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ABSTRACT - This study aimed to evaluate the quality of minimally-processed cassava treated with
antioxidants and a starch-based edible coating. Cassava roots were washed, cooled, immersed in cold water,
peeled and then cut. Root pieces were then immersed in a chloride solution, centrifuged, and subsequently
immersed in either a starch suspension (3%), a solution containing antioxidants (3% citric acid and 3% ascorbic
acid), or in both the coating and antioxidant solutions. Coated root pieces were dried at 18 + 2°C for 1 hour,
then packaged into polypropylene bags (150 g per pack) and kept at 5 + 2°C for 15 days, and assessed every 3
days. A completely randomized design was used in a 4 X 6 factorial consisting of the treatment (control,
coating, antioxidant, or coating and antioxidant) and the storage period (0, 3 6, 9, 12 or 15 days), with three
replicates in each group. The pH, blackened area and peroxidase and polyphenol oxidase activities of the
cassava was reduced in treatments containing antioxidants and the scores of visual analysis and phenolic
content were higher. Therefore, treatment with antioxidants was effective for reducing browning in minimally-
processed cassava, retaining the quality of cassava pieces stored for 15 days at 5 £ 2°C. The combination of
antioxidants and the edible coating showed no improvement compared to treatment with antioxidants alone.

Keywords: Manihot esculenta Crantz. Physiological changes. Postharvest.

ESCURECIMENTO EM MANDIOCA DE MESA MINIMAMENTE PROCESSADA COM USO DE
ANTIOXIDANTES E REVESTIMENTO DE AMIDO

RESUMO - Objetivou-se avaliar a qualidade de mandioca de mesa minimamente processada com o uso de
antioxidantes e revestimento comestivel a base de amido. Raizes de mandioca de mesa foram lavadas,
resfriadas, imersas em agua fria, cortadas e descascadas. Os pedagos foram imersos em solucdo clorada,
centrifugados e imersos em suspensdo de amido (3%) ou em solugdo contendo antioxidantes (acido citrico 3%
e acido ascorbico 3%) ou em ambos (revestimento + antioxidantes). Os pedagos contendo revestimento foram
secos em sala climatizada a 18 + 2 °C por 1 hora. Os pedagos foram embalados em polipropileno, contendo 150
g por embalagem, e mantidos a 5 = 2 °C por 15 dias, com avaliagdes a cada trés dias. Foi utilizado o DIC, em
esquema fatorial 4 x 6 [controle, revestimento, antioxidantes e revestimento + antioxidantes x dias de
conservagdo (0; 3 6; 9; 12 e 15 dias)] com 3 repetigdes. Verificou-se que os valores de pH, area escurecida e as
atividades da peroxidase e polifenoloxidase foram menores e as notas da analise visual e o teor de fendlicos
totais foram superiores nos tratamentos contendo antioxidantes. O uso dos antioxidantes foi eficiente na
reducdo do escurecimento em mandioca de mesa minimamente processada, mantendo os pedacos com
qualidade por 15 dias a 5 + 2 °C e a associag@o de antioxidantes e revestimento comestivel ndo apresentou
melhorias em comparagdo aos antioxidantes isolados.
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INTRODUCTION

Enzymatic browning is a phenomenon
characterized by the formation of bluish, brownish or
dark-colored  streaks in  whole, «cut or
minimally-processed vegetables, damaging the
product quality and its commercial value. In roots,
streaks are formed near the vascular tissue in
response to a series of metabolic changes caused by
environmental stress or post-harvest handling. In the
case of minimally-processed roots, physical changes
and hygiene and storage conditions can also induce
these metabolic changes (OWITI et al., 2011;
FREIRE et al., 2015). Reactions that cause browning
may start a few hours after processing, and are
mainly attributed to the oxidation of phenols by
polyphenol oxidase (PPO) and peroxidase (POD)
enzymes (TOMAS-BARBERAN; ESPIN, 2001).

One challenge in the control of enzymatic
browning in foods is finding low-cost substances
that preserve visual characteristics and pose no toxic
effects to human health. Edible coatings based on
starch and antioxidants, such as ascorbic and citric
acid, provide these benefits (JIMENEZ et al., 2012;
LI, WILLS; GOLDING, 2015; OJEDA; SGROPPO;
ZARITZKY, 2014).

Botrel et al. (2010) found that a starch-based
coating was effective for controlling the browning of
minimally-processed pears. Mélo Neto et al. (2013)
tested the effect of different concentrations of starch
in coatings during the storage of
minimally-processed cassava, however, browning
was not effectively controlled in their study, with
only fresh matter loss reduction.

The use of antioxidants, particularly citric
acid and ascorbic acid, was found to be effective for
reducing post-harvest browning for up to 9 days of
storage in minimally processed-cassava of the
“Cacauzinha” cultivar in a study by Medeiros
(2009). Furthermore, Fernandes et al. (2014) found
that combined use of ascorbic and citric acid (3% for
each) retained the quality of minimally-processed
Arracacia xanthorrhiza for up to 8 days of storage.

In minimally-processed cassava, the use of
antioxidants in isolation has had satisfactory results.
However, their combined use with an edible coating
may further prolong the useful-life of cassava
post-harvest. Thus, the aim of this study was to
evaluate the quality of minimally-processed cassava
treated with antioxidants and a starch-based edible
coating.

MATERIAL AND METHODS

Cassava roots of the “Mossord” cultivar were
harvested at 14 months in the experimental field of
the Unidade Académica de Serra Talhada,
Universidade Federal Rural de Pernambuco (UAST/
UFRPE). The roots were transported, selected, rinsed
with water, then cooled for 24 hours at 10 + 2°C.

Minimum processing was performed, based
on the flowchart defined by Andrade (2013). Each
cassava root was weighed, immersed in cold water
for 5 minutes, manually peeled, then cut transversely
every 3 cm followed by cutting in a longitudinal
direction to form “small billets”. Pieces were
immersed for 10 seconds in water at 5°C, followed
by immersion for 10 minutes in an active chlorine
solution (200 mg.L™") then for 10 minutes in
chlorinated water (5 mg.L™"; 5°C). An 800 g sample
was centrifuged for 30 seconds at 1756 g, then
divided into four batches. The first batch was
immersed in the cassava starch suspension at a
concentration of 3%, obtained from the
gelatinization of cassava starch heated to 70°C. The
second batch was immersed in a solution containing
3% ascorbic acid (w/v) and 3% citric acid (w/v). The
third batch was immersed in the antioxidant solution
described above, then in the starch suspension. The
final batch acted as the control, with no immersion
performed. The coated pieces were dried for 1 hour
in a room at 18 + 2°C with forced ventilation.
Approximately 150 g of each batch was packaged
into polypropylene bags (150 x 200 mm, 0.6 um
thick), and stored for 15 days at 5 + 2°C with 90 £
5% relative humidity (RH). Assessments were
conducted every 3 days after processing, beginning
on day 0, then at 3, 6, 9, 12 and 15 days.

Quality visual scores was performed by four
trained evaluators, taking into account the presence
or absence of dark spots on the tissue surface, yellow
-green discoloration and a sticky consistency, all of
which are characteristic of Pseudomonas sp.
contamination. In addition, the presence of a
fermented odor and whitening of the pieces, related
to starch precipitation, was recorded. These
characteristics were subjectively scored on a scale
ranging from | to 5, based on that described by
Andrade (2013), in which each piece received a
score and the average value for each pack was
calculated (Table 1).
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Table 1. Illustrations, grades and criteria used to quantify visual changes in minimally processed sweet cassava.

Grades

Criteria

commercialization

Pieces with white surface characteristic, appearance and odor excellent for consumption, having enough quality for

Light browning evidence, having enough quality for commercialization

Moderate browning intensity, limit of acceptance

Greenish-yellow coloring on the surface, characteristic of Pseudomonas spp., sticky surface

consumption.

All the symptoms described, and alcoholic odor, whitening on the surface, with dehydration; totally inappropriate for

The darkened area was determined according
to Oliveira et al. (2010) with modifications. Images
of the cassava pieces were captured using a Nikon
D3100 (Tokyo, Japan) digital camera without the
flash, and analyzed with QUANT version 1.1
software (VALE et al, 2001). Results were
expressed in cm?.

Fresh matter loss was obtained from the
percentage difference between the weight of fresh
matter at day O (initial weight) and the evaluation
day (final weight) using the following equation:
FML= [(iM-fM)/iM]*100, where FML is the fresh
matter loss (%), iM is the initial weight of fresh
matter (g), and fM is the final weight of fresh matter
(g). The results were expressed as a percentage. The
pH was measured using an Ionlab (Araucaria, Brazil)
PHB 500 benchtop pH meter, according to the
method described by the AOAC (1997).

The total soluble phenol content was
determined using the method described by Folin and
Ciocalteu (1927), adapted for cassava according to
modifications by Freire et al. (2015). A sample of
0.25 g cassava was macerated in 1.5 mL methanol.
The extract was kept in the dark at a temperature of
5°C for 24 hours. Afterwards, it was centrifuged
(Universal 320R; Hettich, Berlin, Germany) at 7690
g for 21 minutes at 2°C.

Testing was carried out by the reaction of 150
puL of the methanol extract, diluted with 2.4 mL of
distilled water, with 150 puL of Folin and Ciocalteu
reagent (0.25 N). After 3 minutes of mixture
homogenization, 300 pL of sodium carbonate (1 N)
was added, stirred for 1 minute, then maintained in
the dark at 20 = 5°C for 2 hours. Absorbance
readings were performed at 725 nm using a
spectrophotometer (Libra S8; Biochrom, London,

United Kingdom). The total soluble phenol content
was quantitated from a gallic acid standard curve and
expressed as mmol of gallic acid equivalents
(GAE).kg Fresh Wheight (FW)™.

Extraction of PPO and POD was conducted
according to the methodology described by Medeiros
(2009). Homogenization of 0.25 g of superficial
tissue was conducted (+ 2 mm) in 1.2 mL of 0.2 M
sodium phosphate buffer (pH 6.0), which had been
maintained at 4°C. The extract was centrifuged
(Mikro 220; Hettich, Berlin, Germany) at 10,000 g
for 21 minutes at 4°C.

The PPO assay was performed according to
Medeiros (2009). A sample of 100 pL of supernatant
was added to the reaction mixture containing 1.5 mL
of 0.2 M phosphate buffer (pH 6.0) and 1.3 mL of
0.2 M catechol, which had been maintained at 20°C
using a dry bath (Uniscience). Measurements were
conducted at 425 nm using a spectrophotometer at
20°C for 2 minutes, with 10-second intervals
between readings. The PPO activity was calculated
based on the molar extinction coefficient of 3400
M.cm™ for catechol, and expressed as pmol.min™.g
FW'.

Determination of POD activity was
performed according to Simdes et al. (2015). A
sample of 100 pL of supernatant was added to the
reaction mixture containing 1 mL of 02 M
phosphate buffer (pH 6.0), 100 puL of guaiacol
(0.5%) and 100 pL of hydrogen peroxide (0.08%),
previously maintained at 25°C in a dry bath.
Measurements were taken at 470 nm using a
spectrophotometer at 25°C for 3 minutes, with
30-second intervals between readings. The POD
activity was calculated based on the molar extinction
coefficient of 26.6 mM.cm™ for guaiacol, and
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expressed as nmol.min".g FW™.

A completely randomized 4 X% 6 factorial
study design was used. The first factor consisted of
the coating treatment (control, coating, antioxidant,
or coating and antioxidant), and the second factor
was the storage period (0, 3, 6, 9, 12 or 15 days of
storage), with three repetitions of 150 g per pack.
Data were subjected to analysis of wvariance

w
!

—O— Control
—H&— Starch coating
—8— Antioxidants
—&— Starch coating + Antioxidants

Quality visual score (5-1)

5]
!

(ANOVA) wusing Sisvar version 5.6 software
(FERREIRA, 2011), in addition to determining the
mean and standard deviation.

RESULTS AND DISCUSSION

The quality visual scores decreased over
increasing storage periods (Figure 1).

T T T

0 3 6

T T T

9 12 15

Conservation, Days

Figure 1. Quality visual score on fresh-cut sweet cassava, at 0, 3, 6, 9, 12 and 15 days at 5 = 2° C and 90 + 5% RH. The
edible coating containing cassava starch (3 %) and antioxidants (Citric acid, 3 % + Ascorbic acid, 3 %), and control

(whithout edible coating and antioxidants).

Pieces that were immersed in the solution
only containing the antioxidants had the highest
scores for all assessment days, due to decreased
browning of these pieces. Similar results were
reported by Lee, Lee and Park (2007) and Aguila et
al. (2008), who observed a positive effect of ascorbic
and citric acid when used individually on the control
of browning in minimally-processed sliced taro and
radishes, respectively.

The lowest scores were found for treatments
including the starch coating, alone or combined with
antioxidants, which showed scores of below 3 to 15
days, which are considered to be lower than the
commercial acceptance limit (ANDRADE, 2013).
These scores may be related to the exposure time
during coating and drying, which may accelerate the
reactions that cause browning. The drying time for
the coating is necessary but harmful, as the product
is exposed to room temperature for several minutes
or hours. In the current study the drying time was
limited to 1 hour. In a previously study with carrots,
aimed at minimizing whitening, 2.5 hours of drying
was required, even though the coating adjuvants
stimulate the production of phenolic compounds,
thereby slowing the deterioration symptoms
(SIMOES et al., 2009). Thus, studies that have
investigated methods to accelerate this process are

required to the evaluate the use of starch-based
coatings (OJEDA; SGROPPO; ZARITZKY, 2014).

The lowest browning values during
preservation were found for the treatments that
contained the antioxidants (Figure 2), supporting the
results obtained from the visual evaluation
(Figure 1).

Treatments that contained both the coating
and antioxidants obtained higher values at 12 and 15
days of storage than those only treated with
antioxidants (Figure 2). The highest browning values
were observed for the control pieces and those that
had been immersed in the starch-based cassava
coating (Figure 2). The high browning values
suggest that the application and drying
methodologies used in this study were not effective,
or that the interaction between the surface of the
cassava and the coating was not sufficient for the
control of browning. Furtado (2013) studied
minimally-processed yam, also finding that the use
of a starch-based coating, even with the addition of
antioxidants, was not effective for controlling
enzymatic browning.

The fresh matter loss was higher over
increasing days of storage, with values of between
0.05 and 0.15% obtained at 15 days (Figure 3).
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Figure 2. Brownish area (cm?) on fresh-cut sweet cassava, at 0, 3, 6, 9, 12 and 15 days at 5 = 2° C and 90 £+ 5% RH. The
edible coating containing cassava starch (3 %) and antioxidants (Citric acid, 3 % + Ascorbic acid, 3 %), and control

(whithout edible coating and antioxidants).
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Figure 3. Fresh weight loss (%) on fresh-cut sweet cassava, at 0, 3, 6, 9, 12 and 15 days at 5 + 2° C and 90 + 5% RH. The
edible coating containing cassava starch (3 %) and antioxidants (Citric acid, 3 % + Ascorbic acid, 3 %), and control

(whithout edible coating and antioxidants).

The treatments containing the cassava starch
coating and the starch coating combined with
antioxidants obtained lower percentage mass loss
than the control treatment, however, no significant
differences were observed over the storage period
(Figure 3). This is possibly due to the hygroscopic
nature of starch, as the films formed provide a poor
barrier against water vapor loss, unlike coatings
based on waxes and oils (BOURTOOM, 2008). On
the other hand, due to the linearity of amylose
molecules in solution, which favors a parallel
orientation for film formation, starch coatings have
good mechanical properties (MALI; GROSSMAN,
YAMASHITA, 2010). Furthermore, interactions
between the coating and the plant surface may affect
permeability. In a study using papaya, characterized
by its waxy surface, application of a starch coating
was found to promote reduced fresh matter loss

Rev. Caatinga, Mossoro, v. 30, n. 2, p. 503 — 512, abr. — jun., 2017

(CAMPOS; KWIATKOWSKI; CLEMENTE, 2011).
However, Botrel et al. (2007) did not observed lower
matter loss when a starch coating was applied to
minimally-processed garlic.

The highest values for matter loss over the
storage period were observed for the treatments
containing antioxidants (Figure 3). Similar results
have been previously obtained by Furtado (2013) in
yam treated with ascorbic acid, which had higher
matter loss compared to yam only immersed in
distilled water. The results obtained in the current
study suggest a possible effect of ascorbic acid
promoting an increase in respiratory metabolism of
cassava, as the reduced pH caused by antioxidants
promotes higher membrane H'-ATPase activity due
to the increased H" concentration in the cell,
resulting in increased cell respiration (ROCCULI et
al., 2007). However, all values obtained for matter
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loss were below 1% (Figure 3), probably due to the
use of packaging with a high barrier against loss of
water vapor and gases, therefore, dehydration did not
contribute to the loss in quality.

6.5

6.0

pH

5.5 1

5.0

_—O— Control
—&— Starch coating
4.5 1 —@— Antioxidants

/ —A— Starch coating + Antioxidants
T T T

The pH was close at 6.0 for all treatments,
except for pieces immersed in antioxidants only,
which had a pH of approximately 5.5 during the
storage period (Figure 4).

0 3

T T T

9 12 15

Conservation, Days

Figure 4. PH on fresh-cut sweet cassava, at 0, 3, 6, 9, 12 and 15 days at 5 + 2° C and 90 + 5% RH. The edible coating
containing cassava starch (3 %) and antioxidants (Citric acid, 3 % + Ascorbic acid, 3 %), and control (whithout edible

coating and antioxidants).

The reduction in pH observed in this
treatment group can be attributed to citric acid,
which may reduce polyphenoloxidase (enzyme
involved in the formation of blackened compounds)
activity by up to 40% when the pH is below 6
(DUANGMAL; APENTEN, 1999; LIMBO;
PIERGIOVANNI, 2006). Shah and Nath (2008), in a
study on lychees, and Junqueira et al. (2009), who

mmol GAE.kg FW™!
(38

—O0— Control
0 4 —&— Starch coating
—e— Antioxidants

incorporated ascorbic and citric acid into active films
to store potatoes, also found that the pH reduction
resulting from addition of antioxidants reduced
enzymatic browning.

The total soluble phenol content decreased
during the storage period in minimally processed
cassava (Figure 5), possibly due to oxidative
processes.

0 3 6

—A— Starch coating + Antioxidants
T T T T

9 12 15

Conservation, Days

Figure 5. Total soluble phenolics on fresh-cut sweet cassava, at 0, 3, 6, 9, 12 and 15 days at 5 +2° C and 90 + 5% RH. The
edible coating containing cassava starch (3 %) and antioxidants (Citric acid, 3 % + Ascorbic acid, 3 %), and control
(whithout edible coating and antioxidants). GAE: Gallic Acid Equivalent.

At the start of the storage period (day 0), the
total soluble phenol content was on average
2.25-times higher for the treatments containing
antioxidants, alone or when combined with the
starch coating. The higher total soluble phenol
content suggests that there was lower phenol
oxidation compared to the control treatment and the

treatment with the starch coating only. This can be
explained by the reducing action of ascorbic acid,
among other factors, as quinones oxidized by
enzymatic activity are reduced again to phenolic
compounds (AKA et al., 2013). Therefore, this may
have contributed to the reduction in enzymatic
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browning observed in pieces only treated with
antioxidants (Figures 1 and 2).

On the other hand, treatments containing the
antioxidants and the coating had a higher reduction

in phenol content during the storage period
compared to those treated with the antioxidants only,
—O— Control
6.0 1 —8— Starch coating
—8— Antioxidants
Z 45
&0
=
E 3.0 -
°
=
=
1.5

which was associated with injuries resulting from the
drying process.

In relation to the PPO activity, it was
generally found to increase over the storage period
(Figure 6).

—4a— Starch coating + Antioxidants

Conservation, Days

Figure 6. Poliphenol oxidase activity on fresh-cut sweet cassava, at 0, 3, 6, 9, 12 and 15 days at 5 £ 2° C and 90 + 5% RH.
The edible coating containing cassava starch (3 %) and antioxidants (Citric acid, 3 % + Ascorbic acid, 3 %), and control

(whithout edible coating and antioxidants).

The highest activity was observed in the
treatment with the starch coating only, especially for
the first days of storage, which may be related to the
pronounced browning observed during storage, as
evaluated by the visual assessment scores and
blackened area values (Figures 1 and 2).

Application of the antioxidants reduced the
enzymatic activity at the beginning of storage, as the
enzymatic activity was 7.8-times lower than the
control group on day 0, and five-times lower on day
3, which probably contributed to reduced browning.
This may be related to the synergistic interaction
between ascorbic and citric acids. Ascorbic acid is

—O— Control
—&— Starch coating
—e— Antioxidants
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able to reduce quinones to phenols, supporting the
higher phenol content observed with use of
antioxidants (Figure 5). In addition to reducing the
pH, citric acid also acts as a copper chelator in the
active site of PPO (AMODIO et al., 2011). Similar
results have been reported by Calder et al. (2011),
who used a solution containing 1% citric acid and
1% ascorbic acid, and observed a reduction in PPO
activity in minimally-processed potatoes for up to 14
days.

There was a tendency for POD activity to
increase with increasing storage time (Figure 7).

—4a— Starch coating + Antioxidants

T

6
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9 12 15

Conservation, Days

Figure 7. Peroxidase activity on fresh-cut sweet cassava, at 0, 3, 6, 9, 12 and 15 days at 5 £ 2° C and 90 £+ 5% RH. The
edible coating containing cassava starch (3 %) and antioxidants (Citric acid, 3 % + Ascorbic acid, 3 %), and control

(whithout edible coating and antioxidants).
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Treatment with only the starch coating
resulted in higher POD activity when compared to
treatment with antioxidants only and the control
group (Figure 7). High POD activity may have also
contributed to increased browning, as although it
assists in the removal of reactive oxygen species
(formed as a result of mechanical cuts and injuries),
high POD activity also produces blackened and
insoluble  pigments (IYER; MATTINSON;
FELLMAN, 2010; LIMBO; PIERGIOVANNI,
2006). Thus, treatments containing antioxidants
promoted a reduction in POD activity for all storage
times compared to the control group, the coating
only treatment, and the treatment -containing
antioxidants combined with coating, similar to that
found by Melo and Vilas Boas (2006).

In the current study, we found that the use of
anti-browning substances (citric and ascorbic acid) is
a good alternative to minimize cutting injuries and
reduce browning. In addition, we found that
improvements still need to be made for the
application of edible coatings to minimally-
processed cassava. The drying time could potentially
induce responses that lead to browning, therefore,
reducing drying time may be a good alternative,
supported by observations by Ojeda, Sgroppo and
Zaritzky (2014).

CONCLUSIONS

The use of antioxidants (citric and ascorbic
acid) was found to be effective for reducing
browning in minimally-processed cassava, retaining
its quality for 15 days at 5 = 2°C. Application of a
combination of antioxidants and an edible coating
was not found to confer any additional benefits
compared to treatment with antioxidants alone.
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