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ABSTRACT

In this study, total concentrations of eleven chemical elements (Ba, Ca, Cu, Fe, K, Na, Mn, Ni, Zn, P and Mg) in common
spices of Kalar city- Irag were determined using inductively coupled plasma-optical emission spectrometry. This study
indicates that spices are a good source of a combination of Ca, K, Na, P and Mg. The spices, Curcuma longa, Nigella Sativa
and Elettaria cardamomum were found to be very good sources of essential trace elements like Fe, Zn and Mn. The
concentrations of the all elements were within the WHO and FAO permissible levels. Therefore, health risks associated with
these elements indicate that people would experience no potential risks due to consumption of the spices. Preliminary
screening of phytochemicals has found plenty of secondary metabolites which are present in dry plant samples. EDI values
of all the metals were found to be below the maximum tolerable daily intake (MTDI).The present review aims to provide a
comprehensive summary of the most relevant and recent findings on spices and their active compounds in terms of targets
and mode of action; in particular, their potential use in food preservation and enhancement of shelf life as a natural bio

ingredient.

Keywords: Spices, phytochemicals, food preservative, Minerals, Ash digestion, inductively coupled plasma — optical

emission spectrometry, ICP-OES.

INTRODUCTION

Spices refer to all nutritious parts of a plant that are used
for aroma, preservative, color, acceptability, and
deliciousness of cooking food, Spice dependency is
reported in more than 70% of the world population®. The
use of this spices have a substantial dietary and medicinal
importance, although they have diversity in composition?.
Medicinal applications may be due to the presence of
organic bioactive compounds, vitamins and
minerals.Nutritional value of minerals among these
ingredients are significant.

Minerals can be classified into macro (sodium (Na),
potassium (K), calcium (Ca) and magnesium (Mg)) and
micro (chromium (Cr), copper (Cu), iron (Fe), manganese
(Mn), and zinc (Zn)) minerals based on their natural
occurrence. Minerals contribute meaningfully to the
numerous metabolic roles in living cells®. Accumulation
of mineral elements in plants and herbs can assist in
several functions of the body growth. Iron function is critical
in oxygen transport, oxidative metabolism and cellular
growth. Similarly, Cu and Ca also plays an important role in
several physiological action!. Zn is particularly essential for
cell immune response and replication. Minerals have
beneficial effects but can toxicity following excess
consumption®. Nevertheless, the minerals may possibly be
added to the diet by the consumption of spices and herbs®.
The occurrence of elevated levels of minerals in spices and
medicinal plants varied depending on the plant origin,
the environmental impacts, part used of plants and
technological processes®. According the previous studied
macro and micro mineral composition of Pakistani common
spices. Results showed that the contents of Na, K, Ca and
Mg were significantly higher in all the spices (p<0.05).
Contamination with heavy metals is important, particularly
in agricultural production systems and human health.
Factors influencing the concentration of heavy metals in
plants include climate, environmental pollution, nature of

the soil on which the plant is grown, and the degree of
maturity of the plant at the time of harvesting®.

Previously published methods were either costly or did not
allow simultaneous determination of the concerned micro
minerals. Inductively coupled plasma with optical emission
spectrometry (ICP-OES) is a well-established approach for
multi elemental techniques and determination of isotope
ratios. This method allows simultaneous Trace elements
identification and quantification in the sample and has been
successfully implemented in this study.

To our knowledge, there were no research articles on the
elemental content of dried plants as spices in Iraq.
Therefore, the objective of this study is to determine the
levels of elements such as Ba, Ca, Cu, Fe, K, Na, Mn, Ni,
Zn, P and Mg in ten common spices, as well as evaluate
the phytochemical quantities analysis of the common
spices.

That are widely and habitually consumed in Kalar city as a
Slemani area-Irag. The ash residue digestion and ICP-OES
techniques are validate for these analyses.

MATERIALS AND METHODS

Selection of Sample: A total of 60 of samples of 10
common spices were collected from the local markets in
the Kalar city — Iraq country. Currently, the common spices
were selected such as:Capsicum annuum (n=6), Capsicum
carvi (n=6), Zingiber officinale (n=6), Elettaria
cardamomum (n=6), Piper nigrum (n=6), Nigella Sativa
(n=6), Cinnamomum verum (n=6). The common scientific
and family names of plants species are indicated in (Table
1). Each spice sample was cleaned of debris, sorted,
graded, trimmed and ground to a fine powder using a
culatti grinder (Polymix, France) fitted with a 500 pm mesh
[9]. Each ground sample was then sealed in polyethylene
plastic and stored at 4°C in a refrigerator until needed for
analysis.

ICP-OES analysis: In order to estimate the content of the
concentrations of macro- and micro elements, the
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calibration standards were prepared. Multistandard IV -
standard solution (Merck), which contained Ba, Ca, Cu, Fe,
K, Na, Mn, Ni, Zn, P and Mg at the concentration of 1000
mg/kg was used for the preparation of calibration solutions.
Distilled water, purified by Fisher Chemical (HPLC grade)
was used for the dilution of the standard solution, as well
as for the dilution of spices samples. The preparation of
standard solutions was performed by diluting the standard,
so that the concentrations of standards for the calibration
charts were in the range of expected test elements
concentrations. The carrier gas was Argon 5.0 (99.999%
purity). Table 2 shows the wavelengths, Measurement
Parameters and Standards for each Element.

Estimated daily intake of heavy metals: Estimated daily
intakes (EDIs) of heavy metals were calculated using their
respective average concentration in food samples by the
weight of food items consumed by an individual (body
weight 65 kg for an adult in Irag )[10] (FAO, 2006), which
was obtained from the household income and expenditure
survey!! and calculated by the following formula:

EDI: ( FIR *c)/ BW: Where FIR is the food ingestion rate
(g/person/day), C is the metal concentration in food
samples (mg/kg), and BW is the body weight.

Qualitative analysis of phytochemicals: Qualitative
analysis was carried out to ascertain the presence of the
different phytochemicals (Steroid and Alkaloids) in the
spiced samples using standard procedure!?,

Test for flavonoids: Few drops of 1% NH3 solution was
added to the aqueous solution of spices sample in a test
tube. A yellow coloration was observed which indicated the
presence of flavonoid compounds.

Test for tannins: FeClI3 (0.1%) was added to 5 ml of the
samples and observed for brownish green or a blue black
colorations, which shows the presence of tannins?2.

RESULTS AND DISCUSSION

The concentration of Ba, Ca, Cu, Fe, K, Na, Mn, Ni, Zn, P
and Mg were analyzed in 10 common spices listed in Table
3. Mean k content was highest in all samples. The high
levels of k were observed in the Zingiber officinale (9242.65
mg/kg), while the lowest concentration for Laurus nobilis
(3082.6 mg/kg) (Table 3 and Figure 1). K is the most
abundant intracellular into create a distribution of electrical
potentials in nervous tissues. However, a lower level of K
cause of human severe neurological dysfunctions4 .

The concentrations of Ca in Laurus nobilis was significantly
higher as compared to rest of the studied common spices
(p > 0.05).Thelowest was observed in Piper guineense
(61.45 mg/kg). High concentrations of Ca (> 40000 mg/kg)
can significantly improve strengthen the bones, muscles,
teeth and function of heart.All spices studied exhibited
satisfactory contents of the Ca (Table 3).The Ca content in
decreasing order was Laurus nobilis>Cinnamomum verum

>Nigella Sativa>Capsicum annuum>
Capsicum carvi >Elettaria cardamomum>
Piper  nigrum>Zingiber officinale>Piper  guineense.

Capsicum carvi

The lowest amount of all mineral was Ni.The concentration
of Ni was found in the range of 0.075 — 1.425 mg/kg in all
the studied spices.The highest contents of Ni were
obtained in the Nigella Sativa (1.425 mg/kg) and lowest
was found in the Cinnamomum verum (0.075 mg/kg)

(Table 3).According to Codex, the maximum intake of Ni for
fruit samples was 0.8 mg/kg. Ni is also a micronutritient
essential for proper functioning of the human body, as it
increases hormonal activity and is involved in lipid
metabolism [15].Piper guineense is a major source of Na
(3026.3 mg/kg).In the body, Na is the most common action
that contributes in the water metabolism, the contraction of
muscles and allows the transfer of carbon - dioxide to the
lungs.Mg plays an important role in human health, acts as
a regulating blood calcium concentrations and vasodilation
[16]. The highest content of Mg (611.375 mg/kg) was
observed in the Piper nigrum, although the lowest
concentration observed in the Laurus nobilis (398.3 mg/kg)
(Table 3).

The contents of Fe were found too low in all studied spices
than the WHO maximum permissible limit for Fe in the
medicinal plants (300 mg/kg)[17] .The current study
therefore  provides public awareness based on
concentration of essential nutrient in the spices [18]. Fe is
important not only for Human growth and blood production
but also important for metabolic processes, including
oxygen transport, DNA synthesis, and electron transport
[19].

In the studied spices results showed that the contents of
Mn were within the WHO maximum permissible limit for Mn
in the medicinal plants (100 mg/kg).The highest and lowest
concentrations of Mn were found in Elettaria cardamomum
(39.3 mg/kg) and Curcuma longa (10.575 mg/kg),
respectively (Table 3). Zn is a chemical element required
for  growth, development, muscle and nerve
function[20].The lowest and highest Zn concentration in
spices was detected in Capsicum annuum 6.27 mg/kg and
Nigella Sativa 15.3 mg/kg, respectively (Table 1).From the
present study, mean Zn concentration in spices followed
the descending order of:Nigella  Sativa>Laurus
nobilis>Zingiber officinale>Piper nigrum>Elettaria
cardamomum>Piper guineense>Capsicum
annuum=Curcuma longa>Cinnamomum verum>Capsicum
annuum.As set by WHO/FAO, the recommended limit for
Zn is 100 mg/kg [21].

Cu is a key component of many enzymes, therefore can be
performed pivotal role in different physiological processes
like antioxidant defense, free radicals elimination,
respiration, melanin production, and many others. In the
present study, the mean highest concentration of Cu was
found in Piper guineense (2.15 mg/kg) and lowest in
Cinnamomum verum (0.8 mg/kg) as shown in Table 3.
These values
are within maximum permissible limit prescribed by WHO
(50 mg/kg).Hence, excessive consumption of Cu by
foodstuff can result in irritation of the upper respiratory
tract, dermatitis, abdominal pain, nausea, diarrhoea,
vomiting, and liver damage [22].

Heavy non-essential metals such as Ba was determined in
the spices at trace levels.Ba is present in all spices in minor
concentration except in Cinnamomum verum. The
concentration of Ba varies between 0.025 mg/kg in Piper
guineense to 50.25 mg/kg in  Cinnamomum
verum.Ba exposure for human may occur through oral,
dermal and inhalation routes, non-occupational exposure in
the general population is mainly through oral route by
consumption of food and water[23]. The impacts of Ba
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exposure on humans is associated with adverse
consequences including pulmonary edema, cardiac and/or
renal failure, respiratory paralysis and gastric and
respiratory hemorrhages [24].

The phytochemical constituents of the spiced fruit drink are
shown in Table 4. The result of ten aqueous extract the
spices qualitative analysis on each spiced showed the
presence of phytochemical constituents such as alkaloids,
flavonoids, tannins and steroids. According the results
tannins and flavonoids while tannin was slightly present in
Cinnamomum verum, Curcuma longa and Piper guineense.
Alkaloids has been found to have antimicrobial activity and
the major anti-diarrheal effect is probably due to their
effects on small intestine and antihypertensive antifungal,
antiinflammatory, antifibrogenic effect [25]. While tannin is
a non-toxic and can they generate physiological responses
in animals that consume them. The presence of tannin in
the medicinal plant suggests the ability of these plants to
play key roles as antifungal antidiarrheal, antioxidant and
antihemorrhoidal agent [2].

In this study, aqueous extract the spices of C. annuum, C.
carvi and N. Sativa contained flavonoid. It modifies the
body’s reaction to allergens, virus and caranogens. It has
been reported to show anti-inflammatory, antifungal,
antibacterial and antimicrobial activities based on the
literature [26].

Steroids showed the analgesic properties, Panche, et., al.,
(2016) reported the role of steroid as anti-inflammatory and
analgesic agents. Steroid and Saponin are responsible for
central nervous system activities. According the (table 4),
most of the samples in this study are containing the
Steroid, that can be used as a main food in our diet.

The estimation daily intake of five metals (Fe, Mn, Zn, Ba
and Ni) was calculated according to the mean
concentration of each metal in each spices and the
respective consumption rates. The EDI and maximum
tolerable daily intake (MTDI) of studied metals from
consumption of fruits and vegetables are shown in (table
5).

The average per capita daily intake of spices in Iraq is
between 5g to 20g, they used for a different purpose
according of type of spices, the results show in (table 5), in
this study calculated (5 and 7.5 g/ person /day) if the
consumer 65 kg [27].

In Curcuma longa sample recorded Fe (3.431 mg/kg)
higher ratio in daily intake, while Ni and Ba was lowest
ration recorded, in other hand Zn in Zingiber officinale were
( higher ration among the minerals Daily intakes of all the
metals were less than the MTDI. Different types of spices
are grown throughout the year, but there is a lack of
information on their metal contents [28].

However, few previous studies on heavy metal contents in
fruits and vegetables were conducted sporadically, but they
were confined to a specific region [29].

Heavy metals in higher concentration ranges have been
reported in vegetables grown with wastewaters compared
to those grown with groundwater. Furthermore, higher
concentrations of these metals have been found in leafy
vegetables compared to those in other types of vegetables
such as bulbs and tubers.

Heavy metals may enter the body of an organism directly
from the abiotic environment, i.e., water, sediments, and
soil or may enter the organism body from its food/prey [29].
Spices have yielded a slew of natural substances with well-
defined antibacterial activities. In vitro investigations, on the
other hand, only represent a small portion of the total
number of active chemicals. The use of preservatives in
food Furthermore, their physical and biological properties
Real-life food systems have had their qualities altered as a
result of the matrix of food's complexity [30]. As a result,
whether spices or their components have the ability to
cause cancer is debatable to function as food preservation
and inhibit food spoilage been determined in different
studies.

Spices as preservatives have been evaluated in a variety of
foods, including meat, fish, dairy products, vegetables, rice,
fruit, and animal feeds, as detailed in (Table 6).

The antibacterial activity of several spice extracts in raw
chicken flesh was also investigated after 15 days of storage
at 4°C. The use of extracts of clove, oregano, cinnamon,
and black mustard on raw chicken meat was found to be
efficient in inhibiting microbial development [11] .

The use of combination extracts or natural compounds of
different origins has been documented to improve the
antibacterial properties of spices or their constituents [31]
The use of spice oil in conjunction with other preservation
methods has also been evaluated. Low-pressure
environments, for example, increased E.coli and
S.enteritidis susceptibility. Essential oils like oregano,
lemongrass, or cinnamon in vitro The MIC of cinnamon
vapors for S.enteritidis in specific reduced from 0.512 to
0.128 L/mL , due to the synergistic activities of
antimicrobial components found in the combined spices,
the mixture of the three extracts had the greatest influence
on the bacterial burden [32]. Phenylpropenes, such as
eugenol and cinnamaldehyde [33], are other chemical
substances found in spices. Eugenol's antibacterial activity
is mostly at the cellular level[33] . permeabilization and
permeabilization of membranes and proteins the enzyme in
the process of activation[34] Some other studied
antioxidants are: capsaicin (red chilli), curcumin (turmeric),
Gingerol, Shogoal (ingiber officinale), Terpinylacetate
(Elettaria cardamomum), piperine (black pepper), gingerol,
etc [35].

CONCLUSION

Many elements have been suggested as essential, but
such claims have usually not been confirmed. Recent
studies have shown a tight linkage between living
organisms and minerals on this planet. Mineral nutrients
are referred to the smaller class of minerals that are
metabolized for growth, development and vitality of living
organisms. Studied were found in this order the level were
higher values in black seed and laurus leaves were higher
values in calcium content. The levels of copper were
relatively low in all spices In general, the concentrations of
macronutrients confirmed a positive nutritional Contribution.
These discoveries may serve as the foundation for further
research to identify other active compounds that may have
health benefits and, as a result, may lead to new drugs.
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Considering phytochemicals are not considered nutrients, a
there are no formal guidelines for how much of each active
element should be ingested to achieve the best results. As

(Table 1): Name and parts of the spices used in the study.

result,
quantitative requirements of these active phytochemical
elements for intake.

efforts should

be made to ascertain the

Elements Wave length (nm) Plasma (L/min) View mode

Barium (Ba) 206.200 16 Axial

Calcium (Ca) 393.366 16 Axial

Copper (Cu) 227.393 16 Axial

Iron (Fe) 238.204 16 Radial

Potassium (K) 766.490 16 Radial

Manganese (Mn) 257.610 16 Radial

Sodium (Na) 589.592 16 Radial

Nickel Ni 590.000 16 Axial

Phosphorous (P) 213.617 16 Radial

Magnesium Mg 280.271 16 Axial

Table 2: Wavelengths, Measurement Parameters and Standards for each Element
(SDaVT/)p les Code Vernacular name Botanical name Common function plant part
D1 Red chill Capsicum annuum Meat Spices Fruit
D2 Red chill Capsicum carvi Sweet red pepper Fruit
D3 Ginger root Zingiber officinale Ginger root root
D4 Green Cardamom Elettaria cardamomum Cardamom seeds
D5 Black pepper Piper nigrum Black pepper Fruit
D6 Piper guineense Red pepper Fruit
D7 Nigella seed Nigella Sativa Black seed Seed
D8 Cinnamon Cinnamomum verum Cinnamon bark
D9 Curcuma longa Turmeric rhizome
D10 Bay leaf Laurus nobilis Laurel leaves leaf
Table 3. Spices minerals content (mg/kg) obtained by ICP-OES method.

/;‘f‘rﬂ‘r’i Ba Ca Cu Fe K Mn Na Ni P Zn Mg
D1 5.325 606.85 1.52 28.15 8390.1 25.1 2910.4 0.3 1309.125 | 6.275 486.35
D2 3.175 512.95 1.6 155 6674.525 131 174.8 0.125 689.075 8.9 430.1
D3 14.875 228.325 2.05 24.2 9242.65 33.9 584.25 0.75 1058.05 | 12.375 526.45
D4 26.475 479.1 2.075 145 4402.3 39.3 1826.6 0.125 | 838.075 10.9 503.05
D5 8.425 243.3 1.7 17.87 7315.55 21.175 1159.9 0.4 1869.425 12.15 611.375
D6 0.025 61.45 2.15 18.82 4431.375 12.9 3026.3 0.65 948.475 9.1 429.01
D7 6.525 714.15 1.15 13.77 4400.65 13.9 1200 1.425 1550.4 15.3 593.475
D8 50.25 1003.8 0.8 12.4 3900.7 29.1 78.575 0.075 625.4 7.8 490.1
D9 5.9 106.575 0.925 29.1 4100.9 10.575 73.55 0.1 1420.675 8.9 578.275
D10 4.45 2098.32 1.525 17.47 3082.6 131 164.275 | 0.125 673.45 13.025 398.3
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Table 4.Qualitative analysis of the phytochemicals of Aqueous extract the Spices samples.

Samples Code (DW) Alkaloids Flavonoids Tannins Steroids
D1 ++ ++ ++ ++
D2 ++ ++ ++ ++
D3 + ++ ++ +
D4 -- + ++ ++
D5 + ++ + ++
D6 + ++ + ++
D7 + + + _
D8 + ++ - ++
D9 - ++ + ++

D10 - ++ + +

+indicates presence,-indicates absence

Table 5. Comparison of the estimated daily intake (EDI) of trace metal (ppm) (5 and 7.5 g/ day/person (65kg)) of Spices
samples with the corresponding Maximum allowable concentration (MAC) in the Irag population.

Samples Code (DW) Consumption rate (g/day/person) Fe Mn Zn Ba Ni
D1 5 2.165 1.931 0.483 0.429 0.024
7.5 3.248 2.896 0.724 0.590 0.033
D2 5 1.192 1.008 0.685 0.244 0.010
7.5 1.788 1.512 1.027 0.366 0.014
D3 5 1.862 2.608 20.625 1.144 0.058
7.5 2.792 3.912 30.938 1.716 0.087
D4 5 1.115 3.023 0.838 2.037 0.010
7.5 1.673 4.535 1.258 3.055 0.014
D5 5 1.375 1.629 0.935 0.648 0.031
7.5 2.062 2.443 1.402 0.972 0.046
D6 5 1.448 0.992 0.700 0.002 0.05
7.5 2.172 1.488 1.050 0.003 0.075
D7 5 1.059 1.069 1.177 0.502 0.110
7.5 1.589 1.604 1.765 0.753 0.164
D8 5 0.954 2.238 0.600 3.865 0.006
7.5 1.431 3.358 0.900 5.798 0.009
D9 5 2.238 0.813 0.685 0.454 0.008
7.5 3.431 4.881 4.108 2.723 0.046
D10 5 1.344 1.008 1.002 0.342 0.010
7.5 2.016 1.512 1.503 0.513 0.014
MAC(FAO/WHO0,2011) 2011 - 14 13 20 10
Table 6. Real food used and antimicrobial potential of phytochemicals (spices) for food preservation according major compounds;In vivo study
Scientific name Real food models. Anti- Microorganisms activity Major compounds References
Capsicum Inhibitthegrowth B.cereus,S. Typhimuriumand St.aureus/ antibacterialagents, Capsaicin [36]
annuum Inrefrigeratedchickencontrol Ls.monocytogenes inbovinegroundmeatSt. aureus, S. Typhimurium p
Capsicum carvi gaw chicken meat i_n Fr_esh sliced apples reduces natural microflora andinoculated Ls.innocua Limonene, carvone, 137]
t. aureus, S. Typhimurium carvacron, anethole
Zln_g_lber Poten_tlal bio-preservative of bevera_ges against food spoiling yeasts and bacteria Gingerol, Shogoal 138]
officinale (E.coli,Salmonella spp.,Streptococci)
Elettaria _— - ,8-Cineole, Linalool, -
cardamomum ReducethegrowthofLs.monocytogenes inpineapplejuice (B. cereus, Ls. Monocytogen) Terpinylacetate [39]
Piper nigrum Oil anq oleoresins control microbial growth in orange juice(St. aureus, E. coli, . cereus, P. Piperine [40]
aeruginosa
Piper guineense St. aureus, E. coli Flavonoids, Polyphenols B. cereus, P. aeruginosa !&'ﬁ(gi;zjsAm'des’ [41]
Nigella Sativa Were more effective on St. aureus (5th day inhibition zone 34 mm) and E. coli. "I\'Irigglllggginone, [34]
Cinnamomum Potential bio preservative of banana, vegetables, dairy products, against Aspergillus spp., Cinnamic aldehyde, [42]
verum Salmonella spp. eugeno
Cumin seed oil protect stored protection of wheat andchickpeaagainst Aspergillus spp.
Curcuma longa Reducetotalbacteriainmeatsamples (S. Typhi, Ls. Monocytogenes, St. aureus, E. coli, B. cereus, Curcumin [43]
B. subtilis, C. albicans, Y. enterocolitica, P. notatum, S. cerevisiae)
Laurus nobilis Bay essential oil reduce the population of total coliforms in fresh sausages Protects cherry 1,8-cineole, a- [44]

tomatoes against Alternation alternate infectionand E. coli.

pipene, limonene
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Figure 1. Ca, K and Na (mg/kg) content in selected spices plants
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Figure 2. Mg, Fe and Mn (mg/kg) content in selected spices plants.
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