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Abstract

Smart feeding technology applies sensors, automation and data analysis to deliver nutrients more precisely to
individual animals or groups. Conventional feeding often uses average requirements, although animals differ in
body weight, production level, health status, feed intake and stage of growth or lactation. Precision systems can
combine milk yield, live weight, activity, rumination, feed-bin data and ration composition to guide feeding
decisions. Automated concentrate feeders, electronic identification, robotic feeding, near-infrared feed analysis and
decision-support software can reduce ration variation and help match nutrient supply with changing demand. The
main goal is not simply to automate feed delivery, but to improve feed efficiency, maintain rumen and metabolic
health, reduce nutrient wastage and identify abnormal intake early. Smart systems are especially useful in dairy and
intensive livestock units where large numbers of animals make continuous individual observation difficult. Their
value depends on accurate calibration, reliable internet and power supply, clean sensors, good-quality feed and staff
who understand how to interpret alerts. When introduced gradually and combined with sound nutrition, smart
feeding can support productivity, animal welfare and environmental efficiency by reducing overfeeding and
improving the use of costly feed resources.
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not simply to increase the amount of feed
offered. It is to deliver the right quantity and
quality of nutrients at the right time while
reducing unnecessary variation, wastage and
labour. When nutrient supply is better matched

Introduction

Feed is usually the largest variable cost in
livestock  production, so even small
improvements in feed conversion can influence

profitability. At the same time, feeding has
direct effects on animal health, reproduction,
growth, milk production and product quality.
Conventional feeding programmes are often
designed around average requirements for a
group, yet animals within the same group may
differ in body weight, stage of lactation, age,
health status, appetite and productive potential.
This creates a gap between what an individual
animal needs and what it actually receives.
Smart feeding aims to narrow that gap by
combining accurate ration formulation with
electronic identification, sensors, automated
delivery and digital records. The objective is
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to requirement, farms can make more efficient
use of costly ingredients and may also reduce
avoidable excretion of nitrogen and
phosphorus. Smart feeding therefore links
economic efficiency with health, welfare and
environmental management. However,
technology is useful only when basic feeding
principles are already sound. Clean water,
good-quality forage, balanced rations, adequate
bunk space and consistent daily routines remain
the foundation on which any precision system
must operate.

The technology ranges from relatively
simple tools, such as electronic weighing scales
and mobile ration software, to integrated
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systems  that adjust concentrate
allowance or feed delivery using production
and behavioural information. Automated calf
feeders, RFID-based concentrate stations,
robotic feed pushers, electronic feed bins, near-
infrared feed analysis and decision-support
programmes all fall within the broad concept of
smart feeding. Some systems collect data
continuously, while others provide periodic
measurements that improve ration adjustment.
The practical value of these systems is greatest
when data are converted into specific
management actions. A change in feed intake,
for example, may prompt a health check, while
a change in forage dry matter may require
adjustment of mixer loading to maintain the
intended nutrient concentration. Smart feeding
should therefore be viewed as a management
tool rather than a replacement for a nutritionist,
veterinarian or experienced stockperson.
Accurate ration formulation and feed quality
remain essential, and automated equipment
must be calibrated and maintained. Staff must
also understand what the information means
and know when an alert requires action. The
best systems reduce uncertainty and improve
consistency; they do not remove the need for
direct animal observation. Successful adoption
is usually gradual, beginning with a clearly
defined feeding problem and selecting
technology that addresses that problem without
making the daily routine unnecessarily
complicated.

From Group Feeding to Precision
Feeding

Traditional group feeding assumes that
animals of similar age, body size or production
have broadly similar nutrient requirements.
This approach is practical and will remain
important on many farms, but it can overlook
substantial variation within a group. A recently
calved dairy cow, a mid-lactation cow and an
animal approaching the dry period may have
very different energy and protein needs even
when they are housed together. Similarly,
growing animals may differ in live weight,
growth rate and feed conversion despite being
the same chronological age. Precision feeding
attempts to reduce this mismatch by using
smaller management groups or individual
information to align nutrient supply more
closely with changing demand. The process
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begins with reliable animal identification and
accurate measurement. Production records,
body weight, body condition, days in milk,
growth rate and previous intake can all
contribute to the feeding decision. Grouping
strategies can then be refined so that animals
with similar requirements receive a more
appropriate ration. Individual supplementation
may be added where electronic feeders are
available. This approach can reduce the
tendency to overfeed low-requirement animals
simply to ensure that high-producing animals
receive enough nutrients. It can also help
identify animals whose intake or performance
is not consistent with their group, prompting
closer examination for health, social or
management problems.

In dairy herds, milk yield, days in milk,
body condition and activity can inform
concentrate allocation, but these indicators
should be interpreted together rather than in
isolation. A sudden fall in milk may reflect
disease, heat stress or feed-quality change
rather than a need for more concentrate. In
growing animals, live weight and growth rate
can support phase feeding so that nutrient
density changes as animals mature. The benefit
of precision feeding is greatest when feed
delivery is consistent and changes are gradual
enough to avoid digestive disturbance. Animals
require time to adapt to major ration changes,
particularly when fermentable carbohydrate or
forage characteristics change. Precision
therefore means controlled adjustment, not
frequent unpredictable alteration. Good
grouping also depends on adequate access to
feed and water. If bunk space is limited,
dominant animals may consume more than
intended while timid animals eat less, reducing
the value of a carefully formulated ration. Feed
push-up, feeding frequency and stable group
composition can help reduce competition.
Farms should also monitor refusals and sorting,
because the ration delivered may differ from the
ration actually consumed. Precision feeding is
therefore a combination of formulation,
delivery, access and verification. Technology
can improve each step, but the whole feeding
system must be evaluated so that one
improvement does not create a new problem
elsewhere.
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Electronic Identification and
Automated Feeders

Radio-frequency identification allows a
feeder to recognise an animal and link feeding
events with a unique record. In an electronic
concentrate station, the system can control how
much supplement an animal receives during a
defined period and can divide the allowance
into several smaller meals. This may help
prevent rapid consumption of a large amount of
concentrate and can reduce competition where
equipment is properly designed. The same
identification can be linked with milk yield,
body weight, health events or reproductive
status, allowing feeding decisions to be based
on more than one source of information.
Automated calf feeders use similar principles to
provide milk or milk replacer while recording
meal size, drinking speed, frequency of visits
and missed meals. These data can be useful
because changes in feeding behaviour may
occur before obvious clinical signs. Electronic
systems can also create more consistent records
than manual estimation, especially on larger
farms. However, identification alone does not
guarantee correct feeding. Tags must be read
reliably, animals must be able to access the
station, and the allowance settings must reflect
an appropriate nutritional plan. The system
should also prevent one animal from displacing
another during feeding. Regular review of
access patterns can reveal timid animals,
equipment bottlenecks or settings that
unintentionally restrict intake.

Automatic systems need regular cleaning,
calibration and visual inspection. Feed bridging
in hoppers, inaccurate scales, worn augers,
damaged identification tags, blocked gates or
poor feeder placement can create misleading
records or incorrect feed delivery. If the
software reports that an animal has received its
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allocation but the mechanism has delivered less
than expected, production and health may
decline before the error is noticed. Daily visual
checks therefore remain necessary. Staff should
compare electronic records with what they
observe at the feeder, including feed level,
animal behaviour, refusals and equipment noise
or blockage. Calibration should follow
manufacturer guidance and should be checked
whenever feed density or physical form
changes enough to affect delivery. Hygiene is
particularly important in automated calf feeders
because milk residues can support microbial
growth. Lines, nipples and mixing units require
scheduled cleaning, and water temperature and
powder concentration should be monitored.
Backup procedures are also important because
animals still need to be fed during power,
network or equipment failure. A practical
smart-feeding plan should specify who is
responsible for checking alarms, who can
change settings and how problems will be
documented. Clear responsibility prevents
technology from becoming a source of
confusion. Automation should make feeding
more dependable, but dependable automation
requires routine maintenance just as
conventional feeding equipment does.

Table 1. Smart feeding technologies and their main
uses.

Technology Main use

RFID-based concentrate
feeder

Individual identification, controlled
supplement allocation and visit records.

Milk/replacer delivery with intake, drinking

Automated calf feeder . .
speed and missed-meal monitoring.

Near-infrared feed
analysis

Rapid estimation of forage dry matter and
selected nutrient characteristics.

Rumination/activity
sensor

Indirect assessment of feeding behaviour,
health and response to diet changes.

More frequent feed access and reduced

Robotic feed pusher labour for bunk management.

Ration management
software

Links formulation, inventory, mixing and
animal-performance data.

Feed Analysis and Ration Consistency

Near-infrared spectroscopy and other rapid
on-farm testing methods can estimate dry
matter and selected nutrient characteristics of
forages. This is valuable because silage
moisture can change substantially with rainfall,
storage conditions, face management or
movement within a bunker. If a ration is mixed
on an as-fed basis without correcting for
changes in dry matter, animals may receive too
much or too little forage and concentrate even
though the loading weights appear correct.
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Regular dry-matter assessment helps
maintain the intended ratio of ingredients.
Laboratory analysis remains important for
detailed nutrient formulation, but rapid tools
can provide timely information between
laboratory tests. Feed sampling technique is
equally important because a poor sample can
produce a precise but unrepresentative result.
Samples should reflect the material actually
being fed, and results should be interpreted in
the context of changes in intake, milk
production, manure and body condition. Smart
feeding therefore begins with better knowledge
of ingredient quality. It cannot correct an
inaccurate ration if the nutrient composition
entered into the software is wrong. Forage
management, storage, spoilage control and
consistent face removal remain essential.
Digital tools are most useful when they improve
the speed with which genuine feed changes are
detected and translated into revised mixing
instructions.

Feed management software can combine
laboratory results with inventory, formulation
and mixing instructions. Some systems also
record what was actually loaded into the mixer,
the order in which ingredients were added and
the amount delivered to each pen. This creates
a useful distinction between the ration that was
formulated and the ration that reached the
animals. Differences between these two can
arise from loading error, scale drift, ingredient
substitution, moisture change or incomplete
mixing. Tracking such variation helps explain
why milk yield or growth may change even
when the formulation on paper has remained
unchanged. Software can also support feed
inventory management by showing how
quickly ingredients are being used and by
warning when stocks are running low. This may
reduce emergency ration changes caused by
unexpected shortages. For the system to remain
useful, ingredient names, dry matter values and
prices must be updated, and staff should avoid
creating duplicate or outdated records. Data
should be reviewed at practical intervals rather
than collected without purpose. A simple daily
report on loading accuracy, feed refusal and
group performance may be more valuable than
a large dashboard that no one examines. The
goal is to make ration consistency visible so that
deviations can be corrected quickly. When
formulation, mixing and performance data are
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connected, nutrition decisions become easier to
evaluate and feeding changes can be made with
greater confidence.

Sensors for Intake, Rumination and
Behaviour

Accelerometers, rumination collars, ear
tags and camera-based systems can generate
continuous information about activity, feeding
behaviour and rumination. These measures are
attractive because direct observation of every
animal throughout the day is impossible on
most farms. A sudden decline in rumination or
feeding time may indicate illness, lameness,
heat stress, social disturbance or a ration
problem. In dairy animals, combining
behavioural information with milk yield and
days in milk can make an alert more meaningful
than using one signal alone. In growing
livestock, automated weighing and feeder visits
can show whether growth and intake are
progressing together. Camera systems may also
estimate body size, position at the feed bunk or
group behaviour without requiring physical
contact. The strength of sensor-based feeding is
not that it provides a diagnosis, but that it
identifies animals or groups that deserve
attention. An alert should therefore start an
investigation. Workers may check the animal’s
temperature, gait, udder, manure, appetite,
water access and recent ration changes before
deciding what action is appropriate. If
technology is used this way, it can help shift
management from late reaction to earlier
detection. However, behavioural baselines
differ among farms, breeds, housing systems
and production stages, so interpretation must
account for local normal patterns.
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Algorithms should be adjusted to the
farm’s normal pattern and should be reviewed
when management changes. High false-alert
rates reduce confidence and may cause workers
to ignore warnings, while thresholds that are too
insensitive can miss important changes. Farms
should define who receives each alert, how
quickly it should be reviewed and what follow-
up is expected. A rumination alert might lead to
visual inspection and feed-bunk review, while a
missed-feeding alert in a calf may require an
immediate check of both the calf and the feeder.
Sensor data are also valuable at group level. If
many animals show lower rumination after a
new forage lot is introduced, the problem may
be related to ration characteristics rather than
individual disease. Similarly, a group-wide fall
in feeding time during hot afternoons may
indicate inadequate cooling. Data should
therefore be interpreted in relation to events
such as feed changes, regrouping, weather,
vaccination or equipment maintenance. Staff
training is important because numerical alerts
can appear authoritative even when the
underlying data are incomplete. Sensors can
fail, tags can be lost and cameras can be
obstructed. Human observation remains the
final safeguard. The best use of behavioural
technology is to direct attention efficiently,
support trend recognition and provide an
objective record that complements, rather than
replaces, skilled stockmanship.

Automatic Mixing and Robotic Feed
Delivery

Robotic feed kitchens, autonomous mixing
systems and robotic feed pushers can reduce
repetitive labour and increase the frequency
with which fresh feed is available. More
frequent delivery may encourage smaller,
regular meals and can help subordinate animals
gain access when bunk space is adequate.
Automated feed push-up can also reduce
periods when feed is physically out of reach,
particularly after animals have sorted or pushed
the ration away from the bunk. In systems that
prepare complete rations automatically,
ingredients can be weighed and mixed several
times per day according to programmed
schedules. This allows different groups to
receive feeds matched to their production stage
without requiring the same amount of manual
mixer operation. Automation may also improve
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consistency when labour availability is limited.
Nevertheless, the quality of the ration still
depends on ingredient quality, accurate scales,
correct mixing order and suitable particle size.
A robot can repeatedly deliver a poorly
formulated ration with great precision. For this
reason, automation must be integrated with
nutrition review and routine assessment of the
feed actually eaten. Operators should inspect
the ration for sorting, heating, spoilage and
moisture changes and should compare
delivered amounts with refusals. The
technology is most valuable when it supports a
well-designed feeding programme rather than
attempting to compensate for weaknesses in
forage management.

Automation should not compensate for
overcrowding, inadequate bunk design or poor
cow flow. If animals cannot reach the feed
comfortably, more frequent delivery will not
solve unequal access. Mixing order, particle
length and ration moisture still determine
whether animals can sort ingredients and
whether each mouthful resembles the
formulated diet. Equipment maintenance and
backup plans are necessary because feeding
delays can affect high-producing animals
quickly. Farms should know how feed will be
mixed and delivered if a robot, scale, network
or power supply fails. Critical spare parts and
access to technical service may be as important
as the purchase price of the equipment.
Cleaning schedules should include mixers,
conveyors, feed kitchens and areas where moist
ingredients accumulate. Automated systems
can also generate large amounts of operational
data such as mixing time, delivery time and
loading accuracy. These records are useful for
identifying recurring deviations, but only if

someone reviews them. A  practical
management routine might include a daily
equipment check, a weekly review of

deviations and a periodic comparison between
feed delivered, feed refused and animal
performance. Changes in software settings
should be documented so that unexpected
production responses can be traced. Well-
managed robotic feeding can improve labour
efficiency and consistency, but it should remain
transparent enough that workers understand
what the system is doing and can intervene
safely when necessary.
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Table 2. Converting feeding data into
management action.

Observed change Possible follow-up

Check illness, lameness, heat stress, water,

Sudden intake decline feed freshness and equipment function.

Review fibre, sorting, acidosis risk and

Lower rumination clinical health.

Assess ration palatability, dry matter
change, over-delivery and bunk
management.

High feed refusal

Milk falls after ration
change

Confirm mix accuracy, ingredient quality
and gradual adaptation.

Uneven growth within
group

Review grouping, feeder access, health and
nutrient density.

Check tags, gates, scales, calibration and

Repeated feeder alarms >
network connectivity.

Feed Efficiency and Environmental
Benefits

Precision feeding can improve nutrient-use
efficiency by avoiding routine oversupply.
Protein  supplied  substantially = above
requirement increases feed cost and can
increase nitrogen excretion without a
proportional improvement in production.
Likewise, excessive phosphorus may raise
excretion while providing little benefit when
the animal’s requirement is already met. Better
matching of nutrients to demand therefore has
both economic and environmental value. In
dairy production, grouping cows by production
stage or using individual concentrate allocation
can reduce the need to formulate every ration
for the highest-producing animal in the pen. In
growing animals, phase feeding can lower
nutrient density as requirements change with
age and body weight. Smart systems can make
these adjustments more timely by using current
production or growth data. Feed wastage is
another important part of efficiency. Accurate
delivery, stable bunk management, suitable
storage and monitoring of refusals can reduce
losses before nutrients ever reach the animal.
Environmental performance should not be
judged from a single indicator, because changes
in feed efficiency may influence manure output,
land use and total production differently. The
practical goal is to produce milk, meat or
growth wusing nutrients efficiently while
maintaining health and welfare. Precision tools
can support this by making nutrient supply
more responsive, but they work best when
ration formulation is based on realistic
requirements and ingredient composition rather
than on generous safety margins that become
permanent overfeeding.
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Feed efficiency should be interpreted
carefully. A temporary increase in milk or
weight gain relative to feed intake may reflect
mobilisation of body reserves, dehydration or
short-term changes rather than true biological
improvement. Long-term evaluation should
therefore include production, growth, fertility,
body condition and health. In dairy animals,
high milk output accompanied by excessive
body-condition loss may not represent a
sustainable improvement. In growing livestock,
rapid gain should be considered together with
feed cost, health and uniformity. Smart feeding
systems can help by linking intake information
with body weight, milk yield or other
performance measures, allowing managers to
distinguish persistent trends from daily
variation. Economic efficiency should also be
calculated using current ingredient prices, since
a ration that improves biological feed
conversion may not always reduce cost if it
relies heavily on expensive inputs.
Environmental efficiency can be improved
when nutrients are used more completely and
less is excreted, but this depends on overall diet
balance. Health remains central because sick or
lame animals often eat less and convert
nutrients differently. A fall in feed efficiency
may therefore be an early sign of a health or
management problem rather than a feeding
problem alone. The most useful interpretation
combines nutrition, animal status and
economics, using several weeks of data where
possible instead of reacting to isolated daily
values.

Challenges and Adoption

Capital cost, connectivity, training and data
ownership are important considerations when
adopting smart feeding. Large automated
systems may be attractive, but the most
expensive option is not automatically the most
appropriate. Small and medium farms may
obtain substantial value from simpler
technologies such as reliable electronic scales,
feed-analysis tools, mobile ration software,
individual animal identification or automated
weighing. Investment should be based on the
specific constraint the technology is expected to
solve. If the major problem is inconsistent
forage dry matter, a rapid testing and ration-
adjustment system may provide more benefit
than a robotic feeder. If labour is limiting,
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automated mixing or feed push-up may
be more relevant. Before purchase, farms
should consider installation requirements,
power  stability, internet  connectivity,
maintenance cost, software fees, spare parts,
technical support and compatibility with
existing equipment. Data ownership and access
should also be understood, particularly when
information is stored on external platforms.
Farmers should know whether they can export
their records and what happens if they change
vendors. A realistic financial assessment should
include expected labour savings, feed savings,
production benefits and service costs rather
than relying only on promotional claims.
Technology is easier to justify when it has a
clear role in the farm’s management plan and
when its success can be measured using agreed
performance indicators.

Successful adoption requires clean data,
calibration and staff confidence. A system
should be piloted and compared with existing
performance before major management
changes are made. Workers need to understand
how to use the equipment, recognise common
errors and respond to alerts. Vendor support and
access to local technical service are important
where feeding cannot be delayed for long.
Farms should also avoid changing several
factors at once, because simultaneous changes
in feed source, grouping and automation make
it difficult to identify the cause of a production
response. Data should be checked periodically
for missing animal IDs, unrealistic weights,
duplicate records or incorrect ration values.
Access to critical settings should be controlled,
particularly when equipment is connected to
networks. Most importantly, the technology
must fit the farm routine. A system that
produces excellent data but demands more time
than staff can reasonably provide may
eventually be ignored. Adoption is successful
when the tool improves decisions and remains
practical after the initial novelty has passed.

Conclusion

Smart feeding can improve livestock
productivity by making feed delivery more
consistent and responsive to animal needs.
Electronic identification, automated feeders,
rapid feed analysis, behavioural sensors and
robotic delivery can provide information that is
difficult to collect continuously by manual
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observation. Their greatest value is the ability
to connect feeding with measurable animal
response. A decline in intake can trigger an
early health check, a change in forage dry
matter can lead to a revised loading instruction,
and long-term production records can show
whether a feeding strategy is actually working.
Precision does not mean feeding every animal
differently at every moment. It means reducing
unnecessary mismatch between nutrient supply
and requirement while maintaining stability of
the digestive system and daily routine. The
practical level of precision will differ among
farms according to herd size, species, labour,
infrastructure and economic capacity. Simple
tools used consistently can be more valuable
than complex systems that are poorly
maintained. Therefore, the adoption pathway
should begin with sound feeding fundamentals,
a clearly defined problem and realistic
expectations about what technology can
improve.

The best results occur when automation is
combined with good forage, balanced ration
formulation, clean water, adequate feed access,
direct animal observation and regular
equipment maintenance. Precision should
improve decisions, not simply increase the
amount of data on the farm. Managers need
clear indicators and defined responsibilities so
that alerts and reports lead to timely action.
Smart feeding can also reduce unnecessary
nutrient oversupply and feed wastage, but these
gains should not compromise health,
reproduction or welfare. Future systems may
integrate more sources of information, yet the
basic principles remain the same: accurate
inputs, reliable measurement, appropriate
interpretation and practical action. A feeding
programme should be judged by the animal’s
response as well as by machine performance.
When technology addresses a genuine
management need and is supported by trained
staff, nutrition expertise and good husbandry, it
can become a useful component of sustainable
livestock production.

References

Banhazi, T. M., Babinszky, L., Halas, V., & Tscharke, M.
(2012). Precision livestock farming: Precision
feeding technologies and sustainable livestock
production. International Journal of Agricultural and
Biological Engineering, 5(4), 54-61.



Future Agriculture e-magazine

7 E-ISSN: 3048-4553 (Online)

Berckmans, D. (2017). General introduction to
precision livestock farming. Animal Frontiers, 7(1),
6-11.

Neethirajan, S. (2017). Recent advances in wearable
sensors for animal health management. Sensing and
Bio-Sensing Research, 12, 15-29.

National ~ Research  Council.  (2001).  Nutrient
Requirements of Dairy Cattle (7th rev. ed.). National
Academies Press.

Rutten, C. J., Velthuis, A. G. J., Steeneveld, W., &
Hogeveen, H. (2013). Sensors to support health
management on dairy farms. Journal of Dairy
Science, 96, 1928-1952.

Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M.-J.

(2017). Big Data in Smart Farming. Agricultural

Systems, 153, 69-80.

242

Popular Article

https://futureagriculture.co.in/



