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Abstract: Brazil imports about 60% of all malt 
used for beer production, which is carried out 
throughout the national territory. Aiming 
to meet the growing demand, reduce the 
country’s dependence on foreign malt, and 
also reduce logistics costs, malting industries 
and genetic improvement companies began 
to focus on adapting barley to the Brazilian 
cerrado. Aiming at the application of these 
barleys in the malting process, studies are 
needed for the development of cultivars with 
adequate malting quality, which are adapted 
to the region and which still have productive 
potential. In this work, the objective was to 
characterize and qualify ten barley cultivars 
produced in two locations in the Cerrado: 
Perdizes-MG and in the region surrounding 
Brasília-DF. The barleys were cultivated 
in 2017 and their characteristics were 
established from the analysis of moisture 
content, classification, pre-germinated, 
weight of a thousand grains, germination 
power (PG), germination energy (EG), 
sensitivity to water (SA), germination index 
(IG), β-glucans and protein content. Based 
on these results, the C8 cultivar was selected 
as the most promising for malt production, 
among the materials presented, in both 
locations, mainly due to the results of the 
germination analyzes – PG of 99% and 97%; 
EG of 98% for both and SA of 1.0% and 
4.0%, respectively for CC8 and CP8. The 
processing was carried out and the products 
were submitted to analysis of classification, 
moisture content, friability, diastatic power 
(PD), congress must, saccharification time, 
extract, pH, viscosity, β-glucans, soluble 
nitrogen, FAN and protein content (TP). The 
latter was one of the most relevant characters 
for the qualification of the materials, as 
it exhibited highly significant differences 
between the values, with variations from 
12.81% to 17.73%, revealing the interference 
of the environment in the expression of 

these genotypes. The malts produced did 
not meet the Pilsen-type malt specifications, 
but have characteristics of special malts, 
such as: soluble TP between 3.2% and 
6.5%, PG reaching borderline values   of 304 
WK and extract contents consistent with 
this class, with values between 74.5% and 
79.4% – which promote sensory changes for 
the beer. Finally, it is concluded that field 
research must continue, as the promising 
results of this work indicate that with more 
development time, several barley genotypes 
will be adapted to the region, thus expanding 
the national production of malt and beer.
Keywords: Hordeum vulgareL., malting, beer, 
cultivar, genotype.

INTRODUCTION
Producing 140 million hectoliters per year, 

Brazil is the third largest beer producer in the 
world, according to CervBrasil (Associação 
Brasileira da Indústria da Cerveja, 2016) 
and the Ministry of Agriculture, Livestock 
and Supply (MAPA), behind only China ( 
460 mi hL) and United States (221 mi hL). 
The productive chain of the brewing sector 
employs around 2.2 million people, being 
one of the largest employers in Brazil, and 
is still responsible for 1.6% of the country’s 
PIB. The south and southeast regions 
account for 85.8% of beer production, 
which may be a reflection of the country’s 
economic concentration in these regions 
(CERVBRASIL, 2016; BRAZIL 2021).

In 2020, the number of registered 
breweries in the country was 1,383, and 
the following year, the calculation already 
determined more than 1,549(BRAZIL 
2021).  Thus, cith the growing participation 
of microbreweries and the expansion of 
large breweries in the national market, it 
is necessary to have a wide supply of raw 
materials. However, most of the inputs used 
for brewing are imported, including barley 
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malt (VALENTE; ALVES, 2016; PINHEIRO, 
2016). The country imports about 60% of all 
malt used (MULLER, 2018).

The import of malt by Brazil is 
approximately 800 tons per year, with the 
main suppliers being Uruguay, Argentina 
and France (MULLER, 2018). In order to 
meet the growing demand, and also reduce 
the country’s dependence on foreign malt, 
malting industries and genetic improvement 
companies began to focus on adapting barley 
to the Brazilian cerrado (PORTAL BRASIL, 
2015). For (AMABILE, 2013a), the region 
has high potential for the production of the 
crop, giving opportunity and supply to the 
agricultural business, in order to include new 
commercial opportunities. On the other hand, 
it also promotes the reduction of logistics 
costs, since the country’s large malting plants 
are located in the states of RS, PR and SP, 
while the breweries are found throughout 
the national territory. Therefore, the costs of 
transporting and storing malt end up raising 
the value of the final product (MARTINS 
2005; BASTOS, 2019).

Barley is considered the oldest cereal in the 
world, in cultivation, and is the fourth most 
produced cereal in the world (United States 
Department of Agriculture – USDA 2018). In 
Brazil, barley grains are used for animal feed 
(7%), for the production of malt (86%) and 
for other purposes (7%) (AMABILE, 2013a). 
First quality seeds (thickness greater than 2.5 
mm) are intended for malting (AMABILE, 
2013 b), on the other hand, those that do not 
meet industry requirements are intended for 
animal feed (LIZARAZO, 2003).

This crop, due to its physiological 
characteristics, needs mild air temperatures 
and corrected soils, conditions generally 
present in cropsof winter in the Cerrado 
(AMABILE; FALEIRO, 2014). Cultivation 
is carried out in the off-season, allowing 
harvesting in the absence of rain, resulting in 

high-quality, clean seeds without the presence 
of fungi and dormancy (MONTEIRO, 2012). 
However, for the production of malt, its 
insertion in the agricultural system in question 
requires studies aimed at its adaptation to 
this environment, involving several areas of 
technical-scientific knowledge, mainly in 
relation to plant breeding, aiming to develop 
cultivars of better industrial and agronomic 
quality. for cultivation in the region 
(AMABILE, 2013a).

The Cerrado region, located in the central 
plateau of Brazil, has potential for food 
production, being considered the largest 
pproducer of grains in Brazil and accounts 
for 42% of all cereal production (PORTAL 
BRASIL, 2015). Species previously considered 
unfit or marginal are fully adapted to the 
region, such as soy, wheat, sunflower, quinoa, 
among others (AMABILE, 2013a). Barley 
was introduced in the Midwest in the 1970s, 
to compose the irrigated system due to its 
economy in terms of water consumption 
and its ability to adapt to the edaphoclimatic 
conditions of this region (AMABILE, 2007, 
2013a; MONTEIRO, 2012). However, it 
is known that this barley does not express 
the desired quality for malting aimed at the 
brewing market. This fact is due to the high 
content of protein and β-glucans found in the 
cereal (PINHEIRO, 2016), which exceed the 
recommended values: 12.0% (BRASIL, 1996) 
and 200 mg L-1 (KREISZ, 2009) respectively.

The high protein content together with the 
high content of β-glucans cause an increase 
in the viscosity of the beer, a decrease in 
the productive yield and also promotes a 
negative effect on its physical-chemical 
stability (MOLINA-CANO, 1997). Faced 
with this scenario, the research group at 
the ‘’Universidade de Brasilia’’, LaBCCERva 
(Laboratory of Brewing Bioprocesses and 
Catalysis in Renewable Energy), develops 
research and promotes the brewing 
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culture, whose main emphasis is related 
to the solution and promotion of value 
to the economic sector of region through 
technologies and analysis of raw materials 
grown in the Brazilian Cerrado.

In the Cerrado there are few studies on 
genetic diversityof barley (MONTEIRO, 
2012). It is extremely important to characterize 
and evaluate genetic diversity, enabling an 
expansion of the existing work collection to 
obtain superior genotypes (SAYD, 2014). It 
is also important to identify and quantify 
genetic and environmental effects, as well 
as effects of the interaction of the genotype 
with the environment (MONTEIRO, 2012; 
AMABILE, 2013a; SAYD, 2014).

Given the above, the objective was to 
characterize and qualify the barley grown in 
two regions of the Brazilian Cerrado, Cristalina 
(GO) and Perdizes (MG), performing a 
comparison between them, to assess the 
differences caused by the edaphoclimatic 
characteristics of the environments. Finally, 
verify the viability of malt production with 
the analyzed barley.

MATERIAL AND METHODS
The barley samples used to develop 

the project were donated by the Agrária 
Foundation for Agricultural Research 
(FAPA) which is one of the productive chains 
of Cooperativa Agrária (Agroindustrial 
Cooperative located in the district of Entre 
Rios, in Guarapuava – PR). In total, there 
were 20 samples, with ten different cultivars: 
BRS Brau, BRS Korbel, BRS Itanema, BRS 
Manduri, BRS Cauê, BRS Quaranta, Danielle, 
Abi Voyager, Anag 01, Ana 02. The genotypes 
were sown in two locations, (Figure 1), 
the first being in the area of the Directed 
Settlement Plan of the Federal District (PAD 
– DF), at Fazenda Nativa, located in the 
rural area of Buriti Vermelho (coordinates: 

1. Concentration expressed in percentage of nutrients: nitrogen, phosphorus and potassium – NPK – in the granules

15°54’17.917”S, 47°23’53.866”W and 892 
meters altitude); and the other at Grupo 
Rocheto in the municipality of Perdizes – MG 
(coordinates:19°21’17.77”S, 47°22’7.292”W 
and 1,034 meters altitude). THE Table 
1displays the nomenclature assigned to the 
samples.

Figure 1 -Locations of experiments carried 
out by FAPA visualized on Google maps. The 
northernmost marking is Fazenda Nativa and 

the southern marking is Grupo Rocheto.

Source: Google Maps.

Sowing was carried out on May 10, 2017, 
in Perdizes, and between May 12 and 14, 
2017, at PAD - DF. 100 kg ha-1 of potassium 
chloride (KCl) and 137 kg ha-1 of formula 
11-32-00 were used in the fertilization1. 
Subsequently, nitrogen fertilization was 
carried out in coverage, using urea as a 
source, at a dose of 50 kg ha-1.The harvest 
was carried out on September 8th and 9th, 
2018, in Perdizes, and between September 
17th and 18th, 2018, at PAD - DF.

METHODS – BARLEY ANALYSIS
Prepared by the authors Barley analyzes 

were carried out in accordance with the 
methods manual of the European Brewing 
Convention (Analytica EBC, 2018) and 
the collection of brewing analysis methods 
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Genotype Assigned nomenclature Place Assigned nomenclature

BRS Brau C1
crystal clear CC1

partridges CP1

BRS Korbel C2
crystal clear CC2

partridges CP2

BRS Itanema C3
crystal clear CC3

partridges CP3

BRS Manduri C4
crystal clear CC4

partridges CP4

BRS Caue C5
crystal clear CC5

partridges CP5

BRS Quaranta C6
crystal clear CC6

partridges CP6

Danielle C7
crystal clear CC7

partridges CP7

Abi Voyager C8
crystal clear CC8

partridges CP8

Anag 01 C9
crystal clear CC9

partridges CP9

Ana 02 C10
crystal clear CC10

partridges CP10

Table 1 -Genotypes used and nomenclature assigned according to the place of cultivation.

Prepared by the authors.
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(MEBAK, 2011). The tests carried out were: 
classification of barley, pre-germinated, 
moisture content, germination power, 
germination energy, weight of a thousand 
grains, sensitivity to water, germination index. 
The procedures are found in the chemical and 
physical analysis section of the EBC manual 
and the MEBAK raw material book, and were 
adapted to be carried out in the LaBCCERva 
laboratory of the Institute of Chemistry of the 
‘’Universidade de Brasília’’ (UnB), and in the 
laboratories of Embrapa Closed.

- Classification of barley.
Barley grading was performed at Embrapa 

Cerrados according to method 3.1 of the 2005 
EBC Manual (Analytica EBC, 2018) with 
adaptations. The analysisof each genotype 
triplicates were made.

- Moisture Content.
Barley moisture content was measured 

on the LaBCCERva according to method 3.2 
of the 1997 EBC Manual (Analytica EBC, 
2018), with adaptations. The analysis of each 
cultivar was carried out in triplicates.

- Weight of a thousand grains.
The thousand-grain weight analysis was 

performed in the LaBCCERva according to 
method 3.4 EBC Manual of 1997(Analytica 
EBC, 2018), with adaptations. For each 
barley, triplicates were made.

- Pre-germinated.
The analysis of pre-germinated seedlings 

was carried out in the LaBCCERva according 
to method 1.4.5.1 of the MEBAK manual 
(2011), with adaptations. For each sample 
triplicates were made. Germinal power.

Germination power analysis was 
performed on the LaBCCERva from 
toaccording to method 1.4.1.1 of the MEBAK 
manual (2011), with adaptations.

- Germinal energy and sensitivity to 
water (brf 4 and 8ml).

Germination energy and barley water 
sensitivity analyzes were carried out at 

LaBCCERva according to method 3.6.2 of 
the 1997 EBC manual (Analytica EBC, 2018), 
with adaptations. For each sample, triplicates 
were made.

- Index of germination.
The germination index (GI) is calculated 

with the results of the germination energy 
analysis and the average germination time 
(MGT), respectively by equations 1 and 2.

On what:
n24 = number of grains removed after 24 
hours;
n48 = number of grains removed after 48 
hours;
n72 = number of grains removed after 72 
hours.

-Protein content.
The quantification through elemental 

analysis was carried out in the Elementary 
Analyzer of the Perkin Elmer 2400 Series 
II CHN/S of the Analytical Center of the 
Institute of Chemistry of the ‘’Universidade de 
Brasília’’ (UnB). Conversion to dry basis was 
performed with equation 3, and conversion to 
protein content used the factor 6.25, as shown 
in equation 4.

Where:
100 = conversion to percentage;
Total nitrogen % (m/m) = nitrogen content 
for wet samples;
Total N % (m/m) = nitrogen content for 
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dry samples;
Dry basis % = sample mass minus moisture 
content;
Total protein % = sample protein content.
-Content of β-glucans.
The analysis of β-glucans from samples 

of barley cultivars was performed in the 
LaBCCERva according to the McCleary 
method (MCCLEARY; CODD, 1991), which 
is reported by the AACC through the 32-23 
methodology (AACC, 1999) and is equivalent 
to method 3.10.1 of the 1997 EBC manual 
(Analytica EBC, 2018). Therefore, the 
enzymatic kit from Megazyme International 
Ireland Ltd was used to prepare the samples 
and quantify the β-glucans, which were taken 
to the spectrophotometer (VARIAN) for 
reading at 510 nm.

RESULTS AND DISCUSSIONS.
The barley analyzes were intended to 

characterize each of the genotypes and 
verify their quality for malt production. The 
results of the classification of the samples are 
expressed in Tables 2 and 3.

The values were expressed only in terms 
of the first quality portion, as the FAO (Food 
and Agriculture Organization of the United 
Nations) (FAO, 2009) guarantees to be the 
most relevant for malt production. This 
organization also defines the minimum 
retention in the sum of the two sieves, 2.5 
and 2.8 mm, which must be greater than 90%, 
however, this value may vary according to the 
legislation of the country or the requirement 
of the company (FAO, 2009). In Australia, 
the minimum retention specification for 
the production of first quality malt is 
70%, stipulated by the Northern Barley 
Improvement Program (GTA, 2013), while, in 
Brazil, the legislation does not specify a value 
(BRASIL, 1996).
2. Experimental errors are attributed to the propagation of errors that exist during the analysis, starting from the choice of seeds 
for the cultivation that are not exactly the same, until the performance of the analysis, which depends on sampling errors and 
the method itself, for example.

Analyzing the results of cultivation in 
Partridges in Table 3, it is possible to see 
that all materials reached at least 80% of the 
grains in the first quality, with CP10 barley 
having the highest percentage (95.48%). The 
lowest percentage (84.96%) was obtained by 
the CP5 variety. In turn, from Cristalina’s 
results, in Table 2, only three cultivars 
reached the minimum retention of 70%: CC7 
(72.45%), CC8 (80.99%) and CC9 (72.20%). 
Even if the uncertainties associated with the 
analyzes were high, considering the CVs, the 
evaluation of experimental quality through 
precision was good for most samples, because 
– according to (Pimentel-Gomes, 1990) – the 
smaller the estimate of the CV, the greater the 
precision of the experiment and the smaller 
the significance between the mean estimates. 
According to the author, the experimental 
error is considered low when the CV is less 
than 10%. Thus, samples CC1 (11.40%), CC4 
(12.23%) and CC6 (15.60%) were the ones 
that showed the highest experimental error2.

Comparing the manifestation of the 
varieties in the two places by the joint 
analysis, it is possible to notice that the 
genotype and environment interaction 
was different and significant at 1%. This 
statement is confirmed by the high F test 
values shown in Table 4. Due to this fact, the 
analysis of each environment was carried out 
individually and the results were expressed in 
Tables 4 and 5. This interaction is responsible 
for the phenotypic variability of cultivars, 
since it is the expression of the genotype 
influenced by environmental factors, that is, 
differences in the performance of genotypes 
are revealed in response to changes in the 
environment (MOLINA-CANO, 1997; 
SAYD, 2014; MAGALHÃES, 2018). The 
interaction of the different genotypes with 
the environment is due to two conditions. 
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Sample Average (g)* s CV (%)

CC1 37.31 ± 10.56 d 4.25 11.40

CC2 51.07 ± 12.05 c 4.85 9.50

CC3 61.26 ± 6.37 b 2.57 4.19

CC4 55.58 ± 16.88 c 6.80 12.23

CC5 43.09 ± 2.50 d 1.01 2.34

CC6 42.32 ± 16.40 d 6.60 15.60

CC7 72.45 ± 6.15 a 2.48 3.42

CC8 81.82 ± 3.99 a 1.60 1.96

CC9 72.20 ± 8.23   a 3.31 4.59

CC10 66.80 ± 1.45 b 0.58 0.87

Table 2 – Classification of barley plants in Cristalina expressed in terms of first quality.

Table prepared by the authors. Note: *The means (do not refer to the deviations) followed by the same letter 
in the column, do not differ from each other by the Scott-Knott test at 1% significance.

Sample Average (g)* s CV (%)

CP1 95.17 ± 1.13 a 0.45 0.48

CP2 90.44 ± 3.00 c 1.21 1.33

CP3 93.58 ± 1.27 a 0.51 0.55

CP4 91.24 ± 2.90 c 1.17 1.28

CP5 84.96 ± 2.52 d 1.01 1.19

CP6 92.87 ± 2.86 b 1.15 1.24

CP7 95.10 ± 1.89 a 0.76 0.80

CP8 95.19 ± 2.65 a 1.07 1.12

CP9 94.67 ± 0.58 a 0.23 0.25

CP10 95.48 ± 0.69 a 0.28 0.29

Table 3 -Classification of barley plants in Partridges expressed in terms of first quality.

Table prepared by the authors. Note: *means (does not refer to deviations) followed by the same letter in 
the column, do not differ from each other by the Scott-Knott test at 1% significance.
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Joint Analysis

FV GL QM E (QM) F

Environments (A) 1 QMa 17832.02 51.48**

Genotypes (G) 9 QMg 428.44 2142.65**

G x A 9 QMga 275.43 33.010**

Mistake 40 Who is 8.32 BR

Individual Analysis

Common factors crystal clear partridges

FV GL QM E (QM) F E (QM) F

Repetitions (R) two QMr 1.13

39.29**

2.38

57.28**Genotypes (G) 9 QMg 671.40 32,48

Mistake 18 Who is 17.54 0,57

Table 4 -Analysis of variance of the model in randomized blocks.

Table prepared by the authors. Note: ** significant at 1% probability by F-test.

parameters crystal clear partridges

223.80 10.83

5.85 0.19

CV (%) 7.17 0.81

Table 5 - Pstatistical parameters.

Table prepared by the authors.
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The first is the predictable variation that 
occurs from one location to another, such 
as soil and management, also called biotic. 
The second, in turn, is unpredictable or 
abiotic variation – as examples, we have air 
and soil temperature, nutrient availability 
and rainfall distribution (HOLOPAINEN-
MANTILA,2015).

Taking into account the F test shown 
in Table 4, in addition to the difference in 
the interaction between environment and 
genotype, it is possible to notice significant 
differences between genotypes, traitrizing 
a high variability between them, which was 
expected, since, as previously described, 
they have different origins. The F test is also 
used to estimate experimental precision. 
For Resende and Duarte (2007) its value 
must be greater than 2.0 for the evaluation 
of cultivars. Therefore, the test carried out in 
Perdizes demonstrated greater experimental 
precision.

As previously reported, the management 
was the same in both places, so this variation 
in the result, for the same cultivar, dit depends 
on the environment. By the estimates of 
environmental variance ( ) and the 
experimental variation coefficients (also 
known as environmental variation coefficient, 
CVe) obtained for the two environments, 
it is possible to perceive the intensity of the 
environmental effect on the genotypes, which 
were relevant in Cristalina (5.85% and 7.17% 
respectively, against 0.19% and 0.81% obtained 
for Partridges), affecting the phenotypic 
variance ( ) in that location (223.80 against 
10.83 in Perdizes). As a result for classification 
in first quality, taking variety 1 as an example, 
its cultivation in Cristalina (CC1) obtained the 
percentage of 37.31%, being the lowest result 
among the twenty samples. Comparatively, 
for the same parameter, its cultivation in 
Partridges (CP1) obtained the percentage of 
95.17%, being the third best result (behind 

only samples CP8, with 95.19% and CP10, 
with 95.48%).

Due to the facts mentioned and mainly 
due to the Scott-Knott test, the classification 
analysis was used as a selection factor. the 
groupingof the averages, by the Scott-Knott 
test, showed, for both environments, four 
groups of similarities, and the first (group 
a) registered three cultivars in common, C7, 
C8 and C9. Therefore, these cultivars can be 
considered stable in both locations, as they 
boast first quality grains that reached the 
proposed standard of 70%, confirmed by the 
Scott-Knott analysis at 1% significance, in 
unfavorable environments (LORENCETTI, 
2004; MARTINS ; DDO, 2016).

This way, taking into accountConsidering 
the statistical results, the cultivars that 
appeared in one of the last two groups by the 
Scott-Knott test (groups d and d) – C1, C2, 
C4, C5, C6 – were discarded for not showing 
results relevant to the purpose of malt 
production. Cultivars C7, C8 and C9 showed 
the best results, and were sent for further 
analyses. Finally, the C3 and C10 cultivars 
were evaluated. Despite being in the same 
group (“a” in Perdizes, and “b” in Cristalina), 
it is possible to conclude that the results of the 
C10 variety were better in both places, with 
95.48% and 66.48% of the grains in first quality 
in Perdizes and Cristalina, respectively. While 
C3 denoted values   of 93.58% and 61.26%, 
therefore being discarded. The C10 variety, in 
turn, was submitted to the other analyses.

The moisture content is important for 
the determination of the other constituents 
of barley (protein, carbohydrates, among 
others), as they are estimated based on the 
dry matter content (KUNZE, 2004). The 
moisture content of the barley samples 
used were collected in 2017 and therefore 
submitted to storage. Therefore, it was 
expected that the moisture content would 
be less than 13% as stipulated in Ordinance 
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Sample Average (%) s CV (%)

CC7 10.87 ± 0.60 0.24 2.22

CC8 10.63 ± 0.33 0.13 1.25

CC9 11.88 ± 0.65 0.26 2.20

CC10 7.98 ± 0.57 0.23 2.88

CP7 9.01 ± 0.85 0.34 3.80

CP8 10.54 ± 0.35 0.14 1.34

CP9 9.78 ± 0.82 0.33 3.38

CP10 10.51 ± 1.39 0.56 5.32

Table 6 -Moisture content.

Table prepared by the authors.

Sample GMP (g)* s CV (%)

CC7 36.26 ± 0.60 b 0.24 0.66

CC8 39.84 ± 0.16 a 0.07 0.16

CC9 35.62 ± 3.15 b 1.27 3.56

CC10 36.48 ± 0.42 b 0.17 0.47

CP7 46.23 ± 1.60 b 0.65 1.40

CP8 46.05 ± 0.24 b 0.10 0.21

CP9 47.83 ± 0.56 a 0.23 0.47

CP10 46.50 ± 1.01 b 0.41 0.88

Table 7 -Thousand grain weight analysis results.

Table prepared by the authors. Note: * grouping letters refer only to means and not to standard deviations (s).
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691/96. This was confirmed by the results 
indicated in Table 6. The results ranged from 
7.98% to 11.88%, and had low CVs (less 
than 10%), considered ideal according to the 
Pimentel-Gomes classification (1990).

With regard to the weight of a thousand 
grains, Piacentini (2015), admits that barley 
cultivars with a high weight of a thousand 
grains (PMG) have a higher starch content, 
that is, they provide a higher yield. The 
PMG analysis is complementary to the 
classification, allowing a (subjective) estimate 
of the density and size of the grains (NEWMA; 
NEWMAN, 2008; ASBC, 2011). Thus, the 
PMG results were observed, as shown in 
Table 7, performing a correlation with Tables 
2 and 3. For the Cristalina environment, 
it can be seen that the C8 cultivar was the 
one that had the highest amount of first-
class grains. quality, in addition to having 
demonstrated the highest PMG, that is, they 
are homologous results. However, the other 
results are very close in both analyses, so that 
when ordering them, the two procedures 
do not have the same classification. This is 
due to the uncertainties associated with 
the analyses. Briggs (1998) guarantees that 
counting a thousand grains at random to 
perform the PMG can generate an error of 
up to 12% of the true value. The Scott-Knott 
test was then performed at 5% significance 
and the formation of two similarity groups 
was observed for both cases. The first group 
(a) presented only an average higher than the 
others: for Cristalina, the C8 cultivate and 
for Perdizes, the C9.

Briggs (1998) states that BMP values   
between 32 g and 44 g are normal for 
thebarley. Ullrich (2011), in turn, states that 
more bulky barleys have weights ranging 
from approximately 40 g to 50 g. Therefore, 
samples cultivated in Perdizes fit the PMG 
standard for malt production. However, of 
the Cristalina samples, only the C8 cultivar 

is suitable for processing. Amabile (2013a), 
obtained results that varied from 32.50 g 
to 52.75 g for 39 elite genotypes of barley 
cultivated in the Federal District, some 
samples thus indicating values higher and 
lower than those of this work.

When analyzing the quality of a batch of 
barley, it is important to check for the presence 
of grains that have already shown signs of 
germination, as they can compromise storage 
and processing (BRIGGS, 1998). From the 
data depicted in Table 8, it is possible to say 
that, by analyzing the pre-germinated grains, 
the genotypes have quality for malting, as 
they contain less than 5% of pre-germinated 
grains. The highest percentage provided by 
the CP7 sample, with a content of 3%. The 
Scott-Knott test at 5% significance did not 
generate different groupings for Cristalina, 
but the formation of two similarity groups 
for Perdizes was observed, for which – in the 
first group (group a) – only the average of 
C10 was higher the rest.

The evaluation of germination is done 
through tests of germination power (PG), 
germination energy (EG), germination index 
(IG) and sensitivity to water. The responses 
obtained from the germination analyzes 
were reported in Tables 9 and 10, for the 
cultivations in Cristalina and Perdizes, 
respectively.

Germination performance is the most 
important quality criterion for brewing barley. 
Barleys that showed irregular germination 
produce malts with low modification 
and, consequently, reduced quality 
(FRANCAKOVA, 2012). The germination 
power determines the minimum tolerance 
limit admitted by Ordinance 691/96 is 95% 
for the germination power (BRASIL, 1996). 
The data obtained show, as a minimum, the 
value of 96%. Therefore, the tested cultivars 
can be used for brewing purposes. However, 
it is extremely important to verify the ability 
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Sample M (%) M* s CV(%)

CC7 98 1.43 ± 0.09 a 0.04 2.59

CC8 98 1.43 to 0.00 0.00

CC9 98 1.44 ± 0.06 a 0.02 1.67

CC10 98 1.47 ± 0.23 a 0.09 6.32

CP7 97 1.40 ± 0.07 b 0.03 2.13

CP8 98 1.43b 0.00 0.00

CP9 98 1.45 ± 0.11 b 0.04 2.95

CP10 100 1.54 ± 0.14 a 0.06 3.76

Table 8 -Analysis of pre-germinated.

Table prepared by the authors. Note: *data transformed into arcsen((x/100)0.5), where x = the value, in %, 
of the mean. Grouping letters refer only to means, not to standard deviations (s).

Samples CC7 CC8 CC9 CC10

PG

Average (%) 96 99 96 97

Average* 1.38 ± 0.04 b 1.50 ± 0.14 to 1.36 ± 0.09 b 1.41 ± 0.09 b

s 0.02 0.06 0.04 0.03

CV (%) 1.14 3.85 2.72 2.44

BRF 
4mL

Average (%) 96 98 99 98

Average* 1.39 ± 0.24 a 1.44 ± 0.06 a 1.46 ± 0.06 a 1.44 ± 0.06 a

s 0.10 0.02 0.02 0.02

CV (%) 7.02 1.67 1.65 1.67

BRF 8 
mL

Average (%) 93 97 92 97

Average* 1.31 ± 0.13 b 1.41 ± 0.05 a 1.29 ± 0.14 b 1.41 ± 0.05 a

s 0.05 0.02 0.06 0.02

CV (%) 1.86 1.32 4.89 1.32

IG 9.4 9.0 9.0 9.5

SA (%) 3.0 1.0 7.0 1.0

Table 9 -Analysis of germination power (PG), BRF 4 mL (germinal energy), BRF 8 mL, germination index 
(GI) and water sensitivity (SA) for barley grown in Cristalina.

Table prepared by the authors. Note: *data transformed into arcsen((x/100)0.5), where x = the value, in %, 
of the mean. Grouping letters refer only to means and not to standard deviations (s).
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Samples CP7 CP8 CP9 CP10

PG

Average (%) 96 97 96 96

Average* 1.38 ± 0.04 a 1.39 ± 0.05 a 1.37 ± 0.05 a 1.36 ± 0.03 a

s 0.01 0.02 0.02 0.01

CV (%) 1.08 1.53 1.40 1.02

BRF 4 
mL

Average (%) 92 98 97 97

Average* 1.30 ± 0.21 a 1.47 ± 0.25 a 1.40 ± 0.16 a 1.40 ± 0.16 a

s 0.09 0.10 0.06 0.06

CV (%) 6.66 6.85 4.49 4.49

BRF 8 
mL

Average (%) 89 94 89 92

Average* 1.24 ± 0.15 a 1.32 ± 0.11 a 1.24 ± 0.06 a 1.28 ± 0.10 a

s 0.06 0.04 0.03 0.04

CV (%) 4.80 3.40 2.02 3.04

IG 7.4 8.1 9.3 8.1

SA (%) 3.0 4.0 8.0 5.0

Table 10 -Analysis of germination power (PG), BRF 4 mL (germinal energy), BRF 8 mL, germination index 
(GI) and water sensitivity (SA) for barley grown in Partridges.

Table prepared by the authors. Note: *data transformed into arcsen((x/100)0.5), where x = the value, in %, 
of the mean. Grouping letters refer only to means and not to standard deviations (s).

Sample N (%) PM (%)* s CV (%)

CC7 2.63 ± 0.22 16.44 ± 1.36 a 0.55 3.32

CC8 2.84 ± 0.10 17.73 ± 0.61 a 0.25 1.39

CC9 2.73 ± 0.10 17.06 ± 0.62 a 0.25 1.47

CC10 2.50 ± 0.46 15.62 ± 2.86 a 1.15 7.38

CP7 2.05 ± 0.29 12.81 ± 1.81 a 0.73 5.69

CP8 2.49 ± 0.27 15.58 ± 1.72 a 0.69 4.44

CP9 2.45 ± 0.16 15.31 ± 0.97 a 0.39 2.56

CP10 2.27 ± 0.02 14.21 ± 0.12 a 0.05 0.35

Table 11 -Total nitrogen and protein results.

Table prepared by the authors. Note: * grouping letters refer only to means and not to standard deviations (s).
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of the material to germinate at the time in 
question, that is, without using any type of 
induction to germination, as in PG.

Considering that the PG results were 
satisfactory, the result of the EG analysis was 
then observed. Only one sample expressed a 
value lower than thereference value, which 
is CP7, with 92%. However, all results were 
inferior to those of PG.

The FAO specification (2009) stated that 
the minimum value for the germination 
index is 6.0, and all the results obtained were 
higher than this level (7.4 to 9.5), confirming 
the theory that there was an inhibition of 
germination due to the long period of storage, 
and not due to dormancy.

The results obtained for water sensitivity 
were less than 10%. According to Kunze 
(2004), a barley with an SA of up to 10% is 
not sensitive. From the statistical analyses, 
it is possible to notice that the coefficient of 
variation (CV) for all analyzes was less than 
10% (1.0% to 7.02%), being then classified as 
low for the analyzes of agronomic materials 
by the classification of Pimentel-Gomes 
(1990). The results of grouping means by the 
Scott-Knott test at 5% significance did not 
show formation of more than one group for 
Partridges. However, the formation of two 
similarity groups was observed for Cristalina 
in the PG and BRF 8 mL analyses. The first 
group (group a) has only an average higher 
than the others for PG (C8). For BRF 8 mL, 
the grouping was two means for each of 
the groups, being C8 and C10 belonging to 
the first group. Therefore, vitality analyzes 
indicate that the cultivars with the greatest 
brewing potential are C8 and C10.

In order to verify whether the protein 
composition was within the normality 
standards, whose values are between 10 and 
12%, the total nitrogen content of the samples 
was determined, which were converted into 
protein content, using the conversion factor of 

6.25 (BRIGGS, 1998; KUNZE, 2004; SRIPERM, 
2011). All values obtained for barley were 
above the expected range, as shown in Table 11. 
The lowest results were obtained for Perdizes, 
ranging from 12.81% to 15.58%. On the other 
hand, the lowest value obtained in Cristalina 
was 15.62%, that is, higher than any of the 
results in Perdizes. Furthermore, analyzing 
the responses obtained by the cultivars in 
both environments, the greatest variation was 
obtained in the C7 genotype, with a 3.63% 
difference. The lowest variation was obtained 
by the C10 variety, with 1.41%. Taking into 
account that the genotypes showed values   
above expectations, and were susceptible to 
environmental variations, due to oscillations 
in the results, they cannot, therefore, be 
pointed out as stable (LORENCETTI, 
2004; MARTINS; DDO, 2016). Statistical 
analysis, however, did not identify significant 
differences for both environments (forming 
only one group) using the Scott-Knott test 
at 5% significance. In addition, low values of 
CVs (less than 10%). for both environments 
(formation of only one group) by the Scott-
Knott test at 5% significance. In addition, 
low values of CVs (less than 10%). for both 
environments (formation of only one group) 
by the Scott-Knott test at 5% significance. In 
addition, low values of CVs (less than 10%).

Different environmental conditions 
of crop growth can affect grain filling 
and, consequently, its composition, 
which compromises the final quality 
(HOLTEKJØLEN, 2008). Many studies 
pointam that the responses of the genotypes 
were influenced by environmental 
conditions, causing a decrease in grain 
size and starch content, in addition to 
an increase in β-glucans and proteins, 
mainly (MOLINA-CANO, 1997; JIN, 2004; 
BRENNAN; CLEARY, 2005; CATWALK, 
2005; QI, 2006; HOLTEKJØLEN, 2008). The 
interaction of the different genotypes with 
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the environment is due to two conditions. 
The first is the predictable variation that 
occurs from one location to another, such as 
soil and management, also called biotic. The 
second, in turn, is the unpredictable or abiotic 
variation, such as air and soil temperature, 
nutrient availability and rainfall distribution 
(HOLOPAINEN-MANTILA, 2015).

Nitrogenous compounds, on the other 
hand, have different functionalities being 
highly influenced by the raw materials and by 
the conduction of the process. These materials 
make up about 5% of the wort, which are 
soluble derivatives of the total malt protein, 
with different molecular weights. Among 
them are amino acids, peptides and proteins, 
obtained from the hydrolysis of malt. High 
molecular weight proteins are responsible for 
the texture and foam of beer, while those of 
medium molecular weight favor the stability 
of this foam, in addition to contributing to 
freshness and CO2 retention. Free amino acids 
(FAN) and peptides, in turn, are responsible 
for the organoleptic characteristics of beer, 
in addition to being fundamental in the 
metabolism of yeasts during fermentation 
(MATHIAS, 2014). Thus, low-protein barley 
is also not used for malt production.

The high results for protein content are 
one of the great problems of the Cerrado 
(GUERRA, 1995). Amabile (2008; 2014) 
observed thefluctuations in protein content 
for barley cultivated in different locations in 
the Cerrado, obtaining results of up to 14.7%. 
According to them, during the grain filling 
period there were high temperatures and low 
relative humidity of the air, which caused this 
increase. However, the values   are significantly 
higher than those reported in the literature 
presented, which are related to the year of 
cultivation, and the genotypes used. Zale 
(2000) reports in his research that in all seven 
barley chromosomes there are regions related 
to its protein content, being then a hereditary 

characteristic that depends on the growth 
environment (EMEBIRI, 2005).

Pinheiro (2016) obtained a high result 
of the protein content for the barley used 
in its malting, reaching the value of 13.2%. 
However, this result does not represent a 
negative point for the author, on the contrary, 
he states that the high protein content 
provides foam creaminess and differentiated 
color. In addition, the high protein content 
provides high diastatic power, that is, greater 
production of enzymes (BRIGGS, 1998; 
EMEBIRI, 2004), which can then be used 
in mashing with adjuncts or even replacing 
part of the conventional malt used, aiming 
at greater extract production. The proposed 
considerations can be used to justify the use 
of these barleys for the production of special 
malts, which, in addition to adding certain 
peculiarities, also add value to the product.

The levels of β-glucans in barley depend 
on genetic factors, variety, along with 
environmental influences (BRAZIL, 2015). 
According to Brennan and Cleary (2005), 
the levels of β-glucans are influenced by the 
amount of water supplied to the seeds during 
maturation.

In this work, values between 3.33% and 
4.35% were obtained for the content of 
β-glucans, which are within the acceptable 
range, which varies from 3.0% to 4.5% under 
normal conditions (KUUSELA, 2004; SA; 
PALMER, 2004; FOX, 2008). Furthermore, 
analyzing the responses obtained by the 
cultivars in both environments, a variation of 
0.15% to 0.51% was obtained between them. 
Such arguments refer to the low susceptibility 
to environmental variations and satisfactory 
results in unfavorable environments 
(LORENCETTI, 2004; MARTINS, DDO, 
2016). Zhang (2001) carried out studies with 
ten genotypes cultivated in eight different 
environments, reaching values between 
3.31% and 5.46% and variations between 
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0.01% and 1.58%. An even wider range was 
obtained by Holtekjølen, (2006) – from 2.4% 
to 8.3% – but Andersson, (1999) reported 
values of up to 14.9%.

Analyzing the statistical results, it is 
noticed that the variationstions were higher 
for Cristalina than for Perdizes. The CVs 
for Partridges, from 0.42% to 2.69%, are 
considered low according to the Pimentel-
Gomes classification (1990). On the other 
hand, all values for Cristalina were high, 
from 10.51% to 14.41%, as they are greater 
than 10%. The explanation for this difference 
between environments is due to the difference 
in protein content, which presented higher 
levels in Cristalina. It was previously stated 
that high protein content is related to 
increased wort turbidity (JAMAR, 2011). The 
measurement of β-glucans is carried out using 
a UV-VIS spectrophotometer and strongly 
depends on turbidity, as the radiation can be 
absorbed or refracted by the particles present 
in the solution, causing variation in the 
detector responses (SKOOG, 2002). The Scott-
Knott test at 5% significance did not group 
separately for Cristalina, but two similarity 
groups were formed for Perdizes, for which 
the second group, group b, presented only two 
lower means, C7 and C10.

Thus, considering only the results of 
β-glucans, the evaluated cultivars can be used 

for malt production. However, it is important 
to remember that adequate values of these 
components do not guarantee the necessary 
quality. During malting, the hydrolysis of the 
cell wall is the first of the transformations 
that occur during germination (JAMAR, 
2011), that is, the quality of the malt is more 
directly associated with the degradation of the 
β-glucan content than with the composition 
in yes.

CONCLUSION
Barley characterization and qualification 

analyzes are important to estimate the final 
malt quality and establish standards to 
optimize the malting process according to 
the available cultivar. The procedures carried 
out allowed observing the interference of 
the environment in the expression of the 
genotypes, which can compromise the 
brewing quality of the barley. High protein 
content (greater than 12%, with values 
between 12.81% and 17.73%) and variation in 
grain size (ideally 90% greater than 2.5 mm 
thick, of which results between 37.31% and 
95.17%) negatively affect the extract content, 
causing heterogeneity in the modification of 
the endosperm during malting, in addition to 
low yield in the brewing process. Therefore, 
the C8 cultivar was selected as the most 
suitable for the malting process.

Sample M (%)* s CV (%)

CC7 3.84 ± 1.32 a 0.53 13.83

CC8 4.17 ± 1.09 a 0.44 10.51

CC9 4.23 ± 1.30 a 0.52 12.37

CC10 3.73 ± 1.34 a 0.54 14.41

CP7 3.33 ± 0.04 b 0.01 0.42

CP8 4.35 ± 0.24 a 0.10 2.20

CP9 4.08 ± 0.27 a 0.11 2.69

CP10 3.33 ± 0.07 b 0.03 0.85

Table 12 -Analysis ofβ-glucans.

Table prepared by the authors. Note: * grouping letters refer only to means and not to standard deviations (s).



18
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI 10.22533/at.ed.9732172210121

REFERENCES
1. CERVEBRASIL; ANUÁRIO 2016 - CervBrasil. 2016, 1. http://www.cervbrasil.org.br/novo_site/anuarios/CervBrasil-
Anuario2016_WEB.pdf.

2. BRASIL, M.; Anuário da cerveja: 2021. Ministério da agricultura, pecuária e abastecimento 2021, 24http://www.cervbrasil.
org.br/novo_site/wp-content/uploads/2021/04/anuariocerveja2.pdf.

3. VALENTE JR, A. S.; ALVES, F. C. D. Bebidas alcoólicas: Cerveja. In: NORDESTE, B. D. (ed.). Caderno Setorial ETENE: Banco 
do Nordeste, 2016.

4. PINHEIRO, L. D. G. S. CARACTERIZAÇÃO E PROCESSAMENTO DE CEVADA CULTIVADA NO CERRADO 
BRASILEIRO. Dissertação (Mestre em Tecnologias Químicas e Biológicas) – Insituto de Química, Universidade de Brasília, 
Brasília, 2016.

5. MULLER, C. V. O CONTROLE OFICIAL DE FRAUDES EM CERVEJA NO BRASIL – ESTUDO DE CASO. Dissertação 
(Mestre em Tecnologias Químicas e Biológicas) – Instituto de Química, Universidade de Brasília, Brasília, 2018.

6. PORTAL BRASIL. Centro-Oeste produz 42% da safra de grãos e é o principal polo agrícola do País. Economia e Emprego 
- Safra 2014/2015, 2015. Disponível em: http://www.brasil.gov.br/economia-e-emprego/2015/10/centro-oeste-produz-42-da-
safra-de-graos-e-e-o-principal-polo-agricola-do-pais. Acesso em: 29 de set. 2018.

7. AMABILE, R. F. CARACTERIZAÇÃO MOLECULAR, MORFOAGRONÔMICA E DE QUALIDADE DE GRÃOS DE 
GENÓTIPOS ELITE DE CEVADA IRRIGADA NO CERRADO. Tese (Doutor em Agronomia) – Faculdade de Agronomia e 
Medicina Veterinária, Universidade de Brasília, Brasília, 2013.

8. MARTINS, R. S. et al. Decisões estratégicas na logística do agronegócio: compensação de custos transporte-armazenagem 
para a soja no estado do Paraná. Revista de Administração Contemporânea, v. 9, p. 53-78, 2005.

9. BASTOS, A. Infraestrutura em transporte agrícola: como melhorar no Centro-oeste? , 2018. Disponível em: https://cargox.
com.br/blog/infraestrutura-em-transporte-agricola-como-melhorar-no-centro-oeste. Acesso em: 4 de jul. 2019.

10. USDA. EU-28: Grain and Feed Annual. Attaché Reports (GAIN). United States Department of Agricultural. 2018a.

11. AMABILE, R. F.; CAPETTINI, F.; FALEIRO, F. G. BRS Savanna: new six-rowed malting barley cultivar for irrigated crops in 
the Brazilian savanna. Crop Breeding and Applied Biotechnology, v. 13, n. 2, p. 160-163, 2013.

12. LIZARAZO, D. X. C. PARÂMETROS FÍSICO-QUÍMICOS, GERMINATIVOS E MICROESTRUTURAIS DE 
QUALIDADE EM CULTIVARES BRASILEIROS DE CEVADA CERVEJEIRA. Dissertação (Mestre em Ciências de 
Alimentos) – Centro de Ciências Agrárias, Universidade Federal de Santa Catarina, Florianópolis, 2003.

13. AMABILE, R. F.; FALEIRO, F. G. A Cevada Irrigada no Cerrado: estado da arte, recursos genéticos e melhoramento. 
Brasília: Embrapa Cerrados, 2014.

14. MONTEIRO, V. A. DIVERSIDADE GENÉTICA DE ACESSOS DE CEVADAA SOB SISTEMA DE PRODUÇÃO 
IRRIGADO NO CERRADO DO PLANALTO CENTRAL BRASILEIRO. Dissertação (Meste em Agronomia) – Faculdade de 
Agronomia e Medicina Veterinária, Universidade de Brasília, Brasília, 2012.

15. AMABILE, R. F. APROXIMA-SE A SAFRA IRRIGADA COM MAIS UMA ALTERNATIVA: A CEVADA CERVEJEIRA. 
Brasília, 2007a. Disponível em: https://ainfo.cnptia.embrapa.br/digital/bitstream/CPAC-2010/29235/1/art-006.pdf. Acesso em: 
25 de ago. 2018.

16. BRASIL. Ministério da Agricultura, Pecuária e Abastecimento. Portaria Nº 691 de 22 de novembro de 1996. Aprova a anexa 
Norma de Identidade e Qualidade da Cevada. Diário Oficial da União: Seção 1, Brasília, DF, p. 24751-24752, 25 de nov. 1996.

17. KREISZ, S. Malting. In: EßLINGER, H. M. (Ed.). Handbook of brewing: processes, technology, markets. Weinheim: 
WILEY-VCH Verlag GmbH & Co. KGaA, 2009. p. 147-164.

18. MOLINA-CANO, J. L. et al. Genetic and Environmental Variation in Malting and Feed Quality of Barley. Journal of Cereal 
Science, v. 25, n. 1, p. 37-47, 1997.

http://www.cervbrasil.org.br/novo_site/anuarios/CervBrasil-Anuario2016_WEB.pdf
http://www.cervbrasil.org.br/novo_site/anuarios/CervBrasil-Anuario2016_WEB.pdf
http://www.cervbrasil.org.br/novo_site/wp-content/uploads/2021/04/anuariocerveja2.pdf
http://www.cervbrasil.org.br/novo_site/wp-content/uploads/2021/04/anuariocerveja2.pdf


19
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI 10.22533/at.ed.9732172210121

19. SAYD, R. M. Variabilidade, parâmetros genéticos e caracterização agronômica e molecular de genótipos de cevada nua 
(Hordeum vulgare L. var. nudum Hook. f.) sob irrigação no Cerrado. Dissertação (Mestrado em Agronomia) – Faculdade de 
Agronomia e Medicina Veterinária, Universidade de Brasília, Brasília, 2014.

20. EBC. Ed. Analytica-EBC. Nürnberg: Hans Carl. 2018. Disponível em: https://www.analytica-ebc.com/. Acesso em: 23 de 
set. 2018.

21. MEBAK. Raw Materials: Barley, Adjuncts, Malt, Hops and Hop Products: Selbstverlag der Mitteleuropäische 
Brautechnische Analysenkommission Freising-Weihenstephan, Germany. 2011.

22. MCCLEARY, B. V.; CODD, R. Measurement of (1 → 3),(1 → 4)-β-D-glucan in barley and oats: A streamlined enzymic 
procedure. Journal of the Science of Food and Agriculture, v. 55, n. 2, p. 303-312, 1991.

23. AACC. Ed. Approved Methods of Analysis. Método 32-23.01. Beta-Glucan Content of Barley and Oats — Rapid Enzymatic 
Procedure. Saint Paul, Minnesota, Estados Unidos Método 32-23.01. Beta-Glucan Content of Barley and Oats — Rapid 
Enzymatic Procedure, 11 ed. 1999. Disponível em: http://methods.aaccnet.org/summaries/32-23-01.aspx. Acesso em: 23 de set. 
2018.

24. FAO, Ed. Agribusiness Handbook: Barley Malt Beer. Roma. 2009. Disponível em: http://www.fao.org/docrep/pdf/012/
i1003e/i1003e00.pdf. Acesso em: 23 de set. 2018.

25. GTA. Barley Standards 2013/2014 season. 2013.

26. PIMENTEL-GOMES, F. Curso de estatística experimental. 13 ed. Piracicaba: Nobel, 1990.

27. MAGALHÃES, T. A. et al. Adaptability and Phenotypic Stability of the Sugarcane RB Genotype by the AMMI Method. 
Journal of Agricultural Science, v. 10, n. 9, 2018.

28. HOLOPAINEN-MANTILA, U. Composition and structure of barley (Hordeum vulgare L.) grain in relation to end uses. 
Tese (Doutor em Ciências das Plantas) – Faculty of Biological and Environmental Sciences, University of Helsinki, Helsinki, 
2015.

29. RESENDE, M. D. V. D.; DUARTE, J. B. Precisão e controle de qualidade em experimentos de avaliação de cultivares. Pesquisa 
Agropecuária Tropical, v. 37, n. 3, p. 182-194, 2007.

30. LORENCETTI, C. et al. Implicações da aplicação de fungicida na adaptabilidade e estabilidade de rendimento de grãos em 
aveia branca. Ciência Rural, v. 34, n. 3, p. 693-700, 2004.

31. MARTINS, D. D. O. Variabilidade genética de cultivares brasileiras de aveia branca com adaptabilidade e estabilidade 
à produtividade de grãos, incidência de afídeos e severidade de manchas foliares pelo uso de fungicida. Monografia 
(Graduação em Agronomia) – Departamento de Estudos Agrários, Universidade Regional do Noroeste do Estado do Rio 
Grande do Sul, Ijuí, 2016.

32. KUNZE, W. Technology Brewing and Malting 3 ed. Germany: VBL Berlin, 2004.

33. PIACENTINI, K. C. Fungos e micotoxinas em grãos de cevada (Hordeum vulgare L.) cervejeira, descontaminação pelo 
gás ozônio e segurança de cervejas artesanais. Dissertação (Mestre em Ciências de Alimentos) – Centro de Ciências Agrárias, 
Universidade Federal de Santa Catarina, Florianópolis, 2015.

34. NEWMAN, R. K.; NEWMAN, C. W. Barley for food and health: Science, technology, and products. 1 ed. New Jersey John 
Wiley & Sons, 2008.

35. ASBC. ASBC methods of analysis. Saint Paul, Minnesota, Estados Unidos, 2011. Disponível em: http://www.asbcnet.org/
moa/default.aspx. Acesso em: 20 de ago. 2018.

36. BRIGGS, D. E. Malts and Malting. 1 ed. London: Black Academic & Professional 1998.

37. ULLRICH, S. E. Barley: Production, improvement, and uses. 1 ed: John Wiley & Sons, 2010.



20
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI 10.22533/at.ed.9732172210121

38. FRANČÁKOVÁ, H. et al. Germination Index as an Indicator of Malting Potential. Czech Journal of Food Science, v. 30, n. 
4, 2012.

39. SRIPERM, N.; PESTI, G. M.; TILLMAN, P. B. Evaluation of the fixed nitrogen-to-protein (N:P) conversion factor (6.25) 
versus ingredient specific N:P conversion factors in feedstuffs. Journal of the Science of Food and Agriculture, v. 91, n. 7, p. 
1182-1186, 2011.

40. HOLTEKJØLEN, A. K.; UHLEN, A. K.; KNUTSEN, S. H. Barley carbohydrate composition varies with genetic and abiotic 
factors. Acta Agriculturae Scandinavica, Section B — Soil & Plant Science, v. 58, n. 1, p. 27-34, 2008.

41. JIN, Y.-L. et al. Effects of β-Glucans, Shearing, and Environmental Factors on Wort Filtration Performance. Journal of the 
American Society of Brewing Chemists, v. 62, n. 4, p. 155-162, 2004.

42. BRENNAN, C. S.; CLEARY, L. J. The potential use of cereal (1→3,1→4)-β-d-glucans as functional food ingredients. Journal 
of Cereal Science, v. 42, n. 1, p. 1-13, 2005.

43. PASSARELLA, V. S.; SAVIN, R.; SLAFER, G. A. Breeding effects on sensitivity of barley grain weight and quality to events 
of high temperature during grain filling. Euphytica, v. 141, n. 1, p. 41, 2005.

44. QI, J. C.; ZHANG, G. P.; ZHOU, M. X. Protein and hordein content in barley seeds as affected by nitrogen level and their 
relationship to beta-amylase activity. Journal of Cereal Science, v. 43, n. 1, p. 102-107, 2006.

45. MATHIAS, T. R. D. S.; DE MELLO, P. P. M.; SÉRVULO, E. F. C. Nitrogen compounds in brewing wort and beer: A review. 
Journal of brewing and distilling, v. 5, n. 2, p. 10-17, 2014.

46. GUERRA, A. F. Tensão de água no solo: efeito sobre a produtividade e qualidade dos grãos de cevada. Pesquisa Agropecuária 
Brasileira, v. 30, n. 2, p. 245-254, 1995.

47. AMABILE, R. F. et al. BRS Deméter: nova cultivar de cevada cervejeira irrigada para o Cerrado do Brasil Central. Pesquisa 
Agropecuária Brasileira, v. 43, n. 9, p. 1247-1249, 2008.

48. AMABILE, R. F. et al. Characterization and genetic variability of barley accessions (Hordeum vulgare L.) irrigated in the 
savannas based on malting quality traits. Journal of the Institute of Brewing, v. 120, n. 4, p. 404-414, 2014.

49. ZALE, J. et al. Summary of barley malting quality QTLs mapped in various populations. Barley Genetics Newsletter, v. 30, 
p. 44-54, 2000.

50. EMEBIRI, L. C. et al. The genetic control of grain protein content variation in a doubled haploid population derived from a 
cross between Australian and North American two-rowed barley lines. Journal of Cereal Science, v. 41, n. 1, p. 107-114, 2005.

51. EMEBIRI, L. C.; MOODY, D. B. Potential of low-protein genotypes for nitrogen management in malting barley production. 
The Journal of Agricultural Science, v. 142, n. 3, p. 319-325, 2004.

52. BRAZIL, C. APLICAÇÃO DE β-GLUCANASE EM MALTE PRODUZIDO A PARTIR DAS CULTIVARES DE CEVADA 
BRS CAUÊ E ELIS. Dissertação (Meste em Tecnologia de Alimentos) – Departamento de Tecnologia de Alimentos, Universidade 
Federal do Paraná, Londrina, 2015.

53. KUUSELA, P. et al. A Simulation Model for the Control of beta-Glucanase Activity and beta-Glucan Degradation During 
Germination in Malting. Journal of the Institute of Brewing, v. 110, n. 4, p. 309-319, 2004.

54. SÁ, R. M.; PALMER, G. H. Assessment of Enzymatic Endosperm Modification of Malting Barley Using Individual Grain 
Analyses. Journal of the Institute of Brewing, v. 110, n. 1, p. 43-50, 2004.

55. FOX, G. P. Biochemical and molecular evaluation of quality for malt and feed barley. Tese (Doutor em Fisiologia) – 
Southern Cross University, Lismore, 2008.

56. ZHANG, G. et al. Cultivar and Environmental Effects on (1→3,1→4)-β-D-Glucan and Protein Content in Malting Barley. 
Journal of Cereal Science, v. 34, n. 3, p. 295-301, 2001.



21
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI 10.22533/at.ed.9732172210121

57. HOLTEKJØLEN, A. K. et al. Contents of starch and non-starch polysaccharides in barley varieties of different origin. Food 
Chemistry, v. 94, n. 3, p. 348-358, 2006.

58. ANDERSSON, A. A. M. et al. Chemical Composition and Microstructure of Two Naked Waxy Barleys. Journal of Cereal 
Science, v. 30, n. 2, p. 183-191, 1999.

59. JAMAR, C.; JARDIN, P. D.; FAUCONNIER, M. L. Cell wall polysaccharides hydrolysis of malting barley (Hordeum vulgare 
L.): a review. Biotechnologie, Agronomie, Société et Environnement, v. 15, n. 2, p. 301-313, 2011.
59-SKOOG, D. A. et al. Princípios de análise instrumental. 2002


