| COBBIND NN ﬂm’@ connecdions beleen WEJM@ ond indighrial saﬂdlhab@

August 25 to 28, 2024
Cost@o do Santinho Resort, Floriandpolis, SC, Brazil

ENZYMATIC HYDROLYSIS OF PRE-GERMINATED BARLEY

Luciane Maria Collal*, Gabrielle Fusiger Berwian?, Ana Luisa Gayger?, Gabriel Lanza Colvero?,

L University of Passo Fundo, Graduate Program in Food Science and Technology
2University of Passo Fundo, Graduate Program in Agronomy
3 University of Passo Fundo, Chemical Engineering undergraduate Course
" E-mail: Imcolla@upf.br

ABSTRACT

The study aims to evaluate the enzymatic potential of pre-germinated barley samples for bioethanol production. The methodology
consisted of enzymatic hydrolysis of pre-germinated malt and barley samples, testing different pH conditions (5.0, 5.5, and 6.0),
temperatures (60, 65, and 70°C), and solid concentrations (10, 15, and 20%). The results indicate that pre-germinated barley
samples had a maximum efficiency of 28%, while the brewing standard malt (standard sample) had a maximum efficiency of 76%.
Although hydrolysis efficiency with pre-germinated barley has been limited, research suggests that adding commercial enzymes
may provide greater efficiency. The use of brewery waste for the production of bioethanol can bring economic and environmental
benefits, as it allows the use of raw materials that would otherwise be discarded, reducing environmental impacts and increasing
efficiency in the use of resources.
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1 INTRODUCTION

Barley plays a fundamental role in the brewing industry, where it is transformed into malt through a process that is rigorously
conducted to ensure optimal humidity and temperature conditions (Pielech-Przybylska et al., 2017). However, the challenges
faced by producers during cultivation can compromise the quality of the grains, highlighting pre-germination in the field, where the
embryo begins its development, only to be interrupted by dehydration before reaching an irreversible stage, damaging the quality
of the resulting malt and causing difficulties for producers (Gualano et al., 2014). Despite being unsuitable for beer production,
pre-germinated grains retain significant starch and maintain the potential for bioethanol production.

During barley germination, amylolytic enzymes are released, such as a-amylase and 3-amylase, which promote the breaking
of alpha 1-4 bonds, converting starch into fermentable sugars (Carvalho and Beléia, 2019). Therefore, the present study aims to
evaluate the enzymatic potential of pre-germinated barley samples for use as a substrate in bioethanol production.

2 MATERIAL & METHODS

For hydrolysis, samples of pre-germinated barley (field germination rate of 95%) and brewing standard malt (reference for
hydrolysis) were ground in a knife mill (model MAO9O/CFT, Marconi, Brazil) and then passed through a 10-mesh sieve to
standardize particle size. The hydrolysis process of the raw materials was carried out using only the intrinsic enzymatic potential
of the grains, following the 22 designs presented in Table 1.

Table 1 - Study of the Influence of pH, Temperature, and Solid Load (SC) on the Total Amylolytic Activity of Malted Grains

Treatment Temperature pH Concentration
(°C) of solids (%)
Tl 60 5,0 10
T2 70 50 10
T3 60 6,0 10
T4 70 6,0 10
T5 60 5,0 20
T6 70 50 20
T7 60 6,0 20
T8 70 6,0 20
T9 65 55 15
T10 65 55 15
T11 65 55 15

Experiments were conducted in duplicate. Aliquots were taken every hour to determine reducing sugars using the 3,5-DNS
method (Miller, 1959), continuing until the conversion of reducing sugars stabilized. The efficiency of biomass hydrolysis was
calculated using Equation 1. The data were subjected to Analysis of Variance (ANOVA), and the differences between treatments
were evaluated by the Tukey test at a 5% significance level, using Excel and Statistica 7 software.

EH(%) = 2= + 100 (1)
Where: EH(%) = hydrolysis efficiency; AR = reducing sugar obtained after hydrolysis; PAi = percentage of initial starch.

3 RESULTS & DISCUSSION



Figure 1 presents the data on hydrolysis efficiency at the optimal saccharification times for both samples, with pre-germinated
barley taking 8 hours and malt taking 1 hour.

Figure 1 - Enzymatic hydrolysis efficiency at the optimal saccharification times: 1 hour for malt and 8 hours for pre-germinated
barley
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*DNS analysis could not be performed on pre-germinated barley in treatments T6 and T8 due to the inability to achieve solid-liquid separation. Means were
evaluated using analysis of variance followed by Tukey's comparison of means. Equal letters on each graph indicate that the means do not differ from each other
(p>0.05).

Pre-germinated barley showed inferior results, with optimal efficiencies achieved only in treatments T9, T10, and T11, where
an efficiency of around 28% was observed. Pre-germinated barley is characterized by its germination under field conditions (Laus
et al., 2022) being subject to environmental variations that can negatively affect the activation of the necessary enzymes. This
suggests that the enzymes present in pre-germinated barley may not be activated as efficiently as those in controlled malt, which
is reflected in the reduced hydrolysis efficiency of microbial origin to the residue, increasing its efficiency in the production of
sugars.

About malt, which was subjected to controlled germination, they demonstrated greater enzymatic efficiency. Notably, the T4
treatment stands out as the optimum point for these samples, reaching a maximum efficiency of 76%. This result is by the
hydrolysis time intervals practiced in the brewing industry (Langenaeken et al., 2019) and highlights the efficiency of the controlled
process in activating the enzymes necessary for the effective hydrolysis of the substrates present in the malt. Given the excellent
results obtained in the study, investment in controlled germination techniques can be highly advantageous, increasing the
conversion of substrates into fermentable sugars and enhancing efficiency when combined with commercial enzymes in ethanol
production.

This not only increases ethanol yield but also ensures greater consistency and quality in the production process, which is
crucial for sustainability and economic viability in an increasingly competitive biofuels market, while also reducing food waste.

4 CONCLUSION

The effective utilization of these biomasses for bioethanol production not only supports the search for renewable energy
alternatives but also underscores the importance of optimizing preparation and germination processes to maximize enzyme
availability and activity. In summary, while malt stands out as an efficient substrate for bioethanol production, pre-germinated
barley, despite its limitations, can still be utilized, providing a noble purpose for the residue. However, due to the low hydrolysis
efficiency of the grain's own enzymes, pre-germinated barley requires the addition of commercial enzymes or mixing with non-
standard brewer's malt to be used in bioethanol production.
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