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Sulfur dioxide - properties

SO, selects the must microflora and

Chemical oxidation

acts as an antimicrobial in wines Polyphenols
* apiculate yeasts Factors O&z%aelr;

acetic and lactic acid bacteria

Brettanomyces spp. Radical species

Antioxidant
ntioxidan Acetaldehyde

Enzymatic oxidation
Grape PPO:

functions Tyrosinase

Solubilizing agent

Fining agent Ulier Antioxidase
Binding agent

Botrytis cinerea PPO:
Laccase

gth November 2020 Maria Alessandra Paissoni -
OENOBIO Conference Universita degli Studi di Torino



Sulfur dioxide- To reduce or eliminate it?

Easy to produce * Allergy (1% of population)
* Cheap * Intolerance
e Effective *  WHO indication
Avoid SO, to improve the
“naturalness” of wines _ _
It is possible to
o o 9 . eliminate sulfur
AN = R . .
NS T dioxide or reduce
?.(UCZ‘D {;’%‘:’% l HARVEST CRUSHING | ‘ERMENTATION itS CO nte nt?
SO,
, _ ¥
I BOTTLING / LABELLING / DISPATCH .:l::.; l::.:l'. . . .
consumrmon rrrmaTon e Winemaking practices

EU SO, Limits red wines : "
Alternatives additives

Conventional (sugars < 2 g/L) : 150 mg/L
Organic (sugars < 5 g/L) : 100 mg/L Physical treatments and processing aids
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Sulfur dioxide - how to increase effectiveness in winemaking

Molecular
SO2 Factors: PKaa PK.,
_ 2- Antioxidant
- SO,(gas) <2|S0.,(aq) <> HSO3 (aq) 6503 (aq)
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. . p
ares Binding | |
functions Acetaldehyde irreversible Target
Other acid and
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SO, Alternatives

Table 2 Some alternatives of 50 used during wine production

A. Chemical Additives B. Non-thermal C. Phenolic Compounds and Plant D. Killer Toxins and E. Combine metmnoas
Applications Extracts Bacteriocins
DMDC High Hydrostatic Pressure  Eucalyptus and almond skin extracts Klhveromyces phaffii Glutathione and cafeic
{Costa and Loureiro, 2008) (HHP) (Briones-Labarca {(Garcia-Ruiz ef al.. 2013b) DBCG 6076 acid or gallic acid
ef al., 2017) (Ciani ef al., 2001) (Roussis and Sergianitis,
2008)
Lysozyme Pulsed Electric Field Stilbens extracts Pediocin PA-1 Glutathione and/ or
(Azzolini ef al.. 2010) (PEF) (Delsart ef al.. (Raposo ef al.. 2016b) (Diez ef al., 2012) elligatannis (Panero ef al..
2015a.b) 2015)
Ascorbic acid Ultraviolet Irradiation Thyme essential o1l (Freidman er al., Nisin Glutathione and ascorbic
(Sonni et al., 2011) (UV-C) (Fredericks and 2017) (Rojo-bezares ef al., 2007) acid(Comuzzo ef al.,
Kriigel 2011) 2015)
Ethanethiol Ultrasound (HPU) Grape and wood tannins (Sonni ef al., Killer toxins CpKT1 Lysozyme and
(Dias er al., 2013) (Jiranek er al., 2008; 2009; Alamo-Sanza et al., andCpKT2 (Mehlomakulu polyphenols
e areiretir 2 e 1019;Sanchez-Palomo ef al., 2017) ef al., 2014) (Chen ef al., 2015)
NaOC] (sodium hypochlorite) Dry Ice Application Hydroxytyrosol and oleuropein Lacticin 3147 (Garcia- Lysozyme and tannins
_ (Yoo ef al., 2011) (Costantini ef al., 2015) (Raposo et al., 2016a.h) Ruiz et al.. 2013a) {(Sonni ef al. ,2009)
Chitosan {Chinnici ef al.. Glutathione (Hosry ef al..2009a.b)
2014: Elmacier al., 2015)
Collaidal silver complex
(CAgS) (Izquierdo-canas ef Inert gas (CO2,
al., 2012: Garcia-Ruiz ef al.. Nitrogen, Argon)
2015)

Yildirim & Darici, 2020, JIMBFS

Not all these alternatives can be used in organic wines production!
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SO, Alternatives— post-harvest

* Fast processing and fast

* Grape health status fermentation start
* Grape conditions * use ADY or spontaneous
(machine-harvested, starter o

temperature, liquid/solid) Bioprotection

FERMENTATION

H

* Reducing Oxygen during crushing:
Dry Ice and inert gas

Antioxidant
GSH
| / * O2Trapping: Ascorbic acid
(always use with SO2)

Antioxidase Brown products from phenol and u
quinone condensation

e Glutathione_(not as direct

R -

addition)
120,
Laccase
* Botrytis cinerea laccase can oxidize
| ? glutathione adducts
S O
R
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SO, Alternatives- Focus on Oenological tannins

Inhibition of laccase activity Oxygen consumption

Vignault et al., 2019, OENO One Pascual et al., 2017, Food Chem.
100+ T o o -
: B g - o Type of tannin OCR (mg0,/day.g) RAC (%)
g 801 fé B 8 B af
£ c c = Sulfur dioxide 11.90 + 0.63 E 100
3% Ascorbic acid 2976 £625 F 50,000
2 a0l Seed tannin 0.19£0.05 B 13
i Skin tannin 0.40 £0.10 C 27
20 Quebracho tannin 057 £0.15 C 38
Gallotannin 0.06 £0.05 A 4.2
0 Ellagitannin 1.81£0.15 D 122

Control Gallotannin  Ellagitannin  Grape-seed Grape-skin Quebracho
tannin tannin tannin

Og/hL W 20g/hL W 40g/hL

(@o][e] oo} i=Iadlo]aM Paissoni et al., 2020, Food Chem. * Prevent anthocyanins oxidation

A% Color Intensity 72h * Tannins interacts with anthocyanins:
3°°f condensation and copigmentation
25%

21:; VARIETY EFFECT
2% Effectiveness depends on
5% _L “ I - anthocyanins ratio (different

0%

Montepulciano Merlot Cabernet Syrah Aglianico Sangiovese Nebbiolo eXt ra Cta bl | Ity a n d OXI d a bl I ItY)

sauvignon

M Ellagitannin ®WQuebracho M Seedstannin1 M Seedstannin2 M Skintannin
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SO, Alternatives - Focus on Chitosan

L Antimicrobial activity:
& Inactivation of Brott ’ [7 < and O _
o : rettanomyces bruxellensis and Oenococcus oeni
I |actic acid bacteria % . . .
reveaanon Saccharomyces cerevisiae seemed resistant to chitosan

so,

No chitosan | 4 g/hL chitosan

Chitosan was able to contain but not to
completely eradicate B. bruxellensis from

wines
Petrova et al., 2016, OENO One PI’OPOSGd_fOI‘ many uses

17— NOT Castro Marin et al., 2020, Crit. Rev. Food Sci.
M SEFINITIVE * Fining, clarification, and protein haze

N SOLUTION B e prevention
* Sorption of heavy metals

» Removal of ochratoxin A

10*—

10° -

Culturability (cfu/mL)

wd ' * Antioxidant activity
<3u—T . . . .. .
* Remediation of wines containing high
Day 11 Day 19 Day 26 Day 68 ) .
Time After Chitosan Addition concentrations of volatile phenols
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Emerging technologies - Ozone (0,)

Strong oxidant
Strong disinfectant

Broad action but short activity
span (unstable)

Generally safe (GRAS, no USA: Ozone is allowed for processing of «organic»
' or «made with organic» foods (7 CFR § 205.605)

residuals on wine, but to be

used with precautions) CANADA: NASAA Organic Standard allows ozone
for storage (controlled atmosphere) and for
washing solutions of fresh fruit.

Post-harvest treatments
Grape dehydration

B, ]
* Vineyard treatments 2 ‘
it sfnule ] t

Irrigation
Endotherapy

r“. L] HARVEST CRUSHING RMENTATION
v

v 200 Barrels sanitization
I BOTTLING / LABELLING / DISPATCH SFRPY Bottling machine

CONSUMPTION FILTRATION San|t|Zat|On
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Emerging technologies - 0, post-harvest as antimicrobial

Cravero et al. 2016, Food Res Int

6.0+
554 o
= 0 Ozone
E p P p
5 reduced the
L 5.
G 4 I T~ apiculate
o 1 1 1
- 404 1 yeasts load
3.5
Gaseous ozone (GO3) 32g/h 12 hours 24 hours
3-0 L L L L L
Aqueous ozone (WO3) s5mg/L 6 minutes 12 minutes A et ¢ D -
C WO3 WO3 GO3 GO3
6 min | 12 min 12 h 24 h
Barbera O3 treated wines
Treatments Acetic acid Glycerol Ethanol Residual sugars
Z (z/L) (g/L) (% viv) (g/L) .
: — Ozone reduced the acetic
QQ) Grape must <01 0.1 +0.1 <0.1 2166 +10.1 . . .
SA 052+ 005bc | 102407 126401 <20
E SB 0.16 + 0.05a 103+09 123+03 <20 acid pl’OdUCtIOﬂ In
sC 020+001a | 9904 123402 <20 i
S SD 038 £002b | 99102 125+02 <20 spontaneous fermentation
N SE 035+ 008b | 102401 126401 <20
1A 0.28 + 0.09% 105+ 0.1  128+03 <20
< 1B 025+001a | 101+02 127+01 <20
= IC 0.25 + 0.05a 106+ 04 127+£05 <20
= ID 0.31 + 0.08a 93408 127 +01 <20 *
) IE 0.27 + 0.03a 102+05 128+03 <20 Rerengey |
= Sign., - NS NS NS G /
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Emerging technologies - 0, Brettanomyces

Barbera in perforated boxes (2Kg) was Cravero et al. 2018, IFSET
inoculated with B. bruxellensis
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Emerging technologies - 0, Aroma

Does O3 modify grape and wine quality parameters?

GO3 and AO3 Post-harvest Cravero et al. 2016, GO3 (30 uL) grape , 1° experience on
, Rio Segade et
treatment (cv Barbera) Food Res Int dehydration (cv Moscato) al. 2017 SciRep other grape
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Emerging technologies - 0, Phenolics

anthocyanins extraction

Paissoni et al., 2017,
Food Res Int

GO3 Post-harvest
treatment (cv Barbera
and Nebbiolo)

GO3 Dehydration (cv
Barbera and Nebbiolo)

Rio Segade et al.,
2019, Food Chem;
Rio Segade et al.
2020, JAFC
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In Barbera no differences
among treatments

200 250

—#—BAQZ24h —4—BAOZ72h

In Nebbiolo: OZONE
increased the flavan-3-
ols extracted

L

90 -

80 -

70 A

60 -
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40 |

%

Nebbiolo ozone for
24 hours increased
extraction

30

50

—e— NE Control

T T T 1
100 150 200 250

—8—NEOZ24h ——NEOZ72h

Anthocyanins
protection?

Fresh berries 10% Average berry WL 20% Average berry WL
Air Ozone Sign Air Ozone  Sign

TA mg [kg grape 1534+95 1491+7 1558+58 ns  1487+170 144175 ns
FRV mg [ kg grape 397£43 48663 47956 ns 603+107 £12+20 ns
PRO  mg /kg grape 1495+111 1696+165  1825xg6 ns 1868x136 1607%64 5
mDP 9.9920.08  10.46*0.2 12.61+0.4 *  10.74+0.46 11.76x0.18 **
TA mg [kg grape 612+36 70140 710+12 ns 760+25 796+29 ns
FRV mg [ kg grape 1658+99 1907+178 1809+129 ns 2084*200 2389%33 *

PRO mg/kg grape 3607+225 4419+138 4026%320 NS  L123+4L53 LOO3+456 ns
mDP 16.55+0.04 18.69%0.67 16.96x0.38 * 17.02%0.26 17.72£0.90 ns

Maria Alessandra Paissoni -
Universita degli Studi di Torino

14



Electrolized water (EW)
is a sanitization agent

Cravero et al., 2016, IFSET

Barbera EW treated wines

EW is produced by electrolysis 7.0+
1 1 e
of dilute solutions of NaCl (also 651 — STITP— E—
KCl or MgCl2) Z 6.0 (g/) (gL)
E 554 Must 216.6 + 10.1 nd
. 2 50- Control SA 1.0 £ 05b 0.52 + 0.04a

Hypochlorite ions OCH, = Treatment SB 04+ 00a 033 £ 0.16b
(CIO-; 80—-95%) cl cl g 451 Treatment SC 04+ 00a 0.21 + 0.00b

! ’ 4.0 Control 1A 0.7 + 02ab 028 = 007D

residual on Treatment IB 07 + 0.1ab 024 + 001b

% B c
surface - ¢l c EW4o | EW 400 é ';'ireatament Ic 08 00b 021+002
mg/L mg/L - gn _ . — _ -

Issue: EW and chlorine residues Giacosa et al., 2019, Food Res Int

Effect of short-term grape storage and grape withering time in the sunlight after electrolyzed water solution treatment on the production of chloroanisoles and
chlorophenols in wines after four months from the end of alcoholic fermentation.

Chloroanisols

Wine code Grape storage time [TCA] [PeCA] [TCP] -
formation
_ - ng/L wine ng/L wine ng/L wine
rage
EW Post-harvest Control (no EW treatment, no storage) nd a nd a nd a EW post h arve St
S Treated with EW and then rinsed with water (0 h) 26 £ 1.1 b 13.4 = 6.4 a 62.4 = 3.7 b
4h 3.7 = 0.2 b 12.3 = 6.6 a 76.0 = 19.8 b
24h 22 + 01 ab 49 = 1.0 a 700 = 5.7 b treatments are
Sign. * s -
NOT SUITABLE
EW Post-harvest Control (no EW treatment, no storage) nd a nd a nd a f .
96 h 1.6 + 0.4 ab 7.4 + 28 a 67.5 = 31.8 a or wine
treatment + 168h 1.0 + 06 ab 91 = 35 a 61.5 = 16.3 a
H 500h 23 = 05 b 16,5 = 3.5 a 38.0 £ 11.3 a H
dehydration  [a : , . production
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e
Conclusions

Red winemaki ng « Healthy grapes OZONE treatments on grapes
" * Control of fermentation may be a promising tool in
without 502  Control of oxidation factors organic winemaking since it is
addition is antiseptic, does not leave
Alternatives options are residuals, and does not

POSSI ble available in organic winemaking vegeively sitfect gLl

. . arameters
Oenological tannins .
Varietal EW: risk of chloroanisoles

differences
Shelf-life

S
L
)
9
9
S
Y
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