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In this study, in order to evaluate the quality and safety of selected commercial spices
brands, contents of moisture and minerals, as well as the concentration of certain heavy
metals (As, Hg and Pb) were determined in oregano, sweet basil, parsley and celery. The
spice samples were subjected to microwave digestion, and were analyzed by atomic
absorption spectrometry (AAS), using hydride generation AAS technique, cold vapor AAS
technique, and graphite furnace AAS technique for determination of As, Hg and Pb,
respectively. Maximum concentrations of As and Pb were determined in the same brand
sample of celery, and are 0.75 ppm and 0.40 ppm, respectively, while the maximum
concentration of Hg in various brands sweet basil samples is 0.05 ppm. According to the
results, the contents of moisture and minerals, as well as the concentrations of heavy
metals in all selected spices were below the maximum permissible limits declared by the
national legislations, and are safe for human consumption.
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INTRODUCTION

Spices are dried parts of plants which have been used to improve color, flavor, and
acceptability of foods. Most of these are fragrant and aromatic, and include many bioac-
tive compounds that can influence digestion and metabolism processes. Many common
spices have outstanding antioxidant and antimicrobial effects, while some others have a
preservative effect (1,2). Yet, they can cause human health problems since they may con-
tain some undesirable components like micotoxins, pesticides, organic compounds with
diverse functional groups and heavy metals. Some heavy metals (Cu, Zn Cr, Fe, and Co)
are essential, and required in very small quantities for proper functioning of human body
(3), while some heavy metals like Pb, As, and Hg are toxic as they produce harmful ef-
fects upon exposure, even at very low concentrations (4).
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The content of heavy metals in plants may be influenced by geochemical characteris-
tics of the soil in which the plants are cultivated (5), environmental pollution levels (5,6),
and it varies depending on both the plant species, and parts which accumulate heavy me-
tals (7). Also, industrial processing, packaging, transportation and storage conditions can
play a significant role in elevating the contaminant levels of heavy metals, which may
affect the quality and safety of plants and spices (8). Generally, the addition of spices that
may be contaminated with trace and heavy metals to foods can lead to a serious conse-
quences for human health, because most heavy metals are not biodegradable and have the
potential for accumulation in different human body organs (9). The prolonged heavy me-
tals exposure through foods may lead to the chronic accumulation of heavy metals in the
kidney and liver of humans, leading to diseases of cardiovascular, reproductive, skin, ner-
vous, kidney, bone, gastrointestinal, immune, skeletal, and muscular systems (4,9).

Because of the high toxicity of heavy metals and their tendency to accumulate in spi-
ces (10), the analytical determination of heavy metals in spices that are to be used for me-
dical purposes and for improving the taste of food, is a part of permanent quality control
in order to establish their purity, safety and efficacy. The most popular analytical me-
thods for the determination of toxic heavy metals like As, Hg and Pb in spices samples
are high sensitivity and selectivity spectroscopic methods such as: flame atomic absorp-
tion spectrometry, hydride generation atomic absorption spectrometry, and cold vapor
atomic absorption spectrometry (7,11,12); graphite furnace atomic absorption spectro-
metry (13); inductively coupled plasma atomic emmision spectrometry (14); cold vapor
generation atomic fluorescence spectrometry (15); inductively coupled plasma mass
spectrometry (16), and inductively coupled plasma—optical emission spectrometry (17).

The contents of moisture and minerals are important indicators to illustrate the quali-
ty, as well as purity of spices. The water content is very important. Insufficiently or im-
properly stored dried spices are subject to change which can lead to the degradation of
the active components, bacterial and fungal growth resulting in the inadequate quality
and safety of spices. Total ash is a measure of the total amount of minerals present within
a spice, and it refers to the inorganic residue remaining after total incineration of organic
matter which is derived from plant tissue itself, and to the specific inorganic components
that often originated from environmental contaminations.

The aim of the present study was to investigate the contents of moisture and minerals
and the concentration of As, Hg and Pb in oregano, sweet basil, parsley and celery samp-
les, and to analyze the quality and safety of commercial spices brands in the Belgrade
markets.

EXPERIMENTAL

Sample materials

Oregano (Origanum vulgare), sweet basil (Ocimum basilicum), parsley (Petroselinum
crispum) and celery (Apium graveolens), collected in May 2012, directly from local mar-
kets in Belgrade, were used as spice samples. A total of fifteen marked samples represent
dried oregano, sweet basil, parsley and celery, packed by four different distributors
whose brand names were hidden, and marked from A to D. Dried celery sample packaged
by brand name D was not available in the Belgrade market at the time of this study.
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Air-oven drying method

It is one of the most common and widely used methods for routine moisture determi-
nation (18). The ovens should be thermally regulated to 105°C + 0.5°C, and have minimal
temperature variations (< 3°C) within the oven.

Total ash

Dry ashing is the standard method for determining the total ash of a food sample (19).
For ashing, samples were kept in a furnace for 5 hours at 550°C - 600°C, to oxidize all
organic materials without flaming, and the results were obtained gravimetrically.

Microwave digestion preparation

In this study we used microwave digestion as the efficient method for sample decom-
position prior to the determination of heavy metals (20). The samples of dried spieces
were digested using the Microwave digestion (MWD) system (Milestone Start E), with
Teflon digestion vessels and high pressure supports. Prior to heating in the MWD, 10.5 g
of dried sample were weighed into the teflon digestion vessel, and 15 ml of concentrated
12.1 M HCI (spectroscopic grade) were added; the vessels were capped to 16.3 N m.
After the MWD tretments (30 min at 600 W power), the samples were removed, allowed
to cool, and then filtered prior to being analyzed by the method descibed above.

Sample analysis

Digested samples were analyzed using hydride generation technique for As (11), cold
vapor atomic absorption technique for Hg (11,12), and graphite furnace absorption tech-
nique for Pb determination (13). Atomic absorption measurements were made using Ato-
mic absorption spectrophotometer (GBC-Australia), with a deuterium lamp for back-
ground correction and hollow cathode lamps. Air-acetylene flame (GBC-SensAA-Dual)
and nebulizer gas flow rate 5 L min" were used for the determination of As and Hg. A
GBC-SensAA-Dual-graphite furnace, equipped with a deuterium lamp for background
correction, was used for the determination of Pb. Measurements were made using a
hollow cathode lamp for As, Hg and Pb at wavelengths of 193.7 nm, 253.7 nm and 217.0
nm, respectively.

Quantification of heavy metals was achieved by using a calibration curve that was fit-
ted by the least squares method. Measurement uncertainty was determined on the basis of
32 measurements on 0.1 ppm solution and expressed as relative standard deviation
(RSD). RSD was 5%, for all elements. The standard deviation of the response (SD) and
slope of the calibration curve (S) were used to calculate the limit of detection (LOD) by
using the equation LOD = 3.3 (SD/S). The obtained LOD for As, Pb and Hg were 10 ppb,
1 ppb and 10 ppb, respectively.
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RESULTS AND DISSCUSION
Moisture content and total ash

The results of the determination of moisture and total ash in dried oregano, sweet
basil, parsley and celery samples, collected in Belgrade markets are presented in Table 1.
The obtained results were presented as mean value £+ SD for five determinations.

The data in Table 1 show that the moisture contents in oregano (10.3% - 11.1%),
sweet basil (9.5% - 11.0%), and celery (9.3% - 9.6%) samples are in accordance with the
maximum permissible national legislation (NI) (21) and European Spice Association
(ESA) (22) limits of water content in those dried products. The moisture content in the
parsley samples (10. 3% - 10.9%) was found to be below the national legislation limit,
but above the ESA limit.

It was found that total ash in oregano (5.5% - 7.5%) and sweet basil samples (7.8% -
9.5%) varies for the different brand name, while the lowest ash was determined in ore-
gano sample (brand name A) and the highest one in sweet basil sample (brand name B).
On the other hand, the values of total ash in different samples of parsley (7.1% - 7.7%)
and celery (6.1% - 6.5%) are close. However, the total amounts of mineral components in
all dried spices samples are below the national legislation and ESA limit. Those results
indicate good quality and high purity of the examined spices.

Table 1. Moisture content and total ash in dried spices samples

Moisture content (%)
(mean value + SD)
Spice NI* | ESAP A B C D
Oregano 125 12.0 | 10.7+03 | 103+0.3 | 10.5+0.3 11.1+£0.3
Sweet basil | 12.5 | 12.5 | 10.5+£0.3 9.5+£03 10.8 +0.3 11.0£0.2
Parsley 120 | 75 10.5+£0.2 | 10.9+0.2 | 10.6+£0.3 10.3+0.2
Celery 12.0 | 11.0 9.6+0.2 93+0.3 9.5+0.3 NA®
Total ash (%)
Spice Nl | ESA A B C D
Oregano 8.0 | 10.0 55+£0.1 7.5£0.1 6.8+£0.2 7.2+£0.2
Sweet basil | 12.0 | 16.0 7.8+£0.1 9.5+£0.2 9.1£0.2 82+0.2
Parsley 8.0 | 14.0 7.5+£0.2 7.7£0.2 7.1£0.2 7.2+£0.1
Celery 8.0 | 12.0 6.5+0.1 62+0.2 6.1 £0.1 NA®

* Maximum permissible limit of the moisture content and total ash in the examined spices, according to the
national legislation (N1)* and European Spice Association (ESA). “NA - Not available.

Concentrations of heavy metals in spice samples

The results of the determination of toxic heavy metals in oregano, sweet basil, parsley
and celery dried samples, for different brand name commercially available in Belgrade
markets, were presented as mean value + SD for five determinations are given in Table 2.
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Table 2. Heavy metal concentrations in the selected spices

Heavy metal concentrations (ppm)
(mean value = SD)
Spices Sample As Hg Pb
Oregano A 0.05 £ 0.006 0.01 £0.001 0.34+£0.03
B 0.02 +0.003 0.01 £0.001 0.36+0.04
C 0.05 +0.005 0.01 £0.002 0.30+0.03
D 0.04 + 0.005 0.01 +£0.002 0.28 £0.02
Sweet basil A 0.35+0.04 0.05 £ 0.004 0.12+0.01
B 0.45+0.03 0.04 £ 0.005 0.13+0.01
C 0.44 £0.04 0.05 £ 0.005 0.15+0.01
D 0.42 £ 0.03 0.05 + 0.004 0.11+0.01
Parsley A 0.05 + 0.004 ND° 0.29 +0.03
B 0.06 + 0.005 ND 0.35+0.03
C 0.05 £ 0.004 ND 0.33+0.03
D 0.07 £ 0.006 ND 0.30 +0.02
Celery A 0.60 +0.07 ND 0.34+0.03
B 0.75£0.08 ND 0.40+0.04
C 0.70 £ 0.05 ND 0.35+0.04
D NA® NA NA

*NA - Not available. °ND - Not detected. Levels were below the detection limit.

The concentrations of As and Pb in different oregano brands name were in the range
from 0.02 to 0.05 ppm and from 0.28 to 0.36 ppm, respectively. On the other hand, in all
the examined oregano products, the Hg concentration was the same (0.01 ppm), and con-
siderably below the maximum permissible limit. The levels of heavy metals were com-
pared with the appropriate safety standards as established by the national legislation (23).
According to the national legislation, the maximum permissible limits for As and Pb in
herbal species are 1 ppm and 2 ppm. The maximum permissible Hg concentration in her-
bal spices is not regulated by the national legislation, but according to the Food and Agri-
culture Organization of the United Nations/World Health Organization (FAO/WHO) and
recommendation for general limits of Hg in food additive is 1 ppm (24). All the dried
oregano samples were found to contain As, Hg and Pb in the concentrations that are
lower than the maximum permissible limit.

The As and Pb concentrations in sweet basil samples ranged from 0.35 to 0.45 ppm,
and from 0.11 to 0.15 ppm, respectively. The concentrations of Hg were comparable in
different sweet basil samples with a range of of 0.04 - 0.05 ppm. The contents of the exa-
mined toxic heavy metals in dried basil samples were all below the maximum permissible
limits by the national legislation (23).

The lowest and highest values of As concentration in the studied parsley samples
were found to be 0.05 ppm and 0.07 ppm. The concentrations of Pb were comparable in
all parsley samples, being in the range 0.29 ppm - 0.35 ppm. The Hg concentrations in
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parsley samples were found to be within the detection limit of the cold vapor AAS tech-
nique. As shown in Table 2, the comparison between the concentration of As and Pb in
all parsley samples and the permissible levels recommended by the national legislation
(23), indicates that the concentrations of these elements in all dried parsley samples were
below the maximum permissible limits.

In the case of celery, the highest mean concentration of As was found to be 0.75 ppm
for celery sample B, and the lowest 0.6 ppm for sample A. The concentration of lead is
noticeably low, and it ranged from 0.40 ppm (sample B) to 0.34 ppm (sample A). In the
samples of celery, Hg was not detected. The results presented in Table 2 show that the
concentrations of As and Pb in dried celery samples were below the maximum permis-
sible limits.

Figure 1 represents the multiple comparisons for all heavy metal content in different
spices collected from local markets in Belgrade.
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Figure 1. Contents of heavy metals in the samples of different spices

The concentrations of all three measured heavy metals in the oregano, sweet basil,
parsley and celery samples were found to be at different levels. The highest mean level of
As concentration (0.75 ppm) was found in celery samples (brand name B), while the
lowest value of As (0.02 ppm) was found in oregano sample (brand name B). The con-
centrations of As were comparable in the oregano and parsley samples, being within the
range of 0.02 - 0.07 ppm. The concentration of Hg was very low (0.01 ppm) and were the
same in all the examined oregano products. On the other hand, the highest mean levels of
Hg (0.05 ppm) were detected in sweet basil samples. In basil samples, the concentrations
of Hg were similar (0.04 - 0.05 ppm), but five times higher than in the samples of orega-
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no. Hg was not detected in any of the analyzed parsley and celery samples at the time of
this study. The level of Pb in the examined plant spices ranged from 0.11 to 0.40 ppm,
with the highest mean value found for celery (brand name B), and the lowest mean con-
centration in sweet basil (brand name D).

The overall results indicated clearly that As, Hg and Pb were present in spices col-
lected in local markets in Belgrade, but the contents of these metals were found to be ge-
nerally low, and they all meet the requirements of the corresponding safety standards.

CONCLUSION

The work presents the results of the determination of moisture content, total amount
of minerals as well as concentrations of As, Hg and Pb in oregano, sweet basil, parsley
and celery, spices that are widely used in Serbian cuisine. The moisture content, total ash
and the examined toxic heavy metals in selected herbal spices depended on plant species,
but generally were below the concentrations allowed by the national legislations. The
results obtained in our study indicate that selected popular spices, available on the local
markets in Belgrade, are of high quality, and safe for consumption, as far as moisture
content and total inorganic compounds as well as As, Hg and Pb concentrations are
concerned.
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KBAJIUTET U BE3BEJHOCT HEKUX KOMEPIIUJAJTHUX 3AYNHA

Crasuya M. brazojesuh’, Cmesan H. Bnacojesul®, Hamawa J. Iejul’,
Bumana A. bezosuh® u Cnacenxa I1. I'ajunos’

*Yuusepsuter y beorpany, ®apmarneyrcku dakynrer, Karenpa 3a ¢pu3ndky Xemujy 4 HHCTPYMEHTAJIHE
) Mmeroze, Bojsone Crene 450, 11221 Beorpax, Cpbuja
®HUucrutyT 32 onuury U Gpusuuky xemujy, [10B 45, 11158 Beorpan, Cpbuja

Y oBoM pany, y nuiby oapehuBama kBamuTera 1 6€30€IHOCTH H3a0paHUX 3a4MHA, O1-
peben je canpikaj Biare U yKylnHHX MUHEpAJTHUX MaTepHja, Kao U KOHIIEHTpaluje apceHa
(As), xuBe (Hg) u onora (Pb) y y3opiuma opurana, 60cuibka, nepiryHa u nenepa. Kon-
LeHTpanuje Teikux Metana As, Hg n Pb, Hakon mukporanacHe aurectuje, oapehene cy
Pa3IMYUTHM aHAJUTHYKUM TEXHHKAMa aTOMCKE alCOPLMOHE CIIEKTPOMETpHje, Mmpume-
HOM XxujpuaHe TexHuke (As), TexHuke xyanHe nape (Hg) m texnuxe rpadurHe nehu
(Pb). Makcumanse koHmeHTpanuje As u Pb onpehene cy y nctom y30pKky menepa u H3HO-
ce 0,75 ppm u 0,40 ppm, pecIeKTHBHO, IOK je MaKCUMaJHa KoHIeHTpanuja Hg ogpehena
y y3opauma 6ocmibka U uzHocH 0,05 ppm. V y3opumMa 3aduHa, BPEOHOCTH CampiKaja
BJIare, MUHEpaaa U KOHIEHTpPAIHje HCIUTUBAHUX TEIIKUX MEeTala Cy UCIOJ MaKCHMAHO
JI03BOJbEHHX BPEIHOCTHU MPOMHCAHUX 3aKOHCKOM perynatuBoM Peny6iuke Cpouje.

Kibyune peun: 3a4iHHM, TCIIKKA METAJIM, BJlara, Caapxaj MUHEpaja, aTOMCKa arlCOPITIHO-
Ha CIIEKTPOMETPH]ja

Received: 10 March 2013.
Accepted: 16 September 2013.



