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Abstract

Germination as part of the malting process produces malt flour, which can be obtained from various grains (e.g., barley, sorghum,
wheat, and rye). Malting is a technological process that involves several operations: steeping, germination, kilning, and cleaning,
resulting in malt as the final product, which is usually used for brewing. Further milling of the malted grain produces malt flour,
which is often used as an additive to wheat flour to enrich it and obtain better technological properties in the production of bread
and bakery products. Information on malt flour with high enzyme content can be found in the literature. However, the literature
lacks data on the general changes during germination in the malting process, affecting both carbohydrates and protein complexes.
This review aims to present the changes in grains during the germination process and to use malt flour for the production of new
functional products.
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1. Introduction

Cereal grains are foods consumed by humans and animals. On a global scale, the most important cereals for
human consumption are wheat, rice, corn, barley, and sorghum. In contrast, the use of rye, millet, and oats is
less significant. The grains are considered a good source of energy, protein, fiber, minerals, and other
biologically active substances (tocopherols, phytosterols, lignin, phenolic acids, folic acid, etc.) (Huebner and
Arendt, 2013). The cereal used for malt production is very often barley due to the balance of starch and
proteins. However, in addition to barley, malt can also be produced from wheat, rye, sorghum, millet, triticale,
oats, etc. Malting is a process that involves several operations, including steeping, germination (Sofi et al,
2020), and kilning (Fig. 1). Throughout the malting process, the physical appearance of the seed changes
significantly, as does the synthesis and activation of various enzymes that characterize the final product
(MacLeod and Evans, 2015). The first step in malting is water penetration (steeping), during which the seed
swells significantly.
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Figl. Operations in the malting process (Fox, 2018)
Carbohydrates

Different grains contain different amounts of starch. Wheat, rice, and barley have percentages of 60-75%, 75-
80%, and 62-77%, respectively, which greatly affects their technological properties (Oliveira et al, 2022).
Starch contains amylose (linear molecule, 1-4 linkages) and amylopectin (branched molecule, 1-6 linkages
with amylose). Starch is the main component in mature grains. When the seeds are soaked in water, the
enzymes present in the dried seeds become active. The carbohydrates change during the malting process
(Langenaeken et al, 2020). During germination, amylolytic enzymes (mainly a-amylase acting on a-(1-4)
bonds) hydrolyze starch into glucose, maltose, dextrins, and oligosaccharides (Baranzelli et al, 2018). If you
increase the germination time, the activity of amylases (especially a-amylase) increases. According to
Baranzelli et al, 2018, a period of 24 hours for germination is not sufficient to activate the amylolytic enzymes.
In addition, B-glucans are degraded during germination as part of the cell wall of the endosperm, which means
that they are only present in small quantities in malting products (Huebner et al, 2010).

Rheological properties of germinated flour

Cho and Lim (2016) have demonstrated that the germination time of wheat has a major impact on the
rheological properties of the dough. From their data, controlled wheat germination (3 and 5 days) leads to
better flour quality and consequently better bread. Baranzelli et al, 2018 found that a prolonged germination
time could decrease the endurance but increase the extensibility of the dough. They reported decreasing values
from 1.5 to 0.6 for the endurance/ extensibility, but not when the process duration was 24 hours. On the other
hand, gluten strength decreased when the germination period was 24 hours and even at 72 hours. Helland et
al, 2002 studied the effects of corn germination on the viscosity of a germinated corn suspension in water. It
was found that the reduction in the viscosity of the suspension occurs after three days of corn germination.
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Proteins

During grain germination, proteins are hydrolyzed by proteases into amino acids and low-molecular-weight
peptides, which in turn increases the bioavailability of amino acids. (Cho and Lim, 2016; Liu et al, 2022).
Philco-Quesada et al, 2020 found that the amount of crude protein in quinoa (Chenopodium quinoa) and
kiwicha (Amaranthus caudatus) increases after germination, but this is associated with a decrease in dry matter,
especially due to the loss of carbohydrates through the active process of respiration during seed germination.
Therefore, the protein content in germinated grains depends on the ratio of degraded proteins and proteins
synthesized during germination, which is quite different for different seeds. Germination has a positive effect
on amino acid content in seeds, although the magnitude of changes in amino acids and grains is different. Ohm
et al, 2016 found that prolonged germination of up to 5 days can increase the content of the following amino
acids: Alanine, aspartine, aspartic acid, glutamic acid, glutamine, glycine, isoleucine, leucine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. Optimization of malting conditions
of barley (Nie et al, 2010) showed increased content of lysine, histidine, alanine, proline, tyrosine, methionine,
leucine, phenylalanine, and tryptophan, while the amount of aspartic acid, serine, asparagine, glutamine, y-
aminobutyric acid and lysine was reduced during barley kilning.

Vitamins and minerals

Vitamins are essential components because they have an important physiological function but cannot be
synthesized by human metabolism (Hlbner and Arendt, 2013). Changes in macro and micro-content of
vitamins during germination have been reported in different cereals. According to Pinheiro et al, 2021,
riboflavin content in sorghum increased significantly after germination compared to the control sample. On
the other hand, this process led to a decrease in the vitamin content of sorghum (1180.6 pg/100 g DM)
compared to the control (2216.4 pg/100 g DM). The influence of the germination process on vitamin content
was also demonstrated by Anaemene and Fadupin (2022). They observed a negative effect of germination on
vitamin A content in pigeon pea flour, which decreased by 12.24% compared to the control sample.
Meanwhile, Jeong et al, 2019 observed a significant increase in niacin, folic acid, and thiamine in rice during
germination. Liu et al, 2022 considered that water-soluble vitamins such as vitamin C, niacin, and folic acid
increased after the germination process, while the content of fat-soluble vitamins decreased. According to
Oliveira et al, 2022, germination is a simple and fast method to naturally enrich cereals with minerals such as
Fe, Zn, Ca, Se, and I. Moreover, when investigating the influence of the germination process on the mineral
content of oats, Hubner et al, 2010 found that the Ca content increased. Non-germinated oats had 20.8 mg
Ca/100g, the oats germinated at 20°C for 48 hours had 31.1 mg Ca/100g, while the extended germination time
of 144 hours at the same temperature did not change the Ca content. Mg content in oats increased during
germination of the raw material (from 114 mg/100g DM in the control test to 122 mg/100g DM in the 48 hours
germinated sample and to 130 mg/100g DM in the 114 hours germinated sample). Cu content increased from
an initial 0.2 mg/100g DM to 1.1 mg/100g DM during 48 hours of germination at 20°C. In contrast, Cu content
decreased to 0.5 mg/100g DM during 144-h germination of oats. During germination, a decrease in Fe content
was observed from 4.0 mg/100g DM in opaque oats to 3.7 mg/100g DM in 48-h germinated oats and 3.9
mg/100g DM in 144-h germinated oats. During germination, Zn content in oats increased from 2.7 mg/100g
DM in unterminated oats to 3.6 mg/100g DM and 3.5 mg/100g DM in 48 hours and 144 hours germinated
oats, respectively.
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Role of germination in the production of functional food

Due to the increasing consumption of food and people's awareness of a balanced diet, malt flour could be a
great potential raw material for the production of functional foods. Substitution of malt flour for wheat flour
leads to the production of nutritionally superior food products. Juki¢ et al, 2022 developed biscuits in which
wheat flour was replaced by malted barley flour (MBF). The study shows that an optimized biscuits
formulation with a 20% substitution of wheat flour with malted barley and a 66.6% reduction in sucrose was
found to have very similar quality characteristics to the control sample. These novel biscuits are considered
functional due to the increased content of B-glucans, polyphenols, and antioxidant activity. Agu et al, 2020
also developed biscuits formulations using malt flour (MF), which was found to be richer in protein,
carbohydrate, fat, ash, and crude fiber. According to Liu et al, 2022, the use of germinated grains and legumes
can be applied in the production of puffed snacks from germinated brown rice, wheat germ oil, germinated
triticale biscuits, functional supplements made from germinated pigmented rice, germinated brown rice drink,
germinated soybean bread, germinated brown rice yogurt, and nutritious baby food made from germinated
brown soybean. Baranzelli et al, 2018 studied the influence of the wheat germination process at different time
intervals (24, 48, and 72 hours) and its use in bread making. Compared to the control sample, the germination
process resulted in changes in the content of damaged starch and gluten index in the flours. The use of
germinated flour in the final product had positive effects on specific volume and hardness. Sofi et al, 2020
studied the effect of germination on the physicochemical and rheological properties of chickpea flour. It was
found that germination time significantly affected the nutritional profile of the flour, resulting in a significant
increase in protein and crude fiber content. Independently, germination improved the functional properties of
the flour and decreased its non-nutritive, thermal, and sticky properties. In addition, Yang et al, 2021 found
that germination time plays an important role in improving the nutritional and antioxidant properties of cereals.
They developed a technology to produce biscuits from wheat malt flour. This product had higher fiber and
phenolic content, as well as a better appearance and texture. The authors considered 3 to 4 days to be the
optimal germination time of raw cereals in terms of malting efficiency, phenolic fraction content, and
antioxidant properties.

2. Conclusions

Germination is a traditional, non-thermal process that improves the nutritional quality of grains by increasing
the digestibility of nutrients and reducing the content and activity of non-nutrient compounds. This process
increases the content of free amino acids as well as carbohydrates. After germination is completed, malt flour
is obtained, which has improved functional properties. Malt flour has great potential for use in the production
of cakes and other confectionery products, creating new healthy and functional foods with excellent sensory
properties.
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