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Abstract 

A comparative pharmacognostic study of two indigenous basil species herbs (Ocimum basilicum L. and O. basilicum var. 
purpurascens Benth.) cultivated for culinary purposes was performed. The objectives of the research were: the determination 
of morphological and anatomic characteristics; phytochemical screening and evaluation of antioxidant activity (scavenger 
activity of 2,2-diphenyl-1-picrylhidrazyl = DPPH and 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) = ABTS•+ free 
radicals) of both herbal drugs. Caffeic acid (Rf - 0.96), rosmarinic acid (Rf - 0.96) and ursolic acid (Rf - 0.60) were identified 
in both herbal drugs, by means of thin layer chromatography (TLC) specific techniques. O. basilicum var. purpurascens 
Benth. has a higher content of total polyphenols (1.9630 ± 0.1340 g% tannic acid) and rosmarinic acid (620.952 mg%) than 
Ocimum basilicum L. (0.8184 ± 0.0350 g% tannic acid and 19.45 mg% rosmarinic acid). The higher content of polyphenols 
in O. basilicum var. purpurascens Benth. might explain its better antioxidant activity. 
 
Rezumat 

Lucrarea îşi propune un studiu farmacognostic comparativ, a două specii de busuioc cultivate în România (Ocimum basilicum 
L. și O. basilicum var. purpurascens Benth.), în scop culinar. Cercetările au avut ca scop stabilirea caracteristicilor 
morfologice şi anatomice ale produselor vegetale, analiza fitochimică şi evaluarea potenţialului antioxidant (capacitatea de 
scavenger a radicalilor liberi ABTS•+ şi DPPH). Prin cromatografie în strat subţire (CSS) s-a evidenţiat prezenţa în ambele 
materii prime a acidului cafeic (Rf - 0,96), rosmarinic (Rf  - 0,96) şi ursolic (Rf - 0,60). O. basilicum var. purpurascens Benth. 
are un conţinut mai mare de polifenoli totali (1,9630 ± 0,1340 g% acid tanic) şi acid rosmarinic (620,952 mg%) comparativ 
cu Ocimum basilicum L. (0,8184 ± 0,0350 g% acid tanic şi 19,45 mg% acid rosmarinic). Conţinutul mai mare de derivaţi 
fenolici al varietăţii roşii este responsabil pentru efectul antioxidant superior. 
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Introduction 

Ocimum basilicum L. (basil) is widely grown in 
different parts of Asia, Africa, America and 
Europe. Old papers attest the cultivation in Asia 
and Egypt, about 3000 years ago. It is used in 
religious rites (the sanctification of water and 
house), as a culinary herb and in phytotherapy (for 
gastro-intestinal, respiratory and urogenital disorders). 
According to scientific data, the therapeutic effects 
of Basilici herba are supported by its chemical 
composition, which includes: volatile oil (especially 
linalool, estragol, eugenol ormethyl cinamate, 
according to the chemotype), hydroxycinnamic acid 
derivatives (rosmarinic acid), flavonoids (quercetin 
and kaempferol glycosides, xanthomicrol, salvigenin, 
nevadensine), triterpenes (ursolic and oleanolic acids), 
anthocyanidins (only in red basil) [6, 9, 10, 15, 17]. 

Taking into consideration that basil is widely 
cultivated in Romania [11] and is frequently used as a 
culinary herb, the objectives of our research were the 
determination of morphological and anatomic 
characteristics, phytochemical screening and anti-
oxidant activity (scavenger activity of 2,2-diphenyl-
1-picrylhidrazyl = DPPH and 2,2’-azinobis-(3-ethyl-
benzothiazoline-6-sulfonic acid) = ABTS•+ free 
radicals) of aerial parts from two indigenous species 
(Ocimum basilicum L. and O. basilicum var. 
purpurascens Benth). 
 
Materials and Methods 

Materials. Flowering aerial parts of Ocimum basilicum 
L. (sample P1) and O. Basilicum purpurascens Benth. 
(sample P2) were collected in August 2013, from 
Jilău village (coordinates: 45°10'N, 27°10'E), Brăila 
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county, Romania [8]. The raw materials were air-
dried and packed in paper bags. 
Reagents and solvents. All reagents and solvents 
were purchased from Roth. (Germany), unless other-
wise stated. Diphenylboryloxyethylamine (DPhBOA) 
and ursolic acid were purchased from Sigma-
Aldrich (Germany). 
Pharmacognostic analysis was used for determination 
of morphological and anatomic characteristics 
(microscopic examination of powder drugs 
mounted in 800 g/L solution of chloral hydrate – 
Carl Zeiss Imager D1 microscope) [3]. 
Thin layer chromatography (TLC) was performed 
using silica gel plates (Merck, 20 x 20 cm, kept at 
100°C for 1 h before use). Several eluent systems 
were used: formic acid : water : ethyl acetate = 6 : 6 
: 90 (v/v/v) (eluent system A – for polyphenols 
identification) and chloroform : acetone = 80 : 20 
(v/v) (eluent system B – for triterpenic compounds 
identification). Methanolic (MP1, MP2) and etheric 
(EP1, EP2) solutions (prepared as described below) 
were used as test solutions. Rutin, isoquercitrin, 
hyperoside, rosmarinic acid, caffeic acid, chlorogenic 
acid and ursolic acid (0.1 mg/mL methanolic 
solutions) were used as references. Plates were 
developed over a path of 8 cm (eluent system A) and 
15 cm (eluent system B), air-dried and sprayed with a 
5 g/L solution of diphenylboryloxyethylamine (DPhBOA) 
in ethyl acetate (for eluent system A) and acetic 
anhydride, mixture of sulphuric acid and ethanol (1 
: 1, v/v) (for eluent system B). Both plates were 
heated at 100°C, for 5 min. and examined in UV 
light (λ = 365 nm) (Camag Reprostar Lamp with 
Epson Photo PC850) before and after spraying with 
the detection reagents [12, 18]. 
Preparation of test solutions: 5 g of raw materials 
(P1 and P2) were heated twice with 50 mL 70% 

methanol on a reflux condenser for 30 and 15 
minutes respectively (solutions MP1 and MP2). 10 
mL of MP1 and MP2 solutions were heated with 10 
mL of 100 g/L hydrochloric acid on a reflux 
condenser for 30 min. The mixture was cooled and 
shook with 2 quantities (each of 15 mL) of ethyl 
acetate in a separating funnel. The apolar layers 
were combined (solutions EP1 and EP2). 
Spectrophotometric assays. The flavonoid content 
was determined based on the chelating reaction 
with aluminium chloride (European Pharmacopoeia 
7.0th edition, "Birch leaf” monograph) [18]. The 
anthocyanins assay involved the measurement of 
red colour intensification at acidic pH [18]. 
Phenolcarboxylic acids (PCA) were assessed based 
on formation of oximes in the presence of sodium 
nitrite/ hydrochloric acid and sodium hydroxide 
[18]. Total polyphenols were evaluated based on 
their capacity to reduce molybdenum compounds 
(VI) [16]. MP1 and MP2 were used as test solutions, 
except for flavonoids determination, for which the 
samples preparation was performed according to 
European Pharmacopoeia 7.0th edition, "Birch leaf" 
monograph [18]. 
For all spectrophotometric determinations a Jasco 
V-530 spectrophotometer (Jasco, Japan) was used. 
The following calibration curves were used to 
calculate the content of active compounds: quercetin 
(linearity range: 2.06-14.42 µg/mL, R2 = 0.9983, n = 8), 
cyanidin chloride (linearity range: 1.6320-9.7920 µg/mL, 
R2 = 0.9995, n = 11), chlorogenic acid (linearity 
range: 0.0113-0.0527 mg/mL, R2 = 0.9998, n = 6) 
and tannic acid (linearity range: 2.04-9.18 µg/mL, 
R2 = 0.9994, n = 8). 
HPLC analysis was carried out using a Jasco HPLC 
MD-2015 system equipped with degasser, binary 
gradient pump, column thermostat and UV detector.  

 

 
Figure 1. 

Chromatograms of standards (A – mixture of chlorogenic acid, caffeic acid, ferulic acid, quercetin, kaempferol 
and rutin; B – rosmarinic acid) 
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The separation was achieved on a reverse-phased 
analytical column (octadecylsilyl silica gel – C18, 
25 x 0.4 mm i.d., 5 µm particle). The mobile phase 
consisted of a mixture of water and phosphoric acid = 
999:1 (v/v) (solvent A) and acetonitrile (solvent B). 
The gradient used was: 90%A/10%B, 0 min.; 90 → 
78A/10 → 22/B, 0-13 min; 78 → 60A/22 → 40/B, 
13-14 min.; 60%A/40%B, 14-20 min. The flow rate 
was 1.5 mL /min, the injection volume 20 µL and 
the monitoring wavelength 330 nm. The analytical 
data was evaluated using a Jasco data processing 
system (Chrompass). 
MP1, MP2 solutions and corresponding hydrolysed 
ones were used as samples. Methanolic solutions of 
chlorogenic acid, caffeic acid, ferulic acid, 
rosmarinic acid, quercetin, kaempferol and rutin 
were used as standards (Figure 1). Phenolic 
compounds were identified based on their retention 
times and UV spectra. Calibration curves for 
caffeic acid (8-170 µg/mL, R2 = 0.998, n = 5) and 
rosmarinic acid (2-20 µg/mL, R2 = 0.989, n = 5) 
showed good linearity. 
Antioxidant activity 
a. DPPH radical scavenging capacity. Briefly 0.5 mL 
of MP1 and MP2 methanolic solutions (0.5-5 mg/mL) 
were treated with 3 mL of a 0.1 mM methanolic 
solution of DPPH. The mixture was kept in the 
dark, at room temperature and the absorbance was 
measured at λ = 516 nm, before (Astart) and 30 min. 
after adding the extracts (Aend). Methanol was used as 
a blank. Rosmarinic acid and caffeic acid (dissolved 
in the same solvent in the concentration range of 
0.004-0.04 mg/mL) were used as positive controls. 
The ability to scavenge the DPPH free radical was 

calculated using the following formula: DPPH 
radical scavenging activity: 

(%) = (Astart – Aend) / Astart x 100 (1). 

The concentration of the test/positive controls 
solutions that inhibited 50% of the DPPH free 
radical (EC50, mg/mL) activity was determined 
graphically from the linear regression curve plotted 
between percent (%) of inhibition and test /positive 
controls solutions concentration (mg/mL) [2, 13]. 
b. ABTS•+ radical scavenging capacity. Briefly, the 
ABTS radical cation was generated by incubation of 
ABTS diammonium salt (7 mM) with potassium per-
sulphate (2.45 mM) in the dark, at room temperature 
for 16 h. The absorbance of the ABTS radical solution 
was equilibrated to a value of 0.700 ± 0.02 at λ = 734 nm 
after dilution with ethanol. Briefly 100 µL of MP1 
and MP2 methanolic solutions (1-8 mg/mL) were 
mixed with 3 mL reagent and the absorbance was 
measured at λ = 734 nm, before (Astart) and 6 min. 
after adding the extracts (Aend). Rosmarinic acid and 
caffeic acid (0.002-1 mg/mL dissolved in the same 
solvent) served as positive controls. The ABTS 
scavenging activity was calculated according to 
formula (1). The EC50 (mg/mL) value was also 
determined [4]. 
Statistical analysis. Results for antioxidant and 
spectrophotometric assays represent the average ± 
SD of 3 independent determinations, calculated in 
Microsoft Office Excel 2007. 
 
Results and Discussion 

The herbal products morphological characteristics 
correspond to those mentioned in the scientific 
literature [11].  

 

 
Figure 2. 

Anatomic elements presents in the analysed herbal products 
 

 
A. Non-glandular hook-like  

trichomes (ob. 40x) 

 
B. Non-glandular twisted trichomes 

(ob. 40x) 
 

C. Non-glandular wart-like 
trichomes (ob. 40x) 

 
D. Capitate trichomes with unicellular 

gland (ob. 40x) 
 

E. Epidermis with thick-wall cells 
(ob.40x) 

 
F. Acolpate pollen grain  

(ob.100x) 

 
G. Tetracolpate pollen grain  

(ob. 100x) 
 

H. Hexacolpate pollen grain  
(ob. 100x) 
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Nevertheless, P2 sample had a more striking odour. 
The microscopic exam revealed the presence of: 
non-glandular hook-like trichomes (Figure 2A), 
non-glandular twisted / strangled trichomes (Figure 2B), 
non-glandular pluricellular wart-like trichomes 
(Figure 2C) capitate trichomes (Figure 2D) and 
epidermis with thick-wall cells (Figure 2E) in both 
herbal products. The pollen grains type, present in P1 are 
acolpate (Figure 2F), whilst P2 have tetra- (Figure 2G) 
and hexacolpate types (Figure 2H). Our microscopic 
observations are similar to Arogundade O.O. et al. [1], 
that found acolpate, mono-, bi and/or hexacolpate 
pollen grains in Ocimum basilicum grown in 
Nigeria. Still, for Ocimum basilicum only acolpate 
pollen grains were seen, as depicted in Figure 2F. 
TLC analysis of polyphenols (Figure 3A) showed 
the presence of rosmarinic acid (Rf – 0.96) and 
caffeic acid (Rf – 0.96) in both samples. Analysing 
the chromatograms, one can note the presence of 
other spots corresponding to compounds with 

flavonoidic behaviour (yellow fluorescent zones 
after spraying with DPhBOA reagent), or to 
phenolcarboxylic acids (green-blue/light blue fluorescent 
zones after spraying with DPhBOA reagent), that 
were not identified due to the lack of standards. 
TLC analysis of triterpenic compounds (Figure 3B) 
showed the presence of ursolic acid (Rf – 0.60) in 
both analysed samples. 
According to our spectrophotometric results (Table I), 
P2 has a higher content of total polyphenols 
compared to P1. Both herbal products have a similar 
content of PCA and flavonoids. Other authors 
(Hinneburg I. et al., 2006) found 147 ± 1.6 mg 
gallic acid/g in dry extract obtained from aerial 
plants of Ocimum basilicum [7]. Flanigan P.M. et al. 
investigated the effect of cultivar type on phenolic 
levels and antioxidant properties of different 
Ocimum sp. and also found a low content of 
anthocyanidins (7.55-16.6 mg/g expressed as 
cyanidin-3-O-glucoside chloride) in leaves [5]. 

 

 
Figure 3. 

TLC chromatograms (examined in UV light λ = 365 nm) for A – polyphenols and  
B – triterpenic compounds (after spraying with detection reagents) 

 
Regarding the HPLC analysis (Table II), we have 
identified and quantified rosmarinic acid in both 
herbal products, however caffeic acid was only 
determined in the P1 sample. Basilici herba had a 
small content of caffeic acid compared to Flanigan 
et al. [5] results that found 5.8-19.9 mg% in different 
basil varieties. 
Rosmarinic acid was identified in both 70% 
methanolic and hydrolysed solutions, so we 

concluded that it exists in free, esterified and 
glycosidic forms. Its presence in hydrolysed 
solutions can be assigned to a short time of 
hydrolysis, which is responsible for a slight 
degradation of the substance [14, 19]. Our HPLC 
results for P2 sample are higher compared to 
Flanigan et al. [5], that found 65.8-172.4 mg% 
rosmarinic acid in different Ocimum sp., yet 
quantities are much lower for the P1 sample. 

Table I 
Polyphenols content – spectrophotometric determinations 

 
Determination of 

Sample 
P1 P2 

PCA (g% chlorogenic acid) 1.1405 ± 0.0371 1.2088 ± 0.2026 
Flavonoids (g% quercetin) 0.3500 ± 0.0168 0.3995 ± 0.0178 
Anthocyanidins (g% cyanidin chloride) - 0.0731 ± 0.0127 
Total polyphenols (g% tannic acid) 0.8184 ± 0.0350 1.9630 ± 0.1340 

 

 
                        1      2         3        4        5 

 
            1          2          3           4           5 

A. 1 – MP1, 2 – MP2, 3 – rutin + hyperoside + isoquercitrin 
(from downwards to top), 4 – rosmarinic acid, 5 – chlorogenic 

acid + caffeic acid (from downwards to top) 

           B. 1 – MP1, 2 – EP1, 3 – ursolic acid,  
4 – MP2, 5 – EP2 
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Table II 
Phenolcarboxylic acid content – HPLC analysis 

 
SAMPLE 

METHANOLIC SOLUTIONS mg % HYDROLYSED SOLUTIONS mg % 
caffeic acid rosmarinic acid caffeic acid rosmarinic acid  

P1 0.1045 19.45 - 8.06 
P2 - 620.952 - 293.48 

Table III 
Evaluation of antioxidant activity 

 
SAMPLE  

METHOD 
DPPH EC50 (mg/mL) ABTS EC50 (mg/mL) 

Caffeic acid 0.0150 ± 0.0002 0.0365 ± 0.0007 
Rosmarinic acid 0.0132 ± 0.0001 0.034 ± 0.0014 

P1 1.9508 ± 0.0436 3.9350 ± 0.1909 
P2 0.7715 ± 0.0395 2.9114 ± 0.0870 

 
Both herbal products displayed a weaker 
scavenging capacity towards DPPH and ABTS•+ 
free radicals, compared to standard references 
(rosmarinic acid and caffeic acid) (Table III). P2 
had a lower EC50 value compared to P1, indicating a 
stronger antioxidant activity, in agreement with our 
spectrophotometric and HPLC results. 
 
Conclusions 

The pollen grain type represents an important 
anatomic element for the differentiation of these 
herbal products. Regarding their chemical composition, 
the aerial parts of Ocimum basilicum var. purpurascens 
have a higher content of rosmarinic acid and total 
polyphenols compared to aerial parts of O. basilicum. 
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