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Calcium content on apple fruit influences the severity of Penicillium expansum

El contenido de calcio en fruta de manzana influencia la severidad de Penicillium expansum

Guerrero-Prieto VM, DI Berlanga-Reyes?, JL. Jacobo-Cuellar', C Guigén-Lopez’,
DL Ojeda-Barrios*, GD Avila-Quezada*, A Nufiez-Barrios*, OA Hernindez-Rodriguez*

Abstract. Calcium content and damage severity of Penicillium
expansum because of its high concentration on “Red Delicious” post-
harvest apples were evaluated during the 2012-2013 winter in Cu-
auhtemoc, Chih. Mexico. Fruit weight, diameter, total soluble solids,
pulp firmness and starch index were also determined. Penicillium
expansum was inoculated into two wounds of eight mm diameter
and 10 mm depth, on a total of 20 apple fruits per treatment. The
inoculum was 0.2 mL of a suspension containing 1x108 conidia/mL.
After inoculation, apple fruit was stored at 0 "C and 90% relative
humidity during five weeks. Treatments were: apple fruit with high
(2.28 mg/100 g fresh weight) and low (2.16 mg/100 g fresh weight)
calcium content, with and without P, expansum, and a control which
was inoculated with sterile water. The greater the fruit Ca content,
the lower the severity of the fruit area affected by P expansum (i.e., 27
cm2 affected with high Ca content vs. 34 cm? with low Ca content).
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Resumen. El contenido de calcio y la severidad provocada por
una alta concentracion de Penicillium expansum en manzana “Red
Delicious” en poscosecha fue evaluado en el invierno 2012-2013 en
Cuauhtémoc, Chih. México. Peso, didmetro, sélidos solubles totales,
firmeza e indice de almidén en la fruta también fueron evaluados.
Penicillium expansum se inoculé en dos pozos de ocho mm de dia-
metro por 10 mm de profundidad, en un total de 20 manzanas por
tratamiento. El inéculo fue de 200 pLL de una suspension de 1x108
conidios/mL del patégeno. Después de la inoculacién, la manzana se
refrigeré a 0 °C y 90% de humedad relativa durante cinco semanas.
Los tratamientos fueron; fruta con alto (2,28 mg/100 g de peso fres-
co) y bajo (2,16 mg/100 g de peso fresco) contenido de calcio, con y
sin P, expansum y un testigo inoculado con agua estéril. La severidad
del drea afectada por la presencia de P expansum se redujo cuanto
mayor fue el contenido de Ca de la fruta (27 cm? de drea afectada con
alto contenido de Ca vs 34 cm? con bajo contenido de Ca.)

Palabras clave: Enfermedades poscosecha; Nutrientes; Dafio en
Fruta; Refrigeracién.
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INTRODUCTION

Several Penicillium species are among the fungi which more
frequently damage postharvest apple fruit (Vico et al., 2010).
Penicillium expansum (Link) Thom and P, so/itum Westling are
the two species more frequently reported both in the fruit and
in cold storage rooms (Amiri & Bompeix, 2005; Vico et al.,
2010; Yu et al., 2016).

In Chihuahua, Mexico, both species have recently been re-
ported as the most frequent ones on postharvest apple fruit
(Gonzélez-Martinez, 2014). Penicillium expansum is respon-
sible for economic losses in the United States of up to 4.4
million dollars per year (Vico et al., 2010). To control P, ex-
pansum, chemical synthetic fungicides are commonly used by
the growers (Guerrero-Prieto et al., 2004). Also, the develop-
ment of resistance of P expansum to the common fungicides
has been reported (Mari et al., 2014).

Nonetheless, consumers and health authorities, are getting
increasingly concerned with the utilization of synthetic fun-
gicides due to their residues on foods and the environment,
which make their use questionable (Janisiewickz & Korsten,
2002; Mufioz et al., 2011). This is because consumers and
health authorities demand safe foods. An alternative method
to control P, expansum is the application of calcium on the
fruit (Conway et al., 1991). Calcium postharvest sprays have
been used to increase calcium content in the cell wall, since
calcium is effective on delaying fruit senescence, giving more
firm fruits. These are of higher quality, and less susceptible to
postharvest diseases (Chardonnet et al., 2003).

Many techniques to supply calcium in the fruit tissue cell
wall have been developed. These techniques include heat
treatments, fruit immersion, vacuum infiltration, pressure in-
filtration, addition of surfactants and/or protection agents, or
a combination of these techniques (Chardonnet et al., 2003).
Moor et al. (2006) reported that in many regions of the world,
apple growers use, on a routine basis, calcium sprays to reduce
fruit damage and/or postharvest apple physiological disorders
(Park et al., 2006). Conway et al. (2002) mentioned that an
adequate field management to provide calcium to the fruit,
plus direct applications to it on a pre- and postharvest basis,
are the best way to supply this nutrient on adequate amounts.

Calcium is part of the cell wall structure, which contrib-
utes to fruit firmness (Tobias et al., 1993; Roy et al., 1994;
Chardonnet et al. 2003; Hepler, 2005; Hepler & Whinship,
2010). The cell wall is also a natural barrier against phyto-
pathogenic fungi (Vico et al., 2010). Calcium ion (Ca%),
cross-linked in the cell wall, is involved in maintaining cell
wall integrity. This is when it combines to carboxyl groups of
the polygalacturonate chains, which are found mainly in the
middle lamella and in the primary cell wall (Tobias et al.,
1993; Chardonnet et al., 2003). The cell wall contains pec-
tin, cellulose, hemicellulose and proteins. Pectin is present
in combination with hemicellulose, and provides strength to

the cell wall, tissue organization and determines fruit and
vegetable texture (Vico et al., 2010).

Calcium plays a primary role to determine cold storage ca-
pacity in fruits. This mineral element also affects fruit senes-
cence when altering intra and extracellular processes (Tobias
et al., 1993; Conway et al., 2002; Buccheri & Di Vaio, 2004).

Finally, calcium is essential to defend apple fruit against post-
harvest pathogens. The objective of this work was: to evaluate the
response of cold-stored apple fruit, cv Red Delicious, to either
low or high calcium levels when exposed to Penicillium expansum.

MATERIALS AND METHODS

Microorganisms. Penicillium expansum Link Thom strain
was obtained from the “Microorganismos de la Zona Temp-
lada” (“Temperate Zone Microorganisms), at the Center for
Research in Food and Development (CIAD, A. C., www.ciad.
mx), Cuauhtémoc Unit, Cuauhtemoc, Chih. Mexico.

Apple fruit in the field. Apple fruits from different apple
orchards were harvested and cold stored. These fruits had a
different number of preharvest applications with calcium
chloride in the field per growing cycle, according to the doses
and timing used by apple growers. Apple fruits were random-
ly selected as follows: (1) fruits with eight or more calcium
field sprays, where calcium content was 2.28 mg/100 g fresh
weight (calcium level one); (2) fruits with four or less calcium
field sprays, where calcium content was 2.16 mg/100g fresh
weight (calcium level two). These fruits [i.e., (1) and (2)] were
used in the two experiments. Experiments consisted of using
Red Delicious apple fruits, originally harvested from the or-
chards, after storing them either during three months (experi-
ment one) or 203 days (experiment two). Storage conditions
were 0 °C and 90% relative humidity (HR) in the cold storage
“Arroyo Seco Company”, Cuauhtémoc, Chih. México.

Variables quantified. Calcium content was determined on
apple fruits at the Center for Research in Food and Develop-
ment (CIAD), A. C. Cuauhtémoc, Chih. Mexico Unit. Ex-
periments were run twice. Other variables, such as weight (g,
Ohaus digital balance); equatorial diameter (mm, Cranston
caliper) and rot area (cm?); total soluble solids (" Brix, Atago,
digital refractometer); pulp firmness (N and 1bs/in? TA-XT2i
Universal texturometer) and Iodine-starch index (1-6 scale),
were also determined on apple fruits.

Treatments. Four treatments were defined: (1) ACaCP =
apple fruit calcium level one, inoculated with P, expansum; (2)
ACaSP = apple fruit with calcium level one, without P, expan-
sum inoculation; (3) BCaCP = apple fruit with calcium level
two, P expansum inoculated, and (4) BCaSP = apple fruit with
calcium level two, without P expansum inoculation. Treat-
ments were assigned randomly.
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Experiments, replications and treatment application.
Each treatment was applied on 20 apple fruits, and each
apple fruit had two wounds (eight mm diameter and 10 mm
depth). Forty replications per treatment were included in the
experiments. Each wound was inoculated with 200 pL of
a suspension containing 1x10® conidia/mL of P expansum.
Control treatments consisted on sterile water inoculation on
each wound of apple fruit, corresponding to both calcium
levels. Two experiments (1 and 2) were run in the way pre-
viously described. Fungus inoculum suspensions were pre-
pared by using a hemacytometer from a culture of 12 days
grown at 26 °C.

Cold storage of the treatments. Once all treatments were
established, apple fruits were stored during a five-week-stor-
age period at 0 °C and 90% RH.

Severity evaluation. Increases in apple fruit lesion di-
ameter and area (cm?) due to P expansum decay were weekly
evaluated during one month, on each inoculated wound, on
each treatment and replication, and on each of the two experi-
ments.

Statistical analysis. A variance homogeneity test was
first applied to the results for lesion diameter due to P, ex-
pansum severity on the apple fruits, with treatments either
inoculated or not (i.e., controls), at both calcium levels.
An analysis of variance was done when homogeneity was
found. Statistical significant differences among treatment
means were determined using the Tukey Test (a=0.05).
The Statistical Analysis System (i.e., version 6.12. Cary,
NC USA) was used for data analyses. When variance ho-
mogeneity was not detected, mean values were compared
using the non-parametric Kruskal-Wallis test; if statisti-
cal differences were detected among treatment means, the
Mann-Whitney test (Sprent & Smeeton, 2001) was used
at a 95% level of significance to determine statistical dif-

ferences among treatments. Lesion severity development
was analyzed with non-linear models using the SAS 6.12
version (SAS, 2002). A modified Weibull non-lineal model
was used using the following equation: Y =1-exp (-DAV/%);
where Y = lesion growth proportion; DAI = number of days
after inoculation; & = inverse lesion growth rate estima-
tor (1/b), and ¢ = a parameter as a curve’s shape function
(Pennypacker et al., 1980).

RESULTS

Calcium content was statistically different between the
two calcium levels. Apple fruit maturity indexes obtained for
the two evaluations indicated that apple fruits used for experi-
ment one (November 1, 2012) had a less advanced maturity
stage than apple fruits used on experiment two on February
22,2013 (Table 1).

Penicillium expansum severity was lower on apple fruits
with calcium level one (with a higher Calcium content) than
on those with calcium level two (with a lower Ca content)
(Table 2). Lesion growth increment rates were statistically
equal with respect to time, according to the model indicators
generated to explain lesion development after P, expansum in-
oculation (Table 3). The results obtained in this experiment
showed that P expansum severity development on apple fruits
was equal on fruits having either high or low calcium con-
tents. However, final lesion was higher (34.68 cm?) on apple
fruits with low than high Ca contents.

DISCUSSION

Calcium levels, in both cases, were lower than those report-
ed by Chardonnet et al. (2003) on Golden Delicious apple
fruits during cold storage (2.3 = 0.04 mg/g dry weight). They
were also lower than those shown by Ernani et al. (2008) on

Table 1. Maturity indexes of Red Delicious apple fruits used on the experiments 2012-2013,
Tabla 1. Indices de madurez en manzana Red Delicious utilizadas en los experimentos 2012-2013.

evaluation (2) (mm) Solids (* Brix) Firmness starch (1-6)
N) (Lb/inch?)
1-Nov-2012
calcium 1 147.2 68.8 15.9 62.9 14.1 3.7
calcium 2 158.1 74.1 153 52.3 11.8 3.7
22-Feb-2013
calcium 1 125.2 69.1 16.2 32.4 7.3
calcium 2 131.3 73.8 17.8 31.9 7.2
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Table 2. Decay severity (cm?) due to Penicillium expansum, on Red Delicious apple fruits with different calcium contents (2012-2013).
Tabla 2. Severidad de podredumbre (cm?) por Penicillium expansum en manzanas Red Delicious causada por diferentes contenidos de calcio

(2012-2013).
Treatment Experiment 1 Experiment 2 Both experiments integrated
BCaCP 28.2a 43.0a 34.68 a
BCaSP 20c 2.5¢ 2.34c
ACaCP 23.5b 30.4b 27.33b
ACaSP 1.8¢ 2.1d 2.01d

Medians with the same letter within columns are statistically equal (P<0.05) according to the Mann-Whitney test.
BCaCP = Fruit with low calcium content and inoculated with P expansum.

BCaSP = Fruit with low calcium content without inoculation with P, expansum.

ACaCP = Fruit with high calcium content inoculated with P, expansum.

ACaSP = Fruit with high calcium content without inoculation with P expansum.

Table 3. Weibull modified model indicators for lesion increment (cm?) due to Penicillium expansum severity after inoculation of apple fruits

with low and high calcium contents.

Tabla 3. Indicadores del Modelo de Weibull modificado respecto al incremento de lesion (cm?) causado por Penicillium expansum después de

la inoculacion de las manzanas con bajo y alto contenido de calcio.

Model (c) shape parameter 210 0
Treatment yol-e [ -(wb)<] Slope value (1/b) model value R? (%) CV (%)
BCaPe y = 1-¢ [~ (28929777 ] 0.03456655 a 5.1029 98.3 17.83
ACaPe y=1-e [ - (/32.8109) *7*] 0.03047768 a 4.7958 99.0 11.67

Slope values with the same letter are statistically equal at a higher than 95% confidence level.
BCaPe= Low calcium (level two) content on apple fruits inoculated with P, expansum.
ACaPe= High calcium (level one) content on apple fruits inoculated with P expansum.

Gala apple fruits (4.4 mg/100g). Despite the calcium levels
in the fruits used in our experiment were lower than those
reported in other studies, there were statistically significant
differences between the two study treatments and on fruit de-
cay by P, expansum (Table 2).

Differences in maturity indexes (Table 1) might be because
the fruits on 22 February 2013 had 113 more days of cold
storage than fruits used on November 2012. Calcium plays
a primary role determining the duration of cold storage on
fruits. Calcium also affects fruit firmness and senescence by
altering intra- and extra-cellular processes (Tobias et al., 1993;
Conway et al., 2002; Buccheri & Di Vaio, 2004; Hepler &
Winship, 2010). Tobias et al. (1993) stated that 60% of the
cell calcium is concentrated in the cell wall and middle la-
mella. This explains why there was a response to the calcium
content on both treatments used in the study (Table 2), even
though both calcium levels were lower than those reported

by other researchers. Wojcik (2001) reported that “Jonagold”

apple fruits were more resistant to fruit decay than control
fruits after they were sprayed with high doses of calcium dur-
ing summer and fall.

'The higher severity infection on apple fruits with calcium
level two (Table 2) might be because of the fruit conditions
which favored infection development. These conditions might
include the dissolution of the middle lamella and cell wall on
the inoculated apple fruits, as it has been reported by Char-
donnet et al. (2003). These authors observed an increment on
the susceptibility of apple fruits to fungal pathogens, associ-
ated to cell wall degradation and carbohydrate metabolism in

the cell wall (Tables 2 and 3).

CONCLUSIONS

High calcium contents on the apple fruits used in this ex-
periment had a direct effect on the reduction of the severity
infection to Penicillium expansum.
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