Siciliano L, 

Necoechea-Mondragón H, Hernández-Ortega M. 

Hypolipidemic effect of avocado (Persea americana Mill) 

seed in a hypercholesterolemic mouse model. Plant foods 

for human nutrition. 2012 Mar;67(1):10-6. 

92. Pectin-A Global Market Overview 2019. Industry 

Experts. http://industry-experts.com 

93. Pereira A, Maraschin M. Banana (Musa spp) from peel to 

pulp: ethnopharmacology, source of bioactive 

compounds and its relevance for human health. Journal of 

ethnopharmacology. 2015 Feb 3; 160:149-63. 

94. Dias PG, Sajiwanie JW, RMUSK R. Formulation and 

development of composite fruit peel powder incorporated 

fat and sugar-free probiotic set yogurt. GSC Biological 

and Pharmaceutical Sciences. 2020;11(1):093-9. 

95. Phatcharaporn Wachirasiri, Siripan Julakarangka, Sorada 

WanlapaKhlong Luang, Pathum Thani. The effects of 

banana peel preparations on the properties of banana peel 

dietary fibre concentrate., Songklanakarin J. Sci. 

Technol. 2008;31(6):605-611. 

96. Prenesti E, Berto S, Daniele PG, Toso S. Antioxidant 

power quantification of decoction and cold infusions of 

Hibiscus sabdariffa flowers. Food Chemistry. 2007 Jan 

1;100(2):433-8. 

97. Prodanov MP, Domınguez JA, Blazquez I, Salinas MR, 

Alonso GL. Some aspects of the quantitative/qualitative 

assessment of commercial anthocyanin rich extracts. 

Food Chem. 2005;90:585–596.  

98. Mülhaupt R. Green polymer chemistry and bio‐based 

plastics: dreams and reality. Macromolecular Chemistry 

and Physics. 2013 Jan 25;214(2):159-74. 

99. Oliver-Simancas R, Labrador-Fernández L, Díaz-Maroto 

MC, Pérez-Coello MS, Alañón ME. Comprehensive 

research on mango by-products applications in food 

industry. Trends in Food Science & Technology. 2021 

Dec 1; 118:179-88. 

100. Rodríguez R, Jimenez A, Fernández-Bolanos J, Guillen 

R, Heredia A. Dietary fibre from vegetable products as 

source of functional ingredients. Trends in food science 

& technology. 2006 Jan 1;17(1):3-15. 

101. Roggeveen K. Tomato journeys from farm to fruit shop: 

greenhouse gas emissions and cultural analysis. 

102. Rotta EM, de Morais DR, Biondo PB, dos Santos VJ, 

Matsushita M, Visentainer JV. Use of avocado peel 

(Persea americana) in tea formulation: a functional 

product containing phenolic compounds with antioxidant 

activity. Acta Scientiarum. Technology. 2016;38(1):23-9. 

103. Rowayshed G, Salama A, Abul-Fadl M, Akila-Hamza S, 

Emad AM. Nutritional and chemical evaluation for 

pomegranate (Punica granatum L.) fruit peel and seeds 

powders by products. Middle East Journal of Applied 

Sciences. 2013;3(4):169-79. 

104. Rózek A, Achaerandio I, Güell C, López F, Ferrando M. 

Use of commercial grape phenolic extracts to supplement 

solid foodstuff. LWT-Food Science and Technology. 

2010 May 1;43(4):623-31. 

105. Suryaningsih S, Muslim B, Djali M. The antioxidant 

activity of Roselle and dragon fruit peel functional drink 

in free radical inhibition. InJournal of Physics: 

Conference Series. IOP Publishing. 2021 Mar 

1;1836(1):012069. 

106. Sah BN, Vasiljevic T, McKechnie S, Donkor ON. Effect 

of pineapple waste powder on probiotic growth, 

antioxidant and antimutagenic activities of yogurt. 

Journal of food science and technology. 2016 

Mar;53(3):1698-708. 

107. do Espírito Santo AP, Cartolano NS, Silva TF, Soares 

FA, Gioielli LA, Perego P. Fibers from fruit by-products 

enhance probiotic viability and fatty acid profile and 

increase CLA content in yoghurts. International Journal 

of Food Microbiology. 2012 Mar 15;154(3):135-44. 

108. Shalini R, Gupta DK. Utilization of pomace from apple 

processing industries: a review. Journal of food science 

and technology. 2010 Aug;47(4):365-71. 

109. Sudha ML, Baskaran V, Leelavathi K. Apple pomace as a 

source of dietary fiber and polyphenols and its effect on 

the rheological characteristics and cake making. Food 

chemistry. 2007 Jan 1;104(2):686-92. 

110. Bullo TA. Extraction and Characterization of Oil from 

Avocado Peels. International Journal of Chemical and 

Molecular Engineering. 2021 Jan 4;15(2):54-8. 

111. Taghizadeh-Alisaraei A, Hosseini SH, Ghobadian B, 

Motevali A. Biofuel production from citrus wastes: A 

feasibility study in Iran. Renewable and Sustainable 

Energy Reviews. 2017 Mar 1;69:1100-12. 

112. Tejpal Singh Bisht, Satish Kumar Sharma, Laxmi Rawat, 

https://www.thepharmajournal.com/


 
 

~ 1443 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Binayak Chakraborty and Vikas Yadav. A novel 

approach towards the fruit specific waste minimization 

and utilization: A review. J Pharmacogn Phytochem 

2020;9(1):712-722. 

113. Chalchisa T, Dereje B. From waste to food: Utilization of 

pineapple peels for vinegar production. MOJ Food 

Process Technol. 2021; 9:1-5. 

114. Tsang YF, Kumar V, Samadar P, Yang Y, Lee J, Ok YS, 

Song H, Kim KH, Kwon EE, Jeon YJ. Production of 

bioplastic through food waste valorization. Environment 

international. 2019 Jun 1; 127:625-44. 

115. Tseng A, Zhao Y. Wine grape pomace as antioxidant 

dietary fibre for enhancing nutritional value and 

improving storability of yogurt and salad dressing. Food 

chemistry. 2013 May 1;138(1):356-65. 

116. TÜrKEr B, Savlak N, Kaşıkcı MB. Effect of green 

banana peel flour substitution on physical characteristics 

of gluten-free cakes. Current Research in Nutrition and 

Food Science Journal. 2016 Oct 25;4(Special Issue 

Nutrition in Conference 2016 October, 197-204. 

117. Upadhyay A, Lama JP, Tawata S. Utilization of 

pineapple waste: a review. Journal of Food Science and 

Technology Nepal. 2010;6:10-8. 

118. Van Der Sluis AA, Dekker M, Skrede G, Jongen WM. 

Activity and concentration of polyphenolic antioxidants 

in apple juice. 1. Effect of existing production methods. 

Journal of agricultural and food chemistry. 2002 Dec 

4;50(25):7211-9. 

119. Vicenssuto GM, de Castro RJ. Development of a novel 

probiotic milk product with enhanced antioxidant 

properties using mango peel as a fermentation substrate. 

Biocatalysis and Agricultural Biotechnology. 2020 Mar 

1; 24:101564. 

120. Priyanka Maurya, Dr Jai Narayan Mishra. Nutraceutical 

the current scenario: A review. International Journal of 

Research in Pharmacy and Pharmaceutical Sciences, 

2020:5(1):10-14. 

121. Wang X, Kristo E, LaPointe G. Adding apple pomace as 

a functional ingredient in stirred-type yogurt and yogurt 

drinks. Food Hydrocolloids. 2020 Mar 1; 100:105453. 

122. Wolfe KL, Liu RH. Apple peels as a value-added food 

ingredient. Journal of Agricultural and Food Chemistry. 

2003 Mar 12;51(6):1676-83. 

123. Younis K, Ahmad S. Waste utilization of apple pomace 

as a source of functional ingredient in buffalo meat 

sausage. Cogent Food & Agriculture. 2015 Dec 

31;1(1):1119397. 

124. Younis K, Ahmad S. Quality evaluation of buffalo meat 

patties incorporated with apple pomace powder. Buffalo 

Bulletin. 2018 Sep 27;37(3):389-401. 

125. Zhang J, Gao N, Shu C, Cheng S, Sun X, Liu C, Xin G, 

Li B, Tian J. Phenolics profile and antioxidant activity 

analysis of kiwi berry (Actinidia arguta) flesh and peel 

extracts from four regions in China. Frontiers in plant 

science. 2021, 12. 

126. Leite SA, Castellani MA, Ribeiro AE, Costa DR, 

Bittencourt MA, Moreira AA. Fruit flies and their 

parasitoids in the fruit growing region of Livramento de 

Nossa Senhora, Bahia, with records of unprecedented 

interactions. Revista Brasileira de Fruticultura. 2017 Oct 

9;39. 

127. Mirabella N, Castellani V, Sala S. Current options for the 

valorization of food manufacturing waste: a review. 

Journal of Cleaner Production. 2014 Feb 15;65:28-41. 

128. Ermiş E. Food powders properties and characterization. 

Springer, Cham; 2020. 

129. do Nascimento EM, Mulet A, Ascheri JL, de Carvalho 

CW, Cárcel JA. Effects of high-intensity ultrasound on 

drying kinetics and antioxidant properties of passion fruit 

peel. Journal of Food Engineering. 2016 Feb 1; 170:108-

18. 

130. Moro T, Ascheri JL, Ortiz JA, Carvalho CW, Meléndez-

Arévalo A. Bioplastics of native starches reinforced with 

passion fruit peel. Food and Bioprocess Technology. 

2017 Oct;10(10):1798-808. 

131. Montiel-Sánchez M, García-Cayuela T, Gómez-Maqueo 

A, García HS, Cano MP. In vitro gastrointestinal 

stability, bioaccessibility and potential biological 

activities of betalains and phenolic compounds in cactus 

berry fruits (Myrtillocactus geometrizans). Food 

chemistry. 2021 Apr 16; 342:128087. 

132. Kruczek B, Gumul D, Olech E, Gambuś H. Diet and the 

context of fruit industry. Economic and Environmental 

Studies. 2017;17(2 (42)):389-98. 

133. Jung H, Lee HJ, Cho H, Lee K, Kwak HK, Hwang KT. 

Anthocyanins in Rubus fruits and antioxidant and anti-

inflammatory activities in RAW 264.7 cells. Food 

Science and Biotechnology. 2015 Oct;24(5):1879-86. 

134. Sossou SK, Ameyapoh Y, Karou SD, de Souza C. Study 

of pineapple peelings processing into vinegar by 

biotechnology. Pakistan Journal of Biological Sciences: 

PJBS. 2009 Jun 1;12(11):859-65. 

135. Jindo K, Evenhuis A, Kempenaar C, Pombo Sudré C, 

Zhan X, Goitom Teklu M. Holistic pest management 

against early blight disease towards sustainable 

agriculture. Pest Management Science. 2021 

Sep;77(9):3871-80. 

136. Mülhaupt R. Green polymer chemistry and bio‐based 

plastics: dreams and reality. Macromolecular Chemistry 

and Physics. 2013 Jan 25;214(2):159-74. 

137. Guo W, Wu D, Dao MC, Li L, Lewis ED, Ortega EF. A 

novel combination of fruits and vegetables prevents diet-

induced hepatic steatosis and metabolic dysfunction in 

mice. The Journal of nutrition. 2020 Nov 

19;150(11):2950-60. 

138. Zhu B, Yang Y, Li R, Fu D, Wen L, Luo Y. RNA 

sequencing and functional analysis implicate the 

regulatory role of long non-coding RNAs in tomato fruit 

ripening. Journal of experimental botany. 2015 Aug 

1;66(15):4483-95. 

139. Kittiphoom S, Sutasinee S. Mango seed kernel oil and its 

physicochemical properties. International Food Research 

Journal. 2013 May 1;20(3):1145. 

140. Burhani D, Septevani AA, Setiawan R, Djannah LM, 

Putra MA, Kusumah SS. Self-Assembled Behavior of 

Ultralightweight Aerogel from a Mixture of CNC/CNF 

from Oil Palm Empty Fruit Bunches. Polymers. 2021 

Aug 10;13(16):2649. 

141. Karnopp AR, Oliveira KG, de Andrade EF, Postingher 

BM, Granato D. Optimization of an organic yogurt based 

on sensorial, nutritional, and functional perspectives. 

Food Chemistry. 2017 Oct 15; 233:401-11. 

142. Karnopp AR, Figueroa AM, Los PR, Teles JC, Simões 

DR, Barana AC. Effects of whole-wheat flour and 

bordeaux grape pomace (Vitis labrusca L.) on the 

sensory, physicochemical and functional properties of 

https://www.thepharmajournal.com/


 
 

~ 1444 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
cookies. Food Science and Technology. 2015 Oct; 

35:750-6. 

143. Marchiani R, Bertolino M, Belviso S, Giordano M, 

Ghirardello D, Torri L. Yogurt enrichment with grape 

pomace: Effect of grape cultivar on physicochemical, 

microbiological and sensory properties. Journal of Food 

Quality. 2016 Apr;39(2):77-89. 

144. Vu HT, Scarlett CJ, Vuong QV. Effects of drying 

conditions on physicochemical and antioxidant properties 

of banana (Musa cavendish) peels. Drying technology. 

2017 Jul 4;35(9):1141-51. 

https://www.thepharmajournal.com/

