4

Food and Nutrition Sciences, 2022, 13, 558-567

““ Scientific https://www.scirp.org/journal/fns
0 “ Research :
94% Publishing ISSN Online: 2157-9458

@,

ISSN Print: 2157-944X

Nutritional Analysis and Determination of
Heavy Metal Content of Some Spices from the
Northern Region, Bangladesh

Md. Zahidul Islam?*, Shaikh Shahinur Rahman?*, Apurba Kumar Das3, Md. Kamruzzaman?,
Md. Hafizur Rahman?z#

"Natore Agro Limited, Natore, Bangladesh
“Department of Applied Nutrition and Food Technology, Islamic University, Kushtia, Bangladesh
*Khulna Medical College Hospital, Khulna, Bangladesh

Email: fhrahman1973@gmail.com

How to cite this paper: Islam, Md.Z.,
Rahman, S.S., Das, A.K., Kamruzzaman,
Md. and Rahman, Md.H. (2022) Nutrition-
al Analysis and Determination of Heavy
Metal Content of Some Spices from the
Northern Region, Bangladesh. Food and
Nutrition Sciences, 13, 558-567.
https://doi.org/10.4236/fns.2022.136042

Received: April 12,2022
Accepted: June 26, 2022
Published: June 29, 2022

Copyright © 2022 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(OROR e s

Abstract

Spices are generally consumed because of their medicinal properties, taste,
and add flavor to food. Objectives: To determine the nutrient contents and
heavy metals of five commonly consumed spices, namely turmeric (Curcu-
ma longa), bay leaf (Laurus nobilis), red chili (Capsicum annuum), co-
riander (Coriander sativum), and black cumin (Nigella sativa) were col-
lected from the local market of Northern zone, Bangladesh and were ana-
lyzed. Methods: Nutrient composition was assessed by proximate analysis,
trace and heavy metals by atomic absorption spectrophotometry while the
indophenol method was used to determine vitamin C. Result: The results
revealed that spices are good sources of carbohydrate, fiber, and fat. The
highest levels of carbohydrates, dietary fiber, protein, and fat were observed
in turmeric (71.1%), black cumin (40.0%), red chili (16.77%), and coriander
(17.8%) respectively. Vitamin C was present in trace amounts ranging from
0.04 to 0.1 mg/100g, except black cumin (35.0 mg/100g). Essential trace min-
erals like sodium, potassium, calcium, magnesium, and iron were signifi-
cantly present in black cumin and bay leaf. Most of the heavy metal levels in
the spices were appreciable amounts i.e. much lesser than the statutory safe
limit approved by WHO and FAO for some of the samples. Conclusion:
The current study concluded that the investigated spices are nutritionally
rich, and heavy metal levels in the examined samples are safe for human
consumption.
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1. Introduction

Spices are mainly considered as dried products of plants viz. fruits, seeds, barks,
leaves, rhizomes, roots, etc., which are commonly used as diet components to
enhance the aroma, flavor, palatability, and acceptability of food [1]. These are
widely consumed in all seasons for changing the world’s cuisine, as well as the
most valuable items of trade [2]. During the few decades, the potential use of
spices has markedly raised in different areas of the world including Asia, the
Middle East, Eastern Mediterranean, and Europe due to having their nutritional,
antioxidant, and medicinal values [3]. Thus, they form an important part of the
pharmaceutical, chemical, Ayurvedic Pharmacopia, and food industries [4].

Spices or condiments possess macro and micronutrients as well as bioactive
compounds that stimulate the digestion and absorption processes [5]. In addi-
tion, many ess”ential (e.g. calcium, potassium, phosphorus, iron, copper, and zinc)
and toxic trace elements (such as lead, mercury, cadmium, arsenic, etc.) are also
present in low concentrations that play a vital role in structure and functions of
metalloproteins and enzymes in human biochemical reactions [6]. From the nu-
tritional point of view, spices and condiments are not considered to be impor-
tant in a balanced diet due to the small intake in the daily meal [7]. However,
few studies recommended spices as a rich source of calcium, iron, and vitamin A
for low-income families [8]. Although the nutritional composition of spices and
condiments from different countries [9] [10] have been reported by several re-
searchers, the composition of Bangladeshi spices is still rare.

Admittedly, the concentration of heavy metals (mass density > 4.5 g/cm®) may
be increased in the plant and food products during cultivation [11], industrial
processing, and packaging [12]. A previous study revealed that spices from dif-
ferent regions of Austria, Egypt, and Nigeria showed the tendency to accumulate
heavy metals at alarming levels [13] [14]. According to Das et al (2015), some
businessman adds color in the powder of spices to attract customer in the open
local market [3]. Additionally, spices may be contaminated with heavy metals
through aerial depositions during drying on the roof or ground. Despite being
the essential metals that are naturally present in the plants, Agency for Toxic
Substances and Disease Registry (ATSDR, 2015) had declared that Pb and Cd are
the second and seventh-most toxic metals in common condiments [15]. As rural
and urban peoples of Bangladesh are prone to spicy foods, and common spices
(viz. red chili, turmeric, coriander, black cumin, and bay leaves) are used in daily
cuisine, it is imperative to monitor the nutritive values and heavy metal contents

in the spices to ensure health safety for local people. In this study, we investigate
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various spices in the Northern region of Bangladesh.

2. Materials and Methods
2.1. Sample Collection

Nine samples of each spice were collected randomly from the local market of
Northern zone, Bangladesh viz. Natore, Rangpur, and Thakurgaon district from
November to March. Thus, a total of 45 samples were collected from different
places in the selected areas and stored in polythene bags for laboratory analysis.

Selected spices with scientific and family names are shown below.

Identification of experimental spices locally available in the Northern zone, Bangladesh

Common name  Scientific name Family

Red chilli Capsicum annuum Solanaceae
Turmeric Curcuma longa Zingiberaceae
Coriander Coriander sativum Apiaceae
Black Cumin Nigella sativa Ranunculaceae
Bay leaves Laurus nobilis Lausaceae

[Yellow circles stand for sample collection areas from
Northern zone in Bangladesh]

2.2. Sample Preparation

Spices were thoroughly segregated, cleaned, and dried in sunlight for 12 h fol-
lowed by in a thermostatically controlled oven at 40°C - 50°C for approximately
1 to 2 h. The dried spices were converted into fine particles using a stainless steel

grinder and test sieve, no. 80 mesh [16]. The spices powder was then kept in po-
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lypropylene plastic pouches for the subsequence analysis of the study.

2.3. Nutritional Analysis

The nutrient contents of experimental spices were estimated according to the
standard analytical methods mentioned by Rahman et al (2021) [17]. Protein,
fat, fiber, and ash were determined according to the AOAC (2000) method [18].
Soluble protein and non-protein nitrogen were calculated by determining so-
luble nitrogen by the Kjeldahl method and carbohydrate content was determined
by the calculated difference method. Sodium, potassium, and calcium were esti-
mated by the flame photometric method [19]. Vitamin C was determined using
the Indophenol method described by Food Analysis Laboratory Manual [20].

For the determination of heavy metals from spices, approximately 0.5 g of
sample powder were taken into a Teflon digestion vessel and dissolved with 7 ml
concentrated nitric acid (HNOs) and 1 ml perchloric acid (HCIO,). The samples
were radiated into the microwave digestion system for 20 min. After cooling, the
samples were filtered with Whatman filter paper (0.45 pm pore size) and trans-
ferred into 50 ml volumetric flasks with 1% HNOs. The concentration of heavy
metals (Pb, Cd, As, Hg, Sn, Fe, Cu, Ni, and Mg) were analyzed by using graphite
furnace atomic absorption spectrometry (GFAAS) [21].

2.4. Statistical Analysis

The composition of spices is expressed as mean + standard deviation (x + sd).
The normality of the data was tested using Q-Q-plot and Shapiro-Wilk test, and
the Levene test was used to test homogeneity of variance. One-way ANOVA was
used to compare significant variations in nutrient content among spices. Post
hoc analysis (Tukey HSD) was used for determining the mean differences within
the groups. All analysis was done by appropriate statistical methods using RStu-
dio (Version 1.4.1717) based on R (Version 4.1.0).

3. Result
3.1. Quantitative Analysis of Nutrients from Spices (per 100 g)

The proximate composition of spices is presented in Table 1. The result showed
that spices are rich in carbohydrates, fiber, and fat. Among the experimental
spices, turmeric and bay leaf showed the highest carbohydrate content, and black
cumin was the lowest one. Free sugar was significantly (2 < 0.001) higher in co-
riander and chili powder, while bay leaf and black cumin showed a tiny amount
of sugar content (Table 1). Protein and dietary fiber content were noticeable
among the black cumin, chili, and coriander powder. Fat content was ranged
between 14.0% to 17.8%, except turmeric (4.11%). Moreover, saturated fat was
superior in bay leaf (2.3%), and trans fat was significantly upper in chili and
turmeric than other spices. The highest amount of vitamin C, sodium, and po-
tassium content was found in black cumin. Bay leaf was the second highest. Cal-

cium content was found in a minute amount in turmeric, but the highest level
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Table 1. Proximate nutrient contents of spices powder (per 100 g).

Bay leaf Black cumin Red chili Turmeric Coriander
Carbohydrate 66.0° + 1.0 51.0°+ 1.0 56.78> + 0.13 71.1°x£0.17 57.0¢ £ 0.09
Sugar 0.05* +£0.05 0.05* £ 0.05 22.76° + 0.16 6.28°+0.13 23.864+ 0.89
Dietary Fiber 26.0° £ 0.01 40.0° £ 1.0 32.05°+0.12 7.449£0.13 34.01°+£0.19
Protein 7.0+ 1.0 16.0° + 1.0 16.77° £ 0.18 8.99°+0.34 14.5% + 0.12
Fat 16.6* + 0.1 15.0°+ 1.0 14.0° + 0.24 4.11°+0.17 17.84+ 0.05
Saturated Fat 2.30*+ 0.1 0.5° + 0.1 0.56" + 0.14 0.27% + 0.04 0.53%¢ + 0.07
Trans Fat 0.05*+0.05 0.05° £ 0.05 0.25° + 0.07 0.2°+0.04 0.01* £ 0.01
Vitamin C (mg) 0.05* +£0.05 35.0°+ 1.0 0.04%* = 0.02 0.1+ 0.04 0.06% £ 0.02
Sodium (mg) 23.0°+ 1.0 87.0°+ 1.0 0.3+ 0.07 0.02°+0.01 0.03°+0.01
Calcium (mg) 830.0*+ 1.0 119.0° + 1.0 0.58°+0.09 0.2°£0.08 0.61°+0.07
Potassium (mg) 529.0°+ 1.0 1694.0° + 1.0 1.8+ 0.09 0.96¢ £ 0.04 0.3+ 0.04

Values are means of triplicates + standard deviation. Values on the same row with different superscripts are significantly different

(P <0.05).

was found in the bay leaf and black cumin (Table 1).

Moisture and acid insoluble ash content were almost equal in range for all the
experimental samples as shown in Figure 1. The highest acid insoluble ash was
found in black cumin, whereas moisture content was recorded in turmeric. Wa-
ter and alcohol soluble ash content was lowest in black cumin, while the highest
were found in turmeric powder, followed by bay leaves, coriander, and chili. In
the case of total ash, the highest mean concentration was found for turmeric and

the lowest was for bay leaves (Figure 1).

3.2. Heavy Metal Contents in Spices

This study also indicated the proximate heavy metal contents in the selected
spices, available in Bangladesh. The concentration of heavy metals in the ana-
lyzed spice samples is listed in Table 2. The metal levels were determined based
on the dry weight of the spices. The highest mean levels of magnesium (Mg) and
iron (Fe) were detected in all spices samples, while arsenic (As), mercury (Hg),
cadmium (Cd), and lead (Pb) were generally the lowest level in all samples.
Turmeric showed the highest Mg (2066.24 mg/kg) and Fe (248.25 mg/kg) con-
tent, whereas, coriander was the lowest ones, which were recorded as 301.78 and
18.61 mg/kg, respectively. The mean concentrations of lead in the spices ranged
from 0.11 - 0.89 mg/kg. In all the samples average Cd, As, and Hg concentration
was more or less equal in range (Table 2). The tin (Sn) concentration was the
highest in black cumin as 1.94 mg/kg, followed by chili (0.85 mg/kg), and the
lowest in turmeric as 0.17 mg/kg. Black cumin was rich in copper (Cu) and
Nickel (Ni), which were recorded as 14.78 and 6.12 mg/kg, respectively. While in
other samples, it ranged from 3.55 to 9.43 mg/kg and 0.59 to 2.78 mg/kg respec-
tively. Comparatively the heavy metal contents were the lowest in coriander,
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Ash and moisture percentage in the extract of spices
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Figure 1. Ash and moisture percentage of different spices in Bangladesh.
Table 2. Heavy metal composition of spices (mg/kg).
Red Chili Turmeric Coriander Black cumin Bay leaf
Lead 0.24* + 0.003 0.89° + 0.003 0.15°+ 0.003 0.114+ 0.003 0.54° + 0.003
Cadmium 0.22* + 0.003 0.004° + 0.002 0.01° £ 0.003 0.05¢ + 0.003 0.03%¢ + 0.002
Arsenic 0.15* + 0.002 0.005° + 0.003 0.004° + 0.002 0.02¢+ 0.003 0.01¢+ 0.03
Mercury 0.17* £ 0.003 0.2° + 0.003 0.21* + 0.003 0.214+ 0.002 0.25¢+ 0.003
Tin 0.85* + 0.002 0.17° + 0.003 0.41° + 0.003 1.94¢ + 0.003 0.51¢ + 0.003
Iron 117.87* £ 0.002 248.25° + 0.03 18.61¢ £+ 0.003 90.2¢ + 0.003 274.92¢ + 0.003
Copper 9.43*+ 0.003 4,72+ 0.003 3.55°+0.003 14.784 + 0.003 4.94¢ + 0.003
Nickel 2.28* £ 0.003 2.49* +0.003 0.59¢+ 0.01 6.12¢ + 0.003 2.78°+0.003
Magnesium 1390.29* + 0.37 2066.24° + 0.03 301.78°+ 0.003 1930.82¢ + 0.03 931.14° + 0.002

Values are means of triplicates + standard deviation. Values on the same row with different superscripts are significantly different

(P <0.05).

followed by bay leaves and the highest level were found in turmeric and chili.

4. Discussion

Spices are commercially important for domestic consumption and export. They
are indispensable in culinary art and are also used in pharmaceuticals, perfumes,
and cosmetics industries from ancient times [2]. Spices are good sources of ash,
fiber, and important minerals [22]. The above results are also accordant with the
previous study. The present study showed that spices were rich in carbohydrate
(51.0% - 71.1%), and turmeric (Curcuma longa) had the highest carbohydrate
content, but lower dietary fiber (7.44%). While, bay leaf (Laurus nobilis), red
chili (Capsicum annuum), coriander (Coriander sativum), and black cumin
(Nigella sativa) were recorded as 26.0%, 32.05%, 34.01%, and 40.0% dietary fiber
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respectively. Soluble fiber (eg. gums, pectins, hemicelluloses, and other polysac-
charides) and insoluble fiber could be the reason for high values of fiber [10].
This study also found that high sugar content was present in coriander (22.76%)
and red chili (23.86%), which might be due to the presence of sucrose, fructose,
and poly fructosans [7]. Moreover, bay leaf and black cumin had negligible su-
gars (0.05%). The protein contents of the experimental spices were comparable
(7.0% - 16.77%), being more than that of cereals and dry legumes [9]. The fat
content was high in all spices (14.0% - 17.8%), except turmeric (4.11%). Howev-
er, saturated and trans fat was at a minimal level in the case of all spices. The
goal of the spice industry is to maintain the moisture between 5% - 14% because
the lower moisture content prevents microbial damages, and below 5% causes
crumbling and loss of shape. This study showed that the moisture content was
met in all spices (Figure 1). Black cumin showed the highest vitamin C, while
other spices had a negligible amount.

Many essential and toxic heavy metals were also found in low concentrations
on the selected spices. The maximum permissible standard concentration of Fe
in food is 300 mg/kg as recommended by WHO 2005 [23]. As revealed by ana-
lytical results (Table 2) iron content of spices samples ranged between 90.2
mg/kg for black cumin and 274.92 mg/kg for bay leaves, except coriander (18.61
mg/kg). Black cumin and bay leaf were good sources of major minerals viz. cal-
cium, magnesium, sodium, and potassium. Minerals play a significant role in
proper body function, immune system, and good health, as well as prevent nu-
merous metabolic disorders [24].

The daily permissible intake of copper (Cu) is less than 20 mg/kg which does
not affect health, but a higher level can be toxic [5]. In our study, the Cu content
of spices was ranged between 3.55 to 14.78 mg/kg, while black cumin showed the
highest one. As observed by Das et al (2015), the copper concentration of co-
riander, red chili, and turmeric were 10.38, 9.23, and 8.3 mg/kg respectively.
They also recommended the range of Cu concentration differ widely from 0.56
to 24.90 mg/kg depending on the different branded spices [3]. However, Cu
concentration in all the spicy samples was recorded as less than half the WHO
limit (50 mg/kg). According to the WHO (2002) limits in spices for lead (Pb),
mercury (Hg), nickel (Ni), cadmium (Cd), arsenic (As), and tin (Sn), the maxi-
mum permissible standard concentration were 10, 10, 50, 0.2, 1 and 200 mg/kg
respectively [25]. Toxic levels of heavy metals in food/spices have been asso-
ciated with a harmful effect on the skin, lungs, liver, kidney, and bladder [26].
However, the present study found that the concentration of Pb, Cd, As, Hg, Sn,
and Ni in the spices were in a range of 0.11 to 0.89 mg/kg, 0.004 to 0.22 mg/kg,
0.004 to 0.15 mg/kg, 0.17 to 0.25 mg/kg, 0.17 to 1.94 mg/kg, and 0.59 to 6.12
mg/kg respectively. Daily intake values for all samples were less than the maxi-
mum permission limit values and they are not a bright line for health risk.
Comparatively coriander, black cumin, and turmeric showed the lowest heavy

metal contents than red chili. From this research, spices have particularly proved
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to be an excellent in terms of nutrition, however, large scale study will be needed

to clarify this phenomena.

5. Conclusion

Spices are important components of many diets and are a rich source of carbo-
hydrates, fiber, fat, and minerals. Based on this study, spices are not heavily
burdened with metals, and the concentrations are below the legal values for
spices proposed. Black cumin and bay leaf were rich in proximate nutrients, as
well as minerals like potassium, calcium, sodium, magnesium, and iron. The
highest magnesium concentration was found in turmeric followed by black cu-
min and red chili. Heavy metal content in the investigated spices was considera-
ble amounts that are safe for human consumption. From the nutritional point of
view, spices are not considered to be important in the balanced diet due to their
small intake in the daily meal but can be complemented with other food com-

ponents.
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