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Sage (Salvia aramiensis L.), rosemary (Rosmarinus officinalis L.), hibiscus (Hibiscus sabdariffa L.), linden
(Tilia argentea Desf.), senna (Cassia angustifolia Vahl.), green tea (Camellia sinensis L.) and zahter (Thymbra
spicata L.) are the top selling and locally most widely used herbal teas in Turkey. Proximate analyses and
heavy metals (Al, Zn, Cu, Fe, Cd, Pb) contents were determined for seven herbal teas with 12 replicates
(from different 12 sailors). The moisture content ranged between 5.49% (senna)–7.39% (hibiscus) while
the total ash content were found between 4.86% (green tea)-10.54% (zahter). Crude fiber content ranged
between 31.65-26.76% (rosemary-linden), acid soluble content found highest in hibiscus (1.02), lowest in
linden (0.37) and water insoluble content ranged between 2.72-8.16% (green tea-senna). The highest heavy
metals values in the experiment; for Al 1716.900 ppm (senna), for Cu 17.250 ppm (senna), for Zn 51.975
ppm (rosemary), for Fe 431.925 ppm (rosemary) were found. Cd was not determined in all samples. The
highest average Pb content were obtained from sage with 4.350 ppm. Barely no Pb was found in the
samples of green tea, hibiscus, linden and senna.
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Medicinal and aromatic plants are used for the
prevention of diseases, sustainability of health and to cure
diseases in traditional and modern medicine. At the same
time, utilized as a nutritional supplements, spice, herbal
tea and taste condiment in nutrition as well as in various
fields of industry (food, perfumery, cosmetics, polishes,
pesticides)[1].

Today, the number of medicinal and aromatic plants
used in the world is around 20,000 according to the World
Health Organization (WHO) and 4,000 of these drugs are
still used widely in the World [2].

The heavy metals that involved and accumulate in the
soil, can affect microbial activity, soil fertility, biodiversity
and yield loss, even through the food chain can cause
warm-blooded poisoning, lead to the emergence of many
environmental and human health problems. The heavy
metals also affect vegetative and generative organs of
plants and the all living things maintain their active life in
nature [3, 4].

The expansion of consumption of herbal plants has seen
a significant increase in the use of herbal medicine due to
their minimal side effects, availability and acceptability to
the majority of the population, so medicinal plants play an
important and vital role in traditional medicine and are
widely consumed as a home remedies (It is therefore major
interest to established the levels of some elements in
common herbal plants because, at elevated levels, these
elements can also be dangerous and toxic [5, 6]. Because
of these concerns, many researchers study to detect
moisture, ash, crude fiber and heavy metal contents of
these plants. Their source is either edible wild plants or the
plants sold in local markets [7-16].

Copper is an important element due to the incorporate
the plant enzyme activation, play a part in carbohydrate
and lipid metabolism [17]. Zinc directly effects the quantity
and quality of the product due to the having an important

role in the protein and carbonhydrate synthesis, enzyme
activation, photosynthesis, respiration and biological
membrane stability [18].

Cadmium involve and expansion in to the agricultural
land is via industrial activities, phosphoric fertilizers, sewage
and atmospheric deposits [19]. Including cadmium
Majority of the plants and soil which include cadmium
causes by precipitation of dust particles. Cadmium causes
many physiological changes in plants due to the change of
nitrogen and carbonhydrate metabolism [20].

Lead is a common element in environment due to the
widely usage in industrial and agricultural activities. Lead
reach soils by the automobile industry, as an additive to
the battery and gas and use of pesticides reach the ground
with the use of pesticides [21].

It is important to have a good quality control for medicinal
herbs in order to protect consumers from contamination.
There are no standards for medical raw plant materials,
which establish a permissible level of metals in such
materials. WHO reports maximum permissible levels in
raw materials for arsenic, cadmium and lead (1.0, 0.3 and
10 mg/kg, respectively) and European Pharmacope reports
for mercury [8, 22, 23].

Turkey is one of the countries where the plants were
collected from nature, sold in herbalists and local products
heavily consumed. Therefore, the effect of environmental
pollution on herbal tea sold extensively in the herbalists
and hence the effects on human health are of great
importance. Although importance of home remedies
known, there are only a few literature studies addressing
moisture, ash, crude fiber and heavy metal of herbs that
are widely consumed as a tea.

In this scope, the present study not only examined the
heavy metal content of the plants consumed as food but
also discussed the total ash content, water insoluble ash,
acid soluble ash, moisture and crude fiber of these plants.
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Experimental part
Materials and methods

In this study, samples of rosemary (Rosmarinus
officinalis L.), sage (Salvia aramiensis L.), mediterenean
thyme (Thymbra spicata L.), senna (Cassia angustifolia
Vahl.), green tea (Camellia sinensis L.), hibiscus (Hibiscus
sabdariffa L.) and linden tea (Tilia argentea Desf.) samples
supplied from local herbalists in Hatay. The most widely
accepted and frequently consumed herbal tea were
selected. The plants samples were analyzed to determine
the moisture, ash, crude fiber and heavy metal contents.

Moisture content measurement of the plants was based
on the principle of removal of plant water at a certain
temperature and detection of moisture content according
to the resulting weight loss. Approximately 5 g of plant
material obtained from each specimen was transferred to
metal cups and incubated for 7 hours at 105 °C. The
specimens removed from the incubator were re-weighted
at room temperature to determine the moisture content.

Total Ash Content of the Plant Samples (%) was based
on the principle of burning a certain amount of a specimen
and converting it into ash. 3 g of plant material obtained
from each specimen was transferred to porcelain crucibles.
Then, the tare of the porcelain crucible was weighed. The
crucibles were placed in an ash furnace at 550-600 °C until
the specimens turned into gray colour. The weight of the
specimens that were removed from the furnace was re-
measured at room temperature to determine the ash
content.

Water Soluble Ash Content (%); 20 mL of distilled water
(or at least equivalent purity water) is added in to total ash,
heated until the boiling and filtered through filter paper.
Warm distilled water (or an equivalent purity water) and
the filtrate and washings are washed a total up to reach 60
m. The filter paper and the contents are again transferred
to the crucible. Carefully evaporate from the water on the
steam bath and heated in a muffle furnace at 525 ± 25 ° C,
until it is free of carbon particles. Cool in a desiccator and
weighed. Ash is heated again in the oven for 30 min, cooled
and weighed. This process repeated until the difference
between two consecutive repeats weighing less than 0.001
g.

Acid in-soluble (%); Total ash or water insoluble ash
residue is used as a test sample. 25 mL of hydrochloric
acid is added in to total ash, boiled in steam bath around
10 min and filtered through filter paper. Warm distilled water
(or an equivalent purity water) and the filtrate and washings
are washed. The filter paper and the contents are again
transferred to the crucible. Carefully evaporate from the
water on the steam bath and heated in a muffle furnace at
525 ± 25 ° C, until it is free of carbon particles. Cool in a
desiccator and weighed. Ash is heated again in the oven
for 30 min, cooled and weighed. This process repeated
until the difference between two consecutive repeats
weighing less than 0.001 g.

Crude Fiber Content (%); Crude fiber analysis were
exercised by using Ankom Fiber Analyzer (A200). 1 g dry
sample was put into filter bag (Ankom F-57) and seal 0.5
cm distance from the opening. Bags placed in to the
analyzer. Firstly 1900-2000 mL of 1.25 % sulfuric acid
solution added and then heated 45 min. After heated 45
min samples cleaned out from the acid then 5 min twice
washed with distilled water. After this step NaOH solution
added and heated 45 min cleaned out, twice washed with
distilled water. After the cleaning step filter bags remove
from the machine, wringed out and filter bags placed in to
the beaker and filled with acetone. 3-5 min later wringed
out and after a while samples left in the oven for about 2-4
h at 105 oC. The material was transferred into crucible and
muffle oven at 550°C for 2 h. After it, crucibles were placed
in muffle oven for 12 h at 550°C, cooled in the desiccator
and recorded the crucible weight.

Heavy metal concentrations were determined ICP-AES
[24]. Agilent Technologies model inductively coupled
plasma atomic emission spectrometry (ICP-AES) was
used simultaneous multielement detection of Al, Cu, Zn,
Fe, Cd and Pb. Instrument configuration and general
experimental conditions for ICP-AES are given in table 1.

Results and discussions
In current study, moisture, acid soluble ash, water

unsolvable ash, total ash content and crude fiber of the 7
herbal tea samples from 12 different local sellers were
investigated. In table 2 results of ash, crude fiber and

Table 1
 ICP-AES OPERATING CONDITIONS FOR
DETERMINATION OF SOME ELEMENTS
IN THE HERBS AND THEIR INFUSIONS

* ASA= Acid soluble ash, ** WSU= Water insoluble ash, *** TA= Total ash

Table 2
RESULTS OF ASA, WUA, TA, MOISTURE,

CRUDE FIBER ANALYSIS
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moisture analysis have given table 3 Al, Cu, Zn, Fe, Cd and
Pb contents of sage, rosemary, hibiscus, linden, senna,
green tea and mediterenean thyme presented.

It was obtained that the moisture content was higher in
hibiscus followed by linden and zahter (table 2). Total ash
content was higher in zahter and senna. Water unsolvable
ash content was higher in senna while significantly lower
in green tea. Acid soluble ash content was higher in hibiscus
(table 2). Crude fiber content was higher in rosemary and
lower in linden (table 2). Moisture contents of linden (Tilia
platyphyllos) and sage (Salvia officinalis L.) are found
similar to some other studies while the total ash content
was found significantly lower than current results [14].

Moisture content of tea is one of the most important
quality factor. According to the Turkish Food Codex limit
for the tea samples especially for sage, rosemary, and
zahter maximum moisture content should be 10% [25,
26]. In this study moisture content of the herbal tea samples
range lower than 8%.

The content of aluminum in herbal teas ranged from
95.625-1716.9 ppm. Aluminum concentration, compare
to the other tea samples, significantly higher in senna and
lower in zahter. Different aluminum levels are found for
sage, linden and senna in different studies [8,14]

Copper and zinc are among physiological elements
essential for the correct functioning of living organisms
but, in high concentration, can be also harmful to organisms.
Copper contents found higher in senna (17.25 ppm), zahter
(14.4 ppm) and hibiscus (11.55 ppm). In the previous
studies, copper content for linden, sage and senna found
to be respectively 9.64, 35.8 and 3.92 ppm [8]. It was
reported Cu content for Valeriana officinalis 57.4 ppm [10]
and Cu contents of Tilia platyphyllos and Salvia officinalis
2.08 and 4.60 respectively [14]. Similar results were
obtained for Salvia officinalis [27] and lower results were
obrained for Salvia aramiensis in some other studies [28]
which comparative to our Cu contents in Salvia aramiensis.
Copper content in Hibiscus cannabinus L. was found to be
respectively 65.39 ppm [29] while Cu content for Hibiscus
sabdariffa was lower and found to be 11.55 ppm in this
study. Copper content of Thymbra spicata was found to be
13.639 ppm[11]  which is similar to the result of this study
for zahter (14.4 ppm).

Concentration of zinc in the samples ranged between
51.975-9.57 ppm and found higher in rosemary and lower
in linden. In the study zinc contents found higher in rosemary
(51.975 ppm) and lower in linden tea samples (9.57 ppm).
Zinc content of S. aramiensis with 35.025 ppm was found
to be higher than the Zn content of S. officinalis and S.
aramiensis [27, 28]. Zinc content of Hibiscus cannabinus
L. was found to be 15.78 ppm [29] while the Zn content of
hibiscus was found to be 33.075 ppm in this study. Zinc
content of T. spicata with 27.075 was close to the previous
result 36.7792 ppm [11]. Sage (S. aramiensis) zinc content
was found to be 35.025 ppm and showed similarities
reported Zn contents of S. viridis, S. verticillata L. subsp.

amasiaca, S. sericeo-tomentosa and S. tomentosa
respectively 31.5548, 21.0104, 24.4992, 29.0816 ppm [11].

Iron contents of the samples were higher in rosemary
(431.925 ppm) and sage (379.275 ppm) compare to the
other tea samples. Fe content found in hibiscus 203.4 ppm,
and similar results were obtained from some other studies
on different hibiscus species [29]. Fe content of T. spicata
was found 102.525 ppm, but it was reported that on Fe
content for T. spicata 882.6 ppm. in some other studies
[11]. Fe levels for Salvia aramiensis were found 379.275
ppm. Similar results were reported for Fe contents for Salvia
viridis, Salvia tomentosa and Salvia aramiensis [8, 28]. Fe
content for Linden tea samples in the present work we
found 171.818 ppm. Different and similar results were
obtained in some other studies [8].

Lead and cadmium are on the list of the most dangerous
metals that cause acute and chronic environmental
contamination. Cadmium was not detected in all herbal
tea samples that were analyzed. The lead was found in
sage (4.35 ppm), rosemary (1.8 ppm) and zahter (0.9 ppm)
samples and did not detect in hibiscus, linden and senna
tea samples. Pb level from sage samples was high but
WHO mentions maximum permissible levels for lead
which amount to 10 mg/kg [8,22].

It was reported that Pb (0.12 ppm) and Cd (0.02 ppm)
were found some Tilia platyphyllos plants [14]. Heavy metal
levels for some Salvia species and Thymbra spicata
investigated in some other studies and Pb only detected in
Salvia verticillata L. subsp. amasiaca with 0.3326 ppm and
Cd contents were detected between 0.0389-1.023 ppm
for Salvia species. Cd and Pb were not detected for
Thymbra spicata [11]. Cd and Pb contents were also
reported for Hibiscus cannabinus L. 1.26 and 2.55 ppm,
respectively [29].

Conclusions
Medicinal and aromatic plants have widely traditional

used in folks. Day by day interest in alternative medicines
are increasing. The most important problem in the use of
medicinal and aromatic plants is these plants are provided
from the nature an uncontrolled manner. It was difficult to
accurately comment on the obtained results, because of
the lack of information and regulations about acceptable
content of heavy metals in medicinal and aromatic herbs.

References
1. BAYTOP, T., 1984. Turkiye de Bitkiler ile Tedavi,Ystanbul Üniversitesi
Yayynlary No:3255, Eczacylyk Fakultesi Yay., No: 40, Ystanbul.
2.CEYLAN, A., 1995. Tybbi Bitkiler I. Ege Universitesi Ziraat Fakultesi
Yayynlary No:312. ISBN 975-483-274-9. 140 s.
3. OKCU, M., TOZLU, E., KUMLAY, A.M., PEHLUVAN, M., (2009). Aoyr
Metallerin Bitkiler Uzerine Etkileri. Alynteri, 17(B), 14-26.
4.PETERSON, P.J., 1993.Plant Adaptation to Environmental Stress:Metal
Pollution Tolerance. Fowden,L., Mansfield, T., Stoddart, J.,
Chapman&Hall, p:171-188.

Table 3
 HEAVY METAL CONTENTS OF
HERBAL TEA  SAMPLES (ppm)

*ND = Not detected



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 67♦ No. 5 ♦ 20161022

5.AJASA, AL M. O., BELLO, M. O., IBRAHIM, A. O., OGUNWANDE I. A.,
OLAWORE N. O., 2004. Heavy Trace Metals and Macronutrients Status
in Herbal Plants of Nigeria. Food Chemistry, 85 (2004): 67–71.
6.GJORGIEVA, D., PANOVSKA, T. K., BACEVA, K. AND STAFILOV, T.,
2011. Metalic Trace Elements in Medicinal Plants from Macedonia.
Middle-East Journal of Scientific Research 7(1): 109-114.
7.NARENDHIRAKANNAN, R. T., SUBRAMANIAN, S., KANDASWAMY, M.,
2005. Mineral Content of Some Medicinal Plants Used in the Treatment
of Diabetes Mellitus. Biological Trace Element Research, 133: 109-
114.
8.BASGEL, S., ERDEMOGLU, S. B., 2005. Determination of Mineral and
Trace Elements in Some Medicinal Herbs and Their Infusions
Consumed In Turkey. Science of the Total Environment, 359 (2006):
82–89.
9.QUERALT, I., OVEJERO, M., CARVALHO, M. L., MARQUES, A. F.,
LLABRES, J. M., 2005. Quantitative Determination of Essential and
Trace Element Content of Medicinal Plants and Their Infusions By Xrf
And Icp Techniques. X-Ray Spectrom., 34: 213–217.
10.HUSSAIN, J., BAHADER, A., ULLAH, F., REHMAN, N., KHAN, A. L.,
ULLAH, W.., SHINWARI, Z. K., 2009. Proximate and Nutrient Analysis
of the Locally Manufactured Herbal Medicines and its Raw Material.
Journal of American Science, 5(6):1-5.
11.ERGÜN, N., YOLCU, H., KARANLIK, S., DIKKAYA, E., 2010.
Amanoslar’da (Hatay) Yetiten Bazy Bitki Turlerinde Aoyr Metal Birikimi
ve Mineral Ycerik Üzerine Bir Calytma. Biyoloji Bilimleri Arattyrma
Dergisi 3 (2): 121-127.
12.PRASAD, K., JANVE, B., SHARMA, R. K., PRASAD, K. K., 2010.
Compositional Characterization of  Traditional Medicinal Plants
Chemo-Metric Approach. Arch. Appl. Sci. Res., 2(5): 1-10.
13.CAKILCIOGLU, U., KHATUN, S., 2011. Nitrate, Moisture and Ash
Contents of Edible Wild Plants. J. Cell of Plant Sci, 2(1): 1-5.
14.LEBLEBICI, S., BAHTIYAR, S. D., M. OZYURT, S., 2012. Kütahya
Aktarlarinda Satilan Bazi Tybbi Bitkilerin Aoir Metal Miktarlarinin
Incelenmesi. Dumlupýnar Üniversitesi Fen Bilimleri Enstitüsü Dergisi,
29: 1-6.
15.LIMMATVAPIRAT, C., CHAROENTEERABOON, J. AND PHAECHAMUD,
T., 2012. Determination of Heavy Metals in Herbal Teas by Inductively
Coupled Plasma Mass Spectrometr y. Research Journal of
Pharmaceutical, Biological and Chemical Sciences, 3(3): 952-958.

16.ESETLILI, B. C., PEKCAN, T., COBANOGLU, O., AYDOGDU, E.,
TURAN, S., ANAC, D., 2014. Essential Plant Nutrients and Heavy Metals
Concentrations of Some Medicinal and Aromatic Plants. Journal of
Agricultural Sciences, 20(2014): 239-247.
17.KACAR, B., KATKAT, V., 2006. Bitki Besleme. Nobel Yayynlary,
No:849.
18.ROUT, G., DAS, P., 2003 Effect of metal toxicity on plant growth and
metabolism: I. Zinc. Agronomie., 23: 3-11.
19.HAKTANIR, K., 1987. Cevre Kirlilioi. A.U. Ziraat Fakultesi Ders
Notu, Teksir No:140.
20.SHEORAN, I. S., SINGAL, H. R.,SINGH, R., 1990. Effect of Cadmium
and Nickel on Photosynthesis and Enzymes of The Photosynthetic
Carbon Reduction Cycle in Pigeon Pea (Cajanus Cajan L.).
Photosynthesis Research, 23: 345-351.
21.ASRI, O. F.,SONMEZ, 2006. Aoyr Metal Toksisitesinin Bitki
Metabolizmasy Üzerine Etkileri. Derim, 23 (2): 36-45.
22.WORLD HEALTH ORGANIZATION, 2007. Guidelines for Assessing
Quality of Herbal Medicines with Reference to Contaminants and
Residues, Geneva.
23.EUROPEAN PHARMACOPOEIA 7.0, 2010. Council of Europe,
Strasbourg.
24.KACAR, B., YNAL A, 2010. Bitki Analizleri. Nobel Yayynlary, 2. Basky,
ISBN: 978-605-395-036-3, 912s. Ankara.
25.ANONIMOUS, 2008. Turk Gýda Kodeksi Siyah Cay Teblioi, 2008/42
Resmi Gazete, Sayy: 26965.
26. ANONIMOUS, 2013. Turk Gyda Kodeksi Baharat Teblioi, 2013/12
Resmi Gazete, Sayy: 28614.
27.BLAGOJEVIC, N., VRATNICA, B. D., PESIC, V. V., DUROVIC, D., 2009.
Heavy Metals Content in Leaves and Extracts of Wild-Growing Salvia
Officinalis from Montenegro. Polish J. of Environ. Stud., 18(2), 167-
173.
28.AYANODLU, F., KAYA, D.A., MERT, A., UYGUR, V., 2012. Hatay
Yöresinde Dooal Olarak Yetiten Adacayy (Salvia sp.) Turlerinin Kulture
Alynmasy, Verim ve Kalite Özelliklerinin Belirlenmesi. Proje Sonuç
Raporu. TUBYTAK. Proje No: 109O161, 166s.
29.SUBRAMANIAN, R., GAYATHRI, S., RATHNAVEL, C., RAJ, V., 2012.
Analysis of Mineral and Heavy Metals in Some Medicinal Plants
Collected from Local Market. Asian Pacific Journal of Tropical
Biomedicine, 74-78.

Manuscript received: 6.11.2015


