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Lecture objectives

To give a summary about red wine and Food Safety =>
Main problems <& possible industrial solutions.

To propose a specific alternative in order to manage two specific
wine /Food Safety emerging problems:

* Biogenic amines.
« Ethyl Carbamate.

To propose an alternative to increase wine quality in high ph
grape juice.



Introduction

Wine => Easy to manage from Food Safety point of view.




Introduction

London 1854 Broad Street (Cholera outbreak)
What would you prefer to drink ?
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Today everything is different

There are several problems related to wine - food safety
(No high risk microorganisms => but other significant risks)
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Summary
Main Wine Food Safety problems <=> Solutions

Problem Risk group Solution (HACCP)

Alcoholics,
Ethanol diabetics,




General problems related to alcohol-alcoholism

Most alcoholics do not drink wine (Spanish Society of Anonymous
Alcoholics)



General problems related to alcohol

Most alcoholics do not drink wine (Spanish Society of Anonymous
Alcoholics)

Most wine consumers=> Considered as responsible =>Things ZAlcoho



General problems related to alcohol

Most alcoholics do not drink wine (Spanish Society of Anonymous
Alcoholics)

Most traffic accidents related to alcohol consumption do not depend
on wine (Spanish Traftfic Agency)



Problem Risk group

Solution (HACCP)

Alcoholics,

Ethanol diabetics.......

Labeled
alcohol wine
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Problem Risk group Solution (HACCP)
Alcoholics, Labeled

Ethanol diabetics, Free alcohol wine

Physical

hazards Anyone




Problem Risk group Solution (HACCP)

Physical
hazards Anyone Filtration
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Problem Risk group Solution (HACCP)

Alcoholics, Labeled
Ethanol diabetics, Free alcohol wine
Physical
hazards Anyone Filtration

SO, Asthmatics




Problem Risk group Solution (HACCP)
Labeled: It contains sulfites.

Other predervatives (sulfites free)
Legal limits

SO, Asthmatics

Use other new
preservatives
or technologies



Problem Risk group Solution (HACCP)
Alcoholics, Labeled

Ethanol diabetics, Free alcohol wine
Physical

hazards Anyone Filtration

Labeled: It contains sulfites.
Other preservatives (sulfites free)
SO, Asthmatics Legal limits

Allergenic | allergic people
additives | (Ex: albumin)




Problem Risk group Solution (HACCP)

Labeled.

Allergenic | allergic people Or non allergenic additives
additives | (Ex: albumin) : g;

S YOUR WINE VEGAN? [
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substance obtained
from dried fish bladders
The white or not clear
part surrounding the yolk.
Also called the egg white.
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Problem Risk group Solution (HACCP)
Alcoholics, Labeled

Ethanol diabetics, Free alcohol wine
Physical

hazards Anyone Filtration

Labeled: It contains sulfites.
Other preservatives (sulfites free)
SO, Asthmatics Legal limits

Allergenic | allergic people Labeled.
additives | (Ex: albumin) Or non allergenic additives
Biogenic | allergic people

Amines | (Ex: Histamine)




Biogenic Amines Problem

Origin
‘ g Others:
Decarboxylase T
enzymes _
> -Putrescine
), -Cadaverine
Histidine Histamine -Phenylethylamine

Lactic Bacteria (O. Oeni ) metabolism => Biogenic Amines 1
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Lactic Bacteria (O. Oeni ) metabolism => Biogenic Amines 1
Real Group of Risk

Alergic People => Biogenic Amines + Alcohol
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Lactic Bacteria (O. Oeni ) metabolism => Biogenic Amines 1
Real Group of Risk

Alergic People => Biogenic Amines + Alcohol

Legal Limits

Germany, Switzerland, Belgium, Austria, Holland, France =>
2-10 mg/L. (Histamine)




Biogenic Amines Problem

Origin
‘ g Others:
Decarboxylase T
enzymes _
-Putrescine
-Cadaverine
Histidine Histamine -Phenylethylamine

Lactic Bacteria (O. Oeni ) metabolism => Biogenic Amines 1

Real Group of Risk

Alergic People => Biogenic Amines + Alcohol

Legal Limits

Germany, Switzerland, Belgium, Austria, Holland, France =>
2-10 mg/L. (Histamine)

How should we control it ?




Problem Risk group Solution (HACCP)
Alcoholics, Labeled

Ethanol diabetics, Free alcohol wine
Physical

hazards Anyone Filtration

Labeled: It contains sulfites.
Other preservatives (sulfites free)
SO, Asthmatics Legal limits
Allergenic | allergic people Labeled.
additives | (Ex: albumin) Or non allergenic additives
Biogenic | allergic people legal limits =>
Amines | (Ex: Histamine) | but no viable industrial solution ?
Anyone
Ethyl (carcinogenic)

Carbamate




Ethyl Carbamate Problem
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Yeast metabolism => Ethyl Carbamate Precursor T (UREA)
Uthurry et al.2004; Bertrand 1993



Ethyl Carbamate Problem
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Lactic Bacteria (O. Oeni ) metabolism => Ethyl Carbamate 1
Tegmo-Larsson et al.1989



Ethyl Carbamate Problem

‘Orjgin

Arginase

@)
\
Ni&w—g (Saccharomyces) H*
T - T —

Arglnlne T & Time + Ethanol Ethyl carbamate

OH

f .
Yeast metabolism => Ethyl Carbamate Precursor T (UREA)
Uthurry et al.2004; Bertrand 1993 deiminase

z o /7 o O\ transcarb
\ \
; /[% /\/\5»9 ; /\i /\/\ng : w%
° . NI ,\,I '\’I ! : C‘
Arginine Citrulline
2
% .

o

Lactic Bacteria (O. Oeni ) metabolism => Ethyl Carbamate 1
Tegmo-Larsson et al.1989

Legal Limits
Canada, USA (recomendation) and Japan => 15-30 ng/L




Ethyl Carbamate Industrial Situation

‘Origin

Yeast metabolism => Ethyl Carbamate Precursor T (UREA)

,::. ' Uthurry et al.2004; Bertrand 1993
r? 2’ ]

Lactic Bacteria (O. Oeni ) metabolism => Ethyl Carbamate 1

Tegmo-Larsson et al.1989

Legal Limits
Canada, USA (recomendation) and Japan => 15-30 pg/L

_-\

How should we control it ?




Problem Risk group Solution (HACCP)
Alcoholics, Labeled
Ethanol diabetics, Free alcohol wine
Physical
hazards Anyone Filtration
Labeled: It contains sulfites.
Other preservatives (sulfites free)
SO, Asthmatics Legal limits
Allergenic | allergic people Labeled.
additives | (Ex: albumin) Or non allergenic additives
Biogenic | allergic people legal limits =>
Amines | (Ex: Histamine) | but no viable industrial solution ?
Anyone éL
Ethyl (carcinogenic) legal limits => Koo
Carbamate but no viable industrial solution ?




PRODUCTION OF RED WINE

= Reception

m——=>Destemering
Chrusering

= Prefermentative
Maceration

m=—=2> 1° Fermentation
Maceration

__— Pressing

— 22 Fermentation
= Maceration

Filtration.
e lizalion

m==> Bottling

== Ageing



MICROBIOLOGICAL SIMPLIFICATION
PRODUCTION OF RED WINE .

? ﬂ‘l == Reception

m——=>Destemering
— ; Chrusering

k= ool == Prefermentative
Rl Maceration

m=—=2> 1° Fermentation

Maceration ALCOHOL

— Pressing

— 22 Fermentation
= Maceration

Filtration.
e lizalion

Lactic Baéteria: O. oeni !
2

Agein M

= Ageing g

m==> Bottling

Stabilized wine




INDUSTRIAL ALTERNATIVE PROPOSAL MICROBIOLOGICAL SIMPLIFICATION

SUGARS ALCOHOL

ALCOHOL

Yeast:Scizo. pombe
Only 1° Fermentation

l 1

Stabilized wine

Lactic Bacteria: O. oeni !
2

4

We avoid possible collateral effects related
to 2° Fermentation by Lactic Bacteria: 5
-Biogenic amines |

-Ethyl carbamate | Stabilized wine




Why to use Schizosaccharomyces selected strains?

« Classic use => deacidification (Malic Acid |)
— Recommended Practice by International Organization of Vine and Wine.
— Alternative to MaloLactic fermentation by Bacteria (Collateral effects | ).

Benito et al 2012; Benito et al 2014;
Benito et al 2015

Figure 3 Biochemical mechanism for the fermentative decomposition of malic acid by Schiavsaccharomyces. PD, pyruvate decarboxylase, ADH,
alcohol dehydrogenase.

« Urease Activity => Urea | (Main Ethyl Carbamate precursor |)

Urease-positive species of yeast. Deak 2008..
Bulleromyces albus Filob capsuligenum Schizo. japonicus
Cry.albidus F’ella neoformans Schizo. octosporus
| Cry. curvatus Leucosp scotti Schizo. pombe /4 o
Cry. diffyuens Moniliella suaveolens Spori. pararoseus LUbberS et al' 1 996; Deak'2008; BellltO et al 2014
Cry. humicolus Rho glutinis Trisp. moniliforme
Cry.laurentii Rho minuta Guehom.pullulans
Cystofilob Rho mucilaginosa

To avoid Biogenic Amines and E. Carbamate ?




Classical Fermentations <=> Schizo Fermentations
Selected S.pombe

S. cerevisiae + O. oeni

Histamine

<
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Benito et al. 2015. Molecules. 20: 9510-9523
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Benito et al. 2014. Food Microbiology. 42: 218-224

Lower levels of Biogenic Amines and Urea in
fermentations involving selected strains of S.pombe.
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Main sensory problem => Lack of acidity => Malic acid |

Aroma guality

Overall

. Reduction
Impression
Swetness " eneral Acidity
Acetic Acid
~#- Selected S.pombe -~ Non-selected S.pombe

-85, cerevisiae



South Spanish vineyard
problems



South spanish vineyard problems

Warm Viticulture area (Global climate change)
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South spanish vineyard problems

Warm Viticulture area (Global climate change)

Grape composition:

- Sugar content 1

- Acidity |



South spanish vineyard problems

Grape composition:
- Sugar content |

- Acidity |

Unbalanced wines from a sensory point of view.

Aroma

intensity
6,00

Aroma
quality

Overal
impression

Structure Fruity

General
acidity

Balanced Wine

Unalanced Wine




South spanish vineyard problems

Warm Viticulture area (Global climate change)

Grape composition:

MEDITERRANEAN

- Sugar content | 5_,_-,';?_' el s
- Acidity |
Unbalanced wines from a sensory point of view.

intensity intensity

Aroma
quality

Overal — — M~
impression

Overal
impression

Structure < ~~ Fruity

Structure

General
General acidity
acidity

Balanced Wine Unalanced Wine



South spanish vineyard problems
Possible Solutions to avoid lack of acidity

Acidification with legal industrial acids (food grade).




South spanish vineyard problems
Possible Solutions to avoid lack of acidity

Acidification with legal industrial acids (food grade).
‘Q‘\gl"“ g "

Disadvantages:
Acid stability
Legal limits 1-2 g/l depending on the used acid.

Cost of food grade acids



South spanish vineyard problems
Possible Solutions to avoid lack of acidity

Microbiological solution => Use of Lachancea thermotolerans

Body ‘T softness ‘T roundness ‘T Aroma com plexity T+
volatile acidity

Aroma complexity T (fruit character).

Precursors liberation == grape variety character T+
Aroma complexity I (fruit character).

Precursors liberation => grape variety character ‘T
High stable color compounds T (red wine)
Acidity -l

Food Safety T

Acidity T

volatile acidity

Benito, A., Calderdn, F., Palomero, F., & Benito, S. (2016). Quality and composition of Airen

wines fermented by sequential inoculation of Lachancea thermotolerans and Saccharomyces
cerevisiae. Food Technol Biotechnol, 54.



South spanish vineyard problems
Possible Solutions to avoid lack of acidity

Microbiological solution => Use of Lachancea thermotolerans

www.diark.org ,—

Advantage:
Increases of Lactic acid about 1-3 g/L for regular inoculations.

Disadvanteges:

L. Thermotolerans is not able to complete a regular fermentation process
(So. a S. cerevisiae/S. pombe partener is needed to properly finish).

Not very resistant to SO.,.



NEW ALTERNATIVE PROPOSAL CLASSIC WINEMAKING

SUGARS ALCOHOL

4 a
Yeast: S. cerevisiae
1° Fe i

Yeast: Schizo. pombe

Only 1° Fermentation

Stabilized wine

Lactic Bacteria: O. oeni !
2

4

a»S

We avoid possible collateral effects related
to 2° Fermentation by Lactic Bacteria:
-Biogenic amines | Acidity 1

-Ethyl carbamate |

A
v

Stabilized wine



Sensory Analysis
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Benito A, Palomero F, Calderdn F, Benito S {2015) Combine Use of Selected Schizosaccharomyces pombe
and L achancea thermofolerans Yeast Strains as an Alternative to theTraditional Malolactic Fermentation in
Red Wine Production. Molecules 20:9510-5523.



Conclusions

* Most wine/Food Safety problems have a relatively easy

solution.
« Using Schizosaccharomyces pombe fermentation technology is
possible to control two specific wine/Food Safety problems that

are more complex:

« Biogenic amines. => Specific consumers

« Ethyl Carbamate. => Specific markets

« Using combined L. thermotolerans and S. pombe fermentations
technology is possible to increase wine quality increasing the
wine acidity (main collateral effect about using S.pombe in low

acidic grape juices).



B . b I . | I
Food Wiaohiology 42 (2014) 218 224 [nteenational Journal of Food Miceobiology 232 (2016) 63-72

Contents lists available at Sciencelirect E

Food Mic m:\il'|.r-_'}

Contents lists available at ScienceDirect

International Journal of Food Microbiology

Food Microbiology

journal homepage: www.elsevier.com/locate/ijfoodmicro

journal homepage: www.elsevier.com/locate/fm

Use of Schizosaccharomyces strains for wine fermentation—Effect on the @ ot

Selection of appropriate Schizosaccharomyces strains for winemaking @Cmm wine composition and food safety

AE. Mylona, JM. Del Fresno, F. Palomero, I. Loira, M.A. Bafiuelos, A. Morata, F. Calderédn,

5. Benito, F. Falomero, E Calderdn, D. Falmero, J.A. Suirez-Lepe . Benito®, | A. Sudrez-Lepe
m r ;ﬂ;‘lﬂl’?ﬁd de Afmenras, Eseuel Teemica Supemior de npenieros Aprimemas, Umversidad Folicéeniza de Madrid, Cudad Universitaria 5N, 28040 Dept. Quimica v Tecnologite de Afimentos, Universidad Pofitécrica de Modrid, Chudad Universitariee S/, 28040, Madrid, Spein
rid, Spam
Molecules 2018, 20, 9510-9523; do1:10.3390/molecul es20069510 e
OPEN ACCESS @PLOS | one

molecules

ISSN 1420_3049 RESEARCH ARTICLE ' )
www.mdpi.com/journal/molecules Selected Schizosaccharomyces pombe Strains
Article Have Characteristics That Are Beneficial for
) . Winemaking

Combine Use of Selected Schizosaccharomyces pombe and )

. . Angel Benito!, Daniel Jeffares'?, Felipe Palomero, Fernando Calderdn', Feng-Yan Bai®,
Lachancea thermotolerans Yeast Strains as an Alternative to the Jirg Bahior”, Santiago Benito'*

g . . . . . 1 Department of Chemistry and Food Technalodgy, Polytechnic University of Madrid, Madrid, Spain,
Tradltlonal Malolactlc Ferm entatlon m Red Wlne Productlon 2 Fesearch Departmant of Geretics, Evalution aﬁd Erwironment, University Callege Londen, London,
m ggii;?gii%%iﬁf Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of

Angel Benito, F ernando Calderén, Felipe Palomer o and Santiago Benito *

PLOS ONE| DOL 100371 Jourreal pone. 0151102 Mareh 23, 2016 1118

Recommended Practice by International Organization of Vine and Wine.



Bibliography

Benito S, Palomero P, Calderén F, Palmero D, Suarez-Lépe JA (2014) Selection of Appropriate
Schizosaccharomyces strains for winemaking. Food Microbiology 42:218-224

Benito A, Palomero F, Calderdon F, Benito S (2015) Combine Use of Selected
Schizosaccharomyces pombe and Lachancea thermotolerans Yeast Strains as an Alternative to
the Traditional Malolactic Fermentation in Red Wine Production. Molecules 20:9510-9523

Benito A, Jeffares D, Palomero F, Calderdn F, Bai FY, Bahler J, Benito S (2016) Selected
Schizosaccharomyces pombe Strains Have Characteristics That Are Beneficial for Winemaking.
PloS one, 11(3), e0151102.

Mylona AE, Del Fresno JM, Palomero F, Loira |, Bafiuelos MA, Morata A, Calderdn F, Benito S,
Suarez-Lepe JA (2016) International Journal of Food Microbiology. 232: 63-72.

Benito, S., Hofmann, T., Laier, M., Lochbuhler, B., Schuttler, A., Ebert, K., ... & Rauhut, D.
(2015). Effect on quality and composition of Riesling wines fermented by sequential inoculation
with non-Saccharomyces and Saccharomyces cerevisiae. European Food Research and
Technology, 241(5), 707-717.

Benito, A., Calderon, F., Palomero, F., & Benito, S. (2016). Quality and composition of Airen
wines fermented by sequential inoculation of Lachancea thermotolerans and Saccharomyces
cerevisiae. Food Technol Biotechnol, 54.



