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Ocimum species are used in traditional Iranian medicine, as a culinary herb, and as a well-known
source of flavoring principles. Horticultural characteristics, including quantitative and qualitative traits
along with the chemical variation of phenolic acids, of 23 accessions of basil (Ocimum basilicum L.)
from Iran were studied. Morphological studies of accessions showed a high level of variability in
recorded traits. Quantification of phenolic acids was determined using high-performance liquid
chromatography and showed drastic variations between accessions. Chemical studies revealed that
rosmarinic acid is the predominant phenolic acid present in both flower and leaf tissues. Unusual
basil accessions were identified that can serve as genetic sources of phenolic acids for crop
improvement.
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INTRODUCTION

Basil (Ocimum basilicumL.), a member of the Lamiaceae
family, is used both as a culinary and ornamental herb (1-3).
The genusOcimumcontains between 50 and 150 species of
herbs and shrubs found in the tropical regions of Asia, Africa,
and Central and South America (4, 5). Traditionally basil has
been used as a medicinal plant in the treatment of headaches,
coughs, diarrhea, constipation, warts, worms, and kidney
malfunctions (6). Externally, basil can be used as an ointment
for insect bites, and its oil is applied directly to the skin to treat
acne (7). Natural components from basil have long been used
to flavor foods and dental and oral products (6, 8). Iranian basils
are used to treat fevers, throat congestions, and stomachache
(9).

Rosmarinic acid (RA) (R-O-caffeoyl-3-4-dihydroxyphenyl-
lactic acid) is one of the most abundant caffeic acid esters
present inOcimumspp. (10). RA and its derivatives have been
reported to have antioxidant, anti-HIV (11), and anti-inflam-
matory or cyclooxygenase inhibitory activity, comparable to
ibuprofen, naproxen, and aspirin (12). Similar to RA, lithos-
permic acid B (LAB) is known to be a common phenolic
constituent in most members of the Lamiaceae family (3, 13)
and exhibits endothelium-dependent vasodilator and hypotensive
effects (14-16). In an earlier communication, we demonstrated

that RA may serve as a constitutively accumulated and induced
defense compound against various plant pathogens andPseudomo-
nas aeruginosa(10).

In this paper, we report on the examination of 23 Iranian
basil accessions and their secondary metabolite content. The
phenolic acid (PhA) constituents were examined in 23O.
basilicum accessions. As the environmental conditions can
significantly modify the secondary metabolite content in basil
(17), we collectedO. basilicumaccession seeds, which are
cultured traditionally in small farms and home gardens, and
raised them to maturity at Tehran University Experimental
Research Station. This allowed us to comparatively examine
RA, LAB, caffeic acid, and free phenolic acid contents without
environmental influences.

MATERIALS AND METHODS

Plant Material. Seeds of 23 accessions of basil (O. basilicumL.)
were collected from small farmers, home gardens, and open markets
in Iran and were grown to flowering stage at Tehran University
Experimental Research Station, Iran (Table 1). This collection repre-
sents most of the traditional basil plants used for culinary and medicinal
purposes in Iran. Seeds of allO. basilicumaccessions were grown in
a sterilized soil mix. Three seedlings of each accession were transplanted
into 8 L pots and arranged in randomized complete block design and
in three replicates. Greenhouse plants were irrigated to pot capacity
daily and maintained at day/night temperatures of 26-30 and 18-21
°C, respectively. Four quantitative characters (days to flowering, plant
length, branch numbers, and inflorescence length) were measured before
harvesting. Six qualitative or phenotypic characters (leaf shape, leaf
margin, leaf color, leaf surface, stem color, and flower color) were

* Corresponding author. Jorge M. Vivanco, Department of Horticulture
and Landscape Architecture, Colorado State University, Fort Collins, CO,
80523. E-mail: jvivanco@lamar.colostate.edu.

† Tehran University.
‡ Colorado State University.

5878 J. Agric. Food Chem. 2002, 50, 5878−5883

10.1021/jf020487q CCC: $22.00 © 2002 American Chemical Society
Published on Web 09/14/2002



also recorded. The above-ground biomass of each plant was harvested
at full bloom, weighed, bulked, placed in a paper bag, and dried in a
forced-air drier at 32°C for 15 days for chemical analyses.

Voucher specimens of each accession were also collected, dried,
and stored at the Tehran University Herbarium, Iran (Table 1).
Taxonomic identification of each accession was conducted by T.
Masumi (Plant Taxonomist at Tehran University).

Extraction of Phenolic Compounds.For each accession, 500 mg
of dried leaf and flower head material were pulverized separately in a

mortar, suspended in 5 mL of absolute methanol, and left overnight at
4 °C under dark conditions. All supernatants were decanted and filtered
using a Whatman syringe filter with a 0.45µm pore size.

Phenolic Compound Standards.RA used as standard was pur-
chased from ICN (Costa Mesa, CA). Other free phenolic acids including
LAB, vanillic acid,p-coumaric acid, hydroxybenzoic acid, syringic acid,
ferulic acid, protocatechuic acid, caffeic acid, and gentisic acid were
obtained from Sigma Co. (St. Louis, MO). All other chemicals used
were of analytical and HPLC grade.

Table 1. Different Basil (O. basilicum L.) Accessions from Iran, Depicting Variable Phenotypic Traitsa

accession no. origin (city)
leaf

shape
leaf

surface
leaf
color

leaf
margin

stem
color

bract
color

flower
color branch no.

plant
weightb (g)

plant
height (cm)

inflorescence
length (cm)

days to
flowering

140-05 Babol O−L flat green entire green green white 15.11 64.33 100.22 20.00 39
143-01 Birjand ovate undulate green entire green green white 14.44 79.56 91.67 23.67 49
133-15 Brujerd O−L flat green entire green green white 14.44 108.89 103.67 21.22 42
125-17 Dezful I O−L flat green entire green green white 14.44 80.00 104.67 19.00 42
125-12 Dezful II O−L undulate green entire green green white 13.78 60.89 84.00 20.11 39
133-15 Isfahan O−L undulate green entire green green white 14.33 69.33 100.33 19.78 43
133-19 Isfahan (green) ovate flat green entire green green white 17.56 47.11 104.67 11.00 49
133-12 Isfahan (purple) lanceolate flat purple-green serrate red purple white 16.22 70.00 99.22 12.11 39
170-13 Kerman ovate flat green entire green green white 15.67 60.78 103.44 18.00 49
171-04 Kermanshah O−L undulate green entire green green white 14.78 99.33 104.00 21.78 40
151-11 Khorram abad ovate undulate purple-green entire green pale purple white 13.33 87.33 100.89 15.56 39
155-08 Khuzestan O−L flat green entire green pale purple white 12.00 66.67 104.89 27.33 42
174-07 Mahallat lanceolate flat green entire green green white 14.67 105.56 85.11 22.33 39
178-14 Malavi lanceolate flat purple serrate purple purple pink 14.67 54.11 84.22 19.78 46
116-21 Orumieh lanceolate flat green serrate red purple white 15.44 96.44 100.56 18.44 47
168-08 Qazvin O−L flat purple-green serrate red purple white 13.33 51.11 105.56 10.78 39
163-11 Qom O−L flat purple entire green green white 13.22 46.67 96.78 21.33 42
157-06 Sanandaj O−L flat green entire green green white 14.67 80.78 103.78 18.11 49
148-16 Shahr rey lanceolate flat purple-green serrate purple purple pink 13.78 40.44 101.22 22.78 39
183-27 Yazd lanceolate flat purple-green serrate purple purple white 10.22 39.22 91.33 19.22 39
121-12 Zabol I ovate flat green entire green green white 18.00 79.78 115.33 19.89 42
121-18 Zabol II O−L flat green entire green green white 15.67 62.67 94.44 19.89 42
121-14 Zabol III ovate undulate green entire green green white 18.56 127.67 111.11 21.33 45
LSDc (p e 0.05) 3.06 41.18 8.97 7.03
LSDc (p e 0.01) 4.09 55.01 11.99 9.39

a Different accessions were scaled on the basis of their origin and morphological characteristics such as leaf shape, leaf margin, stem color, bract color, number of
shoots, yield parameters, and days to flowering. All basil accessions were grown to flowering stage at Tehran University Experimental Research Station, Iran. b On a fresh
weight basis. c Least significant differences.

Figure 1. Chemical characterization of 23 accessions of basil (O. basilicum L.) from Iran based on endogenous titers of rosmarinic acid (A) and
lithospermic acid B (B). Rosmarinic acid and lithospermic acid B were quantified using HPLC. Identification and quantification of each compound was
calculated by the comparison of retention time and peak area of respective standards.
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High-Performance Liquid Chromatography (HPLC) Analysis of
Phenolic Compounds.The HPLC system consisted of a P580 pump
(Dionex Co., Sunnyvale, CA), connected to an ASI-100 automated
sample injector. A reverse phase C18 column (5µm particle size, 25
cm × 4.6 mm) was used. The absorbance at 280 nm was measured by
a PDA-100 Photodiode array variable UV/vis detector (Dionex Co.).
Mobile phase solution A consisted of 0.1% TFA (trifluoroacetic acid)
in water, and absolute acetonitrile was used as solution B (Fisher Co.,
USA). A multistep gradient was used for all separations with an initial
injection volume of 15µL and a flow rate of 1 mL min-1. The multistep
gradient was as follows: 10% B, 0-5 min; 35% B, 5-20 min; 70%

B, 20-40 min; 90% B, 40-41 min; 50% B, 41-42 min; 25% B, 42-
43 min; 5% B, 43-44 min; 100% A, 45 min. Phenolic acids in each
sample were identified using retention time and were further quantified
by comparison of peak area of the standard runs.

Statistical Analysis.The data of phytochemical analysis were used
to compute a similarity distance matrix. Clustering of accessions and
correlation analysis among PhAs were obtained by hierarchical cluster-
ing Ward’s method and the Pearson correlation method, respectively.
Analysis of variance (ANOVA), least significant differences (LSD),
clustering, and correlation were all performed using a SPSS 8 (SPSS
Inc., Chicago, IL) statistical computer package.

Figure 2. Chemical characterization of 23 accessions of basil (O. basilicum L.) from Iran based on endogenous titers of vanillic acid (A), p-coumaric acid
(B), hydroxybenzoic acid (C), and protocatechuic acid (D) using HPLC. Identification and quantification of each compound was calculated by the comparison
of retention time and peak area of respective standards.
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RESULTS AND DISCUSSION

Morphological Analysis. The examined basil accessions
showed variability in observed phenotypic characteristics in-
cluding leaf shape, leaf margin, leaf color, leaf surface, stem
color, and flower color (Table 1). The same trend was observed
for plant height and inflorescence length (Table 1). Interspecific
hybridization and polyploidy are common occurrences within
theOcimumgenus, which has led to taxonomic confusion and
challenges, yet very little has been published onOcimum
taxonomy. The morphological diversity within basil species has
been accentuated by centuries of cultivation and is characterized
by great variation in pigmentation and leaf shape and size (18).

Taxonomy is further complicated by the existence of chemo-
types or chemical races within species that do not differ
significantly in morphology (2).

Phytochemical Analysis.RA, LAB, vanillic acid,p-coumaric
acid, hydroxybenzoic acid, syringic acid, ferulic acid, proto-
catechuic acid, caffeic acid, and gentisic acid were identified
in various concentrations in flower and leaf tissues of the 23
examined accessions (Figures 1-3). RA was the predominant
phenolic compound found in these basil accessions. The highest
concentration of RA was observed in the leaves of accession
155-08 (99.62 mg/g DW) (Figure 1). It is possible that a dry-
warm condition of the geographical origin of accession 155-08

Figure 3. Chemical characterization of 23 accessions of basil (O. basilicum L.) from Iran based on endogenous titers of syringic acid (A), caffeic acid
(B), ferulic acid (C), and gentisic acid (D) using HPLC. Identification and quantification of each compound was calculated by the comparison of retention
time and peak area of respective standards.
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may be the cause of high titers of RA in leaf tissues, which
may protect the plant against the fluctuating environmental
conditions. Accordingly, it has been reported that production
of caffeic acids including RA is highly dependent on climatic
conditions (19). RA is a known antioxidant and anti-inflam-
matory and immunostimulating agent (20); thus this accession
is characterized by its high RA content, which may be useful
in breeding programs.

The highest amounts of LAB were observed in the flowers
of accession 121-14 (∼2500µg/g DW) (Figure 1). Vanillic acid
in flowers of accessions 121-12 and 121-14 was in the range
of ∼90-100 µg/g DW (Figure 2). In contrast, Zgorka and
Glowniak (21) have reported 8µg/g DW of vanillic acid in
basil accessions from Poland. This striking variation in the
vanillic acid content in flowers may be related to a survival
strategy in these plants for producing seeds. Vanillic acid,
p-coumaric acid, protocatechuic acid, syringic acid, ferulic acid,
and gentisic acid in most of the examined accessions were in
the range of 10-250µg/g DW (Figures 2and3). Exceptionally,
it was observed that the flowers of accession 133-15 ac-
cumulated>2000 µg/g DW of p-coumaric acid compared to
other examined accessions (Figure 2). p-Coumaric acid is also
reported as an abundant plant phenolic acid (7) and has dietary
chemoprotectant and antioxidant activity (22). It has been shown
that ferulic acid may have potential as a preventative agent
against colon tumor development (23). It was observed that
accession 133-19 harbored the maximum content of hydroxy-
benzoic acid in leaves (>5700 µg/g DW) compared to other
accessions (Figure 2). The harsh climatic and environmental
conditions of the origin of accessions 133-15 and 133-19 seem
to affect this basil’s seed accessions to produce a high amount
of p-coumaric acid and hydroxybenzoic acid (Figure 2).

In the present study, caffeic acid was present in the lowest
concentration among analyzed PhA compounds in both flower
and leaf extracts (<10µg/g DW) (Figure 3). In contrast, Zgorka
and Glowniak (21) observed higher endogenous titers of caffeic
acid (>2500µg/g DW). This result could be due to the changes
in the biosynthetic pathway of PhAs connected to environmental
stress conditions during maturation. The decrease in the total
concentration of free phenolics during maturation has been
shown in other fruits such as apple and pepper (19, 24).

Statistical Analysis.The Pearson correlation analysis showed
that there are highly significant correlations between concentra-
tions of certain phenolic acids in leaves and flowers ofO.
basilicum(more than 0.6 at the 0.01 level) (Table 2). In the
case of leaves, there were positive correlations between RA and
p-coumaric acid, and vanillic acid and ferulic acid (Table 2).
A highly significant correlation between flower and leaf tissues
was observed for hydroxybenzoic acid with its occurrence in
minimum endogenous concentrations in both leaf and flower
tissues in all the tested accessions (Table 2).

On the basis of cluster analysis of PhA content, four groups
were chemically distinguished (Figure 4). The first group
belonged to north and northwest Iran and was low in PhAs in
both leaves and flowers; the second group, from the western
provinces, was high in PhAs, especially RA and LAB, in leaves,
but most of these accessions did not show any PhAs in flowers
(data not shown). The third group, from the eastern part of Iran,
did not show a considerable amount of PhAs in leaves but had
high levels of endogenous RA in the flower tissues (Figure 1).

Table 2. Pearson Correlations between Phenolic Acids in Leaf and Flowers of O. basilicum Based on 23 Iranian Accessions

PhAsa RA-L LAB-L VA-L PCA-L HBA-L SA-L FA-L PC-L CA-L GA-L RA-F LAB-F VA-F PCA-F HBA-F SA-F FA-F PC-F CA-F GA-F

RA-L 1.000 0.576b 0.354 0.627b −0.049 0.288 0.421c −0.282 0.095 −0.276 −0.126 −0.102 −0.032 −0.158 −0.239 0.066 −0.058 0.216 −0.333 −0.155
LAB-L 1.000 0.224 0.209 −0.086 0.089 0.160 −0.235 0.016 −0.254 −0.153 −0.214 −0.147 −0.139 −0.295 −0.093 −0.186 −0.085 −0.217 −0.162
VA-L 1.000 0.297 0.072 0.447c 0.783b −0.178 0.023 0.190 −0.067 −0.188 −0.101 −0.155 0.005 0.216 −0.053 0.434c −0.281 0.192
PCA-L 1.000 0.044 0.347 0.324 −0.168 0.212 −0.189 −0.311 −0.104 −0.227 −0.136 −0.287 −0.168 −0.231 0.225 −0.263 −0.320
HBA-L 1.000 0.149 0.055 −0.038 0.333 0.372 −0.135 −0.088 0.091 −0.118 0.636b 0.025 0.458c 0.128 −0.282 −0.012
SA-L 1.000 0.372 −0.225 −0.047 0.271 −0.332 −0.096 −0.106 −0.095 0.119 0.116 0.091 0.418c −0.339 0.100
FA-L 1.000 −0.170 0.314 −0.027 −0.088 −0.208 −0.114 −0.164 0.021 0.218 −0.087 0.410 −0.316 0.055
PC-L 1.000 0.098 0.282 0.012 0.419c −0.061 −0.019 0.095 −0.117 0.124 0.227 −0.199 −0.130
CA-L 1.000 0.121 0.124 0.104 0.012 0.120 0.329 0.055 0.169 0.135 −0.537c −0.080
GA-L 1.000 0.215 0.216 0.184 −0.142 0.465c 0.298 0.540b 0.347 −0.325 0.266
RA-F 1.000 0.459c 0.731b 0.369 0.397 0.587b 0.168 0.196 0.218 0.644b

LAB-F 1.000 0.474c −0.008 0.300 0.459c 0.218 0.253 −0.030 0.287
VA-F 1.000 0.266 0.483c 0.635b 0.269 0.220 0.322 0.775b

PCA-F 1.000 0.162 0.004 0.079 0.330 0.122 0.447c

HBA-F 1.000 0.621b 0.757b 0.338 −0.116 0.567b

SA-F 1.000 0.556b 0.435c 0.112 0.790b

FA-F 1.000 0.309 −0.232 0.406
PC-F 1.000 −0.252 0.468c

CA-F 1.000 0.306
GA-F 1.000

a RA, rosmarinic acid; LAB, lithospermic acid B; VA, vanillic acid; PCA, p-coumaric acid; HBA, hydroxybenzoic acid; SA, syringic acid; FA, ferulic acid; PC, protocatechuic
acid; CA, caffeic acid; GA, gentisic acid. L ) leaf; F ) flower. b Correlation is significant at the 0.01 level. c Correlation is significant at the 0.05 level.

Figure 4. Clustering of 23 Iranian basil accessions based on total phenolic
acid constituents in leaf and flower tissues. The data were standardized
with Z-score, and the dendrogram was drawn using Ward’s method in
the SPSS 8 statistical computer package.
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Eastern and western Iran are characterized by arid and semiarid
regions with extended dry periods (25), and it appears that basil
accessions in these places tend to produce more PhAs in flower
tissues in response to severe environmental conditions. The north
and northwest of Iran are characterized by humid and semihumid
cold regions (25); basil plants from this area showed low to
moderate amounts of PhAs in flowers and leaves. Since PhAs
are stress-related compounds produced under harsh environ-
mental conditions (10), it seems that in humid and semihumid
conditions there is no need to produce these compounds.
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