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ABSTRACT: Thyme genus is an important Medicinal plant. The risk of extinction of the plant has been 
increased; because the plant resources are collected mainly from nature which use as herbal remedies. 
In vitro culture technique has been recommended for maintaining and propagation the medicinal uses as 
a practical solution. It produces more accessible plant material essential oils and second metabolisms as 
a biological method. In The article, we try to introduce the important factors which affect on thyme tissue 
culture. 
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INTRODUCTION 
 

 Thyme plants of the genus are known Lamiaceae (Hosseini Beheshti , 2005). They are important Medicinal plant 
(Askari , 2003). This plant has multiple and short, aromatic leaves, branches and direct roots (Emami , 2008) and 
woody shoots to a height of 10 to 30 cm. The shoots are covered with fine and small leaves like rhomboid (Hosseini 
Beheshti , 2005). Thyme leaves are gray and very small. The flowers are small and white to purple with five sepals 
that are leading to a two-part tube. Thyme seeds are spherical shaped, small and black (Emami , 2008).Thyme is 
reproduced by seed, cuttings or division of the plants (Hornok,1992).Wild state of this plant is thick bushes and grows 
on dry slopes and between the boulders of various parts of the Mediterranean climate(Hosseini Beheshti , 2005). 
This plant is native to Iran and the most important parts of growing are Ardebil, Zanjan, Kurdistan, Azerbaijan, Fars, 
Yazd and Tehran (Zarooshan , 2013).Thyme has essential oil and The most important ingredient is "thymol"(Emami 
, 2008).Biosynthesis and accumulation essential oil occurs in glandular fine (Hornok, 1992).30 compounds have 
been identified in the essential oil of the aerial parts of the plant. In 1 g/DW, the highest concentrations of second 
metabolism are thymol (2/15%) carvacrol (7/49%) and Paracemenu (4/6%) (Askari , 2003).In addition, there are 
methyl Cavicol, cineol and Borniol in essential oil. Other substances found in the plants such as flavonoids (apigenin 
and luteolin) and tannins (Emami , 2008).These compounds are mainly stored in epidermal glands of leaves, stems 
and reproductive organs of the plant (Zarooshan , 2013).Compounds in Thyme have antiseptic properties, mucus 
binding, anti-microbial, anti-fungal, anti-parasitic and tonic. Types of thyme used in treating coughs, flatulence, 
digestive booster and sedative and as a flavoring agent in food industry. Many species of thyme was used for 
apiculture (bee plant) because produce plenty nectar. This honey has the special flavor. Thyme also can be used for 
creating green space, rock gardens and flower pot (Emami , 2008).There are 300 to 400 species of the Thymus 
genus in the world (Bown, 1995).Classification of this Eurasian genus is hard and has numerous names. In Iran, 
there are 14 perennial and aromatic species of thyme that 4 species exclusively are common. Including most common 
types are Garden Thyme (Thymus vulgaris L.), Daenensis Thyme (Thymus daenensis Celak.) and Shirazes Thyme 
(Zataria multiflora Biosis.). Shirazes Thyme is the only species of this genus which grows as a shrub in some areas 
of Iran. The initial growth of thyme is slow and harvest of annual and biennial bushes is not also affordable and Three-
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year-old bushes are usually more desirable. About 1500 kg of dry matter per hectare in appropriate circumstances 
can be achieved. Thyme on the market are mainly collected the leaves of this plant from nature (Emami , 2008). 
Medicinal uses of these plants have increased the risk of extinction of the plants. In vitro culture technique has been 
recommended for maintaining and propagation the medicinal uses as a practical solution (Zarooshan , 2013). It 
produces more accessible plant material essential oils and second metabolisms as a biological method. 
 
Regeneration (Organogenesis) 
 In Vitro plants reproduce by adventitious. It need to their regeneration generally. Regeneration or organogenesis 
includes rooting, shooting, embryogenesis and callus induction (Pierik, 1997).Optimum shoot proliferation (97% 
regeneration rate, with 8.6 shoots produced per explants) was obtained when semi-solid Murashige and Skoog (MS) 
medium was supplemented with 1 mg L−1 kinetin and 0.3 mg.L−1 GA3 (Ozudogru , 2011).Also 1 mg.L−1 BA and 0.2 
mg.L−1 NAA were showed significant differences by 4.5 shoots on average and were introduced as the best 
concentration for the two hormones to shooting (Hosseini Beheshti , 2005). Number of shoots in the medium 
containing 1 mg.L−1 BA was seven times more than the non-BA (Zarooshan , 2013). Shooting is induced by 1 mg.L−1 
BA on MS medium (Shetty , 1996). A physical characteristic of sub cultured explants in BA include short stems and 
leaves which are very close together and compact, while the characteristics of explants non-BA medium have been 
reported straight and tall stems and interval leaves (Zarooshan , 2013). The highest biomass shoot growth was 
obtained with BA at 5.0 μM (Affonso , 2009).Although the best proliferation results were obtained with 6-
benzyladenine, high percentages of hyperhidric shoots were observed (Coelho , 2012). Because BA reduced the 
amount of pigments. Most of the reduction was 50% for type of b chlorophyll. Chlorophyll a and carotenoids also 
decreased, respectively, 5/23% and 23%. This continues to be a cause of the phenomenon was "Hyperhydricity 
Syndrome". In a week SA (Salisylic acid) in a medium with BA cannot compensate for the negative effect of BA on 
the pigment (Zarooshan , 2013). 
 The best root apparatus (92.5% rooting rate, with 19 adventitious roots per shoot) developed on MS medium 
supplemented with 0.05 mg L−1 2, 4-dichlorophenoxyacetic acid (Ozudogru , 2011). Also rooting in MS Medium 
supplemented with 2.8 mg.L−1 IAA is success (71% rooting rate) (Saez , 1994). IAA at all concentrations tested 
achieved 100% rooting frequency (Affonso , 2009). In another research, Developing shoots were rooted on MS 
medium supplemented with 0.5 mg.l-1 IBA (Daneshvar , 2009).Appropriate concentrations NAA for rooting, 1.25 mg.l-
1 were expressed at 5% level of significance (Hosseini Beheshti , 2 005). 
 Callus is glandular tissue undifferentiated. Stimulation of callus formation is called callus induction (Pierik, 
1997).The optimal medium for callus induction was MS + NAA 1.0 mg.L−1 + 6-BA 0.5 mg.L−1 + 2, 4-D 0.5 mg.L−1, the 
optimal formula for callus proliferation and suspension culture was MS + 6-BA 1.0 mg.L−1 + 2, 4-D 0.1 mg.L−1 and 
MS + 6-BA 0.5 mg.L−1 + 2, 4-D 0.1 mg.L−1 respectively (Shiqian , 2011). The best result for callus induction and 
organogenesis was reported hormone 2 mg.L−1 NAA and 2 mg.L−1 KIN simultaneously in B5 medium (Valizadeh , 
2011). 
 

Table1.Effect of hormones on regeneration (The concentrations are based on mg.l-1) 
Effect Medium IAA IBA NAA 2,4D BA KIN GA3 

Shooting Semi-solid MS - - - - - 1 0.3 
MS - - 0.2 - 1(0.5 µM) - - 

Rooting MS 2.8 0.5 1.25 0.05 - - - 
Callus 
Induction 

MS - - 1 0.1-0.5 0.5-1 - - 
B5 - - 2 - - 2 - 

 
Effect of the medium 
 Nutrients are essential for plant growth. Without water and mineral nutrients the plant will not be able to survive. 
Medium is a mixture of substances, with or without agar, which the cells, tissues and organs can grow on or inside 
it. Medium includes macro elements, micro element and water (Pierik, 1997). According to conducted research, 
Single-node stem explants of Thyme are grown in MS medium (Murashige and Skoog) was significant at the 5% 
level. Also use a half-strength MS medium is not better than MS medium, because material concentration is not 
sufficient for plant growth (Hosseini Beheshti , 2005). Explants cultivating of Thyme from germinated seeds on 
modified MS medium have shown best yield by 5.1 shoots in average (Saez , 1994). Possible differences in results 
might be due to differences in the genotype of Thyme (Hosseini Beheshti , 2005). In addition, in Thyme tissue culture, 
Nitsch & Nitsch medium & White medium are used. Comprehension between Nitsch & Nitsch medium, White medium 
and MS medium expressed that Nitsch & Nitsch is the best (Furmanowa , 1980). Because high proliferation of healthy 
shoots was observed in MS medium that was free of plant growth regulators, this medium was chosen for proliferation 
studies (Coelho , 2012). The results showed the optimum medium for propagation was liquid media, which with 
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shorter cycle compared with solid and semi-solid (Li , 2010). MS + VitMS have a significant effect on seedling growth. 
Despite appropriate callusing by MS medium for Thyme, the subculture calluses become brown in the medium after 
a week. The most callus growth of Thyme is in B5 medium with B5 vitamins by significant at the 5% level of the wet 
and dry weight (Hassan pour , 2007).So, B5 medium is the best for Thyme callus growth (Valizadeh , 2011). 
 
Effect of the hormones 
 Hormones are organic compounds which produced naturally in higher plants. They affect on growth. Hormones 
are usually active in several parts of plant. In addition to natural compounds, artificial compounds are produced that 
Correspond to natural types. Both of them are called "Growth regulators". In tissue culture, the growth regulators, 
especially Auxins and Cytokinins, are more important. In fact, in vitro culture is impossible without them .Auxins is 
one of the growth regulators that cause cell elongation, tissues swelling, meiosis and embryogenesis in suspension 
cell. Auxins include IAA (Indole 3-Acetic acid), IBA (Indole 3-Butyric Acid), NAA (1-Naphtalene Acetic acid) and 2, 4-
D (2, 4-Dicholorophenoxyacetic acid) to add Media. IAA is natural form and another is artificial and more active than 
it (Pierik, 1997). Comprehension of three types of the Auxins (NAA, IAA & IBA) by three concentrations (1, 2, 4 mg.l 
-1 ) express the most growth of Thyme caused by 1 mg.l -1  IAA and more concentrations reduce it. Effect of control, 
NAA and IBA are similar (Kari Dolatabadi , 2011). 
 Cytokinins are other growth regulators that use in vitro culture. They stimulate growth mostly and include KIN 
(kinetin), BA (Benzyl Adenine) and 2ip (2-isopentenylpolyadenine) which to add to media commonly (Pierik, 1997). 
BA reduces height of Thyme explants an average rate of 74.19.Also BA don’t affect on germination of Thyme seeds 
(Zarooshan , 2013). 0.75 mg.l-1 BA makes the most significant difference in callus growth at 5% of the dry weight 
(Hassan pour , 2007). 
 About application of both of hormones, BA 1 mg.l-1 and NAA 0.2 mg.l-1 make the most significant difference in 
Thyme explants growth at 5% (Hosseini Beheshti , 2005). Also best results in Thyme callus growth are observed by 
NAA 2 mg.l-1 and KIN 2 mg.l-1 (Valizadeh , 2011). In another study, MS + NAA 0.25 mg/L + 6-BA 0.25 mg/L, and the 
propagation coefficient reached 5.97 (Li , 2010). 
 

Table2. Effect of hormones on Growth (The concentrations are based on mg.l-1) 
Growth Medium IAA NAA BA KIN 

Separated Explant MS 1 - 0.75 - 
Combination Explant MS - 0.2 1 - 

- 0.25 0.25 - 
Callus B5 - 2 - 2 

 
Effect of the environmental conditions 
 The influence of environmental factors on growth in vitro is important as well as in vivo (Tisserat , 2001).They 
affect on all processes such as water adsorption, evaporation, photosynthesis, respiration and growth. The light is 
involved factor. During the day, light intensity and their combination is especially important (Pierik, 1997). Wavelength 
of light, a feature that is essential to inhale through the process of photosynthesis and morphogenesis (Emami , 
2008). In different percentages of sunlight (15%, 27%, 45% & 100%), reduced light levels decline Thyme explants 
growth (Li , 1995). Against callus grow most in the dark (Hassan pour , 2007). The results showed the optimum 
culture condition for propagation was light, which with shorter cycle compared with non-light, and the propagation 
coefficient reached to the maximum on 21 days (Li , 2010). 
 The concentration of carbon dioxide in the atmosphere is relatively small: approximately 350 ml.l-1.The first 
effects of ambient carbon dioxide concentrations are changing the speed of diffusion into the leaf. As a result, the 
intercellular space carbon dioxide concentration changes and so affects on photosynthesis (Hopkins, 1999).Ultra-
high CO2 levels (i.e.≥ 3,000 '/µmol.mol-1 CO2) substantially increased fresh weights, leaves, shoots and roots for all 
plants compared to plants grown under ambient air (350 / µmol.mol-1 CO2) both in vivo and in vitro. For both species, 
10,000 µmol.mol-1 CO2 was the optimum concentration to obtain the largest growth and morphogenesis responses 
under in vitro conditions, while the 3,000 to 10,000-/ µmol.mol-1 CO2 range provided the largest yields for soil-grown 
plants (Tisserat , 2001). 
 Atmospheric oxygen is approximately 21% and oxygen concentration in cytosol is almost 250 µM. Oxygen 
availability is crucial. Because oxygen as the final electron receptor plays an important role in respiration (Hopkins, 
1999). Growth was considerably enhanced under all O2 levels tested when 10,000 µmol.mol-1 CO2 was added as 
compared to growth responses obtained at the same O2 levels tested with 350 µmol.mol-1 CO2. Thyme shoots 
exhibited enhanced growth and morphogenesis when cultured in ≥21 % O2 with 10.000 µmol.mol-1 CO2 included 
compared to shoots cultured under lower O2 levels (Tisserat , 2002). 
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Effect of the symbiosis 
 Two different organisms living together for mutual benefit is called symbiosis (Pierik, 1997). One important aspect 
of symbiosis, partnerships between the roots and microorganisms. More researchers attention due to the role of 
microorganisms in nutrition plants (Hopkins, 1999).Using symbiotic fungi can increase grow and development of 
plants (Kari Dolatabadi , 2011). In order to investigate the influence of two fungi Piriformospora indica and Sebacina 
vermifera, 5 parts of each 7 days cultured fungi colony was inoculated in the middle of mediums; immediately explants 
were placed in the same location. Height, weight (shoot and root), number of shoots and root length were measured 
after 60 days. Significant increase in growth was observed compared to control. Height and root length was 19% and 
27% for S. vermifera and 17% and 7% for P. indica, respectively. Also P. indica and S. vermifera 102% and 95% 
increased the number of shoots, respectively. Finally, explants of P. indica showed the highest fresh weight and 
explants of S. vermifera were highest. In thyme inoculated with S. vermifera and P. indica oil yield increased as 
compared to non-inoculated control plants (Kari Dolatabadi , 2011). The explants attained the higher level of 
phenolics following Pseudomonas spices inoculation and also had uninhibited shoot growth compared with the 
corresponding uninoculated control. Several low phenolics explants, which had inhibited shoot growth in response 
to Pseudomonas sp., were also isolated (Shetty , 1996). 
 
Secondary Metabolisms 
 Herbal essential oils are plant secondary metabolites which product and store in especially biochemical 
pathways of plant. The essential oils usually form as spherical drops within plant cells. These materials are also 
known as volatile oils (Emami , 2008). In proliferating shoot cultures the levels detected attained 17–25 % in the case 
of carvacrol and 18–23 % in that of thymol, closely followed by carvacryl acetate (15–23 %) and thymyl acetate (11–
15 %).For sabinene (18–45 %) were the main essential oil components detected (Mendes , 2013). Production 
essential oil was studied in 15%, 27%, 45% and 100% of full of sunlight (Li , 1995).Thyme has essential oil and the 
most important ingredient is "thymol" (Emami , 2008). Growing thyme plants in media supplemented with IAA at 1.0 
μM increased volatile compounds such as thymol by 315% (Affonso , 2009). Highest level of thymol was occurred in 
thyme essential oil concentration in the full sunlight (Li & , 1995). Higher levels of secondary compounds occurred in 
vitro when cultures were grown under ultra-high CO2 levels than in ambient air Thymol levels in thyme plants grown 
on BM (Basal Medium) containing sucrose were 3.9-fold higher at 10,000 µmol.mol-1 CO2 than in shoots grown on 
BM without Sucrose under the same CO2 levels (Tisserat , 2001). The highest levels of thymol were produced from 
thyme shoots cultured under 10% and 21 % O2 with 10.000 µmol.mol-1 CO2 and levels were considerably lower in 
shoots grown under either lower or higher O2 levels (Tisserat , 2002).GC and GC/MS revealed that the level of thymol 
was enhanced as the effect of S. vermifera and P. indica (Kari Dolatabadi , 2011). Rosmarinic acid (RA) is a phenolic 
acids and one of thyme secondary metabolites. Its medicinal properties include antioxidant, antiviral, anti-allergic, 
anti-inflammatory and anti-cancer. RA find in Lamiaceae family (Fesen , 1993). The highest prevalence of RA was 
produced in light conditions on B5 medium. Also the highest prevalence of RA is obtained in 90 mg.l-1 glucose 
concentration. In addition to RA producing in callus was more than the explants 2 months (Hassan pour , 2007). 
  
Conclusion 
 Although many scientific achievements and studies have been done in tissue culture of thyme, unfortunately 
there is no information about some aspects of tissue culture of thyme such as effect of different concentrations of 
other hormones on the growth and regeneration, effect of other symbiotic microorganisms with plants, especially 
several species of Mycorrhiza fungi, Further investigation of environmental factors, particularly temperature and 
humidity, study on extraction other compounds in the secondary metabolites and investigation of Elicitors and  
Precursor. We think these researches are required because thyme is an important medicinal plant. 
 

REFERENCES 
 
 
Affonso VR, Bizzo HR, Lage CLS and Sato A. 2009. " Influence of Growth Regulators in Biomass Production and Volatile Profile of in Vitro 

Plantlets of Thymus vulgaris L.", J. Agric. Food Chem. 2009, 57, 6392–6395. 
Askari F and Sefidkon F. 2003. Essential oil composition of Thymus daenensis Celak. From Iran Journal of Essential Oil-Bearing Plants, 6(3): 

217-219. 
Bown D. 1995. "Encyclopedia of herbs and their uses", Dorling Kindersley. London, p.p.424. 
Coelho N, Gonçalves S, Elena M, Benito G and Romano A. 2012. "Establishment of an in vitro propagation protocol for Thymus lotocephalus, a 

rare aromatic species of the Algarve (Portugal)" January 2012, Volume 66, Issue 1, pp 69-74.  
Daneshvar S, Khawar KM and Ozcan S. 2009."IN VITRO MICROPROPAGATION OF GARDEN THYME (Thymbra spicata L. var. spicata L.) 

COLLECTED FROM SOUTHEASTERN TURKEY USING COTYLEDON NODE", Volume 23, Number 3, 1319-1321. 

http://link.springer.com/search?facet-author=%22Natacha+Coelho%22
http://link.springer.com/search?facet-author=%22Sandra+Gon%C3%A7alves%22
http://link.springer.com/search?facet-author=%22Mar%C3%ADa+Elena+Gonz%C3%A1lez-Benito%22
http://link.springer.com/search?facet-author=%22Anabela+Romano%22
http://link.springer.com/journal/10725/66/1/page/1


Intl J Farm & Alli Sci. Vol., 3 (9): 1015-1019, 2014 

 

1019 
 
 

Emami SD and Hosseini NM. 2008. "Cultivation and Production of Certain Herbs and Spices", 2nd Ed, University of Tehran Press. ISBN: 978-964-
03-5618-0 (Persian). 

Furmanowa M and Olszowska O. 1980. Thymus vulgaris L. propagation through tissues culture. Acta Polon. Pharm. 37:243-247. 
Fesen MR, Kohn KW, Leteutre F and Pommier Y. 1993. Inhibitores of human immunodeficiency virus integrase, Proc. Natl.Acad. Sci. USA, 90: 

507-511. 
Hassan poor H, Bernard F and Shaker H. 2007."Optimizing callus culture in Zataria multiflora boiss for Rosmarinic acid production", Iranian 

Journal of Rangelands and Forests Plant Breeding and Genetic Research Vol. 15, No. 1, 1-9 (Persian). 
Hopkins WG. 1999." Introduction to Plant Physiology", 2nd Ed. Wiley. ISBN: 978-0470247662. 
Hornok L. 1992. Cultivation and Processing of Medicinal Plants. Academia Kiado. Budapest, Hungary. 338p. 
Hosseini Beheshti B and Khoshkhoy M. 2005. "EFFECTS OF MEDIA AND GROWTH REGULATORS ON GARDEN THYME (THYMUS 

VULGARIS L.) MICROPROPAGATION", Iranian Journal of Horticultural Science and Technology, Vol. 6, Num 2, 61-68 (Persian). 
Kari Dolatabadi H, Goltapeh EM, Moieni A, Jaimand K, Sardrood BP and Varma A. 2011. "Effect of Piriformospora indica and Sebacina vermifera 

on plant growth and essential oil yield in Thymus vulgaris in vitro and in vivo experiments", Symbiosis, January 2011, Volume 53, Issue 
1, pp 29-35.  

Li Y, Craker LE and Potter T. 1995. "EFFECT OF LIGHT LEVEL ON ESSENTIAL OIL PRODUCTION OF SAGE (SALVIA OFFICINALIS) AND 
THYME (THYMUS VULGARIS)", International Symposium on Medicinal and Aromatic Plants. 

Li Y, Xiao-dong L and Jian-guo L. 2010. "Study on Propagation of Adventitious Bud of Thymus vulgaris", Hubei Agricultural Sciences. 
Mendes MD, Figueiredo AC, Oliveira MM and Trindade H. 2013. "Essential oil production in shoot cultures versus field-grown plants of Thymus 

caespititius",Plant Cell, Tissue and Organ Culture (PCTOC),May 2013, Volume 113, Issue 2, pp 341-351. 
Ozudogru EA, Kaya E, Kirdok E and Issever-Ozturk S. 2011." In vitro propagation from young and mature explants of thyme (Thymus vulgaris 

and T. longicaulis) resulting in genetically stable shoots", May 2011, Volume 47, Issue 2, pp 309-320. 
Pierik RLM. 1999. "In vitro culture of higher plants", 4th Ed, Springer. ISBN: 978-07923526 79. 
Saez F, Sanches P and Piqueras A. 1994. Micro propagation of Thymus piperella. Plant CellTiss. Org. Cult. 39:269-272. 
Shetty K, Carpenter TL, Kwok D, Curtis OF and Potter TL. 1996. " Selection of High Phenolics-Containing Clones of Thyme (Thymus vulgaris L.) 

Using Pseudomonas Sp". J. Agric. Food Chem., 1996, 44 (10), pp 3408–3411. 
Shiqian XU, Xiaodong LI and Jianguo Z. 2011. "Callus Induction and Establishment of Cell Suspension Culture System for Thymus vulgaris L.", 

Acta Agriculture Boreali-Occidentalis Sinica, Vol10. 
Tisserat B and Vaughn SF. 2001." Essential oils enhanced by ultra-high carbon dioxide levels from Lamiaceae species grown in vitro and in vivo", 

Plant Cell Reports (2001) 20:361-368. 
Tisserat B and Vaughn SF and Silman R. 2002." Influence of modified oxygen and carbon dioxide atmospheres on mint and thyme plant growth, 

morphogenesis and secondary metabolism in vitro", Plant Cell Rep (2002) 20:912-916. 
Valizadeh M and Kazemitabar K. 2011. "Thymus daenensis. regeneration from hypocotyls explants in vitro", Eleventh Congress Agronomy and 

Plant Breeding Science(2011) (Persian). 
Zarooshan M, Bernard F and Heydarian Z. 2013. "Effects of benzyl adenine and salisylic acid on hyperhydricity syndrome in micro propagated 

stem culture of Thymus daenensis Celak." Iranian Journal of Medicinal and Aromatic Plants, Vol. 29, No. 1,130-143(Persian). 
 
 
 
 

http://link.springer.com/search?facet-author=%22Hossein+Kari+Dolatabadi%22
http://link.springer.com/search?facet-author=%22Ebrahim+Mohammadi+Goltapeh%22
http://link.springer.com/search?facet-author=%22Ahmad+Moieni%22
http://link.springer.com/search?facet-author=%22Kamkar+Jaimand%22
http://link.springer.com/search?facet-author=%22Babak+Pakdaman+Sardrood%22
http://link.springer.com/search?facet-author=%22Ajit+Varma%22
http://link.springer.com/journal/13199
http://link.springer.com/journal/13199/53/1/page/1
http://link.springer.com/journal/13199/53/1/page/1
http://www.actahort.org/books/426/index.htm
http://link.springer.com/search?facet-author=%22Marta+D.+Mendes%22
http://link.springer.com/search?facet-author=%22A.+Cristina+Figueiredo%22
http://link.springer.com/search?facet-author=%22M.+Margarida+Oliveira%22
http://link.springer.com/search?facet-author=%22Helena+Trindade%22
http://link.springer.com/journal/11240
http://link.springer.com/journal/11240/113/2/page/1
http://link.springer.com/search?facet-author=%22Elif+Aylin+Ozudogru%22
http://link.springer.com/search?facet-author=%22Ergun+Kaya%22
http://link.springer.com/search?facet-author=%22Emrah+Kirdok%22
http://link.springer.com/search?facet-author=%22Saliha+Issever-Ozturk%22
http://link.springer.com/journal/11627/47/2/page/1
http://pubs.acs.org/action/doSearch?action=search&author=Shetty%2C+K&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Carpenter%2C+T+L&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Kwok%2C+D&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Curtis%2C+O+F&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Potter%2C+T+L&qsSearchArea=author

