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Abstract: Illicium verum was a medicinal plant containing many valuable active ingredients. However, the rich extracts 
from its fruit are invariably wasted for inefficient separation processes. To further utilize these resources, the four 
extracts were obtained. The results showed that the optimum extraction times for methanol/ethanol, ether/ethanol, 
benzene/ethanol, and petroleum ether/ethanol extraction were 3, 5, 9, and 5 h for each single extraction, respectively. 
Among the four methods, the third method was found to be optimum, and gave a maximum yield of 31.63%. It was 
suggested that the extracts could be used as rare spices, biomedicines, liquid bioenergy, etc. 
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INTRODUCTION 
 
Illicium Verum, commonly called star anise, belongs to 
Illicium Linn, Magnoliaceae. It is an evergreen tree 
growing in hilly and mountain with elevation of 100-2100 
m, and widely presents in Hainan, Guangdong, Guangxi, 
Fujian, Yunnan and other provinces of China as important 
economic forest with homology of medicine and food 
(Wang et al., 2005). Illicium Verum is a well-known 
Chinese herb and almost 90% grows in China, which is 
widely used in food and spice industry. The star anise is 
planted in China for more than 1,000 years. A literature 
search disclosed that the people lived in Ningning and 
Longzhou of Guangxi province of China were convinced 
to firstly collect, plant and use star anise. It is noted that 
star anise was first recorded in the medical herbal book 
written by Sun Simiao (618-907 AC), the famous herbal 
doctor of China in Tang Dynasty, in which he said that the 
star anise was first found in Guangxi province of China 
(Wang et al., 2005; Ning et al., 1983). In recent 20 years, 
the cultivation in China increased significantly. At the end 
of 20th century, the star anise was planted in more than 90 
counties of Yunnan, Guangxi, Guangdong, Fujian, Anhui, 
Jiangxi, Hunan and other provinces. The cultivation area 
reached over 23 millions of hectares, giving 1.25 million 
tons of dry fruit and 700 tons of seeds oil. Star anise is 
therefore becomes one of the most important economic 
forest in South China. 
 
Illicium Verum as herb has long history. And it is 
determined to show anti-inflammatory and analgesia 
activities. The etheric extracts of star anise can promote 
maturation of marrow cells to release into peripheral 
blood, and has obvious effects on increasing white blood 
cell, especially on neutrophile granulocyte to cure 

leucopenia (Wang et al., 2005). While the fruit of star 
anise has good effects for curing flatulence, diuresis, 
phlegm and excitation, and is beneficial for stomach 
(Peng et al., 2007). It is also usually used to cure cold 
retching and anorexia, cold hernia and celialgia, kidney 
waist pain, dry or wet beriberi disease. Furthermore, star 
anise feeding to nursing women can help digestion and 
stimulate milk secretion. Star anise has the abilities of 
anti-bacteria and anti-fungi, therefore, it is not only effect 
to asthma, bronchitis and dry cough (Wang et al., 2005), 
but also is filled in the products for mouth odor cleaning. 
The essential oil of star anise, containing anesole, displays 
good female hormone activity (Wang et al., 2005; Wang 
et al., 2011). Since 80’s in 20th century, Chinese and 
Japanese scholars have isolated many bioactivity 
compounds from bark, stem, pericarp and seeds in the 
flora of Illicium Linn. Kouno et al (1993) isolated and 
identified the compounds of phenylpropanes, lignanoids 
and icar side E3. Chinese and Japanese scholars also 
isolated and identified many sesquiterpene loctones from 
star anise (Yakushijin et al., 1983; Yoshiyasu et al., 1994; 
Kenichi et al., 1984). Especially, Chinese scholars carried 
out a series of studies on active components and 
pharmacological actions of star anise (Jun et al., 2006; Lu 
et al., 2007; Kang et al., 2008; Lu et al., 2008; Zhao et al., 
2006; Fu et al., 2011; Wanxi et al., 2013a; 2013b; 2013c; 
2013d), and determined pharmacological actions of trans- 
anetholes and sikimitoxins. Tamiflu, patented by swiss 
firm roche, is found to show excellent inhibition against 
birds flu virus during the outbreak of bird flu, and the 
literature search suggested that the shikimic acid in star 
anise is the key intermediate product for Tamiflu (Krämer 
et al., 2003; Johansson et al., 2005). Zhu-Ping et al (2013) 
studied the synthetic drugs (Wanxi et al., 2011; 2012a; 
2012b). Especially, the researchers had analyzed many 
woody extractives (Wanxi et al., 2009; 2013a; 2013b; 
2013c; 2013d; 2014a; 2014b; 2014c; Lansheng et al., *Corresponding author: e-mail: oyhmail@163.com 
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2014), the pyrolysis products (Wanxi et al., 2012c; 
Hongchen et al., 2012), and biological active ingredients 
and wood biomass (Yongchang et al., 2014; Qiu et al., 
2014; Le et al., 2014a; 2014b; Lansheng et al., 2014; 
2013a; 2013b). However, for the low effective isolation, 
the extracts of star anise are not full used. In the present 
work, we took four stage separations and got four kinds of 
extracts. 
 
MATERIALS AND METHODS 
 
Materials 
The Illicium verum fruits were were collected from the 
Nanning Forest zone, Guangxi province, China in August 
2012. The fresh fruits were air-dried indoors and 
subsequently sieved through 40 mesh powder AS200 
Sieving Instrument (Retsch Co., Ltd, Germany). Benzene, 
methanol, ether, petroleum ether and ethanol were 
purchased in the chromatographic grade and used without 
further purification. The quantitative filter paper, cotton 
bag and cotton were all extracted in benzene/ethanol 
solution for 12 h. The Vbenzene/Vethanol = 1:4, the 
Vmethanol/Vethanol = 1:3, the Vether/Vethanol = 1:9, and the 
Vpetroleum ether/Vethanol = 1:1 (Wanxi et al., 2013b; 2013c; 
2013d). 
 
MATERIALS AND METHODS 
 
Single extraction 
Around 80 pieces of the sieved powders were weighed 
out (about 10 g with 1.0 mg accuracy) and parceled in a 
cotton bag tied with a cotton thread and signed. The 
extraction processes were carried out in 800 mL of 
solvent using a large-calibre Soxhlet extractor. Samples 
were removed for analysis at different time points (i.e., 1, 
3, 5, 7, and 9 hours). The solvents used were 
benzene/ethanol, petroleum ether/ethanol, methanol/ 
ethanol and ether/ethanol, respectively. All four of the 
extractions were conducted at temperatures in the range of 
85 to 90°C. Two samples were taken in parallel at each 
time point. Following extraction, the samples were 
distilled to dryness and the resulting residues weighed. 
The amount of material dissolved in the extracts was then 
calculated (Wanxi et al., 2013b; 2013c; 2013d). 
 
Four-stages extraction 
The 32 pieces of the sieved powder were weighed out 
(about 10 g with 1.0 mg accuracy) and parceled in a 
cotton bag tied by a cotton thread, and signed. The 
four-stages extractions were then carried out using a 
large-calibre Soxhlet extractor with 800 mL of solvent 
according to Table 1. Two samples were taken in parallel 
at each time point. The extraction times for the 
methanol/ethanol, ether/ethanol, benzene/ethanol and 
petroleum ether/ethanol solutions were 3, 5, 9 and 5 h, 
respectively, with an extraction temperature in the range 
of 85 to 90°C being used in all cases. Following the 

extractions, the four extraction solutions obtained were 
reduced in volume to 10 mL under vacuum (0.05-0.07 
MPa) at 45°C to give the residues from the 
methanol/ethanol, ether/ethanol, benzene/ethanol and 
petroleum ether/ethanol extracts. The samples were then 
baked to absolute dryness and weighed, and the amount of 
material in the extracts was then calculated (Wanxi et al., 
2013b; 2013c; 2013d). 
 
RESULTS 
 
The leaching rates (LR) of the Illicium verum extracts in 
different solvents are shown in Table 2. For each single 
extraction, the optimum extraction times of the 
methanol/ethanol, ether/ethanol, benzene/ethanol, 
petroleum ether/ethanol extractions were 3, 5, 9, and 5 h, 
respectively. According to the optimum extraction times, 
the LRs of four-stage extractions have been listed in table 
3. 
 
DISCUSSION 
 
Leaching characteristics of Illicium verum extracts in 
single extraction 
During the single extractions, three different factors led to 
mass loss from the Illicium verum fruits, including (1) the 
Illicium verum fruits contained about 20% water (w/w) 
which was lost through evaporation during the indoor 
drying of the fruits; (2) the different volatile components 
in the fruit remained with the fruit material; and (3) the 
non-volatile components of Illicium verum fruits were 
dissolved. When the extracts were dissolved in water, the 
LRs were 22.63, 23.50, 26.64, 26.34, and 26.02% 
following extraction times of 1, 3, 5, 7 and 9 h, 
respectively. The LR increased with increasing extraction 
time. The results in table 2, however, revealed that the 
LRs were different in the methanol/ethanol, ether/ethanol, 
benzene/ethanol and petroleum ether/ethanol extractions, 
which provided maximum values of 26.28, 23.68, 25.80 
and 24.35%, respectively. Given that the mass of the 
Illicium verum fruits increased in methanol, ethanol, ethyl 
ether, benzene, and petroleum ether, it became clear that 
changes in the octagonal cell wall cellulose, hemicellulose, 
and lignin chemical reactions of the Illicium verum fruits 
varied considerably depending on the solvent. The 
optimal extraction times for the methanol/ethanol, 
ether/ethanol, benzene/alcohol, and petroleum 
ether/ethanol extractions were 3, 5, 9 and 5 h, with LRs of 
30.35, 28.46, 28.85, and 25.35%, respectively. 
 
Leaching characteristics of Illicium verum extracts in 
four-stage extraction 
During the four-stage extractions, the masses of the 
Illicium verum fruits were increased as a consequence of 
the chemical reactions between methanol, ethanol, ethyl 
ether, benzene, and petroleum ether with the cellulose, 
hemicellulose, and lignin of the cell walls. At the same 
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time, the masses were also reduced by the extraction 
processes and as a consequence of water leaching out 
from the fruits. With these increases and reductions in the 
weight of the Illicium verum fruits, the LRs varied 
considerably. During the sequential methanol/ethanol 
–ether/ethanol–benzene/ethanol–petroleum ether/ethanol 
extraction, the maximum LR was 29.20%, whereas during 
the sequential ether/ethanol–benzene/ethanol–petroleum 
ether/ethanol–methanol/ethanol extraction, the maximum 
LR was 28.10%. During the sequential benzene/ 
ethanol-petroleum ether/ethanol–methanol/ethanol–ether/ 
ethanol extraction, the maximum LR was 31.63%, 
whereas during the petroleum ether/ethanol -methanol/ 
ethanol-ether/ethanol-benzene/ethanol extraction, the 
maximum LR was 30.95%. Based on these LRs, the 
sequential benzene/ethanol–petroleum ether/ethanol– 
methanol/ethanol–ether/ethanol extraction PEstem was 
selected as the optimum extraction method.  
 
Component comparison of woody extracts from Illicium 
verum fruit 
The extracts of Illicium verum fruit were anethole, 
benzene, cyclohexyl-, 2-hydroxy-2-(4-methoxy- 
phenyl)-N-methyl-acetamide, benzaldehyde, 4-methoxy-, 
undecane, decane, dodecane, tridecane, benzaldehyde, 
4-methoxy-, nonane, 2(1H)-pyridinone, 1,4,6-trimethyl-, 
mesitylene, naphthalene, p-xylene, benzene, 1,2,3- 
trimethyl- and so on (Wanxi et al., 2013b; 2013c; 2013d; 
Wang et al., 2005; Ning et al., 1983; Wang et al., 2011; 
Kouno et al., 1993; Yakushijin et al., 1983; Yoshiyasu et 

al., 1994; Kenichi et al., 1984; Lu et al., 2007; Zhao et al., 
2006). 
 
There were many rare biomedical components in the 
extracts of Illicium verum biomass. For example, 
pentadecane heneicosanoic and nonadecene were could be 
used for the treatment of pneumonia, coughs, hemoptysis, 
vaginal discharge, and the swelling of the limbs, as a 
topical treatment for bruises, and scalding burns (Fan et 
al., 2008). Anethole has been widely used as a flavoring 
substance, and was present in the essential oil derived 
from guarana which has been reported to cause 
psychoactive effects. Furthermore, it has shown potent 
antimicrobial properties, against bacteria, yeast, and fungi 
(Wang et al., 2005). Caryophyllene was the one of the 
aroma components of Illicium verum fruit, and was used 
as a flavoring of cloves, pepper, nutmeg, citrus and herbs 
(Li et al., 2007). Eucalyptol could be used to reduce 
inflammation and pain, and destroy leukemia cells in vitro, 
and as a mouthwash and cough suppressant 
(Camurça-Vasconcelos et al., 2007; Oka et al., 2000). 
Squalene could be used to resist fatigue and strengthen 
the body's resistance so as to protect the liver and 
improving human immunity (Kim et al., 2012). 
Stigmast-4-en-3-one, stigmasta-4,6,22-trien-3β-ol and 
γ-sitosterol were the physiological active of several 
natural medicines, and was one of the major active 
ingredients of hair perfume, shampoo, cream and other 
cosmetics products that were used for the moisturization 
of dry skin and keratinization, and to inhibit the formation 

Table 1: Extraction methods used for the four-stage extraction 
 
Stage First method Second method Third method Fourth method 

Solvent No. Solvent No. Solvent No. Solvent No. 
1st Methanol/ethanol ME01 Ether/ethanol EE02 Benzene/ethanol BE03 Pet. ether/ethanol PE04 
2nd Ether/ethanol EE01 Benzene/ethanol BE02 Pet. ether/ethanol PE03 Methanol/ethanol ME04 
3rd Benzene/ethanol BE01 Pet. ether/ethanol PE02 Methanol/ethanol ME03 Ether/ethanol EE04 
4th Pet. ether/ethanol PE01 Methanol/ethanol ME02 Ether/ethanol EE03 Benzene/ethanol BE04 
 
Table 2: LRs of the different extractions 
 

Extraction time[h] No. LR [%] No. LR [%] No. LR [%] No. LR [%] 
1 ME1 24.16 EE1 18.55 BE1 25.14 PE1 22.67 
3 ME3 30.35 EE3 19.59 BE3 19.37 PE3 24.70 
5 ME5 25.25 EE5 28.46 BE5 27.50 PE5 25.35 
7 ME7 27.28 EE7 26.25 BE7 28.12 PE7 23.71 
9 ME9 24.35 EE9 25.57 BE9 28.85 PE9 25.31 

 
Table 3 LRs of the four-stage extractions 
 

No. LR [%] No. LR [%] No. LR [%] No. LR [%] 
ME01 29.16 EE02 28.10 BE03 29.55 PE04 28.13 
EE01 28.89 BE02 26.83 PE03 30.98 ME04 30.95 
BE01 28.37 PE02 27.01 ME03 31.63 EE04 30.69 
PE01 29.20 ME02 27.97 EE03 30.58 BE04 30.85 
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of corns, and improve skin texture (Zhang, 2005). These 
medicines have effectively enhanced the economic value 
of Illicium verum fruit extracts for the future. 
 
CONCLUSIONS 
 
For each single extraction, the optimum extraction times 
of the methanol/ethanol, ether/ethanol, benzene/ethanol, 
and petroleum ether/ethanol extraction systems were 3, 5, 
9, and 5 h, respectively, and their LRs were 30.3, 28.46, 
28.85 and 25.35%, respectively. Of the four extraction 
methods used in the four-stage extraction, the 
benzene/ethanol-petroleum ether/ethanol-methanol/ 
ethanol-ether/ethanol extraction method gave the best 
results with a maximum value of 31.63%. 
 
It suggested that the extracts of the Illicium verum 
biomass was rich in bioactive components that could be 
used in rare spices, biomedicines, high-grade cosmetics 
and skin care products. What’s more, the by-products 
could also be used as a source of liquid bioenergy. 
However, there were some toxic compounds in the BS 
ME extracts of the Illicium verum biomass. 
 
REFERENCES 
 
Camurça-Vasconcelos AL, Bevilaqua CM, Morais SM, 

Maciel MV, Costa CT, Macedo IT, Oliveira LM, Braga 
RR, Silva RA and Vieira LS (2007). Anthelmintic 
activity of Croton zehntneri and Lippia sidoides 
essential oils. Vet. Parasitol., 148(3-4): 288-294 

Fan M and Xu Sh (2008). Microwave-assisted Extraction 
of Salidroside from Rhodiola sachalinensis A. Bor. Nat. 
Prod. Res. Dev., 20(2): 353-356. 

Fu M and Li C (2011). Extraction process of star anise oil 
and its antibacterial and antioxidative effects. China 
Med. Herald, 34: 29-31. 

Hongchen Q, Wanxi P, Yiqiang W, Shubin W and Ganjun 
X (2012). Effects of alkaline extraction on micro/nano 
particles of Eucalyptus camaldulensis Biology. J. 
Comput. Theor. Nanos., 9(9): 1525-1528. 

Lansheng W, Wanxi P, Dongli L, Liwen S and Yueping T 
(2014). Molecular pharmacology characteristics of 
immunology wood extractives of Eucalyptus 
camaldulensis Biomass. Pak. J. Pharm. Sci., (in press) 

Lansheng W, Wanxi P, Minglong Z and Zhi L (2013a). 
Separation characteristics of lignin from Eucalyptus 
lignincellulose for medicinal biocellulose preparation. 
J. Pure Appl. Microbio., 7(SE): 59-66 

Lansheng W, Wanxi P, Zhi L and Minglong Z (2013b). 
Molecule characteristics of Eucalyptus hemicelluloses 
for medical microbiology. J. Pure Appl. Microbio., 7(2): 
1345-1349. 

Le C, Wanxi P, Zhengjun S, Lili S and Guoning C (2014a). 
Weibull statistical analysis of tensile strength of 
vascular bundle in inner layer of moso bamboo culm in 

molecular parasitology and vector biology. Pak. J. 
Pharm. Sci., 27(4): 1083-1087. 

Le C, Wanxi P, Zhengjun S, Huangfei L and Guoning C 
(2014b). Variability of macroscopic dimensions of 
Moso bamboo. Pak. J. Pharm. Sci., (in press) 

Li W and Xu Y (2007). The progress in research on star 
anise (Illicium verum Hook．F) and its extract shikimic 
acid. Jiangsu Cond. Sub. Food, 3:1-5. 

Johansson L, Lindskog A, Silfversparre G, Cimander C, 
Nielsen KF and Lidén G (2005). Shikimic acid 
production by a modified strain of E. coli 
(W3110.shik1) under phosphate-limited and carbon- 
limited conditions. Biotechnology and Bioeng., 92(5): 
541-552. 

Jun ZLH (2006). Study on the Extraction of Effective 
Ingredients in lllicium verum. Journal of West Anhui 
Univ., 2: 76-78. 

Kang W, Liu Y, Shi F, Du E and Li S (2008). Extraction 
technology of the essential oil from Illicium verum. J. 
Henan Univ. (Medical Science), 2: 6-9, 20. 

Krämer M, Bongaerts J, Bovenberg R, Kremer S, Müller 
U, Orf S, Wubbolts M and Raeven L (2003). Metabolic 
engineering for microbial production of shikimic acid. 
Met. Eng., 5(4): 277-283.  

Kim SK and Karadeniz F (2012). Biological importance 
and applications of squalene and squalane. Adv. Food 
& Nutr. Res., 65: 223-233. 

Kouno I, Yanagida Y, Shimono S, Shintomi M, Ito Y and 
Yang CS (1993). Neolignans and a phenylpropanoid 
glucoside from Illicium defengpi. Phytochem., 32(6): 
1573-1577. 

Kenichi Y, Tomoko T and Eiji K (1984). Studies on the 
constituents of the plants of Illicium species. III. 
Structure elucidation of novel Photoquinoids, 
illicinones from Illicium tashiroi Maxim and Illicium 
arborescens Hayata. Chem. Pharm. Bull., 32(1): 11-22. 

Lu Z and Li S (2007). The New Method for Quick 
extraction and isolation of Illicium verum Hook oil. J 
Fujian Forest Sci. Technol., 1: 5-8. 

Lu J, Li G, Zhang H, Kang J, Guo W and Teng L (2008). 
Optimization of extraction process for star anise oil. 
Transact Chin. Soc. Agricul. Eng., 6: 254-257. 

Ning D, Geng S and Yin X (1983). Star anise oil contents 
and chemistry composition analysis of different 
Illicium verum superior individual tree. J. West China. 
Fores. Sci., 2: 46, 45. 

Oka Y, Nacar S, Putievsky E, Ravid U, Yaniv Z and 
Spiegel Y (2000). Nematicidal activity of essential oils 
and their components against the root-knot nematode. 
Phytop., 90(7): 710-715. 

Peng C and Hu C (2007). Processing and exploitation of 
star anise. Agricult. Prod. Proc., 6: 39-43. 

Qiu X, Wanxi P and Makoto O (2014). Molecular bonding 
characteristics of self-plasticized bamboo composites. 
Pak. J. Pharm. Sci., 27(4): 975-982. 

Schmidt TJ (1999). Novel seco-prezizaane sesquiterpenes 



Hui Ouyang et al. 

Pak. J. Pharm. Sci., Vol.27, No.6(Suppl), November 2014, pp.2067-2071 2071

from North American IIIicium species. J. Nat. Prod, 
62(5): 684-687. 

Wang G W, Hu W T, Huang BK and Qin LP (2011). 
Illicium verum: A review on its botany, traditional use, 
chemistry and pharmacology. J. Ethnopharm., 136(1): 
10-20. 

Wang Q, Jiang L and Wen Q (2005). Advances in studies 
on Illicium verum. J. Cereals Oils, 18(5): 18-22. 

Wanxi P, Lansheng W, Fengjuan W and Qiu X (2011). 
3-(4-Bromophenyl)-4- (4-hydroxyanilino) 
furan-2(5H)-one. Acta Crystallog. E, 67(9): 
O2329-U206. 

Wanxi P, Fengjuan W, Lansheng W and Qiu X (2012a). 
Crystal structure of 3-(4-bromophenyl)- 4-(4- 
chlorophenylamino)furan-2(5H)-one, C16H11BrClNO2. 
Z. Kristallogr. NCS, 227(1): 61-62. 

Wanxi P and Le C (2012b). Crystal structure of 
3-(3-bromophenyl)-4- (3,5-dichloro- phenylamino) 
furan-2(5H)-one, C16H10BrCl2NO2. Z. Kristallogr. NCS, 
227(2): 267-268. 

WanXi P, YiQiang W, HongChen Q, ZhongFeng Z and 
HePing D (2009). Effect of extraction methods on 
micro/nano particles leaching from Eucalyptus 
urophlla Wood. Appl. Electrom. Mech. (II), 13: 
373-374. 

Wanxi P, Lansheng W, Qiu X, Qingding W and Shilong X 
(2012c). TD-GC-MS analysis on thermal release 
behavior of poplar composite biomaterial under high 
temperature. J. Comput. Theor. Nanos., 9(9): 
1431-1433. 

Wanxi P, Lansheng W, Zhi L, Minglong and Minglong Z 
(2013a). Identification and chemical bond 
characterization of wood extractives in three species of 
eucalyptus biomass. J. Pure Appl. Microbio., 7(SE): 
67-73. 

Wanxi P, Zhi L, Junbo C, Fangliang G, Xiangwei Z and 
Zhongfeng Z (2013b). Immunology molecular 
characteristics of JYBS extractives from Illicium verum 
Biomass. J. Pure Appl. Microbio., 7(2): 1237-1243. 

Wanxi P, Zhongfeng Z, Zhi L, Ohkoshi M, Junbo C, 
Fangliang G and Xiangwei Z (2013c). Molecular 
characteristics of biomedical and bacteriostasis 

extractives of Illicium verum fruit. J. Pure Appl. 
Microbio., 7(3): 2017-2024. 

Wanxi P, Zhi L, Junbo C, Fangliang G and Xiangwei Z 
(2013d). Biomedical molecular characteristics of YBSJ 
extractives from Illicium verum fruit. Biotechnol. 
Biotec. Eq., 27(6): 4311-4316. 

Wanxi P, Lansheng W, Minglong Z and Zhi L (2014a). 
Separation characteristics of lignin from Eucalyptus 
camaldulensis lignincelluloses for biomedical cellulose. 
Pak. J. Pharm. Sci., 27(3)(Supp.): 723-728. 

Wanxi P, Qiu X and Makoto O (2014b). Immune effects 
of extractives on bamboo biomass self-plasticization. 
Pak. J. Pharm. Sci., 27(4): 991-999. 

Wanxi P, Shengbo G, Dongli L and Daochun Q (2014c). 
Molecular characteristics of three extractives of 
Cinnamomum camphora leaves. Pak. J. Pharm. Sci., 
(in press) 

Yongchang S, Zhi L, Wanxi P, Tongqi Y, Feng X, Yiqiang 
W, Jing Y, Yangsheng W and Runcang S (2014). 
Chemical changes of raw materials and manufactured 
binderless boards during hot pressing: Lignin isolation 
and characterization. BioResources, 9(1): 1055-1071. 

Yakushijin K, Tohshima T, Suzuki R, Murata H, Lu S and 
Furukawa H (1983). Studies on the constituents of the 
plants of Illicium species. II. Structures of phenolic 
components. Chem. Pharm. Bull, 31(8): 2879-2883. 

Yoshiyasu F, Naomi S, Yuuko H and Mitsuaki K (1994). 
Prenylated C6-C3 compounds from Illicium tashiroi. 
Photochem., 36(6):1497-1503. 

Zhao Y, Qi H, Li J and Shi Y (2006). Analysis of volatile 
compounds released from Illicium verum by Solid 
Phase Microextraction (SPME). Ana.Tes. Tech Ins., 1: 
20-25. 

Zhu-Ping X, Zhi-Yun P, Jing-Jun D, Rui-Cheng D, 
Xu-Dong W, Hui O, Pan Y, Juan H, Yuan-Feng W, Man 
Z, Xiao-Chun P, Wan-Xi P and Hai-Liang Z (2013). 
Synthesis, molecular docking and kinetic properties of 
β-hydroxy-β-phenylpropionyl-hydroxamic acids as 
Helicobacter pylori urease inhibitors. Eur. J. Med. 
Chem., 68: 212-221. 

 

 


