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Article info  Beer consumption constitutes a significant portion of alcoholic beverage consumption in Poland.

The growing interest in this product has prompted the exploration of solutions that not only affect
production technology and costs but also influence the sensory and physicochemical attributes of
the beverage. Incorporating unmalted raw materials is one such solution. This research aims to
conduct a comparative analysis of haze formation in malted beers and beers with unmalted barley
additions, considering diverse storage conditions and production scales. The results revealed that
light has a more significant effect on turbidity formation than temperature. In the variants in which
the impact of light on haze formation was investigated, the values of the average number of total 
particles were in the range of 130 (unsweetened laboratory under ultraviolet) to 1025 (unsweetened
commercial under ultraviolet). The effect of temperature on haze formation was significantly
less. In most cases, the average number of total particles was no greater than 200, with the highest
result obtained being 300 (commercial malted under forced aging). Based on the study, it was
concluded that, regardless of the scale of production, ultraviolet radiation causes significant haze
formation in beer. 
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1. Introduction 
 
Malted barley in beer production serves as a source of 
nutrition and energy for yeast, which carries out alco-
holic fermentation [23]. The use of unmalted raw ma-
terials stems from their lower cost compared to malt, 
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thus impacting production economics [8, 10]. It 
should be noted that these raw materials also influ-
ence the flavor-aroma profile and stability of beer. 
Depending on climatic conditions and raw material 
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availability, various options such as barley, white 
rice, wheat, corn, or sorghum are utilized [9, 34], al-
beit not exceeding 45% of the grist (PN-A-
79098:1995) [24]. Soluble unmalted raw materials 
include sugar, caramel, and glucose, which can be 
dissolved in water [22]. 

The stability of the final beer product consists of 
four components: flavor stability, foam stability, 
physicochemical stability, and microbiological stabil-
ity. Different factors can influence each component, 
such as light, polyphenol and α,β-glucan content, 
temperature, mechanical interactions, or oxygen ex-
posure [1]. The use of unmalted raw materials in 
brewing as a substitute for malt leads to a reduction 
in nitrogen compounds, polyphenols, β-glucan, and 
lipids. These compounds impact foam stability and 
the occurrence product of haze in the final [14, 15, 3, 
32]. The use of unmalted raw materials decreases the 
content of enzymes required during mashing. To im-
prove beer filtration and colloidal stability in the pres-
ence of unmalted raw materials, the addition of enzy-
matic additives such as bacterial α-amylases, β-
glucanases, or proteases is beneficial  [35, 16, 30]. 
Prolyl endopeptidase isolated from Aspergillus niger, 
as well as other proteolytic enzymes, reduce the beer's 
susceptibility to haze [2, 18]. 

Haze formation in beer can be attributed to the 
presence of microorganisms, including fungi such as 
Fusarium, Pichia, Candida, and bacteria such as Lac-
tobacillus brevis [33, 6]. Microbial contamination 
poses a risk to the safety of the final beer product. Ad-
ditionally, particles originating from raw materials 
can contribute to haze formation through the crea-
tion of protein-polyphenol complexes. Notably, pro-
line-rich proteins with a molecular weight ranging 
from 15 to 30 kDa play an active role in the generation 
of colloidal sediments [18]. 

Factors such as the presence of production yeast 
due to inadequate removal methods and the presence 

of calcium oxalate can also influence beer haze. The 
presence of β-glucan and inadequate enzymatic activ-
ity during the mashing process can further contribute 
to haze formation. When unmalted raw materials are 
employed, the β-glucan-rich cell walls remain 
undegraded during germination, potentially impact-
ing beer clarity [27]. 

Beer stabilization methods involve the utilization 
of various substances, including enzymes, diatoma-
ceous earth, polyvinylpolypyrrolidone (PVPP), carra-
geenan, chitosan, and bentonite. These additives aid 
in the elimination of excess proteins and polyphenols, 
thereby promoting beer clarity [28, 26, 5]. 

Furthermore, inorganic contaminants, includ-
ing filtration and colloidal stabilization agents, dust 
particles, or other non-raw material particles, can 
penetrate damaged filters, thereby reducing beer 
clarity [7]. 

Various methods are used to assess haze in beer: 
the determination of polyphenols and proteins [17], 
the use of turbidity meters [4], microscopic analysis, 
gel chromatography [31], Raman microspectroscopy 
[12], and the use of a Coulter Counter particle size an-
alyzer [20]. 

The process of forced aging involves subjecting 
beer to alternating storage temperatures to promote 
aging. For non-stabilized beers, temperatures of 0 °C 
and 40 °C are utilized, while pasteurized beers un-
dergo aging at temperatures of 0 °C and 60 °C. 
Throughout the entire process, the beer is shielded 
from light exposure. Haze measurements are con-
ducted after each cycle of forced aging, and a haze in-
crease of 2 EBC units compared to the control sample 
indicates the completion of beer aging. 

The aim of the conducted research is to perform 
a comparative analysis of susceptibility to haze for-
mation in malted beers and those with an unmalted 
raw material addition, considering different storage 
conditions and production scales.

 
2. Materials and methods  
 
The research materials consisted of commercial 
beers available on the Polish market and beers pro-
duced on a laboratory scale using a Speidel 
Braumeister brewing kettle. The study included 
malted beers and beers with an unmalted raw mate-
rial addition in the form of barley. The influence of 
sample storage on haze formation was also consid-
ered, including storage at temperatures of 4 ± 2 °C 
and 21 ± 2 °C, exposure to darkness, and exposure 

to ultraviolet radiation (UV). The beers were also 
subjected to a forced aging process according to PN-
A-79093-9 [25]. 

The laboratory beers were produced following 
a specific technological scheme (Figure 1). The 
production utilized process water from a local 
source, Pale Ale malt from a domestic malt house, 
the Quench spring barley variety, Fermentis SafAle 
S-04 yeast, as well as Lubelski and Magnat hops. 
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Fig. 1. Scheme of beer production on a laboratory scale 
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The characteristics of the researched beers were as 
follows: 
Commercial beer variants: 
 M COM: commercial beer without unmalted raw 

material addition; ingredients: water, barley malt, 
hops; packaging: green glass bottle. 

 UN COM: commercial beer with unmalted raw 
material addition; ingredients: water, barley malt, 
brewing barley, hops, hop extract; packaging: 
green glass bottle. 

 Laboratory beer variants: 
 M LAB: laboratory beer without unmalted raw 

material addition; ingredients: water, barley malt, 
hops; packaging: green glass bottle. 

 UN LAB: laboratory beer with unmalted raw ma-
terial addition (30% of the grist); ingredients: wa-
ter, barley malt, brewing barley, hops; packaging: 
green glass bottle. 
The control sample consisted of beers that were 

tested immediately after purchase (commercial beers) 
or manufacture (laboratory beers). 

The particle size analysis of beer haze was con-
ducted using the Shadow Sizing method. A FlowSense 
2M PIV camera equipped with a sensor having a res-
olution of 1600 × 1200 pixels was employed. The 
macro lens Nikkor 50 mm f/1.8, along with a set of 
three intermediate rings (12, 20, 36 mm) attached to 

the camera, allowed significant image magnification. 
Each beer variant was analyzed in 4 replicates, with 
10 images taken for each replicate. The image analysis 
for particle distribution and quantity was performed 
using DynamicStudio 6.7 software. 

Color determination was carried out by means of 
the spectrophotometric method with a UV-3100PC 
spectrophotometer. The methodology involved plac-
ing a filled cuvette with a capacity of 1 cm3 in the 
working space of the spectrophotometer and measur-
ing the absorbance at a wavelength of 430 nm. The 
results were then converted to the EBC unit according 
to the following formula: 
                𝐴𝑏𝑠ସଷ଴ ∙ 25 ൌ 𝑐𝑜𝑙𝑜𝑟 ሾ𝐸𝐵𝐶ሿ                        (1) 
where: 
Abs430 is the absorbance read from the spectropho-
tometer display, and 25 is the conversion factor [19]. 

The turbidity of the samples was also measured us-
ing a TB 300 IR turbidimeter, and the results were re-
ported in nephelometric turbidity units (NTU). The 
color and turbidity measurements were performed in 
three replicates for each variant. The significance of 
the effects of the studied variables on the color and 
turbidity values was determined using one-way anal-
ysis of variance (ANOVA). The significance of the 
differences between the means was verified using 
Tukey's test (p<0.05). The statistical analysis was con-
ducted using Statistica 13 software by StatSoft. 

 
3. Results and discussion 
 
The turbidity of the laboratory beers (Fig. 2) was sig-
nificantly higher even in the zero sample (143-156 
NTU) compared to the commercial beers (3-6 NTU). 
This is because the laboratory-scale beers were not 
subjected to the filtration process. All the storage 
methods and forced aging resulted in increased tur-
bidity in the commercial beer samples. Similar results 
were obtained for the laboratory beers, except for the 

sample without unmalted raw material, which 
showed a decrease in turbidity during storage at 21 ± 
2 °C and under dark conditions. It should be noted 
that the commercial malted beers were more sensitive 
to different storage conditions in terms of turbidity 
compared to those with the addition of barley. It was 
demonstrated that ultraviolet radiation has the 
strongest impact on the formation of turbidity. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2. Turbidity values in NTU for studied beers stored under different conditions (n=3, α=0.05; homogeneous groups 
within each parameter denoted by the same letters) 
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The laboratory beers exhibited a higher color in-
tensity (18-31 EBC), including the control sample, 
compared to the commercial beers (7.7 EBC). This 
could be due to the type of malt, hops used, or the lack 
of filtration in the case of the LAB samples. Storage at 
different temperatures and light exposure caused an 
increase in color intensity below 10 EBC in the case of 
the commercial beers. However, in these samples, 
forced aging resulted in an increase in color intensity 
above 10 EBC (13-14 EBC). It should be noted that 
the UN LAB beers exhibited a significantly higher 

color intensity compared to the malted beer. It was 
observed that ultraviolet radiation had the greatest 
impact on color intensity. 

The results for the color measurement of the investi-
gated beers are presented in Figure 3. The average num-
ber of all particles (Fig. 4) was highest for the samples 
stored in darkness and under ultraviolet radiation. The 
commercial beers exhibited greater sensitivity, as they 
showed larger differences in the particle count depend-
ing on the storage conditions. In the case of the labora-
tory samples, the particle count was less than 300. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. Color values in EBC units for studied beers stored under different conditions (n=3, α=0.05; by the same letters 
denote homogeneous groups of results within each parameter) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Average particle count in studied beers stored under different variants 
 
 

In the control samples of the researched beers 
(Fig. 5a), the dominant fraction consists of particles 
ranging in size from 0 to 0.05 mm. The laboratory 
beers exhibited a higher presence of fine particles, 
while the beers with the unmalted adjuncts exhibited 
lower levels of identifiable particles compared to the 

malted beers. Particles larger than 0.1 mm were only 
detected in two variants. 

The beers stored at a temperature of 4 ± 2 °C 
(Fig. 5b) exhibited a decrease in the particle count 
compared to the non-stored beers. The addition of 
the unmalted adjuncts had a significant impact on 
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increasing the particle count. This can be attributed 
to the occurrence of cold haze formation, a phenom-
enon where polypeptides and polyphenols interact 
through non-covalent bonding. This process is re-
versible, and the haze disperses when the temperature 
is increased. Nevertheless, if covalent bonding occurs 

between these compounds, the resulting aggregates 
become stable and insoluble (Steiner et al., 2010). 
This low-temperature phenomenon is utilized in 
brewing during beer lagering, where the formed hazes 
settle to the bottom, resulting in increased beer clarity 
(Munroe, 2006). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 5. Particle count according to their size for: a) control sample, b) beers stored at 4 ± 2 °C, c) beers stored 
at 21 ± 2 °C, d) beers stored under ultraviolet radiation lamps, e) beers stored in darkness, f) forced aging beers 
 

 
Storage at room temperature resulted in a decrease 

in the count of identifiable particles in the range of 
0-0.05 mm (Fig. 5c). However, the malted laboratory 
beer exhibited an increase in the particle content, sug-
gesting potential initial microbiological contamina-
tion in this particular variant. The chosen storage 
temperature provides optimal conditions for the 
growth of various microorganisms. Additionally, the 
laboratory beers did not undergo pasteurization, fur-
ther diminishing their microbiological resistance. 
Although particles larger than 0.1 mm were detected 
in all the beer variants, their presence was minimal. 

Ultraviolet radiation had a significant impact on 
the increase in the numer of particles with an equiva-
lent diameter of 0-0.05 mm in commercial beers, as 
well as larger particles in all the investigated samples 
(Fig. 5d). The UN COM variant displayed particular 
sensitivity to these changes, with a 10-fold increase in 
the smallest particles and over a 67-fold increase in 
particles ranging from 0.05 to 0.1 mm compared to 
the control sample. This variant exhibited the highest 
number of large particles (108). 

Storage in darkness (Fig. 5e), similar to ultraviolet 
radiation, strongly influenced the particle count and 
haze formation. Among the smallest particles, the 
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malted commercial beer demonstrated the highest 
sensitivity, with the observation of 590 particles. Fur-
thermore, a 5-fold increase in this particle type was 
observed in the UN COM sample, and a 2-fold in-
crease in the laboratory beer with the unmalted ad-
juncts. The count of particles ranging from 0.05 to 
0.1 mm was also higher compared to the control 
sample. Although particles with an equivalent diam-
eter larger than 0.1 mm were detected in all the var-
iants, their presence was minimal. 

Forced aging is employed to determine the shelf 
life of beer. This method serves to determine the 
beer's stability. The particle size analysis (Fig. 5f) re-
vealed that in most cases, this process resulted in an 
elevation of identifiable particles. Nontheless, an ex-
ception was observed in the malted laboratory beer, 
where the aging process led to a reduction in the par-
ticle content compared to the samples not subjected 
to the aging process. 

The storage conditions influenced the formation 
of haze in both the malt and adjunct-containing 
beers. It is worth noting that storage at a constant 
temperature had a lesser impact on the count of 
identifiable particles compared to light exposure. 
The temperature ranges used during storage con-
tribute to a decrease in the number of detectable par-
ticles, except for the malted laboratory beer stored at 
21 ± 2°C, where the warm temperature may have had 
facilitated the growth of microorganisms, resulting 
in increased haziness. Special attention should be 
given to ultraviolet radiation, which had a signifi-
cant influence on haze formation, color, and particle 
counts. Light exposure leads to the degradation of 
specific compounds present in beer, such as vitamin 
B2 [29] and isohumulones  [13]. Therefore, the 
packaging materials commonly used for beer, such 
as cans or bottles made of green or brown glass, act 

as light barriers [13]. To fully understand the impact 
of UV radiation on haze formation, a comprehensive 
chemical analysis should be conducted to determine 
the relationship between degradation of the chemi-
cal compounds in beer under UV influence and their 
susceptibility to haze formation. In beers containing 
unmalted adjuncts, the particle content in the con-
trol sample was lower compared to the malted vari-
ants. This indicates that the addition of unmalted 
adjuncts effectively reduces the content of polyphe-
nols, nitrogen compounds, or β-glucan, which are 
involved in haze formation. For the malted beers, 
a decrease in the particle count was observed after 
storage at low temperatures. This phenomenon is at-
tributed to the formation of cold haze resulting from 
interactions between polyphenols and proteins, 
leading to sedimentation. All the samples for analy-
sis were taken from the middle portion of the solu-
tion, disregarding the sedimented particles. Storing 
beer alternately at high and low temperatures during 
the force aging process also significantly influenced 
the formation of particles, particularly in the size 
range of 0.05-0.1 mm in the commercial malt beer. 
It can be presumed that due to the fluctuating tem-
peratures, more substantial and permanent haze for-
mations began to develop in this beer, surpassing the 
colloidal haze. 

The Shadow Sizing method provides a means to 
measure and mathematically analyze solutions or 
materials containing particles with regular or irreg-
ular shapes [11]. However, the camera utilized for 
Shadow Sizing analysis lacked the required sensitiv-
ity to identify colloidal particles ranging from 0.1 to 
1 μm in size. To investigate changes in colloidal sta-
bility, application of the Shadow Sizing method with 
a higher-resolution camera would be necessary.

 
3. Conclusion 
 
The results presented in the study show the potential 
for turbidity formation depending on the raw mate-
rial used, storage methods or the scale of production. 
The findings provide a basis for determining which 
factors in the storage process should be avoided in or-
der for the beer to retain its physical stability for as 
long as possible. Unmalted additives are becoming 

increasingly popular in brewing processing. This 
study shows how they affect the turbidity potential 
compared to beers without them. This is important 
from the production technology point of view and to 
introduce appropriate measures to minimize the for-
mation of turbidity, e.g. through the addition of en-
zymes and the selection of raw materials. 
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