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HIGHLIGHTS
e Phytocomponent content of each sample is quite high and different from each other.
e Tuber extract of Orchis purpurea is the most effective againts to pathogens.

e Most of the extracts are better antioxidants than ascorbic acid according to DPPH test results.

Abstract: Plants are well known throughout the world for their medical activities. The history of orchids used
in many different countries around the world probably started with their use for medicinal purposes thanks to
their therapeutic properties. The aim of this study, to investigate antioxidant and antimicrobial activity of
ethanol extracts of plant and tuber parts of eight different epiphytic orchids from Turkey as well as their
chemical composition. The antimicrobial screening of extracts was performed against 8 bacterial and 2 fungal
species. To determine general chemical profile of them gas chromatography-mass spectrometry analysis
was done. Antioxidative potentials of the species were proved based on 2,2-Diphenyl-1-picrylhydrazyl radical
scavenging and ferric reducing antioxidant power assays. All tested extracts prepared from orchid species
especially showed intermediate inhibition activity against Proteus vulgaris and Yersina enterocolitica. The
Gas Chromatography and Mass Spectrometry results showed that the phytoconstituent contents of the
samples were high. In the case of all extracts, more than 100 compounds were identified. But, distinctive
differences in composition between each orchid species were not observed. A good correlation degree
between the results of the two antioxidant tests was calculated. These well - determined antioxidant activity
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values can be attributed to the total phenolic content in terms of gallic acid equivalent, determined in a
relatively high range (491.41-14082.94 mg GAE/g sample). These data show that different parts of the orchid
samples obtained from Turkey with a past history have remarkable antimicrobial and antioxidant activity.

Keywords: antimicrobial; antioxidant; epiphytic orchids; GC-MS; phenolic content.

GRAPHICAL ABSTRACT

INTRODUCTION

Since the Vedas era, various medicinal aspects of plants have been utilized. The ancient medication
practice, which comes under Ayurveda, governs plant extract usage for curing various diseases [1]. The
chemical bases of the plant's medicinal efficacy are by-product and end-product of varied metabolic
processes. As known, antibiotic resistance is a growing problem. Some of this is because of the overuse of
antibiotics in humans, but some of it is presumably because of antibiotics as growth promoters in animals'
food [2]. Turkey has a long medicinal tradition and traditional learning of plant remedies. The use of wild
plants in medicine by the Anatolian people goes back to ancient times. Records of plant names in recipes in
Hittite medicine tablets are presented as proof of this concept. Additionally, it was known that several drugs
prepared in Anatolia were exported to other countries during the Hittite and Byzantian periods [3]. Between
50000 and 70000 plant species are known to be used in traditional and modern medicinal systems [4] and
more than 500 plant species are used to treat several kinds of diseases in Turkey [3].

Dendrobium species of the Orchidaceae family has been credited as a traditional medicine over the
centuries in Asia, Europe, and Australia with more than 1100 species. Orchidaceae, the largest and most
evolved family of the flowering plants, comprises 25000 to 35000 species under 750 to 850 genera [5].
Orchids are both ornamental and have medicinal value but are neglected among the plants used in medicine.
In addition to these uses, orchids are also used as ecological indicators [6]. The history of orchids probably
started with their use for medicinal purposes. Thanks to their therapeutic properties, orchid species are used
in many different countries globally.

The origin of orchids on the earth and scientific research of them dates back 120 million years. It was
first cultivated and identified by the Chinese [7]. However, available written records are as early as 4th
millennium B.C. only. Orchids have been used as a source of herbal remedies in China since 2800 B.C. [8].
Since the Vedic period (2000 B.C.—600 B.C.), some orchids have been used by Indians for their curative and
aphrodisiac properties [9]. In terms of terrestrial orchid, Turkey is one of the wealthiest countries in Europe,

Brazilian Archives of Biology and Technology. Vol.66: €23210265, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Ertirk, O.; et al. 3

and the Middle East. The Orchidaceae family is represented by 22 genera in our country [10]. On the other
hand, salep comes from several species of diminishing orchids is well known as flavor enhancers in the food
industry and has been widely used for a long time. Besides being used as a flavoring agent in ice cream or
beverage, salep is also used as a perfume additive [11]. Salep is produced from different wild Orchidaceae
species in different regions of Turkey, it does not have a standard chemical composition The chemical
composition of salep and especially its glucomannan and starch content affect the quality of products
originating from salep. Salep orchids are used in our country for ulcers and upper respiratory tract diseases,
as an anti-diarrheal, tonic and food [12].

It is vital to search for new compounds not based on existing synthetic antimicrobial agents to overcome
antibiotic resistance of pathogenic species [13]. The previous studies on orchids have shown that they have
a wide range of chemical and biochemical compounds including carbohydrates, flavonoids, alkaloids,
glycosides, and other phytochemical contents all of which have great importance in the medicinal field. Some
of these chemical compounds have been recently isolated from the orchid species as alkaloids, bibenzyl
derivatives, flavonoids, phenanthrenes terpenoids [7,14].

In the present study, extracts from plant and tuber parts of eight different epiphytic orchids harvested
from the north of Turkey were checked for their antimicrobial properties against some pathogenic Gram-
positive, Gram-negative bacteria and fungi species. Furthermore, total phenolic contents and antioxidative
activities of these samples were researched. In addition to these, chemical constituents of the samples were
screened by the Gas chromatography and mass spectrometry (GC-MS) method.

MATERIAL AND METHODS

Plant materials

Plant samples were collected from a large area is located in A4 square according to the grid system
extending from Bartin to Ordu during 2012-2014. Orchid species were identified according to Davis's book
titled "Flora of Turkey” [15], and Adil Glner's book [10]. The new record samples diagnosed are placed at
the Herbarium of Ondokuz Mayis University, Faculty of Science and Art (OMUB) [16]. Scientific and local
names of the species are listed in Table 1.

Table 1. Scientific and local names of studied species

Sample No Scientific Name Local Name

1 Ophrys sphegodes Mill. subsp. caucasica Kafablamutu
(Woronow ex Grossheim) Soo

2 Orchis coriophora L. subsp. coriophora Piring cicegdi

3 Orchis laxiflora subsp. laxiflora Lam. Salep sumbull

4 Serapias vomeracea (Burm.fil.) Brig. subsp. Sagir kulagi
orientalis

5 Orchis purpurea Huds. subsp. purpurea Hasancik

6 Ophrys oestifera M. Bieb. subsp. oestifera Sinek salebi

7 Orchis tridentate Scop. Katran alacasi

8 Orchis provincialis Balb. ex Lam.& DC. Katrancik

Preparation of extracts

The whole plant and tubers of plants were cleared of soil residues and dried under pressure at 23-35 °C
for 3 to 4 weeks. The extracts from these parts were prepared according to the methods described by Ertiirk
[17] with a slight modification. The powdered plant materials were extracted using 95% ethanol in the ratio of
1.5 (w/v) at room temperature. The extracts were kept at 4 °C for 5 days (for a thorough extraction of the
plant with ethanol) and were then filtered through a 0.45 ym membrane filter. The solvent was evaporated.
The crude extracts were stored at —20 °C until used.

Antimicrobial analysis

Microorganisms and culture media

Strains of bacteria and fungus were obtained from ATCC (American Type Culture Collection) and NRRL
(Agricultural Research Service, United States of America). The antimicrobial activity of orchid samples was
studied using eight bacterial (gram-positive and gram-negative; Staphylococcus aureus ATCC®25923,
Bacillus subtilis NRRL B-209, Micrococcus luteus NRRL B-1018, Proteus vulgaris NRRL B-123, Escherichia
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coli ATCC®25922, Klebsiella pneumoniae ATCC®13883, Pseudomonas aeruginosa ATCC®27853, Yersina
enterocolitica ATCC®27729), and two fungal (Candida albicans ATCC®10231, Saccharomyces cerevisiae
ATCC®9763) species. Mueller Hinton Agar (MHA, Merck) or Mueller Hinton Broth (MHB, Merck) and
Sabouraud Dextrose Broth (SDB, Difco) or Sabouraud Dextrose Agar (SDA, Oxoid) were used for growing
bacterial and fungal cells, respectively.

Antibacterial and antifungal assay

Antibacterial and antifungal activities were firstly measured using disk diffusion methods on agar plates
[18]. Then, the extracts of orchid samples dissolved in ethanol were investigated by broth microdilution
methods according to the Clinical and Laboratory Standards Institute standard procedures [19-21]. All
bacterial strains were grown in MHB for 24 h, at 37 °C and fungal strains were grown in SDB at 30 °C for 48
h. The turbidity of bacterial and fungal suspensions was adjusted as 0.5 and 1.0 McFarland, respectively.
Thus, the concentration of bacterial and fungal suspensions was adjusted to 108 cells/mL and 3x108 cells/mL,
respectively. Then, sterile paper discs (6 mm in diameter) were placed on the agar to load 50 pL of each
extract (10 mg/mL). One hundred units of nystatin (NY100) for fungus and Ampicillin (AM10) and Cephazolin
(KZ30) for bacteria, all obtained from a local pharmacy, were used as positive controls, and alcohol was used
as a negative control. After appropriate time incubation at growth temperature, inhibition zones of different
organisms by different samples were measured with the digital caliper's help to estimate antibacterial and
antifungal substances' potency and tabulated. All tests were made in triplicate.

Minimum inhibition concentration (MIC)

The broth dilution method, described by Vanden Berghe and Vlietinck [22] was used for the antibacterial
screening with slight modifications using 96 well plates (Corning). 100 uL of each extract solution prepared
at 1, 0.75, and 0.5 mg/mL concentration was transferred into each plate's well. After solidification, each well
was inoculated with 10 pL of freshly prepared bacterial suspension of 108 bacteria/mL and incubated at 37
°C for 24 h. and fungal suspension of 10’ fungi/mL and incubated at 27 °C for 48 h. The densities of
microorganisms were prepared according to 0.5 Mc Farland. The uninoculated test medium was used as a
blank. Positive control (bacteria/fungus and growth media) were used for each test. All assays were
performed in triplicate.

Minimum bactericidal and fungicidal concentrations (MBC and MFC)

To determine the MBC and MFC, each well exhibiting no visible growth (viability) after 18 h was tested
for viable organisms by subculturing 50 uL samples of each well onto nutrient agar/sabouraud dextrose agar
media. The bacterial plates were incubated at 37 °C to observe any colony's growth after 24 h, and fungal
plates were incubated at 30 °C to observe any colony's growth after 48 h. Plates that yielded zero or less
than 10 single colonies were accounted for MBC and MFC value determination.

GC-MS analysis

GC-MS analysis of the Orchidaceae plants and their ethanolic tuber extracts were performed using GC-
MS (Hewlett Packard 5890 Series Il GC Plus-Hewlett Packard 5971 Series MS) equipped with a column
(Innowax 19091N-136, 60 mx0.250 mm i.d.; film thickness 0.25 ym). GC-MS conditions were adjusted as
follows: The oven temperature was 70 °C at first and finally increased to 240 °C by raising 5 °C/min. The
carrier gas was helium with a flow rate of 0.77 mL/min. The electron ionization detector's voltage was 70 eV,
and the detector temperature was adjusted as 280 °C. The compounds absorbed by ethanol were injected
into GC-MS in the splitless mode. The compounds were identified by comparing their molecular weights and
fragmentations with spectra from the libraries of Wiley and Aromsa.

Determination of total phenolic contents

The total phenolic content (TPC) of each extract was determined as gallic acid equivalent (mg GAE/g
extract) according to the modified method based on Folin-Ciocalteu reagent developed by Singleton and
Rossi [23].
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Antioxidative assays

Measurement of DPPH free radical scavenging activity

DPPH free radical scavenging activities of the extracts were tested by following the bleaching of the
purple-colored methanol solution of 2,2'-diphenyl-1-picrylhydrazyl (DPPH) at 517 nm after the addition of
extract at different concentrations as an antioxidant substance to DPPH solution. The inhibition ratio value
obtained for each concentration was calculated using the following equation.

Inhibition ratio (%) = (Abiank- Asample)/Ablank X 100

where Auiank is the absorbance of the blank tube containing DPPH solution and extract solvent and Asampie iS
the absorbance of the mixture of extract and DPPH solution.

SCso values (extract concentrations providing 50% scavenging) were also calculated using the graph
drawn between activity and concentration values [24].

Measurement of ferric-reducing/antioxidant power (FRAP)

The FRAP assay was performed following the method based on the principle of reducing the Fe (lll)-
TPTZ complex in the presence of antioxidants to form blue Fe (I)-TPTZ complex and measurement of
maximum absorbance at 595 nm [25]. For this purpose; the appropriate amount of the extracts were
combined with the FRAP reagent (300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ)
solution prepared in 40 mM HCl and 20 mM FeCls-6H20 in a 10:1:1 ratio just before use and heated to 37°C).
The mixtures were incubated at 37°C for 30 min, and after this, the resulting absorbances were measured at
593 nm. FRAP values for samples were calculated as FeSO4 equivalents (umol FeSO4/mg sample) from
graph drawn using FeSO..

Both antioxidant tests were performed under the same conditions for the standard antioxidant ascorbic
acid, and the degrees of the effects of the samples compared to the standard antioxidant were compared.

Statistical analysis

The results were presented as mean and standard deviations. The data were analyzed on PASW version
18 (Chicago, IL, USA, 2009) was used for statistical evaluation. The analysis implemented has been mainly
descriptive, correlation analysis by subsets, and parametric and non-parametric analysis. It was found out
that the numerical variables of TPC and antioxidant activity data can be considered as normal. However, not
homogeneous distributed, so we used the robust test of Welch in the absence of homogeneity for comparing
means. All test results were represented as the Average+SE. The statistical differences represented by letters
were obtained through a one-way analysis of variance (ANOVA). For each statistically significant factor,
means were compared using Tamhane's T2 test (all the distributions were heteroscedastic) with p < 0.05.
The Spearman rank correlations are also presented. Data from the antimicrobial activity test can be regarded
as not normally distributed, so we used a non-parametric test (Kruskal-Wallis) for statistical evaluation.
Antimicrobial activity correlation analysis was performed using the Crosstabs test.

RESULTS

Antimicrobial activity evaluations

As shown in Table 2, the whole plant and tuber extracts of eight orchid species at 10 mg/mL
concentration showed intermediate inhibition against all bacteria and fungi strains tested. The normality of
the inhibition zone diameter results was tested and it was found that the data were not parametric. Then
inhibition zone diameter data were compared by the Kruskal-Wallis test, with a significance level at p<0.05.
The antimicrobial activity data showed that at least two microorganisms statistically different from each other
(X?(9; 570)=53.861; p<0.05). The synthetic antibiotics (AM10, KZ30, and NY100) used as a positive control
exhibited the highest antimicrobial activity. Results can be classified into three levels of qualitatively sensitive
(inhibition zone diameter 2 20 mm), moderate antimicrobial activity (15 mm < inhibition zone diameter = 19
mm), and resistant (inhibition zone diameter < 14 mm) based on the region size interpretative table of the
Clinical and Laboratory Standards Institute [21]. The degree of inhibition on all microorganisms varied from
species to species and from the extract origin. Generally, in most extracts, pathogens exhibited intermediate
antimicrobial activity. The results of all microorganisms' pairwise comparisons of inhibition zone diameters
were modeled in the SPSS program (Figure 1). Interpretation of Kruskal-Wallis post-hoc pairwise
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comparisons is given in Figure 1. The blue line represents a statistically significant result, but the red line is
not (p < 0.05).

When Table 2 is examined in detail, the extract prepared from the whole plant of O. sphegodes subsp.
caucasica showed intermediate inhibition activity against Y. enterocolitica, and the tuber extract of this
species showed intermediate inhibition activity against B. subtilis and Y. enterocolitica. Still, both extracts had
weak activity against all other bacteria. The whole plant extract of O. coriophora showed intermediate
inhibition activity against M. luteus > Y. enterocolitica > E. coli > P. vulgaris. At the same time, the tuber
extract of O. coriophora has intermediate inhibition activity against Y. enterocolitica and S. cerevisiae, but P.
vulgaris was sensitive (20.20 mm/50 yL inhibition zone). The whole plant extract of O. laxiflora only showed
intermediate inhibition activity against Y. enterocolitica, but the tuber extract of O. laxiflora showed
intermediate inhibition activity against P. vulgaris > E. coli > B. subtilis > M. luteus respectively. At the same
time, it showed intermediate antifungal activity against C. albicans > S. cerevisiae. The antibacterial effect of
S. vomeracea subsp. orientalis extracts of the whole plant were intermediate to P. aeruginosa > E. coli > S.
aureus. It also had intermediate antifungal activity to S. cerevisiae > C. albicans. The tuber extract of this
species showed intermediate antibacterial activity against P. vulgaris > Y. enterocolitica > P. auroginosa and
intermediate antifungal activity against S. cerevisiae. Both extracts of O. purpurea subsp. purpurea showed
intermediate antimicrobial activity against M. luteus, Y. enterocolitica, C. albicans, and S. cerevisiae. It can
be said that B. subtilis was sensitive to tuber extract of it. The whole extract of O. oestifera subsp. oestifera
showed intermediate inhibition activity against P. vulgaris > B. subtilis> Y. enterocolitica > M. luteus > C.
albicans > S. cerevisiae. Almost similar results are valid for the tuber extract, but S. aureus and E. coli instead
of B. subtilis and M. luteus showed moderate antimicrobial activity. O. tridentate's whole plant extract showed
intermediate antimicrobial activity against all strains but K. pneumoniae and P. vulgaris. K. pneumoniae was
resistant to the extract, while P. vulgaris was sensitive. The whole extract gave better results than the tuber
extract. Only two strains (B. subtilis and Y. enterocolitica) showed intermediate antibacterial activity in the
extract. The whole extract of O. provincialis showed moderate antimicrobial activity except S. aureus, B.
subtilis, and C. albicans. In contrast, tuber extract of O. provincialis showed only intermediate antimicrobial
activity against B. subtilis, M. luteus, and C. albicans.

P BS
331,32 294 83

Figure 1. Pairwise comparisons of inhibition zone diameters of whole microorganisms in the study. Each node shows
the sample average rank of the microorganisms. Asymptotic significances (2-sided tests) are displayed p value < 0.05
Significance values have been adjusted by the Bonferroni correction for multiple tests.

SA: Staphylococcus aureus; BS: Bacillus subtilis; ML: Micrococcus luteus; EC: Escherichia coli; PA: Pseudomonas
aeruginosa; PV: Proteus vulgaris; YE: Yersina enterocolitica; KP: Klebsiella pneumoniae; CA: Candida albicans; SC:
Saccharomyces cerevisiae

Normality of the MIC and MBC assessments was tested and the data were found to be nonparametric
in the same way as calculated for disk diffusion test results. Additionally, MIC and MBC data were compared
by the Kruskal-Wallis test and it was determined that the MIC and MBC data obtained for all extracts differed
statistically at the 0.05 significance level according to the orchid variety category. In fact at least two
microorganism groups statistically different from each other (MIC X? (5; 288)=29.027; MBC X? (5;
288)=34.485 p<0.05). There was a weak correlation between MIC values and microorganism types (Cramer
V=0,314 p<0.05). There were moderately significant correlations between MIC values and the samples
(Cramer V=0,596 p<0.05) and also between MIC values and extract origin (whole plant/tuber) ¢ =0,610
p<0.05). MIC and MBC results were showed that the effective minimum extract concentration was 0.02
mg/mL, and the most sensitive microorganism is S. cerevisiae (Table 3 and Table 4).
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Part of 12D (mm)?

the Gram Positive Bacteria Gram Negative Bacteria Fungi

plant SA BS ML EC PA PV YE KP CA sC
1 Whole 12.98+0.011 8.84+0.02 10.60+0.015 12.28+0.005 14.19+0.01 6+0.00 15.26+0.025 12.40+0.01 12.72+0.01 12.20+0.05
1 Tuber 9.16+0.01 15.10+0.011 6+0.00 12.19+0.2 12.72+0.1 14.96+0.15 16.58+0.15 9.90+0.1 11.25+0.05 11.43+0.1
2 Whole 9.25+0.02 6+0.00 18.23+£0.05 15.19+0.05 14.87+0.05 15.13+0.05 17.08+0.1 13.00+0.01 14.93+0.02 14.57+0.01
2 Tuber 13.90+0.01 13.60+0.005 13.55+£0.005 14.71+0.005  9.56+0.005 20.20+£0.01 17.84+0.02 10.57+0.02 13.61+0.01 16.05+0.01
3 Whole 12.57+0.015 9.6310.01 12.04+0.005 13.31+0.01 14.04+0.005 10.28+0.01 16.0740.015 13.15+0.015  14.77+0.03 14.83+0.02
3 Tuber 14.12+0.015 17.93+0.015  15.22+0.02 18.3740.011  9.36+0.01 18.47+0.11 13.67+0.12 14.0940.015  19.63+0.05 15.63+0.05
4 Whole 15.3040.02 11.48+0.011  13.89+0.20 15.54+0.01 15.59+0.02 14.76+0.01 14.87+0.01 13.62+0.15 15.62+0.10 17.30+0.36
4 Tuber 14.38+0.02 13.55+0.02 14.47+0.01 13.37+0.15 15.09+0.2 16.58+0.5 15.57+0.02 14.55+0.01 12.72+0.01 15.24+0.01
5 Whole 13.37+£0.015 11.82+0.01 15.97+0.015 15.53+0.015 14.19+0.015 16.51+0.01 15.57+0.01 13.77+0.02 16.96+0.015 15.82+0.01
5 Tuber 16.71+0.035 22.07+0.01 19.53+£0.005 14.24+0.005 12.74+0.015 14.07+0.002 17.90+0.036 10.31+0.023 16.21+0.01 15.18+0.01
6 Whole 13.4940.01 18.49+0.03 16.39+0.023  14.61+0.005  9.4040.02 18.8740.015 16.47+0.015 13.81+0.005 16.20+0.005  15.260.005
6 Tuber 17.51+0.025 12.24+0.01 13.51+0.02 15.61+0.005 14.76+0.011 19.39+0.005 18.54+0.01 16.82+0.01 17.74+0.01 17.48+0.01
7 Whole 16.52+0.015 16.25+0.011 16.94+0.005 16.24+0.015 15.19+0.011  20.76%0.005 15.71+0.12 14.92+0.005 15.10+0.026 15.21+0.005
7 Tuber 10.58+0.01 16.70+£0.011 12.53+£0.025 12.91+0.026 11.58+0.017 13.94+0.02 15.06+£0.015 9.30+0.011 12.35+0.015 13.15+0.01
8 Whole 12.59+0.005 14.48+0.01 17.13+0.01 16.39+0.005 17.16+0.005 17.51+0.005 17.56+0.011 15.69+0.005 6+0.00 16.40+0.005
8 Tuber 14.28+0.01 19.65+0.005  15.19+0.00 12.65+0.005 10.63+0.005 13.57+0.015 16.75+0.02 11.23+0.01 15.53+0.01 11.83+0.005
Alcohol 6+0.00 6+0.00 6+0.00 6+0.00 6+0.00 6+0.00 6+0.00 6+0.00 6+0.00 6+0.00
Ampicillin 11+0.01 36+0.06 6+0.23 40.12+0.03 30.27+0.26 28+0.57 26.44+0.011  40.41+0.017 NT NT
Cefazolin 6+0.1 38+0.29 35+0.02 47.16+0.23 29.24+0.56 6+0.04 34.25+0.12 44.11+0.14 NT NT
Nystain NT NT NT NT NT NT NT NT 15.02+0.15 14.01+0.03

aAverage values are expressed as mean of triplicates + SD (Standart Deviation). NT, not tested
SA: Staphylococcus aureus; BS: Bacillus subtilis; ML: Micrococcus luteus; EC: Escherichia coli; PA: Pseudomonas aeruginosa; PV: Proteus vulgaris; YE: Yersina
enterocolitica; KP: Klebsiella pneumoniae; CA: Candida albicans; SC: Saccharomyces cerevisiae

Brazilian Archives of Biology and Technology. Vol.66: €23210265, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Ertirk, O.; et al. 8

Table 3. Minimum inhibitory concentrations (MICs) (mg/mL) of orchid extracts towards selected strains of Gram (+),
Gram (-) bacteria and fungi

Gram Negative

Gram Positive Bacteria ; Fungi
Sample Part of the Bacteria
No plant SA BS EC YE CA sc
1 Whole 0.2z 0.1z 0.05= 0.2 0.1z 0.05=
Tuber 0.03= 0.032 0.03= 0.032 0.062 0.24=
> Whole 0.062 - 0.24= 0.24= 0.24= 0.062
Tuber 0.082 0.48= 0172 0.48= 0.082 0.082
3 Whole 0.032 0.03= 0.062 0.24= 0.24= 0.03=
Tuber 0.052 0.03= 0.03= 0.22 0.052 0.03=
4 Whole 0.022 0.02= 0.02= 0.162 0.02= 0.02=
Tuber 0.032 0.03= 0.032 0.14= 0.03= 0.03=
5 Whole 0.24= 0.03= 0.03= 0.032 0.032 0.032
Tuber 0.362 0.362 0.362 0.362 0.362 0.092
6 Whole 0.162 0.02= 0.02= 0.02= 0.02= 0.02=
Tuber 0.07= 0.24> 0.04= 0.24= 0.14= 0.04=
7 Whole 0.03= 0.2z 0.2z 0.2 0.2 0.2z
Tuber 0.162 0.162 0.162 0.162 0.162 0.032
8 Whole 0.02= 0.162 0.02= 0.162 - 0.02=
Tuber 0.02= 0.162 0.02= 0.162 0.162 0.02=
- no inhibition

SA: Staphylococcus aureus; BS: Bacillus subtilis; EC: Escherichia coli; YE: Yersina enterocolitica; CA: Candida
albicans; SC: Saccharomyces cerevisiae

Table 4. Minimum bactericidal and fungicidal concentrations (MBCs and MFCs) (mg/mL) of orchid whole/tuber
extracts towards selected strains of Gram (+), Gram (-) bacteria and fungi.

Gram Positive Bacteria Gram Negative Bacteria Fungi
Sample No Part of the plant
SA BS EC YE CA SC
1 Whole 0.1z 0.052 0.052 0.1z 0.052 0.052
Tuber 0.03= 0.032 0.032 0.032 0.06=2 0.12=
5 Whole 0.06= - 0.12= 0.12= 0.12> 0.062
Tuber 0.08= 0.24> 0.17= 0.24> 0.08= 0.082
3 Whole 0.032 0.03z 0.06= 0.12= 0.12= 0.03=
Tuber 0.052 0.03z 0.03z 0.1z 0.05= 0.03=
4 Whole 0.02= 0.02z 0.02= 0.08z 0.02= 0.02=
Tuber 0.032 0.03z 0.03z 0.07z 0.03= 0.03=
5 Whole 0.12= 0.03z 0.03z 0.03z 0.03= 0.03=
Tuber 0.18= 0.18= 0.182 0.18= 0.18> 0.092
6 Whole 0.08= 0.02= 0.022 0.022 0.022 0.02=
Tuber 0.072 0.14= 0.042 0.14= 0.072 0.042
7 Whole 0.03= 0.12 0.1z 0.1z 0.12 0.1z
Tuber 0.08= 0.082 0.082 0.082 0.08= 0.032
8 Whole 0.02= 0.082 0.022 0.082 - 0.022
Tuber 0.02= 0.08= 0.02= 0.08= 0.08= 0.02=
-no inhibition

SA: Staphylococcus aureus; BS: Bacillus subtilis; EC: Escherichia coli; YE: Yersina enterocolitica; CA: Candida
albicans; SC: Saccharomyces cerevisiae

Serapias vomeracea subsp. orientalis whole plant extract showed moderate antimicrobial activity to all
tested microorganisms. Disk diffusion test results of this extract were supported by MIC and MBC
data. Orchis provincialis, Serapias vomeracea subsp. orientalis, O. purpurea subsp. purpurea and O.
oestifera subsp. oestifera tuber extracts exhibied antimicrobial effect on all microorganisms too. Orchis
laxiflora subsp. laxiflora tuber extract also displayed moderate antimicrobial activity against all tested
microorganisms but P. aeroginosa.
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Findings of GC-MS analysis

The compounds were determined by comparison of their molecular weights and molecular
fragmentations according to their molecular structures with spectra from the libraries of Wiley and Aromsa.
In this work, ethanolic extracts of the plant and its tuber parts of six different species which belong to
Orchidaceae family were investigated for determination of their chemical constituents. The relative amount
(%) of each component expresses a comparison of its average peak area to the total areas. The peaks
amounting to at least 1.6% of the total compounds were taken into account. Total ion chromatograms (TIC is
a chromatogram formed by summing up intensities of all mass peaks at the same scan) of O. provincialis
plant and its ethanolic tuber extracts can be seen below as representative examples (Figure 2). The
chromatograms' peaks were integrated and compared with the GC-MS library database containing the
spectra of known components. After the analysis, the library search identification results and the MS
fragmentation of the TIC peaks of the samples were also examined and the compounds were determined.

The results were set into their functionalities with their retention times (tr) and area % values (shows the
relative abundances of the components) for the whole plant and its tuber extracts separately in the Table 5.

(a)

(x1.000.000)
19

- (b)

MLAM oy olp |

50 100 15.0 20 250 00 350 400 %0 500

Figure 2. TIC chromatograms of ethanolic extracts of Orchis provincialis Balb. ex Lam.& DC plant (a) and its tuber (b).

The results indicated the existence of ketones, esters (saturated or unsaturated aromatic and aliphatic
esters), alkenes, alkanes, alcohols (saturated or unsaturated aromatic and aliphatic alcohols), amines
(aromatic and aliphatic amines), and other aromatic compounds. The primary compound class is an aromatic
substituted amine that was detected in O. purpurea tuber, O. provincialis plant, and its tuber, O. laxiflora
subsp. laxiflora tuber, O. sphegodes subsp. caucasia plant and its tuber and S. vomeracea tuber extracts.
The cyclic ketone was the major chemical component for O. purpurea subsp. purpurea whole plant extract
while O. laxifllora subsp. laxiflora whole plant and O. oestifera subsp. oestifera tuber extracts had the
unsaturated ester as the major compound class. O. oestifera subsp. oestifera and S. vomeracea subsp.
orientalis whole plant extracts showed the presence of aromatic ester as the major organic functionality.
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Table 5. GC-MS results of the extracts with general structural functionalities

Extracts/ tr? Area Compound Extracts/ tr Area Compound class
Peaks? (%) class Peaks (%)
Plant Material Plant Tuber
Or. purpurea Or. purpurea
1 2735 4581 Cyclic ketone 1 48.80 11.70 Aromatic
2 27.49 16.0 Ester 2 53.80 9.19 substituted amine
3 22.64 12.91 Alkene 3 4495 7.90 "
4 23.54 1.85 Aromatic alcohol | 4 23.52 2.98 Aromatic alcohol
5 30.53 1.72 Ketone 5 23.01 2.83 "
6 24.07 270 Alkene
7 2397 2.69 Tricyclic alkane
8 23.71 1.79 Ester
9 22.8 1.73 !
Or. Or.
provincialis provincialis
1 51.30 23.19 Aromatic 1 53,51 33.42 Aromatic
substituted amine substituted amine
2 27.33 18.27 Unsaturated ester | 2 42.22  31.47 "
3 2749 7.16 " 3 2541 491 Aromatic ester
4 25.37 6.46 " 4 53.85 2.3 Aromatic amine
5 22.66 3.38 Alcohol 5 2.21 1.62 Alkane
6 5350 1.62 Aromatic amine 6 18.45 4.04 Alkene
Or. laxiflora Or. laxiflora |
1 27.35 10.24 Unsaturated ester | 1 48.84 9.33 Aromatic amine
2 2751 8.25 Ester 2 53.86 8.37 "
3 2543 8.23 Aromatic ester 3 27.34 7.84 Unsaturated ester
4 18.45 4.98 Alkene 4 2751 6.94 Ester
5 18.70 4.33 Alcohol 5 4498 5.80 Aromatic amine
6 4.87 3.83 Alkene 6 18.45 1.79 Mercaptan
7 18.21 3.48 "
8 9.41 3.13 Alkane
9 1155 295 Alkene
10 9.29 2.76 Alkane
11 1143 2.74 Alcohol
12 16.73  2.67 Aromatic ring
13 2355 1.84 Aromatic alcohol
14 16.41 1.75 Alkane
Op. Op.
sphegodes sphegodes
1 53.87 13.48 Aromatic 1 53.80 23.07 Aromatic
substituted amine substituted amine
3 2535 7.03 Aromatic ester 2 48.80 17.27 "
4 27.32 6.62 Ester 3 4496 10.79 "
5 4499 5.83 Aromatic 4 25.36 5.78 Aromatic ester
substituted amine
6 2531 3.84 Aromatic ester 5 27.32 3.44 Unsaturated ester
7 27.49 3.37 Ester
8 23.79 3.27 Aromatic ester
9 2354 3.17 Aromatic ring
10 2399 2.5 Alcohol
11 23.64 2.05 Bicyclic ylidene
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Cont. Table 5
Op. oestifera Op. oestifera
1 25.33 8.52 Aromatic ester 1 27.34 11.79 Unsaturated ester
2 25.26  6.08 " 2 2751 11.35 Ester
3 2497 5.48 " 3 25.42 10.88 Aromatic ester
4 27.30 5.62 Unsaturated ester | 4 4.87 2.87 Alkene
5 2511 541 Aromatic ester 5 53.86 2.69 Ester
6 25.02 4.40 " 6 18.46 2.49 Alkene
7 27.46  3.06 Ester 7 18.70 2.02 Cycloalkane
8 3545 1.88 Aromatic 8 51.28 194 Aromatic
substituted amine substituted amine
9 53.77 1.71 " 9 9.41 1.93 Alkane
10 42,21 1.85 Aromatic
substituted
amine
11 48.85 1.83 Ester
Ser. Ser.
vomeracea vomeracea
1 25.40 12.46 Aromatic ester 1 53.85 24.01 Aromatic
2 18.43 3.46 Alkene 2 48.83 13.96 substituted amine
3 16.70 2.92 Aromatic ring 3 4499 6.35 "
4 2754 2.87 Alkane 4 2550 4,52 Ester
5 53.77 281 Ester 5 25.44 292 "
6 18.67 2.63 Alkene 6 18.45 2.11 Alkene
7 18.18 251 "
8 27.60 2.09 Lactone
9 48.98 2.05 Ester
10 27.37 2.01 Unsaturated ester
11 4.84 1.60 Alkene

The peaks amounting to at least 1.6 % of the total compounds were taken into account; %tz: Retention time in minutes, Or.: Orchis;
Op.: Ophrys; Ser.: Serapias

Total phenolic contents and antioxidative activities of orchid samples

The tuber parts of the plant samples were more affluent than the other part of the plants in half of the
samples. This difference is particularly noticeable in the case of O. sphegodes subsp. caucasica. The
phenolic content of the tuber is about 3 times higher than that of the whole plant (Table 6). It was determined
that TPC values obtained for orchid extracts differed statistically at the 0.05 significance level according to
the orchid variety category (F (7, 16.760)=391.470; p<0.05) and also TPC values of O. sphegodes subsp.
caucasica, O. purpurea subsp. purpurea and O. provincialis extracts differed statistically significantly from
the others (p<0.05).

The calculated SCs values for the DPPH radical scavenging activities of samples are in the range of
1.35-26.92 ug/mL. The lowest SCso value was calculated for the tuber part of the O. sphegodes subsp.
caucasica with the highest phenolic content and it can be said that this species' efficacy to sweep the DPPH
radical was the highest among the tested samples. In general, there is a high correlation (R?=0.8065)
between phenolic content and SCso values obtained by the DPPH test. On the other hand, the highest SCsq
value was calculated for the tuber part of the O. laxiflora subsp. laxiflora, and this extract was differed
statistically significantly from the others (F(7, 15.625)=78.800; p<0.05).

FRAP values were calculated in the range of 2.32-70.31 pmol FeSO./mg sample.
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Table 6. The results of the total phenolic content (TPC) and antioxidative activity (DPPH and FRAP)
measurements of the studied samples.

Sample Part of the TPC DPPH FRAP
No plant (mg GAE/g sample) (SCso:ug/mL) (umol FeSO4/mg sample)
1 whole 4749.19 3.74h 34.26f
tuber 14082.942 1.35 70.31°
2 whole 1127.82! 12.814 8.85M
tuber 707.83° 15.35b 10.03'
3 whole 814.68™ 12.574 12.82k
tuber 491.41p 26.922 2.32"
4 whole 777.94n 13.33¢ 8.15m
tuber 3272.779 1.91 24.79n
5 whole 9969¢ 1.75 71.152
tuber 11084.75° 2.01i 59.81¢
6 whole 2850.64 6.06f 22.32
tuber 2499.66! 8.19¢ 16.24i
7 whole 1373.26k 4.979 25.36"
tuber 3016.56" 3.97" 26.69
8 whole 8073.84¢ 2.411 47.944
tuber 7449.8¢ 1.64% 35.14¢

* Homoscedasticity among cultivars was tested through the Levene test. Different letters in each column indicate mean
values that differ significantly (P < 0.05). These differences were classified using Tamhane's T2 tests, since the
homoscedasticity requirement was not fulfilled.

DISCUSSION

It is well known that orchids probably contain a range of chemical and biochemical compounds, such as
terpenes, steroids, saponins, and polyphenols [26]. Observed antimicrobial activity can be attributed to the
contents of the plants. Some orchids' antimicrobial activities have been reported, although detailed
investigations are still studied with this plant continues [27]. It is known that many medicinal orchids are
reported to contain alkaloids. The study results also show similar findings with previous studies on the various
antimicrobial activities of orchids [28]. It has been confirmed that the presence of alkaloids in the structure
of secondary compounds contained in orchids can be the cause of this antimicrobial activity. Paul and
coauthors [29] reported that the acetone extract of Aerides odorata inhibited the drug-resistant growth of E.
coli strains. Sandrasagaran and coauthors [30] showed that Dendrobium crumenatum exhibited potential
antimicrobial activity due to the presence of alkaloid and flavonoid compounds. Similar to our findings, it was
also reported that the Coelogyne stricta (leaf) and Dendrobium amoeneum were shown good activity against
K. pneumonae and S. aureus strains [31].

Gas Chromatography and Mass Spectrometry (GC-MS) analysis is an important technique to identify
general chemical profile of plant extracts [32]. In this work, ethanolic extracts of the plant and tuber parts of
different species belonging to the Orchidaceae family [16] were investigated to determine their chemical
constituents. According to the GC-MS results, each species of the Orchidaceae family exhibited a similar
chemical profile with different relative abundances and several chemical constituents. Aromatic substituted
amine and alcohol functionalities proved alkaloids, while alkenes and unsaturated alcohol organic compound
classes indicated the existence of terpenoids in the extracts. The results showed that phenolics were found
in the extracts solely or in the different organic component classes, as expected. In general, an aromatic
amine compound: N-[(2-fluorophenyl)methyl]-1H-purin-6-amine as an alkaloid with antitumor activity [33], 2-
propenoic acid, hexadecyl ester, and 1,2-benzene dicarboxylic acid, diethyl ester were detected as the major
chemical structures (Figure 3) while the other ester compounds were found as the second major identified
class of the components.
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Figure 3. N-[(2-Fluorophenyl)methyl]-1H-purin-6-amine; 2-Propenoic acid, hexadecyl ester; 1,2-Benzenedicarboxylic
acid, diethyl ester, left to right respectively

In the literature, there are many examples of GC-MS work to detect bioconstituents of Orchidaceae
species. Jakubska-Busse and co-workers investigated the floral extract of Epipogium aphyllums Sw.
(Orchidaceae) and they found some alkane and alkene compounds such as 9-tricosene, nonadecane,
1-nonadecene, and nonacosane in the floral extracts of the plant, like in this study [34]. In another interesting
study, Manzo and co-workers demonstrated volatile fingerprint of Italian populations of three orchid species
using solid-phase microextraction and GC coupled with MS Unlike our study; they concluded that
hydrocarbons, aldehydes, alcohols, and terpenes were the major constituents of in vivo orchid scents [35].

Although it is generally known that orchid species contain a wide variety of phytochemicals that are
thought to provide biological activity [36], the orchid species that are listed in Table 1 are not widely studied
in terms of antioxidant activity. Therefore, in the present study, evaluating the whole plant and tuber extracts
from this perspective will make a valuable contribution to the literature.

Tuber, stem, leaf, and flower parts of the Dactylorhiza chuhensis endemic orchid from Eastern Anatolia
were investigated in terms of the phenolic content. According to the Folin—Ciocalteu method, the plant's tuber
part was the poorest in phenolic terms [36]. However, when the results of the present study are evaluated, it
can be easily seen that such a generalization cannot be made.

The samples' antioxidant activities, which were thought to have remarkable phenolic content, were also
tested by DPPH free radical scavenging and FRAP assays. To evaluate DPPH free radical scavenging
activity, SCsq value (sample concentration sufficient to sweep half of the DPPH radical in the reaction medium)
of each sample was determined, and obtained results were compared with SCso value of ascorbic acid. The
calculated SCsp value for ascorbic acid is fortunately 6.17 pug/mL, higher than the value obtained for most of
the samples. In other words, most of the samples are more effective at scavenging DPPH radicals than the
standard antioxidant known as ascorbic acid.

Obtained values for DPPH radical scavenging activity are higher than similar samples presented in the
literature. For example, DPPH radical scavenging activity of the Eulophia macrobulbon was calculated around
10% for 100 pg/mL [37]. Furthermore, ICso of essential oil of Tunisian Anacamptis coriophora subsp. fragrans
as an indicator of DPPH free radical scavenging activity was calculated as 1.3 mg/mL [38].

In addition to DPPH assay, ferring reducing activities were also measured. All values obtained for FRAP
test are higher than the FRAP values reported for different parts of Dactylorhiza chuhensis in the literature
[36]. Like the DPPH test results, the average of the FRAP values calculated for the extracts is higher than
the value found for the iron-reducing power of the standard antioxidant. In this context, we can say that most
of the extracts are better antioxidants than standard antioxidant ascorbic acid.

A negative strong linear correlation was found among DPPH scavenging activity and TPC (rs=-
0.939, p=0.01) and among FRAP and DPPH (rs=-0,911, p=0.01). Also a positive strong linear correlation was
found between FRAP and TPC (rs=0.948, p=0.01). There were similar strong correlations reported in the
literature [39-41].

CONCLUSION

The present study was concluded that the tuber and whole plant extracts of eight orchids plant had
moderate antimicrobial activity. We can say that tuber orchid extracts were generally more effective than
whole plant extracts for eliminating microorganisms. Orchid tubers typically have a great relationship with
bacteria and fungi. Since these plants are difficult to grow from seed, they necessarily develop from a
tuber. The present study's findings can also provide an essential clue to isolate new antibiotic substances to
control the infectious diseases caused by various bacterial and fungal pathogens. The medicinal plants are
still constituting one of the significant sources of a drug in modern and traditional medicines. Among the
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medicinal plants that are abundant throughout the world, but only small amounts have yet been investigated
for its biological activity.

The GC-MS results showed the rich phytoconstituent content in six different Orchidaceae species from
Bartin city of Turkey. The results did not show distinctive differences in composition between orchid species.
All these identified phytoconstituents with their known bioactive properties could contribute to the plant's
medicinal and cosmetic importance thanks to their measured antioxidative and antimicrobial activities.
However, isolation of these structures and subjecting them to the biological activity works would give more
specific results. In addition to all this, it is a striking result that samples belonging to a plant species that can
be used for beverage preparation show higher levels of antioxidative than ascorbic acid used as standard
antioxidant.
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