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ABSTRACT 

Seventy-nine Alpine kids (35 female and 44 male) were used to determine effects on live-
weight gain of milk replacer consumed ad libitum (I) or with restricted consumption of water (II) 
or both water and dry matter (III) . Kids began the 8-week experiment at 3 to 9 days after birth; a 
commercial milk replacer was fed twice daily. The I kids received ad libitum access to milk repla
cer with 14.3% dry matter; I I I kids received 14.3% dry matter milk replacer, with ad libitum access 
in week 1 and approximately 90, 80, and 70% of consumption by I kids in weeks 2, 3, and 4 to 8, 
respectively; and I I kids received ad libitum access to 14.3% dry matter milk replacer in week 1, 
thereafter receiving a similar quantity of dry matter as I kids and limited water, with a milk replacer 
dry matter concentration of 15.7, 17.3, and 19.2% in weeks 2, 3, and 4 to 8, respectively. Milk 
replacer dry matter intake was 183, 172, and 157 g/day in weeks 1 to 4 (SE 5.6) and 219, 201, and 
181 g/day (SE 6.4) in weeks 5 to 8; water intake was 1098, 853, and 939 g/day (SE 32.2) in weeks 
1 to 4 and 1315, 911, and 1086 g/day (SE 34.6) in weeks 5 to 8 for I , I I , and I I I , respectively. 
Liveweight gain was lowest among treatments (PO.07) for I I I in weeks 1 to 4 (146, 131, and 
118 g/day; SE 5.9) and 5 to 8 (137, 140, and 115 g/day; SE 7.2, for I , I I , and I I I , respectively). 
However, sex influenced (P<0.05) treatment effects on liveweight gain in weeks 1 to 8 (female: 
129, 120. and 117 g/day, and male: 155, 151, and 116 g/day for I , I I , and I I I , respectively; SE 7.2). 
Milk replacer treatment did not affect liveweight gain in the subsequent 4-week period after wea
ning (P>0.05). 
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INTRODUCTION 

A concern of many goat producers is feeding management in the first few 
months of life for kids removed from does soon after birth. Dairy goats are typi
cally not allowed to nurse kids to prevent transfer of potential diseases such as 
caprine arthritis encephalitis (Lu and Potchoiba, 1988), in addition to use of 
milk for human consumption. Also, suboptimal mothering ability of and or milk 
production by high fibre- and meat-producing goats can result in orphan kids, 
often twins and triplets (Sahlu et al., 1992). Current management systems do not 
facilitate rapid transition at weaning from milk replacer or milk to dry feed. In 
some instances, milk replacer is offered at relatively high levels (e.g., ad libi
tum) for much of the pre-weaning period, which may retard kid interest in and 
consumption of dry feeds. This could result from the physical filling effect of 
milk or milk replacer, primarily relating to milk volume, and also to energy and 
nutrients being supplied. Hence, development of management systems for milk 
or milk replacer that promote a quick transition to dry feeds are of considerable 
interest. Furthermore, because of differences in growth potential, such feeding 
practices might differ between female and male kids. 

Objectives of this experiment were to determine effects of restricted con
sumption of water and/or dry matter in milk replacer on growth of male and 
female Alpine kids. 

MATERIAL AND METHODS 

Seventy-nine Alpine kids (35 female and 44 male) were used. Kids began the 
8-week experiment at 3 to 9 days afterbirth (3.5 ± 0.11 and 3.9 ± 0.08 kg initial 
body weight for females and males, respectively). Kids were removed from dams 
immediately after birth and received colostrum and other normal management 
practices. A commercial milk replacer for sheep and goats (Lamnurs®; Ever-
greeen Mills Inc., Ada, OK, USA) was used, with meals at 0800 and 1600 h. The 
guaranteed analysis of the milk replacer was at least 23% crude protein and 30% 
fat (air-dry basis); dried whey and whey protein concentrate were major crude 
protein sources and fat arose from vegetable and animal fats. The analyzed con
centration of crude protein was 24.9% dry matter. 

Kids were allocated to treatments randomly, individually residing in 91 x 91 cm 
pens. The three milk replacer treatments were ad libitum consumption (I), re
stricted consumption of water alone (II), and restricted consumption of both water 
and dry matter (III). The manufacturer's mixing recommendation for goat kids 
was a mixture containing 15.25% of the dry milk replacer (air-dry basis), and 
with an analyzed dry matter concentration in the dry milk replacer of 94%, the 
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recommended final dry matter concentration was 14.3%. Thus, I kids received 
ad libitum access to milk replacer reconstituted to 14.3% dry matter. The I I I kids 
received 14.3% dry matter milk replacer, with ad libitum access in week 1 and 
approximately 90, 80, and 70% of consumption by I kids in weeks 2, 3, and 4 to 
8, respectively. The I I kids received ad libitum access to milk replacer reconsti
tuted to 14.3% dry matter in week 1, thereafter receiving a similar quantity of 
dry matter as I kids and limited water, with a milk replacer dry matter concentra
tion of 15.7, 17.3, and 19.2% in weeks 2, 3, and 4 to 8, respectively. Kids re
ceived free access to water after 1 week on the experiment, and starter diets 
based on different cereal grains (i.e., maize, oats, maize-oats mixture) were gi
ven free-choice after week 1 as well. Starter diets ranged from 23.2 to 24.8% 
crude protein and 14.3 to 23.4% neutral detergent fibre (DM basis). Starter diet 
consumption was negligible in the first few weeks; type of starter diet did not 
affect performance and, thus, was not considered in the final statistical analyses. 

The milk replacer feeding period lasted 8 weeks. Thereafter, kids were abruptly 
weaned, with consumption of only starter diet for an additional 4 weeks. Kids 
were weighed at birth, at the start of the experiment, and every 28 days thereaf
ter. Blood samples were collected from females by jugular venipuncture after 4 
and 8 weeks, just before the morning meal and at 6 h later. Plasma, harvested by 
centrifugation at 1500 xg for 15 min at 4°C, was analyzed for urea (Chaney and 
Marbach, 1962) and glucose (Technicon Instruments Co., Tarrytown, NY, USA). 
Milk replacer and starter diets were sampled weekly, milk replacer was analyzed 
for dry matter and nitrogen (AOAC, 1990), and starter diets were analyzed for 
dry matter, nitrogen, and neutral detergent fibre (filter bag technique; ANKOM 
Tecnology Corp., Fairport, NY, USA). 

Data were statistically analyzed as a completely randomized design by Gene
ral Linear Models procedures of SAS (1990). The model for milk replacer intake 
and liveweight gain consisted of milk replacer treatment, sex, and their interac
tion. Blood urea and glucose concentrations for female kids were analyzed as a 
split-split-plot, with a main plot of milk replacer treatment, sub-plot of week, 
and sub-sub-plot of time. When interactions existed (PO.05), data were ana
lyzed by week and or time. Differences among means were determined by least 
significant difference procedures with a protected F-test (P<0.05). 

RESULTS 

Intakes of milk replacer dry matter plus water, dry matter, and water were 
fairly similar to those intended (Table 1). For example, dry matter intake was 
similar (P>0.05) between I and I I in weeks 1 to 4, 5 to 8, and 1 to 8 and was 
lowest among treatments (PO.05) for I I I in weeks 5 to 8 and 1 to 8. However, 
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TABLE 1 
iveweight gain, and blood constituent 

to oo 

Item Week 
Treatment1 

SE 
Sex 

SE Item Week 
I I I I I I 

SE 
female male 

SE 

Milk replacer intake, g/day 
total 1-4 1281b 1025a 1096a 37.8 1089a 1179b 30.8 

5-8 1534- 1112a 1268b 40.9 1231a 1378b 48.8 
1-8 1407- 1068* 1182b 35.3 1160a 1278b 28.8 

dry matter 1-4 183b 1 7 2 a b 157a 5.6 164a 177b 4.6 
5-8 219b 201 b 181a 6.4 189a 212b 5.2 
1-8 201 b 186b 169a 5.4 176a 195b 4.4 

water 1-4 1098b 853a 9 3 9 a 32.2 925a 1002b 26.3 
5-8 1315- 911 a 1086b 34.6 1042a 1166b 28.2 
1-8 1206- 882a 1013b 30.0 984a 1084b 24.5 

Liveweight gain, g/day 1-4 146b 
1 3 1 a b 118a 5.9 126 138 4.8 Liveweight gain, g/day 

5-8 137b 140b 115a 7.2 118a 143b 5.9 
female 1-8 129a 120a 117a 

male 1-8 155b 151b 116a 7.2 
9-12 66 48 66 12.5 57 63 10.2 

Liveweight gaimmilk replacer 
dry matter intake, g/kg 1-4 792 763 752 22.1 766 771 18.0 

5-8 617 682 632 22.95 622 665 18.7 
female 1-8 690a 681 a 703 a b 

male 1-8 709s* 759b 679a 21.3 
Urea, mg/dL 

before feeding 4 6.5 7.7 7.2 0.59 
6 h after feeding 4 7.6a 10.3b 8.7ab 0.69 
before feeding 8 18.7 19.6 17.8 0.99 
6 h after feeding 8 18.7 17.4 17.7 1.17 

I = ad libitum access to milk replacer with 14.3% dry matter; III = milk replacer with 14.3% dry matter, with ad libitum access in week 1 and approximately 90, 80, 
and 70% of consumption by I kids in weeks 2, 3, and 4 to 8, respectively; I I = ad libitum access to 14.3% dry matter milk replacer in week 1, thereafter a similar 
quantity of dry matter as I kids and limited water, with a milk replacer dry matter concentration of 15.7, 17.3, and 19.2% in weeks 2, 3, and 4 to 8, respectively 

b c within a row, or for the interactions between treatment and week in liveweight gain and liveweight gaimmilk replacer dry matter intake in weeks 1 to 8, means 
lacking a common superscript letter differ at P<0.05 
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water intake differed (PO.05) between I I and I I I in weeks 5 to 8 and 1 to 8, 
although water intake was greatest among treatments (PO.05) for I and the dif
ference between I I and I I I was much less than that between I and I I . 

Milk replacer treatment and sex did not interact (P>0.05) in liveweight gain 
in weeks 1 to 4 and 5 to 8; however, overall in weeks 1 to 8 effects of milk 
replacer treatment on liveweight gain differed between females and males (in
teraction, P ~ 0.05; Table 1). Liveweight gain was greatest (P< 0.05) for I vs I I I 
and lower (P < 0.05) for I I I vs I I in weeks 1 to 4 and lowest among treatments 
(PO.05) for I I I in weeks 5 to 8. Sex did not affect liveweight gain in weeks 1 to 
4 (P>0.05), but liveweight gain was 25 g/day greater (P< 0.05) for males than for 
females in weeks 5 to 8. For the entire 8-week milk replacer feeding period, milk 
replacer treatment did not affect liveweight gain of females, whereas for males 
liveweight gain for I I I was lowest among treatments (PO.05). The ratio of live-
weight gain to milk replacer dry matter intake varied with dietary treatment and 
sex in a manner similar to that for liveweight gain. Liveweight gain in the 4-
week post-weaning period was much lower than earlier and not affected by milk 
replacer treatment or sex (P>0.05). 

Plasma urea concentration in females was affected (PO.05) by a three-way 
interaction of milk replacer treatment, week, and time and, hence, was analyzed 
by week and time (Table 1). The only effect of milk replacer treatment on plas
ma urea concentration was at 4 weeks and 6 h after the morning meal, with the 
level being greater (PO.05) for I I vs I . Glucose concentration was similar among 
treatments (P>0.05). 

DISCUSSION 

One of the postulates of this experiment was that restricting intake of milk 
replacer water and/or dry matter would improve liveweight gain of kids after 
weaning by increasing starter diet consumption. Based on observed liveweight 
gain after weaning, it does not appear that restricted intake of water and/or dry 
matter had this effect. Presumably the low level of dry matter intake restriction 
relative to that in other experiments (Sanz Sampelayo et al., 1987, 1988, 1990) 
was of insufficient magnitude to markedly increase dry feed consumption. No 
differences among milk replacer treatments in post-weaning liveweight gain and 
slow growth relative to that during the 8-week milk replacer feeding period sug
gest that kids on all treatments were not well conditioned for the abrupt weaning 
imposed. Although, reductions in liveweight gain of this magnitude in the imme
diate post-weaning period are common (Sanz Sampelayo et al., 1987) and a sig
nificant industry challenge. 
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Similar liveweight gain for I and I I kids indicates that the degree of water in
take restriction for I I was less than necessary to cause digestion disturbances and 
limited intakes due to high osmolarity of the reconstituted milk replacer. The de
gree to which fluid or water intake restricts milk replacer dry matter intake was not 
tested in this experiment. But, based on similar liveweight gain by I and I I kids 
water ingested with milk replacer did not seem to impact starter diet intake. Lo
west weight gain for I I I in weeks 1 to 4 and 5 to 8 implies that starter diet consump
tion by these kids was not compensatory for the restricted milk replacer dry matter 
intake. Perhaps other diets or feedstuffs might have been consumed more readily. 
In addition, greater social and feeding interactions than possible with the indivi
dual pen system employed might have yielded different results as well. 

The liveweight gains are similar to those with milk replacer or goat milk repor
ted by Sanz Sampelayo et al. (1987, 1988, 1990). As expected, in the present 
experiment milk replacer intake and liveweight gain in weeks 1 to 4 and 5 to 8 
were greater for males than for females. Apparently, the greater growth potential 
of males vs females allowed an effect on liveweight gain of restricted milk replac
er dry matter intake for I I I , whereas the level of nutrient restriction was insuffi
cient to limit growth of female kids. 

CONCLUSIONS 

Restricting intake of water alone in milk replacer did not enhance liveweight 
gain of Alpine kids, and lower growth potential of female vs male kids may lessen 
susceptibility to effects of limited milk replacer dry matter intake. 
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STRESZCZENIE 

Wply w ograniczenia pobierania wody i/lub suchej masy z preparatu mlekozast^pczego na wzrost 
kozioikow i kozek rasy Alpine 

Osmiotygodniowe doswiadczenie przeprowadzono na siedemdziesieeiu dziewieoiu kozletach rasy 
Alpine (35 kozek i 44 koziolki) celem okreslenia wpfywu pobierania do woli preparatu mlekozastej)-
czego (grupa I), ograniczonego pobierania wody (grupa II) lub ograniczonego pobierania wody i 
suchej masy (III) na przyrosty. Kozle^a wlaczano do doswiadczenia od 3 do 9 dnia po urodzeniu. 
Handlowy preparat mlekozaste_pczy podawano dwa razy dziennie. Kozleta grupy I otrzymywafy pre-
parat mlekozastQpczy (PM) (14,3% s.m.) do woli, grupy I I I - PM (14,3% s.m.) do woli w pierwszym 
tygodniu i nastejmie 90, 80 i 70% ilosci pobieranej przez kozleta grupy I w 2, 3 oraz 4-8 tygodniu, 
odpowiednio. Kozleta grupy I I otrzymary PM (14,3% s.m.) do woli w pierwszym tygodniu, potem 
podobne ilosc s.m. jak kozleta grupy I i ograniczonq. ilosc wody, tak ze zawartosc s.m. w PM wyno-
sila 15,7; 17,3 i 19,2% w tygodniu 2, 3 oraz 4 do 8, odpowiednio. 

Pobranie s.m. z PM wynosilo 183, 172 i 157 g/dzieh (SE 5,6) w tygodniach 1 do 4 oraz 219, 201 
i 181 g/dzieh (SE 6,4) w tygodniach 5-8; pobranie wody wynosilo 1098,853 i 939 g/dzieh (SE 32,2) 
w tygodniach 1 do 4 oraz 1315, 911 i 1086 g/dzieh (SE 34,6) w tygodniach 5 do 8, w grupach I , I I i 
I I I , odpowiednio. Przyrosty m.c. kozlaj: rozniry sie_ mi^dzy grupami (P<0,07) i byry najnizsze w 
grupie I I I w tygodniach 1 do 4 (146, 131 i 118 g/dzieh; SE 5,9) oraz 5 do 8 (137, 140 i 115g/dzieh; 
SE 7,2, w grupach I , I I , I I I , odpowiednio). Przyrosty byry zalezne od plci (P<0,05), od 1 do 8 tygo
dnia (kozki: 129, 120 i 117 g/dzieh i koziolki: 155, 151 i 116 g/dzieh, w grupach I , I I i I I I , odpowied
nio; SE 7,2). Sposob podawania PM nie mial wpfywu na przyrosty w ciajm 4 tygodni po odsadzeniu 
(P>0,05). 


