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ABSTRACT- The goal of this study was study the postharvest quality of acerola clone BRS 236 (Malpighia 
emarginata D.C.) which was harvested at physiological maturity and submitted to four treatments under 
immersion during 5 minutes at 25 °C, which are: control (water), 60 mg L-1; 120 mg L-1 and 180 mg L-1. After 
treatment the fruits were packed in polystyrene trays and placed with polyethylene film and then stored at 
10 ± 2 °C and 85 ± 5% RH for 12 days. Were analyzed in three days intervals (0, 3, 6, 9 and 12 days): skin 
color, firmness, pH, titratable acidity, soluble solids, SS/TA ratio, vitamin C and yellow flavonoids. Vitamin 
C, anthocyanins and yellow flavonoids were not influenced by treatments with GA3 at the end of 12-day of 
cold storage at 10 ºC. The exogenous application of 120 mg L-1 of GA3 resulted in retention of red color and 
content of anthocyanins of acerola fruits BRS 236 clone 12-day storage at 10 °C. 
Index Terms: Color; Storage; Firmness; Vitamin C; Gibberellin.

QUALIDADE PÓS-COLHEITA DE ACEROLAS (Malpighia emarginata) 
TRATADAS COM ÁCIDO GIBERÉLICO E ARMAZENADAS 

SOB REFRIGERAÇÃO

RESUMO- Objetivou-se com este trabalho estudar a qualidade pós-colheita de acerolas do clone BRS 
236 (Malpighia emarginata D.C.), colhidas na maturidade fisiológica e submetidas a quatro  tratamentos 
com ácido giberélico (GA3) por imersão durante 5 minutos a 25 °C, sendo eles: controle (água), 60 mg L-1; 
120 mg L-1 e 180 mg L-1. Após o tratamento os frutos foram colocados em bandejas de isopor e cobertos com 
filme de polietileno, e em seguida armazenados à temperatura de 10±2 ºC, com umidade relativa de 85±5%, 
durante 12 dias. Foram analisadas em intervalo de três dias (0, 3, 6, 9 e 12 dias): coloração da casca, firmeza, 
pH, acidez total titulável, sólidos solúveis, relação SS/AT, vitamina C e flavonóides amarelos. Compostos 
bioativos como a vitamina C e flavonóides não foram influenciados pelos tratamentos com GA3 ao final de 
12 dias de armazenamento a 10 ºC. A aplicação exógena de 120 mg L-1 de GA3 resultou em maior retenção 
da cor e conteúdo de antocianinas em acerolas do clone BRS 236 durante 12 dias de armazenamento a 10 ºC.
Termos para indexação: Cor; Armazenamento; Firmeza; Vitamina C; Giberelinas
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INTRODUCTION
The fruit of the acerola tree (Malpighia 

emarginata DC) is known to be a rich source of 
vitamin C and has become popular as a functional 
food among the most health conscious consumers 
who prefer to obtain this vitamin from natural sources 
(AQUINO et al., 2011 1996). The selection of clones 
is the most efficient way to supply the immediate 
demand for genotypes with higher productivity and 
vitamin C content. The BRS 236 clone or also called 
“cherry” produced 49 tons of fruits per hectare with 
high vitamin C content (1854 mg 100 g-1) if compared 
with other clones such as Florida Sweet (862 mg 100 
g-1), Flor Branca (1104 mg 100 g-1) and BRS 366 
(1363 mg 100 g-1) (SOUZA et al., 2014).

The acerola is a fruit with climacteric 
respiratory pattern, that which undergoes various 
transformations during the maturation, ripening and 
senescence processes (CHITARRA; CHITARRA, 
2005), highlighting the degradation of chlorophyll, 
carotenoids synthesis and loss of vitamin C. In this 
way, the acerola has a short postharvest with losses 
of 40%, due to their high respiratory rate and fragile 
structure, being necessary the use of processing 
techniques capable to prolong the conservation of 
the fruits, extending the postharvest (MATSUURA, 
2001). The effect of regulators such as GA3 (50 and 
100 mg L-1) and benzylaminopurine (50 and 100 
mg L-1) on acerola at the unripe stage had no effect 
on increase of storage period at refrigeration, and 
according to the authors, only the refrigeration was 
sufficient to conserve the fruits during a period of 
14 days (ANTUNES et al., 2006). Thus, alternatives 
technologies such as modified atmospheres, 
refrigeration, as well as the exogenous application 
of phytohormones have been used to extend the 
postharvest of acerola.

The role of phytohormones such as auxins, 
gibberellins and cytokinins in fruit ripening is 
to act as retarders of senescence, while ethylene 
and abscisic acid are considered as fruit ripening 
promoters. The gibberellins affect changes on color 
of fruits, since they delay the loss of chlorophyll 
and consequently promote the accumulation of 
carotenoids (CHITARRA; CHITARRA, 2005). The 
application of plant hormones on fruit production 
has shown positive results in relation to the increase 
of the physical variables on pitayia (NOR et al., 
2014), inhibition of maturation and extension of 
the postharvest of bananas (HUANG; JING, 2012), 
and improving of physiochemical characteristics 
of apples (YILDIZ et al., 2012). Among the plant 
regulators used in postharvest of fruits, gibberellic 

acid (GA3) exerts a great influence on the quality and 
extension of postharvest of grapes (MARZOUK; 
KASSEM, 2011) and fruiting of atemoieira 
(PEREIRA et al., 2014).

The objective of this study was analyze the 
effects of exogenous GA3 on the physical, chemical 
and bioactive compounds of acerola fruit from 
acerola clone BRS 236 stored during a period of 12 
days under refrigeration at 10 ºC.

MATERIAL AND METHODS

Plant material and treatments
Acerola from clone BRS 236 were manually 

harvested at Embrapa Agroindustria Tropical Station 
(latitude 4º11’26.62’’S, longitude 38º29’50.78’’W) 
in the early hours of day. The fruits were selected for 
visual defects and uniformity and then submitted to 
the following treatments under immersion for 5 min 
at 25 °C: (Control-without GA3 (water), -A), (60 mg 
L-1 of GA3, -B), (120 mg L-1 of GA3,- C) and (180 
mg L-1 of GA3,-D). After treatments, the fruits were 
air dried, divided into three polystyrene trays with 
15 fruits each and covered with PVC film (0.03 mm 
thick). Then, the fruits were stored in a cold room at 
10 ± 2 °C and 85 ± 5% relative humidity (RH) and 
were evaluated immediately after harvest and at each 
three day interval (3, 6, 9 and 12 days) for: color 
peel, firmness, pH, titratable total acidity, soluble 
solids, SS/AT ratio, vitamin C, total anthocyanins 
and yellow flavonoids. 

Physicochemical variables
The color of fruits were measured using 

a portable colorimeter model CR-400 (Konica 
Minolta®, Japan) which reported the values   as L* 
(luminosity), a* (color change from green to red) 
and b* (color change from blue to yellow), through 
two readings performed at points equidistant from 
the fruits. Firmness was performed using a Magness-
Taylor manual penetrometer (Model FT-02), with 2.0 
mm diameter tips. Two readings were made per fruit 
on opposite sides, and the results were expressed in 
Newton. Soluble solids were determined according 
to the methodology recommended by AOAC (2005) 
using a digital refractometer model Atago®N1 
(Kirkland-USA) with automatic temperature 
compensation, with results expressed in ºBrix. The 
acidity was determined by titration, according to 
AOAC (2005) using an automatic titrator (Mettler-
Toledo® DL12, Columbus-USA) and the results 
expressed as percentage of (%) malic acid. The SS/
AT ratio was obtained by ratio between the values   
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of soluble solids and titratable acidity.

Bioactive compounds
Total vitamin C was determined according 

to Strohecker and Henning (1967) through of 
titration with Tillman’s solution (2.6-dichlorophenol-
indophenol-0.02%, Sigma®). One gram of pulp 
was diluted in 100 mL of oxalic acid 0.5% (v/v) 
and homogenized. Then, 5 mL of this solution was 
diluted to 50 mL of distilled water and titrated with 
Tillman’s solution, and results were expressed as mg 
100 g-1 of fresh weight (FW).

Anthocyanins and yellow flavonoids were 
extracted and measured as described by Francis 
(1982). One gram of pulp was extracted with a 95% 
ethanol/1.5 N HCl (85:15) solution, vortexed for 
2 min in a ultraturrax (IKA®, model Turrax T25, 
Germany) and then, the mixture was transferred to 
an amber flask which remained for 13 hours at 4 ºC. 
The mixture was filtered on Whatman N.1 paper, 
and the absorbance of the filtrate was measured 
at 535 nm for total anthocyanin content using an 
absorption coefficient of 98.2 mol cm-1, and at 
374 nm for the yellow flavonoid content using an 
absorption coefficient of 76.6 mol cm-1. Both results 
were expressed in mg 100 g-1 FW.

Statistical analysis
The experiment used a design completely 

randomized with 5 refrigerated storage times (0, 3, 
6, 9 and 12 days) and 4 doses of GA3 (0, 60, 120 and 
180 mg L-1), and each treatment was composed of 
three replicates. Data were submitted to analysis of 
variance (ANOVA), using ASSISTAT 7.6 software, 
through regression analysis, checking the coefficient 
of determination (R²) at a level of 5% of significance.

RESULTS AND DISCUSSION

Physicochemical attributes
Color is a critical parameter and is directly 

linked to pigment concentration, which in the case 
of acerola is predominantly due to anthocyanins. 
The luminosity (L*) represents the brightness on 
the fruit surface and did not differ between the 
different treatments (p≥0.05)  evaluated, and were 
observed maximum values   of luminosity on the 
3rd day, followed by decrease until the end of the 
storage (Figure 1A). This behavior is possibly due 
to the changes on maturation stage of the fruits 
and initiation of the pigment synthesis. The a* 
index (Figure 1B), represents a change of color 
from green to red, and the treated fruits presented a 
significant increase when compared to untreated, but 

application of 180 mg L-1 resulted in less red color 
intense from the 9th day. The fruits treated with 120 
mg L-1 showed a more intense red coloration at end 
of storage (12 days) reaching an a* value two times 
higher (16.23) than the fruits that were treated with 
the highest dose of GA3 (8.12). The b* index (Figure 
1C), indicate the change of color from blue to yellow, 
and presented an increase in the 9th day of storage 
on acerola sprayed with 180 mg L-1, resulting in 
fruits with an intense yellow color compared to the 
other treatments. However, at the end of storage, no 
significant differences were observed between the 
different treatments. Antunes et al. (2006) observed 
that unripe acerola GA3-treated at concentrations of 
50 mg L-1 and 100 mg L-1 stored under refrigeration 
remained the same color during 14 days. Already, 
Oliveira et al. (2012) evaluated the fruit development 
of five acerola clones concluded that with the advance 
of maturation, a decrease in luminosity of the fruits 
was observed.

In addition to the color, fruit firmness is one 
of the most important variables in quality, since 
it is inherent to the postharvest shelf life and fruit 
acceptability (OZTURK et al., 2012). Firmness 
represents one of the most important physical 
characteristics, since fruits with high firmness 
suggest have a longer postharvest. This characteristic 
is associated not only with the composition and 
structure of cell walls, but also with the maintenance 
of its integrity (CHITARRA; CHITARRA, 2005). 
A decrease on firmness was observed during 
refrigerated storage (Figure 2), without significant 
differences between the control and GA3-treated 
fruits. The fruits treated with 60 and 180 mg L-1 of 
GA3 presented higher values   of firmness, reaching 
3.07 and 3.78 N respectively, however, without 
significant differences between the treatments on 
the 12th day of storage. Retention of firmness is a 
key on refrigerated storage and in acerola is directly 
related to the maturation stage. Krishna et al. (2012) 
demonstrated that firmness of “Oregon Spur” apples 
was maintained during refrigerated storage using 
growth regulators such as AVG (30 mg L-1) and 
salicylic acid (400 mg L-1) during application in pre 
and postharvest.

The soluble solids content (SS) (Figure 3A) 
of treated fruits with 120 mg L-1 showed a significant 
increase compared to untreated fruits until the 6th 
day of storage (6.8 °Brix). Fruits treated with 120 mg 
L-1 and 180 mg L-1 of GA3 did not show significant 
differences throughout the refrigerated storage. The 
fruits treated with 60 mg L-1 presented the highest 
SS content (8.2 ºBrix) at the end of the refrigerated 
storage. The titratable acidity (AT) (Figure 3B) 
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increased until the 6th day of storage, reaching a 
maximum value of 2.11% for the fruits treated with 
120 mg L-1 of GA3, without any difference between 
the control and the treatment with 60 mg L-1 of GA3. 
However, at the end of the storage, a decrease in AT 
values   was observed without significant difference 
between the control and the fruits GA3-treated. The 
decrease in acidity during ripening is explained by 
the use of organic acids as respiratory substrates or 
conversion to sugars, which may be associated with 
the increase in SS observed at the end of storage. 
Antunes et al. (2006) observed that treatments with 
GA3 (50 mg L-1 and 100 mg L-1) in unripe acerola 
stored under refrigeration not influenced significantly 
the titratable acidity of the fruits. The SS/AT ratio 
is associated with fruit’s taste, which in acerola 
is slightly acidic also evidenced by the low value 
observed (Figure 3C). The SS/AT ratio decreased 
until the 9th day of storage, followed by an increase 
at the end of storage, reaching a mean value of 5.13, 
without significant difference (p≥0.05) between 
treatments. The fruits treated with 120 mg L-1 and 
180 mg L-1 of GA3 presented higher values   for the 
SS/AT ratio, and consequently resulted in sweeter 
acerola. Erogul and Sem (2015) evaluating the effect 
of gibberellic acid at concentrations of 50 and 75 mg 
L-1 on plum quality (Prunus salicina Lindl.) related 
positive changes on color fruits and an increase in 
soluble solids content and firmness after application 
of GA3 was also observed.

Bioactive compounds 
Total vitamin C is found in reduced (ascorbic 

acid) and oxidized (dehydroascorbate) forms which 
remain in a reversible equilibrium. The total vitamin 
C content decreased significantly from the 6th day 
of storage for all treatments (Figure 4A), being most 
pronounced in acerola treated with 120 mg L-1 of GA3 
after 12 days of storage. However, the control did 
not differ statistically from the treated with 60 mg 
L-1 of GA3. At the end of storage (12 days), the fruits 
still presented high vitamin C content (1724 mg 100 
g-1 FW). Antunes et al. (2006) observed that unripe 
acerola treated with GA3 (50 mg L-1 and 100 mg L-1) 
and stored under refrigeration did not have vitamin 
C content influenced by the exogenous application 
of GA3 during 14 days of storage.

Among the phenolics, anthocyanins are 
involved in important changes in the color of fruits 
and vegetables. In this study, it can be observed that 
the content of total anthocyanins increased during 
storage (Figure 4B). On the 12th day, the control and 
the fruits treated with 120 mg L-1 presented the highest 
content of total anthocyanins, reaching 6.80 and 6.31 

mg.100 g-1 FW respectively, while the fruits treated 
with 160 and 180 mg L-1 of GA3 showed a reduction 
in the content of total anthocyanins, reaching 5.60 
and 5.45 mg 100 g-1 FW, respectively. In this work, 
the application of 120 mg L-1 of GA3 is associated 
with an increase in the    a* values (Figure 1B) and 
accumulation of anthocyanins, which, according to 
Souza et al. (2014), make this compound the main 
polyphenol present in the ripe acerola. Miller and 
Rice-Evans (1997) reported that phenolics such as 
anthocyanins protect vitamin C from degradation. 
Conversely, Rosso and Mercadante (2007) suggested 
that anthocyanins can condense with ascorbic acid 
leading to a faster degradation of both compounds. 
Souza et al. (2014) evaluating anthocyanin content in 
acerola clones, observed that quercetin-3-ramnoside 
is the most abundant yellow flavonoid and that the 
content is dependent on the cultivar. In this study, 
yellow flavonoids significantly increased in amount 
during storage in association with the color change 
observed in fruits, however, no significant effect of 
GA3 was observed between treatments (Figure 4C).
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FIGURE 1- Changes on color of acerola from BRS 236 clone treated with different concentrations of de 
GA3 (A, Luminosity; B, a* value and C, b* value) during 12 days of storage at 10ºC. 
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FIGURE 2-Changes on firmness of acerola from BRS 236 clone treated with different concentrations of de 
GA3 during 12 days of storage at 10 ºC. 

continue...
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FIGURE 3-  Changes on physicochemical attributes of acerola from BRS 236 clone treated with different 
concentrations of GA3 during 12 days of storage at 10 ºC. Soluble Solids (SS; A), Titrable 
acidity (AT; B) and SS/AT ratio (SS/AT; C).

continue..

continue...
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CONCLUSION

Acerola treated with 60 mg L-1 presented 
higher soluble solids content at the end of refrigerated 
storage. Bioactive compounds such as vitamin C and 
yellow flavonoids were not significantly influenced 
by GA3 at the end of storage. The exogenous 
application of 120 mg L-1 of GA3 was recommended 
because resulted in greater red color retention and 
anthocyanin content in acerola from clone BRS 236 
for 12 days of storage at 10 °C.
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FIGURE 4- Changes on bioactive compounds of acerola from BRS 236 clone treated with different 
concentrations of GA3 during 12 days of storage at 10 ºC. Vitamin C (VC; A), Total 
Anthocyanins (Ant; B) and Yellow Flavonoids (FA; C).
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