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Summary

Weanling foals are sensitive to the quality of dietary protein, i.e. amino acid supply. Lysine and threonine have been indicated as the two
first-limiting amino acids for growth, but data on other amino acids are inadequate for establishing any accurate recommendations. Dietary
protein quality has been reported to influence the amino acid profile of serum, and the blood amino acid concentrations and amino acid in-
takes reported in certain studies may have some value as guidelines in determining the amino acid requirements of growing horses. The
energy requirements of weanling foals depend on age, growth rate and proportion of the utilized growth potential. Furthermore, the require-
ments for growth are influenced, e.g., by the ambient temperature and the type of energy source fed to foals.
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EiweiB-, Aminosauren- und Energiebedarf von Absetzfohlen und Jahrlingen

Absetzfohlen sind sensibel gegeniber Veranderungen in der Qualitét des Futterproteins, d.h. der Aminosaurenzufuhr. Lysin und Threonin
sind als die beiden erstlimitierenden Aminosauren fir wachsende Pferde beschrieben worden; die Daten fur die Ubrigen Aminosauren hinge-
gen lassen eine prézise Versorgungsempfehiung nicht zu. Andererseits beeinfluBt die Qualitdt des aufgenommenen Rohproteins das Ami-
nosaurenmuster im Blutserum; demnach geben Daten zu den Aminosaduren im Blut und der Aminosaureaufnahme aus verschiedenen Unter-
suchungen Anhaltspunkte zur Bestimmung des Aminos&urenbedarfs wachsender Pferde. Der Energiebedarf von Absetzfohlen hangt von Al-
ter, der Kérpermasseentwicklung und ausgenutzten Wachtumskapazitat ab. Weitere EinfluBfaktoren fir den Bedarf von Jungpferden sind

Umgebungstemperatur und Art der verwendeten Energietrager.

Schlisselwérter:  Energie, Erndhrung, Fohlen, Pferde, Protein

Introduction

The growth rate of foals is influenced by diet, predominantly
by energy and protein. The growth of foal during its first
year is very rapid. At the age of 12 months, a horse has
achieved about 65% of its adult weight and more than 90%
of its adult height. At 18 months of age, the weight of year-
ling is about 77% and the height 95% of the adult measure-
ments. Thus, the proper nutrition of weanlings and year-
lings to ensure normal growth and development sets great
demands on breeders.

Several studies conducted during the past years have dealt
with the effect of nutrition on the growth and development
of foals. The present paper reviews several of these studies
and recommendations concerning the protein, amino acid
and energy requirements of weanlings and yearlings.

Protein

Pre-caecal digestion has a major role in protein digestion in
horses, the small intestine being the primary site of protein
digestion and amino acid absorption. Dietary protein which
escapes digestion in the small intestine and reaches the
hindgut is degraded to ammonia. Consequently, protein
digestion and absorption in the horse closely resembles
these functions in pigs, dogs and chicken (Reftnour et al.
1970).

Pferdeheilkunde 12

In their study, Reitnour et al. (1970) concluded that residual
and endogenous nitrogen reaching the caecum can be
modified by microbial synthesis. Microorganisms of the lo-
wer digestive tract may, therefore, improve the biological
value of low-quality protein in horses with a mature intesti-
nal microfloral ecosystem, i.e. adult horses (Slade et al.
1970; Kennedy and Hershberger 1974). Thus, young gro-
wing horses require high-quality protein, and several stu-
dies show that they are sensitive to protein level and quali-
ty, responding to indispensable amino acid supplementa-
tion with improved growth. Godbee and Slade (1981) re-
ported that urea added to a diet that is marginally adequate
in protein improves the weight gain of yearlings and two-
year-olds, but not of weanlings.

Only a small proportion of the amino acids present in
microbial protein is made available for direct utilization and
can be absorbed from the large intestine. In addition,
dietary factors such as the content of nondigestible but fer-
mentable carbohydrate may affect bacterial protein synthe-
sis in the large intestine, thereby altering the apperent crude
protein digestiblity.

Dietary fat supplementation has been reported to result in im-
proved ideal digestibility of amino acids and to have a pro-
tein-sparing effect in growing-finishing pigs (fmbeah and Sau-
er 1991; Li and Sauer 1994). This may be due to delayed

297



Protein, amino acid and energy requirements of weanling foals and yearlings

gastric emptying and slower rate of passage of the diet in
the small intestine (Li and Sauer 1994). Thus, it may ac-
count for the improved growth and feed efficiency resulting
from fat supplementation reported in growing horses (Davi-
son et al. 1991; Saastamoinen et al. 1994). Furthermore,
enzyme specificity is an important determinant of apparent
amino acid absorption in the small intestine. Glade and Sist
(1990) reported that yeast culture may improve protein di-
gestibility and amino acid balance in growing horses. In-
creased protein intake has also been reported to improve
the apparent digestibility in horses (Reitnour and Salsbury
1976; Schryver et al. 1987).

It has been shown in several studies that the protein require-
ment of horses is smaller when they are given good-quality
protein than when given poor-quality protein. Inclusion of the
first-limiting amino acids in the diet may improve amino acid uti-
lization through an improved amino acid balance (Smith and
Scott 1965). Thus, when high-quality protein is added to the
diet, proportinately more amino acids can be used for protein
synthesis. It is likely that dietary protein and essential amino
acid requirements will vary along with the composition of the
diet and the quality of protein. Cereals which are normally fed
to horses are deficient in several essential amino acids inclu-
ding lysine, threonine and tryptophan (Melflo 1993). These criti-
cal amino acids are also the least digestible of all the essential
amino acids, particularly in cereals. Imbalanced mixtures of
amino acids further decrease the utilization of limiting amino
acids and reduce food intake and growth {(Meflo 1993).

The protein requirements of foals are higher than those of other
horses and depend on their growth rate and growth potential,
as well as on the protein content of gain (Tab. 1). Also the main-
tenance requirements in growing horses is higher than in adult
horses (Meyer 1983). Growth rate is regulated by the breed and
by individual differences as well as the age and growth stage of
the foal. Both growth rate and the protein content of gain
decrease with age (Meyer 1983). Serum urea levels declined
with age may suggest that protein requirements decrease after
the age of 9-10 months (Saastamoinen et al. 1994), and studies
have also shown that weanlings do not benefit from protein

Tab. 1: Protein content of foal’s gain (Meyer 1983)

EiweiBgehalt im Zuwachs von Fohlen

Age (months) Protein g/kg gain
3-6 197
7-12 186
13-18 177
19-24 170
25-36 165

supplementation after 8-10 months of age (Jordan and Myers
1972; Cymbaluk 1990a; Saastamoinen and Koskinen 1993).

Dietary crude protein contents of over 12%, ranging between
12 and 16%, are recommended, or are reported to result in

298

the best growth in weanlings and yearlings (Hintz et al. 1971;
Yoakam et al. 1978; Ott et al. 1981; Cymbaluk 1990a; Saasta-
moinen and Koskinen 1993; Saastamoinen et al. 1994; NRC
1989). Neither urinary calcium excertion nor calcium absorpti-
on was affected by protein intake (9-20% CP) of weanling fo-
als in the study by Schryver et al. (1987). The increment of
protein content from 14 to 20% CP had neither beneficial nor
harmful effects on growth. On the other hand, bone turnover
was depressed and growth rate declined in foals fed a
low-protein (9% CP) diet, compared to foals fed 14 and 20%
diets.

Excess dietary protein has been found to reduce the growth
of growing ponies (Yoakam et al. 1978). This is obviously
due to the fact that excess protein may cause additional
energy costs due to extra heat increment because of the
catabolism of the excess amino acids (Henry et al. 1992).
An inrease in growth in response to an increasing dietary
protein level can only occur when essential amino acids are
the limiting nutrients for growth. The effect of dietary protein
level on growth is generally confounded with the ammount
of lysine in the diet.

The digestible crude protein (DCP) recommended in Finnish
(FFT 1995), French (Martin-Rosset 1990) and German (DLG
1984) recommendations vary between approximately 450
and 500 g DCP for weanlings (6-7-8-12 months of age;
mature weight 500 kg), and between 400 and 450 g for
yearlings, assuming that the lysine level is as recommen-
ded. The recommended intakes by NRC (1989) are some-
what higher, assuming digestibility of crude protein to be
65-70%. The recommended energy-to-protein ratio is a-
bout 0.13 and 0.16 MJ DE/g DCP for weanlings and year-
lings, respectively (DLG 1984; FFT 1995).

Exercise seems to help maintain the growth rate in young hor-
ses fed low-protein (6-8% CP) diets, and regurlarly exercised
growing horses may be given diets of somewhat lower protein
concentrations than recommended (Orton et al. 1985). No
amino acid intakes, however, were reported in their study.

Amino acids

The need for individual amino acids in foals is not well known.
However, the following 10 indispensable amino acids are re-
quired for growth in the rat: arginine, histidine, isoleucine, leu-
cine, lysine, methionine, phenylalanine, threonine, tryptophan
and valine (McDonald et al. 1988). The list required by pigs is
similar, with the exception of arginine and histidine. Lysine and
threonine have been reported to be growth-limiting amino
acids in weanlings and yearlings (e.g. Graham et al. 1994),
and arginine in nurslings (Buffington et al. 1992).

Amino acids taken up from the blood after feed ingestion as
well as those generated by the breakdown of muscle protein
may be used for protein synthesis (Goldberg and Chang
1978). The availability of amino acids (high-quality protein sup-
ply) promotes protein synthesis and inhibits protein breakdo-
wn in muscle, as in other cells (Goldberg and Chang 1978).
The release of amino acids from skeletal muscle reflects the
catabolism of muscle protein and synthesis of some amino
acids in this tissue (Teleni 1993).
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Essential amino acids are taken up by the body tissues from
the blood at rates proportional to the amino acid requirements
of the animal (Longenecker and Hause 1959). There is a rela-
tionship between dietary protein quality and free amino acid
levels in blood (Longenecker and Hause 1959; Prieto et al.
1994), but some other factors, besides the concentration of
amino acids in the ingested diet, such as endogenous nitro-
gen entering the digestive tract, may be expected to alter this
relationship (Reitnour et al. 1970). However, normally plasma
amino acid levels are dependent on the rate of absorption into
the blood and their removal from the blood by the body tissues.
The amino acids are removed from the blood at rates propor-
tional to the animal’s requirement for each amino acid, and
deficiency of an amino acid in a diet causes a lowering of the
concentration of this amino acid in the blood (Longenecker
and Hause 1959; Burris et al. 1975). On the other hand, ex-
cess amino acids not needed for tissue synthesis accumulate
in the blood. Elevated amino acid levels due to high-quality
protein supplementation in adult and growing horses have been
reported by Reitnour and Salsbury (1975), Reitnour (1978),
and Saastamoinen and Koskinen (1993). Blood amino acid
concentrations of foals must be interpreted critically because
of the effect of age on amino acid content.

Lysine is the most intensively investigated amino acid in hor-
ses, and the detrimental effect of an inadequate supply of lysi-
ne on growth is well documented in the literature. Conse-
quently, lysine has been concluded to be the most limiting
amino acid for growth {e.g. Hintz et al. 1971; Ott et al. 1979,
1981). The current recommendations for the lysine intake of
weanlings is 0.5-0.7% in feed (Meyer 1992; NRC 1989; FFT
1995), or 0.50-0.60 g/MJ DE (Hintz et al. 1971; Ott et al.
1979, 1981; Meyer 1992, NRC 1989; Saastamoinen and Kos-
kinen 1993; Saastamoinen et al. 1994). For yearlings, the re-
commended lysine content is 0.5% (NRC 1989) or 0.4 g/MJ
DE (Meyer 1992). In the different recommendations, these fi-
gures correspond to approximately 35-40 g/d for weanlings
and yearlings expected to attain 500 to 550 kg mature
weight. Schryver et al. (1987) found no significant improve-
ment in growth rate when the lysine content was increased
from 0.70 to 1.26%.

Figures 1 and 2 illustrates the effect of dietary lysine con-
tent on muscle growth and weight gain. According to stu-
dies, weanlings are most sensitive to protein quality before
the age of 8-10 months (Jordan and Myers 1972; Cymba-
luk 1990a; Saastamoinen et al. 1994). Cymbaluk (1990a)
reported that a 0.45% lysine content is adequate for (draft
horse) weanlings after 10 months of age.

Graham et al. (1994) recently suggested threonine to be the
second-limiting amino acid for yearling horses. In their stu-
dy, threonine supplementation resulted in an increase in
muscle gain owing to an assumed improvement in amino
acid balance. They recommend a threonine content of
0.51% in concentrate, correspondig to 39.0 g/d for year-
lings. According to Finnish studies with weanlings (Tab. 2),
0.47-0.50% (approx. 32.3 g/d) together with an adequate
lysine intake is deemed to be sufficient for weanlings.
Methionine, an important source of sulphur and methy!
groups for muscle and connective tissue synthesis, if sup-
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Fig. 1: Body weight growth of foals supplemented with high-(e;
42 g lysine/d, 605 g DCP/d) and poor-(3; 31 g lysine/d,
584 g DCP/d) quality protein. (Saastamoinen and Koski-
nen 1993)

Entwicklung der Kérpergewichte von Fohlen mit der hdch-
sten (@; 42 g Lysin/d, 605 g verd. Rohprotein/d) und der
niedrigsten {J; 31 g Lysin/d, 584 g verd. Rohprotein/d)
Proteinqualitat

LDM depth (mm)
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Fig. 2: Growth of longissimus dorsi muscle (LDM) in foals supple-
mented with high-(@; 42 g lysine/d, 605 g DCP/d) and
poor-(7; 31 g lysine/d, 584 g DCP/d) quality protein. (Saas-
tamoinen and Koskinen 1993)

Wachstum des Longissimus dorsi bei Fohlen mit der
hochsten (@; 42 g Lysin/d, 605 g verd. Rohprotein/d) und
der niedrigsten (3; 31 g Lysin/d, 584 g verd. Rohprotein/d)
Proteinqualitat

plied in excess (>8.7 9/250 kg bwt), has been reported to
inhibit calcium and phosphorus reabsorption (Glade et al.
1985). However, Saastamoinen et al. (1995) found no detri-
mental effects due to feeding 12-14 g/d methionine to we-
anlings (aged 6-12 months, weighing about 260-360 kg).
The average intake of 13.7 g/d presented in Table 2 was
deemed, therefore, to be suitable for weanlings, and invol-
ved no detrimental effects. On the other hand, the methio-
nine content of mare’s milk is low (Pefltonen et al. 1980;
Doreau et al. 1990), and methionine can not be suggested
to be a limiting amino acid for growing horses.
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Tab. 2: Calculated intakes of nine essential amino acid (g/d) from different experimental diets and at the

end of nursing period (see text) by weanlings.

Errechnete Aufnahme von 9 essentiellen Aminoséauren (g/d) aus verschiedenen Futtermitteln

und am Ende der Saugezeit (siehe Text) bei Absetzern

Diet End of nursing
1 2 3 4 5 6 Milk Solid Total
feed

Arg 40.8 43.4 38.9 41.6 41.9 39.8 9.0 34.0 43.0
Hist 191 17.3 18.7 19.7 17.8 20.5 4.1 15.0 19.1
Isol 34.7 33.0 33.7 33.4 30.6 34.9 8.6 26.0 34.6
Leu 61.3 58.5 59.6 59.1 64.0 61.6 16.2 46.0 62.2
Lys 40.4 36.6 41.0 39.0 29.7 40.3 13.5 21.5 35.0

.58% .53% .62% .59% 45% 62% .70%
Met 14.2 12.2 12.6 13.7 131 14.2 3.6 10.0 13.6
Phen 42.0 43.5 39.9 42.9 44.3 42.5 6.3 35.0 41.3
Thr 33.2 33.4 31.5 31.8 29.9 32.6 7.2 26.0 33.2

A7% 48% 48% 48% 45% .50% .66%
Val 443 43.6 43.2 43.0 41.0 43.8 9.9 35.0 44.9
DM 7.0 7.0 6.6 6.6 6.6 6.5 5.0

Data from Saastamoinen and Koskinen 1993; Saastamoinen et al. 1994; Saastamoinen et al. 1995

Data on other amino acids in foals are inadequate to estab-
lish any accurate recommendations. However, data con-
cerning the intakes and blood levels of these amino acids
(Tab. 2) may be indicative in this respect.

The intakes of nine essential amino acids by weanlings (250 kg)
at the end of nursing period can be calculated, assuming a milk
production of 10 kg with a protein content 1.8-1.9% (Gibbs et
al. 1982; Burns et al. 1992), and the amino acid contents re-
ported by Peltonen et al. (1980) and Doreau et al. (1990) at the
end of lactation, as well as feed intake of foals as given by DLG
(1984) and NRC (1989), and using the amino acid contents gi-
ven for typical solid feeds. E.g., the calculated lysine intake, ap-
proximately 35 g/d with 13.5 g of it obtained from the milk, cor-
responds to the range of recommended levels for weanling
foals. Also with the other amino acids the calculated intakes
from the different protein supplements (not shown) correspond
to the amount provided by milk. The amount of methionine pro-
vided from milk or from the protein supplement was low com-
pared with that provided from solid feeds, and thus, compared
with the total intake. Methionine may not, therefore, be a limi-
ting amino acid for growing horses. All diets except the one
containing 0.45% lysine and threonine (Diet 5 in Table 2) resul-
ted in a growth rate that can be considered normal. In addition,
foals on Diet 5 had decreased serum lysine and threonine le-
vels (Saastamoinen and Koskinen 1993). Contents of trypto-
phan in mare's milk and in the diets (Tab. 2) and blood of
weanlings have not been reported.

Balance and interactions between individual essential amino
acids, as well as between the overall essential amino acids
and protein may affect growth, and should, thus, be studied
further. It has been reported that at the same level of lysine
intake, the increment of dietary protein supply in pigs did not
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improve growth rate but, in fact, decreased it as a result of
the catabolism of excess protein (Henry et al. 1992).

Energy

Weight gain can be stimulated to a greater extent than ske-
letal growth by energy intake (Thompson et al. 1988). The
energy requirements for growth are important because
energy intake may influence skeletal development and the
incidence of developmental problems. Cymbaluk et al.
(1990) reported that ad libitum fed (119 to 144% NRC-
1978) (77-94 MJ DE) foals had a higher occurence of con-
formational and muscoskeletal abnormalities than foals fed
restricted diets. They also grew faster and had better DE
efficiency. Also Savage et al. (1993) reported skeletal ab-
normalities in foals fed excess energy (129% NRC-1989)
(81 MJ DE). On the other hand, Thompson et al. (1988) found
no detrimental effcets on growth or bone development due
to high energy (159% NRC-1978) (97.5 MJ DE) or protein
(275% NRC-1978) intakes, although there was a decrease
in mineral deposition into bone.

The accelerated growth causing skeletal abnormalities is
largely due to high intake of carbohydrates, which in turn
causes hormonal changes stimulating a rapid growth of
cartilage, resulting in improper cartilage maturation (Glade
et al. 1984). Consequently, reducing the grain intake has
been reported to be associated with fewer signs of skeletal
abnormalities. Compensating carbohydrates in the diet by
using fats as the energy source may have positive effects
on bone formation in weanlings and yearlings (Davison et
al. 1991; Saastamoinen et al. 1994). Furthermore, accor-
ding to Donato et al. (1987), growing animals appear to uti-
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lize energy from dietary fat more efficiently than energy from
dietary carbohydrates.

After weaning, the change to a new energy source may first
decrease the energy intake, but later as intake increases, ra-
pid compensatory growth may take place, which may result
in or predispose to skeletal abnormalities. Thus, the correct
dietary conditioning of foals prior to weaning is essential.
Topliff et al. (1988) suggested that weanlings which are not
genetically predisposed to severe developmental orthopedic
problems are not affected by high levels of nutrition.
Weanlings (6-month-olds) and yearlings require 46 and 65
MJ DE per kg of gain, respectively (NRC 1989). American,
Finnish, French and German recommendations for normal
or optimal growth vary between 62-65 MJ DE/d for wean-
lings (from 6-7 to 12 months of age) and 66~79 MJ DE/d
for yearlings, the highest recommendations being those of
NRC (1989). The Danish recommendations (Staun 1990)
are about 10 and 12% lower, respectively.

It has been recommended that foals and yearlings with ske-
letal abnormalities or at risk should not be overweight. The
levels to which energy (and/or protein) intake in such cases
should be reduced depend upon the individual case. Fur-
thermore, height gain (length of bones) continues even after
the restriction of body weight gain by decreased energy
and protein intakes (Hintz 1992). Cymbaluk et al. (1989)
concluded that if energy intake in young horses must be re-
gulated, both concentrate and hay intake must be control-
led. When restricting energy, the diets must, however, be
supplemented to meet the need for other essential nutri-
ents for growth. E.g., to maintain skeletal quality during ra-
pid growth periods, protein intake has to be proportional to
energy intake (Thompson et al. 1988).

If growth is reduced by restricted energy intake, this may re-
sult in compensatory growth at a later date. It has been re-
ported that foals on restricted diets compensate for the gro-
wth loss while on pasture (Ellis and Lawrence 1978; Martin-
Rosset 1983; Staun et al. 1987). French studies suggest that
weanlings can be fed 20% below the current energy recom-
mendations during the first winter, due to compensatory
growth during the next summer (Bigot et al. 1989).
Temperatures have been reported to affect DE intake and
requirement in growing horses. However, daily temperature
fluctuations under cold conditions have very little effect on
weight-scaled energy intake by full-fed horses; weight-scated
DE has been found to increase by 0.2% per 1°C decrease
in mean daily temperature below 0°C (Cymbaluk et al.
1989). Also the maintenance energy requirement was hig-
her in cold-housed than in warm-housed foals (Cymbaluk
1990b). According to Canadian studies (Cymbaluk and
Christison 1989; Cymbaluk et al. 1989), cold-reared wean-
ling horses may need 3 to 6% more DE for growth and
maintenance per 1°C in temperatures below —10°C. Thus,
environmental factors, including precipitation and wind,
must be considered in defining the DE requirements of gro-
wing horses housed outdoors without shelter. Furthermore,
as regards foals in outdoor housing, energy recommenda-
tions should also be corrected for energy consumption for
free moving. According to Orton et al. (1985), exercise in-
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creases the apparent digestiblity of energy and dry matter
in young horses.

Yeast culture has been reported to increase fibre fermenta-
bility, which may increase the energy available for additional
tissue growth (Glade and Biesik 1986). Energy efficiency
may also be improved by substituting grain (carbohydrates)
with fats in the diet of weanlings and yearlings (Davison et
al. 1991; Saastamoinen et al. 1994).

Conclusions

Lysine and threonine have been indicated as the two first-li-
miting amino acids for growth, but data on other amino
acids are insufficient for establishing any accurate recom-
mendations. In addition to growth rate and age of the foal,
the energy requirements for growth are influenced e.g. by
the ambient temperature and the type of energy source.
However, not enough is known about the effects of cold
weather and cold conditions or of free moving on growth
and energy demands.

Balance and interactions between different nutrients and
nutrient sources may affect growth, and thus, call for addi-
tional study. Long-term research is also needed to establish
more accurate recommendations. More research is also re-
quired on the use of growth and weight measures for the
accurate monitoring of growth rate and for optimizing the
nutrient intakes of growing horses.
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