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Determination of Zinc¢, Cadmium, Lead and Copper in Kakade, Anise,
Cumin, Caraway Black Pepper Extracts Using DifTerential Pulse Anodic

Stripping Voltammetry with Hanging Mercury Drop Electrode
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Department of Chemistry, Faculty of Science, South Valley University, Sohag, Egypt

Abstract: An extraction and sensitive differential pulse ancdic stripping voltammetric (DPASV)
methed at a hanging mercury drop electrode (HMDE) is described for the determination of Zn, Cu, Pb
{ug g 'y and Cd {(ng g ") metal ions in water and 0.1 M HCI extracts for kakade, anise, cumin, caraway
and black pepper. The procedure in water ex{ract is based on the determination of four trace metal ions
in presence of protein and carbohydrate at natural pH’s. The extracted species in water extract acts as
an electrolyte. The influence of extraction times on the content of proteins, carbehydrates and frace
metal ions as well as pH values is demonstrated. DPASV could be able to determine Zn, Cd, Pb and
Cu for kakade or Zn and Pb for anise in water extract in presence of 42 or 37 % protein in dissolved
organic matter {DOM). For cumin, caraway and black pepper, DPASV method could not be able to
determine four metal ions in water extract in presence of 74-43 % protein in DOM. Twe wet digestion
procedures (HNOs/H;O, and HCI/H,O,} are applied to determine four metal ions in cumin, caraway
and black pepper. Wet digestion process with HNOs/H,O, efficiently destroys dissolved organic
matter, thus enabling veltammetric measurements in presence of <19 % protein. The proposed
methods are shown to be applicable for Zn, Cd, Pb and Cu speciation before and after entering

stomach
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INTRODUCTION

Herb seeds have gained an impertant role in agronomy
production and pharmacy because of their increased
needs as a raw material for medicinal compeunds,
flavorings beverage and food additives. Previcus
information on chemical compositicen of organic ligands
in herb extracts showed that soluble protein and
carbohydrate (oil} represent the major (minor)
consfituents in aqueous exiracts due to high (low)
solubility in celd water and/or may partially be
decomposed with mineral acids [1, 2]. With growing
interest in this field by professional and general public
alike, it was important to analyze metal ions that
accompany on the aqueous herbs extract. Few methods
have been reported te determine total concentration of
metals in water extract viz; spectrephotmetric [3, 4],
atomic absorption spectroscopy {AAS) [5], neufron
activation analysis {(NAA} and photon activation
analysis (PAA) [6]. The use of electrochemical
techniques is restricted (o few papers, despite the high
sensitivity of these methods and their ability for
defermining a number of metal ions. Inam et al. [7]
determined Cd, Pb and Se in Medicago sativa after
digestion with HNO3/HClO, acids by DPASV. Jeong
and Kim [8] determined germaniun(IV} in hermit leaf
by adsorption stripping voltammetry (ASV) using
catechol reagent. Recent study suggested that cumin
biomass had ability to bind with Zn and Cu metal icns
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in suspension system by active sites {COO’) on cumin
protein surface as a monodentate binding [9]. DPASV
is a highly sensitive, precise, selective and cost-
effective electroanlytical technique for determining
metal ions. Most workers have preferred HMDE. It is
more easily reducible than other electrodes. It is applied
to distinguish whether the metal ions to be measured in
the electroactive or beound te inert complex forms in
real samples [10]. No direct methed is applied to
determine metal icns owing to interferences with
organic component.

In the present study, DPASV at a HMDE is employed
for the determination of Zn, Cd, Pb and Cu in five herbs
after their exfraction with water and ¢.1 M HCl
extracts. Effect of extraction times and pH values on the
natural contents of protein, carbohydrate and metal ions
is investigated. Two wet digestion are applied. DPASY
results of Zn, Cd, Pb and Cu in aquecus extract are
compared with those obtained by DPASV in 6.1 M HClL
extract, digested sclution and AAS in aqueous extract.

MATERIALS AND METHODS

Apparatus and Chemicals: An EG&G PAR Medel
264 A Polarographic Analyzer was used in combination
with a 303 static mercury drop electrode stand equipped
with A PM 8271 XYT recorder. A three-clectrode
combination was used, consisting of a HMDE, a
saturated Ag/AgCl reference electrode and a platinum
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wire auxiliary electrode. A Buck Scientific Model 210
VGB Atomic Absorption Spectroscopy (AAS), A Jasco
Spectrophotometer Model V-330, CHN Elemental
Analyzer Model Leco CHN 600 and an Orion pH
electrede equipped with combined electrode were used.
Suprapur grade HCL and HNO; acids from Merck and
H,O; (w/v 30%) from analytical reagent grade were
used. Stock standard solutions were prepared by
dilution of Ventron AAS standard (1000 mg L Y or
Baker dilutes AAS solution standards. Water purified in
Barnstead {Nano pure I water purification system) was
used. All glassware and Teflon cells were cleaned by
soaking in 1:1 HCL, in 1:1 HNOj; and in ultrapure water
for 3 days in each case.

Samples and Sample Preparation: Kakade, anise,
cumin, caraway, and black pepper herbs were
purchased from local market at Sohag city {Upper
Egypt) then ground using a feoed blender with titanium
blades. Place 2.5 g dry-weight sample in 500 mlL. flask
containing 100 mL ultraupre water or 100 mL 0.1 HC1
and shake the suspension at zero, 5, 10, 15, 20 and 30
min to prepare aquecus or 0.1 M HCl extracts.
Centrifuge the suspension te separate the solid phase.
Whereas the digested solution was prepared by placing
50 mL agueous extract (30 min time} in 100 mL flask
containing 10 mL vltrapur HNO; or HCL acid and 7 mL
of H,O,. Bvaporate until the appearance of a solid
residue. This procedure is repeated twice for each
sample. Fifty mL ultrapure water is added to dissolve
the residue. Transferred water and 0.1 M HCI extracts
or digested soluticn to 100 mL flasks and brought to
velume.

Detection of CC, DOM, Protein and Carbohydrate
at 30 Min. Extractable Time: To illustrate the extent
of natural protein and carbohydrate in water extracts (at
30 min} on the determination of four metal ions, the
complexation capacities {CC) were detected using
voltammetric titration. Fig. 1 was given for Cu metal
ion in five aquecus extracts, as an example. The other
voltammograms for Zn, Pb and Cd metal ions are
nearly similar in principle. The titration was performed
by placing 10 mL extract in Teflon cup under the
experimental vetlammetric conditien. The end peint for
the complexation ftitration was calculated by
extrapolating the linear branch of the free metal icns
and the linear branch of the bound metal
concentrations. The point of the infersection {end point}
of two linear branches was determined as the value of
complexation capacity [11]. Contents of protein and
carbohydrate in real aquecus extract or digested
solution at 30 min were measured spectropotomirically
using felin phenol and anthrene reagents at . 490
and 750 nm respectively. Dissolved organic matter
(DOM) in aqueous extract was measured with loss
ignition [1].
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Fig. 1: Example of a Cu Titration in Aqueous Extracts

for Kakade (A), Anise (B), Cumin (c),
Caraway (D) and Black Pepper (E) at natural
pH and 30 min Extraction Time

DPASYV  Measurement: Ten mL aqueocus, 10 mL
0.1 M HCI or 1.0 mL digestion solutions, were pipette
into the cell, adjust pH to 2, and purged with nitrogen
for 4 min. The deposition potential of -1.2 V and the
deposition time of 2 min were applied to a fresh
mercury drop. After 15 s (equilibrium pericd), the
voltammogram was recorded by applving a positive-
going differential pulse scan {with 5 mV/s scan rate, 30
mV amplitude, fast stirring speed and drop size
medium) to +0.05 V. Concentration of four metal ions
was achieved by means of three standard additions [10].

AAS Measurements: Zn, Pb, Cu and Cd metal ions in
herbs were measured in aqueous and 0.1 M HCI
extracts at all six extractable time while digested
solution at 30 min. Cd was measured in pyrolytically
coated graphite tube ashing temperature of 900°C and
an atomization temperature of 1350°C. Zn, Pb and Cu
were measured with an air/acetylene flame. In this
study, AAS result in aqueous extract was selected as a
standard method to compare the results that obtained
with DPASV in aqueous, 0.1 M HCl and digested
solutions. Because, under each extraction period used,
organic components or complexes in real extracts are
destroyed and the element concentration found are
nearly constant.

Blanks and Detection Limits: The blank of the
procedure  is  evaluated from five repetilive
measurements of metal ions in ultapure water or 0.1 M
HCl soluticn.
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Table 1: Chemical Characteristics of Five Herbs and Spices in Aqueous Extracts (30 min, n=3)

rH DOM content Protein1 content Proteinin DOM Crab content Crab in DOM
(mg L7} {mg L ) (%) {mg L) (%}
Kakade 2.88 ---- 38.3+0.1 14.2+0.15 37 248033 65
Anise 5090+£004 50707 21.2+0.92 42 2.5+0.50 49
Cumin 380+£0.12  299+(0.5 22.1£1.00 74 7202040 24
Caraway 630+007 32908 239 +0.23 73 600+£0.26 18
B. pepper 6.8l +0.09 32.0+05 13.9 +0.49 43 13.6+0.53 425

B=black; Carb = carbchydrate; DOM = dissclved crganic matter; n represent the number of measurements

Table 2: dpasv and aas Concentrations of Zn, Pb, Cu and Cd Metal lons in Aqueous {a) and 0.1 M HCI (b) Extracts
at Six Period Times for Five Herbs. Concentration of Zn, Pb and Cu=pg g’ While Cd=ng g’

Time/ Zn Pb Cu Ccd Zn Pb Cu Cd
min a a b a a b a a b a a b a a b a b a
ass dpasv dpasv aas  dpasv dpasv aas dpasv dpasv aas dpasv dpasv  aas aas  dpasv aas dpasv  aas
Kakade Cumin
00 379 380 382 299295 296 164162 165 304 298310 136 072 0025 092057 il
50 3.30 3.54 3.55 2.82 2.79 2.80 1.36 1.53 1.49 2.86  2.91 2.89 1.19 059  0.028 0.86 049 il
10 341 3.39 342 256 252 235 145 1.47 1.48 2.48 2.43 2.49 1.07 053 0271 076 048 il
15 295 291 29 241240 239 141 139 142 249 212 207 104 052 0301 074 047 il
20 259 256 257 229225 231 138 136 130 202 201 197 086 047 0307 0.65 046 il
30 239 235 238 221219 220 120 125 128 191 181 185 078 033 0309 0.60 045 il
X 3.10 33.002 3.11 2.547 2517 25335 14531437 1452 240 23772395 1.05 0527 0.207 07550487 il
sd (#) 0.551 0.576 0.574 03060301 0.295 0.127 0.131 0.123 047 0484 0.516 0.212 0.129 0.140 01210043 -
Anise Caraway
00 172 164 169 208 201 205 166 158 162 1.25 124 1.28 1.13 1.01 00534 0230 0137 1.90
50 163 157 162 203 199 201 145 142 141 1.25 120 121 1.09 1.00 0085 0210 0137 1.87
10 1.59 1.51 155 1.99 192 194 143 140 140 1.19 1.20 1.21 103 0.88 0246 0.195 0135 0.62
15 1.55 146 151 1.95 1.84 187 131 134 135 .15 119 1.17 1.04 0.61 0280 0.174 0130 0.60
20 1.49 144 143 176 1.69 172 124 131 132 1.16 1.0z 1.08 1.02 054 0301 0168 0110 0.37
30 146 143 142 163 1538 160 127 121 123 1.05 102 1.03 101 041 0312 0165 0101 0.22
X 1.573 15081537 1907 1838 1.865 1393 1.377 1388 1.165 1.145 1.163 1057 0742 0213 0190 0125 0364
sd () 0.095 0.083 0,106 0.1740,172 0174 0.156 0.124 0,131 0081 0008 0002 0,045 0255 0.114 0026 0015 0.202
Black pepper
0.0 1.49 265 027 3.90 0037 277
5.0 1.24 1.38 037 315 0038 221
10 1.03 149 045 298 0180 1.68
15 1.00 1.22 049 291 0235 LIl
20 1.02 1.09 053 2.80 0239 1409
30 0.96 1.04 053 271 0340 092
X 1.123 1512 0440 3075 0178 1.63
sd (+) 0.205  0.398 0.102 0431 0.120 0735

x = mean value; sd = standard deviation

Table 3: Investigation of the Occurrence of Systematic Errors by ANOV Tested Procedures {(a in Aqueous

and bin 0.1 M HCl Extracts) Using aas and dpasv Techniques, I} 4 954, = 7.71

Herb

Zn

a(ass-dpasv) b{aas-dpasv}

Pb

a(aas-dpasv}

b(aas-dpasv}

Cu

a(aas-dpasv)

b(aas-dpasv}

Cd

a(aas-dpasv) b(aas-dpasv)

Intercept (a * ts)

Kakade 0.15:0.166  0.1240.,12
Anise 0.17+0.405  0.2040.20
Slope (b + ts}

Kakade 1.04£ 005 1.0420.04
Anise 0.85£0.25 1.107+£0.19
Correlation coefficient (r)
Kakade 0.9993 0.9997
Anise 0.9774 0.9927

Variance ratio (F)
Kakade
Anise

3016

85.63

5859
271.5

A- Regression parameters

£2.01+0.13 0.09+0.15
0.0240.36 0.03+0.32
0.98+ 0.05 0.96+£0.06
0.98+0.19 0.99£0.17
0.9993 0.9991
0.9905 0.9925
2746 2176
2073 263.5

0.05+£0.32
0.3340.52

1.03+0.22
0.75£0.37

0.9882
0.9432

B- Linearity test

166.0
32.25

0.09+0.54
0.28+0.52

0.93+0.37
0.80+0.37

0.9618
0.9488

48.4
36.12

0.07+0.40
0.13+0.83

1.02+0.17
1.09+0.72

0.9932
0.9034

2927

17

76

0.24+0.07
0.11+0.55

1.09+0.03
1.09+0.47

0.9998
0.9543

10615
4077

963



American J. Appl. Sci. 2 (5):961-968, 2005

The blank levels with their standard deviations (sd)
were 0.7620.11, 0.23+0.06, 0.21+0.04 and 0.018+0.02
or 1.05%0.14, 0.42+0.14, 0.7920.043 and 0.021+0.025
ug L Yin ultrapure water or 0.1 M HCl extract for Zn,
Pb, Cu and Cd, respectively. The detection limits (3 sd
of the blanks} for Zn, Cd, Pb and Cu were 0.33, 0.06,
0.18 pg L " in ultrapure water and 0.12 or 0.42, 0.075,
0.42 and 0.129 ug L ' 0.1 M HCl extract.

RESULTS AND DISCUSSION

Chemical Characteristics of Herbs: Table 1 shows
that the protein percent in DOM for cumin, caraway
and black pepper aqueous extracts was higher than in
anise and kakade whereas carbohydrate was higher for
anise and kakade than in cumin, caraway and black
pepper. These discrepancies might be due to the
variations of organic species in each extract [12].
Previously, influence of saccharose content on standard
solution of 100 pg I * Zn, 100 pg . ' Cd and S0 pg L. *
Pbions with DPASV at a HMDE was investigated [13]
and they found that stripping peaks decreased with 50,
50 and 35 %, respectively. They also measured Zn, Cd
and Pb concentrations successfully in untreated refined
beet sugar samples by DPASV. Since, no results have
been published, present results are compared with those
results to asses the adsorption of carbohydrate onto
mercury electrode. Clearly, agueous exfracts contain
low content of carbehydrates than such previcus results
[13], indicating that carbohydrate has no influence on
HMDE.

To elucidate the role of dissolved protein on dissolved
metal ions in herb aqueous (real) extracts at 30 min
extractable time, complxation capacity (CC} is
examined. Results reveal that Zn-CC, Pb-CC, Cu-CC
and Cd-CC for kakade and anise and Pb-CC and Cd-CC
for cumin, caraway and black pepper extracts were
practically equals zero, indicating no interaction can
cccur. While Zn-CC or Cu-CC was 2.040.45, 4.740.46
and 0.8+0.2 or 3.940.6, 0.07£0.03 and 10+0.26 p mol
for cumin, caraway and black pepper, respectively,
indicating there is a strong interaction (Fig. 1)
Moreover, results show that Cu-CC is higher than Zn-
CC. Analysis of seeds, also, reveals that kakade, anise,
cumin, caraway and black pepper contain 30.0+0.43.0,
41+0.43, 488+0.53, 283+1.15 and 44.3+047 %
carbon, 22.1+1.4, 4.0+045, 2.2+0.03, 1.2440.18 and
1.820.11 % nitrogen, respectively. Sulfur element
(4.640.15 %) only found in black pepper. Accordingly,
high values of Cu-CC and Zn-CC in cumin, caraway
and black pepper may possibly due to high centent of
dissolved protein {organic ligand} in aqueous extracts
which posses a large number of complexing groups
such as NH, and COO" groups. These groups have high
ability to form complexes with Cu and Zn metal
ions [11]. This lead to sericus influenced on mercury
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Fig. 2: Dependence of Protein (A}, Carbohydrate (B),

pH Value {C) on Extending Extraction Times
for Cumin, Caraway, Black Pepper, Anise and
Kakade Aqueous Extracts

electrode. To complete quantification, amounts of
major cations were measured. It was found that Mn, Fe,
Ca, Mg, Kand Na were 4.0,3.4, 929,299, 111 and
62 mg L ' for kakade, 0.22, 0.28, 48.2, 17.3, 131 and
82 mglL v for anise; 0.14, C.1, 40.6, 13.1, 92 and
16.2 mg L ! for cumin, 0.08, 0.1, 48.3, 22.3, 181 and
113 mgL ! for caraway and 0.04, 0.03, 7.4, 8.02, 127
and 2.7 mg L ' for black pepper, respectively. In this
study, real organic ligands and major caticns were
considered as interfering ions during the DPASV of Zn,
Cd, Pb and Cu measurements.

Effect of Extraction Time on the Protein Content
and Carbohydrates and pH in Aqueous Extracts:
Fig. 2A shows that protein content in cumin, caraway,
black pepper and anise agueous extracts increases
gradually with increasing extraction periods up to 15.0
min. At still increase extraction times up to 30 min, the
proteins content remained nearly constant. Figure 2b
shows carbohvdrate content increases slightly with
increasing extraction times up to 30 min. Finally, pH
values increases slightly with increasing time of
extraction for cumin, caraway and black pepper
aqueous extracts. For kakade, increase in the extraction
times dees not influenced on the pH value.
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Stripping Voltammograms of Zn, Cd, Pb and
Cu in Presence of 14.2, 21.2, 22.1, 23.9 and
139 mg L ! Proteins and 24.8, 22.5, 7.2, 6.0
and 13.6 mg L' Carbohydrates in Aqueous
Extracts for Kakade (A}, Anise (B), Cumin
(C), Caraway (D) and Black Pepper (E}

Detection of Metal Ions in Natural Extract by
DPASY: Generally, results in Table 2 show that the
concentration of Zn, Pb, Cu and Cd by DPASV and
AAS in five aquecus exiracts decreases slightly with
increasing extraction times up to 30 min extractable
time as a result of increasing centent of protein in the
five aqueous extracts. Similar behavior is also observed
in 0.1 M HCI extract except Pb in cumin, caraway and
black pepper as concentration of it increases with
increasing time of extraction. This difference in
behavicur may possibly is atiributed to nature of
interaction between heavy metals and natural organic
ligands (e.g. protein} in real samples. The Irving-
Williams series illustrated the order of stability
constants for metal complexes in the fellowing:
Cu(Ily>Zn{ID>Cd{I0>Pb{II} [1].
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Fig. 4: Stripping Voltammograms of Zn, Cd, Pb and
Cu in 0.1 M HCI Extracts for Kakade (A},
Anise (Curve B), Cumin {Curve C}, Caraway
{Curve D} and Black Pepper (Curve E)

Table 2 reveals that there is an agreement between Zn,
Pb, Cu and Cd concentration with DPASV in aqueous
or 0.1 M HCI extract and with AAS. The relative errors
were ranges (1.21-1.18 or 0.42— 0.96 % for kakade and
1.5-3.61 or 0.17-2.23 % for anise. Low relative errors
may possibly attributed te low protein content in
extracts. Comparing Fig. 3 and 4 show that stripping
peaks of Zn, Cd, Pb and Cu in kakade and anise
aqueous {curves A, B) and 0.1 M HCI {curves A, B}
extracts are nearly identical with high resclution,
suggesting that DPASV at HMDE may permit a
separation of metal ion peaks in aqueous exfract, so that
an initial and problematic, samples treatment and
addition of a supporting electrolyte were may be
unnecessary. Hence, Zn, Pb, Cu and Cd concentraticn
with DPASV in aqueous extracts for kakade and anise
can be successfully detected.
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Table 4: Results of Zn, Pb, Cd and Cu with AAS in Aqueous Extracts and DPASV in Five Aquecus Extracts Before
and After Wet Digestion, at 30 min Extractable Time

M aas {aq) dpasv (HNO2/H, 0.} dpasv (HCI/H;O,) M aas {aq) dpasv (HNO3/H,04) dpasv (HCI/H, 0.}
pgg! pgg'  RE%  pgg' RE%  psg! pgg'  RE%) pgg'  RE(%)
Cumin

Zn 0.7810.01  0.79320.02 1.67 0.805+0.07 3.20 Cu 0.6040.03 5.930+0.01 1.17 0.51+0.04 15.0
Pb (1332001  (.35140.05 6.36 0.140+0.02 57.6 Cd* nil nil nil
Caraway

Zn 1.01+0.01  (.99510.08 1.48 1.22340.03 22.1 Cu 0.16510.02 0.167+0.01 1.21 0.23740.11 43.6
Pb(141£0.04  (.39240.05 4.39 0.441+0.06 7.56 Cd* 0.2204£0.01  0.22840.06 3.64 0.210+0.06 4.54
Black pepper

Zn 0.9610.12  1.01040.23 5.21 0.64310.04 33.0 Cu 2.7140.790 2.640+0.19 2.58 2.57840.08 4.80
Pb 1.0440.120  (.992+0.09 4.61 1.087+0.132 4.42 Cd* 0.92+0.05 0.890+0.02 6.52 0.05540.09 14.7

* = concenfration of cadmium = ng g '; RE = relative errors

Table 5: Distribution of Four Metal Concentrations in Five Herbs and Spices Extracts at 30 min (n=3}

Kakade Anise Cumin Caraway Black pepper

@ & © @ @© @ & © @ @ @ (@ (@ (=) () O] CYR GV O]
Zn(uggh
(x) 2,39 235 004 238 0.01 146 143 0.03 142 0.04 0 - 1.01 = 096 - -
(%) 983 1.70 956 040 97.9 2,10 97.3 20
Cdnge")
(x) 191 181 010 185 0.06 105 1.02 0.03 1.03 002 0.22 S 092 -- S
(%) 948 520 969 3,10 971 290 981 1.90
Pb (ug g
(x) 2.21 219 0.02 220 001 1.63 1.58 0.05 1.60 0.03 033 03050021 041 0312 0.098 1.04 033 0.51
(%) 99.1 0.90 98.54 0.45 969 3.10 OR32 1.80 93.6 640 76.1 23.9 51 49
Culug g
(x) 1.2¢ 1.25 0.04 1.28 0.1 1.27 1.21 6.06 1.23 0.04 0.60 045 015 0165 0101 0064 271 034 2.37
(%) 968 3,10 992 0.80 953 470 969 3,10 750 250 61.2 38.8 1255 8745

(a)- aas results; (b)- dpasv results in aqueous extract; (¢)- bound metals in aquecus extract; (d)- dpasv results in (.1 M
HCI extract; {e}- bound metals in ¢.1 M HCI extract; x = mean value; n = number of measurements

Table 2 shows that there is no response of Zn, Pb, Cu
and Cd with DPASV aqueous extracts. Also Zn or or
Cd has no response with DPASV in 0.1 M HC] extract
with AAS was higher than in 0.1 M HCI with DPASV
for cumin, caraway and black pepper with relative
errors ranges 60, 70 and 71% for Pb and 35, 69 and 94
% for Cu in cumin, caraway and black pepper,
respectively, indicating no agreement between the
results. For Zn or Cd, measurements can be occcurred
only with AAS in aqueous extract for cumin, caraway
and black pepper or caraway and black pepper. Finally,
measurements of Cd by AAS in cumin aquecus extract
is often lacking due to the low concentration, indicating
that the detection limits with DPASV was high for
useful comparison to be made. On the other hand,
Fig. 3 and 4(C, D, E} show the masking effect of
protein on peaks current of Zn, Pb, Cu and Cd in
aqueous and Zn and Cd in 0.1 M HCI extracts for
cumin, caraway and black pepper. Moreover, stripping
peaks for Pb and Cu in 0.1 HCl were still poorly
resolved, resulting high content of dissolved protein in
aqueous and HCL extracts which forms metal-protein
complexes. Hence, the DPASV measurements of Zn,
Pb and Cu in agueous and 0.1 M HCI extracts were
rendered the metal oxidation irreversibility by creating
a barrier to ion diffusionfor retard chemical steps prior
to electron transfer [14], i.e. metal ions could not
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approach the electrede. On the other hand, high
concentration of four metal ions with AAS in aqueous
extracts may possibly attributed to high energy applied
which can overcome the interaction of analyte with the
mafrix [15]. Thus, DPASV did not permit a successful
determination of Zn, Pb, Cu and Cd metal icns in
aqueous and 0.1 M HCl extracts for cumin, caraway
and black pepper.

Comparison  between DPASV  and  AAS
Measurements: In order to validate the best procedure
for the determination of Zn, Cd, Pb and Cu in kakade
and anise in aqueous or 0.1 M HCIl extracts, linear
regression analysis was applied to the data represented
in Table 2, which it takes infc account the systematic
errors associated with variables x and v, according to
the model:

vy=a+bx

Where v is the results produced by DPASV in aqueous
and 0.1 M HCL extracts and x is the results obtained
with AAS standard method. More detailled on this
procedure was described elsewhere [16]. The results
were listed in Table 3. Clearly, F values measurement
of Zn, Pb, Cu and Cd, for kakade, Zn and Pb for anise
in either aqueous or .1 M HCI and Cd for anise in 0.1
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M HCI extracts were found to be higher than critical
value (D 495%,=7.71) with high correlation coefficients,
thus confirming the linearity of the regression model for
the concentration range tested, i.e. there are agreement
between DPASV measurements of Zn, Pb, Cu and Cd
in kakade and Zn and Pb in anise aqueous and 0.1 M
HCl extracts. Table 3, also, shows that F wvalue
measurement of Cu metal ion in aqueous and 0.1 M
HCl and Cd in aqueous exfracts for anise is slightly
higher than critical values with rather slightly poor r
(0.9034) indicating, the linearity is not confirmed.

Table 3 shows that DPASYV measurements of Zn, Cd,
Pb and Cu in kakade aqueous and 0.1 M HCI extracts,
Zn and Pb in anise aqueous and 0.1 M HCl1 as well as
Cd in 0.1 M HCl anise aqueous exftracts de not differ
significantly from the expected theoretical values of 1.0
(slope) and 0.0 {infercept}), i.e. no systematic errors is
found. This indicates that DPASV could be used
accurately to determine Zn, Pb, Cu and Cd for kakade,
Zn and Pb or Cd in aqueous and ¢.1 M HCl or .1 M
HCl extracts for anise. Whereas, DPASV measurement
of Cd in anise aqueous extract, did not differ
significantly from 1.0 (slope) but differ significantly
from 0.0 {intercept =0.13} with poor r {(0.9034);
systematic  error.  This  means, concenfration
independent of the concentration level of Cd occurs.
This is probably due to sample contamination during
sample extraction with water extract occurs. Finally,
DPASV of Cu in anise aquecus and 0.1 M HCl extracts
was affected by systematic errors as both the slopes and
intercept differ slightly from their theoretical values,
therefore, hindering the accurate determination. Above
finding reveals unreliable DPASV measurements of Cu
in anise aquecus and 0.1 M HCI due to high contents of
proteins and/or volatile oil that dissolved in the extract
[12].

Determination of Metals ITons in Digested Extracts:
Table 4 gives the concentrations of Zn, Pb, Cu and Cd
with DPASYV in digested sclution containing 18, 19 and
14 % protein and 10, 11 and 4 % carbohydrate in DOM
for cumin, caraway and black pepper, respectively and
AAS in aqueous extract. It is clear that concentration of
Zn, Pb, Cu and Cd in caraway and black pepper and 7n,
Pb and Cu in cumin extracts with HNO3/H,0; is better
than HCL/H,O, suggesting that former wet digestion is
reliable. Relative errors between DPASV and AAS with
HNO;/H,O, were found to be lower than HCI/H,O,
suggesting there is a satisfactory agreement between
concentration metal ions. High concentration of metal
ions in digested extract with DPASV is attributed to
high ability of HNOs/H,0; mixture to destroy most of
metal-protein compounds and/or organic ligands in
cumin, caraway and black pepper extracts, thus
complete resolution of stripping peaks can occurs.
Again, Cd meftal icns in cumin can not be detected in
cumin digested extract due to low concentration of
metal in the solution (Table 4).
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Extent of Zn, Cd, Pb and Cu Metal Ions in Aqueous
and 0.1 M HC] Extract: Elucidation of the speciaticn
of Zn, Cd, Pb and Cu forms is considered as one of the
significant task in drinks or food research. Because, the
extent of Zn. Pb Cu and Cd metal ions in five aqueous
extracts was affected by the respective chemical
fractions or speciation of metal ions. So, DPASV
technique was used to determine free ions and any
reducible complexes of four metal ions in five aqueous
and 0.1 M HCl extracts, respectively. AAS response
should vield the total metal concentrations. Such
differences in the concentraticns between agueous or
(.1 M HCl extracts with DPASV and AAS allows
estimating the bound metals before and afier the
extracts entering the stemach. The results are listed in
Table 5.

Table 5 shows that the abundant Zn, Cd, Pb and Cu in
kakade and anise aquecus and 0.1 M HCl extracts are
mostly in free fractions (>94.8%}) resulting low content
of protein in DOM (<42.0%)} for kakade and anise
and/or high acidity particularly for kakade {pH 2.88)
extract. This observation reveals the following: (i}
dissolved protein or metal organic complexes in
aqueous extract is decomposed or dissociated at low
pH, i.e. complete protonation of the active sites and
release the metal freely, particularly, in kakade aqueous
extract, (i) 0.1 M HCl medium has a slightly
significant influence on decompesition of protein in
kakade and anise extracts. Table 5 also shows that the
abundant Zn and Cd in 0.1 M HCI extract in cumin,
caraway and black pepper are in bound fractions
(100%}). For Pb and Cu, there are a large discrepancies
between free and bound fractions in cumin, caraway
and black pepper aqueous and 0.1M HCl extracts
resulting different chemical composition in extracts. In
this case, 0.1 M HCl medium has a significant influence
on the type of fractions of metal ions in cumin, caraway
and black pepper extracts.

CONCLUSION

DPASYV has advantage of allowing the determination of
Zn, Pb, Cu and Cd for kakade and Zn and Pb for anise
in agueous extracts in absence of an electrolyte at
natural pH. In 0.1 M HCl exftract, DPASV of Zn, Pb,
Cu and Cd for kakade and Zn, Pb and Cd for anise can
alse measured successfully. No DPASV respenses are
obtained of Zn, Pb, Cu and Cd in aquecus and Zn, Cd
in 0.1 M HCI extracts for cumin, caraway and black
pepper. Saftisfactory results obtained of Zn, Cd, Pb and
Cu in kakade and Zn and Pb in anise agueous ex(racts
with DPASV at HMDE could be an indication of the
possible applicability to other herbs in water extracts
under the following condition: (i} percentage of protein
and carbohydrate in aquecus extract should be <42%
and <65% in DOM, respectively, (i} herbs seeds
should not contains high amounts of voelatile fatty acids
{such as oleic, incleic and plamatic acids). Most
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fractions of four metal ions in kakade and anise water
extracts are presented in the free species whereas, the
dominant species in cumin, caraway and black pepper
present are existed in bound fractions. 0.1 HC] extract
(medivm in stomach} has a slightly significant (no
significant} influence on water extracts for cumin,
caraway and black pepper (kakade and anise) after
entering stomach.
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