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* [BEXxact SClenNces

MICROBIOLOGY CHEMISTRY PHYSICS THERMODYNAMICS

LOCATIONS PARAMETERS NATURAL LAWS
FIELD SEASONAL VARIABLES I T
Water activity: @,
- GRAIN CONTAMINATION RATE
MALTHOUSE - GRAIN CONTAMINATION TYPE
- Class 2 hydrophobins content
BREWERY DOMESTIC VARIABLES Law of BOYLE-
- CO, content of beer MARIOTTE
DISPENSING PLACE BEER DISPENS.INGTEMPERATUR.E or . Law of HENRY
CO, pressure in bottle by beer dispensing
- Surface properties of intern wall of the Law of
CONTAINER container YOUNG-LAPLACE
- GLASS BOTTLE
PET BOTTLE CONSTANTS PHYSICAL
) - Physico- chemical properties of CO, INTERACTIONS
- CAN - Specific surface properties of Class 2
e hydrophobins (basic properties and
) functional consequences) CHEMICAL BONDS
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SURFACE PROPERTIES
INVOLVED BY PRIMARY
GUSHING :

1.1. CLASS 2 Hydrophobins
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SURFACE CHEMISTRY OF CLASS 2 HYDROPHOBINS : NANOASPECTS
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L19
LEGEND:
A: X-Ray crystal structure of the Class 2 hydrophobin HFB Il in which the two hairpins are shown
in red and purple. Some of hydrophobic amino acids of the hydophobic patch are shown in yellow.

B: X-RarHakanpaa «t of, 2004)f the Class 2 hydrophobin HFB Il in which the hydrophobic patch is shown in green

and the a-helix (spirale) and the b-sheets (arrow) are in cartoon representation.
{Szilway, 2007)
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SURFACE CHEMISTRY OF CLASS 2 HYDROPHOBINS : NANOASPECTS

SCIENTIFIC AND COMPREHENSIVE APPROACH

SPECIFIC physico-chemical properties of
CLASS 2 HYDROPHOBINS

SPECIFIC PROPERTY OF

CLASS 2 HYDROPHOBIN

Langmuir

Article

pubs.acs.arg/Langmuir

Surface Pressure and Elasticity of Hydrophobin HFBII Layers on the
Air—Water Interface: Rheology Versus Structure Detected by AFM
Imaging

Rumyana D. Stanimirova,” Theodor D. Gurkov,’ Peter A. Kralchevsky,f‘* Konstantin T. Balashev,*
Simeon D. Stoyanov,’* and Bddie G. Pelan®

Published in

LANGMUIR, 2013, 29, 6053 - 6067
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SURFACE PROPERTIES INVOLVED BY
PRIMARY GUSHING :
nanoscale approach

2. Gaseous CO,
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SURFACE PROPERTIES OF GASEOUS CARBONIC ACID : NANOASPECTS

Carbon Dioxide

* ®e
O C 0)
°. °®

Though the presence of two dipoles
Carbon dioxide is a hydrophobic gas
because...

both radicals face each other and
annihilate their “electron donor” properties

LinearE.P. G.
Linear Molecular Geometry
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

SURFACE PROPERTIES INVOLVED BY
PRIMARY GUSHING :
nanoscale approach

3. Hydrophobic interaction between
gaseous CO, and the hydrophobic
patch of CLASS 2 hydrophobins
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

SURFACE PROPERTIES INVOLVED BY
PRIMARY GUSHING :
nanoscale approach

4. Nanobombs hypothesis
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THE MAGNIFYING GLASS
OF EXACT SCIENCE

SURFACE PROPERTIES
INVOLVED BY PRIMARY
GUSHING :
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EXACT ASPECTS OF PRIMARY GUSHING
AND CURATIVE APPROACHES

Prerequesites
TO INDUCE PRIMARY GUSHING

| Parameters
THAT INFLUENCE THE ONSET OF PRIMARY

GUSHING

Parameters
THAT INFLUENCE THE VOLUME EXPULSED BY

PRIMARY GUSHING
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

SURFACE PROPERTIES
INVOLVED BY PRIMARY
GUSHING :

2.1.
TO INDUCE primary
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EXACT ASPECTS OF PRIMARY GUSHING

AND CURATIVE APPROACHES

Prerequesites

TO INDUCE PRIMARY GUSHING

HYDROPHILIC
SOLID SURFACE

HYDROPHILIC
LIQUID SURFACE

GASEOUS CO,
ATHMOSPHERE
(Hydrophobic gas)

CRITICAL QUANTITY
OF CLASS 2 HYDROPHOBINS
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EXACT ASPECTS OF PRIMARY GUSHING

AND CURATIVE APPROACHES

Prerequesites
TO INDUCE PRIMARY GUSHING

N

[
2.b. OVERPRESSURE ||-O o

[ Ya s Y,

2.2. COATING  €—p €=

M 1. SHAKING
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EXACT ASPECTS OF PRIMARY GUSHING
AND CURATIVE APPROACHES

Prerequesites
TO INDUCE PRIMARY GUSHING
1. SHAKING

Y, ® i o
2.a. REDESOLVING OF CO,

2.b.CLOSING OF CLASS 2 HYDROPHOBIN SHELL
Law of YOUNG-LAPLACE
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THE MAGNIFYING GLASS
OF EXACT SCIENCE

SURFACE PROPERTIES
INVOLVED BY PRIMARY
GUSHING :

2.2. that INFLUENCE
the ONSET of primary gushing
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

2.2. that AFFECT
the ONSET of primary gushing

2.2.1. Where are the nanobubbles
In non shaked bottles ?
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Overfoaming

Fraction Volume
Fraction 1 70 mL
Fraction 2 50 mL
Fraction 3 50 mL
Fraction 4 30 mL
Fraction 5 50 mL
Fraction 6 50 mL
140 -
120 - iL
100 -+
g0 A
O Sushi
o - ushing (g)
W Gushing (%)
40 -
0o - T T T ._!

Fraction Fraction Fraction Fraction Fraction Fraction
1 2 3 4 3 B

/)

Fraction &

Fraction 5

Fraction 4

I

Fraction 1
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Volume of liquid expulsed

Parameters that
INFLUENCE THE ONSET OF PRIMARY GUSHING

ENERGY THAT PROVOKES
ONSET NUCLEATION

QUANTITY OF NANOBOMBS REQUIRED TO START THE
DISRUPTION OF THE BONDS
BETWEEN CO, and WATER

Hydrogen | \ }

Carbon

_
Oxygen Energy liberated by CO, release
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EXACT ASPECTS OF PRIMARY GUSHING

AND CURATIVE APPROACHES

Parameters that
AFFECT THE ONSET OF PRIMARY GUSHING

explosion

)

- '.‘
50,000 fps 50,000 fps
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Parameters that
AFFECT THE ONSET OF PRIMARY GUSHING

In practice, three issues are possible after opening
a CONTAMINATED beer bottle :

Hydrogen

Volume of liquid expulsed

Energy liberated by CO,

Chicago- BREWING SUMMIT-JUNE, 2014

The Science of Beer



Parameters that
INFLUENCE THE ONSET OF PRIMARY GUSHING

E

’ﬁi

ﬁg. GQ
erpressurlzed
nanobubbles

Volume of liquid expulsed

Phase 1 = Closed bottle Energy liberated by CO,

Steady-state phase (released from beer

_ by explosion of nano-bubbles
Pnano-bubbles_ Pbottleneck y exp f )

Chicago- BREWING SUMMIT-JUNE, 2014

The Science of Beer



PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

SURFACE PROPERTIES
INVOLVED BY PRIMARY
GUSHING :

233, that INFLUENCE
the VOLUME EXPULSED
by primary gushing
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Parameters that
INFLUENCE THE ONSET OF PRIMARY GUSHING

Overpressurized
nanobubbles

Volume of liquid expulsed

Energy liberated by CO,
(released from beer
by explosion of nano-bubbles)
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Parameters that
INFLUENCE THE ONSET OF PRIMARY GUSHING

Phase 2 = Opening of bottle

I:)nano—bubbles > I:)bottleneck

2.3. CASE 3: STRONG GUSHING

explosion of nanobubbles
= strong quantity of energy liberated
because the hydrophobic shell
is NOT resistant to overpressure

hydrogen bonds
between CO, and water

are no longer strong enough
to prevent STRONG gaseous CO,

escape from the liquid

Phase 1 = Closed bottle Energy liberated by CO,

Steady-state phase (released from beer
by explosion of nano-bubbles)

Overpressurized
nanobubbles

Volume of liquid expulsed

IDnano-bubblesz Pbottleneck
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Volume of liquid expulsed

Parameters that
INFLUENCE THE ONSET OF PRIMARY GUSHING

MINIMUM OF ENERGY TO PROVOKE
ONSET NUCLEATION

qUANTITY OF NANOBOMBS THAT PROVOKES THE
DISRUPTION OF THE BONDS BETWEEN (€O, and WATER
DEPENDS ON THE PRESSURE !

J

- depends from the temperature
- depends from the quantity of
dissolved gaseous carbon dioxyde

Hydrogen

Carbon

Energy liberated by CO, release
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Volume of liquid expulsed

Parameters that
INFLUENCE THE ONSET OF PRIMARY GUSHING

MINIMUM OF ENERGY TO PROVOKE
ONSET NUCLEATION

qUANTITY OF NANOBOMBS THAT PROVOKES THE
DISRUPTION OF THE BONDS
BETWEEN CO, and WATER DEPENDS ON

THE PRESSURE !

- depends on the strength of
the hydrogen bonds ...

- depends on k,, : constant of
Henry’s Law

Hydrogen

Carbon

Oxygen

Energy liberated by CO, release
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EXACT ASPECTS OF PRIMARY GUSHING
AND CURATIVE APPROACHES

Parameters
THAT INFLUENCE THE VOLUME EXPULSED BY PRIMARY
GUSHING

HEMRY'S LAW!

THE AMOUNT OF GAS
MSSOLVED IMN SOLUTION |5
MAECTLY PROPORTIONAL
TG THE PRESSIURE OF THE
GAS OVER THE SOLUTION.
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CONCLUSIONS
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RISK MANAGEMENT
BY PRIMARY GUSHING

* AN IDENTIC CONTAMINATED MALT :

epending ont
epending ont

epending ont

c
c

- dependingont
c
c

epending ont

ne
ne
ne

ne

orewery,
oeer type,
oeer pub,

peer consumer’s handlifg,

ne container can provoke :

- no, poor, or severe primary gushing and
desastrous financial damages.
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING
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PRIMARY GUSHING UNDER THE
MAGNIFYING GLASS
OF EXACT SCIENCE

1
,
THANKS i ¢ ;
FOR YOUR ATTENTION ... _ ‘ '
CHEERS !!! |
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING

PREDICTION methods
CURATIVE practices
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING

PREDICTION methods
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BARLEY MALTINGS

-6«

WELL WATER WELL WATER TREATMEMT

%@Wzﬁ

OAST HOUSES

PREVENTIVE MANAGEMENT

microbial detection
contaminant identification

lab-scale brews or »
Single malt brews at industrial scale

SUGAR

e e Qualitative presence of Class 2
| smoser seen hydrofobines by ELISA ( VTT - Finland)

YEAST

e Primary gushing assessment
by MC-t and confirmation by DLS

The Brewing Process
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING

PREDICTION methods

CONDITIONS TO OBSERVE OVERFOAMING BY
MCarlsberg-t :

- Hydrophilic surface of container

- Energy liberated by nucleation of CO,
- explosion of nanobombs
- rupture of hydrogen bonds

KU LEUVEN
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING

PREDICTION methods

MCarlsberg-t :
overfoaming volumes of sparkling water are

“in some cases” disputable values between
malsters and brewers
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MCarlsberg-t

Tabk 1: Coanald ata fro mthe oo Date ratne toal Alltle menls ax expmesed m grams.

Latorawry famplk

Maltf. | MabE | Mabc Mt D

Weight of beerloston opexan i 7)

1 0 58 (5 107
lz l 0 I 22 I 0 l 1
0 > 9 <0
' 0 13 3 3
5 0 = 3 5
Is‘ ] 0 ] 5 l 0 15
7 0 73 77 %
3 0 11 0 3
9 3 =T 0 113
lm l 0 l 150 l 103 12+
Aragu 0 ‘4 21 35
Min 0 13 0 1
Max. 3 150 103 12+
1 Do l 0.9 l 35 l 33.1 l T

—
—

P. Vaag P. Bi¥, A-D. Fuolien, ¢, Rdwven & E. Moilling A rimpk and zapid et fox

gohing tundency in bmwing matrsk, Proceedings 24™ FBC Congmes, vl 1993, IEL

Prues, 155-1 62,
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING

PREDICTION methods

MCarlsberg-t (MC-t )

checked (confirmed) by the DLS detection
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Fraction Volume
Fraction 1 70 mL
Fraction 2 50 mL
Fraction 3 50 mL
Fraction 4 50 mL
Fraction 5 50 mL
Fraction 6 50 mL

140

120

1an0

an

&0

Overfoaming

40

20

non (LILIL

O Gushing ()

W Gushing (%)

_

Fraction Fraction Fraction Fraction Fraction Fraction

1 2

3 4 a

&

/)

Fraction &

Fraction 5

Fraction 4

I

Fraction 1
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OVERFOAMATE OF MCarlsberg-t (MC-t )
confirmed by the DLS detection

Beer with high gushing:
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING

CURATIVE aspects
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PRIMARY GUSHING UNDER
THE MAGNIFYING GLASS
OF EXACT SCIENCE

Nanoscale approach

RISK MANAGEMENT
BY
PRIMARY GUSHING

CURATIVE aspects

Inactivation of the hydophobic patch
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CURATIVE METHODS
USE OF DISPERSED HOP ANTI-FOAM

A
(((((. Magnetic field assisted nanoparticle
dispersion (Chem. Commun., 2009, 47-
The Brewing Process 49)
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GC/MS chromatogram of the methanolyzed lipid extracts from hop antifoam: F = fatty acid methyl
ester; A = n-alkane; W= wax ester; S = steroid compounds (A). lon extraction of GC-MS spectrum
(m/z = 57), characteristic for alkanes and wax esters (B).
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o 4 - N n-nonane:11.8 A

W n-tetradecane:16.3 A
W} n-heptadecane: 20.5 A

. (a) Comparing the |
hydrophobic patch of
hydrophobin HFBI with n-nonane
(decreases gushing of HFBI) and
n-tetradecane and n-heptadecane
(suppress gushing of HFBI);
Microscopic image of crystals
formed by (b1) HFBI (0.15 mg/mL)
in distilled water, oleic acid (5
uL/mL) in distilled water (b2) and
mixture of HFBI with oleic acid
(b3). All images are taken by
reflected light and the scale bar
indicates 20 um.
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. b - n-nonane:11.8 A

‘W n-tetradecane:16.3 A
W n-heptadecane: 20.5 A

. (a) Comparing the |
hydrophobic patch of
hydrophobin HFBI with n-nonane
(decreases gushing of HFBI) and
n-tetradecane and n-heptadecane
(suppress gushing of HFBI);
Microscopic image of crystals
formed by (b1) HFBI (0.15 mg/mL)
in distilled water, oleic acid (5
uL/mL) in distilled water (b2) and
mixture of HFBI with oleic acid
(b3). All images are taken by
reflected light and the scale bar
indicates 20 um.
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CURATIVE METHODS

A

(B)

The Brewing Process
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1
,
THANKS i ¢ ;
FOR YOUR ATTENTION ... _ ‘ '
CHEERS !!! |
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