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Abstract
Context: Failure of passive transfer of immunity due to
insufficient and/or delayed administration of good quality
colostrum is a risk for disease, death and reduced weight
gain in lambs.
Objective: This trial evaluated the performance and health
of lambs fed a bovine source lacteal derived colostrum
powder in addition to farm colostrum compared to two
feedings of farm colostrum.
Setting: This trial was performed on a large commercial
sheep farm in Israel in 2015.
Participants: Two cohorts, a total of 60 male lambs, were
enrolled at birth and followed until sent to market at
approximate 5.5 months of age.
Interventions: The lambs randomly assigned at birth to
receive either 250 ml of a bovine colostrum replacement
(CR) or 250 ml of farm source ewe colostrum (FC) within
half an hour of birth. Within 6 hours of birth a second
feeding of 250 ml of farm source ewe colostrum was
administered to both groups.
Main outcome measures: Colostral Brix% and serum brix%
was measured using a Brix digital refractometer and
compared between treatments. Morbidity, mortality and
weight gain was recorded until marketing at average 165
days of age and compared between treatments.
Results: The Brix values were significantly higher in CR
compared to FC. Serum% Brix was significantly higher in CR
than FC lambs. There was significantly less disease in CR
lambs (0%) than in FC lambs (17%) (P=0.05). Significantly

more CR lambs (97%, 29 of 30 lambs) were marketed
compared to FC lambs (77%, 23 of 30 lambs) (P=0.05).
Conclusions: The use of this commercial colostrum
replacement may facilitate colostrum management and
improve health and productivity in lambs.
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Introduction
High neonatal morbidity and mortality remains a worldwide
challenge that impacts lamb welfare and farm productivity [1].
Adequate colostrum intake is a key to reducing losses due to
infectious disease in newborn lambs [2]. However, failure in the
transfer of passive immunity remains the major cause of
morbidity and mortality in small ruminants. Successful and
efficient rearing systems wherein lambs are separated from their
dams at birth and fed calf milk replacer for production of
marketable sheep milk have been reported [3,4]. A commercial
bovine source colostrum replacement product could be used on
sheep farms to replace or supplement maternal colostrum.
There are studies showing that the efficiency of absorption of
IgG from bovine colostrum is similar to ovine colostrum [5].
However, field studies evaluating the health and growth
outcomes in lambs receiving bovine colostrum as a replacement
or supplement for maternal colostrum are lacking. The aim of
this clinical field trial was to evaluate the performance and
health of lambs given a first feed of a bovine origin lactealderived colostrum powder compared lambs fed similar volumes
of farm source ewe colostrum on morbidity, mortality, weight
gain and marketing of lambs.
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Material and Methods
Study site
This trial was conducted in the Lachish region in Israel, at a
commercial sheep farm with 700 dams. All lambs were
separated from the ewe immediately after birth and hand fed
colostrum, and thereafter ad lib bovine milk replacer (23%
protein and 20% fat), through an automatic milk feeding system
in indoor group housing units. During the preweaning period the
lambs were also offered fresh vetch hay and starter pellets. After
weaning, lambs were fed 22% crude proteins pellets and whole
barley grains at a 1:1 ratio ad lib. Lambs were sent to market at
approximately 5.5 months of age.

Study cohorts
Two cohorts of male lambs were enrolled in the study, the
first cohort was enrolled from August 22nd-30th in 2015, and the
second cohort from November 2nd-7th in 2015. The lambs were
separated from the dam immediately after birth, ear tagged and
weighed. Lambs weighing 1.5 Kg or more with no signs of
physical abnormalities were enrolled in trial.

Treatment
Newborn lambs were randomly assigned to either the CR or
FR treatment to receive either 250 ml of bovine origin lactealderived colostrum replacement (CR) from Saskatoon Colostrum
Company Ltd (SCCL) or 250 ml of thawed and warmed previously
frozen pooled farm ewe’s colostrum (FC). The CR was
constituted using 75 g SCCL colostrum powder mixed into 200
ml water at 40°C and the farm colostrum was thawed and fed at
similar temperature. The first colostrum feeding was within 30
minutes of birth and was performed by the farm’s veterinarian
or the veterinary assistant. Two to four hours after the first
colostrum feeding, all lambs received an additional feeding of
250 ml of FC for a total of 500 ml of colostrum fed within 6 hours
of birth. After the two colostrum feeds the lambs were
transferred to a group pen where they received the same milk
replacer and grain supplement ration until weaning and
marketing.

Samplings and study outcomes
Colostrum samples (first and second feeding) were collected.
Blood samples were collected in serum tubes from all lambs 24
hours after birth. Serum samples and colostrum samples were
tested for total solids using a digital Brix refractometer. Lambs
were weighed at birth prior to colostrum ingestion, at weaning
(at approx. 4 weeks of age), and on the day sent to market at
approximately 165 days of age. The exact date of weighing was
recorded and the weight at birth was recorded to the nearest
0.1 Kg. Weight gain performance was measured as average daily
gain (ADG). Lamb health was evaluated daily by the farmer who
was blinded to treatment allocation, and confirmation of
diagnosis and treatment of sick lambs were made by
veterinarian and veterinary assistant. All health events preweaning were recorded including clinical signs, treatments
administered and mortality. After weaning, the farmer disposed
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of lambs with poor performance (slaughter, sell or give away).
After weaning, mortality events could have been unreported as
poor doing animals had been removed and therefore the lambs
marketed was used as the final performance outcome.

Statistical Analysis
Study data were entered into an excel spreadsheet, verified
and summary statistics and statistical analysis was done with
SAS version 9.4. The outcomes evaluated were; morbidity,
mortality, serum-Brix, average daily gain as measured from birth
to weaning (mean 34 days), at 4 months (mean 127 days) and at
marketing (mean 165 days). General linear models (GLM)
including cohort as covariates were used to evaluate colostral
brix %, serum brix % and birth weight. GLM including cohort and
birth weight and age of lamb as covariates were used to
evaluate ADG from birth to 4 months and ADG from birth to
marketing. Least square means (LSM) and standard errors (SE)
from the GLM are presented. The incidences of disease and
mortality and the number of lambs that were marketed were
compared by a stratified table and the difference in disease
incidence evaluated using Fisher's exact test. Kaplan-Meier Plots
were used to describe the lambs that were removed from the
study or died prior to marketing.

Results
The first cohort consisted of with 11 CR lambs and 11 FC
lambs. The second cohort contained 19 CR lambs and 19 FC
lambs. For the first feed the %Brix of the CR (26.4 ± 0.2) was
significantly higher (P<0.01) than the %Brix of FC (15.7 ± 0.2) fed
to as first feed (Table 1). For the second feed farm colostrum the
% Brix fed to CR lambs (15.5 ± 0.1) was not significantly different
to FC lambs (15.7 ± 0.1) (P=0.55). The %Brix in serum of CR
lambs (8.6 ± 0.1) was significantly higher than the %Brix of the
serum of FC lambs (7.8 ± 0.8) (P<0.01) (Table 1).
Table 1: Summary of colostrum and serum Brix
Colostrum brix %

Lamb serum

Treatment

Cohort

Feed 1

Feed 2

Brix %

CR

1

26.8

16.8

8.5

CR

2

25.8

14.2

8.6

FC

1

17.1

16.9

8

FC

2

14.5

14.4

7.6

In Cohort 1,4 FC lambs were diagnosed with respiratory
disease and two of these lambs died, whereas no lambs in the
CR group were diagnosed with disease or died during the study
period (Table 2). In cohort 2, two FC lambs showed depression in
the first week of life and one of these lambs died, whereas no
CR lambs showed signs of disease or died. There was
significantly less disease in CR lambs (0%) compared to FC lambs
(17%) (P=0.05) (Table 2). The preweaning mortality in CR lambs
(0%) was not significantly lower than FC lambs (7%) (P=0.24).
Twenty-three of the 30 FC lambs (23%) were marketed, whereas
29 of the 30 CR lambs (3%) was marketed (P=0.05) (Table 2).
This article is available from: http://animalnutrition.imedpub.com
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Survival analysis of removal or death from the flock prior to
marketing confirmed that significantly more FC lambs left the
group than the CR lambs (P=0.02) (Figure 1). The ADG of CR
lambs at weaning was 0.355 ± 0.013 Kg/d and not significantly
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higher than the ADG of FC lambs 0.332 ± 0.014 Kg/d (P=0.22)
(Table 3). Similarly, at marketing the ADG of CR lambs was 0.428
± 0.010 Kg/d and not significantly higher than the ADG of FC
lambs 0.413 ± 0.011 Kg/d (P=0.29) (Table 3).

Table 2: Pre-weaning morbidity and mortality and lambs sent to market.
Preweaning Disease

Preweaning Dead

Lambs marketed

Treatment

No

Yes

%

No

Yes

%

Yes

No

%

CR

30

0

0.00%

30

0

0.00%

29

1

96.70%

FC

25

5

16.70%

28

2

6.70%

23

7

76.70%

P = 0.05

P = 0.24

P = 0.05

Figure 1: Kaplan-Meier survival plot of lambs until marketing.

Table 3: Summary of Birth weight, and average daily gain at weaning and at marketing.
Birth Weight (Kg)
Treatment

Cohort

Mean

Weaning ADG (Kg)
Std

Mean

Marketing ADG (Kg)
Std

Mean

Std

CR

1

4.145

1.06

0.335

0.06

0.414

0.036

CR

2

3.932

0.96

0.374

0.083

0.446

0.042

FC

1

4.127

1.292

0.332

0.107

0.386

0.113

FC

2

3.821

1.241

0.339

0.084

0.441

0.045
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Discussion
This study indicates that feeding newborn lambs a bovine
derived colostrum replacement product to replace the first ewe
colostrum feeding resulted in higher serum %Brix, decreased
morbidity, a trend for decreased preweaning mortality and an
overall increase in the number of lambs marketed.
The ewe colostrum used in this study had relatively low %Brix
likely indicating lower levels of immunoglobulin relative to the
bovine CR used to supplement the lambs in the CR group. In this
study, the CR lambs had higher serum Brix% compared to FC
lambs. There are numerous studies indicating that there is a high
correlation between %Brix and serum IgG in dairy calves [6,7].
For the purpose of this study, the serum Brix values gave some
indication to levels of IgG in the serum of the lambs.
Furthermore, this Brix measure does not present differential
results based upon antibody species, and may thereby be
indicative of total IgG, whether bovine or ovine source. Further
research with IgG determination in colostrum and lamb serum is
recommended. Bovine colostrum has also been used to
supplement goat kids and resulted in higher serum
immunoglobulin status and improved growth [8]. Furthermore,
bovine colostrum products may also be an alternative to ewe or
doe colostrum to prevent transmission of maternal colostrum
borne pathogens such as Maedi-Visna Virus and Scrapie to
lambs or kids [9,10].
Early access to sufficient colostrum is crucial for neonatal
lamb health [2]. In this study the lambs were fed a total of 500
mLs of colostrum divided into 2 feedings within the first 6 hours
of life. The lambs that received the first feeding of 250 mLs of
the bovine CR supplement (100 g IgG/470 g powder) received 16
g IgG in that feeding. Since the mean birth weight of the lambs
was approximately 4 kg this is about 4 g IgG/kg delivered in the
first feeding. In farms where the lambs are removed from the
dam, it has been noted that feeding colostrum equivalent to 8 g
of IgG/kg of body weight results in immunity comparable to
lambs reared under natural conditions [11]. Other authors
recommend total colostrum feeding of 30 g IgG per lamb [12]. In
a study where 250 ml pooled bovine colostrum was fed in 2
meals compared to equal quantities of ovine colostrum, they
found that the IgG content in the pooled bovine colostrum was
more than twice as high as the ovine colostrum, and the study
also indicated that the efficiency of absorption of colostral IgG
was similar between bovine and ovine colostrum [5]. It has
previously been noted significantly higher growth in kids that
had been supplemented with bovine colostrum [8]. In this study,
the ADG was not significantly different between CR and FC
lambs. This could be partly a censoring bias due to that the farm
removed (personal sales, gifts, slaughter) lambs that were not
performing well and sick lambs with lower weight gains died in
the FC group.
The use of this commercial colostrum replacement may
facilitate colostrum management and improve health and
productivity in lambs. Results from this study indicate that a
commercial bovine dried colostrum product can be a valuable
alternative or supplement to ewe colostrum to optimize health
and performance in lambs reared artificially on milk replacers.
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Further studies are recommended to determine the optimal
means to use dried bovine colostrum as means to improve
productivity in lambs.
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