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Abstract 

Enzymatic browning is a common problem affecting many fruits and Vegetables during post harvest handling. 
Today the food processing industries need to focus on the freshness of minimally processed fruits and vegetables 
in order to attract more consumers. Any food product is chosen by the consumers with its appearance. Browning 

usually impairs the color attribute together with sensory properties such as flavor and texture (softening). 
However, this process is sometimes desirable, as it can improve the sensory properties of some products such as 
dark raisins and fermented tea leaves (enzymatic browning) cause deterioration of food during storage and 
commercial or domestic processing. This review highlights the role of Naturally occurring substances as 
Antibrowning Agents and reviews the available literature reporting Antibrowning properties of a number of plants 
extracts. 
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INTRODUCTION  

Today consumer awareness enforced 

the food processing industries to focus on the 

freshness combined with minimally processed 

fruits and vegetables. Food product is chosen 

by the consumers with its appearance and 

color is a critical determinant for the 

appearance of fruits and vegetables. Hutchings 

summarized the expectations of people 

towards food1. Thus there is an increasing 

consumer trend to select food demonstrating 

good quality as described by good color, 

texture, and flavor, in addition to high 

nutritional value, microbial safety and 

convenience. In order to cope up the demand 

for quality, fruit and vegetable processors 

expend considerable efforts to improve product 

quality from the beginning to the end of the 

preservation process2. 

An important aspect faced by us is 

Browning reaction. It usually impairs the color 

attribute together with sensory properties such 

as flavor and texture. However, this process is 

sometimes desirable, as it can improve the 

sensory properties of some products. Browning 

occurs by 2 components: enzymatic and 

nonenzymatic oxidation. Specifically, reactions 

of amines, amino acids, peptides and proteins 

with reducing sugars and vitamin C 

(nonenzymatic browning, often called Maillard 

reaction browning) and quinones (enzymatic 

browning) cause deterioration of food during 

storage and commercial or domestic 

processing.  

ENZYMATIC BROWNING 

Enzymatic browning is one of the most 

studied reactions in fruits and vegetables 

during handling, processing and storage. The 

main enzyme involve in browning reaction is 

polyphenol oxidase (PPO, Ec 1.14. 18.1). The 

activity of PPO has been extensively studied 

and reported as the key factor in browning 

reaction3. PPO, also called tyrosinase, phenol 

oxidase, cresolase are copper containing 

enzyme, synthesized in plants and stored in 

chloroplast4. PPO catalyzes the O-

hydroxylation of monophenols to O- diphenols, 

which are further catalyzed to produce O-

quinones. Once formed, these quinones 

undergoes polymerization reactions leading to 

the production of black, brown or red pigments 

(Polyphenols) which is the cause of enzymatic 

browning in fruits and vegetables. A variety of 

fruits and vegetables, such as apple, pear, 

banana, peach, lettuce and potato, are 

especially susceptible to enzymatic browning 

during processing and storage. Browning not 

only has a negative effect on their appearance, 

but also may impair other sensory properties 

including taste, odour and texture, as well as 

nutritional value5,6. Unlike traditionally 

processed foods, fresh-cut products consist of 

living tissues and sustain substantial tissue 

injury during processing7. It is desirable to 

inactivate the PPO activity during preservation 

of foods. The understanding of browning and 

its control from harvesting to consumption is 

therefore important for minimizing losses and 

maintaining the economic profitability of the 

fruit and vegetable processors.  

USE OF ANTI BROWNING AGENTS 

Antibrowning agents that inhibit PPO activity 

are largely classified into two groups; reducing 

agents and enzyme inhibitors. Additionally, the 

enzyme inhibitors are divided into competitive 

and noncompetitive compounds8. The reducing 

agents such as Sulphites9,10, Sulfur-containing 

compounds9, Ascorbic acid and its 

derivatives10,11, Acidulants12, Halide 

salts11,12,13, Phenolic acids and substrate 
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analogs14,15,16, Other sources as 

antioxidants15,17,18.   

Combination use of antibrowning agents:  

The combined use of anti-browning agents 

often demonstrated additional or synergistic 

effects to inhibit discoloration of fruits and 

vegetables19,20,21.  

Browning of fresh cut fruits and vegetables 

can be controlled by ascorbic acid and its 

derivatives due to their reducing properties; 

however these effects are temporary. Long-

term antibrowning effects can be achieved by 

sulphur dioxide and sulphites. Thus, these 

food additives are industrially used to inhibit 

PPO-induced browning reactions for a wide 

range of products sold as intermediate 

products to gastronomic business areas22. 

However, sulphiting can reduce the uptake of 

thiamine by degradation of the vitamin and 

lead to asthmatic reactions in sensitive 

individuals22,23. Hence, the replacement of 

such compounds is an important issue for the 

food industry. There are several approaches 

have been explored however owing to concern 

about the food safety only a few substances 

and methods have shown potential in food 

industry24. Thus, further investigation of 

alternative methods is required. One approach 

is the application of plant extracts to inhibit 

browning in fruits and vegetable products. 

Phytochemicals with antibrowning 

properties  

Due to the lifesaving and therapeutic 

properties, plants have been used by native 

people from ancient times. Herbal constituents 

are adventitious over synthetic alternatives. 

Phytochemicals in the extracts of various 

plants are capable of treating fruits and 

vegetables against browning. Some of the 

bioactive components from plants have been 

investigated and have shown potential to cure 

browning of fruits and vegetables. Apple slices 

treated with pumpkin seed extract showed 

greatest inhibition of browning 24. The 

inhibition of tyrosinase by lariciresinol 

glycosides from species of Lamiaceae found 

that diglycosides are less potent inhibitors 

than glycosides, probably because of a lack of 

free hydroxyl groups25. Promising results have 

been obtained with rhubarb juice, pineapple 

juice, and green tea extract, which were all 

able to prevent discolouration of cut surfaces 

of apples26,27,28. It was shown that onion 

extract can inhibit browning of pears and 

attributed it to the thiol-containing 

compounds29. Isoflavones from soy hypocotyl 

extract also act as an inhibitor of apple PPO24. 

Tyrosinase inhibition by isoflavones that are 

contained in soy was also demonstrated it was 

found that daidzein, glycitein, daidzin, and 

genistin act as competitive inhibitors that 

reversibly inhibit the monophenolase activity 

of mushroom tyrosinase30.  The antioxidative 

properties of hibiscus (H. sabdariffa) 

flavonoids (e. g. hibiscitrin, gossytrin, 

quercetrin, sabdaretin, and gossypetin-8-, -7- 

and -3-glucosides)  and anthocyanins (e. g. 

cyanidin-3-diglycosides and cyanidin-3,5 

bismonoglucoside) might explain the PPO 

inhibition31. The potential anti-browning 

properties of dried papaya latex, water extract 

of Moringa seeds, pectin and lemon juice in D. 

alata chips  showed significant results. 

Evaluation of the antibrowning (inhibition of 

PPO activity) effect of Cysteine (Cys) , Ascorbic 

acid (AA), citric acid (CA), sodium 

metabisulphite (SMB) alone or in combination, 

at three different pH (3.5,4 and 4.5) in banana 

(M. paradisiaca), apple (M. pumila), and 

mushroom (A. bisporus). The most effective 

PPO inhibitors were AA and SMB and in 

combination with CA and Cys in all the 

samples tested. One group of scientists proved 

the effectiveness of some spices and 4-

hexylresorcinol as anti-browning agents in to-

mato juice and apple slices, respectively32,33,34.  

Five essential oils (EO) extracted from lemon 

grass (C. citratus), basil (O. basilicum), 

rosemary (R. officinalis), sage (S. officinalis), 

and clove (E. aromatica), were investigated for 

their inhibitory effect against 

polyphenoloxidase (PPO) enzymatic 

browning,the results showed that apple juices 

treated with essential oil (EO) extract from 

lemon grass, clove and rosemary had a posi-

tive effect towards the inhibition of PPO 

activity and reducing browning as compared to 

untreated, basil and sage treated juices, at 

room temperature (25°C) and at refrigerator 

(4°C) 35. The addition of heated onion extract 

exhibited a stronger inhibitory effect on 

cassava leaf polyphenol oxidase than the fresh 

onion extract36. Various volatile compounds, 

including thiols, were present in Allium 

species, such as onion and are reported to 

inhibit PPO37. The screening for tyrosinase 

inhibition of the methanol extracts prepared 

from the aerial parts of 33 Turkish Scutellaria 

species was done out of these 8 species 

displayed moderate inhibition on tyrosinase38. 

The effects of pineapple juice (PJ), pineapple 

shell extract (PSE), and rice bran extract (RBE) 

on the browning process  in banana slices and 

puree, compared with citric acid solution at pH 
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3.8 (pH) and distilled water (DW), were 

investigated by measuring the color changes. 

RBE-treated banana slices had lower browning 

value than those treated with PJ, PSE39. 

Recently, some of the prenylated flavonoids 

were isolated from the A. heterophyllus and A. 

incisus wood as antibrowning agents40,41.  

Several studies have shown that mango seed 

kernels contain various phenolic compounds 

including gallotannins, epicatechin, and 

condensed tannin-related polyphenols42,43,44. 

Refluxing in acidified ethanol extract of sun-

dried mango seed kernels was characterized by 

the highest total phenolics content and 

tyrosinase inhibitory activity45.  

CONCLUDING REMARKS:  

Following reports on the antibrowning 

potentials of plant extracts, efforts to identify 

the causative agent behind it was initiated. 

There is an array of reports on the various 

phytochemical constituents of different plant 

extracts.  Among the role of various 

Phytochemicals in the management of 

browning the potential of various chemicals 

have been validated. The object of this review 

article was to gather and present an up-to-

date display of chemical constituents and 

biological activity of natural sources used 

against enzymatic browning. PPO is regarded 

to play a critical role during food handling, 

storage, and commercial or domestic 

processing. In particular, in plant foods it 

causes undesirable enzymatic browning, 

especially in bruised or cut fruits and 

vegetables, which subsequently leads to a 

significant decrease in nutritional and market 

values. The information offered in this review 

should help to provide leads to the ultimate 

goal of developing new antibrowning agents. 

Still much focus has not been given on the 

studies of antibrowning agents for vegetables 

for example Pulses. Pigeon peas are most 

commonly used as a pulse crop. When used as 

a"vegetable," the pea is picked when the seeds 

have reached physiological maturity, just 

before they lose their green color. At this stage 

apart from green colour they are nore 

nutritious by virtue of more digestible protein 

and less flatulence producing sugars. Hence 

attempt need to be executed to preserve 

greenness through application of antibrowning 

agents. 

REFERENCES 

1. Hutchings, J.B. (2003): Expectations, 

color and appearance of food. 

In:Expectations and the food industry, 

the impact of color and appearance. 

Kluwer  Academic/Plenum Publishers, 

New York, NY. pp 141-175. 

2. Miyuki Miyawaki (2006): Control of 

polyphenol oxidase and pectin methyl 

esterase activities by ultra high pressure. 

A dissertation submitted in partial 

fulfilment of the requirements for the 

degree of doctor of philosophy 

Washington state, university department 

of Food Science and Human Nutrition. 

3. Walker, J. R. L. and Ferrar, P. H. (1998): 

Diphenol Oxidases, Enzyme catalysed 

Browning andPlant Disease Resistance, 

Biotechnol. Genetic Engg. Rev., 15: 457-

498. 

4. Pilizota, V. and D. Subaric (1998): Control 

of Enzymatic Browning of Foods, Food 

Technol.Biotechnol., 36: 219. 

5.   Komthong P, Katoh T, Igura N and 

Shimoda M.( 2006):  Changes in odours 

of apple juice during enzymatic browning. 

Food Quality and Reference 17: 497–504. 

6. Jiang Y. (2004):Advances in 

understanding of enzymatic browning in 

harvested litchi fruit. Food Chemistry , 

88: 443–446 

7. Luo, Y and Tao, Y. (2003): Determining 

tissue damage of fresh-cut vegetables 

using imaging technology. Acta 

Horticulture Proceedings. 628: 97–102. 

8. Janovitz-Klapp, A; Richard, FC, Goupy, 

PM and Nicolas, JJ. (1990): Inhibition 

studies on apple polyphenol oxidase. J. 

Agric. Food Chem. 38: 926-931. 

9. Molnar-Perl, I. and Friedman, M. (1990a): 

Inhibition of browning by sulfur amino 

acids. Fruit juices and protein-containing 

foods. J. Agric. Food Chem. 38:1648-

1651. 

10. Molnar-Perl, I; and Friedman, M. (1990b): 

Inhibition of browning by sulfur amino 

acids. Apples and potatoes. J. Agric. Food 

Chem. 38: 1652-1656. 

11. Rouet-Mayer MA; Ralambosoa J; 

Philippon J. (1990): Roles of o-quinones 

and their polymers in the enzymatic 

browning of apples. Phytochem. 29: 435-

440. 

12. Son SM, Moon KD and Lee CY. (2001): 

Inhibitory effects of various antibrowning 

agents on apple slices. Food Chem. 73: 

23-30. 

13. Rouet-

Mayer,MA&Philippon,J.(1986):Inhibition 

catechol oxidases from apples by sodium 

chloride. Phytochem.25:2717-2719.  



IJRBAT, Special Issue-(6), October  2015  ISSN 2347 – 517X (Online) 

SEVADAL MAHILA MAHAVIDYALAYA, NAGPUR 203 Life Science – NCRTS 2015 

14. Fan MH, Wang M. & Zou P. (2005): Effect 

of sodium chloride on the activity and 

stability of polyphenol oxidase from Fuji 

apple. J. Food Biochem. 29: 221-230. 

15. Chen JS, Wei CI, Marshall MR. (1991): 

Inhibition mechanism of kojic acid on 

polyphenol oxidase. J. Agric. Food Chem. 

39: 1897-1901. 

16. Monsalve-Gonzalez A, Varbosa-Canovas 

GV, Cavalieri RP, McEvily AJ, Iyengar 

R.(1993): Control of browning during 

storage of apple slices preserved by 

combined methods. 4-Hexylresorcinol as 

anti-browning agent. J. Food Sci. 58: 

797-800. 

17. Lozano-De-Gonzalez PG, Barrett DM, 

Wrolstad RE, Durst RW. (1993): 

Enzymatic browning inhibited in fresh 

and dried apple rings by pineapple juice. 

J. Food Sci.58: 399-404. 

18. Yoruk R, Hogsette JA, Rolle RS, Marshall 

MR. (2003): Apple polyphenol oxidase 

inhibitor(s) from common housefly 

(Musca domestica L.). J. Food Sci. 68: 

1942-1947. 

19. Pizzocaro F, Torreggiani D. & Gilardi G. 

(1993): Inhibition of apple 

polyphenoloxidase (PPO) by ascorbic acid, 

citric acid and sodium chloride. J. Food 

Proc. 17: 21-30. 

20. Ozoglu H. & Bayindirli A. (2002): 

Inhibition of enzymatic browning in 

cloudy apple juice with selected 

antibrowning agents. Food Control 13: 

213-221. 

21. Iyidogan NF and Bayindirli A. (2004): 

Effect of L-cysteine, kojic acid and 4-

hexylresorcinol combination on inhibition 

of enzymatic browning in Amasha apple 

juice. J. Food Eng. 62: 299-304. 

22. McEvily AJ and Iyneger R. (1992): 

Inhibition of enzymatic browning in foods 

and beverages. Crit Rev Food Sci Nutr 

32:253–73.  

23. Rangan, C., Barceloux, D.G, (2009): Food 

Additives and Sensitivities.Disease- a-

Month 55: 292-311.  

24. B. Wessels1, S. Damm, B. Kunz, N. 

Schulze-Kaysers,(2014):Effect of selected 

plant extracts on the inhibition of 

enzymatic browning in fresh-cut apple. 

Journal of Applied Botany and Food 

Quality 87, 16 - 23  

25. Karioti, A., Protopapp a, A., Megoulas, N., 

Skaltsa, H., (2007):Identification of 

tyrosinase inhibitors from Marrubium 

velutinum and Marrubium cylleneum. 

Bioorgan. Med. Chem. 15, 2708-2714.  

26. Soysal, C.,( 2009): Effects of green tea 

extract on ―Golden Delicious‖ apple 
polyphenoloxidase and its browning. J. 

Food Biochem. 33, 134-148.  

27. Son, S.M., Moon, K.D., Lee, C.Y., (2000): 

Rhubarb juice as a natural antibrowning 

agent. J. Food Sci. 65, 1288-1289. 

28. Lozano-de-Gonzalez, P.G., Barr ett , D.M., 

Wrolstad, R.E., Durst, R W., (1993): 

Enzymatic browning inhibited in fresh 

and dried apple rings by pineapple juice. 

J. Food Sci. 58, 399-404. 

29. Kim, M.-J., Kim, C.Y., Park, I., (2005): 

Prevention of enzymatic browning of pear 

by onion extract. Food Chem. 89, 181-

184. 

30. Chang, T.S., Ding, H.Y., Tai, S.S.K., Wu, 

C.Y., (2007): Mushroom tyro-sinase 

inhibitory effects of isoflavones isolated 

from soygerm koji fermented with 

Aspergillus oryzae BCRC 32288. Food 

Chem. 105, 1430-1438. 

31. Doğan S., Ayyildiz Y., Doğan M., Alan ü., 
Diken M.E. (2013): Characterisation  of 

polyphenol oxidase from Melissa 

officinalis L. subsp. officinalis (lemon 

balm). Czech J. Food Sci., 31: 156–165. 

32. Eissa H.A., Nadir A.M., Ibrahim K.E., 

(2003a): Effect of anti-browning and   

anti- microbial constituents of some 

spices    on the quality and safety of apple 

juice. A.M.S.E. France, , 64, 2, 43–57. 

33. Vijay–Sethi M., (1991): Effect of addition 

of spice extracts and flavouring 

compounds on the keeping quality of 

tomato juice stored in different 

containers. Indian Food Packer, 45, 17–
18.  

34. Monsalve-Gonzalez A., Gustavo B., 

Cavalieri R., McEvily A., Rhada I. (1993): 

Control of browning during storage of 

apple slices preserved by combined 

methods. 4-hexylresorcinol as anti-

browning agent. J. Food Sci., 58, 797–
800, 826. 

35. Hesham A. Eissa, Shaaban M. Abd-

Elfattah, Feryal A. Abu-Seif,(2008): Anti-

microbial, anti-browning and anti-

mycotoxigenic activities ofsomeessential 

oil extracts in apple juice: Pol. J. Food 

Nutr. Sci,Vol. 58, No. 4, pp. 425-432. 

36. Wong, C. W. and Angel Lee, P. L. (2014): 

Inhibitory effect of onion extract on 

cassava leaf (Manihot esculenta Crantz) 



IJRBAT, Special Issue-(6), October  2015  ISSN 2347 – 517X (Online) 

SEVADAL MAHILA MAHAVIDYALAYA, NAGPUR 204 Life Science – NCRTS 2015 

polyphenol oxidase, International Food 

Research Journal 21(2): 755-758. 

37. Negishi, O., Negishi, Y. and Ozawa, T. 

(2002): Effects of food materials on 

removal of Allium specific volatile sulfur 

compounds. Journal of Agrocultural and 

Food Chemistry 50: 3856-3861. 

38. Senol FS, Orhan I, Yilmaz G, Ciçek M, 

Sener B. (2010): Acetylcholinesterase, 

butyrylcholinesterase, and tyrosinase 

inhibition studies and antioxidant 

activities of 33 Scutellaria L. taxa from 

Turkey. Food Chem Toxicol 48:781–8.  

39. Theerakulkait C, Sukhonthara S. (2008): 

Effect of pineapple juice, pineapple shell 

extract and rice bran extract on browning 

prevention in banana [Musa (AAA Group) 

―Gros Michel‖] slices and puree. Kasetsart 
J (Nat Sci) 42:150–55.  

40. Zheng Z, Cheng KW, Chao J, Wu J, Wang 

M. (2008a): Tyrosinase   inhibitors from 

paper mulberry (Broussonetia papyrifera). 

Food Chem 106:529–35.  

41. Zheng ZP, Chen S, Wang S, Wang XC, 

Cheng KW, Wu JJ, Yang D, Wang M. 

(2009): Chemical components and 

tyrosinase inhibitors from the twigs of 

Artocarpus heterophyllus. J Agric Food 

Chem 57:6649–55.  

42. Arogba SS. (2000): Mango (Mangifera 

indica) kernel: chromatographic analysis 

of the tannin, and stability study of the 

associated polyphenol oxidase activity. J 

Food Comp Anal 13:149–56.  

43. Puravankara D, Bohgra V, Sharma RS. 

(2000): Effect of antioxidant principles 

isolated from mango (Mangifera indica L.) 

seed kernels on oxidative stability of 

buffalo ghee (Butter-Fat). J Sci Food Agr 

80:522–6.  

44. Abdalla AEM, Darwish SM, Ayad EHE, 

El-Hamahmy RM. (2007): Egyptian 

mango by-product 1. Compositional 

quality of mango seed kernel. Food Chem 

103:1134–40.  

45. Maisuthisakul, P. and Gordon, MH. 

(2009): Antioxidant and tyrosinase    

inhibitory activity of mango seed kernel 

by product. Food Chem 117:332–41.  



 


