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Dataabout energy and nutrient requirementsaswell asfeeding recommendationsfor
the German horse industry are published by a particular committee set up by the
German Society for Nutritional Physiology (GESELLSCHAFT fur
ERNAHRUNGSPHY SIOLOGIE [GEH], 1994). Based on reviewed international
literature, the tables cover energy, protein, macrominerals (Ca, B, Mg, Na, K, Cl)
and trace elements (Cu, Zn, Fe, Mn, Sg, |, Co) aswell asvitamins(A, D, E, K, B,,
B,, biotin, folic acid) for maintenance, exercise, reproduction and growth. The
following description includes the current data about the requirement and recom-
mendations in horse feeding as published in 1994 by the GEH. However, in some
cases additional information published after 1994 may offer the opportunity for
reassessing the requirements or to express more precise recommendations.
Although this is an essential aspect in the discussion of a new edition of the
feeding standards by NRC as well as anybody else, the presented calculations
and tables are based on the latest official publication.

Energy and Protein
Maintenance

Digestible energy is still in use for horses comparable to most other countries
(for France see Martin-Rosset, 2000). Digestible crude protein is established for
protein requirement calculations.

The range of maintenance energy requirementsis0.48-0.62 MJDE/kg BW°™
x d?, the standard value is 0.6 MJ DE/kg BW°7 x d* (143 kcal/kg BW°™ x d?).
The differences to NRC levels are presented in Figure 1.
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Figure 1. Digedtible energy (DE, kcal/d) requirement for different body weights (BW, kg).
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The endogenous N-losses and a utilization of digestible crude protein (DCP)
of 80% (including a safety margin) yield 0.3 g DCP/kg BW°™ x d* (Figure 2).
There are small differences between GEH and NRC values, if the latter are
calculated by 0.6 g DCP/kg BW. The approximation of 40 g CP/kcal DE results
in abigger difference, with NRC data higher compared to those from GEH (see
Table 1).
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Figure 2. Digestible crude protein (DCP, g/d) requirement for different body
weights (BW, kg).

Exercise

The DE required to produce kinetic energy is highly variable. Despite various
influencesliketype of exercise, environment, capacity of the horseetc., in agreement
with the NRC the following equation is used to derive the exercise- related DE
requirement: DE (kJ/kg BW x h?)=(e*02+00065Y . 13.92) x 0.441 (MJ instead of
Mcal isused in Europe; 4.186 is the factor to convert Mcal to MJ).

For practical considerations it is crucial to have precise information about
the exerciseload on the one hand and not fail to recognize variable influences on
the calculated requirement on the other hand. Particularly for horse keepersless
experienced in animal production, ascore system for eval uating the degree of
exercise would be helpful. As acommon practice low, medium or high intensity
exercise creates an increase in relation to maintenance of 1.25, 1.25-1.5 and 1.5-
2, respectively. These factors are also used by NRC.

In general, it is claimed that working muscle does not require additional
protein. The elevated feed intake (increase in endogenous N-losses) and amino
acid breakdown for energy metabolism and finally N-lossesviasweat may change
the DCP requirement. But asthe DCP:DE ratio (g:MJ) in most feedstuffsis >5:1
(= >209 g DCP:1 Mcdl), a sufficient DCP intake can be assumed even if the
factorial approach may underestimate the DCP requirement. On the other hand, a
protein supply approaching threefold the maintenance requirement is unfavorable.
We recommend to keep theintake of DCP < 2 g/lkg BW. Calculationsfor a500 kg
mature horse are presented in Table 1, comparing the data according to GEH and
NRC, respectively.
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Reproduction

The nonlinear curve for fetal growth reflects the accretion of energy and nutrients
occurring mainly in the last months of pregnancy (Figure 3). From the growth
curve and the body composition of the fetus, the energy and nutrient deposition
as percentages of the total amount at birth can be calculated (Table 2). The
estimation of afoal’s birth weight is done by aregression equation (birth weight,
kg = 0.45 * kg mare’'s BW°™), although this equation results in an over- and
underestimation, respectively, of foalsin small and large breeds, it is a helpful

Table 1. Daily energy and nutrient requirements for a 500 kg horse
(GEH, 1994 vs. NRC, 1989).

BW, kg [DE,Mcal [DCP,g [Ca,g [P.g [Mg,g [Nag [K,g [Clg
M aintenance, 500 kg BW

GEH 15.2 317 25 15 10 10 25 40
NRC 16.2 3611 25 18 9.4 - 31.2 -
Exercise a) 60 min, 250 m/min
GEH 19.8 595 26 15 11 28 35 68
NRC 20.5 451 25 18 9.4 - 31.2 -
Exercise b) 60 min, 250 m/min + 15 min 400 m/min + 5 min 600 m/min
GEH 27.7 581 28 15 12 57 52 115
NRC 32.8 722 30 21 11.3 - 37.4 -
Reproduction, aa) pregnancy 8™ month
GEH 18.9 450 33 19 10 12 26 41
NRC
Reproduction, ab) pregnancy 9" 10" month
GEH 19.8 505 38 22 10 12 27 41
NRC 18.2-18.5 | 448 35 26 8.7 - 29.7 -
Reproduction, ac) pregnancy 11" month
GEH 21.0 560 39 23 10 12 27 41
NRC 19.7 476 37 28 9.4 - 315 -
Reproduction, b) lactation, 3%month
GEH 29.6 720 55 42 13 14 45 36
NRC 28.3 785 56 36 10.9 - 46 -
Growth 3@ 6™ month
GEH 15.1 580 37 27 5 6 13 20
NRC 14.4 396 34 19 3.7 - 11.3 -
Growth 7™-12" month
GEH 15.8 540 30 21 7 7 16 26
NRC 15.0-17.2 |413-473 | 29-36 |16-20 |[4-4.3 - 13 -
Growth 13. -18. month
GEH 16.2 485 30 20 8 8 19 31
NRC 18.9-21.3 | 468-526 | 29-34 |16-19 |5.6 - 18 -
Growth 19.-24. month
GEH 16.7 445 29 19 9 9 22 34
NRC 19.8 491 27 15 6.4 - 21.1 -
Growth 25.-36. month
GEH 17.7 415 28 18 10 10 24 38
NRC 18.8 400 24 13 7.0 - 23.1 -
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Table 2. Intrauterine fetal growth, energy and nutrient accretion.

Accretion/month in % of total at birth
pregnancy, fetd BW energy, |Ca P| Mg,K | Na Cl
month protein

upto 7" 17 105 10 15 16
8 18 14 14 15 21
9 19 215 22 21 19
10 23 23 36 22 28
11 23 31 18 27 16

Figure 3. Body weight (y) of the fetus in horses depending on day of gestation (x)
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tool to predict energy and nutrient accretion during the last month of gestation.
The pregnancy related requirement is calculated by the following equations: MJ
DE/day = 0.004851 x ax BW°"; DCP, g/day = 0.06055 x a x BW®7; ais the
relative accretion in each month of pregnancy as described in Table 2. A suffi-
cient body condition is essential for breeding mares, and the plane of nutritionis
important because accretion occurs not only in the pregnant uterus but aso in
maternal tissues.

To enable the mare to realize energy and protein deposition in maternal
tissues, the additional requirement is calculated by: MJ DE/day= BW x 0.0164;
g DCP/day = BW x 0.085. The requirement during lactation depends on milk
yield (kg milk/kg BW®™: 1st month 0.14, 2nd month 0.17 and 5th month 0.12)
and milk composition (NRC, 1989). The utilization of DCP and DE for milk
production is set at 50 and 66%, respectively. Results of calculations for the
requirements of pregnant mares are presented in Table 1.
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Growth

A summary of data taken from the literature yields a model to predict a foal’s
actual BW in relation to mature BW depending on age; the regression equation
(BW % = log (mature BW, kg) + 35469 x log (0.3345 x age, month + 1.1114);
r = 0.989) describes the nonlinear growth curve which on average resultsin
72-57% of mature BW for ayearling (Figure 4).

The composition of the weight gain in the foal is calculated by use of the
NRC (1978) equations for fat and protein (body fat % = 0.1388 x relative BW
+ 1.111; body protein % = 0.22 x (100 - body fat) and completed for macro-
elements by literature data (Table 3).

The utilization of DE for growth is set at 60% as in other species, while for
DCPR, 50% is assumed for the 3rd - 6th month and 35% for older foals. Further
information on amino acid turnover would present a more precise figure, taking
into account what protein quality is needed. For a 6-month-old foa and a yearling,
respectively, 2.3 and 1.88 g of lysine are recommended. Adapted from pigsthe
S-containing amino acids and threonine should be 0.6 in relation to lysine (=1).

y = log(z) + 35,469* log(0.334549* x + 1.11137)
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Table 3. Estimated composition of foal’s weight gain (per kg; mature BW 600 kg).

age protein | fat energy [Ca [P [Mg [Na [K [d
month Mca
36 197 106 | 2126 | 18| 9 | 05| 15[ 20| 12
7-12 186 157 | 2556 | 17| 8 |04 | 16|18 | 12
13-18 176 199 | 2.891
19-24 170 229 | 3.153 }15 8 |04]|17(18| 12
25-36 165 257 | 3.392

Table 4. Growth rate (GR, g/d) and growth related daily requirements for
digestible energy (DE) and digestible protein (DCP) in foals.

age 200t 400t 6001
month GR | DE  DCP| GR | DE |DCP| GR | DE |DCP
g |Mcad| g g [Mcd| ¢ g |Mcd| g

3-6 344 | 1.28 | 134 | 656 | 2.37 | 256 | 984 | 3.49 | 388
7-12 242 1 099 | 126 | 440 | 1.93 | 230 | 560 | 2.38 | 298
13-18 132 | 0.68 | 64.6 | 264 | 1.33 | 132 | 429 | 2.07 | 216
19-24 87 | 048 | 41.1| 175 | 0.94 | 84.0| 295 | 1.55 | 143
25-36 44 | 0.26 | 20.0| 110 | 0.69 | 509 | 181 | 1.02 | 85.4

1 Mature body weight (kg)

For the derivation of complete requirements, the higher energy requirement
for maintenance compared to adults is taken into account (month [M] 3rd-6th:
0.21; M 7th-12th: 0.167; M 13th-18th: 0.151; M 19th-36th: 0.143 Mcal/kg BW°"
x d*). For foals kept outside or in groups an extra 20% is added. The recom-
mended relation DCP:DE Mcal of 20.9:1 is used to calculate maintenance
requirements for DCP in foals.

M acroelements

Endogenous losses and assumed utilization are the basic data for calculation of
macroelement requirements (Table 5). The utilization of calcium can be higher
than 60% if the Ca intake is low. The utilization of phosphorus is rather low,
recognizing theamount of Pin concentrateswhichismainly intheform of phytate-
phosphorus. The principle to combine endogenous losses with utilization to
calculate requirements fails in the case of chloride. Fecal losses are low and
nearly completely independent of Cl intake. Intake covering endogenous |osses
isnearly sufficient to avoid metabolic alkal osis, thetypical effect of Cl depletionin
horses asin other animals, but an increase in pH and bicarbonate in blood is still
present. At 80 mg/kg BW x d* normochloremiaas well as no influence on acid-

base balance can be expected; therefore requirement calculations are based on
these data.
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Table 5. Endogenous losses, utilization and derived daily requirement for

macroelements.

Ca [P |Mg[Na K [C
endogenous | osses mgkgBWxd” [30 [12 [7 [18 |40 |5
utilization % 60" [40° [35 |90 |80 100
maintenance requirement | mg/kgBW xd* (50 [30 |20 |20 [50 |&0°

LLower if Pintakeishigh

2Higher for P from inorganic sources, lower for Pin phytate

3Lessthan 80 mg C1/kg BW x d* and even balancing endogenous lossesis not sufficient to prevent changes
in acid-base balance.

Table 6. Sweat composition.

element g/l element mg/1
Na 3.1 P <10

K 1.6 Zn 11

Cl 5.5 Fe 5

Ca 0.12 Cu 0.3
Mg 0.05 Se traces

Table 7. Mean mineral accretion in fetus (F) and fetus plus adnexes (F+A) in 9th-
11th month of gestation (mg/kg BW x d?).

mature body weight, kg
200 400 600 800
element [ F F+A F F+A F F+A F F+A
Ca 18.1 19.9 15.2 16.7 13.7 15.1 12.7 14.0
P 9.6 10.6 8.1 8.9 7.3 8.0 6.8 7.5
Mg 0.36 0.40 0.31 0.34 0.28 0.31 0.26 0.29
Na 1.6 3.2 1.3 2.6 1.2 2.4 1.1 2.2
K 1.7 3.4 15 3.0 1.3 2.6 1.2 25
Cl 1.0 2.0 0.8 1.6 0.8 1.6 0.7 1.4

The sweat volume and sweat composition (Table 6) and mineral accretionin
fetus and adnexes (Table 7) determine exercise- and pregnancy-related require-
ments, respectively. The same utilization istaken into account asfor maintenance
requirements. Although the development of the fetus is nonlinear, formulation of
the pregnancy-related requirement is based on the average mineral accretion in the
fetus plus adnexes for the Sth through the 11th month of gestation. By recognizing
the adnexes, the net accretion in the fetus is elevated by 10% for Ca, P and Mg
and by 50 % for the electrolytes. Finally the composition of foal’s weight gain
and growth rate (Tables 3 and 4) makesit possibleto calculate the requirement for
growing horses. The results for a 500 kg horse are included in Table 1.
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Trace Elements

In general thereisalack of preciseinformation on the trace element requirementsin
horses. The current recommendations are in part taken from other species. The
usual dimension ismg/kg dry matter (DM), assuming amean DM intake of 2 kg/
100 kg BW x d™.

There are comparable recommendations for growing, breeding and
exercising horses (Table 8). The rather high iron (Fe) accretion during
pregnancy (75-185 pg/kg BW x dV as well as Fe output by milk contribute to
levels of 80-100 mg/kg DM. The higher demand for copper (Cu) in foals
compared to other horsesisreflected by 12 mg Cu/kg DM.

Vitamins

Similar to trace elements, the database for vitamin requirement is incomplete;
therefore the recommendati ons are assumptions and partly based on observations
in practice (Table 8). For the fat-soluble vitamins, GEH recommends a broad
range for horses. In part there is a higher intake proposed for exercising horses
(Vitamins E, B,). The results from experiments adding [>-carotene are controversial;
therefore no clear level can be expressed as a special carotene reguirement.
Although in some cases supplemental vitamins or vitamin-like substances may
be of benefit (folic acid - exercise, ascorbic acid - aged horses, carnitine - exercise),
the experimental results do not provide rationale for clear recommendations.

Table 8. Recommendations for trace el ements and vitamins in horse feeding.

maintenance and | breeding horses | foals
exercise
iron (Fe) mg/kg DM 60 80 80 80-100
copper (Cu) mg/kg DM 7-10 8 10 10 12
zinc (Zn) mg/kg DM 50
manganese (Mn) mg/kg DM 40
cobalt (Co) mg/kg DM 005 0.1
selenium (Se) mg/kg DM 0.15
iodine(I) mg/kg DM 01 0.2
vitamin A IE/kg BW x d* 75 100-150 [150 200
vitamin D IE/kg BW x d* 5 10 15 15 20
vitamin E mg/kg BW x d* 1 2t 1 1
vitamin B, mg/kg DM 32
vitamin B, mg/kg DM 25
biotin mg/kg DM 0.05

For strenous exercise 4 mg/kg BW x d*
2For strenous exercise 5 mg/kg DM
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Table 9. Mean dry matter (DM ) intake (kg/100 kg BW x d?).

BW, kg maintenance | exercise | gestation | lactation Growth, month of age

- mature - 3 6 |7 12 |12 24
200 13 16 |18 29|19 21|24 30|28 32|26 30|21 25
400 12 14 |15 24|16 18 |20 25|20 25|18 22|16 138
600 11 13 |14 22|14 16|18 23|19 22|18 20|15 17
800 10 12 |13 15/13 15|17 15|16 18|16 18|13 15

Feed and Water I ntake

The average DM intake varies between 1.3 and 3.2 kg/100 kg BW x d*. The
different values are summarized in Table 9. The mean water consumption is set at
3-3.51/kg DM (liters/100 kg BW x d*, foal s 7-10, mai ntenance 3-5, lactating mares
8, exercise 3-10). However, environment, interindividual variation, and feed type
can give reason for remarkable differences. In consequence, the best way to
supply fresh water is freely, indoors as well as outdoors.

Basic Limitsfor Ration Design

To create aration meansto fulfill the following characteristics:

a) covering requirement

b) keep total DM within the margins for DM intake

c) havearation which takes into account natural equine eating behavior

d) combine feedsin acompatible ration

€) keep theration in areasonable economical frame

The aspectsrelated to aand b are described earlier in this paper. With regard
to the natural behavior (~12-13 h/d spent on feed intake) we recommend 1 kg, but
at least 0.5 kg hay or an aternate roughage per 100 kg BW x d*. Beside the
horse's activity related to feed intake, the saliva production during chewing
(mainly a function of chewing time/g feed) is a further reason to require a
specific amount of roughage. Compared to grass or hay, the intake of concen-
tratesresultsin lower saliva production, accelerated gastric fill without bal anced
gastric emptying and a rather high dry matter percentage in gastric contents
(>30%). To prevent disturbances by this situation, the maximum amount of
concentrate is 0.5 kg/100 kg BW x meal™; that means in cases of high energy
requirement, 3 or more meals/day are necessary for a safe feeding system.

Selected Aspectsfor “Brain Storming”

Although nutrient requirements are closely examined before a new edition
of feeding standardsis published, some further points should be underlined.
A system to predict the energy content of individual feedstuffs by chemical
composition is an essential instrument in order to convert the knowledge about
reguirements into feeding practice. But there is a certain influence of the whole
ration on the feeding value of a single component of the ration. A reasonable
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prediction (aswell asan agreement asto what kind of cal culation anybody should
use) of feeding value for the whole ration and the isolated feed would offer
remarkable benefit, particularly on the market of mixed feeds.

The described classes of exercise (low, medium and high) in terms of the
x-fold of maintenance requirement are a rough but helpful approach to project
energy and nutrient requirements for exercise. But they consider the intensity of
exercise from the standpoint of requirement. In practice, however, horse keepers
need help adapting feeding level to exerciseintensity. Thisrequires evaluation of
requirement data in relation to duration and speed of exercise. This is very
important because many people assume that their horseisin hard work.

More knowledge about digestion in the small and large intestine would be of
interest, in particular the digestibility of protein and amino acids. The relation of
ammonia in colon draining veins to peripheral venous blood is about 10:1; that
means, the liver may be loaded by ammonia as a function of protein intake,
protein quality and microbial fermentation in the large intestine.

Observations on the changes in bones in young horses during the first weeks
of training stimulate discussion of the minera supply, particularly Ca intake.
However, at present it seems that elevated Ca intake alone is ineffective in
minimizing the risk of injury in early training.

There are different results dealing with the anion-cation balance (focused on
exercising horses). Possibly they can be introduced in the recommendation for
electrolyte supply. The rather high potassium concentration in roughage from
intensively used meadows aswell asthe possiblelink between glucose uptake by
the muscle and the el ectrolyte homeostasis substantiate the interest in the effects
of electrolyte balance in feed on the acid base balance in the horse.

Recent information on selenium in horses indicates that a low selenium
intake is not smply related to muscle problems and that the selenium reguirement
may be overestimated by the current data. The big variation in blood selenium
under identical feeding conditions poses the question for the optimal Se intake
and the suitable tool for assessment of Seingestion.

In general the vitamin intake is above the requirement if concentrates arein
use. One question reflects a possible interaction between vitamin A and vitamin
E in the case of vitamin A excess. A second oneisrelated to the requirement of
vitamin D. Some experimental dataindicate acertain degree of independence of
vitamin D intake for the horse. In consequence, it is doubtful if there is a
remarkable vitamin D reguirement in the horse; however, the typical recommen-
dations are higher than necessary.

In generd the supply of trace dementsand vitaminsisin excess of requirement in
many cases. Limits for a reasonable intake would complete the formulation of
recommendations.
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