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ABSTRACT 
 
 This study is a contribution to give value added to underutilize low quality dates (with hard texture) by the 
production of enzymatically treated syrup with high commercial value. Results indicated that significant 
differences (P<0.05) in chemical composition were observed between the studied date varieties. However, the 
low quality dates are valuable and serve as good source of dry matter, sugars, phenolic compounds and 
flavonoids, and thus could be used in the manufacture of adding value products such as date syrup. It was 
observed that the pulp: water at ratio (1:3) treated with 50U of pectinase and 5U of cellulase for 120 min at 
50°C gave the highest recovery of total soluble solids and the lowest turbidity as compared to control samples 
(without enzyme addition).The three tested syrups contained significantly different amounts of both total 
phenolic content and total flavonoids. Syrups can be arranged according to the increase of total phenolic 
contents and total flavonoids as follows: Bartamuda>Siwi>Samani. The results of antioxidant analysis of palm 
dates syrups obtained by using different in vitro methods also exhibited strong antioxidant activities; lipid 
peroxidation was inhibited in a dose-dependent manner. The syrups could be used as a potential source of 
natural antioxidant with possible applications in food systems. The 𝐚𝐚𝐰𝐰 values of date syrups ranged from 0.455 
to 0.481, and no significant effect was observed (P < 0.05). The relatively low 𝐚𝐚𝐰𝐰 allowed an easy conservation 
and protection against all bacterial and fungal alteration of these products. The L*, a*, b* color values were 
affected significantly (P < 0.05) by the different treatments as well as date varieties. Date syrup from Siwi 
variety possessed a significantly higher L* and b* values than Bartamuda and Samani. The enzyme-treated date 
syrup from all varieties showed lighter color than the control without enzyme.Bartamuda and Siwi varieties 
showed a maximum viscosity value while Samani exhibited the lowest whatever the extraction method.Sensory 
evaluation showed that enzyme-treated date syrup was more appreciated by consumers than control samples. 
The results indicate the possibility of employing pectinase/cellulase enzymes to produce concentrated date 
syrups with high functional and commercial values. 
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Introduction 
 
 Palm dates (Phoenix dactylifera L.) are important fruits for most of population in Middle East countries, 
where most of this production comes from the Arab World (>80%). This fruit has great importance from 
nutritional and economic point of view is marketed globally as a high-value fruit. It always plays an important 
part in the economic and social lives of the people of these regions. 
 The world production of date fruits is estimated at about 10 milliards tonnes. Egypt is considered to be the 
first of the date producing countries, and the total production of date fruits is estimated to be around 1.37 
milliards tonnes annually (FAO-STAT, 2008). Unfortunately, about 30% of the total production per year in 
Egypt is lost during picking, commercialization, storage, and transformation (Besbes et al., 2006 and Masmoudi 
et al., 2008). 
 Theunderutilize dates are not consumed by humans because of too hard texture, or simply due to their low 
quality attributes. This category of dates is generally discarded or partially integrated in metabolites or biomass 
production (Abou-Zeid et al.,1991; Besbes et al.,2006).However, the low quality dates are a rich source of high 
carbohydrate contents (73.3–89.6 g/100 g, on dry matter) composed mainly of sugars and dietary fibers and are 
safe for human consumption (Besbes et al., 2009). Owing to their composition, low quality dates were also used 
for preparation of some products with high value-added. 
 Good quality dates are used in manufacture of some products such as beverage, jam, bakery and the 
confections(Youssif et al., 1990; Al-Hooti et al., 1997; Benamara et al., 2004). This is attributed to the fact that 
these date fruits may provide an optimal mixture of phytochemicals such as dietary fiber, phenolic, flavonoids, 
natural antioxidants, and other bioactive compounds. The ratio and concentrations of these constituents depend 
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on the type of the fruit, stage of fruit picking, location and soil conditions. These phytochemicals also contribute 
to the nutritional and organoleptic properties of the fruits (Baliga et al., 2011). 
 The studies by Hong et al. (2006) and by Bilgari et al. (2008) indicated that date fruits at their different 
stages of maturity contain thirteen flavonoid glycosides of luteolin, quercetin, and apigenin. In addition, 
procyanidin oligomers through decamers were identified. Another study by Abdelhak et al. (2005) has shown 
that different varieties of Algerian ripe date fruits contained mainly p-coumaric, ferulic and sinapic acids and 
some cinnamic acid derivatives. The in vitro study by Vayalil (2002) reported that the aqueous extract of date 
fruits has antioxidative and antimutagenic properties. In addition, the study by Bilgari et al. (2008) had shown a 
strong correlation between the antioxidant activity and the total phenolic and total flavonoids of palm dates. 
 The in vivo studies (Al-Qarawi et al., 2004; Bastway et al., 2008) have shown that the ethanolic and 
aqueous palm date extracts had hepato protective effects when they were fed to rats in which acute 
hepatotoxicity was induced by carbon tetrachloride and thioacetamide; respectively. However, palm date fruits 
are still poorly studied in relation to their total phenolic and total polyphenolic compounds, and consequently 
their antioxidant activity. 
 Phenolic compounds includingflavonoids are known to possess anti-inflammatory, antioxidant, antiallergic, 
hepatoprotective, antithrombotic, neuroprotective, anticarcinogenic, activities (Araceli et al., 2003). Therefore, 
the search for natural antioxidants of plant origin has gained momentum in recent years. The phenolic 
compounds may contribute directly to the antioxidant action due to the presence of hydroxyl functional groups 
around the nuclear structure that are potent hydrogen donators. These phenolic compounds of plant origin show 
their antioxidant effect by various mechanisms including their ability to scavenge free radicals, chelate metal 
ions that serve as the catalysts for production of free radicals or activate various antioxidant enzymes and inhibit 
oxidases(Kulkarni et al., 2004). 
 Palm date fruits can be eaten before the final stage of ripening, which is called Rotab (50% soft brown color 
and 50% hard yellow or red colors), or consumed after complete ripening and offered as Tamr (100% soft 
brown color). In traditional medicine, palm date fruits or syrups are highly recommended for treatment of liver 
diseases and to be consumed by pregnant women before and after delivery. Moreover, palm date fruits or date 
syrups (or dibs) can be used as an ingredient for beverages, jam, ice cream products, in confectionery, bakery 
products, sesame paste/date syrup blends (Barreveld, 1993; Roukasand Kotzekidou, 1997; Razavi et al., 2007). 
 Some researchers focused on the preparation of date syrup (Al-Farsi, 2003&Al-Farsi et al., 2007). 
However, there are few studies dealing with this subject and are mainly limited to traditional processes. 
Pectinolytic and cellulolytic enzymes are used for the fruit processing industry to increase the extraction yield, 
reducingsugars, soluble dry matter and titrable acidity of the products from some fruits such as peaches, plums 
and apricots (Joshi et al, 1991). In the literature, only few works have been reported regarding the effect of 
hydrolytic enzymes in the quality of date syrup (Al-Hooti et al., 2002). However, these authors used dates of 
good quality for date syrup preparation without optimizing pectinase and cellulase combination. Furthermore, 
the effect of incubation time on the soluble solids yields and on the turbidity was not studied. 
 The production of high quality date syrups using enzymatic treatment could give high value addition to 
dates of low quality (with hard texture). Therefore, the aim of this work was to investigate the effect of enzymes 
(pectinase and cellulase) treatments (at different times and enzymes concentrations) on date syrupssoluble solids 
yield and turbidity during the extraction process; and to optimize process conditions. Furthermore, we studied 
the effect of hydrolytic enzymes on physico-chemical proprieties, functional and sensorial characteristics of the 
date syrups produced. The present study also evaluates the antioxidative properties of date syrups using different 
complementary methods, since these date fruits can be the cheapest and safest source of natural antioxidant 
compounds. Finally, physico-chemical properties, total phenolic and total flavonoid contentsin different date 
varieties were also investigated. 
 
Materials and Methods 
 
Materials: 
 
Palm dates samples: 
 
 Three different varieties oflow quality (hard texture) dates (Phoenix dactylifera L.) of the most abundant 
cultivars in Egypt were used. Dates–Tamer (100% soft brown color), namely Bartamuda and Siwi, were 
purchased from Abou–Rawash region, Giza, while the thirdvarity Samanidates (Rotab, 50% soft brown and 
50% hard yellow color), was obtained from Al-Areash, North Seina, Egypt. Twenty five kg from each variety 
were directly divided into bags of 500 g and stored at –18°C until use. 
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Enzymes and reagents: 
 
 Commercial pectinase and cellulolytic enzymes from Aspergellusniger, gallic acid, Thiobarbituric acid, 
quercetin, and DPPH were obtained from Sigma Chemical Co., and stored at 4 °C.All other reagents used in this 
experiment were obtained from BDH. All chemicals were of reagent grade. Doubledistilledwater and solvents 
were used. 
 
Methods: 
 
Processing methods: 
 
Extraction of palmdate juices: 
 
 Prior to extraction process, the date fruits were gently defrosted, cleaned, pitted and crushed in a meat 
grinder (moulinex, type NE 401, France) to produce date paste.The traditional extraction was carried out as 
follows: The date paste (100 g) was mixed at varying pulp:water ratios (1:2, 1:3 and 1:4 (g/ml)). Each sample 
was placed in a water bath at 100 °C for 5, 10, 15, 20 and 30 min. The produced juice was filtered by a filtering 
cloth and then centrifuged at 2907 g for 15 min. The supernatant was weighed and the °Brix was determined. 
 To test the effect of pectinase and cellulase, a portion of 50 g of date paste was weighed and homogenized 
with 150 ml of water. The pH was adjusted to 4, using citric acid, before the addition of enzyme preparation. 
Samples were mixed thoroughly and placed in a thermostatically controlled water bath at 50°C during 20 –300 
min. Then, the enzyme was inactivated by heating the suspension at 90°C for 5 min. After completion of the 
enzymatic maceration, theproduced juice was treated like for the traditional extraction (Rai et al., 2004).The 
soluble solids yield (TSS) for two extractions procedure was determined as follows: 
 
Soluble solids yield = 𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖 𝐨𝐨𝐨𝐨 𝐬𝐬𝐬𝐬𝐬𝐬𝐖𝐖𝐬𝐬𝐬𝐬𝐚𝐚𝐖𝐖𝐚𝐚𝐬𝐬𝐖𝐖 ×  % 𝐓𝐓𝐓𝐓𝐓𝐓 𝐨𝐨𝐨𝐨 𝐬𝐬𝐬𝐬𝐬𝐬𝐖𝐖𝐬𝐬𝐬𝐬𝐚𝐚𝐖𝐖𝐚𝐚𝐬𝐬𝐖𝐖

𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐖𝐨𝐨𝐨𝐨𝐖𝐖𝐚𝐚𝐖𝐖𝐖𝐖𝐬𝐬𝐬𝐬𝐖𝐖𝐬𝐬𝐖𝐖𝐚𝐚𝐖𝐖𝐖𝐖𝐬𝐬
×100 

 
Preparation of palm date syrups: 
 
 To prepare date syrups, all extracted juices were concentrated by using rotary evaporator apparatus under 
vacuum at 50–60°C until no more water can be removed. The obtained heavy syrups were weighed and storedat 
–18°C until use for further studies and application. 
 
Analytical methods: 
 
Physico-chemical analysis: 
 
 Dry matter was determined by drying samples at 105 °C to constant weights (AOAC, 1995). 
Total soluble sugars were determined using the method of Perez et al., (1997). Soluble sugars by the phenol–
sulphuric acid method (Dubois et al., 1956) was determined. Reducing sugars were measured by the 
dinitrosalicylic acid method using D-glucose as a standard according to Miller (1959).Sucrose contentwas 
estimated by calculating the difference between the total soluble sugars and the reducing sugars. The toughness 
index was calculated as the ratio between the total sugars content and the water content.Soluble solids 
concentration in °Brix was determined using an Abbe Refractometer (Iymen Optic system). Polysaccharides 
were determined according to Nerd and Nobel (1991).The pHvalue was measured using a pH meter (Hanna, HI 
9021 pH meter). Fortitratable acidity measurement, 20 ml of the sample was titrated with 0.1 mol/l NaOH until 
pH 8.1 ± 0.2; and the suitable volume (ml)was converted into citric acid equivalent (Afnor,1974).Total nitrogen 
was determined by the Kjeldahl method. Protein concentration was calculated using the conversion factor of 
6.25(Vandercook et al., 1979).Total soluble pectin was determined as described by Englyst et al. (1994), using 
galacturonic acid as a standard.Ashwas determined by combustion of the sample in a muffle furnace at 550 °C 
for 8 hr(AOAC, 1995). The residue was dissolved in HNO3 (14.44 mol/l) and the mineral constituents (Ca, K, 
Mg, Na and Zn) were analyzed separately, using an atomic absorption spectrophotometer (analytik jean, ZEEnit, 
Germany) (Larrauri et al., 1996). Phosphorus content (P) was determined by the phosphor-molybdate method 
(AOAC, 1995).The measurement of turbiditywas conducted with a Model WGZ-800 Digital Photoelectrical 
Turbidimeter (Shanke Co. Ltd., Shanghai, China) by taking about 25 ml sample per cell(Liang et al., 2006).The 
water activityof date syrups was measured by a NOVASINA aw  Sprint (TH-500 apparatus Novasina, Pfäffikon, 
Switzerland). The measurement was performed at 25 °C (Ahmed et al., 2005).All analytical determinations 
were performed at least in triplicate. Values of different parameters were expressed as the mean ± standard 
deviation (�̅�𝑥 ± SD). 



5838 
J. Appl. Sci. Res., 9(11): 5835-5849, 2013 

Phenolic compounds: 
 
 Total phenolic contents (TPC) were determined according to Awad et al. (2011) with the Foline–Ciocalteu 
method (Maksimović et al., 2005).Results were expressed as gallic acid equivalents (mg GAE/100 g 
dates/syrup).Aluminum chloride colorimetric method was used for flavonoids determination (Chang et al., 
2002). Total flavonoids (TF) were expressed as quercetin equivalent (mg QE/100 g dates/syrup). 
 
Antioxidant activities: 
 
 The antioxidant activities of date’s syrups were measured using five complementary different methods. All 
determinations were made spectrophotometrically using UV–VIS spectrophotometer (1601-Shimadzu, 
Japan).The thiobarbituric acid reactive substances(TBARS)method was used as described by Duh et al. (2001), 
The total antioxidant activity (% Inhibition of lipid peroxidation) = [( 𝐴𝐴𝑏𝑏  - 𝐴𝐴𝑠𝑠 ) / 𝐴𝐴𝑏𝑏 ] x 100),where 𝐴𝐴𝑏𝑏  is the 
absorbance of blank and 𝐴𝐴𝑠𝑠 is the absorbance of sample or positive control. Hydrogen peroxide 
scavengingability of date’s syrups according toJayaprakasha et al. (2004). The H2O2  scavenging ability of the 
sample(%)= [( 𝐴𝐴𝑏𝑏  - 𝐴𝐴𝑠𝑠 ) / 𝐴𝐴𝑏𝑏 ] x 100),where 𝐴𝐴𝑏𝑏  is the absorbance of the blank and 𝐴𝐴𝑠𝑠 is the absorbance of the 
sample solution.The hydroxyl radicals ( OH• ) in aqueous media were generated through the Fenton system 
(Strlic et al., 2002). The OH• scavenging activity ofdate’s syrups was determined according to the method of Li 
et al. (2007).DPPH radical scavenging activity:the antioxidant activities ofdates syrups were measured using the 
stable radical DPPH (Brand-Williams et al., 1995).The total reducing power ability (TRPA)was determined 
according to the method described by Oyaizu (1986). 
 
Sensory evaluation: 
 
 Sensory qualities of thesyrups were evaluated by aid of 26 semi-trained panelists (12 males and 14 females) 
from the staff members. Panellists were instructed to cleanse their palates with water between samples. They 
were asked to score the appearance, taste, color, texture and overall acceptability.The date syrups were 
evaluated based on a seven-point hedonic scale(Besbes et al., 2009), where one represented “disliked 
extremely” and seven represented “liked extremely”.  
 
Instrumental color evaluation: 
 
 Instrumental color evaluation (L*, a*, b*) of dates and date syrups were directly read using a Hunter Lab 
Scan XE Colorimeter (Hunter Laboratory Inc. Restonva). Twelve readings per sample were taken and the mean 
values of lightness (L*), redness (a*), and yellowness (b*) were calculated (Al-Hooti et al., 2002). 
 
Measurements of viscosity: 
 
 Viscosity measurements were carried out with a Brookfield Viscosimeter (model LVDV-II, Brookfield 
Eng. Lab., USA) at a controlled temperature of 30°C with a chosen spindle No. 3and RPM of 10. Samples in 
250 ml capacity glass bottle (60 mm diameter) were kept in a thermostatically controlled water bath for about 20 
min before measurements in order to attain desirable temperature of 30°C. Measurements were taken 3 min after 
the spindle was immersed in each sample (Liang et al., 2006). 
 
Statistical analysis: 
 
 Results were expressed as means and standard deviation (M±SD) from triplicate determinations. Analysis 
of variance (ANOVA) was performed to compare the effect of the treatments.  Significant differences were 
defined as P<0.05, according to PC-STAT, 1985. 
 
Results and Discussion 
 
Palm dates analysis: 
 
 Chemical compositions of date cultivars, Bartamuda, Siwiand Samani, are given in Table 1. These results 
showed that Bartamudacontained the highest total soluble solids content (75.79°Brix) followed by Siwi (70.25 
°Brix) and Samani (66.10 °Brix). The mean moisture contents of Bartamuda, Siwi and Samani, were found to be 
18.35, 23.15 and 30.20 g/100 g fresh weight; respectively. 
 Sugars were the main components in all date cultivars. Sucrose was found to be the major sugar in 
Bartamudaand Siwi varieties (54.16 g/100 g dry matter and 48.79 g/100 g dry matter, respectively). This could 
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be explained by a lower invertase activity in these cultivars (Barreveld, 1993; Cheikh-Rouhou, et 
al.,2006;Rastegar et al., 2012). The toughness index, defined as the ratio between the total sugars content and 
the water content, was about 5.19 for Bartamuda, 4.04 for Siwi and 2.60for Samani. This result indicated that 
the studied dates were dry and hence could be easily conserved and protected against all bacterial alterations. 
 Significant difference (P < 0.05) in polysaccharide contents were observed between the studied date 
varieties. Siwi presented the highest polysaccharide content of (~22.43 g/100 g dry matter) followed by 
Bartamuda (~17.35 g/100 g dry matter) and Samani (~8.77 g/100 g dry matter). The pectin content of date 
varied between 2.56 and 1.91 g/100 g dry matter, being lowest in Bartamuda and highest in Samani. Proteins 
content in dates ranged from 3.34 g/100 g to 4.04 g/100 g dry matter. However, date’ proteins have been 
reported to be of a high nutritive quality when compared with the standard egg proteins (Vandercook et al., 
1979; Ahmed et al., 1995). 
 
Table 1: Chemical composition of different date varieties. 

Component Samani (Rotab) Siwi (Tamr) Bartamuda (Tamr) 
Total soluble solids (°Brix) 66.10 ± 0.45c 70.25 ± 0.44b  75.79 ± 0.26a 

Moisture(A)  30.20 ± 0.28a 23.15 ± 0.41b  18.35 ± 0.18c 
Solublessugars(B)  69.89 ± 0.22c 71.19 ± 0.80b  77.95 ± 0.77a 
Reducingsugars(B) 65.91 ± 0.51a 21.40 ± 0.33c  23.79 ± 0.65b 
Sucrose(B) 3.98 ± 0.33c 49.79 ± 0.45b  54.16 ± 0.34a 

Polysaccharide(B) 8.77 ± 0.24c 22.43 ± 0.63a  17.35 ± 0.32𝑏𝑏 
Pectin(C) 2.23 ± 0.30b 2.56 ± 0.19𝑎𝑎  1.91 ± 0.22c 

Ash(B) 2.46 ± 0.22b 2.77 ± 0.07𝑎𝑎  2.39 ± 0.01c 
Potassium (D)  798.96 ± 5.11𝑐𝑐 1129.44 ± 3.33a  882.22 ± 0.40𝑏𝑏 

Magnesium (D)  71.77 ± 2.32𝑐𝑐 97.22 ± 0.91𝑎𝑎  79.25 ± 1.44b 
Sodium (D)  39.79 ± 7.23b 88.73 ± 0.80𝑎𝑎  9.99 ± 0.39𝑐𝑐 

Calcium (D)  213.61 ± 23.26b 262.62 ± 2.09𝑎𝑎  185.16 ± 0.66𝑐𝑐 
Zinc (D)  0.89 ± 0.09𝑎𝑎  0.82 ± 0,10𝑎𝑎  0.58 ± 0.05b 

Phosphorus (D)  72.48 ± 0.46b 57.91 ± 0.25𝑐𝑐  79.55 ± 1.23𝑎𝑎  
Protein (B)  4.41 ± 0.15𝑎𝑎  3.75 ± 0.18b  3.34 ± 0.22𝑐𝑐 
Fat (B)  3.21 ± 0.30𝑎𝑎  1.76 ± 0.31𝑏𝑏  0.889 ± 0.08𝑐𝑐 
Totalphenolic(E)  350.49 ± 0.26𝑐𝑐 510.31 ± 3.07𝑏𝑏  560.15 ± 2.45a 
Totalflavonoids(F)  170.46 ±1.22c 290.75 ±1.13b 360.11 ±3.35a 

Data are expressed as means ± SD (n = 3) on a dry weight basis. Means ± SD followed by the same letter, within a row, are not significantly 
different (P>0.05). (A): Grams/ 100 g of fresh weight. (B): Grams / 100 g of dry weight. (C): mgof galacturonic acid /100 g of dry 
weight. (D).: mg/100 g of dry weight. (E): mgofgallic acid /100 g of dry weight. (F):mg ofquercetin/100 g of dry weight. 
 
 Table1also reveal significant differences (P < 0.05) in total phenolic contents were observed among 
different varieties. Bartamudahad the highest amount of total phenolic contents (560.15 mg GAE/100 g of dry 
weigh), followed by Siwi (510.31 mg of GAE/100 g of dry matter) and Samani (350.49 mg GAE/100 g of dry 
matter). The total flavonoids (TF) were in the range of 170.46–360.11 as quercetinequivalent/100 g palm date of 
dry matter. However, Bartamuda had the highest amount of total flavonoids (360.11mg as QE/100 g palm date 
of dry matter), followed by Siwi (290.75 mg of QE/100 g of dry matter) and Samani (170.46 mg of QE/100 g of 
dry matter).  
 Al-Farsi et al. (2007) reported that total phenolic content ranged from 172 to246 mg GAE/100 g of dry 
weight in threenative sun-dried datevarieties from Oman.Mansouri et al. (2005) studied the phenolic profile of 
seven different varieties of ripe date fruit from Algeria. They found that the value of total phenolic content 
ranged from 2.49 to 8.36 mg GAE/100 g fresh weight. These levels are much lower than those found in this 
study. This difference can be explained by various factors such as variety, maturity, season, geographic origin, 
storage condition and use of different analytical methods. In comparison with fresh fruits such as plums (~42–
109 mg/100 g fresh weigh), Yellow-flesh-peaches (~21–61 mg/100 g fresh weigh), and yellow-flesh-nectarines 
(~18–54 mg/100 g fresh weight), dates were found to be a good source of phenolic components (Gil et al., 
2002). 
 The obtained results suggested that low quality dates are valuable and serve as good source of dry matter, 
sugars, phenolic compounds and flavonoids, and thus could be used in the manufacture of adding value products 
such as date syrup.  
 
Effect of extraction conditions on date juice: 
 
 The results in Table 2 show the effect of extraction time and pulp: water ratios on the yield of soluble 
solids from date fruits using traditional extraction (100 °C without enzyme). The yield of soluble from 
Bartamuda was higher than that from Samani and Siwi varieties. Indeed, the yield reached 69.25 g of total 
soluble solids (TSS)/100 g fresh weight for Bartamuda, 66.11g of TSS/100 g fresh weight forSiwiand  63.77g of  
TSS/100 g fresh weight for Samani. This difference is probably due to the difference of the initial quantity of 
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soluble solids of the three varieties. In fact, Bartamudafruit present the highest amount of total soluble solids 
(75.79 °Brix) followed by Siwi (70.25°Brix) and Samani (66.10°Brix) (Table 1). 
  The best yields of soluble solids were obtained for pulp:water ratios (1:3) and (1:4) whatever the time. For 
economic reasons it is interesting to choose the pulp:water ratio (1:3) since it gave the same yield that from(1:4) 
pulp:water ratio (P > 0.05). This permits a gain of time and energy during concentration. For more than 15 min, 
no significant differences (P > 0.05) existed between yields of soluble solids of the three varieties. 
 
Table 2: Effect of extraction time and pulp:water ratios on soluble solids yield (g of TSS/100g) in date juices at 100°C, pH = 6 and without 

enzyme. 
Variety Pulp:water   Extraction time (min)   

 ratios 5 10 15 20 30 
Samani 1:2 51.96±0.41𝑒𝑒 54.95±0.61𝑑𝑑  58.50±0.63𝑏𝑏  57.77±0.23𝑐𝑐  60.74±0.55a 

 1:3 57.85±1.45𝑑𝑑  58.86±0.19𝑐𝑐  61.34±0.32b 61.66±0.37b 63.81±0.19𝑎𝑎  
 1:4 58.99±0.51𝑑𝑑  60.99±1.75𝑐𝑐  61.99±0.37b 61.99±0.21b 63.77±0.02𝑎𝑎  

Siwi 1:2 58.61±0.36𝑐𝑐 61.50±0.08a 61.65±0.17𝑎𝑎  61.44±0.19𝑎𝑎  60.75±0.11𝑏𝑏  
 1:3 62.22±0.67𝑑𝑑  63.55±0.29c 65.30±0.55𝑎𝑎  65.81±0.43𝑎𝑎  64.90±0.21𝑏𝑏  
 1:4 62.01±0.26𝑒𝑒 63.28±0.44𝑑𝑑  64.13±0.25𝑐𝑐  65.17±0.16𝑏𝑏  66.11±0.12𝑎𝑎  

Bartamuda 1:2 58.96±0.32𝑑𝑑  63.33±0.59a 61.96±0.40𝑐𝑐 62.79±0.27𝑏𝑏 62.10±0.24𝑏𝑏  
 1:3 66.50±0.45b 65.90±0.11𝑐𝑐  67.63±0.07𝑎𝑎  67.20±0.75𝑎𝑎  67.88±0.45𝑎𝑎  
 1:4 65.33±0.52𝑑𝑑  66.11±0.28𝑐𝑐 67.35±0.10b 67.81±0.34b 69.25±0.04𝑎𝑎  

Data are expressed as means ± SD (n = 3).  Means ± SD followed  by the same letter are not significantly different (P > 0.05). 
 
Effect of enzymatic treatment on the soluble solids yields: 
 
 Pectinolytic and cellulolytic enzymes have been used to increase the juice yield during pressing and 
straining of thefruitjuiceextraction(Al-Hooti et al., 2002; Landbo et al., 2007).The effect of cellulase, pectinase 
and pectinase/cellulase mixture at different levels and extraction times ranging from 20to 300 min on the soluble 
solids yield was shown for only Bartamudacultivars, as shown hereafter. 
 
Effect of cellulase and incubation time: 
 
 Table 3shows the effect of cellulase and incubation time (min) on the soluble solids yield from date of 
Bartamudavariety at (tamr) stage. The yield of soluble solids increased about 6% from 20 to 100 min in the non-
enzyme-treated control that had been incubated at 50 °C and pH 4 for 20 to 300 min. This could be explained by 
the natural diffusion of sugar during extraction and also by the possible presence of endogenous enzymes 
(polygalacturonase, pectinesterase and cellulase) in date pulp (Barreveld, 1993). 
 
Table 3: Effect of cellulase and incubation time (min) on soluble solids yields (g of TSS/100 g) in Bartamudadate juice at 50°C, pH = 4 and 

a ratio pulp: water (1:3). 
Time (min) 0U 5U 10U 

20 60.20 ± 0.31𝑏𝑏 67.21 ± 0.19a 67.56 ± 0.24a 
40 61.24 ± 0.68𝑏𝑏  68.71 ± 0.22𝑎𝑎  68.75 ± 0.38𝑎𝑎  
60 65.68 ± 0.04b 69.44 ± 0.14𝑎𝑎  69.36 ± 0.56𝑎𝑎  
80 65.94 ± 0.10b 69.62 ± 0.10𝑎𝑎  69.54 ± 0.56𝑎𝑎  
100 66.30 ± 0.48𝑏𝑏  70.55 ± 0.21𝑎𝑎  69.73 ± 0.10𝑎𝑎  
120 66.64 ± 0.91b 70.70 ± 0.21𝑎𝑎  70.74 ± 0.19𝑎𝑎  
150 66.99 ± 0.02𝑏𝑏  70.88 ± 0.17𝑎𝑎  70.73 ± 0.37𝑎𝑎  
180 67.07 ± 0.10𝑏𝑏  70.98 ± 0.17𝑎𝑎  70.79 ± 0.48𝑎𝑎  
240 67.44± 0.10𝑏𝑏  70.96 ± 0.19𝑎𝑎  70.97 ± 0.38𝑎𝑎  
300 67.89 ± 0.33𝑏𝑏  70.95 ± 0.21𝑎𝑎  71.04 ± 0.10𝑎𝑎  

Data are expressed as means  ± SD  (n = 3).    Means  ± SD followed by the same letter are not significantly different  (P > 0.05).  
 
 The extraction yield of soluble solids was significantly affected (P < 0.05) by the enzymatic treatment of the 
pulp of date with 5 U of cellulase/100 g. Indeed, the yield of soluble solids increased by 7% after 20 min of 
treatment. However, not significantly improvement (P > 0.05) on the soluble solids yieldwas shown while 
passing from 5 to 10 U of cellulose / 100 g (Table 3). 
 
Effect of pectinase and incubation time: 
 
 Table 4 shows the effect of pectinase and incubation time (min) on the soluble solids yield from tamr date 
fruit of Bartamudacultivars.The extraction yield of soluble solids significantly depended (P > 0.05) on treatment 
time, as well as the pectinase concentration. The yield of soluble solids increased with increase in enzyme 
concentration (Table 4).This was related to degradation of the pectin in the plant cell wall matrix and in the 
middle lamella into galacturonic acid units and sugars (Demir et al., 2001; Landbo et al., 2007). 
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Table 4: Effect of pectinase and incubation time (min) on soluble solids yields (g of TSS/100 g) in Bartamuda date juice at 50 °C, pH = 4 

and a ratio pulp: water (1:3). 
Time (min) 0U 5U 10U 50U 

20 60.20 ± 0.31𝑐𝑐 66.81 ± 0.11𝑏𝑏  67.55 ± 0.22a 67.87± 0.18a 
40 61.24 ± 0.68𝑑𝑑  67.66 ± 0.52𝑐𝑐 68.25 ± 0.24b 70.44 ± 0.46𝑎𝑎  
60 65.68 ± 0.04𝑐𝑐 68.50± 0.15𝑏𝑏  68.99 ± 0.26𝑏𝑏  70.83 ± 0.17𝑎𝑎  
80 65.94 ± 0.10c 69.33 ± 0.10𝑏𝑏  69.62 ± 0.20𝑏𝑏 70.94 ± 0.39𝑎𝑎  

100 66.30 ± 0.48d  69.85 ± 0.67𝑐𝑐  70.28 ± 0.30𝑏𝑏  71.11 ± 0.25𝑎𝑎  
120 66.64 ± 0.91d  69.95 ± 0.45𝑐𝑐 70.39± 0.19𝑏𝑏  71.46 ± 0.16𝑎𝑎  
150 66.99 ± 0.02c 69.88 ± 0.40𝑏𝑏 71.65 ± 0.22𝑎𝑎  71.83 ± 0.21𝑎𝑎  
180 67.07 ± 0.10d  70.35 ± 0.39𝑐𝑐 71.95 ± 0.33𝑏𝑏  72.12 ± 0.15𝑎𝑎  
240 67.44± 0.10𝑐𝑐  70.86 ± 0.44𝑏𝑏 72.01 ± 0.10𝑎𝑎  72.39 ± 0.12𝑎𝑎  
300 67.89 ± 0.33𝑐𝑐  70.98 ± 0.55𝑏𝑏 72.16 ± 0.16𝑎𝑎  72.35 ± 0.08𝑎𝑎  

Data areexpressed as means ± SD (n = 3). Means ± SD followed by the sameletter are not significantly different (P > 0.05).  
 
Effect of Pectinase and cellulosemixture and incubation time: 
 
 Polygalacturonase is a depolymerizing enzyme that degrades by hydrolyzing the glucoside bonds of the 
main chain of polygalacturonic acid, whereas cellulase enzyme hydrolyzes the β-1,4 linkages in cellulose (Cao 
and Tan, 2002; HakiandRakshit, 2003;Ortega et al., 2004). In consequence, both enzymes reduce the weight of 
the food molecules. Therefore, the highest enzyme concentrations were required to reach the maximum 
extraction yield. 
 
Table 5: Effect of pectinase and cellulase and incubation time (min) on soluble solids yields (g of TSS/100 g) in Bartamuda date juice at 

50°C, pH = 4 and a ratio pulp: water (1:3). 
Time (min) 50UP 50UP/5UC 50UP/10UC 

20 67.87± 0.18𝑏𝑏  69.59 ± 0.11a 67.57 ± 0.13𝑏𝑏  
40 70.44 ± 0.46a 70.45 ± 0.65a 69.43 ± 0.20b 
60 70.83 ± 0.17𝑏𝑏  71.28 ± 0.23𝑎𝑎  70.56 ± 0.29𝑏𝑏  
80 70.94 ± 0.39𝑏𝑏  71.42 ± 0.20𝑎𝑎  70.68 ± 0.11𝑏𝑏  
100 71.11 ± 0.25𝑎𝑎  71.49 ± 0.17𝑎𝑎  70.89 ± 0.12𝑏𝑏  
120 71.46 ± 0.16𝑏𝑏 72.47 ± 0.16𝑎𝑎  71.54 ± 0.17𝑏𝑏  
150 71.83 ± 0.21𝑏𝑏  72.51 ± 0.21𝑎𝑎  71.71 ± 0.09𝑏𝑏  
180 72.12 ± 0.15𝑎𝑎  72.62 ± 0.35𝑎𝑎  71.74 ± 0.21𝑏𝑏  
240 72.39 ± 0.12a 72.67 ± 0.30a 71.89 ± 0.15b 
300 72.35 ± 0.08𝑎𝑎𝑏𝑏  72.88 ± 0.138a 72.28 ± 0.11ab  

Data are expressed as means ±SD  (n = 3). Means ± SD followed by the same letter are not significantly different (P > 0.05).  
 
 A combination of pectinase and cellulase was used since the synergetic effect of these enzymes is well 
documented in literature for several fruit such as orange peel, dates and grapefruit peel (Çinar, 2005; Espachs- 
Barroso et al., 2005; Cheikh-Rouhou et al., 2006; Wilkins et al., 2007). In this study, the maximum of soluble 
solids recovery was reached when combining 50U pectinase/100 g and 5U cellulase/100 g after 120 min (Table 
5). In fact, the yield of soluble solids increased up to 300 min but no significant improvement was shown after 
120 min. The yield was reduced with a rise of the concentration of cellulase (10 U/100 g). Al-Hooti et al. (2002) 
reported lower soluble solids yields (~67.50–68.22%) than those found in this study (~72.47 g of TSS/100 g). 
Moreover, in their study no data were indicated about the treatment time and the number of units of pectinase 
and cellulase. 
 
Turbidity alterations: 
 
 Turbidity values of date syrups are illustrated in Fig. 1,from which it is apparent that the turbidity was 
significantly affected (P < 0.05) by time and enzyme concentration. The same results indicated thatmixture of 
5Ucellulose/100 g and 50U of pectinase/100 g permitted a significant reduction of the turbidity after 120 min. 
Meanwhile, the addition of 10 U of cellulase/100 gto the 50U of pectinase/100 g increased the turbidity in the 
range of 20-150 min(Fig. 1).The reason for the rise of turbidity can be due to cellulase activities, which could 
promote extraction of cellulose and hemicellulose responsible for increasing turbidity.On the other hand, the 
reduction of the turbidity is probably due to pectin hydrolysis in the plant cellwall matrix and in the middle 
lamella allowing liberation of galacturonic acid (Albagnac et al., 2002). 
 Fig. 1 also shows that turbidity values of the non-enzyme-treated control samples decreased with the 
time,indicative fallsof the turbidity about 54.85% after 180 min. The reduction of turbidity in control samples 
mayresult from the endogenous enzymes activities. The turbidity decreased while cellulase concentration 
increased within 20 and 80 min.  
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Fig. 1: Effect of enzymes (pectinase and cellulase) addition and incubation time (min) on turbidity (NTU: 

Nephelometric Turbidity Units) of  Bartamuda date fruit at 50 °C, pH = 4 and a ratio pulp: water 1:3. 
Results are mean ± SD of three parallel measurements. A (): 50 U pectinase; B(∎ ): 50 U pectinase/5 U 
cellulase; C (▲): 50 U pectinase/10 U cellulase.  

 
Effect of enzymatic treatment on the chemical proprieties: 
 
 The chemical composition of different varieties of palm date syrups (Tamr or Rotab) were summarized in 
Table 6. Sugarwas the predominant component in all prepared date syrups. The sugar showed more than 65.44 
g/100 g fresh weight for the three varieties whatever extraction method. For the same variety, significant 
difference (P < 0.05) in reducing sugars content was observed between the different treatments. The date syrup 
prepared after extraction with pectinase and cellulose mixture gave the highest reducing sugar amounts. The 
increase in reducing sugars contents may be due to hydrolysis of pectin and cellulose with liberation of sugars 
and by inversion of sucrose by the action of citric acid. This richness in reducing sugar could be contributed to 
the reduction of the syrup crystallization phenomenon. 
 The present results (Table 6) also showed that the total phenolic contents in syrups varied from 368.35 to 
769.75 (mg GAE/100 g syrup), while the total flavonoids varied from 261.45 to 554.15 (mg QE/ 100 g syrup). 
The syrup from Bartamuda variety showed to have the highest amounts of both total phenolics and total 
flavonoids among date syrups. On the other hand, the ratio of total flavonoids/total phenolics (0.62–0.73) in the 
present samples indicates high proportions of flavonoids.The significant differences in total phenolic content 
and total flavonoids in date syrups could be attributed to many factors, such as the progress of ripening and the 
environmental conditions.  
 Several studies showed that palm dates contained flavonoids, such as luteolin, quercetin, and apigenin 
(Bilgari et al., 2009), and p-coumaric, ferulic, and sinapic acids, and cinnamic acid derivatives (Abdelhak et al., 
2005). These compounds have been shown to be strong antioxidants. In addition, this study has shown that the 
ratio of the total flavonoids to the total phenolics was in the range of 62–73%, which means that the flavonoids 
might be the major responsible for this biological activity, because flavonoids, especially those having hydroxyl 
groups, which are potent hydrogen donators (•H) and consequently can neutralize free radical easily. 
 The mineral composition of date syrup was dominated by potassium (625.42–1035.85 mg/100 g fresh 
weight) followed by calcium (69.78–275.55 mg/100 g fresh weight), phosphorus (48.30–100.70 mg /100 g fresh 
weight), and magnesium (35.76–78.21 mg/100 g fresh weight). 
 Significant decrease in pH (~4.89– ~3.10) and increase in acidity (as citric acid) (~0.19– ~1.33) were 
observed after the extraction with the enzyme preparations. This was explained by the addition of citric acid 
during enzymatic extraction and liberation of galacturonic acid inducted by pectinase adjunction.  

The 𝐚𝐚𝐰𝐰 values of date syrups ranged from 0.455 to 0.481, and no significant effect was observed (P < 0.05). 
The relatively low 𝐚𝐚𝐰𝐰 allows an easy conservation and protection against all bacterial and fungal alteration of 
these products. 
 Date syrups were rich in certain nutrients and provide a good source of rapid energy due to their high sugar 
content. The high sugar content should justify their use as a source of liquidsugar suitable to many food products 
such as: base of beverage, bakery products, ice cream and in confectionery, as well as asweetening and 
flavoring agent for dairyproducts like fermented milk products (Barreveld, 1993). 
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Table 6: Chemical proprieties of date syrups prepared using traditional extraction (TE*) and enzymatic extraction (EE**). 
Component Samani  Siwi  Bartamuda  

 TE* EE** TE* EE** TE* EE** 
Solublessugars(A)  67.55±0.66b 72.62±0.56c 65.44±0.08c 73.65±0.12b 71.10 ± 0.12a 75.45±0.04a 
Reducingsugars(A) 64.32±0.13a 68.75±0.34a 26.45±0.06c 66.50±0.31c 28.38±0.09b 67.41±0.02b 
Polysaccharide(A) 3.28±0.29ab  1.72±0.16c 3.22±0.01ac  2.09±0.04ab  3.30±0.03a 2.43±0.11a  

Pectin(B) 0.98±0.03a 1.31±0.05a 0.46±0.06b 1.32±0.04a 0.44±0.01b 1.19±0.01b 
Ash(A) 1.83±0.08c 1.95±0.04c 2.14±0.11b 2.22±0.07b 2.46±0.20a 2.49±0.09a 

Potassium(C)  668.68±5.46c 625.42±2.33c 789.83±1.48b 752.37±5.25b 1035.85±8.3a  1014.68±6.21a 
Magnesium(C)  39.89±1.31c 35.76±1.45c 76.98±5.48b 60.74±3.12b 78.21±10.19a 70.54±8.49a 

Sodium(C)  77.43±8.86c 76.62±4.43c 182.10±3.34a 161.52±2.17ab  171.30±6.48b 162.81±4.77a 
Calcium(C)  80.19±1. 40c 69.78±1.20c 275.55±1.66a 234.53±4.330a 186.36±0.56b 156.57±3.08b 

Phosphorus(C)  59.15±0.58c 49.90±0.27c 91.45±0.24b 72.44±0.50b 105.77±0.10a 95.29±0.29a 
Zinc (C)  0.89±0.31a 1.77±0.68a 0.66±0.13b 1.14±0.04b 0.68±0.01b 0.99±0.05c 
Manganese(C)  0.071±0.09a 0.21±0.07a 0.066±0.01b 0.154±0.03b 0.048±0.01c 0.137±0.06c 
Iron (C)  1.46±0.05a 1.65±0.51a 1.17±0.04b 0.168±0.01c 0.656±0.11c 0.714±0.03b 
Protein(A)  1.39±0.48a 1.58±0.19a 0.99±0.05b 1.11±0.07c 1.34±0.03a 1.37±0.06b 
Totalphenolic(D)  439.45±6.10c 368.35±2.21c 600.51±4.56b 494.28±6.11b 769.75±7.98a 626.84±9.15a 
Totalflvonoids(E)  309.30±2.41c 261.45±1.91c 372.70±1.61b 334.87±3.11b 554.15±8.25a 458.33±5.10a 

pH 4.45±0.36b 3.18±0.33ab  4.85±0.07a 3.10±0.01c 4.89±0.04a 3.22±0.02a 
Acidity(as citric acid) 0.19±0.07c 1.25±0.45b 0.22±0.03b 1.33±0.06a 0.29±0.01a 1.29±0.09b 
Water activity (aw) 0.471±0.04a 0.465±0.01a 0.461±0.03a 0.455±0.01a 0.457±0.07a 0.481±0.05a 

Data are expressed as means ± SD (n = 3) on a fresh weight basis. Means ±SD followed by the same letter, within a row, are not 
significantly  different  (P > 0.05). (A): Grams per 100 g of dry weight. (B): mg of galacturonic acid per 100 g fresh weight. (C):mg / 
100 g fresh weight   (D): mg of gallic acid / 100 g fresh weight. (E):mg  ofquercetin/ 100 g  of fresh weight. 
 EE**: at 50 °C for 120 min with 50 U pectinase/5U cellulase addition;TE*: at 100 °C for 15 min without enzyme addition. 
 
The antioxidant activities of different  date syrups: 
 
 Due to the chemical complexity of date syrups, different methods are required to assess their antioxidant 
activity. In the present study, therefore, five complementary methods were followed to evaluate the ability to 
scavenge free radicals and the capacity to inhibit lipid peroxidation. The data depicted in Table 7 showed that all 
date syrups had antioxidant activity as they inhibited lipid peroxidation in a dose-dependent manner. Thus, the 
results of TBARS obtained from the lowest and the second levels of syrups have shown that Bartamudasyrup 
has significantly higher activity in preventing lipid peroxidation in comparison with other syrups. However, at 
higher levels (500 and 1000 µg) all syrups and the positive control (Vit.C) showed almost the same ability 
(complete inhibition) to prevent lipid peroxidation and they were not significantly different from the result of 
the positive control.  
 These results are in agreement with many studies carried out by other researchers who attribute the 
antioxidant activities to the presence of phenolic and polyphenolic compounds in many vegetables (Gazzani et 
al., 1998), fruits (Meyer et al., 1998), and medicinal plants (Vinson et al., 1995). The oxidation of lipid 
peroxides leads to the formation of alkoxy and peroxy radicals, which in turn produce numerous carbonyl 
products, such as malondialdehyde (MDA). The carbonyl products are responsible for DNA damage, generation 
of cancer and aging related diseases (Shinmoto et al., 1992). Thus, the decrease in the MDA level with the 
increase in the concentration of the date syrups indicates the role of the syrups as antioxidants. 
 Results in Table 7 also showed that date syrups have strongH2O2 scavenging ability and observed to be in a 
concentration-dependent fashion. The present results showed that the Bartamuda syrup at the highest level (1000 
µg) has the greatest activity to remove H2O2 from the reaction media in comparison with other syrups and the 
positive control, while the scavenging abilities of Siwi and Samani syrups at the same level were not 
significantly different from that of the positive control. However, none of the concentrations of date syrups 
assayed could completely remove H2O2 from the assay medium.Hydrogen peroxide is a weak oxidizing agent 
and can inactivate a few enzymes directly, usually by oxidation of essential thiol (–SH) groups. However, 
hydrogen peroxide can cross cell membranes rapidly, once inside the cell, it may react withFe2+, and 
possiblyCu2+ ions to form hydroxyl radical and this may be the origin of its toxic effects. Therefore, it is 
important for cells to avoid the accumulation of H2O2. 
 Regarding the hydroxyl radical scavenging activities of date syrups, they were noticed to be low to 
intermediate and increased in a dose-dependent manner (Table 7). In addition, these results showed that the •OH 
scavenging ability of date syrups was almost involved in hydroxyl radical generation. This study, therefore, 
confirmed that the syrups were active scavengers of hydroxyl radicals, which cause damage to DNA. This study 
showed that, all syrups had significantly lower •OH radical scavenging activity than the positive control,but at 
the highest concentrations Bartamuda syrup showed significantly higher •OH radical scavenging activity than 
the Siwi and Samanisyrups. 
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 The •OH is an extremely reactive free radical formed in biological systems, which may lead to serious 
damage, such as damaging the biomolecules of living cells. The •OH has the capacity to break DNA strands, 
which contributes to carcinogenesis, mutagenesis, and cytotoxicity (Bloknina et al., 2003). 
 
Table 7: The antioxidant activities of different palm dates syrups using different methods. 

Sample (µg) TBARS 
(% inhibition) 

SA of  H2O2 
(% inhibition) 

SA of  OH 
(% inhibition) 

SA of 
DPPH 

Samani     
125 54.45±1.21𝑑𝑑  27.05±1.05𝑑𝑑  14.14±0.45𝑑𝑑  68.34±1.45𝑑𝑑  
250 71.15±1.61𝑐𝑐 44.16±0.65𝑐𝑐 24.64±1.15𝑐𝑐 88.05±1.15𝑐𝑐  
500 91.28±2.21b 62.48±0.95𝑏𝑏  39.65±0.61𝑏𝑏  89.98±0.21𝑏𝑏  

1000 95.75±1.55a 84.11±1.15𝑎𝑎  62.77±1.13𝑎𝑎  92.11±1.51𝑎𝑎  
Siwi     
125 55.68±1.19c 29.66±0.55𝑑𝑑  15.85±0.55𝑑𝑑  76.68±0.29d  
250 74.97±1.37b 56.10±1.45𝑐𝑐  29.65±1.66𝑐𝑐  84.77±1.05𝑐𝑐  
500 95.44±0.71a 79.19±1.89𝑏𝑏  42.85±0.69𝑏𝑏  89.28±0.65𝑏𝑏  

1000 96.77±1.46a 86.69±1.31𝑎𝑎  65.44±1.82𝑎𝑎  92.43±1.51𝑎𝑎  
Bartamuda     

125 73.70±1.33c 38.36± 1.25d  19.11±0.18𝑑𝑑  87.95±0.65c 
250 94.56±1.15𝑏𝑏  58.42±0.75𝑐𝑐  28.15±1.38𝑐𝑐  92.94±0.31b 
500 96.98±1.11a 80.93± 2.35𝑏𝑏 44.58±0.75𝑏𝑏 93.20±0.81ab  

1000 97.89±1.25a 93.16± 3.01a 69.67±2.01a 94.53±0.41a 
Positive Control     
Vit.C (100 µg) 94.84±3.41a 84.15±3.59a 72.05±2.22a 94.69±1.21a 

Each value represents the mean ±SD. Value in the same column carrying different letters is significantly different  (p < 0.05). 
SA: Scavenge activity. 
 
 The present work has shown that the syrups from all dates exhibited a marked DPPH scavenging activity 
(Table 7). Since the hydrogen donating of the tested syrups was comparable to Vit.C, it was evident that the 
syrups could serve as hydrogen donors and consequently terminating the radical chain reaction. Fukumoto and 
Mazza (2000) noted that the position and degree of hydroxylation of flavonoids, especially of the B-ring, play a 
major role in antioxidant activity with all flavonoids having 3´,4´-dihydroxy configuration.  
 The evaluation of the reducing ability of date syrups were carried out on the basis of the oxidizability of 
their chemical constituents, such as phenolic and polyphenolic compounds, which could reduce Fe3+ to Fe2+ 
ions. The total reducing ability of each date syrup at different concentrations was compared to Vit. C (a positive 
control), and the results were expressed as Vit. C equivalent (µM) (Fig. 2). These data showed that the reducing 
power ability of all date syrups appeared in a dose dependent fashion where the Bartamuda syrup has shown to 
have the highest values. The present findings were in agreement with another study carried out by other 
researchers (Bilgari et al.,2008).The reducing power of syrups as measured by this method could be related to 
phenolic and polyphenolic compounds, which reduced ferricyanide ions ([Fe(CN)6]3−) to ferrocyanide ions 
([Fe(CN)6]4−), and the latter reacts with Fe3+ ions to give what is called the Prussian blue colored complex (i.e., 
ferric ferrocyanide, Fe4[Fe(CN)6)]3). This reduction does occur due to the electron (or •H) donating ability of 
date syrups containing phenolic and polyphenolic compounds having more number of hydrolysable OH groups. 
These OH groups act as more powerful reducing agents, because they have more electron (or •H) donating 
ability, which results in the termination of free radical chain reactions. 
 

 
 
Fig. 2:Thetotal reducing power ability(TRPA)of palmdate Syrups expressed as µMVit. C. 
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 The date syrup, beside nutritional components, contain various biologically active compounds (phenolic 
compounds, flavonoids and phenolic acids), which possess antioxidant activity (Lachman et al., 2010). That is 
one of the reasons why date syrup could be used as a functional food. 
 
Sensory analysis of date syrups: 
 
 The sensory evaluation scores (Table 8) indicate that no significant differences were observed in color 
between products. However, significant differences (P < 0.05) were observed in appearance, taste and texture. In 
fact, the consumer more appreciates the texture and the appearance of the enzyme treated date syrup and the 
taste of the control without enzyme. In conclusion, the mean value overall acceptability scores reveal that 
enzyme treated date syrup was more appreciated by panellests than the control samples. 
 
Table 8: Organoleptic evaluation scores of date syrups. 

Quality Characteristics Treatment Samani Siwi Bartamuda 
Taste TE* 4.83 ± 1.39 b 4.99 ± 1.44 b 5.35 ± 1.23 a 

 EE** 4.10 ± 1.29 b 4.27 ± 1.22 b 4.77 ± 1.24 a 
Color TE* 4.27 ± 1.44 a 4.45 ± 1.19 a 4.55 ± 1.18 a 

 EE** 4.54 ± 1.31 a 4.64 ± 1.24 a 4.68 ± 1.19 a 
Texture TE* 4.13 ± 1.55 c 4.99 ± 1.53 b 5.39 ± 1.53 a 

 EE** 5.45 ± 0.89 c 5.88 ± 1.18 b 6.59 ± 1.01 a 
Appearance TE* 4.07 ± 1.43 c 4.97 ± 1.36 b 5.37 ± 1.27 a 

 EE** 5.45 ± 1.50 c 5.99 ± 0.61 b 6.57 ± 0.94 a 
Overall Acceptability TE* 4.33 ± 1.71 c 4.85 ± 0.17 b 5.17 ± 0.44 a 

 EE** 4.89 ± 0.41 c 5.20 ± 0. 33 b 5.65 ± 0. 29 a 
Data are expressed as means ± SD (n = 26).  Means ± SD followed by the same letter, within a row, are not significantly different test (p > 
0.05). 
** EE:  at 50 °C for120 min with 50Upectinase/5U cellulaseaddition;  *TE:  at 100 °C for 15 min without enzyme addition. 
 
Scoring scale:1: disliked extremely,2: disliked, 3: disliked slightly,4: acceptable,5: liked slightly, 6: liked, 7: 
liked extremely. 
 
Quality characteristics of date syrups: 
 
Color: 
 
 The L*, a*, b* color values were affected significantly (P < 0.05) by the different treatments as well as date 
varieties (Fig. 3).Date syrup from Siwivariety possessed a significantly lighter color (higher L* value) than 
Bartamuda and Samaniwhatever the extraction method. Moreover, the date syrup from Siwivarietywas more 
yellowness (higherb* value)than date syrup from Bartamudaand Samani. 
 The enzyme-treated date syrup from all varieties showed lighter color (L* values ranging from 23.7 to 43.9) 
than the control without enzyme (L* values ranging from 1.55 to 16.95). In fact, traditional extraction (at 100 
°C) exhibiteddarker syrups compared with the enzyme-treated date syrup (at 50°C). This darkness could be 
attributed to non-enzymatic browning such as caramelization and maillard reaction. Similar results were 
observed by Al-Hooti et al., (2002) after enzyme and autoclaving treatment of date syrup.  
 
Viscosity: 
 
 Fig. 4 shows the apparent viscosity of date syrups. The viscosity values varied from 234 to 446 cP. This 
relatively low viscosity was probably due to the presence of low bond for the maintaining viscosity. This low 
viscosity will allow an easy applied of date syrup, which could be directly consumed or used as an ingredient in 
food formulations. 
 Bartamuda and Siwi varieties showed a maximum viscosity value (~446–352 cP) while Samani exhibited 
the lowest whatever the extraction method (~234–308 cP). This could be explained by the richness of 
Bartamuda and Siwi in sucrose.  
 The enzyme-treated date syrup showed the lowest viscosity whatever the varieties (~234-352 cP), although 
it was richer in pectin (galacturonic acid). This could be explained by the hydrolysis of the pectin by pectinase 
into galacturonic acid units.  
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Fig. 3: The L*, a*, b*color values of (a) date fruits and (b) date syrups prepared by traditional extraction (TE: At 100 °C without enzyme 

addition) and  (c) date syrup prepared by enzymatic extraction (EE:  At 50 °C with 5 U cellulase/50 U pectinase)  (∎: L*, ∎: a*, 
∎: b*). Results are mean ± SD of twelve parallel measurements. 

 

 
 
Fig. 4: Viscosity (cP)of date syrups prepared by traditional extraction (TE(∎ ): At 100°C without enzyme 

addition), and by enzymatic extraction (EE(∎ ): At 50 °C with 5 U cellulase/50 U pectinase). Results are 
mean ± SD of three parallel measurements. The bars marked by the same letters are not significantly 
different (P > 0.05). 

 
Conclusion: 
 
 Results indicated that significant differences (P<0.05) in chemical composition were observed between the 
studied date varieties. Bartamuda contained the highest total soluble solids, soluble sugars, sucrose, and 
phosphorus. Samani gave the highest moisture, reducing sugars, zinc, protein and fat contents, whereas Siwi 
exhibited the highest polysaccharide, pectin, ash, potassium, magnesium, sodium and calcium contents. Results 
of total phenolic content (TPC) and total flavonoids (TF) in the three date varieties being highest in Bartamuda, 
moderate in Siwi and lowest in Samani. These results revealed that date is a rich source of phenolic compounds 
including flavonoids, which are known natural antioxidants. 
 Results also confirmed the potentiality to prepare value-added date syrup from under- utilized low quality 
date varieties. Among the different treatments employed for the production of date syrup, the use of 
pectinase/cellulase (50 U/5 U) gave the highest recovery of total soluble solids and the lowest turbidity 
compared with control sample (without enzymes). In addition, enzymatic treatment gave syrups containing more 
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reducing sugars, indicating reduction of the syrups crystallization phenomenon. Moreover, syrup obtained after 
enzymatic extraction had lighter color and were most appreciated by sensory scores.  
 According to all tested methods, the antioxidant activity of all palm date syrups was compared with that of 
Vit.C, which is a well-known potent antioxidant. In general, the present study reveals that date syrups can be a 
good source of natural antioxidants, which act by several mechanisms, such as removal of free radicals, 
scavengers of •OH, and H2O2, and the ability to prevent lipid peroxidation. However, the antioxidant efficiency 
of syrups can be arranged as follows: Bartamuda syrup>Siwi syrup>Samani syrup. according to their significant 
differences in the contents of total phenolic and total flavonoids.  
 The scientific results obtained from this study signify that the palm date fruits (or their syrups) are very 
important source of natural antioxidants, contain various biologically active compounds (phenolic compounds 
and flavonoids), which can play a very important role in reducing oxidative stress and preventing the dangerous 
diseases, such as cancer, liver, and cardiovascular diseases. However, according to the present results, the 
Bartamuda-dates are highly recommended to be consumed in comparison with Siwi and Samani-dates. 
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