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Abstract

Anethum sowa L. (Dill) stem portions were analyzed for its macro and micro elemental concentration
by XRF spectrometry collected from different places of Bangladesh. The plants were collected when
those were 35 cm in height i.e. within 40-45 days of sowing. Results of proximate analyses showed that
the stem parts contained highest level of moisture (93.67), ash (1.62) and dry matter (30.77%) on fresh
weight basis (g/100g). The highest level of mineral contents were Ca(478.50±6.22), K(336.65±3.26),
Cl(153.92±3.26), Na(114.86±1.38), S(96.65±1.76), Mg(63.96±1.15), P(49.41±0.74), Al(41.75±0.71),
Fe(34.57±1.33), Si(31.03±0.18), Ni (11.98±0.22) and Ti (3.75±0.28)  in mg/100g on fresh weight basis.
Cu, Sr, Rb, Zn, Ba and  Zr were present in small amount and Y, Cu and Mn were present in trace
amount. However, the toxic elements like Co, Pb, As and Hg were not found in the present study.
Presence of higher amounts of   mineral contents in the stem parts could potentially be consumed as
supplement as human diets or livestock feed as well as pharmaceutical preparation.   

Key words : Anethum sowa L., XRF spectrometry, Dill, Condiment, Macro and micro  elements,
Elemental composition.
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Introduction 

Medicinal herbs have a long history of use in
traditional medicine. There are some evi-
dences over recent decades that medicinal
herbs possess important pharmacological
properties. Many bioactive compounds with 

known effects on human physiology and dis-
eases have been identified through studies of
plants used in traditional medicine. As a
medicinal herb, Anethum sowa L.(Dill,
Indian Dill and Bengali-Shulfa) belongs to
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the family Apiaceae (Umbelliferae) and
comes under genus Anethum. There are two
species under cultivation i.e. European dill
(Anethum graveolens L. Syn. Peucedanum
graveolens Benth & Hook ) and the closely
related to Indian Dill (Anethum sowa L.).
The entire plant is glabrous aromatic and is
grown as annual crop during the winter sea-
son. The plant is native to Asia and
Mediterranean region of Europe and Africa
and USA. It is found growing wild in
Southern Russia, Southern France and North
Africa. Dill is indigenous to the northern
plains of India, Pakistan and Bangladesh.
People of this region grown the green herb as
pot-herb for it's fresh aromatic herb and
fruits. It's fruits are longer but less fragrant
than Anethum graveolens L. The Dill herb
grows up to 2.5ft.  in height and  like fennel,
have small feathery leaves, which stand on
sheathing foot-stalks with linear and  point-
ed leaflets. Stem is erect, branched, cylindri-
cal, straited, smooth and pale green
(Anonymous 1985; Chopra et al., 1992;
Spices Board 2005; Bentley et al., 1983).
The green herb and its oil are also used for
flavoring and seasoning of various foods,
pickles vegetables and also in soap and per-
fume industry.  Different parts of this plant
have a wide range of application in tradition-
al and folk medicine and in various medici-
nal preparations. Biological and pharmaco-
logical studies of this plant revealed antimi-
crobial, antioxidative and anti-spasmodic
activities (Baslas et al., 1971; Halva  et al.,
1987;  Paakkonen et al., 1989).

Medicinal and aromatic plants gained more
importance in agronomy, pharmacy, pharma-
ceuticals preparation and in day-to-day life.
At present, for the prevention of several dis-
eases, there is an increasing interest for the
importance of dietary minerals. The trace
elements, together with other essential nutri-
ents, are necessary for growth, normal phys-
iological functioning and maintaining of life;
they must be supplied by food, since the
body cannot synthesis them. The exact clas-
sification of trace versus macro minerals is
not clear but traces are often considered as
minerals required by the body in amounts
less than 100 mg per day and make up less
than 0.01% of bodyweight (Anna et al.,
2006). Srikumar (1993) gave a classification
of the elements contained in vegetables.
Potassium, sodium, calcium, magnesium and
iron were classed as macro elements. Zinc,
copper, manganese and selenium as trace
elements and cadmium, lead, mercury and
arsenic as toxic elements. According to
Kleszczewska et al., (2001) the elements
classified in the last group have no biologi-
cal functions. Major minerals serve as struc-
tural components of tissues and function in
cellular and basal metabolism, water and
acid-base balance, clotting of blood and for-
mation of bones and teeth etc. (Macrae et al.,
1993a ; Nielsen 1984; Smith 1998; Ozcan
2004; Gupta et al.,  2000 and Rajurkar et al.,
1997 ). 

Several studies have been carried out on
fatty acid and Dill oil (essential oil) compo-
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sition as well as vitamins, alkaloids, glyco-
sides & other active components of the herb
and their pharmacological effects. A little
has been reported about minor and trace ele-
mental composition of the herb.
Nevertheless, there is a dearth of information
on the mineral content of Dill stem.
However, most of the data are reported for
dry form and therefore, their values in the
fresh stage i.e. the normal form that we usu-
ally consumed remain unknown. The stem
parts of Dill plant, which are not usually
consumed at the matured stage, were found
to be rich in nutritive mineral components.
As far as we know, no such studies on Dill
stem have been undertaken. Therefore, the
aim of the study was to determine the con-
tents of some macro and micro elements in
fresh Dill stem parts and to evaluate their
nutritional property, bioavailability as well
as calculate the contribution of these ele-
ments in daily dietary intake and correlate
with medicinal properties for several purpos-
es of pharmaceuticals and ayurvedic prepa-
ration. Another aspect of the study was to
explain variation in elemental contents of the
plant grown in different places of
Bangladesh.

Materials and Methods 

Sample collection and preparation 

Dill samples were collected from four differ-
ent places (Sirajgonj Tarash, Natore
Gurudashpur, Dhaka Botanical-Garden and
Dhaka Keranigonj) of Bangladesh during the

month of December to March in 2002-2003.
A voucher specimen (DACB Accession
Number-31,282) of the plant has been pre-
served in the Bangladesh National
Herbarium Centre, Dhaka. The collected
samples were kept in airtight plastic bags,
sealed and transported to the laboratory. The
moisture content of the fresh stem samples
was immediately measured. The stems were
separated from the herb, and allowed to air
dry in a sheltered area at 25-30OC. The air-
dried samples were ground to powder by
mechanical means and finally stored in air-
tight high-density polyethylene bag at ambi-
ent temperature for subsequent analyses.

Determination of moisture content

The moisture content of Dill stems was
determined by the oven drying method at
105OC until constant weight (about 6 hours)
(AOAC 1984) was achieved.

Determining the mineral composition.

i) Preparation of samples for XRF analysis 

A certain amount of  Dill stem powder was
burned to  ashes at 450±50OC  temperature
by muffle furnace until constant weight
(approximately 4 hours). The ash was cooled
and powdered by means of morter & pastle.
Then the powder was sieved through 100
mesh sieve and dried at 105OC in an oven
before the analysis. The moisture content (at
105OC) of the ash powder was recorded for
XRF data imputation. The ash  powder of the
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specific grain size was taken to the  mini-
press and  applying 12 tons pressure for 1
minute. The sample powder was compressed
into solid thin pellet. The ratio of sample :
boric acid : stearic acid = 10:20:1 was
required for preparation of the pellets. All
the solvent and chemicals used were of A.R.
grade Sigma/E. Merck.

ii ) XRF measurements

The mineral concentrations were determined
by XRF Spectrometer. Model no: PW 2404,
Instrument type: Wavelength dispersive,
Measuring type: Sequential, Manufacturer:
PHILLIPS at present, PANAlytical, The
Spectris Technology, The Netherlands. The
analyses were carried out in which calcula-
tion and fixed calculation methods were
used. The 'PW 2404 XRF' spectrometer was
equipped with an X-Ray tube anode  Rh tube
and also maximal 4 filter. X-ray generator: 4
KW with 60 KV, 125 mA (in steps). The gen-
erator is solid state based on 'Switch Mode
Power Supply' design to respond fast the
changes sought in X-Ray tube power.
Detectors: The Scintillation Detector,
Duplex (Xenon filled detector for mid range
in tandem with flow counter). The P10 gas
(is normally 90% Ar and 10% CH4 ; gas out-
put pressure 80 Kpa) used in flow detector as
the quench gas. A minipress was used for
making pellets. The 'XRF' analytical infor-
mation data of Dill stem of different regions
are shown in Table I.  

Statistical analysis.

Results were expressed as mean value ±
standard deviations of three separate deter-
minations. The significant differences
between means were calculated by one way
analysis of variance (ANOVA). 

Results and Discussion 

The comparative results of the elemental and
proximate analyses of Dill stem of different
places of Bangladesh are presented in Table-
II and Table-III respectively. Dry weight val-
ues (g/100g) of elemental compositions are
shown in Table-IV from XRF instrument
data sheet. Results are expressed on their
fresh weight basis. The average results of
proximate compositions (Table-II) of green
Dill stem showed that the moisture (93.67)
and ash (1.62) content are found in the high-
est amount in Sirajgonj  (Tarash) sample,
while the lowest  amount of moisture (69.23)
found in Dhaka (Botanical Garden) and ash
(0.83) in Natore (Gurudashpur) samples
(g/100 g on fresh weight basis) and their cor-
responding dry matter values were vise-
versa. On the other hand, the ash values
determined on dry weight basis found the
highest (25.59) in Sirajgonj (Tarash) while
the lowest (3.24) in Natore (Gurudashpur)
sample. The ash value implies that Dill stem
is a fairly good source of minerals.

The Dill stem contained significant amount
of important mineral elements. The elements
presents in descending order by quantity 



(mg/100g on fresh weight basis), were Ca,
K, Cl, Na, S, Mg, P, Al, Fe, Si, Ni and Ti.
(Table III). The highest amount of
Ca(478.50),P(49.42), Al(41.75), Fe(34.57) and
Ti(3.75)  were found in  Sirajgonj (Tarash) 

sample and the lowest amount of
Ca(311.28), Fe(3.89) and Al(3.42) in Dhaka
(Keranigonj),  P(19.12) in Natore
(Gurudashpur),   and also Ti(1.62) in Dhaka
(Botanical  Garden)  samples. On  the  other 
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Table II: Proximate composition of Dill stem of different places of Bangladesh (g/100g).

Parameters Sirajgonj Natore Dhaka Dhaka
(Tarash) (Gurudashpur) (Botanica garden ) (Keranigonj)

Moisture 93.67 74.32 69.23 81.90
Dry matter 6.34 25.68 30.77 18.10
Ash (on dry weight basis ) 25.59 3.24 3.32 8.58
Ash (on fresh weight basis ) 1.62 0.83 1.02 1.55

Note: Each value represents the average value from three experiments.

Table I :  XRF analytical information data of Dill stem of different places of   Bangladesh

Note: S1, S2 and S3 values represent the values for three individual samples.

Parameters Sirajgonj
(Tarash)

Natore
(Gurudashpur)

Dhaka 
(Botanical 
garden )

Dhaka
(Keranigonj)

RMS
Sum before normalization
Normalized to
Sample type
Initial sample 
weight (g)

Weight after 
pressing (g)

Correction applied 
for medium
Correction applied 
for film
Used compound list
Result database

0.00
57.2%
99.4%

Pressed  powder
S1= 4.056
S2=4.050
S3=4.047
S1= 4.463
S2=4.457
S3=4.454

No

None

Oxides
iq+

0.000
63.5%
98.7%

Pressed powder
S1= 4.009
S2=4.001
S3=4.012
S1= 4.411
S2=4.403
S3=4.414

No

None

Oxides
iq+

0.000
67.0%
98.5%

Pressed powder
S1= 3.902
S2=3.914
S3=3.911
S1= 4.309
S2=4.321
S3=4.318

No

None

Oxides
iq+

0.000
57.4%
99.8%

Pressed powder
S1= 4.044
S2=4.039
S3=4.052
S1= 4.451
S2=4.446
S3=4.459

No

None

Oxides
iq+
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hand K(336.65), Cl(153.92), Na(114.86) &
S(96.65) found  the highest amount  in
Dhaka (Keranigonj) sample and the lowest
amount of  K(104.64), S(25.49) & Cl(14.13)
in Dhaka (Botanical Garden) and also
Na(14.36) in Natore(Gurudashpur) sample.
Moreover, Mg (63.96), Si (31.03) & Ni
(11.98) were found in the highest amount in

Dhaka (Botanical Garden) sample and the
lowest amount of Mg (34.24) & Si (8.40) in
Dhaka (Keranigonj) and Ni (3.50) in Natore
(Gurudashpur) samples. However, Ti was
not detected in Natore (Gurudashpur) and
Dhaka (Botanical Garden), Ni was not
detected in the sample of Sirajgonj (Tarash)
and Dhaka (Keranigonj), Zn was not detected

Table-III: Mineral element compositions of the stem of A. sowa (Dill) of different places  of
Bangladesh  (mg/100g on fresh weight basis, calculated  from  their dry values). 

Compound Elements XRF Crystal Sirajgonj Natore Dhaka Dhaka 
Formula Line (Tarash) (Guruda- (Botanical (Keranigonj)

shpur) garden)

O O - - 496.11±3.03 262.87±1.65 348.29±2.09 456.80±2.44
Na2O Na Ka PX1 48.93±1.49 14.36±0.168 17.96±0.28 114.86±1.38
MgO Mg Ka PX1 56.59±1.01 34.72±0.90 63.96±1.15 34.24±0.94
Al2O3 Al Ka PE 41.75±0.71 9.65±0.25 11.07±0.44 3.42±0.15
SiO2 Si Ka PE ND ND 31.03±0.18 8.40±0.67
P2O5 P Ka1 Ge 49.42±0.74 19.12±0.57 39.62±0.19 32.52±1.23
SO3 S Ka Ge 53.82±1.76 30.92±0.80 25.49±1.14 96.65±1.76
Cl CI Ka Ge 104.54±3.58 14.16±0.50 14.13±0.64 153.92±3.26

K2O K Ka LiF200 253.44±3.60 113.20±3.71 104.64±3.04 336.65±3.26
CaO Ca Ka LiF200 478.50±6.22 322.85±3.30 334.58±3.17 311.28±2.57
TiO2, Ti Ka LiF 200 3.75±0.28 ND 1.622±0.10 ND
Fe2O3 Fe Ka LiF220 34.57±1.33 5.23±0.01 12.83±0.62 3.89±0.46
NiO, Ni Ka LiF220 ND 3.50±0.60 11.98±0.22 ND
ZnO, Zn Ka LiF220 ND ND 0.83±0.01 ND
Rb2O Rb Ka LiF220 Tr 0.31±0.00 Tr 0.47±0.00
SrO Sr Ka LiF220 0.49±0.0 0.79±0.00 0.611±0.01 0.47±0.00

ZrO2, Zr Ka1 LiF220 Tr 0.10±0.00 0.142±0.00 Tr
BaO, Ba Ka LiF220 Tr ND 1.79±0.00 Tr

Y2O3 , CuO Y, Cu, Ka1, LiF220 Tr Tr Tr Tr
MnO, Mn Ka

Note: Where minimum detection limit is 0.01%, Tr stands for trace amount and ND for not
detectable.  Each value is the mean ± SD of three determinations.
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in Sirajgonj (Tarash), Natore (Gurudashpur)
and Dhaka(Keranigonj) samples. Similarly,
Si was not detected in Natore (Gurudashpur)
and Sirajgonj (Tarash) samples. Very small
concentrations of Zn (0.83), Rb (0.31-0.47),
Sr (0.47-0.79) & Zr (0.10-0.142) and Ba
(1.79) were determined in all the places
under investigation. Y, Cu & Mn were pres

ent in trace amount in all the sample of the
said places. The toxic elements like Co, Cd,
As, Cr, Pb & Hg were not detected in the
investigation. In our study some variations is
observed in our data. These variations may
be due to on such factors as type of genetic
variety, maturity, collection time, climatic
condition in various geographical location,

Table IV : Mineral element compositions of the stem of  A.  sowa (Dill) of different places  of
Bangladesh (g/100g on dry weight basis, calculated from their values as oxides).   

Compound Elements XRF Crystal Sirajgonj Natore Dhaka Dhaka 
Formula Line (Tarash) (Guruda- (Botanical (Keranigonj)

shpur) garden)

O - - 30.42±0.18 31.1922±0.19 33.6144±0.20 29.35±0.14
Na2O Na Ka PX1 3.00±0.09 1.7044±0.02 1.7336±0.02 7.38±0.08
MgO Mg Ka PX1 3.47±0.06 4.1202±0.10 6.1726±0.11 2.20±0.06
Al2O3 Al Ka PE 2.56±0.04 1.1450±0.03 1.0685±0.04 0.22±0.01
SiO2 Si Ka PE ND ND 2.9953±0.02 0.54±0.04
P2O5 P Ka1 Ge 3.03±0.05 2.2691±0.07 3.8241±0.02 2.09±0.07
SO3 S Ka Ge 3.30±0.10 3.6685±0.09 2.4597±0.11 6.21±0.11
Cl CI Ka Ge 6.41±0.22 1.6797±0.06 1.3638±0.06 9.89±0.20
K2O K Ka LiF200 15.54±0.22 13.4329±0.44 10.0993±0.29 21.63±0.21
CaO Ca Ka LiF200 29.34±0.38 38.3094±0.39 32.2910±0.31 20.00±0.16
TiO2, Ti Ka LiF 200 0.23±0.01 ND 0.1566±0.01 ND
Fe2O3 Fe Ka LiF220 2.12±0.08 0.6206±0.01 1.2388±0.06 0.25±0.03
NiO, Ni Ka LiF220 ND 0.4159±0.07 1.1564±0.02 ND
ZnO, Zn Ka LiF220 ND Tr 0.0801±0.00 ND
Rb2O Rb Ka LiF220 Tr 0.0364±0.00 Tr 0.03±0.00
SrO Sr Ka LiF220 0.03±0.0 0.0933±0.00 0.0590±0.00 0.03±0.00
ZrO2, Zr Ka1 LiF220 Tr 0.0124±0.00 0.0138±0.00 Tr
BaO, Ba Ka LiF220 Tr ND 0.1730±0.00 Tr
Y2O3, Y, Cu, Ka1, LiF220 Tr Tr Tr Tr
CuO,MnO, Mn Ka
Note: Where minimum detection limit is 0.01%, Tr stands for trace amount and ND for not

detectable, each value is the mean ± SD of three determinations.
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composition of the soil, water and fertilizer
used as well as permissibility, selectivity and
absorbility of plants for the uptake of these
elements. All the effects caused the final
level of mineral components in a plant.
(Sovljanski et al., 1989; Claudia P. et al.,
1998).

In the present study the highest concentra-
tion of Ca,  P, Al and Fe were observed  in
Sirajgonj(Tarash), K, Cl, Na and S in Dhaka
(Keranigonj) and Mg , Si and Ni in Dhaka
(Botanical Garden) samples. Mineral values
of Dill stem obtained in this investigation are
comparable to other Umbelliferae species
stem part like Parsley (Petroselinum
crispum) stem contained Na (22.0),
K(479.0), Ca(51.0), Mg(17.0), P(18.0) and
Fe (0.7) mg/100g on fresh weight basis
(Claudia P et al.,1998). In general, research
findings have indicated that Dill stems con-
tain substantial amount of mineral elements.
The high amount of these elements could
provide alternative sources of mineral
intake. However, the bioavailability of these
minerals, specially phosphorous, remains a
problem, as it is more often than not in a
complexed form.  

Mineral elements play vital roles in many
important processes in the body, such as Fe,
Zn, Na, K and Ca are important in human
nutrition. The body requires Fe for the syn-
thesis of the oxygen transport proteins
hemoglobin and myoglobin and for the for-
mation of heam enzymes and other Fe con-

taining enzymes, which are particularly
important for energy production immune
defence and thyroid function. The body nor-
mally regulates Fe absorption so as to
replace the obligatory iron losses of about 1-
1.5 mg per day. Fe deficiency anemia can
decrease mental and psychomotor develop-
ment in children increase both morbidity and
mortality of mother and child at childbirth,
decrease work performance and decrease
resistance to infection. In this study the Fe
(3.89-34.57 mg) content in Dill stem is an
agreeable limit (DRI 1997). Ca is the major
component of bone and assists in teeth
development (Brody 1994). Where low
intake of Ca can be detrimental to health,
since low intake is one of the risk factors in
the bone disease osteoporosis. Ca is required
for the normal growth and development of
the skeleton. Adequate Ca intake during ado-
lescence is critical in achieving optimal peak
bone mass and reducing the rate of bone loss
associated with aging (Frossard et al., 2000).
On the other hand, Na, K and Ca play an
important role in the electrophysiology of
cardiac tissue. Ca-ions increase the force of
contraction of the heart.  (Rajurkar et al.,
1997 ).  Na maintains the osmotic equilibri-
um between the extra cellular fluid and the
tissue cells and maintains the pH of blood
within normal limit. It is also concerned with
the conduction of nervous impulses, muscle
contractility and control of heart muscle con-
duction (Gupta et al., 2000). Mg, Fe and P
are essential for most metabolic processes.
This is nutritionally significant considering
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the fact that, potassium plays a principal role
in neuro-muscular functions. (Ibironke  et
al, 2006). Zn is an important constituent of
several enzymes and plays vital role in clin-
ical, biochemical and immunological effects
(Fell and Lyon 1994; Dell and Sunde,
1997). The important of these elements can-
not be overemphasized because many
enzymes require them as cofactors
(Akpanabiatu et al., 1998). In the present
communication, the mineral element compo-
sition of Dill stem is an agreeable limit for
our daily dietary allowance (Table -V). 

Conclusion : 

The total concentration of macro and micro
elements were measured in Dill stems from
four different places of Bangladesh by XRF
spectrometry   for   the   first   time   by  the 

authors. In comparison with other
Umbelliferae species stem part, Dill stem
accumulated encouraging amount of mineral
elements. Precision of the measurements
was taken by analysis of three sub samples
of each region. Mean elemental contents
vary over a wide range, attributed to varying
geo-environmental conditions and local soil
characteristic from one place to another. The
ANOVA results proved that there was not a
significant variation between the single ana-
lytical procedures employed. Due to the
increasing interest in finding the biological 

roles of nutrients and their function in chron-
ic diseases, vis-à-vis knowledge of dietary
nutrient intake is needed to optimize human
health. The nutritional assessment of food
intake is of permanent interest to food

Table V: The mineral elemental composition present in Dill stem is compared with daily dietary
allowance.

Mineral Amount present Daily dietary allowance Daily dietary 
elements determined in the study for human adult allowancefor infants 

(mg/100g) (mg/100g on fresh weight basis) (DRI, 1997) (mg) (DRI, 1997) (mg)

Na 14.36-114.86 500 120-200
Mg 34.24-63.96 320-420 75
P 19.12-49.41 800 275
CI 25.49-96.65 750 300
K 104.64-336.65 2000 700
Ca 311.28-478.50 1200 270
Fe 3.89-34.57 10-18 10
Zn 0.83 15 5
Cu Tr 1.5-3 0.6-0.7
Mn Tr 2.5 0.6-1.0
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chemist. Dietary sources of essential ele-
ments are important for correct physiologi-
cal functions of the human body. The high
quantity of K, Mg and Ca together with the
quantity of Na plus the content of the essen-
tial elements Fe, Mn, Zn and Cu allow the
stems of Dill is to be considered as excellent
sources of  bioelements. The results indicate
that analyzed dill stem should be considered
as sufficient amount of mineral element sup-
plement to meet the daily dietary allowance
(DRI 1997). Inorganic elements remain
complexes with organic ligands and made
them bioavailabe to the body system.
Physiological effect of each mineral should
be evaluated in connection with the minerals
daily taken from other foods. At any rate, it
is considered that stems of Dill play a mean-
ingful roll in human nutrition as useful min-
eral sources. The high level of these macro
and micro-elements in stem part make it use-
ful as supplements as human diets or live-
stock feed and also be used as raw materials
in pharmaceuticals and ayurvedic formula-
tion. 

Acknowledgements 

Authors are thankful to the Director, BCSIR
Laboratories, Dhaka-1205, and the Director,
IGCRT, BCSIR, Dhaka-1205, Bangladesh
for giving the permission to conduct the
research work. We also acknowledge the
help of Md. Zamilur Rahman, S.O.and Md.
Mosharraf Hossain J. Tech.of BCSIR Labs.,
Dhaka-1205, Bangladesh during the investi-

gation. We also thankful to Md.
Saimuzzaman (Babu), Dhaka Road Research
Laboratories, Mirpur, Dhaka for his assis-
tance for collecting the samples.

References: 

Akpanabiatu, M.I., Bassey, N.B., Udosen, E.O.,
Eyong, E.U. (1998) Evaluation of some
minerals and toxicants in stome Nigerian
soup meals. Journal of Food Composition
And analysis. 11: 292-297.

Anna lesniewicz, Katarzyna jaworska Wieslaw
zyrnicki. (2006). Macro- micro-nutrients
and their bioavailability in polish herbal
medicaments. Food Chemistry,  99(4): 670-
679.

Annomymus. Wealth of India. (1985) A Raw
Materials. Council of Scientific and
Industrial Research. New Delhi.1: 272-275.  

AOAC (1984) Official Methods of Analysis.
Association of Official Analytcal Chemists,
14th Edn, Washington. DC. pp 563-565.

Baslas, B.K.; baslas, R.K. (1971) Chemical of
studies into the essential oils form the plants
of Anethum graveolens amd Anetham sowa
(dill oils), Indian perfumer. 15:27-29.

Brody, T. (1994) Nutritional Biochemistry.
Academic press. San Diego CA. pp 555-
556

Bentley R. and Trimen H. Medicinal Plants.
International Book Distributors 9/3, Rajpur



Saleh-e-in, Sultana, Hossain, Ahsan and Roy 493

Road, Dehradum-248001, (1983). Vol. II
(Nos.70-146), Nos.132.  

Chopra, R.N., Nayer, S.L. and Chopra, I.C. A
Glossary of Indian Medicinal Plants and
Supplements. Pulication and Information
Directorate, CSIR, New Delhi. Vol.3.
(1992)

Claudia, P.S., Peter, J.S., Dewey, P.J.S., Aguirre,
A., Jose, J. Lara., Rebeca Vaca , Leon patri-
ca de la Barra, Margarita Ortiz, Ismael
Escamilla Philip W.T. Jams. (1998) The
mineral content of Mexican fruits and veg-
etables. Journal of Food Composition and
Analysis. 11: 340-356.

DRI (Dietary Reference Intakes) (1997)
National Academy of Sciences. Available
from  http://www.nap.edu.. 

Fell,G.S. Lyon, T.D.B(1994). In R.F.M. Herber
and M Stoeppler (Eds.), Trace element
analysis in biological specimens (pp. 541)
Amsterdam: Elsevier.

Frossard, E., Bucher, M., Machler, F., Mazafar, A
Hurrell, R.(2000) Potential for increasing
the content and bioavailability of Fe, Zn
and Ca in plnts for human  nutrition.
Journal of the Science of Food and
Agriculture. 80: 861-879. 

Gupta, K., Gupta, L.C., Gupta, A. Food and
Nutrition Facts and Figures. 5th edn.
Joypee Brothers, (2000) Medical Publishers

(P) Ltd. New Delhi, 110002, India.

Halva, S., Puukka, L. (1987) Studies on fertiliza-
tion of Dill (Anethum graveolens L.) and
Basil (Coimum basilicum L.). I. herb yield
of dill  and basil affected by Fertilization. J.
Agric. Sci.Fin. 59:11-17.

Ibironke A. ajayi, Rotimi A. Oderinde, David O.
Kajogbola Joseph I. Uponi. (2006), Oil con-
tent and fatty acid composition of some
underutilized legumes from Nigeria. Food
Chemistry, 99(1): 115-120.

Kleszczewska, E. Kaczorowskiw, W. (2001)
Korzyst'sy i. niekorzystny wplyw metali
eiezkich na organism  ludzki, Nikiel i olow
( English Summary) Zywienie  Czlowiekal
Metabolizn. 28: 370-377. 

Macrae, R., Robinson, R.R, Sadler, M.J
(Eds).(1993a) Encyclopedia of Food
Science. Food Technology  and Nutrition.
San Diego, CA Academy press INC. Vol-5.  

Mertz ,W.(1982) Trace minerals and atheroscle-
rosis. Fed.  Proc. 41(11): 2807-2812.

Nielsen F H (1984). Ultratrace elements in nutri-
tion. Annual Review of Nutrition. 4 : 21-41.

O. Dell. B.L. Sunde. R.A. (Eds.) (1997).
Handbook of nutritionally essential mineral
elements (pp. 68). New York: Marcell
Dekker Inc.  



494 Macro and Micro Elemental Analysis 43(4) 2008

Ozcan, M. (2004) Mineral contents of some
plants used as condiments in Turkey. Food
Chemistry. 84: 437-440.

Paakkonen, K., Malmsten, T. and Hyvonen, L.
(1989) Effects of Drying Method,
Packaging and Storage Temperature and
Time of the Quality of Dill (Anethum
graveolens L.). J  Food Sci. 54(6): 1485-
1495.   

Rajurkar, N.S., Damame, M.M.(1997).
Elemental Analysis of Some Herbal Plants
Used in the Treatment of Cardiovascular
Diseases by NAA and AAS, Journal of
Radioanalytical and Nuclesr Chemist.
219(1): 77-80. 

Smith, K.T.(1998) Trace Minerals in Foods. New
York Marcel Dekker.

Sovljanski, R., Obraborie S., Kisgece, J., Lazic,
S., Macko, V.(1989).The Heavy Metals
Contents and Quality of  Hop Conce
Treated by Pesticide During Vegetation.
Acta  Horti., 249: 81-88.

Spices Board (Jan 2005). Ministry of commerce
and industry, Government of India,
www.indianspices.com. Vol-XVIII (1).  

Srikumar, T.S.(1993) The Mineral and Trace
Element Composition of Vegetables Pulses
and Cereals of Southern India. Food
Chemistry. 46:163-167.

Received : June, 02, 2008;
Accepted : August 14, 2008


