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Introduction
Caffeine, 1,3,7-trimethylxanthine, is the major alkaloid ingredient 

in about 60 herbs, including Thea sinensis (tea leaves), Coffea arabica 
(coffee beans), Theobroma cacao, Paulinea coppana (guarana seeds) 
and Cola nitida (kola nuts), to which their CNS stimulant is attributed 
[1]. The pharmacological effect of caffeine can be achieved when it 
is consumed in the form of herbal extract or pure ingredient added 
to various food products. Hot tea and coffee drinks are among the 
most popular sources for obtaining the desired effect of caffeine, 
providing ca. 50 and 100 mg caffeine per cup, respectively [2]. Caffeine 
is also a common ingredient in many painkillers and antimigraine 
pharmaceuticals. With the recent reemergence of medicinal herbs 
as a major player in the global dietary supplement market, such new 
products containing caffeine have been introduced. The levels of 
caffeine in different matrices (e.g. biological, pharmaceutical and 
herbal) have been determined by numerous techniques, including 
spectroscopic and chromatographic methods [3-8]. High Performance 
Thin Layer Chromatography (HPTLC), coupled with densitometric 
detection, is among the various methods reported for the quality 
control of pharmaceutical products containing caffeine [9]. As such, 
HPTLC may be utilized as an effective analytical tool for the quality 
control of caffeine-containing dietary supplements. In this report, a 
developed HPTLC method was validated for specificity, linearity of 
calibration, recovery, accuracy and precision (repeatability) and was 
used to determine the levels of caffeine in stimulant herbal products 
and power drinks on the Saudi market.

Dates (Phoenix dactylifera L.) have always been a valuable crop 
inarid and semiarid parts of the world and play an important role in 
the economic and social lives of the people of the sezones [10]. The 
seed powder is best medicine for Diabetic patients. The seed powder is 
an ingredient in a paste given to relieve ague. Date seeds are discarded 
or used mainly as animal feeds for cattle, sheep, camel and poultry 
[11]. An additional function includes roasting the date pits and making 
a caffeine-free drink which can substitute coffee when caffeine is a 
concern but a coffee-related flavor.

The aim of this study was to compare raw and roasted date seeds 

for determination of caffeine content by using High Performance Thin 
Layer Chromatography (HPTLC) method and flavonoids quantification 
by High Performance Liquid Chromatography (HPLC). Results of this 
study could be used to facilitate selection of the appropriate method in 
order to obtain satisfactory data on caffeine content in plant materials.

Materials and Methods
Samples

The investigation was performed on dried seeds of the Date 
fruit seeds and were collected from the local market of Thanjavur, 
Tamilnadu. The date seeds were free of physical damage and injury 
from insects and fungal infection, were selected and used for all 
experiments. The experiment consisted of two treatments with four 
replication in a Randomized Block Design.

Chemicals

All chemicals and solvents were obtained from Sigma–Aldrich Co. 
Ltd. (India) & E Merck.

Seed samples and processing

The matured seeds of Phoenix dactylifera L. were purchased from 
market located at Thanjavur, TamilNadu. The seeds (150 g) were dry 
heated along with acid washed sea sand on an open hot plate at 125 ± 
2ºC for 25 min [12]. During the heat processing frequent (every 3 min) 
clarification of seeds together with the sand was done using a glass rod 
for uniform heating. The seeds were separated by sieving and cleaned 
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Abstract
Caffeine-containing products have been consumed for hundreds of years for their pleasant flavor and stimulating 

effects. In recent years, caffeine received increasing attention in food and pharmaceutical industries, due to its 
pharmacological properties which comprise stimulation of the central nervous system, peripheral vasoconstriction, 
relaxation of the smooth muscle and myocardial stimulation. The aim of this study was to determine the content of 
caffeine in raw and roasted date seeds. The caffeine content was determined by HPTLC-UV densitometric analysis. 
The highest caffeine content in the roasted date seed was determined by employing the HPTLC analysis (34.72 mg/
gm). The content of the flavonoids of raw date seeds and roasted date seeds were determined using HPLC methods. 
The highest content of flavonoids was determined in roasted date seeds gallic acid (0.1mg/gm), Rutin (2.2mg/gm), 
and Quercetin (0.52 mg/gm and raw date seeds contains gallic acid (0.1mg/gm), Rutin (0.4mg/gm), and Quercetin 
(0.9mg/gm). 
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thoroughly. The Raw date seeds and dry heated (Roasted) seed samples 
were ground to a fine powder and stored in a separate screw cap bottle 
at 20°C before analysis.

Determination of caffeine content by HPTLC method

Standard solutions: A solution of caffeine standard was prepared 
by dissolving 2 mg accurately weighed, in 5 mL methanol (Merck, 
Germany) in a volumetric flask. This is the stock solution. It was further 
diluted for preparing six points calibration curves.

Sample preparation: One gram of the finely dried seed powdered 
of plant material was extracted two times with 25 mL of methanol on 
a water bath at 70ºC for 20 min. Each of the extracts from the same 
samples were combined, partially evaporated and concentrated to 
dryness under vacuum. After that the extracts were re-dissolved in 
methanol. Prior to use, all the samples were filtered through 0.45μm 
filter. 

High performance thin layer chromatography: A Camag HPTLC 
system equipped with an automatic TLC sampler, TLC scanner 3 and 
integrated software WINCATS version 1.4.1 was used for the analysis. 
Chromatrography was performed on 10 cm × 10 cm HPTLC plates 
coated with silica gel 60F254 (E.Merck) of 200 μm layer thickness for 
the quantification of caffeic acid.. Standard and samples were applied to 
the plates as 8mm long bands, 8mm apart by use of a Camag Linomat 
(V) sample applicator equipped with a 100 μl microsyringe and an 
automatic TLC sampler under a flow of Nitrogen gas.

Detection and estimation of caffeine: The linear ascending 
development was carried out in a Camag glass twin through chamber 
(20 cm × 10 cm) previously saturated with 20 mL mobile phase with 
ethyl acetate-acetic acid-formic acid-water (100:11:11:27, v/v/v/v) for 
15 min at room temperature 25ºC. Plates were developed to a distance 
of 80 mm [13]. Subsequent to the development; the TLC plate was 
dried in a current of air with an air dryer. After development, plates 
were dried and derivatised in NP-PEG reagent. Quantitative evaluation 
of the plate was performed in absorbance-reflectance mode at λmax = 
326 nm, using a slit width 6 × 0.4 mm, data resolution 100 mm Step - 1, 
scanning speed 20 mm s-1 and baseline correction was used. 

Validation of the method:

Linearity: Standard solutions (2 mg/5 mL) were prepared. 
Chromatograms were developed after application of 20, 40, 80, 160, 240 
and 360 μg mL-1 of these working solutions. A six-point calibration 

was obtained for each analyte by fitting peak areas to the amount (μg) 
of the compounds by least squares regressions (Figure 1, Table 1). The 
correlation coefficient was found to be 0.988 (Figure 2, Table 2).

HPLC analysis of flavonoids 

Standard preparation: Standard stock solution of gallic acid, Rutin 
& Quercetrin (Sigma) was prepared in methanol, at concentrations of 
5mg/ml. Standard solution were filtered through 0.45 mm membrane 
filter and injected by autosampler.

Sample preparation: 2 g of powdered raw date seed and fried date 
seed powders were extracted with 50 mL of 95% ethanol under 80 KHz, 
45° C in ultrasonic extraction device for 30 min, repeated twice. The 
extract was collected and filtered; the filtrate was dried at 50°C under 
reduced pressure in a rotary evaporator. The dried crude extract was 
dissolved in the 100 mL mobile phase. After filtering through a filter 
paper and a 0.45 um membrane filter (Millipore), the extract was 
injected into HPLC [14].

HPLC conditions: Flavonoids were analysed using a Shimadzu 
HPLC system (Shimadzu Corp., Kyoto, Japan) consisting of a LC-10AD 
pump, SCL 10A system controller and SPD-M 10A UV detector. The 
gradient elution of solvent A [water-acetic acid (25:1 v/v)] and solvent 
B (methanol) had a significant effect on the resolution of compounds. 
As a result, solvent gradients were formed, using dual pumping system, 

Figure 1: HPTLC chromatogram of caffeine standard in different 
concentrations.

Figure 2: Validation Data for Calibration curves of caffeine peak area obtained 
from HPTLC.

Vial Rf Value Peak Hight Peak Area Caffeine Standard 
concentration (μg/μl)

1 0.61 236.95 1458.4 20.00

2 0.60 492.48 2639.6 40.00

3 0.58 701.93 3967.1 60.00

4 0.59 1025.8 4954.7 80.00

5 0.59 1209.1 6037.6 100.00

Table 1: Validation data of caffeine standards  obtained  from HPTLC 
chromatogram.

Parameter
Value

Peak Area
Linearity range 20-100 μg μL-1

r2 0.988
Standard deviation 0.1  %

Table 2: Linear regression data for calibration curves of caffeine peak area 
obtained from HPTLC.
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by varying the proportion of solvent. A [water-acetic acid (25:1, v/v)] 
to solvent B (methanol). Solvent B was increased to 50% in 4 min and 
subsequently increased to 80% in 10 min at a flow rate of 1.0 mL/min. 
Detection wavelength was 280 nm.

Results and Discussions
HPTLC determination of caffeine in date seed

Experimental conditions were optimized for separation the Rf 
value of caffeine was 0.68 and the compound was well resolved from 
other components of the extract. The extract of raw and fried date 
seeds, when subjected to HPTLC, showed the presence of caffeine in 
all the samples. Comparison of the peak for the standard of caffeine 
revealed the identity of caffeine present in the samples . Validation of 
the method showed the linear range of 20-100 μg mL-1 for caffeine. 
More accumulation of caffeine in fried date seeds than other raw date 
seed [15-17] and data presented in Table 3 and Figure 3. 

HPLC determination of flavonoids in date seed

RP-HPLC analysis is the most used method for the identification 
of plant phenolic compounds. The HPLC Result shows based on the 
flavonoids standards Retention time (Rt), Gallic acid (Rt-5.558), Rutin 
(Rt-10.525) and Quercetin (Rt-12.408) in Table 4 and Figure 4. The 
flavonoids content in Raw date seeds was found to be Gallic acid (0.1 
mg/gm), Rutin (0.4 mg/gm), and Quercetin (0.9 mg/gm) shown in 
Table 5 and Figure 5. The obtained value was compared with standard. 
The flavonoids content in Roasted date seeds was found to be Gallic 
acid (0.1 mg/gm), Rutin (2.2 mg/gm), and Quercetin (0.52 mg/gm) 
shown in Table 6 and Figure 6. The obtained value was compared with 
standard. Although there have been papers evaluating the impact of 
roasting on the polyphenolic compounds and antioxidant capacity date 
seed, there is no paper evaluating the influence of roasting conditions 
on caffeine content. By knowing the exact impact of roasting on the 
bioactive compounds of date seed and conducted in a way to achieve 
the desired (increased or decreased) content of bioactive compounds 
[18]. Due to the beneficial potential of caffeine and polyphenolic 
compounds, roasting is recommended for Date seed processing.

Conclusion 
The results obtained in this study provide a detailed overview of 

the effect of roasting on the content of caffeine. The results revealed 
that the content of caffeine and flavonoids on the raw and roasted date 
seeds and are affected by the roasting conditions. Roasted date seeds Figure 3: HPTLC Chromatogram of caffeine in Date seed samples.

Figure 4: HPLC chromatogram of flavonoids standard.

Figure 5: HPLC chromatogram of raw date seed.

Sample Rf Value Peak Area Caffeine concentration (mg/g 
of sample )

Raw Date seed 0.58 1750.67 26.99

Roasted Date seed 0.58 2252.06 34.72

Table 3: Validation data for analysis  of caffeine in Date seed samples.

SPD10Avp (280nm)

Retention Time Area Height Concentration (mg/ml) Name

5.742 8582414 650869 5.000 Gallic acid

10.525 2758540 336553 5.000 Rutin

12.408 4669387 496081 5.000 Quercetin

Table 4: Validation data for flavonoids standard.

Detector A (280nm)
Retention 

Time Area Height Concentration
mg/gm of sample Name

6.058 489 1 0.10 Gallic acid

10.650 24487 2924 0.40 Rutin
12.633 17819 1585 0.90 Quercetin

Table 5: HPLC validation data for Raw date seed.

Detector A (280nm)

Retention Time Area Height concentration mg/gm of 
sample Name

5.742 1059 290 0.10 Gallic acid
10.633 122601 13689 2.22 Rutin

12.600 48845 5540 0.52 Quercetin

Table 6: HPLC validation data for Roasted date seed.
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exhibited the highest overall content of caffeine and flavonoids and 
antioxidant capacity than raw date seed. Caffeine is a pharmacological 
active substance and depending on the dose, can be a mild central 
nervous system stimulant. 
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