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of sweet basil (Ocimum basilicum L.)
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Abstract: Sweet basil is a tropical herbaceous plant valued for essential oil containing
over 200 compounds. This study aimed to determine the optimal harvest time to
harvest maximum essential oil and linalool yields in hot Southeast Anatolian conditions
of Turkey, using two ecotypes, Dicle and Silbe, planted in Medicinal Plants Collection
Garden, of Dicle University. The plants were harvested at five intervals of three hours
duration from 06:00 to 18:00. Their dried leaves were hydrodistilled for extraction of
essential oil, which was subjected to GC-MS analysis to determine the variance in
chemical compounds composition. The results showed significant variations in essential
oil contents, which fluctuated due to diurnal changes in temperature and humidity. The
Dicle ecotype exhibited the highest essential oil contents after the 2nd cutting, The
Silbe ecotype had the minimum essential oil after first cutting. The interaction between
harvest times and ecotypes significantly affected oil yields. A biplot analysis revealed a
two-dimensional PCA score (5115% and 25.29%) for the Dicle ecotype, indicating a total
variation rate of 76.44%. The study underscores the responsible factors in maximizing
basil essential oil. It also indicated presence of 50-65% linalool and methyl chavicol in
essential oil analyzed from the two O. basilicum ecotypes.
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INTRODUCTION

Sweet basil “feslegen” or “reyhan” in Turkish
(Ocimum basilicum L.), a member of the
Labiatae family, is a tender summer and
annual condimental herbaceous plant (Akgul
1993, Chang et al. 2009). It is cultivated in
some parts of Turkey, and is widely used in
soups, desserts, pickles, pizza, spaghetti sauce,
eggs, cheese dishes, tomato juice, dressings,
confectionery, salads, meat products etc. as a
flavouring agent (Ozcan & Chalchat 2002). Its
essential oil is of strongly aromatic odour due to
presence of monoterpenes, sesquiterpenes and
phenylpropanoids. The main components of oil
arelinalool, methylchavicol,eugenol, 1,8-cineole,

geranial, neral, methyl cinnamate (Nurzynska-
Wierdak et al. 2013). These compounds exhibit
a wide range of antioxidant and antimicrobial
activities (Javanmardi et al. 2003, Telci et al.
2009). The plant is native to areas in Asia, Africa
and some pacific islands; where it grows as wild
perennial. It was brought from India to Europe
through the Middle East in the sixteenth century,
and subsequently naturalized in America in the
seventeenth century (Bakhtiar et al. 2024).

More than 200 chemical compounds
including methyl chavicol, linalool, and
1,8-cineole have been reported in the plant
essential oil so far (Bakhtiar et al. 2024). Studies
have also been carried out and reported to
understand the effects of some essential oils for
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the treatment of infectious diseases (Hussain et
al. 2008).

The biosynthesis and accumulation of
secondary metabolites are also influenced
by genetic and environmental factors such as
light, temperature, humidity, planting date,
fertilization, harvest, collection time, and post-
harvest practices (Homer et al. 2000, Figueiredo
et al. 2008).

Several factors influence the optimal
harvest time for medicinal and aromatic
plants, including phenological stages, seasonal
fluctuations, organs, and plant age. Recognizing
stage-specific phenology and its effects on
active substances crucial for exploiting these
plants optimally, for identifying availability of
maximum concentrations of specific compounds.
The time of harvest holds particular significance
for medicinal and aromatic plant species as
their active compounds could show variations
depending on the time of harvest (Hazrati et al.
2024).

Examining monthly and daily changes in
factors such as temperature, light and humidity
and determining the ideal harvest time for the
grown product are important to understand their
effects on the amount and quality of secondary
metabolites (Padalia et al. 2017, Hazrati et al.
2022). The diurnal temperature is variable from
morning to night and it has more effect on
essential oil in medicinal plants (Ramezani et
al. 2009).

There is a linear and positive relationship
between the amount of secondary metabolites,
especially essential oils, contained in medicinal
plants and harvest time. This study aimed to
determine appropriate harvest times to reap
maximum essential oil and linalool under hot
environmental conditions of Southeast Anatolia,
Turkey.

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

MATERIALS AND METHODS
Plant Materials

Seeds of O. basilicum ecotypes were provided
from two different locations and named the
same according to the place of province (Dicle-
purple and Silbe-purple). They were planted in
the Medicinal Plant Collection Garden of the
Department of Field Crops, Faculty of Agriculture,
Dicle University, Diyarbakir, Turkey (latitude
37°53'N, longitude 40°16’E, altitude 680 m).
The experimental site has semi - arid climatic
conditions.

The seeds of the Ocimum ecotypes
were sown in the nursery on 24 March and
when seedlings reached 10-15 cm they were
transplanted to the field (18 May 2015) at a
spacing of 70 x 20 cm and raised following
normal agricultural practices. The area of one
plot was 6.3 m” (21 x 3 m?). The three times
replicated field experiment was established as
split-split plot design.

Voucher specimens of O. basilicum were
deposited in the Herbarium of Medicinal and
Aromatic Plants, Faculty of Agriculture, Dicle
University (DUZF 0048-49).

The first harvest (cutting) was performed
on 15 July 2015 at beginning of flowering and
the second harvest was performed on 18 August
2015 (36 days after first harvest). Each harvest
was by given an equal interval during harvest, as
6:00, 9:00, 12:00, 15:00 and 18:00 in both ecotypes
at the beginning of flowering to determine the
variation in the secondary metabolites. The
plants were cut 10-15 cm above the ground. The
samples of each ecotype were dried in a shaded
and well-ventilated area at room temperature.
These dry leaf samples (30 g) were taken from
each experimental plot (30 g x 3 samples for
each ecotype) for essential oil analyses.
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Essential oil extraction

The dried leaves of different ecotypes (30 g)
from different times of the day were separately
hydro distilled for 2,5 h using a Clevenger-type
apparatus. The essential oils were stored in
glass vials and kept at 4°C = 1 until analysis.

Gas chromatography-mass spectrometry (GC-
-MS) analysis

GC-MS analyses were conducted in the Plant
Physiology Laboratory of the Department
of Biology of Kahramanmaras Sutcu Imam
University, Kahramanmaras, Turkey. GC/MS
analyses were performed with Agilent GC-
6890 Il series coupled with Agilent 5975C Mass
Spectrometer. Column: HP-88, 100 m x 250
um x 0.20 um film thickness. Temperature
programmed: from 70°C (1 min) to 230°C (20
min) at 10°C/min. The injection temperature:
250°C. Injection volume: 1.0 pL. Carrier gas: He.
Injection mode: split (20:1). MS interface temp.:
250°C; MS mode: El; detector voltage: 70 eV,
mass range: 35-400 m/z; scan speed (amu/s).
The components of the oil were identified by
mass spectra with those of pure authentic
samples and NIST08, Willey7n.1 and HPCH1607
libraries reference compounds. The ratios of
compounds were evaluated according to MS
results. Retention indices were computed from
gas chromatograms by logarithmic interpolation
between n-alkanes. The homologous series of
n-alkanes C7-C40, Supelco, USA were used as
standard. Retention indices calculated as HP-88
capillary column (Kizil et al. 2015). All samples
were repeated three times for GC/MS analysis.

Statistical analysis

All statistical analyses were carried out using
“Jump Pro 17" computer software package.
Collected data were subjected to statistical
analysis of variance (ANOVA) using split - split
plot design. The means of treatments were

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

compared using the Least Significant Difference
(LSD) test at 0.05 probabilities. Principal
component analysis was computed according to
the scatterplot model in the Genstat (GENSTAT
2009) 12" (Copyright 2011, VSN International Ltd)
statistical package program.

RESULTS AND DISCUSSION
Essential oil content

Data regarding temperature and humidity values
on the day of harvest in the field trial are given in
Figure 1. The average temperature values in July
and August, when the harvests were made, were
recorded as 30.9 and 301 degrees, respectively.
Figure 1 shows the amount of humidity in the
morning hours, which was higher in the August
harvest compared to the July harvest. The highest
humidity was noted in the morning hours, which
decreased gradually during afternoon at 15:00
and thereafter.

The values in terms of temperature are close
to each other in the first harvest period, while
the values in terms of moisture values increased
in the second harvest (Figure 1). Temperature
varies considerably, especially during harvest
hours. Medicinal and aromatic plants produce
high yields as well as secondary metabolites
at optimum temperatures. These products are
significantly affected by temperature changes.

In Table I, it is shown that the essential
oil content was significantly influenced by the
ecotypes, the time of harvest, the harvest period
and their interactions. Ecotype x harvest period
x harvest time interaction was found statistically
significant (p < 0.01). The essential oil content in
Dicle ecotype ranged 0.61+0.02 | to 0.85+0.00%,
and 1.03+0.06 to 0.77+0.01 in the first and 2nd
harvest in the same sequence. The essential
oil content in Silbe ecotype ranged 0.60+0.00 to
0.85+0.00 and 0.65+0.00 to 0.70+0.00 in the first
and 2nd harvest, respectively.

An Acad Bras Cienc (2025) 97(Suppl. 4) €20250116 3 |17



SULEYMAN KIZIL et al.

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

- ]

: :

5 Q

7 f

£ £

:

R JLN"L AN & Y U T NJJ T T T
5.00 " 1000 1sloo 20000 2s.00 20.00 8:00 10:00 18.00 20.00 28.00 S0:00

] ]

? :

p %

£ £

g g

: : | W

3 ] N e 2 L

s.00 10.00 1s.00 20'00 2500 3000

T T T T T T
$.00 10.00 1S.00 20.00 2s.00 30.00

Figure 1. Chromatograms of Dicle and Silbe 0. basilicum ecotypes essential oils at two harvest periods.

The highest essential oil content was found
from Dicle ecotype at 2nd harvest as 1.03% at
09:00, while the lowest essential oil content was
obtained from the Silbe ecotype as 0.60% in the
1st harvest at 09:00 (Table I).

The essential oil content of Dicle ecotype
was the highest at 12:00 (0.85%), while the
minimum was obtained at 18:00 (0.61) in the first
harvest period. In the Silbe ecotype maximum
oil content (0.85%) was obtained from morning
at 06:00 in the first harvest period, and minimum
content (0.65%) at 06:00 and 18:00 hours in the
second harvest period (Table I; Figure 2).

While the highest mean essential oil content
for Dicle ecotype was obtained at 12:00 and
09:00, for Silbe ecotype was obtained at 06:00
and 12:00 during first and 2nd harvest period,
respectively. Similar results were confirmed
in our previous study Kizil et al. (2019) and

Carvalho Filho et al. (2006) who have reported
that harvesting should be done at 08:00 and
12:00 for high linalool and essential oil yield of
O. basilicum.

Salehi & Hazrati (2017) obtained the highest
essential oil percentage (111%) in German
chamomile flowers harvested between 22:00-
12:00, while the lowest essential oil percentage
(0.65%) was obtained in flowers collected
between 18:00-20:00. This diurnal change was
induced due to the related to the temperature
and moisture change during the day ending
up with physiological modifications in the
characteristics of the plant.

Interaction between different harvest
periodsand ecotypeswassignificantly important.
When the two ecotypes were compared in terms
of essential oil content averages, in the Dicle
ecotype, the highest value (0.84%) was obtained
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Table I. Essential oil content of different sweet basil ecotypes harvested different time of the day.

Ecotypes Harvest Times Harvest Periods

Dicle | Cutting Il Cutting Mean
06:00 0.74+0.02 efg 0.84+0.01 ¢ 0.79 ¢
09:00 0.65+0.01 jk 1.03+0.06 a 0.84 a
12:00 0.85+0.00 bc 0.77+0.01 e 081b
15:00 0.75+0.00 ef 0.81:0.01d 0.79 ¢
18:00 0.61+0.02 L 0.87+0.02 b 0.74d

Mean 0.72B 0.86 A 0.79A

Silbe
06:00 0.85+0.00 bc 0.65+0.00 k 0.75a
09:00 0.60+0.00 | 0.70+0.00 hi 0.65d
12:00 0.73+0.01 fg 0.72+0.01 gh 073 b
15:00 0.62+0.01 L 0.68+0.03 | 0.65d
18:00 0.68+0.03 ij 0.65+0.00 k 0.66 ¢

Mean 0.70 B 0.68 C 0.69 B

LSD Ecotype: 0.014**, LSD Harvest Time: 0.014**, LSD Harvest Period: 0.002**, LSD E x HT: 0.002**, LSD E x HP: 0.020**, LSD HT x HP:
0.020**: LSD E x HT x HP: 0.028**, **; P<0.01 significant levels. Levels not connected by same letter are significantly different.

at 09:00 and the minimum (0.74%) at 18:00, in
the Silbe ecotype, the highest (0.75%) essential
oil content was obtained at 06:00, the lowest
(0.65%) at 09:000 and 15:00 (Table I, Figure 3).
Dicle ecotype (0.79%) has higher essential
oil content than the Silbe ecotype (0.69%)
(Figure 4). There is no significant difference in
terms of average temperature between different
harvest periods. Fluctuations were detected
in the percentage of essential oil obtained in
both harvest periods and ecotypes. Although,
it is difficult to say a specific trend. It could be
assumed that this could be due to fluctuations
in day time temperature and humidity that
constantly varied during day in agreement with
Manukyan & Schnitzler (2006), who noted such
variations in sage and lemon catmint plants.
However, Bernhardt et al. (2015), Soltanbeigi et
al. (2021), Abuhashem (2023) and Mulugeta et
al. (2023) reported these components varied
depending on many factors such as geographic
location, environmental conditions, cultivation
techniques, freshness or dryness of the plant

material, genetic diversity, and cutting time also
have their role.

Plants containing essential oils are more
adapted to hot regions. In general, essential
oil content increases from morning to noon,
decreases in the afternoon due to the effect of
temperature, and startstoincrease again towards
the evening hours. As daytime temperatures
increase towards noon hours which cause
water loss in plants as well as a decrease in
the essential oil contents, in agreement with
previous studies (Padalia et al. 2017, Gurbuz et
al. 2006, Toncer et al. 2016). Khalid et al. (2009)
reported in their study on Melissa officinalis that
the essential oil content varied greatly during
the first and second cutting, ranging from 012%
to 0.25% (0.048 to 01000 g per plant), and the
essential oil yield was particularly high at 17:00
during the first cutting (0.25% or 01000 g per
plant). Karik et al. (2019) reported that essential
oil concentration of Lippia citriodora leaves was
found the highest (1.64%) in upper part of leaves
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at 16:00 and the lowest (0.78 %) in the lower part
of leaves at 10:00.

Essential oil components

Chemical composition of two O. basilicum
ecotypes essential oil harvested at different
times during the day with GG-MS is shown in
Figure 5, Tables Il and Il1.

The main classes of components of sweet
basil ecotypes essential oil were oxygenated
monoterpenes (55.96% - 87.94% and 47.38%
- 73.28%), oxygenated sesquiterpenes (4.63% -
22.29% and 3.69% - 14.60%) and sesquiterpene
hydrocarbons (3.71% - 20.22% and 15.82% -
29.09%). Phenylpropanoids (0.00% - 1.29% and
0.79% - 3.74%) and monoterpene hydrocarbons
(0.00% - 0.10% and 0.01% - 0.58%) were present
in low amounts in all analyzed samples (Tables
Il and I11). Oxygenated monoterpenes were
higher compared to other groups, and these
components showed highest value (77.03%) in
the first harvest period at 12:00 in Dicle ecotype,
while they gave the highest value (70.64%) in
the second harvest period at 6:00 am in Silbe
ecotype.

Malekshahi et al. (2021) also noted
that more than 98% of essential oil
components were hydrocarbon, oxygenated

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

monoterpenes, oxygenated sesquiterpenes, and
phenylpropanoids.

A total of twenty-seven constituents,
representing 9118 — 99.69% and 91.17 - 99.05% of
the total oil composition were identified. In the
distribution of the components constituting the
oil, it was found that oxygenated monoterpenes
were higher at 2nd harvest in the Dicle ecotype,
while oxygenated sesquiterpenes were higher
in 1st harvest. These changes in the group
constituents were less pronounced in the Silbe
ecotype (Table Il and Il1).

In ecotypes, linalool and methyl chavicol
constitute 50-65% of the total oil. Previous
studies have reported that there are different
chemotypes in basil. The essential oil in both
basil ecotypes; linalool, methyl chavicol, methyl
cinnamate, B- elemene, cadinene, cadinol, 1,8
cineol were found as major compounds. Linalool
ratio increased from morning hours to 12:00
noon, and then a decrease was again towards
the end of the day. Linalool content was higher
in the 2nd harvest compared to the 1st harvest
(Tables Il and IIl; Figure 6).

The amount of methyl chavicol in the first
and second harvests increased from morning
to noon hours. The rate at the beginning of
the day decreased towards noon but increased

Figure 5. Variation in

100 essential oils obtained
by harvesting at
0,80 1 different times of the
{_ day.
T
0,60 4 £l -
040 1— S )i
020 4 -
0,00 L} L) L} L)

06:00 09:00 12:00 15:00

18:00
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again towards evening hours. While the methyl
chavicol ratio varied between 11.58% and 35.48%
in the Dicle ecotype, it varied between 1.31 and
4.51% in the Silbe ecotype (Tables Il and IlI).
Similar to our results, Skrubis & Markakis (1976)
reported the percentage of linalool, the common
component in basil oil, was fairly constant over

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

the range of 9:00 to 12:00 h and 18:00 to 24:00
h, but decreased rapidly when the photoperiod
was increased from 12:00 to 18:00 h.

The amount of epi alpha cadinol was greater
in the first cutting than in the second cutting
(Figure 6). Methyl cinnamate ratio showed
significant differences among ecotypes. The

Table Il. Essential oil components of Dicle ecotype of O. basilicum at two cutting periods and different harvest

Dicle ecotype
2™ cutting

15:00 18:00 06:00 09:00 12:00 15:00 18:00

0.00+0.00
0.00+0.00
0.00+0.00
0.00+0.00

0.10+0.01
0.53+0.01
01520.01
0.30+0.01

0.00+0.00
0.47+0.02
0.08+0.01
0.37+0.02

0.00+0.00
0.99+0.05
014+0.06
0.33£0.01

0.00£0.00
0.77+0.01

0.24x0.02
0.44x0.02

0.05£0.00
2.95+0.04
014+0.01

0.42+0.02

0.02£0.02
0.78+0.52
0.09+0.01
0.30+0.23

hours
RT Component RI 1% cutting
06:00 09:00 12:00
128 Limonene 1260 0.00+0.00 1 0.00+0.00 | 0.01+0.01
139 1.8 Cineole 1360 1 0.00£0.00 | 0.79+0.02 ' 112+0.00
16.2 a-Copaene 15551 0.00+0.00 1 0.00+0.00 ' 013018
17.2 Cis-0-Bergamotene 1638 1 0.00+0.00 0.61+0.01 = 0.46+0.01
17.7 Linalool 1681 146.49+1.84 4410019
179 B-Elemene 1697 1 0.00+0.00 ' 7.85+0.18 | 0.00+0.00
18.7 B-Caryophyllene 1768 1 0.00+£0.00 | 0.37£0.08 | 017+0.23
19.2 a-Bulnesene 1812 1 1.01+0.41 | 2.07£0.17 = 1.97+0.01
19.3 a-Bisabolene 18211 0.00£0.00 | 1.09+1.54 & 1.93%0.01
194 Bornyl acetate 18311 0.00+0.00  0.00+0.00 ' 0.00+0.00
19.7 o-Humulene 18521 0.00+0.00 1 0.00£0.00 ' 0.15+0.21
19.7 y-Cadinene 1868 | 3.81+0.03 | 3.05+0.05 | 3.21+0.08
19.8 B-Cubebene 1880 1.37+1.76 = 4.71+012 | 0.00+0.00
20.08 Germacrene D 1887 1 3.32+0.67 # 3.52£0.01 = 3.26+0.11
201 Methyl chavicol 1889 116.57+0.23 20.30+0.18 | 18.04+2.33
20.5 a-Terpineol 1938 1 0.00+0.00 ' 0.00+0.00 ' 0.00+0.00
219 Cis-Geraniol 19951 0.00+0.00  0.00+£0.00 ' 013 +0.18
219 Trans-Geraniol 19951 0.29+0.05 | 0.05£0.07 | 0.17x0.01
22.0 Citral 2107 1 0.04+0.06 1 0.10+0.00 ' 0.00+0.00
23.35 Nerolidol 2227 1 0.00+0.00 0.18£0.02 = 0.12+0.17
244 Epi Cubenol 24011 2.79+0.29 | 110+0.06 = 1.32+0.04
24.8 Methyl Eugenol 24491 0.00+£0.00 1 0.00+0.00 | 0.38+0.54
254 Epi alpha cadinol 2528 11596049 7.36+0.51 | 8.05+0.07
257 Iso Spathulenol 2554 3.24+011 | 1.22+0.04 | 1.86+0.06
26.2 Methyl cinnamate 2613 1 2.01£0.86 | 1.11x0.02 | 0.44+0.02
269 Eugenol 2688 0.00+0.00 0.11%0.04 | 0.72+0.04
Total 96.90 99.69 93.20
Grouped Components
Oxygenated monoterpenes 69.21 69.50 77.03
Oxygenated sesquiterpenes 21.99 9.86 1.35
Sesquiterpene hydrocarbons 570 20.22 3.7
Phenylpropanoids 0.00 011 110
Monoterpene hydrocarbons 0.00 0.00 0.01

+: Standard deviation, RT: Retention times, RI: Retention index.
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53.92+0.86 48.55+4.33 27.41£0.95
0.00£0.00
0.00+0.00

0.00£0.00
0.00£0.00
4.09+0.33
0.00+0.00

11.58+0.15

0.00+0.00

0.00£0.00

0.00+0.00

0.00£0.00

16.21£1.00

0.00+0.00

52.92+0.01/59.38+1.65 58.69+0.38 39.51+0.71 | 41.740.05
813017
117£0.05
2.05+0.04

0.00£0.00
0.25£0.02
1.73x0.01

0.00+0.00
0.00+0.00
140x0.06

0.00+0.00
0.33+0.04
2.22+0.08

813+0.10
0.82+0.01
2.43+0.01

0.00£0.00
0.30£0.21

0.98+0.14 1.20+0.08

0.83+117 | 1.22+116 1 0.00+0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00£0.00

0.00£0.00 1 0.00+0.00 1 0.00+0.00 ' 0.00+0.00 0.00+0.00 0.00+0.00

016+0.02 1 0.00+£0.00  0.00£0.00 10.00+0.00 0.00+0.00 0.00+0.00

416+0.03 | 247+0.09 | 1.78+010 1 3.06+0.04  2.79+0.00 | 2.44+011

218+3.08 1 0.00+0.00 ' 0.00+0.00 '0.00+0.00 0.00+0.00 0.00+0.00

315030 | 2.77+1.99 | 2.54x0.01 @ 2.07+011 | 315+012  3.37+0.08 ' 2.30+0.01

23.56+0.7527.27+0.0925.53+0.0615.90+0.13 25.22+0.13 | 35.48+3.54

0.00£0.00 1 0.00+0.00 1 0.00+0.00 ' 0.00+0.00 0.00+0.00 0.00+0.00

0.11+0.07
0.14+0.05
0.05+0.01

0.00£0.00
0.16+0.01
0.20+0.04

0.00+0.00
017+0.03
0.09+013

0.00+0.00
0.23+0.01
0.24+0.00

0.00+0.00
012+0.04
0.09+0.06

0.00£0.00
015£0.01
010+0.07

214+0.42
0.45+0.04

0.21£0.23 1 0.05+0.06 1 0.00£0.00 ' 0.14x0.00 | 0.12+0.17 | 0.12+0.02

2.44+0.02 | 1.69£0.03 | 0.84x0.01  0.46+0.33 | 1.06+0.01 ' 0.86+0.04 0.87:0.20

0.32£0.04 1 0.00£0.00 1 0.00£0.00 | 0.38+0.54 1 0.00+0.00 0.00+0.00

1112£0.21 | 5.64+0.01 ' 3.78+0.33
0.39+0.54

0.00+0.00

8.01:0.80 | 2.67+3.77
1.30+0.05

0.01+0.01

6.29+0.23

3.64+0.25 | 441+0.08 1 0.00+0.00 0.00+0.00 0.00+0.00

115£0.04 1 0.00+0.00 1 0.00+0.00 0.22+0.00 0.09+0.13

01520.01 | 018+0.04 H 0.46+0.05 ' 0.17x0.00 1 0.18+0.06 ' 1.29+0.08

95.21 92.09 9517 96.97 95.25 9118 93.56

67.96
2229

55.96 83.49

6.53

87.94
4.63

79Mm
9.21
6.38

70.69
495

80.78

17.43 7.28

4.96 1813 4.97 3.94 15.31 419

0.00 0.47 018 0.46 0.55 018 1.29

0.00 010 0.00 0.00 0.00 0.05 0.02
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methyl cinnamate rate of the Silbe ecotype was
found to be significantly higher than the Dicle
ecotype and to be significantly higher in the
harvests made in the evening hours (Tables II
and I11). Moreover, while 1,8 Cineole was found at
very low amount (0.00 - 2.95%) in Dicle ecotype,
it was detected more high and at significant

Table Illl. Essential oil components of Silbe ecotype of O.
hours.

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

levels (0.64 - 11.54%) in the Silbe ecotype (Figure
6).

Essential oil components in both ecotypes
gave similar results. No wide variation was
observed. Some researchers reported variations
in essential oil can be attributed to many factors,
viz., genetic dissimilarity within accessions,
climate variability, and origin of plants in

basilicum at two cutting periods and different harvest

Silbe ecotype

RT Components RI T cutting
06:00 09:00 12:00
12.8 Limonene 1260 016+0.22 1 0.07+0.02 | 0.15%0.01
139 1.8 Cineole 1360 6.28+0.16 | 4.32+0.22 ' 3.25+0.07
16.2 a-Copaene 1555 0.00£0.00 | 0.11£0.06 | 0.00£0.00
17.2 Cis-a-Bergamotene 1638 114+0.07 1 0.88+0.02 = 117+0.01
17.7 Linalool 1681 38.35£3.10 40.34+0.4529.22+0.66
179 B-Elemene 1697 12.00+011 6.73+0.30 10.34+0.28
18.7 B-Caryophyllene 1768 2.20£014 1 217+0.06 1 2.48+0.03
19.2 a-bulnesene 1812 2.84x011 1 1.22+0.04 1 2.24+0.05
19.3 a-Bisabolene 1821 1.54+1.73 1 0.00+0.00 0.00+0.00
194 Bornyl acetate 1831 147047 £ 0.81+0.00 1 1.96+0.02
19.7 a-Humulene 1852 0.00£0.00 | 0.29+0.01 1 0.00£0.00
19.7 y-Cadinene 1868 3.33+0.75 | 2.44+0.03 | 3.45+0.04
19.8 B -cubebene 1880 0.20+0.00  0.00+0.00 0.00+0.00
20.08 Germacrene D 1887 6.26+0.62  4.71x012 | 6.02+0.12
201 Methyl chavicol 1889 427019 |« 1.31:017 | 2.81+0.00
20.5 a-Terpineol 1938 3.23+0.33  348+0.09  2.77+0.01
219 cis Geraniol 1995 1 0.03+0.04 1 0.00+0.00 ' 0.00+0.00
219 trans Geraniol 1995 0.02+0.02 1 0.00+0.00 ' 0.05+0.06
22.0 Citral 2107 1 0.00+0.00 0.00+0.00 | 0.23+0.02
2335 Nerolidol 2227 0134018 | 0.38+0.04 | 0.30+0.01
244 Epi cubenol 2401 0.72+0.24 | 0.48+0.04 | 0.89+0.01
24.8 Methyl eugenol 2449 016+0.01 | 2.52+0.04 | 1.87+0.03
254 Epi alpha cadinol 2528 | 7.08+018 | 2.83+0.04 | 5.53+0.12
25.7 isopathulenol 2554 0.99+0.17 1 0.00+0.00 ' 0.00+0.00
26.2 Methyl cinnamate 2613 6.02+0.01 20.58+0.92 18.42+0.01
269 Eugenol 2688 0.63£0.58 ' 1.22£0.11 | 0.81+0.04
Total 99.05 96.60 93.96
Grouped Components
Oxygenated monoterpenes 63.00 73.28 6216
Sesquiterpene hydrocarbons 2618 15.82 22.25
Oxygenated sesquiterpenes 8.92 3.69 6.72
Phenylpropanoids 0.79 374 2.68
Monoterpene hydrocarbons 016 0.07 015

+: Standard deviation, RT: Retention times, Rl: Retention index.

15:00
0.01+0.01
0.72+0.00
0.00+0.00
1.04+0.01
19.97+0.05
11.90+0.03
2.92+0.01
4.36x0.01
0.00+0.00
0.00+0.00
0.00+0.00
6.22+0.01
0.00+0.00
8.87+0.03
2.450.00
2.60+0.01
0.00+0.00
0.10+013
0.44+0.16
0.34x0.47
1.83+0.01
1.44+0.00
11.29+0.04
114£1.61
14.88+0.04
0.71£0.00
93.23

47.38

29.09

14.60
215
0.01
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18:00
0.20£0.05
4.86+0.83

010+013
0.99+0.18

06:00
0.22+0.00
6.31+0.18
019013
0.69+0.00

36.05+0.07 44.01£1.10

10.31+0.43
2.57+0.42
2.55+0.06
0.00+0.00
2.31+0.01
0.93+0.03
4.35+0.49
0.00+0.00
6.46+0.65
4.51+0.85
3.51x0.01
0.08+0.00
0.34+0.01
0.26+0.01
0.25+0.00
11020.01
012+0.01
6.82+0.02
1.04+0.01
0.25£0.01
3.41x0.01
93.37

56.52
2391
9.21
3.53
0.20

816+0.13
1.44+0.01
1.81x0.01
0.00+0.00
210+0.03
0.00+0.00
2.28+0.04
0.00+0.00
312+0.04
2.59+0.06
3.45+0.04
1.09+0.04
0.00+0.00
0.03£0.04
0.08+0.11
0.56+0.08
1.71£013
3.53:0.20
1.02£018
8.78+0.20
3.82+017
96.99

70.64
15.41
519
5.53
0.22
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09:00
0.58+0.06
11.5420.10
014+0.03
1.07+0.06

2" cutting
12:00
018+0.01
6.00£0.10
012+0.02
0.75£0.01

15:00
0.00+0.00
0.64+0.00

0.16+0.01
1.69:0.01

40.19£0.25 49.49+0.04) 42.030.74

9.99+0.56
2.64+0.06
2.39+0.08
0.00+0.00
1.59+023
0.00+0.00
3.33+0.01
0.00+0.00
4.54+0.23
2.83+0.83
3.39:0.04
0.74+0.03
0.00£0.00
0.02+£0.03
0.30+0.02
0.74£0.03
0.51+0.01
£4.56+0.08
1.31:013
0.67+0.06
2.41+0.05
95.48

64.30
20.77
6.91
292
0.58

9.33£0.10
2.49+0.02
2.08+0.01
0.00+0.00
1.53+0.11
0.00+0.00
2.56:0.04
0.00+0.00
3.68+0.02
2.77+0.00
3.57+0.24
0.92+0.08
0.23+0.02
0.06+0.08
0.35+0.02
0.56+0.01
0.42+0.02
£4.21+0.25
144+0.23
012+0.05
3.73+0.09
96.58

67.25

18.45
6.56
404

018

9.57+0.09
3.23+0.01
2.06+0.00
0.00+0.00
1.68+0.33
0.00+0.00
4.75£0.10
0.00+0.00
6.22+0.03
2.81+0.01
4.36+0.01
1.05+0.02
0.44+0.16
0.21+0.01
116+0.01
1.29+0.04
0.31+0.01
7.46+0.10
0.00£0.00
0.31+0.05
2.39x013
93.82

58.28
2293
9.91
2.70

0.00

18:00
0.16+0.01
0.80+0.14
0.11+0.00
0.99:0.01

43.70+0.99
11.33£1.30
2.21+0.30
2.32+0.45
0.00+0.00
2.27+0.38
0.00+0.00
3.47+0.66
0.00+0.00
5.4920.69
2.83+0.04
3.43+0.60
0.95+0.06
0.26+0.01
019£0.12
019+0.02
0.58+0.04
0.18+0.03
7.05£0.07
1.51£0.01
0.45+0.01
1.02+£0.03
9117

58.03
22.45
9.33
1.20
016
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addition to drying, storage, and extraction
processes (Skrubis & Markakis 1976).

Khalid et al. (2009) found that the highest
percentage of monoterpene compounds was
resulted at 5 pm during the first and second
cutting. The highest percentage of sesquiterpene
compounds was resulted at 13:00 pm treatment
during the first cutting while it resulted at 15:00
treatment during the second cutting.

It has also been reported that there are
differences in terms of essential oil content
and components between green and purple
basil ecotypes. However, it is stated that the
main component of essential oil in purple leaf
varieties is linalool, while in green leaf ecotypes
it is methyl chavicol (Rathore et al. 2022).

The chemical composition of ecotypes
shows variation during daytime. Studies on the
differences in essential oil yields obtained from

B06:00 am 009:00 aam

6000 -
5000 A
4000
3000
2000 A
1000 A

0.00 -

Epialpha cadinol

5000 -

4000 -

3000 4

2000 4

1000 -

Linakbol

1.8 Cineole
f-Elemene

Germacrene D

Epiapha cadinol

First cutting

W12:00pan

Methyl cinnamaie
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daytime harvesting have been carried out on
many medicinal and aromatic plants. According
to the results of the studies, in general, it has
been reported that the essential oils generally
reach their highest contentin the morning hours;
however, this situation has varied depending on
the medicinal and aromatic plants studied in
different geographical regions (Kaya et al. 2012,
Jose et al. 2015, Kizil et al. 2019, Yesil & Ozcan
2021).

It is difficult to independently distinguish
the factor responsible for changes in secondary
metabolite production. Because of the diurnal
variation (combined effect of light quality,
intensity and duration, relative humidity,
temperature fluctuations during the day),
temperature, relative humidity, intensity and
duration of sunlight are interdependent and
influence each other, which has a different

015:00p.an

W18:00p.an

Epiakha cadinol

1.8 Cineole
Linalool
f-Elemene

Methyl cinnamaie

Epialpha cadinol

Germacrene D

Second cutting
SILBE

Figure 6. Variation of major essential oil components of 0. basilicum ecotypes obtained by harvesting at different

times of the day.
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impact on the production and quality of essential
oil in different aromatic plants. Moreover,
temperature is one of the main factors that
varies from morning to evening and thus has
significant effects on plant physiology, especially
photosynthesis and various biochemical
pathways (Padalia et al. 2017). De Vasconcelos
Silva et al. (1999) reported that a considerable
variation was observed in the eugenol yield, 98%
at 12.00 am. to 11% at 05.00 p.m. These results
show the influence of the solar light on eugenol
production and can be useful to indicate the
optimal time for collection of the plant. A study
by Gurbuz et al. (2006) demonstrated that
linalool (41.23%), a-cadinol (9.69%) and eugenol
(5.37%) were found as major constituents of O.
basilicum. In addition, essential oil ratios were
recorded such as 0.67% at 6:00 h, 0.62% at 12:00
h and 0.74% at 21:00 h. Aygun et al. (2022) in their
study with different basil genotypes, the main
components of essential oils were determined
as linalool, eucalyptol, trans a-bergamotene,
methyl cinnamate, a-muurolol and eugenol.
Moreover, Kholiya et al. (2022) reported that
essential oil compositions were affected by
phenological stages. They detected linalool
(66.9-84.2%), geranial (1.1-9.0%), neral (0.8-
7.0%) and 1,8-cineole (0.5-3.4%) as the main
constituents. They reported that the linalool
content tends to increase mainly in the middle
of the day. A similar situation can be said for
our study regarding linalool. Padalia et al. (2017)
evaluated four different Ocimum species in
terms of essential oil content and composition.
Essential oil content and composition were
compared according to different harvest times
i.e. morning 6:00, noon 12:00 and evening 18:00.
While O. basilicum, O. americanum and O.
kilimandscharicum (camphor type) gave higher
essential oil yield when harvested at noon,
higher oil yield was obtained in O. gratissimum
variety in the evening, followed by noon and

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

morning harvest. In the O. kilimandscharicum
(eugenol/methyl chavicol) chemotype, similar to
our study, oil yield was found as morning > noon
> evening. Turkmen & Ertekin (2023) reported in
a study conducted with different basil genotypes
that the main component of essential oil of
all genotypes was linalool, that the highest
essential oil content could be obtained from the
dried flowers of Arapgir genotype harvested at
00:00 h, and also that the Midnight genotype
had higher essential oil content than the others.
In another study, Patel et al. (2018) analysed leaf
samples collected at different times of the day
to evaluate the daily changes in the chemical
composition of O. sanctum leaves and did not
find any significant difference in the chemical
composition. They concluded that O. sanctum,
unlike O. gratissimum, which is taxonomically
very close to O. sanctum, does not show diurnal
changes in its chemical composition.

Biplot analysis

The biplot analysis method, which has become
widespread in recent years, is a method that
can be used to determine the performance of
parameters such as genotype, yield components,
essential oil components and the relationships
of these parameters with each other. The graphs
formed in this method are obtained by using the
average of the data (Hosseini et al. 2021, Kumar
et al. 2024). In the graphs, the percentage of
total variation created by the main component
groups (harvest time and components) and their
relationships with the investigated features are
displayed with the component matrix (Rahimi et
al. 2023).

For the Dicle ecotype, in the biplot graph
obtained from the first harvest time averages,
the two-dimensional PCA score was 51.15% for
PC1 and 25.29% for PC2, respectively, and the
total variation rate was determined as 76.44%.
Five sectors and four mega environments
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were formed. In the visual, there is a positive
relationship between the components and
harvest times in the same sector and mega
environment. Additionally, components
positioned anti clockwise on the coordinate
plane showed a negative correlation with
components positioned clockwise (Yan &
Tinker 2006, Pimentel et al. 2023). In the 1%
sector, 5 (Linalool), 13 (B - cubebene) and 14
(Germacrene) had the highest means at 09:00
a.m. In the 2" sector, components 2 (1.8 cineole),
4 (cis-a-bergamotene), 8 (a-bulnesene), 9
(a-bisabolene) and 26 (eugenol) are located and
these components had the best means at 12.00
p.m. The most of components examined are
located in the 3" sector, and the components
reached the best average in the harvest at 18:00
p.m. In the 4™ sector, components 18 (Trans
geraniol), 19 (citral), 21 (epi cubenol), 23 (epi
alpha cadinol) and 25 (methyl cinnamete) came
to the fore in the harvests made at 06:00 a.m
and 15:00 p.m. There were no components in the
5™ sector.

At second harvesttime, the two-dimensional
PCA score was determined as 41.61% for PCl
and 38.91% for PC2, respectively, and the total
variation rate was determined as 80.52%. As
a result of the analysis, three sectors and
mega environments were formed. The most of
components located in the 1*" sector at 12:00. In
the 2" sector, components 1 (limonene), 2 (1.8
cineol), 6 (B - elemene), 7 (B-caryophyllene),
8 (a-bulnesene), 14 (germacrene) and 24
(isospathulenol) located and these components
had the best means at 15.00 p.m. In the 3"
sector, components 15 (methyl chavicol) and 26
(eugenol) had the highest value at harvests of
06:00, 09:00 and 18:00. Hazrati et al. (2022) found
in the results obtained by biplot analysis of the
Salvia officinalis plant that the essential oil

DAYTIME VARIATIONS IN ESSENTIAL OIL OF SWEET BASIL

component ratios varied in harvests at different
times of the day (Figure 7).

For the Silbe ecotype, in the biplot analysis
conducted for the first harvest time, the two-
dimensional PCA score was 39.60% for PCl
and 31.97% for PC2, respectively, and the total
variation rate was determined as 71.57%. As a
result of the analysis, three sectors and mega
environments were formed. In the 1% sector, 3
(a-copaene), 5 (linalool), 16 (a-terpineol), 20
(nerolidol), 22 (methyl eugenol) and 25 (methyl
cinnamete) numbered components had the
best averages in the harvests at 09:00 and 12:00.
The most of components located in the 2"
sector and had the best averages at harvests
06.00 and 18:00. In the 3™ sector, components 7
(B-caryophyllene), 8 (a-bulnesene), 10 (bornyl
acetate), 12 (y-cadinene), 19 (citral) and 23 (epi
alpha cadinol) represented the highest average
at 15.00 p.m.

At the second harvest time, the two-
dimensional PCA score was 48.54% for PC1
and 26.11% for PC2, respectively, and the total
variation rate was determined as 74.65%. As a
result of the analysis, four sectors and mega
environments were formed. Components
numbered 8 (a-Bulnesene) and 15 (methyl
chavicol) located in the 1°" sector and these
components had the best averages at 18:00
p.m. The most of the components examined
are located in the 2" sector and that the
components reached the best average in the
harvest at 15:00 p.m. Components numbered
3 (a-copaene), 5 (linalool), 10 (bornyl acetate),
22 (methyl eugenol), 25 (methyl cinnamete)
and 26 (eugenol) located in the 3" sector and
represented the highest averages at 06:00. In
the 4" sector, components 1 (limonene), 2 (1.8
Cineol) and 24 (isospathulenol) performed the
highest averages at 09:00 and 12:00 (Figure 8).
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Figure 7. Biplot analysis based on the first and second principal components (PC) at different times of the day for
first and second cuttings of Dicle ecotype. Components codes: 1- limonene; 2 - 1.8 cineol; 3 - a-copaene; 4 - Cis-
a-bergamotene; 5 - Linalool; 6 - B- elemene; 7 - B-caryophyllene; 8 - a-bulnesene; 9 - a-bisabolene; 10 - Bornyl
acetate; 11 - Alpha humulene; 12 - y-cadinene; 13 - B-cubebene; 14 - Germacrene D; 15 - Methyl chavicol; 16 -
a-terpineol; 17 - Cis geraniol; 18 - Trans geraniol; 19 - Citral; 20 - Nerolidol; 21 - Epi cubenol; 22 - methyl eugenol; 23
- Epi alpha cadinol; 24 - Isospathulenol; 25 - methyl cinnamete; 26 - Eugenol.
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Figure 8. Biplot analysis based on the first and second principal components (PC) at different times of the day for
first and second cuttings of Silbe ecotype. Components codes: 1- limonene; 2 - 1.8 cineol; 3 - a-copaene; & - Cis-
a-bergamotene; 5 - Linalool; 6 - B-elemene; 7 - B-caryophyllene; 8 - a-bulnesene; 9 - a-bisabolene; 10 - Bornyl
acetate; 11 - Alpha humulene; 12 - y-cadinene; 13 - B —cubebene; 14 - Germacrene D; 15 - Methyl chavicol; 16 -
a-terpineol; 17 - Cis geraniol; 18 - Trans geraniol; 19 - Citral; 20 — Nerolidol; 21 - Epi cubenol; 22 - methyl eugenol;
23 - Epi alpha cadinol; 24 - Isospathulenol; 25 - methyl cinnamete; 26 - Eugenol.

CONCLUSIONS

The highest essential oil content for the Dicle
ecotype was determined at 12:00 in the first
harvest period and at 9:00 in the second harvest
period. The highest essential oil content for the
Silbe ecotype was obtained at 06:00 in the first
harvest period and at 12:00 in the second harvest
period. It was determined that both ecotypes
contained linalool as the major component, and
the linalool content varied between 27.41-59.38%
in the Dicle ecotype and 19.97-49.49% in the Silbe
ecotype. Linalool content showed a gradual
increase towards noon in both ecotypes, and
a decrease from afternoon to evening. Future
studies should focus on herb yield, harvest time

and chemotype of sweet basil for inclusion in
variety breeding programs.
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