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FOREWORD

The keeping of horses for leisure is an enjoyment for many and a professional occupation for over
150,000 Australians.

Horse numbers in Australia are increasing, fostered by the world class quality and performance of
our racing and equestrian horses, and the desire by many Australians to own or have access to a
horse.

RIRDC acknowledges the importance of the Australian horse industry as a major employer and
contributor to the Australian economy, and the need to maintain the world competitive status and
guality of our horses.

Feeding horses is often regarded as an art, with many owners using traditional diets, and others
adopting more scientific feeding methods to get the best out of their horses. Although a great deal
of scientific information is available, much of it provided over the years by our own Australian
based research and observations, it does not always become readily available in a form that is
understood and can be put into practice by horse owners and those feeding and caring for horses.

RIRDC has commissioned this book, in response to a plea from all sections of the horse industry,
as a guideline for feeding horses in Australia.

The book provides a balanced and informative approach to feeding horses, highlighting where
applicable our special Australian conditions.

Peter Core
Managing Director
RIRDC
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CHAPTER 1

THE PRINCIPLES OF HORSE FEEDING

1.1 Introduction

The need for sound, easy to understand guidelines on feeding horses under Australian conditions
was highlighted as one of the major findings of a broad survey carried out in 1996 within the horse
industry, under the direction of the Rural Industries Research and Development Corporation
(RIRDC). Over the past 20 years, both Australian and overseas research has increased the
scientific knowledge of the nutritional requirements of all classes of horses and provided more
comprehensive technical information on common feeds and their nutrient values. This research
has enabled a greater accuracy in balancing the nutrient content, selected from a wider choice of
feeds, when formulating rations. However, much of this information has not filtered down in a form
that can be applied by the average horse trainer, owner and breeder.

The increasing popularity of horses for a wide range of sporting and leisure activities has
attracted many new horse owners and breeders who have not grown up with horses, or
who do not have a rural background or horse keeping experience. Many more horses are
now kept on small areas and hobby farms in the urban fringe of cities and towns by
owners seeking a semi-rural lifestyle. The volume of grain, hay and prepared feeds
destined for horses has doubled in the past 10 years, reflecting the more intensive
management and reduced reliance on pasture as the basis of horse feeding.

This book has been commissioned by RIRDC in recognition of the importance of a sound, viable
and competitive horse industry to the Australian economy. It provides a review of common horse
feeding practices and nutritional management relative to Australian conditions.

The text is presented in a format and style that provides simple, easy to understand
guidelines on the nutritional needs of all classes of horses, including ration examples for
pastured and hand fed horses.

Although it is not an exhaustive review of horse nutrition and feeding, it aims to provide a
summary of the important principles of horse nutrition and feeding, especially for those
new to keeping horses. Those intending to purchase their first horse, students of horse
management and others involved in the supply of feeds and services to the horse industry
should also find the information on feeds and guidelines on feeding specific types of
horses of practical interest.

KEYPOINT: In the text of this book, advantages or positive benefits are highlighted by a
tick in a box a/ isadvantages or adverse effects by a cross in a box b4
when a particular uigestive function, ration, management guideline or feed usedTornorses
is summarised.

1.2 The Rules of Feeding Horses

There are a number of important rules and aspects of horse sense that should be observed when
preparing rations and feeding horses.
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These should be incorporated into every day feeding practice to ensure that horses
maintain optimum health, condition, exercise or reproductive capacity. Many are
explained more fully in the various chapters of this book.

1.2.1 Needs of the Horse

v

e

v

Good quality pasture, supplemented with hay as required during periods of reduced
pasture growth or quality, will supply the needs of resting and lightly worked mature
horses, pregnant mares and growing horses over 12 months of age.

Supplementary feeding of pastured horses should begin before any horse starts to
lose condition, with particular attention being paid to young or
aged horses, pregnant and lactating mares.

All horses should have an opportunity for free exercise each day, or be exercised
as part of their training routine, to ensure best utilisation of their diet and
maintenance of health and fitness.

It is essential to provide an adequate supply of fresh, clean water at all times, even
to horses grazing lush green pasture, and particularly during hot conditions.

Horses in yards and stables must be fed as individuals, relative to their body
weight, exercise, growth or reproductive needs, appetite, likes and dislikes,
metabolic efficiency and desired level of condition.

A horse in training on a concentrate ration should always be fed relative to the
actual amount of exercise performed during the day, not that planned for the day.

1.2.2 The Ration

v

The ration should contain a balance between roughages (pasture, hay, chaff, bran)
and concentrates (grains, protein meals, fats, pelleted or sweet feeds, molasses
etc), relative to the horse’s needs. (Refer to Chapter 5, Table 5.4, pages XXX to
XXX).

Horses, which do not have full time access to adequate pasture, should be
provided each day with a minimum of roughage as hay and chaff equivalent to1%
of their body weight (1kg/100kg body weight), when being fed grains and other
concentrates, to ensure efficient digestive function.

The effects of the ration should be carefully observed and adjustments made where
necessary to ensure that the full ration is consumed, waste is minimised and the
horse(s) are maintaining the body weight, condition or well-being and level of
performance required, with changes in diet made relative to the training or work
load.

The ration should be palatable, economical and ideally formulated from a minimum
number of readily available ingredients to meet the specific needs of each horse.

Horses must be provided with an adequate supply of cool, clean drinking water at
all times, situated in a readily accessible, shaded place in a safe trough or
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container. The supply or flow of water must be checked at least once daily,
especially during hot weather or when horses are being worked or mares are
lactating.

The feed ingredients that make up a meal should be well mixed to avoid selection
and waste. If the ration is to be dampened, it should be mixed freshly for each feed
to prevent souring, spoilage and loss of nutrient value.

The amount of grain concentrate used to prepare a feed should be measured by
weight rather than volume to ensure a more uniform intake of energy and protein.

The amount of grain mixed into any meal should not exceed 500g/100kg body
weight for any horse to avoid starch overload in the small intestine and digestive
upset.

Only good quality feeds should ke fed, avoiding dusty, mouldy and contaminated
feeds. Sweeteners such as molasses should not be used to disguise or improve
the acceptance of poor quality feeds.

Mineral, electrolyte, trace-mineral and vitamin supplements may be necessary to
balance low or inadequate intake in feeds, or meet the elevated needs of growing,
working or breeding horses.

1.2.3 Feeding Practice

v

Changes in feed should be gradual, carried out in a step-wise manner over at least
3-5 days for minor changes, and 10-14 days for changes in type of feed, and even
longer when increasing the grain content in proportion to the duration and intensity
of exercise.

Horses in stables or small yards, with limited or no access to pasture should be fed
at least twice daily, with horses on high grain diets provided with 3-4 equally spaced
feeds during the day and early evening.

Stabled horses should be allowed adequate non-interrupted time to eat their feeds,
especially young or nervy horses.

Aged horses or those with health problems may need special diets and feeding
management aimed at ensuring maximum digestive efficiency.

Horses that are overweight or losing condition should be fed separately to other
horses in a group, to enable individual control and monitoring of the amount of food
consumed.

Ponies, especially pregnant pony mares, must not be purposely starved to reduce
their body weight or denied feed for more than 12 hours. Pony breeds and some
other horses, have a high risk of developing a severe metabolic disturbance called
Hyperlipaemia if they start to mobilise body fat reserves when insufficient feed is
available. (See Glossary term).
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New horses introduced to a group of horses should be monitored at feedtime to
ensure they have access to feeders and that they are being accepted into the social
order of the group.

The diet should be complemented by good husbandry, including regular worming
and teeth care and adoption of careful and considerate training methods.

Always ensure that horses are not given “treats” such as lawn clippings, plant
trimmings and feed made for other types of animals, as gut disturbances, colic or
poisoning may result.

A horse should be fed only a small amount of feed or hay just prior to strenuous
exercise to avoid working it on a full stomach.

Ideally all feed, including hay, should be fed in a bin, tub or trough to minimise
wastage, and reduce the risk of contamination of the feed with internal parasite
larvae or eggs, or sand ingestion on sandy areas.

The intake of cold drinking water should be limited to 1-2 litres for the first 10-15
minutes after hard strenuous exercise to avoid risk of colic and discomfort, with free
access to water and feed allowed once the horse cools down.

On rest days, the amount of grain based concentrate should be reduced to one
third, preferably on the evening before the rest day, and the full ration reinstated
over two days following return to full work to help avoid the risk of excitable over
energetic behaviour and metabolic problems such as “tying-up” in the muscles.

Always dampen dusty feed and hay to reduce risk of airway allergies. Dampening
feed will also help to reduce the risk of selection and sifting out of less palatable or
new, unfamiliar feeds or supplements.

Under drought conditions, grazing horses at pasture should be segregated by age,
condition or use, to prevent competition for the feed provided, and to improve the
efficiency and economy of supplementary feeding.

Ideally the ration should be fed in the same place, and within 60 minutes of the
usual time each day, especially where horses are confined for long periods without
access to hay or pasture.

1.2.4 The Feeding System

v

Always ensure feeders and watering facilities are kept clean at all times, and are
designed and maintained to be safe with no sharp edges.

Feeders and waterers provided for horses at pasture should be located in a well
drained area, ideally in a position that is protected by a windbreak shelter and
shade trees.

In stables or yards they should be in a position that is well lit and allows the horse
to see other horses when eating.

It is good practice to provide feed in a bin below chest height to all horses,
particularly after long distance travel, intense exercise, or when a horse is worked
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under dusty conditions.  This will facilitate drainage of fluid and inhaled
contaminants from the lower airways and lungs.

7 When feeding a group of horses in a paddock, provide at least 1, 2 or more feeders
than the number of horses in the group to reduce competition for feed and the risk
of squabbling and injury.

1.3 Feeding Relative to Body Weight

A horse’s nutritional needs are influenced by a number of factors, including body size and
weight, age, exercise intensity, stage of training, growth rate, reproductive demands, and
its individual ability to utilise and get the best out of its ration.

These factors are more fully discussed in Chapters 4 and 5, where nutrient requirements
are outlined for each class of horse.

One of the simplest ways to determine how much total weight of feed a horse will require
each day is to relate its basic needs and dry feed intake to its body weight, as summarised
in Chapter 5, Table 5.4, pages XXX to XXX.

KEYPOINT: Body weight can be related to a horse’s condition, breed, type, age and
overall body size.

Obviously, the most accurate way of measuring a horse’s body weight is to weigh it on a
set of scales. Many studs have scales or electronic weighing mats to accurately weigh
growing horses to order to map their growth rates, and some racing stables regularly
weigh horses in training prior to racing to monitor their condition.

A horse’s day to day body weight can also be influenced by the amount of food and water
in its digestive tract (gut fill) and fluid levels in its blood and body cells (hydration state)
without a visual change in the animal’s condition.

KEYPOINT: A horse should be weighed when it is “gut empty”, such as early in the
morning before it is fed, or at the same time each day to reduce weight variation due to
food and water intake.

As most horse owners do not have access to weighing scales or mats, then an estimation
of a horse’s body weight will need to be made in order to calculate the amount of feed
required each day to meet its nutritional demands.

1.3.1 Estimating Body Weigh

With experience, most horse owners can appraise a horse’s size and condition to estimate its
body weight with a 5% error each way, or within 25kg for a 500kg horse.

7 Being able to estimate a horse’s body weight within 5-10% of its actual weight is

important when calculating the dose for a worming paste or other therapeutic
medications, and in some states, when transporting horses in trailer floats to ensure
that the weight being towed does not exceed the legal limit for the towing vehicle.

Up to 80% of horse owners, especially those new to horses, tend to under-estimate a horse’s body
weight when visually appraising its size and condition. Adult horses and especially ponies, are
often estimated to be 10-15% lighter than they actually are, while large breeds are frequently
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assessed to be up to 15-20% under their actual weight, especially if they are large framed or are in
heavy condition.

% Feeding a horse less feed than it requires, if you under estimate its body weight,
may result in a loss of performance, vitality and body condition.

% Over estimating a horse’s body weight and therefore feeding it more energy and
feed than it needs, can result in a horse putting on body condition and becoming
playful, over energetic, or “hyper” when being handled.

Methods of Estimating Body Weight

There are a number of practical methods to estimate a horse’s weight, based on girth,
height, and length measurements.

These include using weight tapes available from saddleries, as well as weight estimation
equations, standard conversion tables, and nomograms (column calculators) developed
on measurements collected from large numbers of horses. These calculations are most
accurate for horses of average proportions in moderate condition.

1321 Measurement of Girth and Length

The body weight of a horse can be estimated within 10% of its weight using body girth and
length measurements.

The practical methods to estimate a horse’s body weight are based on either girth, or a
combination of girth and body length measurements.

KEYPOINT: A standard position to measure girth and length must be used to achieve
meaningful results.

7 The girth of the horse. Ensure the horse is breathing out when measuring the
girth. Position the tape just behind the point of the elbow and encircle it around the
body to the rear of the withers area, as shown in Fig 1.1.

vz The length of the horse. Measure the distance from the point of the shoulder,
inclining the tape upward in a taut straight line to the rear point of the pelvis or
buttock area, as shown in Figure 1.1.
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Source: Kohnke (1998)
FIGURE 1.1

Positions to measure girth, length and height

Body Weight Tapes and Standard Conversion Tables

An estimate of body weight in proportion to the girth can be made using calibrated girth
tapes, or a conversion table. However, because horses vary in shape and build between
breeds, variations of between 10-15% are likely in horses with a short wide body, as well
as those in either poor or very fat condition.

Girth (cm) Body Weight (kg) Girth (cm) Body Weight (kg)

80 45 140 230
90 70 150 285
100 90 160 345
110 120 170 410
120 150 180 475
130 185 190 545

200 615

Note: 1. For heavily pregnant mares, add an extra 10% to the estimated weight.
2. For lean, fit horses, subtract 10% from the estimated weight.

Source: Lewis (1995)
TABLE 1.1
Estimating Body Weight from Girth Measurement for
Horses in Moderate Condition

Many experienced horse owners use a quick visual appraisal of a horse’s height, body size, and
relative condition when estimating its body weight. The importance of taking into account a
horse’s condition is illustrated in Table 1.2, as a weight variation of 170-230kg can occur when
height is related to condition score. The method of scoring a horse’s condition is outlined in
Section 1.4.

Height Cs1 CS2 CS3 CS4 CS5
Poor Moderate Good Fat Very Fat
Lean Fleshy Heavy Obese
12hh 190 210 250 300 360
13hh 240 285 345 375 455
14hh 310 330 400 460 540




15hh 380 420 465 535 600
16hh 420 470 520 575 650
Source: Avery (1996)
TABLE 1.2

The Influence of Condition Score (CS) Related to Height (hh=hands)
When Estimating Body Weight (kg)

Weight Calculation Equations and Nomograms

Girth? (cm) X Body Length (cm)
11,880

Body weight =
(kg)

‘/ Equation

Use a calculator, and remember to square the Girth measurement (ie Gecm x Gem)
(Source: Huntington (1991))

7 Nomogram The equation above has been used to develop a column calculator,

as illustrated in Figure 1.2. Using a ruler or the edge of a piece of paper as a
straight edge, join the girth and length measurements to read off the body weight in
kilograms (kg).

Cairrh {icx i} 1 l_'l_'ll.:.'_lJ'_ :-I\.I_.I_|
Wicigghe (kyg)
240 — g
240 —
230 —
Ll = =
210 —
200 e — 204
190 — 1T &00 R
T T 500 L5
Lk 400 — LAk
16l — Hsl
150 — T 908 154
140 — — 114
T 200
130 — — 13
1ZI0 — 1 2d¥
LI — 114k
T 100

Source: Huntington (1991)
Figure 1.2 Nomogram for Estimating Body Weight using Girth and Length

Measurements

Horse Weight Estimator
\/ A sliding calculator is available from produce stores or Coprice Feeds, Leeton,

NSW, which provides both a weight calculator and an illustrated condition scoring
system.

When careful measurements are taken of the girth and length, body weight estimations can be
within 10% of the actual body weight of an average horse.
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KEYPOINT: These methods can over-estimate by 10% or more the body weight of a
horse in poor condition, or a horse in training on a high grain ration that has a lower gut
bulk and is in light condition. The weight of a lean, fit racehorse or eventer can be over-
estimated by between 25-50kg.

As a guide, subtract 50kg from the estimated body weight of a young 2-3 year old racehorse that is
in lean, fit racing condition to ensure that you are closer to its actual weight.

14 Use of the Condition Scoring System

Condition scoring is a practical method of assessing the adequacy of a horse’s diet, as all
horses should be fed to maintain them in a suitable body condition relative to their age,
athletic use or breeding purpose.

KEYPOINT: Condition scoring is a practical means of evaluating and monitoring the
condition of working, show and brood mares to ensure optimum health, athletic
performance and breeding efficiency.

In order to standardise the method of condition scoring, a system based on appraising the
degree and distribution of body fat was developed in Australia by two veterinarians, Drs.
Carroll and Huntington in the late 1980's. Using this method, body condition is scored in a
range from O (very poor and bony) to 5 (very fat or obese). An earlier American system,
developed in Texas, is used overseas, with a score range of 1-9.

A simple method of condition scoring, adapted from Huntington (1991), is illustrated in
Figure 1.4 on page XX. The relative distribution of fat along the neck, withers and
shoulders, ribs, back, loin, pelvis, rump/croup and tailhead are evaluated and matched to
the descriptions outlined for each condition score. The horse is best viewed from the side
initially and then the rear, to make a comparative appraisal of its fat distribution and
relative condition. (See Figure 1.3).

KEYPOINT: Up to 10% change in body weight can occur before a large horse will show a
visible change in condition score.

Using the Australian system, half points can be scored, as some horses may be in a
condition between the whole number score points. (See Figure 1.4 and Table 1.3).
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Source: Kohnke (1998)
FIGURE 1.3

Sites of Fat Distribution Used to Estimate Body Condition

A practical guideline for a condition score range that is suitable for each class of horse
relative to its age and use is provided in Table 1.3, page XX. Additional comments are
included to explain feeding and exercise management that is helpful to maintain a suitable
condition score for horses used for a variety of purposes. (Refer to Chapter 5, Section
5.1.1, page XXX).

KEYPOINT: Some racing and equestrian horse owners prefer to maintain their horses at
0.5 of a point score higher than the lowest score suggested in Table 1.3.

A pony grazing on abundant and lush spring pasture or early autumn regrowth after rain
should be managed to ensure that it does not exceed a condition score range of 2.5-3.0.
It should preferably be maintained between 2-2.5 without developing a ‘cresty’ neck.
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Adapted from Huntington (1991)

FIGURE 1.4

Areas to Appraise and Description Relative to each Body Condition Score of a

Horse

Class of Horse

SUITABLE CONDITION SCORE

Breeding Horses

Non-Pregnant (Dry) Mares 15-2 Increase energy intake during last 6 weeks before breeding.

for breeding increasing | Maintain fat mares in fat condition prior to breeding.

Pregnant Mares - mid term 2-25 Maintain in a moderate to ‘fleshy’ condition.

Pregnant Mares last 3 25-3 Ensure some reserves; maintain in a fleshy to good condition,

months with paddock exercise for fithess.

Lactating Mares — foaling to 3-35 Maintain in good to heavy condition. Avoid weight loss, as fertility

weaning and milk production will be adversely affected.

Stallions (breeding) 25-3 Maintain in fleshy to good condition. Avoid excessive exercise
that may lower libido and interest in mares.

Stallions (off season) 2-25 Maintain in moderate to fleshy condition. Avoid excess condition.

Equestrian Horses

Dressage 25-3 Muscle bulk with rounded appearance relative to breed and build,
in fleshy to good condition.

Endurance 15-2 Some reserve, trim and fit appearance.

Eventing * 15-2 Require fitness, muscle bulk and moderate condition for all

(Horse Trials) phases.

Showjumpers 2-25 Fit, some reserve, fleshy rather than lean.

Hunters 2-25 Not fat — moderate with some reserve.

Polo * 15-2 Some reserve, but not thin, high level of fithess.

Polocrosse * 1.5-2.5 | Maintain in trim to moderate condition.

Show Horses Ridden 25-3 Well rounded and covered, fleshy to good but not excessively fat.

Led-in Classes Provide daily exercise even when in yards and stables.

Western Pleasure

Working Western Horses 2-25 Maintain in a moderate to fleshy, fit condition.

(Rodeo, Cutting etc.)

Leisure/Pleasure Horses

Horses and ponies ridden 2-3 Moderate to good condition. Avoid heavy condition - feed to

on weekends exercise level and temperament.

Ponies — grazing spring 2-25 Avoid a cresty neck, maintain moderate condition by restricted

pasture grazing and regular daily exercise to avoid laminitis.

Resting Horses 2-3 Monitor regularly - feed to needs, especially aged horses.

Racing Horses — Racetraining

Arabians * 1.5-2.5 | Maintain fit, trim to fleshy appearance.

Quarter Horses 2-3 Muscle bulk, some reserve, moderate condition, not too heavy.

Standardbreds * 1.5-2.5 | Trim to fleshy - not too thin, but minimum gut weight.

Thoroughbreds * 1.5-2.5 | Should have some reserve, sprinters bulkier than longer distance
horses, minimum gut weight.

Growing Horses

Weanling 2-25 No lower than moderately thin - last few ribs outlined. Avoid over

6 - 12 months condition in growing horses and mineral imbalances in diet.

Yearling 2-25 Moderate to fleshy condition in lead-up to sale, yearlings can

12 - 18 months

have more reserves.

Adapted from Kohnke (1998)

TABLE 1.3

Suitable Condition Score for a Range of Horse Breeds and Uses
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* Owners and trainers may prefer to maintain in a moderate condition, with a minimum condition score of 2.
Note: In this table, a condition score of 1.5 is described as ‘trim’ condition (between poor and moderate), 2.5
as ‘fleshy’ condition (between moderate and good) and 3.5 as ‘heavy’ condition (between good and fat)

1.5 Monitoring the Adequacy of a Horse’s Diet

As a horse owner, you may wish to evaluate whether the diet that you are providing for
your horse is adequate to meet its nutritional needs. Guidelines on the nutritional needs
and ration examples for all classes of horses are provided in Chapters 4 and 5.

It is helpful to have a simple assessment method by which you can evaluate and monitor a
horse’s response to a ration. A check list is provided in Table 1.4 as a guide to how well

your horse is doing and performing on its diet when monitored at 7-10 day intervals over a
period of at least 2-4 weeks.

Is your horse maintaining its:

v

Bodyweight (all horses)

Condition score (all horses)

Good overall health (all horses)

Vitality and alertness (all horses)

Normal intake of feed and its appetite (all horses)

Suitable temperament (all horses)

Water intake (all horses)

Manure and urine colour, consistency and output. (all horses)

Coat condition (all horses)

Performance and exercise capacity (working horses)

A steady rate of growth and development (young horses)

Breeding efficiency (mares and stallions)

NSNS ISISTN N SIS NS

Soundness (growing and working horses)

TABLE 1.4
Check List for Adequacy of a Horse’s Diet

If the answer is “yes” to all of these assessment points relative to the type of horse and its
use, then the ration you are feeding should be adequate in terms of acceptance, bulk,
energy, protein and other major nutrients. Some of the parameters may be modified by
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disease conditions, injuries, parasite burdens, the training method and characteristics of
the individual horse.

16

Summary

There are a number of simple guidelines that should be adopted when feeding horses.

v

v

Horses are creatures of habit. When given hay or hard feeds, they like to be fed
around the same time each day, with good quality palatable feeds and adequate
time to eat undisturbed.

The ration must be carefully balanced between roughages and concentrates
relative to the horse’s condition, use and management. Most horses at rest or in
light work will do well on pasture, with supplementary hay when pastures are
unable to provide their full needs.

Horses confined to stables should be fed at least twice daily, and horses on high
grain rations, in training, at least 3-4 times daily, in safe feeders at, or below, chest
height.

Horses with special needs such as growing horses, lactating mares or aged horses,
may have to be separated from other horses to ensure they are able to consume
their full feeds.

An adequate supply of clean, fresh water is essential at all times.
Ponies, especially pregnant pony mares, should not be purposely starved to reduce

their body weight or denies food for longer than 12 hours as they have a risk of
developing hyperlipaemia.

Horses are fed according to body weight and use. It is important that you develop skill in
estimating a horse’s body weight and condition score so that you can feed to maintain
condition and adjust your rations accordingly.
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CHAPTER 2

HOW HORSES DIGEST THEIR FEED

The horse has a monogastric (single stomach) digestive structure and well developed
grazing habits that are suited to foraging for long periods on a grass dominant pasture.
Under free-range conditions, horses selectively browse on shrubs and succulent plants to
supplement their diet.

The main dietary base of non-domesticated horses consists of large amounts of cellulose
fibre in growing plants that are fermented in the large intestine to provide the majority of
their energy needs. The natural grazing diet contains minimal amounts of starch, such as
that found in mature grass seeds (cereal grains) and protein as provided by legume plants
(clovers and lucerne).

Once the horse was domesticated and provided with pasture and supplementary feed
under a more intensive management system, the range and type of feed stuffs which
comprise its diet, changed dramatically.

Some of the nutritional problems that can develop in horses are related to these changes
in the way domesticated horses are fed.

Grazing horses are less able to roam and select a variety of plant types to provide

X themselves with a natural, balanced diet to meet their specific needs.

Horses are often confined to pastures of cultivated grasses and legumes that
provide energy and protein intake in excess of their needs, which can lead to
excess condition, adverse behaviour and growth abnormalities.

Horses are fed a higher starch based diet provided by cereal grains and more
protein in legume hays, such as lucerne, in order to increase the energy content
and other nutrients for work and growth. These are generally less efficiently
digested and utilised by horses and excesses can lead to digestive upset and toxic
effects.

Horses are provided with supplementary dry feeds with a lower water content and a
higher intake of mature plant fibre than provided by growing pasture, which can
reduce their digestive efficiency.

Horses are confined in groups with increased stocking rates on pasture, resulting in
more social interaction and risk of injury, as well as a greater chance of
contamination and infection with internal parasites.

KEYPOINT: The horse has the ability to adapt to a large variety of feeds, although its
digestive efficiency varies greatly between individual pasture species, grains and hays.

Knowledge of the horse’s digestive structure and processes is important when formulating
a diet and evaluating its quality and likely utilisation. This understanding will also help to
avoid digestive upsets and other metabolic problems in horses fed on grain and hay based
diets.
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The structural layout, capacity, food transit time and function of each section of the horse’s
digestive system is outlined in Figure 2.1. This diagram highlights the primary digestive
processes of each section of the digestive tract.

2.1 Mouth and Teeth

The horse’s lips, teeth and tongue are suited to grazing short, succulent pasture as its
primary food source.

KEYPOINT: The strong, mobile upper lip and opposing forward-curved incisor teeth can
grasp, shear and tear off small amounts of pasture to enable the horse to selectively graze
on shorter, less mature plants. The more succulent, less mature pasture provides it with a
diet containing lower starch, higher fermentable fibre and water content suited to more
efficient digestion and utilisation.

In practical feeding terms, this means that:

The close-cropping grazing habit also increases the risk of sand ingestion on sparsely
X pastured sandy soils, especially during drought conditions.

The selective grazing habit, using the mobile lips and preference for succulent,
leafy plants, results in mature, fibrous or unpalatable plants normally avoided by
horses being left or becoming more widespread in a pasture.

% Because horses are able to graze plants to the ground surface, overgrazing can
quickly close-crop pastures and reduce plant viability and potential for recovery.

Even when pastures are sparse due to overgrazing or poor seasonal conditions,
x horses will continue to graze and eat out any available palatable pasture species,
although supplemented with feeds and hay.

When given grains, dry powdered supplements and other feeds, horses are able to
sift out feeds they find less attractive by smell, taste or texture. Horses are less
selective when provided with a dampened or sweetened feed mix, which they find
palatable.

KEYPOINT: When compared to ruminants, horses ingest relatively small amounts of food
at each bite and eat at a rate 3-4 times slower than sheep and cattle. Horses crush and
grind their food thoroughly between their premolar and molar tooth surfaces (called
"cheek" teeth), using the tongue to move and circulate the food mass onto the grinding
surfaces until it is thoroughly saturated with saliva and broken down into small particles
prior to swallowing.
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FIGURE 2.1
Structure and Function of the Horse’s Digestive Tract
(Lengths, capacities and retention time for a 500kg horse)
Source: Frape (1997), Kohnke (1998)
A horse chews in a side-to-side movement to bring its teeth into grinding apposition
because the upper jaw is wider than the lower jaw. (See Fig 2.2)

Observations indicate that a horse makes an average of 1000 jaw sweeps or chewing
cycles per kilogram of concentrates, and from 3000-3500 jaw sweeps when eating a
kilogram of dry hay. A horse may take from 30-45 minutes to chew a kilogram of grain
and chaff mix, and up to 60 minutes to eat a similar weight of dry hay. Because of its
smaller mouth capacity, a pony makes up to 8000 chewing movements for an equivalent
amount of concentrates, and countless more for hay. A grazing 500kg horse consumes
an average of 35kg of forage per day, using approximately 60,000 jaw movements.

In practical feeding terms, this means that:

7 Horses should be given adequate and undisturbed time to eat their food to ensure
proper and complete chewing and preparation of the food mass for optimum
utilisation.

Horses that consume their food quickly (bolt) due to greediness, or when hungry
because of irregular feed times may not chew each mouthful thoroughly. They may
lose condition or suffer digestive upsets, such as colic or diarrhoea, as they are less
able to digest their food efficiently, with longer straws and undigested grains being
passed out in their droppings.

2.1.1 Sharp Edged Teeth

The cheek teeth can be more quickly worn away when horses are fed on hard grains and
dried hay which require more grinding pressure than when grazing softer, succulent
pasture. Because the hard outer enamel coating around the edge of the teeth does not
wear away as quickly, sharp edges can develop on the outside edges of the top cheek
teeth and on the inside edges of the bottom teeth next to the tongue. The sharp edges that
develop can result in abrasion and laceration of mouth membranes as a horse chews its
food.

A horse fed on very soft feeds, such as dampened pellets, chaff and bran may chew using
smaller jaw sweeps, confining the wear to the central areas of the teeth, which may also
lead to the development of sharp-edged cheek teeth.

In practical feeding terms, symptoms of sharp teeth in a horse include:

x

Increased time to eat a meal due to discomfort when chewing.
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% Reluctance to consume dry fibrous feeds such as hay or chaff that usually require
more complete chewing.

% Dropping or “quidding” of saliva soaked feed clumps that fall out as a horse with
sharp teeth adopts a slower more delicate chewing movement due to discomfort.

X Loss of condition despite an adequate quality and quantity of palatable feed.

" Tendency to toss the head upwards and pull away when pressure is applied on the
bit to control the horse as the sensitive lining of the mouth is pulled back onto the
sharp cheek teeth.

% Large food particles, whole grain and longer fragments of hay (more than 2.5cms
long) are passed in the droppings due to the reduced number and completeness of

chewing movements, combined with lower grinding forces, when preparing the food
mass prior to swallowing.

A horse that fails to improve its condition, despite improved quality and quantity of feed
and effective worm control, should have its teeth examined for sharp-edges or other dental
abnormalities that can reduce chewing efficiency. This is especially important in both
young and aged horses.



FIGURE 2.2

Cross section through the mid nose area of a horse’s head illustrating jaw widths
and position of sharp points on the cheek teeth.

KEYPOINT: A thorough chewing action is essential to crush and open up the feed
structure and increase the surface area of the feed mass to facilitate efficient primary
digestion and uptake of short chain carbohydrates (sugars and starches), fats, and
protein, as well as minerals and vitamins within the small intestine.

2.1.2 Routine Teeth Care

As part of good feeding management, a horse should have its teeth checked and rasped (floated)
to remove any sharp edges whenever the tell-tale signs become apparent, or alternatively, at set
intervals during its training or preparation program.

Routine teeth checks and removal of sharp edges by an equine veterinarian or an
experienced, qualified equine dentist are recommended at the following times:

v At yearling age during preparation for yearling sales once the young horse has settled
down and can be handled safely.

7 At the beginning of each training preparation or competitive season for all horses,
combined with other routine health care such as worming, vaccination and farriery.

7 In young horses in training between 2 and 5 years of age when their deciduous

(milk) cheek teeth are being replaced by permanent teeth. For these horses, teeth
checks are recommended every 36 months to ensure maximum value from their
feed and effective control with the bit.

7 Routine teeth checks are recommended for show, leisure and pleasure horses at
12 monthly intervals or more often if the signs become apparent, particularly as the
horse ages.

As a horse wears away its pre-molar and molar teeth during mastication, the fully formed adult
teeth are pushed out of the bony bottom and top jaws to maintain effective and even apposition as
the horse ages. Teeth wear down more rapidly when a horse consumes a diet of predominantly
hard grains and dried hay during its lifetime, relative to a horse that is kept primarily on pasture.
On average, by 25 years of age, the cheek teeth are worn away to the level of the roots, and
become less efficient at grinding.

v Aged horses should be closely observed for signs that may indicate poor teeth.
They should have their teeth checked regularly, with dental work carried out as
required, and the diet adjusted accordingly to improve food utilisation.

An aged horse, or a horse with poor teeth, will utilise its feed more efficiently when fed on
crushed grains and chaff, rather than stemmy hay. Processed feeds, such as extruded or
pelleted feeds, are also better utilised by any horse with poor teeth.

KEYPOINT: The most common cause of ill-thrift, weight loss and reduced digestive
efficiency in an aged horse is worn away and diseased incisor and cheek teeth.
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2.2 Saliva

A horse secretes a relatively large amount of saliva when chewing as compared with other grazing
animals. The average volume of saliva secreted by a 500kg horse is between 10-12 litres daily or
approximately 1 litre per 4 litres of food consumed. Much higher volumes have been measured
when horses are consuming rations of dry hay.

KEYPOINT: The volume of saliva secretion is relative to the amount of feed being eaten, the
speed of eating, the moisture content of the food and the taste of the food.

2.2.1 Digestive Function

Saliva is secreted only in response to the chewing action and presence of food in the mouth. Itis
not stimulated by the smell or sight of feed, as in many other animals. The saliva produced has a
high mucus content that serves to saturate and lubricate the food mass to facilitate swallowing.
The amount of saliva produced is greatest when a horse consumes dry feeds, such as dried off
pasture, hay or chaff.

Sweetening feed with molasses stimulates an increased flow of saliva as a horse eats.
v Acidic compounds, such as apple cider vinegar and higher amounts of grain also result in a
higher saliva output.

KEYPOINT: The saliva of the horse does not contain any digestive enzymes (such as amylase)
that normally initiate the breakdown of starch and sugars held in the stomach of other monogastric
animals.

Horse saliva contains approximately 50Mequiv./L, or about 3g/L, of bicarbonate which is thought to
reduce the concentration of gastric acid in the entrance area of the stomach to allow partial
digestive action by microorganisms swallowed with the feed. The relatively high content of
bicarbonate in saliva, which is increased in a grain fed horse, may also serve to limit the build-up
of lactic acid in the large intestine resulting from fermentation of excess starch overloaded from the
small intestine when a horse is fed on a high grain diet. (See page XX)

Because large volumes of saliva containing bicarbonate, sodium, potassium and chloride salts and
fluids are secreted when feeding, blood levels of these salts, particularly potassium, (which is low
in concentration relative to sodium in the blood fluid (plasma)) are decreased for up to 4-6 hours
after feeding. A partial dehydrating effect also occurs due to the fluid loss in the increased volume
of saliva produced when a horse consumes large amounts of a dry feed mix and hay.

In practical feeding terms, this means that:

A blood sample should be taken from a horse before it is fed or exercised, such as early in
v the morning, or alternatively 4-6 hours after feeding, to ensure more representative and
accurate values of blood cell counts, plasma protein, and especially potassium and chloride
content. Follow-up blood samples should be collected at the same time each day to allow
more effective comparison of values.

Dampening dry feed, such as chaff and hay, enables the horse to chew it more easily, with
less outflow of saliva and a reduced dehydrating effect, as well as reducing the dust
content of the feed.

2.3 Stomach
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The stomach capacity of the average adult horse is small when compared to ruminants (sheep
and cattle) and other monogastric animals (humans, dogs and pigs) with a volume between 7.5-15
litres or 8-10% of the total digestive tract capacity.

The horse has evolved as a continuous grazing animal and spends up to 16-18 hours each day
searching for and selecting feed to meet its needs. Because eating and digestive processes are
slow and continuous, the horse requires only a small stomach capacity and lacks a gall bladder in
which other animals store bile between large, quickly consumed feeds.

Stabled horses fed three hard feeds and hay will only spend a maximum 8-10 hours in each day
consuming their feed rations, which may influence efficient digestive function and give them more
leisure time to become bored.

In practical feeding terms this means that:

A horse should be provided with at least two roughage based meals daily when confined to
v a stable, yard or small paddock, to occupy its time and meet its needs for a continuous
supply of feed. When a horse is provided with a diet high in starches or grain in hard
training, it should be given 3-4 smaller meals each day to ensure the most efficient
digestion and utilisation of the ration.

The suckling foal up to 3 months of age has a stomach and small intestine capacity that is larger in
proportion to an adult horse, because a foal has a reduced ability to store and ferment large
amounts of fibre in its initially poorly developed large intestine.

A foal has a large intestine volume of 15-20% of its total digestive volume, whereas an adult horse
has a large intestine that takes up 64% of the total tract volume.

Digestive Tract Liver Size
a/kg body weight g/kg body weight Explanation
The length of the small
Foal 35 35 intestine increases rapidly
First month (3.5%) (3.5%) during first 4 weeks of life.
The liver has a large
nutrient storage capacity
in a young foal.
6 month old - 60 12-14 The small intestine
weanling (6%) (1.2-1.4%) reaches its maximum
capacity at weaning, with
less reliance on liver
storage.
12 month old - 45-50 10 The large intestine
yearling (4.5-5%) (1%) capacity increases once
Adult 50 10 pasture and hay is
(5%) (1%) consumed, and the liver
serves a metabolic rather
than storage function.
Adapted from Frape (1997), Lewis (1995)
TABLE 2.1

Changes in Digestive Tract Size relative to Body Weight as a Horse Ages

2.3.1 Digestive Function

The muscular stomach has a mixing action with limited digestive function, mainly because the
majority of the food mass is retained for only about 30 minutes. However some feed residue may
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remain for up to 6 hours after a large meal, relative to the type and consistency of the meal
consumed.

KEYPOINT: As the size of the roughage patrticles entering the stomach are reduced by chopping
(chaffing) or grinding hay, as in pellets, the rate of passage through the stomach increases with
more of the digestive mass initially passing into the small intestine.

About 50% of the surface area of the stomach wall is lined with non-secretory (squamous) cells.
The remainder is covered with a glandular mucosa, forming a separate entrance (fundic) and exit
(pyloric) area. The various cell types of the glandular mucosa secrete hydrochloric acid and
digestive juices in response to expansion of the stomach as it fills with food. Volumes up to 10-30
litres of gastric acid are secreted daily in a horse on a hay and grain diet. The release of gastric
acid occurs more rapidly following a hay meal. There is a delay in its secretion after a grain-based
meal, but more is produced and retained in the stomach after a concentrate meal.

When a horse grazes on green pasture, the initial bulk of the food passes quickly into the small
intestine. As the stomach fills, more food is retained in the stomach. The majority of water
consumed as a horse drinks passes along the curvature of the stomach wall directly into the small
intestine. This helps avoid diluting the limited gastric acid and digestive juices, particularly when
the stomach is full.

In practical feeding terms, this means that:-

Cereal grain based meals are retained for longer in the stomach than well-chewed forage
v and higher fibre roughage. This allows more time for the gastric acid to change the starch
to a more gelatinous form, which can occur when ground wheat and corn are fed in large
amounts. The thick starch residue can reduce the spread of gastric juice and its rate of
mixing within the food mass, limiting subsequent digestive activity. The uneven mixing of
the acid may encourage more bacterial fermentation of starch within the food mass.
Fermentation may produce gas, which can distend the stomach in horses ingesting high
starch meals with little roughage, leading to discomfort, colic and risk of gastric rupture.

KEYPOINT: The non-glandular area of the stomach lining may be eroded and become ulcerated
by the higher acid level on the surface of the gelatinised food mass when horses are fed on high
grain based diets.

Surveys have indicated that up to 70-75% of horses in training on high grain (65-70% by weight) —
low roughage (less than 30-35% by weight) diets are likely to develop eroded areas on the
stomach wall, which progress to gastric ulcers. Ponies fed on a concentrate ration have an
incidence approaching 50% but studies have shown little evidence of gastric ulceration in animals
fed on hay or pasture diets. Gastric ulceration can cause loss of appetite and changed eating
patterns, with pain and discomfort due to gastric acid attack on the unprotected, ulcerated areas of
the stomach wall after each meal. In severe cases, anaemia can develop due to blood loss from
the ulcerated area and a risk of perforation of the eroded lining, resulting in peritonitis, severe colic
and death.

In practical feeding terms, this means that:-

Horses exhibiting symptoms of gastric ulceration, confirmed by endoscopic examination,
v should be fed a diet based on roughage, or provided with access to grazing each day so
that the ulcerated areas are less irritated and are given an opportunity to heal.

24 Small Intestine

The small intestine in the adult horse occupies about 28% of the total digestive tract volume over
its 20-25 metre length. The movement of the food mass through the small intestine is relatively
fast, with the majority reaching the caecum, or the first section of the large intestine, within 2-8
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hours after a meal. The food mass, which is made up of 90% water, is propelled by a muscular
squeezing (peristaltic) action at a rate of up to 30cm per minute.

Despite the fast transit time, which is relative to the type, particle size and moisture content of the
food, the small intestine is the primary digestion and absorption site for simple sugars and limited
amounts of complex polysaccharides or starches, as well as proteins, fats and many minerals and
vitamins.

KEYPOINT: The small intestine provides the only opportunity for efficient digestion and uptake of
simple sugars, protein, fat, fat soluble vitamins, and the majority of calcium and many other
minerals before the food mass reaches the large intestine or hindgut. Factors that interfere with
the digestive process in the small intestine have a direct affect on the horse's nutrient balance.

2.4.1 Digestive Function

The rate of passage, the water and fibre content and the bulk of the feed mass can affect the
nutrient uptake from the small intestine. A summary of factors that can affect the digestive
function of the small intestine is provided in Table 2.2.

Intake of Direct Effect Common Nutritional

Problem/Symptoms

Lush laxative High moisture, soluble sugar Reduced time for enzymatic
pasture and laxative bulk increases rate | digestion of soluble sugars and

of passage through the small
intestine, resulting in loose
droppings with high moisture
content.

starch. Excess sugar and starch
overloaded into the large intestine

is fermented rapidly to D-lactic acid,
with a risk of laminitis. * (See page
XX).

High grain diets
(above 0.5kg of
grain per 100kg
body weight)

High levels of starch reduces
gastric acid and enzyme
digestion in small intestine, and
not all starch is digested.

Excess starch overloaded into the
large intestine is fermented to D-
lactic acid resulting in nervous
behaviour, diarrhoea and risk of
laminitis. *(See page XX).

High protein diets
(above 16%) crude
protein in a
working horse)

Not all the protein is able to be
digested by gastric acid and
protease enzymes.

Excess protein overloaded into the
large intestine may be fermented to
heat and ammonia gas, resulting in
increased sweating, ammonia in
droppings and urine and possible
respiratory irritation from ammonia
build-up in enclosed stables.

High fat diet
(above 10-12%
crude fatin a
working horse)

Sudden introduction of a fat
boosted diet before enzyme
digestion can adapt, or too much
fat added to diet which cannot
be digested.

Excess fat overloaded into the large
intestine cannot be fermented or
absorbed, interferes with the
fermentation process or is passed
out in the droppings.

Inflammatory
diseases of the
Small Intestine

Faster transit time, reduced
digestive efficiency and reduced
nutrient uptake.

Excess starches, protein and fat
overloaded into the large intestine —
see consequences above.

(Enteritis)
Poorly Chewed Rapid consumption or poor teeth | Reduced feed value — large fibre
Food results in whole grain or large particles limit the large intestine

particles of starch and protein
that cannot be digested by

fermentation activity, resulting in
poor condition, often despite
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enzymes in the small intestine. adequate feed. Whole grain

passed out in the droppings.

High oxalate* in Chemical binding of calcium Relative deficiency of calcium with

tropical grasses, or | results in reduced calcium increased resorption of calcium

phytate* in cereal uptake from the small intestine. | from bone stores, resulting in weak

grains, pollard and bones. See Nutritional Secondary

bran Hyperparathyroidism (NSH)* page
XX.

* See Glossary terms
Table 2.2
Factors Affecting the Digestive Function of the Small Intestine

It is beyond the scope of this book to outline the full physiology and mechanisms of food digestion
that occur in the small intestine. However, there are a number of processes that have practical
significance relative to the type of diet, or the introduction of new feeds, such as increased grain
levels or fat added to a standard diet.

KEYPOINT: There are 4 primary digestive functions in the small intestine that are carried out by
the overflow of gastric acid from the stomach, digestive secretions containing enzymes produced
by the lining cells, the release of pancreatic juice and bile. In the lower section of the small
intestine (or ileum) limited bacterial fermentation of soluble fibres can also occur.

Gastric Acid

Gastric acid provides limited digestion of protein in the stomach, as some is neutralised by
bicarbonate and other alkaline compounds in the feed and saliva. Its overflow into the upper
section of the small intestine or duodenum is essential to stimulate the release of a continuous
flow of pancreatic digestive juice. Studies indicate that the rate of pancreatic juice secretion
increases by 4 to 5 times when a meal passes quickly through the stomach into the small intestine.
Pancreatic acid secretion ceases if a horse is fasted for more than 48 hours.

In practical feeding terms, this means that:-

Ideally, stabled or confined horses should be provided with an adequate amount of feed
v split into smaller meals fed 3-4 times daily at equally spaced intervals to ensure more
efficient digestive function, especially on grain based diets.

Adding excess amounts of alkaline salts, such as more than 50g (3 tablespoons) of sodium
% | picarbonate to each feed, may reduce gastric acid activity in both the stomach and small
intestine, limiting the release of pancreatic juice to digest sugars and starch in the small
intestine on grain based diets.

Pancreatic Juice

The composition of pancreatic juice in the horse is different to other monogastric animals. It has a
limited content of the starch digesting enzyme a-amylase and the lipase enzyme required for fat
digestion. It has a higher level of peptidase enzyme activity for protein digestion. A horse
secretes only 8-10% of the amount of amylase enzyme as compared to the pig, so less starch is
digested in the small intestine. The emulsification and digestion of fat is primarily provided by bile
and bile salts. Pancreatic juice provides large quantities of fluid and electrolytes, including sodium,
potassium, chloride and bicarbonate, although the bicarbonate content does not increase in
proportion to pancreatic activity.

The acid buffering capacity of bicarbonate is also increased again in the ileum or lower section of
the small intestine, as chloride is reabsorbed in exchange for bicarbonate. This provides a more
alkaline environment for fermentation activity in the lower section of the small intestine by
Bifidobacteria and Lactobacillus species prior to the digestive mass reaching the large intestine.
The maintenance of alkaline conditions in the small intestine helps to limit the build up of acidity as
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volatile fatty acids are produced by fermentation of cellulose and excess starch overloading into
the large intestine. (See page XX).

In practical feeding terms, this means that:-

Because the production of pancreatic juice and its enzyme activity responds to an increase
v in starch flow into the small intestine, it is important to commence “graining-up” a horse in a
step-wise manner. This encourages more complete digestion in the small intestine and thus
avoids the risk of digestive upset by overflow of starch into the hindgut.

This also applies to the introduction of fat as an energy source to the diet of racing and
performance horses. (Refer to Chapter 7, Section 7.1.11.2, page XXX).

Blood samples to determine blood electrolyte levels must be taken before a horse is fed (or
v exercised) because of the drain of electrolytes in saliva and pancreatic juice outflow after
feeding. (See also page XX)

Bile

The horse, which has evolved as a continuous grazing monogastric, has no gall bladder in which
to store and release bile secreted by the liver in response to feeding. Bile secretion of up to

300mL per hour is continuous as gastric acid stimulates its release from the liver as the food mass
flows through the upper part of the small intestine. Bile facilitates digestive activity by emulsifying
fats to aid direct enzymatic digestion. It also provides alkaline salts to maintain neutral or alkaline
conditions in the small intestine, buffering the pH range between 7.0-7.5 to facilitate efficient
digestive enzyme activity.

In practical feeding terms, this means that:-

Horses can efficiently utilise limited amounts of supplementary fat mixed well into the ration
v if introduced in a step-wise manner, because of the continuous flow of bile to aid its
digestion. (Refer to Chapter 7, Section 7.1.11.2, page XXX).

Lining Cell Enzymes

The lining cells (brush border) of the small intestine that cover the folds or villi to increase the
surface area for contact by the food mass, also secrete enzymes that primarily target the
fragmentation of long, branched-chain sugars, the amino acids that make up food protein, and
breakdown of fats and oils (lipids) in the diet. The digestion of sugars and starches requires the
disruption of the a-D-glucose bonds linking simple sugar molecules, by two enzymes, a-amylase
in pancreatic juice, (which is low in grass fed grazing horses) and a-glucosidases produced by the
intestinal lining cells. These enzymes fragment disaccharides, such as sucrose, maltose and
lactose to glucose, which can then be directly absorbed into the bloodstream to maintain blood
sugar and replenish liver and muscle glycogen (a form of carbohydrate energy store) levels.

KEYPOINT: The enzyme, b-galactosidase, commonly known as the lactase enzyme, that digests
milk sugar (lactose) is active in foals and young horses. However, as the environment of the small
intestine becomes more alkaline on high forage diets, its activity decreases as a horse reaches
maturity. Lactase enzyme is not present in the small intestine of horses over 4 years of age.

In practical terms, this means that:-

The lactose content in milk powder when fed as a protein supplement above 75g/100kg

v body weight in adult horses is not digested in the small intestine. It may act to increase the
rate of movement of the food mass into the hindgut, contributing to the risk of low-grade
diarrhoea.
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v In young weanling horses, soyabean and canola meal proteins are more economical
sources of lysine than milk powder, although growth rates in suckling foals fed milk powder

are slightly higher than those fed on the alternative protein sources. (Refer to Chapter 7,
Section 7.2, page XXX).

2.4.1.1 Starch Digestion

The small intestine of the horse has limited capacity to efficiently digest the large amounts of
starch commonly fed in high grain diets. This is due to a combination of limited pancreatic a-

amylase enzyme activity, the compact nature of the starch molecules in raw grain and the
relatively fast transit time.

KEYPOINT: Over 50% of the soluble carbohydrate content of the feed passes through the small
intestine into the large intestine, where it is fermented by the microbial flora. The total digestibility
of starch in both the small and large intestine is greater than 95%, regardless of the type of feed.

The type of ration mix and the degree of processing of the digestive mass can have a direct effect
on the efficiency of starch digestion.

iV Adding up to 3-5% fat to the total diet can promote starch breakdown by stimulating
pancreatic juice release that increases enzyme digestion of both carbohydrates and fat.

vz The degree of processing of hard grain such as grinding corn, wheat or sorghum, or
extruding (cooking) the starch, opens up the starch particles to enzyme attack, and
increases starch digestibility in the small intestine.

7 Small amounts of carbohydrate overloaded from the small intestine into the large intestine
are efficiently fermented to volatile fatty acids and used as an energy source, with no
adverse effect on hindgut function.

Feeding additional cereal grain, which raises the energy density of the ration in an exercising
horse, increases the starch content of the diet. A higher proportion of this starch, which is not

digested in the small intestine, starts to overflow into the large intestine where it is fermented by
the resident microbial populations.

An overload of soluble sugars and starches can occur on high grain diets, or when horses
x and ponies graze on lush pasture following the break of the season in spring or early
autumn when moisture and warm conditions encourage rapid regrowth. In these cases,
uncontrolled fermentation in the large intestine of the excess sugar and starch results in
build-up of D-lactic acid, which can initiate the physical and metabolic changes that result in

“hyper” or over energetic behaviour, “cow pat” diarrhoea, laminitis and founder. (See page
XX).

There are a number of actions that can be taken to reduce the risk of overload of excess starch

when feeding horses on rations containing more than 40% grain to meet energy demands for
exercise.

In practical feeding terms, these include:-

v Ensuring a horse's teeth are regularly checked and sharp edges are removed on
the "cheek" teeth to improve the efficiency of grinding grains and dry feeds into

small particles suited for enzyme attack and digestion in the small intestine. (See
page XX).

7 Limiting the amount of cereal grains to a maximum of 500g/100kg body weight per

meal (2.5kg grain in a meal for a 500kg horse) or not exceeding 4g starch/kg body
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weight per meal will reduce the risk of the overload of excess starch into the
hindgut.

7 Mixing grain, pellets and sweet feeds with an equal volume of chaff will dilute and
help slow the rate of intake of carbohydrates in grain.

However, excessive bulking with chaff may reduce the efficiency of chewing,
physically shield the starch particles and increase the rate of transit through
the small intestine, thus restricting direct enzymatic attack on the starch
particles. In this way, overall digestibility of the starch in the small intestine
may decrease.

7 Processing hard grains such as corn (maize), barley, triticale, wheat or sorghum by

cracking, crimping, rolling or grinding can improve starch digestibility in the small
intestine by between 5-15%. Reducing the carbohydrate particle size increases the
surface area exposed to enzyme attack, so grinding these grains to a coarse
powder may be worthwhile to improve digestibility.

KEYPOINT: Processing grains for foals before their teeth are able to chew whole grains
efficiently or for aged horses with worn away teeth improves the overall digestibility and
utilisation of the starch and protein in the grain.

The relative improvement in digestibility in the small intestine gained by various forms of
processing of oats and corn is illustrated in Figure 2.3.

Processing oats at standard rates of intake does not significantly increase
digestibility of oat starch in the small intestine, provided the horse is able to
efficiently chew whole oats in its ration. As the amount of oats exceeds 0.4kg
oats/100kg body weight per feed, the digestibility decreases in the small intestine and
more is overloaded into the large intestine. (see page XX).

KEYPOINT: Any form of processing increases the dust content of fine particles, as well
as the rate of oxidation of fats and vitamins within the opened grain during storage prior to
feeding. Processing also raises the cost of the grain.

7 Cooking the starch by boiling and simmering the grain at 100°C as in boiled barley,

or by controlled friction or steam extrusion processing at 135°C, or alternatively by
infrared micronisation at 150-160°C, expands the starch particles to form a more
open and porous type of granule. This greatly enhances the surface area and
hence the efficiency of the enzyme attack on the starch within the small intestine,
increasing starch digestibility up to 90% for grains, such as corn (See Figure 2.3).
Controlled cooking also improves the digestibility of protein in grains and oil seed
meals as well.

KEYPOINT: Careful control of the time and cooking temperatures and rapid cooling to
remove retained heat is essential to avoid oxidation of proteins and fats and heat damage
to vitamins in cooked feed.
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%
STARCH
THAT IS
DIGESTED
IN
SMALL
INTESTINE

Whole Rolled Ground Whole Cracked Ground Cooked

OATS CORN (extruded or popped)
Adapted from Frape 199/, Schoenherr 1996
Note: The above comparisons have been made at equal starch intakes, not volumes or weights of grain. As
more oats are added to a feed, digestibility of oat starch is reduced in the small intestine.

% Digestion of Starch in Small Intestine
FIGURE 2.3
Comparison Table of Relative Digestibilities
Of Whole and Processed Oats and Corn
The digestibility of oat starch in the small intestine is higher than starch from corn, barley
and sorghum

2.4.1.2 Protein Digestion

The small intestine is the major site of protein digestion into dipeptide and amino acid constituents
and their uptake into the blood. The small intestine of a foal can absorb large long chain proteins
or immunoglobulins for the first 12-16 hours of life that provide it with protective antibodies against
disease. However, proteins in food have to be digested to their constituent amino acids before
they can be absorbed into the blood. The amino acids are then recombined into specific body
proteins in the horse’s liver, blood and tissues.

Protein can be digested either by way of acid hydrolysis using gastric acid or by direct enzyme
attack in the small intestine. Gastric acid overflow from the stomach hydrolyses a limited amount
of protein until the buffering action of bicarbonate secreted in the saliva and pancreatic juice limits
further acid attack. However, whilst acid hydrolysis in the small intestine is three times more active
than protein breakdown by acid in the stomach, protease enzymes released in the pancreatic juice
digest the greater proportion of protein in the small intestine.

KEYPOINT: The digestibility of protein varies in direct proportion to the amount of protein in the
diet, the fibre content of the feed source and the type of the protein relative to its amino acid
balance.



Digestibility of protein in grain may be up to 85% in horses fed on concentrate diets containing
higher "quality" protein sources, such as soyabean meal.

Studies have shown that the digestibility of protein in low protein (8% crude protein) fibrous grass
hay can be as low as 43%, increasing to almost 70% for a 16% crude protein mix of lucerne and
concentrates.

Research has indicated that on a moderate protein diet (12-14% crude protein), 75-80% of the
protein content of soyabean is digested in the small intestine, with 20% digested in the hindgut and
10% lost in the droppings.

Studies have also shown that protein digestibility of the overall diet and levels of
circulating amino acids in the blood can be improved by feeding a small quantity of
roughage about 2 hours prior to giving a concentrate meal. In normal feeding practice,
concentrates are usually fed first, followed by roughage, which may, in fact, act to reduce
protein digestibility in the small intestine.

KEYPOINT: The large intestine does not secrete enzymes that break down carbohydrates,
proteins or fats, although the bacterial population produce enzymes during the fermentation
process. Diets containing excess protein, which is overloaded into the large intestine, are not
efficiently utilised in the large intestine, with significant amounts being passed in the droppings.

Controlled cooking of feed by steam pelleting, boiling, micronization or extrusion increases the
efficiency of enzymatic attack on protein as well as starch and improves the digestibility of protein
in the small intestine. However prolonged overheating can damage the amino acids in food
protein and reduce their efficiency of digestion and reassimilation into protein in the liver and body
cells.

Studies indicate that the digestibility of the amino acid lysine in skim milk, fish meal and meat meal
can be significantly reduced by overheating during drying and processing.

KEYPOINT: Only very limited amounts, if any, of the excess protein in the diet, which is passed
into the hindgut and protein assimilated by bacteria during hindgut fermentation, is absorbed from
the large intestine of the horse.

2.4.1.3 Fat Digestion

Fats, or lipids, and long chain fatty acids contained in the feed are primarily digested in the small
intestine of the horse. The continuous flow of bile emulsifies lipids (fats and oils) to improve the
attack by the lipase enzyme secreted in the pancreatic juice. This helps to efficiently digest limited
amounts of fat to its constituent fatty acids and glycerol. Some emulsified fats are absorbed as
neutral triglycerides directly through the mucosal lining cells into the lymphatic system. They are
then complexed to protein and transported to the liver and cells as lipoproteins. Fats, contained in
feeds, also provide the natural fat-soluble vitamins A, D, E and K, which are released during
digestion and absorbed into the bloodstream.

KEYPOINT: Studies have indicated that limited amounts of fats are efficiently digested in the
small intestine of the horse. However, where the level of added fat exceeds 10-12% of the total
concentrate portion, its digestion and utilisation is reduced.

Most forage based diets and concentrate feeds based on grains, fat extracted oil seed meals and
hays contain between 2-5% fat. Addition of fat to improve the energy density of the ration has
become a popular means of reducing the bulk that needs to be consumed by small framed horses
or by horses with a limited appetite. Adding up to 10-12% fat to the concentrate portion of the
ration has also been shown to improve the utilisation of carbohydrates as an energy source in hard
working horses. (See page XX).
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2.4.1.4 Fermentation

The alkaline and enzyme-active environment of the upper small intestine prevents the colonisation
of bacteria, although digestive micro-organisms taken in with feed can pass through to become
established in the large intestine. The lower section of the small intestine or ileum, before it enters
the large intestine, can harbour limited populations of the Lactobacilli and Bifidobacteria species of
bacteria. Once established, these bacteria can ferment a specific type of carbohydrate fibre in
feed, known as fructo-oligosaccharides (FOS), which provides volatile fatty acids as an energy
source. They also assist by competing with and preventing over-population of other harmful
bacteria such as E.coli, Clostridial spp and Salmonella spp that may establish in the lower small
intestine and large intestine and lead to digestive upset and diarrhoea.

2.4.1.5 Mineral Uptake

The majority of minerals and trace-minerals contained in feeds and those provided by
supplements are absorbed from the small intestine. Minerals such as calcium and iron are
complexed to a protein in the small intestine wall prior to uptake into the blood. Between 50-80%
of the calcium in the diet and 45-60% of magnesium is absorbed from the small intestine. There is
very little uptake of phosphorus from the upper small intestine or duodenum in a horse on a
roughage based diet. Limited absorption of phosphorus from a concentrate diet can occur in the
lower section of the small intestine.

A high intake of calcium in a feed mix, which is absorbed primarily in the small intestine, does not
affect the uptake of phosphate from the hindgut. However, it can lower the uptake of other
minerals including magnesium, iron, zinc and manganese in the feed or when these minerals are
added to the ration as supplements. (Refer to Chapter 3, Section 3.6.1.2, page XX).

2.4.1.6 Electrolyte Uptake

All the major electrolytes are absorbed as soluble or ionised salts from the small intestine. The
uptake of sodium, potassium and chloride, as well as calcium, magnesium and bicarbonate, which
are the electrolytes or body salts used in nerve, muscle and metabolic function, is dependent on
the acid-base balance and fluid content within the small intestine, its motility and rate of passage
of the digestive mass. (Refer to Chapter 4, Section 4.2.3.3, page XXX).

2.4.1.7 Vitamin Uptake

The majority of the fat soluble and water soluble forms of vitamins contained in the feed are
absorbed during the digestive process in the small intestine.

2.4.1.8 Water Uptake

Water is absorbed from both the small and large intestine. The digestive mass in the small
intestine contains 90% water to promote uptake of soluble nutrients and help maintain its relatively
fast rate of passage.

When a thirsty and dehydrated horse has a drink of water, large volumes are absorbed from the
small intestine to assist in the rapid replenishment of fluids and electrolytes in the blood and body
cells.

2.5 Large Intestine
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The large intestine occupies about 64% of the volume, but only 30% of the total length of the
horse's digestive tract.

It is a short, voluminous part of the intestine that acts as the horse's "fermentation tank", in a
similar way to the rumen or forestomach of ruminant animals.

The large intestine is divided into the caecum, a large blind sac hanging directly within the right
flank area; the large colon, which lies on the floor of the abdominal cavity in 5 "pillow like"
segmented sacs, the small colon, where the faecal (manure) balls start to form, and finally the
rectum, which stores the droppings.

The large intestine is often referred to as the "hindgut" because of its size, location and digestive
importance. The digestive mass moves slowly through the large intestine, which has a slightly
drier consistency than the small intestine, taking from 24 to 60 hours depending on the fibre type,
moisture content and bulk of the digestive mass.

2.5.1 Changes with Age

A young foal, during its first month of age, has a large intestine that occupies only 15-20% of the
total gut capacity. The low bulk, minimum fibre, milk based diet consumed by a foal is primarily
digested in the small intestine.

KEYPOINT: As a young horse consumes more roughage, the large intestine develops its
fermentation capacity and expands in volume to accommodate the bulk. As an adult, the large
intestine occupies about 64% of the digestive tract volume.

2.5.2 Digestive Function

Large populations of bacterial, protozoal and fungal micro-organisms colonise the warm, watery
alkaline and anaerobic (no oxygen) environment of the hindgut. The carefully balanced
proportions of micro-organisms or "gut flora" release enzymes to break down the bonds of the
large structural polysaccharide compounds that make up cellulose, gums, pectins and other
fermentable structural carbohydrates of plants, as well as sugars, starches and proteins
overloaded from the small intestine.

The insoluble, indigestible plant component lignin, present in higher concentrations in mature plant
stems and grain husks, cannot be digested by bacterial enzymes and passes out in the droppings.

KEYPOINT: An adequate and regular intake of roughage is essential to maintain hindgut
contraction movement (motility), balanced micro-organism populations and water reserves and to
open up the partly digested food mass to microbial attack as it ferments in the hindgut.

The muscular contractions of the large intestine provide a mixing action to facilitate bacterial
fermentation of the fibre in the food mass.

The transit time of the digestive mass through the caecum and colon is influenced by the physical
form and size of the food particles, the water content and net rate of uptake of nutrients. Fresh,
green succulent forage moves through most rapidly, which can cause watery droppings. Finely
ground pelleted feeds move through more quickly than chaff or stemmy hay. Large fragments of
forage or hay, more than 2cm long, take up to 7 days to move through the hindgut. Small whole
weed seeds have been shown to be retained for 4-13 days in the hindgut, thereby increasing the
risk of weed spread on pastures.
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KEYPOINT: The hindgut does not secrete digestive juices or enzymes, but it is lined with mucus
producing cells to assist the lubrication and movement of the digestive mass through the bowel.

A high indigestible lignin content in feed, or a drier consistency due to inadequate saturation with
saliva at feeding or limited water intake, can result in compaction, with reduced digestive activity
and a high risk of colic.

In practical feeding terms, this means that:-

oS Finely chopped mature cereal chaff with a high indigestible lignin content has a higher risk
of compacting in the caecum and large colon than similar chaff shredded into longer
fragments.

KEYPOINT: The horse is more efficient in utilising sugars, but less able to digest fibre, than the
ruminant. Therefore, pasture and hay containing less mature plants, with a higher proportion of
cellulose to lignin, are better utilised by the horse.

2.5.2.1 Fermentation

The horse obtains its primary source of simple sugars, protein, fats and some minerals and
vitamins from direct uptake and digestive action within the small intestine. However, efficient
hindgut fermentation is essential to provide breakdown of structural carbohydrates in cellulose
fibres and other structural fibres in plants, to volatile fatty acids, which are a valuable energy
source.

The anaerobic buffered alkaline environment of the hindgut provides conditions suited to digestion
of fermentable fibres, protein and limited amounts of starch to volatile fatty acids (VFAs). These
are chiefly acetic and butyric acids, which are absorbed into the blood stream. These can provide
the major source of energy on aerobic oxidation in muscle and other cells in grazing horses, with
excess being stored as body fat.

KEYPOINT: Horses resting or performing light work on a pasture based diet obtain 75-80% of
their energy from volatile fatty acids produced by hindgut fermentation. In contrast, horses in
heavy training on a ration containing grains with less roughage, obtain 70-75% of their energy from
starch and fat digested in the small intestine.

Another volatile fatty acid, propionic acid, is produced during fermentation of undigested starch
residues. It is absorbed and converted directly to glucose in the liver and utilised as an energy
source during anaerobic (fast) and aerobic exercise.

High intakes of lush, rapidly growing grass pasture, or consumption of meals containing large
amounts of grain, can overload increased amounts of starch into the hindgut. These substrates
increase the fermentation rate, rapidly elevating propionic acid production. Lactic acid producing
bacteria also proliferate and accumulate D-lactic acid as a byproduct of starch fermentation,
increasing acid levels and reducing the pH of the hindgut. This is termed “caecal or hindgut
acidosis”, and high D-lactic acid levels can have a serious effect on digestive function. (See
Glossary terms)

KEYPOINT: The production of large amounts of D-lactic acid following overload of soluble sugars
into the hindgut is considered to be the mechanism that triggers the onset of laminitis and founder
in horses and ponies consuming lush pasture or high grain diets.

The accumulation of D-lactic acid overwhelms the normal buffering efficiency and lowers hindgut
pH to below an optimum of 6.5-6.8 necessary to facilitate maximum VFA production and uptake.
Observations suggest that when faecal pH falls below 6.4pH units, the higher D-lactic acid
concentration stimulates increased motility, which leads to diarrhoea, seen as ‘cow pat’ like
droppings, with reduced nutrient and water absorption. If the decline in hindgut pH continues
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below 6.4, fermentation activity of the other microbial flora is suppressed and hindgut digestive
function is severely compromised.

Studies indicate that up to 16% of horses in training on intakes of more than 5kg total raw (not
extruded or cooked) grain daily are likely to develop a low grade form of hindgut acidosis. Other
studies suggest that up to 46% of sound racehorses on high grain diets have structural changes
within the front hooves, with evidence of downward rotation of the pedal bone consistent with low-
grade laminitis. Many of these horses have a history of reduced stride length, symptoms of “foot
soreness”, widening and deterioration of the white line and increased breakaway around the edges
of the hoof wall.

KEYPOINT: If the hindgut pH drops below 6.2 units on high starch diets, large numbers of the
resident microbial flora are suppressed and die, releasing toxins that are absorbed into the blood
stream.

These circulating toxins are thought to have a direct effect by reducing the vitality of the basement
membrane cells in the laminae that provide the structural support within the hooves, as well as
reducing the flow of blood into the laminae. This results in devitalisation of the laminae, fluid
collection and reduced laminar bonding. If the process continues, devitalisation of the laminae can
lead to structural collapse within the hooves and pedal rotation resulting in founder. (See Glossary
term).

The fermentation activity and digestive function in the large intestine also contributes a number of
other essential byproducts vital to the horse’s well being, as detailed below.

2.5.2.2 Heat Production

The fermentation process produces heat from some of the energy stored in the carbohydrates and
proteins that are digested in the hindgut. Because cellulose and other complex carbohydrates
require prolonged microbial activity to break down their structural bonds, fibrous foods such as
roughage from grass, chaff and hay produce more “heat waste” than starches in grains. Together
with exercise, the “heat of fermentation” helps to provide heat to maintain body temperature.
Excess protein overloaded from the small intestine and fermented in the hindgut also produces
approximately 6 times more heat than an equal weight of excess starch fermented in the hindgut.

In practical feeding terms this means that:-

Under cold conditions, feeds with a high fermentable fibre content, such as pasture, good
v quality hay, and even oats (which is the highest in fibre of the common grains) will assist in
maintaining body warmth in grazing horses.

High protein diets, which can result in fermentation of excess protein in the hindgut, can
x increase the amount of heat that has to be eliminated by sweating and panting in working
horses, especially under hot conditions.

2.5.2.3 Water Holding Capacit

Roughages and fibrous foods absorb and hold water within their structure as the digestive mass
passes through the large intestine. The hindgut holds 75% of the water retained in the digestive
tract, acting as a reservoir of water that can be absorbed to counteract fluid loss from sweating
and respiratory evaporation in working horses. Each gram of fibre holds approximately 5 times its
weight in water and studies indicate that for every 1kg of dry hay consumed, a horse’s body weight
can be increased by 4-6kg.

In practical feeding terms, this means that:-
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Horses that are working under hot conditions are able to maintain higher reserves of fluid to
counteract dehydration from sweat loss if provided with dampened roughage 24-36 hours
prior to prolonged exercise.

Horses that become dehydrated due to inadequate water intake or heavy sweat loss under
v hot conditions, lose hindgut weight as water reserves are depleted. They can develop an
appearance of being “tucked up in the belly”, especially if their hindgut capacity is limited by
highly concentrated, low roughage rations.

2.5.2.4 Mineral and Electrolyte Uptake

The majority of minerals, electrolytes and trace-minerals are absorbed from the small intestine.
Only about 10% of the total calcium is absorbed from the large colon, with a net outflow of calcium
from the caecum, large ventral colon and small colon. The majority of the phosphorus is absorbed
from the large intestine. Considerable amounts are secreted as phosphates into the large
intestine to buffer the acidity resulting from fermentation of cellulose to volatile fatty acids. Itis
then primarily secreted and reabsorbed, relative to the need for phosphorus and blood phosphate
buffering activity from the large intestine.

2.5.2.5 Vitamin Synthesis

The micro-flora and fungi that colonise the large intestine also synthesise (called bio-synthesis)
many water soluble B-group vitamins, as well as natural vitamin K, as byproducts of the
fermentation process.

In a pasture fed horse, the biosynthesis of these vitamins helps to meet daily needs in excess of
those provided in the diet and absorbed during digestive processes in the small intestine. The
droppings of a horse contain a higher content of some B-group vitamins than the levels naturally
provided in the feed.

KEYPOINT: In horses on concentrated rations with a lower fermentable roughage intake, the

biosynthesis of B-group vitamins is reduced. It is also considered that their absorption is limited
when horses are exposed to the stresses of training.

In practical feeding terms, this means that:-

Horses fed highly concentrated diets in training may benefit from supplementary B-group
v vitamins in their feed. As B-group vitamins are involved in metabolism and liver function,
supplementary amounts may help maintain appetite and assist metabolic recovery from
hard exercise. (Refer to Chapter 3, Section 3.7.1.2, page XXX to XXX).

2.5.2.6 Manure For

The colour, consistency and smell of a horse’s droppings reflect the state of its digestive function,
water intake and the type of diet that it is consuming on a regular basis.

KEYPOINT: The type and amount of fibre in the diet can affect the consistency, volume and water
content of the droppings.

About 50% of the dry matter of the manure consists of microbial cells that are still actively
fermenting fibre residues when passed. The content of the rest of the dry matter is relative to the
amount of non-fermentable lignin in the diet. Mature pasture and hay diets produce more manure
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bulk than lower fibre, growing pasture and concentrated grain based diets. The fibre of cereal
grasses and chaff holds more water in its structure than fibre from lucerne hay or chaff and the
droppings will often appear to be moister on lucerne based diets. Horses grazing good quality
pasture with lower lignin and other residue after digestion normally pass smaller manure balls in
their droppings.

KEYPOINT: The water content of the droppings can vary considerably due to the volume of feed
consumed, the type of diet and the horse’s need for water to replace sweat and lung evaporative
losses.

Green pasture diets usually result in droppings with a higher moisture content than dry feed diets.
Encouraging water intake by providing salt and electrolytes will often produce wetter manure.
When a horse dehydrates from lack of water or heavy sweat loss, its droppings become drier with
smaller more compacted manure balls.

KEYPOINT: The efficiency and type of fermentation in the hindgut also influences the smell and
consistency of the droppings.

High grain intakes that result in overflow of starch into the hindgut are likely to result in large
amounts of D-lactic acid build-up in the hindgut, which lowers the pH of the droppings (see page
XX). High D-lactic acid levels also increase the rate of movement of the feed mass through the
hindgut, reducing digestion and increasing water content. Affected horses pass “acid” smelling,
“cow pat” type droppings after consuming a high raw starch (not cooked) intake in grain based
diets that have a less than optimum fibre intake. (See also laminitis page XX and glossary term).

High protein diets can also increase the amount of ammonia in the droppings and urine, as excess
protein is fermented in the hindgut.

2.6 Summary

The horse’s digestive system has evolved to efficiently use large amounts of fermentable fibre
from green growing grass and other succulent plants.

The horse enjoys grazing as its natural means of gathering food. It is able to selectively
v graze close to the ground. A horse selects its feed on smell, taste, texture and moisture
content. It must chew and grind its food thoroughly to prepare it for the digestion
processes. It normally consumes small amounts of food at each mouthful. Its grinding
teeth can develop sharp edges and need regular examination and rasping, especially in
horses eating large amounts of dry, hard feed such as whole grain.

The horse needs to obtain its protein, fat and major mineral and fat soluble vitamins during
v the digestive processes in the small intestine.

High starch and protein diets cannot be fully utilised in the small intestine and residues of
v starch that overflow into the large intestine can be rapidly fermented to D-lactic acid, which
has adverse effects on digestion.

Horses on highly fermentable fibre diets provided by young, growing pasture obtain up to
v 70% of their energy from volatile fatty acids produced during hindgut fermentation
processes, compared to 30% for horses on high starch, grain based diets.

Proper and balanced digestive function is essential to maximise the utilisation of the diet
v and uptake of energy, protein, fat, minerals and vitamins from both the small and large
intestine.




The volume, consistency, moisture content and smell of a horse’s manure reflects the
efficiency of its digestion, type of diet and the amount of water it has taken in with its feed.
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CHAPTER 3

THE MAJOR NUTRIENTS IN HORSE FEEDS
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Over the past 20 years, largely because of the economic importance of the horse in competitive
racing and horse sports, and for pleasure and leisure riding activities, a large proportion of equine
research has concentrated on establishing more accurate guidelines on the nutrient requirements
of breeding, growing and exercising horses. An understanding of the basic nutrient classes and
their importance will enable you to select suitable types of feeds relative to an individual horse’s
needs. It will also help avoid some of the deficiencies and excesses that can occur if a horse is
provided with an imbalance of nutrients because the feeds are blended in incorrect proportions,
are of low quality, or are not being consumed because of poor palatability or an individual horse’s

likes and dislikes.

Most horse owners are familiar with the terms of energy, protein, fat, fibre, major mineral and vitamin needs, because of
the mandatory labelling requirements for packaged human foods and prepared “ready-mixed” feeds formulated for
horses. The value of a feed is dependent on a horse’s ability to digest, absorb and utilise the basic nutrients.

The major nutrient classes, utilisation of feeds and common feed sources are summarised in Table 3.1.

KEYPOINT: The individual contribution of dietary nutrients depends on the types of pasture or feeds provided, the blend
and proportion of each in the ration and their quality related to stage of growth, processing and storage.

A discussion of the function of each class of nutrient in the diet is helpful to provide an understanding of its importance
and contribution relative to a horse’s needs.

In terms of the body’s content, daily quantity required, its involvement in digestion
and normal physiological and metabolic function, and the amount excreted or
secreted from the body, water is the most important of all nutrients in a horse’s diet.

(MJ=Mcal x 4.185)
of Digestible
Energy (DE)

amounts required for
growth, exercise,
pregnancy and lactation.

NUTRIENT CLASS PROVIDES A SOURCE NUTRIENT SOURCES IN COMMON FEEL
OF, OR IS UTILISED FEED SOURCES AND
FOR RELATIVE
CONTENT
Fuel for muscle contraction, | Carbohydrates — fibre — Hays and forage (low
ENERGY body cell metabolism and microbizll fermentation to volatile 5.6)-110 MJDE/Eg o
AS . division in maintaining body | fatty acids.
Mega_calorles Mcal function, heat for body Carbohydrates — starches, Cereal Grains (high) 1.
Megajoules MJ warmth, with additional sugars. 15MJIDE/kg

Proteins — 50% of amino acids to
energy, excess fermented to
heat.

Protein in grains and
meals (medium-high)
11.5-14MJDE/kg

Fats to fatty acids

Fats added to diet (vel
high)
37MJDE/kg
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PROTEIN
0/100g or %
(As Crude Protein)
(CP)

Amino acid building blocks
for body protein in tissues,
blood and bones. Extra
required for growth,
pregnancy and lactation,
and exercise.

Crude protein in feed. Quality
relative to amino acid content, oil
seed meals highest, cereals
lowest. Protein produced by
microbial fermentation in large
intestine not utilised.

Oil seed meals (high)
22-44%CP

Lucerne Hay (medium
15-17%CP

Cereal grains 6-12%Cl
Cereal hay 6-7%CP
Amino acids added to
diet

FAT

g/100g or %
(As crude fat)

Concentrated source of
energy only and essential
fatty acids for body
functions, skin condition
and muscle and nerve
membranes. Fat soluble
vitamins.

Saturated Fats,

Polyunsaturated oils. Volatile
Fatty Acids in feeds produced by
fermentation of fibre in large
intestine.

Vegetable Oils (very
high) 99%

Whole Oil Seeds (higr
15-26%

Oil Seed Meals (low)
0.5-3%

Grains (low) 2-4%
Hay (low) 2-3%

FIBRE Essential for fermentation in | Fermentable fibre — highest in Oil Seed Meals
o the large intestine to growing plants. (medium) 7-22%
0 . . provide energy as volatile - Celluloses Oats (high) 17%
E’)AS MOd'f'?fg Acid fatty acids, open the feed - Hemicelluloses Corn (low) 3%
Nel'tf[r)gent lore mass for efficient microbial - Pectins, Gums Barley (medium) 7%
( ) action, and hold water - Lignin — indigestible component | Late cut hays (high)4C
reserves in fibrous mass in increases as plants mature, also | 45%
hindgut. in seed hulls. Pre-bloom cut hays 2(
30%
MINERALS Structural cpntent of_ teeth . AI_I common feeds
Mai . | and bones, involved in aJ Or Mineral sources
ajor minerais metabolic functions, blood (supplements)
grams (9) formation.

Trace minerals
milligrams (mQ)

Minerals
(Macrominer
als)

Calcium, Phosphorus,
Magnesium

Trace-
Minerals
(Micro-
minerals)

Iron, Copper, Cobalt,
Manganese, Zinc, lodine,
Selenium, Chromium.

Examples:

Lucerne : high
calcium/low phosphort
Oats : high
phosphorus/low calciu

ELECTROL
YTES

Grams (9)

Nerve and muscle action,
acid-base balance, water
intake and kidney function.

Sodium, Potassium, Chloride,
Magnesium, Calcium
(Bicarbonate)

All common feeds
Mineral sources
(supplements)
Lucerne : high in most
electrolytes

Grains : low in
electrolytes

VITAMINS
International Units
(iu)

Micrograms (ng) or

Metabolic functions, tissue
health and nervous
function, mineral uptake,
blood formation, immune

rocnnnco fortilityv

Fat-soluble vitamins A,D,E,(K)
Water-soluble B-group vitamins
and vitamin C

All common feeds
vitamin Supplements -
high

Sunlight on skin —

vitamin D




Milligrams (mg) response, fertility. vitamin D
Hindgut fermentation [
group, Vit K, vit C in

liver.
WATER Essential to maintain fluid Resting, cool weather = 4 Drinking water
. content of blood and litres/100kg daily. Green forages 80%
Litres(L) tissues, essential for Hard exercise, hot weather up to | water
nutrient uptake, kidney 10-15 litres/100kg daily. Dry Feeds 10-16%
function and fluid balance. water

Added moisture to fee
Metabolic water

Sources: - NRC (1989) Lewis (1995) Frape (1997) Kohnke (1998)
TABLE 3.1

Major Nutrient Classes including Function and Common Sources

3.1 Water

Water held in the digestive tract and as body fluids, accounts for 65-75% of a mature horse’s body weight, or
approximately 325-375 litres in an adult 500kg horse.

A young foal’s body contains from 75-80% water because of the higher proportion of muscle to bone and fat. In the
mature horse, the total water content increases as it develops a higher proportion of muscle in training and becomes
leaner.

A horse can lose almost all of its fat reserve, and up to 50% of its protein and still remain active although it may be thin
and wasted. However, a loss of 6% of body water will severely hamper a horse’s vitality, temperature regulation and
ability to work efficiently, as well as increase the risk of digestive disturbances and colic. A loss of more than 10% water
can lead to severe dehydration, collapse and death. Fluid and electrolyte loss in heavily sweating or hard working
horses can result in a progressive loss of performance, combined with an increasing risk of overheating and exhaustion.

3.1.1Need for Water

Water has a number of vital functions in a horse’s body. An adequate intake of water is required for:-

The metabolic functions of cells that make up a horse’s muscles, blood and body tissues. 50% of water in a
\/ horse’s body is within body cells, 20% between the cells, 5% in the blood as plasma and the remainder in the
digestive system.

The digestion and absorption of nutrients from the gut and the efficient transport of these nutrients within the

v body.

The elimination of soluble waste products as metabolites and salts in the urine. The non-absorbed nutrients
v are passed out in the droppings.

The control of body temperature (thermoregulation), with efficient heat loss via evaporation of sweat from the
\/ skin and exhaled water vapour from the lung surface during respiration. This is an important function in a hot
climate, such as exists in Australia, and in a horse exercising over long distances. Each litre of sweat
evaporating from the skin is capable of removing approximately 2.43 megajoules (MJ) (2.43 million watts) of
heat energy. Evaporative loss in sweat and from the lung surface used in cooling accounts for up to 33% of
intake of water during hot weather. During prolonged exercise, urinary outflow is reduced in order to maintain
and conserve adequate fluid levels for metabolism and heat loss.

Mare’s milk contains from 87-89.5% water relative to the stage of lactation. A mare produces from 3-4% of her
/ body weight in milk (15-20 litres in a 500kg mare) daily at the peak of lactation between 4-10 weeks after
foaling.

It is especially important to provide adequate water to a horse on a dry feed diet and when salt or electrolytes
v are added to the ration of a working horse.

3.1.2. Factors Influencing Water Requirement

There are a number of factors that influence the daily requirement of water. These are summarised in Table 3.2.

l Influencing | Water Requirement/Loss [
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Factor

Dietary Influences Horses need more water to drink when fed on dried hays and grains.
Estimated intake is 3.6 litres of water per kg of hay in the diet and 2.9 litres
per kg of a combined hay and grain ration.

Environmental Under cool conditions (less than 10°C) a resting horse will consume 2 litres

Temperature of water per kg of dry feed. Up to 8 litres/kg dry feed may be consumed
under hot conditions above 35°C.

Exercise A working horse will consume up to 20-30% more water above resting needs

due to evaporative sweat and respiratory losses to aid cooling. As body
temperature rises during exercise, up to an 800% increase in water loss from
the lung surface can occur.

Reproductive Lactation in mares increases water need by 50-70% above a resting horse.
Seasonal cycles in mares result in more frequent urination, increasing urinary
water loss by up to 20%.

Growth Requirements for growth are 10-15% higher than an adult horse of equivalent
body size under similar conditions.

Gastro-intestinal Diarrhoea, especially in foals, can result in substantial loss of water in the

Losses manure, along with electrolytes and other feed constituents, leading to

dehydration. Foals are less able to concentrate their urine to counteract
gastro-intestinal loss and dehydrate more quickly when suffering from severe
diarrhoea as compared to adult horses. This can be compounded under hot
summer conditions with respiratory and sweat loss.

Urinary Losses The average 500kg horse excretes about 17 litres of urine per day. Diets
high in salt or protein can increase water needs. A higher urinary loss occurs
in horses fed on legume diets than those given grain and cereal hay diets.

Source:- NRC (1989) Cunha (1991) Lewis (1995) Frape (1997)

TABLE 3.2
Factors Influencing the Water Requirement and Loss in Horses

KEYPOINT: The daily intake of water does not vary much for an individual horse. Any decrease in water consumption,
or change in feed intake, is often a sign of sickness 24-36 hours before symptoms become apparent. A change in body
weight, rather than body condition, is a measure of water loss in a sick horse.

A lightly worked horse under cool to moderate temperature conditions loses about 50% of the total water outflow each
day in its urine, 30% in droppings and the remainder via sweat and respiratory evaporation. A heavily sweating horse
performing moderate work under warm conditions (30°C) may lose 9-11 litres of fluid per hour in sweat.

3.1.3Sources of Water

A horse obtains its daily intake of water from the moisture content in the feed it consumes, water produced during
aerobic energy metabolism in its body tissues and from water it drinks when thirsty.

7 | Moisture in Feeds

Horses grazing fresh, lush pasture and green feed, which contains up to 70-80% water, may not voluntarily
drink water under cool conditions. Average green pasture contains up to 65-70% water, dry mature pasture
40% moisture or less and grains and hays from 10-16% moisture. Under drought conditions where limited
water and supplementary feed is available, horses will often seek out and consume succulent plants, many of
which may be poisonous, to obtain water.

Metabolic Sources

‘/ The metabolism of carbohydrates, proteins and fats during aerobic (using oxygen) energy breakdown in
muscles and other tissues provides a useful source of metabolic water to the tissue and cell environment. Each
kilogram of a mixed concentrate feed provides between 350-400mL of metabolic water as the energy is
metabolised, relative to its digestibility and fat content.

KEYPOINT: Poor quality, less digestible feeds increase the water requirement in a horse in order to maintain physical
digestive flow and offset the reduced contribution from metabolic water production.

Drinking Water

\/ A resting horse under cool to temperate conditions (10-25°C) will drink about 4-5 litres of water per 100kg body
weight daily, or roughly 2-3 litres per kg of dry feed consumed. If water is available, most horses will drink 3-4
litres per kg dry matter when on a dry feed diet, even though they do not need it.
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A study under hot, moderately humid conditions in Queensland indicated that all foals by 6 weeks of age drink up to 4L
daily, and by 10 weeks of age 5.5L daily above that provided by milk and moisture in feed.

KEYPOINT: Horses should be provided with a supply of fresh, clean water at all times sufficient to meet their daily
needs. They will consume more water and drink more often when water is located near to their feeders. Under hot
conditions, horses will drink more readily when the water is cool and in the shade.

Under hot Australian summer conditions, water provided by underground pipes to a self-drinker will help to keep it cool.
A volume of at least 50 litres should be provided in a trough or bucket daily under hot conditions to avoid the bulk of
water becoming warm and less well accepted.

3.1.4Quality of Water

The quality and palatability of water is critical, not only to ensure a horse will consume it readily, but also to avoid the
intake of potentially toxic minerals that could accumulate in its body. Water provided for horses should be clean, fresh
and free of chemical tastes or decomposing organic matter.

There is very little specific data on the upper levels of salts or solids in water that will limit its palatability and safety for
horses. The recommendations are based on water quality for other livestock and are a useful guideline for horses
drinking creek, dam or bore water.

3.1.4.1 Total Dissolved Solid Conten

The quality of water is usually expressed as its content of Total Dissolved Solids (TDS), or the total concentration of
chemical salts such as chloride, sulfate, carbonate and bicarbonate, and minerals such as calcium, sodium, magnesium,
iron and copper that are dissolved or suspended in the water.

The measure of “hardness” of water, which relates to the suspended and dissolved magnesium and calcium salts, can
also be used as a guide to water quality. Although individual salts, such as calcium have an Upper Safe Limit (USL) of
500mg/L in water, above which palatability is reduced, a total “hardness” is recommended at 200mg/L. This is because
a higher magnesium content in “hard” water is more likely to reduce the palatability of the water than excess calcium.

KEYPOINT: Horses prefer to drink water with a maximum TDS content of up to 1000 ppm (1g/litre), but will consume
water containing up to 3000 ppm (3g/litre). Water containing a TDS content of greater than 5000-7000 ppm (5-7g/litre)
will cause a reduction in water consumption and can ultimately have an adverse affect on growth rate, athletic
performance, milk production and vitality.

In practical feeding terms, this means that:-

The TDS content can be inadvertently increased when electrolyte mixtures, containing concentrated sources of
3 salts, are added to drinking water.

As a guideline, the maximum rate of adding salt mixes is 60g of an electrolyte (containing at least 50%
‘/ sodium chloride) per 25 litres of town, rain water or river water. A smaller amount should be added to
water from bores or dams already containing a higher TDS content.

3.1.4.2 Upper Safe Limits of Toxic Minerals

Water drawn from bores or collected in dams and creeks as run off may contain a low concentration of heavy metals and
other potentially toxic minerals. The water may be palatable, but the intake of certain minerals may cause them to
accumulate in the horse’s blood, liver, kidneys and other tissues, resulting in either acute or chronic toxicity and
symptoms of poisoning.

KEYPOINT: The TDS and organic matter content in dams can concentrate during summer due to water evaporation
and can result in the water being less palatable when dams are low or almost dry. Alternative sources of fresh water
must be provided for horses under these conditions.

The Upper Safe Limits (USL) of potentially toxic heavy metals and other minerals are summarised
in Table 3.3.



v

Mineral Elements mg/L Upper Safe Limit (USL)
Mercury, Selenium, Cyanide, Manganese 0.01mg/L
Lead, Vanadium 0.1mg/L
Cadmium, Silver 0.05mg/L
Arsenic 0.2mg/L
Iron* 0.3mg/L
Copper* 0.5mg/L
Chromium, Cobalt, Nickel 1.0mg/L
Fluorine** 2.0mg/L
Nitrite Nitrogen 10mg/L
Zinc 25mg/L
Nitrate Nitrogen 100mg/L
Salt* 2500mg/L

* Iron and copper at this level are not toxic, but the palatability of water may be decreased.
** Fluorinated town water contains 1mg fluoride/L
Source: NRC (1989) Lewis (1995)

TABLE 3.3
Upper Safe Limits (USL) of Drinking Water for Horses

3.1.4.3 Water Testing

Water samples can be tested for TDS content and a range of potentially toxic heavy metals by
Department of Agriculture Laboratories, or other commercial analytical chemical laboratories.
Always collect samples (about 250mL) in clean glass bottles that have been well rinsed with the
water being sampled. Samples should be taken 10-15cm below the water surface of a dam, creek
or tank.

3.1.4.4 Bacterial and Plant Contamination

Water stored in tanks or run off into dams can also contain excess organic matter and potentially toxic contaminants,
such as bacteria and other pathogenic organisms from animal or bird droppings, leaves from poisonous plants and
toxins from growth of algae in rivers, creeks and dams.

Although the Upper Safe Limits for bacterial content for horses have not been established, a limit of 50 coliform colonies
(E.coli bacteria) per 100mL of water is recommended for livestock. Upper safe levels for Salmonella species, Giardia
(protozoa) and Cryptosporidium organisms are not known for horses. Consumption of contaminated water may lead to
bowel infection, diarrhoea and, in severe cases, may be fatal.

Water that is obviously contaminated with organic matter, or that has an offensive odour, should not be offered to a

horse. It is unlikely to accept it anyway and may dehydrate as a result. A compaction colic could develop if the horse
refuses to drink the water that is provided.

In practical feeding terms, this means that:-

Water collected into a dam as run off from yards, septic and sullage areas, or other animal holding areas,
\/ should not be used for horses. If there is no alternative, samples should be tested for bacterial content if the
water collects and the contaminants concentrate in a dam or water hole, particularly as a result of summer time
evaporation.

It is unwise to allow potentially poisonous plants, such as Oleander, Yew or Poinsiana (Coral) trees, to
b 4 overhang dams, tanks or water troughs, where leaves can fall in and rot, releasing toxic chemicals into the
water. Troughs should be cleaned regularly to remove residues of food, algae and other contaminants. (Refer
to Chapter 9, Section 9.4, pages XXX).

3.1.4.5 Poisoning from Blue Green Algae Contaminatio

Particular seasonal conditions in eastern Australia, in recent years, have resulted in rapid growth and layering of blue
green algae in dams, lagoons and stagnant, slow flowing watercourses. Growth is promoted by a build-up of nitrogen
and phosphorus fertiliser residues in these water sources. Under ideal seasonal conditions, heavy growths can become
stressed due to overpopulation and inadequate nutrition. The algae die and species of cyanobacteria that co-exist with
the algal bloom also die, releasing the very toxic cyanide chemical into the water.
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Symptoms of toxicity in horses include sudden death from cyanide poisoning, photosensitisation (sunburn lesions) on
non-pigmented skin, muscle tremors, diarrhoea and blood in the droppings and liver damage.

KEYPOINT: There are a number of species of blue green algae which can result in toxicity and samples of algae
collected from a water source can be identified by Department of Agriculture advisors in your area.

In the event of an outbreak, remove horses from the water source and report the bloom to the Department of
/ Agriculture or the Environmental Protection Agency. Heavy blooms can be skimmed off and removed manually
and transferred to a non-catchment area. The contaminated water should be pumped out onto a non-grazing
area. It may be best to test water samples before allowing horses to drink from previously contaminated dams
and water holes.

3.1.4.6 Green Algal Growth

Common green algae spores are spread by wind and water, often contaminating creek, dam or tank water used for
livestock. The algae grow in troughs and in open tanks exposed to sunlight. The growth of these common algae can be
controlled by the addition of copper sulfate (Bluestone — 20% copper) to water at the rate of 5g (1 level teaspoon) per
5000L (about 1200 gallons). Water should be drained out and the source refilled prior to adding more copper sulfate at
the recommended rate to avoid affecting the taste and acceptance of the water. It is unwise to add copper sulfate to
galvanised tanks as the protective zinc coating may be eroded away more quickly.

3.2. Energy

Of all the nutrients in a horse’s diet, energy is the one that is least understood and it is often fed in excess relative to the
needs of the average horse. Most horse owners consider starch from grains provide the only source of energy in a
horse’s diet, but as grazing animals, horses obtain most of their energy in the form of volatile fatty acids from plant
cellulose and other structural carbohydrates fermented in the hindgut. (Refer to Chapter 2, Section 2.5.2.1, page XX).

KEYPOINT: A horse requires energy, in the form of chemical energy for nerve action, muscle contraction, body
processes, organ function and as heat energy to maintain body temperature.

Energy need is expressed in Megajoules of Digestible Energy (MJDE) daily. Digestible Energy is used to equate
energy needs in horses, which is the total energy in the feed (measured as heat of combustion), minus the
energy content of the undigested or waste plant material in the droppings. (See Glossary Term).

3.2.1 Sources of Energy
Forages and harvested feeds contribute varying amounts of energy relative to their carbohydrate, protein, fat and

fermentable fibre content. Each feed source has its characteristic content of energy. Comparative levels in feeds are
summarised in Table 3.1, Table 5.6 and 5.7 and individual feed content is detailed in Tables 10.1 to 10.4.

Fermentable structural carbohydrates of plants in the form of insoluble non-starch polysaccharides, mostly as
v cellulose, are converted by microbial fermentation to volatile fatty acids to provide the primary source of
chemical and heat energy for grazing horses.

Once a horse is fed on grains to increase the energy density for growth, reproduction or exercise, shorter chain
V4 soluble carbohydrates, including sugars and starches, provide a higher proportion of chemical energy.

KEYPOINT: On a high fibre grass and hay diet, up to 60-75% of energy supply is
provided by metabolism of volatile fatty acids in a resting horse. Once a working horse is
fed up to 50-60% grain to meet its energy and protein needs, only 20-30% of the total
energy is provided by volatile fatty acids from hindgut fermentation.

7 Energy is also obtained from fats contained in feed, which provide 2% times more

energy than equivalent amounts of carbohydrates and protein. Standard grain and
roughage rations contain from 2-5% fat. Small amounts of additional fat, usually in
the form of polyunsaturated vegetable oils, provide a convenient, efficient and
economical method to boost the energy density of the diet in aerobically exercising
horses, such as upper level eventers, show jumpers and endurance horses.

The benefits of feeding additional fat as an energy source are summarised in Table. 3.5. A further discussion on the
addition of fat to horse diets is included in Chapter 7, Section 7.1.11.2, page XXX.

The amino acids in protein supplements, such as oil seed meals and excess protein from lucerne hay can also
‘/ be utilised for energy in working horses. However, protein is an expensive energy source in comparison to
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sugars, starches and cellulose in grains and roughages. Hindgut fermentation of dietary protein produces six
times more heat and results in a higher urine outflow in working horses, both of which can reduce performance
and increase the risk of dehydration in hard working horses, particularly under hot conditions.

3.2.2Factors Influencing Energy Requirement

A daily amount of chemical energy absorbed from food as glucose, or metabolised from fats and volatile fatty acids is
required to fuel muscle contraction and other metabolic processes to enable the horse to move around to harvest its
food, maintain vitality and body weight. Heat energy predominantly from hindgut fermentation of starch, fibre and protein
helps to maintain the body temperature within normal physiological limits.

This is termed the maintenance energy requirement and is proportional to the body weight of the mature horse.

KEYPOINT: Once a horse is required to grow, exercise or reproduce, the needs for energy increase in proportion to the
energy expended above normal maintenance requirements.

The requirement for energy for work and other needs is discussed more fully in Chapters 4 and 5.

Low Energy Intake

b 4 An inadequate amount of energy in the diet will affect an animal’s ability to exercise, grow or reproduce, and if
not corrected by increasing the quality or quantity of feed, the horse will lose body weight as fat and protein will
be utilised to maintain daily energy needs.

High Energy Intake

b 4 If the amount of energy provided is greater than that utilised or expended in exercise, growth or reproduction,
the horse will channel the energy surplus into activity, making it “hyper-energetic”, “above itself”, “fizzy” or more
difficult to handle. In a quieter, less active horse, it will be converted to body fat and increase the animal’s body

weight and condition score.

The major factors influencing energy requirements of exercising horses are outlined in Table 3.4.

Activity Relative Energy Requirement

Galloping expends energy at a rate 6 times faster than a medium trot, and 30
times more rapidly than at the walk over a standard period of time. Galloping
expends energy at 2MJDE/min, walking at 4MJDE/hour.

Speed of exercise

Light work (walking and trotting) for up to 30-60 minutes increases energy
needs by 25%. Moderate work (trotting, some cantering) for 60-120 minutes
by 50%, and intense exercise (sustained trotting, cantering, galloping) by
100% above maintenance needs.

Type and duration of
exercise

Climatic conditions

Cold weather increases the energy needs by 10-15% to maintain body
warmth.

Weight of the rider or
load pulled

The total amount of energy expended is proportional to the total body weight
of the horse and rider during exercise, especially over longer distances, such
as endurance riding. In draught horses, as a guideline, maintenance energy
needs are increased by 10% for each hour of plough work.

Working surface and
terrain

Exercising up hills or under heavy, wet or deep soil conditions increases
energy expenditure.

Temperament

Nervy horses expend extra energy in unnecessary self-exercise.

Metabolic efficiency
of the horse

Pony and draught horse breeds are generally slower moving and utilise less
energy for an equivalent amount of work. Some horses are good “doers” or

“easy keepers”; others are “bad doers” or “hard keepers” that are unable to
maintain weight on an otherwise adequate ration.

Source: NRC (1989), Lewis (1995), Frape (1997)
TABLE 34

Major Factors Influencing Energy Requirement of Exercising
Horses

3.3 Protein

Protein is the major structural component of muscles, blood and many other tissues. On a
moisture and fat free basis, protein constitutes about 80% of a horse’s body weight. Proteins
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primarily provide amino acids and nitrogen for tissue growth. Some amino acids contain sulfur as
the main dietary source of this essential element.

3.3.1 Sources of Protein

All common horse feeds, except oil or fat, contain protein. Grasses and cereal grains commonly
contain a protein content of less than 12% crude protein (CP). Protein levels in grains are much
more variable and are influenced by their growing conditions. Oats grown in a wet season is likely
to have 6-8% CP, but under dry spring growing conditions, it can contain 11-12% CP. Under
Australian feeding practices, lucerne (15-19% CP), used as a roughage base in most rations,
provides the major source of protein for all classes of horses often in excess of their needs. Oll
seeds range from 23% CP for whole sunflower seeds to 44.5% CP for soyabean meal.

3.3.2 Factors Influencing Protein Requirement

A horse needs a daily intake of protein to maintain, grow and repair tissues. In comparison with energy, which is stored
as glycogen or fat, excess protein is not stored in the body. In contrast, breakdown of protein contained in muscle and
other tissues occurs in horses on low protein diets. Additional protein is required to replace losses in sweat (1.4g/L) in
horses and the protein secreted into the milk of lactating mares (17-25g/L). The urine of a healthy horse does not
contain protein. Excess protein in the diet is fermented in the hindgut, producing heat, which adds to the heat load of
exercising horses.

KEYPOINT: The protein need of a horse is expressed as Crude Protein in grams required
per day. Standard proteins contain 16g nitrogen per 100g (crude protein percentage can
be estimated from nitrogen percentage x 6.25). An increased amount of protein in the diet

must be provided during periods of growth and development in a young horse, tissue
healing, hard exercise, late pregnancy and lactation in mares. Horses recovering from
blood loss due to heavy worm burdens, stomach ulcers and severe haemorrhage benefit
from an increased amount of protein in their diet.

The requirement for protein related to work and other needs is discussed more fully in Chapters 4
and 5.

3.3.3 Quality of Protein

Proteins are composed of amino acids, and each plant source has a different combination of
amino acids that forms its protein content. There are approximately 22 amino acids that make up
plant proteins. Of these, 10 amino acids cannot be synthesised during the digestive processes, or
in the horse’s liver, and these are termed “essential” or “indispensable” amino acids.

KEYPOINT: The essential amino acids must be supplied in adequate amounts in the diet
otherwise tissue repair and growth will be limited. The other amino acids can be synthesised by
transamination processes in the liver and tissues. They are not required to be supplied in the diet
and are referred to as “non-essential” amino acids.

The essential amino acids required in a horse’s diet are listed and described in Table 3.5.

Amino Acid Action Common Sources
Role in Metabolism Protein Meals, Milk Powder and
Lucerne grams/kg
Arginine Promotes release of metabolic hormones — Cottonseed 45¢g, Peanut 37g, Soyabean
insulin, growth hormone. Involved in the 289, Linseed 26g, Canola 249, Lucerne 9q,
immune response. Component of the urea Milk Powder 9g
cycle, ammonia in blood increases in
deficiency of arginine.
Histidine Essential for growth. Involved in carnosine Cottonseed 11g, Canola 9g, Soyabean 8g,
and haemoglobin synthesis. Milk Powder 7g, Lucerne 3.5g
Isoleucine Branched chain amino acid. Metabolised in Soyabean 25¢, Linseed 17g, Cottonseed
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muscle — involved in protein metabolism
and energy production.

13g, Canola 13g, Milk Powder 13g, Lucerne
99

Leucine Branched chain amino acid. Metabolised in Soyabean 38g, Milk powder 25g,
muscle — regulation of protein synthesis, Cottonseed 19g, Lucerne 15g
energy metabolism.

Lysine Required for growth and optimum nitrogen Soyabean 28g, Milk powder 25.4g, Canola
balance in tissues. The major amino acid 179, Sunflower seeds 16.8g, Lupins 169,
that is used as a standard for dietary Cottonseed 16g, Linseed 11.6g, Lucerne
content in growing animals. 89, Copra 5.4g

Methionine Sulfur containing amino acid. Essential for Canola 7g, Soyabean 6g, Milk Powder 6g,

optimum growth and nitrogen balance.
Provides methyl groups for choline
synthesis. Methionine can be partly
replaced by cystine, a non-essential amino
acid, supplying up to 50% of the methionine
requirement, but not vice-versa.

Cottonseed 5g, Linseed 4g, Lucerne 3.3g

Phenylalanine

Essential for nitrogen balance in tissues.
Phenylalanine can be partly replaced by
tyrosine, a non-essential amino acid, in
phenylaninine deficient diets, but not vice-
versa.

Peanut 27g, Soyabean 22g, Cottonseed
22g, Peas 20g, Lucerne 10g, Canola 7g

Threonine Required for optimum growth, feed Soyabean 20g, Peanut 14g, Cottonseed
conversion and nitrogen balance in tissues. 139, Linseed 11g, Milk Powder 10g,
Lucerne 8g
Tryptophan Essential for growth. Involved in synthesis Soyabean 6.5g, Lucerne 4.6g, Cottonseed
of Niacin (vit B3). 4g, Milk Powder 4g, Canola 3.6g
Valine Branched chain animo acid. Metabolised in Soyabean 20g, Cottonseed 18g, Canola

muscle — energy metabolism and protein
synthesis.

179, Milk Powder 179, Lucerne 10g

Sources:- NRC (1989) Frape (1997), Feedstuffs Annual (1989 — values)

TABLE 3.5

Essential or Indispensable Amino Acids in Horse Diets

KEYPOINT: The quality of a protein source, or the amounts and ratios of the essential amino

acids it contains, has an important influence on its contribution during protein synthesis for tissue

growth, liver function and metabolism.

The “high quality” protein sources, which include legume and oil seed proteins, contain the 10
essential amino acids, although lysine, an important amino acid, may be lower in some legume
species. Lysine is used as a standard to compare the quality of protein sources.

In practical feeding terms, as an example:-

Milk powder has a slightly lower protein and lysine content than soyabean meal. (See
x Table XX on page XX). However, it has been demonstrated to enhance growth rate in
foals as compared to soyabean meal because of its better overall balance of essential

amino acids and higher digestibility and utilisation in young foals. The expense of milk

powder as a protein supplement in weanlings and older horses, if required, makes it less

economical compared to soyabean, cottonseed, or canola meals.

Cereal grass and cereal grain protein sources have inherently lower levels of the three
x essential amino acids required for growth — lysine, methionine and tryptophan, and often
threonine. These are regarded as “poor quality” protein sources for growing horses.

Linseed meal has a lower lysine content than soyabean meal, canola meal or milk powder.
x Linseed meal is not regarded as a suitable protein source for growing animals, especially if
the other meals are readily available.
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KEYPOINT: Threonine has been demonstrated to be an amino acid that is often low in pasture
and hard feeds not supplemented with protein meals. Lack of this amino acid may limit growth in
young horses. A deficiency of threonine has been identified in young growing horses grazing
grass dominant pastures in southeast Queensland.

3.3.4 Protein Digestibilit

The digestibility of protein is related to its source and quality, as well as the amount in the diet.
Proteins are digested and the resultant amino acids are absorbed from the small intestine. Excess
protein is overloaded into the hindgut, but cannot be utilised as a protein source. (Refer to

Chapter 2, Section 2.4.1.2, page XX).

Studies have indicated that digestibility of low (8%) crude protein (CP) grass hay may be as low as
43%, while it may be as high as 69% on a 16% CP lucerne-concentrate mixture. Other research
has shown that protein digestibility can be increased to 70-75% when the concentrate to hay ratio
is increased above 50%.

Many ready-mixed feeds contain good quality proteins, such as soyabean meal, which can help to
improve their overall protein digestibility. Studies indicate that when the amount of concentrate
relative to hay by weight exceeds a 3 to 1 ratio, protein digestibility is reduced.

KEYPOINT: Protein digestibility can be reduced by heat processing of feeds that damages the
amino acid structure and complexes them to fat, resulting in decreased utilisation of the amino
acids from the diet.

The temperatures used during the spray drying of milk powder and those generated during
x poorly controlled extraction of oil seed meals can result in reduced availability of amino
acids such as lysine and consequently less than satisfactory growth in young animals.

Some protein sources, such as raw soyabeans, contain an anti-nutritional factor that
X prevents the activity of trypsin, a major protein digesting enzyme in the small intestine.
These factors are inactivated by controlled heat processing, making the protein more
readily digested and utilised. (Refer to Chapter 8, Section 8.3, page XXX).

3.3.5 Non-Protein Nitrogen (Urea)

Nitrogen, which is primarily supplied by proteins and amino acids, is also a constituent of urea.

Although overseas studies suggest that urea may have benefit as a nitrogen source to horses on
low protein diets, recent research in Queensland found there was no benefit at all to be gained
from routinely adding urea to horse feeds and that there was a risk of toxicity.

When added to feed, urea is quickly absorbed from the small intestine and excreted before
x it reaches the hindgut in an adult horse.

High levels of urea in the blood can be converted to ammonia before it is excreted, which
x can affect performance, promote nervous behaviour and cause toxicity in large amounts.

Although excess urea could be converted by hindgut microorganisms into protein if it
x reached the hindgut, this bacterial protein is not absorbed from the large intestine of the
horse.

Studies indicate that mature horses can tolerate up to 4% (about 500g) of urea in their daily diet
but a single dose of 500g of urea was reported to cause severe illness and death in ponies.
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KEYPOINT: A horse is slightly more tolerant than a ruminant to the addition of up to 4% of urea to
its diet. There is no benefit from feeding urea boosted cattle feeds to a horse. There is a risk of
toxicity if the urea is poorly mixed, and a horse consumes more than it can tolerate.

Note: Cattle and poultry rations may also contain low levels of Monensin®, a growth
promotant, which is toxic and fatal to horses at rates as low as 1mg/kg body weight. Do not
feed prepared feeds intended for these animals to horses.

34 Fat

On average, a standard diet based on pasture contains 0.5% fat, and a mixed ration of grain and
hay contains 2-5% fat.

Fats are chemically a combination of one unit (molecule) of glycerol (5% of the fat) and three units
(molecules) of long chain fatty acids, which after bile emulsification and lipase enzyme digestion in
the small intestine, yields high-energy shorter chain fatty acids that are absorbed into the blood.
Body fat stores can also be drawn upon during prolonged hard exercise, such as endurance riding.
They are broken down to free fatty acids, which are then aerobically metabolised to energy in the
working muscles. Fats cannot be converted to glucose and used during fast anaerobic exercise in
athletic horses.

3.4.1 Function of Fat

Fat in the diet serves several important functions, including:

Providing and assisting the absorption of the essential fat soluble vitamins A, D, E and K
v contained in the feed or added to the diet in a supplement. (Vitamin K can also be
synthesised by microorganisms during hindgut fermentation of fibre).

v Supplying essential fatty acids for stability and protection of cell membranes and health of
the skin.

Increasing the energy density of a ration when added in small amounts as an energy
v source to a working horse and reducing the bulk of the ration that needs to be consumed.

v Improving the palatability of the ration, particularly if a horse becomes accustomed to the
taste of a particular fat (eg canola oil) added to its diet.

KEYPOINT: The energy requirements for extended work can be met by the aerobic breakdown of
glucose and boosted by the mobilisation and oxidation of body fat stores. Metabolic adaptation to
efficiently use added fat as an energy source in the diet of a working horse may take up to 3
months.

In practical feeding terms, this means that:-

v Because fat is primarily absorbed directly, or following enzymatic digestion in the small
intestine, it may provide a useful form of slow release of energy during aerobic exercise,
making it a suitable “cool” energy supplement for hard working or nervy horses.

During hard training, the release of natural cortisone hormones in response to stress leads
v to more efficient breakdown and oxidation of body fat to fatty acids, providing sustained
energy during prolonged endurance type exercise.

Fat is not fermented to heat in the hindgut and does not contribute to the “heat waste” in

v hard working horses. Under hot Australian summer conditions, replacing part of the energy
supplied by grain in the diet by vegetable oil may help reduce the total amount of heat that
needs to be lost from the body during hard exercise. (See Table 3.6).




A summary of the practical advantages of feeding increased amounts of fat in the diet of a horse is

provided in Table 3.6

Benefit of Added Fat

Practical Advantages

Concentrated energy source

Fats provide 2% times more energy on digestion than carbohydrates or
protein. Small amounts can boost the energy density of a ration, requiring
less bulk to be consumed in a small framed horse, or a horse in hard work
that has a reduced appetite.

Increased energy utilisation

Studies indicate that oils have a digestibility ranging from 76-94% when
supplemented at a rate up to 6-8% to replace 20% carbohydrate in a
ration. Exercising horses require less total energy when fat is aerobically
digested during extended exercise. It may take up to 3 months for a
horse’s metabolism to adapt to fully utilise added fat as energy.

Higher glycogen levels and
slower depletion of muscle
glycogen

Studies have found that heart rates were slower to increase during
medium intensity exercise and galloping horses were able to work harder
and longer when 10% fat was substituted for grain energy.

A diet containing 12% energy as fat increased resting blood glucose
content by 26%. Over a 2-3 month period, a similar intake of fat increased
muscle glycogen content by 16%, but diets above 16% fat decreased
muscle glycogen storage. During extended exercise, aerobic metabolism
of fatty acids can delay blood glucose and glycogen depletion, resulting in
higher muscle reserves being retained at the end of exercise and lower
lactic acid accumulation and delay onset of fatigue.

Reduction in gut fill

Fat substituted for cereal grains reduces gut fill and hindgut weight, which
may increase speed and reduce fatigue in racing horses working over
distances greater than 1600 metres.

Decreased hindgut heat waste
under hot conditions

Fats are absorbed from the small intestine and the excess is not
fermented in the hindgut to heat, which is an advantage in horses working
under hot climates or over long distances.

Supply of metabolic water
during metabolism

Fats provide almost double the amount of metabolic water during aerobic
metabolism (107g water /100g fat) compared to carbohydrates and
protein, making fats useful for horses performing for extended times by
partly counteracting fluid loss from the cells and blood.

Skin health and coat
conditioning affect

Most horse rations contain from 10-30 times the requirement of a-linoleic
acid and therefore are not deficient in this fatty acid necessary for the
production of skin oils that shine the coat. Adding oils rich in a-linoleic
acid, such as safflower oil (78%), sunflower oil (69%), corn oil (70%),
soyabean oil (54%), or oil blends at the rate of 15mL/100kg body weight is
a popular supplement to aid coat condition in horses, but it may have little
if any benefit to horses on good quality diets.

Reduced dust in feed

Adding 1% vegetable oil (10g/kg) to a mixed feed will help reduce dust in
the feed and risk of airway allergy from inhaled dust as a horse eats.

Sources: Lewis (1995), Pagan (1996), Frape (1997).

TABLE 3.6

Practical Benefits of Added Fat to Horse Diets

3.4.2 Sources and Quality of Fats

The most common sources of additional fat as a supplement to a horse’s diet are oil seed meals,

whole oil seeds and rendered meat fat, or tallow. The quality of fats is related to the blend and the
types of fatty acids in the oil or fat used and the degree of oxidation (rancidity) during extraction,
processing and storage. A more detailed discussion on the sources and quality of fats commonly
used in horse feeds is included in Chapter 7, section 7.1.11, page XXX as it relates to the
selection and use of fats and oil.

Practical guidelines on the use of fats are also provided in Chapter 7, Section 7.1.11.

35 Fibre
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An adequate intake of fermentable fibre is essential for efficient gut function and nutrient supply for
all horses. The horse has a well developed, voluminous hindgut structure with a slow flow rate
and wet digestive mass that allows micro-organisms (bacteria, protozoa and fungi) to digest
(ferment) soluble plant fibres, as well as limited amounts of excess sugars, starches and proteins
overflowing from the small intestine. Lignin, a structural component of plants, which increases as
plants mature, cannot be fermented and is passed out in the droppings.

Note: The fibre content of plants and other feeds is traditionally stated as a % or grams/kg of
crude fibre, which is the fibre residue left after removing the fat with solvents and successive
treatments with set concentrations of boiling acid and alkaline solutions to remove the starch and
protein (nitrogen) content. The crude fibre contains cellulose, hemicellulose and lignin, some of
which is lost during the acid and alkaline treatment. It does not include the full nutritional value of
the other fermentable structural components of feeds such as gums, pectins and resins.

A more accurate measure of total fermentable and non-fermentable fibre content is now
universally accepted as the Modified Acid Detergent (MAD) process. The MAD fibre value
includes the total fermentable cellulose and lignin content, which reflects a more accurate
estimation of the energy digestibility of the feed. The MAD fibre value is higher than the crude
fibre value for feeds containing a greater content of lignin and other structural carbohydrates. In
this book, the values for fibre are expressed both as crude fibre and MAD fibre % (where
available), or on a grams/kg basis for fibre content.

3.5.1 Functions of Fibreg

Fibre has a number of important functions, which include:-

v To open up the digestive mass and trap water to aid soluble nutrient uptake.

v To facilitate controlled fermentation to provide volatile fatty acids for energy synthesis of B-
group vitamins, and generation of heat during fermentation to maintain body warmth.
(Refer to Chapter 2, Section 2.5.2.2, page XX).

To store a reserve of fluid in the hindgut that can be absorbed as a horse dehydrates due
v to sweat, respiratory and urinary losses.

KEYPOINT: A horse needs at least 1% of its body weight fed as roughage (chaff, hay, pasture),
or not less than 30% by weight of roughage in its diet for efficient hindgut function.

The majority of common feeds, except oils, contain fibre. The fibre content varies, being highest in
the stems of plants and lowest in the seeds of dehulled grain. The quality of fibre, which relates to
its digestive utilisation, is relative to the source and maturity of the grazing plant or hay at harvest.

v The lowest fibre content, with a higher proportion of cellulose and other fermentable fibres,
is found in young growing plants.

Older, mature plants that have bloomed and lost their leaf coverage as well as husks of
grains and seeds contain a higher ratio of non-fermentable lignin to fermentable cellulose.
Mature, woody and stemmy plants are also hard to chew and horses find them less
palatable.

X

KEYPOINT: Horses are selective feeders and often stemmy mature plants in a pasture will be
avoided or hard, stalky hay will be rejected as the softer leaves and less mature parts are
consumed.

3.6 Minerals



Minerals play an important structural and co-factor role in many metabolic processes within the
body. There are a total of fourteen chemical elements grouped into minerals, electrolytes and
trace-minerals that are required in a horse’s diet. Minerals must be provided in a balanced form
and at an adequate level. A resting adult horse is able to obtain the majority of its mineral
requirements from an adequate intake of good quality pasture, or from supplementary hay during
periods of poor pasture quality or availability.

KEYPOINT: The mineral content of pasture and harvested feeds can be influenced by soill
deficiencies, stage of growth, natural imbalances in plants and availability and uptake of individual
minerals following release during digestive processes.

A further discussion on soil mineral and trace-element content in Australia is given in Chapter 6.
Note: Trace-minerals are often referred to as trace-elements in older books, but the term trace-
element is now used to refer to elemental chemicals in the soil, while trace-minerals refer to

elemental chemicals found in feeds.

Supplementation with minerals and trace-minerals may be required to meet elevated demands
during growth, late pregnancy, lactation or work to combat low or inadequate levels provided by

the diet, or to counteract higher losses in sweat, urine, and milk.

The minerals that have an important role in the body are summarised in Table 3.7.
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MACRO-MINERALS & ELECTROLYTES(3) MICRO-MINERALS OR TRACE-MINERALS
(Required in amounts exceeding 1g daily for | (Required in amounts less than 1g daily for a
a 500kg horse) 500kg horse)

Calcium Zinc
Phosphorus Iron
% Potassium Manganese
*Sodium lodine
*Magnesium Selenium
%*Chloride Copper
*Bicarbonate Cobalt
Sulfur Molybdenum
(Silicon) Fluorine
(Chromium)
(Boron)

The minerals in brackets do not have an established dietary requirement in horses. However they are
regarded as being of possible benefit if added to the diet.

TABLE 3.7
Macro-Minerals, Electrolytes and Trace-Minerals Required by Horses

3.6.1 Function of Minerals

The function, metabolic regulation, deficiency and toxicity symptoms and common feed sources of
individual minerals, electrolytes and trace-minerals are reviewed in brief in Tables 3.8 and 3.9
below, and the contents of all feeds in Tables 10.1 — 10.4.

3.6.1.1 Macro-Minerals

Note: The content of a mineral element in a mineral source is expressed as grams of mineral per
20mL (one level metric tablespoon) as a convenient common measure.



Calcium (Ca)

Function

Structural component of bone (35%), 98% found in bones and teeth. Binds to a
protein for uptake and transported in blood as an ionised salt or electrolyte in
blood and tissue fluids. Nerve and muscular function, blood clotting, hormone
and enzyme action, inter-related to phosphorus status.

Metabolic Regulation

Vitamin D and phosphorus status in the diet.

Major Losses

Sweat 300mg/L, milk 800-1200mg/L, urine average 3600mg/L.

Bioavailability from
Feeds

Mainly absorbed from small intestine. Range 45-70%. Young horses 70%,
mature horses 50%. Low P or Vitamin D reduces uptake. High phosphorus
levels decrease its uptake.

Dietary Interactions

High oxalate content in tropical grasses and phytic acid in bran and pollard can
reduce uptake and lead to Nutritional Secondary Hyperparathyroidism (NSH) —
“Big Head”. (See Glossary term).

Deficiency Symptoms

Bone deformities/skeletal weakness, joint problems and rickets in young
animals. Low blood calcium may lead to muscle weakness and conditions such
as “tying-up”, and the “thumps”, in heavily sweating, exhausted horses.

Toxicity Symptoms

Increased calcium deposition in bones especially if Vitamin D is high. Calcium
can be fed at 5 times its daily requirement, if adequate phosphorus is available in
mature horses. Excess calcium may reduce uptake of iron, zinc, magnesium
and manganese from the diet or supplements of these trace-minerals added to
the diet.

Common Feed
Sources

Limestone 7.8g/20mL, Dicalcium Phosphate 4.6g/20mL, Dolomite Limes
4.49/20mL, Lucerne Hay 12g/kg, Milk Powder 12.8g/kg.

Phosphorus (P)

Function

Structural component of bone (14-17%) 85% in bones and teeth. Energy
transfer, synthesis of phospholipids and phospho-complexed compounds in liver
and tissues. Phosphate used as acid-base buffer in blood and gut.

Metabolic Regulation

Vitamin D and calcium status. Optimum Ca:P Ratio 1.2-2.0:1.0 in growing
horses, adults can tolerate up to 4:1.

Major Losses

Sweat 25mg/L, milk 350mg/L.

Bioavailability from
Feeds

Range 30-55%. Lowr/high calcium or low Vit D reduce uptake. Majority
absorbed from large intestine as phosphate buffer.

Dietary Interactions

High calcium intake depresses phosphorus uptake. Phosphorus bound up in
phytic acid in bran.

Deficiency Symptoms

Inadequate bone formation, retarded growth, poor appetite, infertility and poor
conception, lowered milk production. Phosphorus is often inadequate in diets.

Toxicity Symptoms

Decreased uptake of Ca, depleted Ca in bone, bone weakness due to Nutritional
Secondary Hyperparathyroidism (NSH) — “Big Head” (See Glossary term).

Common Feed

Dicalcium Phosphate 3.69/20mL, Bran 11.4g/kg with 2g/kg bioavailable, Milk

Sources Powder 10.2g/kg, Lucerne Hay 2.2g/kg, Grains 3.0g/kg average.
Sodium (Na)
Function 50% of body sodium is in bone. Electrolyte essential for acid-base balance. High

levels in blood fluids, low in cell fluids.

Metabolic Regulation

Osmotic regulation in cells and water balance.

Major Losses

Sweat 3.7g/L, milk 161-364mg/L, urine 1g/L. Heavy sweating horses up to 100g
salt/day.

Bioavailability from
Feeds

Up to 95% in salt, but variable from feeds relative to potassium content.

Dietary Interactions

High potassium can aggravate a deficiency of sodium.

Deficiency Symptoms

Decreased appetite, rough coat, reduced water intake, skin dehydration and in
severe cases, incoordination of muscles, and collapse. Horses will lick objects to
obtain salt.

Toxicity Symptoms

High water intake, excessive urination and diarrhoea — may occur in salt starved
horses if given access to salt.

Common Feed
Sources

Salt — (Sodium chloride) 9.8g/20mL, Lite Salt 6.5g/20mL, Grains 0.3-0.5g/kg,
Lucerne Hay 0.8g/kg, Milk Powder 16g/kg, Molasses 16g/kg.
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Potassium (K)

Function

Nerve and muscular function. High levels inside body cells, acid base balance,
enzyme activation, protein synthesis and carbohydrate metabolism.

Metabolic Regulation

Osmotic regulation with sodium in cells and blood fluid.

Major Losses

Sweat 1.4g/L Milk 15g/L Urine 0.7-1g/L.

Bioavailability from
Feeds

52-74%. Foals require higher intake than adult horses.

Dietary Interactions

High magnesium intake increases potassium uptake.

Deficiency Symptoms

Reduced appetite, retarded growth, weight loss, weakness, dehydration. Most
common due to diarrhoea.

Toxicity Symptoms

Unlikely as rapidly excreted in normal diets — unlikely to consume high chloride
feeds.

Common Feed

Hay 15-25g/kg, Grains 3-5g/kg, Potassium Chloride 11.2g/20mL, Lite Salt

Sources 5.29/20mL.
Chloride (CI)
Function Closely inter-related to sodium in acid-base balance and extra-cellular fluid

osmotic regulation. Contained in bile and gastric acid.

Metabolic Regulation

Osmotic regulation in cells and water balance.

Major Losses

Sweat 6.2g/L. Milk 250mg/L.

Bioavailability from
Feeds

Up to 100% from salt. Unknown in feeds. Table salt has silica to make it flow
easily, reduces sodium uptake.

Dietary Interactions

High potassium may reduce chloride uptake, high bicarbonate increases
excretion.

Deficiency Symptoms

Heavy sweat loss results in alkalosis or high bicarbonate level in blood. Low
dietary intake results in appetite loss, lower milk production and dehydration.

Toxicity Symptoms

Nervous signs, similar to sodium excess — unlikely to consume high chloride
feeds.

Common Feed
Sources

Rock Salt 12.29/20mL, Potassium Chloride 8.89/20mL, Lite Salt 8.3g/20mL,
chlorinated water 1mg/L (insignificant).

Magnesium (Mg)

Function

60% of Mg in body in bone (0.75% Mg) with Ca and P. Electrolyte in muscle
contraction, body fluids and metabolic enzymes.

Metabolic Regulation

Adrenal, thyroid and parathyroid hormones.

Major Losses

Sweat 140mg/L, milk 45-90mg/L, urine 100mg/L.

Bioavailability from
Feeds

Range 40-60%, 70% from chemical sources. Very poor from dolomite and
reduced by phytate in bran and grains.

Dietary Interactions

Reduced uptake from high Ca and P diets, oxalates in tropical grasses, high
potassium intakes.

Deficiency Symptoms

Causes hypomagnesemia — nervous signs, muscle tremors, incoordination, rapid
breathing, sweating, collapse, death. May occur in transported horses.

Toxicity Symptoms

Horses can tolerate 8.6g/kg diet — excess may cause nervous depression.

Common Feed

Lucerne 3.0g/kg, Grains 1.1-1.4g/kg, Canola Meal 5g/kg, Soyabean Meal

Sources 2.7g/kg, Bran 5.6g/kg (poorly available), Milk Powder 10g/kg, Magnesium Oxide
10.6g9/20mL, Magnesium Carbonate 5.6g/20mL, Magnesium Sulfate (Epsom
Salts) 2g/20mL, Dolomite (Dolomite limes) average 2g/20mL.
Sulfur (S)
Function A horse’s body contains 0.15% sulfur by weight. Constituent of the sulfur

containing amino acids methionine, cystine and cysteine, also in insulin, Co-
enzyme A, keratin in hooves and hair.

Metabolic Regulation

Not known — regulated by body needs for sulfur containing compounds.

Major Losses

Milk 200mg/L.

Bioavailability from
Feeds

Organic sulfur taken in with feeds. Little inorganic sulfur absorbed in small
intestine. Some converted to amino acids during hindgut fermentation but poorly
absorbed.

Dietary Interactions

High intake of sulfur may reduce copper uptake in ruminants, but no evidence in
horses.
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Deficiency Symptoms

Not described in the horse. More likely to be associated with a protein
deficiency.

Toxicity Symptoms

Horses given 200-400g flowers of sulfur (99% sulfur) become lethargic, colicy,
laboured breathing. 2 out of 12 horses died after convulsions.

Common Feed
Sources

Amino acids methionine and cystine in diet. Lucerne Hay 2.6g/kg, Grains 1.1-
2.0g/kg. Flowers of sulfur 16.6g/20mL. Magnesium sulfate (dried) (Epsom salts)
4.69/20mL.
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TABLE 3.8
Macro-Minerals Required in the Diet of Horses

3.6.1.2 Micro-Minerals or Trace-Minerals

Note: The content of a trace-mineral in mineral sources is expressed as milligrams of mineral per
5mL (one level metric teaspoon) as a convenient common measure. As the daily amounts
required are less than 1g daily, trace-minerals are best included in the diet by way of a commercial

supplement.

Iron (Fe)

Function

A horse’s body contains 33g iron /500kg bwt. Incorporated into haemoglobin
(60%), muscle myoglobin (20%), and storage forms (20%), muscle oxidative
enzymes (0.2%).

Metabolic Regulation

Iron uptake increases with elevated needs, and decreases with excessive intake
of cadmium, cobalt, copper, calcium, manganese and zinc.

Major Losses

Sweat 21-25mg/L, milk 1.3mg/L at foaling, decreasing to 0.5mg/L at 4 months.
Urine 10mg/L relative to supplementation.

Bioavailability from
Feeds

15-18% from feeds, higher from mineral sources, highest from soluble iron
sources and micronised iron.

Dietary Interactions

High levels of iron depress blood and liver zinc levels. High calcium decreases
iron uptake. Vitamin E and Vitamin C destroyed by contact with iron in damp
feeds.

Deficiency Symptoms

Small red cell and low haemoglobin anaemia — lack of stamina, laboured
breathing, tire quickly. Deficiency is most common due to blood loss from
Strongyle worms.

Toxicity Symptoms

Excess iron toxic in young foals — do not supplement milk diets. Risk of
overdose 25 times less in adult horses. Iron overload can occur with injectable
iron and high feed supplementation — limit supplementation to 400mg daily in
feed.

Common Feed
Sources

Lucerne Hay 140-205mg/kg, Oaten Chaff 350mg/kg, Wheaten Chaff 200mg/kg,
Grains usually less than 100mg/kg. Horses rarely deficient in iron. Iron (ferrous)
sulfate 1000mg/5mL. Iron carbonyl 4900mg/5mL. Iron amino acid chelates and
bioplexes range from 250-650mg/5mL..

Copper (Cu)

Function

Required for development of bone, joint cartilage, elastic connective tissue,
uptake and utilisation of iron, and copper containing metabolic and tissue anti-
inflammatory enzymes.

Metabolic Regulation

Many minerals can affect copper metabolism and relative needs. Copper can be
stored in the liver as a reserve.

Major Losses

Sweat 4mg/L. Milk 0.10mg/L.

Bioavailability from
Feeds

Range 5-50%, decreasing uptake as dietary levels increase.

Dietary Interactions

High molybdenum may reduce copper uptake. High zinc intakes may depress
copper uptake in foals.

Deficiency Symptoms

Reduced cartilage formation in foals — big joints, lameness in growing horses.
Anaemia in severe deficiency, yellowing of haircoat in grazing horses.

Toxicity Symptoms

Horses can tolerate higher intakes than cattle. Maximum tolerated level
800mg/kg diet.




Common Feed

Lucerne Hay 9-16mg/kg, Corn 3.4mg/kg, Oats 12.6mg/kg, Barley 5.3mg/kg.

Sources Copper sulfate (Bluestone) 1300ma/5mL. Copper carbonate 2800mg/5mL.
Cobalt (Co)
Function 4% cobalt incorporated into structure in Vitamin B12, which is involved in

haemoglobin formation and metabolism.

Metabolic Regulation

Cobalt utilised by hindgut microorganisms to synthesize cyanobobalamin
(Vitamin B12).

Major Losses

Milk 0.05-0.07mg/L.

Bioavailability from
Feeds

Not known.

Dietary Interactions

Low copper may reduce cobalt uptake.

Deficiency Symptoms

Not common in horses as require lower levels than ruminants. Cobalt deficiency
results in a Vitamin B12 deficiency — anaemia, rough coat, poor appetite.

Toxicity Symptoms

Upper safe limit of 10mg/kg of feed may be tolerated.

Common Feed
Sources

Lucerne Hay 0.21-0.36mg/kg, Oats 0.06mg/kg, Corn 0.13mg/kg, Barley
0.14mg/kg, Wheat Bran 0.07mg/kg, Cobalt oxide 3550mg/5mL, Cobalt
carbonate 2500mg/5mL, Cobalt sulfate 1000mg/5mL

Manganese (Mn)

Function

Carbohydrate and fat metabolism and formation of chrondroitin sulfate in
cartilage of joints. Essential for optimum fertility in mares and stallions.

Metabolic Regulation

Regulated by manganese stores in body and relative requirement.

Major Losses

Sweat 0.2mg/L. Milk 0.25-1.5mg/L. Inter-related to selenium storage in body.

Bioavailability from
Feeds

Range 40-47%.

Dietary Interactions

Absorption decreased from high calcium diets, bound up by phytic acid in bran.

Deficiency Symptoms

Symptoms not reported. Joint cartilage and bone formation reduced in low Mn
diets — large hocks and knuckling over of joints, brittle bones. Embryonic loss
and death at birth. Irregular “season” cycles.

Toxicity Symptoms

Excess intake may cause anaemia and infertility. Neurotoxic. May lead to
aggressive behaviour.

Common Feed

Lucerne Hay 32-55mg/kg, Corn 5mg/kg, Barley 16mg/kg, Oats 38.2mg/kg.

Sources Manganese carbonate 2250mg/5mL, Manganese oxide 3500mg/5mL,
Manganese sulfate 1250mg/5mL.
Zinc (Zn)
Function Co-factor in over 200 enzymes in metabolism, essential in bone, cartilage and

hoof formation and health of skin.

Metabolic Regulation

Regulated by the zinc status in the body.

Major Losses

Sweat 20-21mg/L. Mare’s milk 1.8-3.2mg/L.

Bioavailability from
Feeds

Range 5-10%, mineral sources 50-60%.

Dietary Interactions

High phytate intake in bran may depress zinc uptake.

Deficiency Symptoms

Reduced appetite, retarded growth, dry, thickened skin and hair loss in severe
deficiencies.

Toxicity Symptoms

Symptoms of anaemia, enlarged joints and lameness in foals.

Common Feed
Sources

Lucerne Hay 23.24mg/kg, Barley 26mg/kg, Corn 19mg/kg, Oats 23.8mg/kg.
Zinc sulfate 1200mg/5mL, zinc oxide 4000mg/5mL, zinc carbonate 2800mg/5mL.
Amino acid chelates and bioplexes 500mg/5mL.
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Selenium (Se)

Function

Required in small amounts as a trace-mineral in the structure of the enzyme,
glutathione peroxidase and in combination with vitamin E, acts as an antioxidant
to prevent polyunsaturated fatty acid oxidation to toxic radicals that damage
muscle and cell membranes. Also part of an enzyme that regulates thyroxine
hormone activity.

Metabolic Regulation

Marginal selenium deficiency widespread in Australian soils (see page XXX).

Major Losses

Lost in sweat in small amounts.

Bioavailability from
Feeds

77% from supplements — chelated or organic forms higher in diets boosted with
vegetable oil for energy.

Dietary Interactions

Vitamin E and selenium are inter-related. In selenium deficient areas, vitamin E
will provide some antioxidant protection, but not replace selenium. Increasing
manganese to 50mg/kg diet may help retain more selenium in blood.

Deficiency Symptoms

Poor muscle development and pale, weak muscles (White Muscle Disease) in
foals on deficient diets. Poor performance in racing horses, may predispose to
‘tying-up’, lower fertility in mares.

Toxicity Symptoms

Cumulative if over dosed — toxic effects can not be reversed. Over
supplementation of selenium causes loss of hair of mane and tail, bent legs in
foals, lameness and hoof separation.

Common Feed

Lucerne Hay 0.5mg/kg, Corn 0.12mg/kg, Barley 0.18mg/kg, Oats 0.21mg/kg.

Sources Selenium yeast 4mg/5mL, sodium selenite 2300mg/5mL — banned as a source
in_ many countries.
lodine (I)
Function Incorporated into the hormone thyroxin in the thyroid gland, which regulates the

metabolic rate.

Metabolic Regulation

Thyroid gland regulation related to needs.

Major Losses

Not known.

Bioavailability from
Feeds

Up to 60% from mineral supplements.

Dietary Interactions

High nitrogen fertilisers may reduce plant uptake and lead to iodine deficiency in
unborn foals.

Deficiency Symptoms

Deficient in soils in Tasmania. lodine deficiency critical in pregnant mares last 2
months of pregnancy - foals born weak or dead. Goitre in mature horses.
Reduced metabolic rate and exercise tolerance.

Toxicity Symptoms

Can cause congenital goitre in foals, infertility and abortion in mares, most
commonly due to excess seaweed meal as a natural feed supplement. Foals
can develop enlarged joints and contracted tendons if excess is fed. Maximum
tolerated level 0.1mg/kg body weight.

Common Feed

Lucerne Hay 0.15mg/kg, Barley 0.04mg/kg, Oats 0.11mg/kg. lodised salt

Sources 350ng/5mL, potassium iodide 3200mg/5mL, kelp up to 7.2mg/5mL (see warning

page XX)
Fluorine (F)

Function Incorporated in bone and teeth structure to increase hardness only during
formation.

Metabolic Regulation Not known.

Major Losses Not known.

Bioavailability from Not known.

Feeds

Dietary Interactions

High calcium and magnesium may reduce fluorine uptake.

Deficiency Symptoms

Not a common problem in horses consuming fluorinated tap water.

Toxicity Symptoms

Not to exceed 20mg/kg diet. Cumulative toxicity. Common causes are rock
phosphates and limestone supplements. Discoloured teeth, ill-thrift, lameness.

Common Feed
Sources

Fluorinated tap water 1-2mg/L, Forages 1.7- 14.6mg/kg, grains 0.9-2.7mg/kg.
Limestone 25-50mg/5mL.
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Chromium (Cr)

Function

Involved in carbohydrate metabolism and activity of insulin hormone. Benefits
of supplementation include less fat to muscle ratio, increased energy

metabolism, reduced stress and lactic acid accumulation during fast exercise.

Metabolic Regulation

Associated with glucose tolerance activity, in conjunction with niacin (Vitamin
B3).

Major Losses

Not known.

Bioavailability from
Feeds

Barley contains highest level of grains.

Dietary Interactions

Not known.

Deficiency Symptoms

Not known.

Toxicity Symptoms

Trivalent chromium Ill is relatively safe. Dichromates are very toxic.
Concentrates in brain, aggressive behaviour.

Common Feed

Brewers Yeast 1.0mg/20mL, Barley 6mg/kg, Chromium Yeast 40mg/5mL

Sources
Silicon (Si)
Function Incorporated into joint cartilage and essential for bone formation, collagen
synthesis.
Metabolic Regulation Not known.
Major Losses Not known.
Bioavailability from Not known.

Feeds

Dietary Interactions

Depressed by high molydenum and aluminium.

Deficiency Symptoms

Reduced bone formation and cartilage/collagen strength.

Toxicity Symptoms

Not known.

Common Feed
Sources

Silicon dioxide 1500mg/5mL.
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TABLE 3.9

Micro-Minerals or Trace-Minerals Required in the Diet of Horses

3.6.1.3 The Requirement of Minerals

The daily mineral and trace element requirements are listed for each class of horse relative to their
body weight range in Chapter 6, Table 6.2, page XXX.

3.6.1.4 Soil Deficiencies in Australia

A map of the soil deficient areas that are known to lead to low or inadequate levels of selenium,
zinc, copper, manganese, iodine and molybdenum is included in Chapter 6, Table 6.3, page XX.
More detailed information relative to your own locality can be obtained from the Department of
Agriculture Soils or Agronomy Sections in each State.

3.7 Vitamins

Vitamins are essential for many metabolic processes as co-factors in energy, protein and fat

utilisation as antioxidants, uptake of minerals and their balance, production of hormones and
regulation of many other vital body functions. Vitamins in feeds are classified into fat soluble,

which include vitamin A, vitamin D, vitamin E and vitamin K, and water soluble which includes B-
group vitamins and vitamin C.

3.7.1 Function of Vitamins
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The function, metabolic regulation, deficiency and toxicity signs, as well as sources of individual
vitamins in feeds are summarised in table format below. Certain vitamins, such as vitamin A from
carotene, vitamin E and vitamin D in horses confined to stables without adequate exposure to
sunlight, have to be provided in the diet. Pasture contains a wide range of vitamin precursors and
vitamins. Many vitamins can be synthesised in the horse’s body to supplement dietary intake.
These include vitamin D (production in the skin stimulated by sunlight); vitamin K and B-group
vitamins (produced during hindgut fermentation) and vitamin C, produced in the liver.

3.7.1.1 Fat-Soluble Vitamins

The function, symptoms of deficiency or excess and common feed sources of the 14 vitamins
required in a horse’s diet are outlined in Table 3.10 and 3.11 below and the content of all feeds in
Tables 10.1-10.4.

Note: The vitamin content of sources other than feeds is expressed as units of vitamin per 20mL
(one level metric tablespoon), which is a convenient measure.

Common Name: Vitamin A
Technical Name:  b-carotene (feeds) Retinol (fats/oils supplements)
Function Fat soluble natural vitamin essential for growth processes. Required by visual
pigments in eyes, bone remodelling, tendon strength, health of skin and mucus
membranes.

Metabolic Regulation | b-carotene converted to Retinol in gut, stored in liver, then released to blood and
tissues. Conversion: 1mg Retinol is equivalent to 3333iu Vitamin A.

Major Losses 50% loss of b-carotene in hay in 7 months, 66% in 12 months, 90% in 24
months. Rapid loss in hay that is rained on when curing. Paraffin oil binds
vitamin A in feeds. Pasture levels of b-carotene relative to plant maturity,
seasonal conditions, sun curing and storage time of hay.

Dietary Interactions Liver has 2 months reserve on a deficient diet. Excess excreted in urine. b-
carotene destroyed by heat, light and oxidation in stored feed. Heavy metals in
supplements.

Deficiency Symptoms | Progressively poor night vision, loss of appetite, poor growth, infertility in mares
(older mares more affected), reduced tendon strength, higher risk of respiratory

infections.
Toxicity Symptoms lll-thrift, rough coat, weakness, depression, anaemia, maximum safe limit
16,000iu (4.8mgq) per kg dry feed per day.
Common Feed Vitamin A equivalent. Green pasture 120000-240000iu/kg. Lucerne hay, early
Sources bloom 50000iu/kg, mid bloom to full bloom 24000iu/kg. Oaten Hay 10000iu/kg,

Barley 800iu/kg, Corn 2100iu/kg, Oats 44iu/kg, Cod Liver Oil 18666iu per 20mL.




Common Name:

Technical Name:

Vitamin D
Ergocalciferol (D2) Cholecalciferol (D3)

Function

Essential fat-soluble vitamin required in diet, with extra synthesised in skin by
sunlight. Regulates calcium and phosphorus uptake, maintains optimum
balance and controls excretion.

Metabolic Regulation

Converted to metabolically active form with hormone-like action on the small
intestine, bones and kidneys along with parathyroid hormone in controlling Ca:P
levels. Summer blood levels of active forms are higher due to sunlight synthesis
in skin. Conversion 1ng vitamin D3 is equivalent to 40iu vitamin D.

Major Losses

Synthesis in skin of vitamin D — 20 mins sunlight over whole body required daily.
Storage losses in prepared feeds 7.5% per month. Feed stored for more than 1-
2 years may be deficient in vitamin D. Horses kept indoors may develop low
vitamin D levels.

Dietary Interactions

Vitamin D destroyed by heavy metals and alkaline components of feeds.

Deficiency Symptoms

Calcium uptake is depressed by a Vitamin D deficiency. Abnormal gait, stiffness
and lameness, weak bones with risk of fracture, swollen joints, loss of appetite,
low blood levels of calcium and phosphorus. Slow closure of growth plates in
bones and reduced growth rate in young horses.

Toxicity Symptoms

Promotes increased uptake of calcium, especially when phosphorus is in excess.

Increased calcification of tissues, including blood vessels and heart, kidneys and
gut lining. Decreased exercise tolerance, loss of weight, appetite, elevated
resting heart rate (55-80b/min). Maximum safe level 2200 iu/kg diet for longer
than 60 days, higher levels tolerated for shorter periods.

Common Feed
Sources

Ergocalciferol is a less active source in hay. Sun cured clover or lucerne hay
1500iu/kg. Oaten Hay 1400iu/kg, Cod Liver Oil 1920iu per 20mL. Vitamin D
supplements increase calcium and phosphorus uptake in horses — do not over
supplement.

Common Name:

Technical Name:

Vitamin E
a-tocopherol

Function

Essential fat-soluble vitamin - a-tocopherol found in tissues. d-a-tocopherol =
natural source vitamin E. dl-a-tocopherol = water soluble synthetic vitamin E.
Antioxidant activity to protect against oxidation of compounds in food, and within
fats in membranes of muscles and body tissue. Supplementation at high dose
rates enhances the immune response. Supplementary intakes of 2000iu daily
for 3 months improved track performance in racehorses.

Metabolic Regulation

Inter-related to trace-element selenium in protecting fats against oxidation to
harmful, inflammatory compounds. Vitamin E is stored in muscle and body fat,
and liver levels can take 7 weeks to be depleted on a deficient diet.

Conversion: d-a-tocopherol (natural) 826iu equivalent to 1000iu (mg) dl-a-
tocopherol (synthetic).

Major Losses

Fats in feeds after processing are prone to oxidation and loss of naturally
protective Vitamin E content. Losses accelerated under moist, hot storage
conditions. Fresh lucerne contains an antagonist that binds vitamin E.

Dietary Interactions

Vitamin E intake should be increased to protect added fats used as energy
boosters in performance diets. Vitamin E in supplements destroyed on contact
with iron and copper — do not mix together in damp feeds. More vitamin E is
needed when selenium is deficient.

Deficiency Symptoms

Inter-related to selenium — signs may be related. Weight loss, subcutaneous
swellings, fluid collection under chest and belly, stiff gait, muscle weakness,
rough coat, “wobblers” due to brain nerve damage. (EDM) (See Glossary).

Toxicity Symptoms

High levels of vitamin E, unlike the other fat soluble vitamins, are not toxic.
Maximum safe limit suggested is 1000iu/kg dry feed daily.

Common Feed
Sources

Vitamin E loss is highest in moist feeds and processed grains. Green forage
100-450iu/kg, Lucerne Hay 10-30iu/kg, Cereal Grains 5-30iu/kg, Wheat Germ
2.1mg/20mL, Yeast 0.5mg/20mL. Recommended supplementation 1000iu daily
in racing and performance horses.

Common Name:

Technical Name:

Vitamin K
Phylloquinone (Vit K1) in plants



Menaquinones (Vit K3) synthesised in hindgut by bacteria

Function

Fat soluble vitamin not required in diet. Adequate amounts synthesised by
hindgut micro-flora to satisfy basic daily requirements. Converted to active form
in liver. Essential for activation of blood clotting factors in conjunction with
calcium, as well as other proteins in the body.

Storage Losses
Synthesis

Synthesis inadequate in foals up to 2 weeks of age as hindgut fermentation
function is not active — may be stored in liver.

Dietary Interactions

Because vitamin K is synthesised by hindgut microbial fermentation, extended
treatment with sulphonamide drugs for infections will reduce vitamin K
production.

Deficiency Symptoms

A deficiency can develop in 1-3 weeks on a deficient diet, where hindgut
synthesis is suppressed by antibiotics or when liver utilisation is reduced by
acidosis or severe diarrhoea, as little is stored in the body. Plants, such as
sweet clovers, containing dicoumarol anti-clotting agent can affect vitamin K
action, leading to haemorrhage.

Toxicity Symptoms

Excess intake from plants appears to be safe because it is not all absorbed.
However, injectable vitamin K can be toxic. High doses cause depression,
kidney pain and kidney failure, blood in urine, loss of appetite and laminitis
(founder).

Common Feed
Sources

Upper maximum limit set at 1000 times dietary need daily. Adequate levels in
most forages and hays, supplemented by hindgut synthesis. In healthy horses,
vitamin K supplementation is not warranted.
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TABLE 3.10
Fat Soluble Vitamins Required in the Diet of Horses

3.7.1.2 Water-Soluble Vitamins

Note: The vitamin content of sources other than feeds is expressed as milligrams of Vitamin per
20mL (one level metric tablespoon) which is a convenient measure.

Common Name:

Technical Name:

Vitamin B1
Thiamine (Vitamin F or Aneurine)

Function

Water-soluble B-group vitamin. Role in carbohydrate metabolism, nerve
transmission.

Metabolic Regulation

Provided in feeds and also synthesised in hindgut during microbial fermentation,
of which about 25% is absorbed.

Major Losses

Losses in processing of grain, 5% loss each month in feeds. Sensitive to heat,
light, low acid pH in liquid supplements.

Dietary Interactions

Thiamine destroyed by thiaminase enzyme in bracken fern — consuming 15kg
new fronds daily for 3-4 weeks.

Deficiency Symptoms

Reduced growth rate, loss of appetite, abnormal heart beat, muscle tremors,
incoordination and stiffness in limbs, lung fluid build-up. Bracken fern poisoning
in horses results in nervous excitement.

Toxicity Symptoms

Considered safe at high intakes of up to 2000iu/kg bwt, as it is water soluble and
excreted quickly. High dosages commonly used to settle and calm nervy horses
— often anecdotal observations.

Common Feed
Sources

Lucerne Hay 3mg/kg, Oats 6mg/kg, Corn 4mg/kg, Brewers Yeast 2mg/20mL,
Wheat Germ 0.5mg/20mL. In supplements, thiamine mononitrate more stable
than thiamine hydrochloride. (Refer to Chapter 6, Table 6.1, page XXX).




Common Name:

Technical Name:

Vitamin B2
Riboflavin (Vitamin G)

Function

Water soluble B-group vitamin. Involved in the metabolic function with two co-
enzymes used in aerobic energy production. It has a distinct yellow colour in
concentrated form.

Metabolic Regulation

Riboflavin is carried in protein in the blood, and the higher the intake, the less
absorbed, excess is rapidly excreted in urine, making the urine more yellow in
colour.

Major Losses

Feed loss about 3% per month. Reasonable resistance to heat, light and
moisture in feeds.

Dietary Interactions

Riboflavin not compatible with vit B1 in liquid supplements and is destroyed.

Deficiency Symptoms

Little storage in body so deficiency symptoms can develop quickly on a deficient
diet. Reduced growth rate, dull dry coat and flaky skin loss, hindgut
inflammation and diarrhoea.

Toxicity Symptoms

Not a common cause of toxicity — not reported in horses.

Common Feed
Sources

Cereal grains 1-3mg/kg. Buttermilk powder 31mg/kg. Milk powder 17mg/kg.
Brewers yeast 0.7mg/20mL.

Common Name:

Technical Name:

Niacin (Formerly Vitamin B3)
Nicotinic acid, Nicotinamide, Vitamin PP

Function

Nicotinic acid in feeds is converted to nicotinamide in the gut lining.
Nicotinamide in the tissues is involved in the metabolism of carbohydrates, fats
and amino acids to energy — higher requirement in exercising horses.

Metabolic Regulation

Nicotinamide is synthesised during hindgut fermentation and from the amino acid
tryptophan in body cells.

Major Losses

Feed losses are 4-5% per month. Little is stored in the body and excesses are
rapidly excreted in the urine, up to 90% in 24 hours.

Dietary Interactions

Nicotinamide, the active form, is one of the more stable of the B-group vitamins,
and is less affected by heat, oxidation and light during storage.

Deficiency Symptoms

Symptoms have not been reported in horses, but in other animals, a deficiency
can lead to mouth ulcers, skin inflammation and diarrhoea.

Toxicity Symptoms

High intakes are well tolerated in horses, and upper maximum limit of 350mg/kg
bwt is suggested for animals over extended times.

Common Feed
Sources

Pasture and good quality hay contain reasonable levels, but in cereal grains, it is
less available. Lucerne hay 35mg/kg, Brewers yeast 9.5mg/20mL, Wheat Bran
200mg/kg.

Common Name:

Technical Name:

Pantothenic acid (Formerly Vitamin B5)
D-calcium pantothenate used in supplements

Function

It is a constituent of many co-enzymes involved in metabolism of carbohydrates,
proteins and fats to energy.

Metabolic Regulation

Pantothenic acid is synthesised by microbial fermentation in the hindgut, which
combined with feed intake should meet daily needs in most healthy horses.

Major Losses

Feed losses estimated at 2.4% per month. Little is stored in the body, and
excess intake is rapidly excreted in urine.

Dietary Interactions

Pantothenate is less stable under high moisture conditions in damp feed mixes.

Deficiency Symptoms

Symptoms not observed in horses or cattle, but in other animals slow growth,
dermatitis, gut ulcers and diarrhoea have been reported.

Toxicity Symptoms

Regarded as non-toxic to horses.

Common Feed
Sources

Pasture and good quality hay contain adequate levels, but grains are generally
low. Lucerne Hay 15mg/kg, Oats 9mg/kg, Bran 27mg/kg, Brewers Yeast
2.2mg/20mL, Peanut Meal 50mg/kg.
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Common Name:

Technical Name:

Vitamin B6
Pyridoxine

Function

Converted to an active form in the body, requiring both niacin and riboflavin for
conversion. Involved in energy production and blood formation.

Metabolic Regulation

Although synthesised by hindgut microbial action, it is not absorbed well, with
majority of uptake from small intestine.

Major Losses

Feed losses are about 4% per month.

Dietary Interactions

Affected by light and alkaline salts in a damp feed mix. Body storage is minimal,
excess intake is eliminated in urine.

Deficiency Symptoms

A low level of niacin or riboflavin can affect vitamin B6 conversion, and reduce its
activity, but symptoms of a deficiency not reported in horses.

Toxicity Symptoms

Not reported in horses, although nervous signs and incoordination reported in
other animals.

Common Feed
Sources

Levels in pasture and grains are generally low at 3-6mg/kg. Lucerne 5.5mg/kg,
Brewer’s Yeast 0.6-1.0mg/20mL.

Common Name:

Technical Name:

Vitamin B12
Cobalamin, Cyanocobalamin in supplements

Function

Required in much smaller amounts than most other vitamins. Involved in
methionine synthesis, folic acid activity and propionic acid to energy.

Metabolic Regulation

Synthesised by micro-organisms in hindgut fermentation processes. Contains
the trace-mineral cobalt in its structure, and although a low intake of cobalt in
ruminants results in low vitamin B12 and deficiency signs, horses are less
affected.

Major Losses

Stable in feeds with losses about 1.4% per month. Early weaned foals may
benefit from supplementation whilst adapting to a pasture diet.

Dietary Interactions

Vitamin B12 rapidly excreted if repeated injections given on a weekly basis, with
little retention and excess rapidly excreted in urine.

Deficiency Symptoms

Although not reported in adult horses, it is widely used in performance horses to
avoid anaemia, aid the appetite, complement iron supplementation and promote
recovery after heavy worm burdens.

Toxicity Symptoms

Not reported in horses, as high intakes are rapidly excreted.

Common Feed
Sources

Vitamin B12 is only synthesised using cobalt by microorganisms — not in pasture
or feeds as vitamin B12. Milk powder 50ng/kg, Buttermilk powder 20ng/kg,
Brewer’s Yeast 0.02ng/20mL.

Common Name:

Technical Name:

Folic Acid
Folacin

Function

Associated with vitamin B12, which is necessary for conversion to its active form.
Involved in blood cell production in conjunction with vitamin B12.

Metabolic Regulation

Higher blood levels are reported in pastured horses than permanently stabled
horses. Synthesised by microbial fermentation in hindgut.

Major Losses

Feed losses 5% per month. Moderately affected by storage conditions,
particularly moulds in feeds. Stored in liver as a reserve, which may be depleted
when horses have reduced access to pasture. Excesses are excreted mainly in
the bile into droppings.

Dietary Interactions

Adequate intake of methionine in good quality protein can offset a lower intake of
folic acid. Synthesis is decreased when sulphonamide drugs are given.

Deficiency Symptoms

Not reported in horses, but anaemia is observed in other animals.
Supplementation if they have little access to pasture. Folic acid may be of
benefit to horses in hard training, often in conjunction with vit B12 and iron.

Toxicity Symptoms

Not observed in horses. Intramuscular injections do not increase blood levels for
more than 24 hours. Supplements are best added to feed. (See Chapter 6).

Common Feed
Sources

Green pasture provides 0.3-1mg/kg when grazed, Lucerne Hay 1-1.3mg/kg,
Brewer’s Yeast 0.2mg/20mL, Cereal grains 0.2-0.6mg/kg.




Common Name:

Technical Name:

Biotin
D-Biotin (Vitamin H)

Function

Involved in co-enzyme activity during synthesis of glucose and formation of fats,
RNA and DNA in cells.

Metabolic Regulation

Synthesised by hindgut fermentation.

Major Losses

Feed losses about 4% per month.

Dietary Interactions

Biotin contained in wheat, barley, sorghum and bran is not available, due to
phytate binding but good uptake from pasture, clovers, corn and soyabean meal.

Deficiency Symptoms

Not reported in horses. Responses have been reported in improving the
hardness, growth rate and quality of the hooves and laminae strength with
calcium at rate of 15mg/horse each day for 4-6 weeks.

Toxicity Symptoms

Not observed in horses.

Common Feed
Sources

Lucerne 0.25mg/kg, Brewers Yeast 5mg/kg, Soyabean Meal 0.32mg/kg.
Concentrated feed supplements of synthetic biotin are required to provide
15mg/day for improving hoof hardness, as feed sources are not sufficiently
concentrated. (Refer to Chapter 6, Section 6.3.1, page XXX).

Common Name:

Technical Name:

Vitamin C
Ascorbic Acid

Function

Provides important antioxidant action by removing excess oxygen to protect fats
and proteins in cell membranes, enhances bone and collagen formation, and
utilisation of some amino acids. Aids utilisation of folic acid and iron uptake in
gut wall.

Metabolic Regulation

Synthesised in the tissues from glucose. Sources are poorly absorbed, but
longer term daily supplementation can increase blood levels.

Major Losses

Feed losses 30% or more per month. Calcium and sodium ascorbate salts more
stable in feeds and wax coated vitamin C is more stable.

Dietary Interactions

Affected by light, heat moisture and oxidises easily. Unstable when mixed into
damp feeds containing iron or copper in a supplement.

Deficiency Symptoms

Horses do not require vitamin C in their diets. Horses under stress have lower
blood levels, but doses of 20g daily to racehorses had no reported beneficial
effect on performance or well-being. Older mares have lower blood vitamin C
levels than young mares, but supplementation does not improve fertility in mares
or stallions. Stress may reduce normal synthesis.

Toxicity Symptoms

Not reported in horses and up to 1g vitamin C/kg body weight in feed daily is
regarded as safe.

Common Feed
Sources

Pasture contains variable levels.

Sources: Tyznik (1982), NRC (1989), Caple (1991), Cunha (1991), Lewis (1995), Frape (1997)

TABLE 3.11
Water-Soluble Vitamins Required by Horses

3.7.2 Requirements of Vitamins

Vitamins are required in very small amounts, compared to minerals and trace-minerals.
Deficiencies can occur due to low feed intakes or more commonly as a result of vitamin

breakdown by oxidation and hot conditions during harvesting, storage and processing of grains
and hays. Deficiencies can occur on pasture and on dry food diets. Excesses are mostly due to
over supplementation with specific vitamins. Supplementation of certain vitamins in horses with
little access to high quality pasture, or those subjected to the stress of training, may be beneficial
for optimum health and performance. The requirements for vitamins relative to a horse’s needs
are summarised in Chapter 6, Table 6.3, page X XX.

3.8 Summary



The horse requires an adequate and balanced supply of nutrients, which it can obtain from various
feed sources.
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An adequate supply of cool, clean water is essential for all horses, especially growing

, lactating mares and horses working under hot conditions.

A horse can use a variety of energy sources depending on its diet, the amount it requires
and its rate of use of energy.

Protein is contained in most feeds, except fat. Good quality protein is required for growing
foals and lactating mares.

The fat content of most feeds is low. Fat is a high energy source that is suited to working
horses under hot Australian conditions.

All horses need at least 30% of their diet by weight as roughage to maintain optimum gut
function, hold water reserves, to facilitate fermentation to provide natural B-group vitamins
and to produce heat to maintain body warmth under cold conditions.

Minerals are important in the formation of bone, to maintain nerve and muscle function and
in digestive and metabolic functions.

Vitamins are required in small amounts, but their function in a wide range of metabolic
processes and their inter-relationships with each other and with many minerals, requires an
adequate daily supply. Vitamin A and vitamin E must be provided in the feed, vitamin D is
provided in feed, and via skin synthesis in outdoor horses, whilst other vitamins are
synthesised within a horse’s body. Excess of vitamin A and D can lead to serious toxic
effects.



Chapter 4

NUTRIENT REQUIREMENTS OF HORSES

The nutrient requirements of horses are much more varied than most other animals because of the use of the horse as
an athletic and reproductive animal and the range of size and types.

KEYPOINT: A horse must be provided with a palatable diet it enjoys eating, that is adequate and balanced to satisfy its
nutritional needs and maintains it in an optimum condition and at a suitable energy level for its purpose.

The major nutrient requirements of a horse are influenced by the following factors:

v

v

v

The age and maturity of the horse.
A young horse requires more energy, protein and minerals for growth. An aged horse requires a higher level of
calcium and protein in its diet because of reduced utilisation.

Whether the horse is resting or working and if working, the intensity, duration and frequency of
exercise.

All nutrient needs increase relative to the stage of training, speed and duration of exercise, with maximum
needs for intense and prolonged exercise.

The stage and rate of growth.
A foal requires a higher intake relative to body weight, reducing through weaning to yearling age. Higher rates
of growth require increased needs.

The stage of pregnancy and lactation in mares.
Needs increase in late pregnancy as the unborn foal rapidly develops, with at least a 50% increase in all
nutrients during lactation.

The environmental and management conditions.

Cold weather increases energy needs. Hot weather elevates fluid and electrolyte requirements. Grazing
horses use more energy searching for food when pasture is sparse or shorter. Younger horses at pasture
exercise more than older horses.

Individually, the needs of a horse are relative to:

v
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Its body weight, and in a large horse, its size.
Most requirements are related to body weight. Large horses over 600kg need less energy on a body weight
basis because they do not self-exercise as much.

Its individual digestive and metabolic efficiency.
Some horses are “good doers” or “easy keepers” and readily put on condition. Others are generally “poor
doers” or “hard keepers”, despite an adequate diet.

Its appetite, including its likes and dislikes.
Small-framed horses may not be big eaters and need a more concentrated diet with less bulk. Appetite can be
suppressed by work, requiring a higher density of energy in the ration.

Its temperament, and often the characteristics of its breed.
Some are suspicious eaters, others are nervy and active and need more energy to maintain condition. Some
breeds are generally more active and “hyper” than others.

Its general health, including parasite burdens, injury or stress related needs.
Heavy worm burdens sap nutrients, physical stress increases energy and other nutrient needs.

In order to provide a comparative review and practical guidelines on the nutritional requirements and management for
different classes of horses, the needs of the following classes of horses are outlined.

Resting horses.

Working or exercising horses.
Breeding horses.

Growing horses.



KEYPOINT: The nutrient requirements used as a guideline in this book are based on the recommendations provided in
the “Nutrient Requirements of Horses” published in 1989 by the National Research Council, Washington DC, USA

Specific needs related to the common feeds used in Australia and influences of seasonal conditions, locality or
management practices as well as any new research findings have been incorporated into the guidelines. The daily
requirements of the major nutrient classes, as outlined in Chapter 3, will be discussed for each category.

4.1 Requirements for Resting Horses

The term “maintenance” is used to describe an adult horse at rest under temperate conditions (15-30°C) that is not
worked on a regular basis or required to perform any demanding activity.

DEFINITION: Maintenance is defined as the intake of sufficient nutrients to fuel
and provide for vital processes and exercise related to feed gathering activities so
as to maintain a constant body weight and condition score, and good health and
vitality.

A mature horse that has retired, or one that has no regular work demand, can usually maintain itself on good pasture for

most of the year. Supplementary feed, as good quality hay, is usually only required when pasture is sparse, short, or of
poor feed value.

There are two exceptions to this general guideline in pastured horses:-

Horses grazing tropical grass pastures in Queensland and Northern Australia containing oxalate chemicals
x which can bind calcium to prevent its uptake from the small intestine, may require supplementation with
calcium. (Refer to Chapter 7, Section 7.4.7, page XXX).

Pasture intake may have to be restricted in ponies or overweight horses during lush periods to avoid risk of
x laminitis and founder. (Refer to Chapter 5, Section 5.1.1.1, page XXX).

KEYPOINT: A grazing horse on green pasture needs to consume approximately 5-7% of its body weight, or from 5-
7kg/100kg body weight to meet its major nutrient needs each day to maintain itself. This can be satisfied by 4-5 hours
of grazing on good pasture, but may require up to 18-20 hours of grazing on shorter, less nutritious pasture.

4.1.1 Energy

A mature horse requires a daily supply of energy to fuel body processes, maintain its condition and body warmth and
enable it to gather food and perform voluntary self-exercise to maintain its fitness, health and vitality.

In most cases, where a resting horse is turned out on pasture, it should be able to obtain all the major nutrients
‘/ to meet its needs if adequate pasture is available for it to eat.

RESTING HORSES
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Theoretical Need:

An adult resting horse requires from 13-15 Megajoules DE per 100kg body weight,
or an energy density of 7.5 Megajoules of DE per kilogram of dry feed consumed, to
maintain its condition and vitality.

KEYPOINT: Regular appraisal of body condition and vitality in an otherwise healthy horse is a practical means of
evaluating the adequacy of its energy intake.

The daily requirement of energy for maintenance, as illustrated in Figure 4.1, increases roughly in proportion to body
weight, but for horses over 600kg, the increase in energy requirement is lower, as heavy horses do not move around as
actively and expend less energy when exercising and working at slower speeds.

Dietary Ration Intake:

A resting horse, based on an average energy content in hay, containing an average
10% moisture, needs to consume from 1.5-2.0% of its body weight in dry feed daily,
to satisfy its energy need and appetite with the bulk it consumes.

As an example, a 500kg horse would need to consume from 7.5kg to 10kg of dry feed each day, depending on its
energy content. In simple terms, its daily energy need would be satisfied by approximately 7%kg of lucerne hay or
alternatively up to 10kg of grass hay if there is no pasture available, such as when a horse is confined largely to a day
yard or in a small eaten out paddock.

A horse that is a “good doer” will be able to maintain its condition on a smaller amount of food and its diet may
\/ need to be bulked out with lower energy roughage, such as cereal chaff, to satisfy its appetite but avoid it
putting on extra condition.

A resting horse on a diet slightly deficient in energy will normally take 2-3 weeks to show a loss of condition. This
commonly occurs when pasture dries off after the flush of the season, or is eaten out and supplementary hay or other
feed is not given early enough to make up the shortfall in energy.

KEYPOINT: As pastures are grazed down or dry off, it is important to regularly monitor a horse’s condition and the time
it spends grazing to help decide when a resting horse requires a supplement of hay.

A horse will normally increase its food intake during cold weather, often seeking additional roughage to occupy
\/ its time and in doing so provide extra fermentation heat to help keep it warm.

A thin horse needs more energy to maintain body heat and once body condition is lost by energy drain it is
v often difficult to regain, especially in an older horse.

Many owners who keep horses on small areas start to supplementary feed as soon as pastures dry off or are
x grazed down in the hope that this will save the pasture. Most horses will eat the hay and continue to graze the
pasture bare as well. It is best to shift the horses off the pasture if possible, confining them to yards with
supplementary hay and limiting their access to pasture under these conditions. This will allow the pasture to
regrow rather than being eaten out. When pastures are eaten out, weed growth is encouraged because plant
competition is reduced.

KEYPOINT: An excess intake of energy relative to daily needs can make a horse over-energetic and hard to handle,
but if it is a quiet lazy type, it is more likely to put on condition, often compounded by a reluctance to self exercise as it
gains more weight.

A resting horse supplemented with hard feed and hay during the mid to late spring period when pasture would easily
meet its needs, will normally put on extra body condition. Resting horses and ponies do not have the ability to limit their
energy intake and will continue to graze and gain weight under plentiful pasture conditions. A horse in work will
normally only consume sufficient energy to meet its need for exercise.

4.1.2  Protein
An adult horse at rest that is grazing on abundant pasture will obtain sufficient protein to meet daily needs. Even on a

low protein grass pasture, if a horse is able to eat enough to provide adequate energy to maintain its body weight,
sufficient protein is usually consumed in the bulk of feed to meet maintenance needs.



A resting horse requires an intake of 130-150g of crude protein per 100kg body
weight daily, or roughly 7-8% crude protein in its diet as fed. Most grass based
pastures provide this content of protein without supplementation.

Where lucerne hay (15-17% crude protein) is used as a roughage and supplementary feed to meet energy
P needs during periods of reduced pasture value, such as under dry, hot summer or wet, cold, wintry conditions, it
will provide protein in excess of maintenance needs. Although not harmful in terms of oversupply of protein to a
resting horse, feeding lucerne hay to appetite demand will often provide an energy excess that is likely to result
in a weight gain. The increased fibre intake may lead to a “hay belly” as the hindgut expands to digest the bulk
of hay.

4.1.3 Other Nutrients

Fat and fibre needs should be provided by pasture or supplementary hay. An adult horse at rest needs the lowest
intake of minerals, trace-minerals, electrolytes and vitamins relative to its body weight. (Refer to Chapter 6, Tables 6.2
and 6.3, pages XXX to XXX).

The requirement for water is approximately 3 litres/100kg body weight daily, but often less is consumed when a horseis
grazing green pasture under cool conditions. Up to 6 litres per 100kg body weight daily may be required by a resting
horse fed on a dry feed diet or under hot conditions.

KEYPOINT: Good quality pasture should satisfy the major nutrient needs for resting adult horses especially if the
pasture contains a blend of at least 20-25% legumes (lucerne/clovers) mixed with cereal grasses. Extra roughage as
supplementary meadow or lucerne hay should be provided at critical times.

4.2 Requirements for Working Horses

Once a horse is put into training, or is exercised purposely on a regular daily basis, its nutrient requirement on a body
weight basis will increase in proportion to the type, intensity and duration of the work effort expended, the ambient
temperature, and its temperament. For example, a “hyperactive” horse will require a higher energy intake relative to
other nutrients to maintain its condition.

KEYPOINT: As the intensity of exercise increases, the bulk of intake may be limited by a reduction in appetite, so an
increase in the density of the major nutrients in the ration may be necessary to maintain body weight and work capacity
in hard working horses.

4.2.1  Energy,

The adequacy of the energy intake in a working horse can directly influence a horse’s performance, vitality and the
maintenance of an optimum body condition.

KEYPOINT: The majority of horses in work will only eat sufficient to meet their needs in comparison to horses at rest.
A resting horse will invariably consume more feed and energy than it requires to satisfy maintenance requirements.

The requirements for energy are usually classified into light, moderate and intense exercise and effort levels.
4.2.1.1 Light Work
It can be difficult to provide meaningful guidelines on the nutrient needs for a horse in light work, because many horse

owners have varying estimates on the amount of effort expended and the actual length of time they work their horses
each day.

DEFINITION: Light work is defined as up to 30-60 minutes daily exercise,
consisting of walking, trotting and some cantering.

v The majority of pleasure, basic dressage, show horses and working ponies are
ded in this category.

Theoretical Need:
Approx Energy Requirement: 17-18 Megajoules DE per 100kg body weight daily, or
an energy density of 9.2 Megajoules DE per kilogram of dry food consumed. A



500kg horse at the walk uses 4MJDE per hour increasing to 42MJDE per hour at the
canter and half-pace gallop.

Dietary Intake:

A horse in light work needs to consume from 1.5-2.5% of its body weight in dry
feed (10% moisture) each day. Therefore a 500kg horse in light work would need to
consume from 7.5 to 12.5kg of feed each day, or an average of 10kg daily to meet
exercise demands and maintain its condition and vitality.

v The needs of many horses that are worked from the paddock can be supplied by
day time grazing and 0.5kg/100kg body weight of hay or mixed chaff overnight.

v If a horse is totally “hand” fed, then, to limit excess bulk of feed, a diet of
approximately 65% roughage and 35% concentrate feed, by weight, will be
adequate to meet its needs. (Refer to Chapter 5, Table 5.4, page XX for full
guidelines).

KEYPOINT: Energy to meet the needs of light work can usually be provided by an
adequate intake of good pasture, with supplementary hay as required during leaner or
colder periods of the year.

v Many weekend pleasure and pony club horses receive only light work on a sporadic
basis as time and weather conditions permit. A pasture-based diet is often
adequate during spring to mid summer under normal seasonal conditions in most
parts of Australia.

® Ponies and their crossbreds may need to have their access to grazing lush, spring

pastures restricted to avoid excessive weight gain and risk of laminitis, which can

develop into the condition of founder if the pedal bone rotates due to devitalisation
of the structural laminae. (Refer to Chapter 5, Section 5.1.1.1, page XXX).

v Show horses are also lightly worked, but require good body and coat condition for
competition. Show horses are usually stabled overnight and confined to yards
during the day with only restricted access to pasture to limit self-exercise that may
lead to injury or drain energy and condition.

Show, pleasure and leisure horses may not be worked regularly and for the same duration each day, especially during
the winter months because of shorter daylengths or cold or wet conditions.

The amount of energy in the feed provided each day should be relative to the work effort and duration to ensure that a
horse does not put on extra body condition. Excess energy will also increase the risk of a horse becoming “fizzy” or
over-energetic, especially when provided with a set amount of feed sufficient for 30-60 minutes of light exercise and
little or no exercise is given for one or more days.

Ration adjustments must be made during the weekdays for pleasure horses that are regularly ridden only on
&EF GYythe weekends.
REQUIREMENT ) ) . .
MEKEXHRIRS: Adjustments to the dietary energy intake must be made relative to the actual amount of work performed
OF [Siaghsday) father than the work planned for an individual horse on a particular day.
ENERGY
Axeohgction to one third of the concentrate feed to no more than one third on very light work or rest days, or withdrawal
oncentrates in the next feed if a horse is not worked on a particular day due to lameness, sickness or injury will
avoid risk of over-energetic, ‘fizzy’ behaviour and typing up in susceptible horses.
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4.2.1.2 Moderate Work

The increased energy requirements for moderate work performed on a regular basis require a more energy dense ration
in a bulk that a horse is able to fully consume. Often horses at this level of work are confined to small paddocks, yards
or stables and have less reliance on pasture as a source of energy and other major nutrients.

DEFINITION: Moderate work is defined as 30-120 minutes daily exercise at walk,
trot and canter, with some galloping.

7 Advanced dressage, showjumpers, polocrosse, one day event horses and
racehorses in early to mid training are included in this category.

Theoretical Need:
Approx Energy Requirement:
21-23 Megajoules DE per 100kg body weight daily, or an energy density of 10
Megajoules DE per kilogram of dry food consumed.

The energy intake will be related to the speed and intensity of the work effort. At the slow
trot (200 metres/min) a 500kg horse will use approximately 13MJDE per hour, increasing



to 28BMJDE per hour at the fast trot (300 metres/min) up to 42MJDE per hour at the half
pace gallop.

Dietary Intake:

A horse in moderate work needs to consume from 2.0-2.5% of its body weight of dry
feed (10% moisture) each day. If the horse is totally “hand” fed, it would need a
ration containing an average of 50% roughage and 50% concentrate feed by weight
to meet its needs in a bulk that it is able to consume. (Refer to Chapter 5, Table 5.4,
page XX for full guidelines).

v A small framed horse, or one with less than normal appetite, may require a less

bulky ration with a higher energy and protein density to ensure it is able to eat
enough to meet its needs.

This is normally achieved by reducing the amount of a bulky grain, such as oats, and
replacing it with a smaller portion of steam rolled barley, corn, or even fat, as these contain
more energy in a smaller volume of feed. (Refer to Chapter 5, Table 5.6, page XXX for
Energy Substitution Rates).

4.2.1.3 Intense Work

Horses subjected to heavy or intense work on a daily basis require a ration with increased
density of a wide range of nutrients to meet their elevated needs in a bulk of ration that
can be consumed relative to their appetite.

The majority of these horses are stabled full time to limit energy loss by self-exercise and
maintain low gut weight, with little or no reliance on pasture.

A survey carried out on a large group of horses in 50 Thoroughbred and Standardbred
racing stables in the Sydney area by Dr. Louise Southwood and co-workers in 1992 found
that energy intakes were similar to that recommended by the NRC (1989), although a
variety of grain and feed blends were used.

Definition: Intense work collectively includes 30-60 minutes sustained trotting,
cantering and galloping, or short high intensity galloping in race competition.

IV Horses in advanced race training, polo and upper level event competition and
endurance riding over distance are included in this category.

Theoretical Need:
Approx Energy Requirement: 28-30 Megajoules DE per 100kg body weight, or an
energy density of 10.7 Megajoules DE per kilogram of dry feed consumed.
A 500kg horse at half pace gallop (8-10 metres/sec) uses 42MJDE per hour, and 2MJ
per minute at the full gallop (12 metres/sec).

Dietary Intake:

A horseinintense work needs to consume 2.5-3.0% of its body weight of dry feed
(10% moisture) each day. In afully confined horse, aration containing 30-40%
roughage and 60-70% concentrate feed will meet requirements in a bulk that a horse
can consume. (Refer to Chapter 5, Table 5.4, page XXX for full guidelines).
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v Horses with a large frame and good appetite may consume up to 3.0% body

weight, but most horses in intense training will only be able to eat a maximum of
2.5% of their body weight in weight of feed. Often the appetite of horses in a race
training is depressed by hard work. To improve their competitiveness, gut fill and

hindgut weight can be minimised by part substitution of oats with corn, barley or
with limited amounts of vegetable oil. (Refer to Chapter 5, Table 5.6, page XXX).

v Some of the more nervy or “hyperactive” horses, or ones that fail to “do well” when
confined to a stable or yard, are often best trained from the paddock, especially in

outer urban or country areas. A “hard” feed is normally provided morning, evening
and overnight in a sheltered outside yard, with pasture grazing during the day.

4.2.2 Protein

Studies have shown that horses in work require approximately 9.5-10g crude protein per
Megajoule of Digestible Energy consumed each day. The estimated protein requirement,
related to energy intake for light, moderate and intense exercise, is illustrated in Figure
4.3.

Light Work 1709 crude protein per 100kg body weight daily, or a ration containing
8.5-9.0% crude protein.
Moderate Work 190-200g crude protein per 100kg body weight daily, or a ration
containing 9-10% crude protein.
Intense Work 260-270g crude protein per 100kg body weight, or a ration containing
10-12% crude protein.

A survey of the rations and feeding practices of 50 Sydney and provincial thoroughbred
racing stables by Dr. Louise Southwood and colleagues in 1992 found that on average,
the amount of protein consumed when a horse is fed a lucerne based ration was between
12 - 24% in excess of NRC (1989) suggested daily requirements. In some stables the
protein intake was elevated even more by the routine but often unnecessary addition of oil
seed meals as a protein supplement. Protein intake in excess of 50% above the horse’s
needs can lead to higher heat waste from fermentation, elevated heart and respiratory
rates and may have an adverse affect on athletic performance.

The quality of protein in providing a range of essential amino acids for blood, bone and
muscle development and maintenance, such as lysine, is important in horses on higher
grain diets because the protein in grain is often relatively deficient in lysine and other
amino acids. (Refer to Chapter 10, Tables 10.1 — 10.4, pages XXX - XXX)

v Adequate protein for adult horses in training will be obtained from a grain based
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v Young horses in training that are less than 3 years old, horses in lighter condition,
and those with poorly developed muscle, may benefit from an additional 2% crude
protein provided by an oil seed meal during the first 6-8 weeks in training.

In practical feeding terms, this means that:

To provide an additional 2% or 200g crude protein in a 10kg daily ration intake with
minimum lucerne hay, 4509 (approx 2 cups (500mL) of soyabean meal (44.5%CP), or
alternatively 530g (approx 3 cups (750mL) of canola meal (36%CP) or alternatively 720g
(approx 4 cups (1000mL) of crushed tick beans (25.5%CP), would need to be included
because of the varying crude protein content of each protein source. (Refer to Chapter 5,
Table 5.7, page XXX for substitution rates).

4.2.3 Other Nutrients

The requirement for minerals, trace-minerals, electrolytes and vitamins are related to the
intensity of exercise, sweat output and the stress of repeated work. The important
minerals are calcium and phosphorus and electrolytes lost in sweat including sodium,
potassium, chloride and magnesium, as illustrated in Table 4.1.

Minerals and Electrolytes

Work Body | Calcium | Phosphorus | Sodium | Potassium | Magnesium

Weight | (9) (9) (@) (@) (9)
(kg)

Maintenance 400 16 11 6.7 20 6.0
Resting 500 20 14 8.2 25 7.5
600 24 17 9.7 30 9.0
Light 400 20 15 20.5 25 7.7
Work 500 25 18 25.1 31 9.4
600 30 21 29.7 37 11.2
Moderate 400 25 17 23 31 9.2
Work 500 30 21 27.8 37 11.3
600 36 25 32.9 44 134
Intense 400 33 23 28.2 41 12.3
Work 500 40 29 34.5 50 15.1
600 47 34 40.8 59 17.8

oL

Source: NRC (1989)

TABLE 4.1

Comparative Daily Major Mineral and Electrolyte Requirements for Working Horses

ranging from 400 to 600kg Body Weight

4.2.3.1 Calcium



Calcium requirements increase with exercise, as calcium is an important co-factor in
metabolism and muscle contraction. Bone stores of calcium are also being “turned over”
as bones repair and strengthen themselves when subjected to hard exercise. In addition,

calcium is lost when horses sweat.

A survey by Dr. lvan Caple and co-workers in the early 1980's of Thoroughbred
racehorses in training in Melbourne found that 40% of horses did not receive
adequate calcium in their diets based on NRC (1978) recommendations. An

inadequate calcium intake was most likely when high grain diets contained little or
no lucerne.

v A minimum of 3kg of lucerne chaff and hay (12g calcium/kg) as a roughage base,

combined with grains in a concentrate feed, should meet the daily requirements for
calcium and protein in a horse performing up to a moderate work level.

v A horse subjected to hard training requires up to 4kg of lucerne roughage (hay and

chaff) daily to meet its calcium needs without calcium mineral supplementation.

Analysis by Dr. Louise Southwood and colleagues in 1993,0f the rations fed by 50 Sydney
trainers found that 32% of Thoroughbred diets and 24% of Standardbred diets required
supplementation with calcium to bring them up to NRC (1989) levels.

IV Supplementation with 60g (3 tablespoons) of calcium carbonate daily, providing

approximately 24g calcium, to horses in Hong Kong fed on a 70% grain ration
mixed with cereal and lucerne roughage lowered the incidence of vertebral
fractures by 35% over a 3 month period.

Horses performing at an intense level of exercise, such as racing, eventing and endurance
horses, being fed on a 30% roughage to 70% concentrate ratio by weight, may not be able
to consume sufficient bulk of lucerne to meet calcium and protein needs without
supplementation with a mineral source of calcium and protein meals. Some racehorse
trainers feed little or no lucerne and, in this case, calcium and protein supplementation is
essential to meet the daily needs of horses in training.

KEYPOINT: Where the ration of racing and other hard working horses contains less that
2 kg daily or no lucerne hay or chaff, calcium and protein supplementation is essential to
meet the daily needs of horses on grain based diets.

/ Recent evidence suggests that endurance horses, or horses working for extended periods on a regular basis,

sweat output depletes blood calcium. Reduced blood calcium can result in muscle weakness and a risk of
‘tying up’.

v Horses between 18 months and 3 years of age in race training also require

supplementation with calcium because calcium requirements are elevated by active
bone modelling to increase bone strength and density in response to increased
skeletal loading during exercise. In addition, horses that sweat heavily under hot
conditions will require extra calcium.

4.2.3.2 Phosphorus

should be provided with adequate, but not excessive intake of calcium during training to meet needs and
replace sweat losses. It is considered that high intakes of lucerne provide excess calcium, which suppresses
parathyroid gland function and the subsequent mobilisation of calcium from bone stores during a ride when

(24
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Phosphorus is required for metabolism and as phosphate in maintaining the acid base
balance of the blood during and after exercise. The 1993 survey of racehorse feeding
practices in Sydney by Dr. Louise Southwood and colleagues found that the intake of

phosphorus was adequate on standard racehorse diets containing 5-6kg grain (average
3g phosphorus/kg) and up to 4kg lucerne chaff or hay (average 2.2g phosphorus/kg). In
this survey, the intake of phosphorus in Thoroughbreds ranged form 70-230% of NRC
(1989) requirements and Standardbreds ranged from 81-209%. Although bran is added
as a source of phosphorus, much of it is in phytate form, which reduces phosphorus
availability during digestion in the hindgut. Calcium supplements based on limestone
(calcium carbonate) do not provide phosphorus.

On a low grain, high lucerne diet, a supplement containing phosphorus, such as dicalcium
phosphate (also called DCP or calcium hydrogen phosphate) [calcium 4.6g, phosphorus
3.6g per 20g (level metric tablespoon)] provides a suitable source of available
phosphorus. The addition of extra phosphorus to balance the calcium:phosphorus ratio is
important in horses on high lucerne diets already receiving an excess of calcium relative to
phosphorus each day.

4.2.3.3 Electrolytes

During exercise, 80% of the energy metabolised during muscle activity is given off as heat,
which is dissipated largely by evaporation of sweat secreted from the skin surface during
and after exercise to cool the body.

The survey of Sydney Thoroughbred and Standardbred trainers by Dr. Louise Southwood
and colleagues in 1992 found that commercial electrolyte supplements were used by 44%
of trainers but the majority fed salt as well.

KEYPOINT: Fluid and electrolyte loss in sweat during exercise is relative to the speed
and duration of work, the environmental conditions and the training status and fitness of a
horse.

v Sweat rates of 4-5 litres per hour have been measured during moderate exercise
under cool conditions (20°C), increasing by 30-35% under warm conditions (30°C)

and doubling to 10-11 litres per hour under hot conditions (35°C). An endurance
horse can lose up to 60 litres of sweat during a 160km endurance ride under warm
and humid conditions.

v A high relative humidity does not increase sweat output, but reduces the efficiency

of evaporation of sweat from the skin surface. Hot, humid conditions prolong
sweating time during recovery from exercise, as the evaporation of sweat is less
efficient, especially under conditions with little or no air movement.

v As a horse becomes fitter, it expends less heat energy during exercise, and
improves its efficiency of heat loss from the skin surface, reducing sweat loss by up

to 30%. Up to 30% of the accumulated heat in the muscles, blood and gut contents
is eliminated via the highly vascular, large surface area of the lungs as a horse
pants after hard exercise.

The concentration of sodium, potassium and chloride in sweat increases as a horse
sweats more heavily. The concentration of sodium in most feeds is lower than

potassium and chloride.
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KEYPOINT: Each 1 litre of horse sweat contains approximately 3.7g sodium, 1.4g
potassium, 6.2g chloride, 0.75-1.249 protein, 140mg magnesium, 300mg calcium, 25mg
phosphorus, 21-24mg iron, 20-21mg zinc, 4mg copper, 0.2mg manganese and small
amounts of selenium.

Supplementation with coarse rock salt (sodium chloride) will replace the higher sweat
losses of sodium and chloride and maintain water intake in light to moderately sweating
horses.

v Heavily sweating horses should be supplemented with sources of potassium,

magnesium and calcium when worked on a regular basis. Although pasture and
hay contain a much higher content of potassium relative to sodium, the speed and
degree of depletion of blood fluid (plasma) potassium level during exercise is much
greater than the reserve in the blood or the rate of potassium replenishment from
digestion of feed.

A potassium source, such as Lite salt (a 50:50 mixture of sodium and potassium chlorides)
or potassium chloride, or alternatively a commercial electrolyte replacer containing higher
levels of potassium (at least 20% potassium ion), is recommended for heavily sweating
horses. This will help maintain fluid and electrolyte acid-base balance and replace lost
potassium and chloride, in addition to the sodium and chloride provided routinely in salt.

Trace-Minerals and Vitamins

Exercise increases the requirement for many trace-minerals that are involved in
metabolism and those depleted by sweat loss. Many B-group vitamins that are essential
for the action of metabolic enzymes are also required in increased amounts relative to the

work intensity as illustrated in Table 4.5.

Trace-Minerals Vitamins
Type of Body | Manganese | Copper| Cobalt Vitamin | Vitamin | Vitamin
Work Weight Iron (mg) lodine A D E
Kg Zinc Selenium iu iu lu
(mg) (mg)

Maintenance 400 268 67 0.7 12,000 2010 335
500 328 82 0.8 15,000 2460 410
600 388 97 1.0 18,000 2910 485
Light 400 273 68 0.7 18,000 2051 547
Work 500 335 84 0.8 22,500 2510 669
600 396 99 1.0 27,000 2969 792
Moderate 400 303 76 0.8 18,000 2275 607
Work 500 371 93 0.9 22,500 2785 743
600 439 110 1.1 27,000 3294 878
Intense 400 376 94 0.9 18,000 2821 752
Work 500 460 115 1.2 22,500 3453 921
600 545 136 1.4 27,000 4084 1089

Source NRC (1989)
TABLE 4.5
Daily Trace-Mineral and Essential Vitamin Requirements for Working Horses
ranging from 400 to 600kg body weight

In most cases, the increase in the amount of feed consumed to provide energy for
exercise will meet the elevated demands for essential trace-minerals.
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v Variations in feed levels of copper, zinc and manganese and the possible
deficiencies of selenium and iodine in feeds grown in certain localities may be

avoided by providing a supplement of these trace-minerals at 50% of NRC (1989)
recommended intakes. (Refer to Chapter 6, Table 6.4, page XXX).

v The elevated needs for vitamins A, D and E may not be provided by high grain diets
that are often inherently deficient in fat-soluble vitamins or where losses during long

term storage of feeds reduce their natural content. Supplements of these vitamins
are recommended for horses performing moderate to intense exercise. (Refer to
Chapter 6, Section 6.3.1, page XXX).

The requirement for B-group vitamins, many of which are involved in metabolic pathways
for energy production during exercise, has not been fully established.

KEYPOINT: The hindgut synthesis of B-group vitamins by digestive fermentation may be
suppressed on high grain, minimal fibre diets that are fed to horses in hard work and
uptake of these vitamins may be further reduced under stress.

v The NRC (1989) recommends an increase in vitamin B1 (thiamine) from 2.7 to
4.5mg/kg of dry feed for working horses, although the requirement for vitamin B2

(Riboflavin) remains at 1.8mg/kg dry feed.

v Studies indicate that supplementary vitamin B12 (cyanocobalamin) may be
beneficial as an aid to improving the appetite of horses on high grain diets. (Refer

to Chapter 6, Section 6.1, page XXX).

v One survey in Australia by Dr. Malcolm Roberts in 1983 indicated that blood levels
of folic acid were decreased in stabled horses as compared to horses grazing

pasture, suggesting that folic acid supplements may be beneficial to maintain
adequate levels of this vitamin in stabled horses. (Refer to Chapter 6, Section
6.3.1, page XXX).

v A requirement for vitamin C (ascorbic acid) has not been demonstrated in horses,
even those subjected to intense work. Studies have shown that a dose of more

than 4.5g daily was required to increase blood levels in working horses. Feed
supplements providing up to 20g of vitamin C daily had no discernible beneficial
effect on racing performance or the general well-being of horses in intense training.

4.3 Requirements for Breeding Horses

The impact of inadequate nutrition on the fertility, conception and foaling rate of mares and
its influence on subfertility in breeding stallions has received much more attention over
recent years.

To provide the breeder with an economic return, a mare at stud should produce a foal in
each season she is mated. Although fertility and rate of conception decrease in mares as
they age, careful attention to nutrition and a well planned feeding program leading up to
breeding will help ensure optimum fertility.

2 Horse breeders tend to over-feed pregnant mares and stallions relative to their
needs and often under-feed dry mares and lactating mares kept under paddock

conditions.
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® The drain of lactation on a marginally under nourished mare with a foal at foot can
result in less than optimum fertility and a reduced chance of getting the mare back

in foal.

2 If the drain of lactation on a mare is not compensated for by an increased energy

and major nutrient intake, her milk fertility, followed by a reduction in milk
production, and finally a loss of body condition will be apparent.

KEYPOINT: The level of nutrition and feeding management has a major influence on the
fertility and reproductive success of both the mare and stallion.

v A study in south east Queensland by Drs. Jim Gallagher and Neil McMeniman in
1985 and by Dr. Robyn Martin in 1986 indicated that pregnant mares grazing

improved pastures containing mixed grass and clover received an adequate intake
of energy and protein during the majority of the year.

% Dr. Jim Gallagher in an earlier survey concluded that, under seasonal pasture
conditions in southern Australia, where pastures dry-off during the late summer and

early autumn period, mares are unlikely to obtain an adequate nutrient intake
unless they are supplemented with hay or “hard” feed to maintain their condition.
Supplementation is also required where low winter pasture growth rates limit the
availability of feed.

KEYPOINT: Of all the nutritional factors that influence fertility and maintenance of
pregnancy, the adequacy of energy and protein intake is critical to breeding success.

4.3.1 Non Pregnant Mares

Definition:
A non-pregnant mare includes a Dry Mare (not lactating) or a Wet Mare (lactating mare
with a foal at foot) that is to be bred again in the current season. In overseas literature, a
non-pregnant mare is often referred to as an “open” mare.

Regular evaluation of body condition prior to breeding as well as during pregnancy and
lactation is a practical way of matching feed intake to changing nutrient requirements.

KEYPOINT: The use of the standardised Condition Scoring system provides a
comparative appraisal and a standard by which to monitor and to maintain optimum
condition and breeding success of broodmares.

A method to evaluate and score a horse’s body condition, and guidelines for an
optimum condition range in breeding and other horses is outlined in Chapter 1,
Section 1.4, page XXX.

4.3.1.1 Energy

A maiden mare or a mare in poor condition under semi-drought conditions or an older dry
mare most commonly will suffer a shortfall of energy in their diet prior to breeding.

A filly normally begins to cycle by 12-15 months of age provided she has received
sufficient energy in her diet to yearling age to reach a “target body weight” necessary to
initiate ovarian activity and “oestrus cycles”. Studies of young fillies that are bred before 3



years of age show a need for higher energy intake to ensure optimum fertility and meet
the needs for growth and pregnancy.

X

Up to 46% of young mares that are not fully mature will abort their foals before full
term if they are not fed enough to meet their total needs.

KEYPOINT: Energy intake and the maintenance of body weight or condition score, are
interrelated in stimulating the oestrus (seasonal) cycle, success of conception and the
maintenance of early pregnancy in the broodmare.

A dry mare over-wintering at pasture with a less than optimum intake of energy on

slow growing pasture, compounded by energy loss under cold conditions, is likely

to have a negative energy balance. This will lead to a further loss of body weight,
prior to breeding early in spring, particularly if she is already in a thin condition,

A fat mare that loses weight immediately prior to the breeding season will suffer a
delay in the onset of her oestrus cycles with an elongated period between each
cycle.

Although a dry mare is classified as requiring an energy intake of feed similar to a
resting horse on a maintenance diet, as illustrated in Fig 4.4, feeding to maintain
her at a body condition score of less than 2.0 can reduce her overall fertility.
Nutrient
Low Energy

Effect on Fertility Type of Mare Often Affected
Condition score less than 2.0-2.5 — Maiden mares — poor social adjustment
delayed onset of oestrus cycle, to the herd. Lactating mares in thin
irregular cycles, more cycles to condition under drought conditions.
conception, reduced conception rate
and less likelihood of maintaining

pregnancy.
Reducing Energy Weight reduction in well-fed or fat

mares will retard onset of oestrus,
and may increase oestrus cycle

Maiden mares out of race or sport
training. Mares as pastures dry off or

are grazed off in late summer. Mares
intervals. during drought conditions.
Increasing Energy Thin mares put on a higher energy Thin mares given extra feed starting 4-
intake — will increase oestrus intensity [ 6 weeks before breeding. Thin lactating
and regularity, and improve their mares given extra feed to maintain
conception rates. increasing milk production to lactation
peak..
High Energy Overwintering in heavy condition, or a Fat or heavy conditioned mares — leave
condition score greater than 4.0. fat mares fat for breeding.
Excess energy intake results in over
weight and heavy condition. Shorter
time to first season cycle in spring,
ovulate earlier when “in season”
Low Protein A low protein intake, even with Drought conditions. Lush, grass only,
adequate energy, can delay onset of pastures in spring without
oestrus, lower ovulation rates

supplementation with lucerne hay or
although the mare may exhibit normal 10-12% crude protein hard feed.
cycle length and “season” behaviour.

Source: Lewis (1995) Avery (1996) Frape (1997)
TABLE 4.6
Relationship of Energy and Protein Intake to Condition Score and Fertility
In Broodmares
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Maintenance* Early* 9 mths 10 mths 11 mths First 3 mths 3 mths to
Empty Mare Pregnancy Late Pregnancy Lactating weaning

Source: NRC (1989)
FIGURE 4.4

Daily Needs of Digestible Energy for a 500kg Empty, Pregnant and Lactating Mare

% The energy need of a resting mare and a pregnant mare are similar, but a thin mare must be fed to
maintain and improve her body condition score to at least 2.0 before mating. Energy requirement increases
during the last 3 months before foaling. Energy requirements are increased by 50% during the first 3
months of lactation. (See also Table 4.7 page XX)

A summary of the influences of energy and protein intakes on the fertility of mares is
provided in Table 4.6.

KEYPOINT: The body condition (Condition Score) of a mare should be monitored during
the late autumn and winter period prior to mating so that ideally the mare does not fall
below a condition score of 2.0.

v If a mare is in poor condition, providing supplementary feed to increase her energy
and protein intake will help to improve her fertility and chance of conception, and

ensure that she is able to maintain her pregnancy during the first 3 months.

v A mare’s condition should be evaluated at least 4-6 weeks prior to breeding, and
adjustments made to the dietary intake to ensure the mare is receiving an adequate

ration to reach and maintain an optimum condition score of 2.0 prior to breeding.

1427

CRUDE
PROTEIN
REQUIREMENT
GRAMS(g)
DAILY

Maintenance/  Early 9 mths 10 mths 11 mths First 3 mths 3 mths to
Emptv Mare Preanancv Late Preanancv Lactatina weanina



(2]

KEYPOINT: A mare in thin condition that is fed to gain weight in the 4-6 weeks prior to
breeding has a 60% greater chance of conception than an underfed mare.

4.3.2 Lactating (Wet) Mares to be Bred
4.3.2.1 Energy

The energy and protein drain of lactation in a mare may affect her chances of cycling and
conceiving when she has a “foal at foot”.

A simple way to remember that an adequate energy intake is essential for optimum breeding performance is
that the letter 'E' is in the words OESTRUS, FERTILITY, CONCEPTION, PREGNANCY AND EMBRIONIC HEALTH.

Any mare in thin condition has less chance of getting back in foal as reserves are drained
by the onset and increasing demands of lactation.

2 A mare with a low condition score below 2.0 at foaling is likely to suffer a delay in
onset of her oestrus cycles after foaling, exhibit an increased number of cycles per
conception, and have a lower rate of conception.

v A mare that is in heavy condition (condition score above 3.5) at foaling, but suffers
a loss of weight after foaling, will have a similar level of fertility as would a moderate
to well conditioned mare (condition score at 2.5-3.5) which maintains or gains
weight during lactation.

2 A thin mare at the peak of lactation between 4 to 10 weeks after foaling has less
chance of cycling normally and becoming pregnant, particularly if she missed
during the first month after foaling.

The comparative energy needs for pregnant and lactating mares are illustrated in Table

4.7.
Digestible Crude Protein Calcium Phosphorus (P) | Lysine
Energy CcpP (Ca) (L)
Stage of | Energy | % CP | % Ca % P % L %
’regnhancy | MJ DE* | Increase | (Q) Increase | (9) Increase | (9) Increase | (g) Increase
Daily over a|daily|over a|daily|over a|daily|over a]daily|over a
Resting Resting Resting Resting Resting
Horse Horse Horse Horse Horse
\on 69 - 656 - 20 - 14 - 23 -
regnant
Sirst 8| 69 - 656 - 20 - 14 - 23 -
nonths  of
>regnancy
zarly 9" | 76 8% 801 21% 35 75% 26 85% 28 22%
nonth of
>regnancy
0"  month | 77.5 10% 815 | 23% 35 75% 26 85% 29 26%
f
>reghancy
11" month | 82.5 17% 866 | 31% 37 85% 28 100% 30 30%
f
reghancy
zarly 118 70% 1427 | 116% 56 180% 36 157% 50 117%
_.actation




AV

)-3 months

.ate
.actation

3 months to

veaning
stallions

101 46% 1048 | 58% 36 80% 22 57% 37 60%

Breeding
Season)

86 23% 820 20% 25 25% 18 29% 29 26%

*MJ DE = Megajoules Digestible Energy
Source: NRC (1989)

TABLE 4.7
Major Daily Nutrient Requirements for 500kg Brood Mare and Stallion (Breeding
Season)

KEYPOINT: A thin lactating mare, without reserves, that is not receiving an adequate
intake of energy, is likely to suffer a reduction in fertility initially, then in milk production,
prior to losing body weight and noticeable condition.

The rate of early embryonic loss in lactating mares bred soon after foaling is around 17%,
as compared to 6.3% for non-lactating mares. The high rate of early embryonic loss may
be related to the retention of uterine fluids, or influenced by the increased energy and
protein demands to fuel increased milk production for the first 6-8 weeks after foaling.
Lactation represents a heavy drain on energy stores in thin mares with a condition score
below 2.

v Overseas studies suggest that weaning the foal at 3 months of age off a thin mare

and then providing her with a higher energy ration will greatly improve her chances
of getting back in foal in the same breeding season.

® Studies in southeast Queensland by Dr. Robyn Martin and Dr. Neil McMeniman in

the early 1990’s concluded that a mare in thin condition (condition score below 2.0)
with a foal at foot at lactation peak about 2 months after foaling may not receive
enough energy to maintain optimum fertility and condition, even on good pasture.

KEYPOINT: A mare that foals late in the season onto grazed down or dry pastures must
be provided with sufficient supplementary feed to maintain her condition and ensure she
has the best chance of breeding, conceiving and maintaining her pregnancy.

The condition of a lactating mare must be monitored regularly. If she is thin or losing
condition, then she must be provided with extra supplementary feed, preferably twice
daily, to ensure she at least maintains or ideally gains condition to a moderate condition
score of between 2.0-2.5 before she is bred again.

Generally, if the intake of energy is sufficient to maintain an adequate or rising plane of
nutrition in a mare prior to breeding, then the diet will contain adequate protein to meet the
needs of a dry mare and a mare during early pregnancy.

KEYPOINT: Feeding a diet containing more than 9% crude protein has no direct benefit
in improving the fertility of mares that have an adequate intake of energy.
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® A low protein diet, which can be a problem when mares are grazed on grass
dominant pasture, even with an adequate intake of energy, can delay the onset of
oestrus. Subsequent fertility may be reduced by a failure to ovulate, even if the
mare exhibits normal cycle length and 'in season' behaviour.

As illustrated in Table 4.7, the energy and protein needs are significantly increased during
the last month of pregnancy and for the first 3 months of lactation. An adequate intake of
balanced pasture mix containing 60% grass and 40% legumes will generally provide a
sufficient quantity and quality of protein without limiting important amino acids for a
lactating mare.

KEYPOINT: The quality of protein, related to the lysine and other essential amino acid
content, is important in pregnant and lactating mares.

Although an adequate and balanced intake of vitamin A and vitamin E has been shown to
be essential for optimum fertility and conception in a mare, especially on dry pastures,
supplementation with either vitamin alone unless there is a significant deficiency may not
improve the overall fertility of a mare.

Studies have shown that a deficiency of phosphorus, magnesium, manganese, iodine and
selenium may reduce the overall fertility in mares at pasture and supplementation with
these minerals and trace-minerals may improve the conception rate in grazing mares.

However, excessively high phosphorus intakes (at 50g phosphorus/100kg body weight)
have been found to cause abortion in mares.

4.3.3 Pregnant Mares

A pregnant mare should be maintained in a condition corresponding to a Condition Score
between 2Y2-3. In most cases, an adequate amount of good quality pasture will meet the
needs of a pregnant mare. Itis important that she maintains her condition, especially
during the critical times of the year in late autumn and over winter when she is in the late
stage of pregnancy. Regular monitoring of her condition at 10-14 day intervals with the
provision of additional hay or hard feed when required, will ensure she maintains an
adequate intake of energy, protein and other nutrients.

KEYPOINT: There is a tendency for owners and breeders to overfeed a pregnant mare
with hard feed and hay, even when adequate pasture is available.

In most cases, lucerne hay provides a suitable balance of energy, protein, calcium and
other nutrients, although it may be low in phosphorus, to help maintain a pregnant mare in
optimum condition during critical times of the year.

The nutritional requirements and management of a pregnant mare is traditionally divided
into two stages.

V4 Early pregnancy — conception to 8 months

<

Late pregnancy — 8-11 months.

4.3.3.1 Early Preghancy
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Generally, during the first 8 months of pregnancy, a mare requires an intake of energy,
protein and essential nutrients, equal to a resting horse of similar build and condition.

Studies indicate that mares grazing low quality grass based pastures may have a higher

rate of early embryonic abortion in the first month of pregnancy. This may be prevented

by feeding a higher energy and protein diet, based on lucerne hay, soon after conception.

A fall away in condition, particularly in a thin mare and an aged mare, must be avoided.

The comparative requirement for energy and protein during early and late pregnancy and

v

lactation is illustrated in Table 4.7.

Studies have shown that, during the first 3 months of pregnhancy, a mare that is not
provided with an adequate intake of energy to maintain condition has a higher risk
of early embryonic death, compared to a mare kept at a constant body weight
during the first 90 days of pregnancy.

A rapid loss of weight in a pregnant mare will retard the growth rate of the embryo
and developing foetus and in severe cases, increase the risk of early to mid-term
abortion.

A pregnant mare that is in heavy condition (Condition Score of 4.0 or above) can be
put onto a gradual weight loss program without affecting the viability or birth weight
of her foal after the first 3 months of pregnancy. This can be achieved by reducing

the energy content of supplementary feed, while maintaining the bulk and vitamin
and mineral level in the ration and the opportunity for daily exercise.

KEYPOINT: A mid-term pregnant mare should not be purposely restricted in feed intake
or fed on poor quality feeds that risk vitamin and trace-mineral deficiencies that may lead

to abnormal limb development in the unborn foal in an attempt to reduce her condition

prior to foaling.

4.3.3.2 Late pregnancy

There is a corresponding increase in the energy, protein and mineral needs, as the unborn foal develops rapidly to
double its size and increases its weight by 60% during the last 3 months of pregnancy.

v

v

It is important that a mare in late pregnancy is fed so that she can build-up reserves not only in preparation for
lactation, but also for re-breeding as soon as possible after foaling. Generally, a small loss of condition in a
pregnant mare will not affect the birth weight of her foal at full term.

A heavily pregnant mare grazing slow growing pasture during the winter months, which provides an overall
lower intake of nutrients, should be given extra hard feed and hay to ensure she maintains her condition during
late pregnancy and especially after she foals.

KEYPOINT: It is best to segregate heavily pregnant mares during the last 3 months of their term from other mares,
particularly if pasture intake starts to fall short of satisfying requirements in late winter in southern Australia. These

mares may need to be provided with supplementary feed away from other horses to cater for the increased demands of
late pregnancy.

v

v

An increase in the amount of concentrate and hay of approximately 10% per month from the 8" month of
pregnancy will meet the energy and protein needs where pasture supply is limited.

A ration containing 12-14% crude protein, based on good quality lucerne hay, should counteract the lower
protein content of unimproved grass pastures, especially during the cold dormant winter months in southern
Australia. Providing a higher protein ration may also be of benefit in mares over 15 years of age where protein
utilisation may be less efficient.

It is essential to ensure an adequate intake and balance of calcium and phosphorus to meet the increased
needs of the rapidly developing foal. (See Table 4.7). Additional calcium will normally be provided by a
supplement of good quality lucerne hay sufficient to maintain condition.
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Studies by Dr. Ron McKenzie and co-workers in the early 1980’s concluded that mares grazing on abundant
'/ tropical grass pastures in Northern Australia and Queensland, or lush fertilised kikuyu in subtropical coastal
areas in spring, must be provided with a supplement of calcium each day to counteract the calcium binding
effect of oxalate chemicals. (Refer to Chapter 7, Section 7.4.7, page XXX).

KEYPOINT: A deficiency of phosphorus may retard the skeletal development of the unborn foal and lower a mare’s milk
production and fertility after foaling.

Phosphorus can be provided in part by a grain-based concentrate or both calcium and phosphorus may be
\/ supplemented by the addition of 10-15g/100kg body weight of dicalcium phosphate (DCP) to the ‘hard’ feed
mix.

The requirements for trace-minerals in pregnant and lactating mares are illustrated in Figure 4.6.

The increased amount of feed consumed to provide for late pregnancy and lactation will meet the requirements for the
majority of trace-minerals, with the possible exception of manganese, copper and zinc. The increased incidence of bone
and joint abnormalities over the past two decades, associated with Developmental Orthopaedic Disease (DOD) in newly
born foals and growing horses, has led to a recommendation for increased copper and zinc intake in heavily pregnant
and lactating mares. Higher supplementary levels added to the mare’s feed will ensure that adequate blood levels in
pregnant mares are available to the unborn foal. However, supplementation will not increase the normal concentration
in mare’s milk, which is naturally lower than that needed by the suckling foal.

KEYPOINT: As mare’s milk contains insufficient copper and zinc to meet the young foals requirements, it is essential
that the foal builds up sufficient reserves during the last 3 months of gestation to meet its requirements during the first
few months of life.

Copper and zinc supplementation at 30-50mg per kilogram of 'hard' feed is recommended for pregnant and lactating
mares to ensure that marginal deficiencies that are linked to joint cartilage and bone growth abnormalities are corrected.
In practice, it is wise to provide a supplement of vitamins and trace minerals if pasture quality and availability falls short
of energy and protein needs.
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The requirements for vitamin A increase by 50% and vitamin D by 199% over maintenance during the last three months
of pregnancy.

KEYPOINT: A mare grazing on good quality pasture should obtain an adequate intake of vitamin A from pasture and
vitamin D from skin synthesis in the outdoor sun and sun cured hay.

All other major vitamin needs will be met from pasture and a supplement of lucerne hay as required. Feeding at least
5009/100kg body weight of sun-dried lucerne hay daily, or a supplement of 600iu/100kg body weight of vitamin D daily,
will help ensure that vitamin D needs are satisfied during pregnancy and lactation.

Pregnant mares at pasture will normally self-exercise themselves sufficiently l/vhen grazing to maintain adequate
physical fitness for foaling. Heavily pregnant mares in the last month prior to foaling will be less active, particularly if
they are over-conditioned. Undulating country and separating feed and watering points at opposite sides of a paddock
will encourage exercise.

4.3.4 Lactating Mares

Although mares are not selected for their milk production and only have two relatively small milk glands (udders) with
limited storage capacity, they produce a volume of milk each day comparative to grazing beef cows. Foals nurse up to
105 times daily for about 1% minutes at each drink during the first week of life, reducing in frequency to up to 65 times
daily as lactation develops, and 35 times daily by 2 months of age. Regular and frequent suckling helps stimulate an
increased production of milk to satisfy the foal's demands, prevents overload of the digestive tract and bathes the gut
with protective local IgA antibodies against bacterial and other diseases during the first 3 weeks of a foal’s life.

KEYPOINT: Milk yield in mares is influenced by the mare’s genetic ability for milk production, feed intake during the late
stage of pregnancy, and by availability of water and intake of energy and protein during lactation. The growth rate of her
foal at foot is relative to the milk yield of the mare.

An adequate supply of good quality water is critical to maintain milk production in mares, especially during hot weather
under Australian summer time conditions. Research by Dr. Robyn Martin in South East Queensland has shown that a
500kg mare may drink up to 50 litres or more daily when grazing dry pastures at her lactational peak. Dr. Robyn Martin
and co-workers found that Stockhorse foals also consumed up to 4.4 litres of water daily by 6 weeks of age and 5.5 litres
daily from 10 weeks to weaning. Under colder Northern hemisphere conditions, observations have found that only 50%
of foals drank water up until the time they were weaned.

An adequate intake of energy is essential to maintain milk production and fertility in a lactating mare.

KEYPOINT: Studies by Drs. Jim Gallagher, Neil McMeniman and Robyn Martin in South East Queensland have shown
that when there is sufficient pasture to provide an adequate nutrient content; a mare should be able to meet her lactation
demand on pasture alone during mid spring to early summer periods under Australian conditions.

In many cases, the grazing lactating mare, especially one that foals late in the season when pasture is drying off, is often
underfed in relation to her needs for energy, protein, calcium, phosphorus and vitamin A in early lactation as milk
production peaks between 4-10 weeks after foaling.

Theoretical Need
Mares under 300kg 28-29 MJ DE per 100kg body weight daily.
Mares between 300-900kg 21-24MJ DE per 100kg body weight daily.

Each litre of milk produced daily requires 3.3MJ DE to be consumed by the mare and each litre of milk provides the foal
with about 1.8 MJ DE.

The relative increase in energy need after foaling is illustrated in Table 4.7.

KEYPOINT: A lactating mare at the peak of lactation at 4-10 weeks after foaling requires about the same amount of
energy, but a higher protein, calcium, phosphorus and Vitamin A intake each day, as a similar sized horse performing
moderate to intense work for up to 60 minutes daily.

Practical Guidelines

A lactating mare should receive an adequate intake of energy to maintain a fleshy to good condition score of
v 2-3.0. The total energy intake must provide energy to ensure optimum fertility and best chances of getting
back in foal, produce an adequate supply of milk to feed her foal, as well as meet the increased expenditure
during exercise when she has a foal at foot.
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A lactating mare may produce up to 4% of her body weight equivalent as litres of milk each day at the peak of lactation
(or about 18-20 litres in a 500kg mare) and consume up to 3-3%% of her body weight in dry feed (or about 15-17% kg
feed in a 500kg mare) when pasture is poor.

Where there is limited grazing, a ration containing 30-33% roughage, and 65-70% concentrate feed may be
\/ required to meet energy and other nutrient needs at peak of lactation (Refer to Chapter 5, Table 5.4, page
XXX).

KEYPOINT: The condition of a lactating mare should be monitored at weekly intervals and supplementary hay or hard
feed provided if necessary to maintain her condition, especially as the pasture dries off or is grazed down.

4.3.4.2 Protein

KEYPOINT: A lactating mare requires a diet containing adequate energy and between 10-12% crude protein to meet
the elevated needs of milk production.

Research in Queensland by Dr. Robyn Martin and co-workers in the late 1980s indicated that a lactating mare
\/ can produce an adequate volume of milk on an ad lib diet containing 9% crude protein, provided she consumes
enough energy from pasture and hay supplements to meet her requirements.

The quality of protein in the diet can affect the protein content of a mare’s milk. An increase in milk protein occurs when
higher quality soyabean protein constitutes 50% of the protein intake, with a corresponding increase in the growth rate of
suckling foals.

However, supplementing with an excessively high protein concentrate feed above 24% crude protein may reduce
pasture intake in grazing mares. It was also shown that mares and growing foals grazing mature grass based pasture
may receive adequate energy, but may be marginally deficient in protein, including the amino acid threonine, to satisfy
the needs of heavy lactation and growth.

KEYPOINT: A diet containing less than 8% crude protein in a mare grazing grass dominant pasture can result in a 20%
lower body weight of her foal at three months of age.

Under late spring and summer conditions in Southern Australia, good quality lucerne hay or chaff as a roughage base to
a daily ‘hard’ feed provides 15-17% crude protein to boost protein intake in heavily lactating mares. Although lucerne is
lower in essential amino acids than oil seed meals such as soyabean and canola meal, in the amounts fed, it helps make
up the major shortfalls of lower protein pastures as they dry off in late spring and summer. Lucerne contains 8g/kg of
threonine, or roughly half that in the common oil seed protein supplements, such as soyabean and canola meal. (Refer
to Chapter 3, Table 3.5, page XX).

An intake of 0.75kg/100kg body weight or more of lucerne hay daily will satisfy the needs of threonine and
\/ many other essential amino acids in mares grazing on grass dominant pastures.

KEYPOINT: As a guideline, any supplementary ‘hard’ feed given to a lactating mare to maintain her body weight, when
pasture intake falls short of needs, should contain 12-14% crude protein to meet protein and amino acid requirements.

4.3.4.3 Minerals and Vitamins

There is limited information available on the effects of low or inadequate intakes of mineral or vitamins on fertility and
breeding performance of mares. A dietary deficiency of phosphorus, as well as manganese, iodine and selenium has
been associated with less than optimum fertility in breeding mares. The requirements for important trace-minerals are
illustrated in Figure 4.6 and in Table 6.2 in Chapter 6.

The major minerals of calcium, phosphorus and the trace-minerals copper, zinc and manganese have been identified as
essential nutrients required in the ration of heavily pregnant and lactating mares to ensure optimum bone and joint
cartilage development in unborn foals and young growing horses.

A survey of studs by Dr. Ivan Caple in Victoria in the early 1980’s found that calcium and phosphorus was not provided
in adequate amounts during winter and spring when low calcium grasses dominated the pasture mix. Supplementary
calcium and protein, either as good quality lucerne hay, or in a hard feed, should be provided under these conditions.

Dr. Ron McKenzie and co-workers concluded that broodmares grazing tropical grass pastures in Queensland or
fertilised, rapidly growing kikuyu grass in temperate areas, will require supplementation with calcium and phosphorus,
particularly during late pregnancy and lactation when mineral requirements are elevated. High oxalate levels in these
pastures inhibit calcium uptake. (Refer to Chapter 7, Section 7.4.7, pages XXX).

4.3.5 Stallions
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Under the warmer southern hemisphere and Australasian seasonal conditions, stallions are usually turned out to pasture
during the non-breeding season and then more intensively fed and managed when being used on a regular basis during
the breeding season.

4.3.5.1 Non Breeding Season

A stallion should be fed to maintain a fleshy to moderate condition, (condition score 2-2%%) for most of the year.

Access to pasture may need to be restricted if a stallion is becoming too heavy in condition (above a condition score of 3
— 3 Y), particularly in pony stallions and their crossbreds that are prone to developing laminitis when grazing abundant
lush spring or autumn flush pastures.

KEYPOINT: The condition of a stallion turned out onto pasture should be evaluated on a regular fortnightly basis during
the “off season” when he is not breeding, so as to avoid extremes of condition.

Supplementary feed, as good quality hay or limited amounts of hard feed, should be provided relative to the amount and
quality of the pasture. As stallions are usually kept as solitary animals in an allocated pasture, feeding management is
much easier to control than for groups of horses in which the com petitive “peck-order” can have a significant influence
on a horse’s intake.

Stallions must also be provided with an opportunity to exercise, either as free-range paddock exercise when grazing, or
controlled lungeing or walking exercise to help maintain fithess and a suitably conditioned physique during the off-
season. Any loss of condition will need to be regained before the start of the breeding season otherwise the stallion's
fertility and libido may be less than optimum.

KEYPOINT: The nutritional needs of the non-working stallion will be satisfied by a diet suitable for a horse in very light
work, with regular appraisal of condition and assessment of fitness and supplementation with hay or 'hard' feeds relative
to the seasonal conditions.

4.3.5.2 Breeding Season

A working stallion has similar nutritional needs to a horse in light to moderate work and should be fed to maintain a
fleshy to good body condition, complemented by a reasonable degree of physical fithess without an excessive and tiring
exercise program. An adequate and balanced diet, based on good quality roughage, is important to maintain optimum
fertility, vitality and libido (serving vigour) in the working stallion.

KEYPOINT: Over feeding a stallion is a common practice that can adversely affect his libido, reduce his lifespan, and
increase the risk of colic and laminitis.

An adequate level of energy must be given to maintain vitality and body condition, ideally between a fleshy to
\/ good condition. (Condition score 2%2-3.0).

An excessively overweight stallion is likely to suffer from reduced libido and, while maintaining sexual interest,
x may be reluctant to mount and serve mares.

An overly fat stallion will also feel the effects of hot weather and may tire more easily when required to serve 1
P or 2 mares on a daily basis late in the breeding season under Australian summer time conditions.

An over fed stallion may also become “over energetic” and with his weight and strength, become difficult to
P handle if he is not given light exercise on a regular basis.

KEYPOINT: The condition of a stallion should be evaluated about 4-6 weeks prior to the start of the breeding season
and, if he is in a less than optimum condition, he should be fed on a rising plane of nutrition to meet the desired condition
standard.

When a stallion is not serving mares on a regular day to day program, then the amount of concentrate must be cut back
by 20-30% and the bulk made up with good quality chaff or hay.

KEYPOINT: There is no benefit to fertility, ability to maintain sperm counts or libido in providing a diet containing more
than 16% crude protein to a working stallion. An adequate energy intake to maintain body condition and vitality is much
more beneficial in maintaining libido, sperm counts and motility and serving vigour than a high protein diet.

Stallions must be provided with an adequate intake of minerals and vitamins, especially calcium for older
v stallions or when lucerne hay is restricted, as well as vitamin A, vitamin D and perhaps vitamin E for stallions
fed on dry feeds or dry lucerne based diets with little opportunity for paddock grazing.




KEYPOINT: A working stallion should be maintained in a physically fit condition, without being over-exercised during
the breeding season.

Studies indicate that an excessively tiring exercise program may have an adverse affect on a stallion's serving efficiency.
A tired stallion may have reduced serving libido and less sexual interest in mares.

A program of careful feeding and regular appraisal to avoid excessive condition, complemented by regular light exercise,
such as controlled exercise at the slow trot on the lunge for 5-10 minutes twice weekly relative to the stallion’s fitness
and serving frequency, will help maintain adequate stamina and vitality during the breeding season.

A stallion that has access to pasture may tire himself “running the fencelines” in search of, or at the sight of,
x mares. He may also lose condition and risk fence injuries and damage to joints and limbs.

If a stallion is “running with the mares”, he will usually only exercise himself as the need arises when individual mares
come into season.

4.4 Requirements for Growing Horses
The nutritional needs of growing horses have been a focus for research over the past two decades. These studies have

provided better guidelines with which to formulate rations to achieve optimum growth and steady controlled development
in athletic breeds of horses.

xR Overfeeding, in an attempt to produce well grown young horses in good condition for sale, and with sufficient
development for training as 2-3 year olds, can lead to rapid growth rates. This has been associated with an
increase in limb abnormalities and unsoundness of young horses.

KEYPOINT: The combination of adequate, rather than excessive nutrition, and opportunity for free exercise each day
are the two most important factors that influence limb development and soundness in young horses.

The growth phases of a young horse can be divided into 3 main stages relative to its age and body development.

1. The foal from birth to weaning
2. Weaning to yearling age
3. Yearling to 18 months of age.

4.4.1 Foal-Birth to Weaning

It is important that a newly born foal receives an adequate intake of colostrum of at least 750-1000mL/100kg body
weight during the first 12-16 hours of life. Colostrum provides both essential antibodies to give the foal immunity and
protect the developing gut against infection during the first 2-3 weeks of life, as well as energy, protein and other
nutrients to meet its needs during the first few days of life.

It is beyond the scope of this book to include recommendations for feeding colostrum or for the nutrition and care of an
orphan foal. A number of books, listed in the suggested reading section at the end of this book on page XXX, provide
practical reviews and recommendations or your local equine veterinarian can be consulted.

KEYPOINT: The growth rate of a young foal can be monitored by the increase in body weight, height at the withers and
overall development of body proportions.

When consuming an adequate amount of milk and grazing to meet its needs, a foal will double its birth weight in the first
month, and double it again by 3 months of age. After 6 months, usually at about the time of weaning, the growth rate
slows down until adult body weight is achieved by 4Y-5 years of age, relative to the breed. Pony breeds normally
mature 6 months earlier than light horse breeds and warmblood horses. Draught horses reach adult proportions by 5%2-
6 years. The average daily body weight gain and growth rate relative to age are illustrated in Figure 4.6 for a growing
horse maturing to 500 kg body weight.

4.4.1.1 Energy and Protein

Mare’s milk contains sufficient energy, protein and other major nutrients to meet the needs of the young foal during for
the first 4 weeks of its life. The growth rate of the foal is dependent on the milk yield of the mare during the first 2
months of life.

KEYPOINT: A light horse foal maturing to 450-500 kg body weight requires approximately 9 kg milk for each kilogram
increase in body weight at 7 days of age, 13 kg at one month of age and 15 kg at 8 weeks of age. These intervals
correspond to the peak of lactation of a mare.

Studies by Drs. Robyn Martin and Neil McMeniman in Queensland found that thoroughbred and stockhorse sized foals
drank up to 18 kg of milk daily and required an intake of 16.4 kg of milk per kg of liveweight gain at 8-10 weeks of age.
They also drank 5.5 litres of water daily at 10 weeks of age.
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After Lactation Peak

After the peak of lactation, which occurs from 4-10 weeks after foaling, the energy and protein content in a mare’s
declining milk production is unable to meet the foal's needs for growth, although adequate calcium, phosphorus, trace-
minerals and vitamins will normally be provided in the milk.

KEYPOINT: Good quality green pasture, containing 9-10% Crude Protein on a dry matter basis, will help make up the
shortfall in energy and protein as growth needs in a young foal exceeds that supplied by milk.

As pastures dry off, or are grazed down in early to late summer, the studies in Queensland indicated that a
supplementary concentrate feed was necessary for both the mare and her foal to enable the young foal to maintain an
optimum rate of growth. This need would apply to other areas of Australia when pastures become less productive during
the summer months.

Studies by Dr. Robyn Martin in Queensland have shown that a supplementary creep feed, containing 16-18% crude
protein (with an energy density of 13-14MJ/kg, in a pelleted feed, or a mix containing crushed or extruded grains), will
make up shortfalls in energy and protein intake required by young growing foals. The concentrate should contain at
least 20-25% by weight of a high quality protein meal, such as soyabean, canola meal, or skim milk powder for young
foals to meet protein, lysine and other essential amino acid requirements for growth. (Refer to Chapter 5, Table 5.2,
page XXX).

KEYPOINT: A 12-14% crude protein feed based on pellets, crushed or extruded grains to a mare and her foal to share,
will help to meet the increased nutritional demands of the foal as milk production by the mare declines towards weaning
time.

The higher energy content of the supplementary ration will also help ensure the
mare maintains an optimum body weight and the chances that she will be able to
breed and support the critical 90 days of early pregnancy. Any weight loss caused
by the drain of lactation must be avoided, particularly during mid to late summer
when pastures dry off.

Months of Age Birthweight 1 3 6 12 18 24
Nursina Foal Weanlina Yearlina 2 vrold
L400- Bwt 155kg
AVERAGE
DAILY WEIGHT 12007
GAIN Bwt 230k
GRAMS (g) 10907 ’

800+ Bwt 325kg

Bwt 400kg
350

600+

400 Bwt 450kg

200+

NANANANANANAN

0_

source: Hintz (1978)

FIGURE 4.7

Average Daily Weight Gain and expected Bodyweight relative to age for a Foal Maturing to 500kg Adult Weight

4.4.1.2 Other Nutrients
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It is important to evaluate and monitor a foal’s rate of growth and development to achieve an optimum and steady, rather
than a maximum or rapid rate of growth. The incidence of limb deviations and enlarged growth plates on joints
associated with Developmental Orthopaedic Disease (DOD) is largely influenced by diet and exercise in the young
growing horse from 3 -9 months of age. (See DOD glossary term).

KEYPOINT: Controlled feeding of a diet containing adequate, but not excessive, energy, good quality protein and
balanced mineral and trace-mineral intake, complemented by the opportunity to exercise daily, in the period from 3
months to yearling age, is essential to avoid limb abnormalities.

% Selenium deficiency in young foals prior to weaning that are grazing on selenium deficient pastures can result
in White Muscle Disease, which is characterized by poor muscle development, weakness and inability to
exercise normally. (See Glossary term).

KEYPOINT: A plentiful supply of clean, good quality water must be provided for mares and nursing foals under warm
conditions.

Dr. Robyn Martin and co-workers in studies in southeast Queensland, found that under hot, humid conditions, foals will
consume almost 4 litres of water daily at 6 weeks of age and 5.5L at 10 weeks of age. A supply of good quality water,
located in a suitable safe and low trough to allow foals to drink, is important under warm Australian conditions. In colder
overseas countries, observations indicate that only 50% of foals drink water on a regular basis before weaning.

4.4.2Weanling to Yearling Age

At weaning age, a young horse should have achieved almost 50% of its mature body weight and reached 85% of its
height at the wither.

The majority of young horses maturing to 500kg mature weight should have an Average Daily Gain (ADG) of about 8009
at weaning age, decreasing to 5509 by yearling age, as illustrated in Figure 4.6. An ADG above this range, promoted by
an excess intake of energy, in conjunction with a deficiency of key trace-minerals, can increase the risk of limb
abnormalities associated with Developmental Orthopaedic Disease.

4.4.2.1 Developmental Orthopaedic Disease]

Over the past 20 years, there has been concern over the high incidence of bone and joint disorders in growing foals and
weanlings. These include skeletal abnormalities such as acquired angular limb deformities (bent legs at the knee or
hock), epiphysitis (enlarged joint growth plate regions with “big knees” or “apple joints”) and cervical vertebral
malformation (“wobbler” foals and weanlings) due to abnormal bone growth plate development of long bones, formation
of poor quality cartilage on joint surfaces, and lack of adequate calcification and strength of bones. (See Glossary term).

KEYPOINT: The highest incidence of DOD related limb abnormalities that affect the future soundness of a young horse
occur from weaning age onwards.

There are many predisposing causes that can increase the risk of DOD, which have been classified into

Low risk factors (including growth rate and body size, mechanical stress and injury)

X

® Medium risk factors (associated with genetic and hormone influences and joint infection)

High risk factors (caused by excess dietary energy and protein, imbalanced or inadequate calcium phosphorus
x and trace mineral nutrition and exercise).

KEYPOINT: The High Risk Factors that predispose to DOD are related to nutrition and exercise, both of which are
influenced by the feeding and paddock management of young growing horses.

A full discussion of the predisposing factors and recommendations for reducing the risk of DOD are included in the
RIRDC publication by Janine Aldred (See Suggested Reading List, page XXX).

Extensive overseas and Australian research by Dr. Kate Savage of Melbourne University in the late 1980's indicated that
the nutritional influences that increase the risk of DOD are associated with a combination of a number of inter-related
factors, which include:

% Excessively high energy intakes rather than too much protein in the diet.

P Low calcium, high phosphorus, low copper and high zinc intakes.
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High energy intakes with low calcium, high phosphorus, or vice-versa.

P Low copper, either in the diet, or induced by high calcium or high zinc intakes.

Low zinc, low manganese and low copper may all contribute individually, or in combination, to increasetherisk
b 4 of DOD in young growing horses.

The research in Australia by Dr. Kate Savage indicated that from weaning onwards, energy intakes of greater than 128%
of the NRC (1989) recommended levels, combined with high phosphorus, low dietary copper and zinc and an
excessively low or high calcium intake can increase the risk of DOD limb and joint disease.

The mineral and trace-element content of the diet, including calcium, phosphorus and magnesium for bone
development, copper; zinc and manganese for cartilage formation, iodine for metabolic control and selenium for optimum
muscle development, must be adequate and balanced to achieve optimum development whilst ensuring a minimal risk of
DOD lesions.

Ensuring a young growing horse has an opportunity for self-exercise for a minimum of 2 hours each day will reduce the
incidence of DOD, even when fed a ration that is imbalanced, but not deficient, in major nutrients.

Recommendations for dietary intakes of minerals, trace-minerals and Vitamins A, D and E in growing horses are givenin
Chapter 6, Table 6.2 and 6.3 on page XXX.

KEYPOINT: To minimise the risk of DOD in young growing horses, their diet should:
promote an optimum, steady growth rate;
contain adequate, but never excess energy;
contain the correct calcium:phosphorus ratio (1.2-2.0 parts Ca: 1 part P);
maintain an adequate intake and balance of the trace-minerals copper, zinc and manganese, as well as sufficient
iodine and selenium.
Young horses must be given the opportunity for free exercise for at least two hours daily.
Avoid breeding from mares or stallions that have produced a number of DOD affected foals.

4.4.3Yearling to 18 months

The growth rate and therefore the demands on a body weight basis for energy,
protein, lysine and other nutrients, are reduced once a young horse reaches the
body proportions and 80% of the adult level of development at or soon after
yearling age.

600
500 496
Iron
400 388 384
338 anganese
3 Zinc
DAI LY 300 259 0 (and Copper
TRACE-MINERAL recommended
REQUIREMENT 200 level)
MILLIGRAMS(mg)
FORA . %
MODERATE 100 - % R — e e o
RATE OF GROWTH v (NRC 1989)
0
Weanling 12 mth 18 mth Not in training  In light
215 kg bwt Yearling 400kg bwt 2 years training

FIGURE 4 oy

Source NRC (1989)
Major Trace-Mineral Requiremerits u1 Growing norses

Maturing to 500kg body weight
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Most horses in this age group can meet their demands from pasture in the spring following their birth and during the
summer period in summer rainfall areas. If pasture is inadequate, then good quality lucerne hay will be able to satisfy
the energy and protein needs to supplement grazing. Where yearlings have had a setback, or are being produced for
sale, then the proportion of concentrates may be increased to provide up to 45% of the total daily intake. However, the
mineral balance of calcium to phosphorus, and the trace-element requirements for copper, zinc and manganese,
including iodine and selenium, must still be satisfied to ensure development of sound bones and joint cartilage.

KEYPOINT: The risk of DOD related bone and joint problems is reduced from yearling age onwards, but excessive
growth targets with oversupply of energy and/or trace-mineral deficiencies can still have an influence on soundness of
young horses in early training.

4.5 Summary

Horses require an adequate, palatable and balanced diet with sufficient bulk to satisfy their appetite and meet their
specific needs relative to exercise, growth or reproductive demand.

Resting and lightly worked horses can meet their needs from pasture for the majority of the year, with
'/ supplements of good quality hay to make up shortfalls when pastures are slow growing or dried off and are
inadequate to meet dietary requirements.

Once a horse is required to expend more energy during training and in competition, it may not be able to
\/ consume sufficient bulk to meet its needs and the energy and nutrient density of the ration must be increased
by providing grains and other concentrates relative to its specific requirements.

Generally, if adequate energy is provided to maintain condition and exercise capacity, diets based on grains,
\/ with lucerne hay or chaff, will provide sufficient protein to meet the elevated needs of exercise.

Working horses require an adequate and balanced intake of calcium, phosphorus and electrolytes, as well as
\/ trace-minerals such as iron, manganese, iodine and selenium, and essential fat soluble vitamins A, D and E,
with increase in requirements relative to the intensity and duration of exercise.

Body Condition Scoring is a practical and standardised method of appraising condition to help ensure optimum
fertility and reproductive success in broodmares and stallions.

Breeding mares must be fed to maintain a fleshy to moderate condition to ensure optimum fertility and
maintenance of early pregnancy. Thin mares should be fed on a ‘rising plane’ of nutrition, starting 4-6 weeks
prior to breeding, to improve their chances of fertile cycles and conception when bred.

Mares in late pregnancy should be fed to achieve a moderate condition score and to provide extra nutrients in
‘/ the last month of pregnancy to meet elevated needs and ensure adequate reserves prior to lactation. An
adequate intake of calcium and phosphorus, complemented by the trace-minerals copper, zinc, manganese,
iodine and selenium may need to be provided in a supplement to ensure optimum birthweight and sound
musculo-skeletal development in unborn foals.

The peak of lactation in a mare occurs from 4-10 weeks after foaling. Mares, at this stage, can consume up to
\/ 3% of their body weight in dry feed. This must contain adequate energy and other nutrients to meet the
requirements for lactation, maintentance of condition and to ensure that the mare can be bred successfully in
the same season.

Young foals have a rapid rate of growth which, after one month of age, cannot be sustained by milk alone.
\/ Shortfalls must be made up by pasture or hard feeds, depending on the quality, availability and suitability of the
grazing pasture.

The most critical time in a young horse’s growth and development is from 3 to 9 months of age, during which
\/ any shortfall or imbalance in mineral or trace-mineral nutrition or an over-supply of energy or restriction of
exercise will increase the risk of limb abnormalities and unsoundness.

The diet of a growing horse must contain energy and protein levels, which will promote optimum, but never
\/ excessive, rates of growth. In addition, it should provide a balanced intake of calcium and phosphorus, critical
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trace-minerals including copper, zinc and manganese for cartilage growth and iodine and selenium for muscle
and tissue development.

Young horses must have the opportunity for at least 2 hours free paddock exercise on a daily basis.
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CHAPTER 5

FORMULATING RATIONS

Horses in Australia are kept under a variety of feeding and management systems, ranging from full
time pasture grazing to being stabled and fed on grains and chaff (hard feeds) with long stem
roughage as hay.

KEYPOINT: The majority of resting, growing, breeding and lightly worked stock and pleasure horses can be kept
outdoors, relying on pasture as their main feed source to meet their energy and other nutrient needs for the greater part
of the year.

Over recent years, supplementary feeding of horses with prepared mixes, chaff and hay has become a widespread
practice. This has led, in many cases, to pastures being under utilised as a valuable feed source for horses. The
increase in numbers of horses being kept on small semi-urban areas has expanded the need to hand feed for a
significant part of the year in order to preserve limited areas of pasture and prevent overgrazing. There is also a trend
towards feeding complicated mixtures containing a number of ingredients, when more simple formulations would easily
meet a horse’s needs.

There are 5 broad categories related to the feed type and management system that influence the need to formulate and
provide additional supplementary rations to meet nutritional requirements.

The major categories for formulating rations are outlined under the following sections:-

5.1 Resting and Lightly Worked horses reliant on pasture

5.2 Lightly and Moderately worked horses on pasture with supplementary feeding
53 Breeding horses on pasture with supplementary feeding

54 Growing horses on pasture with supplementary feeding

55 Stabled or confined horses on hard feed without access to pasture.

5.1 Resting and Lightly Worked horses

reliant on pasture

If possible, horses should be kept at pasture as this is their preferred and natural feed source. In Australia, the majority
of retired horses, horses resting from training, breeding mares, growing horses and ponies are predominantly pasture
fed.

Horses that are turned out to pasture without regular work and training demands, including many adult horses used for
stock work, weekend pleasure riding or pony club activities, should be able to meet their needs from grazing.
Supplementary feeding may only be required to maintain body weight and work capacity during critical periods of the
season when pasture production falls short of providing the total bulk and nutrient needs.

The common seasonal variations that result in variable feed availability (as a “feast or famine”) under Australian
conditions are summarised in Table 5.1 and illustrated in Chapter 7, Figure 7.2 and 7.3 on pages XXX and XXX).

Pasture Seasonal Conditions, Yield | Type of Nutritional Stress on
Productivity/ and Quality and Locality Grazing Horses and
Availability Supplementary Feed Type
Short, succulent pastures | Wet cold late autumn and winter | - Semi feast -
dominated by unfertilised conditions. High water content and reduced bulk
winter growing grasses Low yield and variable quality to satisfy appetite and gut fill.
pasture. Good quality hay will usually make up
Southern states and southern dietary shortfalls.
highlands.
Short, slow growing Dry, cold winter conditions. - Semi famine -
pastures — all pasture Low vield but quality generally Low bulk to satisfy appetite.




species

good on available pasture.
Winter period in most southern
localities.

Good quality hay and minimal
concentrates may be required for
breeding, growing and working
horses.

Semi-lush, fast growing
pasture — ideally
balanced between
grasses (70%) and
legumes (30%).

Warm early autumn, spring and
summer conditions with
adequate moisture.

High yield and high quality of
pasture.

Warmer weather in most states
when the rainfall is adequate.

- Feast -

Adequate bulk and energy for full-
time grazing. May have to limit
access to avoid weight gain in all
horses, limb abnormalities in growing
horses, and laminitis or founder in
horses and ponies. No
supplementary feeding is usually
required. Pasture may need to be
slashed to maintain in optimum
phase of growth and maintain quality.

Dry, mature pastures

Late summer or dry autumn
conditions in most states.
Fibrous, mature and less
digestible plants reduce quality
and utilisation.

- Semi-famine -

Bulk intake adequate but quality
reduced. May need concentrates to
boost energy, protein and mineral
intake in breeding and growing
horses.

Dry, short or grazed out
pasture — mini-drought
periods, hot dry summer
conditions in low summer
rainfall areas

All localities under dry summer
conditions, or unseasonally dry
conditions.

Low yield and low quality dry
pasture. Heavy rainfall on dry
grass stands can rapidly reduce
quality and quantity.

(Most of southern Australia).

- Famine -

Low bulk, poor quality and risk of
overgrazing and stress on pasture.
Supplementary hay and concentrates
— may need to hold horses in smaller
areas to prevent widespread
overgrazing. Higher risk of sand colic
when pasture is short on sandy soils.

TABLE 5.1
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Source: Avery (1996)

FEAST OR FAMINE PERIODS
Horses on Dryland Pastures in Australia

KEYPOINT: Supplementary feeding with hay or with minimal amounts of prepared or “hard” feed may be required
during the critical times of the year when pasture growth is limited, or of poor quality, to meet the total requirements of

the pasture fed horse.

Often horses on semi-rural and grazing properties have to compete with sheep or cattle for available pasture.

The highest nutritive values are present in early growth or regrowth pasture, with a reduction in energy, protein
\/ digestibility and phosphorus content as plants mature.

Do not allow pastures to be eaten down to ground level, which then allows weeds to dominate and increases
b 4 the risk of soil damage and erosion.

Both horses and sheep graze close to the ground, so horses sharing a pasture with sheep may be
disadvantaged under more competitive conditions when there is reduced pasture growth or

availability.

Cattle tend to eat the longer, less palatable and more mature plants selectively avoided by horses, whilst horses
concentrate on the shorter pastures that they are able to harvest on their selected grazing areas.

KEYPOINT: Horses may require supplementary feeding at a much earlier time when grazing with sheep than when

sharing pasture with cattle.

Pasture walks, at regular 7-10 day intervals, are useful to evaluate and monitor the height and
maturity of the pasture stand and the grazing pressure that the horses are placing on their
preferred grazing areas. Once horses are confined to a pasture for a period of 2-4 weeks, the
available grazing area must be monitored more carefully because their selective grazing habits
start to create “lawns” and “roughs” . (See Glossary term).
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Often with months of set grazing, up to 50% or more of the grazing area can be lost to roughs, bare areas and
b 4 camping areas, depending on the stocking rate, the type of pasture and its resistance to grazing and the
seasonal conditions.

KEYPOINT: Regular appraisal, at 7 — 10 day intervals, of a horse’s body condition along the ribs and backline as well
as comparative belly size will help monitor the adequacy of the energy intake and relative bulk the animal is consuming.
The Optimum Body Condition Score for a working, breeding and growing horse is given in Chapter 1, Table 1.3, page
XX

5.1.1 Conditions of plentiful pasture

Under ideal warm seasonal conditions with adequate moisture pasture, a well covered grazing pasture will normally
provide excess energy and bulk. A resting or lightly worked horse or pony, grazing on plentiful pasture, is likely to gain
body condition and develop a “grass belly” from the high bulk consumed.

KEYPOINT: Pastures growing at a rate faster than the horses can harvest and maintain in an active growth phase may
have to be slashed or rotationally grazed to maintain optimum growth, competition and vigour and delay maturity by
encouraging regrowth under suitable conditions. (Refer to Chapter 7, Section 7.4.4, page xx)

When grazing rapidly growing, high yield grass and legume pastures, many ponies and their crossbreeds that
b 4 are ‘good doers’ are prone to developing laminitis and the more serious internal structural damage within their
hooves associated with founder.

KEYPOINT: The danger periods for laminitis are early to mid spring, or during a wet warm autumn following a summer
dry period, when the combination of warm weather, suitable day length and moisture levels encourages rapid regrowth
of a previously dormant or heavily grazed pasture.

Resting horses and in particular, cresty ponies at pasture should be managed during ‘flush’ or ‘feast’ periods so they
only have access to pasture sufficient to maintain a moderate to good condition (Condition Score 2 % - 3). Grazing may
need to be restricted by removing them from the pasture overnight and providing a small quantity of hay in a yard to
keep them occupied. Light exercise under saddle or by lungeing will also help to reduce excess weight and maintain
fitness.

Rapid spring regrowth of pasture that has been slashed to curb weeds or even out “roughs” can also become a
b4 high-risk grazing area within 7-10 days under suitably warm and moist conditions. A nitrogen or other fertiliser
blend applied after slashing will promote rapid pasture regrowth under ideal moisture conditions.

Horses hungry for a green pick will often consume excessive amounts of laxative, lush pasture, with a high
b4 soluble starch and sugar content, resulting in overload of highly fermentable carbohydrates into the hindgut and
the development of hindgut acidosis. If intake is not controlled, onset of laminitis and founder and often
irreversible internal hoof changes can occur. (Refer to Chapter 2, Section 2, page XX and Glossary term).

Guidelines to Reduce the Risk of Laminitis (Founder)

It is important that controlled grazing management be adopted
to reduce the risk of laminitis in ponies and “good doers” that
are turned out onto rapidly growing pasture during flush
periods.

Do not allow a “good doer” or cresty horse to graze overnight on dense, lush pasture, or fresh pasture regrowth.
b4 Rapidly growing pasture has a higher soluble sugar and starch content in the late evening as plants store
carbohydrate produced from daytime photosynthesis. Lush plants may be partly wilted from the warm
conditions, thus concentrating highly fermentable sugar and starch in the leaves.

Restrict the time allowed for grazing to short periods of one hour at a time and, if possible, increase the amount
/ and regularity of exercise to maintain the animal in a moderate to good body condition. (Condition Score 2-3).

Where a pony or a horse has had a history of seasonal ‘grass’ founder in previous years, or has a developing
\/ ‘cresty’ neck, restrict its time spent grazing before the animal starts to show signs of discomfort when walking.

KEYPOINT: Do not forceably exercise any horse or pony exhibiting signs of lameness due to early stage founder, as it
will increase the degree of discomfort and risk of serious and permanent damage to the internal structure of the hoof.
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A high fibre, low energy feed can be mixed from 80% cereal chaff and 20% lucerne chaff, sweetened with a
\/ 20mL per litre volume of a 50:50 mix of molasses and water to dampen and encourage acceptance.

The horse or pony can be given a meal of this feed mix to “fill it up’ before turning it out for a limited grazing period each
morning and evening. It will be less likely to graze continuously and the fibrous feed mix will help dilute the intake of
pasture.

Ensure the animal’s front hooves, which are more likely to develop long toes and white line separation, are
/ trimmed at regular intervals of no more than 4 weeks apart, rather than letting them grow out. Long toes will
increase the risk of a higher downward rotational force on the pedal bone and increase the separation of
devitalised internal laminae in the hooves.

A daily supplement of a product containing virginiamycin, especially formulated and approved for horses in
V4 Australia, will help suppress the rate of hindgut lactic acid accumulation when fed as directed during critical
periods when there is a high risk of laminitis and founder. (Refer to Chapter 2, Section 2.5.2.1, pages XX and
Glossary term).

Do not starve a pony with founder, or feed a low protein diet solely based on cereal chaff or hay during recovery
b4 from founder. The addition of a protein supplement such as 15% soyabean meal by weight or 20% canola
meal or alternatively 35% lucerne chaff will provide amino acids for protein synthesis as well as calcium and
trace-minerals. These nutrients are essential to promote the regrowth of laminae and the hoof wall.

KEYPOINT: It is unwise to starve a pony because the more serious and often fatal condition of hyperlipaemia may
result. (See Glossary term for more details).

5.1.2 Conditions of Reduced Pasture Availability|

The nutritional needs of an adult resting horse are outlined in Chapter 4, Section 4, page XX. Provided that a horse is
maintaining condition and vitality, the energy intake from pasture is likely to be adequate to meet its needs, unlessiitisin
very poor condition. In most cases, when the pasture is eaten out, or only the less palatable plants and weeds remain, a
daily supplement of hay will make up the shortfall to meet maintenance needs.

The nutritional value and utilisation of hay can vary relative to the stage and method of harvest, plant blend and
contamination with weeds and other less palatable plants, as well as the care taken and standard of the curing process.
Horses that are well fed are more selective in utilising hay and will leave parts they find unpalatable. However, if a horse
is hungry and losing condition because pasture is well short of its needs, it will usually become less selective. ltmay be
forced to pick-over and consume plant material it would normally avoid in order to obtain enough bulk to satisfy its
appetite.

5.1.2.1 How much hay should be fed?

It is often difficult for horse owners to determine how much hay a horse will require to meet its needs in terms of energy,
because most horses will look for more if they cannot satisfy their appetite and need for bulk from pasture.

KEYPOINT: Horses enjoy eating to pass the time and resting horses will eat palatable hay and supplementary feed
even if their energy and other nutritional needs are already satisfied by pasture.

Scientific calculations can be carried out to estimate the pasture intake and the relative shortfall of energy. The
/ amount of hay required, relative to its quality, can be calculated to make up the shortfall in energy. This type of
calculation is beyond the resources of most horse owners. Some feed companies are able to provide this type
of advisory service.

A ‘feed and see’ method is a simple way to evaluate the need for supplementary hay. A horse at rest will
/ normally consume 1.5-1.75% of its body weight of dry feed (or a total feed intake of approximately 1.5-
1.75kg/100kg body weight) each day.

When the pasture is unable to provide sufficient to satisfy a horse’s hunger, it will start to actively search for feed by
cropping the 'lawn’ areas of the pasture even more closely and selectively grazing the ‘'rough’ areas. Once the pasture
becomes overgrazed, the horse will not be able to eat enough, even though it spends most of its time grazing and
fossicking for pasture, to obtain sufficient energy and nutrients to maintain a satisfactory body condition.

Before the horse starts to visibly lose body condition or the pasture is showing signs of being heavily grazed,
commence feeding meadow hay at the rate of 1.0kg per 100kg bodyweight, or alternatively lucerne hay at 0.5— 0.75kg
per 100kg body weight, as an evening feed initially. As a guide, a 100mm (4 inch) thick biscuit of good quality lucerne
hay weighs approximately 2kg. Monitor the horse’s intake and relative appetite each day and check its condition at 7-10
day intervals.

KEYPOINT: Even when horses at pasture are provided with hay or other supplementary feed to prevent over-grazing of
palatable pasture species, they will still intensively graze and eat-out any available pasture. Overgrazing is most
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common under dry seasonal conditions, drought, or when there are more horses than can be sustained on the available
pasture area.

Once the pasture is eaten down below 5cm in height, or grazed out areas begin to appear as bare
patches, then the amount of hay should be increased.

To avoid long term damage to the pasture or soil erosion, it is best to take the horses off the pasture and confine themto
large yards once the pasture is grazed down below 5 cm in height. Supplementary hay and hard feed should be
provided with only limited daily access to the pasture to allow exercise without risk of overgrazing until the pasture
regrows.

On average, 10% of the hay provided to pastured horses by feeding it out on the ground is wasted by trampling, being
blown away by wind, or spoiled. It is best to provide hay in a safe feed bin or trough to reduce wastage, as well as to
minimise intake of dirt, worm eggs and larvae that occurs when hay is fed from the ground.

5.1.2.2 When should ‘hard’ feed be fed?

Generally, horses at rest or those in light or occasional work, do not require a ‘hard’ feed unless suitable quality hay is
not available, they are unable to utilise hay due to poor teeth or old age, or extra energy is required to gain condition in
preparation for being brought back into work.

Cold, winter conditions

During cold winter conditions, hay will provide adequate energy and other nutrients, as well as additional heat
\/ from hindgut fermentation to help maintain body warmth.

Under these conditions, a mixture of whole oats and chaff provides a simple, economical and suitable “hard” feed base.
The oats fed at a rate of 0.25kg per 100kg body weight should be mixed with at least an equal volume of either cereal or
lucerne chaff, or a 50:50 mixture of each chaff to help satisfy the horse’s hunger. To provide bulk, feed either meadow
hay at 1kg of hay/100kg body weight or lucerne hay at a rate of 0.75kg/100kg body weight. Monitor the horse's appetite
and body condition at 7-10 day intervals and adjust the supplementary feed to maintain the desired condition.

Aged Horses

Aged horses that have poor teeth can be given either a dampened mix of crushed oats or alternatively a
\/ prepared feed such as a rolled muesli or stud mix or a pelleted or preferably extruded feed containing 10-12%
crude protein, at the initial rate of 0.25-0.5kg/100kg daily. This can be mixed with an equal volume of chaff asa
single evening feed, or preferably divided between two feeds. Good quality leafy dampened lucerne hay at
1kg/100kg body weight provides additional roughage if the horse is able to chew it efficiently. Alternatively, a
50:50 mix of lucerne and cereal chaff at a similar dose rate, dampened with 50:50 molasses in water, if
necessary, will encourage acceptance in aged horses with poor teeth.

An appropriate dose of a multi nutrient mineral and vitamin supplement can be provided on a daily basis to make up any
minor shortfalls of a range of minerals and vitamins. Alternatively, a mineral block or lick can be placed in the paddock
feeder for a resting or lightly worked horse to consume at will.

5.1.2.3 Evaluation of the adequacy o

The adequacy of the ration can be evaluated using the following criteria:

Monitor the horse to check if it is consuming all the hay or supplementary feed provided and is maintaining a
\/ suitable condition score, good health and vitality. The horse may also be looking for more to eat, but if it is in
suitable condition, any additional feed should be a low energy, bulky feed, such as cereal chaff or grass hay.

Check if there any left-overs — if there are, adjust the quantity at the next feed accordingly and monitor the
v animal’s eating habits, amount of wasted feed and time spent consuming the meal.

If the horse is losing weight and condition despite being provided with an adequate and palatable ration,
\/ check the horse’s teeth and worm the horse to improve its digestive efficiency.
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Be prepared to change the amount of supplementary feed offered relative to changes in pasture growth
/ after rain. Rapidly growing, lush regrowth of grasses and legumes may increase the risk of laminitis and
founder in ponies within 10-14 days after soaking rain in the warmer conditions during spring, summer and
early autumn.

KEYPOINT: Supplementary feeding and restriction of grazing by confining horses to yards should be continued for 10-
14 days after the break of season to allow the pasture to respond and be able to withstand the pressure of grazing. If a
horse is turned out on lush pasture for more than 3-4 hours each day, it may develop low grade diarrhoea as a result of
over consumption of laxative green pick. Restriction of grazing will also help to reduce the risk of laminitis and founder in
susceptible ponies and horses.

In a group of horses, the competition for feed should be monitored, especially under drought conditions.
/ Horses that are not receiving an adequate share relative to their needs may need to be segregated out and fed
separately in an adjoining yard.

Always ensure an adequate supply of fresh, clean water is available at all times.

v

Lightly and moderately worked horses on pasture with supplementary feeding

Many owners of pleasure horses used for stock work, polocrosse, one-day eventing and endurance riding, often keep
their horses at pasture and train them from the paddock. A supplementary ‘hard’ feed may need to be provided in the
paddock once a day to meet the increased energy and nutrient demands of moderate exercise when pasture intake falls
short of requirements. For higher levels of competition or more intense training, a horse is best stabled or yarded
overnight with an evening “hard” feed given with hay. A morning feed may be provided before the horse is worked, prior
to turning the horse out for daytime grazing.

5.2.1Assessing the Contribution from Pasture

KEYPOINT: Well managed pasture can provide the basis for an adequate and low cost diet for many horses in light to
moderate work.

Horses that are well cared for are often provided with more supplementary feed than they actually require. Extra feed
may be given because a horse always appears to be hungry and searching for food, or to prevent horses from eating
shade trees in yards or small paddocks.

Horses in moderate work being trained from the paddock are likely to be subjected to a “feast or famine” on a pasture
based diet. However, in many cases supplementary feed is provided as a matter of routine, rather than necessity, even
during periods when pastures are able to provide sufficient nutrient to meet exercise needs.

KEYPOINT: Where the area of pasture or its nutritional value is limited, then it is best to provide the major dietary
needs of competitive horses in training by a twice daily ration of ‘hard’ feed and hay.

The pasture productivity can be evaluated, in terms of dry matter produced, the stage of growth, the types of plants
being selectively grazed and the rate that the pasture is being eaten off, by a walk through the pasture at intervals of 7-
10 days.

The value of pasture to the total diet can also be monitored by the duration of time a horse has access to it. As well, the
horse's appetite and ability to consume the full hard feed provided as well as any amount of feed left-over after a meal
whilst still maintaining its body weight, condition, ability to work and recover during training should be considered.

KEYPOINT: A horse trained from the paddock is more likely to fill itself up on lush, green pasture and reduce its ‘hard’
feed intake when allowed unlimited day time grazing, than when the pasture is dry, less palatable and has a lower
energy content.

On good pasture, a horse can consume sufficient bulk and nutrients to maintain itself in 4-5 hours grazing. On
\/ short, sparse or poor quality pasture, a horse may need to graze for 18-20 hours a day to maintain its body
weight.

The time spent grazing may need to be monitored and limited relative to the intensity and stage of the training
\/ program in order to avoid excess hindgut size and weight that may reduce a horse’s competitiveness.

The increase in popularity of horses for equestrian competition and for leisure and pleasure activities has resulted in
many more horses being kept on smaller areas around the urban fringe and on semi-rural hobby farms. The higher level
of care, regular work output and quest for a higher body condition for the horse has reduced the reliance on pasture as a
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major component in the diet of many equestrian and leisure horses. The move from a pasture based diet to hand
feeding is also influenced by high stocking densities, limited grazing area and the inability to rotate and rest pastures.

X

v

X

FTact

Prolonged wet weather and winter conditions, where pastures do not dry out, further accelerates the risk of
pasture damage in small paddocks. The degree of pasture and soil damage is relative to the type of soil and
stocking rate. Horses that are shod are likely to cause more soil and pasture damage, especially during wet
weather compared to unshod horses. Access to pasture may need to be limited or denied during wet weather
for this reason. Shifting horses into daytime yards and providing them with “hard” feed or hay will help to
reduce pasture degradation, soil erosion and overall spoilage of pastures where the grazing area is limited.

Daily access to pasture often benefits as a form of relaxation and to aid recovery after training. It provides a
recreational role with free exercise, an opportunity to stretch, roll and move more naturally as well as
socialisation with other horses.

Access to green pasture is helpful to maintain the appetite, provide additional fluid in the feed consumed and a
source of natural minerals and vitamins.

As pastures dry off, or are eaten down, the nutritional contribution from grazing is reduced.

cal Guideline:

A starting point to estimate the energy and other nutritional intake from pasture and the relative need for supplementary
feed can be based on the following general guidelines:

v

v

v

5.2.2

50 - 60% of dietary needs should be provided by full daytime grazing on growing, well established pasture
ranging from 5-15cms in height.

Only 25 - 30% of the dietary needs each day will be provided when horses graze shorter, less productive

pasture.

Only 10-15% of the dietary needs should be allowed for when calculating the amount of “hard feed” if a horse in
training is turned out only for 3-4 hours grazing each day on less than a half a hectare (about 1 acre) of
moderate pasture.

How much hard feed should be fed?|

The amount, blend and completeness of the supplementary ‘hard’ feed required is relative to:

v

The availability and stage of growth of the pasture.

If the pasture is actively growing and of high quality, a horse will often prefer to graze pasture than eat hay or
other supplementary dry feed provided in the paddock. However, to ensure an adequate energy intake is
consumed in a limited bulk to meet exercise demands, and to avoid a ‘grass belly’ and excess hindgut weight
for competition, the horse may need to be turned out to graze only for a limited time once or twice daily.

The duration and intensity of the exercise carried out on a daily basis.

An adult horse will require, above its maintenance diet, about 5009 of hard feed (30-35% grain and 65-70%
mixed chaff) per 100kg body weight for each 60 minutes of light exercise (walking and trotting). Approximately
7509 — 1kg of the same hard feed per 100kg of body weight is required for each 60 minutes of moderate work
(trotting, cantering and some galloping). If the horse is not worked, then the amount of hard feed should be
reduced and the bulk made up with hay or more time allocated to grazing if pasture is available.

The condition score suited to the horse’s use or purpose.

(Refer to Chapter 1, Table 1.3, page XX for a guideline on optimum condition scores). Often the horse’s build,
size and stage of training will influence its intake and appetite. For example, the energy density of the ration
may need to be increased by substituting some of the oats in the ration with less bulky, higher energy grains
such as corn, barley or even vegetable oil to ensure the horse maintains a suitable level of condition, vitality
and ability to work. (Refer to Table 5.6, page xx for substitution rates).

The nutrient value of the roughage base that is provided in the supplementary feed.

Cereal (white) chaff provides only 80-85% of the digestible energy, 50% of the crude protein, 20% of the lysine,
25% of the calcium and 50% of the phosphorus as compared to an equal weight of lucerne (green) chaff. The
energy, protein and mineral content of the supplementary feed may need to be varied relative to whether
cereal, lucerne or a blend of chaff (or hay) provides the roughage base.
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KEYPOINT: The dietary guidelines given in Tables 5.4 and 5.5 on pages XXX to XXX for various levels of training and
competition for a totally hand fed horse can be used as a starting point for a horse with access to limited pasture grazing,
relative to the quality and amount of available pasture.

A horse in early training, that is turned-out for the majority of daylight hours on good pasture, can be provided
‘/ with an evening feed at 0.25-0.5kg/100kg body weight of roughage to concentrate ratio as recommended in
Table 5.5. The amount offered is dependent on the horse's condition, appetite and work load. This will provide
the basis for a supplementary feed to meet the requirements for energy, protein and other nutrient needs. The
concentrate feed can be based on a home mixed grain feed or prepared feed, mixed with an equal volume of
cereal, lucerne chaff or a 50:50 blend of each.

An overnight supply of good quality meadow hay at 0.75kg/100kg body weight, or alternatively lucerne hay a
0.5kg/100kg body weight will provide adequate fibre and bulk to provide food for the horse to consume and keep it
occupied overnight.

The horse can either be given hay at a rate of 0.25kg/100kg body weight in the morning before being turned-out, or
worked first and then given hay when turned out to pasture.

For a horse in more advanced training, it is important to limit gut weight by restricting the time spent grazing to
'/ 2-3 hours daily and feeding a more energy dense ration. A grain or prepared feed mix at the recommended
grain to concentrate ratio in Table 5.5 fed at 0.75-1.0kg/100kg body weight should be divided between morning
and evening meals and mixed with an equal volume of mixed or lucerne chaff. This would provide a starting
point for a hard feed. Approximately 1.25kg/100kg of meadow hay, or 0.75-1.0kg/100kg body weight of lucerne
hay should also be fed overnight to appetite.

If a horse is in heavy training, a supplement of salt (sodium chloride) at the rate of 10g/100kg body weight daily, split
between evening and morning meals, should be provided. Where a horse is worked for an extended time of more than
60 minutes daily, particularly under hot conditions, an electrolyte mix containing at least 20% potassium at the same
dose rate will help replace electrolytes lost in sweat. (Refer to Chapter 6, Table 6.1, page XXX for guidelines).

A multi-vitamin and mineral supplement may be added to the evening meal to meet the elevated needs of a
\/ working horse.

7 An adequate supply of fresh, clean water must be provided at all times.

KEYPOINT: Regular monitoring of body weight, condition, gut fill and performance will help to determine the adequacy
of the ration so that appropriate adjustments can be made where necessary.

53 Breeding Horses on pasture with supplementary feeding

In Australia, the temperate climate provides suitable conditions under which the majority of our breeding and growing
horses can be kept at pasture for the greater part of the year. The criteria for the evaluation of the contribution from
pasture and the amount of hard feed as outlined on pages XXX and XXX for resting and working horses also apply to
breeding mares. The appraisal of body condition using the standardised method of condition scoring outlined in Chapter
1, Section 1.4, page XX provides a practical means of monitoring breeding mares to ensure optimum fertility and milk
production.

KEYPOINT: The quality and seasonal growth of pasture can have a direct effect on the fertility and breeding success of
a mare sent to stud.

The nutritional requirements of breeding mares have been outlined in Chapter 4, Section 4.3, pages XXX to XXX.

KEYPOINT: Feeding to improve condition by providing a rising plane of nutrition in a thin
mare will increase her fertility and conception, but extra feeding in a well conditioned mare
grazing on good pasture will have little or no benefit.

% Often pastures in late winter are short and less able to meet the energy and protein
needs of a mare to be bred in the spring.

A thin mare, with a condition score less than 2, should be supplemented with
additional good quality hay. Alternatively, a concentrate feed once a day, at the
concentrate to roughage ration recommended in Table 5.5, increasing in a stepwise
manner by approximately 0.1-0.5kg feed/100kg body weight at weekly intervals (ie.
500-750g for a 500kg mare) will achieve a “rising plane of nutrition” within the 4-6
week period prior to breeding.



11l

KEYPOINT: In a good season, the natural flush of pasture in Spring will provide a
corresponding increase in energy and overall nutrient intake. This will improve body
condition to the level necessary to initiate the breeding cycle in a mare to be bred or to
maintain lactation in a mare with a foal at foot.

v | Extra feed, such as good quality meadow or lucerne hay at 0.25 — 0.5kg hay/100kg
body weight, should be provided to a mare under cold conditions during late winter
to ensure that she does not fall away in condition prior to breeding.

JI A heavily conditioned mare must be provided with a sufficient amount of feed daily
so that she maintains condition, as any loss of condition will reduce her fertility and
chances of conception.

KEYPOINT: It is important to feed to maintain the body condition of a mare, even an
overly fat mare, for the first 90 days of pregnancy, as any reduction of energy that results
in weight loss can increase the risk of early embryonic abortion.

A well-fed mare in good condition, or one straight out of race or upper level training, sent
to stud may lose condition due to insufficient energy intake when grazing on less than
adequate pasture. This is typical of the November to January period in southern Australia,
when pastures dry off after the spring flush. Additionally, in larger groups of mares, the
“peck order” dominance for feed often denies newly introduced mares an adequate intake
of supplementary feed to help maintain their energy intake and body condition.

I A maiden mare introduced to a group of older and ‘socialised’ mares must be
carefully managed to avoid loss of condition prior to breeding. If the mare is
‘bullied’ away from the feeders, it is best to locate two or more feeders a short
distance away from the main feeding area so that mares low in the ‘peck order’
have less interruption when feeding.

KEYPOINT: A maiden mare out of training should ideally be let down over a period of 3
months to allow her to adapt to paddock feed and the social stress of the mare group.

It is not always possible to gradually let down a mare in work as she may be sent to stud
at short notice, particularly toward the end of the breeding season.

A maiden mare, in training on a high-energy ration that is retired to stud during the
breeding season, is best maintained on an equivalent level of energy in the stud ration as
provided during training to avoid weight loss. Often it is wise to keep a young mare in
training on full feed and breed her when she comes into season. This is preferable to
turning her out onto less than adequate pasture or forcing her to compete for feed in a
large group of mares, thereby causing a loss of condition and fertility.

Alternatively, in the early part of the breeding season, plan to let the mare down over a 2-3
month period before sending her to stud. This is best done by reducing the energy
content of her ration by 5-7% each month in a step-wise program over the 23 month
period. This will avoid any reduction in energy and protein intake that may effect her
fertility as the mare adjusts to a maintenance diet.

v | An older mare may be unable to maintain condition during the winter months unless
she is provided with supplementary feed so that she can achieve a suitable
condition for breeding. If an older mare is below an optimum condition for breeding
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(a condition score less than 1.5-2.0), it is often a slow process to achieve an
adequate condition score which she will be able to maintain prior to and after
breeding. In this case, the mare should be wormed out, have her teeth checked,
and rugged if necessary. This will help to improve her overall feed utilisation and
reduce the energy drain, so that she can obtain maximum benefit from the
improved diet.

How much hay and hard feed should be fed?

Good quality pasture in an active growth phase (Refer to Chapter 7, Fig. 7.3, page XX) should be able to meet the
nutritional needs of a pregnant and lactating mare. A stocking rate of two pregnant mares, or one lactating mare for
each 1— 1% hectares of good quality pasture cover is a useful guide.

KEYPOINT: Regular monitoring by pasture walks at intervals of 7-10 days to evaluate the volume of pasture production
and feeding value, combined with appraisal of the condition of grazing mares, is a practical way of determining the
adequacy of the pasture.

As pastures dry off, or are grazed off, with a corresponding decline in energy and protein content, then supplementary
feeding must be commenced before the mares start to obviously lose condition. This will prevent a negative energy
balance in both empty and lactating mares prior to breeding.

Many larger studs provide clover or lucerne hay in hay racks for ad-lib consumption by mares to help offset variation in
pasture quality and quantity and to ensure mares are maintained in an optimum, but not excess, body condition.
Depending on seasonal conditions, supplementary hard feed may also be provided, particularly to mares during the first
3 months of lactation when nutrient demands are highest.

KEYPOINT: It is important that a lactating mare is maintained in a suitable condition so that she can be bred
successfully with a foal ‘at foot'.

Non Pregnant and Early Pregnant Mares

IV Lucerne and clover hay are suitable roughages to provide additional energy and
protein to counteract the decline in the quality of grass based pastures as they dry
off or are eaten down. A feeding rate of lucerne or clover hay at 0.5-0.75kg/100kg
body weight daily is a good starting point as the pasture stand declines to below
5cm in height and more closely cropped (lawn) areas become obvious.

A combination of whole oats or 10-12% crude protein mare pellets or cubes fed at a rate of 0.25-0.5kg/100kg
\/ body weight should be mixed with double the volume of lucerne and cereal chaff and given as a single feed
once a day. This is a suitable starting point to supplement the energy and protein intake of a non-pregnant
mare and a mare during early pregnancy. The amount of oats or mare pellets may have to be increased to
maintain body condition as the pasture becomes less productive or is eaten out.

Heavily Pregnant and Lactating Mares

During the last 2 months before foaling, a pregnant mare can be supplemented with whole oats, mare pellets or
\/ cubes at 0.5-0.75kg/100kg body weight daily in a single feed, mixed with a double volume of lucerne chaff to
provide additional energy and protein up until foaling.

A lactating mare during the first 3 months can be provided with oats, pellets or mare cubes at 0.75-1.0kg/100 kg
\/ body weight daily as a starting point, divided between 2 feeds at the higher rate.

Studies in Queensland have shown that pregnant and lactating mares can be given a supplement
of molasses up to 400g/100kg body weight daily as a lick to provide additional energy when
pastures dry off. (Refer to Chapter 7, Section 7.1.12, page XXX).

Good quality lucerne hay provided ad-lib in a hay rack, or hand fed at a rate of 1.0kg/100kg body weight daily (about 2¥2
biscuits for a 500kg mare) will provide the additional energy and bulk required.

As pasture dries off, the total amount of dry feed may need to be increased to 2.5-3kg/100kg body weight to
/ meet the needs of the lactating mare at the peak of lactation between 4-10 weeks. Often a foal will eat
concentrates (co-feed) from its mother’s feed bin from 4-6 weeks of age.
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A ration containing a minimum of 14-16% crude protein, consisting of 50% crushed oats or preferably extruded
\/ grain, 20% cracked corn and 10% soyabean meal mixed with 20% by weight of lucerne chaff can be fed at a
rate of 2-2.5kg/100kg body weight for a lactating mare. Her foal will be encouraged to share the feed if it is
sweetened with molasses.

Alternatively, 15% canola meal or skim milk powder by weight may be substituted in the mix for 10% soyabean meal to
provide a high quality protein source with lysine and other amino acids required for growth. Skim milk powder may
initially be added at 15% for foals up to 6 weeks of age. Milk powder may be better accepted in young foals sharing their
mother's feed than soyabean or canola meal. Alternatively, a creep feed for foals may also be provided. (Refer to Table
5.7 for protein substitution rates and Section 5.4.1, pages XXX for information on creep feeds).

The concentrate should be based on a low dust lucerne chaff base, with 1% (10g/kg) added salt and 3% (30g/kg) added
Dicalcium phosphate to meet requirements for salt, calcium and phosphorus.

A commercial pelleted, mixed or extruded feed may be provided at a rate recommended by the manufacturer.

v

A multi-vitamin and mineral supplement, may be included when the intake of green pasture is limited as itdries
/ off in mid to late summer. This supplement must contain adequate calcium, phosphorus, copper, zinc,
manganese, iodine and selenium as well as vitamin A, D and E to meet the needs of a lactating mare sharing
her feed with her foal. (Refer to Chapter 6, Figure 6.3, page XXX, for localities where soil trace-element
deficiencies are known to occur in Australia).

An adequate supply of clean, fresh water must be provided for lactating mares and foals when pastures dry off
/ and during hot weather. A 500 kg lactating mare can drink at least 50 litres of water daily and a foal can
consume 5.5 litres or more of water after 10 weeks of age. (See Chapter 4, Section 4.4, page XXX).

KEYPOINT: Regular weekly appraisal of the body condition of the mare and daily observation of the young foal to
check if it is drinking sufficient milk and gaining weight is the basis for monitoring the nutritional adequacy of a ration for
a lactating mare.

5.4 Growing horses on pasture with supplementary feeding

With few exceptions, the majority of growing horses are kept outdoors on a pasture based diet under Australian
conditions. Several studies have indicated that in a good season in most parts of southern and eastern Australia,
pasture can provide sufficient energy and other nutrients to meet the needs of growing horses for a major part of the
year. In some cases, in a good season with late summer rainfall, continued pasture growth from February to April can
help reduce the risk of a setback in development of the young horse at weaning. Studies in Australia by Dr. Ron Leng
and colleagues at Armidale in the late 1970's suggested that if young horses had sufficient energy in their diet combined
with an opportunity for free-range exercise, they could grow and develop satisfactorily on an 8% crude protein diet,
provided they were able to consume an adequate amount of feed to meet their exercise requirements.

Most young horses will exhibit some compensatory growth when provided with better quality pasture or feed after a
period of slower growth on poor pasture. Any growth spurt must be limited by careful monitoring of feed intake to avoid
the risk of limb abnormalities associated with DOD.

Breeders of racing and performance horses often set a standard that requires their horses to reach almost adult
proportions by 12-15 months of age for sale purposes.

There is a tendency to overfeed young horses to achieve a rapid rate of growth and development, often by the provision
of higher energy grain based feeds with less reliance on pasture as a major nutritional source. Overfeeding carries a
potentially high risk of limb and joint abnormalities in young horses, as discussed in Chapter 4, Sections 4.4.1t0 4.4.3,
pages Xxx to Xxx.

5.4.1 Foals

Foals up to weaning age may benefit from supplementary feeding in order to maintain a steady and adequate rate of
growth. Under dry seasonal conditions, or when the stocking rate increases the intensity of competition for available
pasture, supplementary feeding is essential to ensure thatlactation in mares and optimum growth rates in their foals at
foot can be achieved.

KEYPOINT: Foals that become accustomed to eating a supplementary feed from 2-3 months of age are less likely to
suffer a nutritional setback at weaning.

During poor seasons, concentrate feeds provided in a separate “creep” feed may help to maintain optimum growth.
Care must be taken to avoid over feeding of free-choice 'creep'concentrates because excess energy intake is one of the
predisposing high risk factors associated with limb and joint abnormalities in young horses from 3-9 months of age.
(Refer to Developmental Orthopaedic Disease (DOD) Chapter 4, Section 4.4.1 to 4.4.3, pages XXX to XXX and
Glossary term).
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Controlled access to a creep feed helps to provide additional energy and nutrients to foals after the peak of
\/ lactation at 8-10 weeks of age, especially under dry pasture or overstocked conditions.

Excessive consumption of creep feeds by dominant or already over-developed foals will increase the risk of
J limb abnormalities associated with DOD due to excess energy intake or an imbalanced or inadequate intake of
copper, zinc, manganese, iodine or selenium.

Most younger foals will learn to feed with their mothers, which helps develop their grazing and eating patterns.
/ A good quality concentrate ration providing 14-16% crude protein and containing a balanced and adequate
calcium to phosphorus content and copper, zinc, manganese, iodine and selenium as major trace-minerals will
help maintain bone and muscle development. A ‘hard’ feed given once a day to mares and foals is a practical
way of developing good eating habits and patterns, which will accustom the young foal to eating concentrates in
preparation for weaning.

Many good quality commercial feeds for foals and growing horses are available and the majority are well balanced in the
ratio of energy to crude protein, minerals, and trace minerals.

A home mixed ration may be prepared as outlined in Table 5.2.

Feed Feed Amount in Weight
Energy Source
Crushed Qats or alternatively 1kg

Steam Rolled Barley
Cracked (or preferably extruded)

Corn 1.6kg
High Quality Protein
Source gggg
Skim Milk Powder
Soyab_ean Meal 90g
Calcium & Phosphorus
Source 100g
Dicalcium Phosphate
Minimal Fibre Source Y cup mixed with ¥ cupful of
Lucerne chaff or Bran warm water
Sweetener
Molasses 209
250iu
Trace Mineral, Electrolyte The final hard feed mix should
and Vitamin Source contain 30-_50mg/kg of elemental
Salt copper, zinc & manganese, &

Vitamin E (optional) 0.1mg/kg of iodine and selenium.

Trace-Mineral and Vitamin
Supplement Foal Dose

Feeding Rate: 1.0-1.5kg/100kg body weight daily as a supplement to
milk intake after one month of age.

Adapted from Kohnke (1998)

Note: If a foal gains excessive weight, the intake should be
reduced to 0.75-1.0kg/100kg daily until growth rate
and condition are within accepted limits. The calcium,
phosphorus, trace-mineral and vitamin content must
be maintained by adding the same amount as
provided in the initial full volume of feed. (See page
XX).

Mixing Details: (1) Mix fresh each day, add molasses just prior to
feeding.
(2) Soyabean meal may need to be introduced in a
step-wise manner over 7-10 days to ensure
acceptance.
(3) Milk powder can be replaced by 200g soyabean
meal once foals reach 10-12 weeks of age..
(4) Once foals reach 12 weeks of age, add 1kg
lucerne chaff to provide additional fibre and bulk.
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TABLE 5.2
Creep Feed for Young Foal

8 weeks to weaning

Monitor the growth rate and development at regular 10-14 day intervals and restrict access to the creep feed
\/ before foals become overweight or start showing signs of epiphysitis (enlarged growth plates).

v Ensure adequate opportunity for daily free paddock exercise, for a minimum of 2 hours and
preferably full time access to pasture.

v Provide access to a plentiful supply of clean, fresh water at all times, especially under
warm or humid summertime conditions.

Regular worming and hoof care are important routine management procedures to ensure
v that optimum growth and health are maintained.

5.4.2 Weanlings

The period from weanling to yearling is one of the most critical periods of a young horse’s life. The combination of
adequate and balanced nutrition and exercise has a major influence on the long term development and soundness of a
young horse as it develops to maturity.

Note: An overview of the interrelationship between nutrition and exercise, and management to avoid limb and joint
abnormalities associated with Developmental Orthopaedic Disease (DOD) is presented in Chapter 4, Section 4.4.2.1 on
pages XX to XX.

Under colder autumn and winter conditions in southern Australia, or dry winter periods in sub-tropical and tropical areas,
weanlings on slow growing pastures may suffer a nutritional set back, unless supplemented with good quality hay or a
prepared concentrate ration.

Although lucerne hay contains adequate calcium and protein to make up shortfalls in the diet, often young horses will not
readily consume the dry hay provided for them when lush pasture is available.

KEYPOINT: The ration intake must be adequate, complemented by an opportunity for daily paddock exercise to
maintain an even rate of growth.

As a guideline, the prepared ration must be formulated to provide;

Adequate but not excessive energy from a feed containing 30% roughage, with a maximum of 70%
concentrate. (See Table 5.4).

A range of 14-16% crude protein in a hard feed for weanlings grazing on grass based pastures or 12-14% for
those grazing mixed grass and legume pastures.

6-7g elemental calcium and 4-5g elemental phosphorus per kg of total ration, a balanced calcium to
phosphorus ratio of 1.2-2.0 calcium to 1.0 phosphorus;

’NIENEES

30-50mg/kg of elemental zinc, copper and manganese and 0.1mg/kg of iodine and selenium in the concentrate

J mix.

There are many well-formulated commercial feeds now available for weanlings and yearlings as a
supplement to pasture during critical periods.

Weanlings grazing abundant tropical grass pastures containing a high oxalate content must be provided with
supplementary feed each day containing additional calcium and phosphorus to offset the calcium binding effect of
oxalate chemical in the small intestine, as well as the essential trace-minerals as outlined above. lItis best to provide the
concentrate feed in a yard to ensure the calcium and trace-mineral supplement is consumed.

In most cases, a growing mixed pasture under moist conditions that is withstanding the stocking
rate and showing adequate regrowth will provide sufficient energy and protein for growing
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weanlings. A small hard feed of lucerne chaff with added calcium, phosphorus and the trace-
minerals as outlined above, may be supplied once a day to meet the needs for these essential
nutrients for optimum bone and joint development.

A suitable ration mix for a weanling is outlined in Table 5.3.

Feed

Feed Amount in Weight

Primary Energy/Protein

Source
Crushed Oats or alternatively
Steam Rolled Barley
Cracked (or preferably extruded)
Corn
High Quality Protein Source
Soyabean Meal (or alternatively
Canola Meal)
Roughage Source
Cereal Chaff
Lucerne Chaff
Bran (optional)
Sweetener
Molasses
Calcium & Phosphorus
Source
Dicalcium Phosphate
Calcium Carbonate
Trace Mineral, Electrolyte &
Vitamin Source
Salt
Vitamin E (optional)
Mineral and Vitamin supplement —
Weanling Dose

2kg
(3kg if corn not used)

1lkg

4009
(6009)

300g
300g
200g

% cup mixed 50:50 with warm
water
60g
30g

20g
250-500iu
The final feed mix should contain 30-
50mg/kg of elemental copper, zinc and
manganese, 0.1 mg/kg of iodine and
selenium, & 2000iu vitamin A, 1000iu
vitamin D & 50-100iu vitamin E per kg of
feed mix

Feeding Rate: 1.25-1.5kg per 100kg body weight daily, monitored
regularly once a week relative to pasture intake to maintain an even,
steady growth rate. Regularly increase the amount fed in proportion to
body weight as the young horse grows. For light horse and racing
breeds, increase intake by 0.5kg per month as the young horse
develops from weaning depending on the intake from pasture, Good
quality lucerne or clover hay at 1-1.5kg/100kg body weight can be
provided daily, or on an ad-lib basis, relative to the availability and

quality of pasture.

Feed once daily if pasture is available for grazing, divide into two daily

feeds if pasture is poor or grazed off. During the colder winter months,
more good quality roughage may be provided to increase the bulk of the
ration.

Mixing Details: Mix fresh each day, add molasses just prior to feeding.
Adapted from Kohnke (1998)

TABLE 5.3

Ration For Weanling
5-9 months of age

Monitor the growth rate and development at regular 10-14 day intervals and adjust the intake of concentrate to

v maintain a steady rate of growth. A steady growth rate of 500-550g daily. A condition score of 2-2 3 with the
outline of the last few ribs and pin bones is desirable for a young horse maturing to 500kg body weight.

All young horses must be provided with the opportunity for at least 2-3 hours of free-exercise each day,
\/ preferably full time access to a large, safe paddock.




iy

Regular worming and hoof care are important routine management measures.

v

Regular daily appraisal of general health, vitality and soundness, and inspection for injuries is an essential
\/ management routine for young horses..

Management of DOD Limb Abnormalities

If a young horse is gross in proportion and overweight, with evidence of limb and joint

abnormalities associated with Developmental Orthopaedic Disease (DOD), then limiting its access
to pasture and gradually reducing the intake of energy is recommended. The grain content in its
supplementary feed should be reduced by 30-50% whilst maintaining the bulk of the ration by
adding more cereal and lucerne chaff or hay over a 10-14 day period. When maintained at this
lower energy level its body weight and condition score can be trimmed to a more acceptable
standard.

KEYPOINT: Whenever a restriction in dietary intake is used to control excessive growth, only the energy level of the
ration should be reduced by decreasing the grain content or access to lush pasture. The intake of protein as well as
calcium, phosphorus and trace-minerals including copper, zinc, manganese, iodine and selenium should be maintained
at the required daily supplementation levels.

5.4.3 Yearlings

Most young horses should have reached 90% of their mature height and 65-70% of their mature body weight by 12-15
months of age.

KEYPOINT: The rate of growth starts to slow down by yearling age and many yearlings can maintain an optimum rate
of growth and development over the spring and summer period on pasture alone.

A supplement of hay or hard feed may be necessary as pasture dries off, or is grazed down.

Lucerne hay is a useful supplement to provide energy, reasonable quality protein and minerals to grazing
P yearlings in late summer through winter where pasture is limited or of reduced nutritional value. However,
although lucerne provides excess calcium to phosphorus, other important trace-minerals essential for
development of bone and joints may be relatively deficient when grazing yearlings are fed on a lucerne based
supplementary feed.

This may be overcome with a small supplementary feed, offered on a 100kg body weight basis, containing 200g oats
(optional), 100g cereal or lucerne chaff (for bulk) and 15g Dicalcium Phosphate (DCP) sweetened with molasses to
avoid sifting and ensure acceptance, as well as a commercial trace-mineral and vitamin supplement at a yearling dose
rate. Many good quality commercial feeds formulated for yearlings are also available.

Yearlings grazing abundant tropical grass pastures containing oxalate chemicals, which bind calcium and
P reduce its uptake, can be provided with a similar blend as a once daily supplementary feed. Mix 2 parts
calcium carbonate (ground limestone) and 1 part dicalcium phosphate (DCP) at a rate of 20g per 100kg body
weight into 70% lucerne chaff and either 30% oats alternatively or 200g/100kg body weight of molasses. (See
Chapter 7, Section 7.4.7 page XX for additional details).

On many larger stud farms, yearlings are provided with supplementary feeds prior to yearling sales
to offset any shortfalls in pasture and ensure an adequate mineral and trace-mineral intake is
provided.

The ration guideline outlined in Table 5.3 for weanlings can also be used to supplement yearlings at critical times,
bulking it out with 50% more lucerne chaff to reduce the energy density. This ration can be fed at the rate of 1.0-1.25kg
per 100kg body weight daily. The calcium and phosphorus sources and a trace-mineral and vitamin supplement should
be added relative to the amount of hard feed consumed on a daily basis.

5.4.4  Young Horses 18 Months or Older|

The requirements of young horses after yearling age, by which time the growth rate has slowed to about 60% of the
average daily gain for a yearling, can usually be satisfied by good quality pasture, supplemented where necessary as
outlined for yearlings.
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Evaluating the Adequacy of the Pasture and Ration

The regular monitoring of condition score and overall development at 7-10 day intervals can provide abenchmark on
which to base the feeding program for weanlings and yearlings. Many larger studs have weighing scales to monitor
average daily gains (ADG) in growing horses, adjusting where necessary to maintain an even, steady rate of growth
related to age and height. (See page XXX).

Key points for appraisal of a young horse 18 months or older are:-

Is the young horse maintaining a steady, even rate of development, with a condition score between 2.0 -2.5,
‘/ with flesh covering over the ribs and backline?

Is the animal exercising freely? Does it have straight limbs and no evidence of joint enlargement or epiphysitis?
'/ These are signs of Developmental Orthopaedic Disease (DOD) (see Glossary term). If there are signs of DOD
apparent, adopt the management measures as outlined under weanlings.

Does the young horse appear fit and healthy with a good coat condition?

v

If the growth rate is within an optimum range of 300-350g daily for an 18 month old horse maturing to 500kg body
weight, then the pasture is providing adequate energy and crude protein for development. Regular appraisal of the
young horse is vital to ensure an adequate and balanced growth rate. Pasture walks every 7-10 days will assist in
monitoring the adequacy of the pasture and the need for supplementary feed, especially as the pasture dries off or is
eaten down.

KEYPOINT: It is important that young horses receive adequate energy, crude protein and the correct balance of
calcium, phosphorus, copper, manganese and zinc in their diets to achieve an optimum growth rate with a low risk of

limb and joint abnormalities.

55 Stabled or confined horses on hard feed without access to pasture

Pleasure and show horses in semi-urban areas on small ‘hobby’ farms of up to 2.5 hectares, often have to be hand fed
during the winter months when pastures dry off. Horses in race and upper level equestrian training, when confined to
stables and outside yards, usually have little access to pasture. Both these groups need to be provided with ‘*hard’ feeds
of grains and meals, with roughage as chaff and hay to meet their nutritional needs.

KEYPOINT: Daily access to pasture is often considered to be a nutritional bonus to help maintain the appetite and
provide an opportunity for free-exercise and relaxation after training. If pasture is not available, stabled horses are often
given a “green pick” on the lead, or hand fed green feed on a daily basis to help maintain their appetite and provide relief
from boredom when confined to stables.

There are three main methods by which a suitable hand fed ration can be devised for horses that are confined largely to
yards and stables when in training.

Formulate a home mixed ration from available ingredients using grains, meals, chaff and roughage to meet the
\/ requirements relative to the exercise level, appetite and likes and dislikes of each horse.

Commission a feed manufacturing company to carry out a computerised formulation of a specific ration, based
v on the feeds available, the locality and soil influences and the specific needs of the horses in training.

Purchase a ready-mixed or prepared commercial feed as the energy, protein, mineral and vitamin base. Chaff
\/ and hay roughage can then be added as recommended on the bag label. This is an option that many racing
and performance horse owners and trainers find convenient and timesaving. In some cases, prepared rations
may prove to be a more costly option than a home mixed ration, particularly in country areas and during
seasonal oversupply of grain.

The advantages and disadvantages of ready-mixed or prepared feeds are discussed in Chapter 7, Section 7.5,
page XXX.

5.5.1 How to Formulate a Ration

The nutritional requirements of all types of horses have been discussed in Chapter 4.

Rations can be formulated from simple ingredients to meet nutritional needs. The acceptance of the ration is influenced
by a horse’s eating habits, including its appetite, individual likes and dislikes and the relative degree of physical and

mental stress it is subjected to during training and competition. Some horses become more selective and less willing to
accept a standard ration, as they lose their appetite when worked hard or competed on a regular basis.
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KEYPOINT: It is best to measure feeds by weight rather than volume to ensure consistency relative to quality and
nutrient content, especially of grains.

Most horse owners measure feeds by volume rather than weight. Initially, a check on the weight per standard volume
measure used (eg a scoop, dipper, ice-cream container) should be made, and any new batch of grain, in particular,
checked by weight if you sense a difference in quality or weight when measuring it out. Only good quality feeds should
be used for horses. (Refer to Chapter 7, Sections 7.1-7.7 for guidelines).

Ready mixed feeds are generally uniform in weight to volume from batch to batch, so that the volume measures
recommended can be used when making up a feed.

There are a number of steps that must be followed when formulating a ration for a particular class or type of horse.

These have been summarised in the following step by step method in conjunction with the guidelines given in Tables 5.4
—5.8. Two practical examples of the steps involved in formulating a home mixed ration using this method are provided
on the adjacent page.

You will need to weigh or estimate the body weight and decide on an optimum condition score for your horse.
(Refer to Chapter 1, Sections 1.3 - 1.4, pages XX to XX for guidelines).

You will need to use a calculator when formulating or checking the ration.

Consult the guidelines for overall ration formulation suited for each type of horse, as provided in Table 5.4.

Although the formulation of a ration is based on guidelines which consider as many variables as possible,
adjustments may need to be made to satisfy the specific needs, appetite and likes and dislikes of an individual
horse.

NENEENIEN

The prepared ration may need to be adjusted by substitution of different feeds to either increase or reduce the
energy density to satisfy a horse’s appetite or the bulk of food it can consume without waste of left-overs.

\

The rules of feeding horses, outlined in Chapter 1, Section 1.2, must be observed to ensure full benefit and
avoid digestive or metabolic upsets.

\
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Formulating a Hard Feed Ration - Guidelines
How Much to Feed

Guidelines
1. Feed intake is related to body weight for each level of exercise, stage of reproduction and age and rate of
growth of young horses. This is summarised for working horses in Table 5.4, and for all classes of horses
in Table 5.5.
2. Consider the horse’s condition score, height and frame size, appetite, eating habits and temperament.
3. The amount of feed relates to dry feed (10% moisture as fed) for common grains, meals, chaffs and hay.

Method
Refer to Table 5.5
Using Column 1, select the level of exercise or other use applicable to your horse.
Using Column 2, calculate the total dry feed intake that a horse should be able to consume in kilograms
each day relative to your horse’s body weight, using Table 5.5.
Note: If you use a calculator, round off amounts to nearest 0.25kg, as illustrated in Table 5.6.
Select the Required Balance between Roughage and Concentrates
Guidelines
1. The amount of roughage and concentrate are calculated on weight (kg) rather than volume (litres) in
Table 5.5, Column 3
Method
Refer to Table 5.5
- Using Column 3, select the relative balance as a % by weight of roughage and concentrate that should
meet your horse’s specific requirement. You may need to reduce the concentrate intake for a horse thatis
either a ‘good doer’ or is not being worked on a regular basis at a consistent level of exercise, or a horse
with a nervy temperament.
Select the Roughage Base
Guidelines
1. Plan to feed approximately 75% of the roughage as hay, and 25% as chaff by weight mixed into the
concentrate feed.
2. The most common hay used in Australia is lucerne or clover hay.
3. Lucerne or cereal chaff or a mixture of both can be used.
Method

Refer to Table 5.5
Using Column 3, calculate the total weight of roughage required to meet your horse’s requirements.
Calculate the amount of roughage by weight based on 70 - 75% of the roughage as hay, and 30% as chaff.

Note:

1. Iflucerne or clover hay is available as the major long stemmed roughage, use cereal chaff or alternatively
a mixture of 50-70% cereal chaff and 30-50% lucerne chaff, as a roughage or fibre base in the grain mix to
avoid excess intake of protein and calcium in lightly worked horses.

2. If meadow or grass hay is available as the major long stemmed roughage, use lucerne chaff in the ratio of
50-70% lucerne to 30-50% cereal chaff. Meadow hay is lower in protein and calcium than lucerne hay and
a greater volume of lucerne chaff will provide extra energy, protein and calcium to horses in work.
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Formulating a Hard Feed Ration — Practical Examples
How Much to Feed

Ration Example 1 Ration Example 2

Horse: 7 year old Thoroughbred gelding Horse: 6 year old Warmblood mare in training
in training for 3 day eventing for elementary level dressage
Work: 45-60 mins intense work daily Work: Light work up to 60 minutes daily
Bodyweight: 475kg Bodyweight: 550kg
Condition Score: 2.5 (fleshy) Condition Score: 3.0 (Good)
Height: 16.1 hands, medium frame Height: 16.2 hands, large frame
Appetite: Average, reduces with work Appetite: Good.
Nervy temperament Quiet temperament

Referto Table 5.5 Column 2 Referto Table 5.5 Column 2
Total Intake: 2.5%bwt in dry feed Total Intake: 2.0% bwt in dry feed
Refer to Table 5.6 for calculation Refer to Table 5.6 for calculation
475kg bwt x 2.5% of bwt = 12.0kg daily 550kg bwt x 2.0% of bwt = 11.0kg daily

Select the Required Balance between Roughage and Concentrates

Refer to Table 5.5, Column 3 and the calculations above Refer to Table 5.5, Column 3 and the calculations above
Total Feed Intake: 12.0kg daily Total Feed Intake: 11.0kg daily

Roughage: (hay, chaff) 40% Roughage: (hay, chaff)  70%

Concentrate: (Grains, meals, oil, pollard) 60% Concentrate: (Grains, meal, oil, pollard) 30%

Note: Considering this horse’s nervy temperament, the Note: This horse has a large frame and a good appetite, so
concentrate has been limited to 60% 70% roughage is suitable

Select the Roughage Base

Refer to Table 5.5 Column 3 in the calculation above Refer to Table 5.5, Column 3 in the calculation above
Total Feed Intake: 12.0kg daily Total Feed Intake: 11.0kg daily

Roughage: 40% of total intake Roughage: 70% of total intake

Lucerne hay is available Good quality meadow hay is available

Total Roughage Intake: Total Roughage Intake:

12.0kg x 0.4(40%) @kg daily hay/chaff 11.0kg x 0.7 (70%) @ 7.75kg daily hay/chaff
Lucerne Hay 70% =5 x 0.70 = 3.50kg Meadow hay 75% = 5.75kg

Chaff 30% = 5x0.30 = 1.5kg Chaff 25% = 2.0kg

Because lucerne hay is the roughage base, Lucerne hay is selected as the chaff because
more cereal chaff should be fed. meadow hay is the main roughage base
Lucerne chaff 30% = 0.5kg Lucerne chaff = 2.0kg

Oaten chaff 70% = 1.0kg
Total chaff = 1.5kg



lzc

Add the Concentrates

If the ration contains over 50% roughage as lucerne hay and chaff, a protein meal need not be added for

Other protein sources can be substituted on a crude protein basis relative to the crude protein content of

Calculate the total weight of concentrate required as % of the ration in kilograms (kg).
Concentrates can consist of all oats or rolled barley, but no more than 50% corn in the total concentrated

Select a protein meal if the total ration contains more than 50% grain based concentrate, or less than 50%
lucerne as roughage by weight. Add a protein meal at rate of 509 crude protein for each 1kg of grain in the
total ration. Using soyabean meal (44.5% crude protein) as the protein meal selected, this equates to
approximately 100g soyabean meal (% cupful (125mL)) per kg of grain. If soyabean meal is not available,
substitute another protein source by weight for the soyabean meal, such as canola, lupins or tick beans so
as to provide the equivalent amount of crude protein using the substitution rates in Table 5.8.

Divide the Hard Feed Ration into Meals and Allocate the Hay
The ‘hard’ feed mix includes the grain concentrate and chaff as the bulking agent.

For simplicity, feed equal amounts of feed in the morning and evening feeds.
60% of the morning feed by weight may be made up of grain, but no more than 2.5kg of grain in each feed

Guidelines
1. Concentrates include grains, protein meals, oils, pollard.
2.
working horses.
3.
soyabean meal using Table 5.8.
Method
Refer to Table 5.5
Select one or two grains as an energy source.
mix by weight. Grains can be substituted using the guidelines in Table 5.7.
Guidelines
1.
2.
for a 500kg horse.
3.

Method

Where 3 hard feeds are given daily, split meals into 40% by weight for the early morning feed, 20% for
midday and 40% for evening meal. For a horse that is stabled full time in training, 4 feeds daily are usually
provided, with the mid afternoon feed being made up from a portion of the midday and evening feed.

Divide the total grain and chaff into 2-3 meals for stabled horses.

Up to 4 equally spaced feeds may be provided to racing horses confined to stables.

Feed no more than 5009 of grain/100kg body weight in an individual feed.

For each kilogram of grain or other concentrate fed, mix in at least 200g chaff, or alternatively mixed chaff,
as bulk to provide fibre and dilute the grain.

Feed 40% of the hay during the day, as one meal, or alternatively split between 2 meals

Feed 60% of the hay overnight to help maintain a supply of feed for best digestive function and to reduce
boredom.

Dampen the hay if necessary if it is dry and brittle to reduce dust, leaf loss and wastage, as well as
improve palatability. Spray the hay until it is damp with fresh, clean water, letting it absorb the moisture for
30-60 minutes before feeding.

Add the Concentrates

Refer to Table 5.5 and the calculations above
Concentrate: 60% of total intake.

You may select two grains for a horse in
heavy work, with one energy dense grain,
such as corn to reduce ration bulk for horses
with reduced appetite when worked hard.

Total weight of concentrate:
12.0kg x 0.6 (60%) = 7kg daily
Select 70% whole oats

30% cracked corn
Total weight of oats = 7kg x 0.70 = 5.0kg daily
Total weight of corn = 2.0kg daily
For this horse, a protein meal is not required
because lucerne contributes over 80% of
the roughage. (ie. 4.0kg in 5kg of hay/chaff)
Note: You may wish to calculate the crude
protein contributed by each ingredient in
Tables "10-1- 10.3, compared to the daily
requirements in Table 5.5 to obtain accurate

Refer to Table 5.5 and the calculations above
Concentrate: 30% of total intake

Select one grain for a lightly worked horse, as
generally only a minimum amount is required
to provide energy relative to that contributed
by the roughage base of the diet

Total weight of concentrate:

11.0kg x 0.3 (30%) = 3.25kg

Select 100% steam rolled barley

Total weight of barley = 3.25kg daily

For this horse a protein meal is not required
because meadow hay and lucerne chaff
combined should provide adequate protein
for light work.

Note: You may wish to calculate the crude
protein contributed by each ingredient in
Tables "10-1- 10.3, compared to the daily
requirements in Table 5.5 to obtain accurate
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Total Ration
Lucerne hay

Lucerne chaff

Oaten chaff
Whole oats

Cracked corn
Check total Feed = 12.0kg per day

As an example, 3 feeds daily could be divided

as follows:
Morning feed

Midday feed

Evening feed
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Divide the Hard Feed Ration into Meals and Allocate the Hay

Formulated: Total Ration Formulated:
3.5kg Meadow hay 5.75kg
0.5kg Lucerne chaff 2.0kg
1.0kg Steam Rolled Barley 3.25kg
5.00kg
2.00kg

Check total Feed =11.0kg per day

As an example, 2 hard feeds per day with
hay at midday, could be divided as follows:

Whole oats 1.75kg Morning feed Steam rolled Barley 1.75kg
Cracked corn 0.75kg Lucerne chaff 1.0kg
Cereal chaff 0.5kg
Whole oats 1.5kg Midday feed Meadow hay 2.5kg
Cracked corn 0.5kg
Lucerne chaff 0.3kg
Lucerne hay 1.0kg
Whole oats 1.75kg Evening feed Steam rolled Barley 1.5kg
Cracked corn 0.75kg Lucerne chaff 1.0kg
Cereal chaff 0.5kg Meadow hay (overnight) 3.25kg
Lucerne chaff 0.2kg

Lucerne hay (overnight) 2.5kg

Total: 12.0kg Total: 11.0kg

Add a Sweetener if Required

Guidelines
1.

Method

If the ‘hard’ feed is dry, it may be dampened with water or alternatively molasses mixed with hot water. If
oil is added as an energy source it will also help to reduce dust.

Sweeten the meal with %2 cup of molasses mixed in % cup hot water per 10 litre volume of feed. (ie. a 20
litre (5 gallon bucket) of feed would be sweetened by 1 cupful of molasses blended into one cupful of hot
water).

Thoroughly mix the molasses into the feed at the time of feeding. Do not store sweetened feed for more
than 4 — 6 hours under hot, humid conditions.

Check the Bulk of the Ration

Guidelines
1.
2.

Method

Guidelines
1.

A horse can consume roughly 4-5 litres of total hard feed per 100kg body weight in each meal.
If the bulk (volume) of the meal is more than 5 litres/100kg body weight, the volume the horse has to eat
can be reduced by substituting with higher energy dense grains and vegetable oil, using Table 5.7.

Mix each of the feeds you have formulated, weighing out each ingredient.

Check that the chaff base is at least equal in volume to the concentrate mix.

Determine if the horse should be able to eat the bulk of feed, or roughly a limit of about 4 — 5 litres of hard
feed per 100kg body weight. If the feed is too bulky, substitute some of the oats with barley, cracked corn
or vegetable oil using the substitution rates in Table 5.7. If up to 10% oil by weight of concentrate mix,
such as canola oil, is used for a hardworking horse or a small framed horse with a limited or poor appetite,
add up to one cup per meal, removing an equivalent amount of grain. For example, 1 cup (250mL) of oil
replaces 1.5 litres of oats in a ration - refer to Table 5.7 for substitution rates.

Note: Refer to Chapter 7, Section 7.1.11.2, page XXX for guidelines for introducing oil in a ration as an
energy supplement. A small amount of oil mixed into the ration is helpful in reducing dust.

Add Supplements

If 50% of the ration is lucerne, supplementary calcium will usually not need to be included for adult horses,
but additional phosphorus would be beneficial to balance the calcium to phosphorus ratio. (Refer to
Chapter 6, Table 6.1, page X<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>