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ABSTRACT

A greenhouse experiment was conducted to evaluate the effects of nitrogen, phosphorous, potassium
and a complete fertilizer (Agrihansa) on essential oils, pigments and total phenolic content of lemon
balm (Melissa officinalis L.). The treatments were using N, P, K, NP, NK, PK, NPK and Agrihansa
and comparing them to control (without using fertilizers). N, P2O5 and K2O were applied at a
concentration of 50 mg/kg of pot soil. The results indicated that the maximum essential oil yield (0.4%)
was obtained in P treatment. Geranial (38.1-45.3%), neral (29.2-34.1%), pentadecanal (3.7-5.4%), geranyl
acetate (2.9-4.2%) and β-caryophyllene (2.0-3.5%), were the major components of the oil. The highest
percentage of geranial and neral were observed in NP and N treatments, respectively. The maximum
chlorophyll a (4.22 mg/g dw) and chlorophyll b (2.20 mg/g dw) was achieved on NK treatment. The
highest carotenoid (0.65 mg/g dw) was obtained in NK treatment. Spectrophotometrical determination
of total phenolic content indicated that the maximum amount of phenolic content (37.89 mg GAE/g dw)
was obtained in Agrihansa treatment which was not significantly different when compared to P
treatment. 

Key words: Agrihansa, geranial, medicinal plants, neral, nitrogen, phosphorous, potassium.

Introduction

Nutrients as one of the most important
environmental factors affect qualitative and
quantitative characteristics of medicinal plants.
Lemon Balm (Melissa officinalis L.) a member of
Lamiaceae is a perennial herb native to southern
climates of Europe and North America. It is
presently found in both wild and cultivated states.
The highest levels of essential oil have been
extracted in late summer from the lower parts of
the plants [1,14]. The essential oil contains
geraniol, citronellol, cintronellal, linalool, eugenol
acetate and nerol. Oil of balm has also been

shown to have antiviral, antibacterial and
antispasmodic activity. Balm has been reported to
be an insect repellent. As a medicinal plant,
lemon balm has traditionally been employed
against catarrh, fever [12], flatulence [32] and
headaches [31]. Polyphenolic compounds are
commonly found in medicinal plants and they
have been reported to have multiple biological
effects, including antioxidant activity [33]. 

An experiment at India shown the effect of
nitrogen levels on growth and oil contents of
Java citronella (Cymbopogon winterianus Jowitt.).
Their results revealed that highest growth and oil
contents of citronella were achieved under the
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application of 400 kg N/ha and quality of oil
was not affected by nitrogen fertilizer [25].
Positive effect of fertilizer was shown on essential
oil content of fennel [24]. A study was carried
out with lemongrass (Cymbopogon flexuosus) under
four levels of nitrogen application (0, 50, 100
and 150 kg/ha). Nitrogen application significantly
increased crop growth values such as plant height,
leaf area index (LAI), herbage and essential oil
contents [26]. In this study we applied various
nutrients, individual and together in order to
determine their effects on oil constituents,
pigments and total phenolic content of lemon
balm.

Materials and Methods

Chemical Reagent:

G a l l i c  a c i d  m o n o h y d r a t e  ( 3 , 4 , 5 -
Trihydroxybenzoic acid), Sodium carbonate and
Folin Ciocalteu reagent were purchased from
Sigma chemical Co. (St. Louis, USA). Acetone
was purchased from Merc Co. (Darmstadt,
Germany).

Plant Material and Experimental Condition:

This study was conducted on experimental
greenhouse of Islamic Azad University, Firoozabad
Branch, Iran (28°35' N, 52°40' E; 1327 m above
sea level). Breeded seeds were sown and the
plants were transplanted in pots containing 1/3
soil, 1/3 sand and 1/3 peat (v/v) at 4-6 leaf
stage and kept at 27±3/17±3°C day/night
temperatures. The treatments were using N, P, K,
NP, NK, PK, NPK and Agrihansa (a complete
fertilizer, 20-20-20) and comparing them to control
(without using fertilizers). N, P2O5 and K2O, with
using ammonium nitrate, triple super phosphate
and potassium sulphate, were applied at a
concentration of 50 mg/kg of pot soil. The soil
of pots were analysed before applying treatments
and soil texture was sandy-loam with PH=7.73,
organic C=2.27%, total N=0.22%, available
P=20.19 mg/kg, available K=176.7 mg/kg and
EC=1.94 dS/m. Experiment was carried out using
a randomized complete block design (RCBD) with
four replications. Each replicate contained 5 pots.
Plants were harvested at prebloom stage, 10 cm
above the pot soil surface, and were dried at
room temperature. Drug leaves was separated from
the stem by hand.

Essential Oil Extraction:

Isolation of essential oils was performed using
hydrodistillation of 20 g sample of drug leaves

using a Clevenger-type apparatus over 4 hours.
The oils were dried over sodium sulphate and the
yield of the essential oils (w/w) were calculated.

Gas Chromatography (GC):

Gas Chromatography analysis was performed
on an Agilent technologist model (6890 USA)
series II gas chromatograph equipped with flame
ionization detector and capillary column HP-5 (30
m ´ 0.25 mm, 0.25 μm film thicknesses). The
chromatographic conditions were as follows: The
oven temperature increased from 60 to 240ºC at
a rate of 3ºC/min. The injector and detector
temperatures were 240 and 250ºC, respectively.
Helium used as the carrier gas was adjusted to
a linear velocity of 32 cm/s. The samples were
injected using split sampling technique by a ratio
of 1:20. Quantitative data was obtained from
electronic integration of peck areas without the
use of correction factors. 

Gas Chromatography-mass Spectrometry (GC-MS):

Essential oil was also analysed by Hewlett-
Packard GC-MS (model 6890 series II) operating
at 70e V ionization energy. Equipped with a HP-
5 capillary column (phenyl methyl siloxane (30 m
´ 0.25 mm, 0.25 μm film thickness) with He as
the carrier gas and a split ratio of 1:20. The
retention indices for all the components were
determined according to the Van Den Doll
method using n-alkanes as standard. The
compounds were identified by comparison of
retention indices (RRI- AP-5) with those reported
in the literature and by comparison of their mass
spectra with the Wiley and mass finder 3
libraries or with the published mass spectra. 

Pigment Determination:

In order to determine pigments content, 250
mg of drug leaves of each replication were
ground and pigments were extracted in 80%
acetone. Acetone was added to a volume of 50
ml. The volume was centrifuged for 10 minutes
and then absorbance of samples was measured at
470, 646 and 663 nm using a Perkin Elmer UV-
vis spectrophotometer. Chlorophyll a, chlorophyll
b and carotenoids were calculated using the
method of Lichtenthaler and Wellburn [16] and
expressed per dry weight.   

Total Phenolic Content Determination:

For determining total phenolic content, 250
mg of drug leaves of each replication were
ground and dissolved in 10 ml of 80% acetone. 
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Sample extracts were rotated for 1 hour in
the dark and centrifuged at 5000 rpm for 10
minutes. The amounts of total phenolics in
extracts were determined with the Folin-Ciocalteu
reagent using the method of Javanmardi et al.
[11]. To 50 µl of each sample, 2.5 ml 1/10
dilution of Folin-Ciocalteu reagent and 2 ml of
Na2Co3 (7.5% w/v) were added and incubated at
45 °C for 15 minutes. The absorbance of samples
was measured at 765 nm using a Perkin Elmer
UV-vis spectrophotometer. Results were expressed
as milligrames of gallic acid equivalent per gram
of dry weight (mg GAE/g dw).

Statistical Analysis:

All data from essential oil components were
expressed as mean ± standard deviation that
calculated by Excel software. The data were
subjected to analysis of variance (ANOVA) using
Statistical Analysis System (SAS) computer
software at P < 0.05 and means compared with
DNMRT.

Results:

Effect of Nutrients on Essential Oils:

Nutrients affected the essential oil yield
significantly. The highest level of essential oil
yield of drug leaves (0.4%) was obtained in P
treatment which was  not  significantly  different 

when compared to N, K, NP and control. The
lowest amount (0.3%) was in PK and Agrihansa
treatments (Fig. 1). 

Qualitative and quantitative analyses of
essential oil have been shown in Table 1. Twenty
components were identified. The major components
were geranial and neral. The highest quantity of
geranial (45.3%) and neral (34.1%) were observed
in NP and N treatments respectively (Fig. 2 and
3). 

Rosefuran was the lowest amount (< 0.05%)
in all treatments. Classes of oil components in
various fertilizer treatments  revealed that
oxygenated monoterpenes (rosefuran, linalool,
citronellal, isogeranial, rosefuran epoxide, neral,
geranial, methyl geranate, geranyl acetate)
constituted the highest level of components (73.8-
85.0%). 

Hydrocarbon sesquiterpenes (α-caryophyllene,
β-caryophyllene, α-humulene) were 2.9% in NP to
4.9% in Agrihansa. Oxygenated sesquiterpenes
(caryophyllen oxide, geranyl linalool) were 0.9%
in NP to 2.2% in NPK and Agrihansa. Other
components (6-methyl-5-hepten-2-one, E-β-ionone,
pentadecanal, heptadecane, 6,10,14-trimethyl-2-
pentadecanone, hexadecanoic acid), known as
miscellaneous, formed 6.0 to 8.5% of components
(Table 2).

Correlation coefficient between geranial and
neral percentage in various fertilizer treatments
was R2=0.9641 (Fig. 4).

Fig. 1: Effect of nutrient treatments on oil yield of lemon balm drug leaves. columns with the same
letters are not significantly different at 5%  level of  Duncan’s new multiple range test.
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Fig. 2: Effect of nutrient treatments on geranial percentage of lemon balm oil. columns with the same
letters are not significantly different at 5%  level of  Duncan’s new multiple range test.

Fig. 3: Effect of nutrient treatments on neral percentage of lemon balm oil. columns with the same
letters are not significantly different at 5%  level of  Duncan’s new multiple range test.

Fig. 4: Correlation between geranil and neral in various nutrient treatments. 
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Fig. 5: Effect of nutrient treatments on total phenolic content of lemon balm drug leaves. columns with
the same letters are not significantly different at 5%  level of  Duncan’s new multiple range
test.

Table 1: Qualitative and quantitative analysis of essential oils of lemon balm drug leaves in nutrient treatments.
RIa Name Control N P K NP NK PK NPK Agri.
986 6-methyl-5- 1.0 ± 0.2b 1.1 ± 0.4 0.6 ± 0.2 0.8 ± 0.4 0.7 ± 0.3 0.6 ± 0.4 0.5 ± 0.2 0.8 ± 0.3 0.8 ± 0.3

hepten-2-one
1094 Rosefuran tc t t t t t t t t
1101 Linalool 0.4 ± 0.2 0.4 ± 0.1 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.0 0.3 ± 0.0 0.4 ± 0.1
1151 Citronellal 0.5 ± 0.1 0.4 ± 0.1 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.1 0.5 ± 0.1 0.4 ± 0.1 0.4 ± 0.0 0.4 ± 0.1
1164 Isogeranial 1.2 ± 0.2 1.1 ± 0.3 1.1 ± 0.1  1.3 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 0.9 ± 0.1 1.1 ± 0.3
1175 Rosefuran epoxide 0.3 ± 0.1 0.2 ± 0.0 0.2 ± 0.1 0.2 ± 0.0 0.1 ± 0.0 0.3 ± 0.0 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
1240 Neral 33.7 ± 1.9 34.1 ± 1.0 33.2 ± 3.4 32.1 ± 2.5 33.8 ± 0.3 30.4 ± 2.6 29.5 ± 2.7 30.9 ± 2.8 29.2 ± 4.8
1269 Geranial 43.4 ± 2.5 44.5 ± 1.7 43.9 ± 4.9 42 ± 2.5 45.3 ± 2.2 39.3 ± 2.9 39.0 ± 3.3 40.5 ± 4.0 38.1 ± 6.0
1325 Methyl geranate 0.3 ± 0.0 0.3 ± 0.1 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.1 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0
1384 Geranyl acetate 2.9 ± 0.3 3.2 ± 1.5 3.0 ± 0.4 3.5 ± 0.8 3.6 ± 0.3 4.2 ± 1.2 3.3 ± 0.5 4.2 ± 0.4 4.1 ± 0.3
1406 α-caryophyllene 0.2 ± 0.0 0.4 ± 0.4 0.4 ± 0.3 0.3 ± 0.2 0.2 ± 0.1 0.1 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.1
1418 β-caryophyllene 2.5 ± 0.3 2.4 ± 0.6 2.5 ± 0.6 3.2 ± 0.8 2.0 ± 0.3 3.5 ± 0.8 3.3 ± 0.8 2.8 ± 1.8 3.3 ± 0.7
1450 α-humulene 1.1 ± 0.7 0.7 ± 0.3 0.9 ± 0.7 0.8 ± 0.0 0.7 ± 0.1 1.2 ± 0.4 1.3 ± 0.4 0.8 ± 0.5 1.4 ± 0.7
1486 (E)-β-ionone 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.0 0.2 ± 0.1 0.1 ± 0.1 0.2 ± 0.0 0.2 ± 0.1
1581 Caryophyllene oxide 1.3 ± 0.5 1.3 ± 0.9 0.9 ± 0.5 1.1 ± 0.3 0.7 ± 0.3 1.6 ± 0.3 1.2 ± 0.2 1.7 ± 0.2 1.6 ± 0.5
1697 Pentadecanal 4.4 ± 1.8 3.7 ± 0.9 4.2 ± 1.9 3.7 ± 0.2 3.8 ± 0.6 5.0 ± 1.2 5.3 ± 1.3 4.8 ± 0.6 5.4 ± 2.2
1700 Heptadecane 0.8 ± 0.4 0.6 ± 0.1 0.8 ± 0.5 0.6 ± 0.0 0.6 ± 0.1 0.8 ± 0.2 0.9 ± 0.2 0.6 ± 0.2 0.9 ± 0.4
1845 6,10,14-trime 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.1

thyl-2-pentadecanone
1976 Hexadecanoic acid 0.5 ± 0.2 0.4 ± 0.1 0.7 ± 0.4 1.0 ± 0.6 0.8 ± 0.2 0.6 ± 0.2 1.6 ± 0.8 1.0 ± 0.2 0.9 ± 0.8
2026 Geranyl linalool 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.2 0.3 ± 0.2 0.2 ± 0.1 0.5 ± 0.2 0.5 ± 0.2 0.5 ± 0.2 0.6 ± 0.4

Total (%) 94.9 95.2 93.9 92.1 94.9 90.6 89.1 91.2 89.2
aRetention index
bMeans of four replications ± SD (standard deviation). Data expressed as percentage of total
CTrace (< 0.05%)

Table 2: Oil component classes in nutrient treatments. 
Class Control N P K NP NK PK NPK Agri.
Oxygenated monoterpenes 82.7 84.2 82.4 80.1 85.0 76.4 74.1 77.7 73.8
Sesquiterpene HCs 3.8 3.5 3.8 4.3 2.9 4.8 4.8 3.8 4.9
Oxygenated sesquiterpenes 1.5 1.5 1.2 1.4 0.9 2.1 1.7 2.2 2.2
Miscellaneous 6.9 6.0 6.5 6.3 6.1 7.3 8.5 7.5 8.3

Table 3: Effect of nutrient treatments on pigments of lemon balm drug leaves.
Treatment Chl a (mg/g dw) Chl b (mg/g dw) Car (mg/g dw) Chl a+b (mg/g dw) Chl a+b/Car Chl a/Chl b
Control 2.95e 1.60cd 0.45d 4.54e 10.23a 1.85a
N 3.88b 2.02ab 0.61ab 5.90ab 9.73a 1.93a
P 3.20de 1.55d 0.56abcd 4.75de 8.78a 2.12a
K 3.44cd 1.76bcd 0.58abc 5.20cde 9.07a 1.96a
NP 3.58bc 1.93abc 0.54abcd 5.51bc 10.34a 1.87a
NK 4.22a 2.20a 0.65a 6.42a 9.95a 1.93a
PK 3.21de 1.72bcd 0.51bcd 4.92cde 9.97a 1.87a
NPK 3.34cd 1.89abcd 0.48cd 5.23cd 11.09a 1.77a
Agrihansa 3.50cd 1.82bcd 0.54abcd 5.33bcd 10.01a 1.93a
In each column, means with the same letters are not significantly different at 5%  level of  Duncan's new multiple range test.

Effect of Nutrients on Pigments:

The results indicated that maximum
chlorophyll a (4.22 mg/g dw) was observed in
NK treatment which was significantly different

when compared to other treatments. The maximum
chlorophyll b (2.20 mg/g dw) was achieved on
NK treatment which was not significantly different
when compared to N, NP and NPK. The highest
carotenoids (0.65 mg/g dw) were obtained in NK
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treatment and the lowest carotenoids (0.45 mg/g
dw) were observed in control. 

Chlorophyll a+b had the highest amount (6.42
mg/g dw) in NK treatment which was not
significantly different when compared to N
t r e a t m e n t .  T h e  ma x i mu m c h l o r o p h y l l
a+b/carotenoid (11.09) was achieved in NPK
treatment and chlorophyll a/b (2.12) in P
treatment (Table 3).

In each column, means with the same letters
are not significantly different at 5%  level of 
Duncan’s new multiple range test.

Effect of Nutrients on Total Phenolic Content:

The maximum level of phenolic content
(37.89 mg GAE/g dw) was achieved on
Agrihansa treatment which was not significantly
different when compared to P and control. N
treatment showed the lowest amount (26.68 mg
GAE/g dw) of phenolics (Fig. 5).

Discussion:

Essential Oils:

N, P and K play important role in essential
oil biosynthesis. Besides production of pyruvate,
these elements are present in ATP, NADP and
CoA structure which terpenoid biosynthesis depend
on such coenzymes [13,23]. Oil yield of lemon
balm in 17 regions of europe was reported from
0.06% to 0.16% [18] that is lower than our
investigation. Genotype and geographical
characteristics can produce such differences.
Tinmaz et al. [29] reported that oil yield is
0.14% at the begining of blooming but we
harvest the plants at vegetative stage of growth.
Demir et al. [8] showed that nitrogen did not
affect oil yield of balm. In our study, nutrients
were applied individual and together. The highest
level of oil yield reported by Adzet et al. [2]
was 0.4% that is similar to our study. We
applied only drug leaves to isolate oil but Askari
and Sefidkon [3] used all of aerial parts and
reported oil yield 0.14-0.26%. According to our
results, citral (geranial+neral) was 67.3-79.1% that
was higher than report of Chin et al. [6]. They
used vapour distillation for isolation of oil but we
applied hydrodistillation. Our findings about
geranial is similar to Sari and Ceylon report [22]
about 11 population of balm. Nerol and geraniol
are oxidative form of neral and geranial that have
been reported by Patora et al. [20] as major
components of balm oil. High level of geranial
and neral and absence of geraniol and nerol was
reported in peppermint [27]. The yield and
composition of essential oil could be markedly

affected by the geographical environment, places
that plants is grown, physical and chemical
characteristics of soil, seed source, plant age,
parts of plant that use for oil isolation and oil
isolation method.

In our study correlation coefficient between
geranial and neral percentage in various fertilizer
treatments was R2=0.9641. Researchers have
illustrated that geraniol can be synthesised by
geraniol synthase from geranyl pyrophosphate
(GPP) [10,15], then by a dehydrogenase [10,19]
or an oxidase [10,17] be converted to geranial.
Geranial and neral are isomer that explains high
correlation.  

Pigments:

NK treatment produced the highest level of
pigments. It is already established that leaf
chlorophyll content increases with N supply.
Potassium is an ion that activates various enzymes
and play important role in protein synthesis.
Anions transport, assimilate translocation, cell
respiration and stomatal movements are influenced
by K [28]. besides, in this study potassium was
supplied with potassium sulphate. S is not present
in chlorophyll structure but it,s deficiency
decreases leaf chlorophyll. Sulphate can decrease
soil pH and help to absorption of other nutrients. 

Total Phenolic Content:

Our results showed that highest content of
phenolics was produced in Agrihansa treatment.
Agrihansa is a complete fertilizer with all micro
and macro nutrients that affect metabolism and
growth. Reda et al. [21] reported that vitamins
and growth regulators increase total phenolic
content in thyme and nutrients can affect
biosynthesis of vitamins and growth regulators.
Our investigation indicated that total phenolic
content varies from 26.68-37.89 mg GAE/g dw.
Bouayed et al. [4] reported 20.3 mg GAE/g dw
for lemon balm phenolics. In their study plants
were collected from the Hamadan region in the
west of Iran and extraction method was different
from our study. Toor et al. [30] revealed that
different type of fertilizers can affect phenolics of
tomato. Cartelat et al. [5] illustrated that
application of nitrogen fertilizer increased
chlorophyll and decreased polyphenolics of wheat
that is similar to our results. 

The carbon-nutrient balance [7] and the
growth-differentiation balance [9] hypotheses argue
that under low N availability, plants allocate
excess carbon to phenolic synthesis that can
explain high content of phenolics in control and
P treatment in our study.  
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