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Abstract: Ferula gummosa (Apiaceae) Boiss. as a valuable herbal medicine possesses various medical
and industrial applications. The oleo-gum resin of F. gummosa, called Galbanum, holds several
biological activities for its numerous terpenoid compounds. This study has been conducted on quality
control of the F. gummosa oleo-gum resin prepared from standard plants, and commercial samples
belong to different parts of Iran. For this purpose, essential oil and dichloromethane extracts and
standard fruit essential oil were obtained and evaluated by Gas Chromatography/Mass Spectrometry
(GC/MS). Moreover, all dichloromethane oleo-gum resin samples (Standards and commercials) were
qualitatively analyzed by High-Performance Thin-Layer Chromatography (HPTLC). Based on the
GC/MS analysis, B-Pinene, 6-3-Carene and, a-Pinene in standard and B-Pinene, a-Pinene and, 6-3-
Carene in essential oil, commercial samples were recognized as major compounds, respectively. The
GC/MS analysis indicates that all commercial oleo-gum resin samples may obtain from the rhizome
except one of them. The HPTLC analysis also revealed that the same spot pattern in all samples might
be related to the major resin constituents. However, the source of oleo-gum resin could not be clarifying.
Based on the results, both GC/FID and HPTLC analysis are useful methods for quality control of oleo-
gum resin. The plant part used for oleo-resin extraction can be recognized via the percentage of essential
compounds in it.
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1. Introduction

Essential oils have been applied since ancient times for their biological properties like
antimicrobial, antioxidant, and antiseptic activities [1]. These commonly oil-soluble
compounds are extracted from various plant’s parts such as bark, seeds, and leaves [2, 3].
Nowadays, natural compounds' consumption as valuable medicine sources is significantly
increased due to growing concern about synthetic compounds’ side effects [4]. Essential oils
are used for medicinal and cosmetic purposes, and in some industries like food production [5].
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The genus Ferula as a member of the Apiaceae family possesses about 180 species that
are mainly distributed in middle and west Asia. Numerous species of this genus have a pungent
smell and bitter taste. Sesquiterpenes, sesquiterpene coumarins, sesquiterpene lactones, and
sulfur-containing compounds are the major amounts of this genus [6-8].

Traditional Persian manuscripts (TPM), as a historically important school of medicine,
provided valuable information about the prescription of herbal medicines and treatment
recommendations [9, 10]. The Ferula species have been traditionally consumed for several
diseases, including skin and vaginal infections, malaria, intestinal parasites, influenza, and
diarrhea all over the World [11, 12], mainly, in TPM, used as an anticonvulsant, anti-flatulent,
antispasmodic and expectorant properties [13]. The oleo-gum resin of Ferula has been used in
paint, varnish, soap, detergent, food, and perfume industries [14].

Among about 30 related species to the Ferula genus, which are located in Iran, Ferula
tabasensis, Ferula persica, and F. gummosa are endemic [15].

Ferula gummosa Boiss. is commonly known as Barije and Ghasniis in Iran [16], and
in Unani is named Gaosheer and Jawaasheer. F. gummosa has tiny yellowish flowers and
produces a milky white oleo-gum resin that exudes its roots and stems. These exudates are
called Galbanum [17]. Galbanum possesses many terpenoids and holds various biological
activities such as analgesic, laxative, carminative, digestive, aphrodisiac, expectorant, wound
healing remedy, anti-convulsive, antiseptic, anti-nociceptive, anti-catarrh, anti-hysteric, anti-
inflammatory, antidiabetic and anti-rheumatic as well as antimicrobial activity. Also,
Galbanum is applied in textiles, cosmetics, and various glues manufacturing [18, 19].

Various separation methods are used for quality control of herbal medicines [20]. The
gas chromatography/mass spectrometry (GC/MS) is considered one of the most useful practical
techniques for bioactive compounds analytical investigations [21]. High-performance thin-
layer chromatography (HPTLC) is also applied for fingerprinting and medicinal plants'
analytical quality control [22].

This study has been conducted on quality control of the F. gummosa oleo-gum resin
prepared from standard plants, and commercial samples belong to different parts of Iran. For
this purpose, essential oil and dichloromethane extract, and standard fruit essential oil were
obtained and analyzed via Gas Chromatography/Mass Spectrometry (GC/MS). Each sample
was qualitatively compared to the others through High-Performance Thin-Layer
Chromatography (HPTLC).

2. Materials and Methods
2.1. Plant Material and sample collection.
2.1.1. Standard samples.

Standard oleo-gum resin samples are collected from standard F. gummosa plants
cultivated in a specific medicinal plant farm (in the height of 1900 to 2000 meters from sea
level) in Damavand area, Firuzkuh, north of Iran. The herbarium was authenticated by the
Department of Phytopharmaceuticals, Shiraz School of Pharmacy.

The list of standard samples, sample code, sample collection method, time of collection,
and plant parts are showed in Table 1.
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2.1.2. Commercial samples.

Five commercial samples are collected from the market. The list of samples, sample
code, place, and collection time, are presented in Table 1.

Table 1. The list of standard and commercial samples.

Sample Sample Plant Part Area of Sample collection method Collection
Type Code Collection time
%’ SS Stem Damavand Standard plant stems (n=300) were subjected to May 2020
2 area, Firuzkuh | direct scrapping by sharp knife within 19 days (from
2 11 am to 4 pm during the third week)
o

SG Rhizome Damavand First removing the soil around of the rhizomes, May 2020

area, Firuzkuh Standard plant rhizomes (n=70) were subjected to

direct scrapping by sharp knife within 16 days (from
11 am- 4 pm during the third week)

SF Fruit Damavand Standard plant fruits were collected June 2020
area, Firuzkuh
0 J1 Unknown Kashan - 2019
3 J2 Unknown Firuzkuh - 2019
% J3 Rhizome Arjomand - 2020
8. area, Firuzkuh
- J4 Rhizome Bojnurd - 2020
J5 Rhizome Taibad, North - 2020
Khorasan

2.2. Essential oil extraction and isolation.

A particular amount of oleo-gum resin from each sample (according to table 2) and
ground fruit (via miller) were weighted and soaked in a certain amount of distilled water for 24
hours. Then each sample was poured into a Clevenger apparatus and hydro distilled for 4 hours.
The essential oils were dehydrated via sodium sulfate and kept in -4°C.

2.2.1. Sample preparation for GC/MS analysis.

The essential oils were diluted via dichloromethane (1:5) and dehydrated by sodium
sulfate. Then 1ul of each sample was injected into GC/MS apparatus.

2.2.2. GC/MS analysis.

Agilent technology (model 7890A), coupled with a mass detector, was used for GC/MS
analysis. HP-5MS capillary column (phenylmethyl siloxane, L x 1.D. 30 m x 0.25 mm, with
0.25-pum thickness) was employed with a carrier gas (Helium) 1 mL/min flow rate. The oven
temperature was adjusted from 60 to 220°C by the heating rate of 5°C/min and then was kept
at 220°C for 10 minutes.

The Mass spectrometer (Agilent technologies 5975C) was selected in the EI model at
70 eV, and the injected temperature was set at 280°C. The mass range was recorded from 30
to 600 m/z. Compound recognition was based on comparing their KI and mass spectra with nl7
and Adams libraries spectra. GC/MS computed each compound percentage area in each
essential oil. Normal alkane (Cq-Ca24) was used to calculate Kovats retention indices [2].

2.3. Oleo-gum resin extraction.

The oleo-gum resin extraction from standard and commercial samples performed by
ultrasound-assisted extraction technique according to the following:
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Approximately 1 g of each sample and ground fruit (via miller) were mixed individually
with 10 ml of dichloromethane and sonicated for 30 seconds at room temperature. The samples
were dried at 30°C for 10 minutes in Petri dishes after filtration. Dried extracts were sealed
tightly and kept at room Temperature for HPTLC analysis. Dried and pre-weighed Petri dishes
of each sample were used to yielded total oleo-gum resin extract.

2.3.1. Sample preparation for HPTLC analysis.

10 mg of each dried dichloromethane sample was diluted via dichloromethane and
shake well. Then 5 and 10 pl of each sample was applied to HPTLC analysis.

2.3.2. HPTLC analysis.

HPTLC analysis was carried out using the CAMAG TLC system coupled with an
automatic developing chamber (ADC2) and ATS 4 (automatic TLC sample 4). ATS4 apparatus
loads samples by nitrogen gas under 5 bar pressure. Silica gel plate 60F254 (10x10 cm, Merck,
Germany) used as stationary phase, and a mobile phase (solvent system) in the ADC2 apparatus
was Toluene: Ethyl acetate (3:1; v/v). Band length was 6 mm, and the application mode was
spray band. Distance from both X and Y-axis was 15 mm, and inter-track space was 11.6 mm.
The drying time was 1 min, and the migration distance was 80 mm, and the mobile phase
volume was 10 ml.

Seven prepared samples (SG, SS, J1, J2, J3, J4, and J5, except SF) were injected on the
HPTLC plate with two loading volumes (5 and 10 pl).

Eventually, ultraviolet lamps (at 254 and 365 nm, visible light) and anisaldehyde-
sulfuric acid reagent were employed to visualizing the chromatographic spots.

2.4. Chemicals.

All chemicals used to carry out this study were purchased as the analytical grade from
Merck (Germany) or Sigma Aldrich (USA). These chemicals are listed as follows: Acetic acid,
Anisaldehyde, Dichloromethane, Ethanol 96%, Ethyl acetate, Methanol, Sodium sulfate, and
Sulfuric acid as well as Toluene.

3. Results and Discussion

3.1. Essential oil and ole-gum resin extraction.

Essential oil and ole-gum resin extraction yield of each sample are presented in table 2
with details.

Table 2. Essential oil and oleo-gum resin extraction yield.

Sample Code Essential oil Oleo-gum resin
Sample Weight (g) Yield (v/iw) % Dried Oleo-gum resin | Yield (w/w) %
extract Weight (g)

SS 15 22.0 0.29 29
SG 15 26.6 0.44 44
SF 25 5.2 0.12 6
J1 15 29.3 0.36 36
J2 25 32.8 0.29 29
J3 24 27.9 0.28 28
J4 25 32.0 0.29 29
J5 25 23.6 0.31 31
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3.2. GC/MS analysis.

Essential oil components were recognized based on GC/MS analysis and Adam’s
reference and respective articles about F. gummosa and other Ferula spp. A list of identified
compounds in each sample is presented in Table 3 [23-41].

Table 3. Essential oil and oleo-gum resin extraction yield.

No Compound Kl SF SG SS J1 J2 J3 J4 J5

1 a-Thujene 928 4.65 1.95 1.38 - 141 0.91 0.39 2.2

2 a-Pinene 937 1271 | 9.45 9.83 8.03 6.44 6.47 13.79 | 6.96

3 Sabinene 976 - - - - - - - -

4 B-Pinene 987 46.6 38.52 45.52 53.99 51.83 | 45.1 35.48 | 32.49

5 B-Myrecene 994 2.9 2.96 3.4 2.78 3.32 2.52 4.89 2.16

6 a-Phellandrene 1008 - - - - - - - 0.69

7 5-3-Carene 1015 12.95 | 11.83 13.35 7.98 5.47 4.68 9.03 5.06

8 a-Terpinene 1021 - - - - - - - 0.93

9 O-Cymene 1027 | 0.94 - 0.58 0.59 2.29 1.07 1.56 1.18

10 Limonene 1031 1.47 3.28 3.71 1.47 - - - -

11 B-Phellandrene 1033 | - - - - 4.16 3.87 4.57 2.29

12 Z-B-Ocimene 1037 | 0.65 0.97 0.77 - - 0.64 1.64 0.71

13 (E)-B-Ocimene 1048 - - - - - - 0.7 0.35

14 y-Terpinene 1060 - - - - - - 0.67 2.06

15 Cis Sabinene hydrate 1070 | - - - - - - - 0.63

16 Terpinolene 1091 - 0.72 0.46 - - - 1.28 1.16

17 Trans-Sabinene Hydrate 1102 - - - - - - - 0.82

18 Trans-Pinocarveol 1142 0.97 - - 14 1 - - -

19 1,3,5- 1175 | - 2.33 1.26 - - 1.25 1.47 0.84
Undecatriene(3E,52)

20 1,3,5-Undecatriene(E,E) 1184 - 0.48 - - - - - -

21 Terpin-4-ol 1184 - - - - - - - 3.26

22 Myrtenol 1200 | 1.09 0.43 - 1.59 1.08 0.52 - -

23 Fenchyl acetate 1223 - 0.64 0.78 - 2.08 1.56 1.81 1.01

24 Thymyl methyl ether 1237 | - - - - 1.05 0.78 0.67 0.4

25 Carvacrol methyl ether 1247 - - - - 4.06 3.23 3.18 1.49

26 Perilla alcohol 1310 | 0.56 - - - - - - -

27 Terpin-4-ol acetate 1341 - - - 0.6 - - - -

28 a-Terpinyl acetate 1353 1.38 0.86 0.77 1.24 1.72 1.48 1.27 0.69

29 (+)-Cycloisosativene 1373 - - - - - 0.46 - -

30 a-Copaene 1381 - - - - 0.65 0.55 - 0.33

31 B-Elemene 1391 - - - - 0.59 0.5 - 0.35

32 B-Cedrene 1420 | 0.76 - - - - - - -

33 2,5-Dimethoxy-para 1426 - - - - 0.68 0.78 0.73 0.55
Cymene

34 (3 -Caryophyllene 1426 0.6 0.51 0.58 - - - - -

35 v-Elemene 1438 - 0.51 - - - - - -

36 a-Caryophyllene 1458 1.15 0.53 0.52 - - - -

37 Muurola-4-(14),5- 1454 | - - - - - - - 2.4
diene<cis>

38 Longifolene V1 1455 - - - - 0.78 0.75 - -

39 v- Selinene 1456 - - - - - - - 0.6

40 (+)-Epi- 1486 | - - - - - - 0.68 -
bicyclosesquiphellandrene

41 Germacrene-D 1485 | 0.78 2.98 1.78 - - 1.89 0.58 6.44

42 y-Muurolene 1481 - - - 0.6 - - - -

43 Valencene 1488 - - - - - - - 0.59

44 a-Selinene 1490 - - 1 - - - - -

45 [ -Selinene 1492 - - - - 0.56 - - -

46 Bicyclogermacrene 1502 | - - - - - - 1.27 -

47 7-Epi-a-Selinene 1504 - - - - - - - 1.86

48 f -Bisabolene 1512 0.97 0.67 0.64 - - - - -

49 y-Cadinene 1520 | 0.94 0.71 0.6 1.26 0.73 0.57 0.48 1.7

50 3-Cadinene 1530 | - 1.22 0.81 - 0.53 0.79 0.63 3

51 Selina-3,7(11)-diene 1554 - - - - - - - 0.48

52 Germacrene-B 1564 191 3.37 2.28 - - - - -
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No Compound Kl SF SG SS Jl J2 J3 J4 J5
53 Germacrene-D-4-ol 1582 - 0.49 - 0.74 - - - -
54 Spathulenol 1584 - - - - - - 0.43 -
55 Guaiol 1604 1.07 2.17 2.28 2.262 2.28 5.89 3.03 241
56 1-Epi Cubenol 1622 - - - 0.68 - - - 0.48
57 v- Eudesmol 1630 - 1.55 - - - - 0.71 -
58 o -Muurolol 1646 - - - - 0.87 - 0.56 -
59 Epi -a-Cadinol 1647 - 0.67 0.48 - - - - -
60 a-Cadinol 1649 - - - - - 0.76 - 2.11
61 B-Eudesmol 1658 | 0.68 2.02 0.9 2.95 - 0.95 0.51 -
62 a-Eudesmol 1660 | 0.64 2.03 1.1 1.75 - - 0.49 -
63 7-Epi -a-Eudesmol 1662 - - - - - - - 0.7
64 a-Bisabolol 1670 - - - - - - - 0.66
65 Bulnesol 1678 | 0.64 4.44 5.22 2.03 2.18 7.26 3.64 3.57
66 Guaiol acetate 1725 | 0.78 - - 0.58 0.56 1.54 0.97 0.74
Known Compounds (%) 97.79 | 98.92 100 92.52 96.32 | 96.77 97.84 | 96.35
Oxygenated 4 1.93 1.55 4.83 1167 | 835 7.66 8.85
Monoterpinoids (%)
Non-oxygenated 82.87 | 70.30 79.00 74.84 7492 | 65.26 74.73 | 58.24
Monoterpene (%)
Oxygenated 441 13.88 10.56 10.99 5.89 16.40 11.61 | 10.67
Sesquiterpene (%)
Non-oxygenated 6.51 9.99 7.63 1.86 3.84 5.51 2.37 17.75
Sesquiterpene (%)

According to table 3, more than 92% of total compounds in all samples were identified.
3.2.1. Major compounds.

The major compounds, which are more than 5%, and their incidence in each sample
have been presented in table 4.

Table 4. List of the major compound and their incidence in both commercial and standard samples.

No | Major Compound >%?5 | SF SG SS Ji J2 J3 J4 J5

1 o-Pinene 12.71 | 945 | 983 | 803 |644 | 6.47 | 13.79 | 6.96
2 B-Pinene 46.6 | 38.52 | 45.52 | 53.99 | 51.83 | 45.1 | 35.48 | 32.49
3 §-3-Carene 1295 | 1183 | 13.35 | 7.98 | 547 | 4.68 | 9.03 | 5.06
4 Germacrene-D 0.78 | 2.98 178 | - - 1.89 | 0.58 6.44
5 Guaiol 107 [ 217 | 228 |262 |228 |589 303 |241
6 Bulnesol 064 | 444 |522 |203 |218 |7.26| 364 | 357

According to table 4, the major constituent in all samples was -Pinene. The second
and third main compounds in standard samples were §-3-Carene and a-Pinene, respectively.

The 3-3-Carene was the second main compound in all commercial samples, except J3.
Bulnesol is the second major compound detected in J3, which can be regarded as one of SS’s
main compounds.

The third major component in J1, J2, and J4 samples were 5-3-Carene. In J3 and J5, the
third major compound was o-Pinene and Germacrene-D, respectively. The Germacrene-D
could not be detected in J1 and J2 and regarded as a major compound in SS and SG and detected
in a negligible amount in SF and J4.

Based on Table 4, all commercial samples seem to be obtained from F. gummosa oleo-
gum resin. Among commercial samples, only J3 seems to be yielded from the plant’s stem,
while others seem to be prepared from the rhizome.
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3.2.2. Monoterpenoids and sesquiterpenoids.

Monoterpenoids and sesquiterpenoids were identified in all samples. The percentage of
oxygenated and non-oxygenated monoterpenoids and sesquiterpenoids have been presented in
table 3.

Monoterpene compounds were detected as the main essential oil portion, and among
them, non-oxygenated monoterpenes were dominant. The SF, J2 also J4 contained most
monoterpene composition, respectively. The SF, SS, and J2 possess the maximum amount of
non-oxygenated monoterpenes.

Sesquiterpenes as other terpenic groups were identified in all samples. The most
significant amount of sesquiterpenes were detected in the SG, J3, and J5, respectively.
Although oxygenated sesquiterpenes were the main sesquiterpenes in all samples except SF
and J5, non-oxygenated sesquiterpenes were the foremost in SF and J5. The maximum quantity
of oxygenated sesquiterpenes detected in J3, SS, and J4, and the maximum amount of non-
oxygenated sesquiterpenes was detected in J5, SG, and SF, respectively.

3.2.3. Hydrocarbon compounds.

The 1, 3, 5-Umdecatriene (3E, 5Z) as the hydrocarbon compound was detected in the SG
(2.33%), SS (1.26%), J3 (1.25%), J4 (1.47%) and in J5 (0.84%). Furthermore 1, 3, 5,-
Undecatriene (E, E) was identified in SG (0.48%). According to table 3, the hydrocarbon
compounds could not be detected in SF, J1, and J2.

3.3. HPTLC analysis

Figures 1 to 3 are related to the HPTLC plate at 254 nm, 366 nm, and visible light,
respectively.

Figure 1. High-Performance Thin Layer Chromatography (HPTLC) profile of oleo-gum resin dichloromethane
samples, derivatized in UV light before application of anise aldehyde reagent (254 nm).
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SG(Sul) SG(10pl) SS(5ul) SS(10pD) JIGSuD) JI(I0W) J2(5uD) J2(10u) J3Gu)  J3(10uD) J4GuD)  JA(I0u1) JS(5u)  JS(10ul)

Figure 2. High-Performance Thin Layer Chromatography (HPTLC) profile of oleo-gum resin dichloromethane
sample, derivatized in UV light before application of anise aldehyde reagent (366 nm).

LB B B BB BEE B B - -

SG(5ul) SG(10ul) SS(Gul) SS(10ul) JI1(uD  JIQA0W) 120GuD) J2(10u) J3(ul) I3(10pD) J4(Sul)  JHIO0uD) JF5(5uD)  I5(10uD)

Figure 3. High-Performance Thin Layer Chromatography (HPTLC) profile of samples oleo-gum resin
dichloromethane sample, derivatized in visible light after application of anise aldehyde reagent.

Based on the above figures all of the major resin constituents of samples appeared in
colorful and wide bands in Rf = 0.20, Rf = 0.32, R = 0.53 and R¢ = 0.56. According to the
different colors of the J1 and standard samples from another commercial sample in Rs = 0.32,
the compound might not be the same in SS, SG, and J1 with J2-J5.

Based on the similar components patterns of commercial samples to HPTLC analysis
standards, commercial samples were yielded from F. gummosa. The oleo-gum resin source
could not be clarifying via the HPTLC method since the oleo-gum resin stem and rhizome have
the same composition pattern.

4. Conclusions

F. gummosa as an important endemic plant of Iran, possesses various industrial and
medical indications. Hence, designed the quality control processes are necessary for developing
its usage in medicine and industry. This study has been conducted on plant sample
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identification based on their major compounds via GC/MS and HPTLC methods. In the current
study, oleo-gum resin yielded from the stem and rhizome of standard F. gummosa was
compared to five oleo-gum resin samples from Iran commercial market. All these samples were
obtained from different areas of Iran. The standard and commercial oleo-gum resins and
essential oils were yielded and compared. In addition to the essential oil analysis, the
dichloromethane extracts of standard and commercial oleo-gum resin were analyzed through
the HPTLC method. Their constituent patterns were compared.

The B-Pinene was the major compound in all standard and commercial samples in our
studies. Based on this, we can declare that all commercial oleo-gum resin was obtained from
F. gummosa, and B-Pinene can be introduced as the main compound for quality control of F.
gummosa oleo-gum resin.

Although the a-Pinene, B-Pinene and, 6-3-Carene were the major compounds in all
standard and commercial samples, the 3-3-Carene was not found in J3. Also, Bulnesol was one
of the major compounds in J3 and SS was the negligible amount in other samples. Then, all
commercial samples, except J3, seem to be obtained from the rhizome and, J3 was prepared
from the stem.

Based on the results, GC/MS and HPTLC methods can be introduced as acceptable
quality controls for sample identification and recognition of plant parts used for oleo-resin
extraction through the percentage of the important compounds. Secondary metabolites can be
targeted for developing other quality control studies in the future.
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