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Effect of Chemical and Thermal Treatments on Browning
Inhibition of Senescent Plantain (Musa paradisiaca) Puree
for Semolinas Preparation
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Abstract Polyphenol oxidases (PPOs) from several fruits, including plantain, have been involved in the undesirable
brown discoloration of food products that resulted in negative effects on colour, taste, and nutritional value. The present
work was carried out to evaluate the effect of chemical and thermal treatments on browning inhibition of senescent plantain
(Musa paradisiaca) puree for the preparation of a local semolina called “M’Bahou”. A screening of PPOs activities from
senescent plantain was carried out. The physicochemical characteristics and thermal stability of main PPOs activities were
determined in order to develop methods of anti-browning. The anti-browning methods focused on chemical treatments
alone or combined with heat treatment. The effectiveness of these methods was determined by measuring colour
parameters of purees. Sensory analyses were carried out in order to evaluate the effect of the anti-browning treatments on
organoleptic quality of “M’Bahou” semolina. Dopamine oxidase, pyrocatechol oxidase and pyrogallol oxidase activities
were the main PPO activities from senescent plantain that were optimally active at pH range (5.6 to 7.0). At 60 °C, their
D-values ranged from 31 to 47.27 min. Hence, heat treatment at 60 °C for 35 min reduced browning of senescent plantain
puree. Sodium metabisulfite was found to be the most potent inhibitor of PPOs from senescent plantain followed by
ascorbic and citric acids. Pre-treatment of plantain puree with a combination of metabisulfite and ascorbic acid (5:50 mg
and 7:30 mg) per 100 g of puree or heating combined with the addition ascorbic and citric acids (50:50 mg) indicated low
browning. A comparison between sensorial characteristics of semolinas obtained from these pre-treatment methods
revealed no significant difference in terms of odour, texture, and overall acceptability of semolinas. But for health reasons
related to metabisulfite in Asthmatics, we would recommend the use of the lowest concentration (5:50 mg;
metabisulfite/ascorbic acid) or the method which combined using of heat treatment and ascorbic acid/ citric acid for
semolina preparation.
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1. Introduction

Plantain (Musa paradisiaca) is an important starchy,
staple and commercial crop in West and Central Africa
where fifty per cent of the world’s plantain crop is produced
[1]. It constitutes a major source of carbohydrate for
millions of African people. Plantain contains low protein
and fat but rich in starch and mineral elements, especially
potassium [2]. Food uses and consumption patterns of
plantain are quite diverse [3, 4]. The plantain flour is used
to make donuts, biscuits, bread [5, 6] and also food for
children and pregnant women [7]. In Céte d'lvoire, unripe
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and ripe plantain pulps are generally used to make popular
foods such as foutou and foufou [8]. The production of
plantain is estimated at 1,624,354 million tons [9] but, about
35 to 60% of this production is lost after harvested due to
the lack of storage conditions and the inappropriate
processing technologies for food [10]. After harvest,
plantain exhibits a respiratory peak during natural ripening.
The ethylene gas triggers the enzymatic reactions in
plantain fruits causing ripening [11] and over-ripening of
pulps for the most of time. After maturity, the plantain fruit
evolves in 9 different stages of ripening [12]. From stage 1
to stage 7, plantain still retains its market value. Beyond
stage 7, there is senescence, where there is rapid
deterioration coupled with the growth of microorganisms as
a result of drastic softening of the fruit tissue [13, 14]. The
over-ripeness and senescence of pulp make plantain unused
for common diet but some alternative products such as
cakes [15], beer [16] and juice [17] were generated.
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In the eastern part of Céte d’Ivoire, a local semolina
product from senescent plantain called “M’Bahou” is also
produced to reduce post-harvest losses. The “M’Bahou”
semolina supplements the dietary needs of rural population
and is well appreciated by urban consumers. The process of
“M’Bahou” semolina requires senescent plantain pulp that
is crushed and blended with cassava flour. A long-time of
treatment of the plantain pulp leads to more oxidation and
production of coloured products [18]. Several users of
plantain have noted the presence of a polyphenol oxidase
activity [19] and the occurrence of enzymatic browning
during the preparation of plantain [20]. The enzymatic
browning occurring in the crushed pulp remains a critical
point that impacts negatively the “M’Bahou” semolina. This
browning makes the product dark, limits the storage and
contributes to reduce its organoleptic quality [21]. It leads
also to a change in flavour and a reduction in the nutritional
quality [22, 23]. Several methods such as the use of sodium
metabisulfite as a chemical browning inhibitor, as well as
thermal processing have been used to inhibit enzymatic
browning and limit its impact on the quality of plantain
products [24, 25]. Ruthra and al. [26] evaluated the effect
of the combination of citric acid, ascorbic acid and
potassium metabisulfite and their combinations on
minimally processed banana. They observed that potassium
metabisulfite (0.2%) and combination of potassium
metabisulfite and ascorbic acid were most effective in
control of browning. Metabisulfite (0.1 and 0.2%) was also
found to be the most effective pre-treatment for preventing
browning in ripe and over-ripe banana pulp, as these
concentrations were likely to maintain the original colour of
banana pulp [27]. According to Koffi and al. [28], heating
whole bananas or the puree was effective in inhibiting PPO,
but the addition of 100 mg/L potassium metabisulfite was
the most effective treatment in inhibiting browning. Bazaz
and al., [29] showed that banana pulp (stage 4 of ripening)
subjected to heat treatment (65°C, 30 min) and chemical
treatment can be stored for long term without deterioration.
All these works were generally carried out on unripe, ripe
or over-ripe plantain. Investigations on the browning
inhibition of senescent plantain for its valorisation are
scarce.

The present study was carried out to assess the effect of
chemicals and thermal treatments on browning inhibition of
senescent plantain (Musa paradisiaca) puree for semolina
preparation in Cote d’Ivoire. It should also provide helpful
information about the physicochemical characteristics of
PPO activities as well as the impact of these treatments on
the organoleptic quality of “M’Bahou” semolina.

2. Materials and Methods

2.1. Materials

Plantain sample preparation
Mature plantains (Musa paradisiaca, variety Corn 1) were

harvested in the experimental plot of Azaguié (located 50 km
north of Abidjan 5°38'N, 4°05' W) located in Cote d’Ivoire.
Plantains were allowed to ripen naturally at room
temperature to senescence (stage 9).

2.2. Methods

Extraction of Polyphenol Oxidase (PPO)

A sample of senescent plantain (150 g) was crushed in a
blender (Moulinex, France) and homogenized for 10 min in
300 ml of NaCl 0.9% (w/v). The resulting homogenate was
centrifuged at 8000 g for 10 min at 4°C (Refrigerated
centrifuge TGL-16M, China). The collected supernatant was
the crude enzymatic extract used for PPO activity assays
[30].

Enzyme assay

The PPO activities were determined using various
phenolic compounds consisting of dopamine, pyrocatechol,
pyrogallol, gua®col, L-Tyrosine and L-Phenylalanine as
substrates. The reaction mixture adjusted to 2 mL with
extraction buffer at appropriate pH, contained 0.1 mL of
crude enzymatic extract and 10 mM of substrate. This
reaction mixture was incubated at 25°C for 10 min.
O-quinones content starting from the dopamine and guaacol
was estimated at 480 nm and those resulting from the others
phenolic compounds at 420 nm [31]. Experiments were
performed in triplicate, and the results expressed as units of
enzymatic activity per mg of protein. One unit of enzymatic
activity (U) was defined as an increase in absorbance of
0.001 per min (standard test conditions).

Optimal pH of PPO activities

The effect of pH on the crude PPO activities was
determined by measuring the oxidation of phenolic
substrates in different buffers at various pH values ranging
from pH 2.6 to 10.6. The buffers (100 mM concentration)
used were sodium acetate from pH 3.6 to 5.6, sodium
phosphate from 5.6 to 8.0 and sodium citrate from pH 2.6 to
7.0 and Tris-HCI from pH 8.6 to 10.6. The PPO activities
were determined at 25°C under the standard test conditions.

Optimal temperature of PPO activities

The effect of temperature on PPO activities was
performed in 100 mM sodium phosphate buffer pH 7.6 (for
dopamine oxidase and pyrogallol oxidase), in sodium acetate
buffer pH 5.6 (for pyrocatechol oxidase) after 10 min
incubation at temperatures ranging from 5 to 80°C under
standard test conditions [30, 32].

Effect of some chemical agents on PPO activities

To determine the effect of some food additives as effective
inhibitors of PPO activities, the crude enzymatic extract was
preincubated at 25°C for 30 min with the chemical agents.
Citric acid, ascorbic acid, and sodium metabisulfite were
tested at different concentrations and the activity of PPO was
assayed under the standard test conditions. Residual
activities were expressed as percentage refers to a control
without chemical agents.
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Thermal inactivation and kinetic parameters (t;, and
D-values) determination

The thermal inactivation of PPO activities was determined
at temperatures ranging from 45 to 85°C. The crude
enzymatic extract in appropriate buffers [L00 mM sodium
phosphate pH 7.6 (for dopamine oxidase and pyrogallol
oxidase) and sodium acetate pH 5.6 (for pyrocatechol
oxidase)] was preincubated at different temperatures.
Aliquots were withdrawn at intervals and cooled at room
temperature for 10 min. The enzymatic activities of the
aliquots were measured under standard conditions. The
Kinetic data analysis of thermal inactivation of the PPO
activities was done from the equation 1 (1). This equation is
derived from the equation of first-order reactions [33].

In [At/Ao] = -kt 1)

Where At is the residual enzymatic activity at time t, AO is
the initial enzymatic activity, and k is the reaction rate
constant (min™) at the temperature studied.

The inactivation rate constant k was estimated by linear
regression analysis of the logarithm of residual activity
versus treatment time.

The time where the residual activity reaches 50% known
as the half-life (ty,), was given by the equation 2 (2):

th =1In (2)/k (2
The D-value, defined as the treatment time (min) needed

to reduce the initial activity of 90% was calculated according
to the equation 3 (3) [34].

D = 2,303/k (3)
Anti-browning pre-treatments

The effectiveness of thermal and chemical treatments on
the browning was evaluated by measuring the colour
parameters of purees from senescent plantain. The purees
were obtained by two methods.

The first treatment consisted in grinding samples (100 g)
of senescent plantain to which various combinations of
metabisulfite and ascorbic acid (5:30, 5:40, 5:40 and 7:30,
7:40, 7:50 mg) per 100 g of puree were added.

For the second treatment, samples (100 g) of senescent
plantain pulps were heated at 60°C for 35 min. Then, the
pulps were crushed using a mixer (Moulinex, France) and
various combinations of ascorbic acid and citric acid (40:40,
40:50, 50:40, and 50:50 mg) per 100 g of puree were added.

For each test, a blank prepared under the same conditions

without chemicals and thermal treatment was used as control.

The puree samples putted into petri dish were exposed to air
at room temperature for 24 h.

The initial chromaticity indices (L *, a *, b *) of each
puree were determined immediately and after 24 hours with
a Chromameter (Colour Reader CR-10 Input: 8v/9v = 1.5A
konica minolta, inc, Japan). Chroma difference (AC), colour
difference (AE) and browning index (BI) were calculated as
follows:

AC = (Aa*? + Ab*?)™? (4)
AE = (AL?*+Aa*+Ab?)M? (5)

Bl = [100(x - 0.31)] / 0.172 (6)
where:
X = (a* + 1.75L*) / (5.645L* + a* - 3.012b*)  (7)

Parameter L* refers to the lightness of the samples, and
ranges from black (L* = 0) to white (L* = 100). A negative
value of parameter a*indicates green, while a positive one
indicates red colour. Positive value of parameter b* indicates
yellow while negative value indicates blue colour [35, 36].

Preparation of “M’Bahou” semolina

The “M’Bahou” semolina samples were obtained from
three pre-treatment methods of plantain pulps or purees: (1)
puree to which a combination of metabisulfite and ascorbic
acid (5:50 mg) per 100 g of puree was added, (2) puree to
which a combination of metabisulfite and ascorbic acid (7:50
mg) was added and (3) plantain pulps subjected to heat
treatment (60°C, 35 min) and crushed to which a
combination of ascorbic acid and citric acid (50:50 mg) was
added. Each puree sample was blended with cassava flour
(50/50), and 0.5% salt was added to the mixture. The
resulting mixture was sieved (2 mm) to obtain granules
which were then rolled. The granules obtained were steamed
for 20 min using a couscous maker.

Sensory evaluation

In order to evaluate the effect of the anti-browning
treatments of senescent plantain puree on organoleptic
quality of “M’Bahou” semolina, sensory analyses were
carried out. For this study, a 9- point hedonic test scale was
used. The panelists rated three “M’Bahou” semolina samples
from 1-9, where 9 corresponds to "like extremely" which
means the most accepted product and 1 corresponds to
"dislike extremely" which means least accepted [37]. Fifty
(50) panelists were selected from the University of Nangui
Abrogoua community. The samples were evaluated for
colour, odour, texture, taste characteristics and the overall
acceptability of the products was asked to panelists.

Statistical analysis

Data shown are means of triplicates for each treatment.
The data generated from the sensory evaluation and other
analysis (chemical and heating treatment and browning
inhibition) was subjected to analysis of variance (ANOVA)
to determine the significant difference, using Statistica 7.0
(Stat Soft Inc., USA). The Least Significant Difference (LSD)
of the sample was also calculated with Duncan test.

3. Results and Discussion

Physicochemical characteristics and thermal stability of
PPOs from senescent plantain

The results of the screening of PPO activities as presented
in Figure 1 showed that diphenolic compounds were suitable
substrates for PPOs from the pulp of senescent plantain. Our
results were in agreement with those of Ngalani and al. [20],
who reported that PPOs of plantain pulp (variety " French ",
ripening stage 4 and 5) were able to oxidize diphenolic
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substrates more than monophenolic substrates. The fact that
dopamine, pyrocatechol and pyrogallol were the most
suitable diphenolic substrates suggested that dopamine
oxidase, pyrocatechol oxidase and pyrogallol oxidase
activities were the main enzymatic activities involved in the
enzymatic browning of senescent plantain pulp (variety Corn
1). To this end, browning prevention strategies during the
processing of plantain pulp should focus on these enzymatic
activities. Hence, their physicochemical characterization has
been considered.
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Figure 1. Screening of polyphenol oxidase (PPO) activities of the pulp
from senescent plantain (Musa paradisiaca; Variety Cornl). Dopa:
Dopamine, Pyroc: Pyrocatechol, Pyro: Pyrogallol, Gua: Gua#col, L-Tyr:

L-Tyrosine, L-Phe: L-Phenilalanine

Table 1. Some physicochemical characteristics and kinetic parameters of
polyphenol oxidase (PPO) activities of the pulp from senescent plantain
(Musa paradisiaca; variety Cornl)

Parameters
Enzymatic Buﬁ;er Optimal
activities o ty D an temperature
(°C) optimal (C)
pH
50 2415 80.24
55 18.78 6241 )
Pyrocgthechol 60 1403 46.62 sodium
oxidase acetate 40
65 712  23.64 pH 5.6
70 544  18.08
50 17.24  54.80
55 15.61 49.62 )
Pyrogallol ¢ 1487 477  Sodium
oxidase phosphate 30
65 932 2961 pH 7.0
70 355  11.29
50 21.07 70.00
. 55 18.10 60.13 )
Dop_amlne 60 933 3100 Sodium
oxidase phosphate 35
65 462 1536 pH 7.0
70 2.45 8.13

The effect of pH on PPO activities from senescent plantain
pulp was examined at different pH values, ranging from 2.0
t0 11.0 (Table 1). The optimal activities were found at pH 5.6
for pyrocatechol oxidase and, pH 7.0 for dopamine and

pyrogallol oxidase activities. Similar results about pH profile
were observed by several authors for PPOs from various
plants [38]. Indeed, Chaisakdanugull and Theerakulkait [38]
reported an optimal pH (7.0) for dopamine oxidase activity
from banana pulp [Musa (AAA Group) ‘Gros Michel’]. The
work carried out by Barthet [39] on isozymes isolated from
roots of Manihot esculenta, indicated optimal pH values of
6.5, 6.8 and 7.5 using dopamine and pyrocatechol as subs-
trates. Since PPO activities from senescent plantain were
optimal at pH ranging from 5.6 to 7.0, their activity could be
inhibited when exposed in acidic environment. According to
[40], the activity of PPOs decreases in an acidic environment
by protonation of the catalytic site, thereby preventing the
conformation of the active site, the binding of the substrates
and / or the catalysis of the reaction.

As concerned the effect of temperature on PPOs from
senescent plantain, the optimal temperature, half-life
(ty2-value) and D-value which are important parameters for
enzyme thermal stability evaluation [41] were determined as
shown in Table 1. The optimal temperatures of these
enzymatic activities ranging from to 30 to 40°C indicated
their mesophilic character. Note that mesophilic enzymes are
relatively sensitive to elevated temperatures. The increase in
temperature from 45 to 80°C resulted in a decrease in PPO
activities, hence the decrease of t,-values and D-values. At
60°C, the ty,-values of the studied enzymatic activities
decreased to values between 9.33 and 14.87 min. These
values were lower than those obtained by Unal [42] who
reported a tj,-value of 54.6 min at 65°C for the PPO of
Anamur banana (Musa cavendishii). Thus, the low t;,,-values
obtained suggested that PPOs from senescent plantain are
strongly inactivated at temperatures from 60°C. With respect
to D-values, a 90% reduction in activity of PPOs from
senescent plantain was observed at times ranging from 31 to
47.27 min at 60°C. Similar results were obtained by Gouzi
and al. [43] for the PPO of Agaricus bisporus at 60°C
(tyo-value = 11.8 min, D-value = 39.0 min).

Regarding the effect of food additives used as inhibitors,
PPOs from senescent plantain were found sensitive to citric
acid, ascorbic acid, and metabisulfite (Figure 2). As
concentrations of food additives increased, a decrease in
PPO activities was observed, thus reflecting their inhibitory
effect. A similar result was observed by Sikora and Swieca
[44], Sodium metabisulfite and ascorbic acid were the most
potent inhibitors of these enzymatic activities compared to
citric acid. Indeed, sodium metabisulfite was effective at
low concentrations. At a concentration of 100 mg/L, the
inhibitory effect of sodium metabisulfite was three and
four times higher than that of ascorbic (300 mg/L) and citric
acids (300 mg/L), respectively. The effectiveness of sodium
metabisulfite on inhibiting PPO activities has been
previously described by Wuyts and al. [45]. Ascorbic acid
and citric acid displayed also an inhibitory effect on PPOs
from senescent plantain, but this seemed to be effective at
high concentrations. Note that, citric acid has also been
reported to effectively inhibit PPOs. Its inhibitory effect is
due to the chelation of copper located at the active site of
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PPO and lowering of the pH [46]. Therefore, the studied food
additives could be effective as anti-browning of plantain,
since PPOs activities they inhibit were reported to be
involved in browning. Besides, none of these additives were
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able to completely inhibit the activity of these enzymatic
activities. Thus their use in combination may be promising to
prevent browning of senescent plantain puree.
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Figure 2. Effect of three food additives on Polyphenol oxidase (PPO) activities of the pulp from senescent plantain (Musa paradisiaca; Variety Cornl).
A = sodium metabisulfite, B = citric acid, C = ascorbic acid, —e—— Pyrocathecol oxidase activity, ——&— Pyrogallol oxidase activity, —5—

Dopamine oxidase activity

Effect of food additives and heat treatment on brown
discoloration of senescent plantain puree

Based on physicochemical characteristics and the thermal
stability of PPOs from senescent plantain, two methods were
developed to control the browning of the puree.

First, the use of food additives alone was considered.
Samples of senescent plantain puree to which food additives
were added, were measured for browning immediately after
preparation and 24 h of storage. Thus, AC, AL and AE were
calculated as differences between two L* a* b* colours
based on the values obtained at the two measurement times
(0 and 24 h) [47]. ABI was also calculated as the difference
between the initial Bl and the Bl at 24 h. The treatment of the
senescent plantain puree with sodium metabisulfite and
ascorbic acid in combination led to a decrease in the ABI, AC
and AE values compared with those observed for the control
after 24 h. The highest values of ABI (43.3 £ 0.5), AC (15.2 £
0.2) and AE (22.2 + 0.1) recorded for the control decreased
for the puree treated with the combination of metabisulfite
and ascorbique acid (7: 50 mg) per 100 g of puree to values
of 4.9 £ 0.7, 4.3£ 01, and 8.11 + 1.0, respectively (Table 2).
This combination (7: 50 mg) was found effective to reduce

the browning of senescent plantain puree. Similar results
were reported by others authors. Indeed, sweet potato
‘Colorada Correntina’ minimally processed and treated with
a mixture of anti-browning agents (sodium metabisulfite
2%lcitric acid) was preserved [48]. Olubunmi [49] reported
that browning reactions of plantain, due to catechol oxidase
activity were inhibited by sodium metabisulfite (0.1%),
ascorbic acid (0.2%), malic acid (1.0%), and the least sodium
(> 1.0%). Tan and al. [50] showed that the use of ascorbic
acid and/or sodium metabisulfite was significantly (P<0.05)
effective to reduce brown discoloration of processed green
coconut water. Indeed, there is evidence that enzymatic
browning of fruit may be delayed or eliminated by removing
the reactants, such as oxygen and phenolic compounds, by
using PPO inhibitors [51] or by inhibiting secondary
reactions [52]. Among the effective compounds to prevent
browning, sulfites do not only act as a reducing agent, but
also have ability to directly inhibit PPOs. They also interact
with quinones, thereby preventing their subsequent
participation in secondary reactions leading to brown
pigments formation [53]. As for ascorbic acid, it has the
ability of being strongly reducing. It acts on oxygen by an
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oxido-reduction reaction thanks to its enediol function and it
is converted into dehydroascorbic acid which has the same
biological activity as the ascorbic acid [54]. However, in this
study, the effectiveness of the treatments was dose
dependent as shown by Lim and Wong [55] and Sarpong and
al., [56]. Tapre and Jain [18] reported that the clarity of the
banana pulp juices was a function of the concentration of
ascorbic acid used. As the concentration of ascorbic acid
increased, the browning index of the clarified juices also
decreased. Ascorbic acid at a rate of 470 mg/kg, was not
effective in inhibiting browning [17]. This suggested that at
low concentrations, these inhibitors can be rapidly consumed
in the reduction process so that colour development is only
delayed for a limited time but not completely suppressed
[57]. Jang and Moon [58] rightly showed that high
concentrations of ascorbic acid could be a good inhibitor of
PPOs. Yeo et al. [17] reported that potassium metabisulfite
(100 mg / kg) was more effective at producing a slightly
coloured banana juice with a stable colour. However, the
standard required for the use of metabisulfite in foods such as
flakes and semolina is 100 mg / kg. In this study, it was of
great importance that the combination of sodium
metabisulfite/ ascorbic acid (5:50 mg) per 100 g of puree led
to a decrease in ABI by four and a half times. In addition
there was no significant difference between the variation of
colour parameters of the puree to which sodium
metabisulfite/ascorbic acid (7:30 mg) was added than those
recorded for puree to which sodium metabisulfite/ascorbic
acid (5:50 mg) was added. The increase in the level of
ascorbic acid and the decrease in the level of metabisulfite
were likely to reduce browning. Thus, the combination of
metabisulfite and ascorbic acid (5:50 mg) is promising to
control browning of senescent plantain puree. In particular,
this is advantageous for senescent plantain processing
because metabisulfite should be used at low concentrations
as recommended by the standard. Note that, there is
increasing concern regarding allergic reactions to sulfites in
certain individuals, especially in asthmatics due to
health-related problems. Although, it was reported that
heating could eliminated the residual sulfites in foods subject
to cooking, their adverse health effects led to growing
interest in the use of non-sulfite anti-browning agents to
replace sulfites preservatives [59, 46]. For this reason,
combinations of non-sulfite anti-browning agents are also
used to preserve the products.

Second, the heat treatment combined to the addition of
ascorbic and citric acids was investigated as an alternative to
the use of metabisulfite. Remember that the thermal stability
study indicated a 90% reduction in activity of PPOs from
senescent plantain at times ranging from 31 to 47.27 min at
60°C. Therefore, heat treatment of senescent plantain pulp at
60°C for a time within the range (31 to 47.27 min) would
reduce browning. The mild heat treatment (40°C, 5 min) was
reported as a promising approach to inhibit browning sliced
button mushrooms [36]. As concern plantain processing, the
choice of the optimum heat treatment time should require a
perfect match between organoleptic characteristics of the

semolina to be produced and the processing quality of the
senescent plantain pulp to be processed. To produce quality
semolina, avoid the cooking of the plantain pulp that causes
starch gelatinization is need. In fact, the gelatinization of the
starch leads to an aggregation of semolina in the precooking
stage, thereby inducing a sticky effect that affects the
disintegration of semolina. The suitable time of heat
treatment (60°C) of senescent plantain pulp that reduced
browning of puree was 35 min (results not shown). This time
that fell within the range (31 — 47.27) was able to avoid
cooking of plantain pulp intended to make puree for
semolina preparation. Then, senescent plantain pulps were
subjected to heat treatment (60°C, 35 min) and different
concentrations of ascorbic and citric acids were added. The
variation of browning index and others colour parameters of
the puree from the senescent plantain samples are shown in
Table 3. Plantain puree that did not receive any treatment
registered the highest values of ABI (44.6+0.4), AL
(22.5%0.8), AC (17.30.6) and AE (28.4+0.4). The ABI, AL,
AC and AE values of purees decreased significantly (p <0.05)
as a function of concentrations of food additives used. For
the combination of ascorbic acid and citric acid (50:50 mg)
per 100 g of puree, low ABI (11.8 + 0.1), AL (9.1£0.0) and
AC (8.3£0.7) were observed, showing the effectiveness of
the treatment in controlling the browning. The effectiveness
of ascorbic acid in controlling browning was previously
documented for slices of banana smoothies [60], while the
effectiveness of citric acid as acidifier was demonstrated
[48, 61, 62]. Tapre and Jain [18] showed that pre-treatment
of pulp with 1000 ppm of ascorbic acid or heating at 90°C for
6 min was observed to retain the natural colour of prepared
clarified juice without marked changes up to 4 h of storage at
room temperature.

Based on the concentrations, ascorbic acid and citric acid
were not more effective in controlling browning than
metabisulfite. However, the heat treatment of senescent
plantain followed by the combined addition of ascorbic acid
and citric acid improved their effectiveness in preventing
browning of the puree.

Sensorial analysis of semolinas

Table 4 presents the mean scores of colour, odour, texture,
taste and overall acceptability of semolinas obtained by three
pre-treating methods of senescent plantain puree. There was
no significant difference between the odour, texture and
overall acceptability of semolinas obtained from the different
treatments applied to pulp or puree of senescent plantain.
However, significant differences were observed in colour
and taste. The slightly elevated scores (6.90 + 1.0 and 6.94 +
1.37) of colour for semolinas obtained from the puree to
which the combinations of metabisulfite /ascorbic acid were
added could be due to the effectiveness of their levels to
control browning of plantain puree. Semolinas obtained from
these methods were above average acceptability (6.9 £ 0.7 -
7.0 £ 0.7). Therefore, these methods can be used for the
preparation of semolina without affecting the acceptability of
the product.
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Table 2. Initial and final values of colour parameters of senescent plantain (Musa paradisiaca, variety Corn 1) puree treated with the combination of
metabisulfite and ascorbic acid

(Metabisulfite :  Time
ascorbic acid) (h)

0 43.7+04° 9.2¢0.3" 18.8:0.1° 20.9+0.2" 69.8+1.1°

Food additives L* a* b* C BI ABI AC AE

Control A A A A A f d 9
24 27.5+0.5%  0.3+0.1%  6.4+0.3 6.4+0.2"  26.5+1.1" 43.3t0.5 152+0.2° 22.2+0.1
0 44.7+0.2°  7.330.3° 17.5+0.4° 19.0+0.4° 60.2+1.4°
5:30 24 37.2¢0.1%  2.7+0.0° 12.9:+0.1% 13.2:0.0° 46.6+0.1® 13.6+15° 6.5:04°  9.9+0.3
0 447+0.2°  6.4+0.1° 17.3x0.2° 185x0.2° 57.9+0.8°
5:40 24 376:02% 26:0.1° 13.1+0.3%® 13.3:0.3° 465:09% 115:14° 57:03°  9.1x0.2°
0 43.4+0.10° 5.3x0.0° 17.5#0.2° 18.3+0.2° 58.9+0.8"
5:50 24 37.9:0.1° 1.0:0.1® 14.8:+0.3° 14.8:0.3F 49.4:09° 9.5:12° 51#0.1" 7.5:0.1°
Concentrations 0 43.8+0.1° 6.3+0.2° 16.8£0.3" 17.9+0.2° 57.24+0.9°
(mg/100 g) 7:30 24 37.3:0.4° 23:01° 136+02° 138+0.3° 48.4#0.7° 8.8+15° 51:04°  8.3+06°
0 437+£0.3°  7.1#0.1° 185+0.2° 19.8+0.2° 65.1+1.4°
7:40 24 38.2:0.2° 3.9:0.0° 156:05° 16.1#05"7 582:¢2.4% 69£0.8°  43%x0.6°  7.0:0.1°
0 44.1+0.1°  7.080.0° 18.4%0.2° 19.7#0.2° 64.0+0.7°
7:50 24 37.3+1.28  3.9+0.0° 15.4+0.2° 159+0.2F 59.2+2.0° 4.9+0.7° 43x0.1° 81£10°

The values followed by different letters in the same column for the same parameter and at an identical time are statistically different (a = 0.05)

Table 3. Initial and final values of colour parameters of senescent plantain (Musa paradisiaca, variety Corn 1) puree subjected to heat treatment (60 °C; 35
min) combined with the addition of ascorbic and citric acid

Heat treatment +
additives Time

(mg/100g) () L a b c BI ABI AL AC AE

0 47.3+04*  5.4+0.0 22.7+0.7¢ 23.3+0.7¢ 71.0+2.0°

R . N N . 446:04° 22508 17.3:06° 28.4:0.4°
Control 24 247+0.8" -5.3:0.0 9.0£0.9 10.5+0.6 26.4+0.8

0 56.0:0.1  0.3+0.0° 22.7+0.2¢ 22.7+0.3° 50.3+0.3° ’
40:40 . o . . . 16.6£0.0° 12108  9.3:0.8° 15.3:0.6°
24 43.9:0.6° -1.0:0.1 13.5£0.7 13.6£0.7 33.840.0

0 55.1£0.1°  0.7+0.0° 21.8+0.7° 21.840.8° 49.2+0.1° .
40 : 50 . 5 5 . 5 13.9:07° 107:00°  7.741.0°  11.9:04°
24 44.4+0.1°  -2.5+0.0 15.0+0.9 15.3+0.2 34.2+0.6

0 537¢01° -20#00° 21.5+01°  21.6£0.2°  45.9:0.0° )
50 : 40 . b . . s 130:05°  94:07°  83:08° 126205
24 443+0.6° -09:01°  133#0.1 13.4+0.1 32.980.7

0 54.7¢0.1°  -1.7+0.0° 21.2+0.6° 21.5+0.8° 44 5+0.4° . .
50 : 50 5 . 5 5 o 118:01°  9.1:00°  83:0.7° 13.6:0.4
24 45.6+0.1°  -1.2+0.1 13.8+0.1 13.9+0.1 32.740.1

Heating (60 °C; 35 min) +
(‘ascorbic acid : citric acid)

The values followed by different letters in the same column for the same parameter and at an identical time are statistically different (o = 0.05)

Table 4. Mean acceptability of the quality attributes of “M’Bahou” semolinas obtained from three pre-treating methods of senescent plantain (Musa
paradisiaca, variety Corn 1) pulps or purees

Pre-treatment methods

Metabisulfite/ ascorbic acid

Quality attributes Metabisulfite/ ascorbic acid Metabisulfite/ ascorbic acid Heat treatment/ ascorbic acid/ citric acid
(5:50 mg) (7:50 mg) (50:50 mg)
Colour 6.90 + 1.05" 6.94 +1.37" 6.40 + 1.18°
Odour 7.04 £1.32% 7.00+1.16° 6.86+1.14°
Texture 7.20+1.05° 6.98+1.45° 6.68+1.28°
Taste 7.38+0.78"° 7.02+0.71° 6.72+1.05°
Overall Acceptability 7.04 +0.67% 6.98 + 0.68° 6.86 + 0.70°

On each line, means followed by the same letter are not significantly different (o = 0.05)
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4. Conclusions

The screening of PPO activities has shown that dopamine
oxidase, pyrocatechol oxidase and pyrogallol oxidase were
enzymatic activities mainly involved in the browning of
senescent plantain. Based on the physicochemical properties
and thermal stability of these PPOs activities, treatments
carried out on the senescent plantain pulp and puree led to
reduce browning of plantain puree. The combined addition
of metabisulfite and ascorbic acid to the puree was the most
effective method of anti-browning. The thermal treatment of
pulps combined with addition of ascorbic and citric acids had
good effects on the organoleptic quality of the generated
“M’Bahou” semolina, but a slightly preference was observed
for semolina obtained from the puree to which the
combination of metabisulfite and ascorbic acid (5:50 mg) per
100 g of puree was added. Colour, odour, texture and taste of
semolina were found to be acceptable with fairly good
grades. For health reasons related to metabisulfite in
Asthmatics, we would advise users to use the combination of
metabisulfite and ascorbic acid (5:50 mg) or the method
using heat pretreatment combined with the use of ascorbic
and citric acids to produce semolina of good quality. We
believe that this study will enable the valorisation of
senescent plantain and thus contribute to food security.

REFERENCES

[1] Arisa, N. U, Adelekan, A. O, Alamu A. E and Ogunfowora,
E. J. (2013). The Effect of Pretreatment of Plantain (Musa
Parasidiaca) Flour on The Pasting and Sensory
Characteristics of Biscuit. International journal of food and
nutrition science, 2 (1): 10-24.

[2] Arinola, O. Ogunbusola, M. and Adebayo, S. (2016). Effect
of Drying Methods on the Chemical, Pasting and Functional
Properties of Unripe Plantain (Musa paradisiaca) Flour.
British Journal of Applied Science and Technology 14(3):
1-7.

[3] Mosso, K., Kouadio, N., and Nemlin, G. J. (1996).
Transformations traditionnelles de la banane, du manioc, du
taro et de I'igname dans les régions du centre et du sud de la
Cote d'lvoire. Industries alimentaires et agricoles, 113(3):
91-96.

[4] Newilah, G. N., Tchango, J. T., Fokou, E., and Etoa, F. X.
(2005). Processing and food uses of bananas and plantains in
Cameroon. Fruits, 60(4): 245-253.

[5] Mepba, H. D., Eboh, L., and Nwaojigwa, S. U. (2007).
Chemical composition, functional and baking properties of
wheat-plantain composite flours. African journal of food,
agriculture, nutrition and development, 7(1): 1-22.

[6] Arise, A. K., Dauda, A. O., Awolola, G. V., & Akinlolu-ojo,
T. V. (2017). Physico-chemical, functional and pasting
properties of composite flour made from wheat, plantain and
bambara for biscuit production. Journal of Applied Research
on Children, 8(2).

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Honfo F.G., tenkouano A. and Coulibaly O. (2011). Banana
plantain-based foods consumption by children and mothers in
Cameroon and Southern Nigeria: A comparative study. Afri-
can Journal foods sciences, 5 (5): 287-291.

Coulibaly S. (2008). Caractérisation physicochimique,
rhéologique et analyse sensorielle des fruits de quelques
cultivars de bananier (Musa AAB, AAAA et AAAB). Thése
de Doctorat de 1’Université d’Abobo—Adjamé (Abidjan, Cote
d’Ivoire), 171 p.

FAOSTAT Data. Available online:
http://fenix.fao.org/faostat/beta/fr/#data/QC (accessed on 21
August 2016).

Atanda, S. A., Pessu, P. O., Agoda, S., Isong, I. U., and Ikotun,
I. (2011). The concepts and problems of post-harvest food
losses in perishable crops. African Journal of Food Science
5(11): 603-613.

Kulkarni, G.S. Kudachikar, V. and N. Prakash, K. M. (2011).
Studies on physico-chemical changes during artificial ripe-
ning of banana (Musa sp) variety ‘Robusta’. Journal of Food
Science and Technology -Mysore- 48(6): 730-734.

Dadzie, B. K., & Orchard, J. E. (1997). Routine post-harvest
screening of banana/plantain hybrids: Criteria and methods
(INIBAP Technical Guidelines). Montpellier: INIBAP.

Robinson, J. C. (1996). Banana and plantains. Crop
production science in horticulture (Vol. 5). Wallingford: CAB
International.

Adi, D. D., Oduro, I., Tortoe, C., Kwofie, E. M., & Simpson,
B. K. (2018). Physicochemical characteristics and microbio-
logical quality of senescent plantain products. Cogent Food &
Agriculture, 4(1), 1441596.

Yao, A. K., Koffi, D. M., Irie, Z. B., and Niamke, S. L. (2014).
Effet de la substitution partielle de la farine de blé par la purée
de banane plantain (Musa AAB AAB) bien mire sur la
qualité des produits de patisserie. Journal of Applied
Biosciences, 82(1): 7436-7448.

Ourega, D. A., Koffi, L. B., N'Guessan, K. F., Nemlin, G. J.,
Tano, K., and Dje, K. M. (2015). Caractéristiques
physico-chimiques des bieres de plantain produites a partir de
rebuts de plantain de différentes variétés de Cote d'lvoire
(Orishele, French 2 et Corne 1) [Physico-chemical
characteristics of plantain beers produced from waste plantain
varieties of Cote d'lvoire (Orishele, French Horn 2 and 1)].
International Journal of Innovation and Applied Studies,
10(2): 666.

Yeo M. A., Koffi E. K., Chatigre O. K. and Elleingand E. F.
(2015). Prévention du brunissement lors de I’extraction de jus
de banane plantain et valorisation des résidus issus de cette
extraction. International Journal Biology Chemical Sciences
9(4): 1809-1821.

Tapre A.R. and Jain R.K. (2016). Study of inhibition of
browning of clarified banana juice. Asian Journal Dairy and
Food Research, 35 (2): 155-159.

Escalante-Minakata, P., Ibarra-Junquera, V., de Jesls
Ornelas-Paz, J., Garcia-lbéfiez, V., Virgen-Ortiz, J. J.,
Gonzalez-Potes, A., & Orozco-Santos, M. (2018).
Comparative study of the banana pulp browning process of
‘Giant Dwarf” and FHIA-23 during fruit ripening based on



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

American Journal of Biochemistry 2018, 8(4): 75-84 83

image analysis and the polyphenol oxidase and peroxidase
biochemical properties. 3 Biotech, 8(1), 30.

Ngalani, J. A., Signoret, A., and Crouzet, J. (1993). Partial
purification and properties of plantain polyphenol oxidase.
Food chemistry, 48(4): 341-347.

Golan-Goldhirsh, A., and Whitaker, J. R. (1984). Effect of
ascorbic acid, sodium bisulfite, and thiol compounds on
mushroom polyphenol oxidase. Journal of Agricultural and
Food Chemistry, 32(5): 1003-10009.

Artes F, Allende A (2014) Minimal processing of fresh fruit,
vegetables, and juices. Food 4:121-128.

Quevedo, R., Diaz, O., Valencia, E., Pedreschi, F., Bastias, J.
M., & Siche, R. (2016). Differences between the order model
and the Weibull model in the modeling of the enzymatic
browning. Food and Bioprocess Technology, 9(11),
1961-1967.

Siriwardana, H., Abeywickrama, K. P., and Kannangara, S.
(2015). Effect of pretreatments on quality of minimally
processed cooking banana variety Alukesel (Musa
acuminata* Musa balbisiana, ABB Group). Journal of
Agricultural Sciences, 10 (1): 11-20.

Jirukkakul, N. (2016). The study of edible film production
from unriped banana flour and riped banana puree.
International Food Research Journal, 23(1).

Ruthra Priya, J.S., Ravindra, N. and Dayanand, P. (2014).
Studies on pretreatment of minimally processed banana
central core. International Journal of Research in Science,
1(2), 110-116.

Arora, S., Siddiqui, S., Gehlot, R., & Ahmed, N. (2018).
Effects of Anti-Browning Pretreatments on Browning of
Banana Pulp. International Journal of Current Microbiology
and Applied Science, 7(4), 242-249.

Koffi, E. K., Sims, C. A,, and Bates, R. P. (1991). Viscosity
reduction and prevention of browning in the preparation of
clarified banana juice. Journal of Food Quality, 14(3):
209-218.

Bazaz, R., Baba, W. N., Masoodi, F. A., & Yaqoob, S. (2018).
Effect of some preservation techniques on quality parameters
and antioxidant properties of banana pulp during storage.
Journal of Food Measurement and Characterization, 12(1),
661-673.

Kouamé, J., Gnangui, S. N., Dabonné, S., and Kouamég, L. P.
(2015). Isolation of a Latent Polyphenol Oxidase from Edible
Yam (Dioscorea cayenensis-rotundata cv. Zrézrou)
Cultivated in Cote D’ivoire. Journal of Advances in Biology
and Biotechonology, 2(4): 232-249.

Duangmal, K., and Apenten, R. K. O. (1999). A comparative
study of polyphenoloxidases from taro (Colocasia esculenta)
and potato (Solanum tuberosum var. Romano). Food Che-
mistry, 64(3): 351-359.

Gnangui, S. N., Niamké, S. L., and Kouamé, L. P. (2009).
Some characteristics of polyphenol oxidase purified from
edible yam (Dioscorea cayenensis-rotundata cv. Longbd)
cultivated in Cote d’Ivoire. International journal of food
science and technology, 44(10): 2005-2012.

Répeanu, G.; Van Loey, A.; Smout, C.; Hendrickx, M. (2006).

Biochemical characterization and process stability of

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

polyphenoloxidase extracted from Victoria grape (Vitis
vinifera ssp. Sativa). Food Chem., 94, 253-261.

Espachs-Barroso, A.; Loey, A. V.; Hendrickx, M,
MartinBelloso, O. (2006) Inactivation of plant pectin
methylesterase by thermal or high intensity pulsed electric
field treatments. Innovative Food Sci. Emerging Technol.,
7,40-48.

Magdi¢, D., Lukinac, J., Jokié, S., Cagi¢-Kenjerié, F., Bili¢,
M., and Veli¢, D. (2009). Impact analysis of different
chemical pre-treatments on colour of apple discs during
drying process. Croatian journal of food science and
technology, 1(1): 31-35.

Zhang, L., Li, S., Wang, A., Li, J., & Zong, W. (2017). Mild
heat treatment inhibits the browning of fresh-cut Agaricus
bisporus during cold storage. LWT-Food Science and
Technology, 82, 104-112.

De Castro Jr, M. A., and Arenillo, S. A. (2016). Acceptability
of Musa Balbisiana (Saba Banana) Puree in Two Treatments
in Making Ice Cream. Asia Pacific Journal of
Multidisciplinary Research, 4(4): 29-33.

Chaisakdanugull, C., and Theerakulkait, C. (2009). Partial
purification and characterisation of banana [Musa (AAA
Group) ‘Gros Michel’] polyphenol oxidase. International
journal of food science and technology, 44(4): 840-846.

Barthet VJ: (1997). Polyphenol oxidases from cassava
(Manihot esculenta C.) root: extraction,purification and
characterization. Thesis of Faculty of Graduate Studies and
Research. Department of Food Science and Agricultural
Chemistry.  University McGill (Macdonald Campus),
Montreal, Canada, 179pp.

Yoruk, R., and Marshall, M. R. (2003). Physicochemical
properties and function of plant polyphenol oxidase: a review.
Journal of Food Biochemistry, 27(5), 361-422.

Arogba, S.S., Ajiboye, O.L., Ugboko, L.A., Essienette, S.Y.,
and Afikabi, P.O., (1998). Properties of polyphenol oxidase in
mango (Mangiferaindica) kernel. Journal of Science and
Food Agriculture, 77, 459-462.

Unal, M. U. (2007). Properties of polyphenol oxidase from
Anamur banana (Musa cavendishii). Food Chemistry, 100(3),
909-913.

Gouzi, H., Depagne, C., and Coradin, T. (2011). Kinetics and
thermodynamics of the thermal inactivation of polyphenol
oxidase in an aqueous extract from Agaricus bisporus. Journal
of agricultural and food chemistry, 60(1): 500-506.

Sikora, M., & Swieca, M. (2017). Effect of ascorbic acid
postharvest treatment on enzymatic browning, phenolics and
antioxidant capacity of stored mung bean sprouts. Food
chemistry, 239, 1160-1166.

Wuyts, N., De Waele, D., & Swennen, R. (2006). Extraction
and partial characterization of polyphenol oxidase from
banana (Musa acuminata Grande naine) roots. Plant
Physiology and Biochemistry, 44(5-6), 308-314.

Holzwarth, M., Korhummel, S., Kammerer, D. R., & Carle,
R. (2012). Thermal inactivation of strawberry
polyphenoloxidase and its impact on anthocyanin and color
retention in strawberry (Fragaria x ananassa Duch.) purées.
European Food Research and Technology, 235(6),
1171-1180.



84

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Arlette A. N’Guessan et al.:

Effect of Chemical and Thermal Treatments on Browning Inhibition of

Senescent Plantain (Musa paradisiaca) Puree for Semolinas Preparation

Holderbaum, D. F., Kon, T., Kudo, T., and Guerra, M. P.
(2010). Enzymatic browning, polyphenol oxidase activity,
and polyphenols in four apple cultivars: dynamics during fruit
development. HortScience, 45(8): 1150-1154.

Sgroppo, S. C., Vergara, L. E., and Tenev, M. D. (2010).
Effects of sodium metabisulphite and citric acid on the shelf
life of fresh cut sweet potatoes. Spanish Journal of
Agricultural Research, 8(3): 686-693.

Olubunmi A. (2013). Preliminary studies on polyphenol
oxidase activity in plantain (Musa paradisiaca) cultivars. A-
frican Journal of Agricultural Research, 8(4): 366-369.

Tan, T. C., Csheng, L. H., Bhat, R., Rusul, G. and Easa, A. M.
(2015). Effectiveness of ascorbic acid and sodium
metabisulfite as anti-browning agent and antioxidant on green
coconut water (Cocos nucifera) subjected to elevated thermal
processing. International Food Research Journal 22(2):
631-637.

Dogan, M., Arslan, O., and Dogan, S. (2002). Substrate
specificity, heat inactivation and inhibition of polyphenol
oxidase from different aubergine cultivars. International
journal of food science and technology, 37(4): 415-423.

Manohan, D., and Wai, W. C. (2012). Characterization of
polyphenol oxidase in sweet potato (Ipomoea Batatas (L.)).
Journal for the advancement of science and arts, 3(1): 14-31.

Ashie, I. N. A., Simpson, B. K., & Smith, J. P. (1996).
Mechanisms for controlling enzymatic reactions in foods.
Critical Reviews in Food Science & Nutrition, 36(1-2), 1-30.

Jehl Bruno, Madet Nicolas. (2004). L’acide ascorbique et son
utilisation en tant que additive alimentaire dans les industries
alimentaire, Université Pari VII Val de Marne.

Lim, W. Y., & Wong, C. W. (2018). Inhibitory effect of
chemical and natural anti-browning agents on polyphenol

[56]

[57]

[58]

[59]

[60]

[61]

[62]

oxidase from ginger (Zingiber officinale Roscoe). Journal of
Food Science and Technology, 55(8), 3001-3007.

Sarpong, F., Yu, X., Zhou, C., Hongpeng, Y., Uzoejinwa, B.
B., Bai, J., ... & Ma, H. (2018). Influence of anti-browning
agent pretreatment on drying Kinetics, enzymes inactivation
and other qualities of dried banana (Musa ssp.) under relative
humidity-convective air dryer. Journal of Food Measurement
and Characterization, 12(2), 1229-1241.

Yi J. and Ding Y. (2014). Dual effects of whey protein
isolates on the inhibition of enzymatic browning and
clarification of apple juice. Czech Journal Food Sciences, 32:
601-609.

Jang, J. H., and Moon, K. D. (2011). Inhibition of polyphenol
oxidase and peroxidase activities on fresh-cut apple by
simultaneous treatment of ultrasound and ascorbic acid. Food
Chemistry, 124(2): 444-449.

Ozoglu H, Bayindirli A. (2002). Inhibition of enzymatic
browning in cloudy apple juice with selected antibrowning
agents. Food Control 13: 213-221.

Wang, S., Lin, T., Man, G., Li, H., Zhao, L., Wu, J. and Liao,
X. (2014). Effects of anti-browning combinations of ascorbic
Acid, citric acid, nitrogen and carbon dioxide on the quality of
banana smoothies. Food and Bioprocess Technology 7:
161-173.

Tsouvaltzis, P., & Brecht, J. K. (2016). Inhibition of
Enzymatic Browning of Fresh - Cut Potato by Immersion in
Citric Acid is Not Solely Due to pH Reduction of the Solution.
Journal of food processing and preservation, 41(2), €12829.

Dussan-Sarria, S., Gaona-Acevedo, A. F., & Hleap-Zapata, J.
I. (2017). Efecto del Uso de Antioxidantes en Platano Verde
Dominico-Hartén (Musa AAB Simmonds) Cortado en
Rodajas. Informacion tecnolégica, 28(4), 03-10.



