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1. Introduction
Orchidaceae is among the richest plant families, with more than 25,000 species worldwide. Serapias L. is a genus of the 
Orchidaceae family which occurs from the eastern–central and eastern Mediterranean to the western Transcaucasusand 
is represented by 30 common taxa [1–3].  There are 23 species of Orchidaceae and 30 of the 170 endemic taxa growing in 
Turkey [2,3]. Some of the Orchidaceae species have been used as herbal medicines to treat headaches, dizziness, tetanus, 
and epilepsy. Some orchid species have been shown to exert sedative, anticonvulsive, and antiepileptic effects, as listed 
in the oldest Chinese materia medica [4,5]. In recent years, the neuroprotective functions of some Orchidaceae species 
are one of their traditional uses [6]. It is also used in perfumes, cosmetics, and aromatherapy. The orchids used in sahlep 
production are usually adapted to terrestrial and mild climate regions. Sahlep is generally used as a traditional beverage or 
food additive. Its use is very common as a hot drink in Turkey, the Middle East, and Balkan countries during the wintertime 
[7,8]. Sahlep consumed as a drink is prepared by adding milk to sahlep powder and sugar [9]. Sahlep is also used as a 
stabilizer to produce Kahramanmaraş-type ice cream in Turkey [10]. In the literature, the protein contents of orchids are 
mentioned to be in the range of 3.11%–4.95% [11]; thus, it is considered as a valuable food source. It has been reported 
that, depending on the species used, sahlep contains 17.7%–54.6% of glucomannan, 5.44%–38.7% of starch, and 0.5%–1% 
of nitrogenous substances based on dry material; the proportion of glucomannan was found to be higher than that of the 
starch of other orchid species.Glucomannans are carbohydrate polymers consisting of 1,4-β-D-mannose and 1,4-β-D-
glucose units [12].Glucomannan is soluble fiber which delays gastric emptying time and provides a feeling of fullness, 
thus playing a role in appetite control. It is used as a natural laxative as it can increase stool volume without damaging the 
colonic microecology [13,14]. Studies show that it regulates intestinal microbiota and reduces the risk of colorectal cancer 
[14,15]. In addition, it ensures the removal of bile acids by feces. This situation can be evaluated as cholesterol excretion. 
Studies support the claim that glucomannan lowers blood cholesterol level [16]. Clinical trials of glucomannans used 3 
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g/day [17]. It is known that supplementary food products containing glucomannan can help control weight and fight the 
urge to overeat. Thus, Serapias orchids could be used as a healthy food supplement.

In the literature, there has been limited work related to the volatile constituents (EO, SPME, and n-hexane extract) 
of some Serapias species (Serapias vomeracea (Burm. F.) B.; Serapias vomeracea subsp. longipetala (Ten.) H. Baumann 
& Künkele; Serapias cordigeraL. subsp. cordigera; Serapias cordigera subsp. lucana R. Lorenz & V.A. Romano; Serapias 
parviflora Parl.; Serapias lingua L.; Serapias lingua L.) [18–20]. The essential oil of S. vomeracea has been  shown to have 
dose-dependent antioxidant effects through DPPH assay [18]. Some orchid species are known to exhibit antimicrobial 
and antioxidant biological activity [18,21]. However, to the best of our knowledge from the literature survey, no data 
about chemical compositions and biological activities of S.orientalis subsp. orientalis (Greuter) H.Baumann & Künkele 
have been reported to date. The subject of this study is to investigate the effect of different extraction methods. Therefore, 
in this paper, we report various volatile constituents of EO, SPME, and SPMEs of n-hexane, methanol, and water extracts 
analyzed with GC-FID/MS.Antimicrobial activities of the extracts (n-hexane, methanol, and water) and EO against 9 
microorganisms are evaluated. In addition, porcine pancreatic lipase (PPL) enzyme activity of EO and solvent extracts was 
investigated. The results of antimicrobial and porcine pancreatic lipase activities of EO and the solvent extracts (n-hexane, 
methanol, and water) may be useful in foods, pharmaceuticals, and other industries.

2. Materials and methods
2.1. Plant materials
S. orientalis subsp. orientalis (245 g, wet) was harvested from the Karadeniz Technical University Campus (Ortahisar, 
Trabzon, Turkey) at an elevation of 130 m a.s.l. in May 2018. The plant was authenticated by Prof. Salih Terzioğlu [1–3]. A 
voucher specimen was deposited in the Herbarium of the Faculty of Forestry, KATO (KATO: 19322), Karadeniz Technical 
University, Trabzon, Turkey. 
2.2. Chemicals and reagents
Analytical-grade solvents (n-hexane, methanol, andacetonitrile), p-nitrophenyl butyrate (p-NPB), Tris-HCl, and enzyme 
(crude porcine PL type II) were purchased from Sigma-Aldrich Corp. (St. Louis, MO, USA) and used without purification. 
2.3. Hydrodistillation (HD) procedure for the isolation of EO
The fresh aerial part of Soo (115 g) was ground into small pieces and subjected to hydrodistillation (HD) using a modified 
Clevenger-type apparatus with a cooling bath (–15 °C) system (3h) [yield (w/w): 0.09%]. The obtained oil was extracted 
with n-hexane (0.5 mL), dried over anhydrous Na2SO4, and kept in sterilized dark glass bottles in the refrigerator at 4 °C  
prior to analysis.
2.4. Solvent extractions
The fresh plant (120 g) was ground into small pieces using a plant mill. Blended material was weighed (40 g each sample) 
into 3 different flasks (100 mL) and extracted 3 times with analytical-grade n-hexane, methanol, and water solvents (25 
mL × 3; 12 h each). After the suction filtration, the same extracts were combined and evaporated at 40 °C to produce crude 
n-hexane (0.0445 g) and methanol (0.7356 g) extracts. The water extract was lyophilized to produce crude water extract 
(0.2470 g).
2.5. Gas chromatography-mass spectrometry (GC-FID/MS)
EO analysis was carried out using a Shimadzu QP2010 ultra GC-FID/MS, Shimadzu 2010 plus FID fitted with a PAL 
AOC-5000 plus auto sampler, and Shimadzu Class-5000 Chromatography Workstation software (Shimadzu Corp., Kyoto, 
Japan). The separation was analyzed by means of a Restek Rxi-5MS capillary column (30 mm × 0.25 mm × 0.25 μm) 
(Restek Corp., Bellefonte, PA, USA). The essential oil injections to GC-FID/MS wereperformed in split mode (1:30) at 230 
°C. The essential oil solution (1 μL) in n-hexane (HPLC grade) was injected and analyzed with the column held initially at 
60 °C for 2 min and then increased to 240 °C with a 3 °C/min heating ramp. The oven program was as follows: the initial 
temperature was 60 °C for 2 min, which was increased to 240 °C for3 min; the final temperature of 250 °C was held for 
4 min. Helium (99.999%) was used as the carrier gas, with a constant flowrate of 1 mL/min. Detection was implemented 
in electronic impact mode (EI); ionization voltage was fixed at 70 eV and scan mode (40–450 m/z) was used for mass 
acquisition. Each sample was analyzed and the mean of each reported.
2.6. Solid phase microextraction (SPME) 
The blended fresh plant (2 g), n-hexane (0.0241 g), methanol (0.3802), and water extracts (0.1450) of Soo were placed into 
a sealed SPME vial (10 mL) with a silicone-rubber septum cap, then submitted to a solid-phase microextraction device 
(Supelco Inc., Bellefonte, PA, USA). A DVB/Carboxen/PDMS coating fiber was used to obtain volatile components. The 
SPME fibers were conditioned for 5 min at 250 °C in the GC injector. Extraction was achieved with magnetic stirring at 
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80 °C using an incubation time of 5 min and an extraction time of 10 min. Fibers with extracts of volatile compounds 
were subsequently injected into the GC injector. GC–FID/MS analysis was performed using a Shimadzu QP2010 Ultra 
mass selective detector attached to the 2010 Plus chromatograph. The carrier gas used was helium, at a flow rate of 1 mL/
min. The injection was performed in split mode (1:30) at 230 °C. Samples were analyzed and the results recorded. The 
temperature, incubation, and extraction times were set according to the reported experiment [22].
2.7. Identification of volatile constituents 
Retention indices of the volatile components of Soo were determined by the Kovats method using n-alkanes (C6–C32) as 
standards [23–27].Volatile compounds were identified by comparison with literature RI [28–36]and MS, compared to 
existing analytical standards, and by matching mass spectral libraries (NIST, Wiley7NL, FFNSC1.2, and W9N11).
2.8. Antimicrobial activity assessment (agar-well diffusion method)
All test microorganisms were obtained from the Hıfzıssıhha Institute of Refik Saydam (Ankara, Turkey) and were as follows: 
Escherichia coli ATCC35218, Yersinia  pseudotuberculosis ATCC911, Pseudomonas aeruginosa ATCC43288, Enterococcus  
faecalis ATCC29212, Staphylococcus aureusATCC25923,  Bacillus cereus 709 Roma, Mycobacterium smegmatis ATCC607, 
Candida albicans ATCC60193, and Saccharomyces cerevisiae RSKK 251. The antimicrobial screening test using the agar-
well diffusion method as adapted was used earlier [37,38].  Each microorganism was suspended in brain heart infusion 
(BHI) broth (Difco Laboratories Inc., Detroit, MI, USA) and diluted to approximately 106 colony forming units (cfu) per 
mL. They were flood-inoculated onto the surface of BHI agar and Sabouraud dextrose agar (SDA) (Difco Laboratories 
Inc.), and then dried. For C. albicans, SDA was used. Five-millimeter–diameter wells were cut from the agar using a sterile 
cork-borer, and 50μL of the extract substances was delivered into the wells. The plates were incubated for 18 h at 35 °C. 
Antimicrobial activity was evaluated by measuring the zone of inhibition against the test organism. Extract stock solutions 
were prepared at different concentrations (10,000–155,400 μg/mL) according to the amount of material obtained. A 1/10 
dilution of each solvent was used as a control.
2.9. Minimal inhibition concentration (MIC) assay
The antimicrobial properties of EO, n-hexane, methanol, and water extracts of Soo were investigated quantitatively in 
respective broth media by using double microdilution; the minimal inhibition concentration (MIC) values (μg/mL) were 
examined [37,38] and used in our previous work [25,26]. The antibacterial and antifungal assays were carried out in 
Mueller–Hinton broth (MH) (Difco Laboratories Inc.) at pH. 7.3 and buffered yeast nitrogen base (Difco Laboratories 
Inc.) at pH 7.0, respectively. The microdilution test plates were incubated for 18 h at 35 °C. Brain heart infusion broth 
(BHI) (Difco Laboratories Inc.) was used for M. smegmatis, and incubated for 48–72 h at 35 °C. The MIC was defined as 
the lowest concentration that showed no growth. Ampicillin (10 mg/mL), streptomycin (10 mg/mL), and fluconazole (2 
mg/mL) were used as standard antibacterial and antifungal drugs, respectively. The 1/10 dilution of each solvent was used 
as a control.
2.10. Lipase inhibitory effect assay
EO, n-hexane, methanol, and water extracts of the Soo species studied were evaluated for lipase (PPL) inhibitory assay by 
the modified method, using p-nitrophenyl butyrate (p-NPB) as the substrate [39–41]. First, all fractions were dissolved 
with buffer solution (0.1 M Tris-HCl buffer, pH = 8.0) in 25, 50, 100, and 200 µg/mL concentrations. Orlistat, used as a 
positive control, was prepared in 6.25, 12.5, 25, 50, and 100 µg/mL concentrations. The test procedure was designed as I, 
II, III, and IV wells, described as follows: I, 90 enzyme solution (crude porcine PL type II, 200 units/mL), 5 µL substrate 
solution (10 mM p-NPB in acetonitrile), 5 µL buffer solution (0.1 M Tris-HCl buffer, pH = 8.0); II, 90 µL enzyme solution, 
10 µL buffer solution; III, 90 µL enzyme, 5 µL sample solution, 5 µL substrate solution; IV, 90 µL enzyme solution, 5 µL 
sample solution, 5 µL buffer solution. The plates were incubated at 37 °C for 15 min. Following incubation, substrate 
solution (10 mMp-NPB in acetonitrile) was added to each well. The plates were incubated at 37°C for 15 min, and the 
absorbance of the reaction mixture was determined spectrophotometrically at 405 nm in a 96-well microplate using a 
spectrophotometer (SPECTROstar Nano, BMG LABTECH Inc., Cary, NC, USA). Each sample was tested in triplicate. The 
percentage of PPL inhibitory effect was calculated using the following equation:

PPL inhibition (%) = [[(I– II)– (III–IV)]/(I–II)]×100.
Afterwards, the half maximal inhibitory concentration (IC50) values for PPL were calculated graphically.

3. Results and discussion
3.1. Analysis of bioactive compounds
The VOCs in EO, SPME, and SPME of extracts (n-hexane, methanol, and water) of fresh Soo were investigated by GC-FID/
MS analysis. The chemical names of the identified volatile constituents of Soo, together with their retention indices and 
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percentages, are given in Table 1, where the compounds have been listed in the order of elution on the Restek Rxi-5MS 
column used [42]. Volatile compounds were identified by comparison of the registered mass spectrum libraries (NIST, 
Wiley7NL, FFNSC1.2, and W9N11), and by using the Kovats index [23–36].

GC-FID/MS analysis for the EO of Soo gave 11 natural compounds totaling 99.97%. EO of Soo was characterized by a 
high percentage of aldehydes (88.6%), with capronaldehyde (37.01%), 2(E)-hexenal (23.19%) pelargonaldehyde (19.05%), 
and decane (9.03%) as the major constituents. The terpene-type compound was not detected in the essential oil ofthe 
Soo. The composition of EO of Soo differed from that of EO of the other Serapias species. The main represented volatile 
compounds were reported to be saturated hydrocarbons (53.29%) in EO of S. vomeracea and pentacosane (17.59%); 
n-tricosane (14.21%), n-heneicosane (5.68%), and n-heptacosane (4.99%) were the most abundant compounds from the 
Italian orchid [18].

SPME GC-FID/MS analysis for the fresh plant and solvent extract (n-hexane, methanol, and water) of Soo revealed 7, 
12, 7, and 4 natural compounds totaling 99.7%–99.9%. Limonene (76.6%, 41.8%, and 61.6%) was found to be the major 
compound in the SPME of the fresh plant and the SPMEs of the n-hexane and methanol extracts of Soo, respectively. 
SPME of the water extract revealed α-methoxy-p-cresol (52.9%) as the main component. Limonene is widely used as a 
flavor and fragrance additive in perfumes, beverages, and cleaning products [43]. Considering its medicinal potential and 
cosmetic uses, it is important that Soo might be a good source for limonene. Monoterpenes (76.6% and 61.3%) werethe 
major constituent in the SPME of the fresh plant and the SPME of methanol extract. Aldehydes and aromatic compounds 
accounting for 57.4% and 52.9% of the SPMEs of n-hexane and water extracts respectively were the most abundant 
constituents (Table 1). Major constituents were found to be limonene (76.5%, 41.7%, 61.3%), pelargonaldehyde (7.0%, 
21.5%, and 12.3%), undecanal (3.2%, 15.1%, and 4.2%), and heptanal (10.4% and 7.9%) in the SPMEs of n-hexane and 
methanol extracts, respectively. α-methoxy-p-cresol (52.9%) and limonene (45.3%) were the most abundant constituents 
of the SPME of the water extract.

In the literature, the relevant components of Serapias species were listed as α-amorphene (28.85%), ethyl oleate 
(15.33%), heneicosane (4.14%), heptadecane (3.96%), 2-heptadecanone (3.42%), and ethyl elaidate (3.39%) in S. cordigera 
[19]; α-amorphene (38.06%), pentadecane (11.13%), propyl undecanoate (5.15%), heptadecane (4.55%), ethyl elaidate and 
oleate (3.47% and 2.66%, respectively), ethyl stearate (3.33%), and 8-heptadecene (3.02%) in S. cordigera subsp. Lucana 
[19]; pentadecane (25.43%), 5-nonadecene (14.48%), 1-nonadecene (5.16%), 3-heptadecene (4.33%), benzyl benzoate 
(4.18%), 2-undecanone (3.31%), and octadecane (3.24%) in S. vomeracea [19]; heptadecane (11.70%), 3-heptadecene 
(8.73%), isopropyl myristate (7.80%), pentadecane (7.41%), nonadecane (6.38%), isopropyl palmitate (4.86%), octadecane 
(4.49%), and benzyl benzoate (3.80%) in S. lingua[19]; pentadecene (7.05%), hexadecane (3.96%), heptadecane (6.38%), 
nonadecane (4.28%), and ethyl elaidate (4.31%) in S. parviflora [19]. In that reported work, most of the volatile constituents 
were mentioned to be alkanes and alkene-type compounds. In another work, GC-MS analysis of n-hexane extract of 
Serapias species (S. lingua, S. parviflora, S. cordigera, and S. vomeracea) revealed C20–C29 alkanes and alkenes [20]. In our 
study, n-decane was the only hydrocarbon found in the EO of S. orientalis subsp. orientalis. However, aldehydes (88.6%) 
in the EO and limonene (76.5%, 41.7%, 61.3%, and 45.3%) and α-methoxy-p-cresol (52.9%) respectively in the SPMEand 
SPMEs of n-hexane, methanol, and water extracts of fresh Soo were the major constituents differing from other Serapias 
species in previous work. Comparison of the present results with the literature suggests that limonene and α-methoxy-
p-cresol might be used as taxonomical markers for the future classification of S. orientalis. The variations in the VOCs in 
Serapias species may be due to environmental, storage, and analysis conditions. The dominant compounds of the SPME 
and SPMEs of extracts of Soo showed similarities, since all of them are from the same plant. However, they also had several 
uncommon compounds due to the differences in the extracts.
3.2. Antimicrobial and lipase enzyme activities
Antimicrobial activity of EO and solvent extracts (n-hexane, methanol, and water) obtained from Soo were screened 
by using the agar well diffusion method with the microorganisms seen in Table 2. In general, EO and n-hexane extract 
showed moderate antimicrobial activities with inhibition zones of 8/12 mm, 9/12 mm, and 20/8 mm against S. aureus, 
B. cereus, and M. smegmatis, respectively. Water extract gave better activity against E. faecalis, S. aureus, and B. cereus 
with 15-, 20-, and 10-mm inhibition zones, respectively. Methanol extract showed moderate antimicrobial activity against 
all tested microorganisms except for C. albicans and S. cerevisiae. The results indicate that antimicrobial activity of EO, 
n-hexane, and water extracts are more susceptible to gram-positive bacteria. The MIC of the methanol extract of S. 
orientalis subsp. orientalis was within the range of 121.4–3885.0 µg/mL against E. coli, Y. pseudotuberculosis, P.aeruginosa, 
E. faecalis, S. aureus, B. cereus, and M. smegmatis. EO and solvent extracts which contain limonene, α-methoxy-p-cresol, 
and aldehydes as major components of the samples have been reported to have antibacterial properties [43–46]. Therefore, 
the bactericidal activity of the EO and solvent extracts obtained from Soo may be mainly related to these compounds. 
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Other compounds which were also present in the samples, including capronaldehyde, 2(E)-heptenal, octanal, heptanoic 
acid, pelargonaldehyde, caprylic acid, decanal, methyl nonanoate, undecanal, dodecanal, tridecanal, hexadecanal, palmitic 
acid, octadecanal, and ethyl oleate,  have been reported to have antibacterial properties, and may also collectively have a 
remarkable contribution to the bactericidal activities of the EO and solvent extracts. Recently, a series of aliphatic aldehydes 
from olive has been shown to exhibit noticeable activity against several microfungal and bacterial strains [45,46].The 
antibacterial activity investigation showed variations which may be due to factors such as composition and concentration 
of the EO and solvent extracts. However, the investigated methanol extract of this plant with its major compound of 
α-methoxy-p-cresol (52.9%) and limonene (45.9%) showed the highest antibacterial activity against S. aureus, with 121.4 
µg/mL MIC value [38].The greatest lipase enzyme inhibitions [39–41] were obtained for EO and n-hexane extract of Soo 
with IC50 values of 59.87 µg/mL and 64.03 µg/mL, respectively (Figure).

Table 1. Identified VOCs from the aerial parts of fresh S. orientalis subsp. orientalis growing in Turkey.

Compounds RIa RIb Lit.
Percentage peak areac

EO SPME A1 A2 A3

Mehylbenzene 787 792 35 1.48 - - - -
Capronaldehyde 801 804 28 37.01 2.1 3.0 10.3 -
2(E)-hexenal 861 860 33 23.19 - - - -
Heptanal 906 906 28 2.21 10.4 7.9 - 0.6
2(E)-heptenal 959 957 32 - - - 2.1 -
Myrcene 998 995 28 - 0.1 0.4 - 1.1
Octanal 998 999 28 - - 3.6 - -
Decane 1000 1001 28 9.03 - - - -
Limonene 1031 1030 28 - 76.5 41.7 61.3 45.3
Heptanoic acid 1078 1076 36 - - 0.3 - -
Pelargonaldehyde 1100 1102 28 19.05 7.0 21.5 12.3 -
Caprylic acid 1167 1164 28 - - 0.1 - -
Decanal 1201 1201 28 - - 5.2 7.5 -
Methyl nonanoate 1227 1219 31 - 0.6 - - -
α-methoxy-p-cresol 1306 1298 34 - - - - 52.9
Undecanal 1305 1303 28 2.85 3.2 15.1 4.2 -
Dodecanal 1408 1403 28 - - 0.7 - -
Tridecanal 1509 1503 28 - - 0.4 2.0 -
Hexadecanal 1817 1811 29 3.88 - - - -
Palmitic acid 1959 1954 28 0.50 - - - -
Octadecanal 2021 2014 30 0.40 - - - -
Ethyl oleate 2168 2165 31 0.37 - - - -
Chemical class  Total % and number of compounds
Monoterpene - 76.6:2 42.1:2 61.3:1 46.4:2
Aldehyde 88.6:7 22.7:4 57.4:8 38.4:6 0.6:1
Aliphatic 9.0:1 - - - -
Aromatic 1.4:1 - - - 52.9:1
Acid 0.5:1 - 0.4:2 - -
Ester 0.4:1 0.6:1 - -
Total 99.9:11 99.9:7 99.9:12 99.7:7 99.9:4

aLiterature RI; bRI calculated from retention times relative to that of n-alkane (C6-C32) series; cPercentage peak area obtained 
by FID peak-area normalization; EO: Essential oil;  Hydrodistillation by Clevenger method of S. orientalis subsp. orientalis 
; SPME: SPME of S. orientalis subsp. orientalis; A1: SPME of hexane extract; A2: SPME of methanol extract; A3: SPME of 
water extract.
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4. Conclusion
VOC composition of Soo has been analyzed, and their antimicrobial and lipase enzyme activities investigated for the first 
time. Limonene was the major compound of allextracts  (SPME, SPMEs of EO, n-hexane, and methanol extracts) obtained 
from fresh Soo within the range of 41.7% to 76.5%, respectively. However, α-methoxy-p-cresol (52.9%) was found to be 
a major component only in the SPME of the methanol extract of the plant. This clearly showed that various extraction 
methods used in this work resulted in the identification of different components as in the literature. n-Hexanal was the 
major compound obtained in EO of fresh Soo. Aldehydes were found to be the major class of components (88.6%) in the 
EO. The amount of limonene and α-methoxy-p-cresol is so high that Soo could be a source for the production of these 
compounds. In general, the greatest activity of EO was against M. smegmatis with 79.5 µg/mL MIC value.  According 
to the agar diffusion method, the most antimicrobial activity was observed against Gram-positive and Gram-negative 
bacteria in methanol extract, which had better antimicrobial activity againstP. Aeruginosa and S. aureus with 19-mm and 

Table 2. Screening for the antimicrobial activity of EO and the solvent extracts of S. orientalis subsp. orientalis

Extracts Stock sol. 
(µg/mL)

Microorganisms, inhibition zone (mm) and minimal inhibition concentration (MIC, μg/mL)

Ec Yp Pa Ef Sa Bc Ms Ca Sc

EO 23000
mm - - - - 8 9 20 - -
MIC - - - - 1150 1150 79.5 - -

Hexane 10000
mm - - - - 12 12 8 - -
MIC - - - - 125 125 250 - -

Methanol 155400
mm 11 8 19 6 21 6 8 - -
MIC 971.3 1942 489.6 3885 121.4 3885 3885 - -

Water 52000
mm - - - 15 20 10 - - -
MIC - - - 162.5 81.25 650 - - -

Amp. 10
mm 10 10 18 10 35 15 - - -
MIC 10 18 128 35 10 15

Strep. 10
mm 35
MIC 4

Flu 5
mm 25 25
MIC 8 8

Ec: Escherichia coli, Yp: Yersinia pseudotuberculosis, Pa: Pseudomonas aeruginosa, Sa: Staphylococcus aureus, Ef: Enterococcus faecalis,  Bc: 
Bacillus cereus 702 Roma, Ms: Mycobacterium smegmatis, Ca: Candida albicans, Sc: Saccharomyces cerevisiae, Amp.: Ampicillin,   Strep.: 
Streptomycin, Flu.: Fluconazole, (-): no activity. 

Figure. Porcine pancreatic lipase inhibitory effect assay of EO and the solvent 
extracts of S. orientalis subsp. orientalis.
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21-mm inhibition zones, respectively. The MIC values were found to be 489.6 µg/mL and 121.4 µg/mL, respectively. The 
EO of the Soo was found to be most effective against the lipase enzyme (59.87 µg/mL, IC50). Therefore, the overall results 
of antimicrobial and lipase enzyme activities suggest that EO and solvent extracts of Soo may be promising prospects for 
pharmaceutical, food, and other industrial applications. In further study, activity guided isolation and purification could 
be carried out on Soo.

Acknowledgments
The authors are thankful to Professor Salih Terzioğlu (Karadeniz Technical University, Faculty of Forestry, and Department 
of Botany) for help in the authentication of the species. We also thank Karadeniz Technical University for its financial 
support.

References

1. Davis P, Mill R, Tan K. Flora of Turkey and the East Aegean Islands, (suppl. 1). Edinburgh, Scotland: Edinburgh University Press, 1988, 
pp. 184-185.

2. Caliskan O, Kurt D, Korkmaz H. Studies on Samsun sahlep orchid varieties. Journal of Medicinal Plants 2018; 6 (6): 171-174. 

3. Kreutz CAJ. Orchids of Turkey, Botanical Properties, Ecological Requirements, Natural Spreading Sites, Vital Threats, Precautions for 
Protection (Trans. & Cont.: A. Colak). City, Country: Rota Publications, 2009.

4. Ramya M, Jang S, An H-R, Lee S-Y, Park P-M et al. Volatile organic compounds from orchids: From synthesis and function to gene 
regulation. International Journal of Molecular Sciences 2020; 21 (3): 1160.

5. Wu H, Xie L, Jin X, Ge Q, Jin H et al. The effect of vanillin on the fully amygdala-kindled seizures in the rat. Yao xuexuebao= Acta 
Pharmaceutica Sinica 1989; 24 (7): 482-486 (in Chinese). 

6. Tsai C-F, Huang C-L, Lin Y-L, Lee Y-C, Yang Y-C et al. The neuroprotective effects of an extract of Gastrodia elata. Journal of 
Ethnopharmacology 2011; 138 (1): 119-125. 

7. Pellegrino G, Bellusci F, Palermo AM. Functional differentiation in pollination processes among floral traits in Serapias species 
(Orchidaceae). Ecology and Evolution 2017; 7 (18): 7171-7177. 

8. Baytop T. Treatment with plants in Turkey in the past and today. Ankara, Turkey: Nobel Medical Bookstores, 1999.

9. Ece Tamer C, Karaman B, Utku Copur O. A traditional Turkish beverage: salep. Food Reviews International 2006; 22 (1): 43-50. 

10. Baytop T, Sezik E. Research on Turkish sahlep types. Journal of the Faculty of Pharmacology 1968; 4: 61-68. 

11. Tekinşen KK, Güner A. Chemical composition and physicochemical properties of tuberasalep produced from some Orchidaceae species. 
Food Chemistry 2010; 121 (2): 468-471.

12. Stephen AM. Other plant polysaccharides. In: The Polysaccharides. Amsterdam, Netherlands: Elsevier, 1983, pp. 97-193.

13. Onakpoya I, Posadzki P, Ernst E. The efficacy of glucomannan supplementation in overweight and obesity: a systematic review and meta-
analysis of randomized clinical trials. Journal of the American College of Nutrition 2014; 33 (1): 70-78. 

14. Korolenko TA, Bgatova NP, Vetvicka V. Glucan and mannan-two peas in a pod. International Journal of Molecular Sciences 2019; 20 (13): 
3189. 

15. Paturi G, Butts CA, Stoklosinski H, Herath TD, Monro JA. Short‐term feeding of fermentable dietary fibres influences the gut microbiota 
composition and metabolic activity in rats. International Journal of Food Science & Technology 2017; 52 (12): 2572-2581. 

16. Behera SS, Ray RC. Konjac glucomannan, a promising polysaccharide of Amorphophallus konjac K. Koch in health care. International 
Journal of Biological Macromolecules 2016; 92: 942-956. 

17. Keithley JK, Swanson B. Glucomannan and obesity: a critical review. Alternative Therapies in Health and Medicine 2005; 11 (6): 30-35. 

18. Robustelli della Cuna FS, Calevo J, Bari E, Giovannini A, Boselli C et al. Characterization and antioxidant activity of essential oil of four 
sympatric orchid species. Molecules 2019; 24 (21): 3878.

19. D’Auria M, Lorenz R, Mecca M, Racioppi R, Romano VA. The composition of the aroma of Serapias orchids in Basilicata (Southern Italy). 
Natural Product Research 2020: 1-5.

20. Pellegrino G, Luca A, Bellusci F, Musacchio A. Comparative analysis of floral scents in four sympatric species of Serapias L. (Orchidaceae): 
clues on their pollination strategies. Plant Systematics and Evolution 2012; 298 (10): 1837-1843.

21. Bungtongdee N, Sopalun K, Laosripaiboon W, Iamtham S. The chemical composition, antifungal, antioxidant and antimutagenicity 
properties of bioactive compounds from fungal endophytes associated with Thai orchids. Journal of Phytopathology 2019; 167 (1): 56-64.  

https://scifinder.cas.org/scifinder/references/answers/E8DFD7A9X86F35092X5D74D112632E607890:E8E0CAC3X86F35092X1983C55F4C1D704489/13.html?nav=eNpb85aBtYSBMbGEQcXVwtXA2dHZOMLCzM3Y1MDSKMLQ0sLY2dTUzcTZ0MXcwMTEwhKoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYEdaGBGCYO0Y2iIh39QvKdfmKtfCJDh5x_vHuQfGuDp517CwJmZW5BfVAI0obiQoY6BGaiPASianVsQlFqIIgoAQdo7Vg&key=caplus_2018:2547184&title=VGhlIGNoZW1pY2FsIGNvbXBvc2l0aW9uLCBhbnRpZnVuZ2FsLCBhbnRpb3hpZGFudCBhbmQgYW50aW11dGFnZW5pY2l0eSBwcm9wZXJ0aWVzIG9mIGJpb2FjdGl2ZSBjb21wb3VuZHMgZnJvbSBmdW5nYWwgZW5kb3BoeXRlcyBhc3NvY2lhdGVkIHdpdGggVGhhaSBvcmNoaWRz&launchSrc=reflist&pageNum=1&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING
https://scifinder.cas.org/scifinder/references/answers/E8DFD7A9X86F35092X5D74D112632E607890:E8E0CAC3X86F35092X1983C55F4C1D704489/13.html?nav=eNpb85aBtYSBMbGEQcXVwtXA2dHZOMLCzM3Y1MDSKMLQ0sLY2dTUzcTZ0MXcwMTEwhKoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYEdaGBGCYO0Y2iIh39QvKdfmKtfCJDh5x_vHuQfGuDp517CwJmZW5BfVAI0obiQoY6BGaiPASianVsQlFqIIgoAQdo7Vg&key=caplus_2018:2547184&title=VGhlIGNoZW1pY2FsIGNvbXBvc2l0aW9uLCBhbnRpZnVuZ2FsLCBhbnRpb3hpZGFudCBhbmQgYW50aW11dGFnZW5pY2l0eSBwcm9wZXJ0aWVzIG9mIGJpb2FjdGl2ZSBjb21wb3VuZHMgZnJvbSBmdW5nYWwgZW5kb3BoeXRlcyBhc3NvY2lhdGVkIHdpdGggVGhhaSBvcmNoaWRz&launchSrc=reflist&pageNum=1&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING


ERİK et al. / Turk J Chem

1662

22. Renda G, Kalaycı Y, Korkmaz B, Karaoglu SA, Yaylı N. Chemical composition and antimicrobial activity of the essential oils of five 
Scrophularia L. species from Turkey. Records of Natural Products 2017; 11 (6): 521-531.

23. Sparkman OD. Identification of essential oil components by gas chromatography/quadrupole mass spectroscopy Robert P. Adams. Journal 
of the American Society for Mass Spectrometry 2005; 16 (11): 1902-1903. 

24. Andriamaharavo N. Retention Data.  Gaithersburg, MD, USA: NIST Mass Spectrometry Data Center, 2014. 

25. Yaylı N, Güleç C, Üçüncü O, Yaşar A, Ülker S et al. Composition and antimicrobial activities of volatile components of Minuartia meyeri. 
Turkish Journal of Chemistry 2006; 30 (1): 71-76. 

26. Cansu TB, Yaylı B, Özdemir T, Batan N, Karaoğlu ŞA et al. Antimicrobial activity and chemical composition of the essential oils of mosses 
(Hylocomium splendens (Hedw.) Schimp. and Leucodon sciuroides (Hedw.) Schwägr.) growing in Turkey. Turkish Journal of Chemistry 
2013; 37 (2): 213-219. 

27. Kan Y, Uçan US, Kartal M, Altun ML, Aslan S et al. GC-MS analysis and antibacterial activity of cultivated Satureja cuneifolia Ten. 
essential oil. Turkish Journal of Chemistry 2006; 30 (2): 253-259. 

28. Adams RP, Morris JA, Pandey RN, Schwarzbach AE. Cryptic speciation between Juniperus deltoides and Juniperus oxycedrus (Cupressaceae) 
in the Mediterranean. Biochemical Systematics and Ecology 2005; 33 (8): 771-787. 

29. Stojanovic G, Palic R, Alagic S, Zeković Z. Chemical composition and antimicrobial activity of the essential oil and CO2 extracts of semi‐
oriental tobacco, Otlja. Flavour and Fragrance Journal 2000; 15 (5): 335-338. 

30. Fokialakis N, Melliou E, Magiatis P, Harvala C, Mitaku S. Composition of the steam volatiles of six Euphorbia spp. from Greece. Flavour 
and Fragrance Journal 2003; 18 (1): 39-42. 

31. Demyttenaere JC, Martı ́nez JIS, Verhé R, Sandra P, De Kimpe N. Analysis of volatiles of malt whisky by solid-phase microextraction and 
stir bar sorptive extraction. Journal of Chromatography A 2003; 985 (1-2): 221-232. 

32. Siegmund B, Murkovic M. Changes in chemical composition of pumpkin seeds during the roasting process for production of pumpkin 
seed oil (Part 2: volatile compounds). Food Chemistry 2004; 84 (3): 367-374. 

33. Mildner-Szkudlarz S, Jeleń HH. The potential of different techniques for volatile compounds analysis coupled with PCA for the detection 
of the adulteration of olive oil with hazelnut oil. Food Chemistry 2008; 110 (3): 751-761. 

34. Pérez-Parajón JM, Santiuste JM, Takács JM. Sensitivity of the methylbenzenes and chlorobenzenes retention index to column temperature, 
stationary phase polarity, and number and chemical nature of substituents. Journal of Chromatography A 2004; 1048 (2): 223-232. 

35. Javidnia K, Miri R, Kamalinejad M, Khazraii H. Chemical composition of the volatile oil of aerial parts of Valeriana sisymbriifolia Vahl. 
grown in Iran. Flavour and Fragrance Journal 2006; 21(3): 516-518. 

36. Leffingwell JC, Alford E. Volatile constituents of perique tobacco. Electronic Journal of Environmental, Agricultural and Food Chemistry 
2005; 4 (2): 899-915. 

37. Barry AL. Standards NCfCL. Methods for determining bactericidal activity of antimicrobial agents: approved guideline. Wayne, PA, USA: 
National Committee for Clinical Laboratory Standards, 1999.

38. Woods GL. Susceptibility Testing of Mycobacteria, Nocardiae, and Other Aerobic Actinomycetes; Approved Standard. CLSI document 
M24-A2. 2nd ed. Wayne, PA, USA: Clinical and Laboratory Standards Institute (CLSI),  2011.

39. Bustanji Y, Al-Masri IM, Mohammad M, Hudaib M, Tawaha K et al. Pancreatic lipase inhibition activity of trilactone terpenes of Ginkgo 
biloba. Journal of Enzyme Inhibition and Medicinal Chemistry 2011; 26 (4): 453-459. 

40. Jo YH, Kim SB, Liu Q, Do S-G, Hwang BY et al. Comparison of pancreatic lipase inhibitory isoflavonoids from unripe and ripe fruits of 
Cudrania tricuspidata. PLoS One 2017; 12 (3): e0172069. 

41. Zhang J, Kang M-J, Kim M-J, Kim M-E, Song J-H et al. Pancreatic lipase inhibitory activity of taraxacum officinale in vitro and in vivo. 
Nutrition Research and Practice 2008; 2 (4): 200-203. 

42. Adams RP. Identification of essential oil components by gas chromatography/mass spectrometry. 4th ed. Carol Stream, IL, USA: Allured 
Publishing Corporation, 2007.

43. Erasto P, Viljoen AM. Limonene-a review: biosynthetic, ecological and pharmacological relevance. Natural Product Communications 
2008; 3 (7): 1193-1202.

44. Gallucci MN, Carezzano ME, Oliva M, Demo MS, Pizzolitto RP et al. In vitro activity of natural phenolic compounds against fluconazole‐
resistant Candida species: a quantitative structure–activity relationship analysis. Journal of Applied Microbiology 2014; 116 (4): 795-804. 

45. Bisignano G, Laganà MG, Trombetta D, Arena S, Nostro A et al. In vitro antibacterial activity of some aliphatic aldehydes from Olea 
europaea L. FEMS Microbiology Letters 2001; 198 (1): 9-13. 

46. Kubo A, Lunde CS, Kubo I. Antimicrobial activity of the olive oil flavor compounds. Journal of Agricultural and Food Chemistry 1995; 43 
(6): 1629-1633.


