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Table 3.1 Guide to the typical composition of common feedstuffs (assuming 880g
DM/kg), in part derived from the NRC’

Crude Crude Ca P DE Mg Lysine  Starch

protein  fiber  (g/kg) (g/kg) (MJi/kg) (o/kg) (ofkg) (g/kg)

(afkg)  (g/kg)
Dried milk 340 1] 10.5 9.8 15.1 1.2 29.0 =
Oats 95 100 0.7 3.0 10.9-12.1 1.4 3.2 385
Barley a5 50 0.7 33 12.8 1.3 3.1 515
Extruded 440 62 2.4 6.3 13.3 27 26.0 50
soya bean
meal
Field beans 255 T4 0.8 48 13.1 1.6 17.0 360
High protein 160 220 6.0 23 9.6 27 8.0 15
grass meal
Wheat bran 155 1o 1.0 120 10.8 5.6 6.0 165
Sugar beet pulp 70 174 10.0 10 10.5 25 4.5 10
Cane molasses 30 i) 7.2 1.0 1.4 4.0 0 —
Limestone flour - i) 365 (1] 0 206 0 —
Dicalcium phosphate — o 238 187 o 59 0 -
Steamed bone flour — u] 323 133 o 33 0 —
Grass hay 45-90 330 2.9 1.7 7B 1.1 -4 W
Grass/clover hay 60-110 330 4.0 1.7 7.8 3.0 3-5 —
Full fat soya beans 360 44 1.7 4.7 155 29 24 45
Linseeds 320 90 4 74 14.6 3.7 12.9 36
Flaked maize &0 15 0.2 2.9 15.2 1.0 2.6 610
English alfalfa 180 260 12 38 1.5 26 7.3 30

il Cu n Mn Fe Na K L |

(gfkg) (mgfkg) (mgfkg) (mgfkg) (mafkg) (a/kg) (9/kg) (g/kg)
Diried milk 10 10 41 2 4 5 17 1"
Oats 45 4 35 38 B5 02 4 1
Barley 17 4 15 16 73 0.1 4 1
Extruded 18 13 50 31 160 0.2 17 0.1
soya bean
meal
Field beans 15 9 NfA NJA MNIA 0.1 12 0.7
High protein 30 7 16 30 200 1 22.5 0.8
grass meal
Wheat bran 35 12 98 120 145 0.1 4 0.9
Sugar beet pulp 5 10 1 34 250 3 17.5 22
Cane molasses — 20 15 44 200 2 26 25
Limestone flour = = = = = = = =
Dicalcium phosphate — = = = = = = =
Steamed bone flour - - - - - MNfA NJA NJj&
Grass hay 21 3 12 20 1650 - 10-35 —
Grass/clover hay — — — — — — — —
Full fat soya beans 180 12 MA NJA MNJA 0.1 16 0.4
Linseeds 340 7 MfA 60 90 0.6 5.8 0.2
Flaked maize 36 2 19 [ a 0.1 3 0.4
English alfalfa 25 12 28 25 250 1 2 5

T Notional Research Council, NRC [ 1989] Nutrient Reguiremnents of Horses, 5th ed, Notional Acodemy Press, Washington DC
Ny, dato not awmiloble; V. varigbie.
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Box 3.1 Suggestions for routine analysis in assessing general feed
quality

Ce

1.

2
3

= & s

8.

9.

10.

real grains and by-products, vegetable and animal proteins

Dry matier.

. Crude protein (CP).

. Digestible crude protein (often based on ruminant data so caution needed
with interpretation); or, as a guide,

DCP (g/kg DM) = —27.2 + 0.917 X CP (g/kg DM).

. NDF (and ADF).

. Ash (as a possible guide to soil contamination).

. Qil (various methods available, ether extract is usually adequate).

. Energy (check if given in terms of ruminant ME [metabolizable energy], and
conversion coefficients to horse DE should be used—current suggested con-
versions: divide by 0.9 for high fiber material, divide by 0.85 for low fiber
material—very approximate). Many equations are available to estimate DE
(i.e. there is no definitive equation) e.g.:

DE (MJ/kg DM) = — 3.54 + 0.0209 x CP + 0.042 x 0il + 0.0001
X CF + 0.0185 x NfE.

Micronutrient levels for these ingredients may be obtained from published
tables.

Certain feedstuffs in the above category contain anti-metabolites in their
raw state, and where toxic effects are suspected, analyses for the presence
of the anti-metabolites should be made.

Results should be interpreted in terms of units per day intake (e.g. g/day
protein, or MJ/day DE), rather than percentages as, unless intake quantity
is known, the figures are meaningless in terms of effect upon the animal.

Forages (including hay, haylage, silage, straw)

1.
2.
3.
4.

b

The level of fungal contamination in hay should be assessed before purchase.
Dry matter.

Crude protein.

Digestible crude protein (is likely to be based on ruminant data so caution on
interpretation).

Modified acid detergent (MAD) fiber (other more accurate methods may soon
be available). NDF and ADF may also be of value.

Box 3.1 continues on page 164



Box 3.1  Suggestions for routine in assessing general feed quality [continued]

6. Digestibility or D value (based on cattle data, but provides useful comparative
data when several samples are assessed.

7. Energy (see under cereal grains).

8. Calcium, phosphorus, magnesium. Other minerals may be assessed as required.

Where forages are the main source of nutrients, further mineral analysis may
be advisable. In addition to the above, for silage and haylages:

(a) pH (see text).

(b) Ammonia to indicate the nature and suitability of the fermentation.
Ideally NH.—N levels <3.0% although up to 6.0% are probably
acceptable. =6.0% may affect palatability.

M.B. If abnormally high levels are suspected, nitrate levels should be assessed.
Caution should be taken with the interpretation of the nitrate data, as
laboratories describe nitrate levels differently.

Pasture and soil

Whilst it may be necessary sometimes to determine the protein and energy
levels in pasture, mineral levels are required from both pasture and soil; in the
former to ensure any necessary deficiencies are corrected in the concentrate
feed, and in the |atter to ensure correct fertilizer programs are maintained.
Several standard texts on soil analyses and fertilization programs are available.

ADF, acid detergent fiber; NDF, neutral detergent fiber; NfE, nitrogen free extract.
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Table 3.2 Guide to the size of various parts of the gastrointestinal tract in horses as
well as the duration of ingesta passage (500kg BW)

Length (m) Fill (kg/100kg BW) when feeding Duration of passage
Hay Concentrates

Esophagus Upto 1.5 = = 10-15s

Stomach - 25 1.8 1-5h

Small intestine 16-24 23 23 15h

Cecum 1 is 1.5 15-20 h

Colon ] 12 6.0 18-24h

Rectum 0.2-0.3 = = 1-2

Total 20.2 15 35-50h

Table 3.3 Guide to the duration of feed intake in horses and ponies (minfkg feed)

Approximate BW (kg)

Horse 500 Pony 240
Hay 40 80
Straw 50 =
Milled hay, pelleted g8-10 -
Qats 10 50
Pelleted feed (diameter 4-8 mm) 10 40
Chewing movements{min BO-90 100
Chewing movementsfkg hay 3400 =
Chewing movementsfkg oats 850 =
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Table 3.4 Principal differences between feeding roughage and concentrate feed
Roughage Concentrate feed
Duration of feed intake Long Short
Salivation Heawy Less intensive
Dry matter of swallowed boluses (%) <15 =25
Filling of the stomach Slowly Quickly
Content of the stomach (temporary) Moderate Moderate to high'
Dry matter of stomach content (%) 20 30-40
pH reduction in region of pylorus Mormal Retarded
Microbial activity in stomach and small intestine Moderate Moderate to high'
Production of organic acids in the large intestine Continuoushy Discontinuously with the risk
of low pH in the cecum
Feces dry matter (%) 20 20-45

I According to the omaunt of feed offersd per meal.
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Table 3.5 Guide to the daily intake and turnover of water (/100 kg BW) and
electrolytes (g/100 kg BW)?

Intake Secretion(s) Flow from ileum Absorption
Saliva into the cecum End of small intestine
Gastric juice Hindgut

Secretions into
small intestine

Water 3-5 20-25 10-14 0-12
Sodium 5 ~50 30-42 28-35
Chloride 15 =G0 10-14 10-14
Potassium 10 -~ 5-7 -3

" Bosed on Meyer, H, Coenen, M. (2002) Pferdef0tterung (Horse Nutrition), 4th ed, Blockwell Scientific Publicotions, London.
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Table 3.7 Guide to the minimum' water needs (kg) of horses per kg of feed DM

consumed and the water (kg) provided by pasture herbage per kg herbage DM
(1 kg water is equivalent to 1 L)

oM Water

Water requirements of horses per unit of DM consumed
Last 90 days of gestation 1 3
First 3 months lactation 1 4
Breeding stallion 1 &
Weaned foal 1 3
Barren mare 1 2
Maintenance

Grain/hay diet 1 2-35

All hay diet 1 35-4
Water content of herbage per unit of DM
Spring growth 1 4
Dry summer 1 25
Mild winter 1 3

" Quantities of water given assume ideal environmental conditions



Table 3.6 Guide to the minimum daily nutrient requirements of horses!

Digestible  Crude Lysine Cafg) Plo Mgz () K(g)
energy protein (q)
(M) (9)
1. Mature weight 500kg
Maintenance [adult) L] [ 23 21 14 7.5 25.0
Stallions (breeding) 86 820 29 26 18 9.4 .2
Pregnant mares
I mo 76 801 28 36 26 8.7 28.1
10 mo 17 815 25 36 27 89 29.7
1 mo 82 BEE 30 38 28 9.4 31.5
Lactating mares
Foaling to 3 mo & 1427 50 &7 36 10.9 46.0
3 mo to weaning 102 1048 a7 38 22 8.6 33.0
Working®
Light 88 B20 25 29 18 9.4 31.2
Moderate 103 B8O 3 32 21 11.3 374
Intense 137 1050 7 40 29 15.1 499
Foal growing at 1.0 kg/day*
4 mao 60 730 30 a7 19 4.0 1.3
6 mo n 8BB4 36 40 20 456 13.3
Yearling
growing at 0.6-0.8 kg/day 87 956 40 20 h7 182
24 mo old
Mot in training Fit B20 32 28 14 7.0 23.1
In training 110 1050 41 35 19 9.8 322
2. Mature weight 200kg
Maintenance 3 296 10 10 6 3.0 10.0
Stallions (breeding) 39 370 13 1 8 4.3 14.1
Pregnant mares
9 mo 34 361 13 16 12 39 13.1
10 mo 35 368 13 16 12 4.0 13.4
1 mo a7 g L 14 17 13 4.4 14.2
Lactating mares
Foaling to 3 mo &7 688 24 27 18 5.0 21.2
3 mo to weaning 51 528 18 18 11 4.0 14.8
Working®
Light 15 370 13 n 8 4.3 14.1
Moderate 48 410 14 14 10 5.1 16.9
Intense 62 450 16 18 13 6.8 225
Foal growing at
approx 0.5 kg/day
4 mo 31 365 15 16 9 1.6 5.0
Yearling
growing at 43 452 19 15 8 2.5 79
0.2-0.3 kg/day
24 mo old
Mot in work 13 337 13 9 L 2.8 9.4
In work 48 485 16 13 7 4.1 13.5

I Bosed an National Research Council, NBC [ 1588) Nutriant Reguirements of Horses, sth ed, National Acodemy Press,

Washington DC

? Assurmes availobility of 350
? Sepalso Tobles 2. 15and 2 16
# Seeaiso Tobles 217 and 214,
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Table 3.8 Guide to the minimum' supplementary water requirements of mares (liters
daily per mare)—refer to Table 3.7 for maintenance levels

Body weight (kq) 200 400 500
Last 90 days of gestation?
In stable 13 22 26
On pasture 0 0 0
First 3 months of lactation
In stable 28 42 50
On pasture 7 1 12

" These amounts are minimum. They assume ideol conditions and will be insufficient for mares on parched pasture with
environmental femperatures =30°C
* Needs of the breeding stallion are similar to those of the pregnant mare.
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Table 3.9 Sweat production

Work Amount of sweat Average Average water requirement
(L/100 kg BW)' (L/100 kg BW/day [including maintenance])
Light 0.5-1 0.75 5
Moderate 1-2 1.50 5-7
Heawy 2-5 3.50 7-10
Very heavy =5 5.00 =10

" Depending on duration and intensity of octivity and environmental temperature. Rule of thumb: 1 L/100 kg BW/h with light
trotting at 18-20°C.

Table 3.10 Guide to the composition of sweat

Electrolytefelement Amount lost per L sweat Approximate amount needed to be
ingested to replace amount lost per
L sweat (qg)

Sodium 3.1g/L 3.45

Potassium 1.6gfL 2

Chloride 5.3g/L 5.5

Calcium 0.12g/L

Magnesium 0.05g/L

Phosphorus <10mg/L

Zinc 11 mgfL

Iron 5 mg/L

Copper 0.3mg/L

Selenium Traces
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Table 3.11  Guide to endogenous mineral losses by horses, average availability and
the minimum mineral requirements for maintenance per kg BW/day

Ca P Mg Na K Cl
Endogenous losses (mgfkg BW/day) 30 12 [ 18 40 5-10
Assumed availability (%) (0] 40 35 90 80 95-100
Requirements for maintenance (mg/kg BW/day) 50 30 15 20 50 80’

The endogenous losses include a safety margin to allow for variations resulting from the fype of feed, the individual animal and
the amount supplied.
! According to influence on ocid-base bolonce.

Table 3.12 Guide to the mineral and vitamin reguirements of horses per kg feed (DM)
for a horse of mature weight 500 kg. NB The maximum tolerated is the level at which
signs of toxicosis are more likely to occur; this may mean that under certain
circumstances unwanted signs may be seen at lower levels. Lower limits, e.g. for
selenium, also may be set by relevant legislation

Maintenance Pregnancy/lactation  Growing' Maximum tolerated

Typical daily intakes (kg) 8 9-14

Calcium (g) 25 5 6 (15%0)°
Phosphorus (g) 1.5-2.0 34 35 (1006)2
Magnesium (g)® 1.2-1.5 1.5 1.5 (B20)?
Sodium (qg) 1.25 1.5 1.0 12.5
Iron (mg) 40 50 50 750
Manganese (mg) 40 40-60 40-60 750
Copper (mg) 10-15 15-20 15-20 400*
Zinc (maq) 40 45-80 60-80 500
Selenium (mag) 0.1 0.2-0.3 0.2 2.0°
lodine (mg) 0.1 0.2 0.2 458
Cobalt (mg) 0.1 0.15 0.15-0.2 20
Vitamin A (IU) 2-4000 4-6000 4-5000 20000
Vitamin D (IU)? 3-600 800 900 2200
Vitamin E (IU) 50-100 80-160 B0-160 10008
Thiamin (mg) 3 3-5 3-5 3000
Riboflavin (mg) 2-4 2-4 2-4

" Typical allowances for growing horses are 400 g/doy DM per individual per mo of age up to weaning. Heavy topped foals may
require o smaller intoke of energy and protein, but mineral and vitamin allowances should be maintoined. After weaning, daily
intakes of air-dried feed should be equivalent to 2.5-3.0% BW daily up to oround 18 mo depending on breed. If protein and
energy allowances are decreased, mineral and vitamin intokes must be maintained. After 18 mo, feed allowances can be
reduced if growth rate has become minimal.

? A very opproximate guide.

I Assuming availability of 35%.

* Less may be tolerated by growing horses, particularly if zinc intake is not also elevated.

* European legal limit of 0.5 mg/kg DM — 1 mg/100 kg BW.

% In pregnancy advised not more than 1 mg/kg DM,

7 Allowances of up to 1500 iU vitamin D have been recommended by some authorities.

5 No evidence is currently available that more than this level will produce odverse effects in the horse, see text.
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Fat-soluble vitamins: sources and possible clinical signs of deficiency and excess
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Water-soluble vitamins: sources and possible clinical signs of deficiency or excess

Vitamin C (ascorbic acid)
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Folic acid and vitamin B12
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Table 3.13 Guide to the energy requirements above maintenance for various
activities (k] DE/kg BW)!

Activity Speed (km/h) Requirements

Per km Per 10 min Per h
Walking 4 25 1.7 10
Slow trotting 10 25 42 25
Fast trotting/cantering 15 34 8.3 50
Galloping 25 6.0 25 —
Top speed 40-50 Up to 40 304 —

! Horse and rider.
2 Per min.

Table 3.14 Guide to the recommendations for the supply of working horses with
digestible energy (DE) and digestible crude protein (DCP). Note that this excludes rider
and tack weight. (DCP intake from a ration will be approximately 40—80% of the CP
content depending on the diet.)

Degree of work Additional Kg body weight
requirementsin %
of maintenance
requirements (MJ)

20C 50C 600

DE(MJ) DCP(g) DE(MJ) DCP(g) DE(MJ) DCPg)

Maintenance 319 160 65 318 726 363
Light Up to 25 38 190 76 380 87 435
Moderate 25-50 44 220 87 435 100 500
Heavy 50-100 56 280 11 555 127 635
Very heavy ~100 64 320 127 635 145 725
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Table 3.15 Recommendation for the minimum daily mineral requirements of adult
working horses' (g/day): Based on Tables 3.9 to 3.11

Degree of work? 200 kg BW 500 kg BW 600 kg BW
1 2 3 4 1 2 3 4 1 2 3 4

Calcium’ 10 I 11 12 26 26 28 30 31 32 34 36
Phosphorus® 6 6 (] (] 15 15 15 15 18 18 18 18
Magnesium® 32 34 39 43 8 85 97 1l 96 10 12 13
Sodium 92 14 28 38 23 37 70 96 27 45 84 |15
Potassium 13 16 24 30 32 40 60 75 39 48 72 90
Chloride 25 33 55 71 6l 8l 136 178 73 98 163 213

! Assurned sweat production as per Table 3.9, ie. fight work ~0.75 L per 100 kg BW. moderate ~ 1.5 L per 100 kg BW, heavy ~3.5L
per 100 kg BW, very heavy —5 L per 100 kg BW.

2y light; 2, moderate; 3, heavy; 4, very heavy.

? In young growing animals (2nd and 3rd year) increase supply by 20—30%. Some workers recommend that phosphorus
requirements increase slightly with increasing work loads, with a corresponding increase in Ca intake to maintain a Ca:P ratio of
between |.5:1 and 2:1, see Table 3.6.

4 Some recommend slightly higher magnesium intakes for working horses, see Table 3.6.
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Table 3.16 Guide to the recommendations for the daily supply of working horses

with trace elements and vitamins (based on allowing between 10 and 12.5 kg DM
intake for a 500 kg horse)

Per kg total feed DM Per kg BW
Trace elements
Iron 50-70mg |.0mg
Copper 10-20 mg 0.2-0.5mg
Zinc 40-60 mg 0.8-1.5mg
Manganese 40-60 mg 0.8-1.5mg
Cobalt 0.1-0.15mg 2—4 g
Selenium 02mg 4-5 |ig
lodine 0.15mg 34 g
Vitamins
Vitamin A 4000-6000 IU 80-1501U
Vitamin D 400-600 IU 8-151uU
Vitamin E 150-250 mg 3-6mg
Vitamin B, 3-5mg 0.06-0.125 mg
Biotin' 0.05 mg 0.001-0.00125 mg

! Note that this not the level that would be recommended for specific hoof support, see text
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Table 3.17 Recommended requirements (based on the NRC, 1989)' of DE and CP on

a daily basis for growing horses (500 kg mature weight) with varying average daily
gains (ADG)

Age Body weight ADG DE CcP

(mo) (ke) (kg/day) (M) (g)
Weanling 4 175 0.85 60.0 (14.4 Mcal) 720
(3 215 0.65 63.0 (15.0 Mcal) 750
(3 215 0.75 67.0 (16.1 Mcal) 805
(3 215 0.85 72.0 (172 Mcal) 860

Yearling 12 325 0.50 79.0 (18.9 Mcal) 851
12 325 0.65 89.0 (21.3 Mcal) 956

! Based on the National Research Council, NRC {1 989) Nutrient Requirements of Horses, 5th revised ed. @ ! 989 The National
Academy of Sciences. Courtesy of Mational Academies Press, Washington DC.

Table 3.18 _Recommended minimum requirements (based on the NRC, 1989') of
calcium, phosphorus, magnesium, potassium, vitamin A and copper on a daily basis for
growing horses (500 kg mature weight)

Age ADG Calcium Phosphorus Magnesium Potassium Vitamin Copper

(mo) (kg/day) (g) (g) (g)* () A (X 10* I0) (me/kel
Weanling 4 085 34 19 37 1.3 8 10

[ 0.65 29 16 40 127 10 10

(3 0.75 33 18 42 13.0 10 10

(3 0385 36 20 43 13.3 10 10
Yearling 12 0.50 29 16 55 17.8 15 10

12 0.65 34 19 57 182 15 10

! Based on National Research Council, NRC (1 989) Nutrient Requirements of Horses, Sthrevised ed. @ | 989 The National
Academy of Sciences. Courtesy of Mational Academies Press, Washington DC.

2 Higher magnesium levels have been suggested by other workers (see Table 3.10).

¥ mglkg Cuin the feed on a DM basis. Higher copper levels have been recommended by other workers (see Table 3.9 and text).
ADG, average daily gain.
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Table 3.19 Typical range in pasture composition (northern temperate) (mg or g/kg
DM)."' Note that individual pastures may be lower or higher than these guide ranges:
e.g. ranges for copper were reported by MAFF in 1990 for the UK for all grasses as
being between 3.0 and 20.2 mg/kg DM with a mean of 6.7 = 2.6

May July-August

Crude protein (g) 170-250° I 10-180
Crude fiber (g) 190-230 300-330
Calcium (g)* 412 39
Magnesium (g) 1.4-22 1.0-24
Phosphorus (g) 2940 1.9-3.0
Potassium (g)° 1822 1720
Copper (mg) 4-12 4-12
Zinc (mg) 20-60 30-60

! Note that this illustrates how pasture alone may not provide all the macro- and micronutrients for horses at different life stages
or with different lifestyles, e.g. calcium for the lactating mare and growing foal; sodium for the exercising horse; copper for
gestation and growth. In particular, attention needs to be given to mares and foals out on pasture of unknown nutrient
composition.

2 MAFF (1990) UK Tables of Nutritional Value and Chemical Compaosition of Feeding Stuffs. Eds D. I. Givencs and A. . Moss. Roweil
Research Services, Aberdeen.

3 A few pastures may have protein levels up to 300 glkg DM or more, especially if primarily for cattle and not horses.

4 Calcium levels may fall below phosphorus levels, giving reverse ratios over the winter and spring months.

5 potassium concentrations can be =35 glkg DM.
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Table 3.20 Example of a daily tube feeding schedule that has been used for a 200 kg
pony with hyperlipemia. The total diet should be divided into four tube feedings per day

Parameter Day

1 2 3 4 5 6 7
Water (L) 8 8 8 8 8 8
Dextrose (g) 120 160 200 240 320 320 360
Casein (g) or dehydrated cottage cheese 120 120 180 240 240 300 360
Dehydrated |ucerne meal (g) 600 600 &00 700 700 800 800
Electrolyte and vitamin mixture (g) 80 80 80 80 80 80 80
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