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Dalbergia granadillo’s human health components were studied using PY-GC-MS,
TDS-GC-MS, and GC-MS. The composition of known human health functions was
studied by reviewing available literature. The 7-Methyl-Z-tetradecen-1-olacetate
has the effect of removing heat and relieving cough in the human body and effec-
tively treat both dry cough and sore throat caused by fire; 1,2-Benzene dicar boxy
licacid, bis (2-methyl propyl) ester hasacertainanti-cancer activity, pharmaceuti-
cal applications can be used for the synthesis of cancer drugs.
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Introduction

Dalbergia granadillo Pittier’s mainorigin is Mexico, and the plant belongs to
Leguminosae Dalbergia. The Dalbergia granadillo is a diffuse porous material, with obvious
growth wheel, the heart wood section is dark red and dark red with whites trips. The Dalbergia
granadillo wood structure is delicate, the texture is straight or staggered. The Dalbergia grana-
dillo has high strength, hardness, air-dry density of 0.98-1.22 g/cm?, and it is commonly used
to make high-end furniture and hand crafts. Traditionally, Dalbergia granadillo is considered
to be useful timber with human health functions [1, 2]. Therefore, the Dalbergia granadillo
powder was analyzed via PY-GC-MS, TDS-GC-MS, TG, and FT-IR; the extractives of ethanol,
ethanol/benzene and ethanol/methanol in Dalbergia granadillo were analyzed via GC-MS and
FT-IR; this was done to determine the active molecules of Dalbergia granadillo, and the figu-
rative effect of human care function [3].

Material and methods

Materials

The Dalbergia granadillo used in the experiment was produced in Mexico. The
Dalbergia granadillo used in the experiment are first pulverized and then tested with the ob-
tained wood powder. The ethanol, benzene and methanol were used in the experiments were

* Corresponding author, e-mail: 604280739@qq.com; 799814939@qq.com



Ni, C., et al.: Molecules and Indoor Atmospheric Effect of Rosewood: Dalbergia Granadillo
1690 THERMAL SCIENCE: Year 2020, Vol. 24, No. 3A, pp. 1689-1696

purely chroma to graphed. Quantitative filter paper should be extracted with ethanol for
12 hours. The three extractives used in the experiment were ethanol, ethanol/benzene (volume
ratio of 1:2), and ethanol/methanol (volume ratio of 1:1).

Experimental methods
Extraction method

The crushed and processed Dalbergia granadillo’s powder was weighed three parts
and the mass was 16 g (accuracy was 1.0 mg). A well-weighed powder and 300 ml of ethanol,
ethanol/benzene (1:2 by volume), and ethanol/methanol (1:1 by volume) were added in the three
round bottom flasks, respectively. Then, the mixture was refluxed at 85 °C, 82 °C, and 80 °C for
4.5 hours. The obtained extractives were subjected to suction filtration on a circulating water
type vacuum pump (YUHUASHZ-D(III)), using a quantitative filter paper subjected to ethanol
extraction treatment for 12 hours. Finally, the obtained extract was steamed and concentrated
via rotary evaporator (YUHUARE-2000A).

The FT-IR analysis

The Dalbergia granadillo’s powder and the concentrated extractives refluxed by three
types of extractants were subjected to FT-IR detection (Thermo Fisher Nicolet, 670 FT-IR). The
scanning of each powder was collected at a spectral resolution of 4 cm™ and the spectral range
was 400-4000 cm ™! [4-10].

The TG analysis

The powder of Dalbergia granadillo was analyzed via TG analyzer (TGAQ50V20.8-
Build34). The carrier gas used in the experiment was high purity nitrogen and the nitrogen release
rate was 60 ml/min. The temperature program of TG starts at 30 °C and increased to 250 °C at
arate of 5 °C/min [11-14].

The GC-MS analysis

The three extracts were analyzed via GC-MS (AgilentGC-MS7890B5977A). Column
HP-5MS (30 m x 250 um % 0.25 pm). Elastic quartz capillary column, the carrier gas used for
high purity helium, flow rate of 1 mL/min. The split ratio is 20:1. The temperature program of
the GC starts at 50 °C, increased to 250 °C at a rate of 8 °C/min, and then increased to 300 °C
at arate of 5 °C/min. The MS programs can mass range of 30-600 amu, ionization voltage of 70
eV, and ionization current of 150 pA electron ionization (EI). The ion source and the quadrupole
temperature were set to 230 °C and 150 °C, respectively [15-18].

The TDS-GC-MS analysis

The Dalbergia granadillo powder was analyzed via thermal desorption GC-MS. The
TDS starting temperature of 30 °C, for 1 minute, at 10 °C/min rate rose to 100 °C, keep 5 min,
then 10 °C/min rate increased to 200 °C, the transmission line temperature of 230 °C. The CIS
starting temperature of —50 °C, hold for 0.1 min, and then 10 °C/s rate rose to 230 °C, keep for
I minute. Measurements were conducted via GC-MS (AgilentGC-MS7890B5977A). The tem-
perature program of the GC starts at 50 °C, increased to 250 °C at a rate of 8§ °C/min, and then
increased to 300 °C at a rate of 5 °C/min. The MS program scan mass range of 30-600 amu, ion-
ization voltage of 70 eV, ionization current of 150 pA electron ionization (ei). The ion source and
the quadrupole temperature were set to 230 °C and 150 °C, respectively. The analytical standard
library was analyzed via NIST14.L [19-21].
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The Py-GC-MS analysis

The powder of Dalbergia granadillo was analyzed via thermal cracking-gas chroma-
tography-mass spectrometry (CDS5200-trace 1310ISQ). The carrier gas used was high purity
helium, the pyrolysis temperature was 500 °C, the heating rate was 20 °C/ms, and the pyrolysis
time was 15 seconds. The pyrolysis product transfer line and the injection valve temperature
were set to 300 °C; Column TR-5MS; Capillary column (30 m x 0.25 mm x 0.25 um); Shunt
mode, split ratio of 1:60, shunt rate of 50 mL/min. The temperature of the GC program starts
at 40 °C for 2 minute, increased to 120 °Catarate of 5 °C/min, and then increased to 200 °C at
a rate of 10 °C/min for 15 minute. lon source (EI) temperature of 280 °C, scanning grange of
28-500 amu [22-24].

Results
The FT-IR analysis

Figure 1 shows the comparasion 100
of the infrared spectra of the Dalbergia
granadillo powder and the three extracts.
The infrared spectrum of 3360 cm™ is
the O-H stretching vibration in the cel- 2
lulose, phenol, alcohol, and carboxylic 801 4
acid compounds [25, 26]. The infrared
spectrum of 2900 cm™! is C-H stretching 704
vibration and C-H bending vibration in
cellulose and hemicellulose [27]. The ——Wood powder
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ticin-plane bending vibrations. The infrared spectrum 817 cm™ is the G-ring C-H outside the
bending vibration [29].
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Figure 1. The FT-IR spectra of Dalbergia granadillo
powders and three extracts
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The TG analysis

Figure 2 show that the TG curve of the
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Figure 2. The Dalbergia granadillo’s TG curve
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The GC-MS analysis

Figures 3-5 show the total ion chromate grams of the extractives of ethanol, ethanol/
benzene, and ethanol/methanol, respectively.
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Figure 3. Total ion chromate grams of ethanol extractives of Dalbergia granadillo
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Figure 4. Total ion chromate grams of ethanol/benzene extractives
of Dalbergia granadillo.
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Figure 5. Total ion chromate grams of ethanol/methanol extractives

of Dalbergia granadillo

The chemical constituents of three extracts of Dalbergia granadillo were determined
via GC-MS qualitative analysis technique [30]. A total of 51 peaks were located via GC-MS
gas chromatographic analysis of the ethanol extract of Dalbergia granadillo, and nine com-
pounds were identified [31]. The results show that the components are: 2H-1-benzopyran-
2-one, 7-hydroxy-3- (4-methoxyphenyl)-(7.71%), 3, 3°, 4, 4’-Tetramethoxystilbene (5.01%),
10, 11-Dihydro-10-hydroxy-2, 3, 6-trimethoxydibenz (b,f) oxepin (2.12%), Phenol, p-1-in-
danyl-(0.75%), cis-Trismethoxyresveratrol (0.56%), and 1,4-Benzenediol,2-methoxy-(0.24%).
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A total of 70 peaks were found via GC-MS gas chromate graphic analysis of the ethanol/
benzene extract, and 14 compounds were identified. The results show that the components
mainly are: 10, 11-Dihydro-10-hydroxy-2, 3, 6-trimethoxydibenz(b,f)oxepin (7.7%), 3, 3°, 4,
4’-Tetramethoxystilbene (3.09%), S-Indacene-1, 7-dione, 2, 3, 5, 6-tetrahydro-3, 3, 4, 5, 5,
8-hexamethyl- (1.37%), Phenol, p-1-indanyl-(0.9%), and 4-Methoxybenzene-1, 2-diol(0.44%).

A total of 61 peaks were located via GC-MS gas chromate graphic analysis of
the ethanol/methanol extract, and 10 compounds were identified. The results show that the
components mainly are: 3, 3°, 4, 4’-Tetramethoxystilbene(2.85%), Tricyclo [4.4.0.0(2,7)] dec-
8-ene-3-methanol,. alpha.,. alpha., 6, 8-tetramethyl-, stereoisomer (1.33%), S-Indacene-1,
7-dione, 2, 3, 5, 6-tetrahydro-3, 3, 4, 5, 5, 8-hexamethyl-(1.12%), Phenol, p-1-indanyl-(0.68%),
cis-Trismethoxyresveratrol (0.62%), and 2-Naphthalenemethanol, decahydro-. alpha.,. alpha.,
4a-trimethyl-8-methylene-, [2R-(2.alpha.,4a.alpha.,8a.beta.)]-(0.35%).

The TDS-GC-MS analysis

Figure 6 shows the total ion chromate grams of the Dalbergia granadillo powder. The
chemical constituents of Dalbergia granadillo powder were determined by TDS-GC-MS quali-
tative analysis technique [32]. A total of 73 peaks were isolated via TDS-GC-MS gas chromate
graphic analysis of Dalbergia granadillo powder, and 40 compounds were identified.
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Figure 6. Total ion chromate grams of Dalbergia granadillo powder

The PY-GC-MS analysis

Figure 7 shows the relative abundance curve of the Dalbergia granadillo powder. The
chemical constituents of Dalbergia Granadillo powder were determined via PY-GC-MS qual-
itative analysis technique [33]. A total of 50 peaks were isolated via PY-GC-MS gas chromate
graphic analysis of Dalbergia granadillo powder, and 16 compounds were identified.
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Figure 7. Relative abundance curve of the Dalbergia granadillo powder
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Discussion

The Dalbergia granadillo’s human health function. The PY-GC-MS, TDS-GC-MS,
and GC-MS techniques were used to qualitatively analyze Dalbergia granadillo, and the re-
lated compounds were obtained:

— Cinnamaldehyde, (E) has strong acaricidal activity, and in addition to the ticks pecies of
larvae also achieve high killing [34].

— Phenol, 2-methoxy-3-(2-propenyl) is antibacterial, showing high antibacterial activity.

— Propanoic acid, 2-methyl-, 3-hydroxy-2, 2,4-trimethylpentylester has detoxification, cough,
and has orante and reinforcing effect of blood.

Blood can be used to treat acute and chronic bronchitis, pharyngitis, and tonsillitis
[35, 36]; Benzene, 1,2,3-trimethoxy-5-(2-propenyl)-itself has antioxidant effects, and can play
an anti-inflammatory and antithrombotic effect in the human body, in addition to hyperlipid-
emia crowd it also has the effect to flowering blood pressure [37]; Cedrol has a clear sedative
effect on the emotional stability has a certain role in promoting [38]; 7-Methyl-Z-tetradecen-
1-ol acetate has the effect of removing heat and relieving cough in the human body and effec-
tively treating dry cough and sore throat caused by fire [39]; 1,2-Benzenedicarboxy licacid,
bis(2-methylpropyl) ester have a certain anti-canceractivity, and pharmaceutical applications
can be used for the synthesis of cancer drugs [40].

Conclusions

A total of 51 peaks were isolated via GC-MS gas chrome to graphic analysis of the
ethanol extractives of Dalbergia granadillo, and non-ecompounds were identified; a total of 70
peaks were isolated via GC-MS gas chrome to graphic analysis of ethanol/benzene extractives,
and 14 compounds were identified; a total of 61 peaks were isolated via GC-MS gas chrome to
graphic analysis of ethanol/methanol extractives, and 10 compounds were identified.

A total of 73 peaks were isolated via TDS-GC-MS gas chrome to graphic analysis of
Dalbergia granadillo powder, and 40 compounds were identified.

Through access to the literature and relevant reports, we clarified that Dalbergia gra-
nadillo contains human health in gradients and functions. Cedrol has a clear sedative effect on
the emotional stability has a certain role in promoting; 7-Methyl-Z-tetradecen-1-olacetate has
the effect of removing heat and relieving cough in the human body and effectively treating the
dry cough and sore throat caused by fire; 1,2-Benzenedicarboxylic acid, bis(2methylpropyl)
ester have a certain anti-cancer activity, pharmaceutical applications can be used for the syn-
thesis of cancer drugs.

Acknowledgment

This research was supported by The Hunan Science Fund for Distinguished Young
Scholars (16JJ1028), the major scientific and technological achievements transformation proj-
ects of strategy ice merging industries in Hunan Province (2016GK4045), and the academician
reserve personnel training plan of lift engineering technical personnel of Hunan Science and
Technology Association (2017TJ-Y10).

References

[1] Azwar, E., et al., Transformation of Biomass into Carbon Nanofiber for Supercapacitor Application - A
Review, International Journal of Hydrogen Energy, 43 (2018), 45, pp. 20811-20821

[2] Chen, S., et al., An Analytical Model for Elastic Modulus Calculation of SiC Whisker-Reinforced Hy-
brid Metal Matrix Nanocomposite Containing SiC Nanoparticles, Journal of Alloys and Compounds, 767
(2018), 30, pp. 632-641



Ni, C., et al.: Molecules and Indoor Atmospheric Effect of Rosewood: Dalbergia Granadillo
THERMAL SCIENCE: Year 2020, Vol. 24, No. 3A, pp. 1689-1696 1695

[3] Liew, R. K., et al., Production of Activated Carbon as Catalyst Support by Microwave Pyrolysis of Palm
Kernel Shell: A Comparative Study of Chemical Versus Physical Activation, Research on Chemical Inter-
mediates, 44 (2018), 6SI, pp. 3849-3865

[4] Ge,S. B., et al., Potential Use of Different Kinds of Carbon in Production of Decayed Wood Plastic Com-
posite, Arabian Journal of Chemistry, 11 (2017), 6, pp. 838-843

[5] Ge,S.B.,etal., Hemicellulose Structural Changes during Steam Pretreatment and Bio Gradation of Lenti-
nus Edodes, Arabian Journal of Chemistry, 11 (2017), 6, pp.771-781

[6] Maruyama, T., ef al., FT-IR Analysis of BSA Fouled on Ultrafiltration and Microfiltration Membranes,
Journal of Membrane Science, 192 (2001), 1, pp.201-207

[7] Peng, W., et al., Characteristics of Antibacterial Molecular Activities in Poplar Wood Extractives, Saudi
Journal of Biological Sciences, 24 (2017), 2, pp. 399-404

[8] Peng, W., et al., AD Etailed Study of Oxy-Fuel Combustion of Bio Mass in a Circulating Fluidized Bed
(CFB) Combustor: Evaluation of Catalytic Performance of Metal Nanoparticles (Al, Ni) for Combustion
Efficiency Improvement, Energy, 109 (2016), Aug., pp.1139-1147

[9] Peng, W., et al., TD-GC-MS Analysis on Thermal Release Behavior of Poplar Composite Bio Materi-
al under High Temperature, Journal of Computational and Theoretical Nanoscience, 9 (2012), 9, pp.
1431-1433

[10] Jiang, S. C., et al., Molecules and Functions of Rosewood: Dalbergia Stevenson, Arabian Journal of
Chemistry, 11 (2017), 6, pp. 782-792

[11] Biagini, ef al., Devo Latilization of Biomass Fuels and Biomass Components Studied by TG/FTIR Tech-
nique, Industrial & Engineering Chemistry Research, 45 (20006), 13, pp. 4486-4493

[12] Zhu, H. M., et al., Study on Pyrolysis of Typical Medical Waste Materials by Using TG-FTIR Analysis,
Journal of Hazardous Materials, 153 (2008), 1-2, pp. 670-676

[13] Hirose, S., et al., Thermal Degradation of Polyurethanes Containing Lignin Studied by TG-FTIR, Polymer
International, 47 (2015), 3, pp.247-256

[14] Tao, L., et al., TG-FTIR Characterization of Pyrolysis of Waste Mixtures of Paint and Tar Slag, Journal of
Hazardous Materials, 175 (2010), 1, pp.754-761

[15] Alder, L, et al., Residue Analysis of 500 High Priority Pesticides: Better by GC-MS or LC-MS/MS?, Mass
Spectrometry Reviews, 25 (2010), 6, pp. 838-865

[16] Dauner, M., Sauer, U., GC-MS Analysis of Amino Acids Rapidly Provides Rich in Formation for Isoto-
pomer Balancing, Biotechnology Progress, 16 (2010), 4, pp. 642-649

[17] Proestos, C., et al., Determination of Phenolic Compounds in Aromatic Plants by RP-HPLC and GC-MS,
Food Chemistry, 95 (2006), 1, pp. 44-52

[18] Agius, R., et al., Validation of a Headspace Solid-Phase Microextracti on-GC-MS/MS for the Determina-
tion of Ethyl Glucuronide in Hair According to Forensic Guidelines, Forensic Science International, 196
(2010), 1, pp. 3-9

[19] Wolf, M., et al., Application of a Purge and Trap TDS-GC/MS Procedure for the Determination of Emis-
sions from Flame Retarded Polymers, Chemosphere, 41 (2000), 5, pp. 693-699

[20] Shao, Q., et al., Analysis of Volatile Components Extracted from the Peels of Four Different Chinese
Pomelos Using TDS-GC-MS, Journal of the Science of Food & Agriculture, 94 (2015), 15, pp. 3248-3254

[21] Alfonso, M. J. F. L, et al., Some Improvements on Relativistic Positioning Systems, Applied Mathematics
& Nonlinear Sciences, 3 (2018), 1, pp. 161-166

[22] Dong, J., et al., Study on the Source of Polycyclic Aromatic Hydrocarbons (PAHs) during Coal Pyrolysis
by PY-GC-MS, Journal of Hazardous Materials, 243 (2012), 4, pp. 80-85

[23] Torri, C., et al., Fast Procedure for the Analysis of Hydrothermal Liquefaction Biocrude with Stepwise
PY-GC-MS and Data Interpretation Assisted by Means of Non-Negative Matrix Factorization, Energy
&Fuels, 30 (2016), 2, pp. 1135-1144

[24] Khabbaz, F., et al., PY-GC/MS an Effective Technique to Characterizing of Degradation Mechanism of
Poly (L-Lactide) in the Different Environment, Journal of Applied Polymer Science, 78 (2015), 13, pp.
2369-2378

[25] Twaki, L. K., Dlott, D. D., Ultrafast Vibrational Energy Redistribution within C—-H and O-H Stretching
Modes of Liquid Methanol, Chemical Physics Letters, 321 (2000), 5-6, pp. 419-425

[26] Naeem, M., et al., New and Modified Eccentric Indices of Octagonal Grid o™,, Applied Mathematics &
Nonlinear Sciences, 3 (2018), 1, pp. 209-228

[27] Holiday, R. J., et al., Mode-and Bond-Selective Reaction of C1(2P3/2) with CH3D:C-H Stretch Overtone
Excitation near 6000 cm (-1), Journal of Chemical Physics, 125 (2006), 13, 133101



Ni, C., et al.: Molecules and Indoor Atmospheric Effect of Rosewood: Dalbergia Granadillo
1696 THERMAL SCIENCE: Year 2020, Vol. 24, No. 3A, pp. 1689-1696

[28] Devi, T. G., et al., Raman Anisotropic Bandwidth Study of C=0O Stretching Vibration of Methyl Isobutyl
Ketone: Role of Vander Waals’ Volume of the Interacting Systems, Spectrochimica Acta Part A Molecular
and Bio molecular Spectroscopy, 60 (2004), 1-2, pp. 211-216

[29] Zhang, G., et al., Chemical Origin of Red Shift of CO Stretching Vibration in Acetone Complexes with
Various Metal Cations, Chemical Physics, 359 (2009), 1-3, pp. 40-44

[30] Ricca, A., et al., The Infrared Spectroscopy of Polycyclic Aromatic Hydrocarbons with Five-and Sev-
en-Membered Fused Ring Defects, The Astrophysical Journal, 729 (2011), 2, 94

[31] Jiye, A., et al., Extraction and GC/MS Analysis of the Human Blood Plasma Metabolome, Analytical
Chemistry, 77 (2005), 24, pp. 8086-8094

[32] Shao, Q., et al., Analysis of Volatile Components Extracted from the Peels of Four Different Chinese Pom-
elos Using TDS-GC-MS, Journal of the Science of Food and Agriculture, 94 (2014), 15, pp. 3248-3254

[33] Gao, N., et al., TG-FTIR and PY-GC/MS Analysis on Pyrolysis and Combustion of Pine Sawdust, Jour-
nal of Analytical and Applied Pyrolysis, 100 (2013), Mar., pp. 26-32

[34] Shareef, H., et al., Antibacterial Effect of Ginger (Zingiber Officinale) Roscoe and Bioactive Chemical
Analysis Using Gas Chromatography Mass Spectrum, Oriental Journal of Chemistry, 32 (2016), 2, pp.
817-837

[35] Miyazawa, M., et al., Components of Essential Oil from Rootstock of Coptis Chinensis, Journal of Natu-
ral Medicines, 58 (2004), Oct., pp. 222-225

[36] Pesce, S., et al., Looking at Biological Community Levelto Improve Ecotoxicological Assessment of
Freshwater Sediments: Reportona First French-Swiss Workshop, Environmental Science and Pollution
Research, 25 (2018), 1, pp. 970-974

[37] Nabher, S., et al., Comparative Studieson Physico-Chemical Properties and GCMS Analy sis of Essential
Oil of Myristica Fragrans, Journal of Statistical Software, 62 (2013), Jan., pp. 345-346

[38] Kagawa, D., et al., The Sedative Effects and Mechanism of Action of Cedrol Inhalation with Behavioral
Pharmacological Evaluation, Planta Medica, 69 (2003), 7, pp. 637-641

[39] Hu-Baiyila, D. A., Analysis of Chemical Compositions of Volatile Oil from the Compatibility of Termina-
lia and Melia Toosendan Sieb, Chinese Journal of Spectroscopy Laboratory, 28 (2011), 3, pp. 1191-1193

[40] Sudha, S., et al., Characterization of Cytotoxic Compound from Marine Sediment Derived Actinomycete
Streptomyces Avidinii Strain SU4, Asian Pacific Journal Tropical Biomedicine, 2 (2012), 10, pp. 770-773

Paper submitted: May 24, 2019 © 2020 Society of Thermal Engineers of Serbia
Paper revised: August 30, 2019 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: September 7, 2019 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions





