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 Background: The essential oil of Lavandula angustifolia Mill. (L. angustifolia), a 

species from the Lamiaceae family, possesses several biological activities; therefore it is 

used in some herbal medicines. The lack of studies into identifying the essential oil of  

L. angustifolia and its similar appearance to Nepeta menthoides Boiss. & Buhse  

(N. menthoides) as “Ustukhuddoos” in Iranian traditional medicine, have caused misuse 

and adulteration in the products. Objective: In this study, the chemical compositions of 

L. angustifolia and N. menthoides essential oils, and three commercial herbal medicines 

of L. angustifolia essential oil in Iranian markets were evaluated and investigated as 

adulteration with the help of GC/MS analysis and chemometric methods. Methods: The 

essential oils of L. angustifolia and N. menthoides, and commercial samples were 

extracted by different extraction methods. Furthermore, their chemical compositions 

were evaluated by GC/MS analysis. After identification of components by GC/MS, the 

obtained results were assessed by principal component analysis (PCA, Unscrambler X 

version 10.4) for clustering. Results: Results showed that all three commercial herbal 

preparations matched with the manufacturer's claim about using L. angustifolia essential 

oil in the products. PCA distinguished two groups which were characterized based on 

different types and amounts of the components. Conclusion: GC/MS analysis with the 

help of chemometric methods is a powerful method to evaluate and discriminate between 

the essential oils and their products. In general, the combination of instrumental analysis 

and clustering chemometric analysis can provide an accurate tool for identifying misuse 

between plant species. 
 

1. Introduction 

Lavandula angustifolia Mill. known as 

medicinal, common, and true lavender is an 

evergreen perennial plant from the Lamiaceae 

family. Although lavender is grown in many 

countries, it is native to the Western 

Mediterranean [1, 2]. Its aerial parts, including 

flowers and leaves, are used as herbal medicine, 

especially in the form of essential oil [3, 4]. In 

addition, its essential oil is used in cosmetics, 
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perfumes, flavorings, and aromatherapy 

applications [5]. Previous studies have reported 

that lavender extracts have antioxidant and 

antibacterial activities [6]. Moreover, lavender 

essential oils and extracts have been used in 

Chinese traditional medicine for the treatment of 

ulcer, nerve ache, scald, rheumatism, and 

dermatosis [5]. 

The essential oil of L. angustifolia is seldom 

adulterated with synthetic oils  and the essential 

oils of other species consist of linalool and linalyl 

acetate as major components (also the main 

components of L. angustifolia) [7]. There are two 

species in Iranian traditional medicine,  

L. angustifolia Mill. and Nepeta menthoides 

Boiss & Buhse, with similar local name 

“Ustukhuddoos”; therefore it can make a mistake 

in the process of producing herbal medicines 

from L. angustifolia [8]. N. menthoides is one of 

the 75 species of genus Nepeta L. from the 

Lamiaceae family which is wildly growing in 

Iran, and has similar appearance to  

L. angustifolia [9]. N. menthoides is easily found 

in the local herb shops with lower price than  

L. angustifolia. Due to the high cost of  

L. angustifolia and the similarity of these two 

plants, some L. angustifolia products in the local 

markets are adulterated. Unfortunately, in the 

context of essential oil usage, adulteration may 

occur to decrease manufacturing costs and 

increase sales revenue [10]. 

Lavender essential oil contains linalool and 

linalyl acetate [11] as main components, while 

the essential oil of N. menthoides is rich in 1,8-

cineole and nepetalactone diastereoisomers [12]. 

Analysis of their essential oils has shown that 

their compositions have the same and different 

components which are related to the growing 

location and plant species [13]. 

Cluster analysis is a technique with the aim of 

dividing a set of data into groups. Observations 

in the same groups are similar to each other with 

dissimilarities between the different groups. 

Principal component analysis (PCA) is an 

important method for clustering and reducing the 

dimension of data sets to identify new, 

meaningful, and underlying variables. In the 

unsupervised learning method, PCA-variance is 

essentially used for data reduction by changing 

many variables into a much smaller number of 

components [14, 15]. 

Therefore, two plants’ essential oils and their 

products were extracted and analyzed. 

Ultimately, the chemometric statistical data-

analysis method was applied for essential oils 

discrimination based on GC/MS data. By 

applying this method to the cluster of essential 

oils samples, it was shown that interpreting the 

obtained results is not difficult. 

 

2. Materials and Methods 

2.1. Material 

The aerial parts of L. angustifolia and  

N. menthoides were collected from the Institute 

of Medicinal Plants (ACECR, Alborz, Iran) and 

Tehran University (Herbarium of Faculty of 

Pharmacy, Tehran, Iran), respectively. These 

plants were identified and coded by herbarium as 

100-IMPH for L. angustifolia and 6878-TEH for 

N. menthoides. Three commercial herbal 

medicines (HM1, HM2, and HM3) that had been 

claimed to contain L. angustifolia essential oil 

were purchased from local markets (Tehran, 

Iran) in the different dosage forms of oral drops 

(HM1 and HM2) and soft gel capsule (HM3). 

Solvents were supplied by Millipore Sigma Co. 

(Massachusetts, USA). 

 

2.2. Essential oil extraction of the plants 

The flowers and leaves of L. angustifolia and 

N. menthoides were air-dried at room 

temperature in the shadows. Then the dried plants 
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were powdered and stored at 4 ºC for the next 

steps. Extraction of L. angustifolia and  

N. menthoides essential oils was performed using 

the hydro-distillation method by Clevenger 

apparatus [16]. For this purpose, 500 ml distilled 

water with 50 g of the plants’ powder were 

placed in a flask and connected to Clevenger 

hydro-distillation apparatus. The round bottom 

flask was heated up to start distillation and 

consequently the distillate containing the 

essential oil and water was condensed and 

collected in a separating funnel. After about four 

hours, the essential oil was collected, dehydrated 

by anhydrous Na2SO4 and analyzed by GC-MS. 

 

2.3. Essential oil Extraction of the commercial 

herbal preparations 

Due to the HM1 and HM2 formulation 

containing the volatile emulsifying agents for 

dissolving essential oils, the extracted essential 

oils by Clevenger were not pure and mixed with 

an evaporated emulsifying agent. Thus the 

extracted essential oils of these two products 

were performed by solvent extraction with the 

help of a non-polar solvent such as n-pentane 

[17]. Using the solvent extraction method, 

emulsifier extraction with the essential oil was 

minimized and the purer essential oil was 

obtained. Briefly, 30 ml of the samples were 

placed in a separator funnel and 6 g salt (NaCl) 

was added to them. Then, 4 ml n-pentane was 

added to it and the mixtures were shaken 

vigorously to mix the two phases. Then, the 

lower aqueous layer was discarded, while the 

upper organic layer was collected and evaporated 

to remain the pure essential oil.  

Due to the lack of other volatile agents in the 

soft gel product (HM3), extraction of the pure 

essential oil using Clevenger apparatus was 

obtained without the mentioned problems for 

HM1 and HM2. The percentages of the obtained 

essential oils of HM1, HM2, and HM3 products 

were 0.69, 0.64, and 0.28 (w/w), respectively. 

 
2.4. GC/MS analysis 

The chemical compositions of the essential 

oils were analyzed by GC/MS using an Agilent 

instrument model 6890 with a BPX5 column  

(30 m × 0.25 mm i.d., 0.25 μm film thickness, 

SGE, Australia) coupled to a Mass Spectrometer 

model 5973N. Following injection, 5 min after 

injection, the oven temperature was increased 

from 50 to 240 °C at a rate of 3 °C/min and then 

reached to 300 °C at the rate of 15 °C/min and 

held 3 min in this temperature. Other operating 

conditions were as follows: carrier gas, He 

(99.999 %), with a flow rate of 0.5 ml/min; 

injector temperature, 250 °C; and split ratio, 

1:35. Mass spectra were taken at 70 eV a scan 

time of 1 s and a mass range of 40-500 amu [18]. 

 
2.5. Cluster Analysis 

Cluster analysis is a statistical method for 

processing GC/MS data. It works by organizing 

samples into groups and clusters, based on how 

closely associated they are. The Unscrambler X 

version 10.4 was used for cluster analyses based 

on the principal component analysis (PCA) 

method [19]. 

 

3. Results 

3.1. GC/MS analysis 

As mentioned above, the essential oils of  

L. angustifolia, N. menthoides and HM3 product 

were collected by the hydro-distillation method 

and the essential oils of HM1 and HM2 products 

were collected by the solvent extraction method. 

The percentages of the obtained essential oils of 

L. angustifolia, N. menthoides, HM3, HM2, and 

HM1 have been 0.40 %, 0.30 %, 28.5 %, 2.1 %, 

and 2.0 % (w/w), respectively. All essential oils 
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were analyzed using GC/MS. Chemical 

compositions of the essential oils were obtained 

by comparing their retention times and Kovats 

indices with the references of essential oils [20]. 

Total percentages of identified components for  

L. angustifolia, N. menthoides, HM3, HM2, and 

HM1 were 92.03 %, 94.47 %, 94.96 %, 89.46 %, 

and 91.34 %, respectively. The identified 

components are reported in Table 1 and their 

chromatograms are shown in Fig. 1. 

Table 1. Chemical compositions of the origin plants and examined products essential oils 

No. Components RT KI 
Lavandula 

angustifolia 

Nepetha 

menthenoides 
HM1 HM2 HM3 Type 

1 α-Thujene 12.49 935 - 0.39 - - - MH 

2 α-Pinene 12.90 943 1.40 1.35 - - 0.34 MH 

3 Camphene 13.82 961 3.59 - - - 0.31 MH 

4 β-Pinene 15.29 990 - 3.40 - - - MH 

5 1-Octen-3-ol 15.55 995 0.39 - - - 0.28 OT 

6 β-Myrcene 15.82 1000 1.18 0.30 - - 2.03 MH 

7 3-Octanol 15.90 1003 - - - - 0.23 OT 

8 α-Terpinene 17.35 1030 0.57 1.46 - - - MO 

9 o-Cymene 17.57 1034 1.24 4.58 - - 0.25 MH 

10 p-Cymene 17.86 1040 - 0.99 - - - MH 

11 Limonene 18.02 1043 1.27 - - - 0.67 MH 

12 1,8-Cineole 18.22 1046 4.89 60.07 0.86 0.29 2.14 MO 

13 trans-β-Ocimene 18.86 1059 0.50 - 0.26 - 3.66 MH 

14 γ-Terpinene 19.56 1072 - 2.79 - - 0.26 MH 

15 cis-Linalool oxide 19.66 1077 - - - 0.58 - MO 

16 trans-Linalool oxide 20.22 1085 0.47 - - 0.73 - MO 

17 trans-Sabinene hydrate 20.31 1087 - 0.28 - - - MO 

18 Terpinolene 20.95 1099 - 0.48 - - 0.23 MH 

19 Linalool 21.87 1117 32.11 4.02 35.38 43.84 30.23 MO 

20 trans-p-Menth-2-ene-1-ol 23.14 1143 - 0.22 - - - MO 

21 Camphor 24.47 1170 4.07 - - 0.91 0.74 MO 

22 
2,6-Dimethyl-3,7-octadiene-

2,6-diol 
24.83 1175 - - - 0.37 - MO 

23 Lavandulol 25.02 1181 0.88 - - - 1.21 MO 

24 Borneol 25.75 1195 15.97 - - 0.78 1.12 MO 

25 Terpinen-4-ol 26.02 1201 2.89 2.82 3.51 2.63 4.30 MO 

26 endo-Borneol 26.13 1203 1.00 - - - - MO 

27 p-Cymenol 26.47 1210 - 0.33 - - - MO 

28 α-Terpineol 26.80 1217 2.61 3.79 - 8.56 2.41 MO 

29 Geraniol 27.64 1220 - - - 2.85 - MO 

30 m-Cresol 27.83 1239 - 1.81 - - 0.96 OT 

31 Nerol 27.97 1242 0.43 - - 0.81 0.33 MO 

32 Linalyl acetate 28.95 1263 4.85 - - 23.80 22.45 MO 

33 Cuminaldehyde 29.21 1268 - 0.46 - - - MO 

34 Lavandulyl acetate 30.54 1296 3.07 - - - 4.62 MO 

35 trans-Bornyl acetate 30.77 1301 0.49 - - - 0.23 MO 
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Table 1. Chemical composition essential oils of origin plants and examined products (Continued) 

No. Components RT KI 
Lavandula 

angustifolia 

Nepetha 

menthenoides 
HM1 HM2 HM3 Type 

36 Carvacrol 31.79 1325 - 0.21 - - - MO 

37 Neryl acetate 33.97 1374 0.57 - 48.39 1.18 0.63 MO 

38 Nepetalactone 34.75 1391 - 3.70 - - - MO 

39 Geranyl acetate 34.85 1393 1.24 - 0.58 2.13 1.05 MO 

40 β-bourbenene 35.16 1401 - 0.29  - - SH 

41 β-trans-Farnesene 36.35 1428 - - 0.45 - 4.38 SH 

42 Santalen 36.59 1435 1.21 -  - 0.55 SO 

43 Caryophyllene 36.77 1439 1.07 - 5.53 - 4.94 SO 

44 Germacrene D 37.93 1491 - -  - 0.56 SH 

45 γ-Cadinene 40.71 1535 0.47 -  - - SH 

46 Caryophyllene oxide 43.64 1609 3.60 -  - 0.23 SO 

47 Hexahydrofarnesyl acetone 52.57 1857 - 0.24  - - DO 

48 Manoyl oxide 58.09 2025 - 0.76  - - DO 

 Total   92.03 94.74 94.96 89.46 91.34  

 Monoterpene Hydrocarbon   9.18 14.28 0.26 0 7.75 MH 

 Oxygenated Monoterpene   76.11 77.36 88.72 89.46 71.46 MO 

 Sesquiterpene Hydrocarbon   0.47 0.29 0.45 0 4.94 SH 

 Oxygenated Sesquiterpenes   5.88 0 5.53 0 5.72 SO 

 Other   0.39 1.81 0 0 1.47 OT 

 Oxygenated Diterpene   0 1 0 0 0 DO 

 
Fig. 1. GC/MS chromatograms obtained from a) L. angustifolia, b) N. menthoides, c) HM1, d) HM2 and e) HM3 

samples 
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Fig. 1. GC/MS chromatograms obtained from a) L. angustifolia, b) N. menthoides, c) HM1, d) HM2 and e) HM3 

samples (Continued) 
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Fig. 1. GC/MS chromatograms obtained from a) L. angustifolia, b) N. menthoides, c) HM1, d) HM2 and e) HM3 

samples (Continued) 

The major components of L. angustifolia 

essential oil were linalool, borneol, 1,8-cineol, 

and linalyl acetate, respectively. Also the 

major components of N. menthoides essential 

oil were 1,8-cineol, o-cymene, linalool, and  

α-terpineol, respectively. Linalool and linalyl 

acetate were the major components of all three 

products. 
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3.2. Principal Component Analyses 

The scoring diagram demonstrates the 

predicted positions of principal components 

(PCs) found among components of each sample 

and statistically determined the similarity 

between samples. Depending on the position of 

each group in the scoring diagram (position with 

positive or negative values on the 4-quadrat 

chart), it is possible to assign specific PC values 

for all samples. The PCA results of five essential 

oil sample types are presented in Fig. 2, based on 

 

components. The first two principal components 

should explain at least 60% of the correlation 

[21]. The first and second PCs accounted for 62 

% and 30 % of the total sample variance, 

respectively. The sum of the first two PCs 

represents 92 % of the total sample variance, 

presenting sufficient information for explaining 

differences in the aromas of essential oils. There 

is a clear difference between the samples of N. 

menthoides and L. angustifolia essential oils. 

 
Fig. 2. Two-dimensional PCA plot performed on five purified essential oils based on data collected using GC/MS 

 

The loading diagrams also demonstrate the 

relationship between independent variables (e.g., 

compounds) and clusters. These diagrams are 

produced by compound percentages using 

special vector equations. For each sample, a 

calculated high-loading value (for PCs) indicated 

that a larger share of the total percentages is 

derived (accounted for) from that samples. Fig. 3 

shows the loading values of these samples in 

PCs. Therefore, L. angustifolia, HM1, HM2 and 

HM3 have the lowest loading coefficients and N. 

menthoides has the highest loading coefficient, 

so they play a more important role in the 

classification of the samples. 
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Fig. 3. Loading plot for 2-dimensional PCA analysis showing samples based component percentages-clustering 

distribution with associated principal components 
 

4. Discussion 

Based on the reported studies, location and 

season of sample collection, as well as extraction 

conditions, can affect the amounts and 

compositions of the obtained essential oils of L. 

angustifolia and N. menthoides [22-24]. For 

example, essential oil yields of L. angustifolia 

were reported in amounts of 0.2 to 1.1 % (w/w) 

by the hydro-distillation method in different 

months [24]. In another study, the hydro-distilled 

N. menthoides oil from its aerial parts has been 

reported in a yield of 0.85 % (w/w) [9].  

As mentioned in the results section, and 

shown in Tables 1, the major components of  

L. angustifolia and N. menthoides were linalool 

(32.11 %) and 1,8-cineole (60.07 %), 

respectively. The percentages of the major 

components in the extracted essential oils of  

L. angustifolia [25] and N. menthoides [26] have 

been reported previously. The major components 

and the range of their percentages for  

N. menthoides have been reported as linalool 

(9.30 - 68.80 %), linalyl acetate (1.20 - 59.40 %), 

1,8-cineole (41.10 - 70.06%), and nepetalactone 

(4.61 %) from Sabalan mountains (Ardabil, Iran), 

by Kahkeshani [27]. The study by Salata et al. 

[28] was investigated the quality and quantity of 

the essential oils of L. angustifolia samples that 

have been cultivated in different situations and 

collected in different seasons. The main reported 

constituents of the monoterpene group found in 

lavender essential oil were (in decreasing order): 

borneol (9.77 - 13.90 %), linalyl acetate (0.59 -

15.76 %), linalool (1.17 - 7.87 %), and 1.8-

cineole (1.97 - 5.90 %); the percentage of 

cryptone, -pinene, limonene, camphor, and 

neryl formate were in the range 1.17 - 4.57 %. As 

regards the sesquiterpene group, α-muurolol had 

the highest percentage (10.36 - 19.67 %), 

followed by caryophyllene oxide (5.50 - 9.08 %) 

and γ-cadinene (4.43 - 8.66 %). 

As the result summarized in Table 3, three 

major components of L. angustifolia (linalool, 

borneol, and linalyl acetate) and N. menthoides 
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(1,8-cineol, -pinene, and nepetalactone) with 

their percentages are shown for better comparing 

with the products. All three components of  

L. angustifolia were found in the commercial 

products with agreeable percentages. Also as 

shown in Fig. 2, based on the location and spatial 

distribution of data clusters (represented by each 

sample type), N. menthoides essential oil (left) 

was well differentiated from samples of  

L. angustifolia (right), indicating significant 

differences in the chemical compositions from 

these two groups based on their corresponding 

volatile essential oil analytes. The relatively tight 

data clusters, derived from multiple sample 

replications of each sample type, indicate that 

instrument precision was good for all five 

samples. 

Therefore, based on the obtained results of the 

origin plants in this study and cluster analysis, the 

existence of L. angustifolia essential oil in three 

commercial products is confirmed. This 

conclusion is due to the greater agreement of 

compounds’ type and amount observed in three 

products with L. angustifolia compared to  

N. menthoides. However, based on the data 

which was shown in Fig. 2 and Table 2, the 

essential oil of HM2 and HM3 samples had 

higher compatibility in components with L. 

angustifolia essential oil. This observation 

showed that the extraction method for essential 

oils of L. angustifolia and HM3 was the same as 

hydro-distillation method. 

Table 2. Correlation index between samples 

Pair Pearson's r 95 % CI 0 p-value 

Lavandula angustifolia, Nepeta 

menthoides 
0.090 -0.279 to 0.436 0.27892371 0.43648147 0.6346 

Lavandula angustifolia, HM1 0.461 0.121 to 0.705 0 0.58326387 0.0103 

Lavandula angustifolia, HM2 0.803 0.622 to 0.902 0 0.27976171 <0.0001 

Lavandula angustifolia, HM3 0.741 0.520 to 0.869 0 0.34975583 <0.0001 

Nepeta menthoides, HM1 -0.025 -0.382 to 0.338 0.38180494 0.33834252 0.8958 

Nepeta menthoides, HM2 -0.018 -0.376 to 0.344 0.37609951 0.34422868 0.9235 

Nepeta menthoides, HM3 0.002 -0.358 to 0.362 0.3584672 0.36206856 0.9913 

HM1, HM2 0.481 0.146 to 0.717 0 0.57112785 0.0072 

HM1, HM3 0.420 0.071 to 0.678 0 0.60726639 0.0208 

HM2, HM3 0.951 0.898 to 0.976 0 0.07857059 <0.0001 

H0: ρ = 0, the correlation coefficient ρ of the bivariate population is equal to 0. 

H1: ρ ≠ 0, the correlation coefficient ρ of the bivariate population is not equal to 0. 

Table 3. Comparing the major components, determined using GC/MS 

Sample Linalool Linalyl acetate Borneol 1,8-Cineole Nepetalactone -Pinene 

L. angustifolia 

Essential oil 
32.11 4.85 15.97 4.89 N.D. -- 

N. menthoides 

Essential oil 
4.02 N.D. - 60.07 3.70 3.40 

HM1 35.38 48.39 - 0.86 N.D. - 

HM2 43.84 23.80 0.78 0.29 N.D. - 

HM3 30.23 22.45 1.12 2.14 N.D. - 

N.D.: Not Detected 
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5. Conclusion 

In this study with the help of chemometric 

methods coupled with GC/MS, precise methods 

for monitoring the quality and quantity of the 

claimed essential oils in the herbal products were 

reported. Based on the obtained results, the 

greater agreement of the type and amount of 

compounds was observed in three products with 

L. angustifolia compared to N. menthoides. The 

GC/MS analysis and processing of its obtained 

data by chemometric analysis such as cluster 

analysis provide a powerful tool to identify 

various adulteration in essential oils or to verify 

their biological or geographic origins. There is a 

need to prove that principal components are the 

continuous solution of cluster membership. 

Moreover, dimension reduction automatically 

performs data clustering according to the 

analysis results. 
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 مقاله تحقیقاتی

به  لمتصتوسط دستگاه کروماتوگرافی گازی  خودوسواسط محصولات در گیاهی تقلبات بررسی

 بندی کمومتریکهای دستهسنج جرمی به همراه روشطیف
 1، حمیدرضا شهبازی1، محسن شعبانی،*2آبادیفاطمه تاج، 1، حکیم فرجی1زهرا ترسلی

 ، ایرانناسلامی، ورامب آزاد دانشگاهپیشوا،  -شعبه ورامین شیمی، گروه 1
 گیاهان دارویی، جهاد دانشگاهی، کرج، ایران گیاهان دارویی، پژوهشکدهمرکز تحقیقات  2

 چکیده  اطلاعات مقاله
 واژگان:گل
 خودوسواسط

 اسانس

 گیاه در تقلب

 اصلی ءآنالیز جز

 گیاهی داروی

 چندین دارای آن اسانس بوده کهنعناعیان  خانواده از ایگونه ،(Lavandula angustifolia)اسطوخودوس  مقدمه: 

 برای یا مطالعه فقدان. گیرد می قرار استفاده مورد گیاهی داروهای از برخی در بنابراین ؛است بیولوژیکی فعالیت

 Nepetaاسطوخودوس ایرانی ) با آن ظاهری های ویژگی در شباهت وجود اسطوخودوس و اسانس شناسایی

menthoides) شیمیایی ترکیب مطالعه این در :هدف .است محصولات آن شده در تقلب یا استفاده سوء باعث 

 اسانس تجاری گیاهی داروی سه همچنین و گرفت قرار ارزیابی مورد اسطوخودوس ایرانی اسطوخودوس و اسانس

 :بررسی روش .گرفت قرار بررسی این حوزه مورد تقلبات در عنوان بررسی به ایران بازارهای اسطوخودوس در

 شیمیایی ترکیب و آمد دست به تقطیر روش به تجاری هاینمونه و اسطوخودوس ایرانی اسطوخودوس و هایاسانس

های پس از آن با روش .گرفت قرار ارزیابی مورد جرمی سنجطیفمتصل به  توسط دستگاه کروماتوگرافی گازی آنها

  مورد بررسی قرار گرفتند. (PCA) بندی با روش آنالیز جزء اصلیکمومتریک جهت شباهت سنجی و دسته

اسطوخودوس  اسانس از استفاده مورد در سازنده ادعای با تجاری گیاهی داروی سه هر که داد نشان نتایج: نتایج

نتایج کروماتوگرافی گازی  تحلیل و تجزیه :گیرینتیجه .ها تشخیص داده شددارد و دو گروه بین نمونه مطابقت

 اسطوخودوس و اسانس ارزیابی برای مهمی روش عنوان های کمومتریک بهبا روش یجرم سنجطیفمتصل به 

های دستگاهی با روشبنابراین تلفیق روش. است شده گرفته نظر در مطالعه این نتایج اساس بر اسطوخودوس ایرانی

ها ایجاد های آنای مختلف گیاهی و فرآوردههبندی گونههای آماری ابزار دقیق و قدرتمندی را جهت شناسایی و گروه

 کند.می
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