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Abstract: The current study was focused on the extraction of essential oil from Houttuyniacordata thunb (HCT) by using 
different solvents (ethyl acetate, ethanol, and n-hexane) using cryogenic grinding techniques (CGT). The influence of the 

storage time of the HCT extract on the volatile components was investigated. This paper also discussed and interpreted 
the mass spectral fragmentation patterns for the three new compounds (undenoyl acetaldehyde, dodenoyl acetaldehyde, 
and decyl-imine acetaldehyde). The results showed that the extractability of essential oil obtained by CGT using ethyl 

acetate as an extractant was as high as 1.14% and the content of decanoyl acetaldehyde in the essential oil was as 
much as 55.96%, much higher than the previously reported values. It was suggested that the oxidation and 
decomposition of those unstable components were effectively reduced when the essential oil was extracted by CGT. The 

content of decanoyl acetaldehyde in the HCT extractant remained constantly when using ethyl acetate as a solvent in 
the process of storage, while using ethanol as a solvent, the content of decanoyl acetaldehyde decreased rapidly as the 
storage time increased. The author proposed that the ethanol reacted with decanoyl acetic acid and formed decanoyl 

acetic ether, which accelerated the decomposition of the decanoyl acetaldehyde. 

Keywords Houttuyniacordata thumb, cryogenic grinding techniques, essential oil, decanoyl acetaldehyde, mass 

spectra. 

1. INTRODUCTION 

HCT is widely distributed throughout Southeast Asia 

[1]. As herb of antibiotic activity, HCT has been a time-

honored traditional Chinese medicine (TCM) and 

widely used for treating anaphylaxis, lung cancer and 

viral infections [2]. It provides a wide range of 

pharmacological activities, including antiviral [3], 

antieukemic [4], antioxidative and antimutagenic effects 

[5], which are mainly attributed to its volatile oil (or 

essential oil). Houttuynine (decanoyl acetaldehyde) and 

2-undecanone are the predominant components in the 

essential oil, while their reported contents in the volatile 

oil are quite different [6-9]. For example, a method of 

flash gas chromatography indicated a level of decanoyl 

acetaldehyde of 0.60% and a level of 2-undecanone of 

3.59% [7], whereas steam distillation (SD) showed 

those levels to be 5.10% and 9.84% [8], and 

headspace solid-phase microextraction (HS-SPME) 

showed them to be 7.23% and 22.21% [6], 

respectively. Decanoyl acetaldehyde is unstable and 

easily oxidized to decanoyl acetic acid and then 

decomposed into 2-undecanone in the process of 

distillation or during storage [6], resulting in a lower 

content of decanoyl acetaldehyde in the HCT essential 

oil. Therefore, there is a definite need for a highly 

efficient method of extracting decanoyl acetaldehyde  
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from HCT samples by reducing the decomposition of 

decanoyl acetaldehyde. 

Cryogenic grinding has long been developed as a 

traditional technique. It allows volatile oil from the 

plants to be released thoroughly and immediately, and 

also significantly reduces the loss of volatile oil [10-12]. 

What’s more, the unstable and easily-oxidized 

compounds in the volatile oil can be kept free from 

decomposition and oxidation. To the best available 

knowledge, there have been no reports of extracting 

volatile oil from HCT by CGT. Liquid nitrogen at -195.6 
o
C as a quick-freezing agent can provide the 

refrigeration needed to pre-cool the HCT sample, 

further more the vapourisation of the liquid nitrogen 

creates an inert and dry environment for additional 

protection of the quality of the HCT. In this paper, the 

author extracted essential oil from HCT by CGT. The 

results showed that the extractability of the volatile oil 

using ethyl acetate as an extractant was as much as 

1.14%, and the content of decanoyl acetaldehyde in 

the extract was as high as 55.96%. Furthermore, a 

reasonable mechanism for decomposition of decanoyl 

acetaldehyde during storage of the HCT extractant was 

presented. 

2. MATERIALS AND METHODS 

2.1. Materials 

Dr. Teng Xue collected fresh, wild HCT flowers from 

Changfeng Park, Putuo, Shanghai, China, which were 



146     International Journal of Biotechnology for Wellness Industries, 2013 Vol. 2, No. 4 Qing-Song Xue 

then identified by Dr. Wei-Dong Zhang, Shanghai 

Institute for Food and Drug Control, Shanghai, China. 

The analytical grade reagents (99.9%) of ethyl acetate, 

ethanol, and n-hexane were purchased from Shanghai 

Chemical Reagent Corporation, Shanghai, China. The 

researchers purchased liquid nitrogen from Shanghai 

Lü Min Corporation, Shanghai, China, and n-Dodecane 

(AR, 99.9%) from Fisher Scientific Corporation, New 

York, USA. 

2.2. Extraction of the Volatile Compounds 

The HCT essential oil extracted by CGT was 

prepared as follows: 5 g of cryogentic ginding HCT 

sample was obtained by immersing HCT into a 

container with liquid nitrogen for 5 min and then 

grinding it immediately. Then 10 g of extractant was 

added to the powder of the cryogentic ginding HCT 

sample. The mixtures were stirred at room temperature 

for 30 min.  

2.3. Gas Chromatography-Mass Spectrometry 

The extract with extractant was analyzed using an 

gas chromatograph with a mass spectrometer (6890-

5973N, Agilent Corporation, Palo Alto, America) and a 

HP-5MS column (length 30 m, i.d. 0.25 mm, film 

thickness 0.25 μm; stationary phase: diphenyl-95% 

dimethyl siloxane copolymer). High pure helium 

(99.999%) was used as the carrier gas at a flow rate of 

1 mL min
-1

. The oven temperature was programed as 

follows: a starting temperature of 40 °C, then increased 

to 120 
o
C at a rate of 5 

o
C min

-1
, at which temperature 

the column was maintained for 2 min, then to 240 °C at 

8 °C min
-1

. The injection port was maintained at 250 

°C. The temperature of the interface between GC and 

MS was 280 
o
C. A split injection with a ratio of 6:1 was 

used. The sample volume injected was 1 μL. The 

solvent delay was 6.5 min. The mass spectrometer was 

fitted with an EI source operated 70 eV with an ion 

source temperature of 230 °C and quadrupole 

temperature of 150 °C, and mass spectra were 

recorded in the range m/z 12-550 amu in the full-scan 

acquisition mode. The mass spectra were matched 

with a NIST 2002 library.  

The content of the components in the extract was 

calculated by normalizing the peak area on a total ion 

current chromatogram (TIC) after deduction of the 

extract. The extractability of essential oil was calculated 

by internal standard method (n-dodecane as internal 

standard).  

3. RESULTS AND DISCUSSION 

3.1. Effect of Extractants on the Components in 
HCT Essential Oil 

Figure 1 illustrates the GC-MS chromatograms of 

the HCT essential oil extracted by CGT with different 

extracts. Table 1 shows the components and their 

relative proportions (%, total ion current). Twenty-one 

volatile components from HCT using acetic ether as an 

extractant were found and seventeen components 

were identified by matching with the standard mass 

spectra in the NIST 2002 library. Among other four 

unidentified components, the peak area of the 

component at a retention time of 21.97 min is too small, 

resulting in weak signal on the mass spectrum and 

inability to identify it. As Figure 2a indicates, the 

component at a retention time of 22.18 min can be 

initially considered to be decanoyl acetaldehyde on the 

basis of its molecular ion of 198 (m/z). Liang et al. [6] 

reported on the mass spectra of decanoyl 

acetaldehyde and analyzed its formation mechanism in 

detail. There are two –C=O with the one on the tip 

being more active than -CH3 in decanoyl acetaldehyde 

molecular, making it easy to lose H2O (M
+
 -18), CO (M

+
 

-28) groups, resulting in a strong abundance of m/z 

180, 170 ions, respectively. The fragments of m/z 162, 

155, 152 are produced when the groups of H2O+H2O 

(M
+
 -36), CH2CHO (M

+
 -43), CO+H2O (M

+
 -46) are lost, 

 

Figure 1: The total ion current chromatogram of HCT 
essential oil extracted by CGT using acetic ether (a~c), 
ethanol (d~f), n-hexane (g) as extractants. The essential oil 
with extractant kept at room temperature for 0.5 h (a, d, g), 1 
day (b, e), and 18 days (c, f) before GC-MS analysis. 1. 2-
undecanone; 2. decanoic acid; 3. decanoyl acetaldehyde; 4. 
undenoyl acetaldehyde; 5. dodenoyl acetaldehyde; 6. Decyl-
imine acetaldehyde. 
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Table 1: The Main Components of the HCT Essential Oil Extracted by CGT Using Acetic Ether (a~c), Ethanol (d~f), n-
Hexane (g) as Extractants 

tR /min Compound a % b% c % d % e % f % g % Q Mw 

6.67 -Phellandrene 1.27 0.84 0.74 0.31 0.50 0.53 1.70 91 136 

7.05 -Pinene 0.36 0.19 0.17 0.10 0.28 0.17 0.31 95 136 

7.71 -Phellandrene 5.48 5.85 5.45 4.00 7.37 0.32 13.27 91 136 

7.79 -Pinene 1.23 1.04 0.95 0.58 0.99 0.60 2.19 95 136 

8.18 -Myrcene 13.34 12.52 11.01 9.61 19.34 8.22 0.47 91 136 

9.21 Limonene 0.38 0.25 0.27 0.25 0.40 0.45 0.75 96 136 

9.47 1,3,6-Octatriene, 3,7-dimethyl- 0.24 0.32 0.31 0.29 0.56 0.25 1.21 83 136 

13.92 2-Decanone    0.16    72 156 

14.26 Decanal 0.41 1.13 1.39 1.62 2.33 1.49 2.75 91 156 

16.49 Bornyl acetate 0.51 0.24 0.27 0.58 0.92 0.86 0.88 98 196 

16.72 2-Undecanone 1.21 0.68 0.37 26.62 26.67 15.06 34.10 97 170 

17.12 Undecanal 0.25 0.61 0.82 1.59 1.86 0.71 2.83 83 170 

19.45 Decanoic acid     0.90 39.02  97 172 

19.59 2,6-Octadien-1-ol, 3,7-dimethyl-,acetate 1.64 1.14 1.76 3.51 5.74 6.19 4.96 91 196 

19.89 2-Dodecanone 0.22 0.26 0.27 8.40 8.16 3.05 4.24 97 184 

20.25 Dodecanal 0.50 0.46 0.58 0.64 1.42 0.45 1.61 81 184 

20.54 Caryophyllene 2.23 1.88 2.02 2.31 4.84 1.53 4.99 99 204 

21.36 1,4,7-Cycloundecatriene, 1,5,9,9-
tetramethyl- 

0.07 0.10 0.14 0.10 0.32  0.24 93 204 

21.41 Cyclohexene, 3-(1,5-dimethyl-4-
hexenyl)-6-methylene- 

0.23 0.22 0.31 0.24 0.52  0.49 93 204 

21.70 Undecanoic acid      4.54  98 186 

21.97  0.09 0.10 0.10 1.76 0.61 0.59 0.20  204 

22.18 Decanoyl acetaldehyde 55.96 55.71 54.93 28.15 8.24 4.63 20.16  198 

22.28 2-Tridecanone    3.99 5.32 4.59  95 198 

23.65 Dodecanoic acid      3.17  97 200 

24.16 Undenoyl acetaldehyde 9.65 10.27 11.37 2.14 1.63 1.35   212 

25.96 Dodenoyl acetaldehyde 4.73 6.19 6.77 1.15     226 

26.34 Decyl-imine acetaldehyde    1.90 1.08    197 

27.42 decanoyl acetic ether      0.44   242 

Q: quality/%; Mw: molecular weight; the series numbers of the samples are the same as in Table 1. 

respectively. These fragment ions completely coincide 

with those of the mass spectrum at a retention time of 

22.18 min obtained in this experiment as shown in 

Figure 2a. This clearly indicates that the component at 

a retention time of 22.18 min is decanoyl acetaldehyde. 

As Figure 2b and c indicate, the molecular ions of the 

two compounds are 212 and 226, respectively. The 

forming mechanism of fragments in the two mass 

spectra is very similar to that of decanoyl acetaldehyde. 

Therefore, it was assumed that the two compounds at 

a retention time of 24.16, 25.96 min were undenoyl 

acetaldehyde and dodenoyl acetaldehyde, respectively. 

As shown in Figure 3, the groups of H2O (M
+
 -18), CO 

(M
+
 -28), CH2CHO/CH2CH3 (M

+
 -43), H2O+CO (M

+
 -46) 

in the molecular structure of the above-mentioned 

compounds are easily lost, resulting in the 

corresponding fragments. A series of fragments 

(containing keto-carbonyl, such as m/z 150, 138, 124, 

110, etc.) are produced when both the aldehyde and 

the corresponding alkyl groups are simultaneously lost. 

What’s more, a series of alkyl fragments (such as m/z 

29, 43, 57, 71, 99, 113, 127, etc.) are produced when 
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both the group of COCH2CHO and the corresponding 

alkyl groups are simultaneously lost. The fragment of 

m/z 71 is mainly due to the formation of C5H11
+
, 

CH3COCH2CH2
+
, and COCH2CHO

+
. The fragment of 

m/z 86 is mainly due to the formation of rearranged 

fragments CH3(CH2)4CH3
+
, CH3CH2CHCOCH3

+
, and 

CH3COCH2CHO
+
. A mass spectrometry analysis 

further confirmed that the components at a retention 

time of 24.16, 25.96 min were undenoyl acetaldehyde 

and dodenoyl acetaldehyde, respectively. To the best 

of our knowledge, there have been no reports of mass 

spectra of undenoyl acetaldehyde and dodenoyl 

acetaldehyde, which is possibly due to the oxidation 

and decomposition of those compounds during the 

extraction of the HCT essential oil at higher 

temperature. The results showed that the CGT 

extraction method was efficient for extraction of 

decanoyl acetaldehyde and its homologues from HCT 

samples. 

Notably, decanoyl acetaldehyde (55.96%) is a 

predominant component of the HCT essential oil 

extracted by CGT using acetic ether as an extract, 

much higher than in that extracted by steam distillation 

(5.10%) [8] and headspace solid-phase micro-

extraction (7.23%) [6]. Meanwhile, the content of 2-

undecanone regarded as an oxydate of deacnoyl 

acetaldehyde in the HCT volatile oil was only 1.21%. 

The results showed that the oxidation and 

decomposition of decanoyl acetaldehyde was efficiently 

reduced when the HCT essential oil was extracted by 

CGT using acetic ether as an extract under ultra-low 

temperatures. Furthermore, the content of undenoyl 

acetaldehyde and dodenoyl acetaldehyde were as 

much as 9.65% and 4.72%, respectively. The results 

showed that the CGT extraction method was 

accessible and available for highly efficient extraction 

of decanoyl acetaldehyde and its homologues from 

HCT samples. 

Twenty-four volatile components from HCT 

extracted by CGT using ethanol as an extractant were 

found and the components were the same as when 

acetic ether was used as an extractant, except for the 

absence of 2-decanone, 2-tridecanone and decyl-imine 

acetaldehyde. Decyl-imine acetaldehyde was found for 

the first time in this experiment and has not been 

reported in literatures. As shown in Figure 2d, the 

molecular ion of the compound at a retention time of 

26.34 min was 197. There was only a difference of 1 

(m/z) between the main fragments of m/z 197, 179, 

154, 98, 85, 70, etc. in the mass spectrum at a 

retention time of 26.34 min and the corresponding 

fragments of decanoyl acetaldehyde. Therefore, the 

 

Figure 2: Mass spectra (EI, 70 eV) of HCT sample resolved by GC-MS at a retention time (a) 22.18, (b) 24.16, (c) 25.96, and 
(d) 26.34 min, respectively. 
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component at a retention time of 26.34 min can be 

initially considered to be decyl-imine acetaldehyde. 

According to the law of mass spectrometry, the groups 

of NH3 (M
+
 -17), H2O (M

+
 -18) are easily lost, resulting 

in a strong abundance of m/z 180, 179 ions, 

respectively. The fragments of m/z 168, 154, and 126 

are produced when the groups of CHO/C2H5 (M
+
 -29), 

CH2CHO/C3H7 (M
+
 -56), and HCNHCH2CHO/C5H11 (M

+
 

-71) are lost, respectively. There are no fragment ions 

of m/z 162 (-2H2O, M
+
 -36), 152 (-H2O and –CO, M

+
 -

46), and 142 (-2CO, M
+
 -43) in the mass spectrum at a 

retention time of 26.34 min, which are considered to be 

characteristic fragments of decanoyl acetaldehyde. The 

analysis of mass spectrum further confirmed that the 

component at a rentention time of 26.34 min is decyl-

imine acetaldehyde. Furthermore, compared with using 

acetic ether as an extractant, the content of 2-

undecanone in HCT essential oil extracted by CGT 

using ethanol as an extractant remarkably increased to 

26.62%, while the content of decanoyl acetaldehyde 

markedly decreased to 28.15% but was still 

significantly higher than the results of publications [6, 8] 

. The results showed that the CGT extraction method 

was superior to the methods like steam distillation and 

headspace solid-phase microextraction. 

A series of n-C19~28 alkanes in the HCT volatile oil 

extracted by CGT using n-hexane as an extractant 

were found (not illustrated in Figure 1 and Table 1), 

while the other main volatile components were the 

same as using acetic ether as an extractant, except for 

the absence of undenoyl acetaldehyde and dodenoyl 

acetaldehyde. The total content of those alkanes in the 

volatile oil was 2.65%. Decanoyl acetaldehyde 

(20.16%) and 2-undecanone (34.10%) were 

predominant components of the HCT sample obtained 

by CGT using n-hexane as an extractant. Among three 

extractants, the content of decanoyl acetaldehyde and 

 

Figure 3: Major fragment ions of decanoyl acetaldehyde, undenoyl acetaldehyde and dodenoyl acetaldehyde. 
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its homologues in the HCT essential oil was as such: 

acetate ether > ethanol > n-hexane. However, the trend 

in 2-undecanone is opposite. 

The effect of extractants on the extractability of HCT 

essential oil is shown in Figure 4. Clearly, the 

maximum extractability of essential oil extracted by 

CGT using acetic ether as an extractant was as high as 

1.14%, which was much higher than by steam 

distillation (0.085%) [13], and also higher than by 

solvent immersion at room temperature (0.29%) [14]. 

However, the extractability extracted by CGT using 

ethanol as an extractant markedly decreased to 0.23%. 

The lowest extractability extracted by CGT using n-

hexane as an extractant was only 0.05%. The 

extractability of 2-undecanone extracted by CGT using 

n-hexane as an extractant showed no obvious 

distinction from what by CGT using acetic ether as an 

extractant, although a much higher content of 2-

undecanone (34.10%) in HCT essential oil extracted by 

CGT using n-hexane as an extractant was obtained. 

The results indicates that n-hexane is not suitable for 

the extraction of volatile components from HCT, 

especially not suitable for the extraction of decanoyl 

acetaldehyde and its homologues. The extractability of 

2-undecanone extracted by CGT using ethanol as an 

extractant was higher than that using acetic ether as an 

extractant despite the lower extractability of essential 

oil using ethanol as an extactant. It was suggested that 

the ethanol extractant may be either unsuitable for the 

extraction of decanoyl acetaldehyde from HCT samples 

or it can accelerate oxidation and decomposition of 

decanoyl acetaldehyde. The following discussion 

demonstrates that the latter conjecture is more 

reasonable. 

 

Figure 4: Effect of extractants on the extractability of HCT 
essential oil extracted by CGT. The series numbers of 
samples are the same as in Table 1. 

3.2. Effect of Storage Time of the Extract on the 
Components in HCT Essential Oil 

The storage of herbal medicine essential oil is 

equally important as its extraction. Decanoyl 

acetaldehyde is unstable and easily oxidized into 

decanoyl acetic acid and then decomposed into 2-

undecanone during storage [6]. Therefore, investigating 

the effect of storage time of the HCT extract on the 

volatile components is very meaningful. As shown in 

Figure 1 and Table 1, there was no obvious reduction 

in the content of the main components of the HCT 

extract using acetic ether as a solvent, such as 

decanoyl acetaldehyde, and its homologues with an 

increase in storage time, whereas the content slightly 

increased with a slight reduction in the content of 2-

undecanone. It is suggested that an inert environment 

is presented for storing HCT essential oil using acetic 

ether as a solvent, in which those predominant 

components of HCT essential oil can exist stably during 

storage. By contrast, the content of decanoyl 

acetaldehyde in HCT essential oil using ethanol as a 

solvent decreased remarkably when placed at room 

temperature for one day; further, the content of 2-

undecanone decreased markedly during storage time 

from 1 day to 18 days. At the same time, a 

considerable content of decanoic acid (39.02%), 

undecanoic acid (4.54%), and dodecanoic acid (3.17%) 

was observed and the decanoic acid was predominant 

in the mixture. This showed that decanoyl 

acetaldehyde and its homologues in HCT essential oil 

using ethanol as a solvent were oxidized to form the 

corresponding acids with an increase in storage time, 

instead of ketones, which was different from previous 

results
 
[6, 8, 13]. Interestingly, decanoyl acetic ether (tR 

= 27.42 min) was found in the extract using ethanol as 

a solvent after storage of 18 days. Figure 5 shows the 

mass spectrum of decanoyl acetic ether obtained in 

this experiment and a reasonable explanation of its 

formed refragment ions.  

Based on the above analysis, a possible 

mechanism for decompostion of decanoyl 

acetaldehyde in the extract is presented in Figure 6. At 

first, decanoyl acetaldehyde was oxidized to form 

decanoyl acetic acid, and then ethanol reacted with 

decanoyl acetic acid to form decanoyl acetic ether. 

Next, decanoyl acetic ether was decomposed into 

decanoic acid. A dynamic equilibrium between 

decanoyl acetic acid and 2-undecanone existed at 

room temperature. However, there was not enough 

power to produce any further 2-undecanone, due to the 

low temperature. Furthermore, the solvent with ethanol 
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as a promoter accelerated to form decanoyl acetic 

ether, resulting in predominant decanoic acid content 

from the decomposition of decanoyl acetic ether in the 

extract using ethanol as a solvent after storage of 18 

days. The decrement in decanoyl acetic acid was 

replenished by the oxidation of decanoyl acetaldehyde 

at the beginning of the storage period, but this was not 

enough to produce decanoyl acetic acid from the 

decanoyl acetaldehyde with an increase in storage 

time. Accordingly, the dynamic balance between 2-

undecanone and decanoyl acetic acid was broken, 

resulting in an obvious decrease in 2-undecanone. A 

reverse process was promoted when a great deal of 

acetic ether was present in the extract. These results 

perfectly explain the phenomenon of decanoyl 

acetaldehyde being stable in the solvent with ethyl 

acetate but unstable in the solvent with ethanol during 

a long period of storage at room temperature.  

4. CONCLUSIONS 

A novel method was developed for highly efficient 

extraction of aromatic compounds from HCT by CGT. 

The extractability of the volatile compounds was as 

much as 1.14%, while the content of decanoyl 

acetaldehyde in the extract was as high as 55.96% 

when ethyl acetate was used as an extractant. 

Furthermore, undenoyl acetaldehyde, dodenoyl 

acetaldehyde, and decyl-imine acetaldehyde were 

found for the first time. A possible mechanism for 

 

Figure 5: Mass spectra (EI, 70 eV) of HCT sample resolved by GC-MS at a retention time of 27.42 min. 

 

 

Figure 6: Illustration for transformation chemistry of decanoyl acetaldehyde. 
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decomposition of decanoyl acetaldehyde in the HCT 

extract was presented. The solvent with ethanol as a 

promoter accelerated to form decanoyl acetic ether, 

whereas the reverse process was promoted when a 

significant amount of acetic ether was present in the 

extract. This study provided an accessible and 

convenient method for highly efficient extraction of 

aromatic compounds from HCT, especially suitable for 

extraction of those components that are unstable and 

easily oxidized at high temperatures. It was significant 

in the study of growth rhythm of HCT and providing 

further knowledge of the components of the volatile oil 

from HCT. 
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