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Gradually weaning goat kids may 
improve weight gains while 
reducing weaning stress and 
increasing creep feed intakes
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Rebecca K. Meagher 2

1 Department of Animal Sciences, University of Reading, Reading, United Kingdom, 2 Department of 
Animal Science and Aquaculture, Dalhousie University, Truro, NS, Canada

Most dairy goat farms rear kids on ad libitum milk replacer; calf research suggests 
this improves growth and welfare, but solid feed intakes are problematic. Weaning 
can be  gradual (incremental milk reduction) or abrupt (sudden, complete milk 
removal, which evidence suggests reduces welfare). Three treatments were 
created: abrupt weaning (AW: ad libitum milk until weaning) and gradual weaning 
[milk ad libitum until day 35, then milk unavailable 3.5 h/day until day 45 when milk 
removal was a 7 h/day block (gradual weaning 1: GW1) or two 3.5 h/day blocks 
(gradual weaning 2; GW2)]; complete milk removal occurred at day 56 for all. 
Experiment 1 investigated on-farm feasibility, behavior, and average daily gain 
(ADG). Experiment 2 investigated feed intakes, behavior, and ADG for AW and 
GW2. Experiment 1 had 261 kids (nine pens of 25–32), CCTV recorded 6 h/day, 
and group-level scan sampling recorded target behaviors. Kruskal–Wallis tests 
showed GW2 kids spent more time feeding on solids during weaning (p = 0.001) 
and displayed lower levels of ‘frustrated suckling motivation’ PostWean (p = 0.008). 
However, feeding competition differed PreWeaning (p = 0.007). ADG data from 159 
female kids analyzed by a general linear model (fixed factor: treatment; covariate: 
day 34 weight) found GW2 had the highest ADG from day 35–45 (p ≤ 0.001) and no 
differences from day 45 to 56, and AW had the highest ADG PostWean (day 56–
60). Experiment 2 had two AW pens (9 kids/pen) and two GW2 pens (8 and 9 kids/
pen). A computerized feeder recorded milk intakes from day 22 to 56. Pen-level 
solid feed/water intakes were recorded from day 14–70. General linear models 
(fixed factor: treatment; covariate: PreWean value) found GW2 kids had higher 
ADG (p = 0.046) and lower milk intake (p = 0.032) from day 45–55, and PostWean 
(day 56–70) trended toward GW2 higher ADG (p = 0.074). Mann–Whitney U 
tests showed pen-level feed intake differences: AW had higher creep and straw 
throughout, GW2 showed higher creep during weaning (day 35–55), and higher 
water PostWean (>56 d). Behavioral observations suggest that gradually weaned 
kids may have enhanced welfare. Pen-level gradual weaning is feasible and, while 
weight gain results were mixed, it reduced milk intake, increased creep intake, 
and therefore combined with behavioral evidence can be recommended.
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Introduction

On most commercial dairy goat farms, it is standard management 
to separate kids from their dams soon after birth (1–3). With the 
natural rearing of kids with their dams considered unviable both 
economically and practically for most commercial dairies, 
understanding how to optimize artificial feeding strategies for goat 
kids is essential for both welfare and productivity. Most dairy goat 
farmers use ad libitum milk feeding systems that allow constant, 
unrestricted access to milk [UK, (1); Canada, (2); USA, (3)]. Calf 
research suggests that animals fed on high milk intakes such as those 
achieved by ad libitum milk systems may have growth and welfare 
benefits compared to set-meal feeding, but lower solid feed intake and 
slower rumen development may be  an issue, particularly during 
weaning (4, 5) when individuals are expected to compensate for the 
loss of milk nutrients with increased solid feed intake. However, there 
is a lack of goat-specific research.

The weaning stage (the transition from milk to solid feed) 
represents an important period in the lifecycle of a young mammal, 
and management of this transition is crucial to productivity (6). In 
natural situations, goat kids become increasingly independent from 
around 35 days of age (7) and are fully weaned between approximately 
84 and 168 days (8). The natural weaning transition involves a 
gradually increasing number of suckling bouts terminated by the 
dam, occurring concomitantly with increased feed intakes (9). Social 
learning plays a significant role in the development of young 
ruminants’ solid feeding behavior (10), yet within commercial 
systems, kids are typically housed in groups of very similar ages, 
hence with a lack of experienced role models, so allelomimicry plays 
a lesser role. Artificially reared kids are weaned from milk younger 
[UK: 42–56 days (1); 56 days (11)] and lack these social cues that 
cause them to gradually decrease milk consumption and increase 
solid feed intakes. This may contribute to the stress of weaning, which 
has been evidenced as causing reduced weight gain (12, 13) and the 
development of abnormal behaviors such as oral stereotypies (14).

The process of weaning from artificial milk feeding systems can 
be conducted in different ways and the method used can influence 
growth rates (5, 15, 16). Vickery et al. (11) surveyed those rearing 
goat kids artificially for any purpose (other studies focused on 
commercial dairy farms) and found that abrupt weaning was used by 
28.8%, but that abrupt weaning (the sudden and complete removal of 
milk) was significantly more likely if kids were reared on ad libitum 
milk systems, and that these are more likely to be used by those 
rearing >100 kids per year. Bélanger-Naud et al. (2) found that, in 
Canada, 39% of farms used abrupt weaning but did not investigate if 
this was related to number of kids reared or feeding method. Evidence 
from calves suggests that abrupt weaning from both restricted and ad 
libitum milk feeding systems results in lower growth rates than 
gradual weaning, where milk intake is incrementally reduced before 
complete removal [over 9 days post weaning (17); over 6 days post-
weaning (18)].

Previous goat weaning studies have focused on age at weaning 
(19) or weaning and separation from the dams (20, 21). Only two have 
focused on methods of weaning from artificial milk supply systems. 
Magistrelli et al. (22) investigated physiological parameters with a 
group of 11 kids gradually weaned by 48 days of age. While the authors 
found no negative effect of weaning on weight gain and that 
physiological parameters were within normal ranges, there was no 

abrupt weaning control group. Furthermore, while no abnormal 
behaviors were observed, no behavioral ethogram was given and 
behavioral data was not included in statistical analysis. Zobel et al. 
(23) gradually weaned kids by a reduction in milk volume or milk 
concentration, and concluded that 4 days after weaning, weights did 
not differ. However, the kids were weaned at 84 days of age following 
a 6-day gradual weaning period. As most artificially reared kids in the 
UK are weaned at 42–56 days of age (1, 11), and in Canada at 56 days 
(2, 11), the findings may not be universally applicable.

While the calf weaning literature forms a useful basis for other 
ruminant species, the opportunity to manage weaning at the 
individual level using data-driven and technological approaches that 
are commonplace on dairy cow farms [for example see Rutten (24)] is 
not utilized for goat kids due to the relatively low economic worth of 
each individual and high investment required for this technology, and 
therefore its relevance is limited. Previous work has recommended 
that for the greatest research impact, participatory engagement should 
be used to ensure research addresses the needs of farmers (25, 26). On 
goat farms, automatic ad libitum feeders typically supply milk to 
multiple pens of kids of different ages, with individual intakes 
unknown, so species-specific pen level strategies are required by 
farmers (27). Furthermore, farmers hold concerns related to removing 
and replacing milk-teats (27) and this must be addressed in order to 
understand and communicate the risks and benefits of 
gradual weaning.

The present work hypothesized that gradual weaning would 
improve the welfare and growth rates of goat kids by better preparing 
the kids to cope with the complete removal of access to milk by 
increasing the amount of solid feed ingested prior to weaning. This 
was investigated via two animal experiments and teat removal was 
chosen as a simple gradual weaning method feasible at pen-level. 
Experiment 1 aimed to determine the effects of two different gradual 
weaning schedules from an ad libitum milk feeding system on kid 
behavior and average daily gain (ADG) and its feasibility for use on 
a commercial farm. Experiment 2 investigated in more detail the 
most promising schedule of teat removal for gradual weaning 
identified in Experiment 1, by monitoring individual kid milk intake, 
alongside recording weight gain and pen-level water and solid feed 
intake. The aims were to determine if milk intake and weight gain are 
affected by weaning treatment, and if this impacted associated 
rearing costs.

Materials and methods: 
Experiment 1 – gradual weaning 
under commercial conditions

Ethical approval was granted by the University of Reading, School 
of Agriculture, Policy, and Development (ref. 001028P), and kids were 
kept in accordance with the DEFRA Code of Recommendations for 
Goats (2013).

Animals and housing

Data were collected from March to June 2019 from a commercial 
dairy goat farm (herd size 2,500 milking does) in Dorset, 
UK. Experiment 1 enrolled 261 goat kids (86 males, 175 females: herd 
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genetics predominantly Saanen) when they were moved to the ad 
libitum milk feeding system after colostrum feeding, at approximately 
3 days of age. The kids were housed in a purpose-built barn with 
identical single sex 4.9 × 3.7 m pens (filled with kids born within 
4 days of each other) of between 25 and 32 kids, bedded on straw that 
was replenished daily. Kids were cared for according to the standard 
protocol of the commercial farm, all females were disbudded by a 
veterinary surgeon at approximately 14 days of age, and all males were 
castrated via elastration at <7 days. Kids were vaccinated with 
Heptavac P+ at 3 and 6 weeks of age and received a dose of 
coccidiostat prior to weaning. Milk was provided (Volac Lamlac 24% 
CP) ad libitum to two teats per pen via a Förster-Technik Eco Feeder, 
and ad libitum creep feed (a concentrate starter feed) (ForFarmers 
Capri Start 18% CP), water, and grass hay were available from 
14 days of age.

Experimental design and treatments

In total, 261 animals were allocated to three experimental 
treatments: 58 females and 27 males to abrupt weaning (AW), 57 
females and 32 males to gradual weaning 1 (GW1), and 60 females 
and 27 males to gradual weaning 2 (GW2), on a continuous blocked 
design [the barn was divided by a passageway, with six pens along one 
side (AW, GW1, GW2; AW, GW1, GW2) and three along the other 
side (GW2, GW1, AW)]. There were three pens of 25 to 32 animals 
per treatment, giving a total of nine experimental pens (six containing 
females – two per treatment, and three containing males – one per 
treatment). Treatment differences were in milk availability (Table 1) 
achieved via the removal of the artificial milk teat. All kids had 
complete milk removal at day 56, and the experiment ended at day 60 
(when the farm moved the kids to another building and socially mixed 
them into one large group).

Weight gain

Individual weight gain data could only be  collected from the 
female kids (174) due to the farm’s use of individual identification tags. 
While it was intended to collect enrolment weights once each pen was 
filled, due to kids being moved between pens unexpectedly when they 
first arrived this was not possible. The average birth date per pen was 
calculated and based on this, kids were weighed at a pen average at age 
35 (when treatments commenced), 45, 56, and 60 days. Weights were 
used to calculate ADG for each of the experiment periods [PreWean 
(enrolment: day 35), Weaning1 (days 35–45), Weaning2 (days 45–56), 
and PostWean (days 56–60)].

Measures of health

Individual health observations (ocular discharge; nasal discharge; 
ear droop; cough during handling; audible lung sounds; fecal soiling; 
other health concerns) were scored as symptom ‘present’ (score = 1) 
or ‘absent’ (score = 0) at each weighing, enabling measures of health 
incidences to be analyzed between treatments, and to identify ‘sick’ 
kids (kids scoring >3 at any one time) and remove their data from 
weight-gain analysis. Some health measures were adapted from 
relevant measures within the AWIN welfare assessment for adult 
lactating dairy goats (2015).

Behavioral observations

A Swann four-camera CCTV system (1080p Full HD 
DVR-4580 with 1 TB HDD) was fitted, providing coverage of seven 
out of the nine experiment pens (three AW pens; two GW1 pens; 
two GW2 pens). The system recorded for 6 h/day in three blocks 
designed to capture teat replacement/removal times while avoiding 
times when workers were present (1000–1,200; 1,330–1,530; 1930–
2,130); footage was downloaded and stored on external hard 
drives. A behavioral ethogram of target behaviors was created 
(Table 2); initially, a review of the literature was performed and 
definitions of behavior were obtained from ethograms of calf [(28) 
competition-related and (29) play-related behavior descriptions 
were combined into social and locomotor play categories for our 
ethogram] and goat kid [(14) abnormal oral activities became ‘oral 
behaviors’ in our ethogram] behavior and adjusted for relevance 
for our specific pen layout and goat kids according to initial 
observations of the video footage. Pen-level scan sampling (at 
5-min intervals) was used to analyze the footage: due to the 
limitations of working on a commercial farm, the kids could not 
be marked for individual identification; therefore, the number of 
kids performing each behavior at the time of the scan was recorded 
and transformed into the percentage of kids in each pen performing 
each behavior.

Four days/week were initially analyzed for the first week of 
analysis (all pens – week 3), and a split half analysis (a correlation 
comparison between behaviors recorded on days 1 and 3 versus 2 
and 4) was performed to check for consistency; all were 
significantly correlated; therefore, analysis was reduced to 2 days/
week. Each experiment period was analyzed; PreWean (weeks 2, 
3, and 4) were analyzed at +2 and 5 days for each week (±48 h due 
to management related disturbances). Each of the two 10-day 
treatment periods (Weaning1 and Weaning2) were analyzed at +3, 
6, and 9 days (with the start date being average birth date +35 days 

TABLE 1 Experimental design showing differences in milk availability across experimental periods for goat kids under different weaning treatments 
(Experiment 1).

Weaning treatment Experiment period

PreWean (0–34 d) Weaning1 (35–44 d) Weaning2 (45–55 d) PostWean (56 d+)

Abrupt (AW) Ad libitum Ad libitum Ad libitum None

Gradual1 (GW1) Ad libitum Teats off 1100–1430 h (3.5 h/24) Teats off 1000–1700 h (7 h/24) None

Gradual2 (GW2)
Ad libitum Teats off 1100–1430 h (3.5 h/24) Teats off 1100–1430 h and 1700-

2030 h (Total 7 h/24)

None

https://doi.org/10.3389/fvets.2023.1200849
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Vickery et al. 10.3389/fvets.2023.1200849

Frontiers in Veterinary Science 04 frontiersin.org

for Weaning1 and + 45 days for Weaning2) (±48 h due to 
management related disturbances). The PostWean period 
consisted of the day of weaning (day 56) and 2 days after (a total 
of 3 days). Days were chosen to present balanced time points 
across each experimental period while best avoiding management 
disturbances such as cleaning of the barn and other procedures 
that we were unable to influence timings of due to working on a 
commercial farm.

Statistical analysis

Data from 11 kids were excluded because they died, were 
considered ‘sick’ (health score > 3), or jumped into different pens, 
and one kid was removed due to error in the measurement of 
weight gain. Statistical analysis was performed in Minitab 18 
(Minitab, 2019). ADG data from 163 female kids across six pens 
(55 from AW, 52 from GW1, and 56 from GW2) were analyzed 
using general linear models (GLM) for each of the three 
experimental periods to determine the effects of weaning treatment 
on ADG data in each experimental period and included the 34-day 
weight as a covariate and treatment as a fixed factor. Tukey’s 
method of identifying outliers was used and four were found; the 
analysis was run both with and without these outliers and, as there 
was no difference on the significant effects of the treatment by 
using either method, the results were analyzed and reported after 
exclusion of these four outliers (data from a total of 159 female 
kids). Model residuals were checked for normality using the 
Shapiro–Wilks statistic, and homogeneity of variance was assessed 
visually via scatter plot. One non-normal residual (Weaning1 
ADG) was identified so the analysis was repeated after applying 
normalizing and stabilizing transformations; however, this did not 
alter the statistical significance and, therefore, as generating 
estimated marginal means was a key aim, results from the 
untransformed data are presented.

Kruskall–Wallis H tests were performed to test for differences in 
behavioral frequencies (Table 2) between the weaning treatments in 
each of the experiment periods, with pairwise comparisons made by 
Dunn’s post hoc tests with a Bonferroni adjustment.

Results: Experiment 1 – gradual 
weaning under commercial conditions

On-farm feasibility

While there was reluctance from farm staff to remove and replace 
the milk teats daily, they were able to select timings to fit in with their 
schedule of work and reported that this was a quick and feasible 
addition to their routine.

Weight gain

There were unclear effects of weaning treatment on ADG as, when 
both weaning treatments were under the same protocol (3.5 h/day teat 
removals from days 35–45: Weaning1), GW2 had significantly higher 
ADG, there were no differences during the differing weaning treatment 
period (days 45–56: Weaning2), and PostWeaning (days 56–60) AW 
kids had significantly higher ADG (Table 3). Kid weight as measured 
at 34 days of age significantly impacted all periods (Table 3).

Behavior

No significant treatment differences were found in the frequency 
of general play behavior across all experimental periods; however, 
significant differences were found in feeding competition during 
preweaning, feeding during weaning, and frustrated suckling 
motivation post-weaning (Table 4).

Materials and methods: Experiment 2 
– detailed feeding behavior during 
gradual weaning under research 
conditions

Based on the results of Experiment 1 showing unclear weight gain 
results (as a weight gain difference was identified when the gradual 
weaning treatments were the same) but significant behavioral 

TABLE 2 An ethogram of the target behaviors recorded for artificially reared goat kids under different weaning treatments during Experiment 1 (gradual 
weaning under commercial conditions).

Category Parameter Description

General play Locomotor play Energetic movements including running, twisting, jumping, and leaping.

Social play Interaction between >two individuals which are both engaged, including head butting, mounting, and/or nudging. 

Differentiated from aggression by the interspersion of head butting with other behavior.

Frustrated suckling 

motivation

Oral behaviors The mouth can be seen in contact with the pen structure, and the tongue or jaw is moving suggesting that the 

individual is licking/chewing.

Touch teat area Kid’s face contacts the teat base/area within a head length of the teat base, regardless of whether the teat is present 

or absent.

Feeding competition Queue for teats Kid waits within one body length of the teats, while others suckle, with head orientated in the direction of the 

teats.

Push off teats Kid contacts the body of the kid that is suckling.

Feeding Activity toward forage Kid’s body is orientated in such a way that its head (visible or not visible) is expected to be close to the forage.

Activity toward creep feed Kid has its head within the plastic structure of the creep feeder.
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differences indicating that GW2 kids showed lower levels of frustrated 
suckling motivation post-weaning, GW2 was the gradual weaning 
method selected for further investigation. Ethical approval was granted 
by the University of Reading, School of Agriculture, Policy, and 
Development (ref. 001561) and Dalhousie University (ref. 2021–010).

Animals and housing

Male mixed dairy breed (Saanen, Alpine, Toggenburg) kids were 
collected from a single commercial dairy farm at 3–7 days of age and 
taken to a rearing facility comprising livestock barn housing on a farm 
in Somerset, England, for the duration of the experiment (June to 
September 2021). Due to practical and welfare restrictions regarding 
the availability and transportation of young kids, only male kids could 
be  sourced. Data from kids that were within the abrupt weaning 
treatment (Pens 2 and 4) were used for research that described ad 
libitum milk feeding behavior and has been published (30); all care 
protocols were the same other than milk removal for the gradual 
weaning pens. Four 3.66 m2 pens fed with one milk teat per pen 
connected to a Forster-Technik VARIO smart milk feeder were used. 

Kids were cared for according to standard industry practice, castrated 
via elastration at <7 days of age, bedded on straw, and vaccinated with 
clostridial vaccinations (Heptavac P+) at 3 and 7 weeks of age. Ad 
libitum creep feed [Mole Valley Farmers prime calf rearing nuts; 87% 
dry matter (DM), 19% CP], barley straw (89% DM, 3% CP), and grass 
hay (89% DM, 6% CP) were provided ad libitum in raised feeding 
stations (base 500 mm from floor; hay and straw feeders L:590 mm, 
W:430 mm, H:565 mm; creep feeder L:590 mm, W:590 mm, H:580 mm). 
Milk powder (Volac Blossom Hi-Spec 25% CP) was mixed at 40 degrees 
Celsius at a mixing rate that gave 15% dry matter. Each morning the 
milk feeder components and feeding station were sterilized. One 
wooden cable spool per pen provided physical enrichment.

Upon arrival kids were kept within a 2.44 m2 pen for 5 days and were 
assisted to find the milk feeding station and suckle four times per day. 
When the feeder recorded kids feeding themselves, help ceased for that 
individual; kids who had not learnt to reliably use the system by 14 days 
or who showed signs of ill health were removed from the experiment 
before it began (nine kids). Feed and water intake was monitored from 
15 to 70 days of age; however, due to some kids requiring milk feeding 
assistance between days 15 and 20, and because incidences of two kids 
entering the feeding station at once were recorded, milk feeding data 

TABLE 4 Results of Kruskall–Wallis H tests (with pairwise comparisons made by Dunn’s post hoc tests with a Bonferroni adjustment) comparing goat 
kid behavior under three weaning treatments (Experiment 1).

Period Behavior Abrupt Gradual1 Gradual2 χ2(2) p

Mean Rank Scores

PreWean (14–34 d) Feeding competition 116.45a 119.06a 149.01b 10.018 0.007*

Frustrated suckling motivation 127.19 127.56 124.40 0.100 0.951

General play 117.78 139.51 126.56 4.656 0.098

Feeding 122.43 140.31 118.81 3.728 0.155

Weaning1 (35–44 d) Feeding competition 68.01 57.39 62.85 2.137 0.344

Frustrated suckling motivation 54.55a 68.43a 72.00a 6.354 0.042*

General play 59.59 62.33 70.53 2.229 0.328

Feeding 54.65a 58.36a 81.92b 13.043 0.001

Weaning2 (45–55 d) Feeding competition 68.36 55.67 64.04 3.288 0.193

Frustrated suckling motivation 57.77 64.15 71.44 3.186 0.203

General play 58.70 69.26 64.93 2.964 0.227

Feeding 66.07 58.32 64.82 1.040 0.595

PostWean (56–60 d) Frustrated suckling motivation 71.88a 66.24a 48.19b 9.683 0.008*

General play 65.62 59.24 64.58 2.716 0.257

Feeding 65.51 59.03 64.96 0.761 0.684

Superscript letters denote significant differences between variables (significance level <0.05).

TABLE 3 Results of general linear models of 159 female goat kids on three different weaning treatments for each of three experimental periods 
(Experiment 1).

Period Factor Abrupt Gradual1 Gradual2 Treatment 34 d weight

EMM ± SE EMM ± SE EMM ± SE p (F) p (F)

Weaning1 (35–44 d) ADG (g/ d) 0.15 ± 0.017 0.28 ± 0.017 0.15 ± 0.017 <0.001* (20.51) 0.003* (9.30)

Weaning2 (45–55 d) ADG (g/ d) 0.19 ± 0.011 0.17 ± 0.011 0.20 ± 0.011 0.151 (1.91) <0.001* (28.66)

PostWean (56–60 d) ADG (g/ d) 0.13 ± 0.026 0.04 ± 0.026 0.07 ± 0.026 0.048* (3.10) 0.022* (5.38)

EMM, estimated marginal means; SE, standard error; ADG, average daily gain. 
*Denotes significant differences (significance level <0.05).
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were not analyzed until 22 days of age when all kids were feeding 
independently and could only fit into the station singularly.

Experimental design

There were two pens each of AW (nine kids each, weaned by 
sudden milk removal at 56 days of age) and GW2 (one pen of eight 
and one pen of nine kids, weaned gradually by removing milk teats for 
periods of time each day), for full treatment details see Table 1. All 
kids had complete removal of access to milk at 17:00 h at 56 days of age 
(according to standard UK practice: 1,11) and postweaning 
measurements continued until day 70.

Measuring milk intake and feeding 
behavior

Feed stations specially fabricated from steel and lined with 
hygienic parlor board sheets (W:195 mm, H:700 mm, L:600 mm, teat 
set at 450 mm from floor) with a built-in RFID reader (that identified 
each kid’s individual ear tag) enabled milk intakes to be individually 
recorded. Teat suckling triggered a kidney dialysis pump and each turn 
of the pump dispensed 5 mL of milk (calibration found accuracy to 
be  within 5 mL per 500 mL). Monitoring occurred for 24 h/day; 
number, time, and duration of visits, and milk consumed was recorded. 
When the teats were removed during gradual weaning, visits to the 
feed station were monitored but kids were unable to consume milk.

Solid feed and water intake

Between 08:30 and 10:00 h each day, creep feed, hay, straw, and 
water consumption were recorded on a pen level (daily feed/water 
intake = food/water given – food left from the day before). The water 
bucket was mounted to the wall to minimize spillage and if the bucket 
had been disturbed, data were not recorded for that day.

Weight gain

Enrolment weights were taken upon arrival, and kids were then 
weighed weekly and on the last day of each experiment period, with 
the last weight recorded on day 70. Weights were used to calculate 
ADG for each of the experiment periods [PreWean (enrolment: day 
35), Weaning1 (days 35–45), Weaning2 (days 45–56), and PostWean 
(days 56–70 d)].

Health measures

Health observations were scored at every weighing session as per 
Materials and methods: Experiment 1: Measures of health. As 
recommended upon consultation with a veterinarian (due to the 
prevalence of cryptosporidium on dairy farms and the likelihood of 
an outbreak due to transportation stress and introduction to a new 
environment), all kids were put on a prophylactic course of 
Halofuginone lactate upon arrival. Gradually weaned kids were 

visually monitored for signs of bloat 30 min, 1 h, and 2 h after milk 
teats were replaced after a period of removal.

Behavioral observations

The same CCTV system as in Experiment 1 was used and 
recorded for 6 h/day in three blocks (1000–1,200; 1,330–1,530; 1,630–
1830) to capture milk teat removal and replacements. Due to 
equipment malfunction, only two pens (pen 3 – GW2, and 4 – AW) 
were recorded for the Weaning1, Weaning2, and PostWean periods. 
Each of the two 10-day treatment periods (Weaning1 and Weaning2) 
were analyzed at +3, 6, and 9 days (the start date being average birth 
date +35 days for Weaning1 and + 45 days for Weaning2). The 
PostWean period consisted of the day after weaning (57 days of age), 
+3, 6, and 9 days (a total of 4 days). As stated previously, days were 
selected for representativeness of each study period and to avoid days 
in which weighing or personality tests were performed (for a 
concurrent study). All days selected were ±24 h due to CCTV technical 
issues. All kids were marked to enable individual identification and 
5-min focal kid scan sampling was used to analyze the footage 
according to the behavioral ethogram (Table  2) with some 
modifications (touch teat area was not recorded; ‘push off teats’ 
changed to ‘attempt displacement’ – defined as ‘kid contacts the body 
of the kid that is inside the feed station’; ‘queueing’ was modified to 
‘being within one body length of the feed station entrance while 
another kid is inside’; for ‘feeding’ behaviors, ‘activity toward forage’ 
was split into hay and straw; and ‘activity toward water’ was added).

Missing data

Milk intake was monitored closely and if a kid had not consumed 
any milk by 10:00 h, or if by 20:00 h a kid was below 50% of the average 
individual milk consumption for its pen, they were placed inside the 
feeding station and encouraged to feed and the individual’s milk 
feeding data was then excluded for that day. This resulted in six 1-day 
removals of data for five kids. There was a further one-day removal of 
milk data for one kid due to an unknown recording error. Daily creep 
feed intake was not recorded on 5 days due to spillages; 7 days of water 
intake were not recorded due to water spillages and data sheet damage.

Statistical analysis

Two kids died during Experiment 2 (one from AW due to 
pneumonia and one from GW2 was euthanized due to suspected 
urolithiasis) and their data was removed from all analysis, leaving a 
total of 33 kids. Analysis was conducted in Minitab 18 (Minitab, 
2019). GLMs were used to test for significant differences between the 
outcome variable (ADG or milk intake) and included the PreWean 
value as a covariate and treatment as a fixed factor for each of the three 
remaining experimental periods. Residuals were tested for normality 
using the Shapiro–Wilks procedure and homogeneity of variance was 
assessed visually via scatter plots; all models met the assumptions. 
Mann–Whitney U tests were performed to test for differences in feed 
and water intakes between the weaning treatments in each of the 
experiment periods.

https://doi.org/10.3389/fvets.2023.1200849
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Vickery et al. 10.3389/fvets.2023.1200849

Frontiers in Veterinary Science 07 frontiersin.org

The estimated marginal means of milk intake produced by the 
GLMs were used to calculate milk powder costs during the weaning 
periods for each treatment. Pen-level creep feed intakes were used to 
give estimates of creep feed costs; where daily intake data was missing, 
an average of the 2 days prior and 2 days after the missing day was 
used. The manufacturer’s recommended retail price of each input at 
the time of the experiment (September 2021: £9.65/25 kg creep feed, 
£2,250/1,000 kg milk powder) were used to calculate costs. As hay and 
straw retail costs are highly variable and represent only a small 
proportion of total rearing costs (<£1 per kid), these were not included 
in the cost analyses.

Behavioral analysis was conducted using Mann–Whitney U tests 
(with each behavior variable presented as sum incidences divided by 
the number of days observed in the period) to identify if there were 
differences in behavioral expression between the weaning treatments 
in each of the experiment periods.

Results: Experiment 2 – detailed 
feeding behavior and gradual weaning 
under research conditions

Weight gain and milk intake

There were no statistically significant effects of weaning 
treatment on ADG or milk intake during the first weaning period 
(days 35–44: Weaning1); however, during the second weaning 
period (days 45–55), GW2 kids had higher ADG and lower milk 
intakes (Table 5). ADG results post-weaning were not statistically 
significant but trended toward GW2 kids having higher ADG 
(Table 5).

Milk feeding behavior

Milk intake per hour was graphed to look for rebound effects of 
teat removal and replacement that could cause higher levels of milk 
intake once the teats are replaced (compensatory feeding), and 
Figure 1 shows that this was not observed.

Furthermore, no incidences of bloat were recorded for any kids 
throughout Experiment 2. Visits to the feeding station post weaning 
decreased rapidly for both abruptly and gradually weaned kids; from 
17:00 to 00:00 h on day 56 (the period immediately following 
weaning), AW kids visited the feeding station 110 times ±3.9, whereas 
GW2 kids recorded 77 ± 3.2 visits; on day 57, GW2 kids visited fewer 

times than AW kids, but on day 58 they had slightly more visits 
(Figure 2).

Solid feed and water intakes

Pen-level solid feed and water intakes are displayed in Table 6 and 
show that there were significant differences between the abrupt and 
gradually weaned kids at multiple points during the experiment.

Rearing costs

During the two weaning periods, GW2 kids had slightly lower 
milk powder but higher creep feed costs than AW; however, overall, 
there was little difference in total rearing costs between the treatment 
groups (Table 7).

Behavior

There were not enough incidences of behaviors indicative of 
feeding competition (‘queue for feed station access’ and ‘attempt 
displacement’) to include in analysis. Table  8 shows that during 
Weaning1, GW2 kids had higher levels of activity toward water and 
lower levels of activity toward hay. During Weaning2, GW2 kids 
showed lower levels of play, whereas in the PostWean period this 
reversed, with GW2 kids showing higher levels of play (with zero 
incidences of play observed for AW kids) and higher activity toward 
water, but lower levels of activity toward straw.

Discussion

Weaning goat kids gradually by removing milk teats at pen level 
was feasible for use on-farm. However, weight gain results recorded 
from a commercial farm in Experiment 1 were mixed, as during the 
first weaning period when there were no differences in milk removal 
timings, GW1 kids (long period milk removal in the second weaning 
phase) showed the highest weight gains but, over 4 days post-weaning, 
abruptly weaned kids unexpectedly had the highest gains; however, 
this short period is unlikely to be representative of long-term weight 
gain (Experiment 1). Furthermore, kids in this study showed 
behavioral differences pre weaning when no treatment differences had 
been imposed: GW2 kids (split-period milk removal in the second 

TABLE 5 Results of general linear models of 33 goat kids on two different weaning treatments for each of three experimental periods (Experiment 2).

Period Factor Abrupt (AW) Gradual2 (GW2) Treatment PreWean

EMM ± SE EMM ± SE p (F) p (F)

Weaning1 (35–44 d) ADG (g/d) 0.22 ± 0.014 0.22 ± 0.013 0.772 (0.09) 0.026* (5.52)

MI (ml/d) 2,199 ± 54.2 2,079 ± 52.5 0.136 (2.35) <0.001* (54.08)

Weaning2 (45–55 d) ADG (g/d) 0.21 ± 0.013 0.25 ± 0.013 0.046* (4.34) 0.295 (1.14)

MI (ml/d) 2,294 ± 102.0 1,962 ± 98.5 0.032* (5.09) <0.001* (22.46)

PostWean (56–70 d) ADG (g/d) 0.19 ± 0.010 0.21 ± 0.010 0.074 (3.42) 0.970 (<0.001)

EMM, estimated marginal means; SE, standard error; ADG, average daily gain; MI, milk intake. 
*Denotes significant differences (significance level <0.05).
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FIGURE 2

Visits to the milk feeding station per hour post-weaning (time of 
weaning indicated by a solid marker line – 17:00 on day 56) of goat 
kids reared on artificial milk supply systems on two weaning 
schedules (Experiment 2).

phase) displayed higher levels of feeding competition before weaning 
and higher durations of feeding on solids during the first weaning 
period, making interpretation of treatment differences difficult. Post-
weaning, GW2 displayed lower levels of ‘frustrated suckling 
motivation’ (Experiment 1). However, it should be  noted that 
behavioral analysis could not be  recorded on the individual level 
which is a limitation as inter-individual behavioral differences are 
apparent in goat kids (31, 32) which likely impact their coping ability 
(32, 33) and productivity (34).

Experiment 2 was able to explore feeding behavior in more detail; 
however, the results should be interpreted with caution due to the 
limited sample size and the study of male kids. Some research suggests 
that male kids grow faster than females (35, 36), which means growth 
results are not directly comparable between our experiments; however, 
the male kids were castrated due to practical requirements and 
therefore showed lower growth rates than entire males (37, 38) and 

other work has found no impact of sex on weight gain in kids studied 
up until 28 days old (39). When compared to abrupt weaning, GW2 
kids had higher growth rates during the second weaning period and 
a trend toward higher ADG over a longer postweaning period 
(56–70 days rather than 56–60 days in Experiment 1) alongside lower 
milk intakes during both weaning periods. Pen-level solid feed intakes 
showed differing results dependant on feed type, however: GW2 kids 
had higher creep intakes during weaning and higher water intakes 
post-weaning. Behavioral observations showed that during the second 
weaning period GW2 kids displayed lower levels of play, whereas 
post-weaning this reversed, with GW2 kids showing higher levels of 
play (zero incidences of play were observed for AW kids).

While results varied between the two experiments, which likely 
reflects differing conditions and difficulties around reproducibility 
with animal data, collecting data from commercial and research 
conditions allowed for a well-rounded initial understanding of the 
weaning transition and implications for kid management in the ‘real 
world.’ Experiment 2’s more controlled conditions found that ADG 
trends toward being higher in gradually weaned kids post-weaning is 
in agreement with calf literature demonstrating that gradual weaning 
minimizes or prevents a growth rate reduction at weaning (17, 40) and 
increases solid feed intake (40). In terms of goat kid literature, our 
growth findings differ to those of Zobel et al. (23) who considered 
abrupt, step-down volume, and step-down dilution weaning groups, 
and with Magistrelli et al. (22), who found no negative effect on weight 
gain, behavior, or physiological parameters for kids weaned by step-
down volume (however, these results must be interpreted with caution 
due to a lack of an abrupt-weaning control group and a sample size of 
only 11 animals). Our research implemented a longer gradual weaning 
stage (20 days) compared to Zobel et al. (23)‘s 6-day period from 57 to 
63 days of age, but was comparable to the 19-day period from 29 to 
48 days of age used by Magistrelli et al. (22). The difference between 
the present experiments in terms of growth findings could relate to the 
second study’s longer 14-day period of following kids post-weaning, 
which is more likely to be indicative of true weight gain; furthermore, 
the differences in social dynamics (Experiment 1 had pens of 25–32 

FIGURE 1

Milk intake by hour during the experiment periods of goat kids reared on artificial milk supply systems on two weaning schedules (Error bars ±1 SE) 
(Experiment 2).
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kids versus 7–9  in Experiment 2) could have impacted feeding 
competition which may explain some growth rate differences.

Compensatory growth is a physiological process whereby an 
animal increases its growth rate following a period of reduced feed 
intake, to ‘catch up’ with animals that never experienced a reduction 
(41), and is frequently seen in juvenile animals (42) including eight-
month-old goat kids (43). This could be an important consideration 
for postweaning growth; however, in cattle and sheep, there appears 
to be a period from birth to 3 months of age when restriction does not 
trigger compensatory growth (42) which has not been investigated in 
goats younger than 8 months. Following kids for longer post-weaning 
would be valuable when assessing the impacts of gradual weaning on 
postweaning differences and possible compensatory growth. The 
four-day postweaning period for Experiment 1 is unlikely to accurately 
reflect weight gain and could be influenced by gut fill or compensatory 
solid feeding; however, this follow-up was limited due to the 
commercial conditions and kids being rehoused. It would be further 
beneficial to track female kids to their first service and lactation to 
understand possible links with future productivity.

Weaning in young ruminants involves the transition from the 
mono-gastric digestion of milk in the abomasum to digestion of solid 
feedstuff with microbial fermentation in the rumen (44) and the 
physiological events required have been described as a dramatic 
challenge (45). Rumen development is affected by preweaning 
consumption of solid feedstuff (46); in goat kids, solid feed intake has 
been positively correlated with the weight of the reticulo-rumen (47) 
and, in lambs, rumen development is improved by a gradual weaning 
schedule (48). Calf research suggests that preweaning high milk intakes 
can cause issues after abrupt weaning including decreased solid feed 
intake (5) and reduced weight gain linked to slower rumen development 

(17, 40). Solid feed intake and the consequent rumen development is 
critical to successful weaning, so considering factors that affect the 
intake of solid feed is important. Experiment 1 was limited by an 
inability to collect feed intake data; although feeding behavior observed 
via CCTV was used as a proxy and one weaning group had higher levels 
during the first weaning period, this difference was not observed during 
the second weaning period or post-weaning. Non-invasive measures of 
rumen development are limited and, therefore, we  were unable to 
investigate physiological markers during weaning for either experiment.

While higher levels of solid feeding behavior may have been a 
response to teat removal, both gradual weaning groups had the same 
teat removal timings during the first weaning period and therefore 
should not have showed differences. The group showing higher 
feeding behavior in Experiment 1 also had a significant preweaning 
behavioral difference (higher levels of feeding competition), which 
may have been a confounding factor for this group of kids and could 
reflect differing social dynamics within the pen. Increased levels of 
feeding competition result in larger variability in weight gains in pigs, 
with the smaller animals showing the lowest growth rates (49). In 
calves, increased competitive interactions result in decreased feeding 
time and milk intake (50). Due to practical constraints, Experiment 2 
was only able to evaluate one method of gradual weaning in greater 
detail and, therefore, as differences in weight gain were unclear, the 
weaning treatment which showed significantly lower levels of 
frustrated suckling motivation post-weaning (GW2) was selected.

During Experiment 2, feeding behavior was investigated in greater 
detail for abrupt weaning and gradual weaning with a split period teat 
removal (GW2); however, solid feed and water intakes could only 
be recorded at the pen level so must be interpreted with some caution. 
The results show that pre-weaning (no treatment differences), abruptly 
weaned kids were consuming higher levels of straw and creep feed. 
The difference in straw consumption remained, with the abrupt 
weaning pens consuming more straw across all periods, suggesting 
that group differences may exist due to individual feeding preferences 
and perhaps a degree of social contagion of feeding behavior. However, 
the difference in creep intakes reversed with the gradually weaned kids 

TABLE 6 Results of Mann–Whitney U tests comparing pen-level creep 
(g/d), hay (g/d), straw (g/d), and water (ml/d) intakes (all available ad 
libitum) of goat kids reared on artificial milk supply systems on two 
weaning treatments (Experiment 2).

Period Intake Abrupt Gradual2 U p

Mean ± SE Mean ± SE

PreWean 

(14–34 d)

Creep 13 ± 1.6 8 ± 1.0 556.5 0.042*

Hay 17 ± 1.4 14 ± 1.2 652.0 0.154

Straw 27 ± 2.3 18 ± 1.8 497.5 0.004*

Water 80 ± 7.8 73 ± 6.2 770.0 0.773

Weaning1 

(35–44 d)

Creep 24 ± 2.0 51 ± 8.9 122.0 0.022*

Hay 58 ± 5.2 38 ± 4.7 125.5 0.006*

Straw 46 ± 2.0 35 ± 2.1 93.5 <0.001*

Water 112 ± 14.6 161 ± 23.3 176.5 0.185

Weaning2 

(45–55 d)

Creep 58 ± 3.7 182 ± 13.1 1.0 <0.001*

Hay 92 ± 3.9 118 ± 6.2 108.5 0.002*

Straw 68 ± 4.8 49 ± 3.5 108.5 0.002*

Water 109 ± 32.9 103 ± 18.6 174.0 0.242

PostWean 

(56–70 d)

Creep 557 ± 38.7 663 ± 29.4 59.0 0.073

Hay 189 ± 8.3 149 ± 5.3 18.0 <0.001*

Straw 127 ± 8.9 92 ± 8.6 32.5 0.002*

Water 1,376 ± 53.2 1,485 ± 78.0 29.0 0.013*

*Denotes significant differences (significance level <0.05).

TABLE 7 Approximate rearing costs per kid for each experimental period 
of goat kids abruptly or gradually weaned from an artificial milk supply 
system (Experiment 2).

Period Abrupt Gradual2

Weaning1  

(35–44 d)

Milk intake/kid/period (ml) 21,990 20,790

Milk cost (£) 12.86 12.16

Creep intake/kid/period (g) 256 549

Creep cost (£) 0.12 0.26

Weaning2  

(45–55 d)

Milk intake/kid/period (ml) 22,940 19,620

Milk cost (£) 13.42 11.48

Creep intake/kid/period (g) 640 1997

Creep cost (£) 0.31 0.96

PostWean  

(56–70 d)

Creep intake/kid/period (g) 7,798 9,284

Creep cost (£) 3.76 4.48

Total cost (£) 30.48 29.35

Mean 10-week kid body weight (kg) 17.33 18.26

Cost per kg of bodyweight (£) 1.76 1.61

Estimates calculated in September 2021.
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showing higher creep feed intakes during both gradual weaning 
periods and, while not significant, the PostWean intakes trended 
toward a higher mean value. As creep intake is critical to rumen 
development and successful weaning [Calves, Coverdale et al. (51)], 
and higher creep feed intake results in improved rumen morphology 
[goat kids, Htoo et al. (52)], this finding is of particular interest to 
farms weaning their kids at a young age when they may not have 
started ingesting significant amounts of solid feed. The gradually 
weaned kids also showed a significantly higher level of water intake 
post-weaning. While creep feed intakes were higher for the gradually 
weaned kids during the weaning periods, the opposite was true for 
straw consumption, and hay intakes varied across treatments. There 
is little literature to aid our interpretation of this difference and the 
relationship between forage consumption and weaning treatment 
is unclear.

Milk intakes were recorded on an individual level during 
Experiment 2 and the results suggest that gradually weaned kids 
decrease their milk intakes over the gradual weaning period while 
milk teats are removed, which coincides with an increase in solid feed 
intakes and an increased ADG. Milk intakes during gradual weaning 
have not been evaluated for goat kids before and our results suggest 
that this is a promising on-farm strategy. With the RFID technology 
utilized to record milk intake, visits to the feeding station post-
weaning were also recorded and showed that, in the acute postweaning 
period (48 h after milk removal), the abruptly weaned kids visited the 
milk feeding station more frequently, suggesting that gradually 
weaned kids had habituated to milk access being removed whereas the 
abruptly weaned kids had never experienced this before and likely 
experienced higher levels of stress as a result.

Age was chosen as the weaning criterion as, while weight is a 
lower risk strategy (12), age is more commonly used by farmers (1, 
11). The increasing costs of inputs, particularly milk powder drives the 
desire to wean earlier; therefore, if gradual weaning decreases milk 
replacer intakes while increasing solid feed, it could improve outcomes 
for both kids and farmers. Recording individual milk intakes and 
pen-level creep intakes during Experiment 2 allowed for rearing costs 
to be approximated for each weaning treatment, and a small difference 
was seen (gradually weaned kids cost on average £1.13 less); showing 
that increased creep feed intakes of gradually weaned kids were 
financially compensated for by the lower milk intakes, which is more 
expensive per gram. In a recent survey of goat kid rearers (24), 
feasibility and rearing costs were of key concern, and this research 
provides evidence to suggest making simple management changes like 
introducing gradual weaning via pen-level teat removal to improve 
welfare would be feasible and not affect rearing costs.

The age at which gradual weaning begins is an important 
consideration, as very early implementation results in calves being 
unable to cope with the reduced nutrients from milk intake (17). 
However, ‘successful’ weaning of goat kids (as measured by growth 
and mortality, without consideration of behavioral effects) has been 
documented as young as 45 (20) and 35 days of age providing they 
were consuming >30 g of solid feed daily (12). It has been 
demonstrated that lambs can be weaned as early as 4 weeks without 
detrimental effects on growth or organ development (measured at 
16 weeks: 40) providing that milk allowance is stepped down to 
encourage solid feed intakes. However, other studies have shown that 
the youngest weaned lambs (6 weeks, compared to 13 and 21 weeks) 
were the most behaviorally ‘agitated’ (53). In our first experiment, 

TABLE 8 Results of Mann–Whitney U tests comparing the daily behavior frequencies of goat kids reared on artificial milk supply systems on two 
weaning treatments (Experiment 2).

Period Behavior Abrupt Gradual2 U p

Mean ± SE Mean ± SE

Weaning1 (35-44d) General play 0.41 ± 0.155 0.48 ± 0.113 35.50 0.648

Activity toward water 0.15 ± 0.081 1.00 ± 0.278 16.00 0.023*

Activity toward hay 3.89 ± 0.364 1.56 ± 0.236 2.50 0.001*

Activity toward straw 1.15 ± 0.273 1.45 ± 0.215 30.00 0.338

Activity toward creep 0.44 ± 0.136 0.96 ± 0.204 19.50 0.059

Frustrated suckling motivation 0.15 ± 0.081 0.07 ± 0.074 32.50 0.331

Weaning2 (45-55d) General play 0.41 ± 0.134 0.07 ± 0.049 19.50 0.039*

Activity toward water 0.00 0.00 na na

Activity toward hay 3.96 ± 0.602 2.96 ± 0.349 24.00 0.143

Activity toward straw 2.15 ± 0.390 2.59 ± 0.411 30.00 0.349

Activity toward creep 1.56 ± 0.319 1.67 ± 0.434 39.50 0.929

Frustrated suckling motivation 0.07 ± 0.049 0.30 ± 0.188 34.00 0.466

PostWean (56-70d) General play 0.00 0.81 ± 0.212 0.00 <0.001*

Activity toward water 0.56 ± 0.185 1.64 ± 0.280 11.50 0.010*

Activity toward hay 5.53 ± 0.961 3.64 ± 0.354 24.00 0.144

Activity toward straw 7.56 ± 1.129 4.72 ± 0.558 18.00 0.047*

Activity toward creep 4.75 ± 0.579 6.53 ± 0.880 20.50 0.076

Frustrated suckling motivation 0.22 ± 0.106 0.19 ± 0.091 38.00 0.810

*Denotes significant differences (significance level <0.05).
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we observed lower levels of behaviors indicative of ‘frustrated suckling 
motivation’ within the GW2 group; however, this difference was not 
observed in the second experiment. In the second experiment, GW2 
kids showed lower levels of play in the second weaning period, 
perhaps indicative of their response to reduced milk availability; this 
was reversed in the PostWean period when GW2 kids had higher 
levels of play behaviors, which could indicate improved welfare, 
particularly as no play was observed in AW kids. It has been proposed 
that the absence of play is a reliable indicator of a change from positive 
to poorer welfare (54), as it is a ‘luxury’ behavior that decreases when 
energy resources are limited or the activity cost increases (55).

Conclusion

The results of the research presented here collected from 
experiments conducted under commercial and research conditions 
indicate that implementing a gradual weaning program from 35 days 
of age may have a positive effect on goat kids’ performance, as 
measured by ADG, and was suggestive of positive effects on kid 
behavior and therefore their overall welfare. Our work demonstrates 
that 3.5-h block teat removals did not increase feeding competition 
or cause compensatory milk feeding (in fact milk intakes reduced 
during weaning, which could be economically beneficial to farmers) 
but did increase creep feed intake. Lower levels of behaviors indicative 
of frustrated suckling motivation, higher levels of postweaning play 
behaviors, and fewer postweaning visits to the feed station suggest 
that gradually weaned kids were better psychologically prepared for 
full milk removal. However, it would be  beneficial for future 
experimental work to investigate the optimal balance of milk access 
(including when to start gradual weaning, how long the weaning 
period should be, and for how long teats should be  removed) to 
ensure good growth, increased solid feed consumptions and 
psychological preparation while avoiding detrimental impacts 
associated with limiting milk supply. Overall, the results suggest that 
pen-level gradual weaning is feasible and can be recommended for 
implementation on commercial farms and that there is little 
difference in the costs incurred as a result; however, further work to 
optimize protocols is recommended.
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