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(especialmente para cítricos)
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• Premio a  la Innovación Tecnológica 2015 de la CEPYME y 

reconocimiento empresa innovadora del Ministerio de Industria
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de producción y construyendo un nuevo centro de I+D+i (inversión ≥ 
5M $)
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Trabajo profesional y producción 
científica

Unimos a nuestro trabajo profesional una producción científica 
publicada unusualmente alta para una empresa de nuestro 
tamaño, pensamos debemos contribuir a la sociedad también de 
este modo:
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a  b  s  t  r  a  c  t

Potassium  sorbate  (PS)  is a well-known  and  widely  used  food  preservative.  Among  other  applications,  it
is  used  as a  GRAS  fungistatic  postharvest  treatment  for  citrus,  although  its use is not  free  of  significant
adverse  effects.  In this  paper,  we  study  in detail  the  efficacy  of wax containing  increasing  concentrations
of  PS  to control  Penicillium  digitatum  decay  in  citrus  fruit,  and its effect  on  fruit weight  loss. Decay  control
and  weight  loss  increased  with  the  concentration  of PS in the  wax.  Wax  with  typical  amounts  of  2–5%  PS
showed  poor  decay  reduction  indices  (DRI),  between  26%  and  32%, whereas  fruit  weight  loss increased
compared  with  non-waxed  controls.  Waxing  of  fruit  reduced  weight  loss  by up  to  40%,  depending  on
wax  formulation,  but  the  addition  of just  2%  PS  to the  wax caused  an  increase  in fruit weight  loss  of up to
65%  compared  with  the  waxed  fruit.  Similar  results  were observed  for all  the  types of  wax  formulations
tested.  The  hygroscopic  effects  of PS are  even  more  damaging  for citrus  fruit with  leaves.  The  leaves  lose
weight  very  rapidly  when  PS  is added  to the wax and  they  become  desiccated  in  24 h.

We  also  present  the  results  of  a similar  study  where  PS was  applied  to  citrus  as  an  aqueous  treatment.
When  applied  in  water,  PS  was  far  more  effective  for  decay  control  than  when  applied  in wax,  but  there
was  also  a  considerable  increase  in fruit weight  loss.  A treatment  combining  aqueous  PS with  Fortisol®

Ca  Plus  biostimulant  completely  solved  the problem  of weight  loss,  these  mixtures  being commercially
feasible  treatments.

© 2014  Elsevier  B.V. All  rights  reserved.

1. Introduction

Citrus fruit are prone to postharvest decay, and although trans-
port and storage conditions of fresh citrus have improved, mainly
because of the use of refrigerated transport and cold rooms
(Korsten, 2006), fungal diseases still produce significant economic
losses (Smilanick et al., 2006). As a result of the big increase in
citrus sold in pre-packings, i.e. in nets that sometimes contain up
to 35 fruit, where just one decayed fruit can contaminate or cause
decay in the whole package, citrus decay control has now become a
harder task than in the past. In this scenario, the postharvest use of
synthetic fungicides such as imazalil, ortho-phenylphenol, thiaben-
dazole, or pyrimethanil, among others, is still the most effective
way to achieve mold control in citrus fruit (Ismail and Zhang, 2004).

Green mold, Penicillium digitatum,  and blue mold, P. italicum, are
the major fungal pathogens that cause decay in citrus fruit in Span-
ish citrus shipments (Tuset, 1987), and in all citrus when grown in
low summer rainfall areas (Palou et al., 2008b). It is well known that
the highest efficacy in postharvest citrus decay control is achieved

∗ Corresponding authors. Tel.: +34 96 280 05 12; fax: +34 96 280 08 21.
E-mail addresses: jparra@citrosol.com (J. Parra), borihuel@citrosol.com

(B. Orihuel-Iranzo).

when the treatment is applied promptly after harvest (Chitzanidis,
1986; Wild and Spohr, 1989; Brown, 1999), usually as an aqueous
treatment applied by drenching or water tank dipping. This first
treatment is usually complemented by a second treatment on the
packing line, commonly with wax  containing fungicides.

However, because of reports about the deleterious effects of
some synthetic chemicals on the environment and even on the
health of consumers, there is a demand for the commercialization
of chemical-free fruit. Fungicide-free decay control methods are
needed, and treatments based on low-toxicity compounds could
be a suitable alternative. These chemicals should have high decay
control efficacy with minimal toxicity and environmental impact
(Palou et al., 2008b).

The main low-toxicity chemical alternatives for citrus decay
control are food additives (Palou et al., 2002b), inorganic salts
(Palou et al., 2002a; Deliopoulos et al., 2010; Youssef et al., 2012b;
Cerioni et al., 2013a,b), essential oils (Plaza et al., 2004; du Plooy
et al., 2009; Combrinck et al., 2011; Perez-Alfonso et al., 2012;
Castillo et al., 2014) and phytochemicals (Hao et al., 2010). Among
the food additives, potassium sorbate (E-202), PS, is a widely
used broad spectrum food preservative (Sofos, 1989; Stopforth
et al., 2005). In 1978, it was first proposed to be used in citrus
decay control of P. digitatum (Smoot and McCornack, 1978). Since
then, aqueous PS has been described many times as an alternative

http://dx.doi.org/10.1016/j.postharvbio.2014.04.011
0925-5214/© 2014 Elsevier B.V. All rights reserved.
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TRATAMIENTOS POSTCOSECHA EN 
CITRICOS

1. El problema

2. El caso de los cítricos
a. La utilización de los Fungicidas
b. Factores de variabilidad en la aplicación industrial
c. La Resistencia a los Fungicidas en postcosecha

Ø Vencer las Resistencias / impedir su aparición

3. Control del podrido mediante productos alternativos
a. Control del podrido mediante Aditivos Alimentarios



EL PROBLEMA: el efecto multiplicativo de 
la distribución moderna

• Un prepack, malla o Girscak,
de clementinas de 2kg calibre
3/4 puede contener
aproximadamente entre 32 y
36 frutos.

• Esto significa que sólo un 0.1
% de frutos podridos en
destino puede equivaler a un
3.6 % de preempaquetados
con podrido:

% de frutos podridos x 
nº frutos en el prepack

=
% de prepacks con podrido

• tenemos un problema difícil de
resolver



• El mecanismo básico para el desarrollo del podrido
incluyendo el efecto de la temperatura y los fungicidas:

LESIÓN     +    ESPORAS INFECCIÓN PODRIDO

FUNGICIDAS
Efecto

Antiesporulante

T – dependiente

Infecciones incipientes

Erradican

EL PODRIDO EN POSTCOSECHA



FUNGICIDAS POSTCOSECHA:
MODOS DE ACCIÓN

Modos de acción de los fungicidas postcosecha, 
(Eckert y Ogawa,1985; Brown, 1988):

• inactivando esporas depositadas en heridas
• erradicando infecciones incipientes
• protegiendo la piel de la infección de heridas 

realizadas después de la aplicación de 
fungicidas

• inhibiendo la esporulación en la superficie de los 
frutos y la transmisión por contacto de varios 
podridos

• inhibiendo el desarrollo de infecciones latentes  



Los patógenos causales
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Penicillium digitatum (podredumbre verde) y P. italicum
causan más del 90% de los podridos postcosecha

P. italicum
(podredumbre azul)
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La esporulación

1. Los Penicillium esporulan, siendo las esporas aerógenas.

25 esporas Relación entre el nº de
esporas depositada en una
herida y la frecuencia de
infección

Esporas de P. digitatum
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El control de la 
esporulación
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+IMZ
CONTROL PPZ

PCL
IMZ



Los fungicidas post-cosecha
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Fungicida
Control de 
Penicillium

sensible

Control 
esporulación

Control 
Penicillium
Imz-R

TBZ ++ + 0

OPP ++ 0 ++

IMAZALIL +++ +++ 0

PROCLORAZ +++ +++ 0

PROPICONAZOL +++ + 0

PIRIMETANIL +++ + +++

FLUDIOXONIL ++ + ++

Fuentes:(Brown “Decay control /fungicide applications” y otros; Bayer Cropscience, Janssen; Zang
et al, Kanetis et al. “Comparative efficacy/new fungicides”, J.E. Adaskaveg “Management of
postharvest fungal decay in California citrus production”, datos internos Productos Citrosol S.A.).

Eficacia: 0=Nula, +=Moderada, ++=Buena, +++=Excelente



RPAT: Retraso Permitido 
Antes del Tratamiento
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RPAT: tiempo que transcurre entre la inoculación del patógeno y la 
aplicación del tratamiento fungicida.

%
 d

e 
Po

dr
id

o

0

20

40

60

80

25ºC

20ºC

15ºC

10ºC

Retraso del tto. (hs)
20 40 60 80

Tto: IMZ 500 ppm
Hongo: P. digitatum

Wild and Spohr, 1989
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= 
Recolección

RPAT  IMZ ≈ 28 hs a 20-25ºC

Si se enfría se puede 
extender el RPAT

Norma general: tratar 
dentro de las 24 hs

posteriores a la 
recolección. 

Demás fungicidas 
poscosecha: RPAT < al del 

IMZ. 



Tiempo de retraso permisible 
corto

Flu

Flu

Retraso permisible en ensayos de 
laboratorio en limones. Tratamiento en 

baño (1.200 ppm de Fludioxonil y 
Azoxistrobin, y 1.000 ppm de Imazalil y 
Pirimetanil) Inoculación con 106ufc/ml 

Penicillium digitatum. Evaluación después 
de 6-7 dias a 20ºC. 

(Foster, Kanetis, Adaskaveg 2007)

Tiempo retraso permisible (h)

P. digitatum
IMZ-S

P. digitatum
IMZ-R

A las 9 horas, ya hay diferencias 
estadísticamente significativas respecto 

a Imazalil y Pirimetanil

La diferencia en el nivel de control del P. digitatum IMZ-R entre el PIR y el FLU es muy obvia: el 
Fludioxonil controla peor el P. digitatum IMZ-R que el mismo IMZ
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La formulación: un factor de variabilidad 
“fácil” de controlar

Concentrados Emulsionables (EC):
• M. Act. (oleo-soluble) está apropiadamente preparada en una 

disolución con base oleosa. En agua forma una emulsión.

• Líquidos Solubles (SL): La m. act. es soluble en agua. En agua 
forma una solución.

CITROSOL 
LS 7,5

Imazalil 50 
EC



Penicillium spp.
Sensible

CAMPO

Penicillium spp. 
Sensibles

ALMACEN

Penicillium spp R: 
Cepa dominante 

Fungicidas

Penicillium spp R, 
mutación: 1/109

Penicillium
R

Cajones

Como se va acumulando la 
población R en el almacén

R



La pérdida de eficacia de cualquier fungicida por 
cepas de Penicillium-R
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Plant Disease Vol 78 /Nº10 

No es la solución:
Riesgo exceder LMR



Resultados Ensayos con
P. digitatum IMZ-R
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Como se combaten las 
resistencias

Ø Con un tratamiento adecuado podemos controlar el podrido 
causado por cepas IMZ-R.
Ø Pero NO se disminuye/elimina el
Inóculo-R (IMZ-R) que pueda haber en el
almacén o en otros reservorios (cajones,
maquinaria, etc).

19

Podrían desarrollarse Resistencias dobles, por 
ejemplo al IMZ y al OPP.



Mediante higienización hay que estar 
continuamente eliminando el Penicillium-R

www.citrosol.com

 
Higienización

La higienización no suele recibir la atención necesaria.
 
 Los retornos de la L + D no son fáciles de medir. Es fácil medir el

costo de la L + D: productos y mano de obra, pero el beneficio difícil
de cuantificar.

Confidential Information
and all IP rights owned by

PRODUCTOS CITROSOL, S.A.

CITROSOL implementa
la higienización fácil

y eficiente a la central
hortofrutícula.
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Ensayos realizados en cámaras de la industria citrícola han
demostrado la elevada eficacia de nuestro Sistema para la
Desinfección Ambiental de Cámaras.

CH CÁMARA
ufc/m3

ANTES
ufc/m3

DESPUÉS EFICACIA

1
C. 1 46,7 3,3 96,0 %

C. 2 160,0 0 100 %

2 C. 1 562,5 4,2 98,9 %

3 C. 1 2.720,8 4,2 99,6 %

Contaminación ambiental (ufc/m3 = unidades formadoras de
colonias de hongos por m3 de aire analizado) en cámaras de
diferentes CHs (volumen promedios de las cámaras = 980m3)
ANTES y DESPUÉS de desinfectarlas con el Glocuat PC aplicado
con el Sistema Nebulizador X3 de Citrosol.

GLOCUAT PC + X3 
Eficacia en desinfección ambiental



Control del podrido con sales y 
aditivos alimentarios

Existe un extenso grupo de aditivos alimentarios con probada 
eficacia en el control del podrido de los cítricos y otros frutos:

1. Sales inorgánicas: Carbonato y Bicarbonato Sódico

2. Sales orgánicas: Sorbato Potásico y Benzoato Sódico

3. Quelatos: como el EDTA

Ø Estos tratamientos deben aplicarse por inmersión: 1-3 minutos, 
y preferiblemente a 40-50ºC

Ø De entre ellos los únicos legales en Europa para aplicar en 
cítricos son el Sorbato Potásico (E-202); y el Bicarbonato 
Sódico que es una ”Sustancia Básica”
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a  b  s  t  r  a  c  t

Potassium  sorbate  (PS)  is a well-known  and  widely  used  food  preservative.  Among  other  applications,  it
is  used  as a  GRAS  fungistatic  postharvest  treatment  for citrus,  although  its use  is  not  free  of  significant
adverse  effects.  In  this  paper,  we  study  in  detail  the  efficacy  of wax containing  increasing  concentrations
of  PS  to  control  Penicillium  digitatum  decay  in citrus  fruit,  and its effect  on fruit weight  loss.  Decay  control
and  weight  loss  increased  with  the  concentration  of PS in  the  wax.  Wax  with  typical  amounts  of  2–5%  PS
showed  poor  decay  reduction  indices  (DRI),  between  26%  and  32%, whereas  fruit  weight  loss  increased
compared  with  non-waxed  controls.  Waxing  of  fruit  reduced  weight  loss  by up  to  40%,  depending  on
wax  formulation,  but  the  addition  of just  2%  PS  to the  wax  caused  an  increase  in fruit weight  loss  of up  to
65%  compared  with  the  waxed fruit.  Similar  results  were  observed  for all the  types  of  wax  formulations
tested.  The  hygroscopic  effects  of  PS are even  more  damaging  for  citrus  fruit  with  leaves.  The  leaves  lose
weight  very  rapidly  when  PS  is added  to the wax  and  they  become  desiccated  in  24  h.

We  also  present  the  results  of  a similar  study  where  PS  was  applied  to  citrus  as  an  aqueous  treatment.
When  applied  in  water,  PS  was  far  more  effective  for decay  control  than  when  applied  in wax,  but  there
was  also  a  considerable  increase  in  fruit weight  loss.  A treatment  combining  aqueous  PS  with  Fortisol®

Ca  Plus  biostimulant  completely  solved  the  problem  of weight  loss,  these  mixtures  being commercially
feasible  treatments.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Citrus fruit are prone to postharvest decay, and although trans-
port and storage conditions of fresh citrus have improved, mainly
because of the use of refrigerated transport and cold rooms
(Korsten, 2006), fungal diseases still produce significant economic
losses (Smilanick et al., 2006). As a result of the big increase in
citrus sold in pre-packings, i.e. in nets that sometimes contain up
to 35 fruit, where just one decayed fruit can contaminate or cause
decay in the whole package, citrus decay control has now become a
harder task than in the past. In this scenario, the postharvest use of
synthetic fungicides such as imazalil, ortho-phenylphenol, thiaben-
dazole, or pyrimethanil, among others, is still the most effective
way to achieve mold control in citrus fruit (Ismail and Zhang, 2004).

Green mold, Penicillium digitatum,  and blue mold, P. italicum, are
the major fungal pathogens that cause decay in citrus fruit in Span-
ish citrus shipments (Tuset, 1987), and in all citrus when grown in
low summer rainfall areas (Palou et al., 2008b). It is well known that
the highest efficacy in postharvest citrus decay control is achieved

∗ Corresponding authors. Tel.: +34 96 280 05 12; fax: +34 96 280 08 21.
E-mail addresses: jparra@citrosol.com (J. Parra), borihuel@citrosol.com

(B. Orihuel-Iranzo).

when the treatment is applied promptly after harvest (Chitzanidis,
1986; Wild and Spohr, 1989; Brown, 1999), usually as an aqueous
treatment applied by drenching or water tank dipping. This first
treatment is usually complemented by a second treatment on the
packing line, commonly with wax  containing fungicides.

However, because of reports about the deleterious effects of
some synthetic chemicals on the environment and even on the
health of consumers, there is a demand for the commercialization
of chemical-free fruit. Fungicide-free decay control methods are
needed, and treatments based on low-toxicity compounds could
be a suitable alternative. These chemicals should have high decay
control efficacy with minimal toxicity and environmental impact
(Palou et al., 2008b).

The main low-toxicity chemical alternatives for citrus decay
control are food additives (Palou et al., 2002b), inorganic salts
(Palou et al., 2002a; Deliopoulos et al., 2010; Youssef et al., 2012b;
Cerioni et al., 2013a,b), essential oils (Plaza et al., 2004; du Plooy
et al., 2009; Combrinck et al., 2011; Perez-Alfonso et al., 2012;
Castillo et al., 2014) and phytochemicals (Hao et al., 2010). Among
the food additives, potassium sorbate (E-202), PS, is a widely
used broad spectrum food preservative (Sofos, 1989; Stopforth
et al., 2005). In 1978, it was first proposed to be used in citrus
decay control of P. digitatum (Smoot and McCornack, 1978). Since
then, aqueous PS has been described many times as an alternative

http://dx.doi.org/10.1016/j.postharvbio.2014.04.011
0925-5214/© 2014 Elsevier B.V. All rights reserved.

• En este trabajo lo dejamos claro; la cera con Sorbato K ya no 
se utiliza: 

No solo en farmacopea
existe el efecto placebo



UN EFECTO PLACEBO SOBRE 
EL OPERADOR 
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waxed leaves were taken daily, with the aim of observing changes
in their appearance. The other 5 leaves of each set were used for the
daily measurement of resistance to breakage. Briefly, leaves were
placed between two plastic discs in which a central hole with a
diameter of 1.5 cm had been made, and then pressed with a man-
ual penetrometer (0–13 kg, 11.3-mm-diameter cylindrical probe,
TR, Tecnylab C.B., Valencia, Spain) until leaf breakage. Resistance to
breakage was expressed in kg/cm2. Leaves were penetrated avoid-
ing the midrib, in order not to distort the results.

2.5. Statistical analysis

Mean values were compared using analyses of variance
(ANOVA) and separated by Fisher’s protected least significant dif-
ference test (LSD, P ≤ 0.05) on the basis of statistically significant
differences. StatGraphics 5.0 Plus software was used.

3. Results and discussion

3.1. Decay control and weight loss in citrus fruit when PS is
incorporated into wax

PS is frequently added to waxes as an alternative chemical
to control citrus decay. Decay control efficacy of wax containing
increasing concentrations of PS was studied on ‘Nova’ mandarins
artificially inoculated with P. digitatum (Fig. 1). The effects on
weight loss rate were also studied with the same batch of man-
darins (Fig. 1). Fruit were waxed in a conventional waxing unit with
typical doses and conditions, in order to simulate the real waxing
step in the packing house. Weight loss rate increased with the con-
centration of PS added to the wax, whereas decay decreased slightly
(Fig. 1). Thus, there was  an observable decay reduction, but this
control remained poor, compared to the reference treatment with
wax + 2000 mg/L imazalil. For instance, the decay reduction index
of fruit waxed with a typical 2% PS in wax was only 26% whereas
the fruit showed an even higher weight loss rate than non-waxed
fruit.

Waxing of fruit with just plain wax showed a 25% reduction
in the weight loss rate, but with the addition of PS at concen-
trations of 2% or higher the weight loss reduction properties of
the wax disappeared. These weight loss results are in agreement
with previous studies (Youssef et al., 2012a). In that case, ‘Comune’
clementines and ‘Tarocco’ oranges waxed with just wax  showed
weight loss reduction capacities of 20–30%, whereas fruit waxed
with a 6% PS wax showed statistically the same weight loss as

Fig. 1. Weight loss rate (% weight loss/day, bottom, black bars) and % decay (top,
gray bars) in ‘Nova’ mandarins waxed with Citrosol A UE wax containing increasing
concentrations of PS or 2000 mg/L of imazalil and stored for 7 days at 20 ◦C and 85%
RH (60% RH in the case of weight loss experiments). Non-waxed fruit were used as
controls.

non-waxed ones. In the present study, not only has this effect been
confirmed, but also a relationship has been found between PS con-
centration and weight loss. As PS increased, firstly wax coating lost
its weight loss reduction properties, and then, if the concentra-
tion was  high enough, it could turn into a desiccating film, making
the waxing step damaging rather than useful or recommendable.

Table 1
‘Nova’ mandarin decay reduction indices (DRI) and weight loss control (WLC) in wax and water PS treatments with different [PS].a,b

Waxing Water dipping

DRI (%) WLC  (%)c DRI (%) WLC  (%)

[PS] (%)
0 0 d 25 a
0.5 18 cd 22 a 61 c −17 b
2  26 bc −11 c 85 b −27 b
5  32 bc −6 bc 99 a −65 c
10  40 b −44 d 100 a −94 d
1.6d 14 cd −15 c
1.8d 22 bc 0.2 b

[Imazalil] (mg/L)
2000 70 a 17 a
450 97 a 2 a

a Results for imazalil treatments are shown as reference.
b ANOVA tests were carried out within each column.
c Negative values indicate weight loss increase (desiccation); positive values indicate weight loss reduction.
d PS wax commercial samples from different manufactures.



Resumen

1. En cítricos hay pocas alternativas a los fungicidas 
convencionales (por no decir que en la actualidad no hay 
ninguna)

2. Las combinaciones de aditivos alimentarios y otros 
químicos de bajo riesgo pueden funcionar a nivel industrial 
para comercialización local, pero no para envíos de 
preempaquetados, ni para envios a países lejanos. 

3. Hay que desconfiar de soluciones “maravilosas”, p.e.: 
combinaciones de aditivos alimentarios que tengan, o se 
dice que tienen, eficacias comparables a los fungicidas 
convencionales
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