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ABSTRACT 
 

The prominent use of the Tartufi (Jerusalem artichoke) (Helianthus tuberosus L.) as a food plant 
for many countries can be attributed to the plant tubers and their nutritional value, tubers contain protein, 
minerals, fibers and low calories beside high contain of inulin useful for diabetics. Thus, the aim of this 
study was to utilize the Tartufi tubers plant to produce some products (Tartufi jam and Tartufi halawa 
spread), fructose was used instead of sucrose in the manufacture of products as a trial to produce 
products low in their caloric content. Chemical, physical characteristic and nutritional value were 
determined for products beside microbiological and sensory evaluation. The obtained results indicated 
that high level content of inulin in fresh and dried Tartufi which reached to 14.31 and 57.95%, 
respectively, and minerals (K, Mg and Ca) were the major contents (on dry weight basis). By 
processing, it was found protein, ash, fat, fiber, inulin and viscosity was higher in Tartufi halawa spread 
product than Tartufi jam product and the ratio of these components increased by increasing the ratio of 
Tartufi (JA) and other ingredients. The products of jam and halawa spread of Tartufi (JA) could provide 
caloric value from 11.59 to 12.51% and 20.71 to 23.98 % respectively, of the recommended daily intake 
(RDA) for adults. The microbiological characteristics of the jam and halawa spread of Tartufi (JA) 
products for total bacteria, yeasts and molds were within acceptable and below the permissible limits 
during storage period. The panelists accepted the manufacture products, moreover the treatments TJ3 
and TJ2 of Tartufi jam product as well as the treatments THS3, and THS2 of Tartufi halawa spread 
product were the best treatments with high values.   
 
Key words: Tartufi (Jerusalem artichoke), carrot, orange, inulin, tartufi jam, tartufi halawa spread, 

nutritional value. 

Introduction 
 
           Jerusalem artichoke (Helianthus tuberosus L.) is a natural raw material which highly contains 
fiber, minerals and vitamins, and its tubers can be cultivated in all over the world including Europe, 
Asia and North America. The tubers are known to be a health-promoting food source which contains 
inulin instead of starch as a carbohydrate reserve (Khuenpet et al., 2017). According to beneficial health 
and nutritive effects, it contains inulin as a natural dietary fiber could be a valuable component of food 
products (Murphy, 2001). Inulin is a polysaccharide composed of fructose, is legally classified as a food 
ingredient and a low-calorie sweetener (Glibowski and Wasko, 2008). 

 Jerusalem artichokes have also been promoted as a healthy choice for diabetics. People that are 
diabetic better tolerate the reason for this being the case is that fructose. It has also been reported as a 
folk remedy for diabetes (Levetin and McMahon 2012). Jerusalem artichoke tubers contain little or no 
starch, virtually no fat, and have a relatively low calorie, also, is used for many purposes such as human 
and the production of bioenergy and biochemical products (Li et al., 2013). Jerusalem artichoke 
contains protein 9.32%, fats 1.93%, cellulose 21.29%, minerals 8.75%, non-nitrogenous extractive 
substances 58.71% (Titei et al., 2013). 

Inulin is a natural polymer that not hydrolysable by the intestinal enzymes, because it has β (2-
1) link which is not be hydrolyzed. Therefore, it could be considered a calorie free fiber, although some 
calories may occur due to the digestible fermentation of these by products in the colon. Inulin have a 
high potential nutritional advantage as low energy dietary supplements. It can be used as a source of 
carbohydrates for diabetic patients and more generally as dietary fiber (Lamers et al., 2003 and Cani et 
al., 2005) as well as providing a number of health benefits such as managing increased risk of chronic 
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diseases, improving digestive health, reducing cholesterol and lipids and enhancing mineral absorption 
from colon (Radovanovic et al., 2015).                                                                             
          Inulin is water soluble, the solubility depends on heat temperature. At 10°C, its solubility is about 
6%, whereas at 90°C it is about 35% and considered important prebiotic substrates also, can be used as 
a prebiotic ingredient in functional foods (Vos et al., 2006 and Bekers et al., 2008). Jerusalem artichoke 
powder could be well applied as food ingredients in food applications (Gedrovica and Karklina, 2011). 
Jerusalem artichoke (JA) powder contained high inulin concentration, which is produced from the local 
varieties offered to the market, contains all water soluble components – proteins (15-18% of DM), 
carbohydrates (62% of DM) including inulin (50-60% of DM), K (400-500 mg/100gm), P (70-75 mg 
100 g-1), vitamins, and plant-origin cholesterol-free lipids and fiber, thus increasing its functional value 
(Bekers et al., 2007). 
             Jerusalem artichoke (Helianthus tuberosus L.) was considered a healthy food due to its high 
nutritional and chemical composition, thus, as a main source for inulin, Jerusalem artichoke is a 
promising ingredient, which could be used as an economic source for functional components in product 
formulations. Therefore, the present study performed out to evaluate some products that are rich in their 
nutritional value in addition to their high inulin content and low calories compared to similar traditional 
products. 
 

Materials and Methods 
 
Materials 

 
Fresh Jerusalem artichoke (JA) tartufi tubers (Helianthus tuberosus. L) Local type, harvested in 

December 2017-2018 were obtained from Al Qanater Charity Horticulture Research Station 
Agriculture, Research Center Giza Egypt. Yellow carrot roots and ballady oranges were obtained from 
Filed Crops Research Institute, Agricultural Research Center, Giza, Egypt. Fructose (High fructose corn 
syrup (HFCS) with 42 Dextrose Equivalent (DE)) was obtained from the National Company for Maize 
Products, Tenth of Ramadan City, Egypt. LM pectin (E 440 (a) - LM 104 AS-FS Pectin, Food grade, 
Denemark) was obtained from Hero factory for jams and beverages manufacturing, Tersa, Qaluiobia, 
Egypt. Citric acid, sodium benzoate and calcium lactate, were purchased from El- Gomhouria Co.  
Cacao powder, tahini, corn oil Lecithin were purchased from the local market of confectionery product 
distributors. 
 
Methods: 
 
Technological methods. 
 
Preparation of Jerusalem artichoke tubers. 
 

Jerusalem artichoke tubers were cleaned with tap water to remove dust and undesirable materials, 
then peeled and immersed in 1% citric acid solution to avoid browning and then divided into three 
portions as follows: 
The first portion: the fresh portion was served as the control 
The second portion: The tubers were cut into small pieces then steam blanched for 5 min, cooled down, 
homogenized by kitchen machine grinder, filled in a polyethylene pouches and stored at -18°C until 
used.  
The third portion: The tubers were slicing (2mm thickness), drying in an air oven at 60ºC until reaching 
moisture content ≤ 8 %, ground to pass through 45 mesh, final powder were kept in sterilized dry glass 
jars  and stored at -18°C until used.  

Different trials were carried out to specify the best treatment of jam and halawa spread from 
tartufi products. 
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Preparation of tartufi jam. 
 

Ten jam formulas were prepared by heating the puree of (JA) tubers until boiling with mixing 
from puree carrots and oranges juice (1:1, 2:1 and 1:2), low methyl pectin (LMP) was added to mixture 
and allowed to boil for 10 min until all pectin dissolved. Fructose followed by calcium lactate were 
added. The mixture was boiled until the final product contained 47% of total soluble solids (determined 
by refractometer), and then citric acid and sodium benzoate were added, flipping for 1 min and packing 
in sterile jars (Abolila, et al., 2015). The quantities of the ingredients that were presented in all the 
formulations are shown in Table (1). 

  
  Table 1: Basic ingredients of the prepared tartufi (JA) jam products. 

Ingredients (%)  
Tartufi jam 
treatments 

Fructose 
(%) 

Mixture carrot 
with orange 

juice (1:2) (%) 

Mixture carrot 
with orange 

juice (2:1) (%) 

Mixture carrot 
with orange 

juice (1:1) (%) 

Tartufi 
(JA) 
(%) 

42.9 - - - 57.1 control 
42.9 - - 14.3 42.8 TJ1 
42.9 - - 28.55 28.55 TJ2 
42.9 - - 42.8 14.3 TJ3 
42.9 - 14.3 - 42.8 TJ4 
42.9 - 28.55 - 28.55 TJ5 
42.9 - 42.8 - 14.3 TJ6 
42.9 14.3 - - 42.8 TJ7 
42.9 28.55 - - 28.55 TJ8 
42.9 42.8 - - 14.3 TJ9 

      Low methoxyl pectin 0.8%           Sodium benzoate 0.01%            Calcium lactate 0.15%            Citric acid 0.35%   
 

3. Preparation of tartufi halawa spread.  

Seven halawa spread formulas were manufactured by heating high fructose corn 
syrup(HFCS) to 80ºC and blending with tahina, corn oil, lecithin, then mixed with the powder 
of (JA) no/and cacao powder so perfect homogenization after that packing in sterile jars, The 
quantities of the ingredients that were presented in all the formulations are shown in Table (2). 
 
  Table 2: Basic ingredients of the prepared tartufi (JA) halawa spread products. 

Ingredients (%)                                 Tartufi halawa 
spread 

treatments  
Cacao powder 

(%)  
Corn oil 

%)(  
Fructose 

%)(  
Tahina 

%)(  
Tartufi (J.A) 
Powder (%)  

-  2.7  43.2 27.05 27.05 Control  
2.6  2.2  42.3  29.1  23.8 THS1  
2.7  1.6  42.6  37.2  15.9  THS2  
2.7 1.6  42.6 45.2  7.9  THS3  
2.7 1.6  42.5  23.9 29.3  THS4 
2.6 2.1 42.3  15.9 37.1  THS5  
2.6 2.1  42.3  8 45  THS6  

   
Lecithin 0.5% 
 

Then, the sensory evaluation of the obtained formulas of jam and halawa spread tartufi products 
were evaluated by ten panelists to select the best treatments. The treatments of jam (control, TJ1, TJ2 
and TJ3), treatments of halawa spread (control,THS1, THS2 and THS3), and fresh and dried tartufi 
were subjected to chemical and physically as well as sensory and microbiological evaluation 
immediately after processing and after storage period for three and six months at room temperature. 
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Analytical Methods 
  

Moisture, ash, protein, crude fiber, fat, total acidity contents and pH value were determined 
according to the methods of the AOAC (2010). Minerals content (Ca, Mg, P, Fe and Zn) were detected 
using Perkin Elmer Atomic Absorption Spectrophotometer (Model 2380, Japan), whereas, Mn and K 
were determined using Flame Photometer (model PEP7, England) as described in the AOAC (2010). 
Total carbohydrates are given by difference according to the methods described by FAO, (2003). Inulin 
was determined by Sadasivam and Manickam (1992). Apparent viscosity was measured directly using 
Brookfield Digital Rheometer, Model DV III Ultra. Products samples with placed in a beaker and the 
HA-05 spindle was used for rheological measurements (Brookfield Manual, 1998). Total calories were 
calculated according the following equation (James, 1995) as follows: 

Total calories (calories) = (Fat × 9) + (Protein × 4) + (Total carbohydrate× 4). 
 

Nutrition value 
 

Nutrition value was calculated for energy as percentage of RDR as follow: 
       % Energy for each products 

% Energy=     -----------------------------------   % 100 
St of RDR 

RDR = Recommended Daily Requirements 
 
Microbiological analysis 
 

Total count of bacteria, molds and yeasts were determined according to APHA (American Public 
Health Association, 2001). 

 
Sensory evaluation 
 

Organoleptic parameters color, taste, odor, texture, appearance and overall palatability were 
evaluated through nine-point scale, where 9 is extremely liked and 1 extremely disliked. Panelists were 
selected from Food Tech. Res. Institute (FTRI), including both male and female members (Lee et al., 
2003). 

 
Statistical analysis 
 

The results (mean± standard deviation) were statistically analyzed by analysis of variance 
(ANOVA) using the statistical package (Costat) software (version 6.311) according to Steel and Torrie 
(1980). To establish significant difference and significant level of P≤0. 05 was applied. 
 

Results and Discussion 

 Physical and chemical properties of fresh and dried Jerusalem artichoke tubers. 
 

From the data presented in table (3), it could showed that, the total carbohydrates represented the 
major component in fresh and dried Jerusalem artichoke (19.74 and 82.88%) respectively, it was 
followed by protein (2.19 and 9.51%), ash (1.76 and 7.49%) and crude fibers (1.12 and 4.94%), 
respectively. Meanwhile, pH value (6.20 and 6.71) and total acidity (0.72 and 0.67%). 

Results were not far with those reported by Amin,Waffa et al.(2005) who reported that, moisture, 
protein, ash and crude fiber content of Jerusalem artichoke tubers (on dry weight basis) were 79.78, 
9.57, 7.29 and 4.14%, respectively. On the other hand, Khalil, Mona et al. (2014) reported that fresh 
and dried Jerusalem artichoke tubers (on dry weight basis)  contented 8.61 and 7.15% protein, 3.37 and 
4.26%  crude fibers, 3.40 and 5.52% ash, 6.99 and 6.64 pH value, 0.74 and 75% total acidity and 80.43 
and 76.51% Total carbohydrates, respectively, while, Sharoba et al.(2014) found that fresh Jerusalem 
artichoke content were 7.22, 0.67, 7.11, 6.12 and 85.0% for protein, fat, ash, crude fibers and total 
carbohydrates (on dry weight basis), respectively. 
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 It is also shown in Table (3) that fresh and dried Jerusalem artichoke contents 14.31 and 57.95 
% of inulin, respectively. These values of inulin were in agreement with Bekers et al. (2007) who 
reported that, the local Jerusalem artichoke varieties content (50-60% of DM of inulin), but lower than 
given by Abd El Hady, Sahar (2003) (71.78%)and Sharoba et al.(2014) (73 %)  and higher than 
mentioned by Khalil, Mona et al. (2014) (16.58 %)and Amin, Waffa et al.(2005) (19.16 %) , these 
variations may be due to the differences in cultivation conditions and practices, whereas, fresh and dried 
Jerusalem artichoke content 83.18 and 82.78 % of total carbohydrates, and 87.95 and 343.79 kca/100g 
of total calories, respectively. 
 
Table 3: Physical and chemical composition (mean ± SD) of fresh and dried Jerusalem artichoke tubers 

Constituents (%)* Jerusalem  artichoke   

Fresh Dried* 

Moisture 76.28 ±0.094 7.46±0.083 

Protein 2.19 ± 0.200 9.51± 0.218 

Crude fiber 1.12 ±0.156 4.94 ±0.137 

Fat 0.03 ±0.002 0.12±0.003 

Ash 1.76 ±0.048 7.49 ±0.039 

pH value 6.20 ±0.100 6.71 ±0.090 

Total acidity (as citric acid) 0.72 ±0.010 0.67 ±0.020 

Inulin 14.31 ±0.147 57.95±0.048 

Total carbohydrates 19.74 ± 0.113 82.88±0.165 

Caloric value  (kcal/100g) 87.99± 0.850 343.79± 792 
  *Each value represents the average of three determinations ± standard deviation. 
  *On dry weight basis 
 

Minerals content of fresh and dried Jerusalem artichoke tubers. 
 

Table (4) represents the mineral contents of fresh and dried Jerusalem artichoke. The results 
indicated that potassium (K), magnesium (Mg) and calcium (Ca) were the major minerals which were 
(57.28 and 247.12), (5.96 and 25.31) and (3.38 and 14.71 mg/100g), respectively, while iron (Fe), zinc 
(Zn) and manganese (Mn) were found in lower concentrations which were (1.25 and 5.39), (0.03 and 
0.14) and (0.02 and 0.08 mg/100g), respectively.  

The results shown in Table (4) were nearly with those found by Amin, Waffa et al.,(2005) which 
were 226.52, 22.68, 11.94, 3.93, 0.11 and 0.05 mg/100g of K, Mg, Ca, Fe, Zn and Mn in the Local 
cultivar, respectively,  and lower than that mentioned by Khalil, Mona et al (2014) which were K 
(467.31 and 450.56), Mg (230.99 and 229.31), Ca (261.55 and 257.65), Fe (46.98 and 24.46), Zn (5.64 
and 5.27) and Mn (3.80 and 1.79 mg/100g) for fresh and dried Jerusalem artichoke (on dry weight 
basis),   respectively, while Sharoba et al.(2014) stated that, the content of Ca, Fe and Mg were 70, 
16.22 and 82 mg/100g, respectively, these variations may be due to the difference in cultivation 
conditions and practices. 
 
Table 4: Minerals content (mean ± SD) of fresh and dried Jerusalem tubers  

Jerusalem artichoke 
Minerals (mg/100g)* 

  Dried*  Fresh 
247.12±0.567  57.28 ± 0.493 Potassium (K) 
25.31 ±0.065 5.96 ± 0.058  Magnesium (Mg) 
14.71 ±0.188  3.38 ± 0.191 Calcium (Ca) 
5.39 ±0.153  1.25 ± 0.127 Iron ( Fe) 
0.14 ±0.012  0.03 ± 0.002 Zinc (Zn) 
0.08 ±0.014  0.02 ± 0.003  Manganese (Mn) 

 *Each value represents the average of three determinations ± standard deviation. 
  *On dry weight basis 
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Chemical composition of jam and halawa spread products from tartufi (Jerusalem artichoke) 
tubers. 
 

Food choice is a complex function of sensory characteristics (taste, odor and texture), and non-
sensory characteristics such as physiochemical properties, familiarity, food-related expectations, 
attitudes and health claims (Prescott et al., 2002). Almost any type of fruit can be used in the 
manufacture of jams and related products, but some fruits and vegetables will find more favor than 
others will (Chiralt and Martinez-Navarrete, 2002). Jerusalem artichoke is a natural raw material for the 
derivation of a number of functional food ingredients such as inulin, oligofructose and fructose (kays 
and Nottingham, 2007). In food products, inulin can be also applied as a fat replacement due to its gel 
network formation when mixed with water, resulting in a smooth and creamy texture (Menegas et al., 
2013).  

Data presented in Table (5) showed the chemical composition of jam and halawa spread products 
from Jerusalem artichoke tubers, it was found that moisture contents of jam treatments TJ1, TJ2 and 
TJ3 were less than control (39.96, 38.47, 36.94 and 41.27%, respectively) at zero time, while during 
storage periods, the moisture content decreased in all treatments. This decrement ranged between 41.27 
to 36.59%.  From the same table, it could be observed that moisture content in control, THS1, THS2 
and THS3 were 20.75, 16.77, 17.05 and 18.98%, respectively. Moisture content was decreased in all 
different treatments during the storage period at room temperature. This decrement ranged between 
20.75 to 16.25%.  

The same Table appeared that protein contents of jam treatment TJ3 had the lowest value (1.34%) 
compared with control (3.66%) at zero time and low decrease was showed after storage. Whereas, 
halawa spread treatment THS3 had the highest value of protein (10.53%) at zero time and allow decries 
was observed after storage for six months (10.44%). The different of protein contents in all treatments 
related to the different proportion of ingredients, which used in products. As for fat content, it could be 
noticed that all halawa treatments were higher than jam. This is due to their ingredients tahinia and oil.                                   
Regarding to the ash content, results showed that TJ3 had the lowest value of ash content in jam 
treatments when compared with control and other treatments, while THS3 had the highest value than 
other halawa spread treatments and observed low decrease during and after storage. Data in Table (5) 
indicated that, the content of total carbohydrates in jam treatments were 94.90, 95.79, 96.72 and 97.62 
% for control, TJ1, TJ2 and TJ3, whereas, it was 62.34, 59.64, 52.83 and 47.53% for control, THS1, 
THS2 and THS3 of halawa spread treatments at zero time and it observed low increase after storage for 
6 months for all treatments of jam and halawa spread.  

Concerning the crude fibers content, results in table (5) appeared that, the jam treatments contain 
2.51, 2.40, 2.29 and 2.18 % for control, TJ1, TJ2 and TJ3, respectively, and halawa spread treatments 
contents 5.55, 5.47, 5.24 and 5.02% for control, THS1, THS2 and THS3, respectively, at zero time and 
a storage for 6 months led to a slight decrease in crude fiber in all treatments.  

 
Inulin content and Viscosity of jam and halawa spread products from tartufi (Jerusalem 
artichoke) tubers.  
 

Jerusalem artichoke is considered one of the primary sources for inulin in higher plants 
(Saengthongpinit and Sajjaanantakul, 2005). The recommended daily intake of inulin that people should 
daily take in is about 15–50 g (Roberfroid, 2005 and Lunn and Buttriss, 2007). Inulin in fortified foods 
and beverages may improve gastrointestinal health and improve calcium absorption, and may affect the 
physiological and biochemical processes in rats and human beings, beneficially influencing the lipid 
metabolism, which results in better health and reduction in the risk of many diseases including 
cardiovascular diseases (Balcazar-Munoz et al., 2003). Inulin and its degraded product oligo fructose 
are the major compounds of interest in the food industry as functional food ingredients and low-calorie 
food materials (Stolzenburg et al., 2009). 

Results in Table (6) showed that, the inulin content of jam treatments were 47.12, 36.14, 24.35 
and 13.08% at zero time for control, TJ1,TJ2 and TJ3, respectively, on the other hand, control of halawa 
spread treatments had the highest concentration of inulin (41.65%) followed by 
THS1(36.85%),THS2(23.89%) and THS3 (12.11%). A decrement was observed after storage periods 
for 3 and 6 month, the reduction in inulin concentration due to its releasing in blanching water and 
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hydrolysis during heat treatment that applied in the preparation of such products (Amin, Waffa et al., 
2005). 
 
Table 5: Effect of storage at room temperature on chemical composition of jam and halawa spread 

products from tartufi (Jerusalem artichoke) tubers (on dry weight basis)  
 halawa spread product   Jam product   Storage* 

periods 
(month) 

THS3 THS2 THS1 Control TJ3 TJ2 TJ1 Control 

Moisture 
18.98± 
0.024 

17.05± 
0.012 

16.77± 
0.024 

20.75± 
0.016 

36.94± 
0.005 

38.47± 
0.024 

39.96± 
0.008 

41.27± 
0.022 

0 

18.67± 
0.031 

17.01± 
0.003 

16.43± 
0.054 

20.55± 
0.014 

36.81± 
0.025 

38.31± 
0.022 

39.74± 
0.025 

41.13± 
0.004 

3 

18.52± 
0.026 

16.97± 
0.006 

16.25± 
0.052 

20.27± 
0.033 

36.59± 
0.003 

38.17± 
0.017 

39.38± 
0.041 

41.09± 
0.027 

6 

Protein 
10.53± 

0.036 
9.95± 
0.031 

9.77± 
0.031 

9.63± 
0.017 

1.34± 
0.035 

2.11± 
0.037 

2.86± 
0.026 

3.66± 
0.025 

0 

10.50± 
0.011 

9.92± 
0.036 

9.74± 
0.035 

9.61± 
0.015 

1.30± 
0.036 

2.09± 
0.026 

2.83± 
0.020 

3.65± 
0.015 

3 

10.44± 
0.036 

9.87± 
0.021 

9.71± 
0.026 

9.60± 
0.031 

1.29± 
0.050 

2.07± 
0.026 

2.82± 
0.036 

3.62± 
0.026 

6 

Fat 
39.98± 
0.021 

35.36± 
0.011 

28.66± 
0.006 

26.07± 
0.005 

0.05± 
0.020 

0.07± 
0.021 

0.10± 
0.003 

0.12± 
0.020 

0 

39.95± 
0.010 

 

35.31± 
0.026 

 

28.65± 
0.026 

 

26.07± 
0.020 

 

0.05± 
0.012 

 

0.07± 
0.025 

 

0.09± 
0.638 

0.12± 
0.026 

3 

39.90± 
0.030 

35.25± 
0.026 

28.63± 
0.021 

26.06± 
0.030 

0.04± 
0.010 

0.06± 
0.026 

0.09± 
0.015 

0.11± 
0.015 

6 

Ash 
1.96± 
0.010 

1.86± 
0.015 

1.93± 
0.020 

1.96± 
0.026 

0.99± 
0.006 

1.10± 
0.020 

1.25± 
0.022 

1.32± 
0.021 

0 

1.94± 
0.015 

1.82± 
0.014 

1.92± 
0.021 

1.94± 
0.026 

0.98± 
0.006 

1.09± 
0.021 

1.23± 
0.020 

1.31± 
0.015 

3 

1.91± 
0.020 

1.80± 
0.036 

1.90± 
0.017 

1.93± 
0.032 

0.96± 
0.027 

1.09± 
0.010 

1.21± 
0.032 

1.30± 
0.025 

6 

Total carbohydrates 
47.53± 
0.036 

52.83± 
0.021 

59.64± 
0.025 

62.34± 
0.012 

97.62± 
0.031 

96.72± 
0.010 

95.79± 
0.030 

94.90± 
  0.026 

0 

47.61± 
0.019 

52.94± 
0.036 

59.68± 
0.036 

62.37± 
0.066 

97.67± 
0.020 

96.75± 
0.026 

95.85± 
0.017 

94.92± 
0.010 

3 

47.70± 
0.032 

53.03± 
0.026 

59.72± 
0.027 

62.38± 
0.026 

97.69± 
0.026 

96.78± 
0.045 

95.88± 
0.025 

94.97± 
0.026 

6 

Crude fiber 
5.02± 
0.01 

5.24±     
   0.017 

5.47± 
0.047 

5.55± 
0.036 

2.18± 
0.041 

2.29± 
0.026 

2.40± 
0.026 

2.51± 
0.043 

0 

5.02± 
0.021 

5.23± 
0.026 

5.45± 
0.026 

5.54± 
0.036 

2.16± 
0.026 

2.28± 
0.031 

2.40± 
0.022 

2.50± 
0.017 

3 

5.01± 
0.010 

5.22± 
0.027 

5.43± 
0.026 

5.51± 
0.015 

2.15± 
0.044 

2.27± 
0.053 

2.38± 
0.010 

2.50± 
0.020 

6 

*Each value represents the average of three determinations ± standard deviation. 
Control:  tartufi jam without any addition                                     Control: tartufi halawa spread without cacao 
TJ1:  tartufi (42.8%) +mixture carrot and orange (14.3%)           THS1: tartufi powder (23.8%) +Tahina (29.1%) +cacao (2.6%)    
TJ2:  tartufi (28.55%) +mixture carrot and orange (28.55%)       THS2: tartufi powder (15.9%) +Tahina (37.2%) +cacao(2.7%)     
TJ3:  tartufi (14.3%) +mixture carrot and orange (42.8%)           THS3: tartufi powder (7.9%) + Tahina (45.2%) +cacao (2.7%)  
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Table 6: Effect of storage period at room temperature on Inulin and Viscosity content of Jam and 
halawa spread products from tartufi (Jerusalem artichoke) tubers (on dry weight basis) 

spread product Halawa  Jam product    Storage* 
period 

(month) 
THS3 THS2 THS1 control TJ3 TJ2 TJ1 Control 

Inulin %  
12.11± 
0.030 

23.89± 
0.014 

36.85± 
0.026 

41.65± 
0.005 

13.08± 
0.013 

24.35± 
0.052 

36.14± 
0.023 

47.12± 
0.024 

0 

9.89± 
0.019 

21.01± 
0.006 

33.15± 
0.038 

35.71± 
0.014 

10.79± 
0.026 

20.95± 
0.036 

32.37± 
0.026 

38.65± 
0.037 

3 

7.38± 
0.048 

18.37± 
0.021 

28.94± 
0.005 

31.82± 
0.004 

9.31± 
0.016 

17.61± 
0.025 

27.48± 
0.032 

33.09± 
0.031 

6 

Viscosity *p/s 
668.00± 

5.557 
718.00± 

1.247 
795.20± 

0.022 
520.13± 

0.033 
501.50± 

0.022 
459.13± 

0.035 
368.00± 

7.169 
296.00± 

2.943 
0 

661.00± 
2.625 

713.50± 
0.022 

781.90± 
0.024 

519.30± 
0.014 

499.04± 
0.082 

456.30± 
0.016 

361.00± 
2.494 

291.50± 
0.038 

3 

658.00± 
4.813 

709.40± 
0.036 

779.00± 
2.449 

514.40± 
0.016 

495.32± 
0.025 

447.21± 
0.022 

354.67± 
0.035 

288.00± 
2.624 

6 

*Each value represents the average of three determinations ± standard deviation. 

*p/s = pascal/scanned 
Control:  tartufi jam without any addition                                   Control: tartufi halawa spread without cacao  
TJ1:  tartufi (42.8%) +mixture carrot and orange (14.3%)          THS1: tartufi powder (23.8%) +Tahina (29.1%) +cacao (2.6%)    
TJ2:  tartufi (28.55%) +mixture carrot and orange (28.55%)      THS2: tartufi powder (15.9%) +Tahina (37.2%) +cacao (2.7%)     
TJ3:  tartufi (14.3%) +mixture carrot and orange (42.8%)          THS3: tartufi powder (7.9%) +Tahina (45.2%) +cacao (2.7%)  

 

The viscosity measurement of food product is much useful behavioral and predictive information 
to take guidelines in formulation, processing and product development (Shahnawaz and Shiekh, 2011), 
also, Jaiswal et al., 2015 mentioned that viscosity value of product is dependent upon the applied force 
and shear rate. Several factors such as pH, sugar and pectin are responsible for the formation of tough 
gel, which affects the rheological properties of jam. 
            Concerning viscosity content, data in Table (6) appeared that TJ3 of jam treatments had the 
highest values followed by TJ2, TJ1 and control, respectively, at zero time. On the hand, treatment 
THS1 of halawa spread had the highest value (795.20%), while the control was the lowest value 
(520.13%) at zero time, then all treatments of jam and halawa spread decreased after storage for 3 and 
6 months. Shahnawaz and Shiekh, (2011) reported that, there is a significant change in viscosity when 
the fruit products are made through heating or cooking. Viscosity depends upon factors like pectin 
concentration and temperature. Pectin solutions act like pseudo plastic, which depends on the raw 
materials; any alteration in this causes changes in viscosity (Yoo et al., 2009).  
                                                                                                                                 
Nutritional evaluation of Jam and spread products from tartufi (Jerusalem artichoke) tubers 
after processing. 
 

 Modern consumers have an increase concerned with the nutritional and caloric value of food’s 
they consume, looking for healthier, innovative, safe, and easy to use products. Thus, an increase in the 
consumption of diet and light products has been observed, suitable for restrictive caloric diets or for 
those who are concerned with aesthetics and healthier eating habits (Mendonca et al., 2005). Low-
calorie products were originally developed for diabetics and people with specific health problems, and 
they were considerably expensive, with increasing of consumer interest in reducing sugar intake, food 
products made with sweeteners rather than sugar have become more popular and depleted quickly with 
high market share (Pinheiro et al., 2005).  Fructose is the best known and natural sweetener and is about 
20-30% sweeter than sucrose. Therefore, the foods sweetened with fructose provide considerably less 
energy to the body than those sweetened with sucrose. Due to their low energy, slow absorption and 
fast metabolic transformation, fructose has beneficial physiological effects on persons suffering from 
obesity or diabetes (Barta, 1993).  

Data in Table (7) showed that, the caloric value  ranged between 231.95 to 250.16 Kcal/100g in 
different jam treatments (FW), respectively, which is cover adult person (70 kg, 2000 kcal) 
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requirements for about 11.59 to 12.51% of daily caloric needs dietary reference intakes (DRI, 2002). 
On the other hand, the caloric value of halawa spread treatments ranged from 414.10 to 479.67 
Kcal/100g in control to THS3 (FW), respectively, which is cover adult person (70 kg, 2000 kcal) 
requirements for about 20.71 to 23.98 % of daily caloric needs dietary reference intakes (DRI, 2002). 

 
Table 7: Nutritional evaluation of Jam and spread products from tartufi (Jerusalem artichoke) tubers 

after processing compared with daily-recommended requirements for adult 
Recommended Daily Allowance  

Adult (70 kg, 2000 kcal) 
Caloric value (kcal/100g)  

  
Treatments 

                                              Jam product 
11.59%  231.95 Control  
11.87% 237.41 TJ1  
12.18% 243.66 TJ2  
12.51% 250.16 TJ3 

                                                Halawa spread product      
20.71% 414.10 Control  
22.29% 445.73 THS1  
23.61% 472.29 THS2 
23.98% 479.67  THS3 

Control:  tartufi jam without any addition                                   Control: tartufi halawa spread without cacao 
TJ1:  tartufi (42.8%) +mixture carrot and orange (14.3%)          THS1: tartufi powder (23.8%) +Tahina (29.1%) +cacao (2.6%)    
TJ2:  tartufi (28.55%) +mixture carrot and orange (28.55%)      THS2: tartufi powder (15.9%) +Tahina (37.2%) +cacao (2.7%)     
TJ3:  tartufi (14.3%) +mixture carrot and orange (42.8%)          THS3: tartufi powder (7.9%) + Tahina (45.2%) +cacao (2.7%) 

 
Microbial population of Jam and spread products from tartufi (Jerusalem artichoke) tubers. 
 

Microbial analysis is essential part of food safety. Confidence in the safety and integrity of the 
food supply is an important requirement for consumers. Microbial growth will be inhibited when the 
sugar concentration is high enough to cause the jelly mixture to boil at eight degrees above the normal 
boiling point of water (i.e., if water boils at 212 F, the sugar level is high enough to prevent microbial 
growth if the batch of jelly boils at 220 F). Sugar has a key technological role in the traditional jam’s 
confection, as it influences the soluble solids content thereby being essential for the physical, chemical, 
and sensorial properties of jams and also increasing its microbiological stability and hence safety (Basu 
and  Shivhare, 2010). 
 
Table 8:  Effect of processing and storage period on microbial count (CFU/g) of jam and halawa spread 

products from tartufi (Jerusalem artichoke) tubers  
Spread Jam Storage 

periods 
month 

TS3 TS2 TS1 Control TJ3 TJ2 TJ1 control 

                           Total bacteria 
ND ND ND ND ND ND ND ND 0 
ND ND ND ND ND ND ND ND 3 

100< 100< 100< 100< ND ND ND ND 6 
                            Yeast and molds 

ND ND ND ND ND ND ND ND 0 
100< 100< 100< 100< ND ND ND ND 3 
100< 100< 100< 100< ND ND ND ND 6 

Not Detected 
Control:  tartufi jam without any addition                                   Control: tartufi halawa spread without cacao  
TJ1:  tartufi (42.8%) +mixture carrot and orange (14.3%)          THS1: tartufi powder (23.8%) +Tahina (29.1%) +cacao (2.6%)    
TJ2:  tartufi (28.55%) +mixture carrot and orange (28.55%)      THS2: tartufi powder (15.9%) +Tahina (37.2%) +cacao (2.7%)     
TJ3:  tartufi (14.3%) +mixture carrot and orange (42.8%)          THS3: tartufi powder (7.9%) +Tahina (45.2%) +cacao (2.7%)  

 
The evaluation of the presence of microbial including total bacteria, yeast and mold counts after 

processing in zero time and during storage for 6 months at room temperature for Jam and halawa spread 
products from tartufi (Jerusalem artichoke) tubers. The Results in Table (8) appeared that, the total 
bacteria, yeast and molds were not detected during storage periods of jam treatments, while there were 
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a few number of total bacteria in halawa spread treatments after storage for six months and few numbers 
from yeast and molds after storage for three and six months of storage period.  

The decrease of microbial counts related to the severity of thermal treatment during processing 
and high concentration of sugar, in addition to that, the preservative effect used like Sodium benzoate 
and calcium lactate has been demonstrated to be able to inhibit the growth of molds, yeasts and some 
bacteria. In the microbiological evaluation, all jam and spread products have met the standards set by 
the legislation, being suitable for consumption and below the permissible limits (103/g and 104/g) set 
by (Codex, 2003b and FDA, 2013) and the International Commission for Microbial Specifications for 
foods. 
 
Sensory analysis of Jam and spread products from tartufi (Jerusalem artichoke) tubers. 
 

The average scores obtained by jam and halawa spread products in the sensory evaluation are 
presented in Table (9). All treatments had good sensory acceptability in attributes color, taste, odor, 
texture, appearance and overall palatability, the mean scores attributed by panelists were higher than 6 
in all evaluated sensory attributes. Regarding to the color, there were no significant differences (p≤0.05) 
between TJ3 and TJ2 but there is significant differences between TJ3, TJ2 and TJ1, also among TJ1, 
TJ2, TJ3 and control. On the other hand, there is significant differences among THS3, THS2, THS1 
and control, while there no significant differences between THS3 and THS2. The taste and odor attribute 
in Table (9) showed that jam treatments TJ3 and TJ2 had highest score followed by TJ1 and control, 
also, THS3 and THS2 of halawa spread treatments followed by THS1 and control, respectively. 
Whereas, the texture of jam treatments TJ3 and TJ2 had the highest score followed by TJ1 and control, 
while halawa spread treatment THS3 had the highest score compared with THS2, THS1 and control, 
respectively. 

 
Table 9: Effect of processing and storage period on sensory evaluation of jam and halawa spread 

products from tartufi (Jerusalem artichoke) tubers 
Halawa spread product Jam product Storage 

periods 
month 

THS3 THS2 THS1 Control TJ3 TJ2 TJ1 Control 

Color 
8.7aA 8.4abA 7.95bcB 6.75dC 9aA 8.65abA 7.35cB 6.3dC 0 
8.5abA 8.15abcB 7.6cB 6.5dC 8.8abA 8.55abA 7.4cB 6.3dC 3 
8.5abA 8.15abcB 7.6cB 6.5dC 8.65abA 8.35bA 7.15cB 6.05dC 6 

Taste 
8.75aA 8.75aA 7.85abcAB 6.9cdB 8.95aA 8.85aA 7.5bB 6.75bcB 0 
8.55aA 8.5abA 7.75bcdAB 6.6dC 8.7aA 8.7aA 7.3bB 6.5cC 3 
8.55aA 8.45abA 7.5bcdB 6.6dC 8.7aA 8.7aA 7.3bB 6.5cC 6 

Odor 
8.8aA 8.55aA 8.25abAB 7.35bcB 9aA 8.7aA 7.8bcB 7dB 0 
8.6aA 8.35aA 8.05 abAB 7.05cB 8.9aA 8.7aA 7.75bcB 7dB 3 
8.6aA 8.3aA 8.05abAB 7.05cB 8.75aA 8.35abA 7.45cdB 6.8dC 6 

Texture 
9.05aA 8.2bB 8.25bB 7.8bcB 8.8aA 8.8aA 7.65bcB 7.1cdB 0 
8.9aA 8.0bcB 7.95bcB 7.55cB 8.8aA 8.75aB 7.65cB 7.0cdC 3 

8.85aA 8.0bcB 7.9bcB 7.55cB 8.45abA 8.5abAB 7.45cdB 6.85dB 6 
Appearance 

8.95aA 8.5abA 7.85bcA 7.85bcA 8.9aA 8.95aA 7.8bcA 6.4dB 0 
8.8aA 8.35abcB 7.65bcB 7.6cB 8.85aA 8.75aA 7.75bcB 6.25dC 3 
8.8aA 8.3abcB 7.65bcB 7.6cB 8.6abA 8.6abA 7.55cB 6.1dC 6 

Overall palatability 
8.89aA 8.56abA 8.07bcA 7.33deB 9.03aA 8.93abA 7.7cB 6.77dC 0 
8.74aA 8.32abcB 7.84cbB 7.06eC 9.0abA 8.72abA 7.69cB 6.71dC 3 
8.66abA 8.26abcB 7.75cdBC 7.03eC 8.63abA 8.5bA 7.38cB 6.46dC 6 

Means within a column a, b, c showing the same letters are not significantly different (P≤ 0.05) for storage. 
Means within a raw A, B, C showing the same letters are not significantly different (P≤ 0.05) for treatments. 
Control:  tartufi jam without any addition                                 Control: tartufi halawa spread without cacao 
TJ1:  tartufi (42.8%) +mixture carrot and orange (14.3%)          THS1: tartufi powder (23.8%) +Tahina (29.1%) +cacao (2.6%)    
TJ2:  tartufi (28.55%) +mixture carrot and orange (28.55%)      THS2: tartufi powder (15.9%) +Tahina (37.2%) +cacao (2.7%)     
TJ3:  tartufi (14.3%) +mixture carrot and orange (42.8%)          THS3: tartufi powder (7.9%) +Tahina (45.2%) +cacao (2.7%)  
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Data in Table (9) indicated that no significant differences (p≤0.05) among the treatments of jam 
and halawa spread in Appearance, also, analysis of variance (ANOVA) of the data appeared that no 
significant differences in overall palatability among jam treatments TJ3 and TJ2 while significant 
differences between TJ3, TJ2 and TJ1, control. On the other hand, no significant differences were 
observed among all treatments of halawa spread in overall palatability.                                                                                                         

The results of sensory analysis appeared that TJ3, TJ2 of jam treatments and THS3, THS2 of 
halawa spread treatments were the best treatments in all sensory qualities and the storage of those 
treatments for 6 months led to a slight change in the values of the sensory qualities of the products. 
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