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Abstract 

The present study was carried out to appraise the antioxidant potential of Manjira variety of mango in which comparison of two 

stages of maturity (commercial maturity: 7 to 9°brix and physiological maturity: 9 – 11°brix) of the mango cultivar and three different 

ripening processes (control ripening, 100ppm ethylene ripening and 150ppm ethylene ripening) was done. The antioxidant activity 

of the mango was measured through various in vitro assays such as total antioxidant activity, reducing power, DPPH, FRAP, 

superoxide radical scavenging activity and H2O2 scavenging activity. Overall, fruit without any ethylene treatment exhibited highest 

reducing power, H2O2 scavenging activity and DPPH activity, followed by 100ppm ethylene treated mangoes which had highest 

total antioxidant activity, superoxide radical scavenging activity, FRAP. 150ppm ethylene treated mangoes also had good reducing 

power, superoxide radical scavenging activity and DPPH activity but the fruits were very soft on 12 th day of storage and could not 

be stored beyond. Control mangoes and 100ppm ethylene treated mangoes which were harvested at 7 to 9°brix maturity stage had 

higher antioxidant values indicating that mangoes when harvested at 7 to 9°brix maturity stage would provide high antioxidant 

potential. 
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1. Introduction 
Mango (Mangifera indica L.) is one of the most nutritious 

tropical fruits, native to southern Asia and especially Eastern 

India. The mango tree is from the Anacardiaceae family and it 

was disseminated all over the world in the beginning of the 

sixteenth century, and there are currently around a thousand 

known varieties of mango [1]. Mango is the dominant tropical 

fruit variety produced worldwide, followed by pineapples, 

papaya and avocado, all of which are considered major tropical 

fruits. The global production of mango in 2010 was estimated 

to be about 35 million tons, accounting for nearly 50% of world 

tropical fruit production [2]. 

Fruit ripening is a highly coordinated, genetically programmed 

and irreversible phenomenon involving a series of biochemical 

and organoleptic changes that lead to the development of a soft 

and edible ripe fruit with desirable quality attributes [3]. During 

ripening, fruit undergo a series of biochemical, physiological 

and structural changes which make them attractive to the 

consumer [4]. 

Mango is an excellent source of bioactive compounds such as 

provitamin A carotenoids, vitamin C and phenolics, as well as 

dietary fibre [5, 6, 7, 8], essential to human nutrition and 

health.Mango is rich in a variety of phytochemicals and 

nutrients that qualify it as a model "superfruit", a term used to 

highlight potential health value of certain edible fruits. The 

fruit is high in prebiotic dietary fiber, vitamin C, polyphenols, 

amino acids, carotenoids, minerals and antioxidants. 

Carotenoids are known to be unique constituents of a healthy 

diet and have been associated with reducing the risk of several 

degenerative disorders, including various types of cancer, 

cardiovascular or ophthalmological diseases [9]. Mango 

contains high concentrations of phytochemicals, including 

gallic acid, mono galloylglucosides, gallotannins, flavonol 

glycosides and benzophenone derivatives [10], some of which 

are unique to the plant and have been proposed for use in 

creating phytochemical rich dietary supplements [11]. In 

addition, gallotannins have exhibited antioxidant and anti-

inflammatory properties [12]. However, the effectiveness of 

mango polyphenolics may vary according to the types and 

contents of the specific compounds, such as gallic acid, 

galloyl-glucosides, and gallotannins. The polyphenolic 

contents of mango are influenced by varieties, ripening, 

cultivar, environmental, and handling factors [13]. In the human 

body, phenols and flavonoids relate to bioactive compounds 

involving a decrement of differing deteriorative processes. It is 

because of its capacity to lessen free radical build up as well as 

to scavenge free radicals [14]. Phenolic compounds are 

important bioactives and their content in fruits represents an 

important fruit quality parameter [15]. Phenolics, as a well-

known class of plant secondary metabolites, are effective free 

radical scavengers and also show multiple medicinal and 

biological functions in animals as well as in plant [16]. In 
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general, the antiradical and antioxidant activities of plant 

extracts are associated to the phenolic content [17].Fruits and 

vegetables are rich source of flavonoids [18, 19]. Carotenoids like 

β-carotene and lycopene present in plants exert antioxidant 

functions such as quenching of singlet oxygen and other 

electronically excited molecules and progression of many 

degenerative diseases [20, 21].  

Evaluation of antioxidant activity is becoming increasingly 

relevant in the field of nutrition as it provides useful 

information with regard to health promoting and functional 

quality of raw material [22]. The parameter accounts for the 

presence of efficient oxygen radical scavengers, such as 

vitamin C, carotenoids, flavonoids and phenolic compounds 

and their synergistic and/or antagonistic effects. There is no 

precise information on the exact stage of harvest and effect of 

ripening treatments on the antioxidant content and antioxidant 

activity of mangoes. New knowledge about mango 

consumption is relevant to rational development in knowing 

the right stage for mango consumption with highest antioxidant 

potential. In view of this, a study was taken up to investigate 

effect of stage of maturity, ripening and storage on antioxidant 

activity of (Mangifera indica L). Var. Manjira. 

 

2. Materials and method 

2.1 Sample Collection and treatment 

Sixty mature green undamaged and healthy fruits of the 

Manjira cultivar were harvested at two maturity stages (7-

9°brix TSS and 9-11°brix TSS) at Fruit Research Station, 

SKLTSHU, Sangareddy. The required number of unblemished 

physically similar, more or less uniform size, shape and color 

fruits for the experiment were harvested manually from the 

tree. The fruits were carefully selected during harvest. After 

harvest, the fruits were allowed for desapping for one hour and 

then the skin of fruits was cleaned with the help of a cloth 

followed by washing the fruits with mild neutral detergent 

sandovit (0.5ml/litre). The fruits were then shade dried and 

taken for ethylene treatment. Two ethylene ripening treatments 

(100ppm & 150ppm ethylene doses) were carried out at Fruit 

Research Station, SKLTSHU, Sangareddy. 

 

2.2 Sample Extraction 

For the assessment of Vitamin C and Total Carotene content 

fresh mango pulp was used whereas for estimation of Total 

phenols, Total Flavonoids, Total Antioxidant activity, DPPH, 

Ferric Reducing power assay, Superoixide radical scavenging 

activity, H2O2 Scavenging activity and Reducing power 

ethanolic extract was used. Five grams of dehydrated pulp was 

extracted twice with 30ml of ethanol (80%), by stirring and 

sonicating for 30 min in dark. The homogenate was then 

centrifuged for 15 min at 10,000rpm at 4˚C (Eppendorf, 

Westbury, USA). The supernatant was then vacuum 

concentrated at 40ºC in a rota-evaporator and stored at -20ºC 

until further analysis. During the estimation, if the absorbance 

was higher than the standard, further dilution was made with 

respective solvents for the assay. The results of Vitamin C, 

Ferric Reducing Antioxidant Power, Superoxide radical 

Scavenging activity, DPPH, Reducing Power, Total 

Antixoidant activity were expressed in Ascorbic acid 

Equivalence, Total Flavonoids in Quercetin Equivalence, and 

Total Phenols in Gallic acid Equivalence.  

 

 

2.3 Antioxidant profile  

2.3.1 Determination of Total carotenes 

The total carotene content was determined using method 

described by Zakaria et al. [23] and results were expressed 

µg/100g. 0.5 g sample was homogenized and saponified with 

2.5 ml of 12% alcoholic potassium hydroxide in a water bath 

at 60°C for 30 minutes. After which the extract was transferred 

to a separating funnel containing 10 – 15 ml of petroleum ether 

and mixed well. The lower aqueous layer was then transferred 

to another separating funnel and the upper petroleum ether 

layer containing the carotenoids was collected. The extraction 

was repeated until the aqueous layer became colourless. A 

small amount of anhydrous sodium sulphate was added to the 

petroleum ether extract to remove excess moisture. The final 

volume of the petroleum ether extract was noted and 

absorbance was measured in a spectrophotometer at 450 nm 

using petroleum ether as blank.  

 

2.3.2 Determination of Vitamin C 

Ascorbic acid in mango pulp was estimated by 2, 6-

Dichlorophgenol-induphenol tirtation method as described by 

AOAC. 2 to 3 g of mango flesh was cut into small pieces and 

homogenized well with 20 ml of 3% metaphosphoric acid and 

filtered through double layers of muslin cloth. The filtrate was 

centrifuged at 3,000 x g for 10min and the clear supernatant 

was titrated with 2, 6-dichlorophenol indophenol solution. 

Ascorbic acid was used as a standrard and results were 

expressed as mg per 100g.  

 

2.3.3 Determination of Total Flavonoid 

The total flavonoid content was estimated by aluminium 

chloride colorimetric method described by Ling and Tang [24]. 

0.1 g of mango extract was dissolved in 1 ml deionized water 

and then 0.5 ml of this solution was mixed with 1.5 ml of 95% 

alcohol, 0.1 ml of 10% aluminium chloride hexahydrate 

(AlCl3), 0.1 ml of 1 M potassium acetate (CH3COOK), and 2.8 

ml of deionized water. Then it was incubated at room 

temperature for 40 min and absorbance was measured at 

415nm against deionized water blank on a spectrophotometer. 

Quercetin was chosen as a standard. Using a seven point 

standard curve (0–50 mg/l), the levels of total flavonoid 

contents in mango extract were determined in triplicate, 

respectively. Results were expressed in milligram quercetin 

equivalents (QE)/100g fresh matter from mango based on the 

moisture content of mango.  

 

2.3.4 Determination of Total phenols 

Total phenolic contents of mango extract were determined by 

Folin-Ciocalteu method [24] and results were expressed as 

milligram gallic acid equivalents (GAE)/100g. 0.1 g mango 

extract were dissolved in 1 ml deionized water and the 0.1 ml 

of this solution was mixed with 2.8 ml of deionized water, 2 ml 

of 2% sodium carbonate (Na2CO3), and 0.1 ml of 50% Folin-

Ciocalteau reagent. The absorbance of the sample was 

measured at 750 nm against deionized water blank on a 

spectrophotometer after incubation at room temperature for 30 

min. Gallic acid (GA) was chosen as a standard. Using a seven 

point standard curve (0–200 mg/l), the levels of total phenolic 

contents in mango extract were determined in triplicate, 

respectively. 
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2.4 Antioxidant activity of mango  

2.4.1 Determination of Total antioxidant capacity 

Total antioxidant capacity was assessed using a modified 

method as described by Damiki and Alakh [25]. 0.3 ml mango 

pulp extract was combined with a mixture of 3 ml of reagent 

solution (0.6M sulfuric acid, 28mM sodium phosphate and 4 

mM ammonium molybdate). The tubes containing the reaction 

solution were then capped and incubated at 95°C for 90 

minutes. After the samples had cooled to room temperature, the 

absorbance of the solution was then measured at 695 nm 

against blank. Methanol (0.3 ml) in the place of extract was 

used as the blank. The antioxidant activity was expressed as the 

mg of equivalents of ascorbic acid. 

 

2.4.2 Determination of Hydrogen peroxide scavenging 

activity 

Ruch et al. method was used to assess the ability of extracts to 

scavenge hydrogen peroxide [26]. Ascorbic acid solutions (200 

mg/l in methanol) were used as comparative standard 

molecules. Hydrogen peroxide solution (2 mM/l) was prepared 

in phosphate-buffered saline (PBS, pH 7.4). Hydrogen 

peroxide (H2O2) concentration was determined 

spectrophotometrically from absorption at 230 nm with the 

molar absorptivity of 81 (M/l-1)-1.cm-1. One milliliter of mango 

extract was added to H2O2 solution (0.6 ml) and absorbance of 

the hydrogen peroxide at 230 nm was read after 10 min against 

a blank solution containing extract (1 ml) in PBS without H2O2. 

The scavenging of hydrogen peroxide was determined as using 

the following formula: 

 

 
 

Where Am is Absorbance of reaction mixture and Ab is 

Absorbance of blank mixture (extract in PBS without H2O2). 

 

2.4.3 Superoxide scavenging activity 

The superoxide scavenging activity was evaluated using NBT 

reduction method [27]. The reaction was started by adding 100 

μl of phenazine methosulfate solution (60μM,PMS) in 

phosphate buffer (pH 7.4) to the reaction mixture consisting of 

1 ml of NBT(156 μM) and sample solution, followed by 

incubation at 25˚C for 5 min and the absorbance at 560 nm was 

measured against blank. Ascorbic acid was used as standard. 

 

Superoxide scavenging activity (%) =  

 

2.4.4 Reducing power assay  

The reducing power of the extract was determined according 

to the method of Oyaizu [28]. The aliquots of various 

concentrations of the standard and mango pulp extracts (10 to 

100 μg/ml) was added to 1.0 ml of deionized water and mixed 

with 2.5 ml of (pH 6.6) phosphate buffer and 2.5 ml of (1%) 

potassium ferricyanide. The mixture was incubated at 50°C in 

water bath for 20 min after cooling. Aliquots of 2.5 ml of (10%) 

tri-chloro-acetic acid were added to the mixture, which was 

then centrifuged at 3000 rpm for 10 min. The upper layer of 

2.5 ml solution was mixed with 2.5 ml distilled water and a 

freshly prepared 0.5 ml of (0.1%) ferric chloride solution. The 

absorbance was measured at 700 nm in UV spectrometer. A 

blank was prepared without adding extract. Ascorbic acid at 

various concentrations (10 to 100 μg/ml) was used as standard. 

 

2.4.5 DPPH radical scavenging activity 

The free radical scavenging capacity of the extracts was 

determined using 1, 1- dipheny l- 2-picryl-hydrazil (DPPH)[29] 

and ascorbic acid was used as standard. 2 ml of methanol 

solution of DPPH radical in the concentration of 0.05 mg/ml 

and 1ml of mango pulp extract were placed in cuvettes. The 

mixture was shaken and allowed to stand at room temperature 

for 30 min. Then the absorbance was measured at 517 nm 

against methanol as blank in spectrophotometer. The DPPH 

free radical concentration was calculated using the following 

equation: 

 

DPPH scavenging effect (%) = (A0 - A1 / A0) X 100 

 

Where A0 is the absorbance of the negative control and A 1 is 

the absorbance of reaction mixture or standards. 

  

2.4.6 Ferric reducing antioxidant potential assay (FRAP) 

Ferric reducing antioxidant potential (FRAP) of the mango 

extract was measured according to the method proposed by [30]. 

FRAP reagent was prepared by mixing in 25 ml acetate buffer 

(30 mM; pH 3.6), 2.5 ml TPTZ solution (10 mM) and 2.5ml 

ferric chloride solution (20 mM). The mixture was incubated 

for 15 min at 37°C before use. Ascorbic acid (vitamin C) was 

employed as a standard in this assay, and its calibration curve 

was obtained by using its concentrations ranging from 50 mg/l 

to 500 mg/l in water. To 2.85 ml FRAP reagent in a test tube, 

150 μl mango pulp extract (0.1 mg/ml, in methanol) or standard 

was added. The mixture was incubated for 30 min in the dark, 

and its absorbance was measured at 593 nm. The blank 

contained an equal volume of methanol instead of the mango 

sample. The results were reported as μg of ascorbic acid 

equivalents (AAE) per ml. 

 

2.5 Statistical Analysis 

Three factorial experiment (maturity stage, ethylene treatment 

and storage period) was conducted and analysis of variance 

table was used to conduct a mixed factorial statistical analysis. 

All the analysis was performed in triplicates and the results are 

presented as mean ± standard deviation. Differences between 

variables were tested for significance by two-way analysis of 

variance (ANOVA) using (SAS version 9.1, Statistical 

Analysis System Institute, Inc. Cary, NC). 
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Table 1: Antioxidant content of mangoes ripened by three ripening processes during 4th, 8thand 12th day of storage. 
 

 Maturity stage 

 7-9°brix 9-11°brix 

Treatment/Day of storage Control 100ppm 150ppm Control 100ppm 150ppm 

Vitamin C (mg/100g) 

4th day 19.09±0.00g 21.09±1.03h 19.54±0.64g 25.36±0.13i 21.50±0.45h 19.22±0.19g 

8th day 8.78±0.06d 7.14±0.00c 6.37±0.18b 8.92±0.00d 10.52±0.25e 15.32±0.23f 

12th day 2.80±0.08a 2.80±0.08a 2.86±0.01 a 2.18±0.06 a 2.79±0.10 a 2.75±0.15 a 

S E VALUE 0.70 

Total Carotene(µg/100g) 

4th day 48.40±0.57a 93.64±0.06c 91.50±0.42b 48.40±0.57 a 93.64±0.06 c 91.50±0.42 b 

8th day 226.62±0.25d 285.59±0.47h 257.06±0.03e 273.76±0.00f 273.52±0.34f 276.06±0.03e 

12th day 369.36±0.00i 617.14±0.88m 697.88±1.41n 587.00±1.41l 456.40±0.56k 448.90±0.54j 

S E VALUE 0.35 

Total Phenols (mg GAE/100g) 

4th day 210.98±1.26n 211.63±0.34n 97.84±0.71a 111.93±1.16c 194.11±0.24l 175.55±1.20i 

8th day 187.24±1.73k 184.46±1.56j 172.88±0.96h 169.78±1.37g 95.92±1.47a 109.04±0.52b 

12th day 177.73±1.36i 167.35±1.31f 204.97±0.25m 162.53±1.20e 148.56±0.67d 146.98±1.30d 

S E VALUE 2.35 

Total Flavonoids (mg QE/100g) 

4th day 5.93±0.71a 7.60±0.15 b 7.46±0.15ab 12.89±0.25f 11.17±0.56de 8.10±0.25b 

8th day 11.92±0.81ef 8.64±0.10bc 11.39±0.25ef 9.71±0.40cd 29.25±2.06k 21.82±1.16j 

12th day 22.50±0.71i 15.21±0.51g 18.46±0.96i 16.39±0.06gh 17.46±0.35hi 11.71±0.00ef 

S EVALUE 1.56 

Note: All the values are expressed as mean ± SD. Values with similar superscripts within rows and columns are statistically similar 

at 0.05% level. 

 
Table 2: Antioxidant content of mangoes ripened by three ripening processes during 4th, 8th and 12th day of storage. 

 

 Maturity stage 

 7-9°brix 9-11°brix 

Treatment/Day of storage Control 100ppm 150ppm Control 100ppm 150ppm 

Total Antioxidant Activity (mg AAE/ml) 

4th day 36.00±1.41d 65.50±0.71l 41.50±0.71e 34.00±0.00cd 42.00±1.41e 28.50±0.71a 

8th day 62.00±1.41k 44.50±0.71fg 47.50±0.71h 35.50±0.71cd 33.50±0.71bcd 31.50±0.71b 

12th day 27.50±0.71a 56.50±0.71j 52.50±0.71i 34.50±0.71cd 43.00±2.83ef 46.00±0.00gh 

S E VALUE 2.18 

Reducing Power (%) 

4th day 422.13±0.52o 316.50±0.00k 375.50±0.71o 207.50±2.12a 269.75±1.06g 311.52±0.67j 

8th day 324.50±0.71l 253.75±0.35e 267.01±0.69f 312.97±0.74j 235.12±0.53c 360.89±0.15n 

12th day 271.92±0.82h 280.76±0.36i 234.41±0.48c 350.94±1.34m 228.83±1.18b 251.00±1.41d 

S E VALUE 1.89 

Superoxide Anion radical Scavenging Activity (%) 

4th day 88.00±0.00j 90.75±1.06k 90.25±0.35k 73.30±0.42d 78.20±0.42fg 70.25±0.35c 

8th day 68.25±0.35b 70.00±0.71c 66.75±1.06a 82.35±0.49h 82.75±0.35h 84.75±1.06i 

12th day 74.75±1.06e 68.50±0.00b 67.75±1.06ab 79.00±0.71g 78.75±0.35g 77.25±0.35f 

S E VALUE 1.44 

FRAP (µg AAE/ml) 

4th day 40.77±1.41b 52.80±1.06e 47.67±0.92d 37.54±0.53a 45.24±0.25c 49.30±0.32d 

8th day 55.92±1.06g 73.67±0.00k 54.23±0.97ef 64.54±1.94i 66.67±0.00j 55.48±0.97fg 

12th day 67.67±1.41j 58.67±0.88h 49.02±0.35d 63.67±0.35i 58.42±0.00h 54.54±0.88fg 

S E VALUE 1.66 

H202 Scavenging Activity (%) 

4th day 13.62±0.23b 21.00±0.69ef 19.10±0.71cd 18.13±0.24c 20.48±0.84de 18.54±0.87c 

8th day 22.21±0.29fg 20.97±1.27ef 13.68±1.45b 19.45±0.73cde 12.84±0.17ab 22.20±0.14fg 

12th day 37.63±1.36j 28.21±0.28h 18.47±0.90c 34.37±0.42i 23.59±0.61g 11.81±0.15a 

S E VALUE 1.60 

DPPH (%) 

4th day 68.48±1.48g 74.53±0.93h 80.88±1.38j 78.60±0.32i 68.66±0.35g 61.89±1.27f 

8th day 61.15±1.10f 76.66±1.10i 41.62±1.65de 34.36±0.14b 29.82±0.20a 38.54±0.47c 

12th day 86.41±0.20k 86.13±0.19k 82.59±1.48j 43.04±0.96e 40.69±0.98d 40.19±0.17cd 

S E VALUE 2.07 

Note: All the values are expressed as mean ± SD. Values with similar superscripts within rows and columns are statistically similar at 

0.05% level
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3. Results and Discussion 

3.1 Results of vitamin C  

Vitamin C, also known as ascorbic acid (AA), is considered as 

an enzymatic cofactor. It plays a key role as an essential 

compound for plant tissues due to its considerable antioxidant 

role [31]. Vitamin C is one of the most potent antioxidant 

vitamins required for growth, healthy body tissue and wound 

repair and for an efficient immune system. Vitamin C content 

decreased for all the treatments in both the maturity stages and 

was statistically similar on 12th day for all the treatments. 

Highest vitamin C content was exhibited by 4th day control 

mangoes harvested at 9-11°brix TSS followed by 4th day 

100ppm ethylene treated mangoes harvested in both maturity 

stages. A study done on 4 mango varieties reported that vitamin 

C content decreases as the storage period of mangoes increases 

by Azad et al [32]. Similarly Appiah et al. [33] observed that 

vitamin C content in Keitt mango decreased during different 

stages of ripening. Decrease in vitamin C is attributed to 

susceptibility of Vitamin C to oxidative destruction during 

ripening [34]. The reduction in vitamin C content of the fruit 

during ripening may be due to the susceptibility of ascorbic 

acid to oxidative destruction particularly at high ambient 

storage temperature [35]. 

  

3.2 Results of Total carotene 
Total carotene content was significantly higher for 12th day 

150ppm ethylene (697.88±1.41 µg/100g) treated mango 

followed by 100ppm ethylene (617.14 ± 0.88 µg/100g) treated 

mangoes harvested at 7-9°brix TSS and control mangoes 

(587.00 ± 1.41 µg/100g) harvested at 9-11°brix TSS. There 

was an increase in the carotene content during the storage from 

4th day to 12th day in all the mangoes harvested at 7-9°brix 

and 9-11°. The increase in carotene content was higher for 

artificially ripened (100ppm and 150ppm) mangoes harvested 

at 7-9°brix TSS as compared to control mangoes on 12th day, 

whereas in 9-11°brix harvested mangoes, the increase was 

more for control mangoes in comparison to artificially ripened 

mangoes. The results indicate that higher dose of ethylene 

treatment at 150ppm, lead to degradation of chrolophyll and 

formation of carotenoid compounds much faster than treatment 

with 100ppm ethylene. Similar results were found by Khawas 

et al. [36], Ellong et al. [37] in banana and mango respectively. 

However the increase in carotenoid content in control mangoes 

harvested at 9 - 11°brix was much higher than the mangoes 

treated with ethylene, which also indicates that mangoes 

harvested at physiological maturity will not need any artificial 

ripening, as they ripen naturally on their own. 

 

3.3 Results of total phenols 

Highets total phenol content was was found in 4th day control 

mangoes followed by 12th day in 150ppm ethylene treated 7-

9°brix harvested mangoes. 8th day samples of all the 

treatments in commercial maturity stage and 4th day 100ppm 

ethylene treated physioloigically matured mangoes also had 

good phenol content. Total phenol content reduced during 

storage in control and 100ppm ethylene treated mangoes 

harvested at 7-9°brix, whereas increasein phenols content 

during storage was seen in 150ppm ethylene treated mangoes. 

Laura et al. [38] reported that total phenolic content in papaya in 

different ripening stages decreases during ripening with the 

highest values recorded for ripening stage 1. Miletic et al. [39] 

reported that total phenol content in fruits steadily decreases 

and then increases during the ripening process. Similarly 

Hdider et al. [40] reported that phenolics content in Donald, 

HLY 02 and Kalvert cultivar of tomato increased and then 

decreased during ripening whereas in Lyco 2 HLY 18, phenol 

content decreased and then increased during ripening. The 

response of Folin-Ciocalteu reagent depends on chemical 

structures of phenolics which are of various types and of 

different polarities.  

 

3.4 Results of Total flavonoid  

Flavonoids also are most promising polyphenolic compounds 
[41], which exhibit antioxidant activity. Total flavonoid content 

was found to be highest in 8th day 100ppm ethylene (29.25 ± 

2.06 mg QE/100g) treated mangoes harvested at 9-11°brix TSS 

(physiological maturity) followed by 12th day control (22.50 ± 

0.71 mg QE/100g) mangoes harvested at 7-9°brix TSS. In 7-

9°brix TSS harvested mangoes, the 12th day samples in all the 

treatments had high total flavonoid content when compared to 

all other days of storage, whereas in 9-11°brix TSS harvest 

control mangoes had highest flavonoid content on 12th day of 

storage. Artificially ripened (100ppm and 150ppm) mangoes 

on 8th day of storage had the highest flavonoid content. 

Variation in flavonol content in fruits is strongly influenced by 

extrinsic factors such as fruit type and growth, season, climate, 

degree of ripeness, food preparation and processing [42, 43, 44]. A 

study done by Zuhair et al. [41] reported that total flavonoid 

content increases significantly during the ripening of papaya 

through different maturity stages from RS1 to RS5, whereas 

Mahmood et al. [45] reported that korrona and tufts species of 

strawberry showed an increase in flavonoid content during 

maturation of fruit, whereas Mulberry macroura showed an 

increase and then a decrease during the maturation of fruit. 

Similarly Hdidier et al. [40] observed that flavonoid content in 

Donald, Lyco 2, HLY 13, HLY 18 and Kalvert cultivar in 

tomato increased and later decreased during the ripening 

process.  

 

3.5 Results of Total antioxidant activity 

The antioxidant activity exhibited in fruits is mainly due to the 

phenolic compounds, which have redox properties, and can 

play an important role in absorbing and neutralizing free 

radicals, quenching singlet and triplet oxygen, or decomposing 

peroxides [46]. Total antioxidant activity was determined in 

terms of mg AAE/ml of the ethanolic mango pulp extract. 

Results indicated an increasing trend in the antioxidant activity 

with the increasing days of storage with an exception of 

100ppm 7-9°brix and 9-11°brix TSS harvested mangoes. The 

highest activity was exhibited by 7-9°brix TSS 4th day 100ppm 

ethylene treated mangoes followed by 8th day control mangoes. 

150ppm ethylene treated mangoes antioxidant activity was not 

at par with the control and 100ppm ethylene treated mangoes.  

 

3.6 Results of reducing power  

Reducing power was reported to be highest for 4th day naturally 

ripened mangoes followed by artificially ripened mangoes 

(100ppm and 150ppm) harvested at commercial maturity. 

However control mangoes on 8th day for both maturity stage 

and on 12th day for 9-11°brix had a good Reducing power thus 

leading to a conclusion that naturally ripened mangoes in both 

the maturity stages during the storage will exhibit good 

reducing power. However 9-11°brix harvested 8th day 

artificially ripened mangoes (100ppm and 150ppm) also had 
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good reducing power indicatingthat ripening the manjira 

mangoes harvested at physioloigical maturity will also have 

high reducing power in mangoes during storage. During the 

storage period it was observed that the reducing power 

decreased from 8th day to 12th day of storage which may be due 

to over ripening of mangoes especially in case of 150ppm 

ethylene treated mangoes which became very soft on the 12th 

day of storage. A study done by Gull et al. [47] reported a 

significant decrease (p>0.05) in the reducing potential of guava 

fruit extract made from fruit collected from three different 

localities at 2.5, 5.0, 7.5 and 10.0mg/L concentration of extract 

during the ripening process. 

3.7 Results of DPPH activity  

The DPPH is decolorized by accepting an electron donated by 

an antioxidant. The reducing potential of a substrate usually 

depends on the concentration of reductants [48], which exhibit 

antioxidant activity by donating a hydrogen atom and breaking 

the chain of free radicals. The increase in concentration of 

antioxidants is linked to increasing the scavenging of DPPH 

and thus an indication of higher antioxidant activity [49]. DPPH 

activity was highest for 12th day control and 100ppm ethylene 

treated followed by same day 150ppm ethylene treated 

commercial harvest. However for 9-11°brix harvest, 4th day 

mango samples exhibited good DPPH activity in control 

mangoes followed by 100ppm and then 150ppm ethylene 

treated mangoes. Control mangoes during storage had a 

decrease and then an increase in DPPH activity which was 

same for artificially ripened mangoes (100ppm and 150ppm), 

with the exception of 100ppm ethylene treated 7-9°brix harvest 

where DPPH activity increased during the storage period from 

4th day to 12th day. Sangudom et al. [50] and Gull et al. [47] 

reported an increase in DPPH activity in banana and guava 

respectively whereas, Iloki et al. [51] reported that DPPH 

activity in Morinda citrifolia L. (noni) harvested during month 

of February through March decreased and then increased 

significantly during ripening from stage 1 to 2 and to stage 3 

whereas for fruits harvested at the months from May through 

June. DDPH activity remained fairly constant between ripeness 

stages. The only significant difference was a significant 

decrease detected in the stage 3 which leads to the conclusion 

that antioxidant activity can vary considerably with the 

changes in environmental conditions within the same maturity 

stage.  

 

3.8 Results of Superoxide radical scavenging activity  

Superoxide anion radical scavenging activity was highest on 

4th day in 7-9°brix TSS harvested artificially ripened mangoes 

[100ppm (90.75±1.06) and 150ppm (90.25±0.35)]. The 8th day 

mangoes harvested at physiological maturity also exhibited 

good scavenging activity. The activity also decreased and the 

increased during the storage in 7-9°brix harvested mangoes, 

whereas in 9-11°brix harvested mangoes, there was an increase 

and then decrease during the storage period of mangoes. These 

results indicate that manjira mangoes consumption on 4th day 

for commercial maturity harvest and on 8th day for 

physiological harvest will exhibit higher superoxide anion 

radical scavenging activity by scavenging harmful ROS and 

free radicals such as hydrogen peroxide and hydroxyl radical 

from the human body which can induce oxidative damage [52].  

 

 

 

3.9 Results of H2O2 scavenging activity  

Hydrogen peroxide is a weak oxidizing agent that inactivates a 

few enzymes directly, usually by oxidation of essential thiol (-

SH) groups [53, 54]. Results of estimation of H2O2 scavenging 

activity of mango pulp revealed that control mangoes without 

any ripening treatment on the 12th day of storage had the 

highest H2O2 scavenging activity followed by 12th day 100ppm 

ethylene treated mangoes in both commercial and 

physiological maturity stages. Thus naturally ripened manjira 

mangoes without any artificial ripening treatments have the 

potential of exhibiting good H2O2 scavenging activity in the 

body. Hydrogen peroxide is a weak oxidizing agent which can 

cross biological membranes and produce hydroxyl radicals 

leading to cytotoxicity. Thus removing H2O2 is very important 

for the protection of living systems [55], and the results of study 

shows that naturally ripened mangoes if consumed on 12th day, 

will provide with highest protection in living systems through 

H2O2 scavenging activity.  

 

3.10 Results of FRAP activity  

The FRAP activity was determined in terms of ascorbic acid 

equivalents. The results of the assay revealed that 100ppm 

ethylene treated mangoes harvested at 7-9°brix (73.67±0.00) 

as well as 9-11°brix (66.67±0.00) on day 8 of storage had the 

highest FRAP activity followed by control mangoes on day 12 

of storage in both the maturity stages. 150ppm ethylene treated 

mangoes also exhibited the FRAP activity, but it was 

significantly less than control and 100ppm ethylene treated 

mangoes. Denies et al.[56]., Moneruzzaman et al.[57] and Zuhair 

et al.[41], reported that FRAP increases during maturation and 

ripening in Ivorian Gnagnan berries, pineapple and papaya 

fruit respectively. However Ding and Syazwani,[58] reported 

that FRAP activity in MD-2 pineapple fruit extract increased 

significantly to RS3 stage and then decreased significantly till 

RS5 maturity stage in both methanolic and water extract. 

Control mangoes had a significantly increasing trend for FRAP 

activity during the storage whereas artificially treated mangoes 

showed an increase and then decrease in the FRAP activity, 

thus consuming control mangoes on 12th day and artificially 

ripened mangoes (100ppm) on 8th day of storage day will be 

beneficial to the health.. 

 

4. Conclusion  

Naturally ripened manjira mangoes exhibited good phenol 

content, reducing power, H2O2 scavenging activity and DPPH 

activity whereas artificially ripened mangoes had good 

carotene content, flavonoid content, total antioxidant activity, 

superoxide radical scavenging activity and FRAP activity. In 

conclusion, manjira mangoes without any artificial ripening 

will contribute to good antioxidant activity. Ethylene treatment 

of 100ppm was also found to have a better impact on the 

antioxidant potential of the mangoes, whereas 150ppm 

ethylene treatment was found to have a negative impact on the 

antioxidant activity of mangoes.  
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