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Turmeric (Curcuma longa L.) is a medicinal plant that is cultivated worldwide. This study was conducted to evaluate the variability in 
the percentage and the chemical composition of volatile oils from 12 turmeric samples. Rhizomes of the turmeric plant were collected 
from three different producers in the Brazilian like savanna (Cerrado) habitat in the state of Bahia. The chemical composition of the 
oils derived from the rhizomes was analysed by thin-layer chromatography and GC-MS. The average oil content was 3.97% ± 0.61%, 
varying from 3.0% to 5.16%. There were differences between producers; however, all samples met the specification of the Brazilian 
Pharmacopoeia. Thin-layer chromatographic analysis revealed qualitative similarity in both oil and curcuminoid components among 
the samples. The major components identified in the oils by gas chromatography were ar-turmerone (40.00% ± 13.20%), α-turmerone 
(10.05% ± 2.90%) and curlone (22.73% ± 12.72%). Regarding stability, there was a difference between the essential oil percentages 
after 6 months, but the content was maintained adequate and the chromatographic profile remained similar. The vegetable raw material 
obtained from C. longa rhizomes produced in the western region of the state of Bahia met the quality requirement of the Brazilian 
Pharmacopoeia.
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INTRODUCTION

Turmeric (Curcuma longa L. Zingiberaceae), whose scientific 
synonyms are C. domestica Valeton and Amomum curcuma Jacq.,1,2 
is a rhizomatous herbaceous perennial plant. This species is native 
to Southeast Asia and extensively cultivated in the tropical and 
subtropical regions of the world. In India, and in several other 
countries, it is one of the most important spices and used as a natural 
yellow food pigment and in herbal medicine.3,4

In the traditional systems of Asian medicine, turmeric has been 
indicated for the treatment of digestive disorders,4,5 ocular infection 
and inflammation, diarrhea, epilepsy, wound healing,4 fever, allergies, 
chronic cough, bronchial asthma, jaundice,5 arthritis and other 
diseases.5,6

The biological activities of turmeric have been investigated 
in recent decades. Turmeric powder and crude extracts have 
been evaluated for some pharmacological activities such as 
hepatoprotective,7 antifungal,8,9 neuroprotective10,11 and memory 
improvement.12

Regarding its chemical composition, the major secondary 
metabolite classes include curcuminoids and sesquiterpenes. 
Curcumin, the primary curcuminoid, represents 3%–5% of 
turmeric.5,13 Essentially, curcumin is a commercially available mixture 
of curcuminoids4,14 that contains 72%–78% of curcumin, 12%–18% of 
demethoxycurcumin, 3%–8% of bisdemethoxycurcumin and organic 
solvent residue.14,15 Curcumin can modulate multiple pathways, 
which could explain the diversity in its traditional indications and 
pharmacological activities.4,16 Furthermore, the safety of using 
curcumin has been demonstrated in clinical trials even at doses  
>8 g/day. Unfortunately, the efficacy could be questioned due to the 
small number of patients involved.17

Low bioavailability of curcumin is another problem, and many 
papers are dealing with subject. Researchers have explored a few 
successful alternatives to increase the serum levels of curcumin, 
such as nanotechnology,17,18 structural analogues,4 association with 
sesquiterpenes derived from essential oil,19 extraction with water and 
enzymes from fresh rhizomes,15 encapsulate curcumin into chitosan,20 
association with piperine, the major component of black pepper that 
increases bioavailability by 2000%.16,19 Besides, curcuminoids are 
also sensitive to light and air.21

Dried rhizomes and leaves contain approximately 5%–6% 
and 1.0%–1.5% of volatile oil, respectively.22 The essential oils 
of rhizomes are constituted primarily by sesquiterpenes, typically 
ar-turmerone, curlone (= β-turmerone),14,23–28 α-turmerone,14,23–25,27,28 
α-curcumene (= ar-curcumene, curcumene),26,28 γ-turmerone and 
β-sesquiphellandrene,28 and the monoterpenes β-pinene and para-
cymene. In addition, studies have reported that the essential oil has 
anti-inflammatory, anti-nociceptive and anti-atherosclerotic in vivo 
effects26,29 and antioxidant,26,30 anti-proliferative28 and anti-angiogenic 
in vitro activities.31 Therefore, although curcuminoids are the most 
investigated compounds, currently, essential oil components have 
demonstrated significant results in pharmacological studies.

Several factors can interfere with the chemical variation of 
essential oils in plants, such as temperature, humidity, luminosity, 
altitude, pluviometry, ultraviolet radiation, soil and nutrient 
conditions, seasonality, circadian cycle, method of collection, drying 
and part of the plant.32–34 Due to these factors, the relative composition 
of turmeric varies considerably with the geographical origin25,35 and 
different agroclimatic zones.33 The composition of turmeric essential 
oil also can vary with maturity. As the plant ages, the concentrations 
of sesquiterpenes increase, whereas those of monoterpenes decline 
in the rhizomes. The maximum curcumin content was found at the 
age of approximately 9 months after planting, after which there was 
a decline in the total curcumin content.36 Furthermore, the essential 
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oil content positively correlates with the levels of phosphorous and 
potassium in the soil.33 Regarding the effect of solar radiation on the 
essential oil yield, C. longa cultivated under full sunlight treatment 
showed a greater yield (3.0%) than that under treatment with shading 
(50% of sunlight) (1.90%).37

This work describes variation of the yield and chemical 
composition of the Brazilian C. longa rhizomes. The results can be 
important for the quality control of herbal medicine produced in the 
savanna (Cerrado) region of Bahia.

EXPERIMENTAL

Plant material

About one kilo of each sample of turmeric rhizomes was collected 
in February 2011 from three commercial producers (Producer 1 São 
Manoel Farm, producer 2 Manchão Branco Farm, and producer 
3 Raimundo Farm) in Jaborandi City (13°37”10’S, 44°25”58’W) 
located in the Brazilian savanna (Cerrado) biome. Twelve samples 
were collected in the late afternoon in a period of occasional rainfall. 
Rhizomes were sliced, dried at 40 °C for 10 h and stored in paper 
bags. All plant materials were identified by Prof. Patrícia Baier 
Krepsky (Multidisciplinary Institute in Health, Federal University of 
Bahia, Brazil) based on the macroscopic and microscopic description 
presented in the Brazilian Pharmacopoeia.38 Samples have been 
deposited at the vegetable drug collection of the Federal University 
of Paraná with the numbers 122A10, 122A11, 122A12 and 122A13 
(producer 1); 122A14, 122A15, 122A16 and 12A17 (producer 3) and 
22A18, 122A19, 122A20 and 122A21 (producer 2). For this study, 
the authors obtained authorisation of access to the Brazilian System 
for the Management of Genetic Heritage and Associated Traditional 
Knowledge–SISGEN (# AB58325).

Variability in the essential oil yield

To determine the essential oil yield, five grams of each sample with 
about 100 mL of water was subjected to the hydro-distillation method 
for 4 h, using a Clevenger-type apparatus with 0.5 mL of xylene to solve 
the essential oil extracted, according to the Brazilian Pharmacopoeia 
procedure.39 After extraction, the essentials oils were measured directly 
in the extraction apparatus, and the content (%) was calculated as 
volume (mL) of essential oil per 100 g of dry plant material. These 
extractions were done in triplicate for each sample 1 month after the 
collection. All samples were triturated for no more than 1 day before 
analysis because of the sensitivity of the turmeric components. Average, 
standard deviation and relative standard deviation were calculated for 
the group of samples obtained from each producer as well as for the total 
number of collected samples. Comparisons between results obtained 
for each producer’s samples were performed by the analysis of variance 
(ANOVA), applying Tukey’s test to compare mean values, using the 
GraphPad Prism software, version 5. These results were compared with 
the essential oil yield recommended by the Brazilian Pharmacopoeia.38 
Essential oils were stored in the freezer before conducting further 
chromatographic analysis.

Analysis of the chemical profile of essential oil and curcumin 
by thin-layer chromatography

Thin-layer chromatography (TLC) was used to verify the 
essential oil profile using silica gel GF254 of approximately 250-mm 
thickness.39 The mobile phase was optimised previously to hexane/
ethyl acetate (9:1), and the essential oils obtained from all the 
12 samples were diluted in xylene (1:1) before spotting onto the TLC 

plates. The plates were visualised by spraying anisaldehyde solution.
The chemical profiles were also compared qualitatively using a 

commercial mix of curcuminoids (curcumin, demethoxycurcumin 
and bisdemethoxycurcumin, Sigma Aldrich®) as reference substances. 
Rhizomes were powdered and sequentially the samples were prepared 
with 0.5 g in 5 mL of methanol, under stirring for 30 min, centrifuged at 
2500 rpm for 10 minutes and, filtered. Reference solution was prepared 
by using 5 mg of curcuminoids (purchased from Sigma Aldrich®) in 
5 mL of methanol. Samples and reference solution were spotted on 
silica gel plates GF254. Mobile phase consisted of chloroform, ethanol, 
and acetic acid (95:5:0.5). After development, plate was removed, dried 
and, spots were visualized in UV light (366 nm).38

Qualitative and quantitative analysis by gas chromatography 
coupled to a mass spectrometer

The essential oils were analysed using a Shimadzu® QP2010 
gas chromatography apparatus directly interfacing with mass (MS), 
equipped with a 5% diphenyl 95% dimethyl polysiloxane capillary 
column (30 m × 0.25 mm, 0.25 μm of film thickness). Helium was 
used as the carrier gas. The mass detector of the GC-MS equipment 
was operated in an electron-impact mode, with a scan range of 
45–500 amu, an ionisation energy of 70 eV and a scan rate of 0.30 s 
per scan. The temperatures of the ionisation source and the injector 
were maintained at 200 °C and 240 °C, respectively. Other GC 
conditions such as the flow rate, the concentration of the sample and 
the separation temperature programme were optimised to provide 
a better separation of components in a shorter run time. Chemical 
constituents were identified by referring to compounds reported in the 
literature and by comparing their mass spectra with those of known 
compounds available in the database of NIST 2008 (National Institute 
Standard and Technology) and Flavour and Fragrances of Natural and 
Synthetic Compounds (FFNSC) 1.3 libraries. The identification was 
further supported by the calculation of their retention indices under 
identical experimental conditions using n-alkanes (C10-C40) series 
(Sigma Aldrich, USA). Retention Index (RI) was calculated for each 
main compound and compared to those reported in the literature data.

The relative percentage of each compound present in rhizome 
oil was calculated using the corresponding peak area integration, 
performed automatically using their own software (GCMSsolution®). 
A cheque of the integration of each peak was conducted and corrected 
manually if necessary. The composition was reported as a relative 
percentage of the total peak area.

Average, standard deviation and relative standard deviation (%) 
of the relative proportion areas (%) were calculated for each major 
peak identified and their respective retention times.

Plant drug stability

Analyses were repeated for five samples 6 months later to verify 
the chemical stability. A paired Student’s t-test was used to assess 
whether the samples had stability in terms of the essential oil yield and 
the relative area of the major oil components by gas chromatography. 
Besides, the effect of the Clevenger extraction on the volatile 
compounds were evaluated analysing the composition of these volatiles 
after extraction of 1 g of three samples with 20 mL hexane. The extract 
was injected in the GC-MS employing the same conditions.

RESULTS AND DISCUSSION

Variability in the essential oil yield

C. longa populations collected from three different producers 
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were investigated for their essential oil yield and chemical 
composition. Extractions of essential oils from each sample were 
carried out in triplicate, and their average yield of oils obtained from 
all samples was 3.97% ± 0.61% and the variation among the producers 
was 3.0%–5.16% (relative standard deviation = 15.3%) in the dry 
material. The average yield for each producer was as follows: producer 
1, 3.83% ± 0.17% (4.3%); producer 2, 4.58% ± 0.58% (14.7%) 
and producer 3, 3.48% ± 0.59% (16.9%). Comparisons between 
producers performed by ANOVA showed significant differences. A 
significant difference (p = 0.05) was found only between producers 
2 and 3 (Tukey’s test). Despite the significant variation in oil yields 
among the producers, all the analysed samples had an oil yield within 
the values specified by the Brazilian Pharmacopoeia. Therefore, the 
turmeric samples grown in the Brazilian savanna region of Bahia state 
are suitable for use in herbal medicine preparations, considering that 
the essential oil content should be at least 2.5% as recommended by 
the Brazilian Pharmacopoeia.38

According to earlier studies, C. longa essential oil yield in dry 
rhizomes varied from 1.5% to 5.0%.14 Similarly, other researchers 
found 2.9%27 and 3.8%40 of essential oil yields. Similar variations 
ranging from 2.1%41 to 4.4%42 were found in Brazil. Therefore, 
C. longa cultivated in the Brazilian savanna could produce high-
quality turmeric in terms of the essential oil yield.

In India, some researchers have reported essential oil yields 
between 0.61% and 1.45% in the fresh rhizomes of 27 accessions 
from the northern part of the country25 and between 0.37% and 0.8% 
on different agroclimatic zones.33

Analysis of the chemical profile of essential oil and curcumin 
by TLC

TLC analysis of the essential oil samples resulted in in at least 
four main violet spots. The chromatographic profiles demonstrated 
significant similarity among all samples. Subsequent analysis 
of the methanol extract revealed the presence of three major 
curcuminoids, which is consistent with that described in the Brazilian 
Pharmacopoeia.

Qualitative and quantitative analysis by gas chromatography 
coupled to a mass spectrometer

After testing and evaluation of several different conditions of 
chromatographic parameters (concentration of the sample, inlet mode, 
flow rate and separation temperature programme), the best parameters 

were as follows: a flow rate of 1.5 mL min−1, a concentration of 2.5% 
of the sample in dichloromethane and a temperature programme 
column as described in Table 1. Using this developed method, it was 
possible to separate all the substances satisfactorily within 20 min 
as shown in Figure 1. This method proved to be more advantageous 
than other methods described in the literature40,42,43 because of the 
shorter analysis time.

Seven compounds were identified in the essential oil by comparing 
the RI (literature and RI taken from NIST 2008 library) and mass 
spectra of each peak with the NIST and 1.3 FFNSC libraries (similarity 
>90%). The major compounds identified were ar-turmerone (5), 
turmerone (α-turmerone) (6) and curlone (β-turmerone) (7). Some 
minor components were also identified, including α-phellandrene (1), 
α-curcumene (ar-curcumene, curcumene) (2), β-bisabolene and (3) 
β-sesquiphellandrene (4) (Table 2).

Analyses of the samples were performed by peak area 
normalisation. Table 2 shows the average, standard deviation and the 
relative standard deviation (RSD%) values of the relative proportion 
area % (RPA).

Table 3 shows the results of the comparison between the relative 
percentages of C. longa essential oil obtained in this study and those 
reported in the literature using MS. This comparison revealed that 
the major compounds reported in the literature were similar to those 
observed in the present study.

In order to verify if there was no conversion of turmerol in 

Table 1. Temperature program for GC analysis of essential oils

Rate (°C min-1) Final temperature (ºC) Hold time (min)

- 80.0 2

30 160.0 1

1 160.5 1

1 160.8 1

1 160.9 1

1 161.0 2

1 161.2 1

1 161.5 1

1 162.0 1

20 180.0 0

30 240.0 2

Figure 1. Essential oil GC-MS chromatogram of C. longa rhizomes
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turmerone, extraction with hexane solvent was carried out by 
maceration at room temperature. GC-MS analysis of this extract 
showed the peak of ar-turmerone and curlone but not of turmerone. 
These results indicate the possibility of the conversion of turmerol to 
turmerone may have occurred during the hydrodistillation processes. 
However, previous studies in literature do not mention this type of 
conversion.

Plant drug stability

As mentioned earlier, the average volatile oil yield was 3.97%. 
The repeated analysis performed after 6 months showed an average 
yield of 3.50% with variations between 2.98% and 3.94% (RSD%: 
10.42). Although there was a significant reduction (p = 0.06, t-test) 
in the volatile oil yield, the remaining were within the standards 
recommended by the Brazilian Pharmacopoeia. The chromatographic 
profile analysed by TLC remained similar. Concerning about the 
analysis by GC-MS, from a qualitative point of view, the only 
difference was the absence of α-phellandrene. However, the 
percentage of this compound was too small since the first testing of 
each sample (average 0.35%). On the basis of all these results, it can 
be concluded that the plant drug exhibited satisfactory stability after 
the 6-month storage period, despite the small decrease in the essential 
oil content .

CONCLUSIONS

The yield (3.97% ± 0.61%) and the chemical composition of 
the essential oils obtained from the rhizomes of C. longa were 
similar to those of high-yield accessions described in the literature. 
Therefore, based on the parameters analysed in this study, the 
samples found in the Brazilian savanna region fulfilled the quality 
requirements. Moreover, the primary advantage of the current method 
of GC-MS analysis was its shorter analysis time, i.e. only 20 min. 
Regarding stability, the content was maintained adequate and the 
chromatographic profile remained similar even 6 months after harvest.
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