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Abstract. Jerusalem artichoke tubers are known for their high content of nutrients, high 
acidity, pleasant taste and smell and beneficial effects on health. Thus, the capitalization of 
food products such as bread with Jerusalem artichoke flour, could be an opportunity to 
diversify the range of new products. The aim of this research was to elucidate the impact of 
added Jerusalem artichoke flour (in a concentration of 2.5%, 5%, 7.5% and 10%) in wheat 
flour bread on the sensory and physico-chemical properties of the finished product. 
Jerusalem artichoke flour has a high dry matter content and a high content of essential 
amino acids such as histidine, isoleucine, methionine, phenylalanine and valine. In the 
results we recommend the replacement of wheat flour with 5% Jerusalem artichoke flour, to 
obtain a product rich in micro and macronutrients with better organoleptic properties and a 
longer shelf life, which positively influences human health. 
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Introduction 
Jerusalem artichoke (Helianthus tuberosus), also called "soil apple", "pork turnip", 

"guli", "potato of the poor" (from Hungarian), "Jerusalem artichoke" is a plant of the 
Asteraceae family, belonging, like the flower of the sun, the genus Helianthus. It is native to 
eastern North America, and the name Jerusalem artichoke comes from the Native American 
tribe "Topinambas" [1].  

Jerusalem artichoke (Helianthus tuberosus) is a perennial plant which consists of a 
stem about 1–3 m tall, small yellow flowers, hairy oval shaped leaves and an underground 
rhizome system which bears small tubers. It is an Angiosperm plant species of the 
Composite family, which is commonly referred to as the sunflower or daisy family. The 
stems are stout and ridged which can become woody overtime. Its leaves alternate near the 
top of the stem, the lower leaves are larger and broader, and can grow up to 30 cm long 
while the higher ones are smaller and narrower. In terms of flower heads, each is 5–7.5 cm 
wide and formed by small, yellow, tubular disk flowers in the center and surrounded by 
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florets, which occur separately or in groups at the end of alar branches and main stems. As 
for tubers, they are uneven and elongate varying from knobby to round clusters. The colors 
of tubers range from pale brown to white, red and purple [2]. 

Over the years, within the Botanical Gardens of the Academy of Sciences of Moldova 
there  was collected a collection of over 60 Jerusalem artichoke taxa with different periods 
of vegetation, plant habitus, shape and coloration of tubers, which serves as a material for 
improving the species, being selected perspective forms for the creation of new varieties. 
Among the perspective varieties in the collection are the Solar variety (harvest up to 44 t / 
ha) and Amicul II, created by clonal selection from large populations, registered in the 
catalog of plant varieties of the Republic of Moldova since 2014 [3]. 

It is known that due to its unique chemical composition, Jerusalem artichoke tubers 
can be used as a raw material for the industrial manufacture of flour, inulin, syrup and 
glucose-fructose powder, pectin, alcohol and various finished foods. The use of Jerusalem 
artichoke in food is quite diverse and includes juices, purees, syrups, fermented beverages, 
bakery products, etc. [4, 5]. Jerusalem artichoke juices can be natural or mixed with other 
fruit or vegetable juices, clarified or concentrated [6]. 

Jerusalem artichoke is a plant with a number of advantageous characteristics over 
traditionally agricultural crops, including high growth rate, good tolerance to frost, drought 
and poor soil, strong resistance to pests and plant diseases, with minimal to zero fertilizer 
requirements. Conventionally, Jerusalem artichoke has been used for food or animal feed, 
and for the past two decades, alternative uses have been explored especially for the 
production of functional food ingredients such as inulin, oligofructose and fructose. It is 
also found that some bioactive ingredients can be extracted from its leaves and stems, 
which creates an opportunity for applications in the pharmaceutical sector [7, 8]. 
 In recent times, special attention has been paid to fermented beverages. It was 
demonstrated that inulin hydrolysis to reducing sugars from Jerusalem artichoke juice and 
its fermentation with homofermentative bacteria Pediococcus acidilactici DQ2 ensures high 
lactic acid productivity [9, 10, 11].  

Several researches have been carried out in the Russian Federation in order to 
process Jerusalem artichoke in purees [12]. At the same time, several combinations of 
Jerusalem artichoke purees and pastas, fruits (apples, bananas, pears) and vegetables 
(carrots, pumpkins, eggplants) with pectin additives, nuts, bran were developed, intended 
for people suffering from diabetes [13, 14]. Jerusalem artichoke purees can be used as food 
or as additives in the manufacture of other foodstuffs [15, 16]. 

Another valuable product is Jerusalem artichoke flour which has a very low fat 
content, low caloric value and can be used for partial substitution (up to 10%) of wheat 
flour in the manufacture of bread and pastries but also as a functional agent in other foods 
[17, 18].  

In order to protect the bioactive components (vitamins, phenolic compounds, etc.) 
from Jerusalem artichoke tubers, they can also be subjected to a convective drying process 
at 50 ° C. The flour is characterized by the content of inulin-type (51.60 ... 52.24%), fiber 
(6.85 ... 7.67%), total polyphenols (18.51 ... 44.03 mg GAE / g), protein (8.75 ... 9.01 %), iron 
(12.45 ... 12.78 mg / 100g), potassium (1905.44 ... 1912.85 mg / 100g), calcium (50.21 ... 
51.12 mg / 100g) , magnesium (84.55 ... 86.85 mg / 100 g) and phosphorus content (300.12 
... 316.62 mg / 100 g). At the same time, the flour obtained from Jerusalem artichoke tubers 
has a high antioxidant potential [19]. 
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The tubers of Jerusalem artichoke are rich in protein (3.2%, dry matter). Jerusalem 
artichoke proteins contain  many amino acids (16), including 10 essential  (they are not 
produced by the human body and come from food): arginine, valine, histidine, isoleucine, 
leucine, lysine, methionine, threonine, tryptophan, phenylalanine. 

According to the Novosibirsk Scientific Research Institute of Clinical Immunology SB 
RAMS, these protein compounds are very close in structure to proteins of the thymus gland 
(thymus) – they have practically identical properties to those of thymus, major regulators of 
maturation and functional activity of cells of the immune system [20]. 

The Jerusalem artichoke is rich in pectin (approximately 11% of dry matter weight). 
Pectin’s are high molecular weight carbohydrates that make up the cell membrane and 
intercellular substance. Pectin’s have absorbent, astringent and thickening properties. They 
reduce the level of cholesterol in the body, improve metabolic processes, normalize bowel 
movements, and improve the peripheral circulation. But the most valuable feature of pectin 
is its ability to clear up the organisms without leaving any ’garbage‘ and not breaking of the 
balance of the internal body environment. 

Currently, Jerusalem artichoke flour has been proposed for the manufacture of 
articles from leavened, sandy, tender, sponge dough and pasta [21, 22]. The administration 
of Jerusalem artichoke flour improves the porosity of bakery products and their sensory 
qualities. At the same time, the glycemic index of the finished products decreases, which is 
important for patients with diabetes and obesity [23, 24]. Noodle dough prepared with the 
addition of Jerusalem artichoke flour (compared to that of durum wheat flour) has a water-
binding capacity and increased elasticity and low adhesiveness [25]. 

Bread has been considered one of the staple foods for centuries in many countries 
and is an important part of the diet. For example, the average volume of bakery and flour 
products consumed in the Republic of Moldova between 2012 and 2017 was 102.6 [26]. 
Based on the above, the purpose of the research in this article was to present the impact of 
the addition of Jerusalem artichoke flour obtained from the Solar and Amicu II variety on 
the quality of bread. 

 

2. Materials and methods 
Jerusalem artichoke flour used for research was obtained from tubers of the "Amicu 

II" and "Solar" variety, harvested at the Institute of Phytotechnics in Porumbeni, Chisinau. 
The dry matter, ash content and titratable acidity of Jerusalem artichoke flour were 

determined using the methods described in ISO 6540: 2010 ISO 763: 2003 and ISO 750: 
1998 [27, 28]. 

Flour quality indicators, wet gluten content, acidity were analyzed according to 
international standard methods. 

 

2.1 Jerusalem artichoke flour obtaining 
Before use, the tubers were packed and stored in the refrigerator at 4 ° C. Before 

drying, the tubers were washed and cut into rounds using an electric slicer. The thickness of 
the obtained washers is 1mm.The initial humidity of the tubers was 75.96% (3.15997kg 
water / kg dry matter, 315.97% / DM). 

 

2.2. Atomic absorption spectroscopy (AAS)  
Is a spectroanalytical procedure for the quantitative determination of chemical 

elements using the absorption of optical radiation by free atoms in the gaseous state. 
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Atomic absorption spectroscopy is based on absorption of light by free metallic ions For 
analysis, the samples were mixed with the required solvents. A series of working samples 
have been prepared from the solution. The atomic absorption spectrometer were adjusted 
for each of the studied elements. The sample were introduced into an atomizer, after which 
calibration solutions are added. 

 

2.3 Dry matter in Jerusalem artichoke flour samples 
For determination of dry matter content the flour samples were dried at a 

temperature between  130 ± 2 ℃, until a constant mass of dry residue was obtained. 
 

2.4 Insoluble ash in hydrochloric acid  
The determination of the ash content was carried out by calcining the flour sample 

at a temperature of 550-600 ° C to a constant mass. 
 

2.5 Titratable acidity  
The acidity index is the amount of NaOH (1N NaOH / 100g of matter) required to 

neutralize one gram of product in the presence of phenolphthalein as an indicator. 
 

2.6 Amino acids in Jerusalem artichoke flour 
The amino acid content of Jerusalem artichoke flour was determined using the high 
performance liquid chromatographic (HPLC) method. In was used the gradient HPLC Agilent 
1100 series. The HPLC instrument was equipped with an auto-injector, column 
compartment, fluorescent detector (G1315B), vacuum degasser and quaternary pump. 
Separation was performed on the Eclipse XDB C18 column (ID 2.1 × 150 mm, 5 μ particle 
size) at 40 ° C. Peak monitoring was performed on a fluorescent detector with excitation 
wavelength λex340 = nm and emission λem = 450nm. 

 

2.7 The impact of wheat flour substitution with Jerusalem artichoke flour on bread 
volume 
The specific volume of the breads (cm3 / g) is measured indirectly by moving small 

spherical solid particles with known specific volume in a container where the final bread is 
placed. 

The measure consists in emptying the container up to half its solid particle content, 
over which the bread is placed and covered, the sample with the rest of the grains. 

After leveling the surface of the measuring vessel, the volume of excess spherical 
grains corresponds to that of the bread. Thus, the specific volume of bread (Vsp) expressed 
in cm3 / g represents the ratio between the coefficient of bread volume (V) and its mass (M). 

 

2.8 Sensory analysis of bread samples 
The sensory evaluation of the obtained products was performed using a 30-point 

scale method [29]. Bread receiving between 24.1 and 30 points is considered to be of very 
good quality; between 18.1 and 24.0 points is of good quality; between 12.1 and 18.0 
points is a satisfactory quality; between 6.1 and 12.0 is of poor quality; between 0.1 and 6.0 
is a very poor quality. 
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The shape, surface of the crust, color, appearance in section, consistency of the 
crumb, taste and smell was evaluated by a tasters group. The criteria in Table 1 were used 
to quantify sensory characteristics. 

 

2.9 Statistical analysis 
All samples were analyzed in triplicate, and standard deviations are given in order to assess 
the repeatability of the methods used. Variance analysis of the results was carried out by 
least square method with application of Microsoft Office Excel program. 

 

3. Results and discussions 
3.1 Jerusalem artichoke flour characteristic 

To obtain Jerusalem artichoke flour, the tubers were washed, dried and cut into 1 
mm thick slices. The initial humidity of the tubers was 75.96% (3.15997 kg water / kg dry 
matter, 315.97% / DM). 

The characterization of the flour is done using specific values: ash content, 
moisture, protein content, gluten content, baking power and others. All these features make 
it possible to understand the use of flour, whether it is intended for the manufacture of 
bread, biscuits or other products. 

The two varieties of Jerusalem artichoke in the studio (Amicul II and Solar) have 
quite close physico-chemical indices. At the same time, from table 1 we notice that the 
flour obtained from the Jerusalem artichoke tubers of the Amicul II variety has a higher 
content of macro and microelements (table 1). 

Table 1 
Physico-chemical indices of Jerusalem artichoke flour 

Variety Humidity% Ash,% Acidity degrees 
Amicul II 13,4 5,25 3,1 
Solar 14,2 4,11 3,2 
 Macroelements, mg / 100g 
 Potassium Calcium Magnesium 
Amicul II 18919±45 1014±12 294±3 
Solar 10671±23 849±6 197±1 
 Microelements, mg/100g 
 Iron Copper Zinc 
Amicul II 4,2±0,7 1,69±0,4 5,91±0,5 
Solar 2,99±0,3 1,04±0,2 0,77±0,3 

 

The protein content of Jerusalem artichoke flour and wheat flour was 2.4% and 
11.9%, respectively. This content is higher than 7%, which corresponds to the minimum set 
by the Codex Alimentarius (FAO, 1996). 

The content of amino acids in Jerusalem artichoke flour proteins of two varieties is 
shown in Figure 2, where we see that the dominant amino acids are glutamic acid and 
aspartic followed by the rest of the amino acids. 

The protein content of wheat flour used in this study could compensate deficit of 
protein in the Jerusalem artichoke mass. 
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Figure 2. The content of amino acids in proteins of Jerusalem artichoke flour. 
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Figure 3. General scheme of bread making [developed by the authors]. 
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3.2 Bread obtaining 
The bread was obtained in the laboratory of culinary technology within the 

Department of Food and Nutrition, Faculty of Food Technology, Technical University of 
Moldova, by the indirect method according to the technological scheme presented in Figure 
3. 

 

3.3. Titratable acidity during dough kneading and fermentation 
During kneading and fermentation, the acidity of the dough increases. This increase 

is caused by acid reactions. The titratable acidity values of wheat flour and Jerusalem 
artichoke are shown in Table 2. 

 

Table 2 
The evolution of titratable acidity during dough kneading and fermentation 

Time, 
minutes 

Wheat 
flour, 

control 
sample 

Solar 
2,5% 

Solar 
5% 

Solar 
7,5% 

Solar 
10% 

Amicu II 
2,5% 

Amicu II 
5% 

Amicu II 
7,5% 

Amicu II 
10% 

30 1,4 2,2 2,8 3,4 3,6 1,8 3,0 3,2 4,0 
60 2,8 3,2 3,8 5,0 6,4 3,2 4,6 6,2 6,6 

 

The increase in dough acidity is due to the formation and accumulation of lactic, acetic, 
succinic, malic, formic, tartaric, citric and other organic acids. The accumulation of lactic acid and 
acetic acid is considered to be the result of fermentation caused by lactic acid heterofermentative 
bacteria. Alcoholic fermentation, caused by yeast cells, leads to the formation of very small amounts 
of succinic acid in the dough. 

 

3.4 Evolution of the volume of the dough during fermentation 
Fermentation is a specific stage of bakery products and has the role of enriching the 

dough with carbon dioxide. This process is complex and causes a loss of total matter (from 
2 to 3%) by converting sugars into alcohol and carbonic acid [30]. Fermentation is 
generated by the action of yeasts on the sugars present in the dough which transforms 
them into alcohol and carbon dioxide, with energy production [31, 32]. 

Replacing wheat flour with Jerusalem artichoke flour slows the growth of the dough. 
The optimal fermentation period is 80 - 100 minutes with a gas expansion between 125% 
for the dough with a content of 10% Jerusalem artichoke flour and 154% - for the one 
containing 5% Jerusalem artichoke flour. 
The share of added artichoke flour from Jerusalem in Amicul II and Solar juice in a concentration of 
2.5%, 5%, 7.5% and 10% of the volume of dough growth during fermentation is shown in Figure 4a 
and 4b for each variety. respectively. The doughs obtained by adding artichoke flour from Jerusalem 
in different concentrations were tested to observe their stability by determining the optimal 
fermentation time. Tracking the progress of the volume of dough (wheat flour + artichoke flour) in 
fermentation (temperature  30 ° C) showed that the fermentation rate increased in the first 20-50 
minutes, probably due to fermentable carbohydrates that are generally in small quantities in cereal 
flour (1.0 -1.5%) which are of particular importance in initiating the fermentation process (consumed 
in the first half hour of the fermentation process). 



138 A. Chirsanova, T. Capcanari, E. Gîncu  

Journal of Engineering Science  March, 2021, Vol. XXVIII (1) 

The dough mixes reached maximum volume values after 80 minutes of fermentation, and 
the volume of the dough remains relatively stable. During the fermentation process, the dough 
samples with the addition of Jerusalem artichoke flour in a concentration of 7.5% and 10% 
contributed to a slow increase in the volume of the dough. 

The addition of Jerusalem artichoke flour generally has an effect beneficial on the volume 
of the dough, which contributed to a good fermentation and stability of the dough. Contribution 
optimal amount of Jerusalem artichoke flour was 2.5 (Solar variety) and 5% (Amicul II variety). 

 

 

Figure 4a. The impact of the addition of Jerusalem artichoke flour on the volume of the 
dough during fermentation: dough from wheat flour (control sample,) dough from wheat 

flour-Jerusalem artichoke Solar variety in concentration of 2,5 %, 5%, 7,5% and 10%. 
 

 

Figure 4b. The impact of the addition of Jerusalem artichoke flour on the volume of the 
dough during fermentation: dough from wheat flour (control sample,) dough from wheat 
flour-Jerusalem artichoke Amicu II variety in concentration of 2,5 %, 5%, 7,5% and 10%. 
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3.5 The impact of the addition of Jerusalem artichoke flour on the color of the crust 
A good quality baking dough must have a certain resistance to mechanical work and 

be able to properly retain a maximum of gas during fermentation and baking, so as to have 
adequate rheological properties (hardness, extensibility, elasticity, strength). The 
rheological properties of the dough, with the addition of Jerusalem artichoke flour, depend 
on the quantity and quality of proteins present. 

 

 

Figure 5. The impact of addition, in different concentrations, of Jerusalem artichoke flour on 
the quality of the bread (degree of replacement of wheat flour with that of Jerusalem 

artichoke, %): 1 – control sample, 0%; 2 – 2,5 % 3-5,0 % ; 4-7,5% ; 5-10,0%. 
 

3.6 The impact of wheat flour substitution with Jerusalem artichoke flour on bread 
volume 
Replacing wheat flour with Jerusalem artichoke flour up to 10% the color of the 

bread crust becomes darker. Several authors have attributed the coloring of the bread crust 
to Maillard reactions involving simple sugars and amino acids in the composition of 
Jerusalem artichoke. 

The low content of simple sugars and the low fermentation power lead to the bread 
with the light color of the crust. While the bread with darker shades is due to the presence 
of excess of simple sugars obtained by changing the starch. 

 

 
Figure 6. The impact of addition, in different concentrations, of Jerusalem artichoke flour  

on the color of the crust (degree of replacement of wheat flour with that of Jerusalem 
artichoke, %): 1 – control sample, 0%; 2 – 2,5 % 3-5,0 %; 4-7,5%; 5-10,0%. 

 

The substitution of wheat flour with Jerusalem artichoke flour (up to 10%) also leads 
to a change in the color of the bread crumbs, from yellowish white to gray. 

Also, the texture of the core becomes less aerated and the alveoli they grow 
irregularly, they are more compact, so we can say that increasing the concentration of 
Jerusalem artichoke flour will lead to poor bread quality. 
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3.7 Influence of Jerusalem artichoke flour addition on bread acidity compared to 
dough acidity 
The acidity of bread is caused by the acidic substances in the flour with which the 

dough was prepared and by the acids that appear in the dough, as a result of the activity of 
yeasts and bacteria: carbon dioxide, lactic acid, succinic, malic and volatile acids - acetic 
and formic. 

Under the action of the formed acids, the processes of hydration and peptization of 
amino acids intensify, the formation of the specific taste and aroma of the bread takes 
place. 

 

 
Figure 7. The influence of Jerusalem artichoke flour addition on the change in the 

acidity of bread compared to the acidity of the dough. 
 

Due to the appearance of these acids there is an increase in the acidity of the dough 
during fermentation. About 60% of the acidity of the dough is due to lactic acid. The initial 
and final acidity of the dough is influenced by the degree of extraction of the flour, its 
consistency, the temperature and the duration of the leavening. 

The final acidity of semi-finished products is an index of their maturity, being an 
important and controllable parameter, which directly influences their finite properties [21]. 

 

3.8 Sensory analysis 
Organoleptic analysis of bread quality included assessment of the appearance of 

bread, symmetry of shape, volume, color and structure of the crust, color, elasticity and 
porosity of the core, taste, smell, signs of microbial spoilage and the presence of foreign 
bodies. 

 

Table 4 
Appreciation of the external appearance of the bread 

Sen sory feature 0% 2,5 % 5 % 7,5 % 10 % 

The shape and 
volume of the product 

4,0 4,0 4,0 4,5 3,0 

0 2 4 6 8 10 12

Control sample

Solar 2.5%

Solar 5%

Solar 7.5%

Solar 10%

Amicu lI 2.5%

Amicu lI 5%

Amicu lI 7.5%

Amicu lI 10%

Acidity, degrees Dough acidity Bread acidity
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Continuation Table 4 

The color and 
appearance of the 
crust 

4,0 4,0 4,0 3,5 2,0 

Degree of baking. the 
condition and 
appearance of the 
core 

6,0 6,0 6,0 5,0 4,0 

Core porosity and 
pore structure 

6,0 5,0 5,0 5,5 4,0 

Flavor 4,0 3,0 4,0 3,5 2,0 

Taste 5,0 5,0 6,0 5,5 3,0 

Total 29,0 27,0 29,0 27,5 18,0 
 

 

Figure 8. Organoleptic evaluation of bread quality  
with the addition of Jerusalem artichoke flour. 

 

The results of the sensory evaluation showed very good qualities for the products 
made with the addition of Jerusalem artichoke flour of 5%. Samples of mixed flour bread 
with a Jerusalem artichoke flour content over 7.5 and even 10% had lower organoleptic 
indices, including lower shape and volume, cracked surface, pronounced flavor. 

 

Conclusions 
The use of Jerusalem artichoke flour in the manufacture of bread leads to improved 

chemical properties and quality of bread. These benefits were more significant at the 5% 
concentration of Jerusalem artichoke flour in bread. These changes are due to the high 
content of essential amino acids in Jerusalem artichoke tubers, such as histidine, isoleucine, 
methionine, phenylalanine and valine. 

The organoleptic characteristics of the bread were improved by substituting wheat 
flour with Jerusalem artichoke flour up to 5%. Thus, the color of the bread crust becomes 
darker due to Maillard reactions involving simple sugars and amino acids in the 
composition of Jerusalem artichoke. 
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As the concentration of Jerusalem artichoke flour increases, the gluten concentration 
decreases, which leads to a decrease in the elasticity, porosity and texture of the dough. 

The substitution of wheat flour with Jerusalem artichoke flour (10%) also leads to 
changes in the color and texture of the bread core, giving a poor quality of the bread. 

As a result of this study, we recommend adding 5% Jerusalem artichoke flour to 
wheat bread to obtain a product rich in micro and macronutrients with better organoleptic 
properties and a longer shelf life, which positively influences human health. 

The use of Jerusalem artichoke flour in bakery products represents an alternative 
direction in food development. 
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