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1  |  INTRODUC TION

Citral (3,7-dimethyl-2,6-octadienal) is a mixture of two stereoiso-
meric monoterpene aldehydes, that is, geranial (E configuration of 
the double bond) and neral (Z configuration of the double bond) 
(Figure  1). Citral appears as a clear yellow coloured liquid with a 
lemon-like odour, less dense than water and insoluble in water. It is 
present in various essential oils at variable content and, in general, 
both stereoisomers are simultaneously present.

Citral is considered an important raw material; it is a basic 
product in the fragrance, pharmaceutical, food and cosmetic in-
dustries. For instance, it is used as an ingredient in aromatherapy 
or as scenting of soaps and toiletries.1,2 It is generally obtained 

from lemongrass (Cymbopogon flexuosus) by fractional distillation 
(purity 95%), adduct formation and regeneration or chromatog-
raphy column.3 In addition, it could be synthesized, for instance, 
using the Claisen–Cope tandem rearrangement,4 and could be se-
lectively hydrogenated to nerol/geraniol, citronellal and citronellol 
which are also important perfumery products.5 Citral is a starting 
material for the synthesis, at industrial scale, of various commer-
cially important compounds such as menthol, ionones and vitamin 
A.6

The biological activity of citral, as well as citral-rich essential 
oils, has been extensively investigated and covers various fields. 
Indeed, citral antimicrobial resistance was observed in various 
Acinetobacter baumannii strains with two strains confirmed as 
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Abstract
Citral (3,7-dimethyl-2,6-octadienal), a mixture of geranial and neral (two stereoiso-
meric monoterpene aldehydes), is considered an important raw material in the fields 
of fragrance, pharmaceutical, food and cosmetic industries. It is a well-known biologi-
cally active compound present in various essential oils. A fast and reliable experimen-
tal method was developed and validated in order to quantify citral in essential oils 
using 1H NMR spectroscopy (experiment time at the minute level). The quantitative 
procedure, using anisole as internal standard, showed a perfect linearity of measure-
ments (R2 = 0.9999), a very good accuracy (relative errors comprised between −1.9% 
and 0.3%) and an excellent precision (reproducibility 17.8 mg ± 1.0%). The procedure 
was also checked with three mixtures of weighted monoterpenes and the contents of 
citral, measured by GC and 1H NMR, were absolutely comparable. Then, the method 
was successfully applied to measure the contents of citral in 10 commercially avail-
able essential oils. Among the investigated samples, citral varied from 2.9% (Zingiber 
officinalis) to 90.6% (Bakhousia citriodora).
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multi-drug resistant.7 Citral also exhibited excellent antifungal 
effects against common grain pathogens (Aspergillus flavus and 
Aspergillus ochraceus) in vitro and in situ8 and it has been demon-
strated to have an antiproliferative effect in certain tumour cell 
lines.9 Furthermore, a group of mice treated with an “essential 
oil citral” showed a significant decrease in TNF-α levels in tests 
demonstrating anti-inflammatory activity.10 Vasodilation in-
duced by citral was also investigated in pre-contracted vascular 
smooth muscle using thoracic aorta from Wistar Kyoto (WKY) 
rats11 and the activity of citral on cytotoxicity, apoptosis and anti-
proliferative effects using human lymphoma Ramos cells has been 
evaluated.12 Citral has been reported to show cytotoxic effects 
on various cancer cell lines. In vitro studies revealed the signifi-
cant cytotoxic activity of citral on the proliferation of pancreatic 
cell tumour lines and human B-lymphoma.9 Citral-rich essential 
oil of Cymbopogon citratus showed high ability to scavenge DPPH 
radicals. The essential oil of C. citratus was effective on prostate 
cell lines and glioblastoma cell lines.13 Other results suggest that 
citral could be a potential new agent, which can eliminate drug-
resistant breast cancer cells in a spheroid model via inducing 
apoptosis.14 Otherwise, citral completely inhibited UVB-induced 
skin carcinogenesis by reducing levels of oxidative stress and pro-
inflammatory cytokines, increasing apoptotic rate in the skin.15 
Lastly, citral significantly inhibits hepatocellular carcinogenesis by 
restoring the antioxidants and phase II xenobiotic enzyme levels; 
thereby, it strongly proves as an antiproliferative agent against rat 
HCC.16

Due to the importance of citral in the fragrance, pharmaceu-
tical, food and cosmetic industries and its availability in specific 
essential oils, the quantitative determination of this raw product 
is crucial and has been investigated by using various techniques. 
Obviously, due to the volatility of citral, GC (with or without using 
response factors) is the common technique developed in most 
analytical and quality control laboratories. Other techniques in-
clude reverse-phase high-performance liquid chromatography 
(HPLC),17 high-performance thin-layer chromatography (HPTLC)18 
or stable-isotope gas chromatographic analysis.19 Concerning GC-
MS, a specific procedure, developed by IFRA concerned the iden-
tification and quantification of citral (as well as 56 other allergens), 
achieved through the selected ion monitoring mode via the relative 

abundance of characteristic fragments ions.20 This procedure has a 
calibration range between 0.002% (20 μg/g) and 0.25% (2.5 mg/g) 
and it is not suited to the quantitation of citral in citral-rich EOs. In-
deed, the concentration of citral in EOs varies drastically and may 
reach 90%, with more or less similar contents of neral and geranial. 
Preparation of the essential oil sample needs successive dilutions 
and it has been observed that sample dilutions greater than 250X 
may lead to problems of reproducibility. Otherwise, the GC signals 
of neral and/or geranial may overlap with those of other compo-
nents and then quantitative determination remains erroneous. For 
instance, according to Adams (GC column = DB5), the signal with 
RI = 1235 may belong to neral, chrysanthenyl acetate, isobornyl 
formate or (E)-ocimenone.21 The signal with RI = 1264, may belong 
to geranial or (E)-2-propenylphenol.21 According to Mass Finder 
(GC column = DB1), the signal with RI = 1215 may belong to neral, 
pulegone, cis-pulegol, thymol methyl ether or thymoquinone, and 
the signal with RI = 1244 may belong to geranial or trans-carvone 
epoxide.22

Concerning NMR, quantitative determination of individual 
components using 1H NMR spectroscopy has been preferably car-
ried out on plant extracts and has been reviewed.23–27 Regarding 
the quantitative determination of components in essential oils, the 
first attempts date back to 1980 and concerned the quantitation 
of carvone in caraway and dill oils (60 MHz spectrometer).28 Since 
that time, a few studies have been reported concerning 1H NMR 
quantitative determination of some components of essential oils: 
sesquiterpene hydrocarbons and benzyl benzoates (Brickellia ve-
ronicaefolia)29; trans-anethole (fennel)30; α-pinene (Eucalyptus and 
Corymbia species, Schinus terebinthifolius, turpentine)31; α-bisabolol 
(Eremanthus erythropappus)32; menthofuran (Mentha aquatica)33; 
geraniol, citronellol and citronellal (Cymbopogon species)34; thymol 
and trans-anethole (Foeniculum vulgare and Zataria multiflora)35; and 
thermolabile chemical markers (Curcuma caesia).36 A comparative 
study of quantification of methyleugenol in foods concluded that 
GC-MS is suited for regulatory purposes but is time-consuming and 
NMR can be used for a faster screening analysis.37

In this context, the aim of the present work was to develop a 
fast and reliable method to quantify citral, a product of commercial 
importance, in various essential oils by using 1H NMR spectroscopy.

2  |  E XPERIMENTAL

2.1  |  Essential oil samples and pure compounds

Essential oil samples of Bakhousia citriodora (origin: Australia), Cym-
bopogon flexuosus (origin: India), Litsea citrata (origin: China), Melissa 
officinalis (origin: Greece), Leptospermum petersonii (origin: South Af-
rica), Eucalyptus staigeriana (origin: Brazil) and Lippia citriodora (origin: 
Morocco) were purchased from Aroma-Zone (Cabrière d'Avignon, 
France); sample of Zingiber officinalis (origin: Sri Lanka) from Pa-
radesa (St Martin de la Brasque, France); and samples of Thymus 
vulgaris subsp. canariensis (origin: Spain) and Cymbopogon citratus 

F I G U R E  1  Chemical structures of neral and geranial (citral).
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    |  3PAOLI et al.

(origin: France) from Kalyptoscorse (Aghione, France). Pure com-
pounds (citral, nonane and anisole) were provided by Sigma-Aldrich.

2.2  |  Analytical gas chromatography (GC)

Analyses were carried out with a Clarus 500 Perkin Elmer apparatus 
equipped with two flame ionization detectors (FID), two fused-silica 
capillary columns (50 m, 0.22 mm i.d., film thickness 0.25 μm), BP-1 
(polydimethylsiloxane) and BP-20 (polyethylene glycol). The oven 
temperature was programmed from 60°C to 220°C at 2°C/min and 
then held isothermal at 220°C for 20 min. The injector temperature 
was 250°C. The detector temperature was 250°C. The carrier gas 
was hydrogen (1.0 mL/min). The split was 1/60 and the injected vol-
ume was 0.5 μL. The neral and geranial contents were expressed as 
a percentage obtained using response factors (RF =1.30 for the two 
compounds) according to Bicchi et al.38 Nonane was used as internal 
reference.

2.3  |  Nuclear magnetic resonance (NMR) 
spectroscopy

All NMR spectra were recorded on a Bruker AVANCE 400 Fou-
rier Transform spectrometer operating at 400.132 MHz for 1H 
equipped with a 5-mm probe in deuterated chloroform (CDCl3) 
with all chemical shifts referred to as internal tetramethylsilane 
(TMS). 1H NMR spectra for quantitation of citral were recorded 
with the following parameters: flip angle 30°, acquisition time, 
2.56 s for 32 K data table with a spectral width of 6410 Hz (16 ppm), 
relaxation delay D1 = 1.0 s (total recycling time = 3.56 s) and spectra 
recorded with 16 scans.

The T1 (longitudinal relaxation delay) values of the 1H nuclei were 
determined by the inversion recovery method, using the standard 
sequence: 180°-τ-90°-D1, with a relaxation delay D1 of 5.0 s for 1H. 
Each delay of inversion (τ) was, thus, taken into account for the com-
putation of the corresponding T1 using the function Ip = I0 + p.e−τ /T1. 
The limits of detection (LOD) and quantitation (LOQ) were deter-
mined experimentally using signal-to-noise ratio (S:N). According to 
Cerceau et al.,32 the concentrations for S:N = 10 and for S:N = 150 
were set as LOD and LOQ respectively. Appropriate mass of citral 
(2.5–30.3 mg) was introduced in the NMR tube.

3  |  RESULTS AND DISCUSSION

Quantitative determination of a component in a mixture can be de-
termined by NMR spectroscopy by comparison of the area(s) of one 
or various signal(s) of the compound to be quantified, with those of 
an internal standard (internal calibration). Such a procedure requires 
a homogenous answer of selected nuclei of the compound and the 
internal reference, which depends mainly on the longitudinal relaxa-
tion time (T1) of nuclei.

In our laboratories, quantitation of compounds such as ursolic 
and oleanolic acids in a dichloromethane extract from Ilex aquifo-
lium39 or 5-hydroxymethyl-2(5H)-furanone, the main compound of 
the Helleborus lividus subsp. corsicus dichloromethane leaf extract,40 
has been achieved using 1H NMR, with a time of occupancy of the 
spectrometer at the minute level.

In order to quantify citral in essential oils by 1H NMR, we selected 
the signals of the aldehydic protons of neral (doublet, 9.88 ppm) and 
geranial (doublet, 9.98 ppm) which are perfectly resolved and do not 
overlap with those of most components present in essential oils. Ex-
periments have been carried out in deuterated chloroform (CDCl3), 
and anisole was chosen as internal reference using the signal of its 
methoxy group (singlet, 3.80 ppm). Indeed, T1 value of the methoxy 
protons of anisole, measured by the inversion recovery method in 
CDCl3 (T1 = 0.7 s), was similar to those of the aldehydic protons of 
neral and geranial (T1 = 0.6 s for both protons) in the same solvent.

Then, to quantify citral in commercial essential oils, we selected a 
pulse sequence characterized by a flip angle of 30° and a total recy-
cling time of 3.56 s (see Experimental). According to Becker et al.,41 
we determined and plotted the percentage of recovered signal S:N 
(%) as a function of the pulse angle for the selected protons of neral, 
geranial and anisole. The difference in the steady-state magnetiza-
tion (ΔMz = 0.02%) is extremely small.

This quantitative procedure was validated by several experi-
ments carried out on pure citral (accuracy, response linearity and 
precision, determination of limits of detection and quantification) 
and mixtures of various terpenes generally present in essential 
oils.

Firstly, we checked the accuracy of the procedure by comparing 
the amounts of pure citral, diluted in CDCl3, at different concentra-
tions and measured by 1H NMR with the weighted ones (in the range 
2.5–30.3 mg), taking into account the relative areas of the methoxy 
protons of anisole and those of each aldehydic proton of neral and 
geranial (Table 1, contents calculated using equation 1). The relative 
errors, comprised between −1.9% and 0.3%, demonstrated a very 
good accuracy of measurements.

mC: calculated mass (mg) of citral; AC and MC: area of the selected 
aldehydic signals and molecular weight (152.24 g.mol−1) of citral; 
mA, MA and AA: amount (mg), molecular weight (108.14 g.mol−1) and 
area of the signal of the methoxy protons of anisole (AA fixed at 
1.0000 in all experiments); PA: purity of anisole (99%). All the ex-
periments have been recorded in 0.5 mL of CDCl3. Factor 3 is due 
to the integration of the three protons of the methoxy group of 
anisole.

Response linearity has been evaluated by plotting the calculated 
mass of citral versus the weighted one (calibration line). A perfect 
linearity of the measurements was observed (linear determination 
factor R2 = 0.9999) (Figure 2).

Furthermore, five spectra of the same sample containing citral 
(18.0 mg) and anisole (13.4 mg) have been recorded with the same 

(1)mC =

3 × AC ×MC × mA × PA

AA ×MA
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4  |    PAOLI et al.

experimental conditions to check the precision of the procedure 
(Table 2). The measured mass of citral, calculated using equation 1, 
was almost identical (17.7–17.9 mg). The relative errors between 
the calculated mass and the weighted one ranged from −1.7% to 
−0.6% (Table  2). The reproducibility (tube-to-tube variability) of 
17.8 mg ± 1.0% (17.8 mg ± 0.18 mg), calculated with a confidence in-
terval of 99% (Student's t-test), indicated a very good precision of 
measurements.

Finally, the limit of detection (LOD) and the limit of quantifica-
tion (LOQ) (see Experimental) have been measured at 0.02 mg and 
0.48 mg respectively.

We checked our experimental quantitative procedure on three 
mixtures of terpenes generally present in essential oils, that is, 
M1 = mixture of six acyclic compounds: citral (6.9 mg), nerol (17.9 mg), 
geraniol (9.7 mg) and neryl acetate/geranyl acetate (15.1 mg); 
M2 = mixture of six aldehydes: citral (5.1 mg), citronellal (18.3 mg), 
vanillin (15.2 mg), myrtenal (10.7 mg) and cinnamaldehyde (4.9 mg); 
and M3 = mixture of six monoterpenes with various functional 
groups: citral (18.8 mg), camphor (12.5 mg), linalyl acetate (9.1 mg), 

α-pinene (6.2 mg) and terpinen-4-ol (7.4 mg) (Table  3). In each mix-
ture, the content of citral, measured by 1H NMR using the validated 
quantitative procedure, was compared with the weighted one, and 
with that measured by GC with response factors and an internal ref-
erence,38 which is the common technique to quantify volatile com-
pounds (Table  3). The results reported in Table  3 showed that the 
reliable determinations of the mass of citral in the mixtures M1-M3 
are available from the 1H NMR spectra. Relative errors between cal-
culated masses by 1H NMR and the weighted ones, comprised be-
tween −1.4% and 0.0%, certified the efficiency of the quantitative 
procedure. Otherwise, the masses of citral calculated by 1H NMR are 
closer to the weighted ones than those calculated by GC using re-
sponse factors. Therefore, the 1H NMR procedure could be applied to 
quantify citral (neral and geranial) in commercial essential oil samples.

The validated quantitative method has been used to evaluate 
the content of citral (neral and geranial) in 10 commercial essen-
tial oils: Bakhousia citriodora, Cymbopogon flexuosus, Litsea citrata, 
Cymbopogon citratus, Melissa officinalis, Thymus vulgaris subsp. 
canariensis (Figure  3), Leptospermum petersonii, Eucalyptus staige-
riana, Lippia citriodora and Zingiber officinalis (Table 4). Among the 
investigated oil samples, citral ranged from 2.9% to 90.6% of the 
whole composition (content calculated using 1H NMR), although 
neral and geranial were the major components of most of the es-
sential oils. Bakhousia citriodora essential oil was found to have the 
highest content of citral, that is, 90.6% (neral: 36.6% and geranial: 
54.0%), while Zingiber officinalis essential oil exhibited the lowest 
content (citral 2.9%: neral 1.0% and geranial 1.9%). Similar quan-
titation has been carried out with the classical GC method using 
response factors.

4  |  CONCLUSION

A fast and reliable experimental procedure, using 1H NMR spec-
troscopy, was validated (accuracy, precision and linearity of 
measurements) in order to quantify citral (neral and geranial), a 

F I G U R E  2  Response linearity of quantitation of citral using 1H 
NMR.

Experience n°

Citral 
weighted 
massa (mg)

Citral area (neral/
geranial)

Citral (neral/geranial) 
calculated mass

RE 
(%)

1 2.5 0.0447 (0.0220/0.0227) 2.5 (1.2/1.3) 0.0

2 5.0 0.0894 (0.0443/0.0451) 5.0 (2.5/2.5) 0.0

3 10.3 0.1807 (0.0893/0.0914) 10.1 (5.0/5.1) −1.9

4 13.9 0.2466 (0.1213/0.1253) 13.8 (6.8/7.0) −0.7

5 18.0 0.3170 (0.1570/0.1600) 17.8 (8.8/9.0) −1.1

6 23.8 0.4234 (0.2078/0.2156) 23.7 (11.6/12.1) −0.4

7 30.3 0.5426 (0.2681/0.2745) 30.4 (15.0/15.4) 0.3

Note: Selected signals for neral δ = 9.88 ppm and geranial δ = 9.98 ppm; calculated mass according to 
Equation 1; AA fixed at 1.0000 in all experiments; mA: mass of anisole = 13.4 mg; RE: relative errors 
(%);
aCitral weighted mass taking into account its purity (95%).

TA B L E  1  Accuracy of citral 
measurement by 1H NMR.
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    |  5PAOLI et al.

well-known biologically active compound used in the field of 
pharmaceutical, food and cosmetic industries. This quantitative 
method was successfully applied to measure the content of citral 
in various commercially available essential oil samples. Therefore, 

1H NMR spectroscopy appeared as a powerful tool for quantita-
tion of valuable components of essential oils with a short time of 
occupancy of the spectrometer that allows the use of this tech-
nique for quality control for instance.

TA B L E  2  Precision of citral measurements using 1H NMR.

Test 1 Test 2 Test 3 Test 4 Test 5

Citral weighted massa (mg) 18.0 18.0 18.0 18.0 18.0

Citral area (neral/geranial) 0.3170 
(0.1570/0.1600)

0.3159 
(0.1559/0.1600)

0.3172 
(0.1559/0.1613)

0.3173 
(0.1562/0.1611)

0.3193 
(0.1566/0.1627)

Citral calculated mass (mg) 
(neral/geranial)

17.8 (8.8/9.0) 17.7 (8.7/9.0) 17.8 (8.8/9.0) 17.8 (8.8/9.0) 17.9 (8.8/9.1)

RE (%) −1.1 −1.7 −1.1 −1.1 −0.6

Note: The signal area of the methoxy protons of anisole is fixed at 1.0000 in all experiments; citral area: area of the selected signals of citral (neral 
and geranial); mass of anisole = 13.4 mg; calculated mass according to Equation (1); RE: relative error.
aCitral weighted mass taking into account its purity (95%).

TA B L E  3  Quantitation of citral in mixtures M1, M2 and M3 using 1H NMR.

Citral 
weighted 
massa 
(mg)

Citral % in 
mixture

1H NMR GC

Citral area (neral/
geranial)

Citral (neral/
geranial) calculated 
mass (mg) RE % (citral)

Citral (neral/geranial) 
content %

Citral (neral/geranial) 
content %

M1 6.9 13.9 0.1488 (0.0725/0.0763) 6.8 (3.3/3.5) −1.4 13.8 (6.7/7.1) 13.8 (6.7/7.1)

M2 5.1 9.4 0.1103 (0.0527/0.0576) 5.1 (2.4/2.7) 0.0 9.4 (4.4/5.0) 8.5 (4.2/4.3)

M3 18.8 34.8 0.3943 (0.1933/0.2010) 18.8 (9.2/9.6) 0.0 34.8 (17.0/17.8) 33.6 (16.5/17.1)

Note: Mixture M1 (neral, geranial, nerol, geraniol, neryl acetate and geranyl acetate), m1 = 49.6 mg; Mixture M2 (neral, geranial, citronellal, vanillin, 
myrtenal and cinnamaldehyde), m2 = 54.2 mg; Mixture M3 (neral, geranial, α-terpineol, linalyl acetate, camphor and α-pinene), m3 = 54.0 mg. The 
signal area of the methoxy protons of anisole is fixed at 1.0000 in all experiments; citral area: area of the selected signals of citral (neral and geranial); 
mass of anisole: 11.0 mg for mixtures M1 and M2 and 11.4 mg for mixture M3; calculated mass according to Equation (1); RE: relative error.
aCitral weighted mass taking into account its purity (95%).

F I G U R E  3  1H NMR spectrum of Thymus vulgaris subsp. canariensis commercial essential oil used for the quantitation of citral (neral and 
geranial).
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