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 Abstract 

  

Introduction. The aim of this research is to determine the effect 
of some unconventional ingredients such as the acorn flour, 

topinambur flour and molasses in order to develop a beverage 

similar to black beer. 
Materials and methods. Black beer was obtained according to 

a conventional method of obtaining beer in a pilot scale brewery. In 
the manufacturing recipe, brown malt has been replaced with acorn 

flour, topinambur flour and molasses with 50% sucrose in the 
following variants: variant 1 – 0.5:1.5:1; variant 2 – 1:1:1; variant 

3- 1:1.5:0.5; variant 4 – 1.25:1.25:0.5. For fermentation of bottom-
fermenting yeast was used. The extract content, alcohol content and 

apparent fermentation for the black beer samples were analysed 
with the Anton Paar device.  

Results and discussion. The CO2 content, foam height, foam 
stability, total acidity of beer, for all the analyzed samples are within 

the admitted limits for the black beers. The sensory characteristics 
of the black beer samples evaluated, namely appearance, colour, 

odour, taste, gas release and foam stability indicates the fact that the 
variant 1 of the black beer received the lowest score whereas the 

variant 4 received the highest one. The sensory analysis results were 
unexpected ones, the non gluten beers obtained being very well 

appreciated, the panellists preferring them over commercial black 
beers made from traditional ingredients. The black beer obtained in 

all four experimental versions are beers with an alcoholic 
concentration which ranged between 7.06% and 8.16%, with a high 

degree of final fermentation, which ranged between 73.26% for 
variant 2 and 85.85% for variant 4. The data obtained with the 

unconventional raw materials as the acorn flour, topinambur flour 
and molasses were comparable to commercial black beer, which 

acted as the control sample. The best result regarding the final 
fermentation degree (85.85%) was obtained for the variant 4, even 

higher than those obtained for the commercial beer (80.20%). Also, 

the variant 4 was the best appreciated from the sensory point of 
view.  This variant can be proposed to obtain black beer on an 

industrial scale because it has good physico-chemical properties 
comparable to a black beer on the market. 

Conclusions. Black beer, obtained on the basis of an innovative 
manufacturing recipe, presented good sensorial characteristics, a 

freshly roasted coffee flavour, a fruity taste and bittersweet. 
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Introduction 
 
Nowadays, the beer production from other raw materials than barley or wheat malt is an 

increasing one in the beer industry field. The new innovative products meet consumers 

demand especially those suffering from celiac disease. The gluten content in commercial 
beers is below the limits of Codex Alimentarius Standard (20 ppm), but even so may create 

healthy problems to the consumers due to their different clinical sensitivity to the beer gluten 

content [1]. 

Over the last years, different strategies can be applied to produce gluten-free beers [2].  

Some approaches for the biological or chemical elimination of barley gluten (hordein) or 

wheat gluten (gliadin) have been proposed [3]. For example, Fanari et al. (2018) proposed 

two different deglutinization treatments: an enzymatic process based on Aspergillus niger 

prolyl endopeptidase and a precipitation process by silica gel [4]. 

Many studies has been carried out into the use of other cereals in the brewing of beer 

such as maize, rice, sorghum, teff, millet, and triticale, pseudocereals (buckwheat, amaranth, 

quinoa), and another ingredients such as cassava, chestnut, honey, sugar, molasses etc. [5-

15]. 
The future studies should be performed to improve the quality of innovative beer 

assortments from new unconventional raw materials in order to satisfy the consumers 

demand.  

This current study proposes the use of three ingredients as malt substitutes for obtaining 

black beer: acorn flour, topinambur flour and molasses. 

Acorn flour is obtained from Quercus sp. fruits from ancient times through drying, 

maturation, milling, detanization processes and it is used in the manufacture of various 

bakery products, beverages, pastry-confectionery, pasta, biscuits, as a coffee substitute 

etc.[16,17,18]. Acorn flour is an important source of antioxidant substances, has a high fat 

content (of which over 80% unsaturated fat), protein and a considerable amount of calcium, 

magnesium, potassium, phosphorus, iron, copper and zinc, vitamins from the B complex (B1, 
B2, B3 and B6) [19,20]. Acorn flour has anti-inflammatory, mineralizing, antianemic, 

antirash, antitumor, antioxidant, diuretic, energizing favouring insulin secretion properties. 

This flour is recommended for the treatment of gastritis, ulcer, enteritis, anaemia, mental 

disorders, fatigue, mental exhaustion, overuse and headaches [21,22]. 

Topinambur tubers have been brought to the attention of specialists and consumers due 

to their properties, being recommended by many nutritionists for consumption. Topinambur 

is currently recognized as a culture used for the production of long-standing ethyl alcohol, 

including beer production [23,24].  The topinambur tubers were also used to produce brandy 

in France and Germany or for sake in Japan. The topinambur flour is a valuable, easy-to-use 

product, and its addition to bakery, pastry and pasta-making recipes improves their nutritional 

value [25,26]. The topinambur flour is rich in fiber (36.4% on average), mineral substances 

(calcium, iron, selenium, potassium, phosphorus) and vitamins (B vitamins, vitamin C, β-
carotene) [27]. Topinambur is also rich in inulin (over 50% of the dry substance), which can 

be easily hydrolysed and then converted into ethyl alcohol. The yield in ethyl alcohol is 

equivalent to that of sugar cane and twice as high as that of ethyl alcohol obtained from corn. 

Other uses of topinambur flour are: extruded products, confectionery products, gelatine 

products, sugary products, functional granules, culinary products etc. [28,29,30]. 

Molasses is the last by-product from the manufacture of sugar following repeated 

crystallization of sucrose and from which can still be obtained by crystallization. Nowadays, 

in the US, Europe, Australia, as well as in our country, molasses is the main raw material 

used in the production of bakery yeast and a valuable raw material for the production of ethyl 
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alcohol (containing an average of 50% sucrose). The chemical composition of molasses 

varies depending on the raw material used in the manufacture of sugar (beet or sugar cane) 

and the technological process applied in the sugar factories. The benefits of molasses cover 

a wide range of health problems: acne and other skin diseases, headaches, anaemia, stress, 

obesity, diabetes, constipation, prostate disorders, premenstrual symptoms, or cancer [31,32]. 

The main objective of this research was to use these unconventional raw materials that 

have been previously developed to obtain brew, a beverage similar in aroma, taste and mouth 

feel to black beer. To our acknowledgments no other studies has been made for non-gluten 
black beer production with the ingredients used in this research. This fact will lead to a 

diversification of black beer assortments which may satisfy the consumers. 

 

Materials and methods 
 

Materials 

 

In our research the following ingredients were used: acorn flour and topinambur flour 

obtained from Bio Boom Company Romania, molasses from Agrana Romania Company, a 

bottom fermentation yeast from Grama Trading Company under the trade name Saflager W 

34/70 (Fermentis, Belgium), and hop pellets from Agrosiro Serv Impex Company 

(Sighisoara, Romania). All the raw materials used in the process came from trustworthy 

suppliers with technical quality specifications, in compliance with the current food safety 

legislation. 

In order to obtain the black beer, several experimental variants were elaborated in which 

the three basic ingredients – acorn flour, topinambur flour and molasses – replaced the barley 
malt from the classic beer recipe. Thus, the ratio between acorn flour, topinambur flour and 

molasses was: variant 1 – 0.5:1.5:1; variant 2 – 1:1:1; variant 3- 1:1.5:0.5; variant 4 – 

1.25:1.25:0.5. 

 

Beer production  

 

Brewing was carried out in a pilot scale brewery (30 L, Braumeister, Speidel, Germany). 

The technological process of obtaining the beer respected the classical technology through 

the decoction process with two mashes [33]. Thus, acorn flour and topinambur flour were 

mashing separately, until boiling for gelatinization of the starch. Then, those 2 mash were 

inserted into the main mash to obtain the wort using the following mashing programme: 
mashing in at 45 °C; rest for 30 min; ramp heating within 15 min to 63 °C; rest for 30 min; 

ramp heating within 5 min to 65 °C; rest for 30 min; ramp heating within 5 min to 72 °C and 

rest for 60 min. At this temperature saccharification was monitored every 10 min, until the 

reaction with iodine did not took place anymore. Mashing off temperature was 78 °C, and 

then the mash was filtered to obtain the wort.  

The wort was boiled with hops for 60 min under atmospheric pressure, cooled to 12 °C 

and fermented for 5 to 7 days at 12 °C using a bottom fermentation yeast. The fermentation 

trials were performed simultaneously under the same conditions. Fermentation was followed 

by a maturation period of 21 days at 4 °C. Filtration was carried out using a plate filter, and 

then the filtered beer was bottled using a manual bottling unit.  

Bottled black beer was stored to the dark at 4 °C until analysis. 
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Beer analyses 

 

The final beer was analyzed for its physical-chemical and sensorial properties. The 

extract content, alcohol content and apparent fermentation were determinated by Anton Paar 

(Anton Paar GmbH, Austria) using an automated beer analyzer. The CO2 content, foam 

height, foam stability, total acidity of beer, was measured [34, 35].  

A sensory evaluation of the beers was carried out by a trained, 25-member tasting panel 

(10 women and 15 men, 24-60 years old), following the 20 points method. The points ranged 
from 0 to 5 for each attributes: appearance, colour, odour, taste, gas release and foam stability. 

A point of 0 meant that the attribute was absent whereas a point of 5 indicated that the 

attribute was extremely strong [36]. 

 

Statistical analysis 

 

Data were expressed as means ± standard deviations for triplicate determination. 

Statistical analysis was performed using XLSTAT statistical package (free trial version, 

Addinsoft, Inc. Brooklyn, NY, USA) at a significance level of p < 0.05.  

 

 

Results and discussion 
 

Physicochemical characteristics of black beer samples 

 

The beer samples obtained were analyzed from the physicochemical point of view, and 
the results obtained were compared with an assortment of commercial black beer. The results 

obtained were shown in Table 1 and Table 2. Beer constituents were provided from the raw 

materials (acorn flour, topinambur flour, molasses, carbohydrate sources), bitter and flavour 

substances from wort production, as well as from fermentation and maturation. 

Foam, foaming capacity and foam stability distinguish beer from other beverages. A 

good, white and stable foam stability is a key parameter which reflects the fact that it was 

handled correctly during the brewing process. The characteristics of the foam are: volume, 

density and persistence. The volume of the foam depends on the carbon dioxide content and 

the amount of surfactants. The slow release of carbon dioxide, in small, uniform bubbles, is 

explained by its bounding to colloids from the extract: dextrin, proteins, bitter resins from 

hops etc. [37]. 
The persistence of the foam depends on the degree of dispersion of the colloidal 

substances in the beer, which forms a resistant film around the carbon dioxide bubbles. The 

persistence of the foam is favoured by the bitter resins of the hops and by the nitrogenous 

substances, complex, but it is diminished by the presence of fats and the amount of alcohols 

content. The beer must have long and persistent foam, must be clear and shiny and must 

maintain these characteristics for the longest period of time possible [7]. 

Considering Table 1 one can observe that the samples with the highest foam stability are 

samples 2 and 4, followed by samples 3 and 1. 

CO2 content is crucial for the ability to foam and other beer sensory properties. In the 

beer samples analyzed, the CO2 content is within the limit of min. 0.4 g/100 mL drink [34]. 

The highest value of this parameter was recorded for the sample 4, namely 4.8 g CO2 /100 g 

beer. This value was higher even than those obtained for the market beer sample, whose value 
was only 4.06 g CO2 /100 g beer. 
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Table 1  

Physicochemical properties for black beers by standard methods 
 

Beer samples – 

mean (SD) 

CO2 

[g/100 mL] 

FH 

[mm] 

FS 

[min] 

TA 

[mL NaOH 

1N /100 mL] 

Beer 1 (B1) 4.10.1ab 28.01.0a 4.001.0ab 2.800.20ab 

Beer 2 (B2) 4.00.1ab 48.02.0a 8.001.0a 2.900.05ab 

Beer 3 (B3) 3.90.2ab 42.02.0a 5.000.0ab 2.950.05ab 

Beer 4 (B4) 4.80.1a 58.02.0a 7.001.0ab 3.500.10a 

Commercial beer 

sample (BC) 
4.060.11b 59.334.16a 7.001.0b 3.260.11b 

F-ratio 9.862 5.617 7.194 8.069 

P-value 0.002 0.012 0.005 0.004 
Physicochemical properties: CO, colour, FH, foam height, FS, foam stability, TA, total acidity  

The values are meansstandard deviations of three replicates.  

Means in the same column followed by different letters are significantly different (p < 0.05). 

 

 
Table 2 

Physicochemical properties for black beers by Anton-Paar device 

 

Beer samples – 

mean (SD) 

OE 

[°P] 

ALC 

[% v/v] 
pH 

GFF 

[%] 

Beer 1 (B1) 17.850.08a 8.160.04a 4.600.02ab 77.040.50ab 

Beer 2 (B2) 17.050.05a 7.600.03a 4.530.01ab 73.260.33ab 

Beer 3 (B3) 16.870.03a 7.060.04a 4.560.03ab 79.870.23ab 

Beer 4 (B4) 16.920.02a 7.400.04a 5.020.02a 85.850.15a 

Commercial beer 

sample (BC) 
14.850.08a 7.200.20a 4.600.03b 80.200.20b 

F-ratio 12.178 9.972 9.500 8.965 

P-value 0.001 0.002 0.002 0.002 
Physicochemical properties: OE, original extract, ALC, alcohol concentration, GFF, final 

fermentation degree  

The values are meansstandard deviations of three replicates.  

Means in the same column followed by different letters are significantly different (p < 0.05). 

 

 

The extract of the primitive must and the alcohol concentration of the beer are the most 

important determinations, at least from the financial point of view [38]. The black beer 
obtained in all 4 experimental versions is a beer with an alcoholic concentration between 

7.06% and 8.16%, with a high degree of final fermentation, with values between 73.26% for 

variant 2 and 85.85 % for variant 4 (Table 2). It can be observed that beer samples 4, recorded 

the best results regarding the final fermentation degree (85.85%), even higher than the beer 

from (80.20%). 
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Sensorial characteristics of black beer samples 
 

Sensory analysis is of essential importance in assessing the quality of beer. The taste, the 

smell, the colour, the clarity, the foaming, the release of the carbon dioxide bubbles, are the 

best recommendation and are, at the same time, the result of all the technological operations 

[10, 39]. To perform the sensory analysis of the 4 experimental variants, the 20 points sensory 

method was used. The results of the sensory analysis are shown in Table 3. 

 
Table 3 

Sensorial properties for the dark beers samples 
 

Beer 

samples – 

mean (SD) 

AP CO_S OD TA GR FS_S PT 

Beer 1 (B1) 2.00 
0.34a 

2.66 
0.46a 

0.66 
0.11a 

5.60 
0.10a 

1.80 
0.60a 

1.06 
0.23a 

13.80 
0.20a 

Beer 2 (B2) 2.20 

0.34a 

3.73 

0.46a 

0.80 

0.20b 

5.60 

0.10a 

2.20 

0.34a 

1.46 

0.23a 

16.00 

0.20a 

Beer 3 (B3) 2.20 

0.34ab 

2.94 

0.46ab 

0.60 

0.10ab 

6.06 

0.80a 

2.00 

0.34ab 

1.46 

0.23ab 

15.26 

0.61ab 

Beer 4 (B4) 2.60 

0.34a 

4.00 

0.10a 

1.00 

0.10a 

6.53 

0.80ab 

2.40 

0.10a 

1.86 

0.23a 

18.40 

0.40a 

Commercial 

beer (BC) 
3.00 

0.10b 

4.00 

0.10b 

0.86 

0.11b 

6.53 

0.80b 

2.60 

0.34b 

1.86 

0.20b 

18.86 

0.41b 

F-ratio 7.228 9.088 11.933 10.294 7.865 8.695 9.221 

P-value 0.009 0.004 0.001 0.002 0.007 0.005 0.004 
Sensorial properties: AP, appearance, CO_S, colour, OD, odour, TA, taste, GR, gas release, 

FS_S, foam stability 
Means in the same column followed by different letters are significantly different (p < 0.05). 

 

From the sensory point of view, the most appreciated by tasters was beer sample 4, 

followed by beer sample 2 and beer sample 3. 

 

Relationship between characteristics of the beer samples obtained 
 

Table 4 shown the Pearson correlation between the sensorial and physico-chemical data 

of the black beer analyzed samples. It may be seen that all the sensorial values for total points 

(PT) are significant correlated with the physico-chemical data of the analyzed beer samples 

and with each sensory characteristics analyzed. Therefore the highest significant direct 

influence according to the correlation obtained (p<0.01) on PT for the analyzed samples 

presented the beer’s physico-chemical characteristics foam stability (FH), r=0.925 and total 

acidity (TA), r= 0.823. A significant negative influence on PT presented the physico-

chemical characteristics original extract (OE) r = -0.776 at a significant level of p = 0.01 and 
alcohol concentration (ALC), r = – 0.584 at a significant level of p = 0.05. It may be also 

noticed that between physico-chemical data ALC and OE it is a direct significant correlation 

(r=0.648) at a level p = 0.01, a similar one been also obtained by Codină et al. (2011)[40]. 

From the sensorial characteristics point of view, it seems that all of the analyzed sensorial 

parameters presented a highly significant (p<0.01) influence on PT except gas release (GR) 

which presented a lower significant influence one (p<0.05), between these characteristics 

(PR and GR) being the lowest correlation value of r = 0.636. 
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Table 4 

Pearson correlation of physicochemical and sensorial properties for the black beers samples 
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Significant at  p < 0.01**, at p < 0.05*.    

Physico-chemical properties: CO, colour, FH, foam height, FS, foam stability, TA, total acidity, 
OE, original extract, ALC, alcohol concentration, GFF, final fermentation degree. 

Sensorial properties: AP, appearance, CO_S, colour, OD, odour, TA, taste, GR, gas release, FS_S, 
foam stability 



─── Food Technology ─── 

─── Ukrainian Food Journal.   2020.  Volume 9. Issue 2 ─── 329 

Principal component analysis (PCA) shown in Figure 1 carried out on black beer samples 

explain all the data variation. The first two principal components explain 71.44% of the total 

variance (PC1=54.83% and PC2=16.61%). The both PCA components, PC1 and PC2 

underline a very good correlation between physico-chemical characteristics CO and GFF and 

between OE and ALC. Also it may be noticed a very good correlation between all the 

sensorial characteristics analyzed, most of them being placed at the left part of the graph, 

characteristics which reflect highly significant correlation coefficients. The closed 

association between sensory and physico-chemical characteristics of the beer analyzed 
samples it may be noticed between CO_S, FS_S and FS at a level of p = 0.01 which may be 

clearly seen in the left part of the graph. 

 

Figure 1. PCA loadings of black beer properties 

 
Conclusion 
 

These researches proposed to obtain a new assortment of black beer, having as basic 

ingredients unconventional raw materials, respecting the classical technological process of 

obtaining beer. The new product is part of the category of undistilled black beer alcoholic 

beverages, whose composition includes only natural ingredients: water, acorn flour, 

topinambur flour, molasses, hops and yeast, without the addition of food additives. The 

uniqueness of the product is mostly due to the ingredients used in the manufacturing recipe 

of the finished product: the use of acorn and topinambur flour as raw materials and the 

capitalization of molasses, as a by-product of sugar production. 
The product has been conceived as a product that can be easily reproduced on an 

industrial scale, from micro-factories to high-capacity production companies, through a 

simple process, in accordance with the regulations in force, respecting food safety. 
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