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The caçari (Myrciaria dubia) is a native fruit tree from Amazon with high concentrations of vitamin C. 
This study aimed to adjust a culture medium that meets the nutritional needs for the in vitro 
development of caçari, evaluating the effect of different concentrations and nutritive culture media, 
antioxidant, and levels of agar and pH. Three experiments were carried out in a completely randomized 
design: 1 -  woody plant medium (WPM), Murashige and Skoog (MS) and Juan, Antonio, Diva and Silvia 
medium (JADS) nutritive media with 25, 50, 75 and 100% concentrations; 2 -  pH (3.7, 4.7, 5.7 and 6.7) 
and agar concentrations (0, 3.5, 7.0 and 10.5 g.L

-1
); 3 - Antioxidants [( ascorbic acid (AA), citric acid 

(CA), polyvinylpyrrolidone (PVP)] and concentrations (0, 100, 200, 300 mg.L
-1

) on the control of phenolic 
oxidation of  stem segments. After collection, the explants were disinfested in a laminar flow chamber, 
dipping in 70% ethanol for 3 min and 1.5% sodium hypochlorite for 12 min, followed by three washes in 
distilled and autoclaved water. After disinfestation, the explants were inoculated in 15 × 125 mm test 
tubes containing 30 mL culture medium, according to each experiment and their respective treatments. 
After 90 days, the number and length of sprouts (cm) and the oxidation were evaluated. The best results 
were obtained using the WPM medium at a concentration of 100% with 7 g.L

-1
 agar, and pH adjusted to 

5.7. The use of antioxidants in the tested conditions did not contribute to decrease in oxidation in 
explants, indicating that there is no need of adding them into the culture medium.  
 
Key words: Camu-camu, in vitro culture, Myrciaria dubia, organogenesis. 

 
 
INTRODUCTION 
 
The caçari (Myrciaria dubia (Kunth.) McVaugh) is a native 
fruit tree from Amazon, widely distributed in the 

conditions of the Northern Amazon. This species has 
aroused a great interest of the national and international

 

*Corresponding author. E-mail: nilmacoly@hotmail.com 

 

Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

 

 

 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


1772          Afr. J. Biotechnol. 
 
 
 
market due to its high content of vitamin C, which may 
reach 7,355.20 mg per 100

-1
 g of ascorbic acid pulp 

(Chagas et al., 2015), and nutraceutical compounds 
important for our health (Neves et al., 2015). 

Because the species is still in domestication process 
(Chagas et al., 2012), there is little information about its 
micropropagation. This technique is important for use in 
breeding programs of the species, multiplication of high 
clones with difficult rooting and obtaining plants free from 
pests and diseases and with high quality. Thus, one of 
the most important factors to be studied, that most 
influences and determines the success of the in vitro 
culture, is the nutritional balance of the culture medium 
and its interaction with the genetic material or explant. In 
most cases the culture medium is empirically defined, 
using as a basis the protocoled culture media, showing 
no specificity to the species nutritional requirements, the 
limiting factor of the morphogenetic processes of a given 
species (Correia, 2006). 

Many culture media formulations have been made in 
the last 100 years, such as the Murashige and Skoog 
(MS) medium (Murashige and Skoog, 1962), to optimize 
the culture of roots, cells, calli, among others, 
representing one of the most widespread and used media 
for herbaceous species. This medium has a high total 
ionic concentration, with a high concentration of nitrogen, 
potassium, zinc and chlorine; in comparison to other 
media (Leifert et al., 1995). For woody species, media 
with more diluted mineral balance have been more used, 
such as the WPM culture medium (Lloyd and Mccown, 
1981) which has lower salt concentrations, in particular, 
the nitrogen and potassium (Rocha, 2005). The Juan, 
Antonio, Diva and Silvia (JADS) medium (Correia et al., 
1995), similar to the Woody plant medium (WPM), also 
has low nitrogen, potassium, and molybdenum content. 

The culture medium consistency is another important 
factor for the in vitro culture and plays a fundamental 
effect on the morphogenesis and growth of sprouts, and 
may cause serious trouble to the expected development 
of the explant if its basic requirements are not met 
(Karasawa et al., 2002). The agar is recognized for its 
gelling action; therefore, it is used to give support to the 
plant when it is placed in the culture medium. The agar 
may also be a controller of vitrification and hyper-
hydration phenomena (Williams and Leopold, 1989). 

The pH is another critical and very important factor for 
the culture medium as it influences both the availability of 
nutrients and phytoregulators and the degree of agar 
solidification. If the pH is well adjusted, it may promote a 
higher and better use of the nutrients by the explant. 
Therefore, the cells and tissues of plants require an 
appropriate pH range for the growth and development in 
vitro. Thus, the pH of the culture media are generally 
adjusted to 5.6 to 5.8 because in these conditions all ions 
are in solution and readily available for the cells.  

Furthermore, it is a pH value close to those, which 
under natural conditions involve  plant  cells  (Bhatia  and 

 
 
 
 
Ashwath, 2005; Canhoto, 2010). 

The oxidation is another important factor for the in vitro 
culture, this process is caused by the reaction of 
polyphenoloxidases on phenolic compounds, and may 
cause the death of the stem apexes in the early stages of 
development, or it may affect the performance of the 
multiplication phase (Souza et al., 2000). To reduce the 
phenolic oxidation, some procedures may be adopted, 
such as the use of antioxidant substances, reduce the 
mechanical and chemical damages, wash the vegetative 
propagules under running water, use more diluted basic 
media, remove the phenolic substances, among others 
(Xavier et al., 2009). 

With regards to the antioxidant effect, it consists of the 
inactivation of free radicals, complexation of metabolic 
ions, or the reduction of peroxides for products unable to 
form free radicals with oxidative potential (Araújo, 1985). 
Among the substances with antioxidant effects, we may 
mention the ascorbic acid, citric acid, polyvinylpyrrolidone 
(PVP), activated carbon, L-cysteine, dithiothreitol, 
thiourea, coconut water, and bovine serum albumin. 
These substances may act by inhibiting the synthesis or 
action of enzymes related to the oxidation of polyphenols, 
or act as adsorbents of these substances (Goulart et al., 
2010). 

In this context, this study aimed to adjust a culture 
medium that meets the nutritional needs for the in vitro 
development of caçari, evaluating the effect of different 
concentrations, culture media, antioxidants, and agar and 
pH levels. 

 
 
MATERIALS AND METHODS 

 
The experiment was performed at the Tissue Culture Laboratory of 
Embrapa Roraima, in Boa Vista (Roraima State, Brazil). Stem 
segments with 4 pairs of axillary buds (± 6 cm length) from matrix 
plants of caçari with good phytosanitary health were used; these 
plants were kept in a greenhouse under daily irrigation, nutrition, 
and health care. Before obtaining the explants, the plants were 
pruned to induce new sprouting; then, they were pulverized with 2 
ml.L-1 fungicide (Nativo®) for 30 days, with an interval of seven days 
between one application and another. 

After collection, the segments were taken to the laboratory and 
were submitted to a pre-cleaning process, excising the leaves and 
stem excess, in order to obtain a stem with ±1 to 1.5 cm with a pair 
of buds and ready to be inoculated, after the disinfestation process. 
Then, they were washed in running water for partial leaching of 
phenolic compounds released as a result of the tissue cutting. 
Afterward, they stayed for 24 h immersed in a solution composed of 
a mixture of ml.L-1 fungicidal (Nativo®) and 2ml.L-1 bactericide 
(Kasumin®). Subsequently, the explants were taken to an 
inoculation room and disinfested in a laminar flow hood, immersed 
in a solution of alcohol (70%) for 1 min and, after that, they were 
immersed in sodium hypochlorite (1.5%) for 12 min, followed by 
three washes in distilled, deionized and autoclaved water (DDA 
water) for a complete removal of the products from the surface of 
the tissues.  

After disinfestation, the explants were inoculated in 15 × 125 mm 
test tubes containing 30 mL culture medium, according to each 
experiment and treatments, described as follows. 



 
 
 
 
Determination of the culture medium and concentration for the 
in vitro regeneration of caçari 
 
After disinfestation, the explants were cultured in different media 
(WPM, MS and JADS), combined with four concentrations (25, 50, 
75 and 100%) of the composition of mineral salts present in the 
culture media; 3 g.L-1 activated carbon were added to all 
treatments, solidified with 7 g.L-1 agar, and the pH was adjusted to 
5.8, before autoclaving at 121°C and 1 atm for 20 min. 

The experimental design was completely randomized in a 3×4 
factorial scheme with five replications and five explants per 
replication were used for each treatment. 
 
 
Influence of pH and agar concentration in the in vitro 
regeneration of caçari 
 
The explants were cultured in WPM medium with different agar 
concentrations (0, 3.5, 7.0 and 10.5 g.L-1), combined with different 
pH values (3.7, 4.7, 5.7 and 6.7), added with 3 g.L-1 activated 
carbon, and autoclaved at 121°C and 1 atm for 20 min, before the 
pH adjustment. 

The experimental design was completely randomized in a 4×4 
factorial scheme with five replications and five explants per 
replication were used for each treatment. 
 
 
Effect of different antioxidants and concentrations on the 
control of phenolic oxidation in stem segments of caçari 
 
The explants were cultured in WPM medium containing different 
antioxidants (ascorbic acid (AA), citric acid (CA), 
polyvinylpyrrolidone (PVP)), combined with their concentrations (0, 
100, 200, 300 mg.L-1). It was used the WPM as a standard medium, 
with 4 g.L-1 activated carbon, solidified with 7 g.L-1 agar and pH 
adjusted to 5.8, before autoclaving at 121°C and 1 atm for 20 min. 

The experimental design was completely randomized in a 3×4 
factorial scheme with five replications and five explants per 
replication were used for each treatment. 

For all experiments, after inoculation, the explants stayed for 15 
days in darkness; then, they were transferred to a growth chamber 
and submitted to 16 h of photoperiod, at a temperature of 25 ± 2°C 
and luminosity of 32 μmol.m-2.s-1. After 90 days, the number and 
length of sprouts, and the oxidation were evaluated. 

The results of the variables evaluated were submitted to the 
variance analysis by the statistic program Sisvar (Ferreira, 2011), 
performing the regression analysis for the quantitative factor and 
Tukey‟s test for the qualitative factor, at 5% of probability. 
 
 
RESULTS AND DISCUSSION 
 
Optimum culture medium and concentration for the 
in vitro regeneration of caçari 
 
The analysis of variance showed an interaction between 
the culture media and concentrations established in this 
study for the sprout length and oxidation value. For the 
number of sprouts, there was a significant difference just 
for the culture media. 

A greater number of sprouts were obtained in the JADS 
medium with a mean of 2.70 sprouts, followed by the MS 
medium (2.15) which did not significantly differ from 
JADS medium. The WPM medium provided a lower 
number of sprouts, but it did not differ  from  MS  medium  
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Table 1. Number of sprouts from stem segments of caçari cultured 
in vitro using different culture media. 
 

Culture media Number of sprouts 

WPM 1.68
b
 

JADS 2.70
a
 

MS 2.15
ab

 

CV (%) 45.5 
 

Means followed by the same letter in the column do not differ from 
another by the Tukey test level of 5% probability.  

 
 
 

(Table 1). Similar results were found by other authors, 
who found that the JADS and MS media provided a 
sprout rate of 5.3 and 4.9, respectively, for the cultivation 
of Eucalyptus clones (Borges et al., 2011; Andrade et al., 
2006). These two media provided similar increments in 
the number of sprouts in Eucalyptus clones. A similar 
behavior was observed for the number of sprouts 
obtained in our study. 

The MS is a medium with a high content of nutrients 
(Leifert et al., 1995) and the JADS medium has a more 
diluted nutrient content in comparison to the MS medium. 
Therefore, by comparing the MS, JADS, and WPM 
media, it was observed that the MS and JADS have 
higher concentrations of macro and micronutrients than 
the WPM medium (Borges et al., 2011). Thus, there is an 
intimate correlation between the MS and JADS media; 
this fact may explain the best results regarding the 
number of sprouts by using these two media. Therefore, 
the nutritional similarity may have influenced the results, 
which showed no significant difference between the MS 
and JADS media. 
Leitzke et al. (2010), studying the mulberry Xavante 
(Rubus sp.), also observed a higher number of sprouts 
using the MS medium (2.5 sprouts). A similar result was 
also obtained by Villa et al. (2005), who found a higher 
number of sprouts for the MS medium. 

The vegetative growth of the sprouts and oxidation of 
the explants, submitted to different culture media and 
concentrations, are shown in Figure 1A and B, 
respectively. 

With regards to the length of sprouts (Figure 1A), there 
was an interaction between the culture media and salt 
concentrations. The WPM medium provided a linear 
growth of sprouts with the increase of salt concentrations 
in the medium, promoting a higher average growth of 
sprouts (2.15 cm). Regarding the MS medium, there was 
a reduction in the sprout length, up to the concentration 
of 57% salts, obtaining sprouts with a mean of 0.99 cm; 
above this concentration, there was an increase in the 
sprout length with the increase of salt concentration. 
However, for the JADS medium, an opposite behavior 
was observed. There was an increase in the sprout 
length with the increase of the concentration of salts up to 
50%, obtaining sprouts with a mean of 0.92 cm, but 
above this concentration, there was a reduction in the
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Figure 1. Length of sprouts (cm) (1A) and oxidation value (1B) of stem 
segments of caçari cultured in vitro in different culture media and salt 
concentrations. 

 
 
sprout growth cultivated in vitro. 

The WPM medium, in comparison to the MS and JADS 
media, has more diluted concentrations of macro and 
micronutrients. This medium has also been the most 
widely used in studies involving woody species, such as 
the caçari. Thus, probably, despite having provided a 
lower number of sprouts in comparison to the MS and 
JADS media (Table 1), the WPM provided a higher 
growth rate (Figure 1A). Therefore, if the aim is the in 
vitro propagation of a species, the obtainment of longer 
and more vigorous sprouts is better than a high number 
of small sprouts with lower capacity to regenerate or 
retard the multiplication process. It is noteworthy that for 
the production of conventional seedlings, the caçari is a 
rustic species and grows best in nutritionally poor 

substrates (Chagas et al., 2013). It is also evidenced that 
under the in vitro conditions, the best result for sprout 
length was obtained by using the culture medium with 
lower concentrations of nutrients, particularly the nitrogen 
and potassium. 

Other authors also reported satisfactory results 
studying the in vitro culture with WPM for Ficus carica (fig 
tree), a woody plant. These authors found that the WPM 
medium promoted an optimal growth, reaching 6 cm 
length (Brum et al., 2002; Palú et al., 2014). Several 
studies have confirmed the efficiency of WPM in the in 
vitro culture of woody species using nodal segments and 
apical buds, such as Eugenia involucrata (Golle et al., 
2012), Tectona grandis L. (Fermino Júnior et al., 2014), 
and coffee tree (Coffea arabica)  (Rezende  et  al.,  2008; 

 
 

 

 

 

 



 
 
 
 
Jesus et al., 2010). 

With regards to the oxidation (Figure 1B), after the 
interaction unfolding, we observed that only the MS 
medium and its salt concentrations showed a significant 
difference. Regarding the WPM and JADS media, there 
was no significant difference, so in Figure 1B, we did not 
insert the trend line at the curve points of these media. 

For the MS medium, the lowest oxidation value was 
observed at the concentration of 25%, however, as the 
increase of the salt concentrations up to 90%, there was 
a higher oxidation (29%). For the WPM and JADS, a total 
mean of 12 and 15.5% of oxidized explants, respectively 
was verified, with no influence of the salt concentrations 
since there was no significant difference between the 
media and concentrations (Figure 1B). Therefore, it is 
noteworthy that the three media showed low oxidation. 

Different results were found by Fagundes et al. (2012) 
studying stem explants of Campomanesia guazumifolia 
(Myrtaceae). These authors found that the WPM medium 
led to a higher oxidation rate in comparison to the MS 
medium (98.33 and 92.50%, respectively). According to 
Teixeira (2001), some species of plants are more 
susceptible to oxidation than other species. Golle et al. 
(2012), studying the Eugenia involucrata, also observed 
an oxidation process, however, these processes did not 
affect the establishment and development of the cultures. 

Similar results to those presented in this study were 
found in other studies. Pelegrini et al. (2013), studying 
zygotic embryonic axis of a forest species (Ocotea 
porosa), found that the MS medium promoted a higher 
oxidation (80%), in comparison to the WPM (30%). For 
other forest species, these authors, studying the axillary 
buds of “jacaranda da Bahia”, cultured in MS and WPM, 
found no significant differences between these two 
media, finding a mean of 70% of oxidation, for both MS 
and WPM (Sartor et al., 2013). Thus, the oxidation values 
found in this study is lower than those found by other 
authors. Therefore, it was observed that the lowest 
oxidation values were obtained for the WPM and JADS 
media, with a mean of 12 and 15% of oxidation, 
respectively, even at a concentration of 100% salts, 
evidencing that the WPM favored the in vitro regeneration 
process of caçari, probably due to provide the best 
nutritional balance for this species. 
 
 
Influence of pH and agar concentration in the in vitro 
regeneration of caçari 
 
There was a significant interaction between the factors 
tested for the number and length of sprouts. With regards 
to the oxidation, there was a significant difference only for 
the agar factor. Figure 2 show the number (Figure 2A) 
and length (Figure 2B) of sprouts. Best results were 
observed for the concentration of 7 g.L

-1
 of agar. At this 

concentration, there was higher number of sprouts with 
the increase of the pH of  the  culture  medium,  up to  the 

Araujo et al.          1775 
 
 
 
concentration of 6.04, obtaining 7.6 sprouts. This 
probably occurred because the concentration of 7 g.L

-1
 

promotes a support and availability of suitable nutrients 
for the growth of the plant since it is the agar 
concentration most commonly used for most species 
cultured in vitro. At the concentration of 3.5 g.L

-1
, there 

was a linear increase in the number of sprouts as the 
increase of the pH of the culture medium, resulting in 
better means when combined with a pH of 6.7. However, 
for the concentration equal to zero, there was a different 
behavior in comparison to the previous concentrations 
since there was a decrease in the number of sprouts as 
the increase of the medium pH. Regarding the 
concentration of 10.5 g.L

-1
 agar, there was no significant 

difference. This occurred because a higher concentration 
of agar (10.5 g.L

-1
) provides a stiffer medium and hinders 

the absorption of nutrients and development of the 
sprouts. 

Similar results to those obtained in this experiment 
were observed by Pereira (2014), who evaluated the pH 
and nitrogen source effects in the in vitro propagation of 
“medonheiro” (Arbutus unedo L.), finding a preference for 
pH close to neutrality (5.7 to 6.5) for the proliferation of 
sprouts. Karim et al. (2007), evaluating the effect of 
sucrose concentration and pH levels in the in vitro 
regeneration of Araria elata, observed a higher number of 
sprouts in pH ranging from 4.5 to 5.8, thus corroborating 
the results obtained in the present study. Nair and Seeni 
(2003) also observed a best multiplication rate of 
Calophyllum apetalum with the medium pH adjusted to 
5.8. 

However, different results were found by Naik et al. 
(2010), studying the Bacopa monnieri. These authors 
obtained a higher number of sprouts in more acidified 
culture media, and the best results were observed at pH 
of 4.5, obtaining 151 sprouts. Similar results were 
reported by Bhatia and Ashwath (2005), who found the 
best sprout in vitro regeneration, for tomato (Solanum 
lycopersicum L.), using media with more acidified pH, in 
comparison to more alkaline pH media. 

With regards to the length of sprouts (Figure 2B), there 
was a significant interaction only for the concentrations of 
3.5 and 7 g.L

-1
 agar and pH levels. For the concentration 

of 3.5 g.L
-1 

agar, there was a linear increase in the sprout 
length as the increase of the pH levels. For the 
concentration of 7 g.L

-1
 agar, there was an increase in the 

growth of sprouts as the increase of the medium pH up to 
4.95, resulting in a sprout growth of 4.43 cm. Regarding 
the concentrations of 3.5 and 7.0 g.L

-1
 agar, the higher 

the pH the higher the average growth of sprouts. For the 
concentrations of 0 and 10.5 g.L

-1
 agar, the data were not 

significant, indicating that the caçari has a better 
development in culture media closer to neutrality than 
when it is cultured in an acidic medium with a pH below 
4.5 since more acidic culture media hamper the 
availability of nutrients for the explant. 

Karim et al. (2007), evaluating the sucrose
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Figure 2. pH and agar effect on the number (A) and length (B) of caçari sprouts 
cultured in vitro. 

 
 
 
concentration effect and pH levels on the in vitro 
regeneration of Araria elata, also observed a higher 
sprout growth at pH of 5.8, obtaining sprouts of 5.9 cm. 
However, pH above 5.8 significantly reduced the 
development of the sprouts in vitro. On the other hand, 
Pasqual et al. (2002) observed a greater height of the 
aerial part (2.3 cm) in tangelo tangerine (Citrus 
reticulata.), with pH adjusted to 4.7 and 9.3 g.L

-1 
agar. 

Subsequently, there was a decrease in this variable as 
the increase of agar concentration. 

Suthar et al. (2011), evaluating the influence of agar on 
the sprouting and sprout length of Boswellia serrata, 
observed better results in liquid culture medium and low 
agar concentrations; these results differ from those 
observed in the present study,  wherein  the  best  results 

were obtained in the concentration of 7 g.L
-1

 agar. 
 
 
Effect of different antioxidants and concentrations in 
the control of phenolic oxidation in stem segments of 
caçari 
 
There was a significant difference in the interaction 
between the antioxidants and concentrations used for all 
analyzed variables. 

Figure 3 shows the vegetative growth through the 
variables number (Figure 3A) and length (Figure 3B) of 
sprouts. 

Regarding the number of sprouts, there was no 
significant effect of the citric acid (antioxidant), therefore, 
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Figure 3. Effect of ascorbic acid, citric acid, and polyvinylpyrrolidone (PVP), 
combined with different concentrations, on the number (A) and growth of 
sprouts (B) of stem segments of caçari cultured in vitro. 

 
 
 
we did not insert a trend line for it, exposing only the 
sprouting number mean. However, for the ascorbic acid 
and PVP, a similar behavior was found; there was a 
decrease in the number of sprouts as the increased of 
these antioxidant concentrations, in the culture medium, 
up to the concentration of 190 and 240 mg.L

-1
, obtaining 

means of 2.97 and 3.08 sprouts, respectively. From these 
concentrations, there was a small increase in the number 
of new sprouts. However, the highest values (6 and 4.2 
sprouts) for this variable were observed in the absence of 
the tested antioxidants (Figure 3A). Probably, the high 
antioxidant concentrations were toxic to the explants, so 
the number of explant sprouts was affected. 

With regards to the sprout number, different results 
from those presented herein were found in a study on 
explants of paricá (Schizolobium amazonicum), in which 
the use of PVP (concentration of 0.2%) promoted a 
higher mean of sprouts (Cordeiro et al., 2014). On the 
other hand, Souza et al. (2014), testing different citric 
acid and ascorbic acid concentrations for the in vitro 
culture of Schomburgkia crispa, observed that a higher 
number of sprouts were obtained in the absence of 
antioxidants. Camolesi et al. (2007) also observed that 
the absence of antioxidant provided a higher number of 
sprouts in banana apexes (Musa spp.). Thus, it was 
found that the antioxidant effect, observed for the number  
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Figure 4. Effect of ascorbic acid, citric acid, polyvinylpyrrolidone, and different 
concentration, on the oxidation control of caçari stem segments cultured in vitro. 

 
 
 
of explant sprouts of caçari cultured in vitro with different 
antioxidants and concentrations, is similar to those 
observed in explants of banana and S. crispa. 

Concerning the sprout length, there were different 
behaviors for each antioxidant and concentrations (Figure 
3B). For the ascorbic acid (AA), there was a great sprout 
growth (1.8 cm) up to the concentration of 125 mg.L

-1
; 

above this concentration, there was a decrease in the 
sprout length. In the citric acid (CA), there was a linear 
sprout growth with the increase of this antioxidant 
concentrations, evidencing that, for this antioxidant, 
adjustments are needed to find an optimal concentration. 
For the PVP, there was an opposite behavior in 
comparison to the CA, with a decrease in the sprout 
length with the increase of the concentrations in the 
culture medium, and the higher sprout length was 
observed in the absence of an antioxidant. Probably it 
occurred because of the used material, given that the 
explants used in vitro are extremely small structures, 
which are very susceptible to dehydration and rapid 
oxidation since they belong to a woody and recalcitrant 
species. They may also exhibit different behaviors when 
submitted to treatment with high concentrations of 
antioxidants. 

Camolesi et al. (2007) observed that the absence of 
antioxidant provided a greater growth of sprouts, in 
banana apexes. Similar results were reported by Souza 
et al. (2014), who tested different concentrations of citric 
acid and ascorbic acid in S. crispa Lindl, and found that a 
greater sprout length was observed in the absence of 
antioxidants. 

For the oxidation, the use of AA antioxidant resulted in 
the oxidation increase, up to the concentration of 143.33 

mg.L
-1

, obtaining 40.2% of oxidation. For the CA 
antioxidant, there was a similar behavior, with an 
increase of the oxidation, up to the concentration of 138.1 
mg.L

-1
; resulting in 37.6% of oxidized explants. Whereas 

in the absence of these two types of antioxidants, there 
was a lower oxidation: 20% (AA) and 24% (CA). For the 
PVP, there was a decrease in the oxidation (38%), up to 
the concentration of 98 mg.L

-1
; from this concentration, 

the oxidation rate tended to increase (Figure 4). The PVP 
was less effective to control the oxidation of caçari 
explants in comparison to the citric acid and ascorbic 
acid. This probably occurred by the fact the PVP may 
adsorb the phenolic compounds produced by the plant; 
whereas the CA and AA are reducing agents of oxidative 
enzymes, reducing the production of toxic substances. 

Different from the results obtained in the present 
experiment, other studies were performed aimed to 
evaluate the PVP effect on the oxidation control of paricá 
(Schizolobium amazonicum) explants, in which the 
addition of 0.2 and 0.3% PVP, in the culture medium, 
controlled 100% of the oxidation, and the lowest value of 
PVP (0.1%) controlled only 80% of the oxidation. This 
effect shows the importance of antioxidants in the culture 
medium to control this limiting factor in micropropagation 
(Oliveira et al., 2011; Cordeiro et al., 2014).  

In banana explants, it was observed that the 
pretreatment only immersing the explants in solution with 
antioxidant was enough to control the oxidation. 
However, by adding this antioxidant in the culture 
medium, the oxidation increased (Camolesi et al., 2007). 
This procedure is recommended by Anthony et al. (2004) 
and Grattapaglia and Machado (1998), who confirmed 
the    results   obtained    for      the    banana.    For    the 
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Symonanthus bancroftii (Panaia et al., 2000) and 
Conostephium pendulum (Anthony et al., 2004), these 
authors described that the combination of 0.25 g L

-1
 citric 

acid with 0.75 g.L
-1

 potassium citrate, used in 
pretreatment and added to the culture medium, reduced 
the necrosis of the excised tissue, in addition to 
preventing the oxidation process. 

Werner et al. (2009) tested some antioxidants such as 
ascorbic acid, citric acid, and activated carbon, in the 
calogenesis of Caesalpinia echinata. The activated 
carbon showed a better oxidation control, wherein 40% of 
the explants showed an oxidation ranging from low to 
moderate, but without callus formation, demonstrating 
that still there are factors that have to be studied, such as 
the addition of activated carbon to the culture medium 
and pretreatment of the tissues using antioxidant agents, 
instead of adding to the culture medium. 
 
 
Conclusions 
 
For the in vitro regeneration of caçari, the best results are 
obtained using the WPM medium at a concentration of 
100% with 7 g.L

-1
 agar, and pH adjusted to 5.7. The use 

of antioxidants in the tested conditions did not contribute 
to decrease in oxidation in explants, indicating that there 
is no need of adding them into the culture medium. 
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