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Abstract

Artichokes, which provide a lot of nutrients and minerals, are a specialty of Dalat. In our
investigation, artichokes were collected at two artichoke farms in Ward 12 of Dalat from 2"
to 16" February 2020. Artichoke stems, leaves, flowers, and roots were studied with the Total
Reflection X-ray Fluorescence (TXRF) technique. Twelve artichoke samples were collected,
three samples for each part of the artichoke. TXRF technique is commonly used in qualitative
and quantitative analyses of element compositions in solid, liquid, and gas samples. The main
benefits of TXRF include simplicity, rapid measurement, simultaneous determination of the
concentrations of many elements, small sample size, and no matrix effects. This study aimed
to determine the concentrations of inorganic elements in locally grown artichokes.
Concentrations of eleven trace elements, P, K, Ca, Mn, Fe, Cu, Zn, As, Cd, Hg, and Pb, are
presented in the results. Most elements have concentrations similar to those found in previous
studies, except for cadmium, which is notably higher.
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Tém tit

Artichoke 1 logi rau dac biét tqi thanh phé Pa Lat, n6 cung cap rdt nhiéu chat dinh duong
va khoang chat. Trong nghién ciru nay, cdy Artichoke diwoc thu thdp tai hai viing Artichoke
& phwong 12 thanh phé Pa Lat tir ngdy 02 dén ngay 16 thang 02 ndm 2020. Nhitng phan
Artichoke droc sir dung trong nghién cizu gom: Hoa, 14, than, va ré. Muoi hai mau artichoke
dd dwoc thu thdp véi ba mdu cho ting bg phdn. Kj thudt huynh quang tia X (TXRF) da duwoc
stz dung trong nghién cuu—day la ky thudt thuong sur dung trong phan tich dinh tinh va dinh
lirong cua cac nguyén té trong cac logi mau: Ran, Iong va khi. TXRF c6 nhiéu uu diém nhw
phdn tich don gidan, phdn tich nhanh, phdn tich dong thoi nhiéu nguyén té, mau mong, va
khong b; hiéu ixng matrix. Muc dich cua nghién ciu nay la xdc dinh nong dé cac nguyén to
trong cac phan cua cay Artichoke. Két qua da xdc dinh dwoc 11 nguyén té vét, bao gom: P,
K, Ca, Mn, Fe, Cu, Zn, As, Cd, Hg, va Pb. So sanh vdi cac nghién cizu truée day, hau hét
ham lwong c&c nguyén té ndy la twong dong Véi sé liéu truéc, ngoai trir nguyén to Cadmium
¢6 ham lwong cao hon dang ké.
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1. INTRODUCTION

The contamination of vegetables by heavy metals resulted from the use of
fertilizers and pesticides in agriculture. The heavy metals constitute a serious concern for
human health. Therefore, investigations of the possible contamination risk of heavy
metals in foods are necessary.

For a long time, many types of research have shown that the concentration of
elements in plants depends on the kinds of plants and their parts: Flowers, leaves, crowns,
trunks, and roots. For example, Pb contamination can caused by the bioaccumulation of
Pb in edible vegetables. Finster, Gray, and Binns (2003) investigated Pb contamination
from the soil via the root system by direct foliar uptake and translocation within the plant.
Alexander et al. (2009) showed that Cd accumulates in the leaves of plants. Pb is an
environmental contaminant that occurs naturally and in traffic. As one case, terrestrial
plants may accumulate arsenic by root uptake from the soil or by absorption of high levels
of airborne arsenic deposited on the leaves. Arsenic is a metalloid that occurs in different
inorganic and organic forms (European Food Safety Authority, 2009). The European
Union has also published (Commission of the European Communities, 2006) a regulation
in which maximum levels have been set for Cd and Pb in foodstuffs such as vegetables.
Trace elements play an essential role in health. Beccaloni, Vanni, Beccaloni, and Carere
(2013) have investigated the daily necessary concentrations of essential trace elements in
food. In a recently published paper, Biel, Witkowicz, Pigtkowska, and Podsiadto (2019)
found twelve elements for which toxic inorganic concentrations are very low (Cr, Pb and
Cd) just only.

Artichokes are a rich source of vitamins and nutrients to stimulate fat burning and
lower the levels of bad cholesterol in the blood. Normally, people use fresh artichokes,
especially the flowers, in hot soup for their family meals. Roots and flowers of the
artichoke are also used to manufacture tea. In this study, the main purpose is to determine
the trace element concentrations in artichokes that grow in Dalat. The artichokes were
collected from two farms: One farm is located near Than Tho Lake, and the other farm is
on Huynh Tan Phat Street. Both farms are located in Ward 12 of Dalat, which is well
known for growing artichokes. The stems, leaves, flowers, and roots of the artichokes
were examined with the TXRF technique in this research.

2. MATERIALS AND METHODS
2.1. Sampling

Dalat is a tourist city, about 390 km? in area, located in Lam Dong province in
Vietnam. Dalat is located at 11.95° latitude and 108.44° longitude and sits approximately
1500 m above sea level. The two best places where artichokes have good conditions for
growth in Dalat are near Than Tho Lake (located at 11.95842° latitude and 108.47579°
longitude) and on Huynh Tan Phat Street (located at 11.9706° latitude and 108.48704°
longitude) which are part of Ward 12 in Dalat. Dalat artichokes are not only famous in
Vietnam but also worldwide. The harvest season for artichokes in Dalat is from February to
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July annually. In our research, the artichoke collection was carried out for two weeks, from
2" to 16™ February 2020. The artichoke sample sites in Dalat are shown in Figure 1 and 2.
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Figure 1. The artichoke sampling locations (shown as ovals) in Ward 12
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Figure 2. The location of Ward 12 on a map of Dalat

For the samples, around 20 kg of fresh artichokes were collected, including
flowers, stems, leaves, and roots. Twelve samples were collected, three samples for each

of the four parts of the artichoke. Figure 3 presents the morphology of the artichokes and
a powder sample.

Figure 3. Parts of artichokes
Notes: a) Flowers; b) Stems; c) Leaves; d) Roots; and e) Artichoke powder.
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To minimize the influence of the substrate, the different parts of the artichoke,
flowers, stems, leaves, and roots, were chopped. After collection, the flowers, stems,
leaves, and roots of the artichokes were cleaned of soil particles, washed three times with
distilled water, then dried at 70 °C for 50 hours. Next, they were crushed and
homogenized to a powder (~0.5 mm) in an analytical sieve shaker AS 300 control for 30
min. As the next step, the artichoke powder samples were ground down to grain sizes of
50 um using a RETSCH MM 400 mixer mill. In the final step of sample preparation, the
moss powder sample must be turned into a liquid form using digestion. In this
investigation, a MARS 6 Microwave Acid Digestion System was used. An artichoke
powder sample weighing 0.5 g was placed into the digestion vessel and 10 ml of HNOs
(14 N) was added. We gently swirled the mixture and waited approximately 15 min before
closing the vessel. Operating the RETSCH MM 400 mixer mill is 50 min. After finishing
this procedure, the artichoke sample was a liquid. Then 500 pl of the original sample was
transferred to a polymer container, to which was added Galium internal standard liquid
so that the sample reached 1 ppm Galium. The sample must be thoroughly homogenized
by an automatic sample shaker. After thorough homogenization, 10 pl of the sample was
transferred to a sample carrier and then dried at 300 degrees C. Figure 4 shows a sample.
According to the Bruker AXS Microanalysis GmbH (2007), a good condition for
quantification using an internal standard is to prepare the sample as a thin layer (<100
um). Furthermore, the diameter of the sample spot on the sample carrier must not exceed
10 mm.

() (b)
Figure 4. A prepared artichoke sample
Notes: a) A drop of liquid artichoke on the sample carrier; and b) A dry artichoke sample.

2.2. TXREF technique

In this research, an S2 PICOFOX™ TXRF spectrometer, provided by Dalat
University, was used for the multi-element analysis. The ability of TXRF detection
depends on the energy of the X-ray tube and the elements in the sample. The S2
PICOFOX spectrometer can detect and measure K-line energy in many elements (Towett,
Shepherd, & Cadisch, 2013).

The S2 PICOFOX™ TXRF spectrometer was used to collect the characteristic X-
ray spectrum for each artichoke sample. The spectrometer was operated at 50 kV voltage
with a maximum tube rating of 50 W. All 12 artichoke samples and the gain correction
sample must be introduced into the sample changer (Figure 5).
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Figure 5. The sample insertion into the TXRF spectrometer

The reset of the spectroscopic amplification is accomplished with the gain
correction software function. In this process, a correction value is transferred to the
spectroscopic amplifier after performing a duplicate measurement with a known
fluorescence peak. For the gain correction, a mono-element standard sample was used. A
measurement time of 120 s for each sample was established as sufficient for the necessary
statistics. Spectra for the four artichoke parts are shown in Figure 6.
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Figure 6. The X line spectra collected from an artichoke sample
Notes: Colors of spectra: __ flower,  leaf, stem, root.

The fit quality is a statistical parameter that measures the quality of the
deconvolution. The value for the fit quality should preferably be smaller than 10. High
values (>10) are an indication of misidentified or nonidentified elements, respectively, or
inaccurate gain correction. The fitting function is used to fit the following:
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where n; is the first channel of peak i (the left channel), nz is the end channel of
peak i (the right channel), yi+1 is the counts of channel i+1, and y; the counts of channel i.

6i=1/NL'+2NBG (2)

where 9i is the standard deviation for the peak area, N; is the net peak area for
element i, and Ngg is the background area.

3. RESULTS AND DISCUSSION

Element concentrations for four parts of the artichokes from the two farms are
shown in Table 1. In this method, the errors in the concentrations are less than 10%
(Bruker AXS Microanalysis GmbH, 2007). Concentrations of 11 elements, P, K, Ca, Mn,
Fe, Cu, Zn, As, Cd, Hg, and Pb, were measured in this work. The concentrations of all 11
elements were obtained in units of mg.kg™.

In this result, the mean concentrations of the elements in the Dalat artichoke
samples decreased as: K > Ca > P> Cd > Fe > Mn > Zn > Cu > Hg > Pb > As. The nutrient
most absorbed by artichoke plants during the growing cycle, especially on flowers and
leaves. In our data, the element concentrations in the stems are usually the lowest. The
potassium and calcium concentrations in the flowers and leaves usually are a little higher
than in the roots and stems. We suggested that the farmer had sprayed pesticide on the
leaves directly. As a result, three toxic metals, As, Hg and Pb, have very low
concentrations, but cadmium, which has existed in inorganic elements, is high in
concentration. Cadmium is a heavy metal that poses severe risks to human health.
Normally, cadmium is part of the chemical composition of pesticides, so the farmers need
to control and reduce pesticide use.

The mineral profile of globe artichoke floral stems was found to be significantly
affected by cultivar, season, and interaction (Lombardo, Pandino, Mauromicale, Carle,
Knddler, & Schieber, 2011). In general, the present results are in good agreement with
those of previous studies (Lombardo, Pandino, Mauro, & Mauromicale, 2013; Pandino,
Lombardo, & Mauromicale, 2010). According to literature data (Rincén, Pérez, Pellicer,
Abadia, & Saez, 2007; Romani, Pinelli, Cantini, Cimato, & Heimler, 2006), the element
concentrations decrease as follows: K > Ca > Na > Mg (for alkali metals and alkaline
earth metals), and Fe > Cu > Mn > Pb >As > Hg (for lanthanides). All toxic trace metal
concentrations in this investigation are lower than Lombardo’s results (Lombardo et al.,
2013). Our data are similar to those of Terzi¢, Atlagi¢, Maksimovi¢, Zeremski, Zori¢,
Mikli¢, and Balali¢ (2012), especially for those trace minerals required for biological
processes in the body, including Fe, Cu, Mn, and Zn.
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Table 1. Element concentrations (in mg.kg™!) of artichokes from two farms in Ward 12, Dalat

The artichoke farm on

The artichoke farm near

El  Huynh Tan Phat Street Than Tho Lake Mean 1 Mean 2 Mean 3
flower leaf stem root flower leaf stem root

P 2,915.000 1,353.000  2,247.000  2,260.000  3,537.000  1,873.000  539.000 2,703.000 2,178.000  2,310.000  ---
21,500.000%,

K 16,566.000 20,093.000 11,277.000 12,315.000 26,632.000 37,965.000 13,909.000 21,469.000 20,028.000 22,720.000 1 880.000°
3,200.000?,

Ca 1,517.000 12,666.000 3,724.000 2,827.000  2,635.000  8,092.000  1,262.000  2,899.000  4,453.000  2,230.000 4.500.000°

Mn 9.120 25.100 2.560 15.240 19.980 18.920 2.480 28.600 15.300 3.870 M_Hommmow
36.500°,

Fe 25.600 134.700 10.700 366.700 53.000 75.300 14.100 521.900 150.000 113.000 47.000°
6.600?,

Cu 2.880 4.420 1.260 9.800 3.940 4.320 1.280 11.620 4.940 7.920 7 200°

7n  18.900 13.780 3.480 19.380 28.640 18.120 5.620 16.260 15.520 20.880 26.600P

As  0.004 0.080 0.020 0.220 0.005 0.160 0.600 0.360 0.180

Cd  270.000 212.000 175.000 172.000 456.000 570.000 228.000 365.000 306.000 0.042°

Hg 0.040 0.060 0.003 0.040 0.020 0.020 0.140 0.003 0.040

Pb  0.001 0.120 0.070 0.500 0.001 0.260 0.500 0.620 0.259 0.077°

Notes: Mean 1: Our work; Mean 2: Terzi¢ et al. (2012); Mean 3: 3Lombardo et al. (2013) and ®Pandino et al. (2010).
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4. CONCLUSION

Artichokes grown at two farms in Dalat were investigated. The TXRF technique
was used to determine the concentrations of 11 inorganic elements, including P, K, Ca,
Mn, Fe, Cu, Zn, As, Cd, Hg, and Pb in four different parts of the artichoke. The element
concentrations of artichoke flowers and leaves are similar. Our research also shows that
these trace minerals, which are required for biological processes in humans, are in good
agreement with values from previous work (Terzi¢ et al., 2012).

One notable finding for agriculture is that the concentration of cadmium is quite
high, so farmers could slash pesticide use if they want to grow safe foods and develop
stability in agricultural production.
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