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Flavor and Haze Stability

Haze Stability is important with respect to
consumers’ expectations and beer quality
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Origin of Haze in Beer

= Biological haze
— Yeasts
— Beer spoilage bacteria, e.g. Lactobacilli, Pediococcus, Megasphaera, Pectinatus

= Organic or inorganic haze
— Retrograded starch (a-glucans)
— Pentosans / B-glucans (barley or spoilage organisms)
— Calcium oxalate
— Filter aids

= Colloidal haze formation

— Interaction of haze active proteins and polyphenols have been identified as one
main reaction for haze formation during storage

- PVPP and silica gel currently stabilize beer
- Nevertheless haze still increases during aging.
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Influencing Factors on Haze Stability
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Fenton- and Haber-Weiss Reaction System

Fenton-Reaction: Fe* + H0, —— Fe® + OH* + OH (k=63 M"sek")
Fe3+ + H202 — Fe2+ + 02-. + 2 H+

Net: 2 H,0, Fe . OH* + OH +0,°+ 2 H*

Haber-Weiss-Reaction: Cu?* +0,* —, Cu* + O,
Cu* + H O, —— Cu?" + HO* + OH

Net: 0,* + H0, _Cu, O, + OH* + OH
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Beer Haze Compounds
High molecular degradation products of proteins o 5’0"
— 10 - 60 kDa H e
— Prolin rich fraction QEHIE"‘
(+)-Catechin {-)-Epicatechin
Phenolic compounds p&:
— Flavan-3-ole H H
(Catechin, Epicatechin, Gallocatechine,...) on O
Gallocatechin

— Polymers (Dimeres, Trimeres);
=> Proanthocyanidines

Carbohydrate (a- / B-Glucan)

Mineral substances

Metal ions .
Procyanidin B3 Prodelphinidin B3

Haze | Frank-Jurgen Methner | Brewing Summit 2014 Chicago
Page 6




Technische .
Universitit

EPR-Spectra — Sweep Wide 3000 G
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Influence of Air in Bottle Headspace
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Chill Haze Formation

Beer with a low EAP-value (2 °C)

/ \

Addition of Iron3* Addition of Iron?*
(FeCl,) (FeSO,)
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Possible Complex Formation Between Oxidized
Polyphenol-Protein-Complexes and Iron3*

R1: Cl-, ...
Ry R2: H, sugar, ...
| R3: epicatechine,
e
0 J,-’r.‘ Y Mh‘ O
0 ‘0\
HO 0 0 OH
OH HO
0
N /0
OH Rj R, R, R, OH

Haze | Frank-Jurgen Methner | Brewing Summit 2014 Chicago
Page 10

10




Technische .
Universitat

Berlin

Haze Formation After Addition of Metal lons
B Beer M Beer with Cu* Beer with Cu2* [ Beer with Fe3* [ Beer with Fe2*

Haze-value H90 [EBC]

Temperature (2C)

1 ml 0,01 M metal ion solution / 150 ml beer
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Haze Model Solution
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00 6O T _1150mI matrix solution + 2,25m| Fe®"

S B 150m | matrix solution + 1,5ml Fe®"

B 150m | matrix solution + 0,750m | Fe®*
Effect of Fe3* (0,01 M) and pH-value on the haze formation in a gliadin (25 mg/L) / hop tannin
extract (5 mg/L) - solution (0.2 M phosphate buffer) — according to Siebert et al.
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Haze I;'_ormation Along a pH Range (12 Days - 40°C)

"

9

Fe?* (with air)

Cu* (with air)
Fe?* (without air)
Cu* (without air)

Haze Value H90 (EBC)
I
]

25 3,0 3,5 4,0 4,5 5,0 5,5
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Haze | Frank-Jurgen Methner | Brewing Summit 2014 Chicago
Page 13




Haze formation H90 [EBC]

Technische

pH Dependent Haze Formation With lron lons in “"fvg;:f:.ls
a Gliadin / Hop Extract Model Solution

30
pH dependent bonding
2> sites in iron complexes
20
15 Fe[3+], FeOH[2+], Fe(OH)2[+]
10 [Fe(H20)e]**, [Fe(H20)s0H]?*,[Fe(H20)4(OH).]*
increase pH-value ——
= Fe[2+], FeOH[+]
o [Fe(H20)6]?*, [Fe(H.0)sOH]*
0.750m!1 1.,5ml 0.750ml1 1.5ml
Fe3+ Fed+ Fe?2+ Fe2+
mpH=4,2 pH=3,7

0,75 -1,5ml Fe2*/ Fe3* 0,1 M => 150 ml gliadin / tannic acid Solution (100 / 20 mg /1)
phosphate buffer pH 4.2 & 3.7; 0.2 M

Haze | Frank-Jurgen Methner | Brewing Summit 2014 Chicago
Page 14




Technische .
Universitit

Berlin
flue p y
7 1,6x10° §/pH438
/
.-g 1,4x10° /./§
T 1,2x10° ¢ o PHA4E6
c A
Ry 6 _|
@ 1,00 8- pH440 Influence of EDTA on the EAP-value
o 8,0x10° — d dical ti
anda radical generation
6,0x10° 0" pH 3.92 2
— 7
4,0x10° A § 1,0x10°
- pH3.54 £ )
2,0x10° F::.,,,o———'” P 3 without EDTA
8,0x10°
0’0 T T " T T T " T T T T T T 1 g‘
0 50 | 1&0 {50 200 50 300 350 &
74 101 143 181 240 time [min] w :
6,0x10°
Influence of pH on the EAP-value and radical generation TWMEDTAI
] pH 4.74 s |
2 1,1x10° pH 4.62 4010
@ 1 pH 4.87 ]
§ 1.0x10°7 pH 4.50 2,5 MEDTA/I
£ 9,0x10° pH 4.35 2,0x10°
£ 8,0x10° pH 4.17 | =
0 7,0x10° — T . —
14 5 0 100 200 300 400 500 600
g 6,0x10" 282294 342 time [min]
5,0x10°
4,0x10°
3,0x10°
2,0x10°

1,0x10°

250 300 350

1 time [min]
Haze | Frank-Jurgen Methné?? Brewing Summit 2014 Chicago
Page 15




Technische .

Influence of Filtration on Radical Generation Mt
and Iron Content

Filtrox - one week after filling

T
2 14x106-. —o— kieselguhr filtration 300
g " | —e— membrane filtration b 1.324
€ 12x0°4 —@— crosspure filtration
Té { —o— unfiltrated beer
D 1,0x10°
(7]
[v4
B s0x10°
6,0x10° -
s 5, 0.432
4,0x10° 0.360
0.330
2,0x10°
W+ Tt T T T T T
0 25 50 75 100 | 125 1p0 175 200 225 |250 275 300
112 148 177 241 time [min]
Kieselguhr Membrane
Fe [ug/L] - 63 14 17
pH-Value 4.29 4.35 4.33 4.34
EAP-value [min] 241 112 177 148
Ta00 1.32 0.33 0.36 0.43
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EAP-Value and Haze Formation

—o— start value / EAP = 62 min B
—o— 16. warm days (40 °C) / EAP = n. d./o °
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= permanent haze at20 ° C
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—e— haze formation after cold days (0 - 2 °C)

—e— haze formation after warm days (40 °C)

: —— 7
0 2 4 6 8 10 12 14 16 18 20 22 24 26
warm/ cold day

Storage conditions:

- warm storage 24 hat40 ° C
- cold storage 24 hat0-2° C




EPR signal intensity
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Influence of Kieselguhr and Crosspure Filtration et
on Haze Formation and Oxidative Stability
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After the consumption of the EAP, the reactive hydroxyl-radicals and metal ions like iron-
(lll) are generated by the Fenton- / Haber Weiss reaction system in beer

Due to the complex formation among oxidized polyphenol-protein-complexes and iron-
(lIl)/copper-(I)-ions the development of chill haze can be observed

Chill haze is dependent on the temperature and pH-value

= Lower temperatures (< 5° C) and pH values result in an increase of chill haze
formation, based on the stronger bonding power and pH-dependent availability of
bonding sites in the metallic complexes.

= At higher pH ranges, the lower participation of metal ions in complexes results in a
higher availability for oxidative processes leading to an earlier but lower haze
formation in beer.

Stabilized organic radicals in chill haze can react with each other resulting in the formation
of covalent bonds which describes one probable way of the conversion from chill haze to
permanent haze
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