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Abstract       Helianthus tuberosus L. (JA Jerusalem artichoke) is cultivated in 
Algeria and in other parts of the world as a food crops and ornamental plant. 
The aim of this study was to determine the effect of thermal processing (70°C 
for 10 min) on the bioactive compounds stability and antioxidant activity of JA 
tubers. In addition, some physico-chemical parameters were evaluated, as 
total phenolic compounds, total flavonoids and antioxidant activity, wich based 
on the evaluation of free radical scavenging activity (FRSA) using DPPH 
radical of the aqueous extract (AE) of the studied JA underground parts, were 
tested. For these parameters, gallic acid, quercetin and vitamin C were used. 
The results confirmed that the thermal processing leads to: an increase in 
total sugars, a reduction in protein, a destabilization of the phenolic pattern 
and to a decrease in vitamin C content. The antioxidant activity was not 
affected by the temperature. Our results confirm that JA is an excellent source 
of antioxidants and should be preferably consumed raw, particularly for 
therapeutic indications, such as diabetes.   
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Helianthus tuberosus L (Jerusalem artichoke) belongs 
to the Asteraceae family and is among the spontaneous 
natural resources of Algeria, with very interesting 
nutritional and therapeutic properties. It’s a vivacious 
plant and sunflower species native to the Ohio and 
Mississippi river valley in the United States of America 
(Eastern North America) ,that has been presented and 
naturalized as a world economic crops in the temperate 
zones [23; 4] .It is cultivated in Europe and in other 
parts of the world [25]; Jerusalem artichoke is a 
vegetable with a low caloric value and a high content 
of inulin, vitamins and minerals [32, 31] ,consumed 
cooked, in salads, fried, mashed, raw, shredded, in 
sliced , in crudites with instant-dressing. Their flavour 
is similar to that of artichoke bottoms or salsify. This 
vegetable root has also been reported to have aperitive, 
cholagogue, diuretic, spermatogenic, gastric, tonic, 
anti-diabetic, anti-rheumatic, lethargy, reduced work 
capacity and dysbacteriosis effects [15]. 
Jerusalem artichoke is rich in inulin and oligofructose 
(80-85%), a polysaccharide composed of D-fructose 
units linked by β-(2-1) bonds [9; 19]. These 
carbohydrates could increase heavy metal salts removal 
,also the  calcium, magnesium and iron absorption in 
the gut by acting on mineralization and bone density, 

thus contributing to prevent osteoporosis and stimulate 
the immune system with a decrease of  fatty acids and 
triglycerides synthesis [12].  
In addition, the inulin stimulates the growth of the 
colon's beneficial bacteria, and is used as a prebiotic 
[10]. It can be used to substitute sugar for diabetic 
patients by possessing an antioxidant activity [9]. 
Helianthus tuberosus L. tubers were used as raw 
material in the bioethanol industry for its high content 
of easily hydrolysable inulin and fructan. 
The current questions relating to the impact of 
technological treatments, such as heat treatment, on the 
micronutrients (polyphenols, carotenoids etc.) of 
vegetables concern mainly the impact of the matrix 
changes on their degradation and their fate in the 
digestive tract (health effects) [27].  
Jerusalem artichoke remains a root vegetable that is 
very little exploited, and known from a nutritional and 
industrial perspective by the Algerian population, and 
its consumption remains seasonal. For these reasons, 
our study consists of a physicochemical, biological and 
antioxidant evaluation of raw and cooked Jerusalem 
artichoke tubers (heat treatment), for a better 
exploitation and valorization. 
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Material and Method 
 
Plant Material (Helianthus tuberosus) 

The plant material used in our work is the 
Jerusalem artichoke tuber of the variety "Patate" 
Helianthus tuberosus. The tuber was obtained from the 
market in the Sidi Bel Abbes province of Algeria; a 
large, white, generally smooth and solid Jerusalem 

artichoke. The tuber is a tuberized subterranean 
rhizome. It has a more or less contoured pear-shaped 
appearance. On its surface there are marks of 
undeveloped leaves and axillary buds (Fig. 1). After 
being washed and screened according to the maturity 
stage, the vegetables were stored in a domestic freezer 
(+4°C) until they were used in the various analyses. 

 

Fig. 1. Jerusalem artichoke tubers (original photo) 
 
The aqueous extract preparation 

The Jerusalem artichoke tubers were peeled, 
weighed and cut into small pieces (cubes) and then 
divided into two groups S1 and S2. 

Sample 1 (S1): raw Jerusalem artichoke 
tubers (without thermal processing)  

Sample 2 (S2): cooked Jerusalem artichokes 
(thermal processing at 70°C for 10 min). 

After crushing both samples, maceration with 
40 ml of distilled water was performed. The mixtures 
were ultrasonicated for 90 min at room temperature and 
then stored in a refrigerator at 4°C for 24 hours. The 
obtained extracts are filtered and then evaporated with 
a rotavapor at 60°C. The extracts should be stored at 
4°C until use [13]. The obtained extracts are the 
following: 

- Aqueous extract of S1 = AES1 
- Aqueous extract of S2 = AES2   

 
Physico-chemical analysis  
Moisture content (AOAC 2000) 

The moisture content is defined as the weight 
loss during drying.  For this purpose, 200 g of the 
vegetable, cut into small pieces, were weighed in clean 
capsules and then placed in the oven at 105°C +/- 5°C 
for a period of 48 h +/- 1 h until the constant weight 
was obtained. Then allow the capsules to cool before 
weighing in a desiccator. Repeat this process several 
times until a constant weight was attained [3]. 
 
Ash content (AOAC 2000) 

The ash determination is based on the 
destruction of all organic matter under the effect of 
high temperature (500 ± 25°C). To perform this, the 

empty crucibles were weighed, 10 g of the sample was 
added to the crucibles, The empty crucibles were 
weighed and 10 g of the sample was added to them, 
then place them in a muffle furnace for 3-5h at 550°C. 
After removing from the oven, place these crucibles in 
a desiccator to cool. Weigh the cooled crucibles, then 
reheat the crucibles again for a half hour or more. 
Repeat this process until the weight remains constant 
(white or greyish-white in colour) [3]. 
 
Total carbohydrate determination (phenol test) 

The method of [11] was adopted. In the 
presence of concentrated sulphuric acid, the oses are 
dehydrated to compounds of the furfural derivative 
family. These products condense with phenol to form 
yellow-orange complexes, the intensity of which is 
proportional to the carbohydrate concentration. The 
results are expressed relative to a glucose standard 
range at an optical density of 490 nm. 
 
Lipid determination  

The lipids are organic substances that can be 
extracted from plants by liquid solvents ,using the 
"Soxhlet" apparatus. The lipids are determined 
according to AFNOR [1]. 
 
Protein determination  

In this case, the [18] method was used. The 
standard range was established with bovine serum 
albumin at 5.0 g/L. S1 and S2 are separately crushed 
and 2 ml of TCA precipitation solution (12%) was 
added, then allowed to stand for 1 hour in the freezer, 
then centrifuged and the supernatant removed, the 
pellets were then washed with 10 ml of the rinsing 
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solution; then the dried pellet was collected with the 
solubilisation buffer (15 to 30 µl of buffer per mg of 
powder). Transfer 1 ml of Jerusalem artichoke total 
protein extract (S1 and S2) into test tubes, to which 5 
ml of Lowry's reagent has been added, then stirred and 
left for 10 min at room temperature; then add 0.5 ml of 
1/2 diluted Folin-Ciocalteu reagent; then immediately 
vortex each tube and keep for 30 min in the dark, then 
read the absorbances at 660 nm. 
 
Secondary metabolites  
Determination of total phenolic content  

The total phenol content of the extracts was 
determined using the protocol of [33] with some 
modifications. A quantity of 0.1 ml of the two aqueous 
extracts AES1 and AES2 was mixed with 0.5 ml of 
Folin-Ciocalteu reagent and 0.5 ml of 10% sodium 
carbonate Na2CO3 was added.  

The mixture was incubated at room 
temperature for 1 hour and the reading result was 
obtained against a blank using a spectrophotometer at 
765 nm. A calibration curve was performed using 
gallic acid as a standard to determine the total phenol 
concentrations of the extracts expressed as mg gallic 
acid equivalent/g dry extract (mg GAE/g DE). 
 
Determination of flavonoids content 

The total flavonoid content was estimated by 
the method described by [14]. A quantity of 1.5 ml of 
the aqueous extracts AES1 and AES2 was mixed with 
1.5 ml of 2% aluminium chloride (AlCl3) solution. The 
mixture was incubated for 30 min, the absorbance was 
measured at 430 nm. 

The flavonoids concentration in the extracts 
was calculated from the calibration range established 
with quercetin and expressed as microgram quercetin 
equivalent per milligram of dry extract (μg QE/mg 
DE). 
 
Ascorbic acid content 

The vitamin C (ascorbic acid) quantification 
was performed by the 2,6-Dichlorophenol indophenol 
(DCPIP) method described by [16] and modified by 
[34]. An amount of 0.5 g of the E1 and E2 samples was 
cut into cubes, then extracted with 10 ml of 10% oxalic 
acid, the extracts were centrifuged at 3000 rpm for 15 
min. A 15 ml quantity of supernatant was mixed with 
2.25 ml of DIP, well mixed for 15 sec. The absorbance 
was measured at 515 nm.  

The calibration curve was performed using 
ascorbic acid as standard. The control was presented by 
1.25 ml of distilled water added to 2.25 ml of DIP. The 
results obtained for the ascorbic acid content are 
expressed in µg/g of extract. 
 
 
 
 
 

Evaluation of antioxidant activity (DPPH test) radical 
scavenging test 
 The reduction of the stable radical, 2,2-
diphenyl-1-picryl-hydrasyl DPPH is associated with a 
transition from a purple to a yellow colour of the 
solution, there is then anti-free radical activity [21]. A 
volume of 50 µL of the two extracts AES1 and AES2 
at different concentrations was added to 2.5 ml of 
DPPH solution at 60 µM. After incubation in the dark 
for 40 minutes at room temperature, the absorbance 
was read at 517 nm using a spectrophotometer.  
 The control was represented by DPPH at 60 
µM; the results are reported to a reference antioxidant, 
which is the ascorbic acid. 
 
Inhibition percentages calculation 

We calculate the inhibition percentages by the 
following formula:  

% Inhibition of DPPH = CA- SA/ CA ×100 
CA: Control absorbance.  
SA: Sample absorbance. 
 
Statistical analysis 

Each value is the average of three replicates. 
The values of the different parameters were expressed 
as mean ± standard deviation (SD). Analysis of 
variance (ANOVA) between groups was performed at 
the P value of < 0.05 to evaluate the significance of 
differences between values. 
 
Results and Discussions 

 
Moisture content  

According to our results the Jerusalem 
artichoke tuber has a moisture content of 67.5±0.3%. 
This means that approximately more than half of the 
weight of the fresh tuber consists of water. The factors 
that can influence the water content are: the storage 
conditions, plant age, vegetative cycle period, genetic 
factors, exposition to the different pedoclimatics 
conditions and the geographical distribution [28].Our 
results are less than those found by [15], which are 
around 80% and (80.1%) [6]. 
 
The ash content 

According to our results, Jerusalem artichoke 
tubers have an ash content of 1.4±0.1%. This indicates 
that Jerusalem artichoke is effectively very well 
supplied with mineral elements. The obtained ash rate 
was in agreement with the work of [26] which was 
1.7%. Furthermore, it was noted that, the ash content of 
Jerusalem artichoke tubers varied between varieties 
and soil types. 

 
Primary metabolites  

The results of the carbohydrates, proteins and 
lipids content of raw Jerusalem artichoke tubers (S1) 
in comparison with those heat treated at 70°C for 10 
min (S2) are shown in the Fig. 2. 
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Fig. 2. Primary metabolites contents of Helianthus tuberosus L. tubers 

**p<0,01 ; *p<0,05 
  

It can be observed that the carbohydrate 
content of S2 (32.45%) was higher than S1 (13.76%), 
this was due to the heat treatment, which affects the 
complex sugars and degrades them into simple sugars 
(glucose and fructose). 
 Regarding the total sugar values; it can be 
confirmed that the different extracts have a lower sugar 
composition than other varieties. 
 Indeed, [17] reported higher values than our 
results with a range of 37.74g/100g to 54.59g/100g for 
Chinese cultivars .However, [29] for Tunisian 
cultivars; the total sugar contents are similar to our 
results with a range of 17.7g/100g to 28.1g/100g. 

[15] reported that Jerusalem artichoke tubers 
are the major component of the plant, containing 
approximately 15% carbohydrates. According to [6], 
the energy of raw Jerusalem artichoke is mainly 
provided by its carbohydrates, with 11.50 g /100 gr; 
while the carbohydrate content of cooked Jerusalem 
artichoke is 16 g/100 g. 

Indeed, [5; 7] have shown that, during storage 
of tubers, inulin is deteriorated during storage into 
short chain fructose and depolymerises; with an 
increase in soluble sugar content. Although, the 
decrease in storage temperature slows down this 
phenomenon. A storage at -18 °C stops it almost 
completely [20]. 

The lipid content of S1 and S2 is respectively 
(0.6 ± 0.1% vs 0.4±0.2%).It can be noted that the heat 
treatment  decreased the lipid content, in addition, this 
root vegetable is poor in lipids. 

These values do not correlate with those found 
by [23], whose lipid content in raw Jerusalem 
artichoke is (0.31 g/100 g) and that of cooked 
Jerusalem artichoke is (0.70 g per 100 g). 

Several parameters affect the lipid content, 
such as the granulometry, the humidity, the nature of 
the solvent and the extraction method used. 

Both S1 and S2 extracts are rich in protein 
with values close to 1.4% and 1.3% respectively, 
suggesting that Jerusalem artichoke tubers are a good 
source of protein, with other studies, especially those 
of [15] (1 to 2% protein). Likewise, according to [6], 
the protein contribution of raw Jerusalem artichoke 
was (1.94 g /100 g) and that of cooked Jerusalem 
artichoke is (1.80 g /100 g). 
 
Secondary metabolites  

In our research, the total phenolic content 
(TPC) and the total flavonoid content (TFC) were 
determined from the calibration curves of gallic acid (y 
= 4.7013 x + 0.1604, R2 =0.9725), and quercetin (y = 
5.7429x + 0.3806, R² = 0.9666), respectively. The TPC 
and TFC of the Helianthus tuberosus .L aqueous 
extract are presented in (Table 1).  

 
Table 1. Total phenolic and total flavonoid of Helianthus tuberosus L. tubers aqueous extract 

TPC (mg GAE/g DE). TFC (mg QE/mg DE). 
EAE1 EAE2 EAE1 EAE2 

6,58±0.005 13,11±0.01 2.62 ± 0.018 1.46 ± 0.009 
Total phenolic content: TPC; Total flavonoids content: TFC 

 
The results show that, the TPC increased after 

the heat treatment, on the contrary, the TFC decreased 
after the heat treatment. Our results confirm the 
richness of Jerusalem artichoke tubers in phenolic 

compounds which are influenced by the thermal 
process, the main phenolic acids found in Jerusalem 
artichoke are chlorogenic acid and caffeic acid [30], 
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 The flavonoids, such as catechins and leuco-
anthocyanins, have also been identified from Jerusalem 
artichoke [8] . 

According to [22], the TPC and the TFC of 
Jerusalem artichoke tuber extracts contain a rate of 
76.84 ± 4.96 (mg GA/g) vs 6.05 ± 0.32 (mg Qu/g) 
respectively. 

These variations in phenolic profile may be 
associated with the effect of heat treatment on plant 
matrices and their phytomicronutrients, which remains 
a complicated mechanism. In fact, it will successively 
include the destructuration itself, due to the destruction 
of the plasma membranes (around 50°C), then the 
parietal structures (at high temperature), and the 
degradation of the phenolic compounds under the 
effect of the released enzymes or purely chemical 
reactions. 

The elimination of the membranes 
(cytoplasmic membrane, plastid membranes), allows 
free access of oxygen and enzymes to their substrates.  

The polyphenols will therefore able to be 
exposed to reactions, the main one being oxidation, to 

diffuse more easy, and be able to interact with the 
macromolecules present, mainly the parietal polyosides 
[27].  

In addition, during high temperature 
treatments (50-60°C) during industrial processing, the 
phenolic structure of polyphenols can be degraded. 
Furthermore, the heat treatments can lead to the 
formation of o-quinones and o-semi-quinones, which 
are highly reactive molecules that can react with 
nucleophilic groups of proteins and/or polysaccharides 
[23]. 

On the other hand, the research performed by 
[2, 25] demonstrated that extrinsic factors 
(geographical and climatic), genetic factors, but also 
the degree of plant maturity and storage time have a 
strong influence on the polyphenol content. 
Ascorbic acid 

According to our results, we have observed a 
decrease in the vitamin C content after the heat 
treatment wich was due to the vitamin C thermo-
sensitivity (Table 2).  

 
Table 2. Vitamin C content of Jerusalem artichoke tubers 

Vitamine C (mg/g) 
E1 E2 

0,021 ±0.044 0,017 ±0.013 
 

This suggests that this root vegetable was low 
in vitamin C. 

Our results are considerably inferior to other 
studies [28], which confirmed that both raw and 
cooked Jerusalem artichokes have a vitamin C content 
of (5mg /100gr vs. 2.20 mg / 100gr) respectively. 

Antioxidant activity 
DPPH (2.2'-diphenyl-1-picrylhydrazyl) 
The Fig.3 shows that the two Helianthus tuberosus L 
tubers extracts present a comparable inhibition 
percentage with a maximum of 99.54% at the 
maximum concentration (2 mg/ml). 

 

 
Fig.3. Anti-radical potency of Helianthus tuberosus L extract  

 
Based on the obtained results, we can affirm 

that Jerusalem artichoke is a promoter of natural 
source of antioxidants; the antioxidant properties of JA 
are associated with the phenolic compounds present in 
tubers [30]. 
 

Conclusions 
 

Our study confirms the impact of heat 
treatment on macromolecules, including carbohydrates 
and proteins, some phenolic compounds and ascorbic 
acid. In addition, this work confirms the richness of 
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Jerusalem artichoke tubers in sugars and phenolic 
compounds which are responsible for its antioxidant 
power. Considering the important and varied 
composition in sugar, antioxidants and the nutritional 
and therapeutic properties of the Helianthus tuberosus 
L. tubers species, It can be suggested that the use of 
potato tubers be substituted by Jerusalem artichokes in 
some dishes usually consumed by Algerian families, 
especially for those who have to live with diabetes. In 
addition, this root vegetable can be proposed as a 
biologically active food additive. 
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