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In this paper, a mixture of methanol, ethanol, benzene and ethanol were used to 
extract the leaves of Albizia kalkora (Roxb.) Prain. Then, using Fourier transform 
infrared (FT-IR) spectroscopy, gas chromatography-mass spectrometry (GC-MS), 
pyrolysis as chromatography - mass spectrometry, and thermogravimetric analy-
sis (TGA) and other advanced instruments Albizia kalkoraleaves were analyzed 
to determine their composition. According to the test data, Albizia kalkoraleaves 
contain epinephrine, trans squalene, stachydrine and other chemical components 
with high medicinal value, indicating that Albizia kalkoraleaves have potential 
applications in the pharmaceutical industry. This study has expanded the utiliza-
tion value of Albizia kalkoratrees and provided technical support for the resource 
utilization of Albizia kalkoratrees.
Key words: Albizia kalkora, GC-MS, TGA, Py-GC-MS, medicinal value

Introduction

With the speed development of the economy and improvements living standards, 
society has more requirements for health, and the pharmaceutical industry is developing 
faster and faster. The pharmaceutical industry also has an increasing demand for raw ma-
terials. As one of the main sources of the pharmaceutical industry [1-3], the research and 
development of different plant medicines are becoming more important. Albizia kalkora 
(Roxb.) Prain is a small deciduous tree, usually 3-8 meters high, with dark brown branches 
and conspicuous lenticels. Albizia kalkoratrees are widely distributed in across China, 
Vietnam, Myanmar, and India. They are physically found in hillside thickets and sparse 
forests. Its main values are that the species is fast growing and capable of withstanding 
drought and poor soil quality. The bark is resistant to moisture, and the flowers are colorful. 
Although Albizia kalkoratrees can be used as ornamental plants and have certain economic 
value, some of their chemical components can be used as raw materials and intermediate prod-
ucts of other products for further resource utilization. 

In this paper, different reagents, such as mixtures of ethanol, methanol, benzene and 
ethanol were used to extract leaf samples of Albizia kalkora (Roxb.) Prain. The FT-IR, GC-MS, 
Py-GC-MS, TD-GC-MS, TGA and other analytical and detection technologies were used to 
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analyze and detect the components of the samples. Through testing, it was found that the leaves 
of Albizia kalkoratree contain a large number of chemical components, such as squalene [4-
6], Adrenaline I [7], Phytol, 9-Octadecenamide, and (Z)-, 9,12-Octadecadienoic acid (Z, Z)-, 
which can be used as pharmaceutical ingredients, solvents, and raw materials for daily necessi-
ties, expanding the utilization value of the Albizia kalkoratree.

Materials and experimental methods

Materials

We were collected fresh plants of Albizia kalkoratree from the Luoyang forest area 
of the Henan province, China, and the leaves were preliminarily polished in the laboratory and 
crushed to 40-60 mesh for reserve. Methanol (analytically pure) and ethanol (analytically pure) 
were purchased from Tian in Fuyu Fine Chemical Co., Ltd., and benzene (analytically pure) 
was purchased from Yantai Shuangshuang Chemical Co., Ltd. Deionized water was used from 
the laboratory.

Sample preparation

The 10 g of the sample and 300 mL of the reagent were placed in a distillation flask 
for mixing. After boiling, and the solution was removed, cooled, filtered, and steamed to 10 mL 
for later use.

Determination of composition

The FT-IR analysis

Potassium bromide was ground into fine powder, mixed with a few samples of Albizia 
kalkora leaves, crushed and placed into infrared spectrometer for analysis [8-10].

The GC-MS analysis

The sample was added to the instrument, and following procedure was utilized: the 
high purity helium was used a carrier gas at a flow rate of 1 mL/min and the separation ratio 
was 50:1. The gas chromatographic temperature procedure started at 50 °C, and then we went 
up to 250 °C at a rate of 10 °C/min. Finally, we went up to 280 °C at a rate of 5 °C/min [11-13].

The Py-GC-MS analysis

We analyzed the powder by pyrolysis gas chromatography-mass spectrometry. Powder 
samples were placed in the instrument, and we used high-purity helium gas as the carrier gas. 
The following procedure was utilized: pyrolysis temperature was 850 °C, pyrolysis time was 
30 seconds. We set the initial temperature of Py-GC at 40 °C for 2 minutes. Next, we will in-
crease the temperature to 120 °C at the rate of 5 °C/min. Finally, we increased the temperature 
to 200 °C at a rate of 10 °C/min for 2 minutes [14-16].

The TD-GC-MS analysis

The powder samples were placed into the injection port of the instrument, and column 
temperature procedure was set as: The initial temperature is 30 ℃, and then we increase the 
temperature to 100 ℃ at the rate of 10 ℃/min. We then raised the temperature to 250 ℃ at a 
rate of 8 ℃/min. We then raised the temperature to 280 ℃ at the rate of 5 ℃/min. Finally, hold 
at 280 ℃ for 2 minutes [17-22].
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The TGA analysis

The leaf samples were analyzed by a thermogravimetric analyzer. We used nitrogen as 
the equilibrium gas, and the TGA temperature program was set from 30-850 ℃ at a rate of 15 
℃/min and 30 ℃/min, respectively, and, finally, the temperature was maintained at 850 ℃ for 
5 minute [23-25] in both procedures.

Results and discussion

The FT-IR analysis results

First, FT-IR was used to analyze the sample materials, as shown in fig. 1.

Figure 1. Infrared spectra of extracts of Albizia kalkora leaves
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The FT-IR test results showed a similar peak for all three samples at 3500-3250 cm–1, 
indicating that there was a -OH bond in the extracts of the leaves of the three species of Albizia 
kalkora (Roxb.) Prain. The wave peaks were strong and wide, indicating that the extracts might 
contain alcohols and phenols. The wave peak appearing at the wave number range of 3000-2750 
cm–1 indicated that there was a C-H bond in the extract of alacia alba, with strong and sharp 
wave peak absorption intensity and double peaks, indicating that the extract may contain alkane 
compounds. We found that the peaks appeared at wave Numbers of 1650, 1500-1300 and 1200-
1000 cm–1. It indicated the presence of C-O, C-C, C=O and C=C bonds in the extract of alacia 
bark leaves, which represent aldehydes, ketones, ethers, acids, esters, and olefin compounds.

The GC-MS analysis results

The GC-MS test results of the three reagents extracted from the leaves of Albizia 
kalkora are shown in figs. 2-4.

According to the GC-MS test results in fig. 2, the main components of the eth-
anol extracts from the leaves of Albizia kalkora are Myo-Inositol, 4-C-methyl- (77.28%), 
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9-Octadecenamide, (Z)- (4.47%), Squalene (3.41%), butyl 9-tetradecenoate (2.08%), l-(+)-
Ascorbic acid 2,6-dihexadecanoate (1.80%), Phytol (1.40%), 1,2,3-Benzenetriol (0.35%), and 
9,12-Octadecadienoic acid (Z,Z)- (0.265%).

Figure 2. The GC-MS ion spectra of ethanol extract from Albizia kalkora leaves
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According to the GC-MS test results in fig. 3, the main components of the benzene and 
ethanol extracts from Albizia kalkora leaves are Myo-Inositol, 4-C-methyl- (74.98%), Squalene 
(5.15%), 9-Octadecenamide, (Z)- (2.64%), Phytol (1.44%), dibutyl phthalate (0.94%), and 
9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (0.51%).

As we can see from the GC-MS test results in fig. 4, methanol extract from Albizia 
kalkora leaves mainly contains the following components: Myo-Inositol, 4-C-methyl- (24.97%), 
Squalene (11.65%), 13-Docosenamide, (Z)- (7.04%), Benzoic acid, 3,4,5-trihydroxy-, methyl 
ester (6.19%), Phytol (4.31%), and 1,2,3-Benzenetriol (1.95%).

From figs. 2-4, it can be seen that the leaves of Albizia kalkora have the following 
substances with higher utilization value: 
 – Squalene -oral administration of Squalene can treat high and low blood pressure, diabetes, cir-

rhosis, cancer, and tooth decay. External applications of Squalene can treat tonsillitis, bronchitis, 
tuberculosis, rhinitis, gastric ulcer, gallbladder and bladder stones, rheumatism, and neuralgia. 

 – Phytol - it is regarded as the basic material to produce vitamins K1 and E.
 – The 9,12-Octadecadienoic acid (Z, Z)-, it primarily used as a raw material for paints and 

inks. It can also be used to produce polymers such as polyamide, polyester and polyurea. It 
can be used as the raw material for the treatment of atherosclerosis drugs, which have posi-
tive treatment effects on cardiovascular and cerebrovascular diseases.

Figure 3. The GC-MS ion spectra of benzene-ethanol extracts from Albizia 
kalkora (Roxb.) Prain
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The Py-GC-MS analysis results

The Py-GC-MS test results of Albizia kalkora leaves are shown in fig. 5.
As we can see from the Py-GC-MS test results in fig. 5, the main components of 

Albizia kalkora leaves are Cyclopropyl carbinol (6.52%), Phenol, 3-methyl- (2.87%), o-Xylene 
(2.29%), Acetyl bromide (1.99%), n-Hexadecanoic acid (1.61%), 5-Chloro-1-pentyne (1.59%), 
1-Hexadecanol, 2-methyl- (1.59%), Indene (1.42%), Boron, trihydro(pyridine)-, (T-4)- (1.36%), 
Phenol (1.02%), Falcarinol (0.79%), and 1,4-Benzenediol, 2,3,5-trimethyl- (0.20%).

Figure 5 shows that the leaves of Albizia kalkora have the following substances with 
higher utilization value: 
 – Cyclopropyl carbinol -Cyclopropyl carbinol is an organic synthesis intermediate and phar-

maceutical intermediate, which can be applied to laboratory research and development and 
chemical and pharmaceutical synthesis processes. 

 – The o-Xylene- O-xylene is used primarily as a chemical raw material and solvent. It can also 
be used in the production of pesticides and drugs, and as an additive in aviation gasoline. 

 – Phenol - phenol is an important organic synthetic raw material, which can be used to man-
ufacture phenolic resin, phenolphthalein, salicylic acid, alkyl phenol and other chemicals, 
such as solvents. 

 – Falcarinol -Falcarinol has anti-tumor, antibacterial and neuroprotective effects. 
 – The 1,4-Benzenediol, 2,3,5-trimethyl- - It is the main ring of vitamin E and can be con-

densed with different plant alcohols to obtain vitamin E. 
 – Phenprobamate - It can be used as a relaxant for skeletal muscle. It can be used for lumbago, 

limb pain, muscle pain after exercise, rheumatoid arthritis, and other muscle issues.
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Figure 5. Total ion content of Albizia kalkora leaves by Py-GC-MS

Figure 4. The GC-MS ion spectra of methanol extract from Albizia kalkora leaves

Retention time [minute]
5                       10                      15                       20                      25        

5·106

4·106

3·106

2·106

1·106

0

A
bu

nd
an

ce



Hou, K., et al.: Extract of Albizia Kalkora Leaves 
1726 THERMAL SCIENCE: Year 2020, Vol. 24, No. 3A, pp. 1721-1728

The TD-GC-MS analysis results

The TD-GC-MS test results of Albizia kalkora leaves are shown in fig. 6 [26].
As we can see from the TD-GC-MS test results in fig. 6, the main components of 

Albizia kalkora leaves are n-Hexadecanoic acid (5.25%), acetic acid (5.15%), 2-Propenoic acid 
(1.13%), 9,12-Octadecadienoic acid (Z,Z)- (12.06%), 2-Propenoic acid, 2-methyl- (5.19%), 
4-Hydroxy-3-methylacetophenone (2.66%), pyridine (1.25%), 1,2,6-Hexanetriol (1.20%), 
Cyclohexasiloxane, dodecamethyl- (1.12%), 2-Butenoic acid, (E)- (0.94%).

Figure 6 shows that the leaves of Albizia kalkora have the following substances with 
higher utilization value: 
 – The 9,12-Octadecadienoic acid (Z,Z)- - It can be used as a raw material in paints and inks 

and can also be used to produce polymers such as polyamide, polyester and polyurea. 
 – The n-Hexadecanoic acid - It can be used in the production of daily necessities, such as can-

dles, soap, grease, and softeners, and as a standard substance for gas phase analysis. 
 – The 2-Propenoic acid, 2-methyl- - It is an important organic chemical raw material and 

polymer intermediate in the manufacturing of coatings, adhesives and ion-exchange resins. 
 – Acetic acid - acetic acid is primarily used for the preparation of ethylene acetate, acetic ester, 

and chloroacetic acid. It can also be used as a solvent. 
 – Pyridine - In addition to being used as a solvent, pyridine is also used in the industry as a 

dye aid and as a starting material of a range of products, including pharmaceuticals, dyes, 
adhesives, and explosives. 

 – The 1,2,6-Hexanetriol - It can be used as a tobacco wetting agent, solvent, coupling agent 
for special hydraulic fluids, and a raw material in synthetic rubber.

The TGA results

The TGA test results of Albizia kalkora leaves are shown in fig. 7.
The test results showed that the leaves of Albizia kalkora went through three stages 

of weight loss. The two heating modes showed basically the same form. In the first stage, the 
samples lost weight at 100 ℃, indicating that this stage is water loss, primarily from the loss 
of free water and binding water. In the second stage, weight loss occurs between 300-400 ℃, 
which indicates that this stage is the thermal weight loss stage, primarily attributed to the de-
composition of lignin and other components. The Weightlessness rate in this stage reaches a 
maximum value, which is the main stage of pyrolysis. In the third stage, weight loss occurs 
between 600-800 ℃, indicating that this stage is the carbonization stage. After this, the weight 
of the sample does not change significantly.

Figure 6. Total ion content of Albizia kalkora leaves by TD-GC-MS
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Conclusion

It can be seen from the above results that the extracts of the leaves of Albizia kalkora 
contain a large number of chemical components, such as Adrenaline, Squalene and Stachydrine, 
which are of high medicinal value and can be used as raw materials for the pharmaceutical in-
dustry. Another example is n-hexadecanoic acid, 9, 12-octadecadienoic acid (Z,Z)-, 2-methyl-, 
an important intermediate in organic chemical raw materials and polymers, which can be used 
to make chemical products such as paints, candles, soap, and coatings. Therefore, Albizia 
kalkoraleaves can be used as a new material in the pharmaceutical and chemical industries and 
agricultural production, which has high potential application value. This experiment provides a 
theoretical basis for the further development and utilization of Albizia kalkoraleaves and pro-
motes the utilization of biological resources. 
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