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THE EFFECT OF ARTIF ICIAL REARING ON THE GROWTH 
OF FOALS 1'2'3'4 

D. A. Knight s and W. J. Tyznik s 

The Ohio Agricultural Research and Development Center and The Ohio State University, 
Columbus 43210 

Summary 

Fourteen Quarter Horse foals were used to 
evaluate the effects of artificial rearing on 
growth. Seven foals were removed from their 
dams at 3 d of age and fed a reconstituted 26% 
crude protein (CP) milk replacer free choice for 
1 too, at which time ad libitum solid feeding 
began. Controls were weaned from their dams 
at 2 mo of age and fed a 21% CP concentrate 
ad libitum until  the end of the trial. Variables 
measured during the 26-wk trial were live body 
weight, height at the withers and length of 
body from point of shoulder to point of hip. 
No significant differences were found between 
the two groups, except during wk 8 where 2-mo 
weaned foals were slightly heavier (P<.10). 
Average daily gains for artificially reared and 
2-mo weaned foals were .95 and .98 kg, respec- 
tively. 
(Key Words: Artificial Rearing, Early Weaning, 
Equine, Growth, Foals.) 

Introduction 

The ability to raise livestock using artificial 
rearing systems has been well documented in 
lambs (Hinds, 1960; Wardrop, 1960;Owen and 
Davies, 1965, 1968; Orskov et al., 1971), 
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calves Aitken, 1963; Harshbarger and Nosker, 
1964) and pigs (Leibbrandt et al., 1975; Lecce 
and Coalson, 1976; Lecce et al., 1979). Little 
data exist concerning the early weaning of 
foals. While many orphaned foals have been 
raised successfully, there has been much con- 
cern expressed by horsemen as to whether the 
orphaned or early-weaned foal can reach the 
same size at maturity as the foal reared by its 
dam. 

The main objective of this experiment was 
to study the effect of artificial rearing on the 
growth o f  foals from birth to 6 mo of age. 
Foals weaned abruptly at 2 mo served as con- 
trois. A second objective was to test the feasi- 
bility of providing milk replacer ad libitum in 
order  to reduce the heavy labor demands that 
are generally required with current artificial 
rearing systems. 

Materials and Methods 

Fourteen Quarter Horse foals were alternate- 
ly assigned at birth to one of two treatment 
groups in order to minimize seasonal effects. 
The two treatment groups were: A) removal 
from the mare at 3 d o f  age and artificially 
reared and B) weaned from the mare at 2 mo of 
age. There were five colts and two fillies in 
treatment A and five fillies and two colts in 
treatment B. 

Foals placed on an artificial rearing system 
were removed from their dams 3 d postpartum 
and isolated for approximately 4 h. Previous 
research at this station (unpublished) estab- 
lished that a 4-h isolation period enhanced the 
acceptance of liquid diets by foals. The milk 
replacer (table 1) was mixed at a 5:1 ratio with 
water at 32 C in a plastic bucket. The foals 
were encouraged to nurse by directing their 
heads toward the bucket. Once the foals drank 
the replacer, the bucket was placed on a hook 
approximately 76 cm from the floor. The foals 
were individually fed freshly mixed replacer at 
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TABLE 1. PERCENTAGE COMPOSITION 
OF MILK REPLACERa, b 

Item % 

Soy flour (IFN 5-04-592) 26.0 
Sweet whey (IFN 4-01-182) 42.75 
Animal fat (IFN 4-00-376) 20.0 
Casein (IFN 5-01-162) 10.0 
Calcium carbonate (IFN 6-01-069) .625 
Premix c .625 

aDry matter basis. 

bcontains 26% crude protein, 20% ether extract 
and .75% fiber. 

CVitamins and minerals supplied to exceed require- 
ments by 20%. Contains 50 g chlortetracycline/ton of 
finished product. 

mo  trial. Feed consumpt ion  data  are expressed 
on a dry  ma t t e r  basis unless otherwise noted.  

Individual feed intakes, bo th  liquid and 
solid, were recorded for  the  artificially reared 
foals during the  first 2 mo  of  the  trial. Due to 
the  design o f  the  equine facili ty,  it was impos- 
sible to stall and feed the  foals individually dur- 
ing the final  4 mo of  the  trial. Therefore ,  daily 
feed intakes are repor ted  as pen averages. 

Live b o d y  weight,  wi ther  height  and body  
length f rom po in t  o f  shoulder  to point  of  hip 
were  measured on  a weekly  basis f rom birth 
unti l  6 mo of  age. Measurements  were  taken 3 
to 4 h after  the  morn ing  feeding. 

Data were analyzed as a comple te ly  random- 
ized design using the  one-way analysis of  var- 
iance (Steel and Torrie ,  1960). 

0800 and 1600 h. Milk no t  consumed was mea- 
sured and discarded. Buckets were scrubbed 
daily. All milk replacer,  wi th  the  except ion  o f  
the  first meal,  was mixed  and provided at r o o m  
temperature .  The  foals were  also offered ~23 kg 
of  a milk-based pellet  6 free choice at 3 d o f  
age. As the  foals '  appet i te  increased, the amoun t  
fed increased unti l  a m a x i m u m  level o f  1.36 
k g . f o a F  1-d  -1 was reached. At  this point ,  .23 
kg o f  the  concent ra te  feed ( table 2) was added 
and increased by  .23-kg increments  as the de- 
mand increased. Foals  were turned ou t  for  1 to 
2 h each day to exercise. At  1 mo  of  age, the  
foals were  moved  to a 3.6 x 5.5 m foaling stall 
wi th  an adjoining paddock  in which to exer- 
cise at will. The  milk  replacer was e l iminated 
f rom the  diet  and the milk pel le t -concentra te  
mix tu re  was cont inued ad l ibi tum to 2 mo  o f  
age. At  this t ime,  foals were  moved  to a large 
drylot  wi th  access to an adjoining loafing shed 
and pasture and received only  the  corn-soybean 
meal (SBM) concent ra te  ad l ib i tum until  6 mo 
o f  age. Foals in the  cont ro l  group were weaned 
abrupt ly  f rom their  mares at 2 mo  of  age and 
placed in the  dry lo t  with the  o the r  foals. Water, 
trace mineral ized salt, l imes tone  and dicalcium 
phospha te  7 were  offered on a free-choice 
basis t h roughou t  the  s tudy.  All lef tover  feed 
was measured and recorded th roughou t  the 6- 

6 Start-to-Finish, Milk Specialties Co., Box 278, 
Dundee, IL 60118. 

7Dynafos, International Minerals and Chemicals 
Corp., Mundelein, IL 60060. 

Results and Discussion 

Growth  data  for the 26-wk trial are present- 
ed in tables 3 and 4. Artificial  rearing did not  
significantly affect  the growth o f  foals to 6 mo  
of  age. Foals tha t  were artificially reared weighed 
less (P<.10)  than foals in the cont ro l  group at 8 
wk,  but  this d i f ference was no longer  evident 
by 10 wk of  age. 

Average daily gains o f  the artificially reared 
foals decreased gradually during the  first 3 mo 
and were s ignif icantly lower than  the controls 
at 2 mo of  age. Foals in the  cont ro l  group ex- 
perienced a decrease in daily gain during the 
third month ,  which may have been at t r ibutable  
to postweaning stress. Most o f  this weight loss 

TABLE 2. PERCENTAGE COMPOSITION 
OF CONCENTRATE a,b 

Item % 

Ground corn (IFN 4-02-931) 
Soybean meal, 44% (IFN 5-04-604) 
Cane molasses (I FN 4-02-696) 
Limestone (I FN 6-02632) 
Dicalcium phosphate (IFN 6-01-080) 
Brewers yeast (IFN 7-05-528) 
Trace mineralized salt c 
Vitamins A and D d 

60.4 
33.0 

3.0 
1.0 
1.0 

.5 
1.0 

.1 

aDler calculated to contain 21% crude protein, 
.5% Ca and .4% P. 

bAs-fed basis (97.3% DM). 

Csupplied per kilogram of feed: 35 mg Zn, 28 mg 
Mn, 17.5 mg Fe, 3.5 mg Cu, .7 mg I, .7 mg Co. 

dsupplied per kilogram of feed: 30,000 IU vitamin 
A, 33 IU vitamin D 3 . 

 by on November 17, 2009. jas.fass.orgDownloaded from 

http://jas.fass.org


ARTIFICIAL REARING OF FOALS 

TABLE 3. GROWTH OF QUARTER HORSE FOALS ARTIFICIALLY REARED (A) 
AS COMPARED WITH CONTROLS (B)a, b 

Week 

Measurement 

Treatment Body weight, kg Wither height, cm Body length, cm 

1 

4 

8 

12 

16 

20 

24 

26 

A 59.4• 96.5•  
B 60.0• 2.4 95.2• 

A 81.8• 101.1• 
B 86.1• 6.3 101.6• .6 

A 109.4• 9.1 t 108.4• 
B 121.1• 7.2 108.4• 

A 135.6• 8.2 111.7• 
B 138.6• 7.2 111.5• .8 

A 156.1• 116.0• 
B 169.5• 6.5 116.0• 

A 183.5• 119.8• 
B 200.5• 6.5 119.8• 

A 210.9• 123.6• 
B 229.4• 124.7• 

A 227.9• 125.4• 
B 2 3 7 . 1 •  125.9• 

52.2• 
53.9• 

59.8• 
61.1• .8 

68.2•  
69.8•  

74.0• 
73.4• 

78.4• 
78.4• 

82.9•  
82.2• 

86.7• 
86.5•  

89.2•  
89.0• 

aTreatment mean • SE. 

bseven bservatio nsdtreatm ent. 

tp<.lO. 

occurred during the  first week af ter  weaning,  
wi th  daffy gains of  - . 4 1  -+ 1.2 kg/foal .  By the  
second week  postweaning,  average daily gains 
were  comparable  wi th  those  o f  the  artificial- 
ly reared foals and bo th  groups cont inued to 
gan similarly during the  remaining 14 wk of  the  
trial. 

Art if icial ly reared foals consumed 1.09 -+ 
.2 kg o f  milk replacer  and 1.21 + .24 kg o f  solid 
feed /d  during the  first m o n t h  and 2.24 -+ .17 
kg o f  concent ra te /d  during the  second month .  
Average daily feed intake for  all foals during 
the final 4 mo  o f  the  trial were  3.0, 3.6, 3.7 and 
3.71 kg, respectively.  

No diff icult ies were encountered  when  foals 
were provided milk replacer  free choice.  Foals 
appeared to  consume small quant i t ies  o f  milk 
f requent ly .  Excessive gorging was no t  observed.  
N o n e  of  the  artificially reared foals developed 
diarrhea to any degree, a l though the  fecal ma- 
terial was rather  soft  during the  liquid feeding 
phase. No o ther  digestive disturbances were  
noted  under  this system. 

While overall  per formance  o f  the foals in- 
dicated tha t  artificial rearing had no deleterious 
effect  on growth ,  decreased gains were record-  

ed for  foals in this group during the  first 3 mo.  
It appears l ikely that  the  decrease in gain ob-  
served during the  first month ,  as compared  wi th  
controls ,  was probably  due to the  relative im- 
matur i ty  of  the  foal 's  digestive system wi th  

TABLE 4. AVERAGE DAILY GAINS (KG) 
OF ARTIFICIALLY REARED FOALS (A) 

WHEN COMPARED WITH CONTROLS (B)a, b 

Group 

Month A B 

1 1.15 • .29 1.26 • .12 
2 1.00 • .11 1.22 -+ .18" 
3 .91 • .18 .67 + .27 t 
4 1.02 • .23 1.11 • .15 
5 .88 -+ .30 .98 + .31 
6 .88 + .17 . 9 9  +- .27 
Overall .95 + .15 .98 • .1 

aTreatment mean • standard error. 
b Seven observations/treatment. 
"tp<.lO. 

*P<.05. 
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respect to its abi l i ty  to utilize vegetable-based 
feeds. The milk replacer used in this s tudy con- 
tained 26% soy flour, and the lower gains ob- 
tained at this t ime are in agreement with data 
collected from dairy calves fed vegetable-based 
milk replacers (Wallace et al., 1951; Noller et 
al., 1956a,b). In the lat ter  studies, calves fed 
milk replacers that  contained 20 to 40% soy 
flour during the first month after birth gained 
less weight than did calves fed milk. Results of  
digestibility studies indicated that calves could 
not  effectively utilize soy-based milk substitutes 
until the calves were about 25 d of  age (Noller 
et al., 1956b). From 1 mo of  age, all calves 
gained similarly with no difference at 4 to 6 mo 
o f  age (Wallace et ai., 1951). 

A reduction in performance due to insuffi- 
cient enzyme activity was also suggested by 
Shields et al. (1980), who reported decreased 
gains in pigs for approximatey 2 wk after wean- 
ing onto corn-soybean meal diets at 2 wk of  
age. By 6 wk of  age, pigs weaned at 2 and 4 wk 
had similar body  weights. The increase in live 
weight gain by the 2-wk weaned pigs appeared 
to coincide with increased pancreatic amylase 
activities. This may also explain the reduction 
in gain that  occurred in both groups of  foals 
during the third month.  As the proport ion of  
corn-SBM concentrate increased in the diet of  
these foals, feed intake also increased but  daily 
gains decreased. This suggests that foals at this 
age lacked the abili ty to digest large quantities 
of  grain in their diet, but  showed the capability 
to adapt to the dietary change as evidenced by 
the improvement in gain. By 4 mo of  age, the 
average daily gains were similar for both groups 
and remained so throughout  the trial. It is like- 
ly that  decreased feed intake, reduced enzyme 
activity and weaning stress contributed to the 
large decrease in gain observed in the controls 
after weaning, but  the relative contr ibution by 
each could not  be determined. Although live 
body  weight was affected, there appeared to be 
no impairment of  bone growth, as indicated by 
wither height, during any phase of  the experi- 
ment. There was no evidence of  any skeletal 
abnormalities until the last 5 wk of the trial 
when three foals in the control group devel- 
oped epiphysitis. These foals were very straight 
at the pastern and well-muscled but  appeared to 
be fat over the withers and rump. This may 
have been genetically influenced as these foals 
were paternal half-siblings. Once removed from 
the trial, all signs of  epiphysitis had disap- 
peared within 5 wk. 

Ad l ibitum feeding of milk substitutes to 
foals has been discouraged because it has been 
thought to lead to excessive milk intake, pre- 
disposing the foal to noninfectious diarrhea. 
Foals receiving milk replacer ad libitum con- 
sumed 11.7 + .281 (12.1 kg)/d. This is in close 
agreement with consumption data of  nursing 
foals by  Gibbs et al. (982) and is approximate- 
ly three times greater than the amount  of re- 
placer suggested for  daily feeding of  orphan 
foals in equine husbandry texts. There was no 
evidence of  scours in any of  these foals, while 
several of  the control  foals had diarrhea when 
their  dams were in foal-estrus. From the milk 
consumption data presented here, it appears 
l ikely that  the poor  growth response usually 
seen with foals reared artificially may be due to 
insufficient quantities of  milk being offered to 
the foal during the period of  rapid growth. 

No ethological studies were done concurrent- 
ly with this experiment,  but  no aberrant behav- 
iors were noted and none have been reported 
thus far. Animals that  were artificially reared 
were much more tractable at an  earlier age due 
to increased human contact. 

Results of this research indicate that  artifi- 
cial rearing systems are applicable to the equine 
with no measurable adverse effects on the 
growth of  the foal. This method provides a 
viable alternative for the orphan foal or when 
early separation of  the mare and foal is indicat- 
ed. As with most livestock production systems, 
management plays a key role in obtaining 
maximum animal performance. It should be 
pointed out  that  artificial rearing of  the foal 
may be of  limited use because of the high cost 
of  labor and milk-based substitute feeds. This 
system could become more practical and eco- 
nomical if these milk products could be re- 
placed with other less expensive feedstuffs, i.e., 
cereal grains, without  causing any adverse ef- 
fects on the growth of  the young animal. For  
this reason, more research is needed that  studies 
the growing foal 's adaptive capabilities and 
physiological changes so that  adequate nutri- 
t ion and opt imum growth can be assured. 
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