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Abstract  Helianthus tuberosus L. (Jerusalem artichoke) tubers are good source of dietary fiber (inulin) due to 
which are beneficial to human health. The objective of this study was to characterize wheat bread enriched with 
content of Jerusalem artichoke powder by organoleptic properties, nutritional and caloric value, microbiological 
safety, glycemic index (GI) and glycemic load (GL). The bread was made from yeast dough of the following content: 
75% of wheat flour and 25% of Jerusalem artichoke powder. Glycemic index and load were determined according to 
the FAO/WHO protocol. The bread contained 41.64% of water, 58.36% of dry matter, 0.27% of lipids, 8.25% of 
proteins, 47.64% of carbohydrates, and 6.15% of dietary fiber. Caloric value of was 226 Kcal / 100 g of bread. The 
glycemic index was 53.70, while glycemic load value was 7.67. The bread enriched with J. artichoke powder 
showed optimal nutritional and caloric value, low glycemic index and low glycemic load values. 
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1. Introduction 
Helianthus tuberosus L. (known as Jerusalem artichoke) 

originates from north central part of the USA and belongs 
to the genus Helianthus, family Asteraceae [1]. It grows 
also in Serbia, as a native species known under the local 
name chichoka. J. artichoke tubers have specific chemical 
composition - 80% water, 15% carbohydrate, 1-2% 
protein, mono and poly-unsaturated fatty acids present in 
trace amounts [1]. The tubers are good source of vitamins 
(C, B and β-carotene), minerals (iron, potassium, calcium, 
sodium, selenium) and dietary fiber because of the 
presence of inulin [2,3]. Inulin content ranges from 8 to 
21% in fresh tubers [1]. Inulin, as a mixture of linear β (1-
2)–linked fructose chains with one terminal unit of 
glucose α-(1-2) linked, is a soluble dietary fiber and has 
low caloricity [4]. It was shown that inulin–containing 
food is beneficial for human health – it promotes 
gastrointestinal healthy flora and mineral absorption from 
colon, which has been linked to prevention and alleviation 
of the osteoporosis progression [5,6,7]. Acting as a 
prebiotic, inulin stimulates activity of bacterial microflora 
and promotes digestive health [8]. Considering that inulin 
does not affect insulin level, since it does not get absorbed 
and digested in the small intestine, it could be useful in 
diet of diabetic patients [9]. These unique characteristics 
classify inulin as a functional food ingredient [10]. Health 
benefits of high-level dietary fiber diet induce interest for 
new applications of low-digestible carbohydrates (LDC) 

ingredients. Food formulations with inulin can improve 
the nutritional value of the end product by increasing the 
dietary fiber content, reducing the calorie content and 
increasing the prebiotic capacities [11]. The use of inulin 
in food industry is based on its properties as a sugar 
replacer, fat replacer and texture modifier [12]. Inulin as a 
functional food was investigated in bakery products, 
confectionery products, ice cream and low-fat yogurt [13]. 
It is known that incorporation of dietary fibers into bakery 
products can modify the obtained product including 
reducing loaf time, increasing firmness and prolong 
freshness [14]. According to beneficial health and 
nutritive effects, Jerusalem artichoke containing inulin as 
a natural dietary fiber could be a valuable component of 
food products [11]. 

The objective of this study was to make wheat bread 
enriched by Jerusalem artichoke and describe its 
organoleptic properties, nutritional and caloric value, 
microbiological safety, glycemic index (GI) and glycemic 
load (GL) values. 

2. Materials and Method 
The bread was made from yeast dough that consisted of 

75% wheat flour and 25% of J. artichoke tubers powder. 
The dough formulation is shown in Table 1. 

2.1. Determination of Nutritional Value  
Moisture and dry matter content were determined by 

AOAC method [15], total carbohydrates content according 
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to Anthrone method [16], protein content was measured 
by standard Kjeldahl method [17] and amount of lipids 
was obtained by method described by Trajković J et al. 
[18]. Quantity of dietary fiber was determined by rapid 
enzymatic assay of dietary fiber in food products [19]. The 
parameters of nutritional value were expressed as g per 
100 g of analyzed bread (%). Caloric value of analyzed 
bread was calculated by the following standard equation: 

 
( )

% protein
Kcal  4 x 

% total carbohydrates content

9 x % lipids .

 
=  + 
+

[20] 

Table 1. Formulation of bread dough 
Ingredients Content (g)  
J. artichoke tubers powder 175 

 

Wheat flour 525 
Water 650 
Yeast 10 
Sugar 5 
Salt 5 

2.2. Testing of Microbiological Safety 
Microbiological analyzes were performed according to 

the national regulation of the methods for microbiological 
analysis of foodstuffs [21]. This study included testing for 
presence of Salmonella sp. in 25 g of sample, 
Staphylococcus aureus and sulfate-reducing Clostridiae sp. 
in 0.01 g of sample, Proteus sp. and Escherichia coli in 
0.001 g of bread sample. 

2.3. Determination of Glycemic Index and 
Glycemic Load 

The clinical study was conducted by application of 
internationally recognized Glycemic index methodology, 
according to the FAO/WHO protocol. Ten healthy 
volunteers (4 males and 6 females) aged between 21 and 
56 years, body mass index 24.01±4.09 kg/m2 (BMI±SD) 
participated in the study. All participants signed consent 
form prior to the participation. The study was approved by 
Ethics Committee of Faculty of Medical Sciences, 
Kragujevac, Serbia. The inclusion criteria for participants 
were: normoglycemia (< 6.1 mmol/l), not being on a diet, 
not being allergic to any of bread ingredients (wheat or J. 
artichoke). Exclusion criteria for subjects were any type of 
diabetes or glucose intolerance diagnosed prior to the 
study, drug treatment that affects glycemia and presence 
of chronic disease. Study subjects consumed reference 
food (50 g of glucose dissolved in 250 ml water) and test 
food (piece of Jerusalem artichoke bread contained 50 g of 
available carbohydrates) during 10-15 minutes, with one-
week washout period between testing days. The reference 
food was tested three times at each subject in order to 
reduce variability of glucose tolerance. Glycemia was 
measured in capillary blood prior to the reference and test 
food consumption (0 min) and 15, 30, 45, 60, 90 and 120 
minutes after ingestion of the food. Glucose responses 
elicited by consumption of test and reference food were 
expressed as incremental area under glycemia vs. time (0-
120min) curve (IAUC), calculated geometrically. 
Glycemic index for each subject was calculated by 
expressing each subject’s IAUC after ingestion of the test 

food as a percentage of the same subject’s mean reference 
IAUC. GI value of the test food was calculated as the 
mean value of all GI values obtained for all subjects 
[22,23]. Glycemic load was calculated on the basis of GI – 
value of GI was multiplied by quantity of carbohydrates 
available in serving size / 100 [24]. GL was calculated for 
serving size of 30 g because according to Foster – Powell 
et al. International table for GI and GL values, usual 
serving size for wheat flour bread was 30 g [25]. 

3. Results 
The bread enriched with J. artichoke was well baked, of 

regular shape, having dark brown crumb and slight smell 
and taste characteristic for J. artichoke.  

Nutritional characteristics of analyzed bread were: 
41.64% of water, 58.36% of dry matter, 0.27% of lipids, 
8.25% of proteins, 47.64% of carbohydrates and 6.15% of 
dietary fiber. Caloric value of bread with J. artichoke was 
226 Kcal/100 g of bread.  

The results of microbiological analysis did not show 
bacterial or fungal contamination. None of the tested 
bacteria were isolated: Salmonella sp., Staphylococcus 
aureus, sulfate-reducing Clostridiae sp., Proteus sp. and 
Escherichia coli. 

The obtained values for glycemic index and glycemic 
load were 53.70 and 7.67, respectively. The both GI and 
GL belong to the category of low values.  

4. Discussion 
Aromatic odor and specific taste limit the consumption 

of fresh J. artichoke. The bread made from 75% of wheat 
flour and 25% of J. artichoke tubers powder retained slight 
specific smell and taste of J. artichoke, but due to good 
organoleptic properties of a wheat bread could be accepted 
better for consumption then fresh tubers J. artichoke. 

The obtained values for glycemic index and glycemic 
load were 53.70 and 7.67, respectively. According to 
Brand – Miller classification, GI value below 55 is 
considered as low, 56 – 69 as medium and above 70 as 
high [26]. The GL values are classified as high (>20), 
medium (11-19) and low (< 10) [27]. Bread with J. 
artichoke content belongs to category of low GI and GL 
food (GI = 53.70 and GL = 7.67). The literature data 
showed that the most of the wheat products, as a usual 
source of carbohydrates in diet, belong to high glycemic 
index food [28]. Although, there were studies on wheat 
bread enriched with J. artichoke, the determination of GI 
or GL for such product has not been reported. Amount of J. 
artichoke powder caused decrease of GI value for tested 
bread, considering that the literature GI value for wheat 
bread is 70-87. On the basis of International table of 
glycemic index and glyceamic load values which lists GL 
values 10–15 for different bread products from wheat 
flour, we may conclude that  obtained value for tested 
bread of GL = 7.67 indicates that addition of J. artichoke 
decreased also the GL value of tested bread [25].  

As numerous studies confirmed linkage between diet 
and chronic diseases (diabetes, cardiovascular diseases, 
and cancer), nutritional education could be useful for 
health – promoting habits that may prevent diseases [29]. 
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Concept of GI and GL could be an important nutrition 
strategy in prevention and management of chronic 
diseases. Long – term consumption of high GI and GL 
food is associated with an increased risk of developing 
overweight and obesity, glucose intolerance and 
cardiovascular diseases. Long – term consumption of high 
GI and GL food is associated with an increased risk of 
developing overweight and obesity, glucose intolerance 
and cardiovascular diseases. Consumption of high GI and 
GL food have increased diabetes risk for 16% and 20 %, 
respectively [30]. Introducing values of GI and GL in 
nutritional education could be good strategy in prevention 
and management of chronic diseases [9]. Diet with low GI 
and GL improves prevention of metabolic and cardiovascular 
diseases [31]. Decreasing GI of diet improves glycemic 
control. Thomas and Elliott reported significant decrease 
in % HbA1c levels in the group on low GI diet compared 
with control group [32].  

Consumption of inulin – containing products has major 
health benefits for diabetic patients, mineral absorption 
from colon and promoting healthy intestinal microflora [1, 
6, 7, 8]. Addition of different sources of inulin to bread 
was studied earlier. In wheat and wheat/rice bread inulin 
lowered caloric value and increased dietary fiber content 
[33]. Bread enriched with J. artichoke powder had 
improved sensory quality in comparison to bread with 
addition of commercialy available inulin [34]. Therefore, 
since J. artichoke is a source of inulin we conclude that on 
the basis of obtained results (acceptable organoleptic and 
nutritional properties and GI and GL vales) it would be 
justified to extend further characterization of this bread on 
inulin content. 

5. Conclusion 
This study reports characterization of originally 

formulated bread from wheat flour enriched with 25% of J. 
artichoke with no additives. The bread showed optimal 
nutritional and caloric value, low GI and low GL values. 
Considering the rising incidence of chronic diseases and 
need for development of new food products with health 
promoting effects, it seems that incorporation of J. 
artichoke in wheat bread is a promising attempt. Further 
research should be carried on this formulation targeting its 
content of inulin and possible health benefits of its intake. 
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