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1. Preface 
 
Prevention of disease transmission and enhancement of growth and feed efficiency are 
critical factors in modern pig production. Some animal categories, especially weaned 
piglets, have more problems and this is the reason that production of animals and profit 
for the farm are not optimal. For more than 50, years enteric disease suppression and 
growth promotion have been effectively achieved by the inclusion of various antibiotics or 
chemotherapeutics at sub therapeutic doses into diets.  
 
Since January 1 2006 all in-feed antibiotics and chemotherapeutics are banned in the 
EU. An alternative for antibiotics or chemotherapeutics is the supplementation of organic 
acids in food or drinking water. Organic acids inhibit the growth/colonisation of pathogens 
in the gut and improve the digestibility and absorption of nutrients. 
 
Four major benefits can be expected: 

• Improved health and resistance to disease; 
• Faster growth; 
• Increased efficiency of diet utilisation; 
• Better carcass quality. 

 
Nutri-Mix is a product that contains organic acids, as well as amino acids en minerals. 
This combination of supplements has a positive influence on the performance of animals. 
The supplement is dosed through the drinking water and can replace the use of 
antibiotics and chemotherapeutics. Nutri-Mix is a product that is a very useful for the 
intensive livestock industry. 
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2 Chelating of copper and zinc 
 
All biological processes in the body of animals use minerals. Minerals play a role in 
replacing tissue cells and protect the body against infections. Minerals do have a 
supporting function in the release of energy and they are part of many enzymes, vitamins 
and hormones.   
 
So, minerals are necessary for healthy and vital animals. Animals cannot make minerals 
on their own and so they are dependant on the minerals from feed or feed supplements. 
Deficiencies of minerals in animals are responsible for disturbances of biological 
processes. These deficiencies can lead to development of diseases. Administering the 
minerals through feed or supplements to the animal can prevent this, so that the mineral 
balance in the body of the animal is recovering. Both the amount and the utilisation of the 
mineral are important. 
 
Minerals can be administered in several forms. The most common form is the ‘sulphate-
form’. Minerals in the ‘sulphate-form’ do pass the ‘acid’ stomach very difficult, so that a 
small amount is available for absorption in the small intestine. Most of the minerals in the 
‘sulphate-form’ are not absorbed and pass the small intestine. The utilisation of minerals 
is minimal in this way. By binding minerals to a chelate (instead of sulphate) the minerals 
are given other properties. The chelate makes the mineral more resistant against sour, so 
that it can pass the ‘acid’ stomach more easily. In this way the availability of minerals in 
the small intestine is much higher. In the small intestine an optimal absorption of minerals 
is reached, so that the minerals can perform their function in the animal better. 
 
Copper and zinc are already used for several years in the animal industry, because these 
minerals are one of the most important for the animal. From research is known that 
copper and zinc do have a positive influence at the health status of the animal. The 
different functions of copper and zinc are mentioned below. 
 
Copper has got the following functions animals: 

• Copper is an important part of several enzymes which are involved in the    
metabolism; 

• Copper is important for the elimination of waste matters out of the body; 
• Copper has a role in the binding of iron in red blood cells; 
• Copper is necessary for a good function of the immune system. 

 
Zinc has got the following functions in animals: 

• Zinc has a role in enzymes which are involved in growing processes; 
• Zinc has a role in digestion enzymes; 
• Zinc is necessary for the function of white blood cells; 
• Zinc has a role in the working of hormones of the reproduction organs;  
• Zinc is important for the structure of hormones, skin and hair. 
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3. Organic acids 
Organic acids  (C1-C7) are widely distributed in nature as normal constituents of plants or 
animal tissue. They are also formed through microbial fermentation of carbohydrates 
predominantly in the large intestine of pigs. Organic acids are used as acidifiers in pig 
diets. Rather than dietary acidifiers, organic acids are better known as effective 
preservatives. Their primary antimicrobial action is through pH depression of the diet. The 
ability of organic acids to change from undissociated to dissociated form makes them 
effective antimicrobial agents. 
Adding organic acids to the diet improves the growth rate of pigs. This is a result of an 
improved nutrient digestibility, metabolism and changing of microbes in the gut.  
 
The mode of action of particular organic acids is not uniform, although a consensus 
seems to be achieved on the following items: 

• Organic acids have an effective preservative and antimicrobial action (see figure 
3.1); 

• Organic acids serves as a barrier against pathogen colonisation on the brush 
border; 

• Organic acids lowers gastric pH, which activates pepsinogen and inhibits 
bacterial growth; 

• Organic acids are energetic substrates or modulator/stimuli for mucosal 
development, epithelial cell growth and greater absorptive capacity; 

• Organic acids are precursors for synthesis of non-essential amino acids, DNA 
and higher lipids required for intestinal growth; 

• Organic acids play a role in the energy metabolism of the body. 
 
 

Figuur 3.1 Antimicrobial action of organic acids in the stomach of pigs  
Bron: Mroz, 2005 
 

3.1 Formic acid (C1H2O2) 
Formic acid is an effective acid to decrease the pH of the diet. The antimicrobial activity of 
formic acid is primarily against yeasts and some bacteria. Formic acid is effective in small 
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concentrations against Escherichia Coli and can effectively eliminate Salmonella from 
contamined feeds.  
 

3.2 Propionic acid (C3H6O2) 
Propionic acid is the major end product of bacterial fermentation of dietary fibre in the 
colon (the part between the appendix and rectum of the large intestine) of the pig. It is 
absorbed by passive diffusion. Propionic acid acts primarily against yeasts. 

3.3 Lactic acid (C3H6O3) 
In the stomach and small intestine, lactic acid is produced as an end product of sugar 
fermentation. Lactate is also produced by muscle cells from glycogen when the oxygen 
supply is inadequate. It is a natural constituent of some feedstuffs and is among the 
oldest of the preservatives. The antimicrobial action of lactic acid is primarily against 
bacteria, e.g. Escherichia Coli. 
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4. Amino acids 
 
Proteins are build up by combining different amino acids and play an important role in the 
growth of muscles and thus growth of pigs. The different ratios of amino acids give every 
protein its own properties. Pig diets contain different amino acids. There are essential 
amino acids that the pigs have to ingest. These amino acids are necessary for 
maintaining growth rate. The essential amino acids are among others lysine, mehtionine, 
threonine and tryptophan. Other amino acids are not necessary and called non-essential 
amino acids. 
For a high growth rate essential amino acids are necessary. A shortage will diminish the 
growth rate and the lean body mass will decrease. 
The amino acid requirement is dependent on: 

• Age;  
• Heritability; 
• Physiological state (pregnancy, lactating, etc.); 
• Other amino acids. 

 
Nutri-Mix contains the amino acids lysine, methionine, threonine en tryptofaan for 
performance enhancement in pigs. 

4.1 Lysine 
Lysine is required for growth and bone development in pigs, assists in calcium absorption 
and maintains the correct nitrogen balance in the body and maintains lean body mass. 
Furthermore it is needed to produce antibodies, hormones, enzymes, collagen formation 
as well as repair of tissue. 

4.2 Methionine 
Methionine assists in the breakdown of fats, as well as positive effect on the digestive 
system and removes heavy metals from the body The amino acid methionine is also a 
great antioxidant as the sulfur it supplies inactivates free radicals. It is an essential 
compound for energy production and muscle building in the body. 

4.3 Threonine 
Threonine is required to help maintain the proper protein balance in the body, as well as 
to assist in the formation of collagen and elastin in the skin. 
Further, it is involved in liver functioning (including fighting fatty liver), and helping the 
immune system with the production of antibodies. It also promotes thymus growth and 
activity. 
Other nutrients are also better absorbed when threonine is present. 

4.4 Tryptophan 
Research shows that the modes of action of are: 

• Improvement of appetite, growth and feed conversion; 
• Influence on the biological clock: tryptophan improve a balanced watch – sleep 

rhythm, it makes pig less sensitive against stress and less aggressive; 
• Better vitality by improved activity. 
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The positive effects of more tryptophan have been observed in practice with piglets: more 
activity, better food intake and less health problems. Especially after weaning, it is 
important that piglets have a good food intake and vitality for perfect health conditions in 
the fattening or breeding phase. 
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5. Results 
Research has been done about the effect of Nutri-Mix on weaned piglets at two farms in 
order of Intracare BV. The research is carried out by Mieke Frederix and Roderik Ruisch 
(students of HAS Den Bosch) and accompanied by advisor Ir. P. Jacobs of HAS 
KennisTransfer. 
In paragraph 5.1 are the methods of the trial and the results shown of farm 1. In 
paragraph 5.2 are the methods of the trial and the results of farm 2. The last paragraph 
describes the conclusion. 

5.1 Farm 1 
At farm 1 four trials are carried out. In two trials the effect of Nutri-Mix is compared with 
the effect of water and Acid X with weaned piglets. In the other two trials the effect of 
Nutri-Mix is compared with the effect of water and Acid X on vaccinated piglets. The 
duration of the trial was 12 days, day 1 being the day of weaning. From  the trial data’s 
the next parameters are calculated: growth per day, feed intake per day, energy intake 
per day, feed conversion per day and energy conversion per day.    
 
Details trial 1 

• 516 weaned piglets; 
• Age at weaning: 26 days (age difference between piglets is 7 days maximum); 
• Sex: boars and gilts;  
• Cross breed: (Finnish Landrace x Great-Yorkshire) Sowline x Piëtrain boar; 
• Dosage Nutri-Mix: 1 litre to 1.000 litre drinking water from day 1 till day 6, day 7 till 

day 12 water without addition; 
• Dosage Acid X: 1 litre at 1.000 litre drinking water from day 1 till day 12. 

 
Results trial 1 

 

Conclusion trial 1 
From the results, it appears that piglets that received Nutri-Mix through the drinking water 
have a better growth, feed intake, energy intake, feed conversion and energy conversion 
than the piglets, which received Acid X through the drinking water. The piglets all looked 
healthy, without any problems during the trial.  
 
 
 

Acid X Nutri-Mix
starting weight (kg) 7,58 7,11
finishing weight (kg) 8,93 8,81
growth rate (g/dag) 123 155
feed intake (g/dag) 173 198
feed conversion 1,40 1,28
energy intake 0,20 0,23
energy conversion 1,61 1,47
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Details trial 2 
• 348 weaned piglets; 
• Age at weaning: 26 days (age difference between piglets is 7 days maximum); 
• Sex: boars and gilts mixed; 
• Cross breed: (Finnish Landrace x Great-Yorkshire) Sowline x Piëtrain boar; 
• Dosage: 1 litre Nutri-Mix at 1.000 litre drinking water from day 1 till day 6, day 7 till 

day 12 water without addition. 
 
Results trial 2 

 
Conclusion trial 2 
From the results, it appears that piglets, which received water, did not clearly have a 
better better growth rate, feed intake, energy intake, feed conversion and energy 
conversion than the piglets, which received Nutri-Mix through the drinking water. The 
piglets all looked healthy, without any problems during the trial. 
 
 
Details trial 3 

• 398 vaccinated piglets; 
• Age at vaccination: 56 days (leeftijdsverschil onderling maximaal 7 dagen); 
• Sex: boars and gilts mixed; 
• Cross breed: (Finnish Landrace x Great-Yorkshire) Sowline x Piëtrain boar; 
• Dosage: 1 litre Nutri-Mix at 1.000 litre drinking water from day 1 till day 6, day 7 till 

day 12 water without addition; 
• Vaccination: Ingelvac Mycoplasma hyopneumoniae at day 1 of the trial. 
 

Results trial 3 

 
 
 
Conclusion trial 3 

Water Nutri-Mix
starting weight (kg) 16,15 14,89
finishing weight (kg) 20,00 21,13
growth rate (g/dag) 321 712
feed intake (g/dag) 687 756
feed conversion 2,17 1,30
energy intake 0,80 0,88
energy conversion 2,48 1,23

Water Nutri-Mix
starting weight (kg) 6,82 7,16
finishing weight (kg) 8,38 8,70
growth rate (g/dag) 142 140
feed intake (g/dag) 136 142
feed conversion 1,04 1,07
energy intake 0,16 0,16
energy conversion 1,10 1,17
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From the results, it appears that piglets that received Nutri-Mix through the drinking water 
had a better growth, feed intake, energy intake, feed conversion and energy conversion 
than the piglets, which received water without addition. The piglets all looked healthy, 
without any problems during the trial. 
 
Details trial 4 

• 390 vaccinated piglets; 
• Age at vaccination: 56 days (leeftijdsverschil onderling maximaal 7 dagen); 
• Sex: boars and gilts mixed; 
• Cross breeding: Finnish Landrace x Great-YorkshireSowline x Piëtrain; 
• Dosage Nutri-Mix: 1 litre Nutri-Mix at 1.000 litre drinking water from day 1 till day 

6, day 7 till day 12 water without addition; 
• Dosage Acid X: 1 litre Nutri-Mix at 1.000 litre drinking water from day 1 till day 12; 
• Vaccination: Ingelvac Mycoplasma hyopneumoniae at day 1 of the trial. 

 
Results trial 4 

 

Conclusion trial 4 
From the results, it appears that piglets that received Nutri-Mix through the drinking water 
had a better growth, feed intake, energy intake, feed conversion and energy conversion 
than the piglets, which received water with Acid X. The piglets all looked healthy, without 
any problems during the trial. 

5.2 Farm 2 
At farm 2 two trials are carried out. In the trials the effect of Nutri-Mix is compared with the 
effect of water with weaned piglets. The duration of the trial was 12 days, day 1 being the 
day of weaning. The first group received from day 1 until day 6 Nutri-Mix and from day 7 
until day 12 water without addition. The second group received water without addition 
from day 1 until day 12. From the trial data’s the next parameters are calculated: growth 
per day, feed intake per day, energy intake per day, feed conversion per day and energy 
conversion per day.    
 
 
Details trial 5 

• 397 weaned piglets; 
• Age at weaning: 26 days (age difference between piglets is 7 days maximum); 
• Sex: boars and gilts mixed; 

Acid X Nutri-Mix
starting weight (kg) 17,35 18,16
finishing weight (kg) 23,48 24,70
growth rate (g/dag) 511 748
feed intake (g/dag) 752 814
feed conversion 1,47 1,09
energy intake 0,87 0,94
energy conversion 1,71 1,26
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• Cross breed: Topigs 20 x Piëtrain; 
• Dosage: 1 litre Nutri-Mix at 1.000 litre drinking water from day 1 till day 6, day 7 till 

day 12 water without addition. 
 
Results trial 5 

 

Conclusion trial 5 
From the results, it appears that piglets that received Nutri-Mix through the drinking water 
had a better growth, feed intake, energy intake, feed conversion and energy conversion 
than the piglets, which received water without addition. The piglets, which received Nutri-
Mix, have a better uniformity. 
 
Details trial 6 

• 192 weaned piglets; 
• Age at weaning: 26 days (age difference between piglets is 7 days maximum); 
• Sex: boars and gilts mixed; 
• Cross breed: Topigs 20 x Piëtrain; 
• Dosage: 1 litre Nutri-Mix at 1.000 litre drinking water from day 1 till day 6, day 7 till 

day 12 water without addition. 
 
Results trial 6 

 
Conclusion trial 6 
From the results, it appears that piglets that received Nutri-Mix through the drinking water 
had a better growth, feed intake, energy intake, feed conversion and energy conversion 
than the piglets, which received water without addition. The piglets all looked healthy, 
without any problems during the trial. 

Water Nutri-Mix
starting weight (kg) 6,42 6,43
finishing weight (kg) 8,27 8,84
growth rate (g/dag) 168 225
feed intake (g/dag) 217 254
feed conversion 1,30 1,13
energy intake 0,25 0,29
energy conversion 1,49 1,30

Water Nutri-Mix
starting weight (kg) 7,54 7,76
finishing weight (kg) 8,44 9,41
growth rate (g/dag) 82 131
feed intake (g/dag) 228 309
feed conversion 2,79 2,36
energy intake 0,26 0,36
energy conversion 3,21 2,71
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5.3 Conclusion trial 1 until 6 
For the results appears that piglets, which received Nutri-Mix through the drinking water, 
had a better growth, feed intake en energy conversion instead of piglets which received 
water without addition or Acid X. Besides that, Nutri-Mix decrease the feed conversion 
and the energy conversion by addition to drinking water for piglets. During the trials all the 
piglets looked well, without any problems. 
The difference between the results of the trials seems to be significant, but from the 
statistical analyses we concluded that this was not always true. 
 



   
 

 15

6. Nutri-Mix in practice 

6.1 Dosage 
Nutri-Mix is a liquid product that has to be administered through the drinking water, with 
help of a dosage pump. 1 litre Nutri-Mix has to be given at 1.000 litre drinking water. 
 

6.2 Mineral content 
The determination of the needs of minerals is not simple. This is because the disturbance 
in the animal is only observed with extreme low or high mineral contents during a longer 
time. Besides, the need of minerals dependents on age and on the production stadium. 
Excess can cause toxic phenomenons and is hazardous for the environment. Therefore 
there are statutory maximums established in the Netherlands for the providing of minerals 
through feed in the animal feed statutory (table 6.1). 
 

        Tabla 6.1 Statutory  allowed maximum copper and zinc contents 

 
        Source: Handboek Varkenshouderij, 2004 
 
Above mentioned contents are taken into account at the composition of the feed. For the 
safety of the food the maximum amounts are not used, because this prevents exceeding 
the statutory maximum. So, there is some space left for the addition of certain quantities 
of minerals. By using chelates it is possible to administer minerals to animals at an 
optimal level. 
 
Below a sample for calculating the quantity of copper and zinc is shown:  

• The average quantity of drinking water of a pig is 2,5 litre for each kilogram of 
feed; 

• Nutri-Mix contains 14 gram copper per litre and 25 gram zinc per litre undiluted, 
diluted 1 litre water additioned with Nutri-Mix contains 14 milligram copper and 25 
milligram zinc; 

• Per kilogram feed a pig is administered the following quantity copper and zinc in: 
Copper: 14 x 2,5 = 35 milligram 
Zinc:  25 x 2,5 = 62,5 milligram 

• When a pig per day consumes 0,8 kilogram feed with 100 milligram copper per 
kilogram feed and 125 milligram zinc per kilogram feed, the total copper and zinc 
intake per day is: 

Copper: (0,8 x 100) + (0,8 x 35) = 80 + 28 = 108 milligram per day 
Zinc: (0,8 x 125) + (0,8 x 62,5) = 100 + 50 = 150 milligram per day 

maximum (mg/kg voer)
Copper Zinc

Piglets (0-12 weeks) 170 150
Starter pig (12-16 weeks) 25 150
Fattening pig (16 weeks till slaughter) 25 150
Sows 25 150

 Statutory
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6.3 Prescriptions 
For an optimal use of Nutri-Mix the following points have to take in mind: 

• Do not mix Nutri-Mix with medication, vaccines of other products that have to be 
administered through the drinking water; 

• Only use Nutri-Mix in clean drinking water (clean the drinking system with 
Hydrocare first); 

• Nutri-Mix is irritating for the eyes. If eyes have been in contact with Nutri-Mix: 
directly flushl with a lot of clean water; 

• Protect Nutri-Mix against frost. 


