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SUMMARY 

The purpose of this study was to decrease the negative effects of trace 

mineral concentrations (Zn, Fe, Mn) from pig faeces on soil, using a dietary 

botanical mix in weaned piglets diets (10-30 kg). This mix (produced by SC 

Hofigal Export – Import SA, Bucharest, Romania) contained Topinambur 

(Helianthus tuberosus) and buckthorn leaves (Hippophae rhamnoides) as dry 

powder. The experimental study was conducted during 26 days using 24 hybrid 

piglets (Large White x Landrace), with an initial average weight of 11.83 kg, 

assigned to 3 experimental groups (C, E1, E2). The three piglet groups were fed 

the same basal diets in which the nutritional parameter followed NRC (1998) 

recommendations. The experimental diets differed as follows: group C had an 

inorganic premix (ZOOFORT P1+2, produced by IBNA, Balotesti, Romania); E1 

group had an inorganic premix in which, the trace elements (Zn, Fe, Mn) were 

reduced by 50% compared to ZOOFORT P1+2 and the botanical mix was added 

3% in the diet; E2 group had the same premix as E1 and the botanical mix was 

added 5% to the diet. The results showed that there were significant differences 

(P≤0.05) between the experimental groups concerning the average daily gains 

(C: 0.584 kg/day ± 0.13; E1: 0.570 kg/day ± 0.06; E2: 0.536 kg/day ± 0.11) and 

the average daily intakes (C: 1.19 kg/day ± 0.27; E1: 1.19 kg/day ± 0.25; E2: 

1.13 kg/day ± 0.18). Organs and carcass development was according to the 

animal age, without any significant differences (P≥0.05) between groups. 

Haematological parameters on all three groups were between normal limits 

according to animal category and species. The faeces analyses showed a 

decrease of the trace minerals concentrations for experimental groups with: 

16.53% (E1) and 17.53% (E2) for Fe; 30.26% (E1) and 31.15% (E2) for Mn and 

4.24% (E1) and 4.76% (E2) for Zn. These groups (E1, E2) had a reduced trace 

minerals concentrations in feed compared with C group with: 36.83% (E1) and 

34.01% (E2) for Fe; 25.0% (E1) and 20.20% (E2) for Mn and 9.59% (E1) and 

9.20% (E2) for Zn. 
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INTRODUCTION 

Due to the widely spread practice in animal husbandry to provide the 

necessary nutrients for production and development in excess of the 

requirement, excess which is eliminated specially through excreta, policies to 

minimise the dietary minerals have bee promoted during the last decades in 

order to alleviate environmental pollution in the ecosystems around animal 

farms. (Burkholder et al., 2007). Among the contaminants known as 

environmental pollutants there are minerals and among them the heavy metals 

used as growth promotes (Barker and Zublena, 1995). Heavy metals as Cu and 

Zn are used as growth promoters for the animals, alternative solutions to the 

antibiotics in animal feed which were banned by EU legislation. Thus, 

important amounts of copper and zinc but also other trace elements appear in 

farm animal’s excreta. Those minerals once accumulated in the soil have toxic 

effects on microorganisms and plants, becoming an environmental problem in 

the areas where animal rearing is intensive (Nicholson and Chambers, 2008). 

These data caused the excess utilization of inorganic compounds in animal 

feeding to be restricted 

The young animals were the most affected by the elimination of growth 

promoters from the diet and the first sign is a lower daily gain (Perdok et al., 

2003). Rincker et al., (2005) showed that while the trace elements in pig food 

are absolutely indispensable for ensuring health and growth performances, the 

problem of requirement to supplement ratio is becoming more acute instead of 

being solved.  

Iron, manganese and zinc are among the most important trace elements for 

pigs. In the new born piglets iron deficiency is installing very fast and this is 

why this category needs Fe supplementation right away after birth. Manganese 

functions as a component of several enzymes involved in carbohydrate, lipid 

and protein metabolism. It is essential for the synthesis of chondroitin sulphate, 

a component of mucopolysaccharides in the organic matrix of bone (Leach and 

Muenster, 1962).The lower then necessary Mn levels in pig diets can produce 

disturbance of long bones growing and deformed fore limbs.   

Zinc is a component of many metabolic functions and plays a vital role in 

hormone secretion, especially those relating to growth, reproduction, 

immunocompetence and stress (Close H. W., 2002). Zn is used as growth 

promoter and it is added up to 2000-3000 ppm (from zinc oxide). Given these 

facts, there is a permanent quest for alternative feed additives to the inorganic 

compounds, with a good bioavailability of minerals in the idea to decrease the 

level of microelements in the diet. 

Among these alternative additives are the botanical products which have 

some important properties for animal nutrition: antioxidative, antibacterial, 

antiparasitic, antiviral, anti-inflammatory, etc. which recommend them for 

implementation in human consumption as well as for animal production 

systems (Perdok et al., 2003).   
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The use of plants and their extracts (essentials oils) is a more frequent 

approach to control diarrhoea and other digestive disturbances (Han et. al, 

2006). Tatara M.R. et al., 2005 by perinatal administration of garlic preparations 

like aged garlic extract and allicin seems to increased body weight values at the 

birth and during the postnatal life of piglets.   

The medicinal herbs extracts have been used since ancient times in human 

and animal therapy, all of them being from the wild flora question is whether 

these plants can also be a natural source of trace elements bioavailable 

intestinally (Rozica, et. al., 2005), so that mineral excretion becomes lower. 

To reduce the level of iron, manganese and zinc in piglet excreta by 

lowering their dietary level without affecting piglet performances, a study have 

been conducted using a botanical mix of Topinambur (Helianthus tuberosus) 

and buckthorn leaves (Hippophae rhamnoides) as dry powder, in weaned 

piglets diets. 

The vegetal material used to obtain this botanical mix by SC HOFIGAL 

EXPORT-IMPORT SA, Bucharest, was an industrial by-product from the 

production of feed supplements. We selected this mixture because the 

topinambur had a higher concentration in inulin, an oligosaccharide which acts 

on piglets’ digestive system (Breves et. al., 2001) to allow the absorption of 

microelements (Rumessen et. al., 1990; Lopez et. al., 2000), while buckthorn is 

a true natural vitamin and mineral premix (Sabir et. al., 2005, Beveridge, 1999; 

Gutzeit et. al., 2008).  

 

 

MATERIAL AND METHODS 

Animals and diet 

This study was conducted for 26 days on 24 weaned hybrid piglets (Large 

White × Landrace). The piglets had an average initial weight of 11.83 kg and 

they were assigned to 3 groups (n = 8). The 3 groups were: the control group 

(C), experimental 1 (E1) and experimental 2 (E2) and were feed with dietary 

having the same basal structure (table 1) but differing by the nature of the 

dietary source and the level of iron, manganese and zinc: 

◊ Group C received a commercial, inorganic, vitamin mineral premix 

(Zoofort P1+2), made by IBNA, Balotesti, Romania; 

◊ Group E1 received an inorganic premix which had microelements (Zn, Fe, 

Mn) reduced to 50% compared with Zoofort P1+2 and 3% of botanical mix;   

◊ Group E2 received the same premix as E1 group and 5% of botanical mix; 

The botanical mix is a product SC HOFIGAL Exp.-Imp. SA, made from 

cultivated vegetable materials without using chemical stimulators. It was made 

by mixing the cakes obtained after pressing the topinambur (Helianthum 

tuberossum) tubers, with buckthorn leaves (Hippophae rhamnoides), as dry 

powder, in ratio 7:3. 

The microelements concentration (Zn, Fe, Mn) in the botanical mix was: 

479.17 mg Fe/kg, 59.31 mg Mn/kg and 22.75 mg Zn/kg. 
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Table 1- Compound feed structure and quality indices  

Ingredients C (%) E1 (%) E2 (%) 

Corn 64.15 60.15 57.45 

Sunflower meal 8.00 8.00 8.00 

Soybean meal 14.00 14.00 14.00 

Gluten 2.00 2.00 2.00 

Milk powder   5.00 5.00 5.00 

Oil 1.80 2.80 3.50 

Monocalcium phosphate   1.40 1.40 1.40 

Calcium 1.75 1.75 1.75 

Salt 0.20 0.20 0.20 

Methionine  0.10 0.10 0.10 

Lysine  0.50 0.50 0.50 

Choline 0.10 0.10 0.10 

Premix Zoofort P1+2
* 

1.00 - - 

Premix Zoofort P1+2
*
(with 50% Zn, 

Fe, Mn reduced) 

- 1.00 1.00 

Botanical mix - 3.00 5.00 

Analyzed: 

Crude protein (%) 18.52 18.48 18.49 

Metabolic energy (MJ/ kg) 13.49 13.29 13.17 

Iron (mg/kg) 199.89 158.59 167.84 

Manganese (mg/kg) 45.69 31.83 32.95 

Zinc (mg/kg) 134.69 84.91 85.13 
a. Provided per kg of diet: vitamin A 10000 UI, vitamin D3 2000 UI, vitamin E 30 mg, vitamin 

K3 3mg, vitamin B1 2 mg, vitamin B2 6 mg, Ca pantothenate 13.5 mg, nicotinic acid 20 mg, 

vitamin B6 3 mg, vitamin B7 0.06 mg, vitamin B9 0.8 mg, vitamin B12 0.05 mg, vitamin C 

10mg, Mn 30 mg, Fe 110 mg, Cu 25 mg, Zn 100 mg, Co 0.3 mg, KI 0.38 mg, Se 0.36 mg.   

 

Table 1 shows that the concentration of Mn and Fe determined in the 

samples collected at CF manufacture was substantial lower in the experimental 

groups (E1, E2) compared to group C. For Zn, the concentration in the diets of 

groups E1 and E2 was about 10 % lower then in the diet of group C, but in all 

three diets, the microelements were in a higher level then NRC 

recommendations (1998), for this category of piglets.  

The animals had free access to the feed, given in two meals; feed intake 

was daily recorded and they had also permanently access to water.    

 

Bioproductive parameters  

At the beginning of the experiment, weekly, and at the end of the 

experiment, the piglets were weighed individually and their body weight, 

average daily gain, average feed intake and feed conversion were determined. 

For the purpose of doing measurements on body and organ development, at the 

end of the experiment the piglets were slaughtered according to the provisions 

of the Law on animal protection and welfare (Dir. Cons. 93/119/CCE, Order 

180/11.08.2006, M. Of. 721/23.08 2006). The following measurements were 
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performed: semi-carcass, empty stomach, empty guts, heart, liver, spleen, lung, 

brain. 

 

Collected samples:  

From each batch of compound feeds samples were collected and assayed 

for Fe, Mn, Zn content. The analysis of the gross chemical composition 

(protein, fat, cellulose, ash, energy) was done by the lab of forage producer 

(IBNA Balotesti pilot station).   

Weekly average faeces samples/group was formed in order to determine 

their microelements (Fe, Mn, Zn) concentration. After homogenizing, the faeces 

samples were dried in stove (BMT stove model ECOCELL Blueline Comfort 

(Neuremberg, Germany) at 65
0
C. 

Blood samples were collected in EDTA tubes from the jugular vein of 

piglets and assayed for white blood cells (WBC), lymphocytes total count, 

lymphocytes percentage, hemoglobin (HGB), red blood cells (RBC), hematocrit 

(HCT), mean cell volume (MCV), mean cell hemoglobin (MHC), mean cell 

hemoglobin concentration (MCHC). 

The analyses were made with a MINDRAY BC 2800 VET, AUTO 

HEMATOLOGY ANALYZER (China).  

The serum Fe, Mn and Zn were determined by centrifugation of the blood 

tubes at 2500 rpm for 10 minutes. 

 

Minerals analysis – the samples of forages, faces and serum have been 

prepared for mineral determination using AAS (atomic absorption 

spectrometry).   

Reagents – The atomic absorption spectrophotometer was prepared for 

analyses using stock solution, 1000 ppm Traceable to SRM from NIST, 

Fe(NO3)2 in HNO3 0.5 mol / L. Fr analyses we on used double distilled, 

deionised water (Milli-Q Millipore, 18.2 MΩ/cm). Other reagents that were 

used: HNO3, Merck 65%, density 1.39 kg/L; H2O2 30%, Merck.  

 

Equipment: 

● Atomic absorption spectrophotometer Thermo Electron – SOLAAR M6 

Dual Zeeman Comfort (Cambridge, UK), fitted with deuterium lamp for 

background correction. Wave length was: 213.9 nm for Zn, 248.3 nm for Fe, 

279.5 nm for Mn. 

● Microwave digester, with remote measurement of temperature, 

BERGHOF, model Speedwave MWS-2 Comfort (Eningen, Germany); 

● Analytical scales Sartorius (Gottingen, Germany); 

● Stove BMT model ECOCELL Blueline Comfort (Neuremberg, 

Germany);  

● Water distilleMilli-Q Ultrapure Water Purification System, Millipore 

(Billerica, USA).  

Class A glassware was used for manipulation, dilution and storage.  
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Statistical analyses: 

The results were expressed as mean values ± standard deviation. StatView 

software was used to analyse statistically the experimental results. ANOVA was 

used for the significant differences. Correlations between groups were done 

using simple regression characterized by first degree equation. 

 

 

RESULTS AND DISCUSSION 

Although the level of Fe, Mn and Zn in the experimental diets (E1, E2) was 

lower then in C diet, the data on body weight, intake and gain at the end of the 

experiment (table 2) did not show significant differences (P ≥ 0.05) between 

groups.  

The difference between the levels of botanical mix from dietary group E1 

(3%) compared with that of (5%) E2 also didn’t affect any of the growth or 

consumption parameters. 

 
Table 2. Bioproductive parameters (mean value/lot) 

 C E 1 E2 

Initial body weight (kg) 11.81 ± 3.2 11.87 ± 3.1 11.81 ± 3.0 

Final body weight (kg) 27.0 ± 6.16 26.69 ± 4.62 26.07 ± 4.41 

Average daily gain (kg/pig/day) 0.584 ± 0.13 0.570 ± 0.06 0.536 ± 0.11 

Average daily intake (kg/day) 1.19 ± 0.27 1.19 ± 0.25 1.13 ± 0.18 

Feed conversion (kg CF/kg gain) 2.03 ± 0.42 2.10 ± 0.19 2.19 ± 0.65 
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Figure 1. Average daily gain (kg/day) during the experimental period 

 

The evolution of the average daily gain during the experimental period 

(figure 1) sows hat the shape of the curves was similar between the groups; 

however, in group E2 (inclusion of 5% botanical mix) the gain during the 

second week differed significantly (P ≤ 0.05) from the gain of group C, but over 

all period the differences were not significant (P ≥ 0.05). 
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Organ and carcass development (table 3) was adequate to the species and 

category of piglets. 

There were no significant differences (P ≥ 0.05) between groups. This 

allow us, to appreciates that decreasing the amount of inorganic premix and 

supplementing the diet with botanical mix, irrespectively of the level, body 

development wasn’t affected. 

Compared with the commercial diet C, the microelement content in the 

faeces was reduced in the groups with botanical premix added in the diet with: 

20.66% (E1) and 16.04% (E2) for Fe; 30.33% (E1) and 27.88% (E2) for Mn 

and 36.96% (E1) and 36.79 % (E2)  for Zn. Henman, 2007, showed that the 

dietary microelement level can be reduced by 25% compared to the commercial 

premix, with the condition that those microelements originate from organic 

sources, when the costs are the same with those of using inorganic commercial 

premix, but the environmental risk is reduced.    

 
Table 3. Organ and carcass development (mean values/group, kg) 

Organ weight C E1 E2 

Half carcass  9.00 ± 0.66 8.89 ± 0.80 8.69 ± 0.54 

Empty stomach 0.23 ± 0.06 0.23 ± 0.04 0.23 ± 0.04 

Empty guts 1.60 ± 0.10 1.58 ± 0.28 1.54 ± 0.05 

Heart 0.15 ± 0.02 0.15 ± 0.01 0.14 ± 0.00 

Liver 0.76 ± 0.10 0.75 ± 0.06 0.73 ± 0.17 

Spleen 0.05 ± 0.01 0.05 ± 0.01 0.05 ± 0.01 

Lung 0.31 ± 0.04 0.30 ± 0.03 0.30 ± 0.05 

Brain 0.07 ± 0.00 0.07 ± 0.01 0.07 ± 0.01 

 

To determine the health status of the piglets, some haematological 

parameters were established (table 4), which confirm that there were no 

differences between the experimental groups. The obtained values are in 

accordance with species norms, excluding hematocrit value being below the 

lowest norms in all three groups, 37% (Parvu et. al., 2003).  

It is noteworthy that the level of haemoglobin was within the physiological 

range even in the blood from piglets from the groups where the ferrous sulphate 

was decreased by 50%. We consider that the good absorption of iron from the 

experimental diets is due to the Topinambur which is rich in inulin, an 

oligosaccharide which, according to some studies has a positive effect on 

mineral absorption from the digestive system (Delzenne et. al., 1995; Coudray 

et. al., 2005). Yasuda et. al., (2006) show that the supplemental 4% inulin 

improved utilization of iron intrinsically present in corn and soybean meal by 

young pigs for haemoglobin synthesis. The general assumption is that inulin 

and the short-chain fructooligosaccharides are indigestible in the upper 

digestive tract of simple-stomached animals and humans (Fishbein et. all., 

1988), but that they pass to their lower gut to be fermented by microbes 

(Delzenne, 2003). 
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Table  4. Haematological parameters from blood (mean values/group) 

Haematological parameters C E1 E2 

WBC (10
9
/L) 21.38  19.54  17.4  

Lymphocytes total count (10
9
/L) 12.72 10.88 10.18 

Lymphocytes percentage (%) 59.4 56.74 59.5 

HGB (g/dL) 9.78  9.14  9.58  

RBC (10
12

/L) 6.478  6.118  6.548  

HCT (%) 31.24 29.04 30.6 

MCV  fL 48.38 47.48 46.9 

MCH  (pg) 15.06 14.86 14.62 

MCHC (g/dL) 31.36 31.44 31.28 

 

The trace elements concentrations in the serum (figure 2) were within 

normal limits according reported by the literature for piglets from the same 

category (Carlson 2004; Rincker, 2005; Case, 2002). 
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Figure 2. Concentrations (mg/L) of Zn, Fe, Mn in piglet serum 

 

As expected, the differentiation between the level of Fe, Mn and Zn in C 

ratio and the experimental ratios (E1, E2) are reflected in the microelement 

content of faeces (table 5).  

 
Table 5. Mineral excreta in faeces (mean value/lot)-mg/kg 

 Fe
 

Mn
 

Zn
 

C 921.07 ± 31.5
b 

193.51 ± 19.2
b 

  434.94 ± 48.3
b 

E1 755.99 ± 16.8
a 

125.37 ± 29.7
a 

302.16 ± 19.4
a 

E2 756.57 ± 26.3
a 

120.41 ± 9.9
a 

299.98 ± 31.7
a 

a – significantly different (P ≤ 0.05) from C; 

 

The trace elements concentration determined in the faeces was lowered: 

17.92% (E1) and17.86% (E2) for Fe; 35.21% (E1) and 37.78% (E2) for Mn and 

30.53% (E1) and  31.03 % (E2) for Zn. Table 5 shows that compared with C, 

there was a significantly lowered (P ≤ 0.05) concentration of Zn, Fe and Mn in 
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the faeces of piglets from the experimental groups (E1 and E2) whose dietary 

trace elements where in lower proportions (table 1) compared to C ratio. 

The Fe, Mn and Zn excreta doesn’t differ in the experimental groups, as 

expected to happen because 2% of botanical mix added at the E2 lot compared 

to E1 doesn’t came with an microelements surplus in E2 ratio.  

This proportionality relationship between amount of Fe and Mn ingested 

and excreted is characterized by corrections factors highest then 0.95 (figure 3). 

For Zn too, there was a very good correlation (R
2
=0.9937) between the ingested 

and excreted amount (figure 3). So, by decreasing the amount of microelements 

from the diet, their concentration in pig excreta is decreasing too, as Carlson 

(2001) show, this positive aspect from the point of view of environmental 

protection, must be obtained in balance with maintaining animal performances 

at a level which ensures economic efficiency too.  
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Correlations between Mn concentrations in feed 
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Correlations between Zn concentrations in feed 

and faeces

R
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Figure 3. The correlations between ingested and excreted microelements 

 (Fe, Mn, Zn) concentrations  

 

The dynamics of Zn, Fe, Mn elimination from feaces is shown in figure 4. 

For Fe and Mn, their excretion in faeces (figure 4) was relatively constant, but 

the excretion of those microelements in case of C group was even from the 

beginning of the test higher compared with experimental groups (P ≤ 0.05).  

The evolution of Zn elimination through excreta had a decreasing tendency 

which suggests for this element that dietary ―excess‖ was lower then for Fe or 

Mn. 
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Figure 4. Evolution in time of microelement excreta 

 

CONCLUSIONS 

This experiment shows that the inclusion of a botanical mix compound 

from pressed tuber topinambur (Helianthum tuberossum) with buckthorn leaves 

(Hippophae rhamnoides), as dry powder, in piglet diets which had also 

inorganic compounds Fe, Mn and Zn in halved proportion compared to the 

commercial premix didn’t affect the bioproductive performances or 

hematological parameters which were according to the species and category.  

There weren’t any significant differences between the experimental groups 

which differ by the level of botanical mix added (3% or 5%), because the 2% 

botanical mix added in diet of group E2 doesn’t significantly affect the ratio 

between the nutrients of this diet compared to diet E1.     

During the experimental period there was a directly proportional 

relationship between the amounts of microelements Fe, Mn and Zn ingested and 

those detected in the excreta, so once reduced the level of microelements from 

the diet their concentration from pig excreta was lower too. This shows that 
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nutrition plays a key role in accomplishing the policy for minimization the 

minerals inputs in pig farming areas.  

As Kornegoy and Harper show (1997) a concept must be formed in which 

animal diets have to be ―cost-effective‖, as accomplished by reducing the 

negative impact on the soil and water.  

We consider that by the diets used for the experimental groups (E1, E2) we 

are in agreement with this concept because they provided a mineral supply 

according to piglet requirements while reducing Fe, Mn and Zn excreta.  
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