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ARTICLE DETAILS ABSTRACT

Article History: Osmanthus fragrans, also known as guihua, native to China, is one of the top ten traditional flowers in China. O. 
fragrans is an ornamental and practical garden tree species with an integrated set of greening, beautification, 
purification, and perfuming. Recent studies on the development and utilization of O. fragrans’s products have 
been mainly molecular structure analysis of petal extracts and their medicinal value. There are few studies on 
the utilization of leaves. This article provides a systematic chemical basis for the high-grade development and 
utilization of O. fragrans leaves. We describe the component differences and functional characteristics of various 
solvent extracts, and analyze the law of thermal weight loss and change of surface microstructure of O. fragrans 
leaves. Osmanthus fragrans leaves are rich in phytol, n-hexadecanoic acid, and squalene in three organic solvent 
extracts: petroleum ether, ethanol, and benzene/ethanol. Phytol is often used in the manufacture of vitamins, 
chemicals, emulsifiers, antioxidants, and nutritional supplements. Squalene is a bioactive substance with many 
physiological functions, such as increasing superoxide dismutase (SOD) activity in vivo, enhancing immunity, 
and anti-aging and antitumor properties. Among the three extracts, we also found a variety of substances with 
relatively low content and good medicinal value, which includes antioxidant, anti-inflammatory, radiation 
damage, anticancer, antibacterial, antihelmintic, antidepressant, and neurological effects, the oil content in the 
leaves of O. fragrans is also not low. The total content trend of the extract’s petroleum ether, ethanol, and benzene 
/ ethanol is from high to low, and the kinds of extracted substances are also from many to less, indicating that 
petroleum ether extract has the best development prospect. FTIR further demonstrated that O. fragrans leaves 
contain esters, phenols, aldehydes, carboxylic acids, and alkenes. In addition, organic solvent extraction did not 
change components of O. fragrans leaves significantly. Thermogravimetric analysis showed that the thermal 
weight changes of O. fragrans leaves were divided into four stages, with the rate of mass loss ranging Third stage, 
fourth stage, second stage, and first stage. At three critical temperature turning points during TG treatment, the 
mass of O. fragrans leaves changed significantly, which may be caused by pyrolysis of macromolecules into small 
molecules. Scanning electron microscope observation revealed that the powder of O. fragrans leaves is not suitable 
for use as absorbent materials, but is more suitable for making gel and chemical pulp.
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1. INTRODUCTION

Osmanthus fragrans is one of the top ten traditional ornamental flowers 
in China. A long period of planting, natural hybridization, and artificial 
breeding has produced more than thirty different varieties, which are an 
integrated set of greening, beautification, purification, and perfuming. 
Because of its adaptability, the species is widely distributed in China 
in the subtropical areas. South of the Yangtze River, the distribution 
of wild sweet Osmanthus is almost the same except in Yunnan and 
Sichuan. Concentrated areas are Fujian, Jiangxi, Hunan, southern 
Zhejiang, northern Guangdong, northern Guizhou, northern Guangxi, 
and the East Guangxi, with the southern part of Zhejiang, Fujian, Jiangxi, 
and Hunan being the modern distribution centers. In addition, it is also 

distributed in India, Nepal, and Cambodia. Osmanthus fragrans is also a 
medicinal herb. Records from ancient China describe use of the flowers, 
fruit, and roots of Osmanthus fragrans to treat cough, stomachache, and 
rheumatism.

Recent studies of medical applications of the Osmanthus fragrans petal 
are extensive [1]. Such uses include kaempferol extracts to treat allergic 
bronchitis [2], verbascoside to inhibit cancer cell growth [3], quercetin 
to inhibit cell proliferation, and isopropyl and rut in to inhibit free 
radical activity [4-7]. The structure analysis of specific compounds in 
petal extracts has also made great progress.

Additional studies of the processing of Osmanthus fragrans as food 
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and its effects on other food materials [8] aim to find a suitable way of 
adding Osmanthus fragrans to recipes so as to maintain people's health. 
There is also research on the neuroprotective effect of sweet scented 
Osmanthus aroma. 

Compared to the study of petals, there has been no systematic and 
comprehensive analysis of the utilization of branches and leaves of 
Osmanthus fragrans [9]. This article discusses the volatile organic 
components of Osmanthus fragrans leaves that were extracted by 
solvents (ethanol, benzene/ethanol, and petroleum ether) unanalyzed 
gas chromatography / mass spectrometry (GC/MS), Fourier 
transform infrared spectroscopy (FTIR), and thermogravimetry (TG). 
The systematic characterization of volatile organic components of 
Osmanthus fragrans and pyrolyzates may lay a foundation for the uses 
of Osmanthus fragrans leaves.

2. MATERIALS AND METHODS

2.1 Materials and reagents

The variety of Osmanthus fragrans jingui was provided by the 
Biotechnology Laboratory of Central South University of Forestry and 
Technology. The samples were dried at 40°C and smashed into powder 
with a FZ102 Disintegrator suitable for plants (TanjingTaisite Ins. Corp., 
China). Then, 200 mesh powders were sieved out through AS200 Sieving 
Instrument (USA). All reagents were purchased from the Sigma Chemical 
Company (USA) unless noted otherwise [10-12].

2.2 Methods

2.2.1 Osmanthus fragrans leaf extraction by three solvents

Leaves of Osmanthus fragrans were separately extracted with ethanol, 
benzene/ethanol (2:1), and petroleum ether, the mixed solutions were 
fully extracted by an automatic FOSS Soxhlet Extracted apparatus 
(Agilent, USA) at 70°C for 5 h, and then filtrated with filter paper 
immersed in ethanol for 24 h. The filtrated extraction was evaporated 
at 45°C under a vacuum of 0.01 MPa and concentrated to 20 mL, 
transferred to a sealed reagent bottle, and dried at 50°C. Both the 
concentrated extraction and the residues were keptat 4°C for until the 
following determinations [13-16].

2.2.2 Volatile organic components analysis by GC/MS

1.0 mL concentrated extractives were aspirated into a 1.5 mL centrifuge 
tube, mixed with an appropriate amount of anhydrous sodium sulfate at 
room temperature for 2 h. After centrifugation at 1200 rpm for 2 min, 
700 μL of supernatant was removed into a reagent bottle for analysis 
by GC/MS. GC temperature program consisted of start temperature at 
50°C held for 1 min, followed by a temperature ramp of 5°C min−1 to 
150°C held for 10 min, then 8°C min−1 to 250°C held for 2 min, while 
the volatiles of the extract (1 μL) were released in a split mode (ratio 
of 1:10) to a capillary column (30 m×250 μm×0.25 μm); the carrier 
gas was high purity He (99.999%), with a column pressure 57.4 KPa; 
vaporization chamber temperature was 280°C. The program of MS was 
scanned over the 35-600 AMU (m/z), with an ionizing voltage of 70 eV 
and an ionization current of 150 µA of electron ionization (EI). The flow 
velocity of helium was 1.2 mL/min. The temperature of Ion source was 
230°C, and the temperature of quadropole was 200°C [17-21].

2.2.3 Osmanthus fragrans leaf thermostability by TG

Thermogravimetric analysis (TGA) was conducted using a 
thermogravimetric analyzer (TGA Q50 V20.8 Build 34, USA) with a 
sensitivity of 0.1 μg, using an empty crucible clamp as a reference. 
Furnace temperature ranges from 30°C to 600°C. An accurate mass 
of Osmanthus fragrans leaf sample (6606.00 μg) was placed in a TG 
crucible. The temperature program of TGA started at 30°C, and increased 
to 600°C at 10°C/min. The carrier gas is high purity nitrogen, with a flow 
rate of 40 mL/min [22-25].

2.2.4 Osmanthus fragrans leaves and extracted residue analysis by FTIR

Fourier transform infrared spectroscopy (FTIR) is widely applied in 
the identification of chemical bond and functional groups of various 
compounds [26-28]. Osmanthus fragrans leaf samples and its three 

kinds of extracted residues were dried at 100°C for 4h, in succession, 
placed in a dry container with desiccant to prevent moisture absorption, 
which will reduce adverse influence on posterior FTIR. A certain amount 
of potassium bromide was ground and sieved using an AS200 Sieving 
Instrument (USA), placed in a dry pot, then kept in the muffle furnace 
(with SX-2.5-10 box-type control resistance furnace control box) at 
150°C for 5 h, finally covered by a heating lamp. (0.5-2) mg of the sample 
was mixed with 200mg potassium bromide fast and completely in the 
mortar with a smooth surface, and then tableted in the tablet press. 
The pressed sample was tested in a FTIR (SHIMADZU, IRAffinity-1) 
from 4000 cm-1–400 cm-1 [29-30].

2.2.5 Osmanthus fragrans leaf powder and extracted residue analysis by 
SEM

Osmanthus fragrans leaf samples and the extracted residues were 
baked at 70°C for 12 h. A small amount of sample were spread onto 
double-backed cellophane tape attached to a stub before coating with 
gold-palladium at room temperature 32°C for 1 min. Scanning electron 
micrographs of the samples were taken with a JEOL scanning electron 
microscope (JSM-6380LV) at an acceleration voltage of 15.00 kV, a 
distance of 100 μm, and particles were imaged between 200× and 2000× 
nominal magnification. 

2.3 Statistical analysis

The graphs were prepared with Origin 8.5 and Microsoft Office Excel 
2007; tables were prepared with Microsoft Office Word 2007.

3. RESULTS AND ANALYSIS

3.1 VOC characteristics of extractives from Osmanthus fragrans 
leaves

Figure 1: GC-MS chromatograms of three Osmanthus fragrans leaf 
extracts.

51, 32, and 17 volatile organic components were detected from three 
Osmanthus fragrans leaf extracts by solvents (ethanol, petroleum ether, 
and benzene/ethanol (2:1). Each of the three extracts of volatile organic 
components from Osmanthus fragrans leaves has two identical peaks 
with large relative area and one specific peak in GC/MS chromatograms 
(Figure 1). At the time of 33.16 min, is n-hexadecanoicacidis present with 
the relative contents of 6.1%, 5.22%, and 9.26% in the three extracts, 
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respectively, and is most soluble in benzene/ethanol ether (Table 
1). At 35.94 min, phytol is present with the relative contents 3.01%, 
6.02%, and 4.87%, respectively (Table 1). Compared with extractions 
by ethanol and benzene/ethanol, the phytol extraction is greatest by 
petroleum ether. The richest component is squalene, which appears at 
48.65 min, with the relative contents 8.12%, 27.43% and 17.97% in the 
three extracts (Table1), respectively, and is also greatest in benzene/
ethanol ether. In addition to the three components with higher content, 
there is another component which has a higher peak but cannot be 
extracted by benzene/ethanol ether. It is Vitamin E (48.484 min), with 
the relative contents 7.52% and 13.14% (Table 1), respectively.

Other components with medicinal value found in extracts of the three 
solvents were: β-caryophyllene (21.255 min), p-hydroxyphenylethanol 
(21.416 min), α-caryophyllene (22.122 min),d-mannose (22.671 min), 
2,4-di-tert-butylphenol (23.511 min), homovanillyl alcohol (24.021 
min), β-guaiene (26.312 min), β-eudesmol (26.787 min), 4-hydroxy-3-
methoxycinnamaldehyde (28.556 min), coniferyl alcohol (28.633 min), 
neophytadiene (30.69 min), 6,10,14-trimethylpentadecan-2-one(30.823 
min),β-sitosterol(38.498 min),erythrodiol (42.35 min), and γ-sitosterol 
(46.00 min). Their common feature is that the content is less than 3% 
and has considerable medicinal value [31-37], such as antioxidant, 

anti-inflammatory, radiation damage, anti-cancer, antibacterial, 
antihelmintic, antidepressant, and neurological regulation [38-39] Also 
present were: 1-methoxy-2-propanol (4.619 min), Nonanal (12.489 
min), phenethyl alcohol (12.804min), 2-hydroxy-5-methylacetophenone 
(18.49 min), 2-methylundecane (18.768 min), (E)-2-tridecen-1-ol 
(20.015 min), hexadecane (23.083 min), and methyl arachidonate 
(25.458 min). In common with tobacco leaves, they have toxicity and 
irritation properties [40-45]. Basically, they are aromatic compounds, or 
an intermediate in the synthesis of aromatic compounds.

The alcohol extract contained linolenic acid (4.98%), oleic acid (0.34%), 
ethyl oleate (0.58%), and linoleic acid (0.22%), while 5.34% of linoleic 
acid could be obtained in the phenethyl alcohol extract.

A considerable variety of other compounds were present in the 
extracts. The physiological activity or pharmacological toxicity of these 
compounds is still unrevealed (Table 1). After comparing the three 
extracts, we found that ethanol was better for extraction of alcohols 
and phenols. Petroleum ether performed well in extractions, whatever 
number or quantity. The extraction performance of phenethyl alcohol 
was poor.

Table 1: Variety of other compounds in the extracts.

No. Retention time 
(min) Compounds

Relative content
(%)

Ethanol  Petroleum ether Phenyl ethanol

1 3.521 1-Butanol, 3-methyl- 1.41

2 3.556 Cyclohexane, 1,2-dimethyl-, trans- 0.31

3 3.93 1-Octanol, 2,7-dimethyl- 0.29

4 4.114 1-Pentanol, 5-methoxy- 0.08

5 4.209 (S)-(+)-1,2-Propanediol 0.13

6 4.381 2-Pentanol 0.16

7 4.619 2-Propanol, 1-methoxy- 0.2

8 4.666 1-Undecene, 5-methyl- 0.17

9 5.23 4-Penten-1-ol, 3-methyl- 0.47

10 5.657 4-Hexen-1-ol 0.76

11 6.346 Nonane 0.17

12 9.284 2-Octen-1-ol, (E)- 0.31

13 11.06 Octane, 2,4,6-trimethyl- 0.35

14 12.35 1-Octyn-3-ol, 4-ethyl- 0.16

15 12.41 1-Undecene, 4-methyl- 0.16

16 12.49 Nonanal 0.15

17 12.8 Phenylethyl Alcohol 0.77

18 13.7 4H-Pyran-4-one, 2,3-dihydro-3,5-
dihydroxy-6-methyl- 1.06

19 16.83 Ether, 6-methylheptyl vinyl 0.15

20 17.07 1-Octanol, 2-butyl- 0.4

21 17.33 .beta. -D-Glucopyranose, 4-O-. beta. 
-D-galactopyranosyl- 0.06

22 17.35 3-Trifluoroacetoxydodecane 0.14

23 17.52 Decane, 2,3,5,8-tetramethyl- 0.59

24 18.49 Ethanone, 1-(2-hydroxy-5-
methylphenyl)- 0.97

25 18.77 Undecane, 2-methyl- 0.32

26 20.02 2-Tridecen-1-ol, (E)- 0.17

27 21.26 Caryophyllene 0.45 1.13 1.24

28 21.42 Benzeneethanol, 4-hydroxy- 2.7 3.58

29 22.12 Humulene 0.2
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30 22.39 2,5-Octadecadiynoic acid, methyl ester 0.1

31 22.67 d-Mannose 0.47 1.04

32 23.08 Hexadecane 0.65

33 23.26 12,15-Octadecadiynoic acid, methyl ester 0.13

34 23.51 2,4-Di-tert-butylphenol 0.23

35 24.02 Homovanillyl alcohol 1.07 1.39

36 24.16 Disulfide, di-tert-dodecyl 0.34

37 24.73 1,6,10-Dodecatrien-3-ol, 
3,7,11-trimethyl- 1.25 0.87 3.75

38 25.27 cis-Z-. alpha. -Bisabolene epoxide 0.46

39 25.35 Ledene oxide-(II) 0.23

40 25.46 5,8,11,14-Eicosatetraenoic acid, methyl 
ester, (all-Z)- 0.35

41 25.86 Dodecanoic acid, 3-hydroxy- 0.16

42 26.02
Cyclohexanemethanol, 4-ethenyl-. alpha.,. 
alpha.,4-trimethyl-3-(1-methylethenyl)-, 

[1R-(1. alpha.,3. alpha.,4. beta.)]-
1.02

43 26.1
2-((2S,4aR)-4a,8-Dimethyl-

1,2,3,4,4a,5,6,7-octahydronaphthalen-2-
yl) propan-2-ol

0.35

44 26.11 6-(3-Isopropenylcycloprop-1-enyl)-6-
methylhept-3-en-2-one 0.7

45 26.22 2,5-Octadecadiynoic acid, methyl ester 0.18

46 26.31 . beta. -Guaiene 1.51

47 26.45
Cyclohexanemethanol, 4-ethenyl-. alpha.,. 
alpha.,4-trimethyl-3-(1-methylethenyl)-, 

[1R-(1. alpha.,3. alpha.,4. beta.)]-
3.5

48 26.46 Guaiol 7.14

49 26.66
5-Methoxy-2,2,6-trimethyl-1-(3-methyl-

buta-1,3-dienyl)-7-oxa-bicyclo [4.1.0] 
heptane

0.3

50 26.79
2-Naphthalenemethanol, decahydro-. 

alpha.,. alpha.,4a-trimethyl-8-methylene-, 
[2R-(2. alpha.,4a. alpha.,8a. beta.)]-

2.03

51 27.23
2,2,6-Trimethyl-1-(3-methylbuta-1,3-

dienyl)-7-
oxabicyclic [4.1.0] heptan-3-ol

0.4

52 27.42 (1aR,4aS,8aS)-4a,8,8-Trimethyl-
1,1a,4,4a,5,6,7,8- 0.27

53 28.56 Coniferyl aldehyde 0.39

54 28.63 Phenol, 4-(3-hydroxy-1-propenyl)-2-
methoxy- 2.03 2.26

55 28.9
2,5,5,8a-Tetramethyl-4-methylene-

6,7,8,8a-tetrahydro-4H,5H-chromen-4a-
yl hydroperoxide

0.23

56 29.22 Cyclohexane, 1,2,3,4-bis(epoxy)-2,6,6-
trimethyl-1-(pent-2-en-4-one-2-yl)- 1.27

57 29.52

2,5,5,8a-Tetramethyl-4-methylene-
6,7,8,8a-tetrahydro-4H,5H-

chromen-4a-yl hydroperoxide 0.46

58 30.68 Phytol, acetate 2.97 1.68

59 30.69 Neophytadiene 2.33

60 30.82 2-Pentadecanone, 6,10,14-trimethyl- 1.22 1.15

61 31.19
2,5,5,8a-Tetramethyl-4-methylene-

6,7,8,8a-tetrahydro-4H,5H-chromen-4a-
yl hydroperoxide

0.65

62 31.3 3-Isopropyl-6,7-dimethyltricyclo 
[4.4.0.0(2,8)]decane-9,10- 0.53

63 31.32 1,2-Benzenedicarboxylic acid, butyl 
2-methylpropyl ester 1.08
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64 31.55
2,5,5,8a-Tetramethyl-4-methylene-

6,7,8,8a-tetrahydro-4H,5H-chromen-4a-
yl hydroperoxide

1.38

65 32.53

(4aS,7R)-7-(2-Hydroxypropan-2-yl)-1,4a-
dimethyl-

-4,4a,5,6,7,8-hexahydronaphthalen-
2(3H)-one

0.38

66 33.05
Cyclohexane, 1,2,3,4-bis(epoxy)-2,6,6-

trimethyl-1-(pent-2-
-en-4-one-2-yl)-

1.42

67 33.16 n-Hexadecanoic acid 6.1 5.22 9.26

68 35.94 Phytol 3.01 6.02 4.87

69 36.32 9,12-Octadecadienoic acid (Z, Z)- 0.22 5.34

70 36.44 7-Methyl-Z-tetradecen-1-ol acetate 2.37

71 36.46 9,12,15-Octadecatrienoic acid, (Z, Z, Z)- 4.98

72 36.81 Oleic Acid 0.34

73 36.92 Ethyl Oleate 0.58

74 38.5 . beta. -Sitosterol 1.77

75 40.07 7-Methyl-Z-tetradecen-1-ol acetate 1.07 0.74

76 42.02 Urs-12-en-28-oic acid, 3-hydroxy-, 
methyl ester, (3. beta.)- 0.26

77 42.35 Olean-12-ene-3, 28-diol, (3. beta.)- 0.26

78 45.8

1H-2,8a-Methanocyclopenta[a]
cyclopropa[e]cyclodecen-11-one, 

1a,2,5,5a,6,9,10,10a-octahydro-5,5a,6-
trihydroxy-1,4-bis(hydroxymethyl)-

1,7,9-trimethyl-, [1S-(1.alpha.,1a.alpha.,2.
alpha.,5.beta.,5a.beta.,6.beta.,8a.alpha.,9.

alpha.,10a.alpha.)]-

0.41

79 46 . gamma. -Sitosterol 1.98

80 48.18 Vitamin E 7.52 13.1

81 48.65 Squalene 8.12 27.4 18

3.2 Volatility characteristics of Osmanthus fragrans leaves 

Figure 2: TG Curve and DTG curve.

There are four obvious stages of thermal loss for Osmanthus fragrans 
leaves during 30°C-600°C thermogravimetric (TG) analysis (Figure2). 
The loss in the first stage is from the initial temperature of 37°C to 
107°C, with the mass loss of 0.09893 g. This part of the mass loss should 
be the evaporation of water and a small amount of freed volatile matter.

The second stage starts at 107°C, the mass has been reduced by 

0.171321 g grams when the temperature arrives at 193°C, which is 
caused by further shrinkage between the molecules or by pyrolysis of 
some macromolecules into small molecules with better volatility.

The mass in the third stage from 193°C to 388°C reduces significantly, 
with the loss of 1.593552 g. During 30°C-600 °C TG treatment, there is an 
obvious peak observed in the corresponding DTG curve, which reaches 
its maximum at 340°C, showing that the rate of Osmanthus fragrans 
leaves mass loss is the fastest in this temperature range.

The fourth stage begins with a gentle mass loss period from 388°C 
until the pyrolysis of Osmanthus fragrans leaves is completed at 568°C, 
when the mass loss is about 0.514364 g. According to the DTG curve, 
the rate of mass loss is ranged: third stage, fourth stage, second stage, 
and first stage. Moreover, there are three critical temperature turning 
points during TG treatment. At the three temperature points, the mass 
of the Osmanthus fragrans leaves changes significantly, which may be 
caused by chemical changes, such as pyrolysis of macromolecules into 
small molecules [46]. Therefore, these temperature points can provide 
a theoretical basis for heating treatment of Osmanthus fragrans leaves.

3.3 Chemical group changes of Osmanthus fragrans leaves and 
residues

Fourier transform infrared spectroscopy (FTIR) is a rapid detection 
technique with high sensitivity and is suitable for the identification of 
chemical bonds and functional groups of various compounds.

Figure 3 shows the change of the chemical groups of the residue after 
various extraction methods. It can be seen that the overall trend of 
infrared absorption peaks of Osmanthus fragrans and its extracted 
residues has not changed significantly, only slight differences are 
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observed.

The FTIR absorption peaks mainly occurred between 1800cm-1 and 
1000cm-1 in the range from 4000cm-1 to 400cm-1. There is a strong 
absorption peak between 700 cm-1 and 900cm-1 (Figure 3A), belonging 
to the vibrational peaks of aromatic compounds. The peak at 1000 cm-1 

and 1640 cm-1 corresponds to the C = C bond of the olefin compounds, 
and the peak at 3011 cm-1 is caused by C = C-H stretching. Indeed, we 
can find a large number of olefins compounds from GCMS results. The 
peak at 1190 cm-1 and 1300 cm-1 corresponds to the C-O bond, the peak 
at 1345 cm-1 corresponds to the C=O bond of the aldehyde compounds, 
and the peaks at 1400 cm-1 and 1550 cm-1 correspond to the –COO- bond 
of the carboxylic compounds. The peak at 1717 cm-1 corresponds to the 
C=O bond of esters compounds. The peak at 1490 cm-1 corresponds to 
the -CH2- bond, the peak at 2950 cm-1 corresponds to the -CH3 bond, 
and the peak at 3400 is caused by NH stretching. However, we did not 
find any nitrogen compounds, indicating that some nitrogen compounds 
have been extracted by the three organic solvents.

Most groups in the chemical structure of volatile organic components 
of Osmanthus fragrans leaves detected by gas chromatography/mass 
spectrometry (GC/MS) are consistent with the FTIR results, further 
indicating that the Osmanthus fragrans leaves contain esters, phenols, 
aldehydes, carboxylic acids, and alkenes. In addition, it can be concluded 
that organic solvent extraction does not make compound groups of 
Osmanthus fragrans leaves significantly changed.

 

Figure 3: A, B and C are Infrared spectra of the residue of Osmanthus 
fragrans leaves which are extracted by ethanol, petroleum ether, and 

benzene/ ethanol, respectively. D is the original sample.

3.4 Micromorphology of powder and extraction residue

Scanning electron microscopy (SEM) is a microscopic morphological 
characterization between transmission electron microscopy and light 
microscopy; the material properties of the sample surface material 
can be directly imaged. The powder of Osmanthus fragrans leaves and 
three kinds of extraction residues were all scanned under × 200 and 
× 2000 multiples, and the site selected that can represent the whole 
microscopic morphological characteristics to observe and photograph. 
Each sample was scanned at SEM × 200 and × 2000, respectively, and 
two representative scanning pictures were selected (Figure 4).

A1 (1)A2 (1)
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Figure 4: Scanning electron microscopy (SEM).

Figure 4 (A1) SEM×200powder of Osmanthus fragrans leaves; (A2) 
SEM×200residue of Osmanthusfragransleaves; (B1) SEM×2000powder 
of Osmanthusfragransleaves; (B2) SEM×2000residueof Osmanthus 
fragrans leaves.

Under the SEM × 200-fold, the powder of Osmanthus fragrans leaves 
exhibited a variety of different microscopic shapes, including rectangular 
and polygonal lobes and lumps. The sizes of the granules were different 
and the surface was rough. Under the SEM × 200-fold, most of the 
extracted residue showed a lump, a small amount of hook like, the sizes 
of the particles are not much different, the difference is not obvious, but 
the surface is relatively smoother.

Under SEM × 2000 times, the leaves of Osmanthus fragrans powder 
can be divided into two kinds, one is smooth and distinct, the other is 
rough, the crushing is obvious, and all kinds of tiny particles are stuck 
together. The shapes and sizes of micro particles are irregular. Under 
SEM × 2000 time, the surface extraction residue can be clearly divided 
into two kinds: one is the smooth surface that is stuck on a few pieces, 
another looks like many small particles melted after mutual adhesion, 
particle shape is spherical or ellipsoidal, and the sizes of micro particles 
are basically the same.

4. CONCLUSION AND DISCUSSION

Plant alcohol and squalene can be obtained from the leaves of 
Osmanthus fragrans in three different solvents, and vitamin E can be 
obtained by extraction with ethanol and petroleum ether. The content 
of these substances is relatively large, and has excellent practical value. 
Plant alcohol is commonly used as the basic material for the production 
of vitamins K1 and E. It is also used in many types of cosmetics and 
W/O emulsifiers. It has a good antioxidant effect and can also be used 
as a food emulsifier, antioxidant, and nutritional supplement [47-48].
Squalene was first found in shark liver oil. It is a nontoxic biologically 
active substance that can prevent and cure diseases. It is a valuable 
and scarce nutrient drug [49-51]. Vitamin E is also a compound with 
excellent medicinal value. Previous experiments showed that the 
extraction of Osmanthus fragrans leaves with petroleum ether contained 
27.43% squalene, 13.14% vitamin E, and 6.02% phytol. This shows that 
the Osmanthus fragrans leaves are a very promising raw material for the 
production of medical products. A variety of medicinal materials, such 
as β-sitosterol and β-caryophyllene, were found in previous studies, but 
their content was relatively low in the extracts. Perhaps there is a better 
extraction method. From the solvent point of view, the total content 
of petroleum ether extract, ethanol extract, benzene / ethanol extract 
is from high to low, and the types of extracted materials are also from 
many to less, which shows that petroleum ether extract has the best 
prospects for development.

On the other hand, the extraction of Osmanthus fragrans leaves with 
three solvents can be obtained 3.01% (alcohol), 6.02% (petroleum 
ether), and 4.87% (benzene ethanol) of palmitic acid separately 4.98% 
linolenic acid can also be found in alcohol extracts and 5.34% of linoleic 
acid can be obtained in phenethyl alcohol extract. Although the fatty 
acids content in the extract does not represent the fatty acids content in 
the leaves, the extraction of fatty acids from Osmanthus fragrans leaves 
is still feasible. Compared with the leaves, the fruit has the advantage of 
being collected many times in a year, if want to extract fatty acids from 
the leaves, Osmanthus fragrans leaves can be an excellent basic material.

There are also small amounts of chemicals that are common in tobacco. 

Because the content is relatively low, the possibility of processing 
Osmanthus fragrans leaves into cigarettes is also very low. Osmanthus 
fragrans leaves donot have obvious toxicity and irritation. This is good 
news for the safety of Osmanthus fragrans leaves and the treatment of 
the leaves of Osmanthus fragrans after extraction.

The results of FTIR further indicate that the Osmanthus fragrans leaves 
contain esters, phenols, aldehydes, carboxylic acids, and alkenes. In 
addition, it can be concluded that organic solvent extraction does not 
make compound groups of Osmanthus fragrans leaves significantly 
changed. In the future, we can optimize the extraction method on this 
basis to further study the processing and utilization of Osmanthus 
fragrans leaves.

The powder and residue of Osmanthus fragrans leaves were observed 
by electron microscope. Scanning pictures taken from 200 times showed 
that the fine powder of Osmanthus fragrans leaves easily fractured and 
blocked the pores of its surface. This means that Osmanthus fragrans 
leaves are not suitable for processing into adsorption materials. As seen 
inthe scanned photo of 2000 magnification, the powder of Osmanthus 
fragrans leaves results in surface rupture after extraction, which 
means it has a brittle fracture surface; and there is no obvious sense of 
hierarchy but adhesions, which means that after similar treatment, can 
be prepared into glue or chemical pulp.
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