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1.Introduction 
Antioxidant compounds in food play an important role as a health-protecting factor. Scientific evidence 

suggests that antioxidants reduce the risk for chronic diseases including cancer and heart disease [1]. The main 

characteristic of an antioxidant is its ability to trap free radicals. Highly reactive free radicals and oxygen species are 

present in biological systems form, a wide variety of sources. These free radicals may oxidize nucleic acids, 

proteins, lipids or DNA and can initiate degenerative disease. Antioxidant compounds like phenolic acids, 

polyphenols and flavonoids scavenge free radicals such as peroxide, hydro peroxide or lipid peroxyl and thus inhibit 

the oxidative mechanisms that lead to degenerative diseases [2]. 

Mango, (Mangifera indica) is a juicy stone fruit belonging to the genus Mangifera and cultivated mostly for 

edible fruits, native to South and Southeast Asia. The Food and Agriculture Organization of the United Nations 

estimates worldwide production at nearly 38,600,000 tonnes in 2011 [3]. From newspaper report it is observed that 

mango along with other fruits such as litchi, blackberry are regularly treated with formalin (37% solution of 
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Abstract 
Free radicals are producing continuously inside the living cell as a part of normal metabolic process 

and responsible for the generation of various types of disease such as cancer, cardiovascular disease, 

neurological disease, pulmonary disease, rheumatoid arthritis, nephropathy, ocular disease etc. Antioxidants 

are continuously counterbalancing the oxidative radical by breakdown or neutralizing the free radical. 

Various fruits and plant parts possesses antioxidant activity for example our studied sample mango has 

antioxidant property but when it treated with formalin it markedly reduces antioxidant potential of it. In 

phosphomolybdate assay it is found that normal mango peel contains more antioxidant activity than mango 

flesh, but treatment with formalin, antioxidant potential decreases in both peels and fleshes. Similar result 

was found in iron reducing power assay and DPPH radical scavenging assay where it is found that normal 

mango peel has almost similar scavenging property as compared to standard BHT. Normal mango peel (NP) 

exhibits very high radical scavenging activity (IC50 is 4.2). At 100 μg/ml radical scavenging activity of 

normal mango peel (NP) is 93.79%, but formalin treated mango peel (FP) at same concentration possess 

scavenging property 76.36%, where as standard antioxidant scavenges about 93.95%. Scavenging power of 

normal mango flesh (NF) is 39.57% and in formalin treated mango flesh (FF) scavenging potential is only 

7.12% at 100 μg/ml. 
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formaldehyde) to keep them stay for long time. A survey in 26 markets in Dhaka city, Bangladesh by environment 

protective agency “Save the Environment Movement” (SEM) during June 1 to 10, 2013 found that around 94% 

mangoes and 100% blackberries and litchis are formalin-tainted [4]. A similar result is found in the following year, 

tests conducted by Poribesh Bachao Andolon (POBA) from June 1 and June 10, 2014 show that, all the black berries 

and 95% litchis sold in 35 city kitchen markets of Dhaka city contained formalin [5]. Scientific scholars suggest that 

consumption of formalin directly through food can cause different types of cancers [6-7] especially the lung cancer 

[8].  

Recently, International Agency for Research on Cancer [9] has classified formaldehyde as a Group 1 

carcinogenic to humans. Exposed with formalin a person experienced various side effects such as vomiting, 

abdominal pain, nodal tachycardia, acute mucus membrane irritation, dermatitis, pain and burning sensation, tearing 

eyes, sneezing, coughing, decreased olfactory functioning, allergic asthma [10]. There are also reports of irritated 

skin, heartburn, tremor, body sores, chest pain, lethargy, and loss of appetite [11-14]. Many reports indicate that 

chronic exposure to formaldehyde increases the chances of headache and dizziness by 30–60% [15-18]. The 

majority of the studies show that long term exposure can decrease the number of WBC and possibly lower platelet 

and haemoglobin counts [19-21]. Workers exposed to formaldehyde showed an increase in DNA damage in 

peripheral lymphocytes measured by single cell gel electrophoresis [22-25].  

There are lots of antioxidant works have been carried out on M. indica, [26-30] but there is no data 

available about change of antioxidant activity after formalin treatment of it. The objective of this study is to find out 

the effects of formalin on antioxidant properties of mango peel and flesh. 

 

2. Material and Methods 

2.1 Collection of plant material 

About 10 kg raw mango was collected from the garden, washed out in distilled water and shed dried. The 

mango was divided into two groups, one group is treated with formalin for 7 days and other group was kept as 

normal. The formalin solution was sprayed by the spray gun. Both groups of mangoes were peeled off and peels and 

fleshes are oven dried at 55
°
C, then ground into coarse powder. The samples are then extracted by ethanol under 

sonication bath and filtered. The filtrate was then concentrated with a rotary evaporator under reduced pressure at 

50°C. 

2.2 Phosphomolybdate assay (total antioxidant capacity) 

The assay was based on the reduction of Mo (VI)- Mo(V) by the extracts and subsequent formation of a 

green phosphate/Mo(V) complex at acidic pH [31]. Each sample (0.5 ml) was mixed with 3 ml of reagent solution 

(0.6 M sulphuric acid, 28 mM sodium phosphate and 1% ammonium molybdate). The tubes were incubated at 95°C 

for 90 min. The mixture was cooled to room temperature and the absorbance of the solution was measured at 695 

ƞm against a blank. The antioxidant activity was expressed as the absorbance of the sample. 

2.3 Ferric reducing power assay 

The reducing power of the normal and formalin treated mango was determined according to method as 

previously described by Oyaizu M [32]. Aliquot (0.25 ml) of samples solution at different concentrations (6.25 to 

100 μg/ml) was mixed with 0.625 ml of 0.2 M phosphate buffer (pH 6.6) and 0.625 ml of 1% (w/v) solution of 

potassium ferricyanide. After mixing well, all the mixtures were incubated in a water bath at 50°C for 20 min. Then, 

0.625 ml of 10% (w/v) trichloro- acetic acid solution was added and the mixture was then centrifuged at 3000 rpm 

for 10 min. A 1.8 ml of the supernatant was combined with 1.8 ml of distilled water and 0.36 ml of a 0.1% (w/v) 

solution of ferric chloride. The absorbance was measured at 700 ƞm with a spectrophotometer. Ascorbic acid was 

used as positive control.  

2.4 DPPH radical scavenging activity 

Radical scavenging activities of normal and formalin treated mango extracts were determined by 1,1-

diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay [33-34] with some modifications. Briefly, sample 

solution with different concentrations (6.25 to 100 μg/ml) was mixed with 0.3% of DPPH methanol solution. The 

reaction mixtures were incubated at room temperature and allowed to react for 30 minutes in the dark. After 30 min, 

the absorbance values were measured at 517 ƞm and converted into percentage of antioxidant activity. Butylated 

hydroxy toluene (BHT) was used as a positive standard control. The percentage of inhibition of DPPH (%) was 

calculated as follows:  
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% inhibition of DPPH = 
Absorbance  of  control  −Absorbance  of  test  sample

Absorbance  of  control
 × 100 

The concentration of sample required to scavenge 50% of the DPPH free radical (IC50) was determined 

from the curve of % inhibitions plotted against the respective concentration. 

 

3. Results 

3.1 Phosphomolybdate assay (total antioxidant capacity) 

The results of total antioxidant activity of extracts of peels and fleshes of both normal and formalin treated 

are presented in the figure 1. The result demonstrated that normal mango peel exhibit the maximum antioxidant 

activity in a concentration dependent manner. Formalin treated extract also exhibit the activity to moderate extent. 

The flesh of both normal and formalin treated extract exhibit very mild antioxidant activity. The activity of different 

extract and reference are exhibit in the following order: 

CAT˃ NP˃ FP˃ NF˃ FF 

 
Figure 1:  Total antioxidant capacity of normal and formalin treated mango peel and flesh. 

3.2 Ferric reducing power assay 

The reductive capabilities of crude ethanolic extract of M. indica of both normal and formalin treated peel 

and flesh are shown in the figure 2. The result demonstrated that mango peel exhibit appreciable reducing activity. 

Of the peel, normal mango peel (NP) shows more activity as compared to the formalin treated mango peel (FP).  

 
Figure 2: Reducing power capacity of the crude ethanolic extract of normal and formalin treated mango peel 

and flesh. 
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3.3 DPPH radical scavenging activity 

The DPPH radical scavenging activity of mango were shown in Figure 3 and Table 1. The radical 

scavenging effects of the extracts shows that NP exhibit maximum scavenging activity which is almost equal to the 

standard compound BHT. The FP also exhibit significant scavenging activity. The other sample, NF exhibit 

sufficient scavenging activity whereas FF gives very low scavenging activity.  

 
Figure 3: Free radical scavenging activity of the crude ethanolic extract of mango peel, flesh and BHT at 

different concentrations. 

The IC50 of NP and FP is 4.2 and 4.9. But NF and FF have IC50 of 125.5 and 675.03. Low IC50 value 

indicates strong ability of the extract to act as DPPH scavenger.  

Table 1: IC50 values (μg/ml) of crude ethanol extract of mango peels and fleshes. 

Extracts IC50(μg/ml) 

Normal mango peel (NP) 4.2 

Formalin treated mango peel (FP) 4.9 

Normal mango flesh (NF) 125.5 

Formalin treated mango flesh (FF) 675.03 

Butylated hydroxy toluene (BHT) 4.0 

 

4. Discussion 

Oxygen is indispensable for life and cells use oxygen to generate energy, while free radicals are created as 

a consequence of adenosine triphosphate (ATP) production by the mitochondria. These by-products are generally 

reactive oxygen species (ROS) as well as reactive nitrogen species (RNS) that result from the cellular redox process. 

These species play a dual role as both toxic and beneficial compounds [35]. At low or moderate levels, ROS and 

RNS exert beneficial effects on cellular responses and immune function. At high concentrations, they generate 

oxidative stress, a deleterious process that can damage all cell structures [36]. The roles of antioxidants are to 

neutralize the excess of free radicals, to protect the cells against their toxic effects and to contribute to disease 

prevention. The antioxidant effect is mainly due to phenolic compounds [26-27, 37].  

The total antioxidant activity of the extractives increased with the increasing concentration of the extracts 

(Figure 1). The results show that among the four ethanolic extracts, the NP has the highest antioxidant activity but 

treatment with formalin antioxidant activity decreases, whereas fleshes have low antioxidant activity. Literature data 

also shows the presence of higher antioxidant of mango peels, compared to mango flesh [38-39]. It might be 

suggests that formalin penetrated to the peel of mango and decreased the antioxidant potential of it. Literature 

suggests the penetration of formalin in to the specimen is a physical process by which the solution diffuses in to the 

specimen to reach the innermost layers of cells [40] and when tissues are immersed in formalin, they are rapidly 

penetrated [41]. 
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The reducing capacity of ethanolic extractives increased with the increase of concentration of extracts 

(Figure 2). The NP exhibits maximum reducing capacity and FP exhibits moderate reducing activity. Although the 

other two extract, NF and FF contain reducing activity but the amount is negligible. It also indicates after formalin 

treatment reducing power capacity of mango decreases. 

DPPH free radical scavenging is an accepted mechanism that has been used extensively to predict 

antioxidant activities by which antioxidants act to inhibit the free radical generation. From (Table 1 and Figure 3) it 

is observed that NP exhibits very high radical scavenging activity (IC50 is 4.2) which is almost equal to the standard, 

BHT (IC50 is 4.0). At 100 μg/ml scavenging activity of NP is 93.79%, but FP at same concentration scavenges 

76.36%, where as BHT, scavenges about 93.95%. Scavenging power of NF is 39.57% and in FF scavenging 

potential is only 7.12% at 100 μg/ml. 

 

5. Conclusion 

This is the first reported data about comparative antioxidant activity of formalin treated mango with normal 

mango. The study suggests that normal mango peel contain strong antioxidant effects as compared to the mango 

flesh, but the use of formalin during preservation decreases that antioxidant property in mango peel as well as 

mango flesh, which indicated that formalin may penetrate into the mango peel and decreases antioxidant value of 

mango flesh. Further study is required to identify the mechanism of formalin penetration and mechanism of 

antagonistic antioxidant potential by formalin. 
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