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Content and composition of essential oil in lemon balm 
(Lippia alba (Mill) N.E.Br.) grown with ammonium and 
nitrate in light environments

Aceite esencial de cidrón (Lippia alba (Mill) N.E.Br.) cultivada 
con proporciones de amonio y nitrato y entornos de luz
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Lemon balm plants in experiment.
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ABSTRACT
Medicinal plants have great potential for the production of phytocompounds, which are used for various 
purposes, mainly in drugs and cosmetics. The aim of this study was to evaluate the essential oil from Lippia 
alba cultivated with ammonium (NH4

+) and nitrate (NO3
-) under light environments. The plants were sub-

jected to five ratios of NH4
+: NO3

- with nutritious solutions and four light environments (red, aluminet and 
black mesh, and full sun). The experiment design was entirely randomized with a 5×4 interaction and five 
repetitions per treatment, totaling 100 experiment units. The seedlings were transplanted to 6 dm3 plastic 
pots containing a mixture of washed sand + vermiculite at a ratio of 2:1. At 120 days after application of the 
treatments, the following parameters were evaluated: yield, content and composition of essential oil. The 
extraction was performed with the hydrodistillation method using drag of steam for a period of 2 hours. 
Nine compounds were found in the essential oil,  of which  neral and geranial represented 90% of the blend. 
Carvone was only found in the treatment with plants grown under the red mesh and with the 50:50 ratio of 
ammonium and nitrate.
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Medicinal and aromatic plants are well known and 
have high acceptability by the world, including lem-
ongrass (Lippia alba (Mill) N.E.Br.), also known as 
lemon balm, Brazilian lemongrass, field lemon balm, 
false melissa, field rosemary, wild rosemary, and wild 
cider, among others (Carmona et al., 2013; Ehlert et 
al., 2013). It has great economic importance domes-
tically because of its essential oils, which have bio-
chemicals that are of great interest for drugs since 
they have scientifically verified therapeutic action, 
besides important groups of raw material for perfum-
ery and industries (Soares and Dias, 2013; Luz et al., 
2014) and soothing, mild antispasmodic, analgesic, 
sedative, anxiolytic, and slightly expectorant proper-
ties (Matos et al., 2000; Nascimento et al., 2013). It 
also has some compounds with antiprotozoal, bacte-
ricidal and fungicidal activities (Tavares et al., 2011).

The essential oils may have different biological prop-
erties, such as a larvicidal, antioxidant, analgesic, 
anti-inflammatory and fungicide action (Rajkumar 
and Jebanesan, 2010). These oils are produced by the 
activation of the secondary metabolism of the plants. 
Factors that promote the activation of the secondary 
metabolism include luminosity and mineral nutri-
tion, which are primordial for the physiological char-
acteristics and increase vegetal production (Corrêa et 
al., 2009; Meira et al., 2012). Luminosity, which is es-
sential for photosynthesis, has been studied for many 

years. Colored mesh, also called photoconverters, al-
ters the spectral quality provided to plants and pro-
duces significant physiological responses in several 
plants (Souza et al., 2011).  

Another indispensable factor for plant performance 
is mineral nutrition. Plants have macro and micronu-
trient requirements, including  nitrogen (N), which is 
normally required in a greater quantity and is directly 
related to plant metabolism, making up constituents 
of important biomolecules (Bredemeier and Mund-
stock, 2000).

This nutrient can be absorbed in its cationic or an-
ionic form and influences the metabolism of some 
plants. While studying the relationship between am-
monium and nitrate, Alves et al. (2013) found that the 
dry mass yield of sunflower plants was significantly 
influenced by NH4+ and NO3

- ratios, concluding 
that, when nitrogen was supplied only in the am-
moniacal form, the dry mass was severely reduced, 
about 38% lower for the dry mass of the aerial part, 
as compared to the treatment with nitrogen only in 
the nitric form.

When using different ratios of ammonium and ni-
trate in the nutrient solution for a lettuce crop, Ohse 
et al. (2017) concluded that the NH4

+ concentration 
should not exceed 20% of the total nitrogen because 
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it causes reductions in both the yield and visual qual-
ity of plants.

Therefore, the objective of this study was to evalu-
ate the content, yield and chemical composition of 
essential oils from lemon grass cultivated with am-
monium and nitrate under colored mesh.

MATERIAL AND METHODS

L. alba seedlings were produced from cuttings in a 
nursery belonging to the Center for Agrarian, En-
vironmental and Biological Sciences of the Federal 
University of Recôncavo da Bahia (UFRB), Cruz das 
Almas-BA, Brazil. The branches used for the cuttings 
were produced from a matrix plant, a species that 
has been identified, and the exsicata is deposited in 
the Herbarium of the University, located in Cruz das 
Almas-BA, with plant trowel number HURB 8806.

The plant material was rooted in a substrate 
containing washed sand in polyethylene trays.  
After rooting, the plants with a  mean height of 10 
cm and root length of 12 cm were selected and trans-
planted to plastic vessels containing 6 dm³ of washed 
sand + vermiculite at a 2:1 ratio.

The experiment was carried out in the experimental 
field of the Center for Agrarian, Environmental and 
Biological Sciences of the Universidade Federal do 
Recôncavo da Bahia (UFRB), in the municipality of 
Cruz das Almas-Bahia (12º40” S and 39º06” W, 226 
m a.s.l.) from December, 2015 to April, 2016.

The experiment design was completely randomized 
in a 5×4 factorial scheme, with five ratios of am-
monium and nitrate (100:0, 75:25, 50:50, 25:75 and 
0:100) (Tab. 1) and four light environments, obtained 
using the colored red wavelength of 770 nm, black 
(shading only) and aluminized (thermal control) 
ChromatiNet® mesh (Polysack Plastic Industries, Ne-
gev, Israel) and full sun treatment, used as the con-
trol. Each treatment contained five replicates, one 
plant per pot, totaling 100 experiment units. The 
treatments were established based on the nitrogen 
(N) concentration in the solution from Hoagland and 
Arnon (1950). The nutrient solution was composed 
of macro and micronutrients, in concentrations of 
mg L-1: N = 210, P = 31, K = 234, Ca = 200, Mg = 48 
and S = 64, with pH = 5.6 (±1). The distribution of 
the treatments was started 8 d after transplant and 
acclimatization of the seedlings.

Table 1.  Volume (mL) of stock solutions to form 1 L of modi-
fied nutrient solution, using ammonium and nitrate 
ratios (NH4

+: NO3
-) according to the respective 

treatments.

Stock solution
(1 Molar)

Proportions of NH4
+ : NO3

100:0 75:25 50:50 25:75 0:100

(mL)

KH2PO4 1.0 1.0 1.0 1.0 1.0

NH4Cl 15.0 11.25 7.5 3.75 -

KCl 5.0 1.25 5.0 3.75 -

CaCl2 5.0 5.0 1.25 - -

MgSO4 2.0 2.0 2.0 2.0 2.0

KNO3 - 3.75 - 1.25 5.0

Ca(NO3)2 - - 3.75 5.0 5.0

Micronutrients1 1.0 1.0 1.0 1.0 1.0

Iron – EDTA2 1.0 1.0 1.0 1.0 1.0
1Micronutrient solution (g L-1): H3BO3 = 2.86; MnCl2 4H2O = 1.81; ZnCl2 = 0.10; 
CuCl2 = 0.04; H2MoO4 H2O = 0.02. 2Iron-EDTA solution: 26.1 g of disodium 
EDTA were dissolved in 286 mL of 1N NaOH + 24.9 g of FeSO4.7H2O and aer-
ated overnight.

Extraction of essential oil

The extraction of essential oil from the L. alba plants 
was carried out at the Phytochemical Laboratory of 
UFRB. At 120 d after the application of the treat-
ments, leaves were collected to obtain the essential 
oil, which were individually packed in paper sacks, 
dried in a forced air oven at 45°C for 96 h. Afterwards, 
they were weighed to obtain the dry mass (g) and  
used for extraction of essential oil with  the hydrodis-
tillation method using  drag of water vapor, equipped 
with a  Clevenger graduated device (Santos, 2004; 
Oliveira et al., 2012).

One gram of dried phytomass at 40°C was used to 
determine the variation in the moisture content, and 
the samples were dehydrated at a temperature of 
100°C to constant weight. It was necessary to join 
the dry material of each ammonium and nitrate ratio 
within each light environment to obtain the amount 
of phytomass sufficient for extraction of the oil, ac-
cording to the methodology. Five grams of each sam-
ple were placed in a 1 L glass flask containing distilled 
water in sufficient volume to cover the plant mate-
rial. Graduated Clevenger type appliances were used, 
coupled to the glass flasks, heated with thermostatic 
electric blankets. The extraction process was con-
ducted for 2 h, counted from the condensation of the 
first drop of essential oil, and the volume extracted in 
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the graduated column of the Clevenger was verified. 
Subsequently, using the Pasteur-type pipette, the oil 
was packed in a 2 mL glass jar, labeled and stored in a 
commercial freezer at -5ºC until the chemical analy-
sis was performed.

Obtaining essential oil content and yield

According to Santos (2004), the calculation of the 
content of essential oil (Eq. 1) was carried out with 
the moisture free base (BFM), which corresponded to 
the volume (mL) of essential oil in relation to the dry 
mass.

To:
Vo

×100 (1)
Ms–U

where To is the oil content (%), Vo is the volume of oil 
extracted, Ms is the dry mass and U is the moisture 
present in dry mass.

The yield of the oil was obtained with the value of 
the content/100 and multiplied by the total dry mass 
of the leaves. 

Analysis of oils

The qualitative determination was carried out in the 
natural products laboratory of the Federal University 
of Sergipe (UFS), and the essential oil analysis was 
performed with gas chromatography coupled to a 
CG-EM mass spectrometry (Shimidzu Corporation, 
Japan, model QP 5050A), equipped with an AOC -20i 
autosampler (Shimadzu) and DB-5 fused silica cap-
illary column (30 m × 0.25 mm id, 0.25 μm film). 
Then, the following conditions were carried out: 
electron impact ionization at 70 eV; helium as the 
carrier gas and flow rate of 1 mL/min; an injector in 
the split mode (1:83) injected a volume of 0.5 μL in 
ethyl acetate; injected volume partition ratio of 1:83 
and column pressure of 64.20 kPa; increasing tem-
perature gradient of 4°C/min, 40 to 200°C and 20°C/
min, 200 to 280°C. The injector and detector tem-
peratures were 250 and 280°C, respectively. The mass 
spectra were obtained with the scan method and a 
scanning range of 0.50 fragments/s in the range m / z 
40 - 450 Da.

The quantitative analysis of the constituents was 
done with a gas chromatograph equiped with a flame 
ionization detector using a Shimadzu GC-17 device 
under the following operating conditions: ZB-5MS 

fused silica capillary column (5% dimethylpolysilox-
ane) with 30 m × 0.25 mm i.d. × 0.25 μm film, using 
the same CG-EM conditions.

Identification of chemical constituents

The oil was analyzed simultaneously with Gas Chro-
matography coupled to Mass Spectrometry (GC-MS) 
and Gas Chromatography with a Flame Ionization 
Detector (GC-FID) using a GC-2010. The qualita-
tive analysis of the essential oils was carried out with   
CG/EM, while the percentage of the individual con-
stituents was determined with CG/DIC, obtained 
using a detector separation system; the flow separa-
tion ratio was 4:1 (MS-FID), where the content of 
each component was determined based on the area 
of each peak related to the total area of the peaks in 
the chromatogram.

Each component of the oil was identified based on 
the retention time (considering a homologous series 
of C8-C18 n-alkanes), retention index (IR) applying 
the Dool and Kratz equation, corrected with linear 
regression, as well as comparing the fragmentation 
pattern of each component with the virtual database 
mass spectra (Library NIST107, NIST21 e Willey 8) 
and with visual comparison using the mass spectra 
recorded in the literature (Adams, 2007).

During the chemical analyses, the sample containing 
the oil of leaves grown with 100% NH4

+ in full sun 
was lost because a contact reaction occurred, which 
made it impossible to read in the chromatograph.

RESULTS AND DISCUSSION 

For  the essential oil contents that were extracted 
(Fig. 1), it was verified that the plants grown in 
the nutrient solution containing the 50:50 ratio of 
NH4

+:NO3
- presented the highest average percentage 

value, followed by those grown with 100% of the ion 
ammonium under the black mesh. This was possi-
bly due to metabolic changes during the absorption 
and assimilation of ammonium. For the light envi-
ronments, it was observed that the plants cultivated 
under the black mesh presented average values higher 
than the others (3.12% on average), followed by red 
(2.86%) and full sun (2.94%).

Working in modified light environments, Chagas et al. 
(2013) observed that, in Japanes pepper mint plants, 
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the production of essential oil was more influenced 
by intensity than by quality of the light. While also 
l studying light environments, Oliveira et al. (2016), 
found that the highest oil contents extracted from 
oregano plants were found in those grown under full 
sun. Changes in the essential oil content of Lippia si-
doides were found by Souza et al. (2007) when these 
plants were cultivated under different percentages 
(75, 50 and 25%) of shading. The effects of intensity 
and luminous quality vary according to the species, 
showing the particularities of each species.

As for the essential oil yield of L. alba (Fig. 2), the yield 
was similar to that found for the content (Fig. 1), 
where the nutrient solution containing  50:50 NH4

+: 
NO3

- had a positive influence, obtaining the highest 
average value, followed by the treatment with 100% 
ammonium. For the light environments,  the plants 
grown under the red mesh presented average values 

higher than the others (0.42 g kg-1), followed by those 
grown under the black mesh (0.40 g kg-1) and alumi-
net mesh (0.38 g kg-1), emphasizing the affinity of 
this species with the light environments.

The essential oil yield varies from species to spe-
cies and depends on several factors and conditions 
of cultivation; usually, a higher oil yield is the result 
of a greater accumulation of phytomass (Pinto et al., 
2014). According to Rao (2001), most aromatic plants 
are sensitive to N deficiencies, and the application 
of N increases the production of essential oil. The 
metabolites produced depend on the primary me-
tabolism of carbon, which can be divided into three 
distinct groups: terpenes, phenolic compounds and 
nitrogen compounds. These products come from the 
different carbons. High concentrations of N increase 
the demand of CH2O for its assimilation and, conse-
quently, energy consumption, competing with the 

Figure 1.  Content of essential oil of Lippia alba plants grown with NH4
+:NO3

- ratios and light environments: A, aluminet mesh; B, 
red mesh; C, full sun; D, black mesh. 
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primary metabolism and compromising the synthe-
sis of these compounds (Taiz and Zeiger, 2013). It is 
extremely important to highlight the composition of 
these secondary metabolites since they are used for 
the production of cosmetics and pharmaceuticals, 
making it  a very important raw material (Linde et 
al., 2016).

Among all the compounds found in the essential oil 
of L. alba leaves grown under light environments and 
nutrient solutions containing  ammonium and ni-
trate, the ones that were more prominent in all the 
treatments were neral and geranial (Tab. 2 and 3), 
representing 90% of the total compounds. According 
to Budavari (1989), citral is a result of the mixture of 
geranial(citral a), and neral isomers(citral b) and  has 
a citric odor, which is why  it is used in the manufac-
ture of certain products.

Nine different compounds were found in the Lip-
pia essential oil when cultivated in light and N (Tab. 
2 and 3), including: myrcene, p-cymene, linalool, 
neral, carvone, geranial, caryophyllene oxide, (E)-
caryophyllene, terpinen-4-ol/E-isocitral, eugenol 
and humulene epoxide II. 

The highest concentration of neral was found (Tab. 
3) in the plants grown with 100%  NO3

- and un-
der the full sun environment (48.01%), while the 
geranial compound had its highest content (58.2%) 
in the plants grown  in full sun and nutrient solu-
tions containing the 75:25 ratio of NH4

+:NO3
-. Prob-

ably, this happened because of the phenomenon of 
N nitrate absorption in relation to the ammoniacal, 
associated with the condition for photosynthetic 
activity provided by this environment.

Figure 2.  Essential oil yield (g kg-1) of Lippia alba plants grown with  NH4
+:NO3

- ratios and light enviroments: A, aluminet mesh; 
B, red mesh; C, full sun; D, black mesh.
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Table 2.  Chemical composition of the essential oil of lemon grass leaves (GC-MS: gas chromatography, GC-FID: gas chromatog-
raphy coupled with flame ionization detection). 

Compound
Full sun Red mesh Aluminet mesh Black mesh

GC-MS GC-FID GC-MS GC-FID GC-MS GC-FID GC-MS GC-FID

NH4
+:NO3

- (100:0)

Myrcene pp pp n n 1.16 2.36 1.94 2.76

ρ-cymene pp pp 3.03 6.78 2.92 4.01 5.58 6.42

Linalool pp pp 1.44 1.54 0.98 1.36 1.29 1.47

Neral pp pp 35.19 33.44 35.37 35.79 35.33 32.82

Geraniale pp pp 54.95 53.52 53.16 53.52 50.34 52.11

Caryophyllene oxide pp pp 3.49 3.15 3.41 2.93 3.49 2.73

(E) –caryophyllene pp pp 0.96 0.76 n n 1.19 0.96

Terpinen-4-ol/E-isocitral pp pp 0.98 0.76 n n 0.84 0.70

NH4
+:NO3

- (75:25)

ρ-cymene 1.17 1.97 1.42 2.49 2.41 3.50 5.87 5.96

Linalool n n 0.94 1.27 0.95 1.26 n n

Neral 31.58 32.09 33.98 34.61 34.68 34.99 33.10 34.61

Geraniale 58.20 57.49 56.86 56.15 56.13 55.36 57.44 57.18

Caryophyllene oxide 6.06 5.27 4.88 4.20 4.01 3.41 3.59 2.23

(E) – caryophyllene 1.66 1.71 0.92 0.77 1.01 0.98 n n

Humulene epoxide II 1.33 1.45 1.00 0.47 0.81 0.47 n n

NH4
+:NO3

- (50:50)

Myrcene n n n n 0.67 1.34 2.62 3.13

ρ-cymene 1.61 2.76 3.04 2.54 3.18 3.95 7.33 7.35

Linalool n n 1.70 1.32 1.11 1.28 1.70 1.28

Neral 32.81 33.17 43.15 32.62 34.88 34.61 35.41 34.05

Carvone n n 9.08 5.41 n n n n

Geranial 57.03 56.37 23.93 51.37 54.85 53.72 48.58 50.40

Caryophyllene oxide 6.85 5.88 9.48 4.25 3.87 3.25 3.20 2.89

(E) – caryophyllene 1.70 1.79 2.32 0.76 0.76 1.51 n n

Terpinen-4-ol/E-isocitral n n n n n n 1.16 0.87

Humulene epoxide II n n 2.25 0.34 0.68 0.31 n n

pp: lost parcel; n: compound not detected.

It was also found that carvone (terpene ketone), a 
compound of great importance in L. alba leaves, was 
detected only in the plants grown under the red mesh 
and in the solution with 50:50 NH4

+:NO3
-;  the eu-

genol compound only appeared in the plants grown 
under the aluminet mesh and in the 100%  NO3

- solu-
tion (Ehlert et al., 2013). 

Among the metabolites produced,  terpenoids, in 
particular mono and sesquiterpenoids, have many 
functions in plants and are still poorly established for 

most isoprene derivatives since they involve thermo-
protection effects, protection against oxidative dam-
age, photorespiration at high temperatures and low 
concentrations of O2, allelopathy and photoprotec-
tion (Taiz and Zeiger, 2013).

While studying the composition of the essential oil in 
native plants of  Lippia sidoides in the city of Lavras-
MG, Guimarães et al. (2014) found that the major 
constituents were carvacrol (26.44%) and 1.8-cineol 
(22.63%).
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P-cymene, a compound that was detected in all treat-
ments, is used as an antibacterial when combined 
with carvacrol, with synergy between them (Silva et 
al., 2010).

While studying the effect of different harvest sched-
ules on the yield and composition of L. alba essen-
tial oil, Ehlert et al. (2013) observed that, between 8 
and 10 a.m., the leaves presented the main compo-
nents of the essential oil: carvone (49.48%), limonene 
(28.66%), sabinene (2.25%), y-terpinene (0.96%) lin-
alool (1.30%), elemol (3.62%), and guaiol (0.56%). It 
is worth noting that this study was carried out in 
São Paulo-SP (Brazil), where the environmental con-
ditions are different, which may have led to the bio-
synthesis of components that were not observed in 
this experiment.

Essential oils are composed of a mixture of several 
compounds, and the contents of each depend on the 
environmental factors where the plant is grown (An-
drade and Casali, 1999).

These plants have the potential to adapt to different 
luminosity and fertility conditions because of their 
phenotypic plasticity (Delgado and Lopez, 2008). 
The composition of these essential oils can be altered 
by  the light conditions. Batista et al. (2016), while 
working with Lippia alba, verified that the composi-
tion of the volatile compounds varied with light qual-
ity and chemotype, with differences that were due 
mainly to the amounts of eucalyptol and linalool. 
As for N sources, Lima et al. (2017) found that there 
were significant interactions between light environ-
ments and ammonium and nitrate ratios in the ni-
trogen, phosphorus and potassium contents of Lippia 
alba plants.

CONCLUSIONS
Neral and geranial were found in higher concen-
trations in the essential oils in the solutions with 
0:100 and 75:25 NH4

+: NO3
-, respectively, and un-

der full sun, representing up to 90% of the total oil 
constituents.

Table 3.  Chemical composition of essential oil of lemon grass leaves (GC-MS: gas chromatography, GC-FID: gas chromatogra-
phy associated with flame ionization detection). 

Compound

NH4
+:NO3

- (25:75)

Full sun Red mesh Aluminet mesh Black mesh

GC-MS GC-FID GC-MS GC-FID GC-MS GC-FID GC-MS GC-FID

% 

Myrcene n n n n n n 2,39 2,75

ρ-cymene 3.52 3.56 3.01 7.57 4.95 5.70 8.22 8.75

Linalool 1.74 1.08 1.24 1.64 n n 1.58 1.67

Neral 39.76 32.89 32.51 34.32 39.22 41.95 35.75 33.56

Geranial 45.01 56.19 55.99 52.39 53.70 48.93 47.99 49.59

Caryophyllene oxide 8.01 5.25 6.13 3.39 2.13 3.39 4.08 3.65

Humulene epoxide II 1.96 1.02 1.12 0.66 n n n n

NH4
+:NO3

- (0:100)

Myrcene n n n n n n 1.84 1.78

ρ-cymene 3.88 2.87 2.08 2.39 n n 6.46 6.71

Linalool 2.33 1.36 0.87 0.65 0.99 1.14 1.54 1.53

Neral 48.01 34.26 25.41 26.25 33.64 34.10 35.28 33.10

Geranial 35.30 56.03 42.67 42.65 56.31 55.42 50.50 52.97

Caryophyllene oxide 8.35 4.77 4.33 3.91 5.02 4.35 3.34 3.12

(E) – caryophyllene n n N n 1.27 1.27 n n

Terpinen-4-ol/E-isocitral n n N n n n 1.04 0.76

Umulene epoxide II 2.13 0.69 0.80 0.61 0.94 0.87 n n

Eugenol n n N n 1.83 2.81 n n

N: compound not detected.
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The red mesh and solution containing only N-NO3 
- favored the production of eugenol. The aluminide 
mesh and 50:50 ratio of NH4

+: NO3
- promoted the 

production of carvone. These compounds are of sig-
nificant importance in the drug industry.
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