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Qualidade pós-colheita e incidência de podridão parda em ameixas 
tratadas com extrato de Ascophyllum nodosum

Thayna Viencz1*; Ires Cristina Ribeiro Oliari2; Ricardo Antonio Ayub3; Cacilda 
Márcia Duarte Rios Faria4; Renato Vasconcelos Botelho4 

Highlights:
Application of the extract of Ascophyllum nodosum on postharvest ‘Irati’ plums increased the total phenolic compound 
content and polygalacturonase (PG) activity.
In ‘Reubennel’ plums, treatment with A. nodosum extract led to higher titratable acidity, a lower TSS/TA ratio, lower 
pulp firmness and higher pectin methylesterase (PME) activity.
Treatment with A. nodosum extract at 0.4 mL L-1 reduced the incidence and severity of brown rot by approximately 
50% in ‘Reubennel’ plums.

Abstract

The use of extracts of algae in agriculture has been growing because of their benefits to plant development 
and production. The objective of this study was to evaluate the effects of Ascophyllum nodosum extract 
on the postharvest quality of ‘Irati’ and ‘Reubennel’ plums and on the incidence of brown rot. The 
treatments consisted of concentrations of 0, 0.1, 0.2, 0.3 and 0.4 mL L-1 of a commercial product 
containing algae extract (Algamare®) that were applied to the fruits by immersion. The fruits were then 
stored for 15 (cv. Irati) or 30 days (cv. Reubennel) at 2.5 °C and 90% RH and for two additional days at 
ambient conditions for further physicochemical analysis. A batch of ‘Reubennel’ plums was inoculated 
with Monilinia fructicola and kept for seven days in a cold room and an additional nine days at room 
temperature to evaluate the occurrence of brown rot. The postharvest application of the extract at a 
concentration of 0.4 mL L-1 altered some of the physicochemical characteristics of the fruit after storage; 
an increase in the total phenolic compound content and PG activity were observed in ‘Irati’ plums. 
Reubennel fruits had higher titratable acidity, a lower TSS/TA ratio, lower pulp firmness and higher 
PME activity. The most significant effect was observed with the application of A. nodosum extract at 
0.4 mL L-1, which significantly reduced the incidence and severity of brown rot in the inoculated fruits 
and had a similar control effect as the application of the fungicide iprodione.
Key words: Enzymatic activity. Monilinia fructicola. Postharvest diseases. Prunus salicina.
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Resumo

O uso de extratos de algas na agricultura vem crescendo devido aos benefícios no desenvolvimento 
e produção das plantas. O objetivo do estudo foi avaliar o efeito do extrato de Ascophyllum nodosum 
na qualidade pós-colheita de ameixas ‘Irati’ e ‘Reubennel’ e na incidência de podridão parda. Os 
tratamentos consistiram de concentrações de 0, 0,1, 0,2, 0,3 e 0,4 mL L-1 de produto comercial contendo 
extrato de algas (Algamare®) que foram aplicados por imersão nos frutos e posterior armazenamento 
por 15 (cv. Irati) ou 30 dias (cv. Reubennel) a 2,5 °C e 90% de UR e dois dias adicionais em condições 
ambiente, para posterior análises físico-químicas. Um lote de ameixas ‘Reubennel’ foi inoculado com 
Monilinia fructicola, mantido por sete dias em câmara fria e mais nove dias à temperatura ambiente para 
avaliar a ocorrência de podridão parda. A aplicação pós-colheita do extrato com a dose de 0,4 mL L-1 
alterou algumas características físico-químicas após o armazenamento, como o aumento no teor total de 
compostos fenólicos e a atividade da enzima PG para as ameixas ‘Irati’. Para a cv. Reubennel, os frutos 
apresentaram maior acidez titulável, menor relação SST/AT, menor firmeza de polpa e maior atividade 
da enzima PME. O efeito mais significativo foi verificado pela aplicação do extrato de A. nodosum a 
0,4 mL L-1, que reduziu significativamente a incidência e a severidade da podridão parda em frutos 
inoculados, com controle semelhante à aplicação do fungicida iprodione.
Palavras-chave: Atividade enzimática. Monilinia fructicola. Podridões. Prunus salicina.

Introduction

Stone fruits such as plums, peaches and 
nectarines are climacteric and highly perishable due 
to their rapid maturation and senescence (Crisosto 
& Mitchell, 2011; Kader, 2011). In addition, they 
are highly susceptible to brown rot, one of the most 
important diseases of the Prunus genus, both in 
commercial plantations and postharvest (Bosshard, 
Hilber-Bodmer, Schärer, Bünter, & Duffy, 2006; De 
Cal, Gell, Usall, Viñas, & Melgarejo, 2009; May 
de Mio, Luo, & Michailides, 2011). Brown rot is 
caused by three species of fungi in the Monilinia 
genus: M. fructicola, M. laxa and M. frutigena (May 
de Mio, Garrido, & Ueno, 2004).

The use of benzimidazole fungicides, such 
as methyl thiophanate and sterol demethylation 
inhibitor fungicides (DMIs), is the main preharvest 
strategy adopted for disease control in peaches 
(Hou et al., 2010). Some of these fungicides, such 
as iprodione and triforine, are also registered for 
postharvest use (Ministério da Agricultura, Pecuária 
e Abastecimento [MAPA], 2018).

The most commonly used technology for 
preserving quality and prolonging postharvest life 
in stone fruits is refrigerated storage, as it reduces 
respiration, ethylene production, and water loss, 

delays maturation, and prevents the development 
of rotting (Kader & Mitchell, 1989a,b). In fruit 
growing, biostimulants that inhibit the synthesis or 
action of ethylene have been used to retard ripening 
and preserve fruit quality during storage. In plums, 
Steffens et al. (2011) found that the preharvest 
application of aminoethoxyvinylglycine (AVG) 
and gibberellic acid (GA3) influenced fruit quality 
after refrigerated storage when applied alone. 
Luo, Chen and Xie (2011) verified the effect of 
salicylic acid on plums; the treated fruits presented 
a delay in the climacteric peak and the inhibition of 
respiration and ethylene production due to delayed 
polyphenoloxidase (PPO) and peroxidase (POD) 
activity and lower polyamine (PA) levels. A lower 
incidence of fungal diseases was also observed.

However, the use of synthetic products to 
delay ripening and senescence and to control 
microorganism attacks has been restricted and 
eliminated from the postharvest process because 
such compounds may pose health risks and cause 
environmental impacts. Therefore, the development 
of more sustainable technologies that can reduce 
these harms is of great importance.

The use of algae extracts in agriculture has 
grown because they are an alternative to the use of 
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chemical fertilizers in agricultural systems and do 
not cause environmental impacts (Khan et al., 2009; 
Craigie, 2011; Arioli, Mattner, & Winberg, 2015). A 
considerable portion of the products derived from 
the more than 15 million metric tons of marine 
algae harvested annually are used as biostimulants 
in agriculture, with approximately 25 products 
being marketed globally (Food and Agriculture 
Organization [FAO], 2014).

In Brazil, there are no official surveys of the 
number of marketed products. However, the use 
of algae extracts in national agriculture is already 
regulated by Decree No. 4,954 of January 14, 2004, 
which classifies algae extracts as a complexing 
agent in fertilizer formulations for foliar and 
fertigation applications (Decreto n. 4.954, 2004). 
The macroalga Ascophyllum nodosum stands out 
among the marine species commonly used in 
agricultural production. This seaweed has been 
extensively studied for its properties that support 
applications from improving plant development to 
use in human and animal feeding (Khan et al., 2009; 
Gupta & Abu-Ghannam, 2011).

Biostimulants derived from A. nodosum extract 
contain macro- and micronutrients, amino acids 
and phytohormones such as auxins, cytokinins, 
gibberellins and abscisic acids, as well as 
compounds capable of stimulating the production 
of these hormones by plants (Khan et al., 2009; 
MacKinnon, Hiltz, Ugarte, & Craft, 2010; Sharma 
et al., 2012). The extract of this alga has also been 
shown to increase plant tolerance to abiotic and 
biotic stresses, as shown by reductions in disease 
occurrence and increases in the activity of enzymes 
related to plant defense mechanisms (Jayaraman, 
Norrie, & Punja, 2011).

In this context, the objective of this work was to 
evaluate the effect of the application of an extract of 
A. nodosum on the postharvest quality of plums of 
the cultivars Irati and Reubennel and on brown rot 
severity and incidence in fruits inoculated with M. 
fructicola in cultivar Reubennel.

Materials and Methods

Plums of the cultivars Irati and Reubennel 
(Prunus salicina) were obtained from a commercial 
orchard in the municipality of Arapoti, Paraná state, 
Brazil, at 24°07’20” S and 49°46’51” W and an 
altitude of 850 m. The regional climate is classified 
as Cfa in the Köppen classification, and the soil is 
classified as typical dystrophic red latosol with very 
clayey texture (Santos et al., 2006). At the time of 
the experiment, the orchard was four years old. The 
plants were grafted on ‘A9’ rootstock with 5.0 x 2.5 
m spacing, and trained in vase system.

Effect of A. nodosum algae extract on the postharvest 
quality of plums

For each plum cultivar, treatment consisted of the 
commercial product Algamare® at a concentration 
of 0, 0.1, 0.2, 0.3 or 0.4 mL L-1 (Microquímica, 
Campinas, SP, Brazil). The experimental design 
was completely randomized with five treatments 
and five replicates, and each replicate consisted of 
five fruits. The commercial product is presented 
as a homogenous suspension for foliar application 
and is recommended as foliar fertilizer for several 
agricultural crops; it is obtained by alkaline 
hydrolysis of the extract of A. nodosum algae 
(Microquímica, 2018).

The fruits were collected at the physiological 
maturation stage when the surface of their skin 
was 80% red. After transport, abnormal fruits and 
fruits with pests or diseases were removed from 
the analysis. The disinfestation of the fruits was 
carried out in 0.1% sodium hypochlorite (NaClO) 
for 60 minutes and 70% alcohol for 30 minutes, 
with subsequent rinsing in distilled water (Alfenas 
& Mafia, 2007). The fruits were then placed on a 
workbench at room temperature until they were 
completely dry.

Subsequently, the fruits were packed in nylon 
nets, immersed for one minute in solutions containing 
the extract at the different concentrations, and air-
dried. The fruits were then kept in a cold room for 
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15 (cv. Irati) or 30 days (cv. Reubennel) and under 
ambient conditions for two additional days. These 
storage periods were based on preliminary tests of 
each variety. The cold storage conditions during the 
experiment were 2.5 ± 2.0 °C and 90 ± 5% RH. After 
the storage period, the following characteristics 
were evaluated:

Weight loss: Before storage, the fruits were 
weighed with a semi-analytical balance, and the 
results are expressed in grams (g). The mass loss 
after storage was expressed as a percentage of the 
initial sample weight.

Pulp firmness: Pulp firmness was determined 
using a digital penetrometer (FR-5120 Lutron) with 
a 6 mm tip at two opposite points of the equatorial 
region of the fruits after epicarp removal. The results 
are expressed in Newtons (N).

Titratable acidity (TA): TA was determined by 
potentiometric titration. A solution containing 10 
g of a diluted fruit pulp sample was homogenized 
in 40 mL of distilled water and titrated with 0.1 N 
sodium hydroxide solution (NaOH) until pH 8.1 
was reached. The data are expressed in milligrams 
(mg) of citric acid per 100 g of pulp.

Total soluble solids (TSS): A digital automatic 
temperature compensation refractometer was used 
on juice extracted from the fruit samples. The 
results are expressed as a percentage. The TSS/TA 
ratio was determined as the ratio between the total 
soluble solids content and the titratable acidity.

Total phenolic compounds: The total phenolic 
content was determined by the Folin-Ciocalteu 
method, according to Bucic-Kojic, Planinic, Thomas, 
Bilic and Velic (2007). A 5 g sample of plum pulp 
was homogenized with 50 mL of 50% ethanol in a 
blender for 2 minutes. The solution was centrifuged 
for 5 minutes, and a 0.2 mL aliquot was taken from 
the supernatant, placed in a test tube, and wrapped 
in aluminum paper. Then, 1.8 mL of distilled water 
plus 10 mL of 10% Folin-Ciocalteu solution was 
added. Between 30 seconds and 8 minutes later, 8 
mL of 7.5% sodium carbonate solution (Na2CO3) 

was added. The tubes containing the solution were 
stirred and kept in the dark for 2 hours. The reading 
was carried out on a spectrophotometer at 765 nm 
using all the reagents without the aliquot of the 
centrifuged sample with 1.8 mL of distilled water 
added. Gallic acid (GAE) was used as a standard, 
establishing a curve at concentrations of 0.2, 0.4, 
0.6, 0.8, 1.0 and 1.2 mg L-1.

Pectin methylesterase (PME): The crude enzyme 
extract was prepared according to the methodology 
described by Pressey and Avants (1982) and Jen 
and Robinson (1984). Approximately 4 g of plum 
pulp was weighed out, and 8 mL of 0.2 N sodium 
chloride (NaCl) was added. The extract was 
placed in the freezer (-18 °C) until quantification. 
The activity of the PME enzyme was measured 
using a modification of the method of Rouse and 
Atkins (1955), cited by Jen and Robinson (1984), 
in which a unit of PME activity is defined as the 
amount capable of catalyzing the demethylation 
of pectin corresponding to the consumption of 
one nmol of 0.001 N NaOH in 10 minutes. For 
the quantification, 30 g of the reaction solution (1 
g mL-1 of citric pectin added to 100 mL of 0.2 N 
NaCl) was added to 4 mL of the enzyme extract, 
and the solution was calibrated to pH 7.0 with 
solutions of NaOH 1 N and acetic acid to increase 
and decrease the pH, respectively. The PME activity 
changes the pH value of the solution, and with 
higher enzymatic activity, the solution shows a pH 
reduction. Therefore, when the solution had a pH of 
7.0, titration was carried out with a solution of 0.001 
N NaOH for 10 minutes. The data are expressed as 
nmol NaOH g-1 min-1. The enzymatic activity was 
quantified in duplicate to improve the credibility of 
the data.

Polygalacturonase (PG): The enzymatic extract 
was produced by adding 5 mL of water, 5 mL of 
1 M NaCl (both at 4 °C) and 5 g of fruit pulp, 
adjusting the pH to 6.0 with the aid of a solution 
of 1 N NaOH. The sample was centrifuged for 10 
minutes (6,000 RPM) at 4 °C, and the supernatant 
was placed in a freezer (-18 °C) until the enzyme 
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activity was determined. Determination of PG 
activity was performed by incubating 1000 μL of 
the enzyme extract in 3 mL of 1% citrus pectin 
(diluted in 0.05 M sodium acetate buffer, pH 5.0) 
and 1 mL of the sodium acetate buffer solution (0.05 
M, pH 5.0). The sample was then kept for 2 hours in 
a water bath at 30 °C. First, the pectin and the buffer 
solution were added to a water bath 5 minutes before 
depositing the extract for solution acclimatization. 
After the extract was added to the water bath tubes, 
a 1 mL aliquot of this solution (pectin, buffer and 
extract) was immediately withdrawn, and 1 mL of 
the dinitrosalicylic acid reagent (DNS) was added 
(the DNS solution was prepared from the mixture 
of solutions A and B in 100 mL of deionized water). 
Solution A was prepared with 1 g of dinitrosalicylic 
acid diluted in 30 ml of distilled water at 30 °C. 
Solution B consisted of 30 g of potassium tartrate 
diluted in 20 mL of 2 N NaOH at 40 °C. After 
preparation, the DNS was stored in amber glass. This 
state was characterized as time 0, that is, without 
PG activity. This time was used to zero the spectrum 
for each corresponding incubated sample. The tubes 
of time zero were placed in a dark environment for 
2 hours, similar to the samples that were incubated 
in a water bath. After the incubation period, a 1 
mL aliquot of the working sample was withdrawn 
and added to 1 mL of DNS in 2.0 mL Eppendorf 
tubes and centrifuged for 10 minutes (25 °C, at 
6,000 RPM). The solution was then placed in test 
tubes and heated in a water bath for 5 minutes at 30 
°C, corresponding to time zero. Subsequently, the 
samples were refrigerated in a water bath at room 
temperature (25 °C), and 10 mL of distilled water 
was added. The determination of reducing sugars 
was carried out according to the methodology 
described in Miller (1959) using galacturonic acid 
as a standard. The reading was carried out in a 
spectrophotometer at 540 nm. The enzyme activity 
was determined by the amount of polygalacturonic 
acid produced, which was compared to the values 
obtained in a standard line previously prepared with 
the same acid. The activity of PG was quantified in 
duplicate, and the data are expressed in U mL-1.

The results were submitted to analysis of 
variance, and when significant, they were adjusted 
by polynomial regression models (p <0.05). The 
software used for statistical analysis was SISVAR 
5.3 (Ferreira, 2011).

Effects of postharvest treatment with A. nodosum 
extract on the occurrence of brown rot in ‘Reubennel’ 
plums 

The treatments consisted of postharvest 
applications of 0, 0.1, 0.2, 0.3 and 0.4 mL L-1 of 
the commercial product Algamare®, based on A. 
nodosum algae extract, to ‘Reubennel’ plum fruits 
inoculated with M. fructicola. A standard treatment 
with iprodione (150 mL of the commercial product 
Rovral® in 100 L-1 water, Food Machinery Company 
[FMC Agrícola] (2018) was further performed. The 
experimental design was completely randomized, 
with six treatments and five replicates, and each 
experimental plot consisted of six fruits. For ‘Irati’, 
there were not enough fruits for inoculation or 
available isolates for inoculation. Therefore, this 
test was performed only for one variety. 

The application was performed as described for 
the quality experiment. After the application of the 
A. nodosum extract treatments, the fruits were left 
on a workbench to dry naturally. Later, inoculation 
with M. fructicola was performed. To guarantee 
infection, wounds were made at two equidistant 
points in the equatorial region of the fruits, 2 mm 
deep, with a sterilized needle. After injury, the fruits 
were inoculated by spraying with a 106 spores mL-1 
spore suspension of M. fructicola fungus obtained 
from a monosporic culture isolate.

The fruits remained in the cold chamber at 2.5 ± 
2.0 °C and 90 ± 5% RH during a seven-day period. 
After this time, the fruits were placed on the bench 
(25 ± 5 °C and 50 ± 10% RH) and wrapped for the 
first 24 hours with a plastic bag to promote a humid 
environment that was favorable to the development 
of the disease.
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The following characteristics were evaluated: 
area below the disease incidence progress curve 
(ABDIPC), area below the disease severity progress 
curve (ABDSPC) and disease index (DI).

ABDIPC and ABDSPC: On the second day after 
the removal of the fruits from the cold chamber, 
daily evaluations of lesion evolution were initiated, 
and measurements were made of the lesion diameter 
in two transverse areas using a digital caliper. The 
evaluations were completed on the ninth day, when 
most of the control treatment fruits were overtaken 
by the disease. The incidence (percentage of fruits 
with lesions) and severity (mean diameter of 
lesions developed) of the disease were determined. 
The lesion mean diameter and incidence were 
transformed into a percentage using a standard 
diameter of 4.7 mm for all fruits. The percentage of 
the fruit area with symptoms was expressed as the 
ABDSPC, and the percentage of fruits with lesions 
were expressed as the ABDIPC, according to the 
methodology (Campbell & Madden, 1990).

DI: The DI was determined using grades from 
0 to 4, according to the methodology proposed by 
Carvalho, Cunha, Chalfun and Moura (2009), in 
which the occurrence and lesion area consist of 
the following criteria: 1) lesions covering from 0 
to 25% of the fruit; 2) lesions covering 26 to 50% 
of the fruit; 3) lesions covering 51 to 75% of the 
fruit; and 4) lesions> 75% of the fruit. With the aid 
of these notes, the DI, as described by McKinney 
(1923), cited in Cirulli and Alexander (1966), was 

calculated according to the following equation:

DI = Disease index;

f = Number of fruits in each category of infection;

v = Degree of infection;

n = Total number of inoculated fruits;

x = Maximum degree of infection.

The results were submitted to analysis of variance 
and, when significant, were compared by the Scott-
Knott test and adjusted polynomial regression 
models (p <0.05). For ABDIPC, ABDSPC and DI, a 
Dunnett test was performed in which all treatments 
were compared to the control. The software used for 
statistical analysis was SISVAR 5.3 (Ferreira, 2011).

Results

Effect of A. nodosum extract on postharvest plum 
quality

The initial values obtained in the physicohemical 
evaluations of the ‘Irati’ and ‘Reubennel’ fruits are 
presented in Table 1. Comparing these traits after 
storage, significant differences were found for the 
majority of the evaluations, except for the titratable 
acidity and phenolic compound contents in ‘Irati’ 
plums and the total soluble solids for ‘Reubennel’ 
plums.

Table 1
Harvest and after storage values of physical-chemical evaluations in plums cvs. Irati and Reubennel

Characteristics Irati Reubennel
Harvest After storage Harvest After storage

Firmness of the pulp (N) 31.7 11.0 ** 39.4 5.1**
Total soluble solids (%) 9.03 10.9* 12.0 12.9ns

Titratable acidity (%) 1.07 0.98ns 0.98 0.41*
Relation TSS/TA 10.3 10.82* 12.9 31.5**
Phenolic compounds (mg gallic acid 100 g-1) 57.0 62.1ns 31.9 62.1**
Pectinamethylesterase (nmol g-1 min-1) 475.4 1228.6** 639.4 326.9**
Polygalacturonase (U mL-1) 38.9 8.22** 40.8 22.5**

ns = not significant; * = p ≤ 0.05; ** = p ≤ 0.01. 
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In ‘Irati’ plums, for the evaluation performed 
after 15 days in a cold room and two days at ambient 
conditions, differences between the treatments were 
found for the total phenolic compound content and 
the activity of polygalacturonase (PG) (Figure 1). 
The A. nodosum extract concentration had a positive 
linear effect on the total phenolic compound content 

(Figure 1A). The PG activity changed as a quadratic 
function with the increasing extract concentration, 
with the highest activity estimated at a concentration 
of 0.31 U mL-1 (Figure 1B). Polygalacturonase 
activity was higher after storage than in the initial 
analysis (Table 1).

Figure 1. Content of total phenolic compound (A), and polygalacturonase activity (B) 
of ‘Irati’ plums treated with A. nodosum extract and stored for 15 days at 2.5 ± 2.0°C + 
2 days at room temperature. Vertical bars indicate standard deviation.

In ‘Reubennel’ plums, for the evaluation 
performed after 30 days in the cold room and two 
days at ambient conditions, there was no significant 

effect of the treatments on the mass loss, total 
soluble solids content or PG activity.
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with A. nodosum extract and stored for 15 days at 2.5 ± 2.0°C + 2 days at room temperature. Vertical bars 
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18) No 5º parágrafo dos resultados, na 3ª e 4ª linha, A. nodosum escrever em itálico. 

 
19) Na legenda da Figura 2, na 2ª linha, A. nodosum escrever em itálico.  

 
20) Na Figura 2, tinham alguns problemas de formatação, os quais foram corrigidos a fim de padronizar 

a figura: as fontes das caixas de texto (A), (B), (C) e (D) foram alteradas para Times New Roman. 
As equações foram posicionadas do lado inferior direito. A caixa de texto SS/TA foi alterada para 
TSS/TA (concordando com o restante do arquivo). A caixa de texto pulp firmness (N) foi alterada 
para Pulp firmness (N) tamanho 6. A caixa de texto Pectinamethylesterase (nmol g-1 min-1) também 
foi alterada para tamanho 6. As caixas de textos A. nodosum foram centralizadas e padronizadas no 
tamanho 6. A figura corrigida está apresentada a seguir, se possível, gostaríamos que fosse feita esta 
alteração.  

y= 10,90 + 152, 87x - 234,17x2; R²= 0,808** 

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

45,0

0 0,1 0,2 0,3 0,4

Po
ly

ga
la

ct
ur

on
as

e 
 (U

 m
L

-1
)  

 

A. nodosum (mL L-1) 

(B) 



760
Semina: Ciências Agrárias, Londrina, v. 41, n. 3, p. 753-766, maio/jun. 2020

Viencz, T. et al.

For the results of the titratable acidity analysis, 
considering the initial values, there was a reduction 
in titratable acidity after the storage period (Table 
1). In relation to the treatment effects, a positive 
linear effect on TA as a function of the algae extract 
concentration was observed (Figure 2A). The TSS/
TA ratio values more than doubled after storage, and 
the extract concentration and TSS/TA ratio showed 
a quadratic relationship. The lowest value was 
found at the 0.4 mL L-1 concentration of Algamare® 
(Figure 2B).

For pulp firmness, there was a reduction after 
storage compared to the initial values. In addition, 
the pulp firmness varied quadratically with the A. 
nodosum concentration, with a minimum value at a 
concentration of 0.4 mL L-1 (Figure 2C). For PME 
enzyme activity, the values were lower after storage 
than in the initial analysis, and a positive linear 
effect was observed as a function of the Algamare® 
concentration (Figure 2D).

Figure 2. Titratable acidity (A), TSS/TA ratio (B), firmness of pulp (C) and activity of pectinamethylesterase 
(D) of ‘Reubennel’ plums treated with A. nodosum extract and stored for 30 days at 2.5 ± 2.0°C + 2 days at room 
temperature. Vertical bars indicate standard deviation.

Effect of postharvest treatment with A. nodosum 
extract on the occurrence of brown rot in ‘Reubennel’ 
plums.

For the evaluations of the incidence and severity 
of brown rot in Reubennel plum fruits inoculated 

with M. fructicola, there was a quadratic effect 
as a function of the extract concentration for the 
ABDIPC, ABDSPC and DI results. Minimum 
values were observed at the concentration of 0.4 
mL L-1, and the effects of this dose did not differ 

  

  

 

Figure 2. Titratable acidity (A), TSS/TA ratio (B), firmness of pulp (C) and activity of 
pectinamethylesterase (D) of 'Reubennel' plums treated with A. nodosum extract and stored for 30 days at 2.5 
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21) No 6º parágrafo dos resultados colocar em itálico o título Effect of postharvest treatment with A. 

nodosum extract on the occurrence of brown rot in ‘Reubennel’ plums. 
 

22) No 6º parágrafo dos resultados, na 3ª linha, M. fructicola escrever em itálico. 
 

23) Na legenda da Figura 3, na 3ª linha, Ascophyllum nodosum escrever em itálico.  
 

24) No 1º parágrafo da discussão, na 1ª linha, A. nodosum escrever em itálico. 
 

25) No 1º parágrafo da discussão, na 6ª linha, A. nodosum escrever em itálico. 
 

26) No 2º parágrafo da discussão, na 11ª linha, A. nodosum escrever em itálico. 
 

27) No 4º parágrafo da discussão, na 1ª linha, A. nodosum escrever em itálico. 
 

28) No 4º parágrafo da discussão, na 5ª linha, se possível alterar a palavra post-harvest para postharvest 
 

29) No 4º parágrafo da discussão, na 11ª e 12 linha, escrever em itálico (Cucumis melo L. var. 
Reticulatus Naud.) 
 

30) No 5º parágrafo da discussão, na 3ª linha, A. nodosum escrever em itálico. 
 

31) No 5º parágrafo da discussão, na 5ª linha, escrever em itálico (Daucus carota) 
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from those of the standard treatment with iprodione 
fungicide. Both treatments significantly reduced the 
incidence and severity by approximately 50% and 

the DI by 40% in ‘Reubennel’ plums compared to 
those in the control (Figures 3A, 3B and 3C).

Figure 3. Area below the disease incidence progress curve (A), area below the disease 
severity progress curve (B) and disease index (C) of brown rot in ‘Reubennel’ plums 
treated with different concentrations of Ascophyllum nodosum extract or iprodione. * 
significant at 5% probability level by Dunnett test. ns = not significant.

  
 
Figure 2. Titratable acidity (A), TSS/TA ratio (B), firmness of pulp (C) and activity of 
pectinamethylesterase (D) of 'Reubennel' plums treated with A. nodosum extract and stored for 30 days at 2.5 
± 2.0°C + 2 days at room temperature. Vertical bars indicate standard deviation. 
 

Effect of postharvest treatment with A. nodosum extract on the occurrence of brown rot in 'Reubennel' plums 

For the evaluations of the incidence and severity of brown rot in Reubennel plum fruits inoculated 

with M. fructicola, there was a quadratic effect as a function of the extract concentration for the ABDIPC, 

ABDSPC and DI results. Minimum values were observed at the concentration of 0.4 mL L-1, and the effects 

of this dose did not differ from those of the standard treatment with iprodione fungicide. Both treatments 

significantly reduced the incidence and severity by approximately 50% and the DI by 40% in ‘Reubennel’ 

plums compared to those in the control (Figures 3A, 3B and 3C). 

 

 

         

 

▬y= 4,570 - 4,132x + 35,375x2; R²= 0,783* 

0

5

10

15

20

25

30

35

40

0 0,1 0,2 0,3 0,4

pu
lp

 fi
rm

ne
ss

 (N
) 

A.  nodosum (mL L-1) 

(C) 

▬y= 333,56 + 389,05x; R²= 0,788** 

0

100

200

300

400

500

600

0 0,1 0,2 0,3 0,4

Pe
ct

in
am

et
yl

es
te

ra
se

 (n
m

ol
 g

-1
 m

in
-1

) 

A. nodosum (mL L-1) 

(D) 

         

    

    
 
Figure 3. Area below the disease incidence progress curve (A), area below the disease severity progress 
curve (B) and disease index (C) of brown rot in 'Reubennel' plums treated with different concentrations of 
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Discussion

Effect of A. nodosum algae extract on postharvest 
plum quality

In general, the application of A. nodosum extract 
altered some physicochemical characteristics 
of the plum fruits after the storage period, and 
the effect was different in the two cultivars. The 
different effects observed are directly related 
to the composition of the A. nodosum extract, 
which contains phytohormones, mainly auxins 
and cytokinins (Durand, Briand, & Meyer, 2003; 
Zhang & Ervin, 2004, 2008), as well as betaines 
(MacKinnon et al., 2010), gibberellins, abscisic 
acid, jasmonic acid, polyamines and alginates 
(Tarakhovskaya, Maslov, & Shishova, 2007). In 
addition to organic and inorganic compounds, 
which are essential nutrients to the development of 
plants, the extract also contains carbohydrates and 
amino acids (Rioux, Turgeon, & Beaulieu, 2007; 
Khan et al., 2009).

The higher initial titratable acidity and the lower 
TSS/TA ratio observed in the cv. Irati may have been 
indicative of delayed maturation and senescence. 
Normally, the titratable acidity of fruit decreases 
after harvesting and, consequently, the TSS/TA ratio 
increases. This decrease occurs due to respiration, 
which continues to occur even after harvesting. 
Substrates, including acids, are used in respiration to 
generate energy and maintain the vital processes in 
the fruit (Pech, 2002). Many phytohormones in the 
A. nodosum extract, such as auxins, cytokinins and 
gibberellins, can delay ripening and, consequently, 
the senescence of fruits (Chitarra & Chitarra, 2005).

The increase in the contents of total phenolic 
compounds in ‘Irati’ plums treated with algae 
extract was another change during the storage 
period. Ferri et al. (2004) found that the content of 
phenolic compounds decreased during maturation 
in persimmons; however, the decrease in phenolic 
compound contents was more notable in fruits not 
treated with GA3 before harvest.

The A. nodosum extract treatment increased the 
activity of enzymes related to cell wall degradation 
(PG and PME). Consequently, a loss of pulp firmness 
was verified in the Reubennel cultivar. Although 
this is not a desirable effect in postharvest storage 
conditions, it did not compromise the final plum 
quality; the fruit attained a minimum firmness of 27 
N after storage, which is a level recommended for 
commercial sale (Rees, Farrell, & Orchard, 2012). 
Kohatsu (2007) studied the application effect of 
plant regulators on melon crops (Cucumis melo L. 
var. Reticulatus Naud.) and found that fruits treated 
with GA3 had less PME activity during the whole 
storage period, with values not exceeding 700 
nmol g-1 min-1. Other studies have found enzymatic 
activity higher than 800 nmol g-1 min-1, reaching up 
to 1,057 nmol g-1 min-1 in the latest research.

Effect of postharvest treatment with A. nodosum 
extract on the occurrence of brown rot in ‘Reubennel’ 
plums 

Reductions in the incidence and severity of 
brown rot were found in plums treated with some of 
the tested doses of A. nodosum. Other studies have 
also verified such effects. Jayaraj, Wan and Rahman 
(2008) worked with carrot plants (Daucus carota) in 
a protected environment; the carrots were sprayed 
with A. nodosum extract (0.2%) and salicylic 
acid (100 mM) before inoculation with the fungi 
Alternaria radicina and Botrytis cinerea applied 10 
and 20 days after inoculation. The authors found 
a reduction in disease development of up to 57% 
against A. radicina and 53.5% against B. cinerea.

The possible effect of A. nodosum extracts on 
disease control may be related to the induction of 
plant resistance mechanisms to biotic and abiotic 
stresses. The increase in the phenolic compounds 
found in this work is a strong indicator of this effect. 
One plant defense mechanism is the production and 
accumulation of phytoalexins, a type of phenolic 
compound that acts as an antimicrobial substance 
(Naczk & Shahidi 2004; Oliveira, Varanda, & Félix, 
2016).
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This was also observed in A. nodosum-treated 
cucumber plants (Cucumis sativus), which showed 
a lower incidence of diseases caused by Didymella 
applanata, Fusarium oxysporum and B. cinerea, in 
addition to increases in the activities of chitinase 
(EC 3.2.1.14), peroxidase (EC 1.11.1, POD), 
polyphenoloxidase (EC 1.14.18.1, PFO) and 
lipoxygenase (EC 1.13.11, IPR), which are directly 
related to plant defense (Jayaraman et al., 2011).

The increase in brown rot in plums treated 
with lower concentrations of A. nodosum could 
be attributed to its organic content, which could 
stimulate fungal development without increasing 
plant defense responses.

Conclusions

After cold storage of ‘Reubennel’ plums, no 
significant effect of A. nodosum extract was noted 
on mass loss, total soluble solids content or PG 
activity. Nevertheless, the treatments increased 
titratable acidity and pectin methylesterase activity 
and decreased the TSS/TA ratio and fruit firmness.

For ‘Irati’ plums, A. nodosum extract only 
increased the total phenolic compound content and 
polygalacturonase activity after 15 days of cold 
storage and two days at ambient conditions.

The extract of A. nodosum at a concentration 
of 0.4 mL L-1 reduced the incidence and severity 
of brown rot disease in ‘Reubennel’ plums with 
a level of control similar to that of the fungicide 
iprodione.
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