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Abstract: Arracacha (Arracacia xanthorrhiza Bancroft) is a nutritional crop with high energy value
and good digestibility. However, this plant has a short shelf life due to excessive weight loss, brown-
ing, and disease incidence. Therefore, the aim of this study was to investigate the effect of antioxi-
dant compounds in the preservation of minimally processed arracacha during storage. The roots
were harvested, sanitized, and cut into 10 mm slices (+1 mm). The slices were submitted to the treat-
ments with citric acid (CA) 1%, ascorbic acid (AA) 1%, ethylenediaminetetraacetic acid (EDTA) 1%,
and distilled water (control). Weight loss, color parameters (L*, a*, and b*), visual appearance, pH,
total soluble solids, total sugars, polyphenoloxidase (PPO), peroxidase (POD), phenylalanine am-
monia-lyase (PAL) were analyzed. Hence, the samples were discriminated by multivariate analysis
to determine the effect of antioxidants during the storage time. The results showed that antioxidants
controlled the fresh mass loss of arracacha. On the sixth day of storage, arracachas treated with
EDTA had the highest b* and L* color parameters, indicating that they were more yellow and
brighter when compared with the other treatments. The visual notes (appearance and decay) for the
antioxidant treatments were better than the control (without antioxidants). The influence of antiox-
idants on PPO and POD enzyme activity was very similar, and both enzymes showed high activity
for the control treatment (2-fold higher than the samples with antioxidants). By multivariate ap-
proach, samples were discriminated mainly into two groups. The first major group corresponding
to the initial day of the experiment and second major group associated with the last day of storage.
The appearance and color parameters were the most crucial factors for samples discrimination in
the first group, while for the second group, PAL, weight loss, and sugars were the variables respon-
sible for the multivariate discrimination. In conclusion, the use of EDTA is the most indicated anti-
oxidant to delay the browning reactions and increase the shelf life of minimally processed arracacha.
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1. Introduction

Arracacha (Arracacia xanthorrhiza Bancroft) is a vegetable remarkable by the high nu-
tritional and energetic value, rich in minerals, vitamins, fibers, and highly appreciated for
its characteristic flavor and aroma. However, arracacha roots are a highly perishable prod-
uct and the shelf life is very limited [1]. In recent years, there has been a great demand for
minimally processed products due to some characteristics, such as being available in
smaller portions, ease of use or preparation, and physicochemical quality. However, min-
imal processing operations cause mechanical damage to the tissue of the products, which
often accelerates senescence and deterioration, leading to discoloration and nutritional
value losses. Hence, it is possible to extend the postharvest life of minimally processed
products by associating low temperatures, packaging, and adequate postharvest handling
[2]. For instance, refrigeration slows respiration rate, decreases water loss, and biochemi-
cal reactions that are dependent on higher temperatures. In addition, when associated
with another postharvest method, there is an even greater increase in the shelf life of veg-
etables [3].

The literature reports that the use of antioxidants, such as citric acid (CA), ascorbic
acid (AA), and ethylenediaminetetraacetic acid (EDTA), emerges as an alternative that can
prolong the shelf life of perishable products [4,5]. CA is one of the main natural organic
acids in fruits, and it is responsible for the prevention of enzymatic browning by action
on polyphenoloxidases and peroxidases. It is also used to potentiate other antioxidants by
synergistic action [6]. On the other hand, AA stands out for its vitamin C activity, together
with its oxidized form, dehydroascorbic acid, which is a potent antioxidant responsible
for the inhibition of free oxygen radicals in food and the human body. AA is a cofactor in
numerous physiological reactions, and it also has a high redox potential, alone and cou-
pled with other antioxidants [7]. Some natural antioxidant compounds (i.e., CA and AA)
have the ability to reduce the quinones formed by the action of oxidases, preventing the
formation of darkened products, in addition to being able to act as inhibitors of oxidative
enzymes [8]. EDTA is another well-tested antioxidant, acting by complexing copper and
iron ions through an unconjugated pair of electrons in their molecular structures [9]. The
recent interest in the role of antioxidants on vegetables and on specific food components
is necessary to acquire valuable data on their postharvest behavior to facilitate future stud-
ies related to the nutritional values of foods, aiming the recommendations on their con-
sumption. Therefore, the aim of this study was to investigate the effect of antioxidant com-
pounds (CA, AA, and EDTA) in the postharvest preservation of minimally processed ar-
racacha during storage under refrigeration.

2. Material and Methods
2.1. Plant Material

The roots of arracacha (cv. Amarela de Senador Amaral) were harvested in commercial
cultivation in the region of Pouso Alegre (Minas Gerais State, Brazil). The roots were man-
ually harvested, classified, washed, dried, and packed in 50 kg boxes. The day after har-
vesting and processing, the roots were brought to the laboratory by dry load and were
subsequently minimally processed.

2.2. Processing of Arracacha and Antioxidant Treatments

The roots were initially immersed for 5 min in chlorinated water (200 mg L of active
chlorine) cooled at 10 °C. After that, the barks were removed and rewashed, where the
roots were cut into 10 mm slices (+ 1 mm). The slices were sanitized for 5 min in chlorin-
ated water (200 mg L of active chlorine), then drained to remove the excess of water. The
slices were submitted to the following treatments: (i) citric acid (CA) 1%; (ii) ascorbic acid
(AA) 1%; (iii) ethylenediaminetetraacetic acid (EDTA) 1%; and iv) control (distilled wa-
ter). The immersion was carried out in 50 x 36.5 x 26.5 cm? plastic boxes for 5 min. After
the treatments, centrifugation was performed at 2200 rpm for 40 s to remove the excess of
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moisture. Then, 180 g of the minimally processed product was placed in polyethylene
bags and manually sealed. The packages were stored in a chamber at 5+ 1 °C (90 £5 %
RH) for six days. Samples were analyzed immediately after processing (initial characteri-
zation) and every two days during the estabiilished storage time.

2.3. Analytical Determinations in Minimally Processed Arracacha

The physicochemical and enzymatic analyzes were carried out in minimally pro-
cessed arracacha to determine the effect of antioxidants in the postharvest conservation.
The weight loss was determined by initial and final weighing of the trays, with the results
expressed in %. The color parameters (L*, a* and b*) was performed in Croma Meter CR-
400 colorimeter, where the L* corresponds to brightness, a* represents the transition from
green (—a*) to red (+a*), and b* represents the transition from blue (-b*) to yellow (+b*).
The visual appearance was recorded through a hedonic scale, ranging from zero (dislike
extremely) to five (liked extremely). The rot notes ranging from zero (absence of rot) to
five (high incidence of rot). The pH was measured in the arracacha extract, prepared in
the concentration of 10% (w/v). The total soluble solids (TSS) content was determined in a
digital refractometer, with automatic temperature correction to 20 °C, and the results were
expressed in °Brix. The content of total sugars was determined according to the method-
ology described by Somogy and Nelson [10,11] and the results were expressed in g glu-
cose 100 g'. The enzymatic activity of polyphenoloxidase (PPO), peroxidase (POD), and
phenylalanine ammonia-lyase (PAL) was conducted. The PPO extraction and determina-
tion was performed according to the method proposed by Daiuto et al. [12]. The extraction
and determination of POD activity was performed according to the method proposed by
Cano et al. [13]. The PAL was performed based on the methodology by Peixoto et al. [14].
Enzymatic activity of PPO, POD, and PAL were expressed as U min™ g (fresh weigh,
f.w.), defined as enzyme content that produces an increase in absorbance per min.

2.4. Statistical Analysis

The experimental design was completely randomized, in a factorial scheme (6 repli-
cates x 4 treatments). The results obtained were submitted to analysis of variance
(ANOVA), and the means were compared using the Tukey’s test (p < 0.05). Cluster analy-
sis (CA) was used to identify similarities between the dataset. Principal component anal-
ysis (PCA) was applied to observe interrelationships among the samples. All the statistical
analysis was developed using Statistica 10.0 software (StatSoft Inc., Tulsa, OK, USA).

3. Results and Discussion

The results showed that antioxidants controlled the weight loss of arracacha (Figure
1a). The mass loss was significant only in the last two days of storage, and on the sixth
day, the arracacha treated with AA showed higher weight loss (0.6 %), while the treatment
with EDTA showed the lowest weight loss (0.3%). Also, on the sixth day of storage, ar-
racachas treated with EDTA had the highest b* and L* color parameters, indicating that
they were more yellow and brighter than the other treatments (Figure 1b—d). In addition,
the visual notes (appearance and decay) for the antioxidant treatments were better than
those compared with the control (without antioxidants) (Figure 1e). No treatment showed
wilting, confirming the fact that the treatments were able to prevent the dehydration of
minimally processed arracacha. Both the drop in the grades during the storage period and
the lower grade of the control on these days is due to browning, the presence of visible
pathogens, and cell leakage, which left a sticky appearance around the slices. Thus, it is
evident that the antioxidant treatment can also help to reduce the rot rate. Probably this
is due to the change in pH around the slices, which makes it difficult for some types of
pathogens to proliferate (Figure 1f). The TSS contents were significantly influenced by the
storage time and antioxidants. Arracacha treated with citric acid had higher TSS contents.
The increase in TSS was probably due to the breakdown of starch into soluble sugars and



Biol. Life Sci. Forum 2022, 2, x

40f7

also to the loss of mass during the storage period (Figure 1g). The pH showed a significant
interaction between the different antioxidants and storage days (Figure 1h). For total sug-
ars (Figure 1i), the control treatment showed distinct behavior, increasing the total sugar
mainly after the second day of storage. Nevertheless, the treatment composed of antioxi-
dants showed similar contents for the total sugar at the end of storage (14.59-18.20 g glu-
cose 100 g™). The treatment containing EDTA showed the lowest sugar content. This be-
havior may be due to a decrease in metabolism and, consequently, in the consumption of
soluble solids, the main substrates of respiration since the physical actions of minimal
processing induce an increase in respiration, which will quickly use the reserve substrates
[15]. Also, tissue stress after processing can explain these sugar contents fluctuations dur-
ing storage. Under stress conditions, starch decomposes into soluble sugars, causing an
increase in total carbohydrate levels. This process is also related to enzymes responsible
for starch degradation and reduction of respiratory activity. This change in tissue physi-
ology results in the accumulation of these carbohydrates [16].

Regarding the enzymatic activity of the minimally processed arracacha treated with
antioxidants, PPO is the most important enzyme in minimally processed fruits and vege-
tables. PPO activity was significant for the interaction of different antioxidants and stor-
age days (Figure 1j). The activity of this enzyme was higher in the control treatment at the
beginning of storage (102.01 U min g7), and lower in those treated with CA (60.31 U
min g1). At the end of storage, it can be observed that the treatment with EDTA (89.48
U min! g-1) was more satisfactory in delaying enzymatic browning. Both POD and PAL
enzymes participate in the browning of minimally processed vegetables and are related
to physiological processes [17]. Due to the presence of phenolic compounds immediately
after cutting, the pulp darkens, and the activity of oxidative enzymes (PPO and POD)
increases [18]. The POD activity (Figure 1k) was higher in the EDTA treatments treated
roots at the first day of storage (132.27 U min™ g™') and lower in those treated with AA
(56.63 U min g1). At the end of storage, it can be seen that the control and AA treatments
showed high POD activity (Figure 1k). The activity of PAL (Figure 11) at the beginning of
storage was less accentuated in the arracacha from the control treatment (4.36 U min~! g™')
and more highlighted in the roots submitted an antioxidant treatment. However, on the
sixth day of storage, the fresh-cut treated with EDTA (5.10 U min' g') showed the lowest
activity. This enzyme is closely linked with essential functions in the plant. Among them,
the mechanical support of the plant provided by lignin and substances that act as protec-
tors against abiotic stresses such as antioxidants stand out. In addition to being important
in the plant’s normal development, it is also a key enzyme indicator of plant stress [19].
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Figure 1. Analytical determinations in minimally processed arracacha treated with antioxidants and
stored in a cold room (5 + 1 °C, 90 + 5% RH) for six days. (a) weight loss; (b) L*; (c) a*; (d); b*; (e)
visual notes; (f) rot incidence; (g) TSS; (h) pH; (i) total sugar; (j) PPO activity; (k) POD activity; and
(1) PAL activity.

For multivariate analysis, the dataset recorded at the first and last day of storage was
used to evaluate the classification by cluster analysis and the discrimination by PCA. The
cluster analysis can be used for initial evaluation of the information in data matrices, find-
ing sample groupings, using criteria developed from the data themselves, grouped ac-
cording to similarities [20,21]. In this study, a high similarity was observed between CA
and EDTA initial and CA and EDTA final (Figure 2a). By multivariate approach, the
graphic projection of samples demonstrates that the samples can be discriminated into
two major groups composed by five minor groups (Figure 2c). The PCA was explaining
72.32% of the data variability (PC1 58.06% and PC2 14.26%). The first major group corre-
sponding to the initial day of the experiment and the second major group is associated
with the sixth last day of storage. The appearance and color parameters were the most
crucial factors for samples discrimination in the first group, while for the second group,
PAL, weight loss, and sugars were the variables responsible for the discrimination of the
second group (Figure 2b).
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Figure 2. (a) Classification using cluster analysis (Eucledian distances); (b) Projection variable dis-
tribution for discrimination by PCA; and (c) Graphic projection of samples.

4. Conclusions

This study evaluated the effect of antioxidant compounds in the preservation of min-
imally processed arracacha. The roots treated with this antioxidant showed lower weight
loss, better visual grades, and lower rot rates. In addition, this treatment also led to the
retention of PPO, POD, and PAL activity. Through multivariate analysis, the variables
that characterized the beginning of the experiment were appearance and color parame-
ters, while for the end of the storage PAL, weight loss, and sugars were responsible for
the discrimination, indicating that the application of antioxidants affect the postharvest
quality of minimally processed arracacha. Finally, from the results obtained, EDTA is the
most indicated antioxidant to delay the browning reactions and increase the shelf life of
minimally processed arracacha.
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