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Torreya grandis can only survive in China because of its unique living habits. In recent years, because of the
increasing demand for wood, the social value of Torreya grandis has become progressively high. However, people
ignored the use of its bark, believing that only the timber was of value. In order to explore a new way to utilize the
resources of Chinese Torreya bark, methanol and ethanol were used to extract the powder of Chinese Torreya bark.
The extracts were analyzed by Fourier transform infrared spectroscopy (FT-IR) and gas chromatography-mass
spectrometry (GC-MS). The pyrolysis products of catalytic cracking products and high efficiency extraction products
were studied by GC-MS. The results showed that the extracts from the bark of Torreya grandis contain a large
number of bioactive components, and these substances can be advantageous for human use. The chemical
constituents of different extracts from the bark of Torreya grandis were studied, and a theoretical basis for the rational
utilization of the bark was provided.

Torreya grandis bark, FT-IR, GC-MS
Ⅰ Introduction
Torreya grandis belongs to the genus Torreya of Taxaceae and is an evergreen coniferous tree (Zhang et al. 2017,
He et al. 2016). The trunk is straight and the crown is a wide oval. The bark is grayish-brown, exhibiting a
shallow longitudinal crack (Wang et al. 2018). The seed is the famous dried fruit Torreya grandis. After being
fried, it has a delicious taste and a crispy texture. Parts of Torreya grandis can also be used for treating
hookworm, ascaris, tapeworm disease, wormy abdominal pain, children’s chancre, constipation, and so on (Liu et
al. 2018). Torreya grandis seeds contain 41.89% oil, 10% protein, 28% carbohydrate, 2.6% ash and 13.51% other
substances. Torreya grandis wood has compact structure, fine texture, moderate hardness, elasticity, durability,
non-cracking, waterproof and moisture-proof making it an excellent choice of wood for construction,
shipbuilding, and furniture (Duan et al. 2017, Yu et al. 2017).
The annual yield of Torreya grandis is relatively large, and the bark remains after processing (Shen et al. 2016).
Torreya bark is used as firewood or dumped into fields, ditches, or garbage areas, causing environmental
pollution. However, if the bark of Torreya grandis can be utilized efficiently and adequately, the environmental
pressure can be alleviated to a certain extent (He et al. 2016, Zhu et al. 2016). Torreya grandis can only grow in
China because of its unique growing habits. Unfortunately, attention is only given to the value of its timber
instead of the bark in its manufacturing process.
The bark of Torreya grandis is first extracted, and then methanol and ethanol are prepared for further chemical
extraction. Fourier transform infrared spectroscopy (FT-IR) and gas chromatography-mass spectrometry
(GC-MS) were used to study the functional group changes of extracts from the bark of Torreya grandis, as well as
the types of pyrolysis products (Gao et al. 2017). The composition and function of extracts from the bark of
Torreya grandis under different extraction conditions were analyzed, providing a new method of utilization for
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high-grade wood and bark resources of Torreya grandis.
Ⅱ Material and Methods
Experimental Materials
Torreya samples were collected from the Xixia Forest District in Henan Province. The bark was taken and
processed into powder of 40-60 meshes by a pulverizer. It was then baked at 55ºC under a vacuum of 0.01 MPa,
and dried for use (Wang et al. 2018). The powder of Torreya grandis bark was extracted by methanol and ethanol
(chromatography purity), which were, respectively, named as B1 and B2.
Methanol and Ethanol Extraction
10 g samples (accuracy: 0.1 mg) were weighed into extraction bottles, and 300 mL methanol and ethanol solution
were respectively added into these bottles. The mixture was extracted with a mixed solvent extraction system
(FOSS) (Ge et al. 2018). Extraction conditions: soak at room temperature for 12 h, followed by extraction at 55ºC
for 5 h, extract the filter paper with methanol and ethanol solution, and, finally, filter the methanol and ethanol
extract filtrate from the bark of the Torreya tree. The filtrate was extracted at 45ºC, 0.01 MPa vacuum
evaporation, and concentrated to 10 mL (Liu et al. 2018).
FT-IR Analysis
The molecular absorption of methanol and ethanol extracts infrared light was recorded by the infrared
spectrometer, and the infrared spectra was collected, and the spectrum smoothing and baseline were corrected
(Bazin et al. 2018). Infrared spectroscopy usually places the wave (σ) as the abscissa, indicating the location of
the absorption peak, the transmittance (T%) is measured along the vertical axis to show absorption intensity
(Parolo et al. 2017, Lam et al. 2019).
GC-MS analysis
GC-MS determination: The GC automatic sampler was injected with 10 μL ethanol extract. The specifications of
the elastic quartz capillary column are 30 m × 250 μm × 0.25 μm, the carrier gas used was high purity helium, and
column flow rate was set at 1 mL/min. The split ratio is 2:1 (Luo et al. 2017). The temperature program of the GC
starts at 50°C, and the heating is increased to 130°C at a rate of 5 ºC/min without stopping, followed by heating to
180ºC at a rate of 2 °C/min without stopping, and then finally heating to 300ºC at a rate of 30 ºC/min, with a
holding time 5 min (Xie et al. 2018). Mass spectrometry conditions: program scan mass range of 30 amu - 600
amu, ionization voltage of 70 eV, ionization current of 150 μA electron ionization EI, the ion source temperature
is 230ºC, the quadrupole temperature is 150ºC, and the scanning starting point is 50-600ºC (Ge et al. 2018).
Ⅲ Results and Analysis
Infrared spectroscopic analysis
The infrared spectra of Torreya grandis bark methanol and ethanol extracts were observed and compared (Figure
1). It was found that the number of absorption peaks in the infrared spectrum of the methanol extract was much
greater than the ethanol extract, and the infrared spectra of the two extracts were similar (Leal et al. 2015). In the
infrared spectra of methanol extracts from Torreya bark, absorption peaks appear at around 3690-3350 cm-1,
3210-3140 cm-1, 1740-1520 cm-1, and 1310-1250 cm-1.(Gao and Wang, 2017) These absorption peaks correlate
with the stretching vibration of hydroxyl group, the stretching vibration of C=C in benzene ring, and the
stretching vibration of carbonyl group. These substances may be alcohols, phenols, carboxylic acids, aromatic
compounds, or amides (Mikkonen et al. 2018). The absorption peaks of ethanol extracts from Torreya grandis
bark appear in the vicinity of 3510-3250 cm-1, 2990-2820 cm-1, 1680-1410 cm-1, and 1000 cm-1. They belong to
the hydroxyl absorption band, C-H bond stretching vibration, unsaturated C=C stretching vibration, and C-O
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bond stretching or bending vibration. They may contain alcohols, saturated hydrocarbons, unsaturated
hydrocarbons, or ethers (Sallman et al. 2018, Haas et al. 2018).

Figure 1. FTIR spectra of Torreya grandis bark methanol and ethanol extracts
Temperament analysis of ethanol extract
16 substances were found from 40 peaks from the ethanol extract of Torreya grandis bark (Figure 2). D
-Mannose (5.77%) can be used in cell culture and molecular biology and biochemical reagent sweeteners
(Zhang et al. 2017). 5-Hydroxymethylfurfural (32.29%) can be used to detect metabolites of glucose inf
usion. Furfural (3.46%) is the raw material of furan acrylic acid, furfuran amine fumaric acid, adipic aci
d, furfuryl alcohol, and other intermediates, which are widely used in the synthesis of pharmaceuticals, p
esticides, veterinary drugs, dyes, and other fine chemicals. However, it can also be used to synthesize fu
rfural resin, furan resin, rubber vulcanization accelerator, rubber and plastic antioxidants, preservatives, an
d so on (Koszucka et al. 2018). Further it can also be found as a food flavoring for GB 2760-96, whic
h is mainly used in the preparation of various flavors found in items such as bread, butter, hard candy,
and coffee (Mi et al. 2019). Some derivatives of furfural have strong bactericidal ability, and their bacte
riostatic spectrum is quite broad(Fu and Liu 2017, Özkaynak. 2018). The contents of some substances w
ere higher, though their functions are still unknown. These substances include beta.-D-Glucopyranose, 4O-.beta.-D-galactopyranosyl- (12.35%); Melezitose (5.31%); 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-m
ethyl- (4.90%); Butanoic acid, 1a,2,5,5a,6,9,10,10a-octahydro-5,5a-dihydroxy-4-(hydroxymethyl)-1,1,7,9-tetra
methyl-11-oxo-1H-2,8a-methanocyclopenta[a]cyclopropa[e]cyclodecen-6-yl ester, [1aR-(1a.alpha.,2.alpha.,5.bet
a.,5a.beta.,6.beta.,8a.alpha.,9.alpha.,10a.alpha.)]- (2.58%); 1H-2,8a-Methanocyclopenta[a]cyclopropa[e]cyclode
cen-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.a
lpha.,1a.alpha.,2.alpha.,5.beta.,5a.beta.,6.beta.,8a.alpha.,9.alpha.,10a.alpha.)]- (22.66%); and so on. These sub
stances are in need of further study.

Figure 2. Total ion chromatography of ethanol extract from Torreya grandis bark
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Ⅳ Conclusions and Discussion
The infrared transmittance of Torreya mandshurica bark extracted by methanol and ethanol solvent changed in
varying degrees. FT-IR analysis showed that the absorption peaks of Torreya grandis bark mainly distributed in
3620-3310 cm-1, 3120-3050 cm-1, and 1710-1465 cm-1, where the methanol extracts contained more peaks. In
addition, the decrease in absorption peaks may be attributable to the extraction of some compounds from the
extract.
The GC-MS results showed that 16 substances were detected from 40 peaks. Some of these substances are of
great use in the medical, chemical, and food industries. For example, Furfural is an important organic chemical
raw material, which can be used to produce maleic anhydride, glyceric acid, furfuryl alcohol, and tetrahydrofuran.
The raw materials of intermediates are widely used in the synthesis of fine chemicals such as medicine,
pesticides, veterinary drugs, spices, rubber additives, and preservatives, among many others. However, there are
still some substances requiring further scientific research because their functions are unknown in the existing
conditions.
From the above analysis, it can be determined that the infrared spectra of methanol extracts from the bark of
Torreya grandis are more significant and have a greater number of absorption peaks. GC-MS of ethanol extracts
is closely related to infrared spectroscopy. The effective components of ethanol extracts have many functions,
which are reflected in all aspects of life. In conclusion, Torreya grandis bark is a kind of high quality forest
biomass resources, which has broad sustainable utilization potential.
References
Bazin P, Saur O, Meunier FC, Daturi M, Lavalley JC, Govic AML (2018) A thermogravimetric and ft-ir study of
the reduction by h 2, of sulfated pt/ce x zr 1− x o 2, solids. Applied Catalysis B Environmental
90(3):368-379.
Duan FF, Jia SS, Yuan K (2017) Antitumor Effects and Mechanism of n-butanol Fraction from Aril of Torreya
grandis in H22 Mice. Pharmacognosy Magazine 13(51):351-357.
Fu H, Liu X (2017) Research on the phenomenon of Chinese residents’ spiritual contagion for the reuse of
recycled water based on SC-IAT. Water 9(11):846.
Gao W, Baig AQ, Ali H, Sajjad W, Farahani MR (2017) Margin Based Ontology Sparse Vector Learning
Algorithm and Applied in Biology Science. Saudi Journal of Biological Sciences 24(1):132-138.
Gao W, Wang W (2017) A Tight Neighborhood Union Condition On Fractional (G, F,N ',m)-Critical Deleted
Graphs. Colloquium Mathematicum 149(2):291-298.
Ge SB, Wang LS, Liu ZL, Jiang SC, Yang XX, Yang W, Peng WX, Cai T (2018). Properties of nonvolatile and
antibacterial bioboard produced from bamboo macromolecules by hot pressing. Saudi Journal of Biological
Sciences 25(3):474-478
Ge SB, Wang LS, Ma JJ, Jiang SC, Peng WX (2018) Biological analysis on extractives of bayberry fresh flesh by
GC-MS. Saudi Journal of Biological Sciences 25(4):816-818
Haas J, Catalán EV, Piron P, Karlsson M, Mizaikoff B (2018) Infrared spectroscopy based on broadly tunable
quantum cascade lasers and polycrystalline diamond waveguides. Analyst 143(21):5112-5119.
He Z, Zhu H, Li W, Zeng M, Wu S, Chen S (2016) Chemical components of cold pressed kernel oils from
different torreya grandis cultivars. Food Chemistry. 209 196-202.
He Z, Zhu H, Li W, Zeng M, Wu S, Chen S, Qin F, Chen J (2016) Chemical components of cold pressed kernel
oils from different Torreya grandis cultivars. Food Chemistry 209:196-202.
Koszucka A, Nowak A (2018) Thermal processing food-related toxicants: A review. Critical Reviews in Food
96

Ekoloji 28(108): 93-97 (2019)
Science and Nutrition. 1-18.
Lam SS, Mahari WAW, Ma NL, Azwar E, Kwon EE, Peng WX, Chong CT, Liu ZL, Park YK (2019) Microwave
pyrolysis valorization of used baby diaper. Chemosphere 230:294-302
Leal SS, Cristóvão JS, Biesemeier A, Cardoso I, Gomes CM (2015) Aberrant zinc binding to immature
conformers of metal-free copper-zinc superoxide dismutase triggers amorphous aggregation. Metallomics
7(2):333-346.
Liu M, Veryser C, Lu JG, Wenseleers T, De Borggraeve WM, Jiang ZH, Luyten W (2018) Bioassay-guided
isolation of active substances from Semen Torreyae identifies two new anthelmintic compounds with novel
mechanism of action. Journal of ethnopharmacology 224:421-428.
Liu ZL, Zhang DQ, Peng WX (2018) A Novel ANFIS-PSO Network for forecasting oil flocculated asphaltene
weight percentage at wide range of operation conditions. Petroleum Science and Technology 36
(14):1044-1050
Luo Q, Wang S, Sun L, Wang H (2017) Metabolic profiling of root exudates from two ecotypes of sedum alfredii
treated with pb based on gc-ms. Scientific Reports 7:39878.
Mi C, Wang J, Mi W, Huang Y, Zhang Z, Yang Y, Jiang J, Octavian P (2019) Research on Regional Clustering and
Two-Stage SVM Method for Container Truck Recognition. Discrete and Continuous Dynamical Systems
Series S 12(4-5):1117-1133.
Mikkonen T, Amiot C, Aalto A, Patokoski K, Genty G, Toivonen J (2018) Broadband cantilever-enhanced
photoacoustic spectroscopy in the mid-IR using a supercontinuum. Optics Letters 43 (20):5094-5097
Özkaynak Kanmaz E (2018) 5-Hydroxymethylfurfural (HMF) formation during subcritical water extraction. Food
science and biotechnology 27(2):1-6.
Parolo ME, Savini MC, Loewy RM (2017) Characterization of soil organic matter by ft-ir spectroscopy and its
relationship with chlorpyrifos sorption. Journal of Environmental Management. 196:316-322.
Sallman B, Rakshit S, Lefèvre G (2018) Influence of phosphate on tungstate sorption on hematite: A macroscopic
and spectroscopic evaluation of the mechanism. Chemosphere 213:596-601.
Shen J, Song L, Müller K, Hu Y, Song Y, Yu W, Wang H, Wu J (2017) Magnesium Alleviates Adverse Effects of
Lead on Growth, Photosynthesis, and Ultrastructural Alterations of Torreya grandis Seedlings. Frontiers in
Plant Science 7:1819.
Wang LS, Ge SB, Liu ZL, Zhou YF, Yang XX, Yang W, Li DL, Peng WX (2018) Properties of antibacterial
bioboard from bamboo macromolecule by hot press. Saudi Journal of Biological Sciences 25(3):465-468.
Wang YP, Cheng HX, Li JH., Zhou, SB (2018) Development of microsatellite markers for a chinese endemic
plant, torreya yunnanensis (taxaceae). Applications in Plant Sciences. 6(4).
Xie YZ, Ge SB, Jiang SC, Liu ZL, Chen L, Wang LS, Chen JT, Qin LC, Peng WX (2018) Study on biomolecules
in extractives of Camellia oleifera fruit shell by GC-MS. Saudi Journal of Biological Sciences 25(2):234-236
Yu M, Zeng M, Qin F, He Z, Chen J (2017) Physicochemical and functional properties of protein extracts from
Torreya grandis seeds. Food Chemistry 227:453-460.
Zhang D, Chia C, Xue J, Jin W, Kasagi S, Wu R (2017) D-mannose induces regulatory t cells and suppresses
immunopathology. Nature Medicine 23(9):1036.
Zhang R, Zhang Y, Song L, Song X, Hänninen H, Wu J (2017) Biochar enhances nut quality of torreya grandis,
and soil fertility under simulated nitrogen deposition. Forest Ecology and Management 391:321-329.
Zhu X, Dong L, Jiang L, Li H, Sun L, Zhang H, Yu W, Liu H, Dai W, Zeng Y, Wu R (2016) Constructing a
linkage-linkage disequilibrium map using dominant-segregating markers. DNA Research 23(1):1-10.

97

