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Abstract: Pig farmers are exposed to strong international competition and confronted with low
revenues, while production requirements are increasing. Individual electronic monitoring allows
for closer observation of the fattening process, which can be useful for identifying weaknesses in
the production process and carrying out more targeted cost management. Consequently, this study
aimed to demonstrate a reduction in unit production costs through individual animal identification
(IAI) using ultra-high-frequency radio frequency identification (UHF RFID) transponder ear tags.
For data collection, day-old suckling piglets were individually marked. During fattening, these
piglets (n = 224) were kept in 16 groups (1 = 14 in each). Individual body weights and the feed
consumption for each pen were recorded until slaughtering. These data were used to perform
three hypothetical selection scenarios at nine different times, retrospectively, by selecting individual
animals that deviated downwards from the mean value of live weight by 10, 15, or 20%. For each
group, two different calculations were performed to highlight potential savings. High potential
savings of direct costs (up to EUR 4.56) for female animals and castrates (EUR 5.44) were shown.
Nevertheless, costs of individual data collection were EUR 4.06 per pig, and we found that IAI
offers advantages for conventional fatteners for future fattening periods to work in an economically
sustainable manner.

Keywords: fattening pigs; individual animal identification; economic sustainability; precision
livestock farming; UHF RFID

1. Introduction

Conventional pig farmers, who produce nearly homogeneous pigs in terms of body
weight and composition, are particularly exposed to strong international competition and
affected by an increasingly poor market situation. This leads to low market power on the
part of producers and consequently low market performance [1]. Producers are encouraged
to reduce unit production costs as much as possible by increasing production volumes
(economies of scale). This is the main reason for the structural change in pork production in
recent years, which has moved away from many smaller farms towards fewer—but larger
and more specialised—farms [2,3].

However, this development also leads to a greater distance between the fattener and
the individual animal in terms of less time per animal [4]. In light of the trend of keeping
“masses of animals” without precise knowledge about individual animals, an individual
animal identification (IAI) system represents an option in the context of precision livestock
farming [5].

IAI enables the collection of data on individual animals, which can ensure full trace-
ability and thus strengthen the trust of consumers (“from stable to table”; [6]). Such data are
also used for animal welfare monitoring [7] and management decisions such as individual
feeding [8] or optimised slaughter deliveries [9,10]. Thus, individual animal data provide
the basis for improved animal welfare, lower emissions, and improved performance, which
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enables a production that is favourable in terms of its costs and appropriate to the animal
species [11].

To date, IAl has mainly been used in research and breeding, where the most accurate
data are required [12]. In conventional pig fattening, permanent IAI is not yet common,
since the costs involved and the added value for the fattener have not yet been deter-
mined [13].

In addition to analogue identification, there is also electronic or digital identification.
Transponders are either implanted into the animal’s body or placed on collars or ear
tags [14,15]. Collars are not a practical option for pigs due to anatomical reasons (short
neck with little separation from the head) [16].

Furthermore, the required working time is also a decisive factor. According to Rau [17],
marking a litter with the ear tag required by law and a supplementary ear tag takes a total of
19.62 min per litter (10 piglets per litter; 1.96 min per piglet) with three workers. In contrast,
the time required to mark and document a pig using an ear tag, where the front side is in
accordance with the legal requirements (analogue) and the back side is the transponder,
is estimated at an additional 3 min per litter (0.3 min per piglet) when compared to the
standard ear tag. However, this only applies to marking on the third day of life. From the
14th day onwards, an estimated 6.18 min per litter (0.618 min per piglet) is required [17].

The minimum equipment required for the use of digital IAl is an ear tag transponder
and reader with software. The cost of equipping a barn for fattening pigs with IAI tech-
nology (i.e., UHF RFID readers at troughs, drinkers, and barn ramps) was calculated at
EUR 11.70/animal space for 1600 fattening places for the initial installation and at EUR
7.60/animal space for an identical number of animals in subsequent runs [18]. With an
average output and 2.85 turnovers per year [19], this corresponds to costs of EUR 4.11 and
EUR 2.66 per pig, respectively. The greatest obstacle to the widespread implementation
and greatest associated benefit of transponders in a barn is the animal owners themselves.
They must first be sufficiently trained so that they are interested in receiving as much data
as possible [20]. Additionally, mechanical barn equipment (e.g., scales) are susceptible to
malfunctions due to dirt, dust, and faecal deposits [21].

In contrast, the use of UHF RFID ear tags with the automatic registration of animals
at troughs and drinkers results in a potential savings of up to EUR 1.10/animal in barns
with 400 pigs and EUR 1.00 per animal in barns with 1600 pigs, through early disease
detection and more efficient animal control. This is based on calculated annual medical and
veterinary costs of EUR 4.30 and EUR 2.60 per animal (based on 400 and 1600 fattening
places, respectively) and calculated annual labour costs for animal control per fattening
place and year of 0.3 and 0.5 h (based on 400 and 1600 fattening places, respectively) at
2.85 rotations [11].

This work aims to highlight the practical suitability of IAI using transponder ear tags
in conventional pig fattening while simultaneously presenting possible applications that
make IAI economically attractive.

Therefore, the use of IAI via UHF RFID transponder ear tags in fattening pigs was
evaluated under field conditions in the present study. Notably, a decline in unit production
costs by using IAI was demonstrated. For this purpose, data on individual animals were
collected during the suckling and fattening stages and different selection scenarios were
carried out to investigate its use from an economic perspective.

The relevance of this study for the entire supply chain is also underpinned by the
fact that one of the largest food retailers in Germany will only sell fresh pork produced
in Germany (birth, rearing, fattening, slaughter, and cutting/processing) by the end of
2022 [22]. This shows that the interest in data on the origin of the animals to be slaughtered
is also becoming of increasing interest in conventional farming. Being able to track or
provide data for each pig would be another way to add value to the product.
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2. Materials and Methods

One-day-old, crossbred piglets (Danbred F1 (Landrace x Yorkshire) x Pietrain (BHZP
db.77®); n = 304) were marked individually. This number of piglets included a buffer
of 80 additional animals to ensure that 224 pigs of the same age were available in the
fattening unit.

For individual animal identification, two different ear tags were used (see Figure 1).
The analogue ear tag (Merko M2, Allflex, Bad Bentheim, Germany; 30 x 30 mm, 1 mm
thickness) was square and numbered from 001 to 304. Additionally, the farm number
of the producer was printed on it in accordance with regulations. The electronic ear tag
transponder (MS Tag Round UHF Standard, MS Schippers, Kerken, Germany; 26 mm
diameter, 2 mm thickness) was attached to the other ear. As a distinguishing visual feature,
the last five digits of the individual number were printed on the ear tags. With a length
of approximately 2 cm and a width of 4 mm, the spines of the ear tags did not differ. A
Motorola Psion Workabout Pro4 handheld reader (Motorola Mobility, Libertyville, USA;
Windows operating system) with the software d!ba Mobile (definitiv! business applications,
Miinster, Germany) was used to communicate with the transponders.

Figure 1. Analogue (a) and electronic (b) ear tags used in the trial. Farm number details are blacked
out for data protection reasons.

The fattening unit used in this study was a closed, thermally insulated, forcibly
ventilated double comb unit (“Biinne Swine Center”) with paved aisles and fully slatted
pens. In addition to a dry mash feeder (four feeding places) with two drinking bowls, each
pen also contained two drinking nipples at different heights. City water was used, which
was preheated to 18 °C. The pen size without a feeder was 10.5 m? (0.75 m? per pig). The
piglets were randomly allocated to 16 pens (n = 14 in each) and separated by sex. All pigs
were treated the same. Three commercial compound feeds were provided to pigs during
the trial. The botanical composition of the feed is provided in Table 1.

Table 1. Biological and chemical compositions of the compound feeds provided during fattening.

Diet
Item
Grower Grower-Finisher Finisher
Ingredient, %
Barley 15.20 20.10 25.5
Wheat 15.15 7.53 -
Rye 15.00 20.02 30.99
Triticale 8.00 13.50 15.96
Baked goods 10.66 4.70 -
Soya 7.06 4.00 -
Rapeseed meal 6.60 7.20 8.23
Wheat gluten feed 6.80 6.00 4.50
Wheat bran 3.34 5.74 7.62
Wheat middlings 6.00 5.00 2.50
Grain stillage 1.24 1.24

Corn steep liquor 1.50 1.50 1.50
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Table 1. Cont.
Diet
Item
Grower Grower-Finisher Finisher
Fat 0.50 0.50 0.50
Feed lime 1.07 1.03 0.91
Cattle salt 0.24 0.32 0.39
Premix &P 0.50 0.50 0.50
Lysine sulphate 0.76 0.76 0.72
Methionine hydroxy analogue 0.05 0.04 0.03
L-threonine 0.15 0.16 0.15
Acid mixture € 0.18 0.18 -
Chemical composition, % DM
Crude ash 4.60 4.60 4.30
Crude protein 16.50 155 14.0
Crude fat 4.10 3.60 3.20
Crude fibre 4.10 4.30 4.50
Starch 40.0 41.3 43.6
Lysine 1.10 1.05 0.95
Calcium 0.65 0.62 0.62
Phosphorus 0.44 0.42 0.40
Sodium 0.20 0.20 0.20
Metabolisable energy (M]/ME) 134 13.2 13.0

2: Premix in grower and grower-finisher fattening, data per kg of premix: vitamin A, 1,300,000 (I.U.); vitamin
D3, 400,000 (1.U.); vitamin E, 12,000 mg; vitamin K, 400 mg; folic acid, 200 mg; vitamin B1, 200 mg; vitamin B2,
800 mg; vitamin B6, 200 mg; vitamin B12, 5000 mcg; niacinamide, 3000 mg; pantothenate, 2000 mg; iron (sulphate),
25,000 mg; copper (sulphate), 2000 mg; copper (amino acid chelate), 1000 mg; manganese (oxide), 12,000 mg; zinc
(oxide), 14,000 mg; iodine (Ca-iodate), 100 mg; selenium (Na-selenite), 60 mg; 6-phytase EC 3.1.3.26, 500 FYT;
endo-1,4-beta-xylanase EC 3.2.1.8, 915 U; endo-1,3(4)-beta-glucanase EC 3.2.1.6, 114 U. b. Premix in finisher
fattening, data per kg premix: vitamin A, 1,200,000 (L.U.); vitamin D3, 200,000 (I.U.); vitamin E, 8000 mg; vitamin
K, 600 mg; vitamin B1, 100 mg; vitamin B2, 350 mg; vitamin B6, 400 mg; vitamin B12, 4000 mcg; niacinamide,
3000 mg; pantothenate, 2000 mg; iron (carbonate), 12,000 mg; copper (sulphate), 2000 mg; manganese (oxide),
7000 mg; zinc (oxide), 10,000 mg; iodine (Ca-iodate), 200 mg; selenium (Na-selenite), 50 mg; 6-phytase EC 3.1.3.26,
500 FYT; endo-1,4-beta-xylanase EC 3.2.1.8, 915 U; endo-1,3(4)-beta-glucanase EC 3.2.1.6, 114 U. : Acid mixture
in grower and grower-finisher fattening, indication per kg feed: formic acid, 75%, 1.08 mL; propionic acid, 99%,
0.45 mL; lactic acid, 80%, 0.27 mL.

Analyses of chemical composition were performed according to standard laboratory
methods (nutrients: proximate analysis; fibre analysis: van Soest; minerals: atomic ab-
sorption spectrometry after acid hydrolysis; amino acids: after acid hydrolysis using
HPLC [23]). The chemical composition is presented in Table 1. The energy content was
calculated using the following formula: ME (M]/kg) = 0.021503 x crude protein (g/kg)
+0.032497 x crude fat (g/kg)—0.021071 x crude fibre + 0.016309 x starch (g/kg) + 0.014701
x organic residue (g/kg) [24].

By using a pneumatic multi-phase feeder (Schauer Spotmix, SCHAUER Agrotronic,
Prambachkirchen, Austria), each feeder was filled individually. Since all animals were fed
the same feed in the trial, only the quantity per pen varied. At the time of the feed change,
the new feed was not mixed to achieve a concrete weighing time. The feed changes were
determined according to the average amount of feed already consumed, whereby a total
feed consumption of 250 kg per pig was calculated (80 kg pre-fattening/grower, 50 kg
mid-fattening/grower-finisher, 120 kg final fattening/finisher).

Fresh feed was added daily at two fixed times (07:00 and 14:30). The exact feed
consumption was recorded electronically for each feed trough. The fill level of the pen-
specific feeders was recorded manually every day and then adjusted in the feeding software
such that the feeder was emptied after each feeding. Regarding feed consumption, it was
assumed that the consumption of each pig per pen was identical. In pens where animals
were eliminated within a phase, the total feed consumption per pen was calculated by
subtracting the consumption of the eliminated animal from the total feed consumption.
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A reduction of half the feed compared to the pen mean was assumed by the time they
were eliminated.

During fattening, individual weighings were performed nine times by two people. For
this purpose, the pigs were driven bay by bay to the drive aisle. From there, each animal
was weighed individually on a low-floor animal scale. Furthermore, ear tag losses and the
time taken for the work involved were recorded. To ensure full traceability before each
delivery, the abattoir was informed in writing that fattening pigs were delivered with ear
tag transponders to determine the proportion of pigs automatically registered using an
electronic ear tag. Ear tag or transponder losses during transport were not recorded.

Primarily, we analysed the fattening performance data for each phase (daily weight
gain, average feed intake). The assumption of normally distributed data was tested using
the Kolmogorov—-Smirnov and Shapiro-Wilk tests. The equality of variances was tested
using Levene’s test.

With the homogeneity of variances and normally distributed values, the mean values
for the fattening performance parameters per sex were compared by two-sample t-tests for
independent samples. Only mean values from the same period were compared. Provided a
significance level of p < 0.05, the results could be considered statistically significant. In total,
there were three scenarios with eight selections each, which were based on live weight and
sex. All pigs whose body weight at the selected time deviated by more than 10, 15, or 20%
from the calculated mean value of the initial group were removed from the data set, while
the remaining animals were considered part of a newly selected group. Each of the three
scenarios (10, 15, and 20%, respectively) were divided into eight further selection groups
(S) based on the age (in days) of the pigs at the time of selection (577, S119, 5138, 5151, 5161,
5174, and S182). To facilitate the respective allocation, the selection intensity parameter was
always assigned to the selection group. For example, the marking “S161/15%" implies that
the pig was selected to M—15% on the 161st day of life. Until this selection, the records
of the selection group corresponded to those of the initial group. Selections were not
made after the 182nd day since the number of remaining pigs was no longer sufficient for
further selection at that point. A special scenario was the selection at each weighing time,
abbreviated as SEP (E = each, P = phase) henceforth. The extraction of data sets based on
the selection criteria resulted in changes in the fattening performance data.

To evaluate the scenarios from an economic perspective, two different approaches were
carried out, whereby female animals and castrates were considered separately. Notably, the
calculations are presented in a simplified form based on partial costing. The first approach
was the economic evaluation of different fattening times for the selection groups. Here,
the daily difference in average fattening duration was calculated and multiplied by the
direct costs incurred for a final fattening day. The following parameters were assumed for
this procedure: The finisher diet costs EUR 21 per 100 kg (actual situation at the time of
the trial, calculated as the arithmetic mean of the previous 3 months) and an average of
3.0 kg per pig per day is provided. This resulted in daily feed costs of EUR 0.63 per pig.
Additionally, there were daily costs for veterinarians, energy, water, and other expenses of
EUR 0.08 per pig. Furthermore, liquid manure disposal was estimated at EUR 14.00 per m?
(actual situation at the time of the trial, calculated as the arithmetic mean of the previous
3 months), whereby each pig produces 0.40 m? of liquid manure during the entire fattening
period (the actual situation was measured by a flow pump). Under the condition that the
same amount of liquid manure was produced on each fattening day, an amount of EUR
0.056 per fattening day (14/0.4 m®/100 days) results if 100 fattening days are defined. In
total, this resulted in comparable direct costs of EUR 0.766 per final fattening day per pig.

The second approach compared the feed costs of the selection groups for each kilogram
of live gain based on individual pig data, as measured during fattening. This is shown
as the quotient of the total feed costs and the total gain per selection group (in EUR). To
calculate the feed costs, the average daily feed intake was multiplied by the duration of
the phase (in days) and the feed price at the time of the phase. The feed price was set at
EUR 0.25 per kg for pre-fattening, EUR 0.23 per kg for mid-fattening, and EUR 0.21 per kg
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from final fattening onwards (actual situation at the time of the trial, calculated as the
arithmetic mean of the previous 3 months). The product of the individual phase was used
as a summand for the entire fattening to form the final sum. The total gain of each selection
group was calculated by summing all products from the mean daily gain and the duration
of the individual phases (in days).

While the approach with the reduced direct costs referred to the entire fattening period
from housing to slaughter, the second approach only considered the six fattening phases
up to and including the phase of the third removal from the pen.

3. Results

The suckling period was 26 days, and the subsequent piglet rearing period was 51 days.
Fattening was divided into six phases of different lengths (see Table 2), with pre-fattening
lasting 42 days, mid-fattening 18 days, and finishing 12 days. The final fattening phase was
followed by the housing out phases, which lasted 9, 12, and 7 days, respectively (marked
1-3 in Table 2).

Table 2. Chronology of the fattening process.

Duration of Each Fattening Phase

Fattening Phase

n Phase Age (d) Duration (d)
Pre-fattening 216 1 77-119 42
Mid-fattening 213 2 119-138 18
Finishing 210 3 138-151 12
1st housing out 178 4 151-161 9
2nd housing out 142 5 161-174 12
3rd housing out 60 6 174-182 7

In this section, the fattening performance data calculated for each phase and sex are
presented using the arithmetic mean (M) with standard deviation (SD) and the lowest
and highest values of the data set in the following format: M £ SD (min-max). In the
pre-fattening phase, the feed intake (as fed) of the females was 1.94 % 0.09 kg, while that of
the castrates was 2.10 £ 0.14 kg (+8.45%). While the feed intake of the females increased
continuously and reached its highest value (3.02 = 0.15 kg) at the end of fattening in phase
six, the values for the castrates were already lower in phase five (3.38 £ 0.24 kg) than
previously in phase four (3.43 £ 0.17 kg). Nevertheless, the highest value of 3.53 4+ 0.23 kg
was also reached by the castrates at the end of fattening in phase six (see Table 3).

In all phases, there was high heterogeneity within the groups. For example, the feed in-
take of the castrates in the pre-fattening phase varied between 1.89 and 2.38 kg /animal/day,
which corresponds to a difference of 490 g per day. Another example is the female ani-
mals in phase four, whose daily feed consumption per animal was 2.76 to 3.20 kg, which
corresponds to a difference of 440 g per day.

On the day of farrowing (d 1), the weights of the total sample varied between
0.64 and 2.56 kg (+300%) (see Table 4). On average, male piglets were 70 g (+4.86%) heavier
than females. The SD of birth weight was 0.35 kg for females and 0.36 kg for males, which
corresponds to 24.3 and 23.8% of the mean value, respectively. At weaning on the 26th
day of life, the females were 20 g (+0.26%) heavier than the castrates, with an average of
7.79 + 1.75 kg. At this stage, there were already weight differences between the sexes. The
smallest female weighed 2.69 kg and the heaviest was 11.5 kg (+327%). In the case of the
castrates, weights ranged from 3.97 to 11.2 kg (+182%).

At housing to fattening (77th day of life), 112 females (32.3 &£ 6.25 kg) and 112 castrates
(32.2 £ 6.38 kg) were placed in the fattening house. Irrespective of sex, the body masses of
all animals at this time varied between 18 and 47 kg (+161%). No significant differences in
the live weights of the sexes were observed up to and including the time of housing out.
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Table 3. Average feed intake (kg/animal/day) during the fattening period.
Female Pigs Castrates
Fattening Phase M+ SD M + SD
" (Min-Max) " (Min-Max)
1.94° + 0.09 2102 4+ 0.14
1 109 (1.79-2.12) 107 (1.89-2.38)
2.45% 4 0.08 2922 40.08
2 108 (2.32-2.59) 105 (2.79-3.06)
2.81° +0.08 3262 +£0.12
3 107 (2.67-2.91) 103 (3.12-3.54)
b a
4 9% 292° +0.12 8 3432 +0.17
(2.76-3.20) (3.10-3.69)
b a
5 85 2.93° +0.13 57 3.382 +£0.24
(2.77-3.22) (2.90-3.71)
b a
6 38 3.02° +£0.15 » 3.532 +0.23
(2.85-3.28) (3.074.04)

Phase 1 = pre-fattening (77-119 d); Phase 2 = mid-fattening (119-138 d); Phase 3 = final fattening (138-151 d); Phase
4 = 1st housing out (151-161 d); Phase 5 = 2nd housing out (161-174 d); Phase 6 = 3rd housing out (171-182 d);
n = sample size; M = mean value; SD = standard deviation; Min = minimum; Max = maximum; ab. different
superscripts in a line indicate significant differences between the mean values for daily weight gains (p < 0.05).

Table 4. Live weight of pigs (kg) from birth to slaughter.

Female Pigs Castrates
Day of Life . M =+ SD . M + SD
(Min-Max) (Min-Max)
1.44 + 035 1.51 + 0.36
1 108 (0.67-2.30) 108 (0.64-2.56)
7.79 + 1.75 7.77 +1.77
26 109 (2.68-11.5) 108 (3.97-11.2)
323+ 6.25 32.2 + 6.38
77 112 (18.47) 112 (18.46)
70.7° + 8.82 73324924
119 109 (46-90) 107 (55-97)
87.4° +936 9212 +9.57
138 108 (60-109) 105 (75-115)

n = sample size; M = mean value; SD = standard deviation; Min = minimum; Max = maximum; ab. different
superscripts in a row indicate significant differences between the mean values of the live weights (p < 0.05). The
double dash in the table corresponds to the change in housing from the sow barn to the rearing house to the
fattening unit.

The first housing out took place on the 151st day of life, immediately after the de-
termination of individual body masses. At that time, the body masses of females varied
between 68 and 124 kg (+82.4%) and between 85 and 130 kg (+52.9%) for castrates. The
heaviest eight females and 20 castrates (with a live mass of at least 114 kg) were removed
(see Table 5). Up to and including the 161st day of life, the weights of the castrates were
significantly higher than those of the females. Weights differed weakly within the sexes at
the 119th day of life. Thereafter, weights differed strongly and significantly at the ages of
138, 151, and 161 days (p < 0.01). The measured differences were 2.6 kg (+3.68%) on the
119th day of life, 4.7 kg (+5.38%) on the 138th day of life, 5.0 kg (+5.00%) on the 151st day
of life, and 4.0 kg (+3.70%) on the 161st day of life. In the following period, the castrates
were always slightly heavier than the females at their respective slaughter dates. While the
last castrate was slaughtered on its 199th day of life at 126 kg, the five remaining females
were slaughtered on the 210th day of life at 116 + 8.75 kg (range: 102-128 kg).
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Table 5. Live weight of pigs (kg) at the time of slaughtering.
Female Pigs Castrates
Day of Life M £ SD M £ SD
" (Min-Max) " (Min-Max)
100 +9.77 105 4 9.83
151 107 (68-124) 103 (85-130)
3 117 + 3.44 20 120 £ 4.70
(114-124) (114-130)
9 108° +9.42 8 1122 4+ 843
161 (77-123) (90-128)
10 120 £+ 1.67 24 122 +£2.22
(119-128) (117-128)
117 £9.72 120 + 8.85
174 85 (83-131) >7 (87-132)
124 £ 3.12 126 + 3.53
# (119-131) = (120-132)
116 £9.49 119 £ 6.9
182 38 (89-131) 2 (95-129)
11 123 +2.41 7 124 +2.99
(119-126) (121-129)
27 118 £+ 9.35 14 123 + 8.46
188 (90-135) (94-133)
16 125 + 3.87 13 125 +3.74
(120-135) (119-133)
118 + 8.38
199 1 (97-127) 1 126
125 £ 2.19
6 (121-127) ! 126
5 116 £+ 8.01 ) .
210 (102-128)
5 116 £+ 8.01 ) )
(102-128)

n = sample size; M = mean value; SD = standard deviation; Min = minimum; Max = maximum; ab. different
superscripts in a row indicate significant differences between the mean values of the live weights (p < 0.05). The
values in italics correspond to the animals delivered to the slaughterhouse at that time.

There were highly significant correlations between age at slaughter and birth, weaning,
and housing to fattening age weight.

The daily gains of the castrates were significantly higher than those of the female pigs
in the first four phases (see Table 6). In the latter phases, they increased from 0.920 + 0.10 kg
at pre-fattening (phase one) to a maximum of 1.035 £ 0.26 kg in phase four. In the case
of the castrates, daily gains of 0.971 + 0.11 kg were already achieved in pre-fattening.
The highest value (1.198 £ 0.43 kg) was observed in phase four. In both female pigs and
castrates, the daily gains in phase five fell back to values below 1 kg. Although the daily
gain among females in phase six continued to decrease to 0.906 £ 0.32 kg, it increased to
1.062 £+ 0.18 kg among the castrates. The large variation in daily gains was also striking in
both females and castrates. This became especially clear in phase four. In this phase, there
were pigs (both females and castrates) that lost weight (—0.2 and —0.8 kg, respectively).
Simultaneously, the pigs with the highest calculated daily gains—1.78 kg among the female
pigs and 1.56 kg among the castrates—were also in this phase.

Table 7 presents the selection limits based on the individual live masses of the different sexes.

The average slaughter age of the females was 177 + 13.4 (range: 151-210) days,
which corresponds to approximately 100 fattening days. The initial group of castrates was
slaughtered at an average of 169 & 13.8 (range: 151-210) days. Thus, in contrast to the
females, castrates had a fattening period that was slightly more than 8 days shorter (p < 0.01;
see Table 8). Under the specified conditions, this led to a direct cost saving of EUR 6.13 per
pig if the fattening place was occupied with a castrate and not with a female animal.
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Table 6. Weight gain of pigs (kg/animal/day) during the fattening period.

Female Pigs Castrates
Fattening Phase M+ SD M + SD
" (Min-Max) " (Min-Max)
0.920° + 0.10 09712 £ 0.11
! 109 (0.57-1.17) 107 (0.62-1.21)
0.937° +0.17 1.058 @ £ 0.17
2 108 (0.17-1.28) 105 (0.17-1.56)
1.029° +0.17 1.0952 £+ 0.16
3 107 (0.33-1.33) 103 (0.67-1.42)
b a
4 9% 1.035° £0.26 8 1.198 2 + 0.43
(—0.2-1.78) (—0.8-1.56)
0.943 +0.20 0.997 4+ 0.26
> 85 (0.08-1.33) 57 (—0.25-1.50)
0.906 + 0.32 1.062 + 0.18
6 38 (0.29-1.57) 22 (0.71-1.43)

Phase 1 = pre-fattening (77-119 d); Phase 2 = mid-fattening (119-138 d); Phase 3 = final fattening (138-151 d); Phase
4 = 1st housing out (151-161 d); Phase 5 = 2nd housing out (161-174 d); Phase 6 = 3rd housing out (171-182 d);
n = sample size; M = mean value; SD = standard deviation; Min = minimum; Max = maximum; ab. different
superscripts in a line indicate significant differences between the mean values of the daily weight gains (p < 0.05).

Table 7. Selection times and measures (kg) of the different selections based on body weight.

Limits of the Selections Made

Time of
Selection (d) G Actual M M—10% M—15% M—20%
0 23 <29.1 <275 <25.8
77 g 322 <29.0 <274 <258
0 70.7 <63.6 <60.1 <56.6
119 g 733 <65.9 <623 <58.6
0 87.4 <787 <743 <69.9
138 g 92.1 <829 <783 <737
0 100 <89.8 <84.8 <79.8
151 g 105 <947 <89.4 <842
0 108 <96.8 <915 <86.1
161 g 112 <101.2 <955 <89.9
0 117 <105.7 <99.8 <93.9
174 G 120 <1083 <102.3 <963
0 116 <104.4 <98.6 <92.8
182 g 119 <1075 <101.6 <95.6

Time of selection = day of life on which the selection was carried out; Limits of the selections made = selection
limit determined based on the actual mean value of the body weights; d = day of life; G = gender (9= female pigs,
d'= castrates); M = mean.

In contrast to the castrates, each selection scenario led to an earlier average slaughter
date for the females. Among the females, the last and weakest selection group S182/20%
resulted in a 0.32-day shorter fattening period and thus a direct cost savings of EUR 0.25 per
pig. For castrates, the last animals in scenario 5174/10% were covered by the selection
and thus resulted in a savings of EUR 0.39 per pig. For the effective selection groups of
castrates, the average lifetime varied between approximately 168 (S174/10%) and 162 days
(SEP/10%), in which EUR 5.44 of direct costs could be saved per pig. For females, the
average lifespan varied between approximately 171 (SEP/10%) and 177 days (5182/20%),
resulting in a maximum cost savings of EUR 4.56. It is striking that selection with an
intensity of 10% on the 119th day had less influence on both females and castrates than
selection on the 138th day. Early selection with a high selection level tends to have a
stronger impact than selection later in the fattening. Overall, the mean direct cost savings
between females and castrates did not differ significantly.

Table 9 presents both the feed costs and gains in the individual selection groups. The
mean cost per kg of gain was significantly lower (p < 0.01) for females than for castrates.
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Table 8. Calculation of direct cost savings depending on the selection level.

Selection Selection Level SlglgAl%tZ:: a Daily Difference (d) Dlre(c]; I(JZI(S; nga;Vmg
Group
(%) ? d ? d ? d
Initial group - 177.18 168.82 - - - -
77 10 172.61 163.12 4.57 5.70 3.50 4.36
119 10 173.51 164.71 3.67 4.11 2.81 3.15
138 10 172.71 164.69 447 4.13 342 3.16
151 10 173.57 165.62 3.61 3.20 277 2.45
161 10 176.15 167.08 1.03 1.74 0.79 1.33
174 10 173.94 168.31 3.24 0.51 248 0.39
182 10 175.38 168.82 1.80 0.00 1.38 -
EP 10 171.23 161.72 5.95 7.10 4.56 5.44
77 15 173.14 164.41 4.04 441 3.10 3.38
119 15 174.52 166.28 2.66 2.54 2.04 1.94
138 15 174.60 167.53 2.58 1.29 1.98 0.99
151 15 175.12 167.89 2.07 0.92 1.58 0.71
161 15 174.88 168.82 2.30 0.00 1.76 -
174 15 175.38 168.82 1.80 0.00 1.38 -
182 15 176.53 168.82 0.65 0.00 0.50 -
EP 15 173.14 163.41 4.04 541 3.10 4.14
77 20 174.29 166.04 2.89 2.78 222 213
118 20 175.11 168.13 2.07 0.69 1.59 0.53
138 20 175.61 168.82 1.57 0.00 1.20 -
151 20 176.64 168.82 0.54 0.00 0.41 -
161 20 176.31 168.82 0.87 0.00 0.67 -
174 20 176.53 168.82 0.65 0.00 0.49 -
182 20 176.86 168.82 0.32 0.00 0.25 -
EP 20 173.70 166.04 3.48 2.78 2.67 2.13

Selection group = group of pigs selected at the time (in days of life); d = day of life; 9= female pigs; &= castrates;
EP = each phase; the direct costs per final fattening day consist of feed (EUR 0.63), electricity (EUR 0.03), energy
(EUR 0.03), veterinarians (EUR 0.02), and manure disposal (EUR 0.056). The calculations are based on unrounded
values of the individual selection groups; the results shown are rounded.

Females (initial group) had a cost per kg of gain of EUR 0.573 (total feed cost of EUR
5658 and 9874 kg gain), while castrates (initial group) had a cost per kg of gain of EUR
0.596 (total feed cost of EUR 5868 and 9846 kg gain). The initial groups had both the highest
feed costs and the highest total gains.

The lowest feed costs per kg of gain were observed for the castrates (SEP/10%) at EUR
0.581. This was followed by SEP/20% (EUR 0.582) and 5138/10% (EUR 0.583). Among the
females, the group with the lowest feed costs was the selection group 5138/10% at EUR
0.562 per kg of gain. This was followed by 5119/10% (EUR 0.565) and SEP/10% (EUR
0.565). Here, the feed costs per kg of gain were identical for both selection groups; however,
the total feed costs and gains differed strongly, with 5119/10% resulting in higher feed
costs (EUR 1135). The respective scenarios resulted in a maximum reduction in costs of
1.1 cents (5138/10%) per kg of gain for females and 1.5 cents (SEP/10%) for castrates.

It is striking that for both the castrates and females, selection group S77/10% had
higher feed costs per kg of gain than selection at the same time at the level of 15%. For
the castrates, the selection group S161/10% led to the same costs with higher total gains
(+2754 kg).

Compared to the castrates, it was not the selection SEP/10% but rather S138/10%
that led to the most favourable feed costs per kg of gain for the females. The difference
between these selection groups was 0.3 cents per kg of gain. For both sexes, the ranges of
feed costs and gains were strikingly large. Castrates of the selection group SEP/10% had
the lowest feed costs and gains (compared to the initial group, feed costs were reduced by
EUR 2247, and total gains were reduced by EUR 3616). Among the females, the greatest
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deviations were observed in the selection group SEP/10% (EUR 2149 feed costs and 3664 kg
total gains).

Table 9. Calculation of direct cost savings depending on the selection level.

Selection Level Feed Costs (EUR) Total Gain (kg) Feed Costs (EUR/kg Gain)
Selection Group
(%) ? d ? d ? d
Initial group - 5.658 5.868 9874 9846 0.573 0.596
77 10 3.677 3.875 6471 6564 0.568 0.590
119 10 4.644 4.355 8219 7418 0.565 0.587
138 10 4.950 4.916 8804 8428 0.562 0.583
151 10 5.279 5.368 9309 9134 0.567 0.588
161 10 5.432 5.669 9569 9612 0.568 0.590
174 10 5.505 5.815 9662 9792 0.570 0.594
182 10 5.628 5.847 9837 9816 0.572 0.596
EP 10 3.509 3.621 6210 6230 0.565 0.581
77 15 4.264 4.048 7522 6858 0.567 0.590
119 15 5.043 4.846 8887 8240 0.567 0.588
138 15 5.290 5.606 9307 9461 0.568 0.593
151 15 5.447 5.745 9542 9672 0.571 0.594
161 15 5.509 5.845 9670 9842 0.570 0.594
174 15 5.581 5.843 9778 9828 0.571 0.595
182 15 5.649 5.847 9857 9816 0.573 0.596
EP 15 4.252 3.853 7511 6564 0.566 0.587
77 20 4.929 4.725 8683 7964 0.568 0.593
118 20 5.213 5.607 9162 9437 0.569 0.594
138 20 5.438 5.868 9532 9846 0.570 0.596
151 20 5.606 5.868 9796 9846 0.572 0.596
161 20 5.603 5.868 9811 9846 0.571 0.596
174 20 5.633 5.843 9847 9828 0.572 0.595
182 20 5.653 5.847 9870 9816 0.573 0.596
EP 20 5.253 4.659 9242 8011 0.568 0.582

Selection group = group of pigs selected at the time (in days of life); 9= female pigs, &'= castrates; EP = each phase;
feed costs are based on individual animal data in the selection groups. Feed costs differed between the phases:
pre-fattening EUR 0.25/kg, mid-fattening EUR 0.23/kg, finishing EUR 0.21/kg.

Out of 224 analogue and electronic ear tags, a total of 86 (38.4%) analogue and 15
(6.7%) electronic ear tags were torn out and could no longer be found in the pens. The
proportion of ear tags no longer firmly attached to ears was 57 analogue (25.4%) and seven
(3.1%) electronic ear tags (see Table 10).

Table 10. Remaining analogue and electronic ear tags during the fattening period.

Analogue Ear Tag Electronic Ear Tag
Day of Life n

A B A B
26 224 41 13 0 0
77 224 17 56 0 0
119 216 26 73 0 0
138 213 34 80 0 0
151 210 47 82 1 6
161 178 52 70 1 8
174 142 42 59 5 10
182 60 20 24 5 7
188 41 16 14 6 5
199 12 7 5 4 2
210 5 3 2 1 1

n = sample size; A = number of pigs with an ear tag no longer firmly attached to the ear; B = number of pigs with
a missing ear tag.
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A total of 202 pigs were delivered to the slaughterhouse, of which 187 had a functioning
electronic ear tag installed. Of these, 166 were automatically recorded and assigned at
the slaughterhouse, which corresponds to a selection rate of 88.8%. It is not possible to
know whether ear tags were lost during transportation to the slaughterhouse or during the
slaughter process. Since the pigs were weighed and electronically evaluated immediately
before transport, a defect in the ear tags can be ruled out.

Until the end of the selections, the fattening lasted 105 days, which corresponds to
approximately 3.5 months. The trial required 304 ear tag transponders (EUR 0.48/ear
tag transponder) and a handheld reader with compatible software (EUR 117.53/month).
For applying ear tags (including data collection), 1.82 min per pig was required, which
corresponds to a total of 9.22 h. In the fattening unit, a total of 1295 individual animal
weighings were performed, which took approximately 1.27 min per pig, corresponding
to a total of 27.41 h. With an assumed gross hourly wage of EUR 18, the total cost was
EUR 1217.87. In relation to all initially marked animals (n = 304), this corresponds to EUR
4.06 per pig. When considering only the animals housed in the fattening pen (1 = 224), a
cost of EUR 5.44 per pig was incurred.

4. Discussion

The present study aimed to evaluate the use of IAI in fattening pigs under field
conditions. A prerequisite for this is always the clear identifiability of animals, which
is why ear tag losses should be kept as low as possible. In relation to all 224 housed in
pigs, the total ear tag losses in this study were particularly high, with a total of 38.4% for
the analogue ear tags compared to 6.7% for the ear tag transponders. Furthermore, an
additional 25.4% of analogue ear tags and only 3.1% of transponders were no longer firmly
in the ear. The results indicate that the rectangular analogue ear tags have a much poorer
hold in the ear than the round electronic ones. Since the application of all ear tags was
performed by the same person under the same conditions, differences in applying were
ruled out. In contrast, loss rates of 44.9% for ear tag transponders and only approximately
1% for analogue tags were previously recorded [25]. It is striking that in both the present
study and a study by Caja et al. [25] the larger ear tags were more prone to losses. This
suggests that losses are not necessarily related to the type of ear tag, but rather to its size,
texture, and colour. This opinion is supported by several studies [17,26,27]. In summary, it
can be assumed that the analogue, white, and rectangular ear tags have a stronger appeal
to pigs than the electronic, yellow, and round transponders. It should be critically noted
that all ear tags in the trial were applied on the first day of life. Of all the losses of ear tags
applied on the first and 14th day of life, 79% of all lost ear tags were applied on the first day
of life [17]. Moreover, the results indicate that with higher age, the relative ear tag losses
increase. It must be considered that pigs with high growth performance were selected for
the trial. The losses would likely be even higher among pigs that grow less rapidly and
thus reach slaughter weight later in life. Thus, the risk of loss for the farmer increases with
every day the pigs are kept longer in a barn.

Therefore, in future studies, analogue ear tags or transponders that are as small and
inconspicuous as possible should be selected. Furthermore, data collection from the first
day of life should be dispensed with in favour of better ear tag retention over the course of
a pig’s life, which is made possible by ear tag collection at a later stage.

One problem that is not apparent from the results, but nevertheless causes problems, is
the electronic registration of individual animals. It is possible that the desired transponder
is not recorded, with another one being recorded instead. Even separation on animal
scales does not reliably prevent false scans. It is possible that animals standing alone on a
scale for individual weighing can be scanned as another animal, despite the other animals
being more than one metre away. Notably, in contrast to low-frequency technology, UHF
technology allows multiple scans of different transponders over a greater distance [28]. If
half-duplex system (HDX) or full-duplex system (FDX) transponders are used, these errors
might not occur.
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The results indicate that only 88.8% of the animals delivered with functioning ear
tag transponders were automatically registered at the slaughterhouse and assigned to a
carcass. This is not a satisfactory result on which to rely. It should be noted that small
proportions of ear tags are also lost during transport to the slaughterhouse or at the
slaughterhouse [25,29,30], which was not recorded in the trial.

Regarding zootechnical parameters, the results of the study show that the average
feed intake of the castrates in the trial was always significantly higher than that of the
females. This illustrates the different nutritional needs of the individual animals [24]. In
the future, three models are conceivable for more targeted feeding. One possibility is to
regularly form new groups, which is associated with stress and increased aggression in the
animals [31]. The second possibility is to register the animals individually at a sorting gate
(“sensor-controlled digitisation in the barn”) and to direct them to an appropriate feeding
pen with the right feed, which then leads back to the large group. The most modern—but
also most demanding—variant is to mix an individual ration for each animal according
to its current needs. Coupled with multi-phase feeding, this places high demands on
management but also enables additional feed cost reductions of up to 10% [32].

It has been shown that females grow more slowly during fattening and that they are
unable to make up this difference over the fattening period and with increasing age when
compared to castrates. This corresponds to the data of Shull [33]. Consequently, if the
marginal cost of growth at the end of fattening is higher than the marginal revenue, the
farmer should consider the early culling of females to maximise profit. This was confirmed
by Hilgers et al. [34], who noted that higher slaughter weights can lead to reduced revenue
per kilogram of carcass.

The delivery notes of the entry and exit weights of the study showed daily gains of
945 g for the regularly housed animals in this fattening cycle. The individual animal data
showed individual values of up to 1.78 kg per day. The highest values occurred towards the
end of the fattening period. Notably, the live weight (i.e., the basis for calculating weight
gain) is influenced by the time of weighing during the day. As such, a pig weighed in the
afternoon can be up to 1.5 kg heavier than when weighed in the morning [35].

Selections Made during Fattening Based on Body Weight

The second objective was to demonstrate the economic savings potential of using IAIL
Based on the premise of this research (i.e., that the savings per pig are linearly dependent on
the difference in fattening days (EUR 0.766 per final fattening day, of which EUR 0.63 was
for feed alone)), the highest savings were observed for the selection groups with the greatest
reduction in average fattening duration. This was achieved through early and intensive
selections.

As can already be assumed from the correlation between weight at the 77th day of
life and age at slaughter (p < 0.01; r = —0.688), the selection S577/10% had a strong effect
and resulted in an average savings of EUR 3.50 per female and EUR 4.36 per castrate. This
implies that if only female animals or castrates had been housed, which had not been
selected by S77/10% with age and weight, an amount of EUR 3.50 and EUR 4.36 per animal,
respectively, would have been saved in fattening. With the number of animals housed in
the trial of 112 animals each, this corresponds to EUR 392 for the females and EUR 488 for
the castrates. In relation to the entire unit with a total of 1500 fattening places, savings of
EUR 2625 and EUR 3270, respectively, would be achieved. It is particularly striking that
in the case of the females, each selection led to a direct cost saving. Even selection on the
182nd day of life resulted in a savings of EUR 0.25 for the remaining animals. This situation
was different for the castrates. Here, particularly late and weak selections did not result in
any savings. Thus, under the observed conditions, a selection of female animals should
always be considered. From an economic perspective, this implies that weak-growing
females should not necessarily be fattened up to the target weight. Notably, this decision
should be based on current feed costs and the market returns to be achieved. If feed costs
and market revenues are high, early culling is particularly reasonable.
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When calculating the sums of the feed costs for the growth of the selection groups
based on the individual animal data, it became apparent that these hardly differ across
all selection groups within the sexes. Although the total feed costs and weight increases
varied greatly, the corresponding quotient was nearly the same. With a total increase of
90 kg as an example, a maximum difference of EUR 0.99 per fattening pig would result.
Generally, the cost of this increase and the range of the selections tended to be EUR 0.596 to
EUR 0.581 higher among the castrates; thus, a maximum difference of EUR 1.35 is given
per castrate with an increase of 90 kg. Even if the difference seems small at approximately
one euro each, this is an important potential saving when considering the large number of
pigs fattened.

The result indicating that selection on only day 138 of life had the lowest feed costs
per kg gain among female animals may be surprising. Even selection at each stage or
at housing with 10% each had higher feed costs per kg of gain. Only selection at each
stage was slightly cheaper than selection on the 138th day of life. It is striking that, in the
calculation of costs, selection group S77/10% had slightly higher costs than selection group
5151/10%. Therefore, early and strong selection is not always beneficial.

The relevance of possible savings for pig farmers becomes clear with slaughter prices
of EUR 1.20 per kg of carcass weight in Germany in October 2021 [36]. With a carcass weight
of approximately 90 kg, this corresponds to revenue of approximately EUR 108, provided
that no further deductions are made. After deducting direct costs for the purchased piglets
and feed costs during fattening, most farms make a loss. Therefore, savings are an essential
method for sustainable pig farming.

The new information gained from this study can now be used by farmers to place
more targeted piglet orders (concerning growth potential) for their barns. When evaluating
the results, it should be noted that the live masses of animals selected according to 577/10%
were significantly higher at housing than that of the initial group. It is expected that
the desired piglets are purchased at corresponding price premiums. These have a direct
influence on the calculated savings. On the other hand, low-performing piglets would
be offered at a lower price. Notably, the marketing of these piglets could be particularly
difficult in times of surplus piglet supply. Consequently, it would no longer be in the
producer’s interest to have as many weaned piglets as possible [35]. Instead, healthy and
vital piglets with a high market value would be preferred. Additionally, the reduction of
litter size promotes higher piglet birth weight, which results in lower piglet mortality [37].

5. Conclusions

In conclusion, based on individual data sets, this study has shown that IAI has
enormous potential that can lead to high cost savings through targeted decisions.

Theoretically, the simplest way to individually identify pigs is by using ear tags (either
analogue or digital). However, the study has shown that these do not have a sufficient
hold; thus, high losses are possible. Therefore, this type of identification is not a practical
option. Further studies should be performed to enable the more reliable and cost-effective
identification of individual pigs.

As shown, it is unclear which selection intensity with which selection group makes
the most economic sense for farmers. It has been shown that the selections allow enormous
savings of up to about EUR 5.50 per animal. However, under selected circumstances,
the cost of recording (EUR 4.06/pig) is too high; thus, most of these savings are lost.
Nevertheless, further advantages can be expected from IAI, which will provide farmers
with valuable information on the growth of piglets and additional added value through
targeted marketing related to branded meat programmes.
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