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Fresh-cut fruits and vegetables emerge as popular food for consumers in retail markets. However, a loss of millions of dollars
yearly to the food industry has been due to discoloration of fruits and vegetables caused by a pronounced reaction called enzymatic
browning, which is caused by the activity of the polyphenol oxidase enzyme present in most of the fruits and vegetables. The main
objective of this study was to investigate the natural antibrowning effects of the aqueous extract of ginger and essential oil of
cinnamon bark on PPO enzymatic activity in Annona muricata (katu anoda) and Musa acuminata (ash plantains), which are
considered to be widely consumable by Sri Lankans due to its respective health benefits. The antibrowning activity analyzed using
a UV-visible spectrophotometer at a wavelength of 525 nm showed that cinnamon bark oil of 0.0035 g/mL had a % inhibitory
activity of 51.97 percent on PPO activity in Annona muricata and 49.51 percent on PPO activity in Musa acuminata, while the
aqueous extract of ginger of 0.091 g/mL had a % inhibitory activity of 60.90 percent on PPO activity in Annona muricata and 48.10
percent on PPO activity in Musa acuminata, respectively. This study shows that cinnamon bark oil and ginger can be used as
effective, natural, nontoxic antibrowning agents that can inhibit the activity of the PPO enzyme, thereby preventing the essence

and nutritional benefits of fruits and vegetables.

1. Introduction

Some of the main attributes considered by consumers when
making choices of food are flavour, texture, appearance, and
nutritional value. The basic attribute considered in evaluation
of food quality is the appearance of food which is mainly
impacted by coloration. Coloration could be due to certain
naturally occurring pigments such as chlorophyll, carotenoids,
and anthocyanins, or by pigments resulting from both en-
zymatic and nonenzymatic reactions [1]. The most important
colour reactions which occur in most of the fruits and veg-
etables are enzymatic browning, which is catalyzed by the
oxidoreductase enzyme, polyphenol oxidase (PPO). In the
field of food industry, methods to prevent browning is the
subject in great deal of research. Enzymatic browning is the
main cause of quality loss in fruits and vegetables around the
world and majorly in Sri Lanka. Fruits and vegetables around
the world have vast number of health benefits for consumers

due to their content of antioxidant compounds, vitamins, and
fibres. However, in many fruits and vegetables, changes are
seen to occur during preparation (fresh-cut fruits) and storage.
These changes induce a pronounced loss of the microbio-
logical and antioxidant qualities. Hence, preservation against
oxidation in fruits and vegetables during storage and pro-
cessing has become an increase in priority in the food industry
[2]. Hence, it becomes a highlighting factor that enzymatic
browning determines the customer acceptability as well.

The control of enzymatic browning therefore lies upon
the understanding of mechanism, the properties of the PPO
enzyme, and their substrate and inhibitors.

Polyphenol oxidases, first reported in mushrooms by
Schoenbein in 1856, are a widespread group of enzymes
found in plants, fungi, bacteria, and animals. This enzyme
contains copper at their active site. This metal ion enables
them to oxidize the phenolic group of an aromatic com-
pound to a reactive group known as quinones, which are
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reactive oxygen molecules [3]. Most of the fruits and veg-
etables contain many polyphenolic compounds that can act
as substrates for PPO’s. Chlorogenic acid, caffeic acid, and
catechol are all polyphenols found in fruits and vegetables
that can be oxidized to quinones by PPO’s. Such quinones
are very reactive and can react with each other and sur-
rounding proteins to generate black pigments, called mel-
anins. These compounds are highly UV-active, and its
absorbance could be monitored at a wavelength of 525 nm.
This was the key analysis technique adopted in this study.

This results in occurrence of dark spots in plant tissue,
making the fruit or vegetable inedible [1]. A visible example
of enzymatic browning in Solanum melongena (elabatu) is
shown in Figure 1. The reaction does not happen frequently
until oxygen is introduced, which is one of the most im-
portant intrinsic factors other than substrate specificity, pH,
and temperature.

Many studies have focused on either inhibiting or
preventing PPO activity in foods, and various techniques
and mechanisms have been developed over the years for the
control of these enzyme activities. It was analyzed that most
of the synthetic or chemical inhibitors used were toxic
molecules which can react with cellular components causing
toxicity. Hence, in this research project, the basic review was
to develop inhibition of PPO activity using natural inhibi-
tors. Thus, the objective of this study was to investigate and
identify the effect of natural antibrowning agents of PPO in
order to increase the shelf life of partially processed fruits
and vegetables available in the retail market.

2. Materials and Methods

2.1. Selected Fruit and Vegetable Used for Analysis of PPO
Activity. Annona muricata (katu anoda in Sinhala, custard
apple in English) is a commonly used fruit in Sri Lanka due
to its wide range of health and medicinal benefits. The
tropical plant is characterized as an evergreen and flowering
tree that can stand up to 8 meters tall and produces edible
fruits [4]. Most parts of the plant are used in traditional
medications in treating various diseases and ailments, in-
cluding inflammation [5],rheumatism [6], diabetes [7],
hypertension [8], and parasitic infestation [9]. The seed is
extracted and used to fight against worms, while the fruits
are used traditionally to cure arthritis and fever. Both the
seeds and fruits are also used to treat parasitic infections.

Musa acuminata (alu kesel in Sinhala, ash plantains in
English), the wild species of banana, is a plant of the tropical
and subtropical regions. All parts of the plant including fruits,
peel, pseudostem, corm, flowers, leaves, sap, and roots have
found their use in the treatment of many diseases in tradi-
tional medicine. The reported pharmacological activities of M.
acuminata include antioxidant, antidiabetic, immunomod-
ulatory, hypolipidemic, anticancer, and antimicrobial, espe-
cially anti-HIV activity [10]. In most of the Asian countries, it
is used along with rice in the form of a curry.

2.2. Selected Inhibitors Used for Analysis. Zingiber officinale
(inguru in Sinhala, ginger in English) is a rhizome and is one
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FiGUure 1: Enzymatic browning in Solanum melongena (elabatu).
The black coloration shown is a result due to the production of the
pigment melanin which is highly UV active.

of the most common spices, which is in use since centuries
for its versatile medicinal actions such as antiemetic, sto-
machic, expectorant, anti-inflammatory, and aphrodisiac in
the traditional system of medicine. It is useful for the
treatment of various gastrointestinal, pulmonary, cardio-
vascular, and sexual disorders. The phytochemical study of
ginger showed the presence of many volatile oils and oleo-
resins such as gingerol, zingerone, and zingiberol [11].

Cinnamomum zeylanicum (kurundu in Sinhala, Ceylon
cinnamon in English) is a unique and native product in Sri
Lanka and in many other Asian countries. The bark and the
leaves are widely used. Until now, more than 300 volatiles
were found as constituents of essential oils of cinnamon. It
has been established that the oils and extracts from cin-
namon possess a distinct antioxidant activity, which is es-
pecially attributed to the presence of phenolic and
polyphenolic substances [12]. Hence, it is used as spices due
to its aroma, taste, and colour and as an antioxidant and for
many other medicinal purposes [13].

Annona muricata, Musa acuminata, Zingiber officinale,
and Cinnamomum zeylanicum were purchased from a retail
market in Rathmalana, Sri Lanka.

2.3. Preparation of Inhibitor Extracts

2.3.1. Extraction of Essential Oil from Cinnamon Bark.
The extraction was carried out by steam distillation of
cinnamon bark. Powdered cinnamon bark of 200g was
added into the collecting flask. The extract obtained after
steam distillation contained both oil and water. Hence, a
separation was carried out with CH,Cl,. The oil left over was
collected to a sample tube, to which nitrogen gas was passed
to remove the remaining CH,Cl, from the oil.

2.3.2. Preparation of Ginger (Zingiber officinale) Aqueous
Extract. Ginger was peeled and was chopped into cubes
(total weight of 100.0 g). The mixture was grinded using a
pestle and motor. Using cheesecloth, the content was
squeezed and the raw extract was obtained. From the raw
extract, 5.00mL of ginger was taken and topped up to
50.00 mL in a volumetric flask with deionized water. This
solution was then obtained to carry out the analysis.
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2.4. Preparation of Enzyme Extracts from Annona muricata
and Musa acuminata. Annona muricata and Musa acuminata
were peeled, and 250.0 g of each of the fruit and vegetable was
weighed and homogenized for 1 minute with 500.0mL of
analytical grade acetone. The homogenates were filtered under
gravity filtration using cheesecloth. To the supernatant obtained,
100.0mL of phosphate buffer (0.1 M, pH 7) was added and
stirred on a magnetic stirrer for 10 minutes. Filtration was done
using cheesecloth to a stoppered bottle. Filtration was carried out
several times until a clear solution was observed (this method
declared in [14] was used after modification).

2.5. Analysis of Enzyme-Substrate Activity. An appropriate
quantity of the enzyme extract prepared (50.00 mL) was incu-
bated at a temperature of 35°C in a digital water bath for 10 mins.
An appropriate amount of substrate (0.1 M catechol; catechol-
pyrocatechol assay; GC 98.0%, 4.0 mL) and phosphate buffer
(0.IM, pH 7.0, 6.0mL) were pipetted out into a cuvette (test
blank). Into a second cuvette, an appropriate amount of sub-
strate and previously prepared enzyme extracts (incubated at
35°C for 10 mins) were added, stoppered, and the solution was
mixed and was immediately placed in a spectrophotometer in
the sample position. The absorbance was analyzed using the UV/
Vis spectrophotometer (Hitachi- USA U 2910) at a wavelength
of 525nm. The difference in absorbance, between the two so-
lutions, was recorded. These results were duplicated for each test,
keeping the overall volume constant [14].

2.6. Analysis of Inhibitory Activity. As measurements are not
possible with cinnamon bark oil, 0.5 yl of oil was mixed with
0.5 pl of Triton X-100 emulsifier. Therefore, a total volume
of 0.10 mL of cinnamon bark oil was used in the study. As
done above in Section 2.5, a particular amount of substrate
(0.1 M catechol; catechol-pyrocatechol assay; GC 98.0%,
4.0mL), phosphate buffer (0.1 M pH 7.0, 5.90mL), and
inhibitor extract (0.10mL of cinnamon bark oil and
0.10 mL of aqueous ginger extract separately) were pipetted
out into a cuvette (test blank). Similarly, particular
amounts of substrate 0.1 M catechol; (catechol-pyrocate-
chol assay; GC 98.0%, 4.0 mL), inhibitor extract (0.10 mL of
cinnamon bark oil and 0.10 mL of aqueous ginger extract
separately), and enzyme extract were pipetted out and was
placed in the sample position in the meter. The difference in
absorption of the two solutions was measured at the same
wavelength as above and observed. The experiment was
duplicated [14].

On having gathered the absorbance for each inhibitor,
the percentage inhibition (I%) was determined using
equation (1) as follows [15]:

Ag— A
1% = —E5“EL »100%, (1)
ES

where Agg is the absorbance of enzyme-substrate activity
and Ay is the absorbance of enzyme-inhibitor activity.

3. Results and Discussion

3.1. Analysis of Inhibitory Activity of Cinnamon Bark Oil.

Previous results obtained from Journal of Agricultural
and Food Chemistry state that on a research carried out on
the supercritical CO, extract of Cinnamomum zeylani-
cum: chemical characterization and antityrosinase ac-
tivity, cinnamon bark oil consists 70-75% of
cinnamaldehyde as one of its major constituents and that
it shows an inhibition of 40% on activity of PPO present
in white mushrooms (Agaricus bisporus) [16]. On analysis
of its inhibitory activity, it could be seen that the com-
pound possess a noncompetitive inhibitory behaviour
[16].

Noncompetitive inhibition also known as allosteric in-
hibition is much defined, where the inhibitor and the
substrate can bind simultaneously to an enzyme molecule at
different binding sites. Hence, this act of the inhibitory
molecule thereby causes a morphological change in the
active site which decreases the turnover number rather than
diminishing the proportion of substrate molecules that can
bind to the enzyme. There seem to be clear evidence that
cinnamon bark oil indeed is an inhibitor towards PPO
activity.

Additionally, based on preliminary run performed in
this study, Tables 1 and 2 report the analytical results
concerning the samples prepared.

On overview of these results as shown in Figure 2, it
clearly proves that 0.1 ul of 0.0035 g/mL of cinnamon bark
oil caused 51.97% inhibition of PPO activity in the katu
anoda extract and 49.51% inhibition in the ash plantain
extract at pH 7.0. Therefore, it can be identified that 51.97%
and 49.51% of inhibition are mainly due to cinnamaldehyde
and eugenol present in cinnamon bark oil.

3.2. Analysis of Inhibitory Activity of Ginger. Based on a
research carried out on characterization of PPO activity in
ginger (Zingiber officinale R) reports that in rhizomes of
different ginger accessions studied, three isoforms, though
varied in level of expression, were detected during early and
middle stages of rhizome development, whereas a single,
predominantly expressed, common isoform was observed at
the harvest stage [17].

According to a study carried out on the benefit uses of
ginger in herbal preparation, it states that being a rhizome,
it consists of 477 different constituents, which include the
well-known ascorbic acid, caffeic acid, beta-carotene,
curcumin, beta-sitosterol, and limonene. Hence, the
analysis with ginger as an inhibitor, in this research, was
only to determine whether it possesses any inhibitory
activity. The chemistry behind its inhibitory activity is
unknown.

This is because even if it shows an inhibitory activity, the
chemical constituent responsible for this effect would be a
longer research finding as it consists of vast number of
chemical constituents [18]. The reaction in Figure 3 thus
depicts a possible outcome of the inhibitory activity of ginger
due to its well-known constituent, ascorbic acid. The in-
hibitory activities of ginger on PPO activity of Annona
muricata extract and Musa acuminata extract are reported
in Tables 3 and 4, respectively.



Journal of Chemistry

Enzyme-inhibitor activity 0.131 0.130

4
TaBLE 1: Inhibitory activity of cinnamon bark oil on PPO activity of the Annona muricata extract.
Absorbance (nm)
o d Mean absorbance 1%
1* absorbance 2" absorbance
Enzyme-substrate activity 0.252 0.255 0.254
Enzyme-inhibitor activity 0.125 0.119 0.122 51.97
TaBLE 2: Inhibitory activity of cinnamon bark oil on PPO activity of the Musa acuminata extract.
Absorbance (nm)
Mean absorbance 1%
1st absorbance 2nd absorbance
Enzyme-substrate activity 0.210 0.198 0.204
Enzyme-inhibitor activity 0.105 0.100 0.103 49.51
0.4 -
8
=
<
0
5
2
<
Annona muricata Musa acuminata
extract extract
B Enzyme-substrate activity
B Inhibitory activity
FIGURE 2: Enzymatic activities and variation of inhibitory activities with cinnamon bark oil.
(@]
(0]
Ascorbic acid H,0
Noncatalyzed oH Catalyzed by PPO
OH
Dehydroascorbic acid 1/2(0,)
FIGURE 3: Reduction of o-quinones to o-diphenol by ascorbic acid [1].
TaBLE 3: Inhibitory activity of ginger on PPO activity of the Annona muricata extract.
Absorbance (nm)
Mean absorbance 1%
1st absorbance 2nd absorbance
Enzyme-substrate activity 0.320 0.350 0.335
0.131 60.90
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TasLE 4: Inhibitory activity of ginger on PPO activity of the Musa
acuminata extract.

Absorbance (nm)

st nd Mean I%
1 2
absorbance (%)
absorbance absorbance
Enzyme-
substrate 0.212 0.208 0.210
activity
Enzyme-
inhibitor 0.110 0.107 0.109 48.10
activity
0.4
0.335 0.21
0.3

Absorbance
(=)
(3]
1

0.1

Musa acuminata
extract

Annona muricata
extract

B Enzyme-substrate activity
B Inhibitory activity

FIGURE 4: Enzymatic activities and variation of inhibitory activities
with ginger.

On review of results gathered as shown in Figure 4, we see
that it had been an effective inhibitor towards the katu anoda
extract with a percentage inhibition of 60.90% and 48.10%
inhibition for the ash plantain extract, respectively. These re-
sults thus infer that ginger indeed shows an inhibitory activity
towards PPO, apart from itself being a basic source of PPO.

4. Conclusion

The results gathered in this study indicate that inhibition of
polyphenol oxidase (PPO) could be carried out in selected
fruits and vegetables, katu anoda and ash plantains, which
are common to Sri Lanka using natural inhibitors. The
experimental findings confirmed the inhibitory effect of
cinnamon bark oil and ginger on browning. In addition, the
experimental findings suggested that the inhibitory effect of
the selected inhibitors varied when experimented upon
different enzymatic extracts. Thus, based on results gathered,
for katu anoda, the effective inhibitor was ginger, while for
ash plantains, Ceylon cinnamon bark oil. Thus, the results
conclude that this research study enabled to meet the ob-
jectives with positive results on higher percentage inhibi-
tions for browning using natural inhibitors.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Additional Points

In the field of food industry, methods to prevent browning is
the subject in great deal of research. Most of these fruits and
vegetables available in markets are termed as “ready to cook
samples,” but in order to preserve them from this unfa-
vorable enzymatic browning reaction, currently a large
number of synthetic inhibitors are used, which could seem to
have bad effects on consumers and also do generate cost
factor. Hence, it becomes a highlighting factor that enzy-
matic browning determines the customer acceptability as
well. Thus, the following research provides a subsidiary
method of generating antibrowning agents, which has no
bad effect to consumers, and further research could enable to
generate a method which is of much lower cost.
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