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ABSTRACT

The aim of this study was to evaluate the effects of 
fresh-cut in stick form of two cassava cultivars on their biochemical 
and antioxidant characteristics, at two harvest times. The fresh cut 
cassava sticks were packaged in polypropylene, maintained at 
5±1ºC, with 90±5% relative humidity for 12 days. The concentration 
of carotenoids, total soluble phenolic compounds and the activity 
of phenylalanine ammonia lyase and antioxidant capacity were 
signifi cantly higher for the sticks of cultivar ‘Amarela’ cassava 
than for the sticks of cultivar ‘Cacau’.  The concentrations of 
carotenoids, total soluble phenolic compounds, and the activity of 
phenylalanine ammonia lyase and antioxidant capacity were all 
signifi cantly greater when harvested at 14-month of age. There 
was a signifi cant increase in the activity of phenylalanine ammonia 
lyase during the 12 days of storage at 5ºC. However, there was a 
decrease in total carotenoids, soluble phenolic compounds, and in 
the antioxidant capacity of the two cultivars.

Key words: Manihot esculenta Crantz, carotenoids, PAL, quality, 
antioxidant capacity.

RESUMO

Objetivou-se avaliar, em duas cultivares de mandioca, 
o efeito do processamento mínimo no formato palito sobre 
características bioquímicas, em duas idades de colheita. Os palitos 
de mandioca minimamente processados foram acondicionados 
em embalagens de polipropileno, a 5±1ºC, 90±5% de umidade 
relativa, por 12 dias. O teor de carotenoides, e de compostos 
fenólicos solúveis foram signifi cativamente maiores para os 
palitos da cultivar ‘Amarela’ do que para a cultivar ‘Cacau’, assim 
como a atividade da fenilalanina amônia liase e a capacidade 
antioxidante. O teor de carotenoides totais e compostos fenólicos 
solúveis, assim como a atividade da fenilalanina amônia liase e a 

capacidade antioxidante, foram superiores quando colhidas aos 
14 meses. Houve acréscimo na atividade da fenilalanina amônia 
liase durante os 12 dias de conservação a 5ºC, no entanto, houve 
decréscimo para o teor de carotenoides totais e de compostos 
fenólicos solúveis, assim como da capacidade antioxidante.

Palavras-chave: Manihot esculenta Crantz, carotenoides, PAL, 
qualidade, capacidade antioxidante.

INTRODUCTION

Interest in the role of antioxidant 
consumption, including carotenoids, ascorbate, 
tocopherols, and phenolic compounds in human health 
has led to agronomic studies on topics such as genetic 
improvement of cultivars, maturation point, harvest 
method and food science, along with postharvest, 
processing, and conservation methods. This aims 
to identify antioxidants in fruits and vegetables and 
to determine how their content and activity can be 
maintained or even improved (ALASALVAR et al., 
2005; SIMÕES, 2007). 

Peeling and cutting during the preparation 
of fresh-cut vegetables induces an increase in some 
physiological responses (ODRIOZOLA-SERRANO, 
2008). In cassava, this handling may induce an 
alteration in the metabolism of phenylpropanoids 
and cause browning, resulting in a loss in quality 
(BUSCHMANN et al., 2000). On the other hand, 
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phenolic compounds may protect the cell constituents 
against oxidative damage, thereby limiting the risk of 
developing various degenerative diseases associated 
with oxidative stress (SCALBERT, 2005; PADDA & 
PICHA, 2008). 

According to FUKUDA & BORGES 
(1990) and NGEVE (2003), the harvest age and 
cultivars may infl uence the quality and composition 
of the raw material, and after 12 months the cassava 
roots can lose quality. Yellow cassavas naturally 
possess more carotenoids than white cassavas 
(OLIVEIRA, 2006). The antioxidant property of the 
carotenoid pigments in the roots of yellow cassava 
may delay the deterioration in whole roots, which 
possibly prolongs its useful life (SASSON, 2004) 
compared to white pulp cultivars. 

The benefi ts of the new minimal processing 
technique for cassava sticks could also meet the need 
for a convenient food. Thus, the inherent differences 
in the carotenoid content of the two cultivars in this 
study possibly may be refl ected in foods with different 
antioxidant potentials.

Therefore, the aim of this study is to 
evaluate biochemical and bioactive phytonutrients 
changes in two cultivars of fresh cut cassava in stick 
form, stored under refrigeration.

MATERIAL   AND   METHODS

Cassava (Manihot esculenta Crantz) plants 
of the Cacau (white pulp) and Amarela (yellow pulp) 
cultivars were produced by a Viçosa-MG (Brazil) 
producer (geographical position: Latitude: 20º 45’ 
14” S, Longitude: 42º 52’ 55” W) and harvested 
in 2009. They were harvested 12 and 14 months 
after planting, respectively. After harvest, the roots 
were placed in plastic boxes and transported to the 
Minimal Processing Unit (Unidade de Processamento 
Mínimo) of the Universidade Federal de Viçosa-UFV.

The cassava roots were standardized by 
size, and roots that exhibited attacks by pathogens 
or pests were discarded. The selected roots were 
washed with running water to eliminate dirt from 
the fi eld and were sanitized in a 200mgL-1 chlorine 
solution (Sodium Dichloro-S-Triazinetrione) in water 
at 5±2°C for 10 minutes. Then, were divided into 
pieces of approximately 5cm in length, immediately 
placed in water at 5±2°C, and subsequently manually 

peeled and cut into sticks using a mechanical cutter 
(JUNQUEIRA, 2009). 

The cassava sticks were immersed in water 
containing 200mgL-1 chlorine (Sodium Dichloro-S-
Triazinetrione) at 5±2°C for ten minutes. They were 
then rinsed by immersion in water containing 3mgL-1 
chlorine at 5±2°C for 10 minutes. The sticks were 
centrifuged using a stainless steel centrifuge for 10 
seconds with a force of 160g. 

Samples of 200g of cassava sticks were 
placed in polypropylene bags of approximately 60μm 
in thickness measuring 10cmx15cm. These were kept 
refrigerated at 51°C for a period of 12 days and 
analyzed biochemically every three days.

The total carotenoids (μg carotenoids 
g-1 FW) were extracted as described by 
LICHTENTHALER (1987). The PAL extraction 
and assaying (Δ ABS h-1g-1 FW) were performed 
according to methods described by KE & SALTVEIT 
(1986) and the phenolic compounds (mM galic acid 
g-1 FW) were extracted and quantifi ed as described by 
REYES et al. (2007).

The antioxidant capacity (% RQA) of 
the extract used for quantifi cation of the phenolic 
compounds was determined by the capacity 
to sequester the free radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH) according to the method 
described by BRAND-WILLIAMS et al. (1995), 
modifi ed by MILIAUSKAS et al. (2004), and 
adapted for cassava.

One 0.2-mL aliquot of the methanol 
extract was added to 3.8mL of a solution of 112mM 
DPPH in a test tube. The mixture was shaken in a 
tube agitator and allowed to react for 30 minutes 
in the dark. Absorbance at 515nm was read with a 
spectrophotometer. The 112mM DPPH solution with 
200μl of methanol was used as a control. 

The antioxidant capacity was expressed 
as the Radical Quenching Activity (% RQA), 
calculated as: % RQA = ((control ABS – sample 
ABS)/control ABS) x 100, in which ABS is the 
mean absorbance at 515nm.

The experiment design was completely 
randomized, with four repetitions, in a 2x2x5 
factorial layout, with two cultivars, two harvest 
times and fi ve observation times. Each experimental 
unit was made up of 200g of fresh-cut and packaged 
cassava. The data were subjected to analysis of 
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variance and the averages of the cultivars and harvest 
times and their interactions were compared with an F 
test at 5% signifi cance. A regression analysis at 5% 
signifi cance was performed to compare the different 
storage times. Statistical analysis was performed 
with SAEG program - Statistical Analysis System 
and Genetics (2007). To evaluate the association 
between the content of soluble phenolic compounds 
with antioxidant capacity, it was used the Pearson 
Correlation Coeffi cient.

RESULTS   AND   DISCUSSION

Total carotenoids was statistically 
different to cultivar, harvest time and storage time 
(Figure 1). The concentration of total carotenoids 
was signifi cantly greater in the sticks of the 
Amarela cassava cultivar (10-12μg g-1 FW) than in 
the sticks of the ‘Cacau’ cultivar (5-7μg g-1 FW) at 
both harvest times, according the F test (Figure 1), 
as well as observed by KIMURA et al. (2007) and 
CHAMPAGNE et al. (2010). This indicates that the 
‘Amarela’ cultivar has almost double the amount of 

total carotenoids than the white cultivar. However, 
the content of carotenoids signifi cance decreases 
during storage, according the regression test. The 
concentration of carotenoids in roots of more than 
1700 clones of whole cassava in the Americas varied 
from 1.02 to 10.4μg g-1 FW (CHÁVEZ et al., 2005).  

There was signifi cance difference in 
carotenoid content between the harvest ages for both 
cultivars, confi rmed by F test, yet the carotenoid 
concentration signifi cantly decreased during entire 
period of refrigerated storage, according the regression 
test (Figure 1). KIMURA et al. (2007) also observed 
a decrease of the concentration of carotenoids during 
storage. The degradation of carotenoids may have 
occurred due to the oxidative stress suffered by 
cassava as a function of tissue exposure to oxygen, 
due to cut into stick form (REILLY et al, 2003; 
CHAVEZ et al, 2007). 

PAL activity was statistically different to 
cultivar, harvest time and storage time (Figure 2). The 
PAL activity was signifi cantly greater in the sticks of 
the Amarela cassava cultivar (0,14-0,24Δ ABS h-1 g-1 
FW) than in the sticks of the ‘Cacau’ cultivar (0,06-

Figure 1 - Total carotenoids on fresh-cut cassava sticks, from cultivar ‘Cacau’ harvested at 12 months (●) and 14 months 
(○), and cultivar ‘Amarela’ harvested at 12 months (■) and 14 months (□), stored at 5°C for 12 days.
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0,14Δ ABS h-1 g-1 FW) at both harvest times, confi rmed 
by F test (Figure 2). However, the PAL activity 
increases during the storage period, according the 
regression test. The same behavior was also observed 
in the studies by RICKARD (1985), PLUMBLEY & 
RICKARD (1991) and MEDEIROS (2009).

The increased synthesis of PAL is an 
expected response in fresh-cut products, such as 
shear response to cutting (CAMPOS-VARGAS et al., 
2005), since the PAL is a key enzyme in the synthesis 
of phenolic compounds involved in the response 
system to injury (HAHLBROCK & SCHEEL, 1989). 
This increase is consistent with the studies of REYES 
et al. (2007), who found an increase in PAL activity 
after the cutting of various products, including 
carrots, potatoes, and sweet potatoes. 

Phenolic compounds are considered 
important antioxidants that may help to prevent many 
human chronic diseases (PADDA & PICHA, 2007). 
The concentration of total soluble phenolic compounds 
was statistically different to cultivar, harvest time and 
storage time (Figure 3). It was found higher content 
of phenolic compounds in ‘Amarela’ cultivar (0.31mM 
galic acid g-1 FW) than in cultivar ‘Cacau’ (0.24mM 

galic acid g-1 FW), according the F test (Figure 3). The 
concentration of phenols was also signifi cantly higher 
in the cassava sticks harvested at 14 months than those 
harvested at 12 months, according F test, of encounter 
with the results found by BOONSENG et al. (1999). 
In addition, the concentration of soluble phenols 
during refrigerated storage decreased in both cultivars, 
confi rmed by the regression test. CANTO (2011) also 
found a decrease in two cassava cultivars (yellow 
and white pulp) during storage, however, the cultivar 
yellow pulp exhibited lower levels of phenolics.

BUSCHMANN et al. (2000) did not fi nd 
any differences in the phenolic content in the slices 
of cassava stored at ambient temperature for 7 days. 

The decrease in the concentration of 
phenols for cut potatoes and cabbage stored under 
refrigeration suggests that the phenols produced by 
PAL during cutting were preferentially diverted for 
the formation of insoluble phenols such as lignin and 
suberin, which are involved in the scarring of injured 
tissues (REYES et al., 2007) that could also be present 
in cassava. In addition, soluble phenols may have 
reacted with the free radicals formed during oxidative 
stress and acted as antioxidants (FERRARI, 2003).

Figure 2 - Phenylalanine ammonia lyase activity on fresh-cut cassava sticks, from cultivar ‘Cacau’ harvested at 12 
months (●) and 14 months (○), and cultivar ‘Amarela’ harvested at 12 months (■) and 14 months (□), 
stored at 5°C for 12 days.
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Sticks of the ‘Amarela’ cultivar maintained 
a signifi cantly higher capacity to sequester radicals 
than those of the ‘Cacau’ cultivar throughout the 
storage period, according the F test. Sticks from 
cassava harvested at 14 months also had greater 
antioxidant capacity than sticks from cassava 
harvested at 12 months, according the F test (Figure 4). 
The antioxidant capacity, quantifi ed by the capacity 
to sequester radicals, exhibited a decrease during 
refrigerated storage, independent of the cultivar 
analyzed, confi rmed by the regression test (Figure 4).

It was found that the association between 
the soluble phenolic compounds and the antioxidant 
capacity exhibited r=0.959, which describes a strong 
positive correlation (0.8<r<1) in accordance with the 
concepts of the Pearson correlation coeffi cient as well 
as being statistically signifi cant. SPAGOLLA et.al. 
(2009) also found strong positive correlation between 
phenolics and antioxidant capacity in the blueberry 
fruit, even as BERNARDES et al. (2011) found in 
the kiwi fruit.

The antioxidant capacity of the cassava 
roots is largely due to phenolic compounds, which 
is consistent with the profi le of total soluble phenols 

(BUSCHMANN et al., 2000), which also decreased 
during the period of refrigerated storage. 

CONCLUSION

The concentration of total carotenoids 
and soluble phenolic compounds, as well as the 
activity of phenylalanine ammonia lyase and the 
antioxidant capacity, were greater when samples 
harvested at 14 months.

Fresh-cut cassava sticks of the Amarela 
cultivar exhibit different functional characteristics 
than sticks of the ‘Cacau’ cultivar, such as a 
greater concentration of total carotenoids, and total 
soluble phenols, which led to increases the total 
antioxidant activity of the product. However, these 
characteristics decreased signifi cantly throughout 
storage in both cultivars.
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