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PROTEIN AND AMINO ACIDS

EDGARA.OTT
University of Florida, Gainesville, FL

Thedaily protein requirement of the horseisafunction of the endogenous nitrogen
loss and the nitrogen deposition and secretion by the animal. Since the horse has
only minimal ability to utilize non-protein nitrogen, most of the animal’s nitrogen
needs must be provided in the form of protein or amino acids. Like other
animals, the horse has a need for specific quantities of essential amino acids and
aneed for apool of nonessential amino acids. The dietary protein requirement of
the animal is a function of the amino acid needs of the animal, the amino acid
composition of thedietary protein, the digestibility of the protein and perhapsthe
restructuring of the amino acid profile of some of the protein in the hindgut of the
animal.

NRC (1989) Recommendations

With the exception of the lysine requirements of the growing horse, the protein
requirements are expressed as crude protein requirements. In most situations, the
crude protein needs of the animal were determined directly from the literature or
from calculations from information on the digestible protein needs.

Maintenance - The daily protein requirement for a horse at maintenance is
primarily afunction of endogenous nitrogen loss. Data in the literature indicate
that thisis 0.49 to 0.68 g of digestible protein (DP)/kg BW daily. The committee
selected 0.60 g DP/kg BW as appropriate for most horses. If we assume that
maintenance horses are likely going to sustain themselves on grass pasture or
grass hay and that the digestibility of that forage is 46%, the crude protein
requirement of the animal is calculated by dividing the 0.60 g DP by 0.46. This
gives a value of 1.30 g CP/kg BW or 650 g CP daily for a 500 kg horse. The
reguirement can also be expressed as afunction of the energy needs of theanimal
and would be 40 g CP/Mcal DE/daily. There was no information available on the
amino acid regquirements for maintenance although Slade et al. (1970) demon-
strated that the nitrogen reguirements of horses at maintenance could be satisfied
with a lower nitrogen intake from fish meal than from corn gluten meal. He
attributed this primarily to the increased digestibility of the fish meal but the
response could have a so been due to the amino acid composition of the protein.

Reproduction - The protein requirements for maintenance were considered
adequate for early gestation. This is because 60 to 65% of the fetal development
takes place during the last 90 days of gestation. This means that only 35 to 40%
of the development takes place during the first 8 months. Thiswould mean that a
500 kg marewith a requirement of 300 g DP/d would deposit about 5g DPinthe
fetus daily during early gestation. It would seem that protein deposition during
early gestation is of little significance to the mare, especially when we consider

237




238 Protein and Amino Acids

that the typical feeding program of 10 kg grass forage containing 8% CP would
provide at least 368 g DP daily without supplementation. During late gestation
the protein requirement increases due to the more rapid deposition of fetal
tissues. During thistime the mare will deposit about 26 g DP daily or about a9%
increase in her needs. This was handled by increasing the CP/Mcal DE from 40
to 44 and is probably quite liberal.

The protein requirement of the lactating mare is maintenance plus the protein
required for milk production. This was calculated by dividing the protein content
of the milk by the efficiency with which the animal converted dietary protein to
milk protein and multiplying that value by the milk production of theanimal. The
efficiency with which dietary protein is converted to milk protein was estimated
from dairy cattle data. Production figures were obtained from the literature and
were blocked into early (3% BW/d) and |ate (2% BW/d) |actation even though the
lactation curve is fairly well documented.

Growth - Based on numerous feeding trials where energy and protein intakes
could be calculated, the DE requirements of weanlings and yearlings were
estimated by the equation:

DE (Mcal/d) = (1.4 + 0.03 BW) + (4.81 + 1.17x - 0.023x2)(ADG)
where x = agein monthsand ADG isin kg/d

Based on data from at least ten feeding trials with growing horses it was
concluded that there was a relationship between protein and energy needs for
growth. Thisrelationship was cal culated to be 50 and 45 g CP/Mcal DE daily, for
the weanlings and yearlings, respectively. Some of these same experiments
allowed the calculation of the lysine requirementswhich were estimated to be 2.1
and 1.9glysine/Mcal DE daily, respectively. Based on these recommendationslysine
needs to be at least 4.2% of the protein for growing horses for maximum
efficiency.

Work - The protein requirement of the working horse is influenced by muscle
hypertrophy asthe animal trains, increased muscle protein content and perspiration
loss. Sweat contains 1.0 to 1.5 g N/kg sweat and horses can lose as much as 5 kg
swest/100 kg BW daily; therefore a 500 kg horse could lose 234 g protein daily
in the sweat (25 kg x 1.5 g/kg x 6.25). The recommendation for the working
horseisto keep the CP/Mcal DE ratio constant at 40 g CP/Mcal DE. Doubling the
energy expenditure would double both the energy requirement and the CP intake.
A 500 kg horse would therefore consume 656 g CP at maintenance and 1312 g
CP at intense work. This increased intake should more than meet the added
protein needs of the working horse.

Research sincethe NRC (1989) Publication

Maintenance - There is little new information on the protein-amino acid
reguirements of horses at maintenance. This suggests that there is a general
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acceptance of the recommendations at the DP level. Some may question whether
the 46% digestibility assumed by the NRC (1989) is applicable to all mainte-
nance Situations. Additiona information is available on the digestibility of forages.
Liebet al. (1993) determined thedigestibility of four hays: rhizoma peanut (15.9%
CP), dfafa(19.7% CP), Coastal bermudagrass (14.4% CP), and bahiagrass (7.1%
CP). The apparent digestihilities of the four were 70, 79, 63 and 25%, respec-
tively. Dugan et al. (1993) compared Coastal bermudagrass (14.8% CP) and
flaccidgrass (8.1% CP) and found digestibilities of 68.4 and 53.9%, respectively.
In astudy of four bermudagrass varieties containing 10.3 to 11.1% CP (McCann
et al., 1995) the protein digestibility was 63.5 to 66.7%. Comparisons of the
protein digestibilities of Coastal bermudagrass (8.28% CP), Matua (10.90% CP),
and afafa (16.44% CP) by Sturgeon et al. (2000) found digestihilities of 60.56,
64.11, and 76.38%, respectively. These studies verify that low protein forages
have low digestibility but suggest that moderate protein forages are much
better protein sources than NRC (1989) assumed. The above data are plotted in
Figure 1 to illustrate the relationship between protein content of the forage and
its apparent protein digestibility.

Figure 1. Relationship of hay protein to protein digestibility
Y=2.01x + 33.15, r=.51
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The apparent total tract digestibility does not tell the whole story. The amount
of protein that is digested in the foregut greatly influences the amino acid avail-
ability to theanimal. Thusfeeding programsthat provide proteinin aformthat is
readily digested in the foregut will have higher value to the animal than those
programs where a considerable portion of the protein is digested in the hindgut.
Thismay be especially true for combinations of forage and concentrate. If the
concentrate provides sources of highly digestible protein, the digestibility will be
considerably higher than shown above. Farley et al. (1995) have demonstrated
that for semi-purified diets providing 5, 9.5,14 and 16.5% CP where soybean
meal provided all of the supplemental protein, the apparent digestibilities were
62.9, 78.8, 85.8, and 87.4% and the prececal true digestion was 72%.
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Gestating and lactating mares - The requirements for protein for the gestating
and lactating mare have been calculated by the NRC (1989) based on tissue
deposition during gestation and milk composition and production during lactation.
Not many feeding trialsare availableto verify or modify those calculations. Glade
and Luba (1990) fed mares one of two programs during the last week of gestation
and for seven weeks of |actation. One group of mareswas fed acomplete pelleted
feed containing 17.92% CP at 1.25% BW/d or a mixture of 92% of the complete
pellet and 8% soybean meal fed at 1.20% BW/d. The two diets provided similar
energy intakes but the soybean meal supplemented diet provided slightly more
protein and adifferent amino acid mixture. Milk from the mares collected on day
seven was higher in alanine, aspartic acid, glutamic acid, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tyrosine,
and valine than milk from unsupplemented mares. Plasma from the foals from
mares fed soybean meal was higher for histidine, leucine, lysine, methionine,
and valine than the plasma from unsupplemented mares, resulting in increased
foal growth based on increased height gain. Thiswork suggeststhat the lactating
mare will respond to amino acid availability by altering milk composition and
that the foal will respond to this improved amino acid balance by increasing
growth.

Growing horses- Although it isobviousthat the protein requirement of the growing
horse is influenced by the amino acid content of the protein, we still have very
little information on the amino acid requirements. Saastamoinen and Koskinen
(1993) demonstrated that weanling foals 7 to 12 months of age would respond to
protein quality. They supplemented a basal diet with milk protein or barley
protein and measured increased weight gain (P < .01) and heart girth (P < .05) by
the milk supplemented foals. Graham et al. (1994) provided evidence that for
diets composed of 40% Coastal bermudagrass hay and 60% concentrate, threonine
isthe second limiting amino acid for yearling horses. Thiswork verified that the
yearling needs 1.9 g lysine/Mca DE and demonstrated that 1.7 g threonine/M cal
gave greater growth than 1.5 g threonine/Mcal. Similar response was reported by
Staniar et al. (1999). They supplemented mares and foals with either a 14% CP
concentrate or a 9% CP concentrate with 0.6% added lysine and 0.4% added
threonine. The foals on both programs grew at the same rate. The NRC (1989)
recommendations for protein and lysine were verified in a study by Coleman et
a. (1997). They fed weanlings a 60:40 afafa hay:concentrate diet providing
NRC (1989), 109% NRC and 112% NRC recommendations for protein and
lysine. Thediets provided 48.5, 52.4 and 57.3 g protein/Mcal and 1.99, 2.24, and
2.58 glysine/Mcal. They concluded that the NRC (1989) provided adequate protein
and lysine to support maximum growth under this type of feeding system. The
foalsgrew at 0.72 kg/d. A similar tria by Wall et a. (1997) a so found no difference
in growth response of yearlings fed 40:60 ratios of hay to concentrate using
bermudagrass hay supplemented with soybean meal vs afalfa based diets. The
rate of gain on these animals was 0.44 kg/d, probably because the animals were
older and they had limited access to the feed. In this study the animals consumed
only 1.9 % BW of DM daily. The results suggest that even though the animalson
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the soybean meal supplemented diet had greater nitrogen retention, the two protein
sources were similar in their ability to support growth.

Working horses - The effect of exercise on protein requirements has been inves-
tigated by several groups. Pagan et al. (1997) demonstrated that exercise would
reduce DM digestibility but had no effect on protein digestibility. Graham-
Thierset al. (1999) compared a 7.5% CP diet with added |ysine and threonine to
a14.4% CP diet for working horses. The low protein diet seemed to havelittle or
no adverse effect on the physiologica factorsrelated to energy or protein metabolism,
suggesting that the amino acid supplemented low protein diet was adequate to
meet the needs of the animals. High protein intakes appear to have little effect on
the metabolism of theworking horse. The extraamino acids are apparently deami-
nated as blood urea-N was higher in the animals receiving the high protein diet
but blood ammonialevels were not affected. Blood | actate level s were depressed
by the high protein diet suggesting that the high protein diet depressed glycogen
availability or that glycogen was spared by the availability of amino acids that
were used directly in energy metabolism. Blood alanine was lower in the horses
on the high protein diet.

Amino acids are known to play an important role in energy metabolism in
working muscle. The branched chain amino acids leucine, isoleucine and
valine provide a source of energy that should reduce lactic acid production
during strenuous work. Glade (1989) demonstrated that the administration of 25
g of amixture of leucine, isoleucine, valine, glutamine and carnitinein aratio of
7:5:5:0.2:0.1 before and after strenuous exercise for 9 weeks resulted in a
measurable decreasein plasmalactate (P<0.05) and decreased heart ratefor horses
doing treadmill work. Horses exercised to fatigue were shown to have a small
increase in muscle leucine (P < 0.05) and lysine (P < 0.05), alarger increase in
alanine (P < 0.001) and a decrease in glutamate (P < 0.001)(Miller-Graber et a.,
1990). Glutamate plays a key rolein intermediary metabolism by providing
o-ketogluterate for the tricarboxylic acid cycle and it can be transaminated to
alanine. Alanine can be transported to the liver whereit is converted to pyruvate
and ultimately glucose. It is therefore likely that as animals approach fatigue,
amino acids may play akey rolein meeting substrate needs.

This need may, however, be met by adequate amounts of high quality
protein. The administration of supplemental branched chain amino acids, L-
alanine, L-leucine, isoleucine, and L-valine one hour before training of Stan-
dardbred racehorses had no measurable beneficia effect on energy metabolismin the
animals (Stefanon et al., 1999). Likewise, horsesfed branched chain amino acids
before and after treadmill training, three times each week provided no evidence
of benefit when compared to unsupplemented animals (Casini et a., 1999).

Formulating to Meet the Protein and Amino Acid Needsof theHor se
It is evident from the above data that the protein requirement of the horse is

influenced by how well the protein provides for the amino acid needs of the
animal. It appears that lysine and threonine are the first limiting amino acids in
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grass-based feeding programs, but we have little or no data on the horse’s needs
for, or the availability of, the other essential amino acids. This presents a special
challenge when formulating diets since the amino acid composition of typical
feed ingredients used in horse feed varies considerably. If we examine the amino
acid requirements of growing swine (NRC, 1999) we find a recommended
relationship between lysine and the other essential amino acids. It should be noted
that the amino acid content of the typical swine diet may vary considerably from
theideal diet. A comparison of this relationship with the same information for the
growing foal gives us an insight into some of the challenges facing scientists as
we seek to refine the protein and amino acid requirements of the horse. In
general, the current recommendation for lysineis considerably lower, asapercent
of thetota protein, for horsesthan for swine. Thisleadsto consderable differencesin
the lysine to other essential amino acid ratios in typical horse diets compared to
swine recommendations. This variation can either frustrate us or challenge usto
gain more information on the amino acid needs of the horse.

It appears from available data that although all horses may have specific
requirements for amino acids, the growing foal is most sensitive to this
balance. Using the NRC (1989) recommendeations, the yearling (12 months) weighing
325 kg and growing at 0.65 kg/d will require 21.3 Mcal DE, 956 g protein and 40
glysine. If wefeed theyearling 40% Coastal bermudagrass hay (1.8 Mca DE.kg,
8.5% CP, and 0.3% lysine, as fed) and 60% concentrate (3.0 Mcal DE, 14% CP
and 0.60% lysine, as fed), we will meet the animal’s requirementsfor all three
nutrientsif he consumes 8.45 kg/d (2.6% BW). This program exceeds hisprotein
requirement but just provides his lysine needs. However, by adding L-lysine to
the concentrate we could provide this animal with a concentrate containing the
same energy and lysine content but only 12% CP (Table 1). Thiswould drop his
CPintaketo 66 g below hisrequirement (NRC, 1989) and still provide adequate
lysine and enough protein and lysine to achieve the same gain as the 14% protein
product will support. The advantage of this approach includes 1) more accurate
formulation to meet the animal’s amino acid needs, 2) lower protein content for
those horsemen concerned about high protein diets, 3) possible economic
advantage, and 4) lower nitrogen excretion and less nitrogen load on the
environment.

Based on the data avail able on working horses cited above, we may be able
to apply this same approach to mature horses.
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Table 1. Nutrient recommendationsfor concentrates for growing horses (as fed).

Hay:Conc. DE CP Lysine Threonine
Mcal/kg % % %

Weanlings

Concentrate 33:67 3.0 16.7 0.79 0.60

Alt. Conc. 1* 33.67 3.0 14.0 0.79 0.60

Alt. Conc. 22 40:60 33 155 0.88 0.67
Yearlings

Concentrate 40:60 3.0 14.3 0.62 0.52

Alt. Conc. 1* 40:60 3.0 12.0 0.62 0.52

Alt. Conc. 22 46:54 3.3 13.3 0.69 0.58

tAlternate Conc. 1 has 0.2% added lysine and 0.1% added threonine.

Alternate Conc. 2 has 5% added fat and will need to have about 10% higher concentrations of
nutrients.

References

Casini, L., D. Gatta, L. Magni, B. Colombani. 2000. Effect of prolonged
branched-chain amino acid supplementation on metabolic response to
anaerobic exercise in Standardbreds. J. Equine Vet. Sci. 20:120-123.

Coleman, R. J., G. W. Mathison, L. Burwash, and J. D. Milligan.1997. The effect of
protein supplementation of alfalfa cube diets on the growth of weanling
horses. 15th Equine Nutr. Phy. Sym., Ft. Worth, TX p. 59-64.

Dugan, K. G., K. R. Pond, J. C. Burns, D. S. Fisher, R. A. Mowery, J. A.

Moore, and T. G. Goodwin. 1993. 13th Equine Nutr. Phy. Sym. Gainesville,
FL p. 11-15.

Farley, E. B., G. D. Potter, P. G. Gibbs, J. Shumacher, and M. Murray-Gerzik.

1995. Digestion of soybean meal protein in the small and large intestine.
14th Equine Nutr. Phy. Sym., Ontario, CA p. 24-29.

Glade, M. J. 1989. Effects of specific amino acid supplementation on lactic acid
production by horses exercised on atreadmill. 11th Equine Nutr. Phy. Sym.
Oklahoma State U. p. 244-251.

Glade, M. J. and N. K. Luba. 1990. Benefits to foals of feeding soybean meal to
lactating broodmares. Equine Vet. Sci. 10:422-428.

Graham, P. M., E. A. Ott, J. H. Brendemuhl, and S. TenBroeck. 1994.

Effect of supplemental lysine and threonine on growth and development of
yearling horses. J. Anim. Sci. 72:380-386.

Graham-Thiers, P. M., D. S. Kronfeld, K. A. Kling, T. M. McCullough, and
P. A. Harris. 1999. Dietary protein level and protein status during
exercise, training and stall rest. 16th Equine Nutr. Phy. Sym.,

Raleigh, NC p. 104-105.

Lieb, S., E. A. Ott, and E. C. French. 1993. Digestible nutrients and voluntary
intake of rhizoma peanut, alfalfa, bermudagrass and bahiagrass hays by
equine. 13th Equine Nutr. Phy. Sym., Gainesville, FL p. 98-99.

McCann, J. S, G. L. Heusner, and G. Burton. 1995. Digestibility of four bermudagrass
cultivarsin mature horses. 14th Equine Nutr. Phy. Sym., Ontario, CA p. 84.




244 Protein and Amino Acids

Miller-Graber, P A., L. M. Lawrence, E. Kurcz, R. Kane, K. Bump, M. Fisher, and
J. Smith. 1990. The free amino acid profile in the middle gluteal before and
after fatiguing exercise in the horse. Equine Vet. J. 22:209-210.

NRC. 1989. Nutrient Requirements of Horses. 5th Revised Ed. National
Academy Press, Washington, DC.

Pagan, J.D., P. Harris, T. Brewster-Barnes, S.E. Duren, and S. G. Jackson. 1997. The
effect of exercise on the digestibility of an all forage or mixed diet in
Thoroughbred horses. 15th Equine Nutr. Phy. Sym., Ft. Worth, TX p. 128-132.

Saastamoinen, M. T. and E. Koskinen 1993. Influence of quality of dietary protein
supplement and anabolic steroids on muscular and skeletal growth of
foals. Anim. Prod. 56:135-144.

Slade, L. M., D. W. Robinson and K. E. Casey. 1970. Nitrogen metabolismin
nonruminant herbivores. I. The influence of nonprotein nitrogen and protein
quality on the nitrogen retention of adult horses. J. Anim. Sci.  30:753-760.

Staniar, W. B., J. A. Wilson, L. H. Lawrence, W. L. Cooper, D. S. Kronfeld, and
P. A. Harris. 1999. Growth of Thoroughbreds fed different levels of protein
and supplemented with lysine and threonine. 16th Equine Nutr. Phy. Sym.,
Raleigh, NC p. 88-89.

Stefanon, B., C. Bettini, P Guggia. 2000. Administration of branched-chain
amino acidsto Standardbred horsesin training. J. Equine Vet. Sci. 20:115-119.

Wall, L. H. Ill, G. D. Potter, P. G. Gibbs, and G. W. Brumbaugh. 1997. Growth of
yearling filliesfed alfalfa or soybean meal. 15th Equine Nutr. Phy. Sym.,

Ft. Worth, TX p. 3-7.

Kentucky. ?
me =<
Equ T =




