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ABSTRACT 
 
 This research was performed to evaluate the efficiency of the tested novel extraction procedures; pectinase / 
cellulase enzymatic treatment, microwaving and ultrasonic procedure, in extracting the soluble solids from date 
fruits pulp for available uncommercial variety; Nabtat Sultan, and to evaluate their effect on the chemical 
composition and the most important quality characteristics of extracted date pulp juice batches, in comparison 
with conventional extraction methods, water bath and magnetic stirring. In addition, the effect of the tested 
various concentration procedures; hot plate under atmospheric conditions, vacuum concentration and 
microwaving, on the compositional and quality criteria of produced date pulp syrup (Dibs) batches to reach the 
best preferable applied procedures of the extraction and concentration processes which were giving the better 
nutritious high quality date fruit syrup (Dibs). The current results showed that the use of pectinase / cellulase   
enzyme treatment and the ultrasonic extraction procedures individually gave the highest recovery of total 
soluble solids (83.10 % and 83.96 %, respectively) in the extracted juice from the date fruits pulp, compared 
with microwaving extraction procedure (77.52 %) and the tested conventional extraction methods; water path 
(38.94 %) and magnetic stirring extraction (41.37 %). The ultrasonic extraction procedure characterized with 
lowering the extraction time to about the third or more and giving date juice batches had lighter bright color and 
better quality. Vacuum concentration was the best preferable concentration procedures as it was giving the date 
syrup (Dibs) batches having lighter attractive color, superior sensory quality and better acceptability; especially 
with using the ultrasonic extraction procedure prior to applying it. The obtained results also illustrated that 
reducing sugars were the most prevalent component in produced date fruit syrup (Dibs) batches, as a function of 
extraction process, comprising mainly of glucose and fructose which were represented about 33.5 – 45.7 % and 
35.3 – 43.1 % of total solids; respectively. The produced date fruits dibs batches characterized with high 
nutritional value with respect to their contents from sugars and the determined elements and vitamins. In 
addition, the date dibs batches were also found to be a good source of the naturally occurrence phenolic and 
flavonoid compounds and therefore having a good antioxidant activity and biological health benefits. The 
current results evident that the possibility of employing the ultrasonic procedure for extraction process and 
vacuum concentration (at 60 ± 5ºC) to produce nutritious high quality and better acceptability concentrated date 
syrup (Dibs) for use in food product development. 
 
Key words: Date fruits, Date syrup, Date dibs, Enzymatic extraction, Microwave, Sonication extraction, 
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Introduction 
 
 Date palm (Phoenix dactylifera) has been an important crop in arid and semiarid regions of the world 
including the Arabian Gulf countries. It has always played an important part in the economic and social lives of 
the people of these regions (Besbes et al., 2004; Al-Farsi et al., 2007 and Al-Jasser, 2010). Date fruit is a highly 
nutritious food. It is a rich source in carbohydrates (70 – 80 %) comprising mainly of sugars and dietary fibers, 
making it one of the most nourishing natural foods available to the man. Dates are also a good source of some 
vitamins (A, B1, B3, C) and macro-elements like phosphorus, iron, potassium and calcium (Ahmed and 
Ramaswamy , 2006; Elleuch et al., 2008; Kulkarni et al., 2008; Biglari et al., 2009 and Iqbat et al., 2011). They 
are also being exceptionally rich in potassium and extremely low in sodium; is a desirable food for hypertensive 
persons who are advised to consume low sodium diets. The increase in dates' production will, therefore, play an 
extremely significant role in worldwide improvement of the nutritional status of people, with special reference 
to calories and important minerals (Al-Hooti et al., 2002 and Sidhu et al., 2003). Besides the nutritional value, 
date fruits are rich in phenolics and flavonoid compounds (Vayalil , 2002; Al-Farsi et al., 2005a,b; Al-Farsi et 
al., 2006; Vinson et al., 2005; Allaith, 2008 and Biglari et al., 2009), which have been shown to possess such 
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biological benefits for human health as antioxidant agents; preventing of the degenerative diseases and 
scavenging free radicals related to various diseases that may be associated with lower incidence and mortality 
rates of degenerative diseases in human (Shahidi, 1997; Javanmardi et al., 2003 and Silva et al., 2007), anti-
carcinogenic (Block, 1992; Bailey & Williams, 1993 and Shahidi, 1997), anti-mutagenic (Liverio et al., 1994 
and Vayalil, 2002), and anti-inflammatory activities (Dillard & German, 2000 and Biglari et al., 2008), as well 
as lowering agent of the risks of several chronic diseases such as coronary heart disease (CHD), cardiovascular 
disease, cancers, aging, atherosclerosis, neurodegenerative diseases and inflammation among others (Fuhrman et 
al., 1995; Dillard & German, 2000; Piror & Cao, 2000; Wargovich, 2000 and Al-Farsi et al., 2007). 
 The world production of dates has increased considerably during the last 30 years. Indeed, the production 
has tripled from 2,309,201 metric tons in 1977 to 7,020,540 metric tons in 2007 (FAO, 2007 and Besbes et al., 
2009). Despite intensive development and cultivation of other vegetable and fruit crops, dates remain one of the 
main crops in Saudi Arabia which occupies the leading position among the date palm cultivation and date fruit 
production in the world (Alkhateeb, 2008). The estimated number of palm trees in Saudi Arabia is over 20 
million trees occupy an area of 140000 hectars and around 982,540 metric tons of dates are produced , in the 
year of 2007, representing about 13.25 % of the total world production (FAO, 2007 and Alkhateeb, 2008). Saudi 
Arabia is also a genetic centre of date-palm trees and there more than 400 different cultivars of fruiting date 
palm of economic value (Fayadh & Al-Showiman, 1990 and Al-Jasser, 2010). 
 Dates constitute the main part of the diet and are considered one of the most important economic pillars of 
the agriculture sector, and represent a major source of income for the majority of the population in the rural 
areas of Saudi Arabia. They are also important for the ecology of the country, being the most adaptive crop and 
tolerant of various environmental extremes and stresses such as high temperature, drought and salinity 
(Benyamin, 1993; Al-Farsi, 2003 and Alkhateeb, 2008). In spite of the significant increase in the yield of dates 
by adopting the advanced biotechnological approaches in date palm cultivation, the date processing industries, 
in many date-growing areas, have not expanded at the same rate and not advanced enough to make use of 
modern processing techniques. The date processing industries are still following many of the time-honored 
methods of production and have not yet caught up with other modern agricultural industries (Al-Hooti et al., 
2002; Sidhu et al., 2003 and Ahmed & Ramaswamy, 2006). Hence, dates deserve better commercial utilization 
for producing the value-added food products; especially with decreasing the demands for table dates at the last 
period. Recently, there has been renewed interest in the dates and their products as a component of new food 
formulation / preparation. Date processing industries produce various date products like date-paste, date-syrup, 
date-dip, date-honey, date-jam, date-vinegar, etc. 
 Date syrup; locally named dibs, is probably the most common derived date product. In food technology, 
date syrup as the main and general by-product of date is used for foodstuffs such as jams, marmalades, 
concentrated beverages, chocolates, ice cream, confectioneries, honey, bakery products and etc (Roukas & 
Kotzekidou, 1997; Al-Farsi, 2003; Sidhu et al., 2003 and Entezari et al., 2004). Date dibs is produced in two 
different ways: 1- at domestic or village by extraction and boiling down of the date juice. 2- on a semi or full 
industries scale; the process consisting of extraction, clarification and concentration of the date juice (Al-Farsi, 
2003 and FAO, 2004). In date's syrup industry, date fruits flesh is mixed with water and heated at over 70°C for 
one hour or more in the extraction process; resulting in destroying some nutritive and health-promoting 
components, and causing the darkness of the final product's color (Al-Hooti et al., 2002 and Entezari et al., 
2004). 
 Acoustic cavitation is the formation, growth and collapse of bubbles in liquids induced by ultrasonic waves. 
A number of papers have dealt with the ultrasonically assisted extraction of different materials (Fukase, 1994; 
Mason & Zhao, 1994; Toma et al., 2001; Vinatoru, 2001; Hromadkova et al., 2002 and Entezari et al., 2004). 
High efficiency and shortening of extraction time are the main positive effects of such extractions. The most 
important proposed mechanism for these behaviors is the intensification of mass transfer and easier access of the 
solvent to the cell content. In addition, the collapse of cavity near the cell wall can lead to cell disruption and 
release the cell contents into the extraction medium (Mason & Zhao, 1994 and Entezari et al., 2004). Ultrasound 
can also inactive a wide range of micro organisms (Scherba et al., 1991 and Entezari et al., 2004). Ultrasonic 
waves in the range of 20-100 KH2 frequency are used in food industrial processes (Mason and Paniwnyk, 1996; 
McClements, 1997 and Entezari et al., 2004) and those with higher frequency are mainly used for detection and 
analysis (McClements, 1997). The economic well being of the date processing industry has been improved 
through the development of products and/or technologies that allow new markets to be exploited, through 
increases in efficiency, and through the improvement quality of the final product. 
 So far, limited published information on quality characteristics of date syrup (Dibs) are available in the 
literature and no efforts have been made to try to produce commercial high quality date dibs; in spite of the 
important and the high yield of date in Saudi Arabia. Therefore, this research was performed to try to produce 
nutritious high quality date syrup (Dibs) by applying the novel approaches in the extraction and concentration 
process in comparison with the corresponding quality criteria for those produced by conventional methods. 
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Materials and Methods 
  
Materials: 
 
 Date palm (Phoenix dactylifera L) fruits at the tamer stage of maturity for Nabtat Sultan variety, grown in 
El-Kasiem region, were produced from local market in Jeddah city, Saudi Arabia at the beginning of the 2010 
harvest season. Mature date fruits; free of physical damage, injury from insects and fungal infection, were 
selected. Whereas, the selected fruits were cleaned, washed carefully and deseeded manually. Then, fruits' pulp 
was minced, packaged in polyethylene bags and kept in deep freezer at -18±2°C until analyzed or processed. 
Cellulase, pectinase, all chemicals, and solvents used in present study were purchased from Sigma-Aldrich Co. 
Ltd., Dorset, UK. 
 
Methods: 
 
Production of date syrup (Dibs):  
 
 The date syrup was produced throughout three major stages; extraction, clarification and concentration, 
according to the applied commercial scale industry for production of date syrup (Dibs) and to the procedures of 
Al-Hooti et al. (2002) ; Al-Farsi (2003) and Entezari et al. (2004) as follows: 
 
1- Extraction process of date juice:  
 
 The minced date fruits pulp was extracted twice in an Erlenmeyer flask (100 ml-capacity) with water using 
the date pulp: water ratio of 1:3 (w/w) individually by two conventional extraction procedures; water path at 
90±5°C for 90 minutes and magnetic stirring at rotation speed of 420 rpm and at 90±5°C for 90 minutes and by 
three novel extraction procedures included the pectinase / cellulase enzymatic extraction, microwaving and 
ultrasonic extraction (Sonication) method. In pectinase / cellulase   enzymatic extraction, according to the 
procedure of Al-Hooti et al. (2002), the date fruit pulp was blended with 3 times of distilled water and the pH 
value was adjusted to 6.0 ± 0.2 before the addition of enzyme preparations. Pectinase enzyme was obtained in 
already available liquid form, but in the case of cellulose, 250 mg of enzyme powder was dissolved in 100 ml 
distilled water before use. Pectinase and cellulose enzyme preparations were added at the rate of 1 % for each; 
on a date pulp weight basis. The mixture of date pulp, water and enzyme preparations was mixed carefully and 
incubated at 40± 2°C for 90 minutes with a continuous shaking. At the end of the incubation period, the mixture 
was autoclaving using 15 psi steam pressure for 10 min to stop the enzyme activity. In microwaving extraction, 
the date fruits pulp was blended with 3 times of distilled water in 100 ml Erlenmeyer flask capacity. Then, the 
mixture was mixed carefully and the extraction was carried out at 90±5°C for 30 minutes in microwave oven 
(UPO Samsung, Model No. A2213 A1A, Republic of Korea) in which the emitted frequency of radiation was 50 
Hz. In ultrasonic extraction, the experiment was carried out according to the procedure of Entezari et al. (2004) 
as the same trend of microwaving extraction, with the exception of the extraction was carried out at 30 ± 5°C for 
30 minutes in ultrasonic device: Misonix' model XL -2020, 20 kHz, 500 W, horn type machine with 12.7 mm 
tip diameter, 25 % from total power of the ultrasonic device. At the end of extraction by using the tested 
previous procedures individually, the mixture was centrifuged at 10800 g and 30±5°C for 25 min. Then the 
supernatant was collected and weighted. The recovery of soluble solids (RSS) was computed as follows:  
 
Recovery (%) = weight of extract × % TSS of extract × 100/weight of date pulp taken. 
 
 Whereas, the best extraction procedures, exhibited a high efficiency in extracting the soluble solids and 
giving date juice having the better quality, have been used in the second experiment for extracting the date fruit 
juice batches which would be treated by clarification and concentration processes to produce the final date dibs 
product. 
 
2- Clarification process of the extracted date juice:  
 
 It was performed for the extracted date juice batches having the best quality extracted by the most efficient 
of either the conventional; magnetic stirring or the novel extraction approaches; pectinase / cellulase enzymatic 
and ultrasonic extraction procedures.  
 It was carried out to improve the quality of the extracted juice according to the procedure of Al-Farsi 
(2003). In this method the date juice was mixed carefully with 0.5 % activated carbon granules at ambient 
temperature (35±5°C) followed by filtration using a filter press (Model 13039; William Boulton, Burslem, UK) 
in two stages; coarse (50 µm filter paper) and fine (3µm filter paper).  
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3- Concentration process of clarified date syrup:  
 
 It was carried out for clarified date syrup batches by treating them individually with various tested 
concentration procedures including hot plate procedure under the atmospheric conditions, vacuum concentration 
(at 60±5°C under vacuum of 500 - 600 mm Hg) using a BCH rotary evaporator vessel (30 -L, Rochdale, UK) 
and microwaving concentration in microwave oven at 90±5°C to produce date dibs of about 77 -80 Brix. 
 
Physicochemical Analysis: 
 
 It was performed in triplicates for each tested parameter. Moisture, total solids, protein (N× 6.25), ash, 
crude fiber, crude lipid, total and reducing sugars contents, and the pH value were determined using the standard 
methods of AOAC (2003). Glucose and Fructose levels were measured according to the procedures of Kirk and 
Sawyer (1991) and Ahmed and Ramaswamy (2006) using an HPLC system equipped with a refractive index 
detector and the system was attached to data processing unit. A 20 µl sample was injected onto a Nova-Park 
Radial-Park cartridge column; 4 µm, 100 × 8mm (Waters Associates, Milford, MA, USA). The used mobile 
phase was acetonitrile / water at ratio of 83:17 (v/v) at a flow rate 1.5 ml/min to achieve optimum resolution 
peaks of fructose and glucose in the presence of other components in dates. The column and detector 
temperature was maintained at about 35±2°C. 
 Titrable acidity value and the contents of total soluble solids (Brix) and ascorbic acid (Vit.C) were 
determined using the standard procedures of AOAC (2003). Whereas, titrable acidity value was determined by 
titration definite quantity of sample against 0.1 N NaOH and expressed as % citric acid. The total soluble solids 
(TSS) content (Brix) was measured using an Abbe refractometer (Bellinghan and Stanley Ltd., Tunbridge Wells, 
UK) at 25°C. Ascorbic acid was determined by 2.6 dichlorophenol indophenol titration colorimetric method 
based on the reduction of ascorbic acid by the dye.  
 Phenolic and flavonoid compounds were extracted with 300 m / methanol-water (4:1,v/v), at ambient 
temperature (30±5°C) for 5 hours using an orbital shaker, according to the methods of Mansouri et al., (2008) 
and Biglari et al., 2005. Phenolic compounds content was determined colorimetrically according to the 
procedures of Biglari et al. (2008) and Shui & Leong (2006) using Folin - Ciocalteau reagents. Definit volume 
of extract (40 µL) or gallic acid standard solution was mixed with 1.8 ml of Folin – Ciocalteau reagent 
(prediluted 10 -fold with distilled water) and allowed to stand at ambient temperature for 5 min, and then 1.2 ml 
of sodium bicarbonate (7.5%) was added to the mixture. After standing for 60 min at ambient temperature, 
absorbance was measured at 765 nm. Results were expressed as mg gallic acid equivalents (GAE)/100 g sample. 
The determination of flavonoids was performed according to the colorimetric assay of Kim et al. (2003). 
Distilled water (4 ml) was added to 1 ml of DPF extract. Then, 5% sodium nitrite solution (0.3 ml) was added, 
followed by 10% aluminum chloride solution (0.3 ml). Test tubes were incubated at ambient temperature for 5 
min, and then 2 ml of 1 M sodium hydroxide were added to the mixture. Immediately, the volume of reaction 
mixture was made to 10 ml with distilled water. The mixture was thoroughly shaked and the absorbance of the 
pink color developed was determined at 510 nm. A calibration curve was prepared with catechin and the results 
were expressed as mg catechin equivalents (CE) / 100 g fresh sample. 
 Antioxidant activity of tested date fruits pulp and its extracted juice and produced Dibs samples was 
measured using an improved ABTS method as described by Re et al. (1991); Cai et al. (2004) and Biglari et al. 
(2008). The ABTS٠+ (2.2- azinobis [3-ethylbenzothiazoline -6- sulphonic acid] diammonium salt) solution was 
prepared through the reaction of 7 mM ABTS and 2.45 mM potassium persulphate, after incubation at 23±2°C 
in the dark for 16 h. The ABTS ± solution was then diluted with 80% ethanol to obtain an absorbance of 0.700 ± 
0.005 at 734 nm. ABTS٠+ solution (3.9 ml; absorbance of 0.700 ± 0.005) was added to 0.1 ml of the test sample 
and mixed vigorously. The reaction mixture was allowed to stand at 23±2ºC for 6 min and the absorbance at 734 
nm was immediately recorded. A standard curve was obtained by using Trolox standard solution at various 
concentrations (ranging from 0 to 15 µM) in 80% ethanol. The absorbance of the reaction samples was 
compared to that of the Trolox standard and the results were expressed in terms of Trolox equivalents (TE) per 
gram fresh weight.  
 Color reflectance indicates' (L* , a* , b*) values of date juice and syrup (Dibs) samples were measured as 
the procedure described by Al-Hooti et al. (1997) and Sablani et al. (2008) using a Hunter Minolta Chroma 
meter (model CR-300, Minolta Co., Japan). In this tristimulus color coordinate system, the L* value is a 
measure of lightness and varies from 0 (black) to 100 (white); the a* value varies from -100 (green) to +100 
(red); and the b* value varies from -100 (blue) to +100 (yellow). As the values of a* and b* rise, the color 
becomes more saturated or chromatic, but these values approach zero for neutral colors (white, grey or black) 
the instrument was calibrated with white standard calibration plate provided by manufacture (L* = 97.59; a*= -
5.06; b*= +6.91). The apparent viscosity of the extracted date pulp juice and syrup batches was measured 
according to the procedure of Al-Hooti et al. (2002) using a Brookfield viscosimeter (model LVDVII, 
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Brookfield Eng. Lab., USA) at 25 ± 1°C using spindle No.2 , RPM of 60 and in a 250-ml capacity glass beaker 
(60 mm diameter). 
 Vitamin (A) was extracted and determined according to the procedure of Epler et al. (1993). Where, the 
extracted vitamin was estimated by using the HPLC (TSP, Thermo Separation Products Inc.) isocratic system 
and the chromatographic conditions were the flow rate; 1.5 m/min, detection; UV absorption at 265 nm, volume 
of injection 20 µl and the mobile phase; an isocratic system of isopropanol / hexan (1:99; v/v). Thiamin (Vit.B1), 
riboflavin (Vit.B2) and niacin (Vit.B3) were extracted and determined quantitively using the procedures of Hawk 
(1971), Pearson (1973) and De-Leemheer & De-Ruyter (1975); respectively. Macro-and Micro- Elements 
content was determined in date syrup (Dibs) after the digestion by using a mixture of concentrate nitric acid 
(HNO3) and concentrate perchloric acid (HClO4) at ratio 2:1 (v/v) as described in the standard methods of 
AOAC, (2003). The atomic absorption spectrometer apparatus (Perkin - Elemer Instrument, model 2380, USA) 
was used for determination of Mg, Fe, Cu, Zn and Mn contents. While, Ca, K and Na contents were estimated 
by using emission flame-photometer (Model Corning 410, England). Phosphorus content was determined 
colorimetrically based on measuring the optical density of the developed blue color of the reduce molybdo - 
phosphoric complex formed in diluted sulphuric acid by using digital spectrophotometer (Model Spekoll 11, No. 
849101) at 660nm.  
 
Sensory evaluation: 
 
 The sensory evaluation for the organoleptic quality characteristics; including color, taste, odor, consistence 
and overall acceptability of produced date syrup (Dibs) batches was carried out according to the procedure of 
Askar and Treptow (1993) by ten trained panelists with scoring each characteristics on a 10 -points hedonic 
scales. Whereas, the higher scores are denoting better quality as the following numerical system: Excellent (8.5 - 
10), very good (7.5-8.4), good (6.5 - 7.4), accept (5.0 - 6.4), fair (4.0 - 4.9), poor (3.0 - 3.9) and very poor (> 
3.0).  
 
Statistical analysis: 
 
 Statistical analysis for the obtained data was carried out according to the procedure of Snedecor and 
Cochran (1980) and that of Helwing (1983) using the analysis of variance (ANOVA) and Duncan's Multiple 
Range Test. The obtained data were recorded as means ± standard error and the differences between the means 
at P < 0.05 were considered statically significant. 
 
Results and Discussion 
 
Proximate chemical composition and physicochemical quality characteristics of tested date fruits pulp: 
 
 As illustrated in Table (1), the selected date fruits pulp contained 13.69 % moisture and 86.31 % total 
solids. It also contained 2.87, 2.93, 11.05 and 0.92 % from crude protein, ash, crude fiber and crude lipid, on dry 
weight basis, respectively. From the former Table, it could be also observed that total sugars are being the major 
constituent of date pulp (89.40 % of total solids) and the reducing sugars represented 83.69 % of the total solids 
of date flesh. Whereas, glucose and fructose were being the most dominant reducing sugars which represented 
47.54 % and 34.08 % of total date pulp solids, respectively. These results are in accordance with those of 
Fayadh and Al-Showiman (1990); Al-Farsi et al. (2005a); Kulkarni et al. (2008) and Iqbal et al. (2011), with 
some negligible variation as the result of the differences in date variety, stage of maturity, the location of 
growing, the climate conditions and the analytical procedure used for these determinations. 
 From the obtained results (Table 1), it could be also observed that the pH value for tested date fruit pulp 
was 5.65 and its titrable acidity value was found to be 0.82 % (as citric acid, on wet weight basis). On the other 
hand, as recorded in Table (1), the tested date fruit pulp was rich in both phenolic and flavonoid compounds 
which were naturally occurred at concentration of 292.16 mg gallic acid equivalents and 84.80 mg catechin 
equivalents per 100 g fresh date pulp, respectively. Whereas, the antioxidant activity of date pulp was found to 
be 166.3 µ moles trolox equivalents per gram fresh date fruits pulp. The present results are in agreement with 
those reported by Vayalil (2002); Al-Farsi et al. (2005b); Al-Farsi et al. (2006); Allaith (2008) and Biglari et al. 
(2009). 
 
The extraction yield of soluble solids (% Recovery) in the extracted juice from date fruits pulp as affected pulp 
as affected by the different applied extraction procedures:  
 
 Pectolytic enzymes have been used for increasing the yield of juice from stone fruits like peaches, plums 
and apricots (Joshi et al., 1991 and Al-Hooti et al., 2002). Microwaves were used in food industry for throwing, 
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cooking, drying, pasteurization and sterilization of many types of foods (Rosenberg and Bagi, 1987a,b; Castrillon 
et al., 1997 and Maranesi et al., 2005). A little efforts have been deal with the ultrasonically assisted extraction 
of different materials (Fukase, 1994; Toma et al., 2001; Vinatoru, 2001 and Hromadkova et al., 2002). No such 
attempt to use the applied novel extraction procedures; pectinase / cellulase   enzymatic treatment, microwaving 
extraction and ultrasonic extraction techniques, in the extraction of juice from date fruits and production of date 
dibs has been reported so far.  
 
Table 1: Chemical composition and  physicochemical quality characteristics of tested date fruits flesh. 

Parameter Determined value 
1. Chemical components (%) 1 
Moisture 13.69 
Total solids 86.31 
Crude protein 2.87 
Ash 2.93 
Crude fiber 11.05 
Crude lipid 0.92 
Total sugars 89.4 
Reducing sugars 83.69 
Glucose 47.54 
Fructose 34.08 
Non-reducing sugars 5.71 
2. quality characteristics ² 
The pH value 5.65 
Titrable acidity (as % citric acid) 0.82 
Total phenolics content (mg GAE/100g) a 292.16 
Total flavonoids content (mg CE/100g) b 84.8 
Antioxidant activity c (µmoles TE/g) c 166.3 
1 : Determined on dry weight basis    2 : Determined on wet weight basis      a : Data are expressed as mg gallic acid equivalents 
(GAE) per 100g date flesh sample     b : Data are expressed as mg catechin equivalents (CE) per 100g date flesh sample    c : Data are 
expressed as micromoles of Trolox equivalents (TE) per g date flesh sample 

 
 As given in Figure (1), the extraction yield of soluble solids (% Recovery) in juice batches extracted from 
the date fruits pulp by using the conventional extraction procedures; water bath and magnetic stirring was 38.94 
% and 41.37 %, respectively. While, with the extraction yields of soluble solids in the date pulp juice batches 
with tested novel extraction procedures; pectinase / cellulase enzymatic technique, microwaving and ultrasonic 
procedure was found to be 83.10 %, 77.52 % and 83.96 %, respectively. Therefore, the applied novel extraction 
procedures; especially ultrasonic procedure, exhibited a significant much higher efficient in extracting the 
soluble solids from date fruits pulp. Whereas, the extraction yield of soluble solids from date fruits pulp in 
extracted juice almost doubled with either the enzymatic treatment or the ultrasonic procedure, when compared 
with the tested coventioned extraction methods; water path and magnetic stirring.  
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Fig. 1: The extraction yield of soluble solids (% recovery) in the extracted juice from date fruits pulp as affected 

by the different applied extraction procedures: 
WB.E: Water bath extraction; MS.E: Magnetic stirring extraction; E.E: Enzymatic extraction; M.E: 
Microwaving extraction; U.E: Ultrasonic extraction. 

 
 As the extraction yield of soluble solids from date pulps increased by almost 100 %, this may open up the 
avenue for the use of enzymatic preparations and ultrasonic procedure for date fruits pulp processing for the 
development of sucrose substitutes based on date fruits. 
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 The yields of soluble solids with using the tested conventional extraction procedures; water bath and 
magnetic stirring, based on a date fruits pulp basis are considered to be extremely low and cannot be 
economically feasible to scale-up to commercial levels. Considering this, attempts were made to increase the 
yield of soluble solids to a reasonable level using either the pectinase / cellulase   enzymatic extraction 
procedure or ultrasonic extraction method. The current results are in conformity with those obtained by Al-
Hooti et al. (2002) and Entezari et al. (2004). 
 
Chemical composition (%; on dry weight basis) of the extracted date fruits juice as affected by the different 
applied extraction procedures:  
 
 The obtained data (Table 2) evident that the moisture content for various date pulp juice batches extracted 
by the different applied conventional and novel extraction procedures was ranged between 72.74 and 75.83 %, 
and therefore their total solids content was ranged between 24.17 and 27.26 %; affecting by the applied 
extraction procedure. It could be also observed that crude protein and ash contents of the extracted date fruits 
juice samples ranged between 0.62 and 0.78% for the first component and between 0.67 and 0.86 % for the 
second, on dry weight basis. 
 
Table 2: Chemical composition (% ; on dry weight basis) of the extracted date fruits juice  as affected by the different applied extraction 

procedures. 

Component (%) 

Component value (M±SE*) of the extracted juice  
Conventional Extraction Procedures Novel Extraction Procedures 

Water Magnetic Enzymatic Microwave Ultrasonic 
bath stirring extraction extraction extraction 

Moisture 74.06  ± 6 .10 ab 73.59 ± 5.37 ab 75.83 ± 6.09 b 72.74 ± 4.98 a 75.69 ± 5.37 b 
Total solids 25.94 ± 1.03 ab 26.41 ± 0.87 ab 24.17 ± 1.13 a 27.26  ± 0.97 b 24.31 ± 1.09 a 
Crude protein 0.68 ± 0.039 b 0.75 ± 0.028 bc 0.70 ± 0.026 b 0.62  ± 0.041 a 0.78  ± 0.033 c 
Ash  0.74 ± 0.046 b 0.67 ± 0.039 a 0.82 ± 0.051 bc 0.79  ± 0.047 b 0.86  ± 0.061 c 
Total sugars 79.48 ± 5.69 a 82.63 ± 7.13 b 86.79 ± 6.85 cd 85.81  ± 7.09 c 88.94 ± 6.71 d 
Reducing sugars 78.52 ± 6.04 a 80.89 ± 5.87 b 85.52 ± 6.39 d 83.73 ± 5.16 c 86.79 ± 7.03 d 
Glucose 45.87 ± 3.29 a 47.52 ± 4.81 b 50.18  ± 3.96 c 48.90 ± 4.73 b  51.23 ± 3.26 c 
Fructose 30.13 ± 1.48 ab 31.67 ± 2.09 b 34.03 ± 2.79 c 29.66 ± 1.74 a 34.8 ± 2.62 c 
Non-reducing 
 sugar 

0.96 ± 0.043 a 1.74 ± 0.091 d 1.27 ± 0.064 c 2.08 ± 0.105 b 2.15 ± 0.097 bc 

M±SE* : Mean of triplicate determinations for tested chemical component ± standard error ; the means having different superscripts 
within the same row are significantly different (p < 0.05). 

 
 As given in Table (2), sugars were the main components of total solids in the extracted date pulp juice 
batches and represented about 79.5 – 88.9 % of total solids. The highest total sugars content (88.94%) was 
recorded with applying ultrasonic extraction procedure followed by enzymatic extraction treatment (86.79 %) 
and microwaving extraction method (85.81%). While, the lowest total sugars content (79.48 %) was given for 
water path extraction method. In addition, the extracted date juice batches were rich in their content from 
reducing sugars that represented 78.52 – 86.79 % of their total solids affecting by the utilized extraction 
procedure, where the highest reducing sugars level was found in date juice extracted by either ultrasonic method 
or enzymatic procedure, while the lowest content was observed in that extracted by water path extraction 
method. The major reducing sugars in all tested date juice batches were glucose (45.87 – 51.23 %) and fructose 
(29.66 – 34.80 %). On the other hand, the non reducing sugars content was ranged between 0.96 and 2.15 % 
depending upon the applied extraction procedure. The current results are in agreement with those obtained by 
Al-Farsi (2003) and Al-Farsi et al., (2007).  
 
The most important physicochemical quality characteristics, on fresh weight basis, of the extracted date fruits 
juice batches as affected by the different applied extraction procedures:  
 
 As given in Table (3), the titrable acidity of the extracted date pulp juice batches ranged from 0.49 to 0.66 
% and the pH value ranged between 5.90 and 6.27. The extracted date juice batches were having total soluble 
solids (TSS) at the level of 19.41 – 28.05 Brix. The highest TSS ( ~ 28 Brix) was recorded for date juice batches 
extracted by either the ultrasonic method or enzymatic procedure, while the lowest TSS (19.41 Brix) was found 
in the batch extracted by water bath. The present results are in accordance with those found by Al-Hooti et al. 
(2002); Al-Farsi (2003) and Al-Farsi et al. (2007).   
 The obtained data of Table (3) also evident that the applied novel extraction procedure, i.e enzymatic, 
microwaving and ultrasonic methods; especially the last one, characterized with high efficient in extracting the 
most antioxidant compounds; phenolic and flavonoid compounds, with the extracted date juice. Whereas, the 
highest level of phenolic compounds (89.14 mg gallic acid equivalents "GAE" per 100 g date juice) was found 
in the date juice extracted by ultrasonic procedure, while the lowest one (66.03 mg GAE per 100 g date juice) 
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was observed in the water bath extracted-juice. On the other hand, the highest level of flavonoids (20.88 mg 
catechin equivalents "CE" per 100 g fresh date juice) was recorded for the date juice batch extracted by 
ultrasonic procedure, while the lowest level (13.85 mg CE/100 g fresh date juice). Thereupon, the all extracted 
date pulp juice patches were having high antioxidant activity (61.49 – 91.05 µ moles trolox equivalents per 
gram fresh date juice), respectively with applying either the ultrasonic procedure or the enzymatic treatment. 
These findings are in agreement with those of Al-Hooti et al., (2002); Entezari et al. (2004) and Al-Farsi et al. 
(2007). 
 
Table 3: The most important physicochemical quality characteristics (on fresh weight basis) of the extracted date fruits Juice as effected by 

the different applied extraction procedures. 

Quality 
characteristic 

Characteristic value (M±SE*) of the extracted juice 
Conventional Extraction Procedures Novel Extraction Procedures 

Water Magnetic Enzymatic Microwave Ultrasonic 
bath stirring extraction extraction extraction 

Titrable acidity 1 0.62  ± 0.053 c 0.57 ± 0.046 b 0.55 ± 0.039 b 0.66 ± 0.051 c 0.49 ± 0.033 a 
The pH value 5.96 ± 0.31 a 6.09 ± 0.44 b 6.12 ± 0.29 b 5.90  ± 0.36 a 6.27 ± 0.41 c 
Total soluble  
solids (Brix) 

19.41 ± 0.79 a 21.65 ± 1.03 b 27.90 ± 1.15 d 24.17  ± 0.93 c 28.05  ± 1.09 d 

Total phenolics 
content 2 

66.03 ± 5.17 a 69.90 ± 4.83 b 80.46 ± 5.09 c 83.58  ± 4.91 d 89.14  ± 6.07 e 

Total flavonoids 
content 3 

13.85 ± 0.46 a 15.28 ± 0.61 b 21.70 ± 0.89 d 17.72  ± 0.66 c 20.88 ± 1.03 d 

Antioxidant  
activity 4 

61.49 ± 3.90 a 67.91 ± 3.74 b 88.24 ± 5.63 d 79.37 ± 4.81 c 91.05 ± 6.27 e 

Color indices value 
L* 8.76  ± 0.43 b 9.31 ± 0.49 b 12.09 ± 0.53 c 10.63 ± 0.47 a 13.46 ± 0.51 c 
a* 0.94 ± 0.060 a 1.68 ± 0.041 b 3.21 ± 0.39 d 2.09  ± 0.35 c 3.03 ± 0.29 d 
b* 2.81 ± 0.086 b 2.04 ± 0.19 a 7.57 ± 0.36 d 3.12  ± 0.33 c 8.16  ± 0.49 e 

Viscosity (cP)5 165.9 ± 13.02 c 157.3 ± 11.65 b 110.2 ± 9.79 a 154.5 ± 11.08 b 109.7 ± 10.23 a 
M±SE* : Mean of triplicate determinations for tested quality characteristic ± standard error ; the means having different superscripts 
within the same row are significantly different (p < 0.05).     1 Data are expressed as % citric acid    2 Data are expressed as mg gallic 
acid equivalents (GAE) per 100 g date fruits juice     3 Data are expressed as mg catechin equivalents (CE) per 100 g date fruits juice      
4 Data are expressed as mg micromoles trolox equivalents (TE) per g date fruits juice       5 Data are expressed as centipoase 

 
 The high efficiency of pectinase / cellulase enzymatic procedure in extracting the soluble solids including 
crude protein, ash, elements and sugars, as well in extracting the phenolics, flavonoids and other health-
promoting compounds from the date fruits pulp could be attributed to increase the liberation of these compounds 
as the result of enzymatic hydrolysis for cellulose and pectic components which were bounded with them (Joshi 
et al., 1991 and Al-Hooti et al., 2002). On the other hand, the high efficiency of the ultrasonic procedure in 
extracting the soluble solids from the date flesh into the extracted juice could be attributed to the intensification 
of mass transfer and easier access of the extraction solvent (water) to the content of the date pulp cells. In 
addition, the collapse of cavity near the date pulp cells' wall can lead to cell disruption and releases the cell 
contents into the extraction medium (Mason and Zhao, 1994; Toma et al., 2001; Hromadkova et al., 2002 and 
Entezari et al., 2004). 
 With regard to the color indices, as shown in Table (3), color indices' values; L*, a*, b*, for the extracted 
date pulp juice batches were found to be affected significantly (≥ 0.05) by different applied extraction methods. 
The date fruits juice batch extracted by either ultrasonic method or enzymatic procedure had the highest values 
of the color indices (L*, a*, b*) which were found to be 13.46, 3.03 and 8.16 for the first batch and to be 12.09, 
3.21 and 7.57 for the second one. While, the date juice batches extracted by conventional extraction methods; 
water bath and magnetic stirring procedures, exhibited the lowest values of the corresponding color indicates 
which were found to be 8.76, 0.94, 2.81 and 9.31, 1.68, 2.04, respectively. Therefore, the date pulp juice batches 
extracted by using either pectinase / cellulase enzyme treatment (at 40±2ºC) or ultrasonic procedure (at 30±5ºC) 
were found to possess lighter color as they having a higher lightness value; when compared with those extracted 
by the other applied extracting procedures, which were performed at 90±5ºC. The extraction methods which 
were carried with heating treatment (water bath, magnetic stirring and microwaving) resulted in a darker color 
for the date juice batches (a*; b* values approaching zero) compared with enzymatic and ultrasonic extraction 
procedures; as the result of taking place the Millard reaction that encouraged by heating treatment (Al-Hooti et 
al., 2002 and Elleuch et al., 2008). The higher a* and b* values (indicating color intensity or hue) for the 
enzymatic and the ultrasonic extracted date juice batches evident that their tinge color to be on the red yellow 
side compared with the date juice batches extracted by the other thermal extraction methods. Comparing these 
results, the enzymatic and ultrasonic extraction procedures hold great promise in obtaining better quality date 
syrup for further use in food products. The current results are in agreement with those reported by Mason and 
Paniwnyk (1996); McClements (1997) and Al-Hooti et al. (2002).  
 Concerning the apparent viscosity as illustrated in Table (3), the date fruit juice extracted by either 
ultrasonic or pectinase / cellulase enzymatic treatment had the lowest apparent viscosity value (~ 110 cP). 
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While, the date juice batches extracted by conventional extraction methods; water bath and magnetic stirring 
and by microwaving extraction procedure individually were having higher viscosity values of 165.9 and 157.3 
cP and 154.5 cP, respectively, as the result of using the thermal treatment with these extraction methods. The 
present findings are in according with those obtained by Al-Hooti et al. (2002). 
 
Chemical composition (%; on dry weight basis) of produced date fruits syrup (Dibs) as affected by the different 
applied procedures of extraction and concentration processes: 
 
 The best novel extraction procedures; pectinase / cellulase enzymatic procedure and ultrasonic methods, 
and the best conventional extraction method; magnetic stirring, which were exhibiting high significant efficient 
in extracting the soluble solids from the date pulp and giving high quality date juice batches, would apply in the 
second experiment to extract the date juice batches, which would be treated with clarification and with various 
tested concentration procedures including hot plate under atmospheric conditions, vacuum concentration 
procedure and microwaving concentration method to produce the final date syrup (Dibs) batches. As shown in 
Table (4), there was slight difference in moisture and total solids content between the produced date syrup 
(Dibs) batches. Where, the moisture content in date dibs batches ranged between 20.40 and 23.90 %, and 
therefore the total solids were ranged between 76.10 and 79.60 %. Produced date Dibs batches contained a 
considerable contents from crude protein and ash at level of 1.85 – 2.72 % and 2.17 – 3.49 %, respectively, 
affecting by extraction and concentration methods applied for their production.  
 
Table 4: Chemical composition (%; on dry weight basis) of produced date fruits syrup (Dibs) as affected by the different applied procedures 

of extraction and concentration processes. 

Component 
Component % (M±SE*) of produced date dibs

Magnetic Stirring extraction Enzyme extraction Ultrasonic extraction 
HP.C V.C M.C HP.C V.C M.C HP.C V.C M.C

Moisture 
20.40 a

± 0.73 
22.69 b 
± 0.87 

21.85 ab

± 0.69 
21.28 ab

± 0.74 
23.74 c

 ± 0.91 
22.31 b

± 0.63 
21.68 ab

± 1.05 
23.90 c 
 ± 0.98 

22.17 b

± 0.81 
Total  
solids 

79.60 c

± 4.99 
77.31 ab 
± 5.03 

78.15 b

± 6.08 
78.72 b

± 6.47 
76.26 a

± 5.19 
79.96 ab

± 4.72 
78.32 b

± 6.28 
76.10 a 
± 6.06 

77.83 ab

± 5.01 
Crude  
protein 

1.85 a 
± 0.19 

2.17 c 
± 0.16 

2.03 b

± 0.23 
1.95 ab

± 0.21 
2.70 d

± 0.19 
2.68 d

± 0.23 
2.10 bc

± 0.21 
2.72 d 
± 0.19 

2.64 d

± 0.21 

Ash 2.27 ab 
± 0.19 

2.49 c 
± 0.16 

2.36 b

± 0.17 
2.19 a

± 0.13 
3.04 c

± 0.16 
2.90 b

± 0.13 
2.17 a

 ± 0.17 
3.58 d 
± 0.19 

2.30 b

± 0.13 
Total  
sugars 

83.91 b

± 5.77 
87.32 d 
± 6.29 

85.94 c

± 6.07 
81.71 a

± 5.38 
87.63 d

± 7.19 
84.78 bc

± 6.35 
82.30 ab

± 7.18 
87.64 d 
± 7.02 

85.29 c

± 6.19 
Reducing  
sugars 

80.24 b

± 6.01 
84.40 e 
± 4.78 

82.15 c

± 4.99 
78.50 a

± 5.82 
84.35 e

± 6.71 
81.73 bc

± 5.28 
79.51 ab

± 5.06  
84.28 e 
± 7.13 

82.56 c

± 5.82 

Glucose 42.58 d

 ± 1.33 
45.73 f 
± 1.60 

43.07 e

± 1.29 
35.93 b

± 1.08 
39.08 c

± 1.23 
36.15 b

± 1.07 
33.29 a

± 0.93 
37.90 c 
± 1.06 

35.18 b

± 0.91 

Fructose 33.74 b

± 0.92 
38.67 c 
± 1.05 

35.32 a

± 1.26 
39.76 cd

± 0.93 
42.02 de

± 1.47 
40.39 d

± 0.98 
40.87 d

± 1.03 
43.13 e 
± 1.48 

41.55 de

± 1.09 
Non-reducing 
sugars 

3.67 e 
± 0.39 

2.92 ab 
± 0.26 

3.79 e

± 0.41 
3.20 c

± 0.37 
2.94 b

± 0.31 
3.05 bc

± 0.29 
2.79 a

± 0.21 
3.36 d 
± 0.39 

2.73 a

 ± 0.23 
M±SE* : Mean of triplicate determinations for tested chemical component ± standard error ; the means having different superscripts 
within the same row are significantly different (p < 0.05).   HP.C : Date fruits syrup concentrated by hot plate procedure under 
atmospheric conditions   V.C :Date fruits syrup concentrated under vacuum at 65 ± 5°C using a rotary evaporator     M.C : Date fruits 
syrup concentrated under microwave oven conditions 

 
 The obtained results (Table 4) also showed that a significant Variations (P≥ 0.05) were observed in total, 
reducing and non reducing sugars content of prepared date dibs batches, as mainly a function of extraction 
process as previously interpreted. Reducing sugars, mainly glucose and fructose, were the most predominant 
component in the date dibs batches. The highest reducing sugars, glucose and fructose contents (89.21, 48.60 
and 40.79 %) were observed in the dibs batch produced with ultrasonic extraction method with vacuum 
concentration procedure followed  by those ( ~ 87.6 , 46.1 and 38.4 %) for dibs batches produced by either 
enzymatic extraction with vacuum concentration method or by the ultrasonic extraction with microwaving 
concentration procedure. While, the lowest contents (75.26, 38.58 and 32.70 %) for the corresponding sugars 
were found in dibs sample produced by magnetic stirring with hot plate concentration method under the 
atmospheric condition. The present results are coincident with those reported by Al-Hooti et al. (2002) and Al-
Farsi et al. (2007)  
 
Physicochemical quality characteristics of produced date syrup (Dibs) patches as affected by the different 
applied procedures of extraction and concentration processes:  
 
 As given in Table (5), the titrable acidity values for produced date syrup (Dibs) batches were ranged 
between 1.08 and 1.59 %, affecting by the applied extraction and concentration procedures. The highest acidity 
value (1.59 %) was found for the date dibs batch produced by magnetic stirring extraction with hot plate 
concentration, under atmospheric pressure. While, the lowest acidity value (1.03 %) was recorded for the dibs 
batch produced by ultrasonic extraction with vacuum concentration procedure. The pH value for tested date dibs 
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batches was ranged between 4.53 and 5.31. Where, the highest pH value (5.31) was noticed for the dibs batch 
extracted by ultrasonic procedure and concentrated under the applied vacuum concentration conditions. While, 
the lowest pH value (4.53) was found in the dibs batch produced by magnetic stirring extraction with the hot 
plate concentration method under the atmospheric conditions. 
 
Table 5: The most important physicochemical quality characteristics ( on fresh weight basis) of produced date fruits syrup (Dibs) as affected 

by the different applied procedures of extraction and concentration processes. 

Quality  
characteristic 

Quality characteristic (M±SE*) of produced date dibs 
Magnetic stirring extraction Enzymatic extraction Ultrasonic extraction 

HP.C V.C M.C HP.C V.C M.C HP.C V.C M.C 
Titrable acidity 1 

(% citric acid) 
1.59 e 
± 0.15 

1.24 b 
± 0.09 

1.37 cd 
± 0.11 

1.46 d 
± 0.13 

1.08 a 
± 0.12 

1.15 ab 
± 0.09 

1.30 c 
± 0.13 

1.03 a 
± 0.09 

1.19 b 
± 0.12 

The pH value 
4.53 a 
± 0.26 

4.96 cd 
± 0.31 

4.80 b 
± 0.29 

4.69 ab 
± 0.40 

5.27 ef 
± 0.43 

5.19 e 
± 0.27 

4.87 c 
± 0.33 

5.31 f 
± 0.46 

5.07 d 
± 0.39 

Total soluble 
 solids (Brix) 

73.9 a 
± 3.11 

76.2 bc 
± 4.96 

75.6 b 
± 4.12 

74.3 ab 
± 3.99 

78.9 d 
± 4.57 

76.6 bc 
± 3.82 

75.0 ab 
± 4.05 

79.4 d 
± 5.19 

77.5 c 
± 4.87 

Total phenolics 
 content 2 

157.6 a 
± 7.33 

174.9 c 
± 9.70 

169.5 bc 
± 8.13 

163.7 b 
± 7.05 

189.2 d 
± 8.79 

175.8 c 
± 6.60 

182.0 cd 
± 7.75 

198.7 e 
± 9.12 

184.3 d 
± 7.65 

Total flavonoids  
content 3 

31.9 a 
± 2.55 

36.5 c 
± 3.09 

34.8 b 
± 2.71 

44.2 d 
± 3.89 

51.6 g 
± 4.72 

48.3 ef 
± 3.29 

46.9 e 
± 4.41 

52.5 g 
± 4.38 

49.8 f 
± 3.94 

Antioxidant  
activity 4 

98.7 a 
± 4.13 

123.2 c 
± 6.07 

109.0 b 
± 4.66 

116.5 cd 
± 5.08 

138.9 e 
± 7.03 

124.6 c 
± 5.81 

117.3 d 
± 6.80 

146.9 g 
± 7.26 

137.6 e 
± 5.93 

Color indices value 

L* 
4.03 a 
± 0.29 

7.26 d 
± 0.41 

5.01 b 
± 0.33 

5.84 c 
± 0.47 

9.42 f 
± 0.49 

8.17 e 
± 0.33 

6.26 c 
± 0.38 

10.70 g 
± 0.36 

9.58 f 
± 0.41 

a* 
0.56 a 
± 0.07 

0.98 c 
± 0.09 

0.85 b 
± 0.07 

0.93 bc 
± 0.11 

1.28 d 
± 0.13 

1.05 c 
± 0.09 

0.97 c 
± 0.08 

1.42 e 
± 0.13 

1.36 de 
± 0.11 

b* 
1.28 a 
± 0.29 

1.73 c 
± 0.36 

1.56 b 
± 0.31 

3.68 d 
± 0.29 

5.25 g 
± 0.41 

4.71 f 
± 0.37 

4.37 e 
± 0.39 

5.29 h 
± 0.43 

4.82 f 
± 0.41 

Viscosity (cP) 
473 e 

± 24.7 
449 d 
± 19.3 

462 de 
± 23.7 

435 de 
± 23.7 

390 b 
± 17.3 

416 c 
± 20.3 

389 b 
± 15.6 

356 a 
± 17.9 

370 ab 
± 16.2 

M±SE* : Mean of triplicate determinations for tested quality characteristic ± standard error ; the means having different superscripts 
within the same row are significantly different (p < 0.05).  HP.C : Date fruits syrup concentrated by hot plate procedure under 
atmospheric conditions.   V.C :Date fruits syrup concentrated under vacuum at 65 ± 5°C using a rotary evaporator    M.C : Date fruits 
syrup concentrated under microwave oven conditions 
1 Data are expressed as % citric acid 2 Data are expressed as mg gallic acid equivalents (GAE) per 100 g date fruits syrup 
3 Data are expressed as mg catechin equivalents (CE) per 100 g date fruits syrup 
4 Data are expressed as mg micromoles trolox equivalents (TE) per g date fruits 5 Data are expressed as centipoase 

 
 With regards the total soluble solids (TSS) content, as recorded in Table (5), it could be observed that the 
ultrasonic extraction procedure was giving date dibs batches having much higher TSS content than the other 
tested extraction methods, regardless of the applied concentration procedure in their production processing. 
Where, the highest TSS content (79.4 Brix) was observed in the date dibs batch extracted by ultrasonic 
procedure and concentrated under vacuum, while the least content (73.9 Brix) was found in the batch produced 
by magnetic stirring extraction with hot plate concentration method. 
 From the obtained results (Table 5), it could be also evident that all produced date dibs batches were rich in 
the tested naturally occurrence antioxidant compounds; phenolic and flavonoid compounds. The date dibs batch 
produced by ultrasonic extraction with the vacuum concentration had the highest content of phenolic 
compounds (198.7 mg gallic acid equivalents "GAE" per 100 g fresh dibs) and flavonoids (52.5 mg catechin 
equivalents "CE" per 100 g fresh dibs) followed by the batch produced by pectinase / cellulase enzymatic 
extraction with vacuum concentration. While, the lowest contents from phenolic compounds (157.2 GAE/100 g 
fresh dibs) and flavonoids (31.9 mg CE/100 g fresh dibs) were found in the dibs batch extracted by magnetic 
stirring and concentrated by the hot plate method under the atmospheric conditions. Therefore, the ultrasonic 
extracted-and vacuum concentrated-date dibs batch was having the highest antioxidant activity (146.9 µ moles 
trolox equivalents "TE" / gram fresh date dibs) and the least antioxidant activity (98.7 µ moles TE / g fresh dibs) 
was recorded for the dibs batch produced by magnetic stirring extraction with the hot plate concentration under 
the atmospheric conditions.  
 As given also in Table (5), the vacuum concentration resulted in lighter color date dibs batches which were 
having the highest lightness index (L*) values (7.26 – 10.70) followed by microwaving concentration (5.01 – 
9.58). While, the least lightness index (L*) values (4.03 – 6.29) were observed in date dibs batches concentrated 
by the hot plate method under the atmospheric conditions. In addition, the date dibs batch produced by using the 
ultrasonic extraction and vacuum concentration exhibited the highest redness index (a*) value (1.42) and 
yellowness index (b*) value (6.29), while the lowest values (0.56 and 1.28) for the former corresponding color 
indices were noticed for date dibs batch produced by magnetic stirring extraction method with the hot plate 
concentration method under the atmospheric conditions. Therefore, the date dibs batches produced by using 
either pectinase / cellulase enzymatic extraction treatment or ultrasonic extraction procedure with vacuum 
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concentration possessed a significantly (p ≥ 0.05) lighter and better color quality than the other tested 
procedures. As the a* and b* values (indicating color intensity or hue) approached zero, it could be showed that 
the color of produced date dibs batches attained a darker red / yellow color. Visually, the concentrated date 
syrup (Dibs) batches had the appearance of a natural honey as far as their color, appearance, taste and viscosity 
were concerned. As the date dibs had color and flavor similar to honey, it should be used in the preparation of 
food products. These results are in quite accordance with those obtained by Al-Hooti et al. (2002). 
 With regard the apparent viscosity, as illustrated in Table (5), the viscosity values for vacuum-concentrated 
date dibs batches were the lowest values (356 – 449 cP) followed by those (370 – 462 cP) for microwaving-
concentrated dibs batches, while the highest values (389 – 473 cP) were recorded for the dibs samples 
concentrated by using the hot plate procedure under the atmospheric conditions. On the other hand, the 
concentrated date syrup samples extracted by applying the cold novel extraction procedures; enzymatic 
treatment and ultrasonic procedure, prior to concentration process showed the lowest viscosity values when 
compared to the thermal magnetic stirring extraction method. Therefore, the date dibs batch produced by 
applying the ultrasonic extraction with vacuum concentration had the lowest apparent viscosity value (356 cP), 
while the highest viscosity value (473 cP) was observed for the dibs batch produced by using the magnetic 
stirring with the hot plate concentration procedure as the result of heating effect. The current finding is in 
agreement with that reported by Al-Hooti et al. (2002). 
 
The nutritional quality of produced date dibs batches with respect to their content from the determined elements 
and vitamins (on dry weight basis) as affected by the different applied procedures of extraction and 
concentration processes:  
 
 From the results recorded in Table (6), it could be noted that the all produced date dibs batches were 
exceptionally rich in K and Vitamin A, where they contained these nutrients at levels ranged between 1805 and 
2120 IU; 751.3 and 794.6 mg/100 g dry matter, respectively; affecting mainly by the applied extraction 
procedure. Also, they contained a high considerable concentration (mg/100 g dry matter) of P (120.9 – 157.2), 
Ca (62.5 – 70.5) and Mg (46.7 – 58.9). 
 
Table 6: The nutritional quality of produced date fruits syrup (Dibs) with respect to its content from the determined elements and vitamins 

as affected by the different applied procedures of extraction and concentration processes. 

Nutritional 
Nutrient content* of produced date dibs 

Magnetic Stirring extraction Enzymatic Extraction Ultrasonic  extraction 
HP.C V.C M.C HP.C V.C M.C HP.C V.C M.C 

Macro-Elements (mg/100g syrup) 
P 120.9 142.6 134.8 129.4 153.9 142.3 135.8 147.2 142.8 
Ca 62.5 67.2 67.2 61.9 70.5 70.5 62.1 69.8 67.3 
K 771.3 786.8 784.1 780.6 794.2 786.9 779.3 790.6 786.9 
Mg 46.7 52.9 46.7 49.1 56.4 47.4 46.7 52.9 47.4 
Na 14.4 17.3 16.8 15.3 17.1 17.6 15.3 18.7 16.8 
Micro-Elements (mg/100g syrup) 
Fe 4.36 4.71 4.56 4.43 4.38 4.38 4.43 4.71 4.56 
Cu 0.669 0.793 0.669 0.616 0.797 0.734 0.667 0.829 0.791 
Zn 6.87 6.87 6.8 6.93 7.5 7.05 6.89 6.97 6.93 
Mn 0.412 0.438 0.438 0.425 0.439 0.420 0.412 0.439 0.446 
Vitamins :- 
Vit.C (mg/100g) 0.672 1.29 0.829 1.156 5.97 1.603 1.238 5.942 1.768 
Vit.A (IU) 1805 2037 1970 2084 2119 2097 2084 2108 2120 
Vit.B1 (mg/100g) 0.131 0.155 0.142 0.161 0.183 0.183 0.176 0.193 0.193 
Vit.B2 (mg/100g) 0.064 0.071 0.064 0.079 0.087 0.087 0.073 0.085 0.092 
Vit. B3 (mg/100g) 1.619 1.985 1.906 1.833 2.250 2.269 1.908 2.496 2.25 
Nutrient content* : Mean of triplicate determinations for the tested nutrient       HP.C : Date fruits syrup concentrated by hot plate 
procedure under atmospheric pressure       V.C :Date fruits syrup concentrated by under vacuum at 85 ± 5°C using a rotary evaporator    
M.C : Date fruits syrup concentrated in microwave oven conditions 

 
 As recorded in Table 6, it could be also observed that all date dibs batches contained a fair quality (mg/100 
g date Dibs, on moisture free basis) from Na (14.4 – 18.7), Zn (6.87 – 6.91) and Fe (4.36 – 4.99), and they also 
contained a reasonable amount (mg/100 g dry matter) of Cu (0.669 – 0.829) and Mn (0.412 – 0.464). From the 
obtained data (Table 6), it could be also illustrated that all produced date syrup (Dibs) batches contained a 
considerable small amounts (mg /100 g dry matter) of L-ascorbic acid, Vit.C (0.672 – 5.970), thiamin; Vit.B1 
(0.131 – 0.193), riboflavin; Vit.B2 (0.064 – 0.087) and niacin; Vit.B3 (1.619 – 2.496). Thereupon, all produced 
date dibs batches characterized with high nutritional value with respect to their contents from the determined 
elements and vitamins as well as with a good healthy biological function as they contained an exceptional high 
content in potassium with an extremely low content in sodium for hypertensive persons. These results are in 
accordance with those reported by Al-Hooti et al. (2002).  
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Sensory quality characteristics of produced date syrup (Dibs) batches as affected by the different applied 
procedures of extraction and concentration processes:  
 
 As shown in Table (7), all produced date syrup (Dibs) batches exhibited a desired quality and better 
acceptability; especially the batch produced by either the pectinase / cellulase enzymatic extraction or ultrasonic 
extraction, with vacuum concentration procedure. The highest sensory judging scores for color (9.2), taste (8.7), 
odor (9.1), consistence (9.0) and overall acceptability (9.0) were observed in the date dibs patch produced by 
applying the novel ultrasonic extraction and vacuum concentration. While, the lowest scores (6.5, 7.2, 6.9, 7.1 
and 6.9; respectively) for the corresponding sensory quality properties were found for that dibs patch produced 
by applying conventional magnetic stirring with hot plate concentration under the atmospheric conditions; as the 
result of strong heat treatments applied in extraction and concentration processes which causing the destruction 
of the naturally occurrence aromatic compounds responsible for flavor formation as well as their encouragement 
Millard reaction and therefore resulting in a more intense browning and the darkness of their color (Elleuch et 
al., 2008). 
 
Table 7: Sensory quality characteristics of produced date fruits syrup (Dibs) as affected by the different applied procedures of extraction and 

concentration processes. 

Quality  
characteristic 

Quality characteristic score (M±SE*) of produced date dibs 
Magnetic stirring extraction Enzyme extraction Ultrasonic extraction

HP.C V.C M.C HP.C V.C M.C HP.C V.C M.C

Color 6.5 a 
± 0.09 

7.8 c

± 0.12 
7.6 c

± 0.10 
7.3 b

± 0.07 
9.1 e

± 0.07 
8.7 d

± 0.13 
7.6 c 

± 0.07 
9.2 e 

± 0.12 
8.7 d

± 0.09 

Taste 
7.2 a 

± 0.12 
7.5 b

± 0.09 
7.3 ab

± 0.07 
7.9 c

± 0.10 
8.6 e

± 0.12 
7.9 c

± 0.10 
8.5 de 
± 0.11 

8.7 e 
± 0.09 

8.3 d

± 0.07 

Odor 
6.9 a 

± 0.07 
8.2 d

± 0.10 
7.4 b

± 0.13 
7.7 c

± 0.09 
8.4 d

± 0.10 
7.9 c

± 0.07 
8.3 d 

± 0.13 
9.1 e 

± 0.13 
7.9 c

± 0.10 

Consistence 7.1 a 
± 0.10 

7.7 b

± 0.12 
7.5 b

± 0.09 
8.1 c

± 0.11 
8.9 e

± 0.13 
8.1 c

± 0.09 
8.5 de 
± 0.10 

9.0 e 
± 0.13 

8.4 d

± 0.12 

Overall acceptability 6.9 a 
± 0.07 

7.8 c

± 0.13 
7.5 b

± 0.08 
7.8 c

± 0.07 
8.8 e

± 0.10 
8.2 d

± 0.13 
8.2 d 

± 0.07 
9.0 e 

± 0.12 
8.3 d

± 0.10 
M±SE* : Mean of judging scores for sensory quality characteristics ± standard error ; the means having different superscripts within 
the same row are significantly different (p < 0.05).    HP.C : Date fruits syrup concentrated by hot plate procedure under atmospheric 
conditions.     V.C : Date fruits syrup concentrated under vacuum at 65 ± 5°C using a rotary evaporator.     M.C : Date fruits syrup 
concentrated under microwave oven conditions 

 
 In general, the all produced date dibs batches were having a desired good sensory quality and better 
acceptability, especially by applying the extraction procedures of either pectinase / cellulase enzymatic 
treatment or ultrasonic procedure with the concentration process under vacuum by using a rotary evaporate at 
60±5°C. 
 
Conclusion and Recommendations:  
 
 From the point of view of extraction process, the ultrasonic extraction procedure or pectinase / cellulase 
enzymatic extraction treatment exhibited a higher efficiency in extracting the soluble solids from the date fruit 
pulp when compared with microwaving and tested conventional extraction methods; water path and magnetic 
stirring. The ultrasonic procedure was characterized with lowering the extraction time to about the third or more 
of that required for the other extraction methods; nevertheless it was performing at ambient temperature 
(30±5°C). The extraction time and temperature have a key role on the quality criteria of extracted date juice 
such as color and the nutritious materials of the final date dibs. Therefore, the ultrasonic extraction procedure 
resulted in reserving on the color, nutrients and naturally occurrence health - promoting compounds as well as 
giving the date juice had a lighter attractive yellow color. The best preferable applied concentration procedures 
was the vacuum concentration; especially with using the ultrasonic extraction method prior to applying it, as it 
was giving nutritious date dibs product which had a lighter attractive color, superior sensory quality and better 
acceptability. It can bee conducted that there is good potential and a possibility to produce a nutritious high 
quality and better acceptability date syrup (Dibs) for use in food products development. The current results are 
recommended that the ultrasonic extraction procedure and vacuum concentration should be applied in the date 
syrup (Dibs)'s industry to produce a nutritious high quality and better acceptability date dibs, in addition, further 
investigations on using the combined procedures in the extraction process; with both the tested enzymatic 
treatment and the ultrasonic procedure, in extracting the date juice, and their effect on quality properties of 
produced date syrup (Dibs) should be performed.  
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