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Cinnamomum camphora has been used as an excellent tree during construction of beautiful China. In order to 

explore the utilization potential of bioactive components from the branches of cold-acclimated C. camphora in 

North China, the diverse bioactive components were successfully extracted by acetone, benzene and ethanol, and 

identified by GC-MS/MS and QTOF-LC-MS. Among the volatile organic compounds (VOCs) from three 

extractions of C. camphora branch, the benzene extract has the highest contents of bioactive components for 

biomedicine, bioenergy, food additive and spices, the acetone extract has highest contents of cosmetics 

components. Among the non-volatile organic compounds (non-VOCs), the benzene extract has the highest 

contents of bioactive components for food additive spices and cosmetics, the acetone extract has highest contents 

of biomedicine components. These findings suggested that the branch of cold-acclimated C. camphora has the 

potential to develop diverse bioactive products by different extractions. 

Ⅰ Introduction 
Cinnamomum camphora is a kind of large evergreen tree of lauraceae. The height can reach 30 meters and the 
diameter can reach 3 meters. It is native to south and southwest China. It is not only an excellent greening tree 
species, but also an important economic timber tree species (Li et al. 2018, Ben Mariem and Chaieb 2017). Its 
whole body has high economic value. In addition, camphor bark and root, wood, fruit and leaf have medicinal 
value, which can prevent and treat some diseases (Singh et al. 2016, Chowdhury et al. 2019, Gao and Wang 
2017). However, the researches on the branch of C. camphora are relatively few, and not fully understand its 
value in all aspects and apply it to production and life. So choosing the cold-acclimated C. camphora branch in 
Northern China to study, extract its bioactive components, and find more effective functions. The deep 
understanding and efficient utilization of C. camphora branch can be achieved. 
The volatile compounds in C. camphora branch were studied by GC-MS/MS. FT-IR was used to analyze the 
changes of functional groups in C. camphora branch during heating. QTOF-LC/MS) was used to study 
non-volatile compounds in the cold acclimatized C. camphora branch. 
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Ⅱ Materials and Methods 
(1) Experimental Materials 
The cold-acclimated C. camphora branch was collected in early June, and processed into powder before baking. 
The C. camphora branch was extracted by benzene, acetone, and ethanol. 
(2) Extraction with the three solvents 
C. camphora branch was extracted with benzene, acetone, or ethanol in the ratio of solid to liquid = 1:20. The 
sample mixed with solvent was distilled in water bath for 4 hours, followed by rapid filtration by vacuum pump. 
The benzene, acetone, and ethanol filtrates were evaporated by rotary evaporator in 0.01 mPa vacuum, and 
concentrated to 20 mL (Cheng et al. 2018). 
(3) FT-IR analysis 
The branch of C. camphora was analyzed by FT-IR after sieving in 200 mesh, and then extracted with benzene, 
ethanol, or acetone. Samples of 0.5-2 mg were added to 200 mg of potassium bromide and mixed quickly with a 
smooth surface mortar. The mixture was pressed in a tablet press and placed under heated light for 0.5 to 1 
minute. The sample was FT-IR (NIOLET 5) from 4000 to 500 cm-1 (Yang et al. 2016; Lam et al, 2019). 
(4) GC-MS/MS analysis 
GC-MS/MS quartz capillary column was 30 m × 0.25 × m × 0.25 micron, starting at 50°C, without retention, then 
heated at the rate of 5°C/min to 130°C, without retention, at the rate of 2 °C/min to 180°C, and then at the rate of 
30 °C/min to 300°C; holding time of 5 min, inlet temperature was 50°C, the column flow rate was 1 mL/min, the 
split ratio was 20:1, and the carrier gas is high purity helium. Under MS conditions, the ionization mode was EI, 
the electron energy was 70 eV, the ion source temperature was 230°C, quadrupole temperature of 150 C, and the 
scanning starting point is 30-600°C (Taha et al., 2018). 
(5) Quantitative time-of-flight-liquid chromatography/mass spectroscopy (QTOF-LC/MS) analysis 
High performance liquid chromatography: Agilent 1290 Infinity chromatograph. Sample size: the sample is 
diluted 100 times and 5 times, and the quality of sample is 5 L. Chromatographic column: Thermo Scientific 
Acclaim RSLC C18 100 x 2.1 mm (2.2 µm, 120) Mobile phase: A phase (0.1% FA, 99.9% H2O); B phase (0.1% 
FA, 99.9% ACN) (Chen et al. 2018).  
Mass spectrum: Mass spectrometric type: Compact high resolution mass spectrometer. Ion source: ESI source. 
Scanning mode: positive ion mode scanning. Scanning range: m/z 100-1000. Correction: external standard 
method, sodium formate correction (He et al. 2018). 

Ⅲ Results 
(1) Regulation of the changes in chemical groups in the C. camphora branch extracts 
Analyzing the infrared spectra (Figure 1), the infrared spectra of the three extracts were similar to those of the 
original powder of C. camphora branch. The results showed that the characteristic group frequency of acetone 
extract was the closest to that of ethanol extract, indicating that the substances in acetone extract were similar to 
those in ethanol extract. The infrared spectrum of the original powder of C. camphora branch has four distinct 
peaks at the characteristic frequency, and the strongest peak appears at 3369.51 cm-1, which is a wide absorption 
band (Chu et al. 2016). Similar to one of the characteristic peaks of acetone extract and ethanol extract, and 
similar to the characteristic peak of benzene extract 3431.71 cm-1, this is caused by the stretching vibration of 
intermolecular hydrogen bond O-H, intermolecular association and the presence of alcohol and phenol (Zuo et al. 
2018). In the range of 3033-2746 cm-1, all four curves have a weak peak and a very weak peak. The peak at 
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2916.81 cm-1 is caused by the antisymmetric expansion of C-H group, indicating the existence of alkanes. The 
strongest peak of benzene extract appeared at 1664.27 cm-1, which was caused by the expansion of C=O group, 
indicating the existence of esters and aldehydes (Liu et al. 2017).  

A B 

Figure 1. Group changes of the three extracts and the raw C. camphora branch powder via FT-IR. 
(2) Diversity of the volatile organic carbon components in the different C. camphora branch extracts 
Among the three extracts (acetone, benzene and ethanol) of C. camphora branch, the content of chemical raw 
materials is the highest, followed by the content of bioenergy. The total contents of chemical raw materials and 
bioenergy in acetone extract accounted for 52% of the total contents of the six functional substances, 55% in 
benzene extract and 69% in ethanol extract. The contents of five other functional substances except cosmetics in 
benzene extract were significantly higher than those in acetone extract and ethanol extract. The content of 
chemical raw materials in acetone extract is about 50% in benzene extract, the biomedical content in acetone 
extract is about 50% in benzene extract, the content of perfume in acetone extract and acetone extract is about 
44% in benzene extract, and the content of bioenergy in benzene extract is more than that in acetone extract. The 
content is about 36%, which is about 28% higher than that of ethanol extract. The content of chemical raw 
materials and bio-energy in ethanol extract is higher than that in acetone extract, but it is opposite in 
bio-medicine, spice and food additive. The three extracts contain very few cosmetic ingredients, and acetone 
extract has the highest content (Figure 2A). 

Figure 2. A: Comparison of functional categories of the C. camphora branch extracts by GC-MS/MS. B: 
Comparison of functional categories of the C. camphora branch extracts by QTOF-LC/MS. (The same 

substance may be repeated for various purposes. 
(3) Non-volatile compounds in the different C. camphora branch extracts 

A B
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Compounds used in medicine were found in acetone extract of C. camphora branch. Fargesin (2.52%) is used for 
pharmacological experiments and content determination (Yue et al. 2018). Bocconoline (1.20%) has the function 
of clearing away heat, detoxifying, killing insects and sterilizing bacteria. It can be used to treat various 
inflammations and also inhibit tumor cells. Cerevisterol (1.01%) has been widely used in the field of 
immunology. Decursidate (0.70%) is a moderate antipsychotic drug. Protopine (0.55%) has anti-histamine and 
obvious anti-choline effect, used for allergic asthma and rhinitis, treatment of cardiovascular diseases.  
The benzene extract from C. camphora branch contains chemical substances that can be used in biomedicine. 
7-Hydroxycoumarin (3.20%) is a pharmaceutical ingredient for the treatment of impaired neurotransmission 
diseases, Alzheimer’s disease, vascular and lymphedema cancer (Deng et al. 2018). Anemonin (0.72%) has 
antibacterial and analgesic effects. It has been used to treat dysentery, sedative and analgesic drugs.  
By QTOF-LC/MS, the relative content of biomedicine was the highest among the three extracts of CCP, followed 
by chemical raw materials. Acetone contains the highest content of biological medicine, which is about 3% higher 
than that of ethanol. The relative content of food additives and cosmetics is relatively close. The relative content 
of food additives, cosmetics and chemical raw materials is the highest among benzene extracts. The content of the 
aroma components in the three extracts was very low and the highest was about 1% (Figure 2B). 

Ⅳ Conclusion  
The infrared transmittance of acetone, ethanol and benzene extracts from C. camphora branch were similar to that 
of the original powder. However, there are still some differences in the infrared spectra of the three extracts. The 
characteristic group frequencies of the ethanol extracts and the acetone extracts are the closest, indicating that the 
substances are similar. The detection signals of benzene extracts in the three extracts were weak, indicating that 
the extraction efficiency of benzene was not high.  
The products detected by GC-MS/MS and QTOF-LC/MS have some high content but unknown functional uses. 
We can do further research to understand the functional uses of these substances and their related bioactive 
components, and apply them to life and production. At the same time, the other substances detected were 
compared with the substances in other genera and species to explore the existence of uniqueness. The 
cold-acclimated C. camphora branch in the north has these bioactive components which can promote the efficient 
utilization of C. camphora branch. As for the bioactive components of C. camphora branch in other parts of the 
world, further study is needed in order to make full use of them. 
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