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1 Introduction 

Thyme is a Labiatae plant which essential oil has demonstrated antiseptic and 
antispasmodic properties
monoterpene phenol, isomeric with carvacrol, found in thyme essential o
compounds have shown antiinflamatory, immunomodulatory, antioxidant, antibacterial 
and antifungal properties 2, 

In this work, the potential use of different green solvents, namely ethanol, limonene and 
ethyl lactate to extract thymol from thym
Extraction in an ASE 350 system using the three green liquid solvents at different 
extraction temperatures (60, 130, 200 ºC) was carried out employing 
as model thyme variety. Then, the extraction of t
(Thymus zygis and Thymus citriodorus
recovery obtained in the different extracts was quantified and compared. 

2 Result s and discussion

Results are given in Table 
yield increased with the temperature. On the other hand, ethyl lactate and limonene 
show very similar behavior: the thymol concentration decreased with temperature and 
only slight higher thymol recovery was obtaine
appears that higher extraction temperature results in a greater solubilization of 
compounds other than thymol. In the case of ethanol, the highest thymol concentration 
and recovery were observed 
concentrations of thymol in the extracts were obtained with limonene, due to its 
physicochemical character (it is part of plant essential oils), followed by ethyl lactate.

Comparing the results obtained in this work with d
possible to attain thymol recoveries higher than those obtained with traditional 
extraction methods, such as Soxhlet (6.8 mg/g) and steam distillation (8.2 mg/g). Also, 
the recovery was very close to those achieved
mg/g)4. In addition, by using these “green solvents” the thymol recovered was slightly 
lower than PLE extraction with “non
acetate (12.8 mg/g) or dichloromethane (12.2 
recoveries were higher than those obtained with subcrit
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Thyme is a Labiatae plant which essential oil has demonstrated antiseptic and 
antispasmodic properties1. Thymol (2-isopropyl-5-methylphenol) is the main 
monoterpene phenol, isomeric with carvacrol, found in thyme essential o
compounds have shown antiinflamatory, immunomodulatory, antioxidant, antibacterial 

 3. 

In this work, the potential use of different green solvents, namely ethanol, limonene and 
ethyl lactate to extract thymol from thyme plants is studied. Pressurized liquid 
Extraction in an ASE 350 system using the three green liquid solvents at different 
extraction temperatures (60, 130, 200 ºC) was carried out employing Thymus vulgaris
as model thyme variety. Then, the extraction of thymol from other thyme varieties 

Thymus citriodorus) was studied. Extraction yield and thymol 
recovery obtained in the different extracts was quantified and compared. 

s and discussion  

Table 1. As it was expected, despite the used solvent, extraction 
yield increased with the temperature. On the other hand, ethyl lactate and limonene 
show very similar behavior: the thymol concentration decreased with temperature and 
only slight higher thymol recovery was obtained as increasing extraction temperature. It 
appears that higher extraction temperature results in a greater solubilization of 
compounds other than thymol. In the case of ethanol, the highest thymol concentration 
and recovery were observed at 130°C. Also, it should be noted that the highest 
concentrations of thymol in the extracts were obtained with limonene, due to its 
physicochemical character (it is part of plant essential oils), followed by ethyl lactate.

Comparing the results obtained in this work with data reported in the literature
possible to attain thymol recoveries higher than those obtained with traditional 
extraction methods, such as Soxhlet (6.8 mg/g) and steam distillation (8.2 mg/g). Also, 

recovery was very close to those achieved by supercritical fluid extraction
addition, by using these “green solvents” the thymol recovered was slightly 

lower than PLE extraction with “non-green solvents” like hexane (10.7 mg/g), ethyl 
acetate (12.8 mg/g) or dichloromethane (12.2 mg/g). On the other hand, thymol 
recoveries were higher than those obtained with subcritical water extraction (7 mg/g)
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In this work, the potential use of different green solvents, namely ethanol, limonene and 
e plants is studied. Pressurized liquid 

Extraction in an ASE 350 system using the three green liquid solvents at different 
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hymol from other thyme varieties 
) was studied. Extraction yield and thymol 
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yield increased with the temperature. On the other hand, ethyl lactate and limonene 
show very similar behavior: the thymol concentration decreased with temperature and 

d as increasing extraction temperature. It 
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physicochemical character (it is part of plant essential oils), followed by ethyl lactate. 
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Table 1. Extraction yield (g of extract / g of sample 
thymol / g extract � 100) and thymol recov

the ASE of Thymus vulgaris

  
  
Solvent: ethyl lactate 
 extraction yield (%)
 thymol concentration (%)
 thymol recovery (mg/g)
Solvent: ethanol 
 extraction yield (%)
 thymol concentration (%)
 thymol recovery (mg/g)
Solvent: limonene 
 extraction yield (%)
 thymol concentration (%)
 thymol recovery (mg/g)

 

In the case of Thymus zygis
higher than those obtained from
Also for this variety, limonene was the solvent which removed the
thymol, followed by ethyl lactate. In the case of 
thymol was detected despite the solvent employed. These results agree with
reports in the literature6 in which significant lower amounts of thymol were d
the essential oil of Thymus citriodorus
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Extraction yield (g of extract / g of sample � 100), thymol concentration (g 
100) and thymol recovery (mg of thymol / g of sample) obtained in 

Thymus vulgaris L. using ethyl lactate, ethanol and limonene.
 

extraction temperature 
60°C 130°C 

extraction yield (%) 6.21 ± 0.03 8.02 ± 0.30 
concentration (%) 13.88 ± 0.10 11.78 ± 0.43 

thymol recovery (mg/g) 8.62 ± 0.03 9.44 ± 0.01 

extraction yield (%) 10.55 ± 1.97 15.91 ± 0.36 
thymol concentration (%) 6.59 ± 0.89 6.89 ± 0.78 
thymol recovery (mg/g) 7.03 ± 2.23 10.98 ± 1.49 

extraction yield (%) 4.37± 0.15 7.16± 0.54 
thymol concentration (%) 18.15 ± 0.25 12.59 ± 0.49 
thymol recovery (mg/g) 7.93 ± 0.39 9.00 ± 0.32 

Thymus zygis (data not shown), the extraction yields obtained were 
higher than those obtained from Thymus vulgaris, but thymol concentration was lower. 

imonene was the solvent which removed the highest
, followed by ethyl lactate. In the case of Thymus citriodorus, no presence of 

thymol was detected despite the solvent employed. These results agree with
in which significant lower amounts of thymol were d

Thymus citriodorus in comparison with the other varieties
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100), thymol concentration (g 
ery (mg of thymol / g of sample) obtained in 

L. using ethyl lactate, ethanol and limonene. 

200°C 

22.66 ± 0.26 
4.65 ± 0.02 

10.53 ± 0.16 

21.84 ± 2.41 
4.88 ± 0.67 

10.58 ± 0.28 

9.52±1.47 
10.06 ± 0.82 
9.52 ± 0.70 

, the extraction yields obtained were 
thymol concentration was lower. 

highest quantity of 
, no presence of 

thymol was detected despite the solvent employed. These results agree with some 
in which significant lower amounts of thymol were detected in 

other varieties. 
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