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Abstract

The article investigated the productivity of piglets and the efficiency of their rearing in relation to the type of feed
preparation and the type of feeding, and the influence of these factors on growth intensity, piglet survival rate, feed
costs and feed costs for rearing a piglet on farms in the Kingdom of Denmark, using data from the consultancy
Svine Rddgivningen's open source evaluation analysis of DB-Tjek pig farms for 2021. It was found that preparing
feed from own raw materials in the farms' capacities had no influence on the growth intensity of piglets during
rearing and feed conversion during this period. At the same time, these farms had 9.15% lower costs per 1 kg of
piglet growth, which contributed to a 1.05% reduction in the cost of a piglet at the end of rearing compared to farms
feeding piglets exclusively with purchased feed. It was shown that the growth intensity of piglets did not depend on
the feeding method, while liquid feeding contributed to a 4.99% improvement in feed conversion, resulting in a
3.03% reduction in the share of feed costs in the rearing of 1 animal. In addition, liquid feeding enabled a 0.67%
reduction in the proportion of veterinary costs per animal. The feeding method was found to have a probable
influence on the preservation of the piglets and the conversion of the feed during their rearing, but no significant
influence on the intensity of the animals' growth and the feed costs of their rearing. At the same time, the method of
feed preparation had no significant influence on any of the indicators studied.
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INTRODUCTION [14]. However, pig productivity will increase
even further if a rational system of feeding
and feed preparation is applied for a balanced
complete diet [19, 29].

Many farmers who have their own acreage
and grow grain in large quantities prefer to

Complete feeding is a key tool for the
efficient functioning of pig farms, which
includes the development of nutritious rations
based on a high-quality feed base and the use

of feeding systems that intensify the process
of feed intake and improve digestion in pigs
[5, 25, 31, 33].

Advances in swine nutrition are increasing pig
productivity by more accurately balancing
rations in terms of energy and nutrient content

produce feed for their own production on their
farms. The advantages of on-farm production
of feed mixtures are lower costs [20, 27],
clear certainty of the quality of this feed,
reduction of the risk of fungal, bacteriological
and viral contamination of the feed, the
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possibility of rapid adjustment of the
composition of the feed. When using a liquid
feeding system, in addition to these
advantages, there is also the possibility of
reducing the price of the feed, as a number of
by-products are used, such as milk whey,
canned corn kernels with cobs, brewer's grains
and brewer's yeast, as well as other by-
products from food and organic production [8,
46]. At the same time, the production of own
feed mixtures requires additional investment
in containers and space for storing the
components of these mixtures, additional
equipment for grinding and mixing the feed
components and granulating them. This
process, in turn, requires additional working
time and appropriate qualification of the
personnel preparing these feeds. Time and
equipment are also required to control the
quality of mixing and the chemical
composition of the finished feed mixtures [7,
34]. In addition, mixers with limited dosage of
the various components are usually installed
in the feed kitchens of pig farms. In contrast,
the equipment of specialized compound feed
plants can introduce a large number of
components with different dosage levels at the
same time [15, 39]. Logistics and storage
conditions for feed components are also
improved in large specialized compound feed
mills. In addition, many countries have a
number of restrictions on producing feed on
their own farms [13]. For example, according
to information [11], in Denmark, pig farms
that intend to produce feed mixes on their
own farms must obtain a permit from the
Danish Directorate of Crop Production,
followed by feed quality control at the same
level as feed mills. Therefore, pig enterprises
in Denmark buy about half of their feed from
specialized enterprises.

In pig farming, two feeding methods are most
common: liquid and dry feeding; wet feeding
is less common [12]. Dry feeding was widely
used among pig farmers. Dry feeding of pigs
became widespread during the
industrialization of agriculture due to cheaper
equipment and maintenance [30]. In addition,
dry feed ensured a better hygienic condition
not only of the feeding equipment but also of
the whole farm, was easier to store, and was
788

more convenient to use because it ensured
free access and consumption by the animals
[18, 35]. It was also reported that prolonged
consumption of dry feed improved digestion
of its components, which begins in the oral
cavity. At the same time, the delay of
individual pigs near the feeding facility led to
hierarchical tensions in the group due to the
longer waiting time of the other animals. In
addition, studies have shown that pigs fed dry
feed gained weight better than those fed liquid
feed containing food industry waste [10, 22,
24].

The liquid feeding method, on the other hand,
is not new, although it is less common in pig
farms today. It is based either on the use of
cheap waste from the food industry or on the
production and preparation of a liquid feed
mixture from the same ingredients as dry
feed, but with prior rehydration using
agricultural feed plants [4]. It is known that
the method of preparation, transportation, and
distribution of wet and liquid feeds is
technically more complicated and more
expensive to maintain [42]. In addition, liquid
feeding requires additional attention and
preventive measures to ensure the hygienic
requirements of the feed and the condition of
the equipment [9].

So one of the main advantages of liquid
feeding is the possibility of using cheap waste
from the food industry. Considering that 70%
of the costs in pork production are related to
feed, the use of cheap products in the
composition of complete and balanced rations
for pigs significantly reduces the cost of pork
[1, 40]. In particular, it is known that the type
of liquid or dry feeding used for growing pigs
can have a noticeable effect not only on
growth but also on feed consumption [24].
Each feeding method has its advantages and
disadvantages that can increase or decrease
the overall productivity of pigs [25]. Liquid
feeding usually uses the same feedstuffs as
dry feeding, but with additional hydration or
fermentation of the ration ingredients. For
post-weaning piglets, liquid feed meets their
physiological needs to a greater extent than
dry feed [43]. In addition, the components of
liquid migration (cereal grains, dairy
products) contain lactic acid bacteria, which
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ferment the feed mixture, lower its pH value
and thus have a preservative effect. Lactic
acid prevents the multiplication of pathogenic
microflora in the feed and thus improves the
balance of the intestinal microorganisms of
pigs [23, 36]. In addition, the effect of liquid
feed on the gastrointestinal tract of pigs is
known, which translates into improved
secretion of gastrointestinal hormones [42]. In
addition, fermentation of liquid feed has a
positive effect on the fattening qualities of
pigs [41], increases average daily gains [21]
and reduces feed conversion [17]. Liquid feed
can be more easily digestible and provide a
broad spectrum of nutrients [45]. As a result,
pigs fed liquid feed mixtures may have a
higher growth rate in both rearing and
fattening [26, 35]. Liquid feed is usually more
palatable, resulting in higher consumption
compared to dry feed. The pigs usually absorb
the feed better when it is prepared in liquid
form, resulting in a higher consumption rate
compared to dry feeding [25, 26, 28], so that
they reach the desired live weight faster [47].
Another positive aspect of using liquid feed in
rearing is the reduction of stress in newly
weaned piglets that are fed liquid feed during
the initial adjustment [6].

Disadvantages of liquid feeding include: High
initial  investment and skilled process
management personnel are required, as the
risk of losses can be high if the technology is
breached at any stage [8, 18, 24].

The aim of the study was to investigate the
influence of the way piglets are fed during
rearing and the way the feed mixtures are
prepared on their productivity and rearing
efficiency.

MATERIALS AND METHODS

The object of the study was the productive
qualities and economic indicators of rearing
hybrid piglets obtained from F; sows of the
Danish Landrace and Danish Large White
breeds inseminated with semen from Danish
Durok boars under different feeding methods
and methods of feed preparation in this
technological group.

The subject of the study was the technological
processes in the rearing of hybrid piglets on

farms in the Kingdom of Denmark. The
indicators of productivity and efficiency of
pig rearing were studied using the data from
the consultancy Svine Rédgivningen from the
open sources of the rating analysis of the DB -
Tjek pig farms for the year 2021.

In order to investigate the dependence of the
piglets’ productivity during rearing and their
efficiency on the type of feed preparation
before feeding, all the farms studied were
divided into two groups. The first group,
which was taken under control, included
farms in which feed mixes for raising piglets
were prepared from their own grain raw
materials on the territory of enterprises at their
own facilities for mixing feed components.
The second group, which was an experimental
group, included pig farms that were used for
rearing piglets exclusively bought at feed
mills.

In the second phase of the study, we analysed
the dependence of piglet productivity and the
efficiency of their rearing on dry and liquid
feeding. For this purpose, all the farms studied
were divided into two groups according to the
type of feed they used during piglet rearing.
The first group comprised farms that used
traditional dry piglet feeding from weaning to
fattening. This group of piglets was the
control  group. The second  group
(experimental) consisted of farms that used
liquid feeding during piglet rearing.

In the third research phase, we investigated
the influence of the method of feed
preparation and the type of feeding on the
leading productivity indicators using a two-
factor analysis of variance.

The following performance indicators were
identified for the study: survival of piglets
during rearing, their average daily feed
consumption and its conversion, and the
absolute and average daily live weight gains
of the animals. The added value of raising
piglets and the share of feed and veterinary
care in it are also analysed.

RESULTS AND DISCUSSIONS

The results of the study are shown in Table. 1
show that farms that used their own feed raw
materials and prepared mixed feed on their
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farms gave piglets with a slightly lower initial
live weight to rearing, while the weight of
piglets at the end of the rearing period proved
to be reliably (p <0.01) 1.66 kg higher in this
group of farms than in farms that used only
purchased feed. This fact is probably (p
<0.01) due to a 1.76 kg higher absolute
growth of the animals in this group of farms,
which in turn was reliably (p <0.01) caused by

a 3.51 days longer rearing period of the
piglets. At the same time, the group of farms
using purchased feed was likely to have
0.53% better preservation of piglets (p <0.01).
In this group there was also a tendency for a
slight decrease in daily feed consumption and
its conversion, which we believe is also
related to the shorter duration of rearing.

Table 1. Productivity of piglets during rearing depends on the method of feed preparation

The method of preparing fodder

Indicator The feed is made on the The fodder is bought
farm ready-made
Number of farms considered (n) 116 51
Weight of piglets at the beginning of rearing, kg 6.75+0.13 6.85+0.17
Duration of rearing, days 55.61+0.83 52.10+0.71™
Weight of piglets at the end of the rearing period, 32.29+0.25 30.63+0.49™
kg
Preservation of piglets during the rearing period, % 97.5+0.16 98.03+0.096™
Absolute growth, kg 25.54+0.28 23.78+0.45™
Average daily gain, g 462.02+4.72 457.0+£7.83
Average daily feed consumption, kg 0.87+0.011 0.85+0.019
Feed consumption per 1 kg gain, kg 1.71+0.015 1.70+0.022

* _ P <0.05; ** - P <0.01; *** — P <0.001.
Source: own calculations.

The different duration of piglet rearing in the
control and experimental groups of farms also
led to a difference in feed consumption and
costs of piglet rearing (Table 2). Thus, the
cost of rearing piglets in the second group was
1.16% higher than in the first group, which in
our opinion, is due to their slightly higher live
weight. During the rearing period, piglets in
the first group probably consumed (p <0.01)

3.31 kg (7.57%) more feed per head, which
we believe is due to a longer rearing period
and greater mass at the end of this period. But
the expenditure on these feeds turned out to
be somewhat lower in the group with their
own preparation, which is due, to their lower
cost. These factors also contributed to
significantly lower feed costs by 9.15% (p
<0.001) per 1 kg of piglet growth.

Table 2. Efficiency of raising piglets depending on the method feed preparation

The method of preparing fodder

Indicator The feed is made on the The fodder is bought

farm ready-made
The cost of a piglet at the beginning of rearing, DKK 260.14+1.76 263.17+3.65
Feed consumption per animal, kg 43.71+0.61 40.40+0.84™
Feed consumption per head, DKK 109.18+1.75 110.36+1.04
Feed consumption per 1 kg growth, DKK 4.26+0.04 4.65+0.090™"
The cost of rearing one animal, DKK 190.714+2.54 192.424+4.70
The cost of the piglet at the end of rearing, DKK 450.86+2.71 455.58+2.41
The share of feed in the cost of rearing a piglet, % 57.79+1.20 58.42+2.34
Veterinary costs for 1 animal, DKK 5.47+0.37 5.70+0.81
The share of veterinary losses in the cost of rearing a 2.91+0.21 3.06+0.45
piglet, %

** _ P <0.01; *** - P <0.001.
Source: own calculations.
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Despite the longer rearing period of the
piglets in the first group and their higher
weight at the end of this period, the cost of
rearing an animal was found to be 0.9% lower
compared to the analogues in the second
group, which, together with the lower cost of
piglets at the beginning of rearing, resulted in
a 1.05% reduction in the cost of piglets after
they were reared.

The main expenses for rearing piglets are feed
and veterinary care. In our research, we
observed a trend towards a 0.63% lower share
of feed in the costs of rearing an animal on
farms that prepared the feed on their own
premises. On these farms, the costs of
preventive and medical measures for piglets
were 4.20% lower, which naturally led to a
0.15% decrease in their share of the total costs
of rearing an animal.

Thus, preparing feed from their own raw
materials within the capacity of their farms
had no effect on the growth intensity of
piglets during rearing and feed conversion
during this period. At the same time, these

farms had 9.15% lower costs per 1 kg of
piglet growth, which contributed to a 1.05%
reduction in the cost of a piglet after the
completion of rearing compared to farms that
fed piglets exclusively with purchased feed.
When analyzing the dependence of piglet
productivity of piglets on growing-out on the
type of feed they were fed during this period
(Table 3), it was found that in farms that used
liquid feed, piglets were placed on growing-
out with probably (p <0.05) 0.57 kg less live
weight, but were removed from rearing with
probably 1.42 kg (p <0.05) more live weight,
compared to farms that used dry feed for
rearing. This is probably caused (p <0.05) due
to the 3.96 days longer rearing time of the
animals.

This factor also probably contributed (p
<0.001) to 2.0 kg higher absolute gains during
the rearing of piglets in the experimental
group. As long as there is no significant
difference in growth rate between piglets with
different feeding methods.

Table 3. The productivity of piglets in rearing depends on the method of feeding

Indicator Method of feeding _
Dry Liquid

Number of farms considered (n) 110 57
Weight of piglets at the beginning of rearing, kg 6.85+0.11 6.28+0.26"
Duration of rearing, days 54.06+0.62 58.02+1.56"
Weight of piglets at the end of the rearing period, kg 31.62+0.24 33.04+0.54"
Preservation of piglets during the rearing period, % 97.76+0.12 96.98+0.24™
Absolute growth, kg 24.76+0.24 26.76£0.46""
Average daily growth, g 460.13+4.41 463.2+10.02
Average daily feed consumption, kg 0.79+0.01 0.76+0.02
Feed consumption per 1 kg of gain, kg 1.72+0.01 1.64+0.03"

* _ P <0.05; ** — P <0.01; *** — P <0.001.
Source: own calculations.

A tendency to reduce daily feed consumption
by 0.03 kg was observed with liquid feeding,
which probably (p <0.05) resulted in 0.08 kg
better feed conversion at almost the same
growth intensity. At the same time, the
preservation of piglets during rearing was
probably (p <0.01) 0.78% better on farms
using the dry feeding method.

With liquid feeding, the feed cost for an adult
piglet was 4.05% higher (Table 4), resulting
in a 3.44% increase in feed cost for head
growth. We explain this by a longer growth

period and correspondingly larger absolute
increases in live weight during this period. In
the group of farms rearing piglets with liquid
feeding, the cost of 1 kg of growth was 4.99%
lower (p <0.001).

With liquid feeding, the cost of a piglet was
probably (p <0.01) 7.22% lower at the
beginning of rearing due to the lower weight
of piglets, while it was only 0.72% lower at
the end of this period, with a higher live
weight during this period. This was probably
caused (p <0.001) due to the 8.32% higher
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cost of raising the animals. While the cost of 1
kg growth of piglets during rearing practically

did not differ in both farm groups.

Table 4. The efficiency of raising piglets depending on the method of their feeding

Indicator Method of feeding -
Dry Liquid

Feed consumption per animal, kg 42.514+0.55 44.2340.55
Feed cost per animal during rearing, DKK 109.07+1.54 112.82+4.85
Feed cost for 1 kg of growth, DKK 4.41£0.05 4.19+0.03™
Cost of one piglet at the beginning of rearing, DKK 263.43+2.23 244.4+5.83™
Cost of pig at the end of rearing, DKK 452.68+2.00 449.4+3.32
The cost of rearing one animal, Danish kroner 189.26+2.43 205.0+£3.87""
The cost of 1 kg of piglet growth during rearing, DKK 7.64 7.66
The share of feed in the cost of raising an animal, % 58.35+1.13 55.32+3.45
Veterinary costs for 1 animal, DKK 5.64+0.40 4.1840.5
;the share of veterinary costs in the cost of raising an animal, 3042022 2374027

* _ P <0.05; ** — P <0.01; *** — P <0.001.
Source: own calculations.

The research showed that the cost of
veterinary care of a piglet during rearing was
25.89% higher, which also caused a 0.67%
higher share of these costs in the total cost of
rearing in the farms with dry feeding. In this
group of farms, the share of feed in the total
cost of raising an animal was 5.19% higher.

Thus, the growth intensity of piglets did not
depend on the type of feeding, while liquid
feeding contributed to a 4.99% improvement

in feed conversion, which resulted in a 3.03%
reduction in the share of feed costs in raising
an animal. In addition, liquid feeding reduced
the proportion of veterinary costs per animal
by 0.67%.

According to the calculations of the influence
of the factors of feed preparation and feeding
method, no probable influence of these factors
on the average daily growth of piglets was
found (Table 5).

Table 5. The influence of the method of feed preparation and feeding of piglets on the average daily growth
%
Furit % _ f:ontribut
Source of sum of Degrees Middle ata p. contribution | ion to the
. of Fact _ A to the factor total
variance squares square = significance
freedom 005 sum of amount
' squares of
squares
General, Cy 103,023.99 79
Factorial, Cx 474.93 1 12413
Method of 1 83
feeding, A 82.54 0.06 | 3.97 0.8053 17.4% 0.1%
The method of
preparing 2 196
fodder, V 392.38 0.15 | 3.12 0.8649 82.6% 0.4%
Interaction, 0
AB 0.00 0.00 0.0% 0.0%
Remainder, Cz | 102,549.06 76 1349 99.5%

Source: own calculations.

While piglet survival during rearing was
probably influenced by feeding method at a
level of 6.1%, the absence of a probable
influence of feed preparation method and its
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interaction on this indicator was found (Table
6). Unaccounted for factors accounted for
89.8% of the total variance.
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Table 6. The influence of the method of feed preparation and feeding of piglets on the survival of growing piglets

%
% contributi
Source of sum of Degrees Middle ch_at _ P contributio | on to the
variance SqUAres of square Fract | a= significa n to the total
q freedom q 0.05 nce factor sum amount
of squares of
squares
General, Cy 88.52 79
Factorial, Cx 8.99 1 12,413.24
Method  of 5.40 1 54 |516| 397 | 0.0260 60.1% 6.1%
feeding, A
The method of
preparing 3.59 2 1.8 1.72 | 3.12 0.1867 39.9% 4.1%
fodder, V
x‘grac“on’ 0.00 0 0.00 0.0% 0.0%
Remainder, Cz 79.53 76 1.0 89.8%

Source: own calculations.

The method of feeding piglets during rearing
also probably had a 6.5% influence on feed
conversion, with 91.9% influenced by factors
not considered (Table 7). In contrast, the

method of feed preparation and its interaction
with the feeding method probably had no
influence on feed conversion during rearing.

Table 7. The influence of the method of feed preparation and the feeding of piglets on feed conversion ratio

% %
. Ferit at P- contributi contributio
Source of Sum of Degrees of | Middle _ - n to the
: Ffact o= signific | on to the
variance squares freedom square 0.05 ance | factor sum total
of squares amount of
squares
General, Cy 1.00 79
Factorial, Cx 0.08 1 12,413.24
MEthOd of 0.07 1 0.0651 5.37 3.97 0.0232 80.7% 6.5%
feeding, A
The method
of preparing 0.02 2 0.0078 0.64 3.12 0.5293 19.3% 1.6%
fodder, V
X‘éerac“on’ 0.00 0 0.00 0.0% 0.0%
Egma'”de“ 0.92 76 0.0121 91.9%

Source: own calculations.

The feed cost of one piglet was not
significantly influenced by the method of
preparation of feed and the method of their
feeding (Table 8). Thus, the feeding method
had a probable influence on the preservation
of piglets and feed conversion during piglet
rearing and had no significant effect on the
growth intensity of the animals and the feed
cost of their rearing. At the same time, the

method of feed preparation had no significant
influence on any of the studied indicators.
According to reports [2, 30], the lifelong
productivity of young pigs, i.e. growth and
development of animals, occurs due to the
complex interaction of the hereditary basis of
the organism with specific environmental
conditions and is an important background for
the realization of the genetic potential of
animal productivity.
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In this regard, the share of feeding in the
influencing factors is 60-70%, genotype - 20-
25%, and microclimate and maintenance - 15-
20%. However, we could not confirm such a
high influence of the feeding method on the
productivity of the young animals during

rearing. In our study, the feeding factor had a
less significant effect, namely: 6.1% on the
survival rate of piglets, which is more
consistent with reports [30], where it was
1.5%.

Table 8. The influence of the method of preparation of fodder and feeding of piglets on the cost of rearing one head

of piglets
%
0,
Degrees P- contrﬁoutio contributi
Source of Sum of %f Middle E Ferit at o significa n to the on to the
variance squares square fact 1 =0.05 g total
freedom nce factor sum
amount of
of squares
sguares
General, Cy 13,675.55 79
Factorial, Cx 297.99 1
Method of | 954 1 1230 | 070 | 397 | 0.4058 41.3% 0.9%
feeding, A
The method
of preparing 174.98 2 87.5 0.50 3.12 0.6103 58.7% 1.3%
fodder, V
'A”éerac“on' 0.00 0 0.00 0.0% 0.0%
Egma'”der* 13,377.56 76 176.0 97.8%

Source: own calculations.

Also the factor of feeding method had an
influence of 6.5 % on feed conversion, which
is also more consistent with data [30], where
it was 1.0 %. We did not find a probable
dependence of the average daily growth on
the influence of the feeding factor, in contrast
to other data [30], where the influence of this
factor was observed at a level of 12.6%.

Our results of a higher absolute growth rate in
pigs fed liquid feed compared to counterparts
fed dry feed were in agreement with reports
[32, 35], where a probable difference in this
rate was found when different feeding
methods were used. However, in contrast to
other scientific works [21, 25, 26, 30], which
indicated higher average daily gain in pigs
kept in liquid feeding systems compared to
peers consuming dry feed, we found no
significant difference in the mentioned
indicator, similar to the results of other
researchers [43]. The absence of a difference
in average daily gains in our experiment also
contradicts reports of a probable excess of this
indicator in animals fed dry diets compared
with their counterparts fed liquid diets [3, 24].
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At the same time, we could not confirm the
presence of a probable excess of survival in
pigs fed liquid, in contrast to other authors
[30, 32] who reported equal survival values
for pigs fed both liquid and dry diets.

We also noted an increase in feed
consumption per 1 kg of growth when pigs
were fed liquid diets, similar to other

researchers who also observed a deterioration
of this indicator in animals fed liquid feed and
an improvement in pigs fed dry feed [30, 43].
However, other work [17, 44] indicated an
improvement in feed conversion in pigs fed
liquid feed, which was not consistent with our
result.

According to the data [38], piglets that were
raised on a liquid type of feeding consumed
about 12.4% more feed, which was not
confirmed in our experiment, since the pigs in
our experiment did not have a significant
difference in this indicator. According to [16,
28], feed intake in pigs was improved by
using dry granular mixes, which is similar to
the results of our current study, which did not
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agree with the findings [37] on improved feed
intake with liquid feeding.

CONCLUSIONS

Piglet growth intensity during rearing and
feed conversion during this period were not
dependent on the type of feed preparation.
Preparation of feed from own raw materials in
own facilities allowed to reduce the cost of
means per 1 kg of growth of piglets by 9.15%
and the cost of a piglet after completion of
rearing by 1.05%, compared to farms that fed
piglets exclusively with purchased feed.

The liquid feeding method contributed to a
4.99% improvement in feed conversion, a
3.03% reduction in the share of feed costs,
and a 0.67% reduction in the share of
veterinary costs in the cost of raising an
animal. The growth intensity of piglets did not
depend on the feeding method.

Feeding method probably affected piglet
preservation and feed conversion during
rearing and had no effect on animal growth
intensity or rearing feed costs. The method of
feed preparation had no significant effect on
any of the parameters studied.
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