
 

PEER-REVIEWED ARTICLE                             bioresources.cnr.ncsu.edu 

 

 

Hosseinihashemi et al. (2024). “Bald cypress essential oil,” BioResources 19(1), 751-765.  750 

 

Chemical Composition and Content of Essential Oil from 
Cultivated Bald Cypress (Taxodium distichum L.) 
 

Seyyed Khalil Hosseinihashemi,a,* Sayed Khosrow Hosseinashrafi,a,* Mehrnoush 

Kelkian,b Zohreh Shafighi,c and Luiz Claudio Almeida Barbosa d 

 
*Corresponding author: hashemi@kiau.ac.ir; khosrowashrafi@gmail.com  

 
DOI: 10.15376/biores.19.1.751-765 

 

 

GRAPHICAL ABSTRACT 
 

 
 

 

  

 



 

PEER-REVIEWED ARTICLE                             bioresources.cnr.ncsu.edu 

 

 

Hosseinihashemi et al. (2024). “Bald cypress essential oil,” BioResources 19(1), 751-765.  751 

 

Chemical Composition and Content of Essential Oil from 
Cultivated Bald Cypress (Taxodium distichum L.) 
 

Seyyed Khalil Hosseinihashemi,a,* Sayed Khosrow Hosseinashrafi,a,* Mehrnoush 

Kelkian,b Zohreh Shafighi,c and Luiz Claudio Almeida Barbosa d 

 
The essential oils extracted from the cone scale (CS), seed (SE), and thin 
branch with leaf (BL) of Taxodium distichum harvested during the winter 
season were analyzed by gas chromatography-mass spectrometry. Up to 
37 components were identified, accounting for more than 96% of the total 
oil volume in all samples. Monoterpenes (CS 93.4%, SE 85.2%, and BL 
72.8%) represented the major constituents of the essential oils, followed 
by smaller quantities of sesquiterpenoids. Monoterpene hydrocarbons 
(MH) dominated, with limonene (CS 56.5%, SE 50.5%, and BL 43.8%) and 
α-pinene (CS 31.7%, SE 26.1%, and BL 16.2%) being the main 
constituents. Representative minor constituents in the CS oil are 
camphene (1.3%) and bornyl acetate (2.6%); in the SE oil, β-myrcene 
(1.7%) and bornyl acetate (5.1%) were found; and in BL essential oil, β-
myrcene (3.1%) and bornyl acetate (6%). Sesquiterpene hydrocarbons 
(CS 4.6%, SE 7.8%, and BL 12.9%) were the other major subclasses of 
components, with caryophyllene (CS 4.1%, SE 6.8%, and BL 9.3%) as the 
main constituent. The only oxygen-containing sesquiterpene found was 
caryophyllene oxide (CS 1.5%, SE 5.5%, and BL 8.3%). The compounds 
could be of great interest in food, cosmetics, and pharmaceutical 
applications. 
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INTRODUCTION 
 

Taxodium distichum is known as bald cypress and distributed in the eastern United 

States from Maryland and Illinois south into Florida and Central Texas (Middleton and 

McKee 2004). The plant species are spread as plantations in different regions, such as in 

wet or poor drainage soil lands of Guilan and Mazandaran, north of Iran, because the trees 

grow remarkably well in almost any soil including heavy, compacted, or poorly drained 

areas (Abdelsalam et al. 2019). Such topics have been studied by many researchers for 

different purposes (Jaimand and Rezaei 2003; Rostamabadi et al. 2010, 2013; Eslamdoust 

et al. 2014, 2015a, 2015b). The T. distichum tree is cultivated in urban areas as an 

ornamental and timber tree (Drazic and Batos 2002; Ninic-Todorovic and Ocokoljic 2002; 

Sijacic-Nikolic et al. 2010; Abdelsalam et al. 2019). The essential oil composition of 
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different plant parts of T. distichum were investigated earlier from various geographic 

regions (Odell 1912; Liangfeng et al. 1995; El Tantawy et al. 1999; Flamini et al. 2000; 

Jaimand and Rezaee 2003; Abou Dahab et al. 2007; Ogunwande et al. 2007; Adams et al. 

2012; Su et al. 2013; Starks et al. 2014). 

The leaves and cones of the species are particularly rich in essential oils, and they 

were used as folk medicine to treat skin, gastro-intestinal, respiratory, inflammation, and 

infections (Ramos et al. 1984; Cortés-Arroyo et al. 2011). 

The important uses of essential oils include food, perfumery, cosmetic, cleaning, 

sanitary, and pharmaceutical industries, as well as in medicine (Bartels 2001; Manach et 

al. 2004; Kaminaga et al. 2006). Furthermore, the essential oils of many plant species have 

been reported to possess useful biological, pharmacological, and therapeutic activities 

(Barclay and McKersie 1994; Garcıa et al. 2003; Adesina 2005; Lattanzio et al. 2006; 

Mustafa and Verpoorte 2007; Khadem and Marles 2010). 

The most abundant chemical compounds in the volatile oil of T. distichum seed 

cones previously reported by Odell (1912) included dextro pinene (85%), along with dextro 

limonene (5%), carvone (3%), tricyclic sesquiterpene (3%), and a “pseudoterpene alcohol” 

(2%). 

In the study conducted by Jaimand and Rezaei (2003), the time lag collection of T. 

distichum cone essential oil was considered. The cones were harvested in mid-summer 

(August 2000), and three fractions were collected at different times (10, 60, and 120 min) 

using the hydrodistillation method with a Clevenger-type apparatus. Subsequently, the 

chemical constituents were identified using gas chromatography (GC) and GC/mass 

spectrometry (MS) devices. These analyses showed that the major constituents in the first, 

second, and third fractions were α-pinene, 1-terpineol, and β-caryophyllene, in variable 

quantities. 

Đapić and Ristić (2017) stated that in the chromatogram of cones extract (absolute 

ethanol) of coppery-red bald cypress collected in January 2015 in the Futoški Park, Novi 

Sad, Serbia revealed the presence of 53 compounds, of which 33 compounds were 

identified. Thus, the extract contained oxygenated monoterpenes (12.4%), sesquiterpenes 

(5.2%), oxygenated sesquiterpenes (17.4%), diterpenes (1.2%), and oxygenated diterpenes 

(30.9%), while the amount of retinoic acid was 0.3%. Monoacylglycerols were detected in 

the amount of 4.3%. The most abundant compounds of cones extract were: caryophyllene 

oxide (14.3%), 6,7-dehydro-ferruginol (12.5%), bornyl acetate (11.0%), 6-deoxy-

taxodione (9.5%), and trans-caryophyllene (4.2%). 

Furthermore, the cone essential oil of T. distichum grown in Egypt has been 

characterized to contain α-pinene (87.3%), thujopsene (3.7%), and minor quantities (< 2%) 

of myrcene, β-pinene, and limonene, which exhibit effective antimicrobial, antispasmodic, 

and anti-inflammatory properties (El Tantawy et al. 1999). Ogunwande (2007) conducted 

an analysis of the cytotoxic effects of T. distichum leaves and cone oils collected from 

Nigeria. Their findings revealed that the predominant compounds were α-pinene (60.5%) 

and thujopsene (17.6%) in the cones, while the leaves contained thujopsene (27.7%), 

pimara-8(14),15-diene (13.1%), widdrol (12.8%), and β-caryophyllene (11.4%). 

Considering the great variation in the composition of T. distichum essential oil 

reported so far, and that there are few studies on the plant collected in Iran, the present 

work aimed to expand the previous studies mentioned above, trying to obtain and transmit 

a better knowledge of the volatiles from seeds, cones, and branch with leaf of this 

industrially important bald cypress, harvested for the first time in winter.   

 



 

PEER-REVIEWED ARTICLE                             bioresources.cnr.ncsu.edu 

 

 

Hosseinihashemi et al. (2024). “Bald cypress essential oil,” BioResources 19(1), 751-765.  753 

EXPERIMENTAL 
 

Plant Material 
Female cones and thin branch along with leaf of three individual plants representing 

the local population of cultivated T. distichum from Ramsar city, Mazandaran province in 

Iran stretched between 36º53′11.68″ N and 50º34′11.68″ E were harvested in December 

2022. The weather is rainy and snowy in late autumn and winter. Regarding information 

about weather provided from synoptic station in Ramsar, the maximum and minimum 

temperature are 32.6 °C and -3 °C, respectively, and the average yearly raining is 1107 mL 

(Saeb et al. 2011). The location of sampling was in the zero height in 0.01 probability level.  

The collected materials (female cones and thin branch along with leaf) were air-

dried in shade at an ambient temperature about 23 ± 2 ºC. The plant part of T. distichum, 

including female cones, was cut into small pieces to separate seeds from cone scale, and 

then the plant parts chopped to obtain lignocellulosic flour. The particle size was between 

30- and 40-mesh. The plant material was identified by the author (Sayed Khosrow 

Hosseinashrafi), Assistant Professor, Department of Wood Science and Paper Technology, 

Karaj Branch, Islamic Azad University, Karaj, Iran, and a voucher specimen was deposited 

in the Herbarium of College of Agriculture and Natural Resources of Islamic Azad 

University, Karaj Branch, Karaj, Iran, under the code 5242. 

 

Isolation of Essential Oils 
Air-dried cone scale, seed, and thin branch along with leaf from T. distichum (200 

g for each harvested in winter (December 2022) were chopped, then poured separately into 

2500-mL round bottom all-glass flasks that contained 1500 mL distilled water. Finally, test 

materials were hydrodistilled for 3 h using a clevenger-type apparatus in accordance with 

the method of Hosseinihashemi et al. (2023a, 2023b, 2023c).    

The collected oil samples were dried over anhydrous sodium sulphate (Na2SO4), 

stored in sealed 2-mL plastic vials, and kept in a refrigerator at 4 ℃ until GC/MS analysis. 

The essential oil content was expressed as 1 mL per 100 g based on the dry weight of the 

plant material. 

 

Essential Oils Analysis 
The oil obtained from T. distichum cone scale, seed, and thin branch (with leaves) 

were analyzed by gas chromatography-mass spectrometry (GC-MS). Accordingly, 100 μL 

of each oil were dried over anhydrous sodium sulfate salt and dissolved with 900 μL of 

hexane and the sample was injected on a GC Agilent-7890A coupled to a MS Agilent 

5975C mass spectrometer detector (Agilent Technologies, Palo Alto, CA, USA). For the 

analyses, a HP-5MS cross-linked capillary column (30 m long and 0.25 mm internal 

diameter, 0.25 μm film thickness) was used. 

The GC/MS operation conditions were as follows: Helium was the carrier gas with 

a flow rate of 1 mL/min; injector temperature of 260 °C; transfer line of 270 °C; oven 

temperature program of 60 °C for 4 min, 3 °C/min to 100 °C for 2 min, then 4 °C/min to 

250 °C for 5 min; carrier gas was He at 1 mL/min; the intrinsic energy that hits the sample 

in the MS system was 70 eV. The split ratio of the sample was 50:1 with a split flow 

(column flow) of 1 mL/min, with a total chromatographic run time of 52 min as reported 

by Barzegari et al. (2023).  

The compounds were identified by comparing their mass spectra with data from 

two mass spectrometric libraries (Wiley 275 L, 1998 and NIST-05), mass database 
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matching, and by comparing the retention times with published data (Julian and König 

1988; Adams 2001). The retention indices (RI) were determined with reference to a 

homologous series of normal alkanes (C9 to C23) as proposed by Kovàts (1958). 

The percentages of all identified components were calculated based on their 

corresponding peak areas, with the total area of all peaks in the chromatogram considered 

as 100%. 

 

 
RESULTS AND DISCUSSION 
 

The Yield of Cone Scale, Seed, and Thin Branch Along with Leaf Essential 
Oils 

The yield of essential oils from the cone scale, seed, and thin branch along with leaf 

of T. distichum was determined by hydrodistillation and expressed as a percentage in 

relation to the dry weight of the plant parts. Hydrodistillation of T. distichum gave light-

orange oils with yields of 1 mL/100 g, based on the dry weight of cone scale, seed, and thin 

branch along with leaf. 

 

GC/MS Analysis of Essential Oils from Cone Scale, Seed, and Thin Branch 
Along with Leaf 

Figures A1, A2, and A3 show the chromatograms of the essential oils of T. 

distichum cone scale, seed, and thin branch along with leaf obtained from Ramsar station 

and analyzed in the HP-5MS column. 

The chemical components identified in the essential oils from cone scale, seed, and 

branch along with leaf of T. distichum are presented in Tables 1, 2, and 3. The GC-MS 

profiling revealed the cone scale, seed, and branch along with leaf of T. distichum 

contained 14, 18, and 37 volatile and bioactive components, representing 99.9, 99.5, and 

96.2% of the oil volume of mentioned parts, respectively, in winter (December 2022). 

Among the classes, monoterpene hydrocarbons were most abundant (90.6, 79.9%, and 

65.8%, respectively), followed by sesquiterpene hydrocarbons (4.6, 7.8, and 12.9%, 

respectively), oxygenated monoterpenes (2.8, 5.3, and 6.9%, respectively), and oxygenated 

sesquiterpene (1.6, 5.8, and 9.1%, respectively) (Table 4). Among the monoterpene 

hydrocarbons, limonene (56.5, 50.5, and 43.8%, respectively) and α-pinene (31.7, 26.1, 

and 16.2%, respectively) were the major compounds. The minor monoterpene 

hydrocarbons detected in cone scale oil were camphene (1.3%), β-pinene (0.6%), tricyclene 

(0.3%), and α-terpinolene (0.2%), in seed oil were β-myrcene (1.7%), camphene (0.9%), 

β-pinene (0.4%), and tricyclene (0.3%), but in branch along with leaf were β-myrcene 

(3.1%), camphene (1.0%), β-pinene (0.6%), α-terpinolene (0.6%), tricyclene (0.3%), and 

γ-terpinene (0.1%) (Tables 1, 2, and 3).  

Among the sesquiterpene hydrocarbons, caryophyllene (4.1, 6.8, and 9.3%, 

respectively) was the main components in cone scale, seed, and branch along with leaf 

oils. The minor sesquiterpene hydrocarbons identified in cone scale and seed oils were α-

humulene (0.5 and 0.9%, respectively), while, in branch along with leaf oil were (-)-β-

bourbonene (0.03%), longifolene (0.04%), α-muurolene (0.04%), and γ-cadinene (0.05%).  

  



 

PEER-REVIEWED ARTICLE                             bioresources.cnr.ncsu.edu 

 

 

Hosseinihashemi et al. (2024). “Bald cypress essential oil,” BioResources 19(1), 751-765.  755 

Table 1. Essential Oil Composition of T. distichum Cone Scale that Harvested in 
Winter 

No. Compound Group RT (min) Area (%) KI exp KI lit 

1 Tricyclene MH 5.304 0.34 922 926 

2 α-Thujene MH 5.467 0.02 928 930 
3 α-Pinene MH 5.676 31.71 936 939 

4 Camphene MH 6.090 1.25 950 954 

5 β-Pinene MH 7.013 0.56 979 979 

6 D-Limonene MH 9.047 56.51 1033 1024 

7 α-Terpinolene MH 11.605 0.21 1095 1088 

8 exo-methylcamphenilol OM 13.953 0.16 1148 1155 
9 Bornyl acetate OM 20.511 2.61 1286 1288 

10 Caryophyllene SH 26.209 4.07 1412 1419 

11 α-Humulene SH 27.478 0.49 1446 1454 

12 Caryophyllene oxide OS 31.823 1.53 1574 1583 

13 Humulene epoxide II OS 32.673 0.10 1601 1608 
14 Ferruginol OD 50.092 0.35 2307 2315 

KI exp and KI lit: experimental and literature Kovats indices, respectively, on HP-5MS column in 
reference to n-alkanes; RT: retention time 

 

Caryophyllene oxide as a main oxygenated sesquiterpene was identified in cone 

scale, seed, and branch along with leaf oils (1.5, 5.5, and 8.3%, respectively) (Tables 1, 2, 

and 3).   

In general, the results of the study show that the qualitative and quantitative 

composition of the CS and SE oils collected from Ramsar, Mazandaran province, Iran was 

similar, whilst the qualitative and quantitative composition of the BL oil was different.    

The monoterpene hydrocarbons of both cone scale and seed oils were characterized 

by higher amounts (90% of cone scale, 79% of seed) than that of BL (65.8%). Most of the 

identified compounds in the cone scale were also found in the seed, but the seed oil 

contained two times more sesquiterpene hydrocarbons and oxygenated sesquiterpenes 

(almost 4%). These compounds were higher in the thin branch along with leaf oil.  

The high content of α-pinene among the monoterpene, in the cone scale oil, is in 

agreement with the earlier reports of samples analyzed in Egypt, Iran, Nigeria, and India 

(El Tantawy et al. 1999; Flamini et al. 2000; Jaimand and Rezaei 2003; Ogunwande et al. 

2007; Adams 2012; Padalia et al. 2016), and caryophyllene oxide among the 

sesquiterpenoids, is in agreement with the earlier report of sample analyzed by Jaimand 

and Rezaei (2003) in Iran. 

According to the literature, the composition of examined T. distichum essential oil 

to compare contents of seven major components, e.g., tricyclene, α-pinene, β-pinene, 

myrcene, limonene, α-terpineol, and caryophyllene oxide, the plant essential oils from 

different geographic regions were subjected to the hierarchical cluster analysis (Padalia et 

al. 2016). 

The major oxygenated monoterpene in this study was bornyl acetate (2.6% for CS, 

5.1% for SE, and 6.0% for BL); additionally, the major sesquiterpene hydrocarbon was 

caryophyllene with the above-mentioned percentage that is similar to the results in study 

of Ogunwande et al. (2007) on T. distichum cone oil. Caryophyllene is widely researched 

and developed in the pharmaceutical, food, and cosmetics industries because it provides 

benefits in all three sectors (Kubo et al. 1996; Yin et al. 2019). 
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Table 2. Essential Oil Composition of T. distichum Seed that Harvested in Winter 

No. Compound Group RT (min) Area (%) KI exp KI lit 

1 Tricyclene MH 5.304 0.25 922 926 

2 α-Thujene MH 5.467 0.02 928 930 

3 α-Pinene MH 5.687 26.09 936 939 
4 Camphene MH 6.091 0.88 950 954 

5 β-Pinene MH 7.013 0.43 979 979 

6 β-Myrcene MH 7.590 1.71 995 991 

7 D-Limonene MH 9.089 50.51 1034 1024 

8 exo-methylcamphenilol OM 13.948 0.09 1148 1155 
9 Fenchyl acetate OM 17.240 0.03 1218 1218 

10 Bornyl acetate OM 20.516 5.11 1286 1288 

11 p-Mentha-1,8-dien-7-ol OM 21.292 0.07 1300 1325 

12 Caryophyllene SH 26.225 6.84 1412 1419 

13 Humulene SH 27.478 0.91 1446 1454 
14 Caryophyllene oxide OS 31.834 5.48 1575 1583 

15 Humulene epoxide II OS 32.652 0.35 1600 1608 

16 Sandaracopimaradiene DH 42.119 0.10 1947 1969 

17 Abietatriene DH 44.336 0.15 2039 2055 

18 Ferruginol OD 50.092 0.47 2307 2315 

KI exp and KI lit: experimental and literature Kovats indices, respectively, on HP-5MS column in 
reference to n-alkanes; RT: retention time 

  

In the current investigation, the analysis revealed the presence of specific 

compounds in varying percentages in the CS, SE, and BL harvested during winter. 

Limonene, α-pinene, caryophyllene, caryophyllene oxide, and bornyl acetate were 

identified at 56.5%, 50.5%, and 43.8%; 31.7%, 26.1%, and 16.2%; 4.1%, 6.8%, and 9.3%; 

1.5%, 5.5%, and 8.3%; and 2.6%, 5.1%, and 6.0%, respectively. The corresponding values 

with bold emphasis can be found in Tables 1, 2, and 3. 

Sandaracopimaradiene and abietatriene as diterpene hydrocarbons and ferruginol 

as abietane oxygenated diterpene were found in the seed oil with minor amounts; ferruginol 

was only present in the cone scale oil with minor amounts, but sandaracopimaradiene, 

abieta-8,11,13-triene, sandaracopimarinal, and ferruginol were also present in the cone 

scale oil with minor amounts, where diterpenes also observed in the leaves, cones, and 

branches oil of T. distichum analyzed by Flamini et al. (2000) and Ogunwande et al. (2007).  

The cone essential oil had a monoterpene hydrocarbon limonene in the percentage 

of 18.7% (Flamini et al. 2000). T. distichum cones belong to the Mediterranean Basin, 

where climate is mild with rainy winters and hot and dry summers and showed that α-

pinene was present in 71.3%. 

The predominant compound in the majority of the essential oils analyzed was α-

pinene, while limonene was the next compound present in the analyzed samples (Đapić 

and Ristić 2017). In contrast, according to the information about weather provided from 

synoptic station in Ramsar, the weather is rainy and snowy in late autumn and winter (Saeb 

et al. 2011).   
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Table 3. Essential Oil Composition of T. distichum Thin Branch Along with Leaf 
that Harvested in Winter 

No. Compound Group RT (min) Area% KI exp KI lit 

1 Tricyclene MH 5.325 0.31 918 926 

2 α-Pinene MH 5.975 16.22 941 939 

3 Camphene MH 6.216 0.97 949 954 

4 β-Pinene MH 7.06 0.64 975 979 

5 β-Myrcene MH 7.689 3.13 993 991 

6 D-Limonene MH 9.865 43.82 1050 1024 

7 γ-Terpinene MH 10.441 0.13 1064 1054 

8 Terpinolene MH 11.584 0.58 1090 1088 

9 Fenchol OM 12.559 0.02 1110 1114 

10 α-Campholenal OM 13.125 0.03 1122 1122 

11 Limonene oxide, trans- OM 13.639 0.08 1135 1137 

12 Camphene hydrate OM 14.011 0.18 1144 1145 

13 Isoborneol OM 14.399 0.01 1153 1155 

14 endo-Borneol OM 14.808 0.03 1162 1165 

15 Terpinen-4-ol OM 15.369 0.22 1175 1174 

16 α-Terpineol OM 16.014 0.06 1188 1186 

17 Fenchyl acetate OM 17.251 0.06 1213 1218 

18 Bornyl acetate OM 20.826 5.95 1287 1288 

19 cis-Pinen-3-ol OM 21.303 0.09 1295 - 

20 Myrtenyl acetate OM 22.477 0.04 1317 1324 

21 cis-Carvyl acetate OM 23.095 0.14 1333 1365 

22 (-)-β-Bourbonene SH 24.899 0.03 1377 1387 

23 Caryophyllene SH 26.571 9.26 1415 1419 

24 Humulene SH 27.614 1.55 1445 1454 

25 Germacrene D SH 28.626 1.81 1474 1484 

26 α-Muurolene SH 29.234 0.04 1491 1500 

27 γ-Cadinene SH 29.669 0.05 1502 1513 

28 Cadina-1(10),4-diene SH 30.01 0.18 1511 1533 

29 Caryophyllene oxide OS 32.169 8.28 1580 1583 

30 Humulene-1,2-epoxide OS 32.756 0.66 1598 1608 

31 T-Cadinol OS 33.7 0.08 1629 1638 

32 β-Eudesmol OS 33.92 0.04 1637 1649 

33 α-Cadinol OS 34.077 0.06 1642 1652 

34 Sandaracopimaradiene DH 42.113 0.21 1941 1969 

35 Abieta-8,11,13-triene DH 44.336 0.34 2034 2324 

36 Sandaracopimarinal DH 47.188 0.13 2157 2184 

37 Ferruginol OD 50.16 0.69 2305 2315 

KI exp and KI lit: experimental and literature Kovats indices, respectively, on HP-5MS column in 
reference to n-alkanes; RT: retention time 

 



 

PEER-REVIEWED ARTICLE                             bioresources.cnr.ncsu.edu 

 

 

Hosseinihashemi et al. (2024). “Bald cypress essential oil,” BioResources 19(1), 751-765.  758 

Table 4. Classification of the Identified Chemical Components of the T. distichum 
Cone Scale, Seed, and Branch Along with Leaf Essential Oil by GC/MS Data 
Analysis 

Compound  
Group 

Cone Scale 
(%) 

Seed 
(%) 

Thin Branch Along with Leaf 
(%) 

Monoterpenes (MT) 93.38 85.18 72.81 

Monoterpene hydrocarbons (MH) 90.61 79.89 65.80 

Oxygenated monoterpenes (OM) 2.77 5.29 6.91 

Sesquiterpenes (ST) 6.19 13.58 22.04 

Sesquiterpene hydrocarbons (SH) 4.56 7.75 12.92 

Oxygenated sesquiterpenes (OS) 1.63 5.83 9.12 
Diterpenes (DT) 0.35 0.72 1.37 

Diterpene hydrocarbons (DH) - 0.25 0.68 

Oxygenated Diterpenes (OD) 0.35 0.47 0.69 

Total identified (TI) 99.92 99.48 96.22 

 

The oils chemical composition of bald cypress in Italy had obviously higher content 

in limonene; more oxygenated monoterpenes, and sesquiterpene hydrocarbons (Flamini et 

al. 2000), while the oils from Nigeria contained much lower α-pinene level but had higher 

thujopsene content (Ogunwande et al. 2007). Thujopsene was not reported in the sample 

from Italy (Su et al. 2013) and limonene was not reported in the sample from Iran (Jaimand 

and Rezaee 2003). 

The composition of essential oils in feminine cones, leaves, and branches of bald 

cypress, as identified by Flamini et al. (2000), revealed high concentrations of α-pinene 

(53.7% to 79.7%) and limonene (3.7% to 18.7%). Conversely, samples collected from 

China, as analyzed by Liangfeng et al. (1995), featured caryophyllene oxide (41.67%) as 

the predominant constituent, accompanied by significant proportions of bornyl acetate 

(6.24%), perilla ketone (5.45%), and α-asarone (5.39%). 

Additionally, Odell (1912) reported that the major constituents of the seed cones of 

T. distichum were α-pinene (85.0%), d-limonene (5.0%), and carvone (3.0%). 

Comparatively, the data from our current study indicates that while the primary 

components of the volatile oils of T. distichum remain consistent, their quantities vary 

significantly.   

According to the previous data (Howard et al. 1988; Kordali et al. 2006; Norouzi-

Arasi et al. 2006), essential oils of other plant species possessing caryophyllene oxide as a 

major constituent are toxic. Acroptilon repens volatile oils containing 36.6% of 

caryophyllene oxide and 10% of caryophyllene inhibited the growth of Gram-positive 

bacteria (Norouzi-Arasi et al. 2006). This sesquiterpene oxide is toxic to ants and inhibits 

the growth of ant-associated fungi (Howard et al. 1988). The essential oils isolated from 

Artemisia species are toxic and contain caryophyllene oxide as a major component in which 

they showed a high mortality to granary weevil (Kordali et al. 2006). 

 
 
CONCLUSIONS 
 

1. The GC-MS analysis of the essential oil of Taxodium distichum winter cone scale, seed, 

and thin branch along with leaf revealed the presence of 14, 18, and 37 compounds, of 

which all compounds were identified.  
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2. The identification of chemical composition of the plant cone scale, seed, and thin 

branch along with leaf essential oil collected from northern Iran showed the presence 

of limonene, α-pinene, and caryophyllene in higher amounts in winter cone scale 

(December 2022); limonene, α-pinene, bornyl acetate, and caryophyllene in higher 

amounts in winter seed, while limonene, α-pinene, caryophyllene, caryophyllene oxide, 

and bornyl acetate in higher amounts in winter thin branch along with leaf.    

3. The constituents of the cone scale, seed, and thin branch along with leaf oils were as 

follows: monoterpene hydrocarbons (90.6, 79.9, and 65.8%, respectively), oxygenated 

monoterpenes (2.8, 5.3, and 6.9%, respectively), sesquiterpene hydrocarbons (4.6, 

7.8%, and 12.9%, respectively), oxygenated sesquiterpenes (1.6, 5.8, and 9.1%, 

respectively), and diterpenes (0.4, 0.7, and 1.4%, respectively).  

4. Monoterpene hydrocarbons were the most abundant class of compounds, then 

sesquiterpene hydrocarbons, followed by oxygenated sesquiterpenes. 
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APPENDIX 
 

 
 
Fig. A1. The GC/MS chromatogram of the essential oil of T. distichum winter cone scale 
(December 2022) 
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Fig. A2. The GC/MS chromatogram of the essential oil of T. distichum winter seed (December 
2022) 
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Fig. A3. The GC/MS chromatogram of the essential oil of T. distichum winter thin branch along 
with leaf (December 2022) 


