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Condiciones ambientales en los secaderos y camaras de maduracion Introduccion

EMBUTIDOS CURADO-MADURADOS JAMON CURADO
Adiccion de sales de curado y azlicares al inicio Condiciones ambientales (T, HR) en las etapas de
fermentacion secado (secadero) y secado-maduracion (bodega)
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Efectos de los mohos sobre los derivados carnicos Introduccion

Efectos
perjudiciales

1. Formacion de compuestos
aromaticos

2. Disminucién del enranciamiento

3. Estabilizacion del color

4. Proteinas antifungicas

MANCHAS NEGRAS
Reblandecimiento  superficial producidas
(‘REMELO’) producido por por Cladosporium sp.
Mucor sp.
MICOTOXINAS

Metabolitos secundarios toxicos




¢ Los mohos toxigénicos suponen un problema?

Introduccion

Ham and Food Safety
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Hams: They can be fresh, cock-before-eating, cocked, picnic,

b Food Defense & and country types. There are so many kinds, and their storage
Emergency Response times and cooking times can be quite confusing. This
b Codex Alim e background information serves to carve up the facts and make

them easier to understand.

Definition

Hams may be fresh, cured, or cured-and-smoked. Ham is the
cured leg of pork. Fresh ham is an uncured leg of pork. Fresh
ham will bear the term “fresh™ as part of the product name and
is an indication that the product is not cured. "Turkey” ham is a
ready-to-eat product made from cured thigh meat of turkey.
The term “turkey ham" is always followed by the statement
"cured turkey thigh meat.”

The usual color for cured ham is deep rose or pink; fresh ham
(which is not cured) has the pale pink or beige color of a fresh
perk roast; country hams and prosciutte (which are dry cured)
range from pink to 2 mahogany color.

Hams are either ready-to-eat or not. Ready-to-eat hams
include prosciutto and cooked hams; they can be eaten right
out of the package. Fresh hams and hams that are only treated
to destroy trichinae (which may include heating, freezing, or
curing in the processing plant) must be cooked by the
consumer before eating. Hams that must be cooked will bear
cooking instructions and safe handling instructions.

Hams that are not ready-to-eat, but have the appearance of
ready-to-eat products, will bear a prominent statement on the
principal display panel (label) indicating the product neads
cooking, .g., "cook thoroughly.” In addition, the label must
bear cooking directions.

¢La presencia de mohos toxigénicos puede
suponer un problema en
jamoén curado por la produccion
de micotoxinas?

Mould - Can often be found on country cured ham.
Most of these are harmless but some molds can
produce mycotoxins. Molds grow on hams during
the long curing and drying process because the high
salt and low temperatures do not inhibit these robust
organisms.

¢Jamon curado y embutidos
curado-madurados son
substratos adecuados para la
formacion de micotoxinas?




Micotoxinas en derivados carnicos curado-madurados

Introduccion
Es la micotoxina mas frecuentemente encontrada en jamén curado y
OCRATOXINA A (OTA) otros derivados carnicos curado-madurados (salchichén, etc)
Grupo 2B (Battilani y col., 2010; lacumin y col., 2009; Dall’Asta y col., 2010; Rodriguez y col., 2012, 2014,

= . _ . 2015; Bertuzziy col., 2013, Pleadin y col., 2013, 2015)
Nefrotdxica, hepatotdxica e inmunotdxica

COOH O OH O ‘

Penicillium nordicum y Penicillium verrucosum

NaCl OTA

Lilivme

Equilibrio osmético en la pared celular
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Legislacion vs exportacion

Introduccion

The EFSA Journal (2006) 365, 1 - 56

OPINION OF THE SCIENTIFIC PANEL ON CONTAMINANTS IN THE FOOD
CHAIN ON A REQUEST FROM THE COMMISSION RELATED TO OCHRATOXIN A
IN FOOD

Question N° EFSA-Q-2005-154

Adopted on 4 April 2006

Dl

“ efsam

European Food Safety Authority EFSA Journal 2010; 8(6):1626

En algunos paises como
Italia esta limitada el
contenido de Ocratoxina
A (OTA) en productos
carnicos curados
madurados (1ug/Kg)

SCIENTIFIC OPINION

Statement on recent scientific information on the toxicity of Ochratoxin A
EFSA Panel on Contaminants in the Food Chain™’

European Food Safety Authority (EFSA), Parma, Italy

iiProblemas con
la exportacion!!




Estrategias de control Introduccion

Acciones para prevenir la presencia de OTA en derivados carnicos curado-madurados

Fisicos
METODOS —
Quimicos
-Levaduras
Bioldgicos -Mohos no toxigénicos
-Proteinas antifungicas

Control de las condiciones ambientales/nutricionales I:> Prevenir el crecimiento de P. nordicum y P
verrucosum

HR, T, ingredientes

RAZONES ECOLOGICAS DEADAPTACION ">  NUEVAS ESTRATEGIAS DE CONTROL
DE P. NORDICUM y P VERRUCOSUM




Objetivos

OBJETIVO PRINCIPAL

En este trabajo se evalua la seleccion y utilizacion de levaduras y mohos no toxigénicos como
cultivos protectores en derivados carnicos curado-madurados para el control de mohos

productores de OTA.

OBJETIVOS ESPECIFICOS

1. Estudiar la influencia que las condiciones propias del procesado de los derivados carnicos curado-
madurados (T, a,) e ingredientes sobre el crecimiento de P. nordicum y P. verrucosum, la expresion

temporal de los genes otapks y otanps implicados en la produccion de OTAy la produccion de la toxina.

2. Examinar la relacién entre la expresion de los genes implicados en la biosintesis de OTA (ofapks y
ofanps) y en la ruta del estrés (hog) de especies ocratoxigénicas en condiciones que ocurren en el

procesado de los derivados carnicos curado-madurados.

3. Evaluar el efecto de levaduras y mohos no toxigénicos sobre el crecimiento y produccion de OTA en

derivados carnicos curado-madurados.




Disefio experimental
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Crecimiento de P. nordicum y P. verrucosum en derivados carnicos Resultados

Medio elaborado con salchichdn
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Fig. 1. Effect of water activity = temperature conditions on the lag phases of Peniallium
nordicum (A) and Penidllium verrucosum [ B) on dry-cured sausage based-media over a
12 day incubation period. *Denotes conditions at which the lag time was longer than
the duration of the experiment.




Crecimiento de P. nordicum y P. verrucosum en derivados carnicos Resultados

A Rodriguez et al. / Intermational fournal of Food Microbiology 194 (2015) 71-77

Medio elaborado con salchichdn
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Fig. 3. Two dimensional contour maps of growth of Penicillium nordicum (A) and Penicllium verrumosum | B) on dry-cured sausage based-mediainrelation to water activity and temper-
ature. The numbers on the isopleths represent similar growth rates (mm/day ) over a range of a,, * temperature conditions.




Crecimiento de P. nordicum y P. verrucosum en derivados carnicos Resultados

Medio elaborado con jamon Medio elaborado con salchichén
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Expresion de genes implicados en la biosintesis de OTA y produccion de OTA Resultados
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Fig. 2. Rebtive gene expression values of otapksPN and otanpsPN gene expression in two P. nordicum strains grown on ham-based medium incubated at 25 “Cfor3, 6, 9and 12 days with
regard to non-maodified hamebased medium used as calibrator. Mean values of the otapks PN and otanpsPN gene expression at each incubation time at 108 NaCl (a,, = 0.94 ) indicated with
different letters are significantdy different (p < 0,01 ). Mean values of the otapksPN and otarpsPN gene expression at each incubation time at 22% NaCl ( a,, = 0.87) indicated with d fferent
numbers are significantly different (p = 0.01). Significant differences between mean values of the otapksPN and otanpsPN gene expression at different NaCl concentrations at the same
incubation day are indicated by an asterisk (p < 0.01). There was no expression of these genes in P nordicum FHSCCL.




Expresion de genes implicados en la biosintesis de OTA vs estrés Resultados

A Rodriguez et al. / Food Microbiology 57 (2016) 109-115
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Diserio experimental

Estudio de la influencia de las
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Resultados

©
3.00 1/\ m NaCl é 3,00 @ NaCl
’ /\ €
mKCI
7 250 - mKCl ‘5’ 250 D Sucrose
e} e
S 2,00 os g 200
g ucrose g
$ 150 g 10
© o
3 1,00 g 100
o ©
" < 0,50
£ 0% S § 0,00 2
ucrose o 2 £
0,00 KCl 3 S :;
10 NaCl ] 3

4

20

Concentracion (g/L) Concentracion (g/L)

Fase de latencia Velocidad de crecimiento

Sacarosa: promueve la adaptacion pero es el componente que menos facilita el crecimiento
NaCl: retrasa la adaptacion de las cepas pero promueve su crecimiento
KCI: induce el desarrollo de las cepas de P. verrucosum

Andrade et al. (2016). International Journal of Food Microbiology, enviado
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Disefio experimental

Estudio de la influencia de las P
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esporas MODELOS
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Resultados

RESULTADOS
PRELIMINARES

Control 0,2 ppb OTA 1 ppb OTA 5ppb OTA 0 ppb OTA 0,2 ppbOTA 1 ppb OTA + 5 ppbOTA +
+10% NaCl 10% NaCl  10% NaCl

A concentraciones de 1 ppb de
OTA, concentraciones de NaCl que
habitualmente se encuentra en
estos productos favorece la
Estudios en proceso en el grupo de Higiene y Seguridad Alimentaria adaptacion de P. nordicum
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Condiciones experimentales

OTA por si misma no favorece el crecimiento de P. nordicum

NaCl por si misma si favorece el crecimiento de P. nordicum




Diserio experimental

g N LEVADURAS
Extraccion

F—Q esporas

I [108 esporas/mL]

Biocontrol de mohos productores de OTA

Medios de cultivo

D. hansenii 104 105 106
C—— ": = i —— 1. Medida del area de la
_» '€ fji: 1S I & S : colonia de P. nordicum
MPA D L s 7gias 2 Efectode las levaduras enla
, L L i germinacion de las esporas de
a, 0,97 y 0,90 R R SRR ' P. nordicum

Lonchas

n n n ‘ Produccién de

o o O OTA
ol O O 25°C/ 30dias

D. hansenii Dh253 + P. nordicum CBS (10° + 109)

Recipientes estériles con humedad relativa controlada (a,, 0,94 y 0,84)




Resultados
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_— Fig. 1. Growth of Pemicllium nordicum DMRICC 9035 (A) and P. nordicum CBS 32392 (B) on MEA, MPA 097 and MPA 0.90 when co-cultured with ten strains of Debaryomyces hansend at
three different inoculum concentrations ( 10*, 10° and 10 cfu/mL). It isexpressed as percentage of mould growth compared to the control (mould grown in absence of D. hansenii ). Mea-
surement of both mould growth based on the area of their colonies was estimated by using the digital image analysis software [mage]. Indicators above bars represent standard errors.




Resultados

Efecto de levaduras en la germinacion de esporas de P. nordicum

M. Andrade et al. / Intemational Journal of Food Microbiology 170 (2014) 70-77 75
P. nordicum sin levaduras P. nordicum con levaduras P. nordicum con sobrenadante del cultivo de levaduras

A C E
B D F

Fig. 3. Examples ofthe effect of Debaryomyces hansenii cells and cell-free supernatants obtained from growth in MEB on the germination of Penicillium nordicum DMRICC 9035 (Pn9035)
and P. nordicum CBS 323.92 (Pn32392).(A) Germination of Pn9035 inthe absence of D. hansenii; (B) germination of Pn323.92 in absence of D. hansenii; (C) germination of Pn9035 when
co-cultured withcells of D. hansenii FHSCC 253H; (D) germination of Pn323.92 when co-cultured with cells of D. hansenii FHSCC 246H; (E) germination of Pn9035 in the presence
of cell-free supernatant of D. hansenii FHSCC 253H; (F) germination of Pn323.92 in the presence of cell-free supernatant of D. hansenii FHSCC 253H.




Resultados

Efecto de levaduras seleccionadas sobre crecimiento de P.
nordicum y produccién de OTA en lonchas de jamon curado

Table 2
Debaryomyces hansend FHSCC 253H (Dh253) and Penicilivm nordicum CBS 323.92 (Pn323.92) counts and ochratoxin A (OTA ) acoumu lation obtained for inoculated ham slices after 15 and

30 days of incubation.

Water activity® Batch Yeast counts” (log cfu/cm’) Mould counts® (log cfufem?) OTA production® (ug/kg)
Day 15 Day 30 Day15 Day 30 Day 15 Day 30

0.84 Pn323.@ nd# nd 645 + 018418 7.17 + 044 4293 + gp1'= 3742 + 1041
Pn323.92 + Dh253 8.30 + 0.05' 8.14 + 013’ 625 + 008~ 687 + 052 26.68 + 5.19** 2993 + 5.73*"
DRZ53 THE £ U150 B0 T 04ET na’ Nz N’ nd:

0.94 Pn323.@ 7.51 + 023*# 783 £ 016" 748 +033*= 721 +£ 053 27.75 + 770 2439 + 889"
Pn323.92 + Dh253 8.51 + 007" 881 +029 ndb# 623 + 053 nd > nd
Dh253 8.41 + 060" 925 + 033 nd: nd.- nd- nd.

Mean valuesof yeast and mould counts (log cfi/cm*) and OTA production (ug/kg) along a row with different letters as superscript are significantly different (p < 0.05). Mean values with
different numbers as superscript along a column for the same water adtivity are significantly different (p < 0.05). Meanvalues with different Greek symbols when the same batchat both
water activities was compared are significantly different (p < 0.05).
The results are presented as mean of wiplicates + standard deviation.

* Saturated solutions of potassium chloride and potassium nitrate were used to reach water activity values of 0.84 and 0.94, respectively.

" Level of yeasts obtained by counting plate, n.d.: growth of yeasts was not detected. The detection limit was 45 log cfu/cm?,

¢ lLevel of ochratoxigenic moulds obtained by gPCR. n.d.: growth of ochratoxigenic moulds was not detected. The detection limit was 1 log cfuem”,

4 OTA accumubtion detected by HPLC-MS. n.d.: OTA was not detected. The limit of detection was 1 pg/kg

Menor crecimiento de P. nordicum y menor produccion de OTA en presencia de

D. hansenii Dh253

Posible utilizacion de D. hansenii Dh253 como cultivo protector




Disefio experimental

Pv21 + Dh253
(106 células/mL)
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Resultados

Cantidades de OTA (ng/g agar)

25

= 14 days 1 21 days

>
Limite de OTA
(Ministerio della
Sanita, 1999)

15°C

Temperatura y ratio Pv:Dh

10°C 15°C
0:100




Resultados

Relacion entre la produccion de OTA
vs expresion de genes implicados
P. verrucosum en la biosintesis de OTA
(100:0)
-7 -9 -3 7

Componente 2 (38 %)

Buena relacion (Geisen, 2004; Schmidt-Heydt et al.,
-3 - 2007; Rodriguez et al., 2014; Ferrara et al., 2016)

Componente 1 (48 %




Resultados

4 Relacion entre la produccion de OTA
. vs expresion de genes implicados
P. verrucosum: D.hansenii 7 . en la biosintesis de OTA
50:50
( ) KMO = 0.5
) * Bartlett p= 0.939
L 2
L 2 . *
1 ¢ s o .
‘ ¢ ’ * ¢ L 2
fal * * L3 ¢
[ T T v . o T Y N ’* ot |
-60 -40 -20 ¢ + 20 . 40 . 60
* * P . L 4 4
1 L 2 PO L 2
=7 = ° °
-2 -
Poca relacion
3 &
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Rodriguez y col. (2016). International Journal of Food Microbiology, e714es
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Efecto mohos no toxigénicos seleccionados (P. nalgiovense) en el control de mohos productores de OTA

en embutidos crudos-curados

Table 1 Crecimiento relevante de mohos a los

Types of dry-fermented sausage "salchichdn” used in this work and conditions of 15 dias de maduracion
ripening processes.

Types of dry-fermented Description of product and processing
sausage “salchichon”

Diameter Length Ripening process

"Casero” 4 cm 16.5cm Time: 18 days

3 days: T5°C, RH 85%

2 days: T 13 “C RH 84%

13 days: T 11 °C, RH 84%
"Fuet” 3 cm 27cm Time: 21 days

3 days: T 5°C, RH 85%

18 days: T 12 “C, RH 75%
“Malaga” 35 cm 21cm Time: 7 days

7 days: T 11 °C RH B1%

P. nalgiovense P. verrucosum
+ P. verrucosum

Table 3
Quantification of total fungal load by counting plate { log cfu/cm®) and gPCR, quantification of the commercial P. nalgiovense and the OTA-producing P verrucosum fungal
erowt hs by specific qPCR assays and determination of level of OTA in inoculated dry-fermented sausage “salchichan™ slices after 20 days of incubation (initial inoculum was

4.0 log ofufem?),
Inoculated dry-fermented sausage  Awverage total counts (log ofufcm?) Average mould counts by specific Average OTA concentration
GPCR assays (log cfujcm?) (ngfke)
Fungal load by plate Fungal load by qPCR P nalgiovense P. verrucosum
P. nalgiovense 79+ 014 76 £ 012 79+ 03 — <LOD
P. verrucosum 75+ 0358 7.2+ 016 = 77 +014 24+023
P nalgiovense and P. vermicosum P. nalgiovense P verrucosum 40+ 018 45+ 0.19 25+ 016 <L0OD

41 + 0.28 1.9 £+ 0.10

Effect of Penicillium nalgiovense as protective culture in processing
of dry-fermented sausage “salchichon”

Victoria Bernaldez?, Juan |. Cérdoba?, Mar Rodriguez?, Mirian Cordero?, Luis Polo ®, Alicia Rodriguez®*
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Control de mohos toxigénicos en jamén curado. Utilizacion de cultivos protectores de mohos no toxigénicos (P.

chrysogenum RP42C)

45 Jamones final de post-salado son
lavados con agua a presion

Lote TO0. Sélo aplicacion manteca cerdo

Lote T1. Aplicacion de manteca de cerdo + inoculacién de

cultivo protector de P. chrysogenum R42C no toxigénico

Lote T2. Aplicacion de manteca de cerdo+ inoculacion de
cultivos seleccionados de Penicillium sp. no

Maduracion durante 9
meses

en condiciones de
secadero y bodega

qPCR basada en el gen OTAnpsPN
productores de OTA

Deteccion de OTA mediante HPLC-MS



Resultados control de mohos toxigénicos en jamén curado. Utilizacién de cultivos protectores de mohos no

toxigénicos (P. chrysogenum RP42C)

Table 3
Level of ochratoxin A (pg/kg) detected in samples of dry-cured Iberian ham after 9
months of ripening.

. . . Reference of dry-cured Average of ochratoxin A concentration | pg/
Niveles inferiores de Iberian ham samples k)
mohos productores de OTA “Batches
en lotes T1y T2 con respecto al o . =
1 End nd nd
lote control TO 2 nd nd 19 + 002

3 nd nd nd
4 nd nd nd
, . 5 23 + 013 nd nd
No se detecto OTA en ningunodelos s 22037 nd nd
. 7 nd nd nd
jamones del lote T1 : nd od nd
q nd nd nd
10 20 +0.18 nd nd
11 3.2 +023 nd nd
12 nd nd nd
13 63 +0.16 nd nd
14 nd nd nd
15 nd nd nd

* Batches: TO: Control batch without inoculating; T1: Batch inoculated with

P chrysogenum RP42C; T2: Batch inoculated with 4 non-toxigenic Penicillinum strains
isolated from drny-cured Iberian hams.

Y nd: ochratoxin A was not detected.

A. Rodriguez et al / IWT - Food Science and Technology 60 (2015) 923—-928




CONCLUSIONES

1. Las condiciones ambientales relacionadas con el proceso de maduracion de los derivados

carnicos madurados y la composicion del sustrato en si afecta al crecimiento de las
especies de mohos productoras de OTA, a la expresion de los genes implicados en la

biosintesis de esta micotoxina y el estrés y a su produccion.

2. Un profundo conocimiento de la adaptacion de P. nordicum y P. verrucosum a los derivados
carnicos curado-madurados facilita la toma de decisiones sobre mejores y mas apropiadas
acciones preventivas y sobre el mejor momento del procesado para la adicién de un

agente bioprotector.

3. Se dispone de levaduras y cepas de mohos no toxigénicas eficaces capaz de controlar la
produccion de OTA por parte de especies de mohos toxigénicas en jamon curado y en
embutidos curado-madurados por debajo del limite establecido por la legislacion italiana

para estos productos, facilitando la exportacion de los mismos a estos paises.
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