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ABSTRACT 

The objective of this work is to correlate the accumulation of trace elements in food tubers with possible alterations of 
the secondary plant metabolism. Samples of carrots, onions and potatoes grown in the environmentally polluted area of 
Asopos river in Viotia, Greece and other Greek areas (control) were analyzed for carotenoids by HPLC-UV and DPPH 
antioxidant activity. In carrots, the levels of α-carotene, β-carotene and lutein were quantified and it was found that 
Asopos samples had statistically significantly lower levels of β-carotene compared to control ones. Also, in potatoes, 
the levels of lutein in Asopos samples were statistically significantly lower than control ones. However, in onions, the 
levels of lutein between Asopos and control samples were not found statistically different. In all samples, no statistically 
significant differences in the levels of DPPH activity (measured as ΙC50: sample levels that cause 50% inhibition of 
DPPH scavenging activity) were observed. In conclusion, the presence of heavy metals in carrots and potatoes has af-
fected the levels of carotenoids. 
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1. Introduction 

The cross-contamination of human food chain by risk 
elements [1] is one of the most important problems that 
today’s food chemists need to address given the high 
impact of contaminated crops (e.g. carrots, onions and 
potatoes) which are basic components of our diet. The 
reasons of heavy metal accumulation are mainly anthro-
pogenic: fertilizers, mining and industrial processing [2].  

Food cross-contamination by heavy metals has been 
widely studied [1,3] since these risk elements do not only 
affect the nutritional value of food, but also have detri-
mental effects on consumers’ health. With regard to the 
levels of heavy metals in food, the current trend is that 
national and international regulations on food safety are 
getting stricter by lowering the maximum permissible 
levels of toxic metals. For the case of Cd, according to 
the latest opinion of EFSA [4] a lower Provisional Tol-
erable Weekly Intake (PTWI) is suggested. On the con-
trary, continuously increasing levels of risk elements in 
food grown in polluted areas worldwide are being re-
ported [5]; the levels of trace elements were quantified in  

food grown in Asopos region, where the underground 
water table has been extensively contaminated. These 
two trends are somehow contradicting and they need to 
be taken into consideration by policy making and legisla-
tive bodies to maximize the “protection net” to Public 
Health. 

In the case of Asopos river in Greece, this river was 
designated as an industrial zone in 1969 and 10 years 
later, municipalities took the decision to allow treated 
waste to be dumped into its waters. These facts have re-
sulted in the extreme pollution not only of Asopos but 
also of the groundwater of the surrounding area. Despite 
its heavy pollution, this area is widely used for agricul-
tural production.  

Plants grown in contaminated soils tend to accumulate 
heavy metals, which cause changes to their normal meta-
bolic functions [6,7]. A correlation between heavy metals 
and free radicals production has been indicated [8].  

In recent years, there has been an increase of interest 
in the carotenoid role in human nutrition [9]. Apart from 
their use as natural pigments in food industry, carote-
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noids are well known for their antioxidant activity and 
their protective role against human diseases [10,11], such 
as some types of cancer, UV-induced skin damage, 
coronary heart disease, cataract and macular degenera-
tion [12]. Carotenoids are products of secondary metabo-
lism of plants and are synthesized and localized in the 
plastids of plant cells [13]. External factors may interfere 
and affect their physiological function. Heavy metals, 
which are known for their ability to replace the soil’s 
essential metals, are one of these factors [14].  

In the present study, the food produced in this area was 
evaluated by comparing it with food produced in non- 
polluted areas (control). In our previous study [5], high 
levels of nickel and chromium were found in carrots, 
onions and potatoes from Asopos region as opposed to 
control ones. In this paper, the effect of heavy metals on 
the secondary metabolism of plants (i.e. levels of carote-
noids and total antioxidant activity) is studied in carrots 
(Daucus carota L.), potatoes (Solanum tuberosum L.) 
and onions (Allium cepa L.). 

2. Materials and Methods 

2.1. High Performance Liquid Chromatography 
(HPLC) Assay  

2.1.1. Samples 
Commercially available samples originating from the 
Asopos region in Viotia, Greece which is located 40 km 
north west of Athens (Asopos samples) were obtained 
from super markets in Athens, Greece. These Asopos 
samples were appropriately coded (Si, i = 1 - 8) as op-
posed to control samples (Control) whose origin is from 
other areas of Greece, Italy and Cyprus where no known 
water and soil pollution exists. Control samples were 
sourced as follows: carrots from Greece and Italy; onions 
from Greece and Cyprus; potatoes from Greece and Cy-
prus. 

2.1.2. Chemicals 
All chemicals and solvents were purchased from Merck, 
Germany apart from lutein which was purchased from 
Extrasynthese, France and α-carotene and β-carotene 
which were purchased from Fluka, UK. 

2.1.3. Sample Preparation 
All food samples were frozen with liquid nitrogen after 
having been peeled and carved. Then, they were ground 
to obtain a fine powder using a cyclone mixer mill (ther- 
momix 3300, Vorwerk, Paris, France) and then kept at 
–15˚C before extraction. The extraction of carotenoids 
was carried out as described by Wrolastrad et al. [15] 
with slight modifications. In detail, carotenoids were 
released from the powdered samples (20 g) by adding 2 g 

of magnesium carbonate and 25 mL of 50:50 methanol: 
tetrahydrofuran (THF). The crude suspensions were cen-
trifuged at 6000 × g at 4˚C for 10 min (Sorvall RC-5B 
Refrigerated Superspeed Centrifuge, Du Pont Instru-
ments). The procedure was repeated until the extracting 
solvent was colourless and the extract was vacuum-fil- 
tered. The filtrates were then concentrated using a rotary 
evaporator apparatus (Heidolph Laborota 4000 eco/WB/ 
G1) and transferred to a 25 mL volumetric flask, while 
carrot extracts were diluted to a known volume with re-
agent alcohol so that THF levels were less than 10% of 
the total solution. Due to high lipid and low carotenoid 
content of onion samples, saponification (alkaline hy-
drolysis) was carried out as follows: 5 mL of the concen-
trated sample were transferred in a 50 mL capped tube. 
One mL of 10% (w/v) pyrogallol in reagent alcohol and 
2 mL of 40% (w/v) KOH in methanol were added. The 
tube was flushed with nitrogen gas and then capped. The 
sample was saponified for 30 min in an ultrasonic bath 
(Elmasonic S15H). After saponification, the sample was 
diluted with 8 mL of saturated NaCl solution and then 10 
mL of 75:25 hexane/THF was added. After vigorous 
mixing, the upper phase, which contains the carotenoids, 
was removed. The last step was repeated until the upper 
phase was colourless. The collected solution was con-
centrated using a rotary evaporator apparatus. Before the 
injection into the HPLC analysis system, all samples 
were filtered through a 0.45 μm filter. All analyses were 
carried in triplicates.  

2.1.4. Preparation of Calibration Curves 
Five mg of lutein were dissolved in 100 mL reagent al-
cohol containing 30 ppm butylated hydroxytoluene 
(BHT), while 5 mg of α-carotene and β-carotene were 
dissolved in 10 mL THF (1 L of THF was previously 
stabilized with 250 mL BHT) and then diluted to 100 mL 
with reagent alcohol. Full standard curves were con-
structed with five different concentrations for each caro-
tenoid. All analyses of standard solutions were carried 
out in triplicate. The concentrations for the lutein stan-
dards ranged from 0.01 to 0.16 mg·L–1, while the α- and 
β-carotene concentrations ranged from 0.5 to 10.0 mg·L–1, 
according to Muller [16].  

The calibration curves obtained (y being the peak area, 
x being the concentration of the standard compound in 
mg·L–1) were y = 1236560.31 x + 3574.21 with R2 = 
0.9999 for lutein, y = 1545475.41 x – 164262.12 with R2 

= 0.9984 for α-carotene and y = 1559668.43 x – 
165770.72 with R2 = 0.9986 for β-carotene. 

2.1.5. HPLC Analysis 
The HPLC apparatus consisted of an Agilent SERIES 
1100, equipped with a Variable Wavelength UV-Vis de-
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tector and an intergrator Agilent 3395. A 50 μL loop was 
used. All solvents were of HPLC grade purity. The mo-
bile phase was a binary mixture of methanol: acetonitrile 
(85:15, v/v). The column was a C18 Zorbax SB (4.6 × 
250 mm, 5 μm). The column was kept at room tempera-
ture (20˚C) and the flow rate was 1.5 mL·min–1. The de-
tection wavelength was 450 nm.  

2.2. Diphenylpicrylhydrazyl (DPPH) Antioxidant 
Activity Assay 

Antioxidant activities were measured using the method 
of Molyneux [17]. In brief, antioxidant compounds were 
extracted from the powdered and freezed samples (10 g) 
by adding 50 mL methanol in an erlenmeyer flask. The 
mixture was transferred into an ultrasonic bath (Elma-
sonic S15H) for 30 min. The extract was vacuum filtered, 
concentrated to 1 mL, transferred into a UV-Vis protect-
ing vial and finally dried under nitrogen. All samples 
were then kept at –80˚C for 24 hours and then lyophilized 
in a freeze-dryer (Heto LyoLab 3000). Diphenylpicryl-
hydrazyl (DPPH) (12.5 mg) was diluted in 100 mL of 
reagent alcohol, in order to prepare a stock solution of 
final concentration 317 μM. Spectroscopic cuvettes of 
optical diameter 1 cm and total volume of 1 mL were 
used. The dried extract was dissolved in a mixture of 
ethanol: water (70:30). The precise concentration of the 
extract solution was experimentally determined by con-
structing an inhibition curve for each sample as follows: 
the volume of the DPPH solution (300 μl) was adjusted 
to 1 ml in the first cuvette by adding ethanol, in order to 
give absorbance values less than 1.0. The rest of the cu-
vettes were filled with the DPPH solution (300 μl) and 
the extract solution, gradually dissolving it with ethanol 
so as to give different sample concentrations in each cu-
vette. In total, four different concentrations for every 
sample were measured. The cuvettes were then placed in 
a water bath for 30 min at 30˚C and then spectroscopi-
caly measured at 517 nm using an Helios β spectropho-
tometer. The % inhibition of DPPH was calculated from 
the absorbance readings using the equation: %I = 100 (A0 
– Ac)/A0, where A0 is the absorbance value of the blank 
(DPPH solution) and Ac is the absorbance value of the 
sample (DPPH and extract solution).  

The % inhibition was plotted against samples concen-
trations giving the inhibition curve. The linear region of 
this curve was used to calculate the concentration of the 
sample which caused 50% inhibition of DPPH scaveng-
ing activity. All analyses were carried in triplicates. A 
separate calibration curve was obtained for each sample, 
a typical calibration curve was (y being the % inhibition 
of DPPH, x being the sample concentration in mg·L–1): y 
= 36.72 x + 6.21 with R2 = 0.9986.  

2.3. Statistical Analysis 

All HPLC and enzymatic analyses were carried out in 
triplicates. Experimental HPLC and DPPH data were 
analyzed using F-test and the Student test analysis (T- 
test). Before the T-test analysis, an F-test analysis was 
performed to examine if there was significant difference 
between the variances of Asopos and control samples. 
Both tests were performed using the Microsoft Excel 
2010 statistical program, with a level of confidence of 
95%. 

3. Results and Discussion 

3.1. HPLC Analysis of Carotenoids 

The β-carotene content in carrots varied significantly 
between Asopos and control samples (p = 0.039), while 
lutein (p = 0.36) and α-carotene (p = 0.76) contents 
showed no statistically significant difference. The mean 
carotenoid levels for Asopos samples were 77.13 mg·kg–1 
for β-carotene, 5.68 mg·kg–1 for lutein and 39.47 mg·kg–1 
for α-carotene, whereas for control samples were 89.30 
mg·kg–1, 4.07 mg·kg–1 and 37.59 mg·kg–1, respectively 
(Table 1).  

The lutein content in potatoes was 143.33 mg/kg for 
Asopos samples and 286.99 mg/kg for control samples. 
Statistical analysis showed significant difference between 
them (p = 0.01) (Table 2).  

Concerning onions, lutein concentration was found 
23.38 mg/kg in Asopos bulbs and 18.96 mg/kg in control 
ones while statistical analysis showed no significant dif-
ference between them (p = 0.64) (Table 3). 

These data suggest that heavy metals may affect the 
biosynthesis of carotenoids (lutein and β-carotene in this 
case). This correlation between heavy metal uptake and 
plant metabolic changes has been studied in the past from 
different angles. Chromium toxicity can provoke three 
types of metabolic disturbances: 1) alterations in pigment 
production, 2) increased metabolite production (ascorbic 
acid, glutathione) and 3) production of new metabolites 
which make the plant tolerant against chromium toxicity 
[6]. Although the structure of plant root tissues is capable 
of filtering or rejecting an amount of heavy metals, 
higher concentrations of heavy metals in the soil are re-
lated to toxic effects [18]. The effect of nickel was also 
studied in potato cultivars and it was found that nickel 
suppressed growth and decreased iron levels [19]; ac-
cording to these authors, nickel can substitute iron in the 
plant. Regarding carrots, it has been shown that cadmium 
in combination with zinc can decrease the levels of 
ascorbic acid, total phenolics, carotenoids and chloro-
phyll [20]. Additionally, chromium was found to cause 
suspension in the uptake of many essentials metals and  
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Table 1. Content of carotenoids and IC30 values in carrot samplesa. 

 Carotenoids concentration (mg kg–1 edible portion) 
IC30 (mg·mL–1  

sample solution)b 

Asopos samples Lutein α-carotene β-carotene  

S1 5.66 ± 0.09 51.73 ± 3.62 88.16 ± 3.49 1.64 ± 0.082 

S2 3.41 ± 0.01 40.78 ± 1.86 77.34 ± 2.44 2.63 ± 0.132 

S3 3.99 ± 0.08 33.94 ± 0.14 71.92 ± 0.54 4.09 ± 0.205 

S4 4.96 ± 0.23 35.79 ± 0.34 69.77 ± 1.57 3.23 ± 0.162 

S5 4.36 ± 0.09 34.99 ± 0.57 67.58 ± 0.26 2.07 ± 0.010 

S6 6.07 ± 2.67 41.48 ± 1.21 85.76 ± 0.22 4.71 ± 0.235 

S7 11.30 ± 3.18 37.59 ± 1.76 79.36 ± 1.91 2.28 ± 0.011 

Mean 5.68 ± 0.91 39.47 ± 1.36 77.13 ± 1.49 2.95 ± 0.119 

Control samples     

C1 2.50 ± 0.06 33.38 ± 4.56 84.60 ± 2.70 2.34 ± 0.012 

C2 4.45 ± 0.27 49.04 ± 2.61 93.49 ± 8.33 2.99 ± 0.150 

C3 5.25 ± 0.04 30.34 ± 7.25 89.81 ± 2.03 2.51 ± 0.126 

Mean 4.07 ± 0.12 37.59 ± 4.81 89.30 ± 4.35 2.61 ± 0.096 

p values (F-Test) 0.478 0.312 0.525 0.17 

p values (T-Test) 0.359 0.762 0.039 0.63 

aEach value is the mean of three replicates ± standard deviation (95% confidence levels). bIn carrots, due to matrix problems, it was not fea-
sible to calculate the IC50 value but the IC30 one. 

 
Table 2. Content of lutein and IC50 values in potato sam- 
plesα.  

 Lutein concentration 
(mg·kg–1 edible portion) 

IC50 (mg·ml–1 sample 
solution) 

Asopos samples   

S1 135.53 ± 5.60 0.67 ± 0.034 

S2 142.47 ± 2.32 0.46 ± 0.023 

S3 151.99 ± 3.36 0.65 ± 0.033 

Mean 143.33 ± 3.76 0.59 ± 0.030 

Control samples   

C1 320.27 ± 3.28 1.19 ± 0.060 

C2 253.70 ± 2.03 0.38 ± 0.019 

Mean 286.99 ± 2.66 0.79 ± 0.040 

p values (F-Test) 0.06 0.08 

p values (T-Test ) 0.01 0.59 

αEach value is the mean of three replicates ± standard deviation (95% con-
fidence levels). 

trace elements, such as iron, phosphorus, potassium, nitro-
gen, copper, molybdenum and zinc, depending on the 
plant’s organ and the level of chromium in the soil [21]. 
Hexavalent chromium [Cr (VI)] functions as an oxidizing 
agent and forms free radicals when it is reduced to Cr (III) 
inside the plant cell which in turn generates reactive oxygen 
species (ROS). Cr (III) can also cause toxic effects due to its 
ability to coordinate various organic compounds resulting in 
inhibition of some metallo-enzyme systems [6].  

Evaluating our results on Asopos and control samples, 
an effect of heavy metals in carotenoid metabolic path-
way could be suggested. Specifically, Asopos carrot 
samples showed a decrease in β-carotene concentration, 
while contaminated potato samples showed decrease in 
lutein concentration in comparison with control samples. 
However, lutein in onion and carrot samples, as well as 
α-carotene in carrot samples did not show any statisti-
cally significant difference. The explanation of why only 
the levels β-carotene was altered by heavy metals in car-
rot is unknown and further studies need to be carried out. 
It is worth mentioning that α-carotene is the immediate 
precursor of lutein, while β-carotene follows a different  
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Table 3. Content of lutein and IC50 values in onion sam-
plesa. 

 Lutein concentration  
(mg·kg–1 edible portion) 

IC50 (mg·ml–1 sample 
solution) 

Asopos samples   

S1 27.98 ± 2.51 3.38 ± 0.169 

S2 7.93 ± 0.83 2.68 ± 0.134 

S3 23.41 ± 2.59 1.97 ± 0.099 

S4 8.39 ± 1.77 2.67 ± 0.134 

S5 28.13 ± 3.15 1.78 ± 0.089 

S6 8.75 ± 1.65 2.39 ± 0.120 

S7 48.96 ± 1.84 2.35 ± 0.118 

S8 33.50 ± 1.27 2.16 ± 0.108 

Mean 23.38 ± 1.95 2.42 ± 0.121 

Control samples   

C1 29.43 ± 2.40 2.83 ± 0.142 

C2 16.91 ± 2.71 2.41 ± 0.121 

C3 10.54 ± 0.62 3.25 ± 0.163 

Mean 18.96 ± 1.91 2.83 ± 0.142 

p values (F-Test) 0.68 0.95 

p values (T-Test ) 0.64 0.24 

αEach value is the mean of three replicates ± standard deviation (95% con-
fidence levels). 

 
biosynthetic pathway. For the biosynthesis of lutein from 
α-carotene, the enzymes CRTL-e (e-ring hydroxylase) 
and CRTL-b (b-ring hydroxylase) are involved which are 
ferredoxins and require iron as co-factor [22]. Nickel can 
possibly substitute iron, affecting their metabolic func-
tion in potato tubers [19]. A probable explanation for the 
decrease of lutein in Asopos potatoes could be the sub-
stitution of iron by nickel in these enzymes and the con-
sequential inhibition of their activities. In our previous 
work [5] the levels of nickel in Asopos potatoes were 
found 800 ± 961 μg·kg–1 wet weight as opposed to 78 ± 
14 μg·kg–1 wet weight in control samples. 

3.2. DPPH Radical Scavenging Activity Analysis 

DPPH radical scavenging activity was quantified in terms 
of percentage inhibition of a pre-formed free radical by 
antioxidants in each sample. There was no significant 
difference in the IC50 levels in Asopos and control sam-
ples for all three cultivars examined as the F-test data 
suggest. Potato tubers exhibited the highest antioxidant 
capacity among carrots and onions, with the latter two 

cultivars presenting similar scavenging activity. Asopos 
carrots showed no statistically significant difference to 
control ones (p = 0.63) (Table 1). Statistical analysis 
showed similar results for both potatoes and onions, (p = 
0.59) and (p = 0.24) respectively (Tables 2-3).  

These negative results on the differentiation of DPPH 
scavenging activity between Asopos and control samples 
of all three cultivars could be explained on the basis that 
plants have the ability to develop several defensive 
mechanisms in order to face toxicity due to high uptake 
of heavy metals. In consequence, it is possible that the 
examined tubers have increased the production of other 
antioxidant substances to offset the decrease of carote-
noids. Furthermore, the results of each antioxidant ca-
pacity assay reflect the specific reaction which takes 
place and the specific conditions in which it is conducted 
[23]. Thus, it is possible that the DPPH could not show 
any differences. 

4. Conclusions 

Our previous research on food originating from Asopos 
region [5] has shown that the pollution of the river and of 
the underground water bed can cross-contaminate the 
food chain with Ni and Cr, since samples of food tubers 
(carrots, onions and potatoes) grown in Asopos area were 
found to have considerable higher levels of Ni and Cr as 
opposed to other unpolluted samples areas. This being 
the first indication that the polluted water bed of the re-
gion may have a considerable impact on the food chain. 
The question was then posed as to if this heavy metal 
uptake by the plants affects their secondary metabolism. 
An answer portrayed by the data reported in this paper 
suggests that Ni and Cr affect the levels of carotenoids 
and antioxidant activity in the food cultivars examined. 
Specifically, uptake of Ni and Cr by the plant results in 
reduced levels of carotenoids.  

To conclude, not only do these Asopos samples con-
tain increased levels of heavy metals which have a det-
rimental effect (possibly toxic) to human health but also 
a reduction in the levels of carotenoids, which further 
reduces the supposed nutritional value and benefits of 
these foods. These foods are basic staple foods which 
also constitute a major part of infants’ dietary intake so 
particular attention should be paid when evaluating their 
nutritional value. Future studies on the impact of pollu-
tion on food quality and safety should focus not only on 
the levels of trace elements in food but also evaluate the 
biosynthesis of secondary metabolites in these food tu-
bers (e.g. carotenoids, as studied in this paper). Our cur-
rent research efforts are now focusing on these three cul-
tivars which are being irrigated with water containing 
certain levels of Ni and Cr under controlled greenhouse 
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conditions with the aim to further quantify the impact of 
these heavy metals on the secondary metabolism. 
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