ISSN 2350-1049

International Journal of Recent Research in Interdisciplinary Sciences (IJRRIS)
Vol. 9, Issue 2, pp: (48-52), Month: April - June 2022, Available at: www.paperpublications.org

Thermal Stability of Polyphenol Oxidase
Extracted from Three Varieties of Ipomoea
batatas Tubers

'Ebizimor Wodu, *Ayibaene Frank-Oputu

Department of Biochemistry, Faculty of Basic Medical Sciences, Niger Delta University,
Bayelsa State. Nigeria.

DOI: https://doi.org/10.5281/zen0d0.6586615

Published Date: 27-May-2022

Abstract: The copper containing enzyme, polyphenol oxidase implicated in enzymatic browning was investigated in
tubers of three varieties of Ipomoea batatas. The optimum temperature and stability of the enzyme were studied.
The enzyme activity was measured by monitoring the increase in absorbance for 3 minutes. The activity was taken
as the slope of the absorbance versus time graph. The effect of temperature on enzyme stability was determined
through a temperature range of 20 - 70°C. The results revealed that orange flesh and brown peel varieties showed
maximum activity at 40°C, while purple peel variety exhibited maximum activity at both 35 - 40°C. Polyphenol
oxidase extracted from the three varieties retained over 90%o activity at 40° C even after 60mins of incubation. The
enzyme from the three varieties was not stable at 20°C, 60° C and 70°C. Conclusively therefore, the temperature at
which the enzyme is less stable may be exploited in the control of undesirable browning of Ipomoea batatas tubers
due to polyphenol oxidase, while also considering the effect of that temperature on the tubers.
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1. INTRODUCTION

The copper containing enzyme, polyphenol oxidase is largely responsible for enzymatic browning of fruits and
vegetables. It takes advantage of atmospheric oxygen and catalyses the o-hydroxylation of monophenols to o-diphenols
which are then further oxidized to o-quinones resulting in the formation of a dark brown pigment (Gawlik-Dziki et al.,
2008).

Temperature is one important factor that influence enzyme activity. For most enzymes the amount of product formed per
unit time increases with temperature until it gets to a temperature where the enzyme is less stable. Above this temperature,
there is a precipitous and usually irreversible drop in activity (Zubay et al., 1995) because the tertiary structure of a
protein held together by weak forces is easily broken at increased temperature (Bonner, 2018).

The temperature dependence of polyphenol oxidase has been studied in senescent plantain puree (N’Guessan et al., 2018),
cassava leaves (Wong and Lee, 2014) and Solanum aethiopicum, Carica papaya, Cucurbita pepo, Psidium guajava and
Irvingia gabonnensis fruits (Bello and Sule, 2012). This work reports the investigation on the effects of thermal treatment
on polyphenol oxidase extracted from tubers of three varieties of Ipomoea batatas.
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2. MATERIALS AND METHODS

Enzyme Extract Preparation. Ipomoea batatas tubers were washed and cut into tiny cubes. Thirty grams (30g) of each
variety were homogenized in ice cold potassium phosphate buffer (0.1M, pH 6.8). The filtrate was collected using a
double layer of cheese cloth. Aqueous extract was obtained by centrifuging the filtrate for 25mins at 4000rpm and at 4°C.

Acetone Precipitation

To precipitate the enzyme protein, cold acetone was added to the supernatant above in bits in the ratio 1.5:1. The mixture
was gently stirred in ice bath for 60 minutes and centrifuged for 25mins at 4000rpm and at 4°C. The precipitate dissolved
in 10ml of buffer was used as crude enzyme.

Protein Estimation and Enzyme Assay

Bradford method (1976) was used to estimate protein concentration. The reaction mixture of 3ml contained 2.8ml of
substrate (40mM catechol prepared in 0.1M phosphate buffer, pH 6.8) and 0.2 ml of enzyme solution. The increase in
absorbance was monitored for 3mins at 30sec interval. The initial velocity was calculated from the slope of absorbance
versus time graph. One unit of enzyme activity represent the amount of enzyme that increased the absorbance by 0.001
units per minute.

Effect of Temperature

Polyphenol oxidase was assayed at temperatures 10 —70°C controlled in a circulating water bath. The relative activity (%)
at different temperatures was obtained by comparing them with that obtained at optimal temperature.

The effect of temperature on the enzyme stability was determined as follows: Exactly 1cm® of enzyme preparation was
incubated at temperatures 20 - 70°C for 60mins. The tubes were immediately cooled in ice bath to stop further loss of
activity. The standard enzyme assay was performed using the heated enzyme. Residual activity (%) was calculated
relative to the unheated enzyme.

Statistical analysis

SPSS software was used for data analysis. The statistical significance was assessed by one-way analysis of variance.
Significant differences (P < 0.05) among means were detected using Duncan’s multiple range tests.

3. RESULTS
Optimum temperature

The dependence of polyphenol oxidase activity on temperature is shown in the plot of the enzyme's relative activity
versus temperature (figure 1). The temperature at which Ipomoea batatas polyphenol oxidase exhibited maximum activity
(optimum temperature) given in table 1 revealed that orange flesh and brown peel varieties have same optimum
temperature of 40°C, while purple peel variety had range 35 - 40°C.

Thermal stability

Polyphenol oxidase from the three varieties showed over 90% activity at 40°C even after 60mins of incubation (figures 2-
4).

At 30°C and 50°C polyphenol oxidase from orange flesh variety was relatively stable and retained 80% activity upon
incubation for 30mins after which there was a significant (p<0.05) drop in activity. The enzyme was not stable at 20°C,
60°C and 70°C.

Polyphenol oxidase from purple peel and brown peel varieties retained a minimum of 70% activity after incubation for
60mins at 30°C and 50°C. At 20°C brown peel variety retained a minimum of 70% activity upon incubation for 30mins
after which a significant (p 0.05) decrease in activity was seen. As with orange flesh variety, purple peel and brown peel
polyphenol oxidase were not stable at 20°C, 60°C and 70°C.
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Table 1: Temperature optimum for polyphenol oxidase from Ipomoea batatas varieties

Enzyme Source Optimum Temp. (°C)
Ipomoea batatas variety

Orange flesh 35-40

Purple peel 40

Brown peel 40

4. DISCUSSION

The effect of temperature on enzyme activity is seen in the bell-shaped curve for a plot of activity versus temperature. The
highest point on the curve represent the optimum temperature which varies for an enzyme depending on the source and
other factors. Optimum temperature for polyphenol oxidase similar to those reported this work have been documented.
Optimum temperature of 40°C for polyphenol oxidase was reported by Murillo et al., (2016) Nagai and Suzuki, (2001,
2003), Silva and Koblitz, (2010), Bello and Sule, (2012), Dogru and Erat, (2012) and Wodu et al., (2018) for Averrhoa
carambola juice, Chinese cabbage, soybean sprouts, Spondias spp, Carica papaya and Cucurbita pepo, parsley and
Colocasia esculenta respectively. Optimum temperature of 35°C reported in this work was also reported by Sikora et al.,
(2019) for Len culinaris Medik polyphenol oxidase. Although Deepaa and Wong (2012) had reported 30°C as optimum
temperature for purple sweet potato polyphenol oxidase which is a little different from 35°C reported in the present study.
This difference may be due to the plant location, extraction procedure, etc. Optimum temperature as low as 20°C for
polyphenol oxidase extracted from apricot and apple (Mahmood et al., 2009) and Manihot esculenta crantz leaves (Wong
and Lee, 2014) had been reported. Higher Optimum temperature 50°C was reported by by Serradell et al., (2000) for
strawberry polyphenol oxidase, while 55°C was reported by Navarro et al., (2014) for persimmon polyphenol oxidase.

Results from the thermal stability studies revealed that polyphenol oxidase extracted from the three Ipomoea batatas
varieties showed some similarities and differences. They were all very stable at 40°C and retained above 90% of their
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initial activity even after 60mins of incubation. However, orange flesh variety was least stable at other incubation
temperatures. Polyphenol oxidase from purple peel and brown peel varieties retained at least 70% of their initial activities
even after incubation at 30°C and 50°C for 60mins, whereas orange flesh variety retained at least 70% of its initial activity
upon incubation at both temperatures for 30mins. Enzymes in this report were largely unstable at 20°C, 60°C and 70°C.
The decrease observed in activity in higher temperatures is as a result of unfolding of the proteins tertiary structure
(Kumar et al., 2008). Similar decrease had been reported by Mahmood et al., (2009) and Wong and Lee, (2014). Wohlt et
al., (2021) also reported thermal inactivation of banana polyphenol oxidase at 60°C and 70°C. Polyphenol oxidase
extracted from different samples have been reported to display different levels of stability upon heating. Heat labile
Allium polyphenol oxidase was reported by Arslan et al., (1997) to be entirely inactivated at 40°C. Lettuce polyphenol
oxidase on the other hand retained 72% of its activity when incubated at 50°C for 60mins (Martin-Diana et al., 2005).

5. CONCLUSION

In conclusion, the activity of polyphenol oxidase from tubers of Ipomoea batatas varieties like other enzymes depend on
temperature. The enzymes which were very stable around 40°C were unstable at 20°C, 60°C and 70'C. The temperature at
which the enzymes are less stable may be exploited in the control of undesirable browning of Ipomoea batatas tubers due
to polyphenol oxidase, while also considering the effect of that temperature on the tubers to be processed.

REFERENCES

[1] Arslan, O., Temur, A. and Tozlu, I. (1997). Polyphenol oxidase from Allium sp. J. Agric. Food Chem., 45 (8): 2861
-2863.

[2] Bello, A.B and Sule, M.S (2012) Optimum Temperature and Thermal Stability of Crude Polyphenol Oxidase from
some Common Fruits. Nigerian Journal of Basic and Applied Science (2012), 20(1): 27-31.

[3] Bradford, M. M. (1976) A rapid and sensitive method for the quantification of microgram quantities of proteins
utilizing the principle of protein binding. Anal. Biochem. 72: 248-254

[4] Bonner, P.L.R. (2018) Protein Purification. 2" ed. Taylor & Francis.

[5] Deepaa, M. and Wong, C.W. (2012) Characterization of Polyphenol Oxidase in Sweet Potato (Ipomoea Batatas
(L.)). Journal for the Advancement of Science & Arts. 3 (1) 14-31.

[6] Dogru, Y.Z. and Erat, M. (2012) Investigation of some kinetic properties of polyphenol oxidase from parsley
(Petroselinum crispum, Apiaceae). Food Res. Int. 49, 411-415.

[7] Gawlik-Dziki, U., Zlotek, U. and Swieca, M. (2007). Characterization of polyphenol oxidase from bitter lettuce
(Luctuca Saliva Car Copitatal). Food chem. 107:129-135.

[8] Kumar V.B.A, Mohan T.C.K., and Murugan K. (2008) Purification and kinetic characterization of polyphenol
oxidase from barbados cherry (Malpighia glabra L.). Food Chem., 110: 328-333.

[91 Mahmood, W.A., Sultan, H.S. and Hamza, S.R. (2009) Extraction and Characterization of Polyphenol Oxidase from
Apricot, Apple, Eggplant and Potato. Mesopotamia J. of Agric. 37 (4) 1-8.

[10] Martin-Diana, A. B., Rico, D., Barry-Ryan, C., Mulcahy, J., Henehan, G. T. M. and Frias, J. (2005) Effect of
Temperature on the Kinetic Behaviour of Polyphenol Oxidase and Peroxidase in Fresh-cut Lettuce. Acta
horticulture, 687, 147-153

[11] Murillo, E., Aristizabal, G.J., Murillo, W., Ibarz, A., Méndez, J.J. and Solanilla, F.J (2017) Preliminary
characterization of the enzyme polyphenol oxidase and rheological behavior from Averrhoa carambola juice. Rev.
Fac. Nac. Agron. 70(1): 8099-8113.

[12] Nagai, T. and Suzuki, N. (2001) Partial purification of polyphenol oxidase from Chinese cabbage Brassica rapa L.
J. Agric. Food Chem. 49, 3922-3926.

[13] Nagai, T. and Suzuki, N. (2003) Polyphenol oxidase from bean sprouts (Glycine max L.). J. Food Sci. 68, 16-20.

Page | 51
Paper Publications




ISSN 2350-1049

International Journal of Recent Research in Interdisciplinary Sciences (IJRRIS)
Vol. 9, Issue 2, pp: (48-52), Month: April - June 2022, Available at: www.paperpublications.org

[14] Navarro, J.L., Tarrega, A., Sentandreu, M.A. and Sentandreu, E. (2014) Partial purification and characterization of
polyphenol oxidase from persimmon. Food Chem. 157, 283-289.

[15] N’Guessan A. A., Kouadio, O. K and Gonnety, J. T., (2018). Effects of chemical and thermal treatments on
browning inhibition of senescent plantain (Musa paradisiaca) puree for semolinas preparation. American Journal of
Biochemistry. 8 (4) 75-84.

[16] Sabarre Jr, D.C and Yagonia-Lobarbio, F.C (2021) Extraction and characterization of polyphenol oxidase from plant
materials: A review. J. Appl Biotechnol Rep. 8(2):83-95

[17] Serradell, M.D.L.A., Rozenfeld, P.A., Martinez, G.A., Civello, P.M. Chaves, A.R. and Afién, M.C. (2000)
Polyphenol oxidase activity from strawberry fruit: Characterisation and partial purification. J. Sci. Food Agric. 80,
1421-1427.

[18] Sikora, M., Swieca, M., Franczyk, M., Jakubczyk, A., Bochnak, J and Ztotek, U. (2019) biochemical properties of
polyphenol oxidases from ready-to-eat lentil (Lens culinaris Medik.) sprouts and factors affecting their activities: A
search for potent tools limiting enzymatic Browning. Foods. 8 (154) 1-10 doi:10.3390/foods8050154

[19] Silva, C.R and koblitz, M.G.B. (2017) Partial characterization and inactivation of peroxidases and polyphenol-
oxidases of umbu-caja (Spondias spp.) Caracterizac@o parcial e inativacao de peroxidases e polifenol-oxidases de
umbu-caja (Spondias spp.). Ciénc. Tecnol. Aliment., Campinas, 30(3): 790-796,

[20] Wodu, E., Frank-Oputu, A., Eboh, A. S., Ogbomade, R. S., Daufa, E. B. and Omubo, I. D. (2018). Some properties
of polyphenol oxidase extracted from Colocasia esculenta. Global Scientific Journal. 6 (3) 56- 65.

[21] Wohlt, D.; Schwarz, E.; Schieber, A.; Bader-Mittermaier, S. Effects of Extraction Conditions on Banana Peel
Polyphenol Oxidase Activity and Insights into Inactivation Kinetics Using Thermal and Cold Plasma Treatment.
Foods, 10 (1022) 1-19. https://doi.org/10.3390/ foods10051022

[22] Wong, C. W. and Lee, P. L. A.,, (2014). Characterization of polyphenol oxidase from cassava leaf (Manihot
esculenta crantz). International Journal of Plant, animal and Environmental sciences. 4 (2) 546-553.

[23] Zubay, G., Parson, W.W. and Vance, D.E. (1995) Principles of Biochemistry. Win. C. Brown USA

Page | 52
Paper Publications




