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ABSTRACT: In this study, qualitative and quantitative analysis of commercially available food supplements composed 
of olive leaf extract and herbal tea products containing olive leaf were evaluated by High-Performance Thin-Layer 
Chromatography (HPTLC) and a newly developed and validated High-Performance Liquid Chromatographic (HPLC) 
method for their quality assessment. In addition, leaves of two varieties of Olea europaea L. (var. europaea and var. 
sylvestris) grown in Turkey which were assigned as reference plant materials and their chemical compositions were also 
comparatively analyzed by HPTLC. Then HPTLC fingerprints of reference plant materials were compared to the 
marketed olive leaf samples. For quantification of oleuropein and luteolin 7-O-glucoside (L7G) contents in the samples, 
a simple and fast HPLC method was developed and validated. Consequently, in water and hydroalcoholic extracts of 
O. europaea var. europaea leaves, oleuropein contents were found to be 15.89% (w/w) and 15.84% (w/w), while L7G 
contents were 0.75% and 1.23%, respectively. For the reference materials, oleuropein in O. europaea L. var. sylvestris 
leaves was found to be 12.77% (w/w, in water extract) and 12.36%(w/w, in hydroalcoholic extract), while the 
concentration of L7G was 0.51% (w/w) and 0.83% (w/w) in water and hydroalcoholic extracts, respectively. Qualitative 
analysis of the commercial products revealed that fraud was detected in three of eight olive leaf herbal tea bag brands 
and two of ten olive leaf food supplements. These samples were found either devoid of oleuropein or they had different 
HPTLC fingerprint profiles than the reference samples.  

KEYWORDS: Olea europaea; oleuropein; luteolin 7-O-glucoside; high-performance thin-layer chromatography 
(HPTLC); high-performance liquid chromatography (HPLC); quality control. 

 1.  INTRODUCTION 

Olive (Olea europaea L., Oleaceae family) which is an evergreen and small tree is native to Mediterranean 
region and some parts of Asia Minor [1]. Its by-products (leaf, bark, seed etc.) are used for their nutritional 
value and health benefits to treat various ailments including malaria, hyperglycemia, hypertension, gallstones, 
rheumatism, pyrexia, urinary infections, constipation and diarrhea since ancient times [2,3]. In Flora of Turkey, 
O. europaea L. is represented by two varieties including var. europaea and var. sylvestris [4]. 

Olive leaf which contains rich phenolic compounds is marketed as tea or food supplements for its 
medicinal purposes. The phytochemical studies conducted so far demonstrated that it comprises secoiridoids 
most importantly oleuropein, flavonoids such as luteolin 7-O-glucoside (L7G) and apigenin-7-O-glucoside as 
well as some triterpenoids and lignan derivatives [2]. Previous bioactivity studies on olive leaf extracts and 
some of the isolated secondary metabolites revealed their antidiabetic [5], anticancer [6,7], antimicrobial [8], 
antioxidant [9], antihypertensive [10], antiinflammatory [11], antinociceptive [3], gastroprotective [12], wound 
healing [13] and neuroprotective activities [14]. 

The bitter compound oleuropein is a secoiridoid glycoside and the major bioactive component of olive 
leaf, has gained much attention in recent years due to its various beneficial and health promoting properties 
such as antioxidant, anti-atherogenic, anti-inflammatory, anticancer, antimicrobial and antiviral effects [15]. 
Furthermore, it is used for chemical standardization of the olive leaf extracts and supplements [2,16,17]. 
According to the European Pharmacopoeia (Phar. Eur.), oleuropein is an identification marker for olive leaf 
and its minimum amount should be at least 5% in dried olive leaf, while 16% in dry extract produced from 
olive leaf (E.P. 7.0) [18]. On the other hand, L7G is a flavone glycoside which is commonly distributed in many 
medicinal plants. It is one of the most abundant compounds in olive leaf after oleuropein and possesses 
various bioactivities including antioxidant, hepatoprotective and anti-inflammatory properties [19-21]. 

 
İD 

 
İD 

 
İD 

mailto:etil.ariburnu@yeditepe.edu.tr
https://orcid.org/0000-0001-9696-3271
https://orcid.org/0000-0001-9257-5765
https://orcid.org/0000-0002-1348-6033


Güzelmeriç et al. 
Quality assessment of marketed olive leaf products 

Journal of Research in Pharmacy 

 Research Article 

 

 

 https://doi.org/10.35333/jrp.2020.123   
J Res Pharm 2020; 24(1): 159-169 

160 

Adulteration is replacing of original plant with another inaccurate plant material or deliberately adding 

any foreign substance into plant material in order to decrease its costs, which is a common problem in 

marketted food supplements. Therefore, quality and quantity assessments of chemical constituents are very 

important task for the standardization and thus therapeutic efficacy and safety of medicinal plants [22]. The 

aim of this study was to comparatively investigate the qualitative and quantitative specifications of the 

marketed olive leaf products (herbal tea and food supplements) by a High-Performance Thin-Layer 

Chromatography (HPTLC) and a validated High-Performance Liquid Chromatography (HPLC) techniques 

for their quality assessment. 

2. RESULTS AND DISCUSSION 

2.1. HPTLC analysis 

A standard mixture was composed of equal volumes of rutin, chlorogenic acid (ChA), L7G, oleuropein 

and caffeic acid was co-chromatographed with reference plant extracts and marketed olive leaf products. 

Derivatization of HPTLC plates with different reagents were performed to figure out chemical composition of 

the investigated plant material samples and to get wide range of information about their constituents. 

Moreover, HPTLC plates were investigated under different wavelenghts by capturing their photos at 254 or 

366 nm and under white light. Thus, the identity of rutin, ChA, L7G, oleuropein and caffeic acid in olive leaf 

extracts and its marketed products were confirmed not only by using RF values but also with band colors, as 

shown in Table 1. 

Results have shown that aqueous (OL1 and OL2) and hydroalcoholic (OLE1 and OLE2) extracts of both 

olive leaf varieties [var. europaea and var. sylvestris] which were used as reference plant materials were found 

to contain L7G and oleuropein (Figures 1-9). While rutin, chlorogenic acid and caffeic acid were not detected 

in these extracts (Figures 1-6). When HPTLC fingerprinting profiles of reference materials were compared with 

both water (OLT1-8) and hydroalcoholic (OLTE1-8) extracts of olive leaf herbal tea products, OLT/OLTE 3 

and OLT/OLTE4 showed completely different chemical profiles than the reference olive leaf samples. Blue 

zones which were not found in reference olive leaf samples were detected at RF ≈ 0.7 and RF ≈ 0.8 (after 

derivatization with NP captured at 366 nm) in OLT/OLTE4 and OLT/OLTE3, respectively (Figures 1, 2, 4 and 

5). Consequently, it is evident that the specifications of these samples were not matching with that of reference 

olive leaf and possibly they were adulterated. Additionally, fade zones were seen on the HPTLC 

chromatogram of OLT/OLTE1 which indicates the low quality of this product.  

On the other hand, ten food supplement formulations in capsule forms sold in the market (encoded 

OLC1-10) were also investigated by HPTLC and their chromatograms were compared with the hydroalcoholic 

extracts of reference olive leaf samples (OLE1 and OLE2).  As a result, L7G, and oleuropein were detected in 

all samples except for OLC1 and OLC6. Additionally, HPTLC chromatograms of OLC1 and OLC6 were found 

to be completely different than the HPTLC chromatograms of reference olive leaf samples (Figures 3, 6 and 9). 

Table 1. RF values and band colors of investigated compounds by HPTLC after derivatization. 

Compound RF 

Band colors 

NP at 366 nm 
NP/anisaldehyd

e at 366 nm 
NP/anisaldehyde 
under white light 

Caffeic acid ≈ 0.85 Blue Blue nd 
Oleuropein ≈ 0.55 nd Red Purple 

L7G ≈ 0.50 Yellow Blue nd 
ChA ≈ 0.35 Blue Pale blue nd 
Rutin ≈ 0.25 Yellow Blue nd 

  nd = Not detected 
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Figure 1. HPTLC chromatogram of water extracts of olive leaf and its herbal tea products sold on the market 
captured at 366 nm after derivatization with NP reagent. 

 

Figure 2. HPTLC chromatogram of hydroalcoholic extracts of olive leaf and its herbal tea products sold on 
the market captured at 366 nm after derivatization with NP reagent. 

 

Figure 3. HPTLC chromatogram of hydroalcoholic extracts of olive leaf and olive leaf capsules sold on the 
market captured at 366 nm after derivatization with NP reagent. 

 

Figure 4. HPTLC chromatogram of water extracts of olive leaf and its herbal tea products sold on the market 
captured at 366 nm after derivatization with NP and anisaldehyde reagents, respectively. 
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Figure 5. HPTLC chromatogram of hydroalcoholic extracts of olive leaf and its herbal tea products sold on 
the market captured at 366 nm after derivatization with NP and anisaldehyde reagents, respectively. 

 

Figure 6. HPTLC chromatogram of hydroalcoholic extracts of olive leaf and olive leaf capsules sold on the 
market captured at 366 nm after derivatization with NP and anisaldehyde reagents, respectively. 

 

Figure 7. HPTLC chromatogram of water extracts of olive leaf and its herbal tea products sold on the market 
captured under white light after derivatization with NP and anisaldehyde reagents, respectively. 

 

Figure 8. HPTLC chromatogram of hydroalcoholic extracts of olive leaf and its herbal tea products sold on 
the market captured under white light after derivatization with NP and anisaldehyde reagents, respectively. 
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Figure 9. HPTLC chromatogram of hydroalcoholic extracts of olive leaf and olive leaf capsules sold on the 
market captured under white light after derivatization with NP and anisaldehyde reagents, respectively.  

2.2. HPLC analysis 

2.2.1. HPLC method validation 

The newly developed HPLC method for quantification of oleuropein and L7G was validated according 
to International Conference on Harmonisation (ICH) rules using specificity, linearity (r2), detection and 
determination limits (LOD and LOQ), intraday and inter-days precision, accuracy (recovery) parameters [23]. 

 

Figure 10. HPLC chromatogram of standart mixture (1: L7G; 2: Oleuropein) and olive leaf (a: L7G; b: 
Oleuropein) at 254 nm. 

 

Figure 11. HPLC chromatogram of standart solution (1: L7G) and olive leaf (a: L7G) at 350 nm. 

The least concentration of the standard solutions belonging L7G and oleuropein, respectively and the 
blank solution were analyzed for determination of the specificity of the HPLC method. The analyzed 
compounds which were L7G (retention time (tR)= 4.05 ± 0.01) and oleuropein (tR = 6.70 ± 0.01) were not 
detected on the blank chromatogram. In addition, the chromatograms of the standard mixture solution 
containing L7G and oleuropein and the sample test solutions were overlaid and tR values were compared 



Güzelmeriç et al. 
Quality assessment of marketed olive leaf products 

Journal of Research in Pharmacy 

 Research Article 

 

 

 https://doi.org/10.35333/jrp.2020.123   
J Res Pharm 2020; 24(1): 159-169 

164 

(Figures 10 and 11). Moreover, UV spectrums of oleuropein and L7G obtained from chromatograms of 
standard test solutions and sample test solutions were matched. 

To examine the linearity, standard solutions belonging 7 different concentration levels were analyzed 
in three times. The calibration curve area versus concentration (mg/mL) was found to be linear in the range 
of 0.5-40 mg/mL with r2 = 0.9997 for L7G and 5–400 mgmL with r2 = 0.9995 for oleuropein as shown in Table 
2.  

LOD and LOQ values of the developed method were determined from the equation as 3.3 x (SD/S) and 
10 x (SD/S), respectively. Accordingly, LOD and LOQ were calculated as 0.02 µg/mL and 0.06 µg/mL, 
respectively for L7G and 0.55 µg/mL and 2 µg/mL, respectively for oleuropein. 

Table 2. Linearity parameters for calibration curves belong to L7G and oleuropein. 

Parameter L7G Oleuropein 

Linearity range 0.5-40 µg/mL 5-400 µg/mL 

R2 0.9997 0.9995 

S 29.5 6.671 

Intercept 8.0357 23.697 

SD 0.19 1.23 

LOD 0.02 µg/mL 0.55 µg/mL 

LOQ 0.06 µg/mL 2 µg/mL 

Table 3. Repeatability and intermediate precision results of olive leaf. 

Repeatability and intermediate precision 

Intra/ inter-days 

L7G (mg/g±SD) Oleuropein (mg/g±SD) 

1. Prepared 
n=3 

2. Prepared 
n=3 

1. Prepared 
n=3 

2. Prepared 
n=3 

Intraday 12.31±0.05 12.63±0.02 158.38±0.03 161.69±0.44 

RSD 0.40 0.17 0.02 0.27 

Interday 12.74±0.10 12.75±0.02 163.53±0.33 165.69±0.69 

RSD 0.81 0.17 0.20 0.42 

Interday 12.87±0.12 13.05±0.01 167.99±0.31 171.58±0.15 

RSD 0.90 0.08 0.19 0.09 

Results are expressed as mean ± Standart deviation (SD) 
RSD: Relative standart deviation 

Table 4. Recovery results for L7G and oleuropein in olive leaf. 

Analyte 
Amount spiked (µg/mL) 

n=3 

Amount Found 
(µg/mL±SDa) 

n=3 

Recovery (%) 
n=3 

RSDb 

L7G 

3.75 3.85±0.01 102.70±0.29 0.28 

12.5 13.04±0.02 104.34±0.24 0.23 

25 25.15±0.30 100.59±1.21 1.21 

Oleuropein 

37.5 39.71±0.05 105.89±0.14 0.14 

125 126.03±0.80 100.83±0.64 0.63 

250 237.87±0.68 95.15±0.27 0.29 

Results are expressed as mean ± Standart deviation (SD) 
RSD: Relative standart deviation 
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The intraday precision of the method was determined by repeating the assay in three times by 
evaluating the amounts of L7G and oleuropein in 2 times freshly prepared samples during the day. 
Additionally, the intermediate precision of the developed method was achieved by calculation of the L7G and 
oleuropein amounts in sample test solutions in three consecutive days in three times. The results were depicted 
in Table 3.  

Recovery was represented as the proportion in percent between the known spiked amount of the 
compound and the experimentally found result. The three different concentrations of L7G (3.75, 12.5 and 25 
µg/mL) and oleuropein (37.5, 125 and 250 µg/mL) were added into the formerly examined sample test 
solution. The results have showed that the recovery results were found in between 100.59-104.34% for L7G 
and 95.15-105.89% for oleuropein, showed in Table 4. 
2.2.2. Oleuropein and L7G analysis 

Oleuropein and L7G contents (mg/g) in reference olive leaf samples and its marketed products were 
quantitatively analyzed by HPLC (Table 5). Regarding to the obtained results as depicted in Table 5, neither 
the water nor the hydroalcoholic extracts of OLT1 and OLT4 were found to contain oleuropein. Furthermore, 
OLC1 and OLC6 samples were totally devoid of oleuropein or L7G.  

Comparing the water and hydroalcoholic extracts of olive leaf herbal tea samples as well as reference 
leaves demonstrated that there was a remarkable increase of L7G content in hydroalcoholic extracts (1.64±0.01 
to 6.73±0.09 mg/g for OLTE1-8, 12.31±0.05 mg/g for OLE1 and 8.30±0.05 mg/g for OLE2) than water extracts 
(0.28±0.01 to 3.73±0.08 mg/g for OLT1-3,5-8, 7.49±0.03 mg/g for OL1 and 5.11±0.08 mg/g for OL2). 
Furhermore, while L7G was not detected in water extract of OLT4, it was found to be 4.29±0.02 mg/g in 
hydroalcoholic extract of the same tea sample (OLTE4). Based on these findings, it is noteworthy to mention 
that as regards L7G content, its yield in ethanol-water (8:2, v/v) extract is higher than in hot water extract.  

Among the investigated herbal tea bag samples, OLT/OLTE6 were found to be the best in quality 
comparing to the other tea bag brands regarding detected oleuropein [92.71±0.05 (OLT6) and 104.62±1.34 
(OLTE6) mg/g] and L7G [3.73±0.08 (OLT6) and 6.73±0.09 (OLTE6) mg/g] contents, respectively. 

Oleuropein and L7G contents as well as other phenolic compounds in olive leaves may have variations 
depending upon several factors including climatic and geographical conditions, fertilization and collection 
period of the year as well as drying method and extraction procedures [24]. In previous studies, oleuropein 
and L7G contents in its ethanolic extract were determined to be 24.54 % (w/w) and 1.38% (w/w) [19], while 
in methanolic extract were 19% (w/w) and 0.8% (w/w), respectively [25]. On the other hand, aqueous 
methanol (60%) extract of leaves of several O. europaea varieties were reported to contain 9.04-14.19% (w/w) 
oleuropein and 0.28-0.57% (w/w) L7G [26]. Lee-Huang et al. reported 12.8 % (w/w) oleuropein in aqueous 
extract of O. europaea leaves [27]. In another study by Altınyay and Altun, oleuropein values in methanolic 
extracts of O. europaea var. europaea and O. europaea var. sylvestris were found as 3.506-4.020% and 5.197% 
(w/w), respectively [28]. In our present study, in water and hydroalcoholic extracts of O. europaea L. var. 
europaea leaves, 15.89% (w/w) and 15.84% (w/w) oleuropein as well as 0.75% and 1.23% L7G were calculated, 
respectively. While amount of oleuropein content were found to be 12.77% (w/w, water extract, OL2) and 
12.36% (w/w, hydroalcoholic extract, OLE2), L7G was determined to be 0.51% (w/w, OL2) and 0.83% (w/w, 
OLE2) in O. europaea L. var. sylvestris. Taken together, our results were consistent with the previous studies 
based on published literature. 

Consequently, the developed and validated HPLC method in this study might be useful for routine 
analysis of olive leaf formulations. The developed method has superior features than the previous published 
papers such as short analysis time. In the Phar. Eur., the retention time of oleuropein was mentioned as 9 
minutes by using gradient elution with methanol and acetic acid in water as mobile phase A and B [18]. 
However, in the present method, the retention time of oleuropein was shortened rougly to 6.70 minutes by 
using isocratic elution with acetic acid in water and methanol (60:40, v/v, respectively) as a mobile phase. Al-
Rimavi also developed and validated an HPLC method for quantification of oleuropein in olive leaf. However, 
oleuropein was detected with a retention time of about 16 minutes [29].  

3. CONCLUSION 

Recently, there is an increasing demand for natural products including herbal teas and food 
supplements for their healing benefits. However, due to insufficient control of the authority the quality of 
marketed products may occasionally arise severe health risks, particularly due to fraud. Therefore, quality 
analysis of such marketed products is extremely important before and post marketing.  
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This paper demonstrates the qualitative and quantitative analysis of two varieties of O. europaea leaves 
(var. europaea and var. sylvestris) and different brands of marketted olive leaf formulations, i.e. eight herbal tea 
bags of olive leaf and ten food supplements composed of olive leaf extract in capsule form by HPTLC and 
HPLC. These methods may be useful for verification of the adulteration and for qualitative and quantitative 
determination of the active ingredients, L7G and oleuropein, in marketted olive products. 

Table 5. L7G and oleuropein contents (mg/g) in aqueous and hydroalcoholic olive leaf extracts and in 
marketed olive leaf products. 

 Products L7G (mg/g±SD) 
Oleuropein 
(mg/g±SD) 

Olive leaf 
water extracts 

(Reference) 

OL1 7.49±0.03 158.90±0.33 

OL2 5.11±0.08 127.65±0.11 

W
a

te
r 

e
x

tr
a

ct
s 

o
f 

O
li

v
e

 l
e

a
f 

te
a

 s
am

p
le

s 
so

ld
 o

n
 m

a
rk

e
t OLT1 0.28±0.01 nd 

OLT2 2.67±0.03 67.63±0.10 

OLT3 2.76±0.01 84.50±0.24 

OLT4 nd nd 

OLT5 2.42±0.01 60.81±0.08 

OLT6 3.73±0.08 92.71±0.05 

OLT7 1.73±0.01 40.45±0.04 

OLT8 2.28±0.01 78.68±0.08 

Olive leaf 
hydroalcoholi

c extracts 
(Reference) 

OLE1 12.31±0.05 158.38±0.03 

OLE2 8.30±0.05 123.59±0.15 

H
y

d
ro

a
lc

o
h

o
li

c 
e

x
tr

a
ct

s 
o

f 

O
li

v
e 

le
a

f 
te

a
 s

a
m

p
le

s 
so

ld
 

o
n

 m
a

rk
e

t 

OLTE1 1.64±0.01 nd 

OLTE2 6.31±0.14 76.57±0.10 

OLTE3 5.21±0.01 94.39±0.14 

OLTE4 4.29±0.02 nd 

OLTE5 4.99±0.05 70.89±0.15 

OLTE6 6.73±0.09 104.62±1.34 

OLTE7 5.55±0.01 65.39±0.68 

OLTE8 4.92±0.00 101.75±0.10 

O
li

v
e 

le
a

f 
ex

tr
a

ct
s 

so
ld

 a
s 

ca
p

su
le

s 
o

n
 m

a
rk

e
t 

OLC1 nd nd 

OLC2 6.58±0.04 193.74±0.10 

OLC3 6.77±0.04 199.67±0.31 

OLC4 1.52±0.03 34.09±0.61 

OLC5 8.20±0.35 189.49±0.48 

OLC6 nd nd 

OLC7 5.38±0.00 80.51±0.19 

OLC8 6.26±0.01 107.51±1.56 

OLC9 4.77±0.05 164.97±0.12 

OLC10 5.67±0.04 79.97±0.14 

Results are expressed as mean ± Standart deviation (SD) 
nd: Not detected 
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4. MATERIALS AND METHODS 

4.1. Chemicals and solvents 

HPLC grade methanol was obtained from Sigma-Aldrich (Steinheim, Germany). Analytical grade 
solvents were used during the analysis. Ethanol, ethyl formate, toluene, formic acid and acetic acid were 
purchased from Sigma-Aldrich (Steinheim, Germany). 2-aminoethyl diphenylborinate was from Fluka 
(Steinheim, Germany). Polyethylene glycol 400 was obtained from Merck (Darmstadt, Germany). The 
ultrapure water was obtained from Millipore, Simplicity UV (Darmstadt, Germany). 

Standard references of rutin, ChA, L7G, oleuropein and caffeic acid were purchased from Sigma-
Aldrich (Steinheim, Germany). 

4.2. Plant materials and marketed olive leaf samples 

Olea europaea L. var. europaea and O. europaea L. var. sylvestris leaves were gathered from İzmir in 
September-October (2017) and identified by Prof. Dr. Erdem Yesilada and used as reference plant materials. 
The voucher specimens (YEF 17017 and YEF 17018) have been deposited in the Herbarium of the Department 
of Pharmacognosy, Faculty of Pharmacy, Yeditepe University, Istanbul, Turkey. 

Different brands of marketed olive leaf food supplements and olive leaf tea bag samples were purchased 
from internet shops or local markets in Turkey. 

4.3. Preparation of standard solutions 

4.3.1. Standard solutions for HPTLC analysis 

Standard mixture (0.04 mg/mL) containing equal volumes of rutin, ChA, L7G, oleuropein and caffeic 
acid was prepared in methanol and encoded as STD MIX. 

4.3.2. Standard solutions for HPLC analysis 

Oleuropein and L7G stock solutions 2000 µg/mL and 200 µg/mL, respectively were prepared in 
methanol. Stock solutions were further diluted and used to obtain calibration curve and perform recovery 
studies. 

4.4. Preparation of sample test solutions 

4.4.1. Extraction of olive leaves as a reference plant material 

Both water and hydroalcoholic extracts O. europaea L. var. europaea (OL1 and OLE1, respectively) and 
O. europaea L. var. sylvestris (OL2 and OLE2, respectively) leaves were used as reference plant materials in this 
study. Water extract of olive leaves (OL1 and 2) were prepared by infusion techique. 100 mL of boiling water 
was added to accurately weighed 2 g of powdered olive leaf and brewed for 15 minutes. Then, it was filtered 
through Whatman paper and lyophilized.  

Hydroalcoholic extracts (OLE1-2) were prepared by refluxing 2 g of accurately weighed powdered olive 
leaf with 50 mL of ethanol-water (8:2, v/v) mixture for 15 minutes. Then, it was filtered and ethanol was 
evaporated by rotary evaporator. Lastly, the residual aqueous extract was lyophilized. 

4.4.2. Extraction of marketed olive leaf products sold as herbal tea 

For homogenous sampling, olive leaf samples were randomly selected from eight different brands of 
olive leaf tea bags were weighed precisely. Then, each sample was infused to prepare 2% infusion according 
to the described procedure in section 4.4.1. and encoded as OLT1-8. Hydroalcoholic extracts of these samples 
were also prepared in a similar way as described in section 4.4.1. and named as OLTE1-8. 

4.4.3. Sample preparation for olive leaf supplements  

Since the purchased food supplement formulations contain olive leaf extract further processing for 
extraction was not performed. Final concentration of each sample test solutions was adjusted to 10 mg/mL in 
methanol. 

4.5. HPTLC method 

Each sample test solutions of water and hydroalcoholic extracts obtained from herbal tea samples and 
capsules (5 µL) and standard mixture solution (2 µL) were spotted as bands using a Linomat V semi-automatic 
sample applicator (Camag, Muttenz, Switzerland) equipped with microliter Hamilton syringe (100 µL) 
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(Bonaduz, Switzerland) on precoated HPTLC silica gel 60 F254 glass plates (20 x 10 cm). 
The plates were developed by using a developing solvent system containing ethyl formate-formic acid-

toluene-water (60:8:3:6, v/v/v/v) up to 7 cm in the Automatic Developing Chamber 2 (ADC2, Camag) with 
20 minutes chamber saturation with a filter paper. The relative humidity (33%) was adjusted by using 
saturated magnesium chloride solution. 

For derivatization, each plate was heated at 100˚C on the Camag TLC plate heater for 3 min and dipped 
into Natural Product reagent (NP reagent) solution which was prepared by dissolving 1 g of 2-aminoethyl 
diphenylborinate in 200 mL of ethyl acetate. Then, the plate photos were captured at UV-366 nm by using the 
Camag TLC visualizer. Finally, the plates were dipped into anisaldehyde solution and documented at UV-366 
nm and under white light by Camag TLC visualizer [30]. 

All these instruments were conducted by winCATS program (version 1.4.8, Camag). 

4.6. HPLC method 

HPLC analyses were carried out by using the following equipments; Agilent 1260 Infinity HPLC system 
(Darmstadt, Germany) consisting of an Agilent ChemStation software, quaternary pump (G1311B), auto-
sampler (G1329B), thermostated column compartment (G1316A), and diode array detector (G4212B). 

The chromatographic separations were performed on an Agilent Pursuit 5 RP18 Column (3.9 mm x 150 
mm, 5-µm particle size) and the column temperature was maintained at 25 ˚C. The isocratic elution with a flow 
rate 1 mL/min was used to separate investigated analytes. The mobile phase A was water-acetic acid (9:1, 
v/v) and mobile phase B was methanol. The mobile phase A and B were mixed in the proportion of 60:40 
(v/v), respectively. The working standard solutions and sample test solutions were injected into the system 
as 10 µL. Oleuropein and L7G were detected at 254 nm and 350 nm, respectively. 
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