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Determination of Trace Elements in Herbal Tea Products and
Their Infusions Consumed in Thailand
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Nineteen elements, Mg, Al, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Sr, Sh, Ba, As, Cd, Hg, and Pb,
were determined in three types of popular herbal tea products, Gynostemma pentaphyllum, Camellia
sinensis, and Morus alba. These herbal tea products, both imported and locally made products, are
widely consumed in Thailand and worldwide. Microwave-assisted acid digestion was used for all of
the samples, and the element contents were determined by ICP-MS. The concentrations of all elements
varied among these herbal teas. Ca and Mg were the most abundant elements in all herbal samples
(1384—34070 and 783—7739 mg/kg, respectively). Most elements in these herbal tea powders were
also released into the infusions at different percentages depending on types of herbs. G. pentaphyllum
infusion contained essential elements (Mg, Ca, V, and Fe) at higher levels than C. sinensis and M.
alba infusions. Al and Ni were present at high levels in C. sinensis infusion, and Cd level was high
in M. alba infusion. The daily intake of all elements from these herbal tea infusions (three cups/day)
is still within the average daily intake. Therefore, it may not produce any health risks for human
consumption, if other sources of toxic metal contaminated food are not taken at the same time.

KEYWORDS: Trace elements; Gynostemma pentaphyllum ; Camellia sinensis ; Morus alba ; herbal tea;
infusion

INTRODUCTION (11, 12). The results of an epidemiological study in Saitama
Prefecture, Japan, determined that the cancer preventive amount

consumed in Thailand and worldwide. Among these products, of green tea is 10 Japanese-size cups of green tea (120 mL per

Gynostemma pentaphyllufirogulan),Camellia sinensiggreen cup) daily or~2.5 g of green tea extracLg).
tea), andMorus alba(mulberry) are the most popular herbal ~ Another popular herbal teayl. alba (mulberry), has been
tea products consumed for medical purposes or maintaining Shown to exhibit antioxidant and hepatoprotective effetd,(
good health.G. pentaphyllumis a medicinal plant normally  anti-inflammatory effect (15), hypoglycemia effect), and
grown in southern China, Japan, Korea, and India. It has beenneuroprotective effect (17).
used in traditional Chinese and Japanese folk medicines for the As these herbal tea products are normally produced in dried-
treatment of many diseases. The pharmacological activities of leaf form in tea bags or as an instant tea, they can be easily
this medicinal plant are reduced risk of cardiovascular diseasecontaminated with heavy metals and microorganisms from the
(2), alleviation of asthma and respiratory disord&)s lowering environment (soil, water, or air) during growth and the
cholesterol 8), antigastric ulcer effecd, and anticancer effect  manufacturing processes when the ready-made products are
(5—7). In Thailand G. pentaphyllums grown in the northern produced 18). Additional sources of heavy metal contamination
region. are rainfall, atmospheric dust, plant protective agents, and
Green teaC. sinensishas been used as a beverage in China fertilizers (19-21). Different plants also have different capacities
and Japan for thousands of years. It is also widely consumedto selectively accumulate some elements, that is, hyperaccu-
in North America and Europe in addition to the equally popular mulators.
black tea. Tea leaves contain polyphenols such as epigallocat- The human body requires both metallic and nonmetallic
echin 3-gallate (EGCG) that exhibit antioxidant (8), lowering  elements within certain permissible limits for growth and good
cholesterol (9), hepatoprotectivéd)), and anticancer activities  health. Therefore, determination of element compositions in
foods and related products is essential for understanding their
* Corresponding author (telephone 66-2-574 0615; fax 66-2-574 0616; nutritive importance. Several attempts have been made to
e-mall jutamaad@cri.or.th), determine the element contents of herbs, medicinal or aromatic

T Chulabhorn Research Institute.
8 Mahidol University. plants, and tea leaves from many parts of the world by using

At present, there are many herbal tea products widely
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various methods such as flame atomic absorption spectrometrymade products. The samples, except powdered samples, were powdered
(FAAS) (22—-26), electrothermal atomic absorption spectrometry with a stainless steel blender. The pulverized and powdered tea samples
(ETAAS) (27,28), inductively coupled plasma optical emission Were transferred m_to plastlc_ bag_s and kept &C4until _anaIyS|_s.
spectrometry (ICP-OESPB, 29—31), and inductively coupled Sample Preparation.The digestion was operated using a microwave
plasma mass spectrometry (ICP-MS) (28). ETAAS and ICP- system. Dried powdere ef plant samples, 0.25 g, were weighed into
MS are the most effective techniques for ultra-trace element PTFE vessels. Two milliliters of #D, and 6.0 mL of concentrated

Ivsis. ETAAS i inale-el hni d . HNO; were added into the vessels. The vessels were closed and placed
analysis. IS a single-element technique and very time-  y,o rotating turntable of the microwave oven, and then the digestion

consuming if many elements are to be determined in each yrocess was started. The digestion was allowed to 11.72 bar and 190
s_,ample, whereas ICP-MS is a multielement technique with wide °c gver 30 min and then maintained at 190 for 40 min. After
linear ranges (32). microwave digestion, the digested solutions were filtered through filter

The Ministry of Public Health (Thailand) sets the maximum paper (Whatman no. 42) and diluted to 50 mL with deionized water.
permissible levels of elements in medicinal plant materials and  The tea infu_sions were prepared following the usual method for tea
finished herbal products for only As, Pb, and Cd, at 4.0, 10.0, preparation using deionized water. One bag or 2.0 g of each tea sample
and 0.3 mg/kg, respectively. The contents of trace elements areVas transferred into a glass beaker, 100 mL of boiling deionized water
one of the criteria that make plant raw materials admissible for ‘_’I_"ss added, ?”dt the s?r?qple was I;af(tjat: rgﬁm.tenmeraturl‘ref.;‘tor 5 min.
the production of traditional medicines or tea products. This € supernatant was then separated by fltering through Tilter paper

. (Whatman no. 42). A 5.0 mL volume of this solution was transferred

may be due to the fact that the amount of elements taken into

. . o into a PTFE vessel, and 3.0 mL of concentrated HN@s added.
the body increases with repeated doses. The determination ofrna solutions were digested by using the microwave method as

the element contents in medicinal plants should be part of the previously described. Finally, the digested solution was diluted to 25.0
quality control process to ensure the purity, safety, and efficacy mL with deionized water. The corrected weight of tea sample in each
of these herbal products. bag was obtained by subtracting the weight of the tea bag.
G. pentaphyllunfjiaogulan tea)C. sinensiggreen tea), and Determination of Elements by ICP-MS.Contents of all elements

M. alba(mulberry tea) are widely consumed, especially in Asian were determined in the clear solutions using ICP-MS. The quantitative
countries. However, most studies of these plants were carrieddeterminations of elements in samples were done using calibration
out only on the chemistry, pharmacology, and toxicology of CUrves obtained from diluted stock standard elements 1000 rr'lg/I__.
the active organic compounds (phytochemicals) and plant Rhodium and germanium were used as internal standards. The excitation

; : . . power of the plasma was 1500 W; the gas flow rates for plasma gas,
ieth;?sCéS.rer;oertgcfjoz‘r;rag?ge?]n tgi]e:/\/:lljct):gni;r ;?:jlc bellaeglzetretas carrier gas, and makeup gas were 15.0, 0.9, and 0.3 L/min, respectively.

. Hydrogen (H) and helium (He) gases were used as reaction gases at
Essential elements such as K, Ca, Mg, Fe, Cu, and Zn weree fiow rates of 4.5 and 5.0 mL/min, respectively.

determined in 46 tea samples including instant tea by using ICP-
AES (33). Total Al, _M_n, Cr_, Cu, Fe, and Ni was determined in RESULTS AND DISCUSSION
tea leaves and their infusions of green tea, wulong tea, black
tea,Hibiscus sabdariffgroselle), andlex paraguariensigmate) The accuracy and precision of the method were tested with
(34, 35). Data on the concentrations and variation of elements two standard reference materials (SRMs), SRM1573a (tobacco
in G. pentaphyllumand M. alba tea products are still limited.  leaves) and DC73348 (bush branches and leaves). The results
Therefore, the objective of the present study is to determine indicated that the concentrations of elements determined by the
the levels of several trace elements (Mg, Al, Ca, V, Cr, Mn, Present ICP-MS method are in agreement (withit0%) with
Fe, Co, Ni, Cu, Zn, Se, Sr, Sh, Ba, As, Cd, Hg, and Pb) in the certified values, except in the cases of As and Hg for
these three herbal tea products and their infusions by aSRM1573a and Al and Sb for DC73348, for which the
microwave-assisted acid digestion procedure and ICP-MS determined values were different from the certified values
technique. The data obtained will provide information on (Table 1).
whether these herbal teas contain some metal ions in amounts In the present work, the concentrations of essential elements
that could be toxic at the normal doses usually consumed as(Mg, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, and Se,) and
beverages. nonessential elements (Al, Sr, Sbh, As, Cd, Ba, Hg, and Pb) were
determined in three herbal tea produd& @entaphyllumC.
MATERIALS AND METHODS sinensis, andil. alba). Our results showed that these herbal tea
Chemicals. A standard solution of each element was prepared products contained high concentrations of Ca and Waple
immediately by dilutions of a 1000 mg/L stock solution (Merck, ) The concentrations of Ca and Mg were in the range of $384
e e e e St e et re; 34070 and 7637730 molkg, respecively, wilh the Iowes
reagen’ts such as HNCHCI an%l HO, were oFf)anaIytic.al reagent grade average levels for both el_ements(]h sinensissamples (4473
' and 2017 mg/kg, respectively). The concentrations of Ca and

(Merck). All glassware and equipment were soaked with 10% &INO h )
at least overnight and then rinsed with deionized water prior to use. Mg were comparable with those previously reported @r

DC73348 bush branches and leaves (approved by China NationalSiNensis(4252.4 and 1978.2 mg/kg, respectivelys). The

Analysis Center for Iron and Steel, Beijing, China) and 1573a tobacco abundance of Ca and Mg in the present study was also in

leaves (U.S. Department of Commerce National Institute Standards andagreement with the previous studies, which indicated that these

Technology, Gaithersburg, MD) were used as reference materials. two elements were the most abundant elements in many
Apparatus. A Waring Commercial Laboratory Blender (Hartford,  medicinal plants and tea leave®3( 25, 28, 29, 31, 36). The

CT) was used for grinding the samples. The digestion was carried out concentrations of Fe varied over wide ranges of-12821, 26

in a HP-500 MARS 5 (CEM Corporation, Mathews, NC) poly- 318 ang 89-408 mg/kg inG. pentaphyllumg. sinensis, and

(tetrafluoroethylene) (PTFE) advanced composite vessel with 100 ML, 45 samples; respectively. The concentration of Zn varied

capacity. The measurements for all elements were performed with anfrom 10 to 61 mg/kg, with average values at 46.26, 32.17, and

inductively coupled plasma mass spectrometer (Agilent Technologies . . .
7500¢ pgm AItF;) CK)_ P (Ag 95 28.46 mg/kg inG. pentaphyllumC. sinensis, andV. alba

Plant Materials. Three types of herbal tea produd®, pentaphyl- samples, respectively. The concentrations of Fe and Zn_ were
lum, C. sinensis, and. alba, were purchased from different super- comparable with the levels in tea and herbal samples previously
markets in Bangkok, Thailand. They included both imported and locally reported by many author23, 28, 29, 37). The concentration
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Table 1. Assessment of the Accuracy and Precision of the Method by
Using Two Standard Reference Materials (SRM1573a, Tobacco
Leaves; and DC73348, Bush Branches and Leaves)

SRM1573a (mglkg), n= 15 DC73348 (mglkg), n= 10
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teas in the present study was much higher than that reported in
previous papers, except fo. alba products.

For toxic elements (As, Cd, Hg, and Pb), the concentration
of Cd was detectable at high levet .3 mg/kg) in 14 of 165.
pentaphyllunproducts. Three of 16&. pentaphyllunproducts

| Ce”:ﬁed dEte'r‘i"ed ce“:ﬁed dete”l‘“”ed also contained Pb &t 20 mg/kg (the standard limited value is

element vaue vaue value value 10 mg/kg). One of 1&. sinensiproducts contained Pb at 53.89

Xllg 53200052 1%95%46 i35i)8 gﬂgi ;gg iggg t ;gg mg/kg, whereas the others (17 products) contained Polat
+ + * +
Ca  50500+900 50979+3303 22200+1300 20711+ 1366 mg/kg. It was observed that mdst pentaphyllumboth locally
Vv 0835+0010 0769 + 0.047 24403 218 +0.20 and imported, samples were contaminated with Cd at higher
Cr 1.99 +0.06 1.78 +0.09 23+0.3 2.02+0.146 levels than the standard maximum value for medicinal plants.
Mn 246+38 238+10.6 58+6 60+16 G. pentaphyllunmay accumulate Cd from the growing environ-
(F:% 0 238;-'0702 Og‘é‘éﬁézé . olggo+106075 0 491%9f03820 ment such as soil and water as well as the use of some fertilizers.
Ni 159 +0.07 142 +0.04 17404 1.66+0.03 In addition, cleaning and processi_ng _of h_erbal tea leaves may
Cu 470+0.14 4,59 + 1.56 52+05 4974022 be other sources for metal contamination in herbal tea products.
Zn 30.9£07 29054 206+22 218+1.05 Some biomaterials such as green tea, aloe, coffee, and Japanese
és 8(1);21 £ 888‘3‘ 8323 £ 88(2)?3 ooigi : 8(153 001-23 : 8827 coarse tea were able to adsorb large amounts of Pb and Cd ions
s? Ty 80.80 % 6.09 35+ 11 35432 after a pretreatment of washing with water followed by drying
cd 1524004  1378+0045  0.14+0.06 0.18 + 0.02 (35_3).. It was proposed that the processing of tea .Ieaves suph as
Sh 0.063+0.006 0.052+0.006 0.078+0.020 0.056 = 0.009 twisting and water-removal stages caused an increase in Pb
aa 0034 b 0,004 058;5817 i(;‘g‘fo 195—' 3 gg x ég content in the tea product@). C. sinensisandM. albahad Cd
g 034 £ 0. ,051 0. 95, :

Ph b 0560 £ 0,034 21811 736 4 6.06 concentration of<0.3 mg/kg for all samples. These results

2 Information value. ? Not certified.

of Mn ranged from 43 to 1512 mg/kg, with the higest level in
C. sinensisamples (813.6 mg/kg). The present results showed
that the concentration of Mn i€. sinensisamples was within
the same range as the previous study (824.8 mg/&8) lut
higher than Mn in other herbal products or medicinal plants
(range= 9—188 mg/kg) (2325, 28). The concentration of Cu
was in the range of-322 mg/kg, with the highest level i€.
sinensissamples (15.20 mg/kg). The results were in the same
range as those of other plants from the previous studids (
25,28, 29, 37).

suggest that th&. pentaphyllunplant can readily absorb Cd
from the soil at much higher levels thah sinensisand M.
alba. Compared to other studies, the average amounts for Pb
and Cd in various plants were generally lower than the present
results obtained irs. pentaphyllum(23, 24, 29, 31, 37, 41).

All samples contained As and Hg at levels below those set as
the standard maximum values (As and Hg, 4 and 2 mg/kg,
respectively). It should be observed that the highest levels of
the potentially most toxic elements were detected Gn
pentaphyllumsamples. Therefore, determination of these ele-
ments in the raw material before it is used to make the herbal
tea product is essential.

The element concentrations in herbal tea infusions were
determined to assess the actual amount of exposure to these

For other microessential elements (V, Cr, Co, Ni, and Se), glements by drinking these beverages. The concentration ranges
the concentrations of these elements also varied over a widenf 19 elements determined in three types of herbal tea infusions
range among the three herbal tea produ@spentaphyllum  were calculated on the basis of 2 g of herbal tea powders in
contained V, Cr, and Co at the highest concentrations, whereas) oo mL (Table 3). The results also demonstrated the average
C. sinensishad the highest level of Ni arld. albathe highest  percentage of each element released into the infusion. The results
level of Se. The present results indicated that these herbal tegndicated that there was a large variation of the element
products contained large amounts of essential nutrients, and theysgncentrations in different herbal tea infusions. The highest
are especially rich in Ca, Mg, Mn, Fe, and Zn. average levels of Mg, Ca, V, Cr, Fe, Sr, Cd, Ba, and Pb in

Al, Ba, Sr, and Sb, known as nonessential elements, variedinfusion were found irfG. pentaphyllumnfusion, whereas the
between 33 and 6130, between 3.0 and 180, between 1.5 andhighest average levels of Al, Co, Mn, and Ni were detected in
212, and between 0 and 0.102 mg/kg, respectively. The highestC. sinensignfusion. The percent releases of Mg, Ca, Mn, Se,

concentration of Al was found is. pentaphyllun{2014 mg/

kg) followed byC. sinensig1179 mg/kg) andV. alba (180.3
mg/kg), respectively. Matsushima et al. reported Al contents in
green tea and black tea were only 520 and 576 mg/kg,
respectively (34). Another study reported Al levels of 919 mg/
kg in green tea and 759 mg/kg in black t&b). Sr and Ba
were found at the highest concentrations@n pentaphyllum
(96.79 and 81.88 mg/kg) followed . alba(72.18 and 74.32
mg/kg) andC. sinensig11.91 and 22.74 mg/Kkg).

It was previously proposed that most investigated foodstuffs
(vegetables, meat, and dairy products) contain&dmg/kg of

Sr, and Ba were detected at the highest levels in Ghe
pentaphylluninfusion. The highest percent releases of Al, Cr,
Co, and Ni were found in th€. sinensisnfusion. An average
percent release of Mg i@. pentaphylluninfusion was 75.57%,
whereas only 34.26 and 31.85% were founcirsinensisaand

M. alba infusions, respectively.

Mn was released at the highest concentration irCth&inensis
infusion (409.749/100 mL), but the highest percent release was
found in theG. pentaphylluninfusion (48.63%). These results
agree with a previous study in which the concentration of Mn
in tea infusion was 1.75—6.67g/mL in green tea, 0.94—4.04

Al (fresh weight), and high Al concentrations were found in u«g/mL in wulong tea, and 0.783.24ug/mL in black tea 84).
cocoa and cocoa products (33 mg/kg), spices (145 mg/kg), and Although a very high Ca concentration was present in all

black tea leaves (899 mg/kg3g). Levels of Al in 72 samples

herbal teas (Table 2), the percent of Ca released was very low,

of 17 different spices and aromatic herbs were determined, andespecially forC. sinensiandM. albainfusions, but not for the

it was found that the concentration of Al ranged from 3.74 to
56.50 mg/kg 27). The average concentration of Al from herbal

G. pentaphylluminfusion (Table 3). Ca concentration in all
herbal tea infusions was in the range of 136.0—400¢/100
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Table 2. Concentrations of Elements in Three Herbal Tea Products

element concentration (mg/kg of DW)

G. pentaphyllum? (n = 16) C. sinensis® (n = 18) M. alba® (n = 15)

element range av range av range av
Mg 1756-7739 5178 783.6—2549 2017 3078-5188 4243
Al 204.0-6130 2014 564.4-2740 1179 33.00-463.6 180.3
Ca 5583-34070 20460 1384-6550 4473 15286-25182 21048
v 0.207-7.721 2.029 0.081-0.536 0.226 0.060-0.732 0.273
Cr 0.434-12.42 2.892 0.205-10.54 1.476 0.250-1.419 0.790
Mn 43.42-259.4 136.6 229.4-1512 813.6 75.27-352.7 155.6
Fe 125.5-2321 7914 20.91-318.3 167.1 89.46-408.2 200.0
Co 0.079-1.061 0.392 0.119-0.765 0.294 0.041-0.239 0.095
Ni 0.530-6.600 2.349 2.281-9.194 5.633 0.368-2.171 0.960
Cu 5.141-15.48 9.146 3.075-22.42 15.20 5.724-11.09 8.074
Zn 25.43-61.95 46.26 10.13-55.40 3217 19.16-34.42 28.46
As 0.070-0.750 0.349 0.010-0.238 0.088 0.041-0.449 0.170
Se 0.00-0.069 0.032 0.014-0.508 0.096 0.037-0.276 0.114
Sr 8.128-212.1 96.79 1.534-24.23 11.91 21.70-138.1 72.18
Cd 0.021-4.772 1.270 0.002-0.100 0.035 0.001-0.022 0.008
Sh 0.008-0.102 0.028 0.002-0.076 0.022 0.00-0.011 0.001
Ba 4.322-168.2 81.88 3.042-50.72 22.74 5.439-180.6 74.32
Hg 0.00-0.041 0.005 ndd nd 0.00-0.032 0.002
Pb 0.361-64.40 9.312 0.060-53.89 3.930 0.118-1.185 0.401

a Thirteen samples produced in Thailand and 3 samples imported from China.  Four samples produced in Thailand and 14 samples imported from China, Japan, Sri
Lanka, India, and Indonesia. ¢ All 15 samples produced in Thailand.  Not detectable.

Table 3. Mean Concentrations of Elements in Herbal Tea Infusions and the Percent of Elements Released into Infusion

G. pentaphyllum (n = 8) C. sinensis (n=17) M. alba (n= 14)
element contents in element contents in element contents in
element infusion (1g/100 mL) 9% release® infusion (1g/100 mL) % release® infusion (1g/100 mL) % release”

Mg 2153-9610 (7015) 75.57 764.3-2152 (1414) 34.26 887.6-5218 (2961) 31.85
Al 2.176-95.67 (45.63) 1.46 187.8-1652 (551.5) 21.79 0.00-19.16 (7.085) 3.58
Ca 6272-40011 (26805) 64.22 136.0-751.5 (335.8) 3.66 1576-8506 (4477) 10.23
\ 0.00-0.1308 (0.0527) 1.64 0.00-0.0189 (0.0055) 1.35 0.00-0.0392 (0.0123) 2.42
Cr 0.00-1.405 (0.3038) 457 0.00-0.6911 (0.2144) 1145 0.00-0.3968 (0.0596) 257
Mn 48.26-276.6 (158.9) 48.63 137.5-741.7 (409.7) 25,52 9.572-94.96 (35.52) 9.42
Fe 5.481-59.55 (28.94) 2.27 4.444-21.62 (7.996) 2.39 0.00-37.61 (13.77) 2.83
Co 0.0444-0.4660 (0.1401) 23.11 0.1092-1.068 (0.3040) 49.27 0.00-0.2138 (0.0531) 20.74
Ni 0.3160-3.370 (1.043) 36.04 3.806-15.54 (8.044) 67.71 0.2932-2.705 (1.108) 49.64
Cu 1.622-7.993 (4.414) 22.96 1.201-8.427 (4.149) 12.96 1.478-7.385 (4.764) 26.74
Zn 7.517-50.19 (25.85) 24.92 5.947-43.32 (21.94) 32.15 2.747-37.60 (20.93) 33.79
As 0.0038-0.2128 (0.0844) 13.76 0.002-0.1533 (0.0441) 23.83 0.0021-0.1863 (0.0949) 30.71
Se 0.0058-0.0352 (0.0183) 24.17 0.00-0.0678 (0.0111) 7.17 0.00-0.0416 (0.0159) 5.85
Sr 7.837-234.1 (124.4) 53.83 0.2264-3.036 (1.523) 6.96 3.793-23.25 (14.68) 9.79
Cd 0.1025-2.307 (0.7120) 18.64 0.004-0.0237 (0.0098) 14.18 0.00-0.0284 (0.0061) 24.03
Sh 0.0009-0.0798 (0.0188) 2421 0.0005-0.0288 (0.0076) 11.78 0.00-0.1679 (0.0176) 27.93
Ba 0.4001-142.2 (62.95) 3343 0.00-4.151 (1.396)z 3.93 0.00-13.91 (6.925) 4.44
Hg nd¢ nd nd

Pb 0.1126-8.017 (2.377) 6.22 0.0004-3.162 (0.4035) 7.11 0.0075-0.1510 (0.0767) 11.61

2 |nfusion is prepared from 2.0 g or one bag of tea in 100 mL. The values in parentheses are the mean values (1g/100 mL). ? Calculated as percentage of the total
amount present in tea powder. ¢ Not detectable.

mL. ForC. sinensiandM. albainfusions, only 1.79-18.81% product, these toxic elements can be easily released at the higher
of Ca was released, whereas 55-02.64% of Ca was leached rate in the infusions. The element concentrations in the infusion
from theG. pentaphylluninfusion. The results fror€. sinensis are more significant when daily uptake is considered. For
andM. albaagree with the results of a previous study reporting example, the average concentrations of A&irpentaphyllum
that only 20% of Ca in Polish herbal products was present in andM. albaproducts were 0.349 and 0.170 mg/kg, respectively,
water-soluble form31). The present results indicated ti@at but 0.0844u9/100 mL (13.76% released) and 0.094§/100
pentaphyllumandC. sinensican be other effective sources of mL (30.71% released) of As were detectedsinpentaphyllum
Mg, Ca, and Mn for humans. andM. alba infusions, respectively.

There were no differences in the percent of infusions of Fe Al concentration in herbs was also high in bd& penta-
and Zn among these herbal tea infusions. V and Fe had thephyllumandC. sinensigproducts, but 21.79% of Al was released
lowest percent releases in infusions for all herbs. Interestingly, from theC. sinensisnfusion, whereas only 1.46% was released
the toxic elements, As, Cd, and Pb, were leached fkbralba from theG. pentaphylluninfusion. The element concentrations
samples at highest rates, 30.71, 24.03, and 11.61%, respectivelyin different herbal infusions may be affected by different
Although the concentrations of As, Cd, and Pb seem to be lower physiological properties or structures of plants, levels of
in C. sinensiandM. alba products than in th&. pentaphyllum phytochelating phenolics, other mineral-binding components,
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Table 4. Comparison of the Average Daily Dietary Intakes of Each ACKNOWLEDGMENT

Element We thank Sunisa Charoenphan for help with sample preparation.

calculated intake? (mg/day) LITERATURE CITED
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clement d"?ﬁ%g%ke 6. pentaphylum . sinensis . (1) Circosta, C.; De Pasquale, R.; Occhiuto, F. Cardiovascular effects
- i - of the aqueous extract @dynostemma pentaphylluMakino.
Mg 320-4200 6.456-28.83  2293-6.456  2.663-15.65 Phytomedicing2005,12, 638—643.
’\C/Ia 10fg:§23970b 13'?2}&38'3298 gﬂ;g:gggg . ggg;ﬁggg ” (2) Circosta, C.; De Pasquale, R.; Palumbo, D. R.; Occhiuto, F.
Fe” '8—16" 0:0164—0:1786 0:0133—0:0649 0:000_0_1'129 Bronchodilatory effects of t_he agueous extra_cﬁyfnostemrr_la
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