
International Journal of Agriculture, Environment and Bioresearch 

Vol. 06, No. 06; 2021 

ISSN: 2456-8643 

www.ijaeb.org Page 21 

 

ANALYSIS OF ANTIOXIDANT PROPERTIES, TOXICITY AND MINERAL 

COMPOSITION OF SELECTED APPLE (MALUS DOMESTICA BORKH) VARIETIES 

FROM BALOCHISTAN 

 
Ajab Khan Tareen, Muhammad Anwar Panezai, Ashif Sajjad, Jahangir Khan Achakzai, Abdul Manan Kakar 

and Nazima Yousaf Khan 

Institute of biochemistry, University of Balochistan, Quetta 87300, Pakistan 

 

https://doi.org/10.35410/IJAEB.2021.5680    
 

 

 

ABSTRACT 

We assessed total phenolic content (TPC), total flavonoid content (TFC), free radical quenching 

capacities in terms of 2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH), TAC (Total Antioxidant 

Capacity), Hydrogen Peroxide Scavenging (HPS), ferric reducing Antioxidant power (FRAP), 

acute and chronic toxicity assays and mineral contents in the peel and pulp of five varieties of 

apple (Malus domestica Borkh.) fruit from Balochistan province. The peel extracts of tested 

varieties exhibited significantly (p < 0.05) substantial amount of TPC, TFC and extraction yield, 

predominantly in the peel of Red Delicious.  In terms of half maximal inhibitory concentration 

(IC50) values Katja pulp exhibited lowest values in all the in vitro antioxidant assays. 

Luminescence-based assays showed that all the tested peel and pulp extracts exhibited toxicity 

towards V. logei only at high concentration and maximum contact time. Furthermore, significant 

correlation between TPC and DPPH, TAC, FRAP and HPS assays were found, demonstrating 

that phenolics contribute to antioxidant capacity. Pertaining to the mineral analysis, both fruit 

tissues revealed the concentration of K to be maximum, preceded by Ca, Na, Fe, Mn, Co, Cu and 

Cd. Obtained results impart information on nutritional, antimicrobial and phytochemical 

composition of analyzed apple varieties and thereby inspire their consumption and cultivation.  

Keywords: Malus domestica Borkh, Phenolic, Antioxidant activity, Minerals. 

1. INTRODUCTION 

Recently research trend is focused on the study of healthy foods and natural products due to their 

potential use as means of biologically active compounds and their consecutive connection in 

treating and mitigating diseases [1]. The significant constituents from the natural sources are 

polyphenolic compounds, which are described to have major antioxidant prospective [2]. One 

good source of phenolic compounds for humans, are apples which are source of dietary 

antioxidants, belongs to the family Rosaceae, is a tasty and is the fourth most widely grew fruit 

across the globe [3].  Apple fruit (Malus domestica Borkh) has captured enormous consideration 

for its putative and salubrious health advantages in the last 10 years. Several studies from various 

regions of the world recognized that apples are an efficient source of antioxidant phenolics, 

minerals, dietary fibers, and carbohydrates[4]–[6].  

Epidemiological studies have manifested converse relationship between the intakes of 

apples and/or associated products and the possibility of  lung dysfunctions, cardiovascular 

diseases, and several types of cancers, especially colon, liver and prostate [7]. The health-
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protecting features of apple fruits have been ascribed to the existence of polyphenols [8]. Apart 

from phytochemicals, the information pertaining to the concentration of essential minerals is of 

great significance, since activity of more than one-third of all human proteins rely on them [9].   

Balochistan province is the largest grower of fruits in Pakistan, hence popular as “fruit 

basket of Pakistan”. Apples are the first largest growing and second most produced fruit after 

dates in the province. In Pakistan approximately 0.991 million tons of total fruits are produced 

from an area of 0.239 million hectares. Balochistan shares 17.4% and 32.6% of the country 

production and area, respectively. It covers an area of 0.101 million hectares with a production of 

0.224 million tons. Apple contributing more than 42% and 23% of total areas and production of 

the country's respectively [10]. Various varieties of apple being grown in Balochistan province 

are Golden Delicious, Amri, Red Delicious, Kashmiri, Mashadi and a newly introduced early 

maturing variety Katja. The most popular apple producing areas of Balochistan province are 

Zairat, Quetta, Pishin, Kanozai and Khuzdar districts.   

Interestingly, handful studies have been conducted pertaining to the antioxidant activity 

(AoA) and phenolic study of different cultivar and parts of apple fruit from different regions of 

the world[5], [6], [11]–[13].  

  However, no reports on the antioxidant capacity, total phenolic contents, mineral 

composition and bioluminescence based toxicity of different edible parts of apple varieties 

commonly cultivated in the province is available in the literature. For that reason, in the light of 

above connection, the present study was aimed to measure and compare total phenolic contents, 

antioxidant potential, toxicity assays and mineral contents in the peel and pulp parts of selected 

varieties of apple fruit grown in the province.  

2.MATERIALS AND METHODS 

2.1Chemicals and materials 
All the reagents and standards were of analytical grade. Catechin Hydrate, DPPH, Quercetin, 

Nitric Acid and Sulphuric Acid were from Sigma Chemical Co. (St. Louis, MO, USA). Gallic 

Acid and Trolox were from Acros (New Jersey, USA). Follin-Ciocaltue Reagent was purchased 

from Central Drug House (New Delhi, India). Alpha Tocopherol was from MP Biomedicals, 

Aliant Co. Ltd. (Germany). Sodium Carbonate, Sodium nitrite, Sodium phosphate, Ferric 

Chloride, Potassium ferricynide, L-Ascorbic Acid, Sodium Hydrogen Diphosphate and Sodium 

Hydrogen monobasic, Lactose, MgCl2, soluble starch, CaCl2 and glycerol were from Merck 

(Darmstadt, Germany). Aluminum Chloride and Hydrogen peroxide 35% were from BDH 

Chemical Ltd. Analar (UK). Sodium Hydroxide was from Scharlau, (Spain). Tricarboxylic Acid 

and Ammonium molybdate were from Fisher Scientific (UK). Yeast extract, peptone and 

bacteriological agar were from Biokar Diagnostics. 

2.2 Fruit material and Sampling 
Five apple varieties namely Amri, Golden Delicious, Katja, Mashadi and Red Delicious grown in 

the Balochistan province were selected for the present study. Katja and Red Delicious are early-

maturity varieties; Mashadi and Amri are middle-maturity varieties; Golden Delicious is late-

maturity variety. Fresh, healthy ripe apple fruits of uniform color and variable sizes were 

harvested randomly from orchards of district Pishin, Quetta, Kanozai and Zairat in July, August 
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and September, 2018. The studied varieties were grafted on M9 rootstock, no proper 

phtosanitory treatment was applied except well rotten farm yard green manure once a year. Fruits 

were pooled after each harvest. Fruits were authentically identified by horticultural experts at 

Agriculture Research Institute (ARI), Quetta, Balochistan, Pakistan. The fruits were refrigerated 

(-18 °C) unless used. 

Fresh fruit samples (3 batches, each of 30 apple fruit/variety randomly picked) were 

peeled off (1 mm thickness) as thin as possible from the pulp and cut into pieces (approximately 

1× 1 cm) and refrigerated at -18 °C unless used. The peel and pulp samples were homogenized in 

ultra-turrax, T-25 basic homogenizer (IKA, Staufen, Germany) for 10 min.  

2.3 Preparation of the Extracts  

Using the method of [14] with minor changes fresh- homogenized samples (each 200 g) was 

agitated with 200 ml of 80 % (80:20 v/v) aqueous methanol for eight hours at room temperature 

using an orbital shaker (IKA KS 260, Staufen, Germany) at agitation speed of 200 rpm under 

dim light. Thereafter, filtered through Wattman filter paper No.1. Residues left over were re-

extracted twice with afresh solvent and pooled. Extracts were desolvinized in rotary evaporator 

(Stuart, Stone Staffordshire, UK) operated at 35 oC and at 2 rpm spin speed. The obtained semi-

solid extracts were dissolved in extraction solvent and stored at 4 oC, until analysis. 

3. DETERMINATION OF MOISTURE CONTENT AND DRY MATTER CONTENT  

Dry matter content (DMC) and moisture content (MC) were assessed by the AOAC protocol [15] 

(method 925.10). Shortly, (5) g of fresh sample (each) was dried at 80 °C until constant weight 

in an electric-oven (Selecta, Spain). 

3.1.1 Determination of extraction Yield 

The yield of the peel and the pulp extracts was measured on a dry weight basis (DWB) by 

equation 1: 

Yield (%) = (Weight of extract ×100)/Weight of peel or pulp taken    

 (1) 

3.1.2. Determination of Total Phenolic Content (TPC) 

TPC was measured as previously reported by [16]. Briefly, 0.5 ml (containing 0.05 g/ml) of 

diluted fruit extract was mixed with 0.5 ml Folin-Ciocalteu's reagent (1/10 dilution with 

deionized water) and deionized water (8.0 ml), incubated for ten minutes, after that added 7.5 % 

saturated sodium carbonate (w/v, 1.5 ml) mixed well. After two hours, absorbance was recorded 

at 750 nm by Shimadzu-1700 UV-VIS spectrophotometer (Japan) and compared to a calibration 

curve of prepared gallic acid solutions in the range of 10-250 mg/L. The results are expressed as 

mg gallic acid equivalent (GAE) mg/100 g dry weight (DW).  

3.1.3 Total Flavonoids Contents (TFC) 
The concentration of TFC was assessed as described by [17]. Concisely, 0.5 ml (containing 0.02 

g/ml) of diluted fruit extract was mixed with distilled water (4 ml) in a 10 ml volumetric flasks 

followed by the addition of (3 ml) of 5 % Sodium Nitrite. After six min, 0.3 ml of 10 % saturated 

AlCl3 was added and left to stand for another 5 min before 2 ml of 1.0 M NaOH was mixed. The 

volume of the reaction mixture was brought up to 10 ml by distilled water and mixed well. 
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Absorbance was recorded at 510 nm and compared to a calibration curve of prepared quercetin 

(QU) solutions in the limit of 10-250 mg/L. Results are expressed as mg catechin equivalent 

(CE) mg/100 g DW.  

3.2. Determination of AoA by DPPH radical-scavenging assay 
Free radicals scavenging activity was appraised as described by [18] with minor modifications. 

Fresh DPPH solution (0.1 mM) in 100 ml of methanol was prepared from the stock DPPH 

solution (10 mM in methanol) in amber bottles for two hours before stabilizing the absorbance. 

An aliquot of 2 ml of various concentrations 20-120 μg/ml of extract were mixed with 2 ml of 

DPPH solution and the reaction mixture was vortexed for a min and were kept under dim light 

for 40 min at room temperature and decrease in absorbance (Abs.) was measured at 517 nm 

against the blank comprises of extract and methanol only. Ascorbic acid and Trolox were used as 

standards. The radical scavenging activity was determined by equation 2 given below. The linear 

regression of concentration against absorbance was used to calculate IC50 (50 % inhibitory 

concentration) for DPPH and expressed as µg/ml.  

DPPH scavenging effect (%) = ((Control Abs.-Test Abs.)/Control Abs.) ×100  

 (2) 

3.2.1. Determination of AOA by Hydrogen Peroxide Scavenging (HPS) assay  
HPS activity was appraised by using the modified method reported by [19]. A hydrogen peroxide 

solution of 43 mM is briefly prepared in phosphate buffer (0.1M, pH 7.4) from a 0.5 M 

intermediate stock solution. The latter was prepared from 35% H2O2. Sample of various 

concentrations varying from 50 to 500 µg/ml was dissolved in 3.4 ml of 0.1 M sodium phosphate 

buffer (pH 7.4) and then thoroughly mixed with 0.6 ml of 43 Mm hydrogen peroxide solution 

(made in the same buffer). The reaction mixture was left for 15 minutes at room temperature 

under dim light. The amount of unreacted hydrogen peroxide was assessed 

spectrophotometrically at 230 nm. An additional blank sample without H2O2 was also prepared 

for extracts and used for background deduction. Alpha-tocopherol and ascorbic acid were used as 

standards.  Equation 3 was used to measure HPS activity, and linear regression analysis was 

performed to compute IC50 expressed as µg/ml.  

[H2O2]  Scavenging effect (%) = Control Abs.-Test Abs.-Blank Abs. Control Abs. ×100  

   (3) 

3.2.2. Determination of AoA by Phosphomolybdenium Complex assay  
The total antioxidant capability (TAC) was determined by the method reported by [20] and [21]. 

Briefly, an aliquot of 3.0 ml of reagent solution (4 mM ammonium molybdate, 28 mM sodium 

phosphate, and 0.6 mM sulphuric acid) was mixed to 0.3 ml of extracts of different 

concentrations varied from 60 to 260 µg/ml in sterile tubes. The tubes were capped and 

incubated for 90 min at 95 °C in a water bath (Clifton, nickel-electro Ltd. UK) and cooled at 

room temperature. The absorbance of the reaction mixture was taken at 695 nm against the blank 

(Methanol). Ascorbic acid and quercetin were used as standards. The TAC sample percentage of 

inhibition was calculated from the below-mentioned equation 4, and IC50 (representing 50% 

reduction) was calculated from the linear regression analysis. 
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TAC scavenging effect (%) = Test absorbance-Control absorbance Test Abs. ×100   

   (4)  

3.2.3. Determination of Ferric Reducing Antioxidant Power (FRAP) assay 

FRAP assay was measured according to the previously reported modified method [18]. Precisely, 

mixed 1.0 ml extract of various concentrations (50 to 300 µg/ml) to 2.5 ml of sodium phosphate 

buffer (0.2 M, pH 6.6) and 2.5 ml of 1 % (w/v) potassium ferricyanide. The reaction mixture was 

incubated at 50 °C for 20 min in a water bath and sharply cooled. After that, 2.5 ml of 10 % 

(w/v) of trichloroacetic acid (TCA) were mixed, centrifuged at 3000 rpm for 10 min. 2.5 ml of 

the supernatant was mixed with equal volumes of distilled water and 0.5 ml of ferric chloride 

(0.1 %, w/v). Allowed the reaction mixture to stand for 10 min at room temperature to develop 

Perl's Prussian blue color. The absorbance was noted at 700 nm against the blank (80 % 

methanol). The sample concentration providing 0.5 of absorbance (IC50) was measured from the 

graph of extract concentration against absorbance values. Ascorbic acid and catechin were used 

as standards. 

3.3. Bioluminescence (BL) assay for apricot pomace and kernel extracts  
For acute and chronic bioluminescence toxicity assays, a luminescent bacterium V. logei (wild 

strain) was used. The freeze-dried bacterium was prepared and reconstituted as previously 

described by [22]. Stock solutions of extracts were prepared by mixing dried extracts with 

distilled water (1:1), which were sequentially diluted with aqueous 3 % NaCl solution to obtain 

different dilutions for acute and chronic assays. Wallac Victor 1420 Multilabel Counter 

luminometer (Wallac, Sweden) and 96 well microplates were used to measure luminescence in 

relative light units (RLU).  For acute toxicity, the inhibition assay was performed by adding to 

each well 20 µl BL bacteria in culture broth and 180 µl of the sample in 3 % NaCl solution. In 

comparison, 150 µl bacteria and 150 µl of the sample in 3 % NaCl was used for the chronic 

assay. Similarly, a blank was prepared by adding 3 % NaCl and BL bacteria. The emitted light 

was recorded at intervals of 5 min for 1 hour in acute and for 20 h at intervals of 17 min in 

chronic assays. Before starting the assays, the intensity of the light emission was optimized. 

Results were expressed as a percentage of inhibition with respect to the blank emission using 

equation 5 mentioned as under, whileIC50 (representing 50% reduction) was calculated from the 

linear regression analysis. 

Iluminescence (%) =   = Lc,t-Ls,t Lc,t ×100        

 (5) 

Where t represents the time of measurements (1 h, in the acute assay) and (20 h, in the chronic 

assay), Iluminescence is the inhibition percentage, Lc,t, and Ls,t is the luminescence of blank and 

sample emission at t hour respectively.  

3.4. Mineral Analysis 
The mineral composition was assessed, as reported by [23]. One gram of Oven-dried sample of 

(peel and pulp) was taken in digestion flask (Pyrex) having 5 ml of absolute H2SO4. The flasks 

were heated at hotplate (Jenway, 1000, Barloworld Scientific Ltd, UK) at 80 °C to 90 °C for 

about 60 min, further increasing the temperature to 160 °C. Meanwhile, 5 ml of absolute HNO3 

and 2 ml of 30 % (v/v) H2O2 were mixed to the flasks and left the mixture for boiling/heating 
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until a clear solution was obtained. After effervescence had faded away, the flasks were cooled 

for 5 min, mixed well with a small volume of deionized water and filtered through Whatman No. 

42 (˂0.45 µm Millipore) filter paper. Finally, diluted to 50 ml with deionized water. In the same 

way, a blank was also prepared. All analyses were carried out in triplicate on Atomic absorption 

spectrophotometer (Thermo electronic corporation, Cambridge, UK). Standard calibration curves 

were constructed for individual elements, and results expressed in mg/100 g DW. 

3.5. Statistical analysis 

Research data results were presented as means ± Standard Deviation (SD) having triplicate 

analysis (n = 3). One-way analysis of variance (ANOVA) with Tukey's honestly significant 

difference (HSD) test was carried out to evaluate the significance of differences between means 

using the R-Studio software v.3.6.3 at a significance level of P < 0.05. Pearson correlation 

coefficient (r) was used to investigate the relationship between total phenolics and antioxidant 

assays at a significance level of P < 0.01 and 0.05. Multivariate analysis in terms of Principle 

component analysis was carried out on the combined TFC, TPC, antioxidant activities, mineral 

composition and BL assay using the R-Studio software v.3.6.3. 

4. RESULTS 

4.1. Moisture content and dry matter 
Analytical findings for the moisture content (MC), dry matter content (DMC) and extraction 

yield of the peel and pulp of the varieties examined are provided in Table 1. The significantly (P 

< 0.05) higher DMC and lower MC were noted in the peel tissues compared to the pulp within 

all studied varieties. Golden Delicious peel (26.30%) had higher DM content, whereas the lowest 

values noted in the peel (21.5%) of Katja variety. 

Table 1: Extraction yield, moisture content and dry matter content of apples commonly 

grown in Balochistan. 

Varieties Tissue Used 
Moisture 

Content (%) 

Dry Matter 

Content (%) 

Extraction 

Yield (%) 

Amri Peel 75.11 ± 0.04bc 24.89 ± 0.03ab 25.41 ± 

0.96b 

 
Pulp 83.13 ± 0.27d 16.87 ± 0.27b 21.34 ± 

0.53ab 

Golden Delicious Peel 73.73 ± 0.37c 26.30 ± 0.37a 31.14 ± 

1.23a 

 
Pulp 82.22 ± 0.15e 17.78 ± 0.15a 22.86 ± 

0.76a 

Katja Peel 78.46 ± 0.65a 21.50 ± 0.65c 28.91 ± 
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1.47ab 

 
Pulp 86.93 ± 0.42a 13.07 ± 0.42e 14.22 ± 

1.71d 

Mashadi 
Peel 75.93 ± 0.18b 24.11 ± 0.17b 28.09 ± 

0.95ab 

 
Pulp 84.69 ± 0.10c 15.31 ± 0.10c 19.44 ± 

0.67bc 

Red Delicious Pell 76.60 ± 1.00b 23.40 ± 0.99b 31.18 ± 

2.03a 

 
Pulp 85.49 ± 0.04b 14.51 ± 0.04d 17.58 ± 

0.06c 

Data are mean ± SD (n = 3), values with different superscript letters within similar 

columns are statistically different at (P < 0.05) among apple varieties.  

 

4.1.2. Extraction yield 

The data observed for extraction yield was partially significant (P < 0.05) for the peel and pulp 

extracts among studied apple varieties. Among the peels of studied varieties, a maximum yield of 

31.18 % was observed for the Red Delicious peel. In contrast, in the pulps, the lowest yield of 

14.22 % was noted for Katja pulp (Table 1). 

4.1.3. Total phenolic contents 

As evident from Figure 1. TPCs (mg GAE/100 g) of apple peel and pulp extracts varied 

significantly (P < 0.05) between the varieties examined. In the peels, the highest values were 

observed in the peel of Red Delicious (3021.8) that was followed by Golden Delicious (2789.3).  
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Figure 1: TPCs of five apple varieties of peel and pulp extracts. Bars show mean ± SD, (n = 3). 

Different letters indicate significant differences while the same letters denote that samples are 

not significantly different from one another at P < 0.05. 

Whereas of the pulps, Golden Delicious apples possessed the higher TP values of 1922.1 

mg GAE/100 g, followed by Red Delicious (1579.0), Amri (1316.9), and Mashadi (1164.2) 

apples. Nonetheless, the lowest values were observed in the pulp of Katja (913.5 ± 23.9) apples. 

 

4.2. Total flavonoid contents 

The results revealed that TFC values significantly differed at P < 0.05 between apple varieties as 

shown in Figure 2. The maximum concentrations were observed in the Red Delicious peel 

(2484.6) followed by Golden Delicious (2020.2). Whereas in the case of pulps, TFC were found 

to be rich in Golden Delicious 1387.7 variety that is followed by Red Delicious (1242.5), Amri 

(1077.2), Mashadi (929.1). However, the lowest values were observed in the pulp extracts of 

Katja (860.7) apples. The TFC trended to be maximum in peels than the pulp extracts in the 

studied apple varieties.  
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Figure 2: TFCs of five apple varieties of peel and pulp extracts. Bars show mean ± SD, (n = 3). 

Different letters indicate significant differences while the same letters denote that samples are 

not significantly different from one another at P < 0.05. 

4.2.1. Assessment of AoA in apple peel and pulp extracts 

Table 2 summarizes the findings of the four assay methods in terms of IC50 µg/mL of the peel 

and the pulp extracts of apple varieties. For HPS, DPPH, FRAP, and TAC, there were significant 

differences between varieties (P < 0.05). In the case of peels, in DPPH assay, best IC50 values 

were possessed by Red Delicious peel (42.55µg/mL), followed by Golden Delicious (52.49 

µg/mL) Amri (72.26 µg/mL) Mashadi (98.70 µg/mL) and Katja (111.84 µg/mL). Whereas in the 

pulps, the minimum values were recorded in Golden Delicious (73.51 µg/mL), preceded by Red 

Delicious (87.01 µg/mL), Amri (137.75 µg/mL), Mashadi (146.26 µg/mL) and Katja (153.90 

µg/mL). However, the activity of peel extracts were inferior to AA (11.18 µg/mL) and Trolox 

(16.57 µg/mL).  

 

Table 2: Comparison of AoA of peel and pulp extracts and standard compounds assessed 

by DPPH, HPS and TAC assays (IC50 µg/ml). 

Antioxidant index   

                                 Varieties 

  
Amri 

Golden 

Delicious 
Katja Mashadi 

Red 

Delicious 

DPPH 
     

Peel 
72.26 ±  0.9 
c 

52.49 ±  0.8 d 
111.84 ± 0.3 
a 

98.70 ±  0.3 b 42.55 ±  1.6 e 

Pulp 137.75 ± 2.5 73.51 ± 3.0 d 153.90 ± 4.6 146.26 ± 4.6 a 87.01 ± 2.1 c 
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b a 

Ascorbic acid 11.18 ± 0.80 
    

Trolox 16.57 ± 0.56 
    

      HPS 
     

Peel 
355.72 ± 

0.83 c 
388.40 ± 0.86 a 

386.01 ± 

2.04 a 

372.00 ± 3.75 
b 

327.40 ± 3.32 
d 

Pulp 
370.22 ± 

0.92 d 
344.06 ± 1.40 e 

450.84 ± 

2.23 a 

425.24 ± 1.15 

b 

403.22 ± 1.43 
c 

Ascorbic acid 
285.73 ± 

0.33     

Alpha-

tocopherol 

195.65 ± 

0.53  
  

  

      TAC 
     

Peel 
42.52 ± 

5.33b c 
37.99 ± 3.34 cd 

62.89 ± 4.03 
a 

52.17 ± 4.23 
ab 

26.83 ± 6.79 
d 

Pulp 
58.19 ± 6.34 
ab 

56.42 ± 6.64 b 
76.42 ± 4.86 
a 

71.93 ± 6.67 
ab 

63.91 ± 9.04 
ab 

Ascorbic acid 16.97 ± 3.91 
    

Quercetin 7.41 ± 2.17 
    

      FRAP 
     

Peel 
89.03 ± 0.27 
c 

77.82 ± 0.44 d 
103.29 ± 

0.49 a 
96.93 ± 1.26 b 

71.06 ± 0.51 
e 

Pulp 
163.35 ± 

1.11 c 
126.11 ± 0.87 e 

192.22 ± 

1.57 a 

181.82 ± 2.30 
b 

141.33 ± 0.59 
d 

Ascorbic acid 70.32 ± 0.55 
    

Catechin 65.55 ± 0.24 
    

 All values are mean ± SD (n = 3). Statistically significant differences (P < 0.05) are denoted by 

different superscript letters within each line. ‘Peel/pulp’ shows the AoA ratio in the peel to that 

in the pulp. DPPH, HPS, TAC and FRAP represent radical scavenging assay, hydrogen peroxide 

scavenging assay, total antioxidant capacity assay, ferric reducing antioxidant power, 

respectively. 

In the HPS assay, of the peels, the lowest and highest IC50 values were measured in the peels of 

Red Delicious (327.40 µg/mL) and Mashadi (388.40 µg/mL), respectively.   

Whereas, in the pulp extracts minimum IC50 values were noted in Golden Delicious 

(344.06 µg/mL) pulp followed by Amri (370.22 µg/mL), Red Delicious (403.22 µg/mL), 

Mashadi (425.24 µg/mL) and Katja (450.84 µg/mL) pulp. Nonetheless, the HPS AoA of AA 

(285.73 µg/mL) and alpha-tocopherol (195.65 µg/mL) were superior to all studied extracts. 

Furthermore, the ratio of AoA in the peel to that in the pulp in the HPS assay ranged from 0.81 to 

1.08. Regarding the results of TAC assay, in the pulp extracts, the lowest IC50 values of TAC 

assay were noted for Golden Delicious (56.42 µg/mL) variety, followed by in the pulps of Amri 

(58.19 µg/mL), Red Delicious (63.91 µg/mL), Mashadi (71.93 µg/mL) and Katja (76.42 µg/mL). 

On the other hand, the TAC activity in the peel extracts was maximum with the lowest IC50 in 
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the Red Delicious peel (26.83) preceded by Golden Delicious (37.99 µg/mL), Amri (42.52 

µg/mL), Mashadi (52.17 µg/mL) and Katja (62.89 µg/mL) apples. 

Nonetheless, TAC of AA (16.97 µg/mL) and QU (7.41 µg/mL) was superior to the peel 

and pulp extracts. The ratio of AoA in the peel to that in the pulp in TAC assay ranged from 0.43 

to 0.82. Using FRAP assay a very good reducing activity with low IC50 values was noted in the 

peel extracts than the pulp extracts. In the peels, strong and weak activity was observed in Red 

Delicious (71.06 µg/mL) and Katja (103.29 µg/mL) apples. In contrast, maximum and minimum 

activity in the pulp extracts was exhibited by Golden Delicious (126.11 µg/mL) and Katja 

(192.22 µg/mL) varieties, respectively. The activity of the Red Delicious peel was slightly lower 

than that of AA (70.32 µg/mL). Additionally, the ratio of AoA in the peel to that in the pulp in 

the FRAP assay ranged from 0.50 to 0.62. 

 

4.3. Bioluminescence (BL) assay  
The results regarding the acute and chronic biotoxicity assay of pulp and peel extracts of five 

studied varieties of apple are shown in Table 3 and 4, respectively. There was no bacterial 

luminescence inhibition in the acute assay of pulp and peel extracts of studied apple varieties 

performed at room temperature at the studied concentrations as compared to the blank; it 

increased bacterial luminescence.  

Table 3: Percentage inhibition of acute BL toxicity assay of pulp and peel extracts of apple 

varieties against V. logei bacteria. 

Fruit part     

   

Luminescence Inhibition (%) (after 1 h) 

 
Varieties 

1:10  

Dilution 

1:100  

Dilution 

1:1000  

Dilution 

Peel Amri -18.65 ± 33.26a -29.13 ± 68.76a  - 4.04 ± 33.40a 

 
Golden Delicious - 9.84 ± 34.03a - 22.59 ± 43.46a -24.85 ± 41.89a 

 
Katja - 46.72 ± 49.31b -37.20 ± 45.96a -17.94 ± 33.73a 

 
Mashadi -125.07 ± 69.28b -108.09 ± 54.85b -103.80 ± 51.44b 

 
Red Delicious - 47.63 ± 33.25a -54.78 ± 48.34a -24.06 ± 36.77a 

Pulp Amri - 42.17 ± 35.85a -90.78 ± 66.91ab -25.01 ± 42.19a 

 
Golden Delicious -58.35 ± 46.58a - 62.17 ± 50.94a -39.78 ± 43.05a 

 
Katja -52.54 ± 46.07a -58.18 ± 52.72a -26.16 ± 37.88a 

 
Mashadi - 83.55 ± 44.72a - 64.67 ± 50.90a - 65.46 ± 55.11b 
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Red Delicious -12.49 ± 38.53a - 42.82 ± 48.76a -13.58 ± 32.14a 

All values are mean ± SD (n = 3). Statistically significant differences (P < 0.05) are denoted by 

different superscript letters within each column. 

 

Therefore, none of the extracts from either of the peel or pulp of studied apple varieties were 

capable to stop the bacterial light at studied concentrations during given contact time of 60 min 

in acute toxicity test. Hence it was not possible to calculate IC50. 

While at less concentrated dilutions in chronic toxicity assay, among the studied apple 

varieties only the peel extracts of Red Delicious and Golden Delicious were capable of bacterial 

BL inhibition at all studied concentrations with IC50 of 1.12 and 1.77 mg/mL, respectively.  

Table 4: Percentage inhibition and IC50 (mg/mL) of chronic bioluminescence toxicity assay 

of pulp and peel extracts of apple varieties against V. logei bacteria. 

Fruit 

part 

     

   

Luminescence Inhibition (%) (after 20 h) 

 
Varieties 

1:5  

Dilution 

1:50  

Dilution 

1:500  

Dilution 

IC50  

(mg/mL) 

Peel Amri 
90.03 ± 

15.90a 

-304.56 ± 

239.3ab 

-325.90 ± 

311.6a 
--------------- 

 
Golden 

Delicious 

98.57 ± 1.52a 50.59 ± 5.2a 25.61 ± 4.0a 1.77 ± 0.03a 

 
Katja 

95.91 ± 2.91a 28.66 ± 55.2ab 
-385.91 ± 

332.1a 
--------------- 

 
Mashadi 

68.48 ± 

54.40a 

-333.92 ± 

190.2b 

-358.58 ± 

347.0a 
--------------- 

 
Red Delicious 99.99 ± 0.00a 68.50 ± 4.0a 47.88 ± 8.3a 1.12 ± 0.28b 

Pulp Amri 93.71 ± 8.59a 
-425.64 ± 

334.4a 

-355.56 ± 

345.6a 
--------------- 

 
Golden 

Delicious 

83.64 ± 

20.73a 

- 644.99 ± 

488.0a 

-318.71 ± 

356.3a 
--------------- 

 
Katja 96.87 ± 2.98a -304.47 ± 69.8a 

-360.99 ± 

398.7a 
--------------- 
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Mashadi 93.79 ± 7.02a 

-546.07 ± 

375.0a 

-377.67 ± 

374.0a 
--------------- 

 
Red Delicious 99.40 ± 0.75a 

-846.80 ± 

569.8a 

-296.06 ± 

350.8a 
--------------- 

All values are mean ± SD (n = 3). Statistically significant differences (P < 0.05) are denoted by 

different superscript letters within each column. 

 

4.4.Mineral Composition of apple peel and pulp 
The mineral composition (mg/100 g DW) of peel and pulp samples of apricot varieties is shown 

in Table 5 and 6, respectively. The results obtained revealed a significant trend (p < 0.05) 

among the apple varieties. The varieties tested contained higher concentrations of K followed by 

Ca, Na and Fe.  

Table 5: Mineral contents in the peel and pulp of apple widely cultivated in Balochistan. 

Fruit part 
     

 
 

Mineral contents (mg/100 g DW)   
 

 
Varieties Na K Mn Co Ca 

 
Amri 16.7 ± 

0.12d 

1355.0 ± 

27.1c 

1.33 ± 

0.16c 

0.29 ± 

0.06d 

63.18 ±0.19c 

 
Golden 

Delicious 

20.3 ± 

0.16a 

1577.2 ± 

20.5a 

2.34 ± 

0.26a 

0.04 ± 

0.00e 

113.5 ±3.06b 

Peel 
Katja 16.8 ± 

0.20c 

1059.9 ± 

15.9d 

1.03 ± 

0.04e 

0.30 ± 

0.03c 

36.35 ± 0.84e 

 
Mashadi 16.0 ± 

0.88e 

706.7 ± 

29.0e 

1.30 ± 

0.38d 

0.33 ± 

0.02b 

43.96 ± 1.05d 

 
Red Delicious 18.3 ± 

0.49b 

1477.3 ± 

32.5b 

1.50 ± 

0.73b 

0.50 ± 

0.02a 

161.94±1.94a 

 
Amri 13.6 ± 

0.10c 

266.2 ± 8.0e 1.18± 

0.26c 

0.10 ± 

0.01d 

4.25 ± 0.18d 

 
Golden 

Delicious 

15.9 ± 

0.49a 

598.8 ± 

25.2a 

1.29 ± 

0.14a 

0.24 ± 

0.03b 

7.81 ± 1.16b 

Pulp Katja 13.4 ± 433.6 ± 2.6d 0.91 ± 0.03 ± 3.33 ± 0.23e 
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0.21d 0.02e 0.02e 

 
Mashadi 12.3 ± 

0.15e 

459.5 ± 7.4c 1.03 ± 

0.04d 

0.41 ± 

0.04a 

5.8 ± 1.37c 

 
Red Delicious 13.6 ± 

0.08b 

532.1 ± 

19.7b 

1.24 ± 

0.16b 

0.18 

±0.02c 

16.79 ± 2.57a 

All values are mean ± SD (n = 3). Statistically significant differences (P < 0.05) are denoted by 

different superscript letters within each column, DW: Dry weight. 

 

The measured concentrations of K, Ca, Na, Fe, Mn, Co, Cu, Cd and Ni ranged from 706.67 to 

1577.15, 36.35 to 161.94, 15.99 to 20.29, 1.74 to 5.04, 1.03 to 2.34, 0.04 to 0.50, 0.21 to 0.41, 

0.002 to 0.005 and 0.14 to 0.23 mg/100 g DW, respectively in the samples of peel. Whereas 

266.18-598.83, 3.33-16.79, 12.34-15.88, 1.59-4.99, 0.91-1.29, 0.03-0.24, 0.07-0.18, 0.001-0.005 

and 0.03-0.07 mg/100 g DW, respectively in the samples of pulp.   

Table 6: Trace mineral concentrations in the peel and pulp of apple widely cultivated in 

Balochistan. 

Fruit part 
     

  
Mineral contents (mg/100 g DW) 

 

 
Varieties Cu Fe Cd Ni 

 
Amri 0.24 ± 0.03c 3.47 ± 0.03c 0.002 ± 0.01d 0.19 ± 0.03c 

 
Golden Delicious 0.27 ± 0.04b 5.04 ± 0.01a 0.004 ± 0.02b 0.23 ± 0.06a 

Peel Katja 0.21 ± 0.06d 1.74 ± 0.03e 0.004 ± 0.01b 0.15 ± 0.04d 

 
Mashadi 0.21 ± 0.04d 2.08 ± 0.05d 0.003 ± 0.02c 0.14 ± 0.03e 

 
Red Delicious 0.41 ± 0.07a 4.01 ± 0.05b 0.005 ± 0.02a 0.22 ± 0.01b 

 
Amri 0.13 ± 0.02c 2.81 ± 0.05c 0.001 ± 0.01d 0.03 ± 0.02a 

 
Golden Delicious 0.18 ± 0.02a 4.99 ± 0.25a 0.005 ± 0.02a 0.07 ± 0.02b 

Pulp Katja 0.07 ± 0.03e 1.59 ± 0.03e 0.003 ± 0.01b ND 

 
Mashadi 0.08 ± 0.05 d 1.97 ± 0.12d 0.001 ± 0.01d ND 

 
Red Delicious 0.16 ± 0.06b 3.38 ± 0.11b 0.002 ± 0.01c 0.07 ± 0.03b 

All values are mean ± SD (n = 3). Statistically significant differences (P < 0.05) are denoted by 
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superscript letters within each column, DW: Dry weight, ND: Not Detected. 

 

5. DISCUSSION 

According to the best of our knowledge, this was the first study undertaken to investigate some 

physical properties, AoA, phenolics, flavonoids, mineral contents, and BL toxicity assays in the 

peel and pulp of six apple varieties. These varieties are commonly grown in northern regions of 

the province of Balochistan, Pakistan. The fruits of these varieties varied in texture, size, taste, 

aroma and flavor. MC assessment is among the most significant and commonly used parameters 

that dramatically influences the concentration and composition of phytochemicals in fruits, 

vegetables, seeds and grains [24]. In this study the mean MC in apple peel and pulp was 75.97% 

and 84.49%, it is likely that peel is less hydrated than the pulp. These results are coincident with 

the range of (76.69-88.37%) published by Campeanu, Neata, & Darjanschi, [25] and less than 

those stated by Rosnah, Wong, Noraziah, & Osman, [26]. According to the (food and agriculture 

organization [FAO], 1993), vegetables contain 90-96 percent water, while fruit has an average 

water content of 80-90 percent. Nevertheless, fruits of lower MC have good shelf life while the 

high moisture content in the samples indicated that they possess perishability [27].  

On the other hand, Interest in DM is motivated by the need for objective quality 

measurement based on fundamental fruit biology, but also representing potential taste and 

allowing more reliable preharvest, harvesting and postharvest evaluation of fruit [28]–[30]. In 

this study  a higher DM content was noted in the peel tissues compared to the pulp within all 

studied varieties. In this context, Golden Delicious and Amri varieties would be better for 

commercial purposes because apart from the fruit's texture, consumers preferred the fruits with 

higher dry matter [30]. Obtained results of the DM content in the apple peel and the pulp agree 

with the data reported by [13]. While the calculated DMC in apple peel was higher than those 

published by Vieira et al. [31]. 

 Nevertheless, amid many work priorities in the extraction of polyphenols, there is no 

single solvent that can be deemed universal since it is typically different for different plant 

matrices [32]. Generally, polar solvents such as ethanol, methanol, acetone and ethyl acetate, etc. 

are used to extract polyphenolics. In current study an almost higher extraction yield was 

achieved for the peels than that of the pulps, which is in line with the previous report that under 

same conditions higher extraction yield in peels may be attributed to the different opportunity of 

extractable materials, associated with the chemical composition of the various tissues under 

investigation[14].  

 It has been reported that the composition of secondary metabolites can be different in 

apple cultivars and the concentration of these compounds differ several folds. Other differences 

could be connected to pedoclimatic aspects and cultivars [33]–[35]. In this study, peel extracts 

showed significantly higher TPC and TFC than the pulp extracts, which can be described by the 

protective role of phenolic compounds [8]. They provide protection against UV- radiation, play 

the role of defense chemicals to averse predators and pathogens, and act as attractants in fruit 

dispersion [11]. Consistent with this study's findings other researchers [6], [11], [14] have also 

described that the polyphenol content of peel tissue was higher than other edible parts of the 

apple fruit.  
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 Of the 5 apple varieties studied, the TPC and TFC in the peel and pulp considerably 

varied from 1-1.6 and 1-1.2 folds and 1-1.8 and 1-1.5 folds, respectively, suggest a considerable 

variation in polyphenol contents is attributed to genotype. As determined in the present study, the 

highest TP contents in the peel of Red Delicious apples were also previously described by other 

researchers [7], [13]. The obtained TPC and TFC values were higher than previously recorded 

levels [6], [14], respectively in five and four apple cultivars of (Malus Domestica Borkh.). These 

differences in polyphenol contents among various investigators principally could be due to 

numerous reasons involving genetic factors, ripening stage, cultivar, environmental factors, 

growing seasons, production techniques, storage conditions and geographic territory [36]–[38]. 

As no proper phytosanitary treatments were applied in the orchards, a rise in phenolic content 

may be a plant response to stress after various types of stress were applied to the varieties [39]. 

Additionally, the collected varieties were fully exposed to the sunlight, which can be accounted 

for higher flavonoid contents [40]. Moreover, the lowest TPC and TFC in the Katja variety can 

be explained on the fact that old apple cultivars generally are distinguished by maximum TPCs, 

as new cultivars are reproduced for appealing deliciousness [41]. Among the studied apple 

varieties, only Katja is a new breed. 

 The antioxidant potential of apple peel and pulp was measured spectroscopically using 

DPPH, HPS, TAC and FRAP assays. Owing to the complex modes of action of antioxidants and 

complex sample behavior such as different polarities, functional groups, and chemical etiquettes, 

numerous AoA measurement assays are suggested in in-vitro antioxidant analysis. That was 

because, according to Opitz et al. [42], a single assay does not provide fair results as compared to 

a series of experiments involving different chemical reactions. Furthermore, the interactions 

between antioxidants and free radicals are second-order. As a result, they are affected not only 

by antioxidant and free radical concentrations, but also by factors such as the chemical 

composition of both reagents, the medium, and the reaction conditions [43]. All of these tests are 

easy and fast to carry out, and only involve a UV-vis spectrophotometer and a few reagents. 

Some researchers have discovered a connection between phytochemical contents and AoA [14], 

[24]. Therefore, in this study Pearson's correlation analysis (Table 6) disclosed that negative 

correlations between TPC and TFC assays with IC50 values of HPS, DPPH, TAC and FRAP 

assays, it demonstrates that the samples with substantial polyphenol content manifest lower IC50 

values, agreeing that phenolics are seemed to contribute to the AoA of the extracts. Both 

flavonoids and phenolic acids have been proved for their reductive capacities and potent 

antioxidants. 

Table 7: Pearson’s correlation coefficients of phytochemical contents and different AO 

assays of peel and pulp of apples widely cultivated in Balochistan. 

Antioxidant index 

  
Coefficient correlation Pearson (r) 

TPC TFC IC50 DPPH IC50 HPS  IC50 TAC 

 
TFC 0.965**         
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IC50 DPPH -0.993 ns -0.933**       

Peel IC50 HPS -0.821** -0.871** 0.812**     

 

IC50 TAC -0.991 ns -0.981 ns 0.977** 0.870**   

FRAP -0.995 ns -0.959 ns 0.991** 0.814** 0.978** 

       

 

TFC 0.989**         

IC50 DPPH -0.954** -0.970 ns       

Pulp IC50 HPS -0.863** -0.848** 0.696**     

 

IC50 TAC -0.840** -0.847** 0.695** 0.977**   

FRAP -0.986 ns -0.999 ns 0.970**        0.841**    0.848** 

**Correlation is significant at the level 0.01, *Correlation is significant at the level 0.05 

ns: Nonsignificant at both 0.01 and 0.05 level respectively, TPC: Total phenolic content 

TFC: Total flavonoid content 

IC50 DPPH:  Inhibitory concentration, the amount of sample needed to decrease by 50% initial 

DPPH Concentration 

IC50 HPS: Inhibitory concentration, the amount of sample required to decrease by 50% initial 

HPS concentration 

IC50 TAC: Inhibitory concentration, the amount of sample required to decrease by 50% initial 

TAC concentration 

FRAP: Ferric reducing antioxidant power 

 

Additionally, the DPPH, HPS, TAC and FRAP assays displayed comparable results, 

higher significant correlations were observed between FRAP and DPPH assays (r = 0.991) 

followed by TAC and FRAP assays (r = 0.978) of the peel extracts, which presumably be due to 

their common reaction mechanism based on their electron transfer capabilities. Similar 

correlations between phytochemical contents and different AO assays in apple peel and pulp 

were described earlier [14], [45], [46]. 

Bioluminescent bacteria have naturally the capacity to emit light and therefore the 

presence of toxic substances brings to inhibition of bacteria luminescence used like the signal of 

the presence of a toxic substance. Phenolic compounds have a variety of mechanisms of action 

that enable them to inhibit several microbial virulence factors (for instance, neutralization of 

bacterial toxins, inhibition of host ligand interaction, and suppression of biofilm formation), 

lower membrane fluidity, inhibit the nucleic acid synthesis and energy metabolism, and suppress 

cell wall synthesis [47], [48]. All the same, the present study findings revealed that acute toxicity 

assay of peel and pulp extracts did not show any bacterial luminescence inhibition; increased the 

bacterial luminescence compared to the blank. Whereas in chronic biotoxicity assay, Red 

Delicious and Golden Delicious peels possesses potential to inhibit the bacterial emission. Which 

indicated the presence of toxic compounds in bacteria cells with a slow penetration mechanism 

that might inhibit quorum sensing or cell growth regulation. 

Since among other edible fruits, apples possess the highest concentration of free 

phenolics [49], [50], which are toxic in an unbound state and become detoxified when they are 

bound [51]. In this context, it is speculated that the luminescence inhibition by the peel extracts 

of Red Delicious and Golden Delicious may likely be due to the presence of free phenolics in 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 06, No. 06; 2021 

ISSN: 2456-8643 

www.ijaeb.org Page 38 

 

these varieties. The anti-quorum sensing activity of apple peel crude extract was also reported by 

[52] in the C. violaceum agar diffusion test system. In this context, the quantification and 

identification of secondary metabolites having the anti-luminescence potential to the V. logei of 

Red Delicious and Golden Delicious peels could significantly benefit, particularly in discovering 

new antivirulence compounds. 

 Apart from phytochemicals, the information about the concentration of essential minerals 

is of great significance since the activity of more than one-third of all human proteins relies on 

them [9]. Our findings revealed that among others, K, Ca, Na and Fe are significant apple 

minerals, which are in line with [13], [14].  

The major microelements in the investigated samples were Na, Fe, Mn, Cu, Co and Ni.  

The sample type was the leading factor that affected the amounts of Na, K, Mn, Co, Ca, Fe and 

Cu. The measured concentrations of minerals were higher in the peel than the corresponding 

pulp tissues, which is in line with[12]–[14]. Mineral concentrations can also differ widely with 

cultivar [53]. However, in this study the cultivar type did not significantly affect the amounts of 

tested elements.  In general, the peel and pulp concentrations were per cited literature [12], [13]. 

The iron, manganese, and copper content in our study was also higher than reported by[13]. 

However, they reported the highest iron and manganese content in the peels of 'Fuji' and 'Red 

Delicious' cultivars, respectively. This contradicts the present study findings, which could be due 

to the differential potential of variety to absorb ions from the soil. The cadmium content was 

found in the allowable limits (0.05 mg/kg) sets by [54]. The presence of heavy metals like 

cadmium and nickel in the pulp could be contaminated soil, whereas in the peel may be due to 

polluted environments.    

 5.1. Principal component analysis 

The principal component analysis (PCA) is a well-known data processing technique that can be 

used to compress higher-dimensional data sets to lower-dimensional ones [55]. The results 

regarding the PCA of apple fruit are summarized in Table 8. Except for the content of  Ni, Cd, 

and BL assays, which had marginal values, the entire data on TFC, TPC, mineral contents, and 

AO assays were subjected to PCA (13 total variables). 

Table 8: Principal components analysis of phytochemical contents, mineral contents and 

AO assays of apple. 

Component PC 1 PC 2 PC 3 

Eigen value 9.855 1.486 0.814 

Total variance (%) 75.80 11.43 6.26 

Cumulative variance (%) 75.80 87.24 93.50 

TPC -0.316 0.051 -0.050 
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TFC -0.311 0.119 -0.079 

Na -0.292 -0.166 -0.250 

K -0.287 0.002 -0.369 

Ca -0.291 0.094 -0.276 

Fe -0.221 -0.391 0.548 

Mn -0.242 -0.456 -0.132 

Cu -0.305 0.181 -0.023 

Co -0.099 0.729 0.171 

DPPH 0.300 0.071 -0.214 

TAC 0.308 -0.036 -0.074 

HPS 0.258 -0.092 -0.556 

FRAP 0.301 -0.079 0.098 

 

Three important principal components (PCs) were found to account for over 90% of the 

variance in the results. With maximum (75.80%) data variation PC 1 showed the highest data 

loadings for TAC assay followed (in decreasing order) by FRAP, DPPH and HPS assays 

respectively. PC 2 had strong loadings for the Co, Cu, and TFC assays, as well as major 

contributions from the DPPH and TPC assays. PC 3 showed the highest loadings in favor of Fe, 

Co, and the FRAP assay. The Flavonoids and phenolic contents had strong associations with the 

AoA assays, according to the PCA findings. 

6. CONCLUSION 

It was inferred from the present work that apple grown in the Balochistan province is a rich 

source of phytochemicals, antioxidants, mineral contents and effective against marine BL 

bacteria V. logei. The cultivar and sample type were the predominant factors that influenced the 

contents of phenolic, flavonoids and AoA. Comparatively, apricot peels were found superior to 

corresponding pulps in the investigated parameters. Hence, peels of these varieties could be 

essential ingredients as functional foods. Correlation analysis confirms the role of phenolics to 

contribute to AoA. Bioluminescence study showed an antivirulence perspective of the peels. 

However, a detailed investigation of particular bioactive compound (s) could be crucial, 

particularly in discovering novel antibacterial compounds in apple peels. 
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