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Introduction  

Lanxangia is a genus of the Zingiberaceae family with eight 

accepted species and is recorded in China South-Central, China 

Southeast, Laos, Myanmar, Thailand, and Vietnam.1 Previously, the 

genus Lanxangia has been known as a synonym of the genus Amomum 

Roxb., however since 2018, Lanxangia has been considered a separate 

genus.2 The most famous in the genus Lanxangia is Lanxangia tsao-ko 

(Crevost & Lemarie) M. F. Newman & Skornick, which is commonly 

found growing in the southwestern provinces of China, including 

Yunnan and Guangxi, Laos, and northern Vietnam.3 Its dried fruit, often 

called "Cǎoguǒ" in Chinese and called “Thảo quả” in Vietnamese, is an 

important spice in Chinese cuisine.4 In traditional Chinese medicine, it 

is often used to treat throat infections, malaria, cold dampness, 

abdominal pain, gastropathy, and dyspepsia.5 Besides, it may support 

weight loss and have a positive effect on eliminating bad breath.6 

Research has revealed that L. tsao-ko possesses multiple bioactivities 

important to human health, such as antioxidant, anti-inflammatory, 

anticancer, antidiabetic, antimicrobial, and neuroprotective effects.7-13  
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The fruit of L. tsao-ko has great flavor and fragrance, and therefore, EOs 

from this plant part, also known as Chinese black cardamom oil, has 

attracted much attention. Studies on the chemical profile of EO showed 

the presence of major monoterpene hydrocarbons and oxygenated 

monoterpenes, including phellandrene, pinene, 1,8-cineole, geranial, 

and geraniol.7 Numerous studies focused on therapeutic applications of 

1,8-cineole to treat respiratory illness, inflammation, and pain in gout 

have been conducted.14,15 Phellandrene has been known to exert a 

variety of bioactivities, such as antimicrobial, antioxidant, anti-

inflammatory, insecticidal, and repellent properties.16 Previous research 

has indicated the significant variations in volatile profiles of EOs from 

Amomum cardamomum fresh and dried seeds, also known as Indian 

cardamom oil.17 Accordingly, this led to differences in odour and aroma 

quality characteristics of the resultant EOs, and perhaps, their 

bioactivities as well. In the present study, two EOs extracted from fresh 

and dried L. tsao-ko were investigated. To the best of our knowledge, 

this is the first study to compare the chemical composition, 

antimicrobial and antioxidant activities of the EOs of L. tsao-ko fresh 

and dried seed seeds collected in Vietnam. This will hopefully provide 

a better understanding of how volatile constituents contribute to aroma 

and flavor as well as potential health-endorsing properties of L. tsao-ko 

EOs. 

 

Materials and Methods 

Plant collection and identification 

The seeds of L. tsao-ko were collected from Dong Van commune, Que 

Phong district, Nghe An province, Vietnam in December 2021 and were 

identified by Dr. Dang Van-Son, Institute of Tropical Biology, Vietnam 

Academy of Science and Technology. A voucher specimen 
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Lanxangia tsao-ko has been used in traditional oriental medicine to treat malaria, abdominal pain, 

digestive disorders, and inflammation-related diseases. The aim of this study was to compare the 
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activities of L. tsao-ko fresh and dried seed essential oils (EOs) grown in Vietnam. The EOs of L. 

tsao-ko seeds were analyzed by gas chromatography-mass spectrometry. The results showed that 

the major constituents of the seed essential oils were 1,8-cineole, α-citral, 

tetracyclo[3.3.1.0.1(3,9)]decan-10-one, α-phellandrene, and β-citral. The TPC ranged from 1.47 
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B. cereus, E. coli, P. aeruginosa, S. .enterica, and C. albicans (with MIC = 32-128 µg/mL). The 
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between EOs obtained from fresh and dried seeds. The findings of the study provide more 
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properties of L. tsao-ko EOs. 
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(HieuTT/1209) was deposited at the herbarium of the Department of 

Chemistry, College of Education, Vinh University, Nghe An Province, 

Vietnam. 

 

Extraction of EOs 

According to the Vietnamese Pharmacopoeia, the fresh and dried seeds 

(each 1.0 kg) of L. tsao-ko were chopped and hydro-distilled separately 

using Clevenger-type apparatus for 4h.18 The distilled EOs were 

dehydrated over anhydrous sodium sulfate to remove traces of water 

and stored at 4ºC in the refrigerator before gas chromatography-mass 

spectrometry (GC/MS) analysis and bioactivity tests. All the 

experiments were repeated three times.  

 

Chemical identification of EO sample 

GC/MS analysis was carried out using an Agilent GC-7980 coupled to 

an Agilent MS 5977C, with an HP-5MS UI column (30 m × 0.25 mm × 

0.25 μm, Agilent). Helium was applied as carrier gas with a flow rate of 

1 mL/min. An amount of 1 μL of EO sample (diluted in n-hexane, 1:100 

ratio) was injected using a split ratio of 1:25. The column temperature 

program was initiated at 60oC (held for 1 min), followed by an increase 

to 240oC at the rate of 4°C/min and finally held for 4 min. The injector, 

MS Quad, and transfer line temperature were set at 300, 150, and 300oC, 

respectively. The MS source was 230°C, the ionization voltage 70 eV, 

and the mass range m/z 50-550 (2.0 scan/s). The identification of the 

EO components was based on comparing of their mass spectra values 

to those in the literature (NIST17 and Adams book),19 and then it was 

subsequently verified using a comparison of retention indices about to 

a homologous series of n-alkanes. For quantification, the relative peak 

area (%) was utilized. 

 

Total phenolic content (TPC) 

The TPC was determined using the published method.20 Briefly, 0.1 mL 

of samples or standard (gallic acid solution from 0 - 100 µg/mL) was 

mixed with 0.5 mL of 10-fold diluted, 0.4 mL of 10% Na2CO3 solutions, 

and 1.5 mL of deionized water. The mixture was incubated for 2h and 

measured spectrophotometrically at 760 nm. The results were 

calculated on the calibration curve (y = 0.2652x – 2.8283, R2 = 0.9981) 

and expressed in milligrams of gallic acid equivalents (GAE) per gram 

of dried extract. 

 

DPPH scavenging assay 

The scavenging activity of EOs against free radicals was determined 

using a DPPH (2,2-diphenyl-1-picrylhydrazyl) assay and vitamin C as 

a positive control.20 The samples with concentrations ranging from 0 - 

100 mg/mL or standards (0.1 mL) were mixed with 0.1 mL of 0.3 mM 

DPPH solution. The mixtures were incubated in dark for 30 min and 

measured absorbance at 517 nm. The scavenging activity of the 

standards or samples compared to the negative control was calculated 

as the following equation:   

 

Scavenging activity (%) = [(ANC- At)/ANC] × 100 

 

Where ANC denoted the absorbance of negative control and At 

represented the absorbance of the tested samples. The IC50 values were 

then estimated based on the fitted lines between concentrations and 

scavenging activity. The linear regression models for  EOs were 

performed using Microsoft Excel (Microsoft Corporation, 2018). The 

smaller IC50 means the higher scavenging activity of samples. 

 

Antimicrobial assay 

The antimicrobial activity of the EOs was tested against Enterococcus 

faecalis (ATCC 299212), Staphylococcus aureus (ATCC 25923), 

Bacillus cereus (ATCC 14579); Escherichia coli (ATCC 25922), 

Pseudomonas aeruginosa (ATCC 27853), Salmonella enterica (ATCC 

13076); and Candida albicans (ATCC 10231) which were obtained 

from the National Institute for Food Control (No. 65 Pham Than Duat 

Street, Mai Dich Ward, Cau Giay District, Ha Noi, Vietnam). 

The antimicrobial activity of the EOs was evaluated by the 

microdilution broth susceptibility assay method according to the 

Clinical and Laboratory Standards Institute guidelines.21 Luria Bertani 

Agar (LBA) and Sabouraud Dextrose Agar (SDA) were used to culture 

bacterial and yeast on 96-well plates in laboratory conditions, 

respectively. Streptomycin and cycloheximide were employed as 

reference compounds for bacteria and yeast, respectively, which were 

provided by the Institute of Drug Quality Control (Ho Chi Minh City, 

Vietnam). The experiments were conducted with the following steps. 

The EOs were diluted in 10% DMSO and prepared in eight different 

concentrations (from 2 to 256 µg/mL). The test bacterial and fungal 

samples were standardized on a 96-well plate with a concentration of 

approximately 2×105 CFU/mL. The mixtures of microbiological and 

testing EO samples were incubated at 37°C for 18 - 24h for bacteria and 

at 35 - 37°C for 36 - 48h for yeast. After 24h, the minimum inhibitory 

concentration (MIC) values were preliminarily determined as the lowest 

sample concentration, in which the samples showed complete inhibition 

of microbial growth after 24h. The experiments were performed in 

triplicates. 

 

Statistical analysis 

All the experiments were conducted 3 times. The results were 

represented under Mean ± SD. The linear regression model and 

ANOVA one way were performed using Microsoft Excel (Microsoft, 

2018). P value less than 0.5 was considered significant. 

 

Results and Discussion 

Chemical constituents of EOs 

Two EO samples (fresh seed essential oil, HC-01; dried seed essential 

oil, HC-02) were pale yellow, lighter than water (d < 1). Steam 

hydrodistillation of fresh and dried seeds produced EOs in 1.07% and 

1.19% (v/w) yields, respectively. The EOs of L. tsao-ko fresh and dried 

seeds of Vietnamese origin were analyzed by GC/MS. The results of the 

chemical composition of HC-01 and HC-02 samples are presented in 

Table 1, Figure 1, and Figure 2, respectively. As presented in Table 1, 

thirty-six components were identified in HC-01 oil and thirty-three 

components in HC-02 oil, representing 99.32 % and 98.13 % of the 

related essential oils, respectively, most of which were found to be 

oxygenated monoterpenoids (74.57% in HC-01 oil, 68.31% in HC-02 

oil), followed by monoterpene hydrocarbons (12.42% in HC-01 oil, 

21.10% in HC-02 oil), aldehyde compounds (8.31% in HC-01 oil, 

6.66% in HC-02 oil), and phenolics compounds (4.02% in HC-01 oil, 

2.06% in HC-02 oil). Specifically, the major constituents of the fresh 

seed essential oils were 1,8-cineole (40.75%), α-citral (13.67%), 

tetracyclo[3.3.1.0.1(3,9)]decan-10-one (10.31%), α-phellandrene 

(7.88%), and β-citral (6.07%), while the dried seed essential oils were 

dominated by 1,8-cineole (41.08%), α-phellandrene (12.84%), α-citral 

(12.01%), and tetracyclo[3.3.1.0.1(3,9)]decan-10-one (8.04%). 

It is remarkable that the composition of the seed EOs collected in 

Vietnam is partly consistent with the previous report.22 However, the 

components of the dried seed essential oil (collected in Lao Cai 

province, with 27 components) were lower than that of the seed 

essential oil (collected in Nghe An province, with 33 components). In 

comparison with the major EO components in previous studies, the EO 

samples in the present study shared some qualitative components, 

differing mainly in the quantitative components. These differences 

might be the result of variability associated with the origin of the herb 

and analytical techniques.23,24 For example, by GC/MS analysis, thirty-

two components (accounting for 96.35%) and thirty-three components 

(accounting for 96.93%) were identified in hydrodistillation and 

microwave-assisted hydrodistillation oils, respectively.23 Furthermore, 

the main component of the EO, 1,8-cineole, was also found in L. tsao-

ko EO, but the quantitative composition varied depending on the source 

of the sample collection (e.g., 28.9-40.89% in Chinese essential oil,23,25 

and 30.6% in Vietnamese essential oil).22 

 

Total phenolic content (TPC) 

The TPC of the EOs was tested with the results shown in Table 2. The 

TPC of HC-01 was slightly higher than that of HC-02: 1.70 and 1.47 

mg GAE/g EO, respectively. The results indicated that the drying 

process could reduce the level of TPC in EOs extracted by 13%. In 

addition, other factors include solvent, extraction methods, extraction 

time, and temperature.26 
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Table 1: Chemical composition of two EOs extracted from the fresh and dried seeds of Lanxangia tsao-ko 
 

No. Components RIcal RIlit HC-01 HC-02 
Method of 

identification 

1 hexanal - 800 0.06 0.07 MS 

2 α-thujene 931 929 0.13 0.24 RI, MS 

3 α-pinene 939 937 0.95 1.95 RI, MS 

4 sabinene 978 974 0.17 0.34 RI, MS 

5 β-Pinene 981 979 0.17 0.27 RI, MS 

6 β-myrcene 992 991 0.42 0.7 RI, MS 

7 octanal 1003 1003 0.66 0.53 RI, MS 

8 α-phellandrene 1007 1005 7.88 12.84 RI, MS 

9 3-carene 1013 1011 0.2 0.33 RI, MS 

10 α-terpinene 1020 1017 0.16 0.22 RI, MS 

11 p-cymene 1029 1025 0.84 0.94 RI, MS 

12 limonene 1033 1030 1.64 2.66 RI, MS 

13 1,8-cineole (= eucalyptol) 1037 1032 40.75 41.08 RI, MS 

14 cis-β-ocimene 1041 1038 0.05 0.07 RI, MS 

15 trans-β-ocimene 1052 1049 0.52 0.77 RI, MS 

16 trans-2-octenal 1061 1060 3.63 2.44 RI, MS 

17 γ-terpinene 1063 1060 - 0.52 RI, MS 

18 terpinolene 1091 1088 0.13 0.19 RI, MS 

19 linalool 1100 1099 0.22 0.16 RI, MS 

20 cis-chrysanthenol 1168 1162 0.15 - RI, MS 

21 δ-terpineol 1170 1166 0.25 - RI, MS 

22 (E)-ocimenol 1172 1169 - 0.19 RI, MS 

23 terpinen-4-ol 1180 1177 0.69 0.53 RI, MS 

24 3,7-dimethyl-3,6-octadienal 1185 1184 0.25 0.22 RI, MS 

25 α-terpineol 1192 1189 2.07 1.56 RI, MS 

26 cis-4-decenal 1198 1193 0.09 0.05 RI, MS 

27 β-citral 1245 1240 6.07 4.43 RI, MS 

28 (Z)-2-decenal 1251 1252 0.08 0.06 RI, MS 

29 linalyl acetate 1258 1257 0.14 0.09 RI, MS 

30 2(E)-decenal 1265 1263 3.67 3.36 RI, MS 

31 α-citral 1275 1270 13.67 12.01 RI, MS 

32 tetracyclo[3.3.1.0.1(3,9)]decan-10-one 1290 - 10.31 8.04 MS 

33 2-isopropylbenzaldehyde 1307 - 1.23 0.86 MS 

34 indane-4-carboxaldehyde 1344 - 0.4 0.26 MS 

35 hydrocoumarin 1358 1359 0.7 - RI, MS 

36 α-methylcinnamaldehyde 1375 - 0.4 - MS 

37 α-cyclopropylbenzyl alcohol 1380 - 0.45 - MS 

38 (E)-2-dodecenal 1468 1468 0.12 0.15 RI, MS 

 monoterpene hydrocarbons 12.42 21.1  

 oxygenated monoterpenes 74.57 68.31  

 phenolic compounds 4.02 2.06  

 aldehyde compounds 8.31 6.66  

 Total identified % 99.32 98.13  

 Notes: RIcal: retention index calculated on HP-5MS Ultral Inert column; RIlit: retention index reported in the literature; HC-01: EO sample extracted 

from the fresh seeds of L. tsao-ko; HC-02: EO sample extracted from the dried seeds of L. tsao-ko; RI, MS: Identified based on retention index (RI) 

matching and mass-spectra (MS) comparison of compounds on HP-5MS Ultral Inert column with those on the database NIST17 and literature 
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Figure 1: A representative gas chromatogram of HC-01 

 

 
Figure 2: A representative gas chromatogram of HC-02 

 

DPPH scavenging activity 

The two EOs showed scavenging activities against DPPH. The IC50 

values of HC-01 and HC-02 were 68.79 and 56.44 mg/mL, respectively 

(Table 3). Both EOs showed low antioxidant activities compared to 

ascorbic acid (IC50 = 14.48 µg/mL). In comparison to some other EOs, 

these scavenging activities were also lower but more comparable. IC50 

values of EOs from Haplophyllum tuberculatum (Forsskal) A. Juss and 

Calamintha incana (Sm.) Helder (Lamiaceae) were 3.24 mg/mL and 

15.38 mg/mL, respectively.27,28 As TPC was reported to be the main 

component prescribed for antioxidant activities,20,29
 the small 

percentage of TPC (Table 2) in the two EOs could be one of the reasons 

for the low antioxidant activities tested. It should be noted that the EOs 

extracted from the dried seeds were more active than the fresh ones. 

However, this greater was not significant (P>0.05). This may be due to 

the similar volatile compositions of these two EOs. 

 

Evaluation of in vitro antimicrobial activity 

As shown in Table 4, HC-01 and HC-02 samples co-possessed a MIC 

value against the pathogenic microorganisms S. aureus, E. coli, C. 

albicans (MIC = 32 μg/mL), and P. aeruginosa (MIC = 128 μg /mL). 

Additionally, HC-02 had a lower MIC value than HC-01 (ca. 2 times) 

against the bacterium E. faecalis, B. cereus, and S. enterica. This result 

demonstrated that the antimicrobial activity of the dried seed essential 

oil was stronger than that of the fresh seed essential oil. Streptomycin 

(MIC = 32-256 μg/mL) and cycloheximide (MIC = 32 μg/mL) were 

used as the positive controls against the pathogenic microorganisms, 

respectively. 

In a review of over 500 publications detailing the antimicrobial activity 

of plants, Van Vuuren (2008) proposed that EOs with MIC values of 

200 μg/mL or lower could be considered noteworthy antibacterial.30 

This study showed that seed essential oil consisting mainly of 

oxygenated monoterpenoids, monoterpene hydrocarbons, aldehydes 

and phenolics was shown to be effective against pathogenic 

microorganisms (with MIC values of EO from less than 128 µg/ 

mL).30,31 Moreover, Li et al. (2022) indicated that 1,8-cineole, 2(E)-

decenal, α-citral, β-citral, α-pinene, and α-terpineol are likely 

antibacterial compounds.25 Previous research has shown that L. tsao-ko 

fruit EO possesses potential antimicrobial properties,7,32 and that it is 
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extensively utilized as a flavoring and preservative in daily food.33 It 

has been widely observed that Gram-positive bacteria are more 

sensitive to L. tsao-ko dried fruit EOs than gram-negative bacteria.34,35 

Gram-negative bacteria's less sensitivity to EOs can be explained by the 

presence of a hydrophilic outer membrane that prevents hydrophobic 

EOs from penetrating the target cell membrane. The antibacterial results 

of this study are consistent with those reported by previous studies. 

 

Table 2: The TPC of two EO samples  
 

EO samples TPC (mg GAE/g EO) 

HC-01 1.70 ± 0.08 

HC-02 1.47 ± 0.05 

Mean ± SD; n = 3. 

Table 3: Antioxidant activity of two EOs as measured by DPPH assay 
 

Concentration (mg/mL) DPPH free radical scavenging (%) 

HC-01 HC-02 Ascorbic acid 

0 0.00 ± 5.54  0.00 ± 5.54  

10 6.05 ± 1.10 10.98 ± 10.49  

20 23.72 ± 0.97 27.06 ± 3.93  

40 34.78 ±1.59 39.55 ± 2.58  

60 44.20 ± 2.51 52.79 ± 4.42  

80 54.12 ± 3.57 63.38 ± 3.70  

100 68.92 ± 1.14 78.51 ± 2.90  

120 78.21 ± 1.19 82.13 ± 1.23  

140 82.02 ± 2.09 80.96 ± 2.40  

160 81.88 ± 1.28 81.38 ± 3.02  

IC50 68.79 (mg/mL) 56.44 (mg/mL) 14.48 (µg/mL) 

IC50: the half maximal inhibitory concentration; Mean ± SD; n = 3. 

 

Table 4: Antimicrobial activity of two EO samples, streptomycin, and cycloheximide. 
 

Microorganisms 
MIC (µg/mL) 

HC-01 HC-02 Streptomycin Cycloheximide 

Enterococcus faecalis ATCC299212 64  1.30 32  0.51 256 - 

Staphylococcus aureus ATCC25923 32  1.34 32  0.18 256 - 

Bacillus cereus ATCC14579 64  2.67 32  0.48 128 - 

Escherichia coli ATCC25922 32  1.34 32  1.12 32 - 

Pseudomonas aeruginosa 

ATCC27853 

128  3.67 128  2.41 256 - 

Salmonella enterica ATCC13076 64  1.89 32  1.02 128 - 

Candida albicans ATCC10231 32  1.42 32  1.07 - 32 

MIC = Minimum inhibitory concentration; Mean ± SD; n = 3; (-) not tested. 

 

 

Conclusion  

This work was the first study to compare the compositions and 

bioactivities of EOs from L. tsao-ko fresh and dried seeds collected in 

Vietnam. A total of 36 and 33 compounds from fresh and dried seed 

essential oils were identified, respectively. The EO from dried seeds 

showed the strongest antioxidant activity with an IC50 value of 56.44 

mg/mL. The EOs also showed antibacterial activity with MIC values of 

32-128 µg/mL. These results suggested that EOs of L. tsao-ko seeds is 

beneficial for developing effective antioxidant and antibacterial herbal 

products or remedies. 
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