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Abstract 

Crude peroxidase (POD) was extracted from unripe (UR), about to ripe (AR) and ripe (RP) mango (Mangifera indica) fruit pulp using 

a spectrophotometer and pyrogallol as the substrate. Peroxidase activity, the effect of pH and temperature on peroxidase activity and 

the kinetics of the fruit pulps were studied. The result showed that peroxidase activity was present in all the mango samples investigated. 

Peroxidase activity increased as the fruit pulp ripened and was highest in the ripe (RP) sample. Peroxidase enzyme exhibited maximum 

activity at pH 5.5, 6.0 and 6.5 for UR, AR and RP samples respectively. All the samples showed high enzyme activity at temperatures 

10 0C to 20 0C. At 70 0C, 50 % enzyme activity was lost in AR sample while 60 % activity was lost in UR and AR samples. The enzyme 

in all the samples were completely inactivated when incubated at 90 0C. The Michaelis- Menten constant (km) for AR, UR and RP 

samples were 0.283 M, 0.463 M and 0.477 M respectively with a maximum enzyme velocity (Vmax) of 0.020, 0.028 and 0.030 enzyme 

unitts/g fruit pulp for UR, AR and RP samples respectively. The value of km suggests that POD from unripe (UR), about to ripe (AR) 

and ripe (RP) Mangifera indica fruit pulp can be isolated, purified, characterized and quantitatively made available for biotechnological 

applications.  
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Introduction 

Mango (Mangifera indica) belongs to the Anacardiacea family.  It is a tropical fruit of Asian origin which is considered as the king of 

fruits [1]. The mango fruits are very popular world-wide with India having the highest production followed by China, Thailand, Mexico, 

Pakistan, Indonesia, the Philippines, Nigeria and Brazil [2]. The fruit of mango is a fleshly drupe which is kidney-shaped or oval. It 

ranges from 5 to 15 cm in length, yellowish or reddish in colour. 

Peroxidase (POD) is an oxidoreductase enzyme which catalyses the reduction of peroxides such as hydrogen peroxide and the oxidation 

of a variety of organic and inorganic compounds. Peroxidase enzymes catalyse phenol oxidation and are classified as phenolase which 

are oligomers in food and contain one copper prosthetic group per subunit. The oxidation of phenols is responsible for browning 

reactions in most fruits [3]. Enzymatic browning is very common at the cut surface of light coloured fruits [4]. The cut surface may 

rapidly change to brown colour due to the oxidation of phenols to orthoquinones which rapidly polymerise to form brown pigments or 

melanins [4]. 

Peroxidases are distributed in plants like radish, soybean, tomato, potato, turnip, carrot, wheat, pear, apricot and banana dates [5]. It is 

also reported in fruits like oranges [6], peach [7], pears [8] and apples [9]. POD have been associated with many metabolic and 

physiological changes in tissues, extension polymerization, auxin metabolism, disease resistance, ripening and senescence of fruits [10]. 

The enzyme has been found to be involved in deteriorative changes in flavor, texture and colour of processed and raw fruits and 

vegetables [11]. POD from plants exist as isoenzymes and its number may vary from one vegetable source to another [5]. They differ 
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in terms of thermal stability, optimum pH substrate specificity, amino acid composition and their physiological roles in the plant tissue. 

Inhibition of plant enzymes is generally achieved using physical and chemical treatments such as heating (blanching), lowering pH or 

incorporating chemical additives [12].  

Peroxidase is considered the most heat stable enzyme in plants. There is an empirical relationship between residual peroxidase activity 

and the development of off-flavours and off-odours in foods [13]. It plays an important role in the fields of biotechnology and associated 

research areas like enzymology, biochemistry, medicine, genetics, physiology and cytochemistry [14]. It is also applied in health 

sciences as a diagnostic tool [15].  In recent years’ peroxidases are used in processes like detoxification and removal of variety of 

organic pollutants from contaminated waste water [16]. 

Considering the importance of peroxidase enzyme and the fact that mango fruits are readily available in Nigeria, the aim of the study 

was to evaluate the peroxidase activity of mango fruit pulps at different level of ripeness, study the effect of pH and temperature on 

peroxidase activity of the fruit pulps and determine their kinetics.  

Materials and Methods 

Mango (Mangifera indica) fruits were harvested from FCT, Abuja, Nigeria. Based on visual observation of colour, texture and flavor, 

the fruits were categorized into unripe (UR), about to ripe (AR) and ripe (RP). The fruits were washed, their seed nuts removed and the 

pulp of the fruits cut into small pieces. The categorized and sliced fruit pulps were taken to the Medicinal Department of the National 

Institute of Pharmaceutical Research and Development (NIPRD) Idu, FCT, Abuja Nigeria for further treatment and analysis. 

Preparation of Samples  

The categorized and sliced fruit pulps were weighed, homogenized using a domestic blender, filtered using a cheese cloth and freeze-

dried. The freeze-dried samples were stored in an air tight sample bottle and used for the analysis. 

Extraction of Crude Peroxidase (POD) 

Crude POD enzyme was extracted using the method described by [4] and [17]. The freeze dried fruit pulp samples (1.0 g) were mixed 

with 1.5 ml prechilled 0.01 M sodium phosphate buffer (pH 6.0). The resulting mixtures were stirred at room temperature for 5 min to 

extract crude POD. This was then centrifuged at 10000 rpm for 15 min 4 0C to remove all debris. The supernatant was carefully removed 

from the sediments and filtered using Whatman No 1 filter paper. 

Assay of Peroxidase (POD) Activity  

Assay of peroxidase activity was carried out according to the method of [18] and [4]. The crude POD extracts were diluted 5 times with 

0.01M sodium phosphate buffer (pH 6.5). A constant volume of 0.32 ml of 5 % pyrogallol was mixed with 0.4 ml of each categorized 

crude enzyme extract and 0.16 ml of 35 % hydrogen peroxide solution. A portion of each enzyme – substrate mixture was rapidly 

transferred into a cuvette and the absorbance measured at 420 nm for 60 s interval up to 360 s using a UV-spectrophotometer. Before 

taking absorbance readings, the instrument was zeroed using the same combination of reagents above but without the enzyme extract. 

Replicate readings were taken for the test. The average of the replicated readings was taken. Enzyme activity was calculated using:  

Enzyme units / g fruit pulp = 
Δ𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 (420 𝑛𝑚) 𝑥 𝑉𝑎 𝑥 𝑑𝑓

Δ𝑇𝑖𝑚𝑒 (𝑠)𝑥 12𝑉𝑒
   

Where: Va = Vol. of assay, df = Dilution factor, 12 = Extinction coefficient of 1.0 mg/cm3 of purpurogallin at 420 nm. Ve = Vol. of 

enzyme extract used. 

Evaluation of effect of pH on POD Activity 

The effect of pH on POD activity was determined as described by [18]. 0.4 ml of the diluted POD extract was mixed with 0.32 ml of 

0.01 M sodium phosphate buffer (pH 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5). The POD activity was tested as described earlier. 

Evaluation of the effect of temperature on POD Activity  

The effect of temperature on POD activity was determined as described by [18]. The diluted POD enzyme extract (0.4 ml) was mixed 

with 0.32 ml 0.01 M sodium phosphate buffer (pH 6.0) and was incubated for 10 min at varying temperatures ranging between 10 0C 
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to 90 0C in an isotherm water bath. After incubation, the mixture was cooled in ice slurry and the activity determined as described above 

at the various temperatures. 

 

POD Kinetics 

The reaction rate of POD at a series of substrate concentration was determined as described by [4]. Hydrogen peroxide (0.16 cm3 of 35 

%) and a constant 0.4 cm3 of the diluted enzyme extract was mixed with 0.32 cm3 of 0.01 M sodium phosphate buffer (pH 6.5) followed 

by 0.32 cm3 pyrogallol of the following concentrations (M) 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35 and 0.40. The absorbance was 

measured immediately every 60 s interval up to 360 s. The absorbance versus time and the reaction rate (enzyme activity) versus 

substrate concentration were plotted to fit the Michalis-Menten equation which was used to derive the Michalis-Menten constant (Km) 

and the maximum velocity (Vmax).  

Statistical Analysis 

Data were expressed as means± SD of three independent determinations. A nonlinear regression was used for enzyme activity. 

Result and Discussion 

Peroxidase enzyme (POD) were extracted from unripe (UR), about to ripe (AR) and ripe (RP) mango fruit pulps. The final extract 

obtained after centrifugation and filtration of each categorized fruit extract is the crude POD. There was no brown colour in all the crude 

POD extract before use. POD activity was spectrophotometrically measured at wavelength of 420 using pyrogallol as substrate. This 

method of peroxidase activity of fruits measurement provides a quantitative basis for determining the amount of the enzyme present in 

the fruit. The intensity of the characteristic brown colour produced during reaction expressed the amount of enzyme and the magnitude 

of the enzyme reaction in the crude extract. Peroxidase activity was shown by all the fruit pulps with activity (enzyme units’/g fruit 

pulp) of mean 0.006 ±  0.03, 0.008 ± 0.02 and 0.03± 0.01 for UR, AR and RP respectively.  This results showed that peroxidase 

activity increased as the fruit pulps ripened. The result of this analysis is in agreement with that of [19] who observed an increase in 

POD activity during the onset of ripening in banana and apple fruits. Peroxidase activity has also been identified in ripe pawpaw fruit 

pulp [20], apple seeds [17] and mango seed [4].  

All the categorized crude POD fruit pulp extracts exhibited POD activity over pH range of 4.0-8.5. Figs 1a-c showed that the absorbance 

of all the fruit pulp extracts increased linearly within the initial 60 s displaying a first order enzymatic reaction behavior. The absorbance 

of all the fruit pulps increased gradually within 120 to 240 s assay time and reached a plateau after 240 s. The absorbance of all the 

fruits initially increased to a pH of maximum activity and then decreased. This suggest that POD enzyme in the fruit pulps were unstable 

after their pH of maximum activity or that the residual proteins present in the enzyme extract might have reacted with the reaction 

product (Purpurogallin). The dependency of POD activity on pH followed a bell – shaped curve for all the fruit pulps (Figs. 1d-f). A 

maximum activity (enzyme units /g fruit pulp) of 0.009, 0.03 and 0.03 were seen at pH 5.5, 6.0 and 6.5 for UR, AR and RP samples 

respectively. The common range of pH for maximum activity is from 6.0 to7.0 in fruits like blackberry [21], Spanish papaya [22], apples 

[23], raspberry [24], banana peel [25], pear [26] and ripe pawpaw [20] 
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       Fig. 1a: Effect of pH on 

the activity (absorbance) of 

crude POD extracted from UR    mango at room temperature. 
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                   Fig. 1b: Effect of pH on the activity (absorbance) of crude POD extracted from AR mango at room temperature. 
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 Fig. 1c: Effect of pH on the activity (absorbance) of crude POD extracted from RP mango at room temperature. 

 

             

               

 

 

 

 

 

 

 

 

 

                 Fig. 1d: The optimum pH for 

crude POD extracted from UR mangoes fruit pulp at room   temperature 
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          Fig. 1e: The optimum pH for crude POD extracted from AR mango fruit pulp at room   temperature                           
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            Fig. 1f: The optimum pH for crude POD extracted from RP mango fruit pulp at room   temperature                           

The result of the activity of crude POD extract after 10 min exposure to temperatures ranging from 10 0C to 90 0C was shown in Figs. 

2a-f for all the categorized fruit pulps. All the crude enzyme extract showed very high activity when incubated at 10 0C to 20 0C (0.08 

enzyme units /g fruit pulp for UR, 0.056 enzyme units /g fruit pulp for AR and 0.13 enzyme units /g fruit pulp for RP. At 30 0C, POD 

activity decreased for all the fruit pulps while the loss of POD activity became remarkable at 70 0C; where about 50 % activity was lost 

in unripe mango (RP) while more than 60 % activity was lost in unripe (UR) and about to ripe (AR) samples. When the enzyme was 

heated to 90 0C, 90 % of POD activity was lost in all the fruit pulps studied. These results showed that crude POD extracted from all 

the fruit pulps was stable over wide temperature ranges. This finding is in agreement with the suggestion of [27] that peroxidase enzyme 

is the most heat resistant enzyme and is used as an index of blanching procedures. Peroxidase enzyme from peach fruit was found to be 
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stable at temperature of 60 0C, marked inactivation occurred at temperature above 70 0C while at 80 0C, the enzyme was completely 

inactivated [8]. [28] observed that tomato peroxidase was completely inactivated at 90 0C and pH of 6.0.  The high activity of POD at 

10 to 20 0C indicated the reaction of the enzyme with the substrate (pyrogallol) while the reduced activity at temperature of 70 0C was 

probably due to thermally induced irreversible denaturation changes in POD [29].  

 

 

 

 

           

 

 

 

 

 

 

 

 

 

    Fig. 2a: Effect of heating 

(10 min) on the activity 

(Absorbance) of crude POD extracted from UR mango fruit pulp 

 

 

        

 

 

 

 

 

 

 

 

              Fig. 2b: Effect of 

heating (10 min) on the 

activity (Absorbance) of crude POD extracted           from AR mango fruit pulp 
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            Fig. 2c: Effect of heating (10 min) on the activity (Absorbance) of crude POD extracted from RP mango fruit pulp 
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  Fig. 2d: Influence of heating (10 min) on the activity (Absorbance) of crude POD extracted UR mango fruit pulp  
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           Fig. 2e: Influence of heating (10 min) on the activity (Absorbance) of crude POD      extracted AR mango fruit pulp  
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                    Fig. 2f: Influence of heating (10 min) on the activity (Absorbance) of crude POD extracted RP mango fruit pulp  

 

Peroxidase enzyme kinetics was studied using substrate concentration ranging from 0.05 to 0.40 M. The plot of absorbance against 

substrate concentration (Fig 4.0a-c) showed that the absorbance increased linearly within the first 60 s of reaction time and reached a 

plateau between 120-240 s for UR, AR and RP samples. There was corresponding peroxidase activity as the substrate concentration 

increased for all the fruit pulps studied (Figs. 4.0d-f). This observation is in agreement with that of [30] who noted that adding more of 

the substrate would increase the reaction rate and that the maximum reaction rate that can be achieved by a certain enzyme level would 

be the reaction rate at the saturation point. The result of the activity (reaction rate) and substrate concentration (Fig. 4.0d-f) for UR, AR 

and RP samples were subjected to non-linear regression analysis to generate the Michaelis-Menten plot from where Km and Vm were 

obtained. Km (M) was found to be 0.283 ±0.01, 0.463 ±0.03 and 0.477 ±0.01 for UR, AR and RP samples respectively while Vm 

(enzyme units/g fruit pulp) was 0.020, 0.028 and 0.030 for UR, AR and RP samples respectively. Km was highest in RP mango pulp 

suggesting that it increases as the fruit pulp ripened. Michaelis-Menten constant (Km) is a measure of the affinity between an enzyme 

and its substrate which describes the rate of dissociation of the enzyme-substrate complex (ES). Large Km value represents low affinity 
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and weak enzyme-substrate complex association whereas low Km indicates a strong enzyme-substrate complex and high affinity [4]. 

Peroxidase obtained from papaw with pyrogallol as substrate was found to have a Km value of 0.027 [31]. [32] reported a Km values 

of 0.16, 0.2 and 0.1 for pawpaw with o-dianisidine, guaiacol and phenylenediamine as substrate respectively. The affinity between POD 

enzyme and pyrogallol is stronger in unripe mango fruit pulp than the ripe fruit pulp. The study of peroxidase activity of mango 

(M.indica) kernel by [4] using pyrogallol as substrate gave Km of 1.48 Mm and Vmax of 0.29 enzyme units/g kernels. Km of 8 × 10-5 

Mm and Vmax of 1.53 enzyme units/g kernel was obtained when hydroquinone was used as substrate for mango kernel peroxidase [33] 

while Km 0f 58 µM and Vmax of 3.36 units/mmol were reported for French bean peroxidase using pyrogallol as substrate [34]. These 

results suggest that Km and Vmax values for peroxidase activity may vary with the type of substrate, source, fruit species, maturity and 

purity of the enzyme. 
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    Fig.3a: Effect of substrate concentration on activity (Absorbance) of crude POD extracted from UR mango fruit pulp 
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 Fig.3b: Effect 

of substrate concentration on activity (Absorbance) of crude POD extracted from AR mango fruit pulp 
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Fig.3c: Effect of substrate concentration on activity (Absorbance) of crude POD extracted from RP mango fruit pulp    
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       Fig. 3d: Michaelis-Menteu plot of reaction rate (activity versus substrate (pyrogallol)       concentration for crude POD extracted 

from UR mango fruit pulp 
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     Fig. 3e: Michaelis-Menteu plot of reaction rate (activity versus substrate (pyrogallol)       concentration for crude POD extracted 

from AR mango fruit pulp 
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          Fig. 3f: Michaelis-Menteu plot of reaction rate (activity versus substrate (pyrogallol)       concentration for crude POD extracted 

from RP mango fruit pulp 

                   

Conclusion 

Unripe (UR), about to ripe (AR) and ripe (RP) Mangifera indica fruit pulps showed significant peroxidase activity.  Maximum activity 

was exhibited at pH 5.5, 6.0 and 6.5 for UR, AR and RP samples respectively in the temperature ranges of 10 – 20 0C; at 90 0C, the 

enzyme was completely inactivated in all the fruit pulps. These findings suggest that POD in Mangifera indica is stable over wide 

temperature ranges and could be responsible for deterioration in colour and flavor observed during fruit pulp storage and processing. 
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The Km of 0.283 to 0.477 M using pyrogallol as substrate showed that peroxidase enzyme in unripe, about to ripe and ripe mango fruit 

pulps could be isolated, purified, characterized and quantitatively made available for biotechnological applications.               
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