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Abstract: Borage hydrosol has nutritional and medicinal benefits. Due to this hydrosol's widespread
consumption, it is worthy of achieving a simple and reliable method to assess their quality. The present
study evaluated ten market samples of Borage hydrosol in Fars province to determine their quality.
Also, the hydrosol of a collected Borage was prepared in the lab to serve as a standard sample. Essential
oils from hydrosols were yielded via liquid-liquid extraction procedure, injected into a gas
chromatograph (GC), and respective compounds were identified. High-performance thin-layer
chromatography (HPTLC), pH, and electrical conductivity were also analyzed. Results showed trans-
Caryophyllene as the major compound in the standard sample and also in four of ten samples. Moreover,
Cembrene A was found as the major ingredient in seven samples. Delta-Cadinol was one of the
prominent constituents in three samples and also in the standard. Di-butyl phthalate, Thymol, and
Carvacrol were found in some samples due to the poor quality of the container or the migration of
monomers from the container's inner side into the hydrosol low-quality solvent. Essential oil extraction
and identification with the mentioned method can be introduced as a simple quality control procedure.
This study can be considered to identify and analyze volatile constituents in hydrosols distributed in the
market.
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1. Introduction

Herbal distillates are known as aromatic liquid formulations generally yielded via steam
or water distillation of herbal aromatic fractions and botanical parts [1, 2]. During the
distillation procedure, fractions of essential oil may migrate into the aqueous phase and produce
aromatic water [3-5]. Distillates are produced during the extraction of essential oils and are
often known as a byproduct. Even so, there are numerous medical, nutritional, and cosmetic
applications for these preparations [6-11].
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Borage distillate is a medicinal drink commonly produced from aerial parts of related
medicinal herbs [12]. Iranian borage or Echium amoenum Fisch. & C.A.Mey. is traditionally
applied as cardiotonic, diaphoretic, tranquilizer, and diuretic in Persian folk medicine [13-17].
Less famous borage, Anchusa italica Retz. is also used as a medicinal herb with therapeutical
aspects similar to E. amoenum. They are mainly used to manage flu and symptoms of the
common cold in folk medicine [13]. Recent research have evaluated their effect on fertility
[18], cerebral ischemia [19], premenstrual syndrome [20], Alzheimer [21], major depressive
disorder [22], and anxiety [23].

Although these medicinal plants are extensively used in folk and traditional medicine,
there is a concern about the safety of their preparations [24, 25]. According to some reports
like Avila et al. study, no hazardous outcomes have been observed regarding pyrrolizidine
alkaloids of Borago officinalis L., the official species, on the liver and its biochemical
parameters. However, parallel studies have reported the hepatotoxicity of some isolated
pyrrolizidine alkaloids from E. amoenum [26-29]. The possibility of the presence of toxic
ingredients in some common preparations of Iranian borage should also be considered.
Accordingly, the current study aimed to analyze and investigate the volatile constituents, thin
layer chromatographic fingerprint, pH, and conductivity of 10 samples of borage distillates, as
a familiar medicinal drink in Iran to present a report and to introduce some phytochemical
criteria which can be useful in the selection of samples with better quality.

2. Materials and Methods
2.1. Sample preparation.

Ten borage distillates were purchased from the apothecaries of Fars province (south of
Iran). These distillates were numbered from one to ten. Then, two different borage samples, A.
italica and, E. amoenum were prepared, botanically authenticated, and subjected to
hydrodistillation to yield the respective distillates. All samples were kept in the fridge (4°C) for
further steps. The yielded distillates and respective essential oil from A. italica (voucher no.
PM-1083) and, E. amoenum (voucher no. PM-1084) samples were numbered as 11 and 12. The
herbariums were authenticated by the Department of Phytopharmaceuticals, Faculty of
Pharmacy, Shiraz University of Medical Sciences, Iran.

2.2. Essential oil recovery and concentration.

By using a liquid extraction apparatus, volatile oil fractions of samples were recovered.
Briefly, 500 ml of each sample was mixed with an equal volume of petroleum ether (Merck,
Germany). The mixture was heated up to 45°C for about 150 min to recover the essential oil.
Following extraction of the petroleum ether phase, fresh petroleum ether (500 ml) was added
to the system to increase the organic phase's respective essential oil yield. The mixture was
subsequently heated for around 150 min. The recovered essential oil of each borage distillate
sample was individually concentrated by a vacuum pump-connected rotary evaporator. All
organic phases were kept in amber glass vials for further analysis.

2.3. Gas chromatography (GC) and analysis of yielded constituents.

A gas chromatograph (Agilent Technologies 7890A) apparatus connected to a flame
ionization detector (FID) and equipped with an HP-5 column (25 m length x 0.32 mm i.d.; film
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thickness 0.52 um) was employed for adjusting a method of analysis. The carrier gas was
Nitrogen, and the related flow rate was 1 ml/min (split ratio: 1:30). The injector and detector
temperature values were adjusted at 250°C and 280°C, respectively. The temperature of the
GC column was linearly programmed from 60°C to 250°C (increased 5°C/min) and
subsequently was held at 250°C for 10 min.

The above method and condition were considered for identification of the volatile
constituents in a gas chromatograph (Agilent Technologies 7890A) connected to a mass
detector (Agilent technologies model 5975C) and equipped with an HP-5MS capillary column
(phenylmethyl siloxane coated, 30 m x 0.25 mm i.d.). Carrier gas in this GC/MS system was
Helium with an adjusted flow rate of 1 ml/min. The interface temperature was set at 280°C.
The mass spectrometer was acquired in EI mode (70 eV; mass range: 30-600 m/z).

Before injecting the volatile extracted samples of borage distillate, a series of normal
alkanes (C8-C30) was injected to GC/MS to fulfill the determination process of the component
identification via calculating the Kovats indices (KI). Identification of components was based
on comparing their mass spectra with Willey (nl7), libraries of spectra (Adams’), and those
cited in related literature.

MATLAB software (MATLAB 8.6, Release 2015b, The MathWorks, Inc.) was used to
analyze the results obtained from the essential oil samples in the GC / MS method and
accurately evaluate their compositions draw Hierarchical Cluster Analysis (HCA) diagrams.

2.4. Determination of pH and conductivity.

Each borage distillate sample was subjected to pH and conductivity evaluation via a pH
meter (Crison) and a bench-top conductivity meter instrument (AZ-86505), respectively. All
measurements were carried out in triplicate, and derived data were presented as “Mean £ SD”.

2.5. High-performance thin-layer chromatography (HPTLC) fingerprinting.

The HPTLC fingerprinting for extracted essential oils from distillates was carried out
using a CAMAG system of TLC fitted with winCATS (version 1.2.3) software. To perform
the TLC, concentrated essential oil samples were diluted in dichloromethane (1:4), and 2 pL
of those were sprayed on a silica gel plate 60F254 (10x20 cm, Merck, Germany). The TLCs of
samples were developed in a mobile phase containing Toluene (Merck, Germany); Ethyl
acetate (Merck, Germany) (90:10). Chromatographic bands were first visualized with
ultraviolet lamps at 254 nm and 365 nm and subsequently with anisaldehyde-sulfuric acid
(Merck, Germany). This fingerprint was carried out for all purchased hydrosols.

3. Results and Discussion

This study includes the quality assessment of ten selected samples of borage aromatic
water available in the Fars province. For this purpose, the essential oil of each of the samples
was extracted and concentrated by the liquid-liquid extraction method, and their compounds
were identified. Liquid-liquid extraction is one of the most common methods for extracting
volatile compounds from plant extracts [30, 31]. However, this method has disadvantages such
as loss of some volatile compounds, low efficiency, and possible degradation of some
unsaturated chemical compounds due to high temperature [32, 33]. However, this method is
still used to be organic solvent-free, ease of operation, and cost-effective [34, 35]. In this study,
this method was used to extract borage essential oil.
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Following analysis of recovered essential oil samples, 58 different constituents have
been identified based on the “Identification of Essential Oil Components by Gas
Chromatography/Mass  Spectrometry” textbook [36] and useful websites, e.g.,
http://webbook.nist.gov [37] and https://www.pherobase.com/ [38] (Table 1). Only
identification in two samples were more than 90% of the constituents. However, in one sample,
the identification of 50% of the volatile compounds could not be carried out (S5).

Table 1. Chemical composition of the essential oils from hydrosol samples.

No. Component S1 S2 S3 S Ss Se S7 Ss So S10 Ssto | KleaL
1 a-Thujene 0.43 - - - - - - - 0.17 - - 932
2 a-Pinene 4.56 2.40 1.13 0.79 - 3.37 6.60 1.40 2.20 - 4.97 940
3 Sabinene 1.52 - 0.39 - - - 0.56 0.65 0.13 - - 977
4 B-Pinene 0.70 - 0.16 - - - 0.54 2.24 0.21 - 0.53 981
5 B-Myrcene 0.52 - 0.45 1.15 - 0.54 1.65 - - - - 993
6 Octanal - - 0.17 1.00 - - - - - - - 1004
7 & 3-Carene 0.79 - 0.22 - - - - - 0.46 - 1.30 1014
8 a-Terpinene 0.24 - - - - - - - - - - 1019
9 0-Cymene 0.24 - - - - - - - 0.17 - - 1027
10 Limonene 2.93 - 1.02 - - 0.51 1.29 1.80 1.27 - - 1031
11 y-Terpinene 0.42 - 0.19 - - - - - 0.18 - 0.27 1061
12 p-Tolualdehyde - - 0.83 - 0.47 - - - - - - 1069
13 Methylbenzaldehyde 0.5 - - 2.31 - - - - 0.20 - 0.32 1070
14 a-Terpinolene 0.19 - 0.20 0.94 - - - - - - - 1088
15 Linalool 0.29 - 0.54 1.76 - - - - - - - 1101
16 Menthol 3.01 - - - - - - - - - - 1172
17 Terpinen-4-ol 0.18 - 0.21 - - - - - - - - 1180
18 Methyl veratrol - - - - - - - - - 0.55 - 1230
19 Nonanoic acid - - 0.21 191 - 0.42 - - - - - 1268
20 Cinnamaldehyde - - - - - - - - - 2.34 - 1272
21 Anethole - - - 1.13 - - - - - - - 1287
22 Thymol - - - 1.01 0.45 0.91 0.63 - - 9.13 - 1291
23 Carvacrol - - - - 0.46 0.43 - - - 21.46 - 1301
24 4-Vinylguaiacol - - - - - - - - - 2.03 - 1315
25 A-Elemene - - - - - - - - 0.63 - 0.77 1340
26 a-Cubebene 0.39 - 0.28 - - - - 0.57 1.53 - 0.39 1353
27 Eugenol - - - - - - 0.53 - 0.81 - - 1359
28 3-dodecenal - - - 2.01 0.67 - - - - - - 1364
29 Isoledene 1.64 - 0.51 - - - - - 0.78 - 0.85 1370
30 B-bourbonene 0.92 - - - - - - - 1.01 - 1.11 1374
31 a-Copaene 5.73 - 4.22 1.00 - - 0.67 - 9.05 - 5.16 1381
32 B-Elemene 2.20 - 1.69 - - 0.66 1.08 0.92 2.71 - 1.72 1396
33 a-Gurjunene 0.45 - 0.88 - - - - - 0.24 - 0.45 1415
34 trans-Caryophyllene 1550 | 1.18 | 12.16 3.06 0.43 2.27 5.08 4.51 9.93 - 23.28 | 1428
35 Aromadendrene 0.43 - - - - - - - 0.54 - 0.43 1444
36 a-Humulene 3.75 0.91 3.00 0.98 - 1.53 1.80 3.97 7.42 - 4.46 1460
37 | allo-9-aromadendrene | 2.32 - - - - - - - 1.51 - 2.33 1468
38 Curcumene 1.24 - - 1.01 - - - 0.63 4.06 - 3.05 1485
39 B-Selinene 1.93 - 1.52 - - - - - 3.33 - 1.89 1492
40 a-Selinene 2.68 - 2.22 0.77 2.12 - - - 3.80 - 2.66 1501
41 a-Muurolene 1.09 - 0.95 - - - - - 1.04 - 1.33 1505
42 B-Cadinene - - 7.07 0.67 - - - 0.62 2.40 - 7.08 1520
43 Cadina-1(2),4-diene - - - - - - - - 0.16 - - 1527
44 A-Cadinene 8.75 - 7.25 1.34 - - 0.94 0.66 | 11.44 - 7.59 1530
45 a-Cadinene 0.61 - 0.53 - - - - - 0.20 - 0.60 1542
46 Germacrene B 0.39 - 0.38 - 0.65 - - - 0.41 - 0.27 1563
47 Caryophyllene oxide 1.12 3.29 1.19 1.26 0.51 2.49 2.67 1.86 1.09 - 1.38 1590
48 a-Cadinol 12.38 - 15.70 - 0.48 0.93 1.14 1.74 2.16 - 11.18 | 1648
49 -Eudesmol 0.35 0.43 0.47 - - - - - - - 0.36 1656
50 a-Eudesmol 0.33 - - - 1.68 - - - 0.57 - 0.43 1659
51 Tetradecanoic acid - - - - 1.82 - - - - - - 1760
52 Cyclohexadecane 0.23 - - - - - - - - - - 1878
53 Methyl palmitate - - - - - - - - - 6.10 - 1927
54 Cembrene - 4.49 0.47 5.45 2.62 2.65 2.55 2.99 0.57 - - 1935
55 Thunbergen - 1.82 8.60 2.45 - - 2.38 2.85 0.41 - - 1949
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No. Component S1 S2 S3 S Ss Se S7 Ss So S1o Ssto | KlecaL
56 Neocembrene A - 37.72 - 58.05 18.16 | 40.12 | 38.14 | 43.43 | 8.26 - - 1955
57 Dibutyl phthalate 1.15 - - - - - - - - 53.03 | 0.32 1965
58 Ethyl palmitate - - - 0.68 0.85 - - - - - - 1994
59 Thunbergol - 1385 | 2.35 2.25 14.02 11.31 - 6.67 3.08 - - 2051
60 Heneicosane - 1.10 - - 0.41 0.54 0.66 - - - - 2100
61 Linoleic acid - - - - 1.99 1.11 - - - - - 2133
62 9-Octadecenoic acid - - - - 6.82 0.43 - - - - - 2141
Identification 82.1 67.19 | 77.16 | 92.98 | 47.79 69.79 | 68.91 | 77.51 | 84.13 | 94.64 | 86.48
In this study, data analysis shows that the highest amount of volatile constituents in
most samples were sesquiterpenes. Table 2 are reported the major compounds
(concentration>5%) and their incidence in samples.
Table 2. Major compounds of the essential oils from hydrosol samples.

No. Component S1 S2 Ss S Ss Se S Ss So S10 Ssto | Mean
1 Neocembrene A - 37.72 - 58.05 | 18.16 | 40.12 | 38.14 | 43.43 8.26 - - 22.17
2 trans-Caryophyllene 15.50 1.18 12.16 3.06 0.43 2.27 5.08 451 9.93 - 23.28 | 7.04
3 Dibutyl phthalate 1.15 - - - - - - - - 53.03 | 0.32 4.95
4 Thunbergol - 13.85 | 2.35 2.25 14.02 | 11.31 - 6.67 3.08 - - 4.86
5 a-Cadinol 12.38 - 15.70 - 0.48 0.93 1.14 1.74 2.16 - 11.18 | 4.16
6 Thymol - - - 1.01 0.45 0.91 0.63 - - 9.13 - 3.83
7 A-Cadinene 8.75 - 7.25 1.34 - - 0.94 0.66 11.44 - 7.59 3.45
8 a-Humulene 3.75 0.91 3.00 0.98 - 1.53 1.80 3.97 7.42 - 4.46 2.52
9 a-Copaene 5.73 - 4.22 1.00 - - 0.67 - 9.05 - 5.16 2.34
10 a-Pinene 4.56 2.40 1.13 0.79 - 3.37 6.60 1.40 2.20 - 4.97 2.29
11 Carvacrol - - - - 0.46 0.43 - - - 21.46 - 2.03
12 Cembrene - 4.49 0.47 5.45 2.62 2.65 2.55 2.99 0.57 - - 1.98
13 Thunbergen - 1.82 8.60 2.45 - - 2.38 2.85 0.41 - - 1.68
14 B-Cadinene - - 7.07 0.67 - - - 0.62 2.40 - 7.08 1.62
15 9-Octadecenoic acid - - - - 6.82 0.43 - - - - - 0.66
16 Methyl palmitate - - - - - - - - - 6.10 - 0.55

Based on Table 2, in term of compounds distribution, trans-Caryophyllene was detected
in ten samples, a-Humulene, and a-Pinene in nine samples a-Cadinol and Cembrene in eight
samples, Neocembrene A, Thunbergol and A-Cadinene in seven samples, a-Copaene and
Thunbergen in six samples, and Thymol and -Cadinene in five samples. Other major had less
distribution in studied samples.

In term of major components concentrations mean concentration of Neocembrene A
(22.17%), trans-Caryophyllene (7.04%), Dibutyl phthalate (4.95%), Thunbergol (4.86%), a-
Cadinol (4.16%), Thymol (3.83%), A-Cadinene (3.45%), a-Humulene (2.52%), a-Copaene
(2.34%), a-Pinene (2.29%), Carvacrol (2.03%), Cembrene (1.98%), Thunbergen (1.68%), -
Cadinene (1.62%), 9-Octadecenoic acid (0.66%), Methyl palmitate (0.55 %) respectively.

Essential oils extracted from two individual samples of borage (A. italica and E.
amoenum, distillate under laboratory conditions) were also injected into GC/MS and studied
regarding volatile constituents. However, we could not find any volatile constituent related to
E. amoenum sample by GC/MS. Finally, the profile of the essential oil A. italica distillate at
the lab was considerable; this laboratory distillate was named “SLab”.

SLab with a total of 29 identified constituents (84.48% of the essential oil) contained
trans-Caryophyllene in the highest amount (23.28%). This constituent was found in samples
one, three, seven, and nine too. Therapeutic effects of trans-Caryophyllene are antioxidant [39-
41] anti-inflammatory properties by inhibiting the cyclooxygenase enzyme [42], muscle
relaxant [43], anticancer [44], neuroprotective [45, 46], antimicrobial [47], and wound healing
effects [48].
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a-cadinol, an alcohol sesquiterpenoid, was also found in the SLab sample as 11.18% of
essential oil. This combination was found in samples one and three with 12.38% and 15.70%
concentrations, respectively. Different therapeutic benefits like neuroprotectice[49],
hepatoprotective [50], antibacterial [51], calcium antagonistic properties [52] have been
reported for a-cadinol.

Other main components of SLab were A-Cadinene (7.59%) and B-Cadinene (7.08%).
There are reports of health benefits including anti-cancer [53, 54], anti pneumonia [55], anti
Psoroptes cuniculi effect [56], antifungal [57], and antiviral effect [54] for this compound.

Another main compound of SLab was a-Copaene (7.08%). Antileishmanial
activity[58], antioxidant [59], and anti-cancer [60] properties are the main therapeutic uses of
this compound.

Compounds such as Thymol and Carvacrol were found in five samples, indicating the
presence of Thymol in processing containers or contamination in the distillation process. Di-
butyl phthalate was found in some samples due to the poor quality of the container or migration
of monomers from the container's inner side into the hydrosol and low-quality solvent.

According to Table 1, 47.79% to 94.64% of total compounds in samples are identified.
Also, among samples, S1 is very similar to the SLab. Some of the samples have compounds
such as Cembrene A and Thunbergol as major compounds. Thunbergol is macrocyclic
diterpene alcohol with a fourteen-membered ring. This compound can be converted to
Cembrene by the hydration process [61]. These constituents were not found in the SLab like
previous studies.

Previous studies have reported different major components for borage samples. Zribi et
al.'s research on three B.officinalis shows benzeneacetaldehyde was the major compound of
the essential oils (7.11-9.16%). Two samples were characterized by the predominance of
aldehydes (27.02% and 35.16%), followed by oxygenated monoterpenes (20.64% and
20.58%). The essential oils obtained from the third sample showed the predominance of
oxygenated monoterpenes (27.23%), followed by aldehydes (23.93%) and oxygenated
sesquiterpenes (12.22%) [62]. According to Mhamdi et al. study, b-Caryophyllene was the
main composition of this species with the highest percentage (26.2%). Also, after this
combination, p-Cymen-8-ol had the highest concentration [63].

Previous evaluations of E. amoenum volatile oil's composition showed that a-Cadinene
has the highest portion (24.25%) followed by Hexadecane [64]. Research on E.amoenum petals
(yielded 0.05%) showed that its major components except aliphatic alkanes, include -cadinene
(24.25%), viridiflorol (4.9%), a-muurolene (4.52%), ledene (3.8%), a-calacorene (3.04%), and
y-cadinene (2.9%) [13].

Also, studies on A. italica indicated that Diisobutyl phthalate (14.6%), Dibutyl
phthalate (9.0%), and hexahydro farnesyl acetone (8.1%) as the major components [65].

By examining the articles related to borage essential oils, similarities between this
study's results and other studies were observed. This difference could be due to changes in
chemotypes or different chemotypes. On the other hand, some environmental factors, including
climate, geographical area, and genetic variations, can cause differences in borage essential oil
[62, 66, 67].

In the present study, in addition to evaluating the composition of essential oils by
GC/MS spectrometry, HPTLC was performed to obtain a pattern for borage essential oil
samples. All yielded essential oil (S1-S10) were subjected to HPTLC analysis to preparea TLC
profile for comparison (Figure 1).
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Figure 1. Chromatogram pattern of borage distilled samples from the petroleum ether fraction.

The similarity of the samples' compounds can be seen, although slight differences are
observed between the chromatogram spectrum of the essential oil samples. It provides some
information about compounds. The chromatogram shows that the existing compounds have
significant similarities between the Rf level and the spots' color (Figure 2).

Figure 2. Chromatogram data of analyzed samples.

The GC/MS dendrogram shows that samples one, three, and nine have the most
similarity to the SLab sample. Sample 1 in the GC/MS dendrogram is most similar to the

standard sample.

Besides, pH values and conductivity data of all hydrosols are provided in Tables 3 and
4. Regarding pH and conductivity data, related tables provide this information that all samples
were in the range of neutral and weak alkaline.

Table 3. pH values of hydrosols.

Sample S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SsTp
Mean £SD 7.49+0.01 7.99+£0.07 | 7.98%+ | 6.86+0. | 7.40£0. | 7.88%0. | 7.32+0. | 7.34+0. | 7.62+0. 7.44 7.06+£0.02
0.01 05 06 12 17 01 05 +0.01
Table 4. Conductivity of hydrosols.
Sample S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Lab
1 173.7 175.05 81.6 191.8 194.5 144.1 237 192.1 171.8 175.9 194.3
2 176.5 185.65 85.8 193.2 202.5 148.2 235.2 193.6 169.8 175.2
3 170.3 182.3 78 185 198.2 141.8 232.8 192.1 171.1 174.2 193.4
https://nanobioletters.com/ 2541
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Sample ‘ S1 ‘ S2 ’ S3 ‘ S4 ‘ S5 ‘ S6 ’ S7 ’ S8 ’ S9 ‘ S10 ‘ Lab
Mean £SD 173.5+3.1 181+5.3 81.8+ | 190+2. | 198.4+ | 144.7+ 235 192.6+ | 170.9+ 1751 193.6+0.6
3.9 5 4 3.2 +2.1 1 1 +0.8

4. Conclusions

Essential oil extraction and identification with the method mentioned in this study can
be introduced as a simple procedure carried out by GC. HPTLC profile of those hydrosols can
be mentioned as a simple and efficient method to detect the possible presence of non-related
compounds or impurities.
a-Humulene, o-Pinene, a-Cadinol, and Cembrene were the most common compounds in
studied samples. Besides, Neocembrene A (22.17%), trans-Caryophyllene (7.04%), Dibutyl
phthalate (4.95%), and Thunbergol (4.86%) had the highest mean concentration amount
studied samples.

Overall, this study can be considered as a frame for identification, phytochemical
assessment, and analysis of volatile constituents in hydrosols distributed in the current market.
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