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DETERMINATION OF SOME TRACE ELEMENTS IN PROPOLIS
BY ATOMIC ABSORPTION SPECTROMETRY
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‘Abstract

The results from the determination of trace elements Cu, Mn, Pb, Cd, Co, Ni, Ag and Cr in propolis by atom-
ic absorption spectrometry are presented. Two procedures for mineralization of propolis are suggested.
The procedures are checked by a standard addition method. Recovery values for all examined elements
ranged from 87.8 to 105.2% for the wet procedure and from 90.4 to 101.9% for the dry one. The trace
elements presented in Macedonian propolis are as follows: Mn>Cu>Pb>Cr>Ni>Co>Cd>Ag. Great varia-
tions in the amounts of some elements are probably due to differences in propolis origin, plant sources,

ecology, climate and other factors.

Keywords: Propolis, Trace elements determination, Atomic absorption spectrometry

Introduction

People receive trace elements from food and
water. Most of the trace elements in hive prod-
ucts are also discovered in blood and some or-
gans of the human body. It has been established
‘that there are 24 trace elements in human blood;
22 of them represented in hive products were
also discovered in the human body. If some trace
elements as Fe, Co, Cu, Mn, Niand Zn are insuf-
ficient, the process of hematopoiesis will be dis-
turbed. '

The biological activity of many trace ele-
ments is linked with their synergistic action to-
gether with enzymes and vitamins. There is a
strict dependence between the amount of vitamin
By; and Co. The presence of Cu and Co is neces-
sary during the formation of the bone tissue. It
was coufirmed by experimental investigation that
addition of honey, iodine and Co intensifies the

phagocytosis of white blood corpuscles, increas-
es the resistance of the body to infection diseases.
That is why the regular use of hive products in-
creases the resistance of the body, not only due
to the vitamin content but also due to the trace
element content [1]. Hive products such as hon-
ey, bee venom, royal jelly and propolis play an
essential role in the prophylaxis and treatment of
some diseases of men because they contain ami-
noacids [2], phenols [3], fiavonoids [4-6], carbo-
hydrates [9], terpenoids [10] and trace elements
[11-14]. :

Recently, we reported some data concerning
the composition of some macro- and microele-
ments in Macedonian propolis [15] ethanol and
water extracts [16].

The aim of this work is to determine trace el-
ements as Cu, Mn, Pb, Co, Cr, Ni, Cd and Ag in
Macedonian propolis by use of atomic absorp-
tion spectrometry (AAS).
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Fig.1. Determination of optimal char temperamre for cad-
mium

Experimental
Apparatus

A Perkin-Elmer (USA) Model 370 flame
atomic absorption spectrophotometer and a
Model 303 atomic absorption spectrophotome-
ter, equipped with a deuterium background cor-
rector and HGA-400 graphite furnace were used.
A mixture of acetylene-air was used. Optimal
conditions for Cu, Mn, Pb, Co, Cd and Cr deter-
mination by flame atomic absorption spectrome-
try are given in Table 1. Optimal conditions for
Co, Cd, Ag and Ni determination by electrother-
mal atomic absorption spectrometry (ETAAS)
are given in Table 2. These conditions were de-
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Fig.2. Determination of optimal atomize temperature for.
cadmium i

temperature and the lowest temperature provided
maximum absorbance value was taken as an opti-
mal atomize temperature. The procedure for deter-
mination of optimal conditions for ETAAS for Cd
is illustrated in Figs. 1 and 2, which represent char
and atomize curves for Cd, respectively.

Samples

Samples of propolis were collected from dif-
ferent areas in Macedonia. They were cooled,

Table 2. Optimal conditions for Co, Cd, Ag and Ni
determination by ETAAS

termined by absorbance measurement for sam AT €o cd a N
. y - r Wavelength (nm) 240.7 228.8 328.1 232.0
ples with equal concentrations of trace elements stit (nm) 0.2 07 0.7 0.7
at different char and atomize temperatures. The Lamp Current (mA) 30 4 10 25
highest temperature at which the maximum absor- 2’” 5 1 00 o
P ) . emperature, ° 110 - 110 .
bance was registered was taken as an optimal char Time, s 30 20 20 20
. . s Ramp time, s 2 2 2 2
Table 1. Optimal conditions for Cu, Mn, Pb, Co, Cd, CHAR - :
Ni and Cr determination by AAS Temperature, °C 800 300 400 800
Time, s 20 20 20 20
Element Wavelength Slit Lamp Current Ramp time, s - 1 1 1 1
_(nm) (nm) _(mA) ATOMIZE
Cu 324.7 0.7 15 Temperature, °C 2400 2000 1600 2400
Mn 279.5 0.2 10 Time, s 5 5 - 5 5
Pb 283.3 0.7 10 Ramp time, s 0 ) 0 0 0
Co. 240.7 0.2 30 CLEANING :
Cd 228.8 0.7 4 Temperature, °C 2700 2700 2700 2700
Ni 232.0 0.7 25 Time, s 3 3 3 3
Cr 357.9 07 10 Gas argon argon argon argon
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milled, transferred into plastic bags and stored at
low temperature (in fridge) until they were used
for determination.

Reagents

‘All reagents were of analytical grade. Stock
standard solutions with concentration of 1 g/dm3
were prepared using commercial solutions of all
investigated elements, Merck (Darmstad, Ger-

for: drying, combusting and glowing in a muffle
furnace. The wet procedure takes two days, for
destruction of propolis matrix as well as the
evaporation of acids. The results of trace ele-
ments determination in one sample of propolis

Table 4. Results of trace element determination in
propolis by the method of standard additions, in pg/g

. : . d . R{%
many). Standard solutions were prepared by di- Ele:ent  wideded  wifedle wideterem, HI%)
lution with redistilled water. 1,u ) . 8.47 .
5.0 13.5 13.6 100.0
Procedures 3 10.0 18.5 17.0 91.8
Dry procedure - it was carried out in a por- 1 * & 8.47 -
celain crucible where 5 g of propolis were heated g 13'8 12: 12'2 128';
on a hot plate for 2 h, then glowed in muffle fur- i ' ' »
. n
nace at 150°C for 30 min and at 500°C for 6 h. g . ) 20.70 }
The obtained mineral residue was dissolved in 10 2 10.0 30.7 28.9 97.4
ml of 4% solution of HNO;. 3 20.0 40.7 Ats 944
Wet procedure - it was carried out in a beaker 1 - - 19,50 -
where 5 ¢ olis w vettat AT e0 2 10.0 29.5 26.4 89.5
re 5 g of propolis were wetted with concen- . 3 20,0 36.5 345 873
trated HNO; and heated in boiling water-bath Ph
for 5 h, covered with watch glass. After that, 1 = 5 15.80 2
heating was prolonged on the hot plate until it 2 2.0 17.8 17'2 “933-‘5)
was almost dry. A little amount of concentrated - i 19:8 s '
H,SO, was added and heated until white vapors ?,d ) ) 0.43 )
stopped. Complete mineralization was carried 9 0.4 0.83 0.78 94.1
out by adding a few ml of concentrated H,0,. 4 . . 056 .
The obtained mineral residue was dissolved in 10 2" 0.2 0.76 0.73 95.5
ml of 4% solution of HNQO;. Co ,
1 - - 0.76 -
2 0.4 1.06 1.07 101.0
Results and Discussion 3 1.0 176 1.79 101.1
1" - . 0.72 -
Because of the complex composition of prop- 2" 1.0 1.72 1.61 93.4
olis, the process of mineralization is longer than Ni
normally. The dry procedure takes about 20 h ! - - 2.77 -
2 4.0 6.77 6.90 101.9
Table 3. Trace elements content in propolis deter- 3 10.0 12.8 125 97.7
mined by AAS including dry and wet procedures for 1" - - 3.40 -
mineralization of samplas 2" 4.0 7.40 7.28 98.4
3 10.0 13.4 119 88.8
Element Dry procedure Wet procedure: Cr
w (1kg/g) RSD (%) w (ng/g) RSD (%) v - - £49 -
Cu 9.55 476 14.9 083 2 2.0 4.56 4.62 10;2
Mn 24.1 1.66 25.8 2.71 3 KD L a4 48,
Pb 8.24 8.49 10.5 3.81 1 - . 2.06 -
Co 0.44 4.54 0.56 8493 2" 2.0 4.06 427 105.2
cd 0.71 9.13 0.76 6.58
Ni 240 4.65 2.64 7.84 1‘, 2" and 3’ - determinations related to the dry procedure
Cr 2.93 6.42 2.45 8.87 1,2 and 3" - determinations related to the wet procedure
m
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milled, transferred into plastic bags and stored at

low temperature (in fridge) until they were used
for determination.

Reagents

‘All reagents were of analytical grade. Stock
standard solutions with concentration of 1 g/dm3
were prepared using commercial solutions of all
investigated elements, Merck (Darmstad, Ger-

for: drying, combusting and glowing in a muffle
furnace. The wet procedure takes two days, for
destruction of propolis matrix as well as the
evaporation of acids. The results of trace ele-
ments determination in one sample of propolis

Table 4. Results of trace element determination in
propolis by the method of standard additions, in pg/g

5 R . : %
many). Standard solutions were prepared by di- Elament  wiaddad _ wicels widatan:. A(k)
lution with redistilled water. fyu ) ) 8.47 s
2 50 - 135 13.6 100.0
Procedures 3 10.0 18.5 17.0 91.8
Dry procedure - it was carried out in a por- 1 = - 8.47 -
celain crucible where 5 g of propolis were heated g 18'8 12: 12'2 128';
on a hot plate for 2 h, then glowed in muffle fur- i ‘ ' :
. n
nace at 150°C for 30 min and at 500°C for 6 h. p . ) 20.70 .
The obtained mineral residue was dissolved in 10 2 10.0 30.7 29.9 97.4
ml of 4% solution of HNO;. 3 20.0 40.7 368 s
Wet procedure - it was carried out in a beaker 1 - - 19.50 -
where 5 f olis were wetted with co - 2 10.0 28.9 204 o
re 5 g of propolis were wetted wi ncen- . 3 20.0 305 345 873
trated HNO; and heated in boiling water-bath Pb
for 5 h, covered with watch glass. After that, i - - 15.80 -
heating was prolonged on the hot plate until it 3 2.0 17.8 17.8 10(7“53
was almost dry. A little amount of concentrated 3 49 Ll e L
H,SO, was added and heated until white vapors ?.d n : 043 -
stopped. Complete mineralization was carried 2’ 0.4 0.83 0.78 94.1
out by adding a few ml of concentrated H,0,. 1 > : 056 -
The obtained mineral residue was dissolved in 10 2" 0.2 0.76 0.73 955
ml of 4% solution of HNO;. Co _
1 : : 0.76 -
2 0.4 1.06 1.07 101.0
Results and Discussion 'y 1.0 1.76 179 101.1
i . : 0.72 -
Because of the complex composition of prop- b 1.0 172 1.61 93.4
olis, the process of mineralization is longer than Ni
normally. The dry procedure takes about 20 h L - - 2.77 -
& 4.0 6.77 6.90 101.9
Table 3. Trace elements content in propolis deter- 3 10.0 128 . 125 - 977
mined by AAS including dry and wet procedures for 3 - - 3.40 -
mineralization of samples 2" 4.0 7.40 7.29 98.4
: 3 10.0 13.4 119 88.8
Element Dry procedure Wet procedure: Cr .
w (1tg/g) RSD (%) w (1g/g) RSD (%) 1 - = 2.56 -
Cu 9.55 4.76 14.9 9.83 & 0 4. 482 1013
Mn 24.1 1.66 25.8 271, ¥ 10.0 12.6 124 98.4
Pb 8.24 849 10.5 3.81 1 - . 2.06 -
Co 0.44 4.54 0.56 8.93 2 2.0 4.06 4,27 105.2
cd 0.71 9.13 0.76. 6.58
Ni 2.40 465 2.64 7.84 1', 2" and 3’ - determinations related to the dry procedure
Cr 293 6.42 2.45 8.87 1",2" and 3" - determinations related to the wet procedure
m

ANALYTICAL LABORATORY, 3 (4) 1994




(from Skopje region) by two suggested proce-
dures are given in Table 3.

Satisfactory results were obtained for the rel-
ative standard deviation (RSD). The best results
were achieved for Mn — RSD is 1.66% for the dry
procedure and 2.71% for the wet one, respective-
ly. Better results for Cu, Cd, Ni and Co were ob-
tained by the dry procedure while for Pb and Co
by the wet procedure.

The suggested procedures were checked by
the method of standard additions. The results of
this determination are presented in Table 4.

Recovery (R,%) values ranged from 87.2 to
105.2% for the wet and from 90.4 to 101.9% for
the dry procedures. Better results for R were ob-
tained by the dry procedure for all examined ele-
ments. Because of that, as well as the simplicity
of the dry procedure, the latter was chosen as
highly recommended in our further studies of
trace elements.

Trace elements Cu, Mn, Pb, Co, Ni, Ag and
Cr were determined for twelve different samples
of propolis collected from different areas in
Macedonia. The results of this determination are

given in Table 5.

It is shown that for the majority of the sam-
ples the highest amount of Mn (7.09 - 36.8 ng/g)
was found (Table 5). The content of Cu was from
2.29 to 9.08 png/g, except for two of the samples
which contained 20.7 and 67.8 jg/g. For a few
samples the content of Pb ranged from 1.30 to
6.83 pg/g but for others — from 16.6 to 21.8 ug/g.
Trace elements as Co, Cd, Ni, Cr and Ag were
presented in a very low concentration. The con-
tent for Cr was 1.50 - 17.2 pg/g, for Ni 0.62 - 2.42
weg/g, for Co 0.21 - 0.98 ng/g, for Cd 0.04 - 1.48
ig/g and for Ag 0.09 - 0.42 png/g, respectively.

The correlation between the obtained results
is less.than it was expected, mostly due to the dif-
ferences in the areas where the propolis was col-
lected. They were more or less equal for the sam-
ples obtained from the same region but in two or
three following years (two samples from Veles,
two from Ohrid, three from Skopje). They were
also very different for the samples from Skopje,
Kumanovo and Tetovo, in spite of the proximity
of the collection sites. Besides, the plant sources,
climate, ecological, and other factors probably

Table 5. Contents of trace elements in Macedonian propolis determined by AAS and ETAAS, in pg/g (RSD in

Co

RSO Cd RSD  Ni RSD Cr RSD Ag RSD

%, n=5)

Origin Cu RSD Mn RSD Pb RSD

Skopije’ 3.32 N:42--35:1 173 455 923 0.25%
1892, a.

Skopje 008 476 123 207 553 945 0.28*
1992, b.

Veles 434 517 123 2.06 19.5 418 0.61=
1992

Ohrid 352 554 175 196 455 923

1892

Ohrid 3.67 5.56 10.5 2.34 13.7 573 0.21x
19983

Berovo 408 523 368 1.67 293 9387

1992 ;

Strumnica 679 1.45 877 267 683 906 0.18»
1982 : :
Kicevo 3.62 5.05 983 2.54 16.8 583 0.55=
1983 )

Kumanovo 20.07* 2.45 437 395 448 38.27

1993

Resen 3.42 542 246 180 104 875 0.98*=
1993

Tetovo 2.29 3.24 7.09 286 130 995 0.32x
1993 '

9.13 0.05* 690 235 4.60 3.60 4.32
9.15 0.09* 555 2.01= 456 190 6.73 0.018* 892

9.00 082x 234 162 467 245 640 0.056x 8.23

0.49* 9.06 0.10= 557 1.10 567 270 6.24 0.039% 9.79

9.12 0.07= 6.83‘ 0.62 6.89 560 145 0.042= 876
0.14 5586 1.14 566 375 1.87
911 0.07 678 242 444 266 624 0.014x 876
9.05 0.06% 6.89' 0.84» 582 17.3 1.03 0.008x 897
1.48% 503 2.41 640 -
8.80 0.08x 6.83: 1.25% 522 550 1.45 0.009% 9.87

898 0.04» 673 0.75= 545 1.50 1.45 0.009* 9.23°

* - Determined by ETAAS
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have a significant influence on the composition
of propolis as well as the composition of trace el-
ements. Accordingly, it was determined high lev-
el for Pb and Cd in two samples of propolis col-
lected from Veles area. These high levels of Pb
and Cd are probably connected with the presence
of a lead and zinc smelting plant in this area.

Remarkably good resemblance was found for
some of the elements in comparison to the litera-
-ture data. According to Chanisev et al. [11] 2.59
mg/g of Ni, 3.04 pg/g of Pb, 2.41 pg/g of Co and
0.65 ug/g of Cr were spectrographically deter-
mined in a Siberian propolis. In the same propo-
lis the Mn content was much higher (45-140 pg/
~ g) than in the Macedonian one. Similar comment
could be made about other results concerning
German and Polish propolis [12].

Conclusions

Atomic absorption spectrometry is a conve-
nient analytical method for determination of
trace elements in propolis. Mineralization of pro-
polis could be provided by dry or wet procedure
but for the majority of trace elements dry proce-
dure gives better RSD values. By checking the
procedures by the method of standard additions,
higher recovery values were obtained for the dry
procedure. ‘

The contents of trace elements (Cu, Mn, Pb,
Ni, Co, Cd, Ag and Cr) in twelve different sam-
ples of propolis collected from different areas of

Macedonia varies depending on the differences

in the collection areas, plant sources, clxmate and
other factors.
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