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APRESENTAÇÃO

Caro leitor,
As Ciências Biológicas é uma grande área de estudo que diz respeito a todos 

os seres vivos e suas especificidades; mas também faz intersecção com outras áreas, 
como a Educação, a área da Saúde e a Biotecnologia. Nesta obra, “Produção científica 
em Ciências Biológicas 2”, nossa intenção é mostrar ao longo de 18 capítulos o que vem 
sendo produzido neste campo, com trabalhos originais ou de revisão que englobam saúde, 
bioconservação, meio ambiente, pesquisa experimental, Microbiologia, aplicações na 
indústria farmacêutica e Educação.

Trabalho com anticorpos monoclonais para diagnóstico, com antígenos plaquetários, 
ou avaliação de aspectos clínicos e epidemiológicos de doenças como anemia falciforme; 
produção de cosméticos, aplicação de biotecnológica de micro-organismos na indústria, 
conservação ambiental e registro de novas espécies animais; ou avaliação do tema 
saúde e currículo escolar. Estes são alguns dos temas encontrados neste livro e mostram 
a importância da multidisciplinaridade e da interdisciplinaridade dentro das Ciências 
Biológicas. É com certeza uma literatura necessária para estudantes e profissionais. 

Sempre prezando pela qualidade, a Atena Editora possui um corpo editorial formado 
por mestres e doutores formados nas melhores universidades do Brasil, com o objetivo 
de revisar suas obras. Isto garante que um trabalho de alta qualidade chegue até você. 
Esperamos que você tenha uma ótima leitura!

Daniela Reis Joaquim de Freitas
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ABSTRACT: This work has as main objective the 
development of a special malt from a malt base 
type Pilsen. After hydration the Pilsen malt was 
subjected to the saccharification temperature 
for the conversion of the starch into sugars still 
inside the grain. The drying and roasting step 
was followed. In the roasting process the Maillard 
and caramelization reactions occurred, giving 
characteristic flavor, color and aroma. To analyze 
the results, beers were produced using 75% 
Pilsen malt and 25% roasted malt, which were 
compared to beer produced with 100% Pilsen 
malt. The first one showed intense coppery color, 
sweet aromas like of caramel and aromas of 
bread and biscuit and also sweet flavor that refers 
to the caramel and roasted sugar. A group of 
tasters sensorially analyzed the global difference 
between beer produced with Pilsen malt and the 
others produced with roasted malt, besides the 
acceptability of each one and a physical-chemical 
analysis of the alcoholic content was made in the 

product. No differences were identified between 
the lots produced with roasted malt, and all had 
acceptability. The alcohol content was slightly 
higher in beer without roasted malts.

1 | 	INTRODUCTION
Initially, it is important to understand what 

is legally considered beer in Brazil. According 
to Brazilian legislation “Beer is the beverage 
obtained by the alcoholic fermentation of the 
brewer’s wort from barley malt and drinking 
water, by the action of yeast, with the addition 
of hops” (BRASIL, 2009). However, the same 
decree allows brewing wort to have up to 45% 
of adjuncts that replace barley malt, being 
brewer’s barley and other cereals suitable for 
human consumption, malted or unmalted, as 
well as starches and sugars of plant origin. 
In addition to the growth in beer production in 
volume, attention has been drawn to the large 
number of new craft breweries in the country. 
This is evidenced by the increasing granting of 
registrations to new factories and consequently 
products.

Malt is the product resulting from the 
controlled germination of any cereal (barley, rice, 
wheat, sorghum). The malt most used in beer is 
barley, however, it is not the only one, with wheat 
malt being the second most used (VENTURINI 
FILHO, 2010).

Malt provides beer with the main 
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characteristics that can be sensorially perceived by the consumer, such as color, flavor, 
aromas, body and viscosity, thus, it can be considered the protagonist in most popular styles 
today (MALLET, 2014).

The transformation of barley grain into malt takes place in malting, under controlled 
conditions of temperature, moisture and aeration, and interrupting germination as soon as 
it starts. The starch constituents present in the malted grain have smaller chains than in 
barley, making it less hard and more soluble, and having enzymes inside the grain that are 
inherent to the brewing process.

When selecting the malt for a formulation, the brewer must keep in mind all the 
sensation he wants the consumer to have and know how to achieve the desired parameters 
through combinations of several varieties of malts, which can result in a complex drink, or 
even using only one type of malt, having a simpler beer from the sensory point of view. In 
addition, the proportion of malt used in the production of the beverage will directly impact 
the alcohol content, as it increases the fermentation potential of the must (MALLET, 2014).

The varied flavors of caramelized and roasted malt are developed in changes in the 
process. The same barley that produces the special malt can be used to produce the base 
malt. The characteristic flavors and aromas of specialty malts come mainly from Maillard 
reactions (MALLET, 2014).

Some specialty malts require the use of specialized equipment. Rotating drums are 
recommended for the process, just as it is used for coffee. The heated rotating cylinder 
rotates at around 30 rpm, causing the material to mix evenly (MALLET, 2014).

The development of specialty malts is of great importance to the brewing industry, 
allowing new experiences to be brought to the consumer. So, it is up to the malting 
companies to develop a product that allows the repeatability of the formulations, and to 
seek innovations to meet the growing demand for new flavors and aromas. This work aimed 
to develop a special malt from the roasting of malt, to produce beer with roasted malt; to 
compare sensorially the beer produced with and without the roasted malt, to evaluate its 
acceptance and to compare its alcohol contents.

2 | 	MATERIAL AND METHODS

2.1	 Malt and beer preparation
Imported Pilsen malt, from the Castle Malting® brand, was used as a basis for the 

creation of special malts. For roasting the malt, a grain roaster was used, which uses a 
rotary drum system similar to that used in malt factories, but on a smaller scale. The beer 
production followed the normal production steps, three worts were produced with 75% 
Pilsen malt (1.5 kg) and 25% roasted malt (0.5 kg), 3.50 g of hops, which fermented at 
18°C for 6 days, using 5.0 g of safale US-05® yeast from the Fermentis® brand, which 
has a neutral profile, so as not to interfere with the sensory analysis (COGHE et al., 2006). 
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For comparison purposes, a wort with 100% Pilsen malt (2.0 kg) and 3.50 g of hops was 
produced under the same production and fermentation conditions (COGHE et al., 2006). 
The two beers were aged at a temperature of 1°C for 5 days, and were bottled in glass 
bottles with 6 g/L of sugar to produce CO2 and, consequently, carbonate the drink (PALMER, 
2006).

2.2	 Analyzes performed
The alcohol content by volume was determined using the method described by 

the Instituto Adolfo Lutz and the sensory analysis was performed using the discriminative 
method using a multiple comparison test and also using the affective method using an 
acceptance test with a hedonic scale. The physical-chemical and sensorial analyzes were 
carried out in the respective laboratories of the University of Uberaba_MG.

3 | 	RESULTS AND DISCUSSION
10 roasting batches were carried out, each with an initial mass of wet malt of 500 g, 

having a final mass of roasted malt of approximately 250 g. Table 1 below presents the initial 
and final masses of each roasting stage.

Roasting Wet malt mass
(g)

Roasted malt mass (g)

1ª 500 252
2ª 500 250
3ª 500 254
4ª 500 256
5ª 500 248
6ª 500 254
7ª 500 252
8ª 500 248
9ª 500 249
10ª 500 253

Table 1: Initial and final masses of each roasting.

Source: Author (2019).

It is verified that the mass of evaporated water is close to the product obtained from 
the torrefaction. In Figure 1 below, there is an image of a sample of base malt, on the left, 
and roasted malt, on the right.
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Figura 1. Image of the base and roasted malt.

Source: Author (2019).

The batches produced with roasted malt, on the left of Figure 2, had an intense 
copper color, sweet aromas such as caramel and bread aromas and also a sweet flavor that 
refers to caramel and roasted sugar. The beer produced only with Pilsen malt, on the right 
of Figure 2, presented a golden color, with a neutral aroma and flavor, characteristic of beers 
that do not use special malts.

Figure 2: On the left, beer produced with roasted malt, on the right, beer produced only with Pilsen malt.

Source: Author (2019).

The dark and light beers had the initial and final densities and average alcohol 
content shown in Table 2. It is possible to observe that the dark beer had a higher final 
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density than the light beer. This is because roasted malt provides non-fermentable sugars to 
the wort, which resulted in a lower average alcohol content and higher solids concentration.

Beer Initial density (g.cm-3) Final density
(g.cm-3)

Alcohol content (%v/v)

Dark 1,043 1,012 4,14
Clara 1,042 1,006 4,29

Table 2. Densities and average alcohol content of beers.

Source: Author (2019).

To perform the sensory analysis, the group of evaluators consisted mostly of female 
members (73.33%), aged between 26 and 35 (40%), complete higher education (73.33%), 
consumption, both alcoholic beverages in general and beer, greater than once a week (40%). 
Most had no contact with or knowledge of the beer production process (66.67%), none of 
the evaluators is allergic to food or drinks and among the comorbidities only hypertension 
was highlighted (6.67%). From the comparative sensory analysis, it was observed that it 
was possible to obtain a standardization of the roasting operation, as the evaluators did not 
point out significant differences between three samples of dark beer, while they reported a 
great difference with the light beer. With the affectivity test, it was noticed that the product 
had good acceptance, corresponding to the expectations of people who have the habit of 
consuming beer.

From Graph 1 of the response frequency distribution for each sample evaluated, it is 
possible to verify that more than 50% of the samples obtained a score greater than 5, and 
the hedonic scale is seven points, so the samples can be considered accepted. Knowing 
that 86.67% of the standard samples, 60% of Sample 1, 66.67% of Sample 2 and 66.67% 
of Sample 3 had acceptance scores greater than or equal to 5, so all samples were well 
accepted.



 
Produção científica em ciências biológicas 2 Capítulo 14 132

Graph 1: Distribution of response frequency for each sample.

Source: Author (2019).

4 | 	CONCLUSIONS
Through the comparative sensory analysis, it was observed that it was possible 

to obtain a standardization of the roasting process, as the evaluators did not point out 
significant differences between the three samples of dark beer, while they reported a great 
difference with the light beer. With the affectivity test, it is clear that the product has good 
acceptance, corresponding to the expectations of people who have the habit of consuming 
beer.

It is clear then that it is possible to produce roasted malt from commercial Pilsen malt, 
and not only from green malt. The beers produced with this malt had the characteristics of 
color, flavor and aroma within the expectation for a malt that undergoes Maillard reactions 
and caramelization in the industry, in addition to the slightly lower alcohol content.

REFERENCES
BRASIL. Decreto Nº 6.871, de 4 de junho de 2009. Regulamenta a Lei no 8.918, de 14 de julho 
de 1994, que dispõe sobre a padronização, a classificação, o registro, a inspeção, a produção e a 
fiscalização de bebidas. Diário Oficial da União, Brasília, 4 de junho de 2009.

COGHE, Stefan; GHEERAERT, Bert; MICHIELS, Ann; DELVAUX, Freddy R. Development of Maillard 
Reaction Related Characteristics During Malt Roasting. Journal of the Institute of Brewing, Bélgica, 
v. 112, n. 2, p. 148-156, 2006.

Instituto Adolfo Lutz (São Paulo). Métodos físico-químicos para análise de alimentos /coordenadores 
Odair Zenebon, Neus Sadocco Pascuet e Paulo Tiglea -- São Paulo: Instituto Adolfo Lutz, 2008.



 
Produção científica em ciências biológicas 2 Capítulo 14 133

MALLET, John. Malt: A practical guide from field to brewhouse. 1. ed. USA: Brewers Publications, 2014.

PALMER, J. J. How to Brew: Everything You Need to Know to Brew Beer Right the First. 3. ed. Eua: 
Brewers Publications, 2006.

VENTURINI FILHO, Waldemar Gastoni. Bebidas alcoólicas: Ciência e Tecnologia (Volume 1). 1. ed. 
São Paulo: Blucher, 2010.



 
Produção científica em ciências biológicas 2 184Índice Remissivo

ÍNDICE REMISSIVO

A

Açúcares redutores totais  122

Análise sensorial  34, 36, 37, 39, 44, 45

Anticorpos monoclonais  1, 3

Antígenos plaquetários humanos  6, 8, 10, 14

Atividade antibacteriana  101, 105

Atividades anticancerígenas  80

B

Backcrossing  158, 161

Biodisponibilidade  73, 74

Bioetimuladores de colágeno  47

Biofortificação  72, 73, 74, 75, 76, 77

Biorremediação  92, 94, 99, 104

Biossurfactantes  101, 103, 104

Bracelete de Mel  62

C

Características morfométricas  134

Cicatrização  30, 62

Cosmético  34, 36, 37, 39, 40, 44, 45, 51

Costões rochosos  79, 80, 81, 87

D

Descoloração  92, 94, 95, 96, 97, 98, 99

Doença falciforme  17, 18, 21, 22, 23, 24, 25, 26, 27

Doenças infecciosas  13, 111, 112, 178, 179

E

Educação física  171, 172, 175, 176, 180, 182

Efluentes têxteis  92, 93

Espécies florestais  134, 135, 142

Estudos de associação genética  7



 
Produção científica em ciências biológicas 2 185Índice Remissivo

F

Fermentação alcoólica  122, 123, 126

Fisiopatologia  6, 29, 30, 31, 33

Fringillidae  158, 159, 160, 161, 163

Fungos  3, 4, 92, 94, 97, 111, 112, 113, 114, 116, 117, 118, 120, 121

G

Germinação  134, 136, 137, 138, 139, 142, 143, 144, 145

H

Hemoglobina S  17, 19, 26

Hipomelanose  29, 31

I

Imunodiagnóstico  2

Intercorrência  47

M

Magellanic Tapaculo  146, 147, 148, 149

Malt base type Pilsen  127

Massa seca  134, 135, 137, 138, 140, 141, 143

Melaleuca armillaris  61, 62, 63, 65, 66, 67, 69, 70

Mel rico  122, 123

Merkwelt  158, 159, 160, 161, 162

Micoses  112, 113, 114, 115, 118

Micronutrientes  73, 74, 75, 76, 77

Morbimortalidade  17, 19, 171, 172, 175, 176, 177, 181

N

Nanotecnologia  34, 36, 44, 45

P

Paracoccidioidomicose  1, 2, 115, 119

Patógenos avícolas  101

Periodontite  7

Pleurotus ostreatus  92, 93, 94, 95, 98, 99, 100

Produtos naturais marinhos  80, 81, 87



 
Produção científica em ciências biológicas 2 186Índice Remissivo

Proposta curricular  171, 172, 177, 181

Q

Quilombolas  17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28

R

Rhinocryptidae  146, 147, 148, 150, 151, 152

Roasted malt  127, 128, 129, 130, 131, 132

S

Saccharification temperature  127

Saúde coletiva  27, 171, 177

Saúde estética  47, 48, 49, 55

Scytalopus  146, 147, 148, 149, 150, 151, 152, 154, 157

Soforolipídios  101, 102, 103, 104, 105, 106

T

Tratamento de feridas  62

V

Valor nutricional  73, 75, 76

Vitiligo  29, 30, 31, 32, 33








