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 The antioxidant activity of date palm (Phoenix dectylifera L.) fruit extracts of three 
varieties (Khulase, Sheshi and Rezaz) at different ripening stages (Biser, Rutab, and 

Tamer) was studied, as well as its inhibitory effect on lipid oxidation of  minced camel 

meat during refrigerated storage was also assessed. The HPLC analysis of the phenolic 
compounds revealed that, Rezaz variety in Biser stage extract (RBE) showed highest 

quantity of phenolic compounds. RBE exhibited stronger free radical scavenging 

activity (DPPH EC50 0.44 mg/mL) than other extracts. The extracts reductive capacity 
increased with increasing concentration of the samples. RBE was added to minced 

camel, RBE treatments significantly decreased the thiobarbituric acid reactive 
substance values compared with control sample,  in a dose-dependent manner (P<0.05), 

which showed that the RBE significantly inhibited lipid oxidation. Our results 

suggested the potential application of RBE as natural anti-lipid oxidation for the 
preservation of meat products 
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INTRODUCTION 

 

 Meat and meat products are susceptible to quality deterioration due to their rich nutritional composition [1]. 

Lipid oxidation in meat and meat products may produce changes in sensory quality such as colour, flavour and 

odour even in texture the nutritional value. These changes may be done during, handling, processing and storage 

[2,3] and this limits the shelf-life of meat [3]. Antioxidant substances are playing an important role for keeping 

quality of food products including meat and meat products. The most of synthetic antioxidants such as butylated 

hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tertiary butyl hydroquinone (TBHQ) cause serious 

health diseases [4,5].  Due to their harmful toxicity and on the other hand, consumer interest in natural products, 

the uses of synthetic antioxidants in meat are significantly decreased [6,7], therefore, there is an increasing 

interest in using natural antioxidants as save alternative substances to keeping food safety and quality from 

negative effects, with additional healthy benefits [7].   

 Addition of natural antioxidants to meat and meat products considered one of the most important method in 

development of healthier and novel meat products. In this regard several studies utilizing herbs, spices, fruits 

and vegetable extracts, and have shown that addition of these extracts to raw and cooked meat products 

decreased lipid oxidation, improved color stability and total antioxidant capacities which are important 

characteristics for shelf stable meat products [3, 8, 9, and 10]. The major active components of plant responsible 

for the antioxidant activity are polyphenols, flavonoids, phenolic and tannins [11]. 

 Dates, the fruits of palm tree (Phoenix dectylifera L.) are an important nutritional source for many countries 

of the world, because the dates containing different nutrients such as carbohydrates, vitamins and minerals. 

From pollination to final date-fruit ripening takes 200 days. Date palm flowering and fruiting were recognized to 

have distinct stages over the ripening period. Hababauk, female flowers and immediate post-pollination period 

when the very young fruits are creamy white in color; Biser, sometimes named Kimri, green fruit undergoing 

rapid growth; Khalal, fruit grows slowly to full size, sugar content increasing while moisture content decreases, 
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hard, glossy, red or yellow in color; Rutab, fruits ripening to a soft stage, brown in color; Tamar, fruits fully 

ripened, wrinkled, brown or black in color. All of the dates in different ripening stages containing various 

qualitative and quantitative amount of phytochemicals [12]. 

 Several studies have been done on the antioxidant activity of dates [13, 14, 15, 16, 17, 18, 19, 20, 21, and 

22] but the literature review are poor about studies on the antioxidant activity of dates during ripening stage [23] 

as well as the application of their activity in food model. Thus, the aim of the present work was to evaluate the 

methanolic extract of dates in different ripening stages as natural antioxidant and to determine the individual 

phenolic compounds as well as to preserve the minced camel meat from lipid oxidation during refrigerated 

storage. 

MATERIALS AND METHODS 

 

Palm date: 

 Three varieties of palm date (Khulase, Sheshi and Rezaz) were collected through ripening stages (Biser, 

Rutab and Tame), from Private El Ghanem farm. Date samples were dried directly after collection in oven under 

vacuum at 50°C. The date in Biser stage was milled while the dates of other stages were cut in small pieces and 

kept in polypropylene bags in freezer until analysis.  

 

Preparation of methanolic extracts: 

 Ten grams of dried date was strongly mixed with 100 ml methanol for 5 min in conical flask by using 

homogenizer (IKA, T18 basic Ultra-Turrax). The mixtures were closed by glass stopper then left in the dark at 

room temperatures overnight. The prior to filtrate by filter paper (Whatman No. 1) and the residue was re-

extracted with 50 ml methanol. The filtrate was centrifuged in centrifuge (Sorvall RC-5, Dupont, USA) at 5000 

rpm for 10 min at 5°C. The clear extracts were filtered by syringe filter (0.45 μm) followed by dried under 

reduced pressure at 40°C. The dried extracts were refrigerated storage until use.   

 

Determination of phenolic compounds by RP-HPLC: 

 Phenolic compounds in date extracts were quantitative determined by using RP-HPLC according to the 

method of Proestos et al. [24]. 

 

Sample preparation: 

 Date extract sample ((0.1 g)) was dissolved in 10 mL of 62.5% aqueous methanol containing BHT (0.1% 

w/v). Then 2.5 mL of 6 M HCl were added and the mixture was stirred. Nitrogen gas was purged into each 

sample. Then the mixture was sonicated in ultrasonic (Bransonic 3510E-DTH, Mexico) for 15 min, and heated 

in shaking water bath (GFL, 1083, Germany) at 90ᵒC for 2 h. The mixture was diluted up to 100 mL by 

methanol, then filtrated through syringe filter (0.45 µm) and 20 µL was injected into HPLC 

 

HPLC analysis: 

 Agilent Technologies HPLC (1260 infinity, USA) was used and equipped with a quaternary pump solvent 

delivery system (1260 infinity, USA), auto-sampling injector (1260 infinity), solvent degasser (1260 infinity) 

and diode array detector (1260 DAD) set at 280 nm. The sample was injected into the Zorbax Eclipse XDB-C18 

column (250 mm x 4.6 mm. ID 5 µm particle size). The operating parameters were set as follows: column 

temperature 35
○
C, flow rate 1.0 ml/min and the mobile phase consisted of water with 1% glacial acetic acid 

(solvent A), water with 6% glacial acetic acid (solvent B), and water: acetonitrile: glacial acetic acid (65:30:5 

v/v/v) (solvent C). The gradient used was: 100% A 0-10 min, 100% B 10-30 min, 90% B/ 10% C 30-50 min, 

80% B/ 20% C 50-60 min, 70% B/ 30% C 60-70 min, 100% C 70-105 min, 100% A 105-110 min. The post 

time was 10 min before the next injection. Phenolic compounds were quantified by comparison of peak areas 

with those of standard curve. 

 

Antioxidant activity: 

DPPH Free radical-scavenging activity: 

 The free radical-scavenging activities of methanolic extracts were measured using DPPH (2,2-diphenyl-2-

picrylhydrazyl hydrate) [25]. 2.5 mL of various concentrations of sample extracts were mixed with 2.5 mL of 

methanolic solution containing DPPH radicals (6 × 10
-5

 mol/L). The mixture was vigorously shaken and left to 

stand in the dark until stable absorption values were obtained. The reduction of the DPPH radical was measured 

by monitoring continuously the decrease of absorption at 517 nm. DPPH scavenging effect was calculated as 

percentage of DPPH discolouration using the flowing equation: % scavenging effect = [(ADPPH - AS)/ 

ADPPH]/100, where AS is the absorbance of the solution when the sample extract has been added at a particular 

level and ADPPH is the absorbance of the DPPH solution. The actual decrease in absorbance induced by the tested 

sample (change of color from deep-violet to light yellow) was compared to that of the positive control BHA. 

The EC50 value represented the concentration of extract that causes 50% inhibition was calculated from the 
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graph of scavenging activity percentage against date extract concentrations. Experiments were carried out in 

triplicate and the mean value was recorded. 

 

Determination of reducing power: 

 The reducing power of the test samples was determined by the method of Jayaprakasha et al., [25]. 

Different concentrations (50, 100, 200, and 400 ppm) of each extracts in 1 mL methanol were mixed with 2.5 

mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of 1% potassium ferricyanide in a test tube. The mixtures 

were incubated for 20 min at 50°C. At the end of the incubation, 2.5 mL of 10% trichloroacetic acid was added 

to the mixtures and centrifuged at 5000 rpm for 10 min. The upper layer (2.5 mL) was mixed with 2.5 mL of 

distilled water and 0.5 mL of 0.1% ferric chloride, and the absorbance was measured at 700 nm. The reducing 

power test was run in triplicate. Increase in absorbance of the reaction indicated the reducing power of the 

samples. 

 

Evaluation of palm date extract as lipid oxidation inhibitor in minced camel meat: 

 Lipid oxidation inhibitor activity of date extract was performed by determination of thiobarbituric acid 

reactive substances (TBARS) in minced camel meat during refrigerated storage. Under aseptic condition, 

minced camel meat (obtained from local super market) was divided into five portions, each portion was 100g in 

stomacher plastic pages, the first portion was resaved as control and BHA (0.02% w/w) was added to the second 

portion as positive control, the other three portions were mixed with different concentration ( 0.7, 1.4, and 2.1% 

w/w) of dried methanolic extract of Rezaz variety at Biser stage ( gave the highest antioxidant activity) dissolved 

in 10 mL of saline solution. All portions of meat were mixed well in stomacher blender and formed (50 ± 1 g) in 

pieces of 5 cm diameter and 1 cm thickness. The samples were packed in polypropylene bags and refrigerator 

storage at 5 ± 1ᵒC. The development of oxidation was monitored via measuring thiobarbituric acid reactive 

substances (TBARS) every 3 days for 12 days. 

 

Thiobarbituric acid reactive substance test, TBARS: 

 Thiobarbituric acid reactive substances (TBARS) were determined according to the method described by 

Du and Ahn [27]. Five grams of minced meat were homogenized with 15 mL of deionized distilled water. One 

milliliter of the homogenate was transferred to a test tube then 50 µL of 7.2 % butylated hydroxytoluene (BHT) 

and 2 mL of 15 mM thiobarbituric acid (TBA) in 15% trichloroacetic acid (TCA) were added. The mixture was 

vortexed, and then heated in a boiling water bath for 15 min to develop color. The test tube was cooled in cold 

water for 10 min. The mixture was centrifuged for 15 min at 2500 ×g. The absorbance of the supernatant was 

determined using spectrophotometer (Shimadzu Cord, UV 1800/Japan) at 531 nm against a blank containing 1 

mL of deionized water and 2 mL of TBA solution. Malondialdehyde standard curves prepared with 1,1,3,3 

tetramethoxypropane and the amounts of TBARS were expressed as milligrams of malonaldehyde per kilogram 

of meat. 

 

Statistical analysis: 

 All experiments were carried out with triplicate sample analysis. Three independent experimental trials 

(replications) were conducted. The data were analyzed using the General Linear Models procedure of the 

Statistix 8.1 software package (Analytical Software, St. Paul, MN) for microcomputers. Analysis of variance 

(ANOVA) was conducted to determine the significance of the main effects. Significant differences (P˃0.05) 

between means were identified using the Tukey procedure. 

 

RESULTS AND DISCUSSION 

 

Yield and phenolic compounds in date extracts: 

Three varieties of dates at different ripening stage were extracted with methanol. In all varieties, the maximum 

yield (on dry weight basis) were found in Tamer stage followed by Rutab stage whereas, the Biser stage gave 

the minimum yield. Sheshi variety in Tamer stage gave maximum yield (79.56%), also  gave the minimum yield 

in Biser stage (28.97%) compared to the other varieties in the same ripening stage. 

 

Determination of phenolic compounds: 

 The phenolic compounds in date extracts which determined by RP-HPLC were varied according to the 

variety and the ripening stage (Table 1). The typical HPLC chromatogram of Rezaz variety extract at Biser stage 

is illustrated in Figure (1). The majority of phenolic compounds detected in earlier date stage (Biser) especially 

in Rezaz variety, and it decreased or disappeared during the progress in the maturation stages.  Gallic acid was 

detected in all tested varieties in Biser stage, then it not detected in Rutab and Tamer stages of Khlase and Rezaz 

varieties, while detected at the same stages of sheshi variety, but in small quantities. Protocatechiuc acid was 

detected in a higher concentration in Biser stage of all varieties and decreased during the progress in the 
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maturation stages. Also, syringic acid was decreased in quantity from Biser to Tamer stage. However, cinnamic 

acid was detected only in Biser stage and disappeared in Rutab and Tamer stage in all tested varieties. P-

coumaric acid and vanillic acid taking a same trend in Khulase variety they decreased during the progress in the 

maturation stages, and still detected even in Tamer stage. Also, P-coumaric acid and vanillic acid detected only 

in Biser stage and not detected in Rutab and Tamer stages of sheshi and Rezaz varieties. Nevertheless, the HPLC 

chromatogram included five unknown peaks, may be a phenolic compounds. Generally, the extract of Rezaz 

variety in Biser stage (RBE) showed higher quantity of phenolic compounds (protocatechiuc acid, p-

hydroxybenzoic acid, syringic acid, caffeic acid, ferulic acid, cinnamic acid, and vanillic acid) than other 

cultivars even other ripening stage. These findings were an agreement with the results of Saleh and Otaibi[12], 

they found the extracts of Khulase, sheshi and Rezaz dates cultivars in Biser ripening stage (RPE) recorded 

higher amount of phenols compared with the other stages (Rutab and Tamer), and also they found the extracts of 

Rezaz cultivar in Biser stage had a highest contents of phenols (2035.3 mg/100g). Phenolic compounds such as 

p-coumaric, ferulic and sinapic acids and some cinnamic acid derivatives in seven varieties of Algerian ripe date 

palm fruit [15]. The total phenols concentration in date palm fruit sharply decreased during ripening to a low 

level, that means earlier date stage (Biser) containing the highest amount of phenolic compounds [28,19]. While 

protocatechuic acid, vanillic acid, syringic acid and ferulic acid as free phenolic acids and also found bound 

phenolic acids  such as gallic acid, protocatechuic acid, p-hydroxybenzoic acid, vanillic acid, caffeic acid, p-

coumaric acid, ferulic acid, and o-coumaric acid have been reported in three varieties of Omani dates [14].   

 

Table: 1. Phenolic compounds of date varieties extracts at different ripening stage 

Phenolic compounds 

(mg/100g) 

Varieties 

Khulase Sheshi Rezaz 

Ripening stages 

 Biser Rutab Tamer Biser Rutab Tamer Biser Rutab Tamer 

Gallic acid 1.28 

±0.20a 

ND ND 1.79 

±0.36a 

1.45 

±0.37a 

0.52 

±0.11b 

0.57 

±0.07a 

ND ND 

Protocatechiuc acid 358.22 

±15.41a 

256.99 

±9.00b 

170.40 

±4.15c 

348.86 

±13.68a 

335.79 

±9.66a 

218.16 

±5.47b 

447.73 

±11.99a 

327.69 

±14.44b 

274.25 

±7.24c 

Unknown compound D D D D D D D D D 

p-hydroxybenzoic acid ND ND ND ND ND ND 0.01 

±0.00a 

ND ND 

Unknown compound D ND ND ND ND ND ND ND ND 

Syringic acid 80.33 

±0.85a 

70.48 

±3.56b 

26.85 

±1.99c 

82.66 

±5.41a 

79.55 

±3.74b 

45.36 

±1.23c 

90.25 

±5.17a 

63.54 

±4.17b 

60.02 

±5.98b 

Caffeic acid ND ND ND 0.15 

±0.02 

ND ND 1.92 

±0.14 

ND ND 

Unknown compound ND ND ND ND D D ND D D 

Ferulic acid ND ND ND 0.24 

±0.05a 

ND ND 6.40 

±0.60a 

ND ND  

Unknown compound ND D D ND ND ND ND ND  

Cinnamic acid 0.40 

±0.05a 

ND ND 0.44 

±0.03a 

ND ND 1.76 

±0.28a 

ND ND 

P-coumaric acid 0.55 

±0.04a 

0.37 

±0.07b 

0.53 

±0.03a 

0.35 

±0.02a 

ND ND 5.44 

±1.05a 

ND ND 

Unknown compound ND ND ND ND ND ND D D ND 

Vanillic acid 0.77 

±0.05a 

0.57 

±0.10c 

0.49 

±0.04b 

0.22 

±0.03a 

ND ND 7.32 

±0.60a 

0.66 

±0.05b 

ND 

Total known compounds 441.55 

±16.09a 

328.41 

±12.41b 

198.27 

±6.15c 

434.71 

±15.23a 

416.79 

±13.54b 

264.04 

±8.45c 

555.94    

±14.06 a 

391.89 

±13.24b 

334.27 

±13.15c 

a-c Mean values ±SD;  within the same row in every variety bearing different superscripts are significantly different (P<0.05). 
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Fig. 1: Typical HPLC chromatogram of methanolic extract of Rezaz variety at Biser stage: (A) gallic acid, (B) 

Protocatechiuc acid, (C) Unknown compound, (D) p-hydroxybenzoic acid, (E) Syringic acid, (F) Caffeic 

acid, (G) Ferulic acid, (H) cinnamic acid,  (I) P-coumaric acid, (J), Unknown compound, (K) Vanillic 

acid 

 

DPPH free radical-scavenging activity: 

 DPPH is the popular method for the study of natural antioxidants [29]. The antioxidant activity of date 

cultivars extracts at different ripening stages was estimated through DPPH free radical-scavenging activity test 

system. Table (2) illustrates DPPH free radical-scavenging activity, expressed in percentage. The DPPH free 

radical-scavenging activity increased sharply with the increase in concentration of the date methanolic extracts. 

The extracts of date varieties in Biser stage at the concentration of 0.8 mg/mL, revealed that the strongest radical 

scavenging activity (90.77%) was exhibited by the extract of Rezaz variety followed by the extract of Khulase 

variety (83.01%), whereas the weakest activity (68.35%) was exhibited by the extract of Sheshi variety. 

However, the extracts of Khulase, Sheshi and Rezaz varieties in Rutab stage at the concentration of 10 mg/mL 

showed a radical scavenging activity of 79.35, 61.89 and 77.96%, respectively. While the extracts of Khulase, 

Sheshi and Rezaz varieties in Tamer stage recorded the lowest radical scavenging activity (65.09, 50.11 and 

67.57% respectively) at the same concentration. The EC50 calculation placed clearly the difference in radical 

scavenging activity when using different concentrations, as in this case. The lowest concentration of EC50 value 

(Concentration of a compound decreasing the absorbance of a DPPH solution by 50 %) has been recorded by 

synthetic antioxidants BHA (0.059 mg/mL). Among the ripening stages, the Biser stage in all varieties exhibited 

the lowest concentration of the EC50 value, followed by Rutab stage, followed by Tamer stage. The RBE 

recorded the lowest concentration of the EC50 value (0.44 mg/mL). These results reflect the close relationship 

between the amount of phenolic compounds in the samples and their DPPH free radical scavenging activity. 

These findings are consistent with several studies in other countries dealt with antioxidant activity dates. Several 

studies in other countries addressed the antioxidant activity of the dates, but little research on antioxidant 

activity of different varieties during the maturity periods throughout determination of DPPH free radical-

scavenging activity. In Oman, the author study the comparison between the antioxidant of three date varieties 

(Fardh, Khasab and Khalas) at Rutab and Tamer stage. They found the higher DPPH free radical scavenging 

activity was shown by methanolic extract of Fardh-Tamr (72.7%) [21]. The scavenging activity of dates extract 

can be attributed due to presence of phenolic hydroxyl groups which can donate the electron and neutralize the 

existing free radical in the reaction mixture, thereby forming a stable end product that does not initiate or 

propagate further oxidation of lipid [29, 30, and 31].  From the data obtained revealed that the date extract has 

the ability to inhibit the free radical and primary antioxidants that react with free radicals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38                                                    Farag. A. Saleh and Mutlag M. Al-Otaibi, 2015 

Advances in Environmental Biology, 9(11) June 2015, Pages: 33-41 

Table: 2. DPPH radical-scavenging activity of date varieties extracts at different ripening stages. 

Varieties 
Ripening 

stages 
Scavenging activity      

Khulase 

Biser 

Extract concentration (mg/mL) 0.20 0.40 0.60 0.80  

% Scavenging activity 16.94±1.25 43.64±1.46 58.00±0.36 83.01±0.27  

DPPH EC50 (mg/mL)     0.50 

Rutab 

Extract concentration (mg/mL) 4 6 8 10  

% Scavenging activity 17.36±2.35 38.68±4.07 53.01±4.87 79.35±2.36  

DPPH EC50 (mg/mL)     7.43 

      

Tamer 

Extract concentration (mg/mL) 4 6 8 10  

% Scavenging activity 15.03±1.98 31.14±0.36 48.51±2.54 65.09±7.52  

DPPH EC50 (mg/mL)     8.76 

      

Sheshi 

Biser 

Extract concentration (mg/mL) 0.20 0.40 0.60 0.80  

% Scavenging activity 13.63±4.12 27.32±3.25 41.21±1.99 68.35±3.25  

DPPH EC50 (mg/mL)     0.66 

      

Rutab 

Extract concentration (mg/mL) 4 6 8 10  

% Scavenging activity 20.84±2.59 35.52±2.79 47.50±1.67 61.89±3.47  

DPPH EC50 (mg/mL)     8.45 

      

Tamer 

Extract concentration (mg/mL) 4 6 8 10  

% Scavenging activity 18.78±1.71 29.58±2.55 41.42±4.36 50.11±1.58  

DPPH EC50 (mg/mL)     10.01 

      

Rezaz 

Biser 

Extract concentration (mg/mL) 0.20 0.40 0.60 0.80  

% Scavenging activity 22.65±0.23 47.64±2.59 65.26±3.12 90.77±5.83  

DPPH EC50 (mg/mL)     0.44 

      

Rutab 

Extract concentration (mg/mL) 4 6 8 10  

% Scavenging activity 25.56±1.99 48.14±2.54 63.62±3.98 77.96±3.47  

DPPH EC50 (mg/mL)     6.50 

      

Tamer 

Extract concentration (mg/mL) 4 6 8 10  

% Scavenging activity 17.45±3.26 35.63±0.58 55.89±1.07 67.57±4.32  

DPPH EC50 (mg/mL)     7.93 

      

BHA 

Concentration (mg/mL) 0.025 0.050 0.075 0.0100  

% Scavenging activity 27.68±1.55 55.23±3.20 80.56±5.26 98.62±3.25  

DPPH EC50 (mg/mL)     0.059 

Values are expressed as the mean of triplicate measurements ± SD 

 

Reducing power: 

 The ability of the date extracts to reduce Fe
3+

 to Fe
2+

 ion was measured by reducing power assay, and it 

reveals the electron donating potential of tested compounds. The reducing power is associated with the 

antioxidant and the presence of reductones [32, 33]. Figure 2 shows reducing power of different concentration 

of date varieties extracts at various ripening stages. From the results obtained, it can be seen that all samples of 

dates has reducing power, but to varying degrees. Biser ripening stage in all varieties expressed best reducing 

power compared to other stages in the same variety. The strongest reducing power has been recorded by the 

RBE. The antioxidants action depends on breaking free radical chain through donating a hydrogen atom [34]. 

From the results obtained the date varieties especially Biser stage extracts possess antioxidant activity seems to 

be the result of their reducing power. 
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Fig. 2: Reducing power of methanolic extracts of date varieties at various ripening stages. 

 

 
 

Fig. 3: Influences of different extract concentrations of date Rezaz variety at Biser stage and BHA on 

thiobarbituric acid reactive substance (TBARS) values of minced camel meat stored for 12 days at 5 

°C. Error bars refer to the standard deviations obtained from triplicate sample analysis. Means with 

different letters (a-e) differ significantly (P<0.05). 

Thiobarbituric acid reactive substance test, (TBARS): 

 The values of thiobarbituric acid reactive substances (TBARS) have been considered a good indicator for 

measuring the lipid oxidation in meat and meat products [2]. The TBARS values of different minced camel meat 

treatments containing different extract concentrations of date Rezaz variety at Biser stage (as strongest 

antioxidant extract) and BHA are presented in Fig. 3. TBARS of untreated minced camel meat (control) were 

increased rapidly during refrigerated storage, reaching 2.57 mg/kg by day 12 and higher than TBARS values of 

minced camel meat formulated with RBE and BHA. In comparison to the control, at the end of storage period 

(12 days), TBARS levels in the BHA sample decreased by 90.41%, as compared to about 85.92% in RBE 

sample at concentration of 2.1%. There is no significant difference (P < 0.05) was observed between BHT and 

2.1% of RBE treatments after 3 and 6 days of storage period, but after nine and twelve days of storage, 

significant differences were emerged. It was observed that the TBARS values of RBE-treated minced meat were 

below the acceptable sensory threshold limit for exhibiting rancid flavour (1 mg/kg) [35] during storage period 

except the sample containing 0.7% RBE after 12 day of storage. This indicates that the oxidation of lipids in 

minced camel meat was effectively inhibited by RBE. The antioxidant activity of extracts could be attributed to 

its relatively high content of the phenolic compounds and other biochemical compounds that mainly contribute 

to the antioxidant activity. Previous studies showed that none of the natural antioxidants reported in the 
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literature, including grape seed extract ActiVin, pine bark extract Pycnogenol, rosemary extract, and α-

tocopherol outperformed BHA⁄BHT when used at the same dose [36]. Because the RBE has been proven to 

have remarkable radical scavenging activity and reducing power, thus it may inhibit lipid oxidation by blocking 

radical chain reaction in the oxidation process. The anti-lipid oxidation of natural plant extracts have been 

examined in several meat products such as fresh ground beef [9]; buffalo patty [10]  ground goat meat and 

nuggets [1]; chicken meat [8], but as far as we know there have been no studies evaluating the possible anti-lipid 

oxidation effect of the date extract against minced camel meat. 

 

Conclusions: 

 The methanolic extracts of date showed antioxidant activity especially in Biser ripening stage. HPLC 

analysis showed higher quantity of phenolic compounds in Rezaz variety in Biser stage (RBE) than other cultivars in 
different ripening stage. Therefore, Rezaz variety in Biser stage (RBE) expressed best DPPH free radical-scavenging 

activity and reducing power, In situ testing confirmed RBE to be a highly effective anti-lipid oxidation in 

minced camel meat because it inhibited lipid oxidation during refrigerated storage. These results suggested that 

the RBE is considered natural source of strong antioxidant to maintain the quality of meat and meat products. 
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