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Abstract: The aim of the present study was to evaluate the effect of
implementing precision system for nutrition monitoring and management in a dairy
farm. The study was carried out in dairy farm with 200 cows, located in North
Bulgaria. It has been established that after the introduction of precise technology
for monitoring and managing nutrition in the dairy cattle farm, an increase in milk
productivity was observed, as well as a decrease in the amount of bulky and
concentrated feed used, and fuel consumed on the farm. Evidence shows that the
integration of digital technologies in dairy farming can lead to more efficient use of
resources, increase productivity and reduce some negative environmental impacts.
Although the optimization process is likely to be slow, the data demonstrate the
potential of digital technologies to transform modern dairy farming and its role in
achieving sustainable development in the sector.
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Introduction

Dairy farming provides a daily source of raw materials for the dairy
industry and income, creating employment opportunities not only on farms but also
in the transport, milk processing and agricultural supply and service sectors. Due to
the increasingly high requirements for the production of quality milk, decision-
making in modern dairy farming is becoming more and more complex and difficult
(Mourits, 2000). Slavova et al. (2022), noted the ever-increasing demands of
society to mitigate the negative effects on the environment, as a result of the
breeding of dairy cows. The crises of various nature in recent years have also had a
serious negative impact, leading to a significant increase in production costs -
fodder, electricity, energy carriers, etc. According to many authors, the introduction
of systems for precision dairy farming (PDF) contributes to increasing production
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results and recently they are increasingly used (Borchers and Bewley, 2015; Rutten
et al., 2018; Halachmi et al., 2019).

Precision animal husbandry involves the use of digital technologies and
aims to improve production and reproduction, animal welfare and facilitate the
targeted use of resources to reduce the impact on the environment and human
health through the precise control of processes (Popova et al., 2024). It contributes
to the proper management of large groups of animals, improving profitability, farm
efficiency and minimizing environmental impact (Kaur et al., 2024). The efficiency
of a dairy cow farm is related to many factors. The desire of every owner is to
simultaneously improve them and increase profitability exponentially, which is
difficult to achieve. A number of researchers (Dijkhuizen et al., 1995; Tauer and
Mishra, 2006; Stankov, 2020) conclude that, for complex reasons, determining the
financial value of the technical effects of one or more changes in input factors that
occur simultaneously is a very complex task. Sova et al. (2014) and Souza et al.
(2022) specify that in order to feed animals more efficiently and increase their
profitability, the use of a precise ration formulation and tracking system for
accurate and mixing is necessary. According to Bach et al. (2020), in order to
optimize the economic return by increasing the average daily milk yield on the
farm, even small variations in the amount of feed used in the preparation of the
complete ration mixture should be avoided. In long term, this leads to the provision
of excess nutrients and their inefficient utilization. Rossow and Aly (2013) found
that a change in the ratio of bulk and concentrate forages led to an increase or
decrease in the amount of lignin in the complete ration mixture, which affected
milk yield.

Hristov and Martins (2022) describe precision feeding as practices that aim
to deliver nutrients without exceeding or failing to meet animal nutritional
requirements. According to them, in feeding dairy cows, precision would be about
controlling the uniformity of nutrient intake to meet the animal's requirements.
Despite the potential benefits, PDF systems are not yet widely implemented
(Russell and Bewley, 2013; Chavas and Nauges, 2020). In recent years, part of the
country's dairy cattle farms have implemented systems for precission dairy
management, which monitor and manage nutrition and track the quantities of input
raw materials, errors made and deviations from the set ration, as well as report the
amount of complete ration mixture distributed by groups.

The aim of the present study was to evaluate the effect of precise system
for nutrition management implemented in dairy farm.
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Material and Methods

The study was conducted in a dairy cattle farm located in North Bulgaria
with a capacity of 200 dairy cows. At the end of December 2020 precision system
(Intouch, Alltech) for nutrition monitoring and management has been introduced on
the farm. The system works by combining a control device, a software platform
and a mobile device to provide a holistic system for tracking and managing
nutrition in dairy farms. The controller tracks the weighting, mixing of ingredients,
and provides real-time feedback. Main software components are represented by
software for nutrition management and monitoring, analytical tools for data
processing and recommendation generation, mobile and web applications for
remote user access. A mobile device allows users to access and interact with the
system through a mobile application that enables remote monitoring and control of
processes. The feed control and management system has been developed in
collaboration with Intel and its purpose is to ensure that optimal efficiency is
achieved in the use and management of feeds during their feeding to animals.

For the purposes of this study, the following indicators are taken into
account:

- average daily milk yield based on 305 days of lactation, in liters;
- amount of concentrated and roughage per lactating cow per day;
- spent fuel per lactating cow per day;

- number of doses per inseminated cow.

The data for quantitative indicators were obtained from the primary
accounting records of the farm for the period 2020-2024. Primary accounting
includes the collection and recording of all financial transactions and farm
operating data, such as income and expense journals, records of production,
material and labor costs, and other related documents. To process this data,
standard accounting methods were used, such as systematization of income and
expenses by category, compilation of journals and turnover sheet. The data were
processed using the software product IBM SPSS Statistics 19, and the MS Excel
software package was used to prepare the graphs.

Results and Discussion

Fig.1 presented the change by year of the quantitative indicators of average
daily milk yield, roughage and concentrated feed for the period 2020-2024. The
average daily milk yield shows a gradual increase. In 2020 (before the introduction
of the precision system) it was 24.48 |, which is a baseline value for the analysis. In
the following year, the value of this indicator increases to 26.24 I, which is an
increase of 1.76 | or approximately 7.2% compared to 2020. In 2022 values
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continued to rise, reaching 26.64 I, an increase of 0.40 | or about 1.5% from 2021
In 2023 average daily milk yield reached 26.74 I, which is an increase of another
0.10 | or approximately 0.4% compared to the previous year. For 2024 the value is
slightly lower than that of 2023 - 26.69 I, which means a slight decrease of 0.05 1 or
about 0.2%. Roughage used in 2020 are in the amount of 35.37 kg. In the following
years, a continuous decrease was observed: to 32.14 kg in 2021 (down 9.07%), to
30.72 kg in 2022. (by another 4.27%), and up to 29.79 kg in 2023 (by 2.98%).
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Figure 1. Changes in average daily milk yield and amounts of roughage and concentrated feed during
the study period.

In 2024 the volume of feed reaches 29.45 kg, the decrease compared to
2023 is another 1.18%. Concentrated feed also follows a gradual decreasing trend,
from 12.35 kg in 2020 to 11.71 kg in 2023, as in 2024 the value slightly increases
to 11.74 kg. The percentage change for the period is as follows: from 2020 to 2021
there is a decrease of 1.83%, from 2021 to 2022. — by 2.07%, from 2022 to 2023. —
by 0.33%. In 2024 value increases by 0.26% compared to 2023. The graph shows
that in the period 2020-2023 an increase in the average daily milk yield was
observed, accompanied by a decrease in the amount of roughage and concentrated
feeds. This corresponds to innovative approaches in the feeding of dairy cattle
breeding, among which precision feeding systems occupy an increasingly
important place. According to Boscoa et al. (2021), these systems have the
potential to significantly improve milk yield by optimizing nutrient intake and
increasing feed utilization efficiency. van Empel et al. (2016) point out that
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precision nutrition allows to precisely meet the needs of animals, thereby
increasing their productivity and reducing environmental pollution. Hunt (2024)
adds that precision feeding involves accurately measuring and delivering the
required amount of feed, minimizing residues and increases milk yield. On the
other hand, according to Fischer et al. (2020), precise feed restriction is an effective
strategy to reduce inter-cow variation in feed efficiency. This does not disturb the
lactation or the growth of the animals, on the contrary, it leads to a more efficient
use of resources and improves profitability in dairy farming. As a result, farmers
achieve lower feed costs, increased productivity and increased income. This
integrated strategy for nutrition optimization and resource management offers
prospects for sustainable development of the sector.

Fig. 2 shows the change by year of the consumed fuel (I/cow/day) and the
average daily milk vyield (l/cow/day), in the period before and after the
implementation of the system.

2020 2021 2022 2023 2024
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Figure 2. Changes in fuel used (l/cow/day) and average daily milk yield (I/cow/day)

When considering the data for the period 2020-2024 for the fuel consumed,
a stable tendency to decrease the values of the indicator measured in liters per cow
(I/cow/day) is observed. The values of this indicator decrease from 0.675 l/cow/day
in 2020 to 0.612 I/cow/day in 2024, which represents a total decrease of 9.33% for
the considered period. In the period 2020 and 2021, the most significant decrease is
reported - by about 5.19%. From 2022 to 2024, the values stabilize with a minimal
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change, and the final decrease in this period is about 0.16%. This trend corresponds
with the introduction of precision technology in 2020, which is aimed at optimizing
animal feeding processes, which leads to more efficient use of energy carriers.

The figures show that the introduction of the precision management
technology resulted in a significant reduction in fuel costs by 9.33% and an
improvement in milk productivity by around 9% over the period. Precision feeding
systems on dairy farms play an important role in reducing fuel costs by improving
feed efficiency. A similar conclusion was reached by Buckmaster (2009) that by
optimizing the performance of the mixer, the fuel used is reduced due to the
accurate and efficient observance of the order of mixing the ingredients. In
addition, precision systems contribute to the reduction of feed waste and reduce the
negative impact on the environment (Pavlova et al., 2025). This is achieved by
providing optimal nutrients to the cows, which increases the overall profitability
and sustainability of the farm. As a result, less fuel and feed is used to produce the
same amount of milk (Lawrence et al., 2015). According to research by Chase and
Fortina (2023), the optimization of the feed management contribute to a significant
reduction in the carbon footprint of dairy farms, making them more
environmentally friendly and sustainable in the long term.

Fig. 3 presents data on the average number of doses per insemination and
average daily milk yield. During the reporting period, a gradual decrease was
observed in the number of doses of seed material required for the fertilization of
one animal.
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Figure 3. Changes in average number of doses per insemination and average daily milk yield
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In 2020, this indicator was 3.46 doses, which in the following years
decreased to 3.33 in 2021, 3.12 in 2022, 3.09 in 2023 and 3.03 in 2024. In
numerical terms, this represents a decrease of about 0.43 doses or approximately
12.4% compared to 2020. On the basis of the data provided, it can be concluded
that precise feeding of animals optimizes metabolic processes and reproductive
function, which leads to a reduction in the required number of doses per
insemination and an increase in milk productivity. Several studies have found a
negative relationship between milk yield and fertility (Grimard et al., 2006;
Cutullic et al., 2012). This is partly explained by a negative genetic correlation
between milk yield and fertility (Pryce et al., 2004). The positive relationship
between high productive and reproductive performance, according to Lucy (2001),
can be related to more precise feeding of the animals. Precision nutrition also has a
significant impact on body condition assessment and energy balance (Maltz, 2013)
and is a major factor associated with improving reproductive performance (LOpez-
Gatius et al., 2003; Santos et al., 2004; Grimard et al., 2006). Schmidt (2022)
specifies that precision nutrition plays an important role in improving fertility by
providing the necessary amount of energy, proteins, vitamins and minerals that are
included in the ration.

Because the study was based on the number of doses used per insemination
and did not account for the multiple factors responsible for reproductive
performance, the results should not be used as definitive proof of any particular
theory. Instead, these results can be used as a rationale for further studies on the
critical topic of the effects of nutrition on reproduction in lactating dairy cows.

Conclusions

Based on the obtained results, it can be concluded that after the
introduction of the precise technology for monitoring and management of nutrition
in the dairy cattle farm, an increase in milk productivity is observed, as well as a
decrease in the amount of used roughage and concentrated feed, fuel consumed in
the farm. Evidence shows that the integration of digital technologies in dairy
farming can lead to more efficient use of resources, increased productivity and
reduced some negative environmental impacts. Although the optimization process
is likely to be slow, the data demonstrate the potential of digital technologies to
transform modern dairy farming and its role in achieving sustainable development
in the sector.
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