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The study presents itself as an alternative for the minimal processing of crushed cassava leaves, a product
widely used in the Northern Brazilian cuisine. A Box-Behnken design was used to define the concentration
of the sodium hypochlorite solution (NaClO) and the immersion time (t) capable of guaranteeing acceptable
levels for thermotolerant coliforms and molds and yeasts in the leaves. The leaves sanitized in this condition
were crushed, packed in polyethylene packaging under standard atmosphere (PE-WV) and under vacuum
(PE-V); also packed in polyamide packaging under vacuum (PA-V), and stored at 7°C for 30 days. The
following properties were monitored: fresh weight loss, water activity, pH, titratable acidity, soluble solids,
instrumental color, chlorophyll a and b, and total phenolic contents. In addition, there were assessed
Salmonella spp, coliform at 45°C, molds and yeasts and psychrotrophic bacteria. The 20 min immersion time
and 250 mg/L NaClO solution were defined as the optimal conditions for the sanitization of the leaves and,
after that, the leaves were rinsed with water. The behavior of the physical-chemical and microbiological
properties indicated that the sanitized and crushed cassava leaves will be suitable for consumption for 24 h
when packed in PE-WV; for 7 days when packed in PE-V and for 14 days when packed in PA-V, at 7°C
storage.
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O estudo apresenta uma alternativa para o processamento minimo das folhas da mandioca trituradas; um
produto amplamente utilizado na culinaria da regido Norte. Um planejamento Box-Behnken foi utilizado
para definir a concentracdo da solucéo de hipoclorito de s6dio (NaClO) e o tempo de imersdo (t) capazes de
garantir niveis aceitaveis para coliformes termotolerantes e bolores e leveduras, nas folhas. As folhas
sanitizadas nesta condicdo foram trituradas; acondicionadas em embalagens de polietileno, em atmosfera
padrdo (PE-WV) e sob vacuo (PE-V), e em embalagem de poliamida sob vacuo (PA-V); e armazenadas a
7°C, por 30 dias. Foram acompanhadas as propriedades: perda de massa fresca, atividade de &gua, pH, acidez,
solidos solaveis, cor instrumental, clorofila a e b, e compostos fendlicos; além da avaliacdo de Salmonella
spp, coliformes a 45°C, bolores e leveduras e bactérias psicrotréficas. Foi definida como condicao 6tima para
a sanitizacdo, a imerséo das folhas por 20 min, em uma solucdo a 250 mg/L de NaClO, seguida de lavagem
com agua. O comportamento das propriedades fisico-quimicas e microbiolégicas indicaram que as folhas da
mandioca sanitizadas e trituradas estardo adequadas para 0 consumo por 24 h, se acondicionadas em PE-WV,
por até 7 dias em PE-V e por 14 dias em PA-V, se armazenadas a 7°C.

Palavras-chave: Manihot esculenta Crantz, sanitizagdo, processamento minimo.

1. INTRODUCTION

Cassava (Manihot esculenta Crantz) is a tropical root crop, which has an abundant composition
of starch. This species stands out for presenting a world production of 296.8 million tons and a
cultivated area of 26.6 million hectares [1]. In Brazil, a cassava production of 20.2 million tons is
estimated, as the Northern region accounting for 36.1% of this production [2].

In Brazil, cassava roots can be found in the minimally processed or pre-cooked and in frozen
forms [3], as the main use of this root destined for the production of flour and tucupi, in the Northern
region [4]. Cassava leaves, in turn, are used as an ingredient in typical dishes from the Amazonian
culture [5], as manigoba: a product obtained from the crushed cassava leaves that are boiled with
water for several days to eliminate cyanide [6]. Cassava leaves are commonly commercialized in
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open markets, in the state of Pard, in natura or in crushed form, with or without cooking. These
leaves are sold in bulk or in polyethylene packaging at room temperature. In countries like Congo,
Indonesia, Malaysia and Tanzania, cassava leaves are consumed as vegetables [7].

The composition of raw materials from plant origin has promoted an increase on demand for
this type of product, as well as encouraging studies, due to the beneficial actions of these products
to health [8]. The consumer market, in turn, has shown changes in the form of consumption of these
products and, in this context, minimally processed products have been highlighted, due to the
nutritional advantages and practicality of use [9].

The minimal processing has become an important tool for the food industry, especially for
vegetables. However, the use of pre-treatments, such as vegetable cutting, can promote the release
of cellular material at the site of lesion and, thus, favor the growth of microorganisms and the
increase in senescence rates, reducing product’s shelf life [10].

The minimum processing is composed by steps, such as: rinsing, classification, sanitization,
cutting, centrifuging, packaging and refrigeration [11]. The sanitization of minimally processed
products is important to control the deteriorating processes from microbiological origin, once this
step is intended to eliminate microorganisms and reduce deterioration to safer levels [12, 13].

On the basis of the above reasoning, the objective of this work was to evaluate the
microbiological and physical-chemical profile of cassava leaves, submitted to minimal processing
conditions; aiming to present a safer preservation alternative for these leaves, as well as adding
value to the cassava production chain.

2. MATERIAL AND METHODS

2.1 Raw material

The cassava leaves used in this research were collected from the municipality of Salvaterra
(Para, Brazil) (00°45'12" S, 48°31' 00" W, 5 m altitude), in a farm at the banks of PA-154 highway.
The leaves were harvested in June 2019, with a cultivar cycle of eight months. The leaves were
transported, at room temperature (~ 28°C), to the Federal University of Para (Belém, Par4, Brazil),
96 km away from the collection place, in polyethylene packages with 10 kg capacity, dimensions
of 60 cm x 40 cm (length x width) and film thickness of 0.10 mm. The leaves were separated from
the stems, using stainless steel scissors, in less than 24 hours after harvesting (time related to
processing). Then, the leaves were subjected to different conditions of minimum processing.

2.2 Definition of sanitization conditions of the leaves

Before performing the experimental design tests, the cassava leaves were submitted to a
selection stage of the intact leaves, followed by rinsing with running water. Then, the sanitization
was performed under different experimental design conditions. At this research stage, an
experimental design was used to define the concentration of sodium hypochlorite and the
immersion time to be used in the minimum processing of the leaves. For this purpose, the Box-
Behnken factorial design, the response surface methodology (RSM) and the desirability function
were used. The effect of the input variables (independent variables): concentration of sodium
hypochlorite (C) in the sanitizing solution (100-300 mg/L), and immersion time (t) (10-30 min),
were assessed on the responses (dependent variables): coliform at 45°C and molds and yeasts. The
matrix of the experimental design is presented in Table 1 (first to third columns). After the contact
time, the leaves were rinsed with distilled water to remove chlorine in excess and then dried
superficially with the aid of a manual polypropylene centrifuge (Alves Plastic, NCM:39241000,
Gaspar Mirim, Brazil) with capacity to 4.5 L, for leaves and vegetables. After these steps, the leaves
underwent microbiological analyses.
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Table 1: Matrix of the Box-Behnken factorial design and the results for coliform at 45°C and molds and
yeasts for the sanitization process of the cassava leaves.

Original variables

Run order (coded variables) Responses
C (X1) £ (X2) Coliform at 45°C Molds and yeasts
(MPN/qg) (CFU/9)
1 100 (-1) 10 (-1) <3.0 1.18x10!
2 100 (-1) 20 (0) <3.0 1.18x10*
3 100 (-1) 30 (+1) <3.0 0.45x10?
4 200 (0) 10 (-1) <3.0 0.09x10*
5 200 (0) 20 (0) <3.0 1.82 x10*
6 200 (0) 30 (+1) <3.0 0.36x10!
7 300 (+1) 10 (-1) <3.0 0.45x10*
8 300 (+1) 20 (0) <3.0 ND
9 300 (+1) 30 (+1) <3.0 0.54x10*
10 200 (0) 20 (0) <3.0 0.27x10?
11 200 (0) 20 (0) <3.0 0.27x10?

C: concentration of sodium hypochlorite (mg/L); t: immersion time (min); X1: C; X2: t; MPN: most probable
number; CFU: colony forming unit; ND: non-detected.

2.3 Minimum processing of the leaves

After defining the sanitization condition, the tests were performed to define the minimum
processing condition for the cassava leaves. For this end, the following steps were performed:
selection of the intact leaves; rinsing with running water; sanitization with sodium hypochlorite, in
the optimal condition; rinsing with distilled water to remove chlorine in excess; and surface drying
by centrifugation. Then, the leaves were crushed in a benchtop crusher (Mondial, Power Mixer
500W, China). The study was carried out with the crushed leaves, because this is the main way of
marketing the product.

To evaluate the packaging condition, the crushed leaves were divided into three groups. In the
first group, the leaves were packed in polyethylene packaging with vacuum (PE-V), in the second
group the leaves were packed in polyamide packaging with vacuum (PA-V) and in the third group,
used as control, the leaves were packed in polyethylene packaging without vacuum (PE-WV). After
packaging, all samples were stored in the BOD Refrigerated Incubator (Quimis, Q315M16, Brazil)
(7°C £ 1°C), for 30 days. This temperature was chosen based on the study from Zhan et al. (2012)
[14], who observed a higher retention of the green color in the minimally processed broccoli, when
stored at 7°C; besides, it is a condition with lower energy costs. The green color is remarkable
characteristic of cassava leaves, which interferes with the consumer's choice for the product. For
the samples that were packed under vacuum, a vacuum sealer (Selovac, Jumbo Mini, Sdo Paulo,
Brazil) was used at a pressure of 1.3 kPa, for 3 seconds. The storage control was performed at 0, 1,
7, 14, 21 and 30 days, when the samples were taken to undergo microbiological and physical-
chemical analyses. The processing steps are presented in the flowchart of Figure 1.
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Figure 1: Steps flowchart of the minimum processing of cassava leaves.

2.4 Analytical determinations

2.4.1 Microbiological analyses

In the microbiological determinations, the methodology described by Downes and Ito (2001)
[15] was used for Salmonella spp. The most probable number (MPN) method APHA 9:2015 was
used for coliform at 45°C; the plating method APHA 21:2015, for molds and yeasts; and the plating
method APHA 13.61:2015, for psychrotrophic bacteria in food; all according to official methods
from American Public Health Association — APHA [16]. All analyzes were performed in duplicate.

2.4.2 Physical-chemical analyses

In the storage control, additionally to microbiological analyses: Salmonella spp absence or
presence in 25g of sample, coliform at 45°C (MPN/g), molds and yeasts (CFU/g) and
psychrotrophic bacteria (CFU/g), the samples were submitted to fresh weight loss (%) analyses by
gravimetry [17]; water activity (aw), in digital thermohygrometer (Aqualab 4TE, Decagon Devices
Inc, USA); pH, on a benchtop pHmeter (KASVI, k39-2014B, China); titratable acidity (TA) (mEq
NaOH 0.01N/ 100g), titration with sodium hydroxide [18]; and soluble solids (SS) (°BRIX), in a
digital benchtop refractometer (Quimis, Q76780, S&o Paulo, Brazil) [18].

Chemical compounds of interest have also been quantified. Chlorophyll a and chlorophyll b
were determined by reading the extracts at 470 nm, 661.6 nm and 664.8 nm, in spectrophotometer
(BEL Photonics, BEL Engineering, Monza, Italy), and the results were expressed as jg/g fresh leaf
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[19]. Total phenolic contents were determined by the Folin-Ciocalteau method [20], and the
guantification was made with the aid of an analytical curve of gallic acid, in the concentration range
of 0.02 to 0.06 ug of gallic acid/uL (absorbance between 0.160 and 0.895). The extracts were
obtained according to Boeing et al. (2014) [21] and the results were expressed as mg gallic acid
equivalent/g fresh leaf.

The samples were also subjected to the instrumental color analysis, in a digital colorimeter
(Chroma Meter CR-300, Konica Minolta, Japan), based on the CIELAB color space. The following
calibration was used: light source D65, 0° vision geometry (specular component included), and
values for white X = 0.3174 and gray Y = 0.3349. The parameters a*, b*, L*, ¢* and h° were
determined by direct reading on the equipment. The determination of the color difference (AE) was
calculated by the Equation 1 [22]. All analyzes were performed in duplicate.

AE = [(Aa* J +(ab"f + (AL )2];/2 )
where, AL* = difference in lightness/darkness, indicating the difference between lighter (+) and

darker (=), Aa* = difference between red (+) and green (=), Ab* = difference between yellow (+)
and blue (<), and AE = total color difference.

2.5 Statistical Analysis

The results of the experimental design were submitted to analysis of variance (ANOVA) to
estimate the statistical parameters, the model’s lack-of-fit and the coefficient of determination (R?).
The fitting tests and prediction of the polynomial model (Equation 2) were performed at the
significance level of 5%.

Y =By +B,C By C Byt Byt + B, Ctt By, Cot+ By CE )

where, Y is the dependent variable (coliform at 45°C and molds and yeasts); C and t represent the
independent variables of concentration of hypochlorite and immersion time, respectively; Bo
represents the constant term; 1 and B, are the linear coefficients; B11 and B2 are the quadratic
coefficients; P12 is the linear interaction coefficient, and P11 and P12 are the quadratic interaction
coefficients.

To define the optimum condition, for the sanitization of the leaves, the response surface
methodology and the desirability function were used. Desirability values range from 0 to 1, where
0 represents a completely undesirable value and 1 the most desirable value [23]. To obtain the graph
of the desirability function, rates of change in desirability (s and t) equal to 2 and a grid factor of 4
were used. To evaluate the behavior of the microbiological and physical-chemical properties
analyzed during the storage of the minimally processed cassava leaves, the results were subjected
to analysis of variance (ANOVA) and Tukey's test, with 5% significance, for the comparison of
means. All statistical analyzes were performed using the Statistica 7.0 program.

3. RESULTS AND DISCUSSION

3.1 Optimization of the sanitization

The results obtained for coliform at 45°C and molds and yeasts, for Box-Behnken design, are
shown in Table 1 (fourth and fifth columns). The National Health Surveillance Agency — ANVISA
establishes the maximum limit for coliform at 45°C of 5x10?> MPN/g for related products [24] and
does not recommend a standard for molds and yeasts. As all the sanitization conditions ensured
very low counts for coliform at 45°C (< 3.0 MPN/g), the molds and yeasts were used to evaluate
the efficiency of the leaf sanitization process. The results of ANOVA applied to this response are
shown in Table 2, considering only the significant effects (p < 0.05).



J.F.C. Moraes et al., Scientia Plena 17, 051501 (2021) 6

Table 2: Estimate effect, pure error, t test and level of statistical significance (p), for the factors of the
model fitted to the molds and yeasts

Factor Effect estimate Pure error t p
Mean 5.03 0.16 30.89 0.001
C -6.06 0.43 -14.14 0.005
C? -4.00 0.32 -12.59 0.006
Ct 4.09 0.53 7.79 0.016
Ct? -4.32 0.45 -9.50 0.011
C%t 2.95 0.45 6.50 0.023

C: concentration of sodium hypochlorite (mg/L); t: immersion time (min); t: t test; p: level of probability.

The concentration of hypochlorite (C) had a negative and desirable effect, once the increase in
C promoted a reduction in the molds and yeasts (MY) in the leaves. The immersion time (t), in turn,
had no significant effect when assessed individually; only when present in the interactions with C.
The ordering of effects from the studied variables on the responses, for the process of sanitization
of cassava leaves, can be better visualized in the Pareto chart (Figure 2), as it can be visualized that
the concentration of sodium hypochlorite (C and C?) was the variable that presented the greatest
isolated effect on the reduction of molds and yeasts.

650

c

C?

ct?

Ct

Cc2t

Standard effect estimate (Absolute value)

Figure 2: Pareto chart for molds and yeasts.

Table 3 shows the results of ANOVA, for the regression of the second order model, with the F
value (Fvae) and F table (Fubic), along with the coefficient of determination (R?), for the molds and
yeasts (MY) response; considering only the significant effects. The results indicate that the fitting
of the model to the response was significant, within 95% confidence level. The value of Fyae Was
higher than the value of Frpie (Fvaie/Fibie > 8), confirming that the fitted model (Equation 3) is
predictive [25]. The R? value, in turn, indicates that the model explains 98% of the total variation
of the observed data, for the variable molds and yeasts. In addition, a value of Fapie/Fvawe > 5 (for
the lack-of-fit) ensures the absence of lack-of-fit.

Table 3: Analysis of variance (ANOVA) for the regression of the model fitted to the response of molds and

yeasts.
Source of variation SS DF oM Fualue Ftable R2
Regression 151.97 5 30.39 44.67 5.05 0.98
Residue 3.40 5 0.68
Lack-of-fit 2.85 3 0.95 3.45 19.16
Pure error 0.55 2 0.28

Total 155.37 10
SS: sum of squares; DF: degree of freedom; QM: quadratic mean.
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MY =23.42 -0.112C +1.92x10*C? - 4.73x103Ct + 6.29 x10 °Ct* +8.73x10 °tC? (3)

The response surface and the contour curves generated by the Equation 3, for the MY response,
are shown in Figure 3. Figure 3a shows that the increase in C promoted a reduction in MY, which
effects were more representative for values of C between 200 and 300 mg/L and in intermediate t
(20 min); conditions in which sanitization was most effective. Figure 3b also shows that, for t over
20 min it was possible to obtain the same levels of destruction for MY (2 CFU/qg), using lower C
(between 200 and 250 mg/L). A similar effect was observed for treatments with higher C values
(between 250 and 300 mg/L), which allowed the use lower t (between 14 and 20 min). These results
are important, for practical purposes, as it allows to reduce costs for the sanitization of the cassava

leaves, due to the reduction in the demand for sodium hypochlorite or the use of shorter processing
times.
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Figure 3: Response surface (a) and contour curves (b) for molds and yeasts.

Figure 4 presents the graphs with the profiles for the concentration of sodium hypochlorite (C)
and the immersion time (t), as well as for the function of global desirability, in the experimental
domain of the cassava leaves sanitization process. The values attributed to the desirability function,
for the optimization of the sanitization process were: 0 for 11.82 CFU/g (undesirable), 0.5 for 5.91
CFU/g (moderately desirable) and 1 for 0.0 CFU/g (desirable); maximum, medium and minimum
values for the MY response.

The global desirability varies from 0 to 1 and, the closer the value approaches 1, the better the
simultaneous optimization of the studied variables [26]. Thus, the observed value for the global
desirability (0.98) allows to affirm that the individual optimum for C and t, relative to the MY, are
close to each other, which allows the selection of an experimental condition that meets both
variables. Therefore, the optimal conditions defined by the desirability function, for the sanitization
process of the cassava leaves, are: an aqueous hypochlorite solution concentration of 250 mg/L,
and an immersion time of leaves in the solution of 20 min. In this condition, the count of molds and
yeasts was estimated at 1.05 CFU/qg.

Berbari et al. (2001) [27] evaluated the efficiency of chlorine, in three different concentrations
(70, 100 and 130 mg/L), for an immersion time of 15 min, on the sanitization of lettuce. The
minimally processed products presented a count of molds and yeasts of 5x10°, 6x10% and 3x103
CFU/g, respectively, after nine days of storage at 2°C. These levels of contamination were higher

than those observed for cassava leaves, in the experimental domain (Table 1), most likely to the
lowest concentrations used by the cited authors.
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Figure 4: Desirability function graph for molds and yeasts.

3.2 Storage of the minimally processed leaves

3.2.1 Fresh weight loss and water activity

The results of fresh weight loss of the cassava leaves, in different packaging, are shown in Figure
5. The fresh weight loss of the cassava leaves increased with the storage time, but this increase was
statistically greater (p < 0.05) for leaves packed in polyethylene (PE) packaging, regardless the
application of vacuum (PE-V) or the non-application of vacuum (PE-WV). The observed increase
was more representative, after 21 days of storage, when the fresh weight loss of the PE-WV and
PE-V samples continued to increase, while the values observed for the leaves packed in a polyamide
packaging with vacuum (PA-V) remained statistically unchanged (p > 0.05). In 30 days of storage,
the fresh weight loss of the leaves packed in PE-V and PE-WYV reached an approximately value of
4.5%, while for the leaves packed in PA-V, the weight loss remained less than 2%.

According to Saltveit (2002) [28], the physical injuries caused by freshly crushed vegetables
promote an immediate physical and physiological response in the plant tissue, generating the
accumulation of water on the surface and the exposure of the tissue to the spread of contaminants
(physical changes) and subsequent changes, such as the diffusion of gases and change in the
appearance of the surface (physiological changes). The accumulation of water on the surface favors
the loss of water and, consequently, the fresh weight loss of the vegetable. In summary, the results
indicate that when the control variable is fresh weight loss, the crushed cassava leaves can be
packed in PE packaging without vacuum, for up to 21 days, if stored at 7°C. However, if the storage
time (at 7°C) is desired, up to 30 days, it is recommended the leaves to be packed in PA packaging,
under vacuum, for a more effective control of the variable.

The water activities (aw) of the minimally processed products did not present discrepant values
(data not shown) between the types of packaging used (polyethylene and polyamide), the storage
conditions (with and without vacuum) and between the storage days. The aw values close to 0.99
are the favorable conditions for the development of microorganisms in the cassava leaves, if it is
not rinsed, sanitized, conditioned and stored under appropriate conditions.
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Fresh weight loss (%)

1 7 14 21 30
Time (days)
Figure 5: Fresh weight loss (%) of the minimally processed cassava leaves, stored at 7°C; in different
packaging conditions. (m) Polyethylene without vacuum, (A) Polyethylene with vacuum and (®) Polyamide
with vacuum.

3.2.2 pH, titratable acidity and soluble solids

Figure 6 shows the behavior of pH, titratable acidity (TA) and soluble solids (SS), in minimally
processed cassava leaves, during storage at 7°C. A pH reduction in the leaves was observed in the
first day of storage, which was more significant (p < 0.05) for PE-WV, followed by PE-V and PA-
V. On the seventh day, the pH of the leaves increased to values statistically equal to the initial ones,
and remained practically unchanged until the end of storage. Rinaldi et al. (2005) [29] evaluated
the storage of minimally processed cabbage, at 5°C and 10°C, and observed the increase in the pH
of the vegetable, during storage. The increase in pH is attributed to the need to neutralize the
acidification of the medium caused by carbon dioxide (CO,), a product of the post-harvest
respiration reaction [30, 31]. Thus, the slight pH variation can be attributed to the low respiration
rate of cassava leaves at the storage temperature of 7°C.
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Figure 6: Values of pH (a), titratable acidity (TA) (b) and soluble solids (c), for the minimally processed
cassava leaves, during the storage at 7 °C. (m) Polyethylene without vacuum, (A) Polyethylene with
vacuum and (®) Polyamide with vacuum.
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Titratable acidity experienced a significant increase (p < 0.05) on the first day of storage, for all
packaging conditions, and then there was a decrease up to the initial value, for PE-WV, and for
values lower than the initial ones, for PE-V and PA-V; on the 21 day of storage. The abrupt
increase in TA in the first 24 hours of storage can be related to the high consumption of oxygen
(02), due to the respiration process of the plant, which accumulates CO- and water. The generated
CO- can dissolve in water to form carbonic acid (H.COs), a weak acid, which tends to ionize and
form hydrogen ions, bicarbonate (HCOs) and carbonate (COs*), promoting a pH stabilization
(Figure 6a) and increasing acidity (Figure 6b) [32].

The reduction in TA that occurred from the first day of storage, for leaves packed under vacuum
(PE-V and PA-V) and from the seventh day for leaves packed in standard atmosphere (PE-WV),
can be attributed to the consumption of organic acids, as substrate by microorganisms, due to the
limitation of the leaf respiration process and the decrease in energy reserves; once plant tissues do
not act as carbon storage sites [29, 33]. A lower concentration of O, and, consequently, a greater
limitation to the breathing process has made the reduction in TA to occur in a shorter time and with
greater intensity, for the leaves packed with vacuum (PE-V and PA-V). When packaging materials
with low O, permeability are used, such as polyamide, the effect mentioned is more significant
[34], which was observed for the leaves packed in PA-V (Figure 6b).

Up to the seventh day of storage, there was an increase of 0.5 °Brix, in the soluble solids (SS)
content, for cassava leaves, in all packaging conditions (Figure 6¢). This behavior can be attributed
to traces of sugars arising from cell wall degradation or to soluble sugars derived from the
degradation of vegetable storage carbohydrates [35]. There was an abrupt decrease in SS from the
seventh day in the leaves packed in standard atmosphere (PE-WYV), from 6 °Brix to 1 °Brix; on the
21% day. For leaves packed with vacuum, SS decreased from the 14" day for PE-V and only from
the 21% day for PA-V; reaching 1 °Brix and 4 °Brix, respectively, on the 30" day. Therefore, the
use of polyamide packaging under vacuum for the packing of crushed cassava leaves was the
condition that proved to be the most efficient in controlling SS for storage at 7°C.

As the storage time progressed, the plant's respiration rates are minimized, promoting the change
from the aerobic route to the anaerobic route, to supply the energy demand. In vegetables, alcoholic
fermentation is the main process, which is preceded by lactic fermentation, which promotes the
accumulation of lactic acid and induces acidification of cytosol, a signal for the activation of
alcoholic fermentation, due to the hypoxia conditions created in the environment [36-38]. In the
anaerobic route, the Krebs cycle will change to the glycolytic pathway, in which the pyruvic acid
is decarboxylated to form acetaldehyde and, consequently, CO, and ethanol [30]. The production
of lactic acid, ethanol, among other intermediates, promote changes in pH, TA and SS during
storage.

The changes observed during storage can also be attributed to the increasing in the concentration
of COy, inside the packaging. Temperatures between 6°C and 10°C, in the presence of CO,, can
induce microbiological changes, such as the development of mesophilic microorganisms, when
compared to standard atmospheric conditions [39]. The growth of microorganisms from the lactic
acid flora can also occur, promoting a reduction in TA (Figure 6b) and SS (Figure 6c) [40], or the
growth of psychrotrophic microorganisms, such as Pseudomonas spp, which are the greatest
vegetables deteriorating [41].

3.2.3 Color, chlorophyllaand b

Figure 7 shows the behaviors of the instrumental color parameters, as well as the chlorophyll a
and chlorophyll b, in minimally processed cassava leaves, during storage at 7°C. The color
parameters values indicate the presence of the colors green (-a*), yellow (+b*) and dark (L* < 40),
in the cassava leaves. The losses in green and yellow colorings, as well as the darkening of the
leaves packed in PE-WV and PE-V were more significant after the 14" day of storage. These results
indicated that the use of vacuum was not favorable in retaining the color, when the polyethylene
packages were used.

For the leaves packed in PA-V, in turn, the colors green and yellow, as well as the lightness,
were maintained during the 30 days of storage. This behavior is attributed to the greater efficiency
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of the polyamide packaging in maintaining the vacuum [42]. The results are confirmed by the
behavior observed for the Chroma (c*), the Hue angle (h°) and the total color difference (AE).
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Figure 7: Color parameters, and profile of chlorophyll a (bars) and chlorophyll b (markers), for the
minimally processed cassava leaves, during storage at 7°C. (a) PE-WV, (b) PE-V and (c) PA-V. Means
followed by the same letter do not differ statistically from each other on the same line, by the Tukey's test,
at 5% probability.
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The darkening of the leaves can be attributed to injuries suffered during the long period of cold
storage. Tomas-Barberan et al. (1997) [43] and Mai and Glomb (2013) [44] observed that
chlorogenic acid was one of the phenolic compounds responsible for the darkening of lettuce
leaves. Zhan et al. (2012) [14] evaluated the effect of exposure to light (24 pmol/m.s) and
temperature (4°C and 7°C) during the storage of minimally processed broccoli, and observed that
these conditions were effective in maintaining the color, texture, odor and acceptability of the
product.

Regarding the behavior of chlorophyll during the storage of minimally processed cassava leaves,
the same degradation standard was observed for chlorophyll a and chlorophyll b; which its
reduction was more significant after the seventh day of storage. The beginning of the chlorophyll
degradation can be attributed to the removal of the phytol group and the formation of chlorophyll,
by the action of chlorophyllase. The reaction is favored by the enzyme release present in the
chloroplast, during the leaf crushing process [45]. The increase in the concentration of chlorophylls
a and b, observed from the 21 day of storage, can be attributed to the increase in the leaf’s fresh
weight loss (Figure 5), which promoted the concentration of pigments.

3.2.4 Total phenolic contents

Figure 8 shows the behavior of the total phenolic contents, in minimally processed cassava
leaves, during storage. The initial content of total phenolics, in the leaves, was close to the values
observed by Suresh et al. (2011) [46], in extracts obtained with methanol (64 mg/g), acidified
methanol (136 mg/g) and acetone (164 mg/g), from the cassava leaves stems.

Total phenolic contents
(mg GAE/g fresh leaf)

Figure 8: Total phenolic contents in minimally processed cassava leaves, during storage at 7°C. Values
with the same letters, in the same range, do not differ, at 5% probability, by the Tukey’s test.

The degradation of total phenolic contents of the leaves was observed during the entire storage,
which was more significant from the seventh day of storage, regardless of the packaging and the
atmosphere used. After 30 days of storage, the maximum levels of degradation observed were 93%,
49% and 62%, for leaves packed in PE-WV, PE-V and PA-V. The results show that packaging
under vacuum was much more efficient in retaining the phenolic compounds from the leaves, and
that packaging in PE-V was more efficient than in PA-V. This behavior can be attributed to the fact
that the leaves packed in polyethylene packaging have presented a fresh weight loss twice higher
than the leaves packed in polyamide packaging (Figure 5), which promoted the highest
concentration of compounds in the first one.

Vallejo et al. (2003) [47] studied the freshly harvested broccoli stored for 7 days at 1°C to
simulate the maximum time spent on transportation and distribution of the product and for another
3 days at 15°C, in order to simulate the time spent in the food market. Furthermore, the authors
found that after 10 days, a considerable loss in total phenolic contents occurred, around 44-51, 59-
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62 and 73-74% on a wet basis for synaptic acid derivatives, total flavonoids and derivatives of
caffeoylquinic acid.

3.2.5 Microbiological analysis

After the sanitization process (at the optimized condition of 250 mg/L for 20 minutes), the
cassava leaves underwent analyzes of Salmonella spp., coliform at 45°C, molds and yeasts and
psychrotrophic bacteria. As the results did not reveal the presence of Salmonella, in 25 g of fresh
leaf, this analysis was not performed during leaf storage. The other microorganisms, in turn, were
analyzed during the 30 days of storage, and the results are shown in Table 4.

Table 4: Molds and yeasts, coliform at 45°C and psychrotrophic bacteria count, on the minimally
processed cassava leaves, during storage at 7°C.

Time Coliform at 45°C Molds and yeasts Psychrotrophic bacteria
(days) (MPN/qg) (CFU/g) (CFU/g)
PE-WV PE-V PA-V PE-WV PE-V PA-V PE-WV PE-V PA-V
0 <3.0 <3.0 <3.0 6.82x102 6.82x10%> 6.82x10°> 6.82x102 6.82x10%>  6.82x102
1 <3.0 <3.0 <3.0 7.73x10* 4.86x10* 1.91x10° 7.73x10* 4.86x10* 1.91x10°
7 3.6 3.6 3.6 1.58x10% 8.18x10° 2.52x10* 1.58x10° 8.18x10° 2.52x10*
14 <3.0 <3.0 <3.0 1.20x107 7.32x10° 2.73x10° 1.20x107 7.32x10® 2.73x10°
21 <3.0 <3.0 <3.0 3.14x10%° 1.10x10°® 1.03x107 3.14x10® 1.10x10® 1.03x10’
30 9.2 <3.0 <3.0 4.00x10® 1.82x10°® 9.55x107 4.00x10® 1.82x10%® 9.55x10’
PE-WV: Polyethylene without vacuum, PE-V: Polyethylene with vacuum, PA-V: Polyamide with vacuum.

In general, as the storage time advanced, an increase in the count of the evaluated
microorganisms was observed in the minimally processed cassava leaves; regardless of the
packaging condition. However, a greater increase was observed for leaves packed in polyethylene,
with the highest counts observed for packaging without vacuum (PE-WV). A better microbiological
control was observed for the leaves packed in PA-V.

Schuh et al. (2020) [48] assessed products based on minimally processed vegetables (sprouts,
cabbage, collards, lettuce, tropical and Italian salads), sold in three different supermarkets in the
municipality of Concordia, in the Santa Catarina state (Brazil), which showed values of coliform
at 45°C below 3.0 MPN/g. Santos et al. (2019) [9], in turn, analyzed minimally processed vegetable
salad, which showed a count of coliform at 45°C also below 3.0 MPN/g.

During the 30 days of storage, there was no increase in the count of coliform at 45°C, in the
minimally processed cassava leaves, except on the 30" day, for PE-WV. However, the observed
values did not exceed the limit established by Brazilian legislation (102 MPN/g) [24]. These results
confirm the efficiency of the sanitization condition used, in the minimal processing of cassava
leaves, as well as the storage temperature.

The initial contamination of molds and yeasts in the leaves of minimally processed cassava was
6x10% CFU/g. After 30 days of storage, high levels of contamination were observed for these
microorganisms, in PE-WV (4.00x10® CFU/g), PE-V (1.82x10® CFU/g) and PA-V (9.55x10’
CFU/g). Pereira et al. (2011) [49] evaluated the behavior of yeasts in 84 samples of minimally
processed vegetables, sanitized with sodium hypochlorite, in concentrations of 50 to 400 mg/L, and
observed that the yeasts also presented resistance against the action of the sanitizer, even at the
highest concentrations.

Regarding the psychrotrophic bacteria, the count reached values in the order of magnitude of
108 CFU/qg fresh leaf, at 30 days of storage. The highest counts (> 10° CFU/g) were observed from
the seventh day for PE-WV, 14" day for PE-V and 21% day for PA-V. However, Brazilian
legislation does not define psychrotrophic bacteria as possible contaminants for minimally
processed vegetables. Hébraud and Potier (1999) [50] emphasize that the presence of
psychrotrophic bacteria in refrigerated foods is relevant, once the presence of these microorganisms
is a cause of deterioration and food intoxication.
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According to Francis et al. (1999) [51], temperature is the variable with the greatest influence
on the growth of microorganisms in minimally processed vegetables. These authors observed that
the psychrotrophic bacteria Aeromonas hydrophila grew in minimally processed products, stored
under refrigeration (2°C-5°C). Szabo et al. (2000) [52] evaluated 120 commercial samples of
minimally processed lettuce and identified the presence of the following psychrotrophic
microorganisms: Yersinia enterocolitica, Aeromonas hydrophila or Aeromonas caviae and Listeria
monocytogenes.

Santos et al. (2019) [9] found a count of psychrotrophic bacteria greater than 3x10? CFU/g in a
commercial vegetable salad. Fantuzzi et al. (2004) [11] observed a count of 10* CFU/g, for
psychrotrophic bacteria, in minimally processed cabbage, sanitized with sodium hypochlorite at
200 mg/L, for 10 min. Garg et al. (1990) [53] and Fan and Song (2008) [54] found counts between
10% and 10° CFU/g, for psychrotrophic bacteria, in products such as lettuce, cabbage salad and
cauliflower. In a study with chopped American lettuce, Barriga et al. (1991) [55], observed an
increase in the count of psychrotrophic bacteria from 10* to 10" CFU/g, during storage in a modified
atmosphere, for 12 days.

In refrigerated conditions, the growth of bacteria, fungi and yeasts can be observed. Most of the
bacteria have suppressed growth, except psychrotrophic bacteria, which can grow at refrigerated
temperatures [56, 57]. Pseudomonas spp gender is one of the main microorganisms responsible for
food losses under refrigeration storages; in different parts of the world. Pseudomonas marginalis
bacteria is an important pathogen that causes soft rot in the postharvest of a wide variety of
vegetables [58].

Additional studies are necessary, aiming to establish reference values, for psychrotrophic
bacteria and for molds and yeasts, as these microorganisms can be indicators of the good state of
conservation in a food. The evaluation of psychrotrophic bacteria in minimally processed
vegetables is very important, because at ideal refrigeration temperatures for vegetable products
(0°C to 7°C), there may be a great development of these microorganisms.

4. CONCLUSION

The minimal processing of crushed cassava leaves was studied for the first time. The optimum
condition defined for the sanitization of cassava leaves was immersion time of 20 min, in an
aqueous solution with 250 mg/L sodium hypochlorite. In turn, the behavior of the physical-
chemical (fresh weight loss, aw, pH, TA, SS, color parameters, chlorophyll a and b, and total
phenolic contents) and microbiological (Salmonella spp, coliform at 45°C, molds and yeasts and
psychrotrophic bacteria) properties during the storage at 7°C showed that, the crushed cassava
leaves will be suitable for consumption for only 24 hours when packed in polyethylene under a
standard atmosphere (PE-WV); for up to 7 days when packed in polyethylene with vacuum (PE-
V); and for up to 14 days when packed in polyamide with vacuum (PA-V). Although the behavior
of the physical-chemical and microbiological properties evaluated have shown that the PA-V
packaging was the most efficient for the conservation of minimally processed cassava leaves; the
PE-V packaging presents itself as a good alternative; for lower packaging costs.
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