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Colloidal Stability

- Colloidal stability is related to the tendency to form non-biological haze A0 —
Interactions between beer components, mainly polyphenols and proteins, Ieadlng tQ
the formation of visible precipitates.

» affects the shelf life of the beer
* high colloidal stability = long shelf-life

 Interaction between haze forming (sensitive) proteins and haze forming (tannoid)
polyphenols forms a visible colloidal haze that limits shelf life

* Haze components from malt (proteins, polyphenols) and hops (proteins, polyphenols)

« Beer haze composition:
40-75% proteins
~17% polyphenols
3-13% carbohydrates
0.7-5.0% ash
Traces of Cu, Fe, Al
@ PQ Corporation



Stabilizers

Silica gel proteins
Proteolytic .
proteins
Enzyme
Tannic Acid / roteins
Gallotannins P
PVPP polyphenols

Q PQ Corporation

adsorption selective to hydrophilic haze proteins

poor foam retention, GMO based, still present

degradation and partially active in final product

voluminous sediment in tank, less effective
Precipitation (higher dosage needed) with impact on colour,
foam and flavour, present in final product

more expensive than silica, impact on long term

SR flavour stability (lower anti-oxidant potential)



From Sand to Porous Silica

natural product

no porosity

no adsorptive
properties

high quality

low metals content

Q PQ Corporation

Internal structure
|

s Y

POROUS SILICA

synthetic amorphous powder

high purity, low metals

internal porosity (sponge-like)

very high surface area (> 400 m4/g)
contains reactive silanol (Si-OH) groups
selectively removes haze-forming proteins
controlled particle size distribution
process aid

© 2019PQ Corporation.
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BRITESORB® Silica Gel Production ._ @ @
Sodium Silicate Mineral Acid | o

OH

OH

| | | | ogo°°o:o° Pore
HO-Sll-O-S||-O-SI|-O-S||-OH °°o°o°o§°°° Structure
o
OH OH OH OH °©0 0% % control

Polysilicic acid unit

Hyd rosol polymerisam

High SA, PV
BRITESORB® | 229 [y 0 o] J—— BRITESORB®
Xerogels Dry/mill Mill Hydrogels

L le8 - produced from PQ’s own high purity sodium silicate
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Two main types of Silica Gel

Hydrogel

A form of silica gel in which the pores are filled with water

Xerogel
A dried form of silica gel

Hydrogel Xerogel

@ PQ Corporation



Britesorb Silica Gels

Increasing effectiveness
Increasing solids content
Decreasing dosage

Hydrogel: 35% solids

« Non-dusty, free flowing powders
* Quick dispersing in water
 Fast settling for in-tank application
« Highest permeability
Hydrated Xerogel: 65% solids

* Non-dusty, free flowing powder
« Higher protein adsorption capacity
e Fast settling for use in-tank
* Good filtration performance

Xerogel: >90% solids

« Highest adsorption capacity
« Fast adsorption

e (Can be used either in-tank or at the filter

Q PQ Corporation

Increasing price

@
)

Decreasing contact time
Decreasing filtration run time

© 2019PQ Corporation.
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&//_ﬁé /\\ /()\5///L/4/
CIS The Kaslirus meon of the Rabbinical Council of New England

)4 Kosher Certificate 0

[|\ A7 '775 1 2L R
Britesorb Silica Gels %

HYDRATED . .
: HYDROGELS XEROGEL » Selective adsorption
BRITESORB | RV XEROGEL th 1o d P ¢
” | BK75 PC5 BK200 L10 XLC Wwith no damage to
foam or flavour
| Solids content U 36+3 35+3 63+3 >80 =80 (controlled pore size)
Surface area m’/g 680 typical =700 600 typical 550 typical 680 typical
» High rate of
b r Pore volume miig 18 19 1.0 11 1.2 adsorption and
organic Malvern D50 um 20+3 28+3 15+3 15+5 1245 efficiency (high
oH target (10% internal surface area)
. - 3 3 (4] B 4
suspension)
Filtration Test ~ |seconds| <200 <75 <650 <800 <700 » Good filtration
N characteristics
Permmeability Darcy > 0.06 =018 > 0.025 =002 =01 ( trolled particl
controlled particle
Microbiological cfuig Free from beer spoilage organisms size distribution)
. PQ Corporation
Note: PC5 and XLC are products developed for enhanced performance in @ QCorp
Crossflow Membrane Filtration. These products are designed to minimize
membrane fouling (reduced amount of fines) & maintain porosity.
BRITESORB

BEER STABILIZERS

Q chorporation © 2019PQ Corporation. 10



Control of Silica Particle Size

>

Permeabllltv of silica controlled by Particle Size distribution of Britesorb BK75 hydrogel

average particle size :
particle size distribution :

4
A narrow distribution creates a more permeable silica : \ |

Small particles (fines) may result in bed packing ;.m [T | L

of the filter and cause AP to rise sharply i

Valume (%)

Fartizle Size (i)
Measured using a laser diffraction technique

Large particles maintain flow rate but may reduce stabilization performance (lower
available area)

Control of particle size distribution is critical

Q PQ Corporation



Adsorption Process @

Adhesion of thin layer of molecules to the surface of a solid body

Chill
Haze
Protein

o Protein ‘
molecules il L
. Surface
Silica
Particle

Q PQ Corporation
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Selective Removal of Haze Active Proteins

» Selective adsorption with no damage to
foam or flavour (conftrolled pore size)

» High rate of adsorption and efficiency
(high internal surface areq)

» Good filtration characteristics (controlled
parficle size distribution)

Tgeated » No contaminafion of beer (high purity/low
eer metals, inert) - even  accidentdl
overtreatment causes no adverse effect

» Process Aid - no labelling requirements —

Numbers Give Approximate Molecular Weight silica and O.dSOF.bed. protein Comple’rely
removed during filtration (non-additive)

Treating beer with BRITESORB® silica removes
proteins of MW up to about 40 kDa but leaves » Synthetic amorphous silica (non-silicofic)
untouched the higher MW proteins. (hon-crystalline)

@ PQ Corporation






Protein Adsorption Mechanism

1. Transportation of proteins from the beer towards the silica surface (fast)

2. Adsorption on the surface (fast)

3. Diffusion of proteins into the
internal pore structure (slow)
edetermines the required contact time

Q PQ Corporation

Sorption Capacity of Gel (%)
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Influence of silica gel on Forced Haze

formation

Forced Haze (EBC)

12.0

10.0 A\

8.0

All malt lager

Forced Haze Development after 1 warm cycle (3 days 60°C)

6.0

AN

4.0

Fine xerogel

2.0

N\
A\
\

AN

0.0

Brite

sorb —

10 20 30 40 50
Dosage (g/hl)

60

EBC haze

Forced Ageing:
Xerogel (50 g/hl) + PVPP (30 g/hl)

2 3 4 5 6
Cycles (warm days at 40°C)

— & -Unstabilised

—#— Not Mg exchanged xerogel + PVPP

—a— Britesorb L10 + PVPP

—e - PVPP only

Q PQ Corporation
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calculation sheet

		Calculation sheet Beer stabilization study

		Customer		BRAND XEROGEL SAMPLES

		Country		Nederland

		1. Information Customer										2. Recipes

		1		Kieselguhr		1		Hyflo						Beer		Amount

				precoat		2		Puracel						stablizer		(g/hl)

						3		Std Supercel				Current recipe		BK390

		2		Kieselguhr		1		Hyflo				Tested recipe		D300		30

				bodyfeed		2		Puracel								50

						3

		3		high gravity? Y/N				N						D300CE		30

		4		dilution factor (%)				-								50

		5		number experiments

		6		amount beer (ml)				1600						L10		30

		7		stabilization time				15								50

														XLC		30

																50

		3. Preparation precoat and bodyfeed

		Precoat										Bodyfeed

		Kieselguhr		Dosage		Dosage		Dosage				Kieselguhr		Dosage		Dosage		Dosage

				(g/m2)		(g/0,01327m2)		(ml 10%)						(g/hl)		(g/amount beer (ml))		(ml 10%)

		Hyflo		24		0.31848		3.2				Hyflo		20		0.32		3.2

		Puracel		24		0.31848		3.2				Puracel		20		0.32		3.2

		Std Supercel		48		0.63696		6.4								0		0

		4. Beer stabilization experiments

		Sample		Dosage		amount beer		Dosage		stabilization		filtration		Filter pressure		fles nr.

				silica gel				silica gel		time		time

				(g/hl)		(ml)		(ml 10%)		(min)		(min.sec)		(bar)

		Blank		0		1600		0.0		15		10.00		> 2		1,2,3,T1

		D300		30		1600		4.8		15		7.37		>2		4,5,6,T2

		BK390		50		1600		8.0		15		7.23		>2		7,8,9,T3

		L10		30		1600		4.8		15		5.42		>2		10,11,12,T4

		D300		50		1600		8.0		15		12.47		>2		13,14,15,T5

		BK390		30		1600		4.8		15		14.50		>2		16,17,18,T6

		D300CE		50		1600		8.0		15		7.09		>2		19,20,21,T7

		Britesorb L10		30		1600		4.8		15		13.16		>2		22,23,24,T8

		Britesorb L10 UK		50		1600		8.0		15		5.17		>2		25,26,27,T9

		Britesorb XLC		30		1600		4.8		15		14.10		>2		28,29,30,T10

		D300CE		30		1600		4.8		15		13.45		>2		31,35,55,T11

		L10 Joliet		50		1600		8.0		15		6.20		>2		zw, pf, pf, T12

		XLC		50		1600		8.0		15		4.44		>2		0,-,-,T13





forcing test

		RESULTS FORCING TESTS

		silica		dose silica		start clarity 0°C		clarity after 1 warm cycle (1 day 60°C/ 1 day 0°C)				average		average		STDDEV

				(g/hl)		(EBC)

		Blank		0.00		0.59		11.00		11.00		11.00		10.28		0.65

						0.53		10.30		10.30		10.30

						0.55		9.53		9.57		9.55

		D300		30.00		0.53		1.41		1.40		1.41		1.39		0.06

						0.53		1.32		1.31		1.32

						0.51		1.46		1.42		1.44

		D300		50.00		0.52		1.16		1.15		1.16		1.13		0.02

						0.52		1.11		1.10		1.11

						0.52		1.12		1.11		1.12

		D300CE		30.00		0.52		1.37		1.36		1.37		1.84		0.50

						0.52		1.64		1.74		1.69

						0.52		2.41		2.49		2.45

		D300CE		50.00		0.54		0.58		0.56		0.57		0.65		0.07

						0.54		0.68		0.69		0.68

						0.53		0.69		0.71		0.70

		BK390		30.00		0.51		5.15		5.13		5.14		4.43		0.75

						0.51		4.62		4.64		4.63

						0.52		3.51		3.51		3.51

		BK390		50.00		0.54		1.41		1.40		1.41		1.39		0.06

						0.53		1.32		1.31		1.32

						0.52		1.46		1.42		1.44

		L10		30.00		0.58		1.37		1.34		1.36		1.67		0.39

						0.53		1.50		1.49		1.50

						0.55		2.18		2.16		2.17

		L10		50.00		0.53		0.64		0.62		0.63		0.67		0.05

						0.54		0.65		0.65		0.65

						0.53		0.74		0.73		0.73

		L10 Joliet		30.00		0.51		3.24		3.24		3.24		1.74		1.17

						0.50		0.90		0.90		0.90

						0.51		1.07		1.07		1.07

		L10 Joliet		50.00		0.53		0.74		0.74		0.74		0.92		0.21

						0.53		0.82		0.83		0.82

						0.53		1.20		1.18		1.19

		XLC		30.00		0.49		0.95		0.98		0.97		1.13		0.24

						0.49		1.45		1.43		1.44

						0.50		0.99		0.98		0.98

		XLC		50.00		0.55		0.73		0.72		0.72		1.03		0.25

						0.52		1.08		1.08		1.08

						0.55		1.30		1.27		1.29
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D300

Britesorb L10

Britesorb XLC

Dosage beer stabilizer (g/hl)

Fspec (hl/m2h)

Raible test at 1.0 g/l Filtercel

6.02

6.02

6.02

5.2918353524

3.3961484744

4.39496097

5.147737367

3.2802046098

4.2502050986



raible test

		

				Sample		Dosage								Filtration time		Fspec		Turbidity

						filter cel				silicagel

						(g/l)		(g)		(g/hl)		(ml 10%)		(sec)		(hl/m2h)		(EBC)

		1		Blank		1		0.3		0		0		177		6.02

		2		BK390-G		1		0.3		30		0.9		196		5.72		0.7

		3		BK390-G		1		0.3		50		1.5		249		5.07		0.66

		4		D300		1		0.3		30		0.9		229		5.29		0.664

		5		D300		1		0.3		50		1.5		242		5.15		0.65

		6		D300CE		1		0.3		30		0.9		192		5.78		0.647

		7		D300CE		1		0.3		50		1.5		200		5.66		0.631

		8		Lucilite L10		1		0.3		30		0.9		345		4.31		0.64

		9		Lucilite L10		1		0.3		50		1.5		430		3.86		0.571

		10		Lucilite L10 Joliet		1		0.3		30		0.9		556		3.40		0.687

		11		Lucilite L10 Joliet		1		0.3		30		0.9		596		3.28		0.597

		12		Lucilite XLC-6		1		0.3		50		1.5		332		4.39		0.633

		13		Lucilite XLC-6		1		0.3		50		1.5		355		4.25		0.631

								BK390-G		D300		D300CE		Lucilite L10		Britesorb L10		Britesorb XLC

						0		6.02		6.02		6.02		6.02		6.02		6.02

						30		5.72		5.29		5.78		4.31		3.40		4.39

						50		5.07		5.15		5.66		3.86		3.28		4.25





Chart chapon 50
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Chart chapon 30
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Chart sens prot 30
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Lucilite L10 (Joliet)

Dosage Tannin (mg/l)
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Sensitive Proteins at 30 g/hl
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Dosage Tannin (mg/l)

Forced Haze (EBC)

Sensitive Proteins at 50 g/hl

5.33

1.02

0.81

0

16.19

4.2

2.72

0.8

41.16

12.34

9.24

4.32



Tannometer tests

		1. Chill Haze acc to Chapon

		Bottle nr		xerogel		dosage		EBC						Blank		0		173.2				Blank		173.2

		T1		Blank		0		173.2						D300		50		119.17				D300		113.66

		T2		D300		30		113.66						BK390		50		78.71				BK390		189.3

		T5		D300		50		119.17						L10		50		93.5				L10		115.74

		T6		BK390		30		189.3						D300CE		50		114.23				D300CE		162.99

		T3		BK390		50		78.71						XLC6		50		78.35				XLC6		84.99

		T4		L10		30		115.74						L10 Joliet		50		115.71				L10 Joliet		131.57

		T9		L10		50		93.5

		T11		D300CE		30		162.99

		T7		D300CE		50		114.23

		T10		XLC6		30		84.99

		T12		XLC6		50		78.35

		T8		L10 Joliet		30		131.57

		T13		L10 Joliet		50		115.71

		2. Sensitive Proteins

								EBC at mg Tannin										2.5		5		10

		Bottle nr		xerogel		dosage		2.5		5		10				Blank		5.33		16.19		41.16

		T1		Blank		0		5.33		16.19		41.16				D300		1.41		6.33		18.12

		T2		D300		30		1.41		6.33		18.12				BK390		1.66		7.71		23.76

		T5		D300		50		1.02		4.2		12.34				LuciliteL10		1.53		4.14		13.29

		T6		BK390		30		1.66		7.71		23.76				D300CE		0.67		3.42		11.17

		T3		BK390		50		1.65		2.89		11.43				Lucilite XLC6		0.64		3.42		10.22

		T4		L10		30		1.53		4.14		13.29				Lucilite L10 (Joliet)		0		1.24		6.54

		T9		L10		50		0.81		2.72		9.24

		T11		D300CE		30		0.67		3.42		11.17						2.5		5		10

		T7		D300CE		50		0.58		2.53		8.4				Blank		5.33		16.19		41.16

		T10		XLC6		30		0.64		3.42		10.22				D300		1.02		4.2		12.34

		T12		XLC6		50		0		0.8		4.32				BK390		1.65		2.89		11.43

		T8		L10 Joliet		30		0		1.24		6.54				LuciliteL10		0.81		2.72		9.24

		T13		L10 Joliet		50		0.1		1.04		4.48				D300CE		0.58		2.53		8.4

																Lucilite XLC6		0		0.8		4.32

		3. Tannoids														Lucilite L10 (Joliet)		0.1		1.04		4.48

		Bottle nr		xerogel		dosage		EBC		mg/l pvp

		T1		-		0				16.69

		T2		D300		30				19.5

		T5		D300		50				17.93

		T6		BK390		30				19.88

		T3		BK390		50				20

		T4		L10		30				18.78

		T9		L10		50				17.3

		T11		D300CE		30				13.12

		T7		D300CE		50				17.93

		T10		XLC6		30				18.29

		T12		XLC6		50				18

		T8		L10 Joliet		30				15

		T13		L10 Joliet		50				17.54





Chart ken
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ken method

		

		Silica gel type		D300		D300CE		L10		XLC

		Max		10.28		10.28		10.28		10.28

		Min		0.7023077994		-1.9075143185		-1.360205144		0.5756280496

		1/2 dose		2.3076917348		13.289640291		10.5698151978		1.4168547873

		sumerror		1.0614		1.6823		1.4374		2.3264

		TYPE		average after 2 warm days										TYPE		average after 2 warm days

				Dosage		Measured		Calc		Error						Dosage		Measured		Calc		Error

		Blank		0.00		11.00		10.2833333333		0.5136				Blank 1		0.00		11		10.2833333333		0.5136

				0.00		10.30		10.2833333333		0.0003						0.00		10.3		10.2833333333		0.0003

				0.00		9.55		10.2833333333		0.5378						0.00		9.55		10.2833333333		0.5378

				10				2.4987497246								10				5.048882522

				20				1.6934481512								20				2.9592243642

		D300		30.00		1.41		1.3866666083		0.0003				D300CE		30.00		1.37		1.8349972627		0.2209

				30.00		1.32		1.3866666083		0.0051						30.00		1.69		1.8349972627		0.0210

				30.00		1.44		1.3866666083		0.0028						30.00		2.45		1.8349972627		0.3782

				40				1.2249090695								40				1.1327009889

		D300		50.00		1.16		1.125000002		0.0009				D300CE		50.00		0.57		0.6523355936		0.0069

				50.00		1.11		1.125000002		0.0004						50.00		0.68		0.6523355936		0.0010

				50.00		1.12		1.125000002		0.0001						50.00		0.70		0.6523355936		0.0026

		D300		60.00				1.0571605121						D300CE		60.00				0.3030570459

				60.00				1.0571605121								60.00				0.3030570459

				60.00				1.0571605121								60.00				0.3030570459

		TYPE		average after 2 warm days										TYPE		average after 2 warm days

				Dosage		Measured		Calc		Error						Dosage		Measured		Calc		Error

		Blank		0.00		11.00		10.2833333333		0.5136				Blank 1		0.00		11.00		10.2833333333		0.5136

				0.00		10.30		10.2833333333		0.0003						0.00		10.30		10.2833333333		0.0003

				0.00		9.55		10.2833333333		0.5378						0.00		9.55		10.2833333333		0.5378

				10				4.622835966								10				1.7803739241

				20				2.6656631564								20				1.2178516086

		L10		30.00		1.36		1.6733322127		0.1013				XLC		30.00		0.97		1.0134315407		0.0023

				30.00		1.50		1.6733322127		0.0318						30.00		1.44		1.0134315407		0.1820

				30.00		2.17		1.6733322127		0.2467						30.00		0.98		1.0134315407		0.0009

				40				1.0734610554								40				0.9077249405		0.8240

		L10		50.00		0.63		0.6716658392		0.0017				XLC		50.00		0.72		0.8431358301		0.0142

				50.00		0.65		0.6716658392		0.0004						50.00		1.08		0.8431358301		0.0561

				50.00		0.73		0.6716658392		0.0038						50.00		1.29		0.8431358301		0.1952

		L10		60.00				0.3837423158						XLC		60.00				0.7995797441

				60.00				0.3837423158								60.00				0.7995797441

				60.00				0.3837423158								60.00				0.7995797441





ken method2

		

		Silica gel type		BK390		L10 Joliet		L10		XLC

		Max		10.28		10.28		0.00		0.00

		Min		-29.899679771		-0.6557368309		4.3737727178		2.5826186172

		1/2 dose		175.8318836968		8.3946621098		14.3161760771		43.8451264606

		sumerror		2.4505		4.5747		0.0000		0.0000

		TYPE		average after 2 warm days										TYPE		average after 2 warm days

				Dosage		Measured		Calc		Error						Dosage		Measured		Calc		Error

		Blank		0.00		11.00		10.2833333333		0.5136				Blank 1		0.00		11		10.2833333333		0.5136

				0.00		10.30		10.2833333333		0.0003						0.00		10.3		10.2833333333		0.0003

				0.00		9.55		10.2833333333		0.5378						0.00		9.55		10.2833333333		0.5378

				10				8.121001859								10				4.3364613011

				20				6.1795058722								20				2.578314607

		BK390		30.00		5.14		4.4266585972		0.5089				L10 Joliet		30.00		3.24		1.7359966231		2.2620

				30.00		4.63		4.4266585972		0.0413						30.00		0.90		1.7359966231		0.7022

				30.00		3.51		4.4266585972		0.8403						30.00		1.07		1.7359966231		0.4436

				40				2.8362384156								40				1.2417823132

		BK390		50.00		1.41		1.3866681578		0.0003				L10 Joliet		50.00		0.74		0.9168349506		0.0313

				50.00		1.32		1.3866681578		0.0051						50.00		0.82		0.9168349506		0.0093

				50.00		1.44		1.3866681578		0.0028						50.00		1.19		0.9168349506		0.0746

		BK390		60.00				0.060030409						L10 Joliet		60.00				0.6869088521

				60.00				0.060030409								60.00				0.6869088521

				60.00				0.060030409								60.00				0.6869088521

		TYPE		average after 2 warm days										TYPE		average after 2 warm days

				Dosage		Measured		Calc		Error						Dosage		Measured		Calc		Error

		Blank		0.00				0		0.0000				Blank 1		0.00				0		0.0000

				0.00				0		0.0000						0.00				0		0.0000

				0.00				0		0.0000						0.00				0		0.0000

								0												0

								0												0

		L10		50.00				0		0.0000				XLC		30.00				0		0.0000

				50.00				0		0.0000						30.00				0		0.0000

				50.00				0		0.0000						30.00				0		0.0000

								0												0

		L10		30.00				0		0.0000				XLC		50.00				0		0.0000

				30.00				0		0.0000						50.00				0		0.0000

				30.00				0		0.0000						0.00				0		0.0000

		L10		50.00				0		0.0000				XLC		0.00				0		0.0000

				50.00				0		0.0000						0.00				0		0.0000

				50.00				0		0.0000						0.00				0		0.0000





Bijlage Ken methode

		KEN METHODE

		Voorschrift

		1		Kies bij de sheet 'forcing test' het aantal warmtedagen bijv. 2

		2		Selecteer de gemiddelde blancowaarden (3 getallen!) en kopieer deze naar de sheet 'ken method' op alle '0' waarden in de gele balk

				LET OP: copy - paste special- values

		3		Vul op deze manier de gele balken met alle getallen en alle monsters

				Vul de lichtblauwe vakken op met tussenliggende waarden

		4		Wanneer alle getallen zijn ingevuld, ga naar "sumerror" van eerste monster (vakje B7)

				Tools - solver - min - (by changing cells) B5:B6 - solve - keep solver solution

		5		Maak een grafiek met op de x-as de verschillende doseringen (B13 t/m B27)

				en op de y-as de gemeten en berekende waarden, waardoor twee grafieken te zien zijn.

		6		Maak van de berekende waarden een lijngrafiek en van de gemeten waarden losse punten

		7		Voeg aan deze grafiek de andere monsters toe mbv "source data" - tab series - add - (x-as: H13:H27 / y-as I13:I27)

				ook de berekende waarden op dezelfde manier (maak van deze grafiek een lijn)

		8		Idem voor de andere silica gelen

		9		Pas kleuren en legenda aan.






Influence of Filtration Temperature on
Forced Haze formation

2000
y=162.09x+452.96 ‘
1750
5 1500 /
%—1250 /
Increased temperature from 3. P
0°C to 8°C (32 to 46°F) triples | % // %
untreated forced total haze. E W /‘
R P
S 500 7
250
0
0 1 2 3 4 5 6 7 8
Contact Temperature (degrees C)

Forced Total Haze of untreated beer filtered at three
temperatures. Temperature during filtration affects the

Q PQ Corporation beer stability itself, regardless of treatment. B



Influence of Temperature and Silica Gel
dosage on Forced Haze formation
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Higher silica dose corrects
temperature-increased
forced total haze.

Forced Total Haze at 90 degreee observation angle
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Dose (Ib/100 bbl HG basis)

Forced Total Haze of beer treated with a range of doses of BRITESORB® Xerogel at two
temperatures. The dose needed at the higher temperature (red dotted line) to give the
same stability (dotted blue line) as 11 1b/100 bbl at the lower temperature (double blue line)
is calculated as shown.
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Example of Stabilization Process Audit Oa @

Britesorb Silica and/or PVPP

/\ 1
Beer x q x ——— x , Packaged
from FV —— Beer
1
Sample 1 Sample 2 Sample 3 Sample 4
MV Filter

Sample 1 - determine initial levels of sensitive protein and tannoids
Sample 2 - determine effectiveness of treatment in storage tank
Sample 3 - determine the additional benefit of filtration treatment

Sample 4 — laboratory analysis including forced haze results (shelf life prediction)

Q PQ Corporation 201550 Coporaton o



Technical Support for Customers

» R&D in Warrington (UK)

» Silica product development
» Silica related analysis
» Microbiology lab

> Specific beer related analysis:
Sensitive Protein
Tannoids
Total Polyphenols
Chapon Haze
Forcing Test
Foam stability
Microbiology

Q chorporation © 2019PQ Corporation 20



» Laboratory in Eijsden (NL)

» 3D Digital Microscope

» SEM/EDS

Chemical microanalysis technique, which provides
elemental identification

» Malvern (Particle Size Distribution)

» Gluten analysis via RIDASCREEN® Gliadin Competitive

Q PQ Corporation

© 2019PQ Corporation.
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Britesorb: a route to ZERO waste in the brewing process

From the land...

... back to the land

Ig:ﬂ|P(1(kn1moraﬁknm






How to make gluten free beer

There are currently 3 main routes to produce a gluten free beer

(<20 ppm gluten content, according to the EU classification)

MW 1. Use cereals or pseudo cereals that do not
"3 "4 contain gluten, for example:
1+ Quinoa
* Maize
» Sorghum

Gluten SRR
A g\ 2. Hydrolyze the gluten by using an enzyme that
Free Za v hydrolyses proline-rich proteins.

Beer

3. Using a protein precipitant like tannic acid or
1 the traditional beer stabilizer silica gel.

Q chorporation © 2019PQ Corporation. 24



How to make gluten free beer

1. Use a malt from cereals or pseudo cereals that do
23 A not contain gluten, for example:

1+ Quinoa
- | * Maize
« Sorghum

» The only route that allows gluten free labeling in the US.

» It results in beers with different aromas and flavours, when compared to
malt-based beers

» It is the safest for people with celiac disease (specially for highly sensitive),
as the beer does not contain any gluten.

Q PQ Corporation



How to make gluten free beer

f: : 2. Hydrolyze the gluten by using an enzyme

: ,j,.?}'--‘ that hydrolyses proline-rich proteins.

» This can be done using an enzyme that hydrolyses proline-rich proteins.
» A common example is the use of the genetically modified derived enzyme Brewers Clarex®

» Brewers Clarex® is produced from a self-cloning genetically modified GEP 44 gene
carrier gep A of Aspergillus Niger G306

» The enzyme hydrolysation approach has the disadvantage of not removing gluten, but
simply degrading it into smaller peptides

» A further limitation with the enzyme route, is that the enzyme remains in the final beer and
Is partially active, even when the beer is pasteurized

® 7 . .
Q PQ Corporation Brewers Clarex® is a trademark of DSM Food Specialties



How to make gluten free beer

“13. Using a protein precipitant like tannic acid

| or the traditional beer stabilizer silica gel.

» Tannic acid is a hydrolysable tannin extracted from gall nuts. It forms insoluble
complexes with proteins/polypeptides that can be removed by filtration or
sedimentation

» Tannic acid is less effective in reducing gluten when compared to silica gel:

» Needs high dosages to reduce gluten content => negative effect on the sensory
quality (colour, foam and flavour) of the final beer

» Similarly to Brewers Clarex®, tannic acid is also present in final beer

https://www.fao.org/fao-who-codexalimentarius/sh-
proxy/en/?Ink=1&url=https%253A%252F %252Fworkspace.fao.orqg%252Fsites%252F codex%252FMeetings%252F CX-711-48%252FWD%252Ffa48 15e.pdf

Belleau, G.; Dadic, M.: Determination of Tannic Acid in Beer by High Performance Liquid Chromatography, Journal of the American Society of Brewing
Chemists (1979), 37:4, pp. 175-179.

Q chorporation © 2019PQ Corporation. 27
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How to make gluten free beer

] 3. Using a protein precipitant like tannic acid or

the traditional beer stabilizer silica gel.

» Silica gel is an amorphous, naturally derived silicon dioxide that contains a network
of pores

» Highly selective adsorbent for beer haze-forming proteins, with no adverse effect on
flavor, foam, color, or aroma
» The surface chemistry includes silanol groups (Si-OH) that specifically adsorb prolamins
in_beer. This makes silica gel highly selective for haze protein, which contains high levels
of prolamins

» Silica gel can also be added during fermentation, allowing a high reduction in gluten,
without changing significantly the yeast nutritional value of beer*

*Benitez EI, Acquisgrana MR, Peruchena NM, Sosa GL, Lozano JE (2016) Effects of silica gel on reduction in gluten during several beer brewing stages. I J Food
Sci Technol 51(4):920—928

Q chorporation © 2019PQ Corporation. 28







Organic beer

» Standard beer stabilizers (silica gel, PVPP,...)

can be used to produce organic beers.

» Article 9 of Regulation (EC) No 834/200716

on organic production and labelling of organic
products prohibits the use of products
produced from GMOs and produced by
GMOs, and this includes food enzymes
produced from or by genetically modified
microorganisms (e.g. Brewers Clarex®).

Gene-editing comes under GMO rules so
products with residues of enzymes derived
from or produced with the help of gene-edited
microorganisms/organisms have the same
labelling restriction. They cannot be labelled
as organic.

LABELING ORGANIC MALT BEVERAGES

“Organic” “Made with Organic === Other
Overseen by certifier/ACA? Yes Yes No*
USDA organic seal or forelgn es Mo Mo
equivalent allowed?
Organlc clalms allowed In additlon | Yes Yes Mo
to Ingredlent statement?
Added sulfites allowed? Mo No Yes
Mon-organic hops allowed? Mo Yes Yes
All agricultural Ingredients Yes, unless specifically Mo, but product must Mo

required to be certified organic?

allowed per National List

be at least 70% organic

Ingredients produced using
prohlblied methods (e.g., genetic
englneering) allowed?

Mo

Mo

Q PQ Corporation

© 2019PQ Corporation.
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Types of Filtration

Crossflow Membrane

Continuous flow: In membrane crossflow
filtration the crossflow suppresses the
formation of a filter cake on filter media.

Traditional
Dead end

With kieselguhr
»candle filters
»leaf filters
»plate & frame filters

Without Kieselguhr
» CMF - no centrifuge (Pentair)
» CMF — with centrifuge (Pall)

Filtrate
t t t t t t
> ° ) o o ° ) o o ReCyC/;

0.45 uym membrane : :
. negative pressure draws filtrate
Q PQ Corporation ©2019PQ Corporaton. 2



CMF

BRITESORB

BEER STABILIZERS

» High rate of adsorption and efficiency (high internal surface area)

» Good filtration characteristics (controlled particle size distribution)

» Particle size distribution controlled silicas can help maintain
porosity at the filter and also prevent fouling due to low amount of

fines present.

PQ produces enhanced performance silica gel products for Crossflow
Membrane Filtration. It 1s also the only supplier to offer a xerogel
product for this specific application.

ooooooooooooooooooo

Q PQ Corporation






Summary @ @

» The most frequent cause of non-biological/colloidal haze is through protein-
polyphenol interaction.

» PQ’s Britesorb silicas assure beer shelf-life by selective adsorption of haze
forming proteins.

» Britesorb Xerogel products are produced via patented process with Mg
exchange, which provides higher chillproofing capability.

» Silica gel can be used to reduce the gluten content in beer.

» Silica gel is used to stabilize Organic beers.

» Both Hydrogel and Xerogel products available for CMF.

» PQ is the World’s leading producer of silica gels for beer stabilization.

Q PQ Corporation



Philippe Cario Miguel Monsanto

Brewing Commercial Manager Product Development Manager
EMEA
Miguel. Monsanto@pgcorp.com
Philippe. Cario@pgcorp.com —~ #"| Mob. +31 629341181
Mob. +33 7 72343315 . / d
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PQ Corporation — Customer Services

PQ Corporation — Brewing Technical
Services
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