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Shikimic acid (3,4,5-trihydroxy-1-cyclohexene-1-
carboxylic acid) is considered as an essential biochemical 
metabolite in autotrophic organisms, such as plants and 
some bacteria, which is used to procreate the anti-influenza 
drug oseltamivir. Generally speaking, there are three main 
methods to produce shikimic acid, which are included in 
the chemical synthesis and microbial fermentation as well 
as extraction from natural plants. This review focused on 
the extraction of shikimic acid from Chinese star anise as 
the main industrial source for shikimic acid production and 
presents some of the conducted studies for the extraction 
of shikimic acid from Chinese star anise and its purification 
and determination over the last decade. 
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Introduction 

Shikimic acid, which has its name from the 

Japanese shikimi flower (Japanese star anise), 

was firstly isolated in 1885 by Johan Fredrik 

Eykman [1-2]. It is a precursor intermediate of 

the shikimic acid pathway to form the three 

aromatic amino acids (L-phenylalanine, L-

tryptophan, and L-tyrosine), lignin, and most 

alkaloids and microorganisms [3]. Shikimic 

acid ((3R,4S,5R)-3,4,5-trihydroxycyclohex-

1ene-1-carboxylic acid) is the main raw 

material used to procreate the anti-influenza 

drug oseltamivir, under the trade name 

Tamiflu, which is utilized in the treatment of 

both influenza viruses A and B. It is 

noteworthy saying that it is an effective 

medication in the treatment of the fatal H5N1 

avian influenza (avian flu or bird flu) (Scheme 

1) [4-8]. 

In the fermentation process, which has 

attracted a lot of attention, recently metabolic 

engineered microorganisms, such as 

Escherichia coli or their modifications, are fed 

by glucose to generate shikimic acid [9,10]. 

Extensive applications and demands for 

shikimic acid have caused the intensive work 

to set up synthetic approaches to oseltamivir 

based on economically accessible sources 

[11]. 

http://echemcom.com/
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SCHEME 1 Structure of shikimic acid and 

oseltamivir 

Although for the first time the total 

synthesis of shikimic acid was performed in 

the 1960 s, it is still challenging because it is 

less economically conceivable. Therefore, 

most shikimic acid, used by the medicinal 

industry, are provided from plant extracts and 

from the fermentation process [12]. It should 

be noted that among the various medicinal 

plants shikimic acid has been extracted from 

traditional plants such as Pteridium aquilinum 

[13], Hypericum laricifolium [14], 

Dendrobium huoshanese [15], and 

Belamcanda chinensis [16]. Also, it exists in 

wheat [17,18], peaches [19], grapes [20], some 

berries [21], coconut [22], honey [23], and 

commonly in Pine (Pinus) [24-27] and 

Sweetgum (Liquidambar styraciflua) [28,29]. 

Today's Chinese star anise (Illicium 

verum), native to southern China and the 

northern part of Vietnam, has been principally 

employed as the main source of (-)-shikimic 

acid (SA) an industrial scale because of a high 

concentration of it. Just about 2-7% shikimic 

acid could make its extraction from this plant 

cost-effective for pharmaceutical and 

cosmetic industries; In Roche, the oseltamivir 

manufacturer company, dried star anise is 

utilized for production of it [30-36]. 

The Illicium Verum is a vital traditional 

Chinese medicine for treating stomachaches, 

skin problems like inflammations, vomiting, 

sleeplessness in different formulations 

including crude drug, powders and essential 

oils that have sedative effects and also is used 

as a condiment to add flavor in the food 

industry. In terms of phytochemistry, shikimic 

acid (C7H10O5) Chinese star anise encompasses 

many active chemical constituents, such as 

essential oils, preylated C6-C3 compounds, 

Phenylpropanoids and lignans (polyphenols 

in plants), sesquiterpenes and flavonoids (can 

be abbreviated C6-C3-C6) [37,38]. The essential 

oil from star anise fruits mainly contains (E)-

anethole (the dominant component), 

estragole (methyl chevicol), limonene, (Z)–

anethole and pinene [39-42]. According to 

chemical researches, the antimicrobial and 

antifungal activities of star anise (Illicium 

verum) can be related to anethole present 

[43,44]. 

Numerous medicinal efforts to shikimic 

acid and its derivatives, namely anticancer, 

anticoagulant, anti-inflammatory, antioxidant, 

analgesic, antithrombotic, and antiseptic 

effects, have been indicated via in vitro and in 

vivo studies [45]. They have got much 

attention owing to these substantial and 

effective biological functions and with regards 

to the beneficial Phytochemical characteristics 

of star anise (Illicium verum).  Many efforts 

have been made for the extraction of shikimic 

acid from Chinese star anise. 

A primary step of the isolation procedure of 

secondary metabolites and active ingredients 

from natural sources is extraction. There are 

different techniques for the extraction of 

metabolites present an herbal such as 

Hydrodistillation (HD), Soxhlet Extraction, 

Ultrasound-assisted extraction (UAE), 

Microwave-assisted extraction (MAE), 

Supercritical fluid extraction (SFE) and 

pressurized liquid extraction (PLE). Hence, for 

identification and characterization of these 

components in a mixture of the plant extract 

separation methods, chromatographic (as 

column chromatography, HPLC, GC) and non-

Chromatographic (as UV-visible, IR, NMR, and 

mass spectroscopy) techniques, are used to 

achieve the pure product [46,47]. 

Bearing all this in mind, this review 

presents some of the commonly used methods 

developed for the extraction and 
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determination of shikimic acid from Chinese 

star anise over the last 10 years. 

Literature review 

Payne et al. (2005) [48] devised an effective 

procedure for the isolation of shikimic acid 

from Chinese star anise. In their method, the 

ground star anise was extracted with 95% 

ethanol in a soxhlet extractor for 

approximately 2 h. After evaporating brown-

colored filtrate under reduced pressure, the 

brown viscous oil was dissolved in hot water 

(heated to 80 °C), the ethereal oils then were 

removed from more hydrophilic compounds. 

To obtain the clear orange-colored aqueous, 

37% formalin solution was added and fluxed 

for around 5 min, cool to ambient 

temperature, following which the afforded 

suspension filtrated. By passing the obtained 

clear solution through an anion exchange 

column, filled with acetate form of resin 

(Amberlite IRA-400), shikimic acid moved 

from the solution into the resin. Before 

washing shikimic acid with 25% aqueous 

acetic acid, the column was washed with 

water. The collected yellow eluent evaporated 

and dissolved the residue in methanol and 

heated with activated carbon powder, it was 

then filtered, after this, the filtration was 

concentrated and pure shikimic acid was then 

obtained by recrystallization of the colorless 

solid in the methanol and toluene mixture (or 

ethyl acetate) with a recovery yield of 2.4 to 

7.0%.  

Liu et al. (2008) [49] carried out a detailed 

study on analysis of (-)-shikimic acid in 

Chinese star anise by GC–MS with selected ion 

monitoring. Accordingly, they described a 

simple and sensitive method, GC–SIMMS with 

an internal standard (benzoic acid), which 

quantified (-)-shikimic acid that was extracted 

using soxhlet and ultrasound-assisted 

techniques from Chinese star anise. According 

to their report, in the ultrasonic extraction 

process ground Chinese star anise sample was 

soaked in 90:10 methanol-water and 

sonicated for 5 min, consequently, the filtered 

extraction was diluted with methanol. Also, in 

the soxhlet method, star anise sample was 

extracted with methanol in a soxhlet extractor 

for 16 h and diluted with methanol. In the 

following step, the mixture of crude extract 

and n-hexane were centrifuged and the 

methanol phase was separated. After mixing 

this solution with an internal standard 

solution and evaporating the combined at 

55 °C under a mild nitrogen flow, 

trimethylchlorosilane (TMCS) was added to 

produced solid in the absence of air and the 

derivatization reaction occurred at 70 °C for 

30 min. The dried TMS, which is a derivative of 

the shikimic acid, was vaporized and dissolved 

in acetone. Though GC-MS analysis showed 

that not only ultrasonic but also soxhlet 

extraction was so efficient, the ultrasonic 

method was easier and more rapid compared 

with soxhlet. 

Ohira et al. (2009) [50] examined hot water 

extraction of shikimic acid at the temperature 

range of 30-200 °C from various particle sizes 

of powdered Chinese star anise. They 

investigated water flow rates and contact 

times. Since shikimic acid has high solubility in 

water, approximately 204 g/1000 g H2O at 

room temperature, they reported hot water 

extraction was very effective compared with 

other techniques and declined extraction 

times. In the mentioned study, ground sample 

so star anise, with different particle size 

ranges from 355–600 μm to 600–850 μm, or 

850–1180 μm, were extracted using an 

experimental apparatus for hot water 

extraction, while general operating conditions 

were entrance water stream rates of 5–15 

g/min, temperatures range from 30-200 °C, 

and pressure ranges from 5 to 15MPa. In 

comparison to high-performance liquid 

chromatography (HPLC) results, which was 

obtained with hot water extraction method, 

they figured out that more shikimic acid was 

afforded in the hot water extraction method. 

They also reported the highest extraction 

rates and the maximum recoveries occurred 



P a g e  | 455  A. Ramazani et al. 
 

when particle size was from 355 to 600 μm 

and the temperature was between 120 and 

200 °C (150 °C as the best temperature); 

however, the pressure was less efficient in the 

extraction recoveries and the most used 

pressure was around 15MPa. 

Thuat et al. (2010) [51] reported three 

methods to extract shikimic acid and essential 

oil concurrently from star anise fruit. In the 

first method, powdered star anise fruit was 

refluxed with 95% ethanol for nearly 8 h using 

a soxhlet apparatus and filtrate was vaporized. 

After dissolving afforded a brown solid in 

water and extracting with petrol ether, 

separated ethereal phase was completely 

dehydrated with anhydrous salt, next it was 

concentrated and consequently, essential oil 

was obtained. In order to isolate shikimic acid 

from separated aqueous phase, Payne and 

Edmonds procedure was used. Based on the 

obtained results, they constructed the second 

and third methods by making changes in 

effective factors of the first method. In the 

second method, the ratio of star anise sample 

to solvent (ethanol), solvent concentration, 

extraction time, and number of extractions 

were modified and in the third method also 

the ratio of star anise sample to solvent 

(water), distillation speed, distillation time, 

and the ratio of material to volume of flask 

were modified. The results of three methods 

showed that the third approach, in which 

water was used as solvent and round bottom 

flask of the clevenger apparatus was utilized 

for the distillation of essential oil and for 

shikimic acid extraction, was the most efficient 

method owing to the highest yield rate of 9.5% 

for essential oil and 5.6% for shikimic acid. 

Xue et al. (2013) [52] presented a rapid and 

economical technique for the shikimic acid 

extraction from Chinese star anise by means of 

flash chromatography on MIP (molecularly 

imprinted polymers) column. As MIPs were 

the useful and stable matrices to selective 

separating complicated samples and flash 

chromatography was used to large-scale 

isolation of a single compound from a mixture, 

they combined mentioned techniques for 

absorption of shikimic acid on the MIP 

Particles (absorbent), which were packed into 

a flash column, and developed an especially 

selective column chromatography method. A 

mixture of shikimic acid as a template 

molecule, methacrylic acid (MAA) as a 

functional monomer, and methanol as a 

solvent were put at 0 °C for 12 h in order to 

produce of MIP (Molecularly Imprinted 

Polymers) samples. After adding ethylene 

glycol dimethacrylate (EDMA) as a cross-

linker and azobisisobutyronitrile (AIBN) as 

the initiator, the mixture was put under 

nitrogen atmosphere for about a quarter. The 

polymerization was finally carried out under 

365nm UV irradiation at 4 °C for 24 h. The 

resulting MIP which was eluted with 

methanol-acetic acid (80:20, v/v) and dried 

with ethanol at ambient temperature was 

finally loaded on a flash column. Thereafter, 

ground star anise was extracted with ethanol 

for 5 h in a soxhlet extractor and then 

evaporated due to sample preparation. After 

soaking the dried extraction in acetic acid at 

90 °C for 12 h, the separated bottom layer and 

acetic acid were once more stirred at 90 °C for 

24 h. Following centrifuging the solution, the 

upper transparent layer was separated as the 

crude extract solution and passed through 

MIP-flash column. By washing the column 

with ethanol-water (40:60, v/v), impurities 

were removed and subsequently, after 

washing with methanol-water-acetic acid 

(32:48:20, v/v/v) the collected eluate was 

dried. Using electrospray ionization mass 

spectrometry (ESI-MS) of the resultant 

showed that high purified shikimic acid 

(>95%) was isolated from Chinese star anise 

employing a novel and facile flash 

chromatography method on MIP columns as 

the adsorbent. 

Zirbs et al. (2013) [53] conducted an 

investigation into the isolation of shikimic acid 

from star anise employing the imidazolium-

based ionic liquids (1-ethyl-3-

methylimidazolium acetate) as solvents 



P a g e  | 456 Shikimic acid from staranise (Illicium verum Hook)…   
 

 

applying microwave-assisted dissolution. 

They showed that the extraction yield of 

shikimic acid increased up to 10 wt% due to 

the hydrogen bonding between the anion of 1-

Ethyl-3-methylimidazolium-based ionic liquid 

and shikimic acid. For this purpose, after 

heating a mixture of ground star anise and the 

ionic liquid 1-ethyl-3-methylimidazolium 

acetate ([C2 mim]OAc), under microwave 

irradiation for 10 min at 100 °C, the black semi 

liquid mixture was diluted with water and 

filtered. By passing the brown filtrate through 

an anion exchange column (Amberlite 400 

exchange resin) and washing with water, 

which was collected for the ionic liquid 

recovery, the trapped shikimic acid in the 

column was washed with 25% aqueous acetic 

acid and then the collected eluate evaporated. 

The brown residue was treated with charcoal 

in methanol for 2 h, and after filtration, it was 

vaporized under high vacuum until pure 

colorless shikimic acid was achieved. The 

collected eluate, which was obtained from the 

column with water, was evaporated by rotary 

evaporation, so they could nearly recover the 

whole ionic liquid. 

Cai et al. (2014) [54] studied the extraction 

of shikimic acid from Chinese star anise by 

means of ultrasound-assisted extraction (USE) 

and microwave-assisted extraction (MWE) 

techniques with water that is safe and widely 

approachable in food and pharmaceutical 

industries. Hence, they put powdered Chinese 

star anise samples with water as extraction 

solvent on the microwave and ultrasonic 

apparatuses and with making changes in 

applied USE and MWE power. The extraction 

time, and the ratio of water volume to herbal 

material examined the effects of these 

parameters in the efficiency of extracted 

shikimic acid. The concentration of shikimic 

acid in extracted samples was characterized 

by UV spectrophotometer at 213 nm. In order 

to find the optimum conditions, statistical 

analysis was used by orthogonal design and 

response surface methodology in USE and in 

MWE methods. Final results indicated that the 

ratio of solvent volume to the plant was the 

most effective factor compared with the other 

two factors in the extraction procedure. 

Optimum conditions for apparatus power, the 

ratio of solvent volume to material herbal and 

the extraction time in USE method were 480 

W, 15 mL/g and 20 min and were 500 W, 15 

mL/g and 16 min in MWE method. In the 

mentioned conditions, the yield rate of 

shikimic acid, extracted by MWE method, was 

about 2.63% and the gained yield rate by USE 

method was about 1.367%. Therefore, they 

found that MW irradiation had the higher 

impact on the temperature rise of solvent in 

comparison with US power. 

Justet et al. in (2015) [55] introduced an 

unprecedented process for the rapid 

pressurized hot water extraction (PHWE) of 

shikimic acid from star anise by using a 

common household espresso machine. They 

extracted dry ground star anise sample, that 

was loaded in an espresso machine, which 

pushed hot solvent at temperatures up to 

96 °C through a sample at around 9 bar 

pressure, with a solution of 30% 

ethanol/water for about 2 min (per 20 g 

sample). After adding silica gel to the 

extraction and vaporizing the solvent, dried 

residue was washed with dichloromethane 

and ethyl acetate, the extracted mixture then 

was eluted again with a solution of 10% acetic 

acid/ ethyl acetate and later vaporized. The 

remained solid was washed with 

dichloromethane again and dried up to yield 

an off-white shikimic acid (5.5% w/w) that 

was identified by 1H and 13C NMR 

spectroscopy. By this rapid and simple 

isolation, any flash or ion-exchange 

chromatography was not used since other 

impure substances were less extracted. They 

also produced methyl and ethyl shikimate 

with the yield rate of 4.7% and 

5.4%respectively; it was followed by refluxing 

crude extraction in methanolic or ethanolic 

HCl and then it was purified using flash 

chromatography. So, they synthesized some 

cyclic acetal or ketal derivatives of shikimic 
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acid after reaction of methyl or ethyl 

shikimate, while was not purified by flash 

chromatography, with ketone or aldehyde and 

amberlyst as a catalyst. Among these prepared 

derivatives of diethyl ketal intermediate, 3-

pentanone-derived syn-diol, was an important 

intermediate that finally could be converted 

into antiviral Tamiflu medicament. 

Xuaet et al. (2017) [56] applied methanol 

soxhlet extraction and hydroxide solution 

extractions such as typical aqueous hydroxide 

and cellulose-dissolving aqueous hydroxide 

for shikimic acid extraction from star anise 

(lliciumverum) and evaluated isolated crude 

products employing solid-state 13C NMR 

spectroscopy.  In the Soxhlet extraction 

method, ground star anise was extracted with 

methanol in a soxhlet extractor for 72 h. After 

evaporating brown-colored filtrate, the 

viscous oil was washed with hexane, and 

dissolved in hot water (that heated to 80 °C). 

In order to obtain the clear aqueous, 37% 

formalin solution was added and fluxed for 5 

minutes. The afforded suspension was 

filtrated and after passing the obtained clear 

solution through an anion exchange column 

(Amberlite 400 exchange resin), the column 

was eluted with water, which was discarded, 

the trapped shikimic acid in the column was 

washed with 25% aqueous acetic acid, and 

then the yellow eluate evaporated. 

Accordingly, in other process of the treatment 

of star anise with hydroxide solutions, after 

filtering the mixture of pulverized star anise 

and sodium hydroxide solution (for typical 

aqueous hydroxide extraction) or tetra-alkyl 

ammonium hydroxide solution (for cellulose-

dissolving aqueous hydroxide extraction) that 

were stirred 48 h at ambient temperature, the 

dark filtrate was passed through an anion 

exchange column, like former method, and 

vaporized. An aqueous solution of an orange 

residue, which extracted in tetra butyl 

ammonium hydroxide, was washed with 

dichloromethane and dried completely just for 

more purification. The isolated shikimic acid 

was identified by 1H NMR. Then these 

obtained shikimic acid samples were 

quantified by solid-state 13C NMR 

spectroscopy by comparing the COO signal of 

the shikimic acid and adamantine, as an 

external spin-counting reference. So, they 

reported that a total of 19 ±3 wt% shikimic 

acid was measured in the star anise after 

dissolution in the aqueous hydroxide solution. 

By dissolution of the star anise in tetra butyl 

ammonium hydroxide 14.0 ± 0.6 wt%, 

shikimic acid (post purification) was isolated 

while the yield of isolated shikimic acid in 

methanol soxhlet extraction method after 

purification was 6.6 ± 0.1 wt%. They also 

noted the effect of aqueous sodium hydroxide 

on isolation yield was less than cellulose-

dissolving aqueous tetra butyl ammonium 

hydroxide effect and even methanol 

extraction. 

Usuki et al. (2011) reported a new method 

for the extraction and isolation of shikimic 

acid from Ginkgo biloba leaves utilizing an 

ionic liquid which 1-butyl-3-

methylimidazolium chloride ([bmim]Cl), 

which dissolves cellulose [57]. Using 1-butyl-

3-methylimidazolium chloride ([bmim]Cl) at 

150 °C led to an extraction yield of 2.3% w/w 

for shikimic acid, which was 2.5 times higher 

than that for methanol at 80 °C (0.93% w/w). 

Then, reversed-phase high-performance 

liquid chromatography (RP-HPLC) and 1H 

NMR were performed to analyze the obtained 

extracts. One of the advantages of this method 

is that current method could lead to a 

convenient supply of shikimic acid, thus 

enabling production of greater amounts of the 

antiviral agent Tamiflus. 

Conclusion 

Extensive applications and demands for 

shikimic acid, the significant raw material 

which was used to manufacture the anti-

influenza drug oseltamivir, have inspired 

intensive working on setting up techniques to 

produce shikimic acid. Among these 

techniques which were included in the 
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chemical synthesis, microbial fermentation 

and extraction from natural plants, on 

industrial scale, shikimic acid was used by the 

medicinal industry procured from herbal 

extracts and particularly from Chinese star 

anise (Illicium verum). Therefore, in the 

present report, we reviewed the recent 

studies on the extraction, purification, and 

determination of shikimic acid from Chinese 

star anise. However, pure shikimic acid 

production is typically low-yield and partly 

time-consuming. Thus, further research needs 

to be conducted to achieve the high-yield 

techniques for the production of pure shikimic 

acid from other natural sources such as plants 

and microorganisms.    

Acknowledgments 

The present work was financially supported 

by the “University of Zanjan” and “Iran 

National Science Foundation: INSF”.  

Orcid: 
Ali Ramazani: https://www.orcid.org/0000-

0003-3072-7924 

Sobhan Rezayati:https://www.orcid.org/0000-

0001-8940-2927 

References 

[1] J.F. Eykman, American Journal of Pharmacy, 

1881, 53, 5-9. [Pdf], [Google Scholar], 

[Publisher] 

[2] L.B. Enrich, M.L. Scheuermann, A. 

Mohadjer, K.R. Matthias, C.F. Eller, M.S. 

Newman, M. Fujinaka, T. Poon, Tetrahedron 

Lett., 2008, 49, 2503–2505. [crossref], [Google 

Scholar], [Publisher] 

[3] D.V. Bochkov, S.V. Sysolyatin, A.I. 

Kalashnikov, I.A. Surmacheva, J. Chem. Biol., 

2012, 5, 5-17. [crossref], [Google Scholar], 

[Publisher] 

[4] G. Rawat, P. Tripathi, R. Saxena, Appl. 

Microbiol. Biotechnol., 2013, 97, 4277-4287. 

[crossref], [Google Scholar], [Publisher] 

[5] T. Horimoto, Y. Kawaoka, Clinical 

Microbiology Reviews, 2001, 14, 129-149.  

[crossref], [Google Scholar], [Publisher] 

[6] N. Widmer, P. Meylan, A. Ivanyuk, M. Aouri, 

L.A. Decosterd, T. Buclin, Clin. Pharmacokinet., 

2010, 49, 741-765. [crossref], [Google 

Scholar], [Publisher] 

[7] S. Ghosh, Y. Chisti, U.C. Banerjee, 

Biotechnol. Adv., 2012, 30, 1425-1431. 

[crossref], [Google Scholar], [Publisher] 

[8] C. Yeoh, N.A. Yusof, C. Chong, M. Saw, Y. Tan, 

J. Oil Palm Res., 2015, 27, 90-96. [Pdf], [Google 

Scholar], [Publisher] 

[9] M. Krämer, J. Bongaerts, R. Bovenberg, S. 

Kremer, U. Müller, S. Orf, M. Wubbolts, L. 

Raeven, Metab. Eng., 2003, 5, 277-283. 

[crossref], [Google Scholar], [Publisher] 

[10] G. Rawat, P. Tripathi, F. Jahan, R. Saxena, 

Appl. Biochem. Biotechnol., 2013, 169, 2290-

2302. [crossref], [Google Scholar], [Publisher] 

[11] B.M. Trost, T. Zhang, Angew. Chem., 2008, 

47, 3759-3761. [crossref], [Google Scholar], 

[Publisher] 

[12] D.C.D Quiroz, S. Carmona, F. Bolívar, A. 

Escalante, Res. Rep. Med. Chem., 2014, 2014, 

35-46. [crossref], [Google Scholar], [Publisher] 

[13] Y. Chen, Y. Zhao, Y. Hu, L. Wang, Z. Ding, Y. 

Liu, J. Wang, J. Nat. Med., 2008, 62, 358. 

[crossref], [Google Scholar], [Publisher] 

[14] H.R. El-Seedi, T. Ringbom, K. Torssell, L. 

Bohlin, Chem. Pharm. Bull., 2003, 51, 1439-

1440. [crossref], [Google Scholar], [Publisher] 

[15] C.C. Chang, A.F. Ku, Y.Y. Tseng, W.B. Yang, 

J.M. Fang, C.H. Wong, J. Nat. Prod., 2010, 73, 

229-232. [crossref], [Google Scholar], 

[Publisher] 

[16] M. Liu, S. Yang, L. Jin, D. Hu, Z. Wu, S. 

Yang, Molecules, 2012, 17, 6156-6169. 

[crossref], [Google Scholar], [Publisher] 

[17] M. Alcaide-Molina, F. Priego-Capote, 

M.D.L. de Castro, Talanta, 2013, 105, 429-434. 

[crossref], [Google Scholar], [Publisher] 

[18] K.A. Anderson, W.T. Cobb, B.R. Loper, 

Commun. Soil Sci. Plant Anal., 2001, 32, 2831-

2840. [crossref], [Google Scholar], [Publisher]  

[19] D. Capitani, A.P. Sobolev, A. Tomassini, F. 

Sciubba, F.R. De Salvador, L. Mannina, M. 

https://www.orcid.org/0000-0003-3072-7924
https://www.orcid.org/0000-0003-3072-7924
https://www.orcid.org/0000-0001-8940-2927
https://www.orcid.org/0000-0001-8940-2927
https://www.swsbm.com/AJP/AJP_1881_No_8.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Botanical+Relations+of+Illicium+Religiosum%2C+Sieb.%2C+Illicium+Anisatum%2C+Lour.+*&btnG=
https://www.proquest.com/openview/f7e1271c4fd2a085a1dab89a1e305ae2/1?pq-origsite=gscholar&cbl=41445
https://doi.org/10.1016/j.tetlet.2008.02.140
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liquidambar+styraciflua%3A+a+renewable+source+of+shikimic+acid&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liquidambar+styraciflua%3A+a+renewable+source+of+shikimic+acid&btnG=
https://www.sciencedirect.com/science/article/pii/S1878535214002032
https://doi.org/10.1007/s12154-011-0064-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shikimic+acid%3A+review+of+its+analytical%2C+isolation%2C+and+purification+techniques+from+plant+and+microbial+sources&btnG=
https://link.springer.com/article/10.1007%2Fs12154-011-0064-8
https://doi.org/10.1007/s00253-013-4840-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Expanding+horizons+of+shikimic+acid&btnG=
https://link.springer.com/article/10.1007/s00253-013-4840-y
10.1128/CMR.14.1.129-149.2001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pandemic+Threat+Posed+by+Avian+Influenza+A+Viruses&btnG=
https://journals.asm.org/doi/full/10.1128/CMR.14.1.129-149.2001
https://doi.org/10.2165/11534730-000000000-00000
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oseltamivir+in+Seasonal%2C+Avian+H5N1+and+Pandemic+2009+A%2FH1N1+Influenza&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oseltamivir+in+Seasonal%2C+Avian+H5N1+and+Pandemic+2009+A%2FH1N1+Influenza&btnG=
https://link.springer.com/article/10.2165/11534730-000000000-00000
https://doi.org/10.1016/j.biotechadv.2012.03.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Production+of+shikimic+acid&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0734975012000675?via%3Dihub
https://www.researchgate.net/profile/Chee-Beng-Yeoh/publication/281728964_Study_toward_the_preparation_of_aqueous_compatible_shikimic_acid_imprinted_polymer/links/55ff657808aeba1d9f840654/Study-toward-the-preparation-of-aqueous-compatible-shikimic-acid-imprinted-polymer.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+TOWARD+THE+PREPARATION+of+AQUEOUS+COMPATIBLE+SHIKIMIC+ACID+IMPRINTED+POLYMER&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+TOWARD+THE+PREPARATION+of+AQUEOUS+COMPATIBLE+SHIKIMIC+ACID+IMPRINTED+POLYMER&btnG=
https://www.researchgate.net/profile/Chee-Beng-Yeoh/publication/281728964_Study_toward_the_preparation_of_aqueous_compatible_shikimic_acid_imprinted_polymer/links/55ff657808aeba1d9f840654/Study-toward-the-preparation-of-aqueous-compatible-shikimic-acid-imprinted-polymer.pdf
https://doi.org/10.1016/j.ymben.2003.09.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Metabolic+engineering+for+microbial+production+of+shikimic+acid&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1096717603000570?via%3Dihub
https://doi.org/10.1007/s12010-013-0150-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Natural+Isolate+Producing+Shikimic+Acid%3A+Isolation%2C+Identification%2C+and+Culture+Condition+Optimization&btnG=
https://link.springer.com/article/10.1007/s12010-013-0150-1
https://doi.org/10.1002/anie.200800282
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.M.+Trost%2C+T.+Zhang%2C+Angew.+Chem.%2C+2008%2C+120%2C+3819-3821&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.200800282
https://doi.org/10.2147/RRMC.S46560
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=D.C.D+Quiroz%2C+S.+Carmona%2C+F.+Bol%C3%ADvar%2C+A.+Escalante%2C+Res+Rep+Med+Chem%2C+2014%2C+4%2C+35-46.&btnG=
https://www.dovepress.com/current-perspectives-on-applications-of-shikimic-and-aminoshikimic-aci-peer-reviewed-fulltext-article-RRMC
https://doi.org/10.1007/s11418-008-0225-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Isolation+of+5-hydroxypyrrolidin-2-one+and+other+constituents+from+the+young+fronds+of+Pteridium+aquilinum+&btnG=
https://link.springer.com/article/10.1007/s11418-008-0225-4
https://doi.org/10.1248/cpb.51.1439
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.R.+El-Seedi%2C+T.+Ringbom%2C+K.+Torssell%2C+L.+Bohlin%2C+Chemical+and+Pharmaceutical+Bulletin%2C+2003%2C+51%2C+1439-1440&btnG=
https://www.jstage.jst.go.jp/article/cpb/51/12/51_12_1439/_article/-char/ja/
https://doi.org/10.1021/np900252f
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6%2C8-Di-C-glycosyl+Flavonoids+from+Dendrobium+huoshanense&btnG=
https://pubs.acs.org/doi/abs/10.1021/np900252f
https://doi.org/10.3390/molecules17056156
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Chemical+Constituents+of+the+Ethyl+Acetate+Extract+of+Belamcanda+chinensis+%28L.%29+DC+Roots+and+Their+Antitumor+Activities+&btnG=
https://www.mdpi.com/1420-3049/17/5/6156
https://doi.org/10.1016/j.talanta.2012.10.077
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sequential+determination+of+metabolites+involved+in+the+biosynthesis+of+aromatic+amino+acids+after+ultrasound-assisted+extraction+from+plants+and+reverse+LC+separation&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0039914012009083?via%3Dihub
https://doi.org/10.1081/CSS-120000965
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Analytical+method+for+determination+of+shikimic+acid%3A+shikimic+acid+proportional+to+glyphosate+application+rates&btnG=
https://www.tandfonline.com/doi/full/10.1081/CSS-120000965


P a g e  | 459  A. Ramazani et al. 
 

Delfini, J. Agric. Food Chem., 2012, 61, 1718-

1726. [crossref], [Google Scholar], [Publisher]  

[20] M. Dopico-García, P. Valentão, L. Guerra, 

P. Andrade, R. Seabra, Analytica Chimica Acta., 

2007, 583, 15-22. [crossref], [Google Scholar], 

[Publisher]  

[21] S. De Marino, C. Festa, F. Zollo, F. Rusolo, 

F. Capone, E. Guerriero, S. Costantini, V. De 

Felice, M. Iorizzi, Phytochem. Lett., 2014, 10, 

152-159. [crossref], [Google Scholar], 

[Publisher]  

[22] K. Manna, A. Khan, D.K. Das, S.B. Kesh, U. 

Das, S. Ghosh, R.S. Dey, K.D. Saha, A. 

Chakraborty, S. Chattopadhyay, J. 

Ethnopharmacol., 2014, 155, 132-146. 

[crossref], [Google Scholar], [Publisher]  

[23] P.M. Kuś, I. Jerković, C.I.G. Tuberoso, M. 

Šarolić, Chem. Biodivers., 2013, 10, 1638-1652. 

[crossref], [Google Scholar], [Publisher]  

[24] J. Jaroszyńska, Anal. Bioanal. Chem., 2003, 

377, 702-708. [crossref], [Google Scholar], 

[Publisher]  

[25] D. Bochkov, S. Sysolyatin, A. Kalashnikov, 

I. Surmacheva, A. Lamberova, A. Buyanova, M. 

Lamberova, Russ. J. Bioorganic Chem., 2013, 

39, 750-754. [crossref], [Google Scholar], 

[Publisher]  

[26] J.H. Kwon, J.H. Kim, S.E. Choi, K.H. Park, 

M.W. Lee, Arch. Pharm. Res., 2010, 33, 2011-

2016. [crossref], [Google Scholar], [Publisher]  

[27] R. Sui, Chem. Eng. Technol., 2008, 31, 469-

473. [crossref], [Google Scholar], [Publisher]   

[28] E. Martin, J. Duke, M. Pelkki, E.C. Clausen, 

D.J. Carrier, Appl. Biochem. Biotechnol., 2010, 

162, 1660-1668. [crossref], [Google Scholar], 

[Publisher]   

[29] L.B. Enrich, M.L. Scheuermann, A. 

Mohadjer, K.R. Matthias, C.F. Eller, M.S. 

Newman, M. Fujinaka, T. Poon, Tetrahedron 

Lett., 2008, 49, 2503-2505. [crossref], [Google 

Scholar], [Publisher]   

[30] D. Huang, X. Zhou, J. Si, X. Gong, S. Wang, 

Chem. Cent. J., 2016, 10, 56. [crossref], [Google 

Scholar], [Publisher]   

[31] S. Menon, S. Subramanian, D. Bhatwala, R. 

Patil, Prospecting germinating sprouts as 

potential sources for shikimic acid production, 

1st International Congress on Environmental, 

Biotechnology, and Chemistry Engineering, 

IPCBEE: 2014, IACSIT Press, Singapore. 

[crossref], [Google Scholar], [Publisher]   

[32] J.C. Borah, Curr. Sci, 2015, 109, 1672-

1679. [crossref], [Google Scholar], [Publisher]   

[33] A.M Estevez, R.J. Estevez, Mini Rev. Med. 

Chem., 2012, 12, 1443-1454. [crossref], 

[Google Scholar], [Publisher]   

[34] E. Ezzatzadeh, S. Fallah Iri Sofla, E. 

Pourghasem, A. Rustaiyan, A. Zarezadeh, J. 

Essent. Oil-Bear. Plants, 2014, 17, 415-421. 

[crossref], [Google Scholar], [Publisher]    

[35] E. Ezzatzadeh, E. Pourghasem, S. Fallah Iri 

Sofla, J. Essent. Oil-Bear. Plants, 2014, 17, 577-

583. [crossref], [Google Scholar], [Publisher]    

[36] E. Ezzatzadeh, M.H. Farjam, A. Rustaiyan, 

Asian Pac. J. Trop. Dis., 2012, 2, S431-S434. 

[crossref], [Google Scholar], [Publisher]    

[37] G.W. Wang, W.T. Hu, B.K. Huang, L.P. Qin, 

J. Ethnopharmacol., 2011, 136, 10-20. 

[crossref], [Google Scholar], [Publisher]    

[38] C. George, Handbook of Herbs and Spices 

(Second Edition), 2012, 2, 487-503. [crossref], 

[Google Scholar], [Publisher]    

[39] M. Gholivand, M. Rahimi-Nasrabadi, H. 

Chalabi, Anal. Lett., 2009, 42, 1382-1397. 

[crossref], [Google Scholar], [Publisher]    

[40] B. Chempakam, S. Balaji, Chemistry of 

Spices, 2008, 319. [Pdf], [Google Scholar], 

[Publisher]    

[41] G. Singh, S. Maurya, M. Delampasona, C. 

Catalan, J. Sci. Food Agric., 2006, 86, 111-121. 

[crossref], [Google Scholar], [Publisher]   

[42] Z. Wang, L. Wang, T. Li, X. Zhou, L. Ding, Y. 

Yu, A. Yu, H. Zhang, Anal. Bioanal. Chem., 2006, 

386, 1863-1868. [crossref], [Google Scholar], 

[Publisher]   

[43] Y. Huang, J. Zhao, L. Zhou, J. Wang, Y. Gong, 

X. Chen, Z. Guo, Q. Wang, W. Jiang, Molecules, 

2010, 15, 7558-7569. [crossref], [Google 

Scholar], [Publisher]   

[44] M. De, A.K. De, P. Sen, A.B. Banerjee, 

Phytother. Res., 2002, 16, 94-95. [crossref], 

[Google Scholar], [Publisher]   

https://doi.org/10.1021/jf303248z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Peach+Fruit%3A+Metabolic+Comparative+Analysis+of+Two+Varieties+with+Different+Resistances+to+Insect+Attacks+by+NMR+Spectroscopy&btnG=
https://pubs.acs.org/doi/10.1021/jf303248z
https://doi.org/10.1016/j.aca.2006.09.056
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+design+for+extraction+and+quantification+of+phenolic+compounds+and+organic+acids+in+white+%E2%80%9CVinho+Verde%E2%80%9D+grapes&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003267006020058?via%3Dihub
https://doi.org/10.1016/j.phytol.2014.08.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phytochemical+profile+of+Juniperus+oxycedrus+ssp.+oxycedrus+berries%3A+A+new+monoterpene+glucoside+and+evaluation+of+the+effects+on+cancer+cell+lines&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1874390014001517?via%3Dihub
https://doi.org/10.1016/j.jep.2014.04.046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Protective+effect+of+coconut+water+concentrate+and+its+active+component+shikimic+acid+against+hydroperoxide+mediated+oxidative+stress+through+suppression+of+NF-%CE%BAB+and+activation+of+Nrf2+pathway&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0378874114003341?via%3Dihub
https://doi.org/10.1002/cbdv.201200404
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Volatile+Profiles+of+a+Rare+Apple+%28Malus+domesticaBorkh.%29+Honey%3A+Shikimic+Acid-Pathway+Derivatives%2C+Terpenes%2C+and+Others+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/cbdv.201200404
https://doi.org/10.1007/s00216-003-2155-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Isolation+of+free+phenolic+compounds+from+arboreal+leaves+by+use+of+the+Florisil%2FC18+system&btnG=
https://link.springer.com/article/10.1007/s00216-003-2155-z
https://doi.org/10.1134/S1068162013070029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+search+for+raw+materials+for+the+isolation+of+shikimic+acid&btnG=
https://link.springer.com/article/10.1134%2FS1068162013070029
https://doi.org/10.1007/s12272-010-1217-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inhibitory+effects+of+phenolic+compounds+from+needles+of+Pinus+densiflora+on+nitric+oxide+and+PGE2+production&btnG=
https://link.springer.com/article/10.1007%2Fs12272-010-1217-y
https://doi.org/10.1002/ceat.200700413
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Separation+of+Shikimic+Acid+from+Pine+Needles&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/ceat.200700413
https://doi.org/10.1007/s12010-010-8947-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sweetgum+%28Liquidambar+styraciflua+L.%29%3A+Extraction+of+Shikimic+Acid+Coupled+to+Dilute+Acid+Pretreatment&btnG=
https://link.springer.com/article/10.1007%2Fs12010-010-8947-7
https://doi.org/10.1016/j.tetlet.2008.02.140
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liquidambar+styraciflua%3A+a+renewable+source+of+shikimic+acid&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liquidambar+styraciflua%3A+a+renewable+source+of+shikimic+acid&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403908003791?via%3Dihub
https://doi.org/10.1186/s13065-016-0202-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Studies+on+cellulase-ultrasonic+assisted+extraction+technology+for+flavonoids+from+Illicium+verum+residues&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Studies+on+cellulase-ultrasonic+assisted+extraction+technology+for+flavonoids+from+Illicium+verum+residues&btnG=
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-016-0202-z
10.7763/IPCBEE.%202014.%20VXX.%20XX
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Menon%2C+S.+Subramanian%2C+D.+Bhatwala%2C+R.+Patil%2C+Prospecting+germinating+sprouts+as+potential+sources+for+shikimic+acid+production.+IPCBEE%3A+2014.&btnG=
https://www.doyoubuzz.com/var/f/07/8w/078wZF0PAlTscrNUhJEbHnIz852Deja4Lwf9B7yC-gu_master.pdf
10.18520/v109/i9/1672-1679
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shikimic+acid%3A+A+highly+prospective+molecule+in+pharmaceutical+industry&btnG=
https://www.researchgate.net/publication/283723477_Shikimic_acid_A_highly_prospective_molecule_in_pharmaceutical_industry
https://doi.org/10.2174/138955712803832735
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Short+Overview+on+the+Medicinal+Chemistry+of+%28%E2%80%94%29-Shikimic+Acid+&btnG=
https://www.ingentaconnect.com/content/ben/mrmc/2012/00000012/00000014/art00003
https://doi.org/10.1080/0972060X.2014.901624
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Antimicrobial+Activity+and+Chemical+Constituents+of+the+Essential+Oils+from+Root%2C+Leaf+and+Aerial+Part+of+Nepeta+asterotricha+from+Iran&btnG=
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2014.901624
https://doi.org/10.1080/0972060X.2014.901616
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Chemical+Composition+and+Antimicrobial+Activity+of+the+Volatile+Oils+from+Leaf%2C+Flower%2C+Stem+and+Root+of+Thymus+transcaucasicus+from+Iran&btnG=
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2014.901616
https://doi.org/10.1016/S2222-1808(12)60198-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+evaluation+of+antioxidant+and+antimicrobial+activity+of+crude+extract+and+secondary+metabolites+isolated+from+Artemisia+kulbadica&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2222180812601984?via%3Dihub
https://doi.org/10.1016/j.jep.2011.04.051
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Illicium+verum%3A+A+review+on+its+botany%2C+traditional+use%2C+chemistry+and+pharmacology&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0378874111003035?via%3Dihub
https://doi.org/10.1533/9780857095688.487
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C.+George%2C+In+Handbook+of+Herbs+and+Spices+%28Second+Edition%29%2C+Volume+2%2C+Elsevier%3A+2012%3B+pp+487-503.&btnG=
https://www.sciencedirect.com/science/article/pii/B9780857090409500242
https://doi.org/10.1080/00032710902961081
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Determination+of+Essential+Oil+Components+of+Star+Anise+%28Illicium+verum%29+Using+Simultaneous+Hydrodistillation%E2%80%93Static+Headspace+Liquid-Phase+Microextraction%E2%80%93Gas+Chromatography+Mass+Spectrometry&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00032710902961081
https://books.google.com/books?hl=en&lr=&id=bGJlVrdqVTsC&oi=fnd&pg=PA319&dq=B.+Chempakam,+S.+Balaji,+Chemistry+of+Spices,+2008,+319.&ots=3j8_VJ3zuK&sig=b-wotDXXoHHhCiNS8bqg25y3j7w#v=onepage&q=B.%20Chempakam%2C%20S.%20Balaji%2C%20Chemistry%20of%20Spices%2C%202008%2C%20319.&f=false
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B.+Chempakam%2C+S.+Balaji%2C+Chemistry+of+Spices%2C+2008%2C+319.&btnG=
https://books.google.com/books?hl=en&lr=&id=bGJlVrdqVTsC&oi=fnd&pg=PA319&dq=B.+Chempakam,+S.+Balaji,+Chemistry+of+Spices,+2008,+319.&ots=3j8_VJ3zuK&sig=b-wotDXXoHHhCiNS8bqg25y3j7w#v=onepage&q=B.%20Chempakam%2C%20S.%20Balaji%2C%20Chemistry%20of%20Spices%2C%202008%2C%20319.&f=false
https://doi.org/10.1002/jsfa.2277
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+constituents%2C+antimicrobial+investigations+and+antioxidative+potential+of+volatile+oil+and+acetone+extract+of+star+anise+fruits&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2277
https://doi.org/10.1007/s00216-006-0778-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rapid+analysis+of+the+essential+oils+from+dried+Illicium+verum+Hook.+f.+and+Zingiber+officinale+Rosc.+by+improved+solvent-free+microwave+extraction+with+three+types+of+microwave-absorption+medium&btnG=
https://link.springer.com/article/10.1007%2Fs00216-006-0778-6
https://doi.org/10.3390/molecules15117558
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antifungal+Activity+of+the+Essential+Oil+of+Illicium+verum+Fruit+and+Its+Main+Component+trans-Anethole+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antifungal+Activity+of+the+Essential+Oil+of+Illicium+verum+Fruit+and+Its+Main+Component+trans-Anethole+&btnG=
https://www.mdpi.com/1420-3049/15/11/7558
https://doi.org/10.1002/ptr.989
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+properties+of+star+anise+%28Illicium+verum+Hook+f%29+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.989


P a g e  | 460 Shikimic acid from staranise (Illicium verum Hook)…   
 

 

[45] F. Chen, K. Hou, S. Li, Y. Zu, L. Yang, J. Anal. 

Methods Chem., 2014, 2014, Article ID 256473. 

[crossref], [Google Scholar], [Publisher]    

[46] A. Altemimi, N. Lakhssassi, A. Baharlouei, 

D.G. Watson, D.A. Lightfoot, Plants, 2017, 6, 42. 

[crossref], [Google Scholar], [Publisher]    

[47] G. Brusotti, I. Cesari, A. Dentamaro, G. 

Caccialanza, G. Massolini, J. Pharm. Biomed. 

Anal., 2014, 87, 218-228. [crossref], [Google 

Scholar], [Publisher]  

[48] M. Edmonds, R. Payne, J. Chem. Educ., 

2005, 82, 599. [crossref], [Google Scholar], 

[Publisher]  

[49] H. Liu, Q. Li, Y. Zhang, Y. Zhou, 

Chromatographia, 2009, 69, 339-344. 

[crossref], [Google Scholar], [Publisher]  

[50] H. Ohira, N. Torii, T.M. Aida, M. Watanabe, 

R.L. Smith Jr, Sep. Sci. Technol., 2009, 69, 102-

108. [crossref], [Google Scholar], [Publisher]  

[51] B.Q. Thuat, B.T.B. Ngoc, VNU J Sci Nat Sci 

Technol, 2010, 26, 110-113. [Pdf], [Google 

Scholar], [Publisher]  

[52] M. Xue, Y. Wang, Z. Meng, W. Zhang, Y. Wu, 

S. Jiang, J. Liq. Chromatogr. Relat. Technol., 

2013, 36, 2677-2686. [crossref], [Google 

Scholar], [Publisher]  

[53] R. Zirbs, K. Strassl, P. Gaertner, C. 

Schröder, K. Bica, RSC Adv., 2013, 3, 26010-

26016. [crossref], [Google Scholar], 

[Publisher]  

[54] M. Cai, Y. Luo, J. Chen, H. Liang, P. Sun, Sep. 

Sci. Technol., 2014, 133, 375-379. [crossref], 

[Google Scholar], [Publisher]  

[55] J. Just, B.J. Deans, W.J. Olivier, B. Paull, A.C. 

Bissember, J.A. Smith, Org. Lett., 2015, 17, 

2428-2430. [crossref], [Google Scholar], 

[Publisher]  

[56] S. Xu, M.M. Hossain, B.B. Lau, T.Q. To, A. 

Rawal, L. Aldous, Sustain. Chem. Pharm., 2017, 

5, 115-121. [crossref], [Google Scholar], 

[Publisher]  

[57] T. Usuki, N. Yasuda, M. Yoshizawa-Fujita, 

M. Rikukawa, Chem. Commun., 2011, 47, 

10560–10562. [crossref], [Google Scholar], 

[Publisher]  

 

How to cite this article: Ali Ramazani*, 
Fatemeh Shahkarami, Armin Zarei, Sobhan 
Rezayati, Aram Rezaei, Ali Bodaghi, Leila 
Youseftabar-Miri. Shikimic acid from 
staranise (Illicium verum Hook): Extraction, 
purification and determination. Eurasian 
Chemical Communications, 2021, 3(7), 452-
460. Link: 
http://www.echemcom.com/article_13151
7.html 

 

 

Copyright © 2021 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

 

https://doi.org/10.1155/2014/256473
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=F.+Chen%2C+K.+Hou%2C+S.+Li%2C+Y.+Zu%2C+L.+Yang%2C+Journal+of+Analytical+Methods+in+Chemistry%2C+2014%2C+2014%2C+Article+ID+256473.&btnG=
https://www.hindawi.com/journals/jamc/2014/256473/
https://doi.org/10.3390/plants6040042
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Phytochemicals%3A+Extraction%2C+Isolation%2C+and+Identification+of+Bioactive+Compounds+from+Plant+Extracts+&btnG=
https://www.mdpi.com/2223-7747/6/4/42
https://doi.org/10.1016/j.jpba.2013.03.007
https://scholar.google.com/scholar?q=Isolation+and+characterization+of+bioactive+compounds+from+plant+resources:+The+role+of+analysis+in+the+ethnopharmacological+approach&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=Isolation+and+characterization+of+bioactive+compounds+from+plant+resources:+The+role+of+analysis+in+the+ethnopharmacological+approach&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0731708513001179?via%3Dihub
https://doi.org/10.1021/ed082p599
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Isolation+of+Shikimic+Acid+from+Star+Aniseed&btnG=
https://pubs.acs.org/doi/abs/10.1021/ed082p599
https://doi.org/10.1365/s10337-008-0898-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+%28%E2%88%92%29-Shikimic+Acid+in+Chinese+Star+Anise+by+GC%E2%80%93MS+with+Selected+Ion+Monitoring&btnG=
https://link.springer.com/article/10.1365%2Fs10337-008-0898-6
https://doi.org/10.1016/j.seppur.2009.07.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rapid+separation+of+shikimic+acid+from+Chinese+star+anise+%28Illicium+verum+Hook.+f.%29+with+hot+water+extraction&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1383586609002809?via%3Dihub
file:///C:/Users/Panahi/AppData/Local/Temp/1965-1-3824-1-10-20161105.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Obtaining+Essential+Oil+and+Shikimic+Acid+from+Star+Anise+Fruit+%28Illicium+verum+Hook%29&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Obtaining+Essential+Oil+and+Shikimic+Acid+from+Star+Anise+Fruit+%28Illicium+verum+Hook%29&btnG=
https://js.vnu.edu.vn/NST/article/view/1965
https://doi.org/10.1080/10826076.2012.725690
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+EXTRACTION+OF+SHIKIMIC+ACID+FROM+CHINESE+STAR+ANISE+USING+FLASH+COLUMN+CHROMATOGRAPHY+ON+A+MOLECULARLY-IMPRINTED+POLYMER+COLUMN&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+EXTRACTION+OF+SHIKIMIC+ACID+FROM+CHINESE+STAR+ANISE+USING+FLASH+COLUMN+CHROMATOGRAPHY+ON+A+MOLECULARLY-IMPRINTED+POLYMER+COLUMN&btnG=
https://www.tandfonline.com/doi/full/10.1080/10826076.2012.725690
https://doi.org/10.1039/C3RA45572F
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Exploring+ionic+liquid%E2%80%93biomass+interactions%3A+towards+the+improved+isolation+of+shikimic+acid+from+star+anise+pods%E2%80%A0+&btnG=
https://pubs.rsc.org/en/content/articlelanding/2013/RA/c3ra45572f#!divAbstract
https://doi.org/10.1016/j.seppur.2014.06.064
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+and+comparison+of+ultrasound-assisted+extraction+and+microwave-assisted+extraction+of+shikimic+acid+from+Chinese+star+anise&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1383586614004328?via%3Dihub
https://doi.org/10.1021/acs.orglett.5b00936
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Just%2C+B.J.+Deans%2C+W.J.+Olivier%2C+B.+Paull%2C+A.C.+Bissember%2C+J.A.+Smith%2C+Organic+letters%2C+2015%2C+17%2C+2428-2430.&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.orglett.5b00936
https://doi.org/10.1016/j.scp.2016.11.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Total+quantification+and+extraction+of+shikimic+acid+from+star+anise+%28llicium+verum%29+using+solid-state+NMR+and+cellulose-dissolving+aqueous+hydroxide+solutions&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352554116300493?via%3Dihub
doi:%2010.1039/c1cc13306c
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Extraction+and+isolation+of+shikimic+acid+from+Ginkgo+biloba+leaves+utilizing+an+ionic+liquid+that+dissolves+cellulose%E2%80%A0+&btnG=
https://pubs.rsc.org/en/content/articlelanding/2011/cc/c1cc13306c#!divAbstract
http://www.echemcom.com/article_131517.html
http://www.echemcom.com/article_131517.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

