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Plants are essentially the basis of life and offer an 

unrivalled, exceptional source of nutrition for both humans 

and animals. Due to the many chemical compounds that 

they contain, many plant species have medical bene�t (Ani 

and Abel, 2018) [1]. The best sources of natural antioxidants 

are fruits and vegetables. It is reasonable to hypothesise 

that increasing the purposeful consumption of these fruits 

would improve the intake of natural antioxidants. Since 

various fruits have varying antioxidant capacities, they may 

offer diverse protection against oxidative stress. 

Antioxidants are chemicals that can stop or postpone 

oxidative damage to lipids, proteins, and nucleic acids 

when they are present at low concentrations [2]. The apple 

(Malus domestica) is a member of the rose family 

(Rosaceae) and it is the fourth most produced fruit in the 
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world. In 2020, there were 84.6 million tonnes of apples 

produced globally [3]. Apple fruit and its products are a 

great source of natural antioxidants in our diet, 

contributing up to 22% of all dietary phenolics. Drinks and 

dietary supplements for the food sector are regularly made 

with apples which are signi�cant part of the human food 

chain and a complex of physiologically active phenolic and 

triterpenic chemicals governs their nutritional qualities. 

After citrus, mango, and banana, apple is the fourth most 

popular fruit in Pakistan and is consumed frequently. It is 

cultivated commercially in Pakistan's Gilgit-Baltistan, 

Punjab, Khyber Pakhtunkhwa, and Quetta  [4]. Apple peel 

has a variety of biological properties and in earlier 

research; apple peel extract was found to have an inhibitory 

impact on obesity related insulin resistance and type II 

I N T R O D U C T I O N

Apple peel is considered as a waste product in many fruit industries but it is a noteworthy source 

of nutrients and phytochemicals, particularly polyphenols which have the ability to scavenge 

free radicals. Objectives: To study the physicochemical properties of apple (Malus domestica) 

peel powder, as well as its TPC and free radical scavenging activities. Methods: Proximate 

analysis of the apple peels powder was carried out. Total polyphenol content of apple peel 

powder was determined. The total content of phenolic compounds was expressed as gallic acid 

equivalent, i.e. mg GAE/100g of extract dry weight of sample. Results: The results of 

physicochemical characteristics moisture (7.65±0.88%), ash (2.50±0.35%), fat (1.18±0.02%), 

�ber (15.25±1.03%), protein (2.79±0.05%), carbohydrates (71.0±2.30%) and energy were 312±4.70 

Kcal/100g. The total phenolic contents in the methanolic extract of apple peel powder were 

320±5.4 mg GAE/100g while in H O extract 201±4.20 mg/100g. The �ndings of the apple peel 2

powder 's methanolic extract's capacity to scavenge free radicals varied from 

25.40±1.30—69.2±3.80%, while those of the water extract were 14.30±1.05—45.62±1.90%  and 

BHT were 17.8±1.15—51.62±2.15%  at concentration 20-100 µg/ml. Conclusions: The outcomes 

showed that both apple peel powder extracts had promising total polyphenols and have strong 

free radical scavenging activity. These �ndings suggest that the apple peel powder act as robust 

naturally occurring antioxidants and may be employed as a preventative therapy for several 

oxidative stress-related degenerative disorders.
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weight of sample. The free radical activity was performed 

according to the DPPH assay described previously by 

Brand-Williams (1995) method [10] with slight modi�cation. 

The percentage inhibition of DPPH radicals (%I) was 

calculated according to the equation: 

◦ (517) (517) (517)% Inhibition (DPPH ) = A — A   ⁄ A × 100control sample control   

517 517where: A : absorbance of the control sample, A : conrol sample

absorbance of the tested sample. The concentration of the 

extracts was plotted against the % inhibition. Version 21 of 

the Statistical Product for Service Solution (SPSS) was 

used to statistically evaluate the data that was collected. 

As means and standard deviation, they were expressed 

(SD).

M E T H O D S

diabetes in mice. In those mice, dietary treatment with 

apple peel extract lowered levels of cytokines during the 

early stages of pro-in�ammation, enhanced insulin 

sensitivity and decreased levels of oxidation in adipose 

tissue [5]. According to Raudone et al., 2017 study, 

hydroxycinnamates, �avanols, anthocyanins, and 

dihydrochalcones are polyphenolic chemicals in apple peel 

that contribute to antihypertensive and anti-in�ammatory 

and antioxidant properties [6]. Numerous factors, 

including as environmental factors, soil composition, the 

timing of harvest, varied storage conditions, etc., affect 

the quantity of polyphenolic compounds as well as their 

antioxidant activity in many apple cultivars and their 

content �uctuates [7]. Consumers' growing health 

consciousness has increased demand for functional foods 

that contain minerals, polyphenols, and antioxidants. Thus, 

the primary goal of the investigation is to concentrate on 

the apple peel nutrients, identify its phenolic contents and 

antioxidant capabilities.

All of the chemicals and solvents that used in this study 

were of the analytical grade and procured from Merk, 

Sigma Aldrich. Apples were purchased from a local Lahore 

market. The fruits were carefully rinsed under running 

water before being peeled with an apple peeler. Fresh peels 

were dried for 6 to 8 hours in a hot air oven at 50 °C. For 

further investigation, the dried peel was then ground into a 

powder using a grinding mill and packaged in a plastic bag. 

Proximate analysis of the apple peels powder was carried 

out as follows: Moisture content was determined using the 

hot air oven by drying at 60-70 °C till constant weight. Ash, 

protein, fat and crude �ber were determined. Carbohydrate 

content was determined by difference method. The sum of 

percentage moisture, ash, protein, fat, and crude �ber was 

subtracted from 100.

Percentage (%) carbohydrate = 100 – (% moisture + % ash + 

% protein + % fat + crude �ber).

The energy was calculated using the formula computed by 

multiplying the percentages of crude protein and 

carbohydrate by 4.0 and crude fat by 9.0 which was 

expressed as Kcal/100g [8]. To make the water and 

methanolic extract. 5 gram of apple peel powder was mixed 

with 200 ml of methanol and water by using of electronic 

blender. The mixture was then agitated for four hours in a 

thermostatic water bath set at 40°C. The residue was 

removed by �ltration using �lter paper and the �ltrate was 

used for antioxidant study. Total polyphenol content of 

apple peel powder was determined according to the 

method described by Singleton and Rossi (1965) [9]. The 

total content of phenolic compounds was expressed as 

gallic acid equivalent, i.e. mg GAE/100g of extract dry 

R E S U L T S

Table 1 shows the percentage of moisture, ash, fat, �ber 

and protein values of apple peel powder sample were 

7.65±0.88%, 2.50 ±0.35%, 1.18±0.02%, 15.25±1.03%, 

2.79±0.05%, respectively.  While the carbohydrates was 

measured by difference which was 71.0±2.30% and energy 

312±4.70 Kcal/100g.

Sr. No. Parameters Values (g/100g)

1

2

3

4

5

6

7

Moisture

Ash

Crude fat

Crude �ber

Crude protein

Carbohydrate

Energy (Kcal/100g)

7.65 ± 0.88

2.50 ± 0.35

1.18± 0.02

15.25 ± 1.03

2.79 ± 0.05

71.00 ± 2.30

312 ± 4.70

Table 1. Nutritional facts of fresh Apple peel 

Data are represented ± standard deviation

In the current study, it was discovered that apple peel 

powder extract in methanolic form had greater levels of 

radical scavenging activity than its water extract, as 

measured by the DPPH assay. As the concentration 

increased from 20—100 μg/ml, the % inhibition of the 

samples increased. Figure 1 shows the range of DPPH 

radical scavenging activity for methanolic extract of apple 

peel powder, which was 25.40±1.30—69.2±3.80% while 

14.30±1.05—45.62±1.90% with water extract and with BHT 

was 17.8±1.15—51.62±2.15%. 
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phenolic content of the apple peel was determined as the 

gallic acid equivalent. According to the �ndings, the total 

phenolic content of the powdered apple peel in methanolic 

extract was 320±5.4 mg GAE/100g and 201±4.20 mg/100g 

after the extraction in H O. El-Messery 2019 [21] said that 2

the overall polyphenolic content in apple peel 1141.92 ppm 

and this is con�rmed by Jakobek et al. (2013) [22] who 

mentioned PC in apple peel ranged from 672 to 3150 

mg∙kg−1. The TPC reported by Vasile et al. (2021) [23] varied 

from 2056 to 2723 mg GAE/kg among red skinned varieties, 

which was greater than the TPC found in yellow skinned 

apples. Moreover Khalid et al. (2021) [24] obtained grater 

TPC in apple peel than our results and he determined the 

amount of phenolic compounds in the apple peel as 

chlorogenic acid equivalents and demonstrated that it was 

832.05±0.05 mg GAE/100g. The antioxidant action of 

apples is established by phenolic compounds, which 

operate as reducing agents by donating hydrogen, 

quenching singlet oxygen, serving as chelators and 

trapping free radicals. This inhibits free radicals from 

harming DNA, proteins, lipids, and other biomolecules 

structures [25, 26]. The DPPH radical scavenging 

experiment shows a positive correlation between TPC and 

% inhibition. According to Ahmad et al., (2020) the overall 

free radical scavenging capacity of apple peels was 2.5 

times larger than that of the pulp [27]. 

D I S C U S S I O N

methanol extract of apple peel powder

Methanol extract had higher free radical scavenging activity than 

the synthetic standard antioxidant BHT followed by water extract 

(Figure 2). 

It is now widely acknowledged that apple fruits are a good 

source of phytochemicals, which are mostly concentrated 

in the peel. They in�uence the nutritional content, 

aesthetics, �avour, colour and texture of meals in addition 

to improving customers' health (Ou and Gu, 2014) [11]. 

According to Safdar et al. (2017) [12], estimation of 

proximate composition is important for determining the 

quality of raw materials. Apple peel powder contains 

moderate level of carbohydrate, moisture, low level fat and 

protein, moderate level of crude �ber and ash.  According 

to Henrquez et al. (2010) [13], apple peels include ash 

(2.4%), crude fat (2.7%), crude �ber (19.6%), crude protein 

(2.7%), and NFE (72.7%) and our �ndings are in line with this 

�ndings. In food processing, moisture content is one of the 

most signi�cant and often utilized parameters which 

affects both product's shelf life and the viability of 

microorganism development [14, 15]. The sample's ash 

content reveals how much inorganic materials and oxides 

are present. It is the factor that determines the 

composition of the sample's minerals  [16]. Fat provide 

great source of energy and also improves the transit of fat-

soluble vitamins, insulates, protects interior tissues, and 

supports essential cellular functions. However, it is �rmly 

held that excessive consumption of saturated fatty acids is 

to blame for men's propensity for coronary thrombosis and 

aortic atheroma. High quantity of polyunsaturated fatty 

acids signi�cantly decrease the blood cholesterol levels 

[17]. According to scienti�c data, increasing �bre 

consumption especially dietary �ber helps prevent, cure, 

and manage chronic illnesses as well as support 

physiological processes including blood lipid and glucose 

regulation [18, 19]. Energy generation is the main metabolic 

function of carbohydrates in diets. There are several forms 

of carbohydrates, but only total carbohydrates are taken 

into account in meals, which is what remains after protein, 

fat, moisture, and ash have been taken out [20]. The 

BHT

This study provides evidence that apple peel powder is a 

superior source of nutrients, especially �ber. They have the 

high free radical activity (% DPPH scavenging activity) and a 

high quantity of phenols. The polyphenolic rudiments 

found in apple peel powder may be linked to the antioxidant 

action.
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Figure 2: Free radical scavenging activity (% Inhibition DPPH) of 

water extract of apple peel powder
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