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Abstract

Non-microbial beer turbidity of lager beers often indicates a technological problem. Therefore, the occurrence of
permanent haze in filtered and stabilized beer should not be underestimated. In this study, practical examples from
industrial breweries, where several types of non-microbiological haze of colloidal were identified, are presented.
These examples of haze were caused by slightly different factors, and as a result, they had a different microscopic im-
age. It is often accompanied by mechanical impurities and sometimes by microorganisms that function as nucleation
centers. Moreover, a very interesting example of almost brilliant permanent beer haze caused by the destruction of
yeast cells with the following pouring intracellular contents of cells into beer is introduced. This phenomenon, which
could be called “precedent”, was caused by a bad physiological condition of yeasts cells and inappropriately chosen
yeast separation technology.
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1 Introduction

Although it would seem that the problem of turbidity in
beer is well studied and described in the literature, in
practice we still encounter new examples of non-micro-
biological haze of turbidity that are not frequent. There-
fore, this “never-ending story” still needs to be dealt with.
The first part of our article, which has been recently pub-
lished, summarized the theory of microbiological turbid-
ity and introduced common practical examples (OlSovska
et al,, 2021). The second part presents interesting and
sometimes very unexpected examples from practice that
were investigated in commercial beer samples with dif-
ferent turbidity problems.

2 Materials and methods

The haze identification was performed using a combi-
nation of several known and routine methods as de-
scribed below.

Turbidity was analyzed according to EBC 9.29 (2015).

Microscopy analysis. Firstly, 100 mL of a sample was
centrifuged for 30 min at 3000 rpm. Subsequently, the
obtained supernatant was microscopically observed
(630x magnification AXIOSKOP, Zeiss), recorded using
the Imaging Source DMK 23UX174 camera, and docu-
mented by image analysis NIS Elements (ver. 5.10. for
Windows 10, Laboratory Imaging).

Microscopic detection of protein component by stain-
ing the colloid by eosin Y. A stock solution of eosin Y was
prepared by dissolution of 1 g of eosine in 20 mL of dis-
tilled water and 80 mL of pure ethanol (p.a.,, 95% v/v).
A working solution was prepared by mixing 25 mL of the
stock solution, 75 mL of ethanol (80% v/v), and 0.5 mL of
glacial acetic acid.

Eosin was dropped on a slide on which the tested sus-
pension was applied, it was covered with a cover glass,
and microscopical analysis was performed. The dyed
protein parts were visible as pink.

Dissolving protein-polyphenol colloids by KOH was
performed using 2% sodium hydroxide solution.
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Microbial analysis. 1dentification of lactic acid bacte-
ria and coliforms was performed according to EBC 4.3.3.1
(2011) and EBC 4.4.2 (2011), respectively.

The detection of yeasts was performed using wort
agar with tetracycline (50 mg/L), which was cultivated
for 2 days at 26 + 1 °C.

Iodine value corresponding to the concentration of
dextrins was photometrically analyzed according to ME-
BAK 2.3 (2011).

Total polyphenols were spectroscopically analyzed
according to EBC 9.11 (2002).

Proteins with molecular weight over 5,000 Da were
determined according to Bradford (Bradford, 1976)
after in-house optimization. Firstly, the dye of Coomas-
sie Brilliant Blue G 250 was prepared by its dilution
(15 mg) in 10 mL of ethanol and 20 mL of phosphor-
ic acid (p.a. 85%) while stirring on a magnetic stirrer.
Next, absorbance of blank determination (5 mL of the
dye with 0.5 mL of distilled water) was checked and it
must have ranged from 0.440 to 0.460. Further, the beer
sample was prepared by removing carbon dioxide, fil-
trating using filtration paper (grade 388), and five times
diluting by ultrapure water prepared by the MilliQ sys-
tem (Millipore, USA). Finally, 5 mL of the dye was added
to a tube with 0.5 mL of the diluted beer sample and was
immediately mixed. The measurement at 600 nm was
performed after 15 min (in triplicate). Distilled water
was used as a reference sample.

The final concentration of proteins was calculated ac-
cording to the formula:
Cpyp (Mg/100 mL) = (A, -A,) *D *F,

where ¢, is the concentration of proteins, 4, is the
absorption of the sample, 4, is the absorption of the
blank sample (the dye), D is dilution, and F is the factor
27.2331, which was derived from calibration depend-
ence constructed using proteins isolated from wort
and beer.

Oxalates and calcium were analyzed according to ME-
BAK 2.22.2 (2013) and EBC 9.19 (2002), respectively.

Polysaccharides higher than DP 10 were determined
according to Jurkova et al. (2014) as the difference be-
tween the concentration of total saccharides (expressed
as the concentration of glucose) and the sum of glucose
and higher oligomers with up to DP 10 (DP is the de-
gree of polymerization; DP10, for example, is formed by
10 molecules of glucose).

524

3 Results and discussion

In the following text, five practical examples of haze and
the procedure of its identification are described.

No. 1. In filtered pale lager beer increased haze (1.4-
1.7 EBC) which was almost invisible by the naked eye and
did not increase further was identified immediately after
filtration. The particles causing haze sedimented slowly
and their separation was quite demanding. The first mi-
croscopic image of separated haze from the final beer
looked primarily like massive microbiological contami-
nation with a small amount of higher colloidal particles
(see Figures 1a, 1b). Escaped kieselguhr and very small
mechanical particles were also visible (see Figure 1c).
However, microbial contamination was not subsequently
determined by microbial analysis.

Further, chemical analyses such as iodine value, the
content of polysaccharides higher than DP 10, and total
polyphenols were performed. Quite a high concentration
of polysaccharides (higher than 3 g/100 mL) was found.
Therefore, an assumption that haze is formed by saccha-
ride complexes, possibly by rests of starch corns or by sac-
charides originating from grain bran, was considered. Also,
the very high iodine value (0.85) can indicate the increased
concentration of higher oligosaccharides. Both these re-
sults could indicate a susceptibility of beer to carbohydrate
turbidity. Moreover, the concentration of proteins with
a molecular weight of over 5,000 Da was 37 mg/100 mL,
thus also an increased value. The concentration of total
polyphenol was very low, namely 90 mg/mL.

Since the conclusion that haze is formed by untypical
polysaccharide particles was not convincing at all, new
experiments were conducted. After a repeated consul-
tation with technologists and examination of beer be-
fore filtration, a new hypothesis was stated: The cause
of haze is caused by damaged yeasts used in repeated
cycles. The confirmation of this hypothesis is shown in
Figures 1d and 1e where destructed yeast cells with in-
terrupted cell walls and overflowing intracellular con-
tent are well visible. Besides, the intracellular content
of the cells itself passed to beer increased iodine value
or, in other words, the content of high molecular weight
(non-saccharified) saccharides. Therefore, unlike other
common colloidal haze, this haze did not increase in
time. Furthermore, crystals of oxalates were also iden-
tified in yeasts separated from beer before filtration
(see Figure 1e). Itis important to highlight that until the
beer was analyzed after technological filtration, it was
not possible to determine the cause of turbidity. Hence,
a microscopic image of beer after technological separa-
tion of yeasts is shown in Figure 1f. Also, nothing could
be ascertained from such a finding.
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The fact that haze was caused by an intracellular (0.85) indicating a high concentration of unferment-
content of destructed yeast cells which were in a bad ed saccharides, and the increased concentration of
physiological condition corresponds with a constant high-molecular proteins. In any case, the study of this
value of haze (1.4-1.7 EBC), a very high iodine value phenomenon will continue.

Figure 1a Microscopic image of separated haze (very small Figure 1b Microscopic image of separated haze (larger colloidal
colloidal particles resembling microbial contamination) particles and kieselguhr earth against a background of
very small dense turbidity)

Figure 1c Contaminating mechanical and kieselguhr particles Figure 1d Destructed yeast cells with interrupted cells in beer
(before the technological separation of yeasts)

Figure 1le Destructed yeast cells with interrupted cells in beer Figure 1f Beer haze after the technological separation of yeasts
together with crystals of oxalates (before the techno-
logical separation of yeasts)
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No. 2 is not as complicated as the previous example, but it is
certainly worth mentioning it. A non-alcoholic beer sample
had light flake-like haze (about 3 EBC) which sedimented
medium-fast and formed gentle sediment at the bottom of
the bottle. Microscopic analysis revealed well visible par-
ticles of a colloid character resembling a veil with a solid
core that increased in time until a maximum size of about
250 pm. After dying the colloid by eosin, pink color was ob-
tained confirming the protein presence. Subsequently, the
determination of total polyphenols, proteins with a molecu-
lar weight of over 5,000 Da, and iodine value was performed.
Whereas the concentration of total polyphenols was corre-
sponding to stabilized non-alcoholic beer (86 mg/L), the
content of proteins was high (40 mg/100 mL). When a little
bit higher iodine value is also considered (0.34), a formation
of permanent haze is very probable. Thus, this haze, which
is demonstrated in Figures 2a and 2b, was identified as col-
loidal haze formed predominantly by proteins.

No. 3 is an example of “complex” haze. Pale lager beer had
visible haze (3.8-4.1 EBC) and compact sediment at the bot-
tom of the bottle. In the sediment there were visible dark
particles. Firstly, microscopic analysis was performed and
particles higher than 300 pm were found. After dying with
eosin, protein was proved. Furthermore, a large number of
microorganisms were observed, both yeast and bacteria
(see Figure 3a), which also formed compact clusters. In ad-
dition to organic particles, crystals of calcium oxalate (see
Figure 3b), micro-shards, fibrous material (see Figure 3c),
and larger amounts of escaped kieselguhr and PVPP (Figure
3d) were discovered. The dark particles were mostly inor-

Figure 2a and 2b Colloidal haze separated from non-alcoholic beer

ganic substances such as PVPP and also there was a smaller
part of organic compounds that dissolved in KOH. Finally,
the concentration of total polyphenols and proteins with the
molecular weight of over 5,000 Da was determined, result-
ing in 146 mg/L and 42 mg/100 mL, respectively.

Considering the results, the studied beer was very
unstable and had a great turbidity potential due to many
inorganic particles and microorganisms that represent-
ed nucleation centers for colloid haze formation. In this
case, it should be noted that the presence of inorganic
matter (filter aids) indicates a problem with the filtration
technology (Steiner et al., 2010).

Figure 3a The mixture of colloid and yeasts
Figure 3b The mixture with oxalate crystals

Figure 3c  Fibrous mechanical impurities
Figure 3d Kieselguhr and particles of PVPP coated by colloid
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No. 4 Another example of colloidal haze is demonstrated
in Figures 4a and 4b. Haze of this pale lager beer sample
resembling a “veil” was almost brilliant (around 1 EBC)
and nearly did not form sediment spontaneously. Micro-
scopic analysis of the image showed a large number of
small particles with a size of about 1-2 pm (see Figure 4a)
which gradually aggregated into large colloidal formation
with the size of up to 200 pm (Figure 4b). As this formation
was soluble in KOH and dyeable by eosin, protein presence
was proved. A colloidal character of haze was also deter-
mined by chemical analysis, where the concentration of to-
tal polyphenols (153 mg/L) slightly increased and the con-
centration of proteins with molecular weight over 5,000
Da (40 mg/100 mL) was very high. Furthermore, fibrous
formation most likely coming from filter materials or oth-
er "foreign substances" was also identified (see Figure 4a).

No. 5 The last example of haze in pale lager with visible
haze (> 2 EBC) was formed by a well visible “veil” togeth-
er with quite big particles. Microscopic analysis of the im-
age showed colloidal particles higher than 100 pm. Their
polyphenol-protein character was verified using dying
with eosin. Simultaneously, the particles were perfectly
soluble in KOH. After microbiological analysis which ex-
cluded microbial contamination, this haze was classified
as protein-polyphenol haze. During finding a solution to
this turbidity problem, gradual clustering of small par-
ticles to big formations was successfully microscopically
captured (see Figures 5a, 5b, 5¢, and 5d).

Figures 4aand 4b  Forming large colloidal particle, in Figure 4a
there is also visible a fibrous mechanical impurity

Figures 5a, 5b, 5c, 5d Formation and gradual growth of colloidal turbidity particles
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4 Conclusion

Chemical and microbial stability of filtered lager beers
are relevant factors in determining the shelf life of beer.
The measurement of turbidity is, therefore, an important
step for both, checking a visual reason and indicating
more serious contamination. Generally, non-microbio-
logical haze can be classified as cold, permanent, and tur-
bidity caused by foreign particles.

The examples of non-microbiological turbidity above
were caused (except Example No. 1) by either foreign
particles, raw material substances of beer, or combina-
tions thereof. Further, proteins and polyphenols made
up a major part of the turbidity colloids and, mostly pro-
teins with molecular weight over 5,000 Da exceeded the
limit concentration (25 mg/100 mL) for haze formation
(OlSovska et al, 2021). Even if the given examples of beer
turbidity (No. 2 - No. 5) were caused mainly by perma-
nent colloidal haze, each example was caused by a slight-
ly different source and, most importantly, had a different
microscopic image, which was sometimes atypical at
first glance. Sometimes, mechanical particles were part
of non-biological turbidity that could have represented
a nucleation center for colloid formation. In addition to
this fact, mechanical impurities such as filter aids could
indicate a problem with filtration technology.

Finally, the example No. 1 is, by our experience, a not
well studied phenomenon yet. This type of haze is not
formed during beer aging, however, by pouring intracel-
lular contents of yeasts cells into beer. It was most likely
caused by the bad physiological condition of yeasts cells
and inappropriately chosen yeast separation technology.
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