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Summary

The aim of this study is to evaluate the efficacy of frozen Azawak colostrum supplementation on body weight

(BW), average daily gain (ADG), reproductive parameters (mean age at first parturition, fertility, fecundity, pro-

lificacy) and mortality rate among red kids. The study was conducted at the goat farm secondary centre of Maradi

in Niger from September 2010 to September 2011. The control animals (n = 20) were left with their mother,

while the treatment animals (n = 20) received in addition 50 ml/animal/day of bovine colostrum at birth and

15 ml/animal/day from d2 to d15. Weight was measured weekly from birth to d365. Mortalities were also

recorded over the same period. For reproductive parameters, observations began at weaning (d197). Growth rate

was higher (p < 0.001) in supplemented animal, and the treatment effects on ADG were observed up to 150 day

after the end of supplementation. A similar long-lasting trend was also observed in relation to the mortality rate

(25% for ColG vs. 55% for ConG; p = 0.05). The age at first kidding tended to be lower in the treated group

(13.8 � 0.7 vs. 14.1 � 0.8 month; p < 0.1). In conclusion, mild bovine colostrum supplementation induces a

long-lasting positive impact on growth rate and to a lower extent on reproduction parameters and survival rate.
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Introduction

Colostrum is a high-value product in the diet of young

suckling animals (Cairangzhuoma et al., 2013; Xu

et al., 2013) in that it contains elements required for

the survival and growth of the young animals (Sun

et al., 2013). In general, the period from birth to

weaning is a critical step for many mammals. The fail-

ure or delay in colostrum ingestion within hours after

birth is a health risk that affects the future perfor-

mance of the newborn animal (Le Hu€erou-Luron

et al., 2004). In Niger, where rearing conditions are

precarious, young animals frequently die within

1 month after birth. In 2010, unpublished statistics of

the goat farm secondary centre in Maradi (GFSCM)

stated that 76% of kids died before the age of

2 months. In such conditions, colostrum intake is crit-

ical early after birth (Xu et al., 2013). Supplementa-

tion of newborns with colostrum from other species is

a potential pathway for improving performances in

rearing kids (Jensen et al., 2013). Hence, we thought

it interesting to assess the effect of supplementation

with colostrum from other species on kids in the

drought conditions prevailing in Niger. Therefore, the

aim of this study is to evaluate the effect of supple-

menting bovine colostrum from Azawak Zebu to kids

of Maradi red goats in Niger.

Materials and methods

Experimental site

The study was conducted at the GFSCM of Niger from

September 2010 to September 2011. The average pre-

vailing daytime temperature was 35 °C, and average

annual rainfall was between 600 and 700 mm). The

town of Maradi is located at approximately six hun-

dred kilometres south-east of Niamey between 13°
and 15°26’ north latitude and 6°16’ and 8°33’ E longi-

tude. The GSCFM was established in 1963 at approxi-

mately 3.5 km, east of the town of Maradi and covers
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an area of 1 850 ha. Kids are generally maintained,

with their mothers, on semi-intensive rangeland in

the day and kept in permanent sheds at night. The

animals graze under the guidance of shepherds in the

day and at night they receive a supplement of concen-

trates (wheat bran, cottonseed meal) twice a week. In

addition, licks are permanently available in their

racks. Water is provided ad libitum.

Colostrum collection

The colostrum (10 l) was obtained from Azawak Zebu

cows at the Sahelian experimental station of Toukou-

nous (SEST), two hundred kilometres north of Nia-

mey. Colostrum was collected before the first suckling

in containers, aliquoted into tubes and frozen in the

first hours after collection. Cows were vaccinated

against contagious bovine pleuropneumonia (CBPP)

in July 2010. No known transmissible disease from

cattle to sheep or goats was reported in 2010 at the

SEST. Colostrum was analysed for chemical composi-

tion and immunoglobulin content (Table 1). Immu-

noglobulin (Ig) and lactoferrin (Lf) were measured

using ELISA at the Center for Rural Economy of Mar-

loie (Belgium), following the manufacturer’s recom-

mendations (Bethyl® quantitative sandwich ELISA,

Bethyl Laboratories, Inc., Montgomery, TX, USA). Dry

matter (DM), ash, nitrogen-free extract (NFE), ether

extract (EE) and crude protein (CP) were measured

following the methods of the Association of Official

Analytical Chemists (AOAC, 2006). Calcium (Ca) and

magnesium (Mg) were assessed through atomic

absorption, and flame emission was used to measure

potassium (K) and sodium (Na), and phosphorus (P)

was evaluated through spectrophotometry.

Animals and experimentation

The experimental protocol was approved by the labo-

ratory of Animal production/Faculty of Agriculture/

University of Abdou Moumouni (Niamey-Niger) in

collaboration with the directorate of Niger Veterinary

Services. The study was performed on 40 kids born

from 17 September 2010 to 31 October 2011. Each

animal was identified by an alphanumeric number

indicating its affiliation in the park, its year and order

of birth and its sex. At each birth, kids were ran-

domly allocated to either the control group (ConG)

or the experimental group (Colostrum group, ColG),

but in a way to maintain sex equilibrium in the allo-

cation, all kids were allowed to stay with their moth-

ers and suck ad libitum; water was also provided ad

libitum. At birth (d1), kids allocated to ColG received

orally a supplement of 50 ml/animal/day of bovine

colostrum, divided into two meals, and 15 ml/ani-

mal/day from d2 to d15.

Control parameters

To assess the effect of colostrum on kid growth, ani-

mals were weighted weekly in first month after birth

and then biweekly until d365, using a scale with a

maximum loads of 150 � 0.1 kg. Mean age at first

kidding (MAFK), fecundity (proportion of females giv-

ing birth on total females subjected to reproduction),

fertility (proportion of pregnant females on total

females subjected to reproduction) and prolificacy

(offspring per female) was also recorded for females

issued from the kid population. In males, no parame-

ters of reproduction were measured. Death occur-

rences were recorded daily during the study to assess

the effect of colostrum on survival rate.

Statistical analysis

Data were analysed using a mixed model of the Statis-

tical Analysis System (SAS, 1999) including the effects

of treatment, time, sex and allowing the inclusion of a

type 1 autoregressive effect for repeated data mea-

sured on the same animal. For MAFK, the arithmetic

means were calculated. The Student’s t-test was used

to compare averages. For fecundity and mortality,

data were analysed by chi-square test. Growth perfor-

mance at three stages (supplementation, post-supple-

mentation to weaning and weaning to the end of the

study) was analysed using the general linear model

Table 1 Chemical composition and immunoglobulins content

(means � standard deviation) in Azawak cows colostrum

Composition (g/l) Means � SD (n§ = 7)

IgG 22.5 � 1.7

IgA 3.3 � 0.7

IgM 1.7 � 0.7

Lactoferrin 0.2 � 0.2

DM 149.8 � 15.3

CP 67.6 � 9.2

EE 28.9 � 0.2

NFE 43.4 � 3.2

ash 9.9 � 0.7

Ca 1.3 � 0.2

P 1.3 � 0.2

K 1.4 � 0.2

Na 0.7 � 0.2

Mg 0.2 � 0.0

DM, dry matter; CP, crude protein; EE, ether extract; NFE, nitrogen-free

extract;

§n, number of sample.
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procedure of the Statistical Analysis System (SAS,

1999).

Results

Growth

Table 2 shows the animal performances at the three

consecutive stages: supplementation (stage 1), post-

supplementation to weaning (stage 2) and weaning to

the end of the study (stage 3). During supplementa-

tion, the initial body weight (BW) was similar

between groups (p > 0.05). Final weight at this stage

reached higher values in ColG than in ConG (+
1.57 � 0.06 kg, p < 0.001), with ADG largely higher

100.4 � 4.4 vs. 74.7 � 4.4 g/d).

From d15 to weaning (d197), the ADG continued to

be higher in ColG than in ConG (62.8 vs. 46.4 g/d),

although during this transitional stage, ADG decreased

in both groups (�37.4%and�37.8% inColG andConG

respectively). This helped the treatment animals to

reach a live weight close to 14.6 � 0.17 kg achieving,

hence, a supplemental 3.4 kg over animals of the other

group (14.6 � 0.17 vs. 11.2 � 0.2 kg, p < 0.001).

In the last stage, total gain remained significantly

higher in ColG (p < 0.001), as well as ADG

(41.4 � 0.8 vs. 34.9 � 0.8 g/d, p < 0.001), resulting

in an overall weight gain of 6.6 kg for ColG over ConG

(p < 0.001).

The trend evolution of BW and ADG for red kids of

the two groups is given in Fig. 1. During all the

experiment, the growth curves were quasi-linear, but

with different slopes, whereby weight differences

increased with time, starting from the second week

of the experiment. The development of ADG varied

at different stages. It was as high as approximately

100.4 g/d at the beginning of the experiment, but

decreased thereafter regularly with time to reach a

plateau of approximately 41.4 g/d at the 10th month.

The ADG differences between the two groups were

strong, even during the post-supplementation stage,

until approximately d127 after birth, and more vari-

able thereafter, the effect disappeared after d300.

Reproductive parameters

Means values of MAFK were (13.8 � 0.7 vs.

14.1 � 0.8 month; p < 0.1), respectively, for ColG

and ConG. By contrast, for parameters such as fecun-

dity, fertility and prolificacy, there was no difference

between the two groups of females.

Table 2 Performances of red kids that received or not a supplement of bovine colostrum during the first 15 days of live in Maradi, Niger

Item

Groups

p > F

SEM

ColG ConG

Male (n§ = 11) Female (n§ = 9) Male (n§ = 8) Female (n§ = 12) T* S† T* 9 S† Interaction

Period 1: Birth to d15

BW at birth, kg 1.7 1.6 1.5 1.6 ns ns ns 0.1

BW at d15, kg 3.2A 3.2A 2.7B 2.7B *** ns ns 0.1

Total gain, kg 1.4A 1.6A 1.1B 1.2B *** † ns 0.1

ADG, g/day 95.0A 105.8A 70.0B 79.3B *** ns ns 5.7

Number of kids at d15 8 8 6 8

Period 2: d15 to d197 (weaning)

BW at d15, kg 3.2A 3.2A 2.7B 2.7B *** ns ns 0.1

BW at d197, kg 14.8A 14.4A 11.8aB 10.6bB *** ** ns 0.2

Total gain, kg 11.7A 11.2A 9.0aB 7.8bB *** * ns 0.3

ADG, g/day 64.1A 61.5A 49.6aB 43.3bB *** * ns 1.6

Number of kids at d197 7 8 3 7

Period 3: d197 (weaning) to d365 (the end of study)

BW at d197, kg 14.8A 14.4A 11.8aB 10.6bB *** ** ns 0.2

BW at d365, kg 21.8aA 21.2bA 18.5aB 16.4bB *** *** * 0.2

Total gain, kg 7.2A 6.8A 6.2aB 5.5bB *** * ns 0.4

ADG, g/day 42.7A 40.1A 36.9aB 32.8bB *** * ns 0.8

Number of kids at d365 7 8 3 6

ADG, average daily gain; BW, body weight; n, number of sample; *T, Treatment; †S, Sex; *T 9 †S, Treatment 9 Sex (interaction).

ns, not significant (p > 0.05); †(p < 0.1); *(p < 0.05); **(p < 0.01); ***(p < 0.001).
a,bFor a same treatment and same line, values assigned to two different small letters are significantly different (p < 0.05).
A,BFor a same sex and same line, values assigned to two different capital letters are significantly different (p < 0.05).
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Survival rate

Mortality rate in ColG was significantly lower than in

ConG and lower than values observed in previous

years (Fig. 2). Five (5) animals died in ColG compared

to 11 in ConG, that is, a 30% reduction in mortality

rate. Statistical analysis revealed a quasi-effect in

favour of ColG (p = 0.05). For both treatments, the

death risk period was at the supplementation stage,

when two casualties (10%) were recorded in ColG

and 6 (30%) in ConG. From supplementation to

weaning, the death rate in ColG remained unchanged

(10%), whereas in ConG, it decreased to 20%. At the

last stage (weaning to end of study), the rate was simi-

lar (5%) for both groups. Casualties occurred after di-

arrhoeal enteritis (35.3%), respiratory diseases (25%)

and unknown reasons (43.75%). Figure 3 shows the

evolution of kid survival rate in the two groups.

Discussion

Growth

This study that aims to evaluate the effects of bovine

colostrum from Azawak breed on red kids was never

reported in the literature, to our knowledge. Boudry

et al. (2008a) and Abdou et al. (2012) reviewed the

large potential of bovine colostrum for heterologous

use.

Bovine colostrum is the natural food for neonatal

calves. In addition, bovine colostrum was used as a

supplement in young animals of other species to

improve health and development (Le Hu€erou-Luron

et al., 2004 and Boudry et al., 2005, 2008b). In calves,

a lot of studies were carried out to indicate the

importance of colostrum feeding on growth and

development (Blum and Hammon, 2000; Blum, 2006;

Berge et al., 2008; Moretti et al., 2010; Machado-Neto

et al., 2011). The authors associated these differences

to the effects of the numerous components in high or

low concentrations, such as immunoglobulin, nutri-

ents and factors like epidermal growth factor (EGF),

insulin-like grown factor (IGF-1) and transforming

growth factor (TGF), which are known to be involved

in the stimulation of intestinal tissue. The study by

Moretti et al. (2013) showed that supplementation

with lyophilized bovine colostrum increased cell

maturity in the enteric and muscle tissues in the first

hours of kid life. In addition, the work of Le Hu€erou-

Luron et al. (2004) showed that bovine colostrum

effect was strengthened when animals were reared in

poor conditions. In their respective conclusions, these

authors suggested the inclusion of bovine colostrum
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in neonatal or post-weaning feed of young animals

because of its high content in nutrients and its huge

effects on animal growth performance.

The data obtained in this study are in line with

those obtained by the authors mentioned above. Sur-

prisingly, the positive effect of colostrum on live

weight was maintained during the whole period of

observation, that is, long after the end of the colos-

trum supplementation, suggesting a memory effect on

animals.

For ADG, positive effects of colostrum were particu-

larly noted in the two-first weeks of supplementation,

but were also paradoxically maintained all over the

trial, especially considering the mean values per stage.

The first-stage effect could be explained by the intrin-

sic characteristics of bovine colostrum (its high grade

nutrient value and digestibility). It provides to new-

borns two times more energy than the same amount

of milk and contains less lactose, which helps prevent

the occurrence of diarrhoea (Blum and Hammon,

2000). The study of Le Dividich et al. (1989) showed

that piglets express hypoglycaemia at birth which is

quickly solved with the first ingestion of colostrum.

They linked this increase to an endogenous glucose

production through the mobilization of glycogen

reserves by liver and to exogenous income of lactose

rapidly hydrolysed into glucose and galactose (Ham-

mon et al., 2013). In addition, it is known that a large

fraction of colostrum proteins are immunoglobulin

(IgG, IgA) that give newborns immunity not only

locally, but also against gastrointestinal pathogens. It

also provides systemic immunity against infectious

agents and septicaemia (Blum and Hammon, 2000).

In the present experiment, the increase in ADG was

low but significant (ranging from approximately

25–5 g/d) over a long period. The supplementation

with colostrum also had significant positive effects on

growth throughout the trial. If the positive effect

could be attributed to the nutritional value and espe-

cially the energetic value (6.0 MJ/l) of bovine colos-

trum (Blum and Hammon, 2000), this nutritional

value cannot explain the long-lasting effect since the

15 ml colostrum offered daily to kids represented

approximately 0.09 MJ/l, that is, only 6.8% of the

daily energy requirement for a newborn growing kid.

Consequently, the long-lasting weight increase in kids

of ColG could only be explained by a catalytic effect of

nutrients (protein, fat, lactose, vitamins and miner-

als), antibodies, other non-specific antimicrobial or

endocrine elements (lactoferrin, lactoperoxidase, lyso-

zyme, IGFs), and other pseudo-paracrine and auto-

crine factors contained in the bovine colostrum. It is

known that ingestion of colostrum enhances gastroin-

testinal tract development and function (Blum and

Hammon, 2000) and stimulates newborns’ immune

system (Le Hu€erou-Luron et al., 2004), resulting in a

histological maturation of lymphoid organs; it also

increases the size of Peyer’s patches and improves dif-

ferentiation between the cortex and medulla of lym-

phoid nodes (Marion et al., 2002). Besides its direct

nutritional and immune roles, other functions are

attributed to colostrum. For example, it takes part in

the synthesis of thyroid hormones (Hadorn et al.,

1997) owing to the fact that it contains a significant

amount of iodine and selenium which are required for

their metabolism (Boland et al., 2005). The best-

known growth factors contained in colostrum are the

IGF-1 and 2. They are involved in the stimulation of

cell growth and multiplication in the intestinal sphere
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of newborns (Boudry et al., 2008a). In addition, the

study of Burrin et al. (1992) showed that oral admin-

istration of IGF-1 in newborn piglets increases villus

height in proportion with the dose.

Reproductive parameters

Several authors addressed colostrum intake on ani-

mal performance and immune system, but to our

knowledge no work dealt with the effect of colos-

trum on reproductive parameters. The effects of pro-

teo-energy supplementation alone on MAFK are

hardly showed in red goats. Fasanya et al. (1992)

found that a supplement of cotton seed cake (CSC)

alone improved MAFK value, but not a mixture of

CSC and maize, or maize alone. Our results showed

a weak effect associated with bovine colostrum

intake on reproductive parameters. Indeed, goats in

the colostrum group tended to be more mature

than those in the control group, and other animals

studied at the station (MAFK value of 20 and

14.5 months, respectively, observed by Verhulst in

1995 and Naba in 2001). However, no effect could

be observed on fecundity, fertility and prolificacy.

Reproductive parameters largely depend on animal

growth rate (BW and ADG) and speed to puberty

weight. The improvement of live weight and ADG

depends on nutritional values of intake such as

colostrum which contains nutrients and antipath-

ogenic compounds (Blum and Hammon, 2000;

Boudry et al., 2008a). As mentioned above, the

supplementation provided in this experiment was

quantitatively weak, but it induced significant

changes in live weight, leading to expect changes in

reproduction parameters. For fecundity, the average

value obtained in ColG was greater than in ConG,

but this difference was only a trend. Value of fecun-

dity and fertility was in line with the data recorded

at GFSCM (80.34%) in 1992, (109.96%) in 1993

and reported by Hamidou (1995). As for prolificacy,

the results of this study are considerably lower than

those obtained by Verhulst (1995); Marichatou et al.

(2002) on red goats. This may be attributed to litter

size. It is known in the literature that in red goats,

twinning is very scarce at first kidding (Naba,

2001). Finally, females should be monitored during

a longer period, to evaluate the effect of colostrum

supplementation on reproductive performances.

Survival rate

The use of bovine colostrum seemed interesting as a

mean to reduce neonatal mortality and therefore

increases chances of survival in newborn kids of tra-

ditional and modern farms. To our knowledge, very

few experiments on goat survival were performed in

Niger, and the effect of colostrum on mortality is little

known, particularly, in red kids. In the Sahel, feed is

a limiting factor in farms (Mcdowell et al., 1983). An

overview of the evolution of mortality rates at

GFSCM for the past 7 years shows all the interest

colostrum supplementation could bear for improving

the health status of red kids. During the period men-

tioned above, the mortality rate evolved as shown in

Fig. 2a. The rate ranged from 17.9% to 63.6%. In

our study, for ConG, the mortality rate from d0 to

d365 recorded by Naba (2001) was of 44% at GFSCM

and 60% in surrounding small farms. By contrast, in

the ColG, the value was drastically reduced to 26%.

The difference between the two groups would likely

be attributed to the supplementation of colostrum that

ensured a local protection of kids. The study by

Boudry et al. (2008b) where 96 piglets weaned at

26 � 2 days of age were subjected for 4 weeks to a

control regimen or a regimen with lyophilized bovine

colostrum showed that the supplemented group was

healthier and showed a reduced mortality rate. In

addition, this study showed a link between a short-

term supplementation in heterologous colostrum and

mortality rate.

Again, the positive effects resulted probably from

the supplemental action of antimicrobial factors pres-

ent in additional colostrum, particularly IgG which

represents approximately 95% of immunoglobulin

(Boudry et al., 2008a), but also lactoferrin, lactoper-

oxidase, lysozyme, cytokine. The long-lasting effect of

colostrum intake on mortality rate in ColG suggests

also the so-called ‘catalytic effect’ of the various com-

pounds found in the colostrum, as described above for

animal performance. Finally, data from this study cor-

roborate results of (Lima et al., 2009) which found

that a supplement of bovine colostrum to kids at birth

increased the levels of plasma immunoglobulins. They

suggested that bovine colostrum can be used as an

alternative source of initial protection for newborn

goat kids.

Conclusion

The results of this study show that supplementation of

bovine colostrum during a short time of neonatal per-

iod can improve the performance and reduce the mor-

tality rate of kids. The response to supplementation

results in a sustainable increase in BW and ADG and a

significant decrease in mortality. Presumably, the

amount of colostrum and the length of the experi-
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ment may have an effect on the results. Further stud-

ies should be conducted to take into account those

parameters and to observe the effect of early supple-

mentation on reproduction parameters of multiparous

females, during short time of the neonatal period.
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