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ABSTRACT

Herbs are an ancient source of flavouring, aromatic compounds and medicines, not only for culinary application.

The increasing interest in the powerful biological activity of plant phenolics and flavonoids outlined the necessity of
determining their content in medicinal herbs. In this present study, a comparative evaluation of the polyphenol composi-
tion, antioxidant capacity and biological contaminants (microbes and other organisms) as major common contaminants in
medicinal herbs from the Lamiaceal family to which belong: lemon balm (Melissa officinalis), sage (Salvia officinalis) and
mint (Mentha piperita) were carried out. The total phenolic and total flavonoid contents in medicinal herbs ware evalu-
ated using the Folin-Ciocalteu method, were determined with an aluminum chloride colorimetric assay. The 2,2-diphenyl-
1-picryl hydrazyl (DPPH) radical scavenging effect of the herbs was measured also spectrophotometrically, like the total
phenolic and total flavonoid contents. Microbiology was investigated using the current ISO methods. The present paper
shows by the results of total phenolic and total flavonoid contents, antioxidant activity and biological contaminants in

medicinal herbs that they must be relatively safe for the patient (consumer).

Keywords: lemon balm (Melissa officinalis), sage (Salvia officinalis) and mint (Mentha piperita), total phenolics,

total flavonoids, 2,2-diphenyl-1-picryl hydrazyl (DPPH), biological contaminants.

INTRODUCTION

Herbal products encompass a variety of self-pre-
scribed preparations of plant origin that may be gener-
ally categorized as food, dietary supplements, cosmet-
ics, and herbal medicinal products [1]. The classifica-
tion of herbal products is not aligned at either the Eu-
ropean Union (EU) or global level, and remains under
national competence. In addition to pharmacies, herbal
products are widely available through other retail out-
lets, such as markets and mail order [2, 3].

The use of medicinal plants is perhaps the oldest
method of coping with illnesses. Therefore, phytotherapy
has been integrated into all systems of traditional medi-
cine, often as the main source of healthcare in low- and

middle-income countries [1]. In recent decades, the use
of herbal products has increased in developed coun-
tries, due in part to the widespread assumption that
“natural” implies “harmless”. However, with their popu-
larity and global market expansion, the safety of herbal
products has become a major concern in public
healthcare [4]. Lack of regulation and loose distribu-
tion channels (including Internet sales) may result in
adverse reactions attributable to the poor quality of
herbal products [1].

Medicinal plants have a long history of use in
therapy throughout the world and still make an impor-
tant part of traditional medicine. When we talk about
the quality of medicinal plants we have in mind both
their safety and efficiency. Several regulations setting
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high quality requirements for medicinal plants and re-
lated products on the market are shared at the global
level in pharmacopoeias, while legal frameworks exist
at the national or regional level [1].

For a long period of time, plants have been a vari-
able source of natural products for maintaining human
health, especially in the last decade, with more intensive
studies devoted to natural therapies [5]. The World Health
Organization [6] has recommended that this should be
encouraged especially in places where access to conven-
tional treatment is not adequate. Studies have shown that
many plants have chemical components and biological
activities that produce definite physiological actions in
the body and, therefore, could be used to treat various
ailments [7]. The most important of these bioactive con-
stituents of plant are alkaloids, tannins, flavonoids and
phenolic compounds [8, 9].

Flavonoids, a group of pholyphenolic compounds
with known properties, such as free radical scavenging
activity, inhibition of hydrolytic and oxidative enzyme
and anti-inflammatory action [10, 11] have been iso-
lated from plants [7].

Several investigations have shown that many of
these plants have antioxidant activities that could be
therapeutically beneficial and it has been mentioned that
the antioxidant potential of plants might be due to their
phenolic components [12].

It is well known that oxidative stress included by
oxygen-free radicals and resultant tissue damage are the
hallmarks of several chronic disorders and cell death
[13]. The therapeutic potentials of medicinal plants as
natural antioxidants in reducing such free radical in-
duced tissue damage [14] and in the maintenance of
health and protection from some age-related degenera-
tive disorders such as cancer and coronary heart dis-
eases is established [8].

A less common herb, lemon balm (Melissa
officinalis) is used to give a citrus flavour and aroma to
foods and beverages, though it has also been used as a
herbal medicine to treat headaches, gastrointestinal disor-
ders, nervousness and rheumatisms [14]. Like many herbs,
the essential oil of lemon balm (Melissa officinalis) which
is rich in aldehydes and terpenic alcohols [15], is reported
to have anti-microbial properties as well as a strong pro-
tective ability against lipid peroxidation [14, 16].

Sage is another member of the Lamiaceae or mint
family and the botanical name of this genus, Salvia, is
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derived from the Latin salvere, to be saved, attesting to its
curative powers [17]. According to Zheng and Wang [18],
common sage ranked towards the lower end of the scale in
terms of phenolic content and antioxidant activity. An in-
teresting area of research with respect to sage, has been in
relation to brain function, particularly Alzheimer’s dis-
eases. An animal study found that a sage leaf extract im-
proved memory retention, possibly through an observed
effect upon the cholergenic system in the brain [19]. In
addition, the extract showed anti-inflammatory, estrogenic
and sedative effects, which are also relevant to the treat-
ment of Alzheimer’s diseases [20, 21].

Mint also belongs to the Lamiaceae family and
includes 25-30 species, the most popular of which is
common mint [22]. Along with a close relative, pepper-
mint (Mentha piperita), it has been used as a folk-popu-
lar remedy, particularity for complaints of the digestive
tract, including nausea, indigestion, flatulence and even
hiccups [16]. In the fourteenth century it was used to
whiten teeth and today it is still used to flavor tooth-
paste [17, 22]. Some of the health benefits attributed to
mint include anti-fungal, anti-viral, anti-microbial, in-
secticidal, antioxidant, anti-amoebic, and antihaemolytic
activities, but is also cited as a central nervous system
suppressant (sedative) and allergen [16, 22].

Free radicals and other reactive oxygen species
(ROS), such as superoxide anions, hydroxyl radicals,
and hydrogen peroxide are an entire class of highly re-
active spieces derived from the normal metabolism of
oxygen or from exogenous factors and agents. Oxidative
damage to crucial cellular molecules, induced by ROS,
has been implicated as a possible factor in the etiology
of several human diseases, including cancer, cardiovas-
cular disease, and aging [23]. In recent years, there is an
increasing interest in finding antioxidant
phytochemicals, because they can inhibit the propaga-
tion of free radical reactions and protect the human
body from diseases [24]. The oxidation of lipids in foods
is responsible for the formation of off-flavours and un-
desirable chemical compounds which may be detrimental
to health. Antioxidants are used by the food industry to
delay the oxidation process [25]. Antiradical antioxi-
dants act by donating hydrogen atoms to lipid radicals.
Radicals obtained from antioxidants with molecular
structures such as phenols, are stable species and will
then stop the oxidation chain reaction [26]. To evaluate
the antioxidative activity of specific compounds or ex-
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tracts, the latter are allowed to react with a stable radi-
cal, 2,2-diphenyil-picrylhydrazyl (DPPH) in a metha-
nol solution [25].

Biological contamination refers to impurities in
medicinal herbs and their preparations and products,
and may involve living microbes such as bacteria and
their spores, yeasts and moulds, viruses, protozoa, in-
sects (their eggs and larvae), and other organisms [1].
Microbial contamination of herbs and/or products may
result from improper handling during production and
packaging. The most likely sources of contamination
are microbes from the ground and processing facilities
(contaminated air, microbes of human origin) [1]. Cross
contamination is also possible from extraneous materi-
als such as plastics, glass, and other materials which
come in to contact with medicinal herbs, herbal prepa-
rations or products [1]. World Health Organization
(WHO) contaminant guidelines [4] propose that con-
tamination should be avoided and controlled through
quality assurance measures such as good agricultural
and collection practices (GACP) for medicinal plants,
and good manufacturing practices (GMP) for herbal
medicines. Today, only a small percentage of the me-
dicinal plants are collected from the wild, and there are
too few data to compare biological contamination be-
tween wild and cultivated medicinal herbs [1].

The focus of the present study is a comparative
evaluation of the total phenolics and flavonoids, anti-
oxidant capacity (DPPH) and biological contaminants
in medicinal herbs as souces for human health.

EXPERIMENTAL

Plant material

The study covers lemon balm (Melissa officinalis),
sage (Salvia officinalis) and mint (Mentha piperita) vari-
eties of species from different regions of Bulgaria. The
sampling lasted one year according to the seasonality of
harvesting for individual species. All samples data are
stated in the sampling protocol. The plant material
(herbs) were washed with water to remove dirt, and air-
dried in the laboratory. The dried herbs were kept in a
dry place until further use.

Chemical reagents
HPLC methanol, gallic acid, (+)-catechin, Folin-
Ciocalteu’s phenol reagent, Na,CO,, NaNO,, AICIL,

NaOH, rutin, ammonium molybdate, Indigo carmine,
0.1 N water solution of KMnO,, 96-98 % H,SO,, 2,2-
diphenyl-1-picryl hydrazyl (DPPH") and ascorbic acid
were purchased from Sigma Chem. Co. All other chemi-
cals were of analytical grade.

Sample preparation

A ground dried sample of 0.5 g was weighted
and phenolic and flavonoid compounds were extracted
with 50 ml 80 % aqueous methanol on an ultrasonic
bath for 20 min. An aliquot (2 ml) of the extracts was
ultracentrifugated for 5 min at 14 000 rpm [27].

Determination of the total phenolic assay

The total phenolic content of the dry herbs was
determined with the Folin-Ciocalteau assay. An aliquot
(1 ml) of extracts or a standard solution of gallic acid
(20, 40, 60, 80 and 100 mg/l) was added to a 25 ml
volumetric flask, containing 9 ml of distilled deionised
water (dd H,O). A reagent blank using dd H,O was also
prepared. One milliliter of the Folin-Ciocalteu’s phe-
nol reagent was added to the mixture and shaken. After
5 min, 10 ml of 7% Na,CO, solution was added to the
mixture. The solution was diluted to 25 ml with dd H,O
and mixed. After incubation for 90 min at room tem-
perature, the absorbance against the prepared reagent
blank was determined at 750 nm with an UV-VIS Spec-
trophotometer Lambda 5. The data for the total phe-
nolic contents of white birch leaves were expressed as
milligrams of gallic acid equivalents (GAE) per 100
grammes dry mass (mg GAE/100 g dw). All samples
were analysed in duplicates [27].

Determination of the total flavonoid assay

The total flavonoid content was measured with
an aluminum chloride colorimetric assay. An aliquot
(1 ml) of extracts or a standard solution of (+)-catechin
(20, 40, 60, 80 and 100 mg/l) was added to a 10 ml
volumetric flask, containing 4 ml of distilled deionized
water (dd H,O). To the flask was added 0.3 ml
5% NaNO,. After 5 min, 0.3 ml 10 % AICI, was added.
At the sixth minute, 2 ml 1 M NaOH was added and the
total volume was made up to 10 ml with dd H,O. The
solution was mixed well and the absorbance was mea-
sured against a prepared reagent blank at 510 nm with
an UV-VIS Spectrophotometer Lambda 5. The data of
the total flavonoid contents of the dry herbs were ex-
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pressed as milligrams of (+)-catechin equivalents (CE)
per 100 grammes dry mass (mg CE/100 g dw). All
samples were analyzed in duplicates [27].

DPPH assay

The most commonly used antioxidant methods
are those with 2,2-Azinobis (3-ethyl-benzothiazoline-
6-sulfonic acid) - ABTS and with 2,2-diphenyl-1-picryl
hydrazyl (DPPH). Both of them are characterized by
excellent reproducibility under certain assay conditions,
but they also show significant differences in their re-
sponse to antioxidants. The DPPH free radical (DPPH)
does not require any special preparation, while the ABTS
radical cation (ABTS) must be generated by enzymes or
chemical reactions [28]. In the DPPH free radical method
antioxidant efficiency is measured at ambient tempera-
ture and thus the risk of thermal degradation of the
molecules tested is eliminated [26]. The hydrogen atom
or electron donation abilities of the corresponding ex-
tracts and some pure compounds were measured from
the bleaching of the purple-colored methanol solution
of 1,1-diphenly-2-picrylhydrazyl (DPPH). This spectro-
photometric assay uses the stable radical DPPH as a
reagent. One thousand microlitres of various concen-
trations of the extracts in ethanol were added to 4 ml of
0.004 % methanol solution of DPPH. After a 60 min
incubation period at room temperature, the absorbance
was read against a blank at 517 nm. All spectrophoto-
metric data were acquired using a Varian UV-Vis spec-
trophotometer. Disposable cuvettes (1 cmX 1 cm x
4.5cm) from Ratiolab (Dreieich, Germany) were used
for visible absorbance measurements.

Calculations
Inhibition of free radical by DPPH in percent (I %)

was calculated in following way:

I % = [(Ablank - A

)/ A, ]x 100,

sample blank]

where: A, is the absorbance of the control reaction

(containing all reagents except the test compound), ASample
is the absorbance of the test compound.

The extract concentration providing 50 % inhi-
bition (IC50 %) was calculated from an inhibition per-
centage against extract concentration graph [29, 30]. The
objectives of this study were to evaluate and compare

the total antioxidant capacity of the medicinal herbs -
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lemon balm (Melissa officinalis), sage (Salvia officinalis)
and mint (Mentha piperita).

Microbiology (biological contaminants)
Sample preparation

The samples were prerared according to ISO 6887
— 4. Microbiology of food and animal feeding stuffs —
Preparation of test samples, initial suspension and deci-
mal dilutions for microbiological examination — Part
4: specific rules for the preparation of products other
than milk and milk products, meat and meat products,
and fish and fishery products [31].

Microbiological examination

The following standard methods were used:

ISO 4833 Microbiology of food and animal feed-
ing stuffs — Horizontal method for the enumeration of
microorganisms — Colony-count technique at 30°C [31].

ISO 4831 Microbiology of food and animal feed-
ing stuffs — Horizontal method for the detection and
enumeration of coliforms — Most probable number tech-
nique [31].

ISO 7251 Microbiology of food and animal feed-
ing stuffs — Horizontal method for the detection and
enumeration of presumptive Esherichia coli - Most prob-
able number technique [31].

ISO 6579 Microbiology of food and animal feed-
ing stuffs — Horizontal method for the detection of Sal-
monella spp [31].

ISO 6888-3 Microbiology of food and animal
feeding stuffs — Horizontal method for the enumeration
of coagulase-positive staphylococci (Staphylococcus
aureus and other species) — Part 3: detection and MPN
technique for low number [31].

ISO 7954 Microbiology of food and animal feed-
ing stuffs — General guidance for enumeration of yeasts
and moulds - Colony-count technique at 25T C [31].

RESULTSAND DISCUSSION

Phenolic and flavonoid contents

Different phytochemicals have various protective
and therapeutic effects which are essential to prevent
diseases and maintain a state of well being. Methanolic
extract of lemon balm (Melissa officinalis), sage (Salvia
officinalis) and mint (Mentha piperita) were analyzed
for their phytoconstituents. The quantitative estimation
of the phytochemical constituents of lemon balm (Mel-
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Table 1. Total phenolics and total flavonoids in the studied medicinal herbs.

Medicinal herbs Total phenolics, Total flavonoids,
(mg GAE /100 g DW) | (mg CE /100 g DW)
lemon balm (Melissa officinalis) 48.86 45.06
sage (Salvia officinalis) 27.94 27.54
mint (Mentha piperita) 45.25 25.17

issa officinalis), sage (Salvia officinalis) and mint (Men-
tha piperita) show that the medicinal herbs are rich in
total phenols, total flavonoids according to the data
shown in the Table 1. It is well that plant flavonoids
and phenols in general, are highly effective free radical
scavenging and antioxidants. Polyphenol and flavonoids
are used for the prevention and cure of various diseases
which are mainly associated with free radicals [32, 33].
The phenolic compounds have been recognized as anti-
oxidant agents, which act as free radical oxidation ter-
minators [34] and have been known to show medicinal
activity as well as for exhibiting physiological functions
[35]. It has been reported that compounds such as the
flavonoids, which contain hydroxyls, are responsible for
the radical scavenging effects of most plants [36]. The
mechanisms of action of the flavonoids are through scav-
enging or chelating processes [12]. It is well known that
plant phenolics, in general are highly effective in free
radical scavenging and they are antioxidants. The pres-
ence of these phytochemicals in dry herbs is thus a sig-
nificant finding of the present study. The content of to-
tal phenolics and total flavonoids in lemon balm (Mel-
issa officinalis), varying between 48.86 mg GAE/100 g
to 45.06 mg CE/100 g, was found to be much higher
than and in sage (Salvia officinalis) - 27.94 mg GAE/
100g to 27.54 mg CE/100g, respectively, as shown in
Table 1 with gallic acid and catechin as standards. These
results indicate that the higher antioxidant activity of
the lemon balm (Melissa officinalis) methanol extract,
compared to the sage (Salvia officinalis) methanol ex-
tract, may be correlated to the phenolic and flavonoid
content of respective plant extract.

Antioxidant activity

The methanolic extracts were subjected to screen-
ing for their possible antioxidant activity. DPPH, a stable
free radical with a characteristic absorption at 517 nm,
was used to study the radical scavenging effects of ex-
tracts. As antioxidants donate protons to these radicals,
the absorption decreases. The decrease in the absorp-
tion is taken as a measure of the radical scavenging.
Free radical scavenging capacities of the extracts, mea-
sured by the DPPH assay, are shown in Fig. 1 and the
results are given in Table 2.

As mentioned above, the IC,, is a parameter

0%
representing the herb concentration, able to inhibit 50%
of the used DPPH amount. It was determined by draw-
ing a graph with the sample concentration on the ab-
scissa and the free radical inhibition capacity IC(%) as
the ordinate. A series of samples have been prepared as
already described. The initial herb sample was diluted
in order to obtain a linear graph with in the range of 0
to 50 % radical scavenging capacity. The sample con-
centration which reduces 50 % of free radicals can be
calculated by this graph. All concentrations studied
showed free radical scavenging activity. It is evident that
the 50 % of inhibition value for the sage (Salvia officinalis)
methanol extract seems to be fairly significant when
compared to the methanol extracts of lemon balm (Me-
lissa officinalis) and mint (Mentha piperita). (IC,, =
12.64 ml/L methanolic extract of sage (Salvia officinalis)
was necessary to obtain 50 % of the DPPH degrada-
tion). IC, ,,
IC. ., value of a “standard” antioxidant, ascorbic acid

50%

(AA), obtained by the same procedure. The ratios

values of the extracts were compared to the

Table 2. DPPH radical scavenging activity of medicinal herbs.

Medicinal herbs

DPPH radical scavenging activity,

IC50% (ml/L)

lemon balm (Melissa officinalis) 10.87
sage (Salvia officinalis) 12.64
mint (Mentha piperita) 10.23
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Fig. 1. Free radical scavenging capacity of the extracts
measured by the DPPH assay.

(IC, )i /(IC,) s @T€ Shown in Table 3. They rep-
resent the ascorbic acid equivalent of the extracts anti-
oxidant capacity (AOCE, , ), i.e. the amount of ascorbic
acid in grams equivalent to one liter extract.

Microbiological analysis

In the Table 4 are shown the microbial limits or
the absence of specified microorganisms in medicinal
herbs. The total aerobic microbial count and the total
yeast and mould count (presented as colony-forming units
per gram CFU/g of dry herbal material), the absence of
salmonellae, Esherichia coliand Gram-negative bacterial
species have been used as indicators of microbiological
quality. Microbial count is just one of medicinal herbs
quality indicators. All medicinal herbs must be clear of
bacterial pathogens such as Salmonella srecies.

CONCLUSIONS

On the basis of the results obtained from the
evaluation of phenolic and flavonoid contents and the
DPPH values of the medicinal herbs, we conclude that
it is important to educate consumers on the benefits of
varying medicinal herbs consumption, choosing those
that have the highest antioxidant capacity in order to
promote a healthy diet.

Table 3. Antioxidant capacity of the tested medicinal herbs.

Medicinal herbs Ascorbic acid equivalent of the extracts
antioxidant capacity (AOCgaa), (g/L)

lemon balm (Melissa officinalis) 1.4131

sage (Salvia officinalis) 1.2152

mint (Mentha piperita) 1.5015

Table 4. Microbiological tests.
Medicinal Aerobic Coliforms | Pseudomonas | Salmonella | Staphylococcus | Yeasts | Moulds
herbs, bacteria:Total | Esherichia | aeruginosa species aureus
samples plate count coli
CFU/g MPN /1.0 in250g CFU/g | CFU/g
g

lemon <10 <0.30 Absentin 1.0 | Absentin | Absentin1.0g | <10 <10
balm g 250¢g
(Melissa
officinalis)
sage <10 <0.30 Absentin 1.0 | Absentin | Absentin1.0g | <10 <10
(Salvia g 250¢g
officinalis)
mint <10 <0.30 Absentin 1.0 | Absentin | Absentin1.0g | <10 <10
(Mentha g 250¢g
piperita)
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The analysis of the differences in phenolic and
flavonoid contents and the antioxidant capacity in me-
dicinal herbs are an important but underestimated di-
etary component, providing some protective/preventa-
tive health effect along with very few calories and inter-
esting flours.

Absence of specified microorganisms in medici-
nal herbs has been used as an indicator of microbio-
logical quality. Lemon balm (Melissa officinalis), sage
(Salvia officinalis) and mint (Mentha piperita) improve
the microbiological safety with maintaining or even
enhancing the antioxidative activity. The use of medici-
nal herbs as the first choice in self-treatment of minor
conditions continues to expand rapidly across the world.
This makes the safety of medicinal herbs an important
public health issue.

The results can be used in public health cam-
paigns to stimulate the consumption of lemon balm
(Melissa officinalis), sage (Salvia officinalis) and mint
(Mentha piperita) which are able to provide signifi-
cant health protection in order to prevent chronic
diseases.
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