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Malting barley is a key ingredient in the production of malt, which is further used in the production of beer, a beverage with a long tradition
in Slovakia. The production of high-quality malt depends on multiple factors, including variety, weather conditions, soil characteristics,
water availability and appropriate processing. In recent years, the cultivation of malting barley in Slovakia has faced several agronomic
and economic challenges, such as variable weather patterns, soil degradation trends and increasing production costs, which have

contributed to a higher occurrence of barley with non-standard quality parameters. The aim of this study was to determine the technological
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quality of malting barley with non-standard protein content and to analyse the malting potential of the resulting malt samples. The results
indicate that processing barley with elevated protein content may adversely affect key malt quality attributes, including friability, extract
yield and the Kolbach index. These findings highlight the importance of monitoring the quality of incoming barley and adjusting malting

parameters when processing raw material that deviates from standard quality requirements.
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INTRODUCTION

Barley is one of the most important agricultural crops worldwide with a wide range
of uses and is particularly important in the feed and malting industries. Barley is
the fourth most important cereal grown in the world after maize, wheat and rice
(Hoyle et al., 2020). Barley grain is composed of dry matter (80-88%) and water
(12-20%). The main components of dry matter are carbohydrates, nitrogenous
substances, lipids, polyphenolic substances, inorganic substances and vitamins
(Pires-Branyik, 2015). Of the carbohydrates, starch is the most abundant at 65-
68% as well as non-starch polysaccharides such as cellulose, hemicellulose, gum-
like substances, and B-glucans (Deme et al., 2020). Starch is critical to extract
formation from a malting perspective and is also a measure of barley quality.
Starch undergoes the greatest physicochemical changes during the malting process
(Jiménez et al., 2018). The most important hemicelluloses and gummy substances
in barley grain are B-glucans. For malting barley, a low B-glucan and protein
content and, conversely, a higher starch content in the grain is desirable. The -
glucans form a barrier to the entry of hydrolytic enzymes into the cells, thereby
negatively affecting the rate of grain modification during malting (Rani and
Bhardwayj, 2021). Barley grain can contain 8 to 30% protein by weight of the total
grain. This amount is referred to as the crude protein in the grain. The protein
content is highly variable and influenced by many factors. Crude protein content
is generally recognised as the most important indicator of the processing value of
malting barley. The ideal crude protein content of malting barley should be around
10.7% (Franéakova et al., 2011). Producing high quality malting barley can be a
challenge for growers and a decline in the production of this commodity has been
noted in recent years (Siller et al., 2021). According to Macak et al. (2023),
several factors have contributed to the recent decline in malting barley cultivation
in Slovakia, including fluctuations in weather conditions, periods of drought,
temperature extremes and the generally less favourable economic position of
barley compared with other crops. These factors have made it increasingly
challenging for growers to consistently produce barley that meets the strict quality
and volume requirements of maltsters. In parallel with reduced production, issues
related to barley quality have become more frequent, with maltsters reporting a
higher occurrence of non-standard barley exhibiting deviations from typical
malting quality. The quality of malting barley is influenced by a range of
agronomic factors such as variety, weather conditions, soil characteristics and
fertilisation, as well as post-harvest handling including storage (Schierhorn et al.,
2020). However, the final product - malt - is also influenced by the technology of
its production (Solgajova et al., 2022). By modifying some technological steps
(cleaning), it is possible to increase the quality of the barley itself, to promote its

germination (addition of enzymes), or to a large extent to modify the malting
technology so that the malt obtained is of higher quality despite the lower quality
of malting barley (modification of steeping, air rest, modification of kilning, etc.)
(Yuqing et al., 2016; Farzaneh et al., 2017). Barley of non-standard quality may
be defined as grain with unsatisfactory moisture content, insufficient or high
protein content, biological or mechanical deterioration, mycotoxin or heavy metal
content and poor/irregular germination. In view of the hygienic quality of the malt
produced, barley with exceeded values of the parameters monitored in relation to
possible negative effects on the health of the consumer cannot be used and the
parameters in question must therefore be strictly always observed. Barley of non-
standard quality is rarely processed into malt and results in inferior quality malt
that can adversely affect the sensory, chemical and physical properties of beer
(Gupta et al., 2010). Badea and Wijekoon (2021) reported that batches of poor
quality barley are most commonly processed as: livestock feed, raw material for
the production of a products other than malt, e.g. barley flour, barley extrudate,
raw material for biomass or bioethanol production, conversion into fish feed.

The production of malt is one of the first and most important steps prior to the
brewing process, and malt is one of the main raw materials used in the production
of beer and is often referred to as the "heart" of beer, as it provides the beer with
important extractables necessary for fermentation. However, it also contributes to
the aroma, flavour and colour of the beer, which are its unique characteristics. The
malting process has three main steps: steeping, germination and kilning (Hoyle ez
al., 2019). When processing barley of non-standard quality into malt, it is
important to consider ecological and economic factors (Badea and Wijekoon,
2021). It is therefore very important to be able to determine the real potential for
malting quality of non-standard barley, and it is also of great importance to carry
out further research into processing and malting technologies regarding the quality
of the final product.

The aim of this work was to analyse technological quality of non-standard protein
content malting barley and to determine the malting potential of produced malt
samples and its utilization possibilities.

MATERIAL AND METHODS

Material

In total, 8 samples of the two-raw barley were analysed, including 5 samples of the
winter barley variety Casanova and 3 samples of the spring barley variety Overture.

Assessed varieties are currently among the most widely used in the malting
industry in the Slovak Republic (Drab et al., 2024). Samples were labelled
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according to variety and sampling locality (Casanova A-E, Overture A—C). Barley
originated from agricultural locations in western and southern Slovakia (Komarno,
Nitra, Galanta) and northern Hungary (P4pa) from harvest year 2023, after
overcoming dormancy. Samples were selected due to their non-standard protein
content, exceeding the typical malting requirements. The selection criterion was
crude protein content outside the optimal values such as: <10% and >12%. These
levels classify barley as non-standard for malting due to the expected negative
impact on modification and extract yield. Crude protein content is generally
recognised as the most important indicator of the processing value of malting
barley.

The malting potential was evaluated based on analyses of barley and subsequently
malt samples. Before malting, the samples were cleaned to remove foreign matters
as well as broken and immature grains. Micro-malting was conducted in a
laboratory micro-malting plant (Ravoz, Olomouc, Czech Republic) provided by
Research Institute AgroBioTech at Slovak University of Agricultural in Nitra. The
weight of each malted sample was 1000 g. Grain fraction over 2.5 mm was used in
the malting process.

Malting barley quality, malting of samples and malt analyses were determined
according to the following methodologies of European Brewery Convention
(Analytica EBC, 2010) and Middle European Brewing Analysis Commission
methods (MEBAK, 2011).

Micro Malting

The malting of the samples followed the MEBAK 1.5.3 (2011) methodology, while
the malting process was modified to simulate the malting of the samples under
operating conditions. Malting consisted of the following technological steps. The
air steeping was conducted in the steeping box. During the steeping process, the
samples were alternately steeped in water and then an air rest was performed after
draining the steeping water. Two steeping cycles and air rests were performed.
Barley was steeped for 1 day at 15 °C. The samples were submerged in water for
5 hours, followed by an air rest and an additional 4 hours of steeping to achieve a
moisture content of 45%. At the end of the steeping process, the degree of steeping
of the samples was checked by weighing, if the degree of steeping of the samples
was not 45%, samples were individually sprinkled with the required amount of
water. After steeping, barley was transferred to a box for germination. The total
germination time was 120 hours. The temperature of the grain during germination
was controlled at 17 °C. During this process, turning - removing the sample from
the germination box, mixing and returning the sample to the box - was done every
12 hours. After the first day of germination, the degree of steeping of the samples
was checked and, if necessary, the samples were sprinkled with individual amounts
of water. The kilning process was performed on an electrically heated one-floor
kiln. The samples were pre-dried at a temperature of up to 53 °C for 6 hours, after
which the drying temperature was gradually increased to a finishing temperature
of 82 °C for 8 hours, and this temperature was maintained for a further 3 hours.
The samples were then cooled and the roots and sprouts formed were removed by
a de-germination process.

Barley samples Analyses

Barley analyses were carried out according to the methodology (EBC, 2010) and
(MEBAK, 2011), using the following methods: determination of barley moisture
content (EBC Method 3.2), starch content (EBC Method 3.13), total nitrogen (EBC
Method 3.3.1), hectolitre weight (MEBAK, 2011), first-class proportion over 2.5
mm (EBC Method 1.1.1), germination capacity (EBC Method 3.5.2).

Malt Analyses

Malt and wort analyses were carried out according to the methodology (EBC,
2010) and (MEBAK, 2011). Congress worts were prepared according to EBC
Method 4.5.1. The technological parameters such as extract content (EBC 4.5.1),
wort saccharification rate and filtration time (EBC 4.5.1), wort colour (EBC 4.7.1),
haze of wort at 90° (EBC 9.29), wort viscosity (EBC 4.8), Kolbach index (EBC,
4.9.1), apparent final attenuation (EBC 8.6.2) were also analysed in the samples.
In malted samples the friability (EBC 4.15), the malt moisture content (EBC 4.2)
and total nitrogen (EBC Method 3.3.1), was also determined. Relative extract at
45°C was analysed by method (MEBAK 4.1.4.11) as well as wort clarity (MEBAK
3.1.4.2.6).

Statistical Analyses

The experiment was conducted in triplicate, referring to three analytical repetitions
of each measured parameter, while micro-malting was carried out once per sample.
The data were analysed using one-way analysis of variance (ANOVA), followed
by Duncan’s multiple range test. Statistical analyses were performed using

Statistica version 12 (StatSoft Inc., Tulsa, OK, USA). Differences were considered
statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The winter barley variety Casanova and the spring barley variety Overture were
selected for analysis based on their non-standard protein content, which classifies
them as suboptimal for malting. The corresponding quality parameters of the
barley samples are presented in Tables 1-2.

Technological quality of barley

In our dataset, the analysed barley samples differed markedly in parameters
influencing their malting behaviour, and these differences were strongly driven by
the protein content. Although moisture values of all samples remained within the
commonly acceptable storage range (11.48-12.33%), the variation between
Overture A (12.33%) and Casanova D (11.48%) showed that individual lots
entered malting with different hydration levels, which likely influenced their
subsequent steeping behaviour. Rani and Bhardwaj (2021) state that grain
moisture is a key indicator especially for storage of barley. The authors recommend
a moisture content of approximately 14% for short-term storage, while a lower
moisture content of around 12% is considered suitable for long-term storage
(LiSkova et al., 2011); however, moisture levels should not decrease below 10%,
as this may result in reduced germination capacity.

From the results we found that grain protein content influenced several
technological parameters. Casanova A, with the highest protein content (13.93%;
Table 1) consistently exhibited indicators of inferior malting suitability such as the
lowest starch content, the lowest proportion of first-class grains, and reduced
hectolitre weight. Conversely, Casanova B, the lowest protein sample (8.54%;
Table 1) showed the highest starch content (58.48%) and a more favourable grain
structure. These trends demonstrate that protein content was the principal factor
determining overall raw material quality in our sample set, and the strength of the
relationship is supported by the statistically strong negative correlation between
protein and starch (r = 0.9868; Table 3). These findings are in line with authors
Bosko et al. (2025) who state that the optimal grain protein content ranges from
10 to 12%. Hoyle et al. (2019) state that a high protein content in barley can cause
turbidity in beer, while too low protein content can cause defects in foaminess and
fullness of beer. The starch content is crucial for the formation of the extract and
is therefore an important measure of the quality of the barley. In malting barley,
the starch content in grain dry matter is around 63-65% and should not be less than
60% (Benkova, 2009; Basafova et al., 2015). Yu et al. (2017) investigated the
relationship between protein content, molecular structure and starch grain size in
grain. The study showed that protein content was negatively correlated with starch
content in grain, but the correlation between protein content and starch structure
was not significant.

According to Franéakova et al. (2011); Solgajova et al. (2022) the value of the
proportion of first-class grains should be above 85% for good quality malting
barley. The results also showed that grain structure deteriorated with increasing
protein content, as seen in the sharp drop in first-class grain proportion in Casanova
A (65.53%; Table 1). This confirms that high protein barley in our study tended to
have smaller and less uniform kernels. Although most samples met the >85%
criterion for first-class grain proportion, the poorest-performing sample highlights
the technological risk associated with high-protein lots, especially in years or
regions with protein rich production conditions.

The hectolitre weight is mainly influenced by the weight and shape and the barley
starch content. For barley, the average value of hectolitre weight ranges from 720
g.dm™ to 740 g.dm™ (Basarova et al., 2010). Aydogan et al. (2017) reported that
the hectolitre weight in spring barley ranges from 650-780 g.dm™ however, grain
with a lower hectolitre weight is no longer suitable for malting. Hectolitre weight
followed a similar pattern. Overture B reached the lowest value (660.40 g-dm™;
Table 1) which places it close to the limit of acceptable malting quality. Given that
hectolitre weight is closely linked to grain plumpness and starch accumulation, this
again reflects the influence of protein-driven grain development. Casanova D, with
a high hectolitre weight (733.23 g-dm™), supports the interpretation that grain
physical quality was strongly variety and protein dependent.

From biological parameters germination capacity was measured. Germination is
one of the most important indicators for assessing malt quality because barley must
germinate uniformly (Fox and Bettenhausen, 2023). Osama ef al. (2021) state
that barley germination is very important for malting purposes. At least 96% of the
grains must germinate. The homogeneity of the grains is also important for
synchronous germination of individual grains to occur (Kunze, 2014). All samples
exhibited germination capacity above 98% (Table 1) indicating that despite
significant variation in protein and starch composition, physiological viability was
not compromised. This also confirms that the samples, although differing in
technological quality, were all suitable for controlled micro-malting experiments.
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Table 1 Means and homogeneous groups of technological parameters of barley samples based on Duncan’s multiple range test

Barley parameters Casanova A Casanova B Casanova C Casanova D Casanova E Overture A Overture B Overture C
Crude protein (%) 13.93 £0.08g 8.54 +0.09a 9.02 +0.04b 12.74+0.06¢ 9.94+0.08d 13.66:0.17f 9.3320.09¢ 9.3820.11c
Starch (%) 53.19+0.88a 58.48+0.75¢ 57.97+0.7de 54.7140.16b 57.1140.13¢ 53.05¢038a  57.614032cd  57.63+0.45¢d
E,}S‘ class proportion 65.53+0.55a 95.10+0.53¢ 94.00+1.06¢d 98.20+0.60f 97.97+0.35¢ 93.57+1.29¢ 98.37+0.95f  89.7740.95b
gﬁ‘;ﬂ;‘e weight 677.23+4.47bc  679.93+3.00bc  670.07+3.05ab  733.23£10.55d  684.33+5.85c  681.67+3.98c  660.4049.75a  687.20+5.37c
Germination (%) 98.67+0.58a 99.00+0.00ab 99.67+0.58bc 98.67+0.58a 100.00+00¢ 99.6740.58bc  98.5040.50a  98.50+0.50a
Steeping degree 39.67+0.58¢ 36.33+1.15a 39.67+0.58¢ 36.33+0.58a 40.33+1.15c  39.00£1.00bc  38.00£1.00b  36.33+0.58b
- end of steeping (%)

Steeping degree

- first day germination 42.33+1.15¢ 39.33+0.58ab 40.33+1.53abc 39.00+1.00a 41.33+1.53bc 40.67+0.58abc 41.33£1.53bc 38.67+1.53a
(%)

Steeping degree

- end of germination 38.33+1.53a 38.33+0.58a 38.67+1.53a 37.33+0.58a 37.33+1.15a 37.33£1.53a 383340.58a  39.33+1.53a
(%)

Legend: different letters at mean represent statistically significant differences among varieties (p<0.05)

Steeping degree

The samples were subsequently malted in a micro-malting plant under conditions
that simulated normal malting under operating conditions.

The steeping process revealed clear differences in water uptake between the
analysed samples, and these differences closely reflected their protein
composition. Although all samples were steeped under identical conditions, none
of them reached the target moisture content (45%) after the standard steeping
cycles, indicating that several lots required additional water to achieve sufficient
hydration. The degree of steeping is an important indicator of hydration efficiency,
as higher steeping levels promote more vigorous germination and increased
production of simple sugars (Rani and Bhardwaj, 2021). This suggests that the
starting material, especially its protein structure and kernel morphology,
substantially influenced water absorption behaviour under micro-malting
conditions.

Our results confirm a consistent trend that barley with lower protein content
achieved a higher steeping degree, both after steeping and after the first day of
germination (Table 1). This indicates that low-protein grains hydrated more readily
and maintained more stable moisture distribution during early germination. In
contrast, high-protein samples, particularly those from the Casanova variety,
required additional moistening and still showed lower final steeping degrees. Such
behaviour is consistent with the observation of Prokes (2000), who reported that
protein-rich barley absorbs water more slowly and often requires more intensive
steeping to achieve sufficient proteolytic and cytolytic degradation.

The practical implication of this is that high-protein barley in our study reacted as
a technologically more demanding raw material, requiring either longer steeping
or more intensive moistening steps to ensure comparable hydration to low-protein
barley. Without such adjustments, these lots are at higher risk of uneven
germination and insufficient cytolytic and proteolytic activity, as also noted by
Prokes (2000). The observed water-uptake behaviour therefore directly explains
why high-protein samples in later stages of malting showed slower modification
and higher residual moisture in finished malt. A further observation from our
results is that post-steeping moistening had a clearly positive effect, as all samples
showed an increased steeping degree after 24 hours of germination. This confirms
that controlled post-steeping hydration can effectively compensate for initial
deficiencies in water uptake, especially in protein-rich lots.

Opverall, the steeping behaviour of the samples demonstrates that protein content
was the primary parameter influencing hydration kinetics, and the differences
observed already in the steeping stage forecasted several technological outcomes
later documented in malt quality parameters. This also emphasises the importance
of carefully controlled steeping procedures, as overly low or overly high moisture
levels may impair germination dynamics, as also stated by Mosher and Trantham
(2016).

Technological quality of malt

The malt analyses confirmed that differences observed in the barley stage were
carried through the entire malting process. A clear and consistent pattern was found
across both varieties. Samples with higher protein content produced malt with
higher residual moisture after kilning. This trend was evident in both cultivars,
with Casanova A (4.33%) and Overture A (3.70%) - the highest-protein samples,
also showing the highest malt moisture levels. This indicates that protein-rich
kernels dried more slowly, likely because their denser endosperm structure retained

more water during kilning. In our work we observed lower moisture content in
spring barley varieties and higher moisture content in winter barley varieties (3.53-
4.33%). Malt moisture content is one of the factors that affect the loss of aromatics,
milling difficulties, reduced stability and foaming problems of beer (Guido and
Ferreira, 2023). The moisture content of finished malt should not exceed 6%
(Kunze, 2014). These findings suggest that the key controlling factor in our dataset
was protein content rather than hydration behaviour during steeping. Variety had
an additional effect: winter barley samples generally showed slightly higher malt
moisture, consistent with their harder grain texture and slower moisture release that
influence kilning efficiency. According to Basafova ef al. (2010), after kilning,
the moisture content of the malt should be 3.5% for pale malts and 2% for dark
malts. Higher malt moisture content may cause a reduction in extractability,
storage problems and fermentation problems The barley growth habit may
significantly influence the rate of water uptake during steeping and the rate of
moisture removal during kilning (Basafova et al., 2015), as winter barley varieties
are generally harder than spring varieties, which can result in slower water
absorption and desorption from the grain.

According to Rydzak et al. (2023), controlling protein modification during
malting and subsequent wort preparation is essential, as malt protein levels
influence both modification and extract formation. The optimum malt protein
content is generally considered to be 9.5-11.5% (BasafFova et al., 2015). In our
study, malt protein values ranged from 7.74% to 13.68% and closely mirrored the
protein levels of the corresponding barley samples, with a very strong correlation
between barley and malt protein (r = 0.9963; Table 3). This indicates that the
malting process did not substantially reduce the compositional differences between
lots, and high-protein barley remained high-protein after germination and kilning.
As noted by Gupta et al. (2010), malting increases the soluble nitrogen fraction
due to proteolytic activity, but the overall protein ranking of the samples typically
remains unchanged. The technological implications of this are significant.
High-protein samples in our study required modified malting conditions to achieve
adequate modification, including more intensive steeping, slower moisture release
during kilning and potentially lower germination temperatures to prevent excessive
proteolysis. Such adjustments are in line with recommendations by Rani and
Bhardwaj (2021), who propose lower germination temperatures (8-15 °C) for
high-protein malts to avoid undesirable reactions. In contrast, low-protein samples
showed faster and more uniform drying, more efficient hydration, and lower final
malt moisture - indicators of more favourable malting performance. Rostovskaya
et al. (2020) similarly indicate that low-protein barley should be steeped more
gently (often only once or twice) to avoid excessive nutrient loss, with germination
temperatures typically maintained between 10 and 20 °C. Overall, the behaviour
of the samples throughout the malting process confirms that protein content was
the central determinant of malt technological quality in our study. The observed
alignment between protein levels, hydration behaviour, and kilning performance
demonstrates that nitrogen variability within a single harvest year can significantly
influence malting efficiency and key malt parameters. As also highlighted by
Matbhias et al. (2014), protein breakdown during germination alters the nitrogen
profile of the grain, but high-protein barley nonetheless remains technologically
demanding and must be processed carefully to prevent grain damage
(Rostovskaya et al., 2020). The negative influence of elevated grain protein on
extract yield, previously reported by Drab et al. (2013) and Basatova et al. (2015),
was fully confirmed in our results.
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Table 2 Means and homogeneous groups of technological parameters of malt samples based on Duncan’s multiple range test

Malting parameters Casanova A Casanova B Casanova C Casanova D Casanova E Overture A Overture B Overture C
Crude protein (%) 13.6840.06f  7.74+0.05a 8.39£0.02b  12.524040e  9.34+028d  12.69+0.22¢  8.49+0.09b 8.92+0.12¢
Extract of malt (%) 77.6940.37a  83.81+0.25¢f  82.88+0.26cd  80.28+0.55b  83.07+0.41de  82.264+0.51c  84.12+0.63f  82.86:0.48cd
Kolbach index (%) 25554054 40.87+0.28f  41.55+0.62f  29.63:0.33b  36.58+0.41d  32.83+1.08c  38.63+0.63¢  30.71£0.97b
Friability (%) 55.56+0.52a  85.96£0.92¢  79.68+1.05d  61.284032b  85.00£0.19¢  78.04+036c  97.54+£0.46f  80.10+£0.49d
?,Zl)atwe extractd3°C 9791072 27.59:043a  27.92:0.78a  32.79+043¢  31.71£0.53c  37.30:0.60f  30.28£045b  31.80£0.63cd
}’)V"” viscosity (mPa.s” 1y 5610006 1.51£0.00c  1.53:001d  1.67+0.01f  147£0.01b  1.75:0.00g  144:00la  1.55:0.0le
Wort haze 90° (EBC) 4.15+0.04b 8.48+0.05g 7.34+0.05d 7.48+0.02¢ 7.030.10¢ 3.48+0.03a 3.58+0.08a 8.1120.06f
Wort colour (EBC) 5.03£0.05a 8.03+0.06h 7.14+0.04d 7.6120.04e 7.85+0.04g 5.750.08b 5.93+0.04¢ 7.7240.05¢
Apparent final 81.70+0.12b  81.9140.49bc  81.90+0.32bc  80.62+0.36a  80.83:021a  82.83+0.11d  82.62+0.58cd  80.31+0.73a
attenuation (%)

Filtration time (min.) 18.3341.53bc  17.6740.58b  18.33+1.53bc  14.67+0.58a  20.33+1.53c  19.3341.53bc  39.33+1.53e  31.33+1.53d
Saccharification (min.) <15 <15 <15 <15 <10 <10 <10 <10

Legend: different letters at mean represent statistically significant differences among varieties (p<0.05)

Malt extract represents the soluble substances released from malt during mashing,
including simple sugars and amino acids that support yeast nutrition, as well as
more complex carbohydrates and proteins contributing to beer flavour, aroma and
mouthfeel. Because extract yield is a central indicator of malt quality, its
determination is critical for evaluating malting barley (Fox and Bettenhausen,
2023). As emphasised by Li et al. (2008), extractability has major economic
significance for brewers, and varieties capable of producing high extract are
therefore preferred. Low extract yields are associated with operational
inefficiencies, including prolonged brewhouse processing, poorer fermentation
performance, turbidity formation, filtration challenges and potential off-flavours.
Malts with high enzymatic activity and correspondingly high extract support both
product quality and brewhouse yield (Rani and Bhardwaj, 2021). In our study,
extract values clearly reflected differences in protein composition among samples.
Overture B achieved the highest extract (84.12%), while Casanova A (the sample
with the highest grain protein content) showed the lowest extract value (77.69%).
This pattern is consistent with the established negative relationship between
protein content and extract yield described by Drab e al. (2013) and further
supported by the strong extract—protein association noted by Hartman (2013). Our
results confirmed this relationship quantitatively, revealing a statistically
significant negative correlation between protein content and malt extract (r = -
0.8292; Table 3). A comparison between sample groups illustrates the
technological relevance of this trend, samples with protein levels below 10%
produced on average 83.35% extract, whereas samples exceeding 10% protein
achieved only 80.08%. These findings demonstrate that protein content was a key
determinant of saccharification efficiency within the sample set. While literature
sources such as Fox and Bettenhausen (2023) and Li et al. (2008) describe the
general technological and economic importance of extract, our data highlight how
strongly extract yield can vary within a single harvest year when barley protein
content fluctuates.

The saccharification is the time required for the starch to be converted into simple
sugars during the mashing process. Good quality malt should be sugared in less
than 10 minutes as enzymes initiate starch hydrolysis, longer duration is due to
poor starch degradation (Kumar et al., 2013).

Saccharification time mirrored the extract behaviour. Samples Casanova E,
Overture A, Overture B and Overture C achieved saccharification within <10
minutes, meeting the expectations for well-modified malt, as noted by Kumar et
al. (2013) and consistent with the acceptable 10-15 min range reported by
Francakova et al. (2011). Samples with longer saccharification times (15 min)
corresponded to higher protein content and poorer modification, demonstrating
that protein-rich malts required more enzymatic effort to degrade starch into
fermentable sugars.

Friability measurement is used to evaluate the degree of cell wall modification in
malted grains and to identify malts that may cause problems in later brewing steps,
such as clarification, mashing or filtration (Schwartz and Jin, 2020). Malt
friability is generally expected to exceed 90% for well-modified malt (Rani and
Bhardwaj, 2021). High friability values indicate sufficient degradation of
structural components, including non-starch polysaccharides such as B-glucans, as
documented by Psota ef al. (2018) and Solgajova et al. (2022).

In our study, friability proved to be one of the most sensitive indicators of
modification quality. Casanova A (the sample with the highest protein content)
reached only 55.56% friability, demonstrating pronounced under-modification.
This behaviour corresponds to the mechanism described by Prokes (2000), who
reported that higher grain protein content increases kernel hardness and slows
cytolytic degradation. Literature values for high-quality malts (>90% friability;
Psota et al., 2018; Rani and Bhardwaj, 2021) contrast sharply with the poor
friability values observed in high-protein samples in our dataset. Our results also
revealed a statistically significant negative correlation between protein content and
friability (r = -0.7774; Table 3), demonstrating that protein acted as the main
limiting factor in endosperm modification. This association is consistent with
findings of Bohacenko et al. (2021) and agrees with technological observations by

Schwartz and Jin (2020), who noted that under-modified malts are more likely to
cause lautering and filtration issues. Based on these findings, barley with elevated
protein content should be steeped to a higher degree of steeping and allowed a
longer germination period to achieve adequate modification and reach optimal
friability values.

Relative extract at 45 °C, an indicator of proteolytic activity, showed pronounced
deficiencies in several high-protein samples. Casanova A—C did not reach even
30%, indicating insufficient proteolysis. Although Fran¢akova et al. (2012), Drab
et al. (2013) lists 37% as the desirable threshold, and Psota et al. (2009) report a
link with the Kolbach index, our results did not confirm a significant correlation
between these parameters (Table 3). This suggests that in these samples,
proteolytic activity was limited primarily by poor hydration and slow modification
rather than by the enzymatic system itself.

The Kolbach index indicates the ratio between the total nitrogen content of malt
and the dissolved nitrogen content of the congress wort. The optimum value ranges
from 38 to 42% (Kreisz, 2009). Authors Amabile et al. (2014); Zavi-elova et al.
(2021) indicates that for European breweries the Kolbach index should not exceed
40%, but for example American breweries require a value of at least 42%. Kolbach
index values ranged widely (25.6—41.5%; Table 2) and reflected similar patterns
as other indicators. High-protein samples such as Casanova A, Casanova D and
Overture A exhibited values below 35%, which Zavielova ef al. (2021) associate
with incomplete proteolytic modification. Conversely, Casanova C reached
41.55%, meeting the upper limit recommended by Kreisz (2009). Our data confirm
a strong correlation between extract and Kolbach index (r = 0.8353; Table 3) with
a level of significance (p < 0.05), matching the positive correlation described by
Frandakova et al. (2011).

The apparent final attenuation represents a comprehensive indicator of malt
quality. It reflects the proportion of malt extract that is utilizable by yeast, with
particular emphasis on the content of fermentable sugars (Kreisz, 2009). Prokes
et al. (2007); Zavielova et al. (2021) states that malts with a high apparent final
attenuation, can provide beers with an empty taste. For pilsner malt, a typical
apparent final attenuation is 78-82%. All samples reached acceptable apparent final
attenuation values typical for pilsner malt (79-82%), consistent with the ranges
suggested by Fran¢akova ef al. (2012). The fact that attenuation remained within
the optimal range even in high-protein samples indicates that fermentable sugar
composition was less affected by protein variability than extract and modification
parameters.

Viscosity plays an important role in the production, it is mainly influenced by the
content of high molecular weight substances in the wort (polysaccharides, B-
glucans). If grains with high protein content are less hydrated and germinated
during the malting process, it results in poorer grain modification of non-starchy
polysaccharides and an increase in wort viscosity (Bl§akova er al, 2022).
Viscosity results were favourable in all samples, but one sample Overture A
reached the critical upper limit (1.75 mPa-s™'), which corresponds to incomplete
B-glucan degradation as noted by Jin et al. (2013) and Deme et al. (2020). Authors
reported that viscosity is commonly regarded as an indirect indicator of f-glucan
degradation as elevated values are associated with impaired wort flow during
lautering. Malts producing laboratory wort viscosities exceeding 1.75 mPa-s™ are
therefore considered to exhibit insufficient modification. All other samples fell
within acceptable ranges (1.44-1.67 mPa-s™'; Table 2), consistent with the guidance
of Basarova ef al. (2015) and Solgajova et al. (2022).

Filtration rate is one of the traditional parameters used to assess malt quality. It is
evaluated during wort filtration, which under standard conditions should be
completed within 1 hour. Filtration time of up to 2 hours is classified as slow, while
filtration exceeding 2 hours is considered poor (Francéakova et al., 2011).
Filtration was completed within 60 minutes for all samples (Table 2), indicating
satisfactory modification from a lautering perspective, as defined by Prokes et al.
(2007) and Franéakova et al. (2011). Authors reported that fast filtration is a sign
of good modification of the barley grain and perfect mashing of the malt.
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Clear malt worts are indicative of well-modified barley grain and properly kilned
malt (Prokes et al., 2007). Wort clarity was acceptable in most samples; only
Casanova B and Overture C exceeded the haze threshold of 8 EBC units. This
aligns with the sensory and quality thresholds described by Psota et al. (2018).
Authors state that turbidity values exceeding 8 EBC units are characteristic of

opalescent malts. Importantly, no significant correlation was found between
protein content and haze (Table 3), suggesting that turbidity was driven more by
sample-specific attributes than by protein alone.

Table 3 Correlation matrix of analysed parameters in barley, malt, and wort

Crude . . Malt
protein Starch HECFOIIHe First- Moisture Protein  extract in L Relative . . WPIT Wer Filtration
Parameters content- content- weight- class content - content - d Kolbach  Friability extract Viscosity  turbidity  turbidity rate
barle barley barley proportio malt (%) malt (%) mart{er index (%) (%) 45°C (%) (mP.s") 90° 13° (min.)
% )y (%) (g.dm™) n (%) g ° %) ® (EBC) (EBC) -
Starch content-barley
pon -0.9868
Hectolitre weight-
bariey (& ) 04187 -0.2831
5}3"“3“ proportion ) 5536 0.5906  0.1943
?ﬁf;smre content-malt o 4037 03817 03115  -0.5592
gjo‘;de proteinmalt ¢ 9963 09789 04533 -0.5511  0.4355
Moy MY 08202 0.8096  0.3897 07991 0.6922  -0.8599
Kolbach index (%)  -0.7990  0.7616 -0.4818  0.5900 -0.2674 -0.8372  0.8353
Friability (%) 07774 07391 -0.5820 0.6615 -0.7438 -0.8181 09492  0.7905
gj)')‘"‘t””""““‘sc 05613 -0.5470 03551 02332 -0.4023 05348 -0.0671 -0.4114 -0.1042
Viscosity (mP.s") 07127 -07019 05250 -0.0617 02305 07129 -0.3921 -0.4803 -0.5268 0.7517
gg&;“‘b‘d“y% 20.5013 05764 04474 03259  0.1600 -0.4504 02025 02385 -0.0357 -0.4099 -0.2036
ggré;“‘bid“ym 204608 05325 04539 02592 02674 -0.4066 0.1358 02149 -0.1108 -0.4438 -0.1541  0.9901
Filtration rate (min.) ~ -0.4275 04150 -0.4816 02457 -0.6505 -0.4387 04774 0.1590  0.6440 -0.0289 -0.4933 -0.3377 -0.3830
Saccharification 0.1301  -0.1027 02769 -0.3881 0.9534  0.1651 -0.4779 -0.0265 -0.5741 -0.5767 0.0619 03926 04900 -0.6458

(min.)

Effective malting of barley samples with non-standard protein content requires
above all an individualised technological approach, including careful adjustment
of steeping intensity, germination conditions and kilning parameters to achieve
adequate malt modification. In addition, the results suggest that protein-rich barley
lots should not be used as single-source malts but rather incorporated into blends
with low-protein malts to achieve balanced modification and optimal extract.
Breweries can use these data to adjust mashing, filtration, or nitrogen management
strategies when handling variable-quality malt supplies. Overall, strategic blending
malts represents an effective way to mitigate the negative technological impacts
associated with high-protein barley.

Although micro-malting cannot fully replicate the heat and airflow conditions of
industrial systems, it remains an essential and widely accepted method for reliably
predicting malt behaviour under controlled conditions. Micro-malting provides the
only practical way to assess the technological risks of non-standard raw materials.
Thus, the observed trends in hydration, modification and extract are directly
relevant for industrial practice, even if absolute values may differ at full scale.

CONCLUSION

This study assessed the technological quality of malting barley with non-standard
protein content and the malting potential of the resulting malts. The sample with
the highest protein content (Casanova A) exhibited the lowest starch content and
failed to meet the required proportion of first-class grains, while all samples
achieved excellent germination capacity (>98%). Hectolitre weight values ranged
from 660.4 to 733.2 g-dm, reflecting substantial variation in grain physical
quality. During micro-malting, clear relationships emerged between protein
content and malt quality. Higher-protein samples consistently retained more
moisture after kilning, and protein level significantly affected malt friability,
indicating limited endosperm modification in protein-rich lots. Malt extract values
were within the optimal range except for Casanova A, which showed reduced
extractability in line with its elevated protein content. Most samples exhibited low
proteolytic activity, as indicated by relative extract at 45 °C, and the Kolbach index
ranged from 25.6% to 41.5%, with high-protein samples showing the lowest
values. Wort viscosity exceeded acceptable limits only in Overture A, while final
attenuation and haze values met technological requirements in nearly all cases.

Overall, the findings of this study demonstrate that non-standard barley with
elevated protein content negatively influences grain hydration, malt drying
behaviour, modification degree, extract formation and proteolytic indicators.
Effective malting of such material therefore requires an individualised
technological approach, including careful adjustment of steeping intensity,
germination conditions and kilning parameters to achieve adequate modification.
The results also highlight the practical relevance of raw-material segregation based
on protein level. Mixing barley lots with contrasting protein contents before
malting may reduce modification uniformity within the malt batch. To ensure
consistent technological performance and meet malt specifications, post-malting
blending of finished malts is preferable to blending raw barley prior to processing.

This approach enables breweries and maltsters to compensate for variability in
barley quality while maintaining stable extract yield, modification level and overall
processing performance.
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