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Evaluation of the functional  
capability of a feeder with  
pneumatic conveying
The functional capability of the feeder can play a pivotal role in providing essential nutrients 
for animals according to the requirement. Therefore, the functional capability of the feeder in a 
commercial pig farm was evaluated using the error of dosage, the error of adjustment, the er-
ror of mixing, the repeatability and the carry over of the feeder. The error of dosage and the er-
ror of adjustement did not exceed 6 %. Dosing 300 g and 600 g of feed, for calcium an error of 
mixing of 33 and 15 % was found respectively. Dosing 4 000 g of feed the error of mixing was 
reduced to 8 %. For the carry over of calcium 30.53 % were found. For magnesium and phos-
phorus the error of mixing and the carry over indicated an almost homogenous mixing process 
and a minimized contamination of the feed.
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n Mixing and pneumatic conveying of feed using a feeder is 
a technical challenge for the manufacturers of such systems 
with respect to the physical properties of the feed [1]. The 
functional capability of the feeder affects the proper nutrient 
consumption of the animal according to the requirement. [2]. 
The functional capability of the feeder in a commercial pig 
farm was evaluated using the error of dosage and the error 
of adjustment. Additionally for calcium, magnesium and phos-
phorus the error and the repeatability of mixing and the carry 
over was determined.

Material and Methods
The tested feeder with pneumatic conveying (Spotmix, Schauer 
Maschinenfabrik GmbH & Co. KG) consists primarily of a batch 
mixer, an air generator, a piping system with switch points and 
rotation distributors, cyclones at the different feeding points 
and a process computer. The feeder is used under practical con-
ditions at the Baden-Württemberg State experimental station 
for pig breeding in Boxberg.

Error of dosage and error of adjustment
300 g, 600 g, 1 000 g, 2 000 g and 3 000 g of feed (61 % wheat, 
17 % barley, 19 % soybeanmeal, 3 % mineral- and vitamin-pre-
mix) were used as target quantity for the transport from the 
batch mixer to a feeding point. Conveying of feed was repeated 
10 times.

The error of adjustment in percent is the absolute difference 
from the target quantity and the amount dosed at the feeding 
point. For the error of dosage the coefficient of variation was 
calculated for the amounts dosed at the feeding point:

absolute difference % =

  target quantity - amount dosed at the feeding point
 ------------------ • 100
 target quantity

 standard deviation
coefficient of variation = -------- • 100
 mean

Error of mixing and repeatability of the mixture
The error of mixing and the repeatability of the mixture was 
determined using a target diet consisting of 77 % wheat, 20 % 
soybeanmeal and 3 % mineral- and vitamin-premix. Calcium 
(Ca), magnesium (Mg) and phosphorus were analysed in the 
single components of the mixture. Using the analysed values 
and percentage amounts of the components in the mixture, a 
target concentration for each element in the mixture was cal-
culated. Afterwards 300 g, 600 g and 4 000 g of the mixture 
were produced. Samples were collected from each mixture and 
analysed for Ca, Mg and P. The analysed values were compared 
to the calculated target concentrations.

The error of mixing was calculated for each element from 
the absolute difference between the analysed concentrations 
and the target concentrations. The repeatability of the mixture 
is the coefficient of variation of the analysed values.
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The error of mixing and the repeatability of mixing for the 
single elements are presented in table 2. For Ca at target quan-
tities of 300 g and 600 g the highest errors of mixing and the 
poorest repeatability was found. However increasing the target 
quantity resulted in lower errors of mixing and a better repeat-
ability. Compared to the other elements the error of mixing was 
the lowest for P.

Also the carry over and the error of analysis showed the 
highest values for Ca as compared to the other elements (30,53 
% and 6,88 % respectively). Lowest values were observed for P 
(table 3 and 4).

Discussion
The range of values found for the error of dosage and the error 
of adjustment provides an adequate feed supply to the animals. 
An error of adjustment below 5 % was also estimated to be suf-
ficient for an adequate nutrient supply in earlier studies [4]. 
Both values are primarily dependent of the feeder itself and the 
amount of feed to be conveyed into the mixer. Thus the error of 
dosage and the error of adjustment is mainly determined by the 
scales weighing to the nearest 10 g, and the inaccuracy of the 
screw conveyer providing the feed components for the mixing 
process.

Furthermore components to be mixed and conveyed may 
vary greatly in characteristics and their nature may influence 
the errors of dosage and adjustment [5]. As only one mixture 
was used in our study, this effect can not be discussed here. The 
same is true for the error of mixing and the carry over.

An influence of the amount of feed to be conveyed on the 
error of adjustement can also be assumed. With increasing 
amounts of feed the error of adjustment should decrease as the 
relative part of an absolute deviation decreases with increasing 
amounts to be conveyed. In our study this effect could not be 
observed.

In contrast to the error of adjustment and the error of dos-
age, the error of the chemical analysis is a substantial part of the 
error of mixing and of the carry over of the single elements.

For Ca and Mg the errors of mixing exceeded the errors of 
analysis at all target quantities. For P the error of mixing fell 
below the error of analysis only at the target quantity of 4 000 g. 

Table 3

Mean of the carry over [%]

Ca Mg P

30,53 3,81 3,06

Table 4

Error of analysis [%}

Ca Mg P

6,88 3,04 2,23

Carry over
For the determination of the carry over of Ca, Mg and P 1 kg 
of feed (77 % wheat, 20 % soybeanmeal, 3 % mineral- and vita-
min-premix) was transported to a feeding point, followed by a 
10 time repeated transport of 1 kg of wheat. Ca, Mg and P were 
analysed in wheat before and after conveying. The concentra-
tion of the elements before conveying were used as reference 
values. The carry over for each element was calculated from the 
difference between the element concentration after the trans-
port and the reference value and is expressed in percent (aver-
age of the 10 samples).

Chemical analysis
Mineral and trace elements were analyzed according to the 
method of Naumann and Bassler [3]. Analysis error is expressed 
as coefficient of variation from 5 repeated determinations.

Results
The error of dosage and the error of adjustment is presented 
in table 1. An error of 5 % was only exceeded by the error of 
adjustment at the target quantity of 300 g. Both errors were not 
controlled by the target quantity.

Table 1

Error of dosing and error of adjustment

Sollmenge  
Target quantity

Dosierfehler  
Error of dosage 

Einstellfehler  
Error of adjustment 

g % %

300 5,39 3,90

600 4,12 3,48

1000 3,29 4,69

2000 2,06 2,08

3000 3,45 3,42

Table 2

Error and repeatability of mixing [%]

Sollmenge 
Target 
quantity 

Mischfehler und 
Reproduzierbarkeit  

Error and repeatability 
of mixing

Ca Mg P

g % % %

300

Mischfehler 
Error of mixing

33,23 9,35 5,25

Reproduzierbarkeit 
Repeatability

33,66 11,65 4,27

600

Mischfehler 
Error of mixing

15,48 6,95 5,18

Reproduzierbarkeit 
Repeatability

20,95 9,30 6,04

4000

Mischfehler 
Error of mixing

8,14 5,79 1,94

Reproduzierbarkeit 
Repeatability

6,35 2,21 2,69
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A considerable excess of the error of analysis was observed for 
the error of mixing of Ca at the target quantity of 300 g. This 
indicates together with the low value for the repeatability that a 
homogenous mixing result can only be achieved with difficulty 
for Ca at a target quantity of 300 g.

For Ca also the highest carry over was found (30,53 %) and 
the error of analysis was markedly lower (6,88 %).

The high values of the error of mixing and the carry over 
observed for Ca may not only be due to the feeder itself. Particle 
size of the mineral- and vitamin-premix may be an important 
factor influencing the mixing result [6]. Furthermore the er-
ror of mixing is reduced at a target quantity of 4000 g. This 
indicates that the error of mixing is also a function of the target 
quantity.

As the error of mixing and the carry over for Mg and P was 
only slightly higher as compared to the error of analysis, a ho-
mogenous mixing process with a minimal carry over at convey-
ing can be assumed for these elements.

Conclusion
The error of dosage and the error of adjustment seem to be sa-
tisfactory for a nutrient supply of the animals according to the 
requirement. At a practical target quantity of 4000 g the mixing 
process for Ca, Mg and P is almost homogenous. With the ex-
ception of Ca the carry over of the elements is low. But the high 
carry over of Ca might be caused also by the properties of the 
mineral- and vitamin-premix used.
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