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Potato and beetroot were grown on soils previously treated with heavy
metal salts. Each particular microelement had a high concentration in both potato
and beetroot [cadmium (Cd) 3.7 and 55.4, lead (Pb) 8.1 and 3.0, and mercury
(Hg) 5.8 and 6.8 mg/kg dry matter, respectively]. In a metabolic balance trial 16
New Zealand White rabbits were fed 50 grams of basal diet and potato or beetroot
ad libitum. The apparent digestibility of major nutrients and the accumulation of
the microelements in different organs were investigated. Both potato and beetroot
samples of high Pb and Hg content had the significantly (p < 0.05) lowest digesti-
bility of organic matter and nitrogen-free extract. The Cd ingested from both po-
tato and beetroot accumulated in the kidneys and liver (2.85 and 1.48 as well as
0.459 and 0.265 mg/kg, respectively). All the microelements (Cd, Pb and Hg) ac-
cumulated in the testicles (0.196, 0.32 and 0.199 mg/kg, respectively), reducing
the rate of spermatogenesis. The tissue retention of heavy metals depends not only
on the element itself, but also upon the ‘carrier’ feedstuft.

Key words: Cadmium, lead, mercury, soil-plant-animal chain, potato,
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Previous research by the authors has established that the digestibility of nu-
trients from carrots grown on soils polluted by heavy metal salts is lower for each
major nutrient (Fekete et al., 1994; Bersényi et al., 1999). Potatoes and beetroots
were also grown on the fields treated with heavy metal salts such as CdSO48H,0,
Pb(NO;), and HgCl, (Biacs et al., 1995). The purpose of the present study was to
determine the digestibility of nutrients in potato tubers and beetroots containing
Cd, Pb, Hg at an average concentration of 3.7 and 55.4, 8.1 and 3.0, and 5.8 and
6.8 mg/kg dry matter, respectively. The retention of the heavy metals was also in-
vestigated. Rabbits were used as a model for other farm animals and even for hu-
mans.
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Materials and methods

Experiment 1. Digestibility of nutrients in potato

All procedures were carried out in the animal facilities of the Department
of Animal Breeding, Nutrition and Laboratory Animal Science of the Faculty of
Veterinary Science, Budapest.

To determine the apparent digestibility of major nutrients in potato sam-
ples, a total of 16 New Zealand White male rabbits (body weight: 2796 = 115 g)
were divided into four groups containing 4 animals each. During a 10-day pre-
liminary (adjustment) period the control group received 50 grams of concentrate
(Table 1) and pelleted alfalfa meal ad libitum as basal diet, while the animals in
the three experimental treatments were fed a ‘feed mixture’ containing the basal
diet (25 g concentrate, pelleted alfalfa ad libitum) and raw potato ad libitum.
This stage was followed by a metabolic balance trial when the daily intake from
pelleted alfalfa meal was restricted to 100 g in the control group or 50 g in the
experimental groups, and potato tubers containing high levels of Cd, Pb, Hg, and
uncontaminated, ‘healthy’ ones were offered ad libitum (Table 2). The digesti-
bility of nutrients for each potato sample was calculated by the formula used in a
different experiment (Fekete and Gippert, 1982). After the 14-day feeding of
potato samples the rabbits were weighed, euthanised painlessly by an overdose
of pentobarbital-Na (Nembutal inj. A.U.V., Phylaxia-Sanofi, Budapest), and
subjected to pathological examination at the Central Veterinary Instute (Buda-
pest). The heart, liver, lungs, kidneys, spleen, testicles and entire digestive tract
were weighed. Appropriate samples taken from the above-mentioned organs as
well as from the femoral muscle, jejunum, ileal ampulla (sacculus rotundus) and
sternum were fixed in buffered formaldehyde solution. In addition, adipose tis-
sue, bone (femur), hair and urine samples were taken for chemical analysis in-
cluding determination of the Cd, Pb and Hg content.

The analysis of minerals was performed by using a plasma emission spec-
trometer (ICP), type JY 24 (JOBEN YVON), in sequential mode at the following
wavelengths: Cd: 228.802, Pb: 220.353 and Hg: 194.227.

Experiment 2. Digestibility of nutrients in beetroot

Experiment 2 was conducted in an identical manner as Experiment 1, ex-
cept that rabbits were fed beetroot samples instead of the potato tubers, ad /libi-
tum. The nutrient contents of concentrate and beetroots are shown in Table 3.
The average body weight of rabbits used in Experiment 2 was 2807 + 171 grams.
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Table 1

Ingredients of the pelleted concentrate fed to rabbits

Ingredients %
Barley 38.6
Wheat 10.0
Maize 15.0
Wheat bran 5.7
Extracted sunflower meal (37% crude protein) 16.5
Alfalfa meal (22% crude protein) 11.7
Lysine 0.2
Limestone 1.5
Salt 0.3
Vitamin-mineral premix 0.5
Total 100.0
Table 2

Nutrient content of concentrate, of pelleted alfalfa meal and of potatoes containing heavy metals (%)

Nutrients Concentrate Pelleted Potato
alfalfa meal Cd Pb Hg uncontaminated
DM 92.18 91.76 17.96 20.50 18.83 22.85
Ash 10.97 10.24 1.01 1.07 1.03 1.30
OM 81.21 81.52 16.95 19.43 17.80 21.55
CP 20.95 21.45 2.29 2.43 2.40 3.08
CF 10.59 18.72 0.62 0.68 0.61 0.29
EE 3.6 3.88 0.20 0.21 0.19 0.09
NFE 46.07 37.47 13.85 16.11 14.60 18.08

DM = dry matter; OM = organic matter; CP = crude protein; CF = crude fibre, EE = ether extract;
NFE = nitrogen-free extract

Table 3

Nutrient content of concentrate and of beetroots containing heavy metals (%)

Beetroot
Nutrients Concentrate
Cd Pb Hg uncontaminated
DM 90.80 13.60 13.56 12.17 11.61
Ash 7.58 1.33 1.26 1.20 0.90
OM 83.22 12.27 12.31 10.97 10.71
CP 15.06 2.32 2.16 2.15 1.41
CF 15.13 0.76 0.73 0.72 0.46
EE 2.45 0.16 0.11 0.15 0.10
NFE 50.58 9.02 9.31 7.95 8.73

DM = dry matter; OM = organic matter; CP = crude protein; CF = crude fibre, EE = ether extract;
NFE = nitrogen-free extract
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Ethical issues, statistical analysis

The experiment was approved by the Animal Use and Care Administrative
Advisory Committee of the Municipal Veterinary Service for Animal Protection
and it is in agreement with the Ethical Code of the Hungarian Association for
Laboratory Animal Care. Analysis of variance was conducted using the General
Linear Models procedure of SPSS™ software (Norusis, 1988) appropriate for a
completely randomised design.

Results
Experiment 1. Potato

The nutrient digestibilities of the basal diet and of potato tubers are shown
in Table 4 and Fig. 1. Potato ingested ad libitum met only 26% of the daily dry
matter requirement. Data presented in this paper provide evidence that although the
digestibility of dry and organic matter of uncontaminated (‘healthy’) potato dif-
fered from that of the basal diet, the difference was not statistically significant. The
digestibility of ether extract was significantly improved (74.92 vs. 70.55%, p <
0.05) by the addition of potato to the daily ration. The Pb and Hg content of pota-
toes significantly (p < 0.05) decreased the digestibility of organic matter and N-
free extract, but at the same time it improved the digestibility of crude protein and
crude fibre. The highest digestibility values of organic matter and N-free extract
(66.67 and 72.27%), but the worst digestibility of crude protein and crude fibre
(71.26 and 36.71%), were found for potato tubers containing a high level of Cd.

Table 4
Nutrient digestibility of the basal diet and of potato tubers, % (mean + SD; n = 4)

Potato
Nutrients Basal diet
Cd Pb Hg uncontaminated

DM 62.16* 66.15° 64.73% 65.53% 68.67°

SD 1.59 1.63 5.72 1.52 6.11
OM 61.5° 66.67° 51.69° 53.96° 68.67°

SD 1.54 1.80 7.79 2.40 6.11
CP 73.39% 71.26% 86.25° 85.94° 72.63

SD 1.77 2.71 2.25 1.19 8.84
CF 28.71% 36.71° 50.24° 48.62¢ 38.19°

SD 0.72 3.23 6.03 6.72 9.35
EE 70.55° 75.41° 78.25° 76.9° 74.92°

SD 2.04 1.09 327 2.00 2.52
NFE 67.56" 72.27° 46.97° 51.78° 7427

SD 2.53 4.77 10.97 3.55 5.00

DM = dry matter; OM = organic matter; CP = crude protein; CF = crude fibre, EE = ether extract;
NFE = nitrogen-free extract; a—b: p < 0.05; a—c: p < 0.05; b—c: p <0.05
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Fig. 1. Apparent digestibility of organic matter (OM), crude protein (CP), crude fibre (CF) and
nitrogen-free extract (NFE) in potato (Pot) and beetroot (Beet) samples (in % of uncontaminated

samples)

The body weight measured at the end of the trial (Table 5) was lower in
the groups fed with potato samples (between 2.64 and 2.86 kg) than that of the
group kept on the basal diet (2.94 £ 0.52 kg). The average body weight of rabbits
in group Pb was considerably lower than in the group fed uncontaminated pota-

toes (2.64 + 0.43 kg vs. 2.86 + 0.47 kg).
Table 5
Liveweight of rabbits fed with potato, kg (mean + SD; n = 4)

Potato

Liveweight Basal diet
Cd Pb Hg uncontaminated
Initial + SD 2.90 £ 0.53 2.73 +0.46 2.60 £ 0.43 2.87+0.42 2.88 +0.49
Final + SD 2.94+£0.52 2.83 +0.47 2.64 +0.43 2.91+£0.42 2.86 +0.47

Table 6 shows the amount of microelements retained in the organs and
their urinary concentrations. The rate of accumulation of the microelements in
the organs was different. Cd accumulated in the kidneys and liver (2.85 and
0.459 mg/kg dry matter, respectively), Pb in the spleen, kidneys, bones (femur)
and adipose tissue (2.755, 0.608, 0.361 and 0.357 mg/kg, respectively), while Hg

was retained in the kidneys (8.71 mg/kg).
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Table 6

Cd, Pb and Hg content of the different organs and urine of rabbits fed healthy and contaminated
potato, mg/kg dry matter (n = 4)

Healthy Contaminated Healthy Contaminated Healthy Contaminated

Cd Cd Pb Pb Hg Hg
Heart 0.018 0.037 0.000 0.000 0.000 0.000
Lungs 0.025 0.025 0.000 0.166 0.000 0.000
Liver 0.129 0.459 0.000 0.051 0.000 0.000
Kidneys 0.947 2.85 0.165 0.608 0.000 8.710
Spleen 0.000 0.035 0.000 2.755 0.000 0.000
Testicles 0.075 0.196 0.006 0.32 0.000 0.000
Adipose tissue 0.042 0.028 0.000 0.357 0.000 0.000
Muscle 0.021 0.027 0.000 0.279 0.000 0.000
Bone 0.057 0.131 0.000 0.361 0.000 0.000
Hair 0.158 0.071 0.602 0.000 0.000 0.000
Urine 0.001 0.004 0.020 0.036 0.000 0.000

Substantial concentrations of Cd and Pb were measured in the testicles
(0.196 and 0.32 mg/kg, respectively). Histological examination revealed that the
rate of spermatogenesis in the testicles was reduced in the Cd- and Pb-affected
groups as compared to rabbits fed uncontaminated potatoes. Numerous syncytial
giant cells and degenerated cells indicating abnormal meiosis were found among
the spermatogenic cells.

According to pathological and histopathological investigation of all rab-
bits, Pb loading significantly (p < 0.05) increased the relative weight of the liver,
while Hg loading decreased the relative weight of the kidneys (Table 7).

Table 7

Relative organ weights of rabbits after feeding of potato tubers, %

Potato
Organs
Cd Pb Hg uncontaminated

Heart 0.19 0.22 0.18 0.22
Liver 2.59 3.01° 2.26 2.49°
Lungs 0.50 0.47 0.53 0.48
Kidneys 0.51 0.58 0.49 0.59
Testicles 0.13 0.17 0.16 0.16
Spleen 0.04 0.04 0.03 0.03
a—b: p <0.05
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Experiment 2. Beetroot

The nutrient digestibilities of the basal diet and of the beetroot samples are
shown in Table 8 and Fig. 1. The ad /libitum ingested beetroot diet covered ap-
prox. 40% of the daily dry matter requirement. Uncontaminated (‘healthy’) beet-
root had significantly lower digestibility for nutrients than did the concentrate.
Beetroot samples of high Pb and Hg content had significantly (p < 0.05) lower
digestibility of organic matter, crude protein, ether extract and nitrogen-free ex-
tract as compared to the concentrate. In case of beetroot samples treated with Cd
or Pb the digestibility of crude fibre was significantly (p < 0.05) higher.

Table 8

Digestibility of nutrients in the basal diet and in beetroot, % (mean + SD; n = 4)

Beetroots
Nutrients Concentrate
Cd Pb Hg uncontaminated

DM 86.41° 83.07° 59.82° 66.52° 75.71°

SD 3.21 3.27 9.97 10.02 6.43
oM 86.87° 84.24° 61.57° 68.41° 77.23%

SD 3.09 2.94 9.19 9.53 6.21
CP 86.11° 82.08° 56.88° 64.98° 75.33%®

SD 4.15 4.05 9.68 11.17 6.81
CF 38.08% 67.93° 64.68° 46.81° 54.32%

SD 13.95 6.22 12.96 12.55 15.32
EE 91.69° 82.42% 64.29° 69.75° 78.50%

SD 2.62 4.15 9.31 12.35 6.67
NFE 88.96° 87.53° 69.57° 75.02° 82.56°

SD 2.62 2.24 7.98 6.89 4.69

DM = dry matter; OM = organic matter; CP = crude protein; CF = crude fibre, EE = ether extract;
NFE = nitrogen-free extract; a—b: p < 0.05

Feeding of beetroot decreased the body weight by 5% in all experimental
groups (Table 9).

Table 9
Liveweight of rabbits fed with beetroot, kg (mean = SD; n = 4)

Beetroot

Liveweight Basal diet
Cd Pb Hg uncontaminated

Initial £ SD 2.81+£0.17 2.81+£0.16 2.81+0.17 2.84+£0.16 2.78 £0.19
Final = SD 2.90=+0.15 2.79£0.10 2.82+0.14 2.83+0.08 2.78 £0.07
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Table 10 shows that the rate of accumulation of trace elements differed in
the organs examined: Cd accumulated in the kidneys (1.480 mg/kg) and liver
(0.265 mg/kg), Pb in the kidneys (0.165 mg/kg), lungs (0.025 mg/kg) and testicles
(0.196 mg/kg), Hg in the testicles (0.199 mg/kg). Histopathological examination
revealed that the rate of spermatogenesis was reduced in the Pb group compared to
the control.

Table 10

Cd, Pb and Hg content of the different organs and urine after feeding of healthy and contaminated
beetroot (mg/kg dry matter; n = 4)

Healthy Contaminated Healthy Contaminated Healthy Contaminated

cd cd Pb Pb Hg Hg
Heart 0.008 0.217 0.019 0.000 0.000 0.000
Lung 0.031 0.017 0.000 0.025 0.000 0.000
Liver 0.366 0.265 0.000 0.000 0.000 0.000
Kidneys 0.854 1.480 0.000 0.165 0.000 0.000
Spleen 0.01 0.032 0.189 0.000 0.000 0.000
Testicles 0.02 0.014 0.000 0.196 0.000 0.199
Adipose tissue 0.008 0.002 0.099 0.053 0.000 0.000
Muscle 0.035 0.018 0.011 0.000 0.000 0.000
Bone 0.012 0.008 0.000 0.000 0.000 0.000
Hair 0.015 0.011 0.112 0.000 0.000 0.000
Urine 0.021 0.026 0.023 0.031 0.000 0.000
Discussion

The smaller body weight of animals fed potato or beetroot samples is
probably due to the reduced dry matter intake from the potatoes and beetroots
having less than 9.3 MJ DE limits per kg dry matter ingestion (Lebas, 1980; De-
halle, 1981; Maertens, 1995). Since the feed intake capacity of rabbits is a limit-
ing factor, the dilution of digestible energy has common effects on the overall
body growth rate as well as on the relative growth of tissues and organs and on
body composition (Ouhuyoun, 1998). Moreover, the results of this experiment
suggest that the negative effect exerted by high concentrations of certain trace
elements studied can hardly, if at all, be monitored by determining the classical
biological parameters (feed intake, body weight gain, digestibility coefficients).

The effect of heavy metal content on the digestibility of major nutrients is
illustrated in Fig. 1. It seems to be contradictory that whilst the digestibility of
organic matter and N-free extract decreases, that of crude protein and fibre im-
proves in case of cadmium-containing samples, but mainly for samples contain-
ing lead and mercury. A crude fibre content of 13—16% with a digestibility of
10-20% is the optimum in feeds for rabbits (Gippert, 1984). Besides the lower
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content of crude fibre (7-10%) the digestibility of crude protein may also de-
crease. In the present study the crude fibre intake was very small (less than 7%).
The lower digestibility of nutrients could be explained either by an impaired en-
zyme production of the pancreas and/or gut wall (NRC, 1980; Kosa et al., 2000),
or by the disadvantageous dietetic effect of low-fibre diet having no ‘ballast’
character (Colin et al., 1976). The males obtained more crude fibre by the feed-
ing of potatoes contaminated with Pb and Hg. Due to this the digestibility of
crude protein and crude fibre improved. This may be attributed to the influence
of metals on the gut microflora (Schneider and Flatt, 1975). The daily crude fibre
intake of rabbits fed a commercial diet and pelleted alfalfa meal was slightly
higher (16.01%) than the optimum level, which might have decreased the di-
gestibility of nutrients.

The accumulation of Cd and Pb had a negative effect on spermatogenesis
in the breeding males, and the residues present in rabbits for slaughter may pose
a risk to the human consumer. Differences in retention after feeding the polluted
potato and beetroot demonstrate that the tissue accretion of heavy metals de-
pends not only on the element itself but also upon the ‘carrier’ feedstuft.
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