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The present study was carried out to assess whether the 

powder from eggs unfit for human consumption can be 

recovered as a protein supplement in milk replacer of pre 

ruminant lamb. A total of 96 lambs were divided into 2 

groups and received 2 diets based on milk: a control and an 

experimental milk containing 20 % of egg powder, from 24 

h after birth to 4 weeks of life. Both diets are repeated 5 

times, 10 batches using each 9 or 10 lambs per repetition. 

The hematocrit of lambs is measured at the second and 

fourth postnatal week. It is stand out from this study, a 

considerable gap between the 2 diets for lambs for all Zoo 

technique measured parameters: body weight, weight gain, 

consumption of milk powder, feed efficiency and 

hematocrit. This difference is at the expense of the 

experimental group for which it can be concluded that the 

unfit egg powder is not suitable for pre ruminant lambs, 

given various digestive disorders observed during the 

experiment. 
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INTRODUCTION 
 
Pre-Lambing nutrition normally refers to the final 3-4 
weeks of pregnancy. However it is important to 
understand that the last trimester of pregnancy results in 
a huge nutritional demand increase on the ewe. Typically 
70% of fœtal growth occurs in last six weeks of 
pregnancy, rumen capacity becomes limiting and intake 
falls. It is essential to compensate for this reduced intake 
and align concentrate requirement with forage intake and 
quality. Body condition scoring coupled with scanning 
results should be used to batch ewes accordingly. 
Typically these groups will be triplets, twins and singles; 
with option of allowing an under conditioned ewe into the 
next group in the chain.  

 
The production of milk replacers, which began in France 
in 1958, grew until 1983, and then decreased with the 
implementation of milk quotas in 1984 (Toullec, 1988). 

It was followed by a sharp decline in stocks of skimmed 
milk powder and quantities produced and an increase in 
its price (Caugant, 1993). Protein nutrition of the ewe pre-
lambing is critical. Normally we consider two types of 
protein in an ewe diet; Rumen degradable (RDP) and 
Digestible Undegradable sources (DUP). RDP can 
normally provide most of their requirement but in last 3 
weeks pre-lambing DUP is essential to stimulate 
colostrum and milk production. Milk presents a source of 
basal nutrients for pre- ruminants. 
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But, it is more expensive than the other source of 
nutrients (Quigley, 2002). For this purpose, alternative 
feeds to be cheap and high nutrients are investigated in 
animals feeding. Recently, feeds of animal source were 
used to be alternative feeds in milk replacer (Quigley et 
al., 2000; Hara-Kudo et al., 2001). 
It was therefore essential to diversify the sources of 
protein in the composition of breastfeeding to reduce their 
high prices due to the rise in cost of skim milk used also 
in the human diet. The best food was the skim milk 
powder with the addition of some fat substitutes. 
Appropriate technological treatments can reduce the 
adverse effects of these compounds.  

As with plant proteins, tests, few indeed, were 
conducted, using animal proteins such as whey and fish 
protein in the diet of pre-ruminant. Egg is among those 
have been used as feeds, because, considerable number 
of eggs get cracked either during transport, storage or 
during marketing (Tood, 1996; Bell et al., 2001; Hara-
Kudo et al., 2001) and most of these are not at 
consumable quality for human (Tood, 1996) and these 
eggs are cheaper according to whole milk. Besides, 
sometimes it is free. The incorporation of egg powder has 
also been initiated since the European regulation 
prohibits the use of "clear" hatchery eggs for human 
consumption (Sauveur, 1988). Egg is an important 
alternative feed ingredient that contains high quality 
crude protein and crude fat (Quigley, 2002). Its amino 
acid profile and biological value of protein are excellent 
(Yamamoto et al., 1997). They are high in nutrients 
(highly nutritious) yet their high quality protein is used as 
a standard for the assessment of the protein quality of 
other feedstuffs (Tekinsen and Çelik, 1995). Fat contains 
significant lecithin, which can provide emulsifying 
properties to milk replacers (Quigley, 2002). 
This raw material is interesting by its protein quality 
(about 48 % per kg dry material); energy intake and 
essential fatty acids inside. It has a good balance of 
essential amino acids (without limiting factor), with a 
wealth of methionine and cystine which milk is deficient 
(Thapon, 1981; Sauveur, 1988).  

Moreover, numerous studies have shown the 
possibilities of modulation of the nutritional profile of the 
egg, which would also increase the share of eggs in the 
observed nutrient intake, for several nutrients. Combined 
with its low environmental impact, the nutritional quality of 
the egg could make this food one of the keys to a more 
sustainable food system (Nau et al., 2016). For adults, 
the World Health Organization associates potato to form 
the reference protein (Thapon, 1981). The egg is rich in 
protein; content is mainly composed of ovalbumin (54 % 
of egg white), ovotransferrin (12 %), ovomucoid (11 %), 
and lysozyme (3.5 %) (Abeyrathne et al., 2013). Other 
minor proteins are ovomacroglobulin (0.5 %, 
ovoflavoprotein (0.8 %) ovoglycoprotein (1 %); 
ovoinhibitor (1.5 %) (Kovacs-Nolan et al., 2005).  

Unmarketable   egg  incorporation  into   livestock  food 

 
 
 
 
food might give better value to this alternative source of 
protein.  

Moreover, the raw egg white is poorly digested and 
contains several anti-nutritional factors, mainly 
ovomucoid (glycoprotein) and egg inhibitor capable of 
inhibiting pancreatic proteases as trypsin and 
chymotrypsin (Goodale et al., 1988). The other 
components of egg, minor but important is avidin, a labile 
heat-resistant glycoprotein, with the property complex 
with biotin (vitamin H or B8), thereby, blocking its 
availability to the metabolic needs of the body absorption. 
The egg is against poor living in vitamin C and provides 
some calcium (Thapon, 1981). Its use in animal feed not 
dating today, the egg still holds its place in the rat race to 
innovation technologies, always looking for a better gain 
in the different branches of production. 

In some researches, it was found that egg in milk 
replacer was affected negatively to feedlot performance 
and feed efficiency (Scott et al., 1999; Quigley, 2002), 
whereas in some authors reported that the protein in milk 
replacer of 15 % (Hill et al., 2000) and 30 % (Kellogg et 
al., 2001) will provide from egg. 

In the past, few attempts have been made to the 
administration of the egg in the young pre-ruminant. Nau 
(1987) showed that some livestock trials were tempted 
with egg powder and date from the years 1956 to 1962. 
Investigations of Hoffmann (1971) have highlighted the 
deficiency symptoms in pigs, rats and chickens fed with 
egg. 

It has been thought that, as a high quality nutrient, 
unmarketable cracked eggs could be used in animal 
nutrition and a few studies have been carried out on that 
respect. In these studies, eggs were used as a 
supplement to milk replacers following drying (Hill et al., 
2000; Quigley, 2002; Scott et al., 1999). French industrial 
company to revive this untapped way to find an outlet for 
the downgraded hatchery eggs in order to incorporate 
them into animal feed.  

This study aims to evaluate the nutritional performance 
of the use of the unfit egg powder incorporation of a 
threshold of 20%. The growth performance of lambs fed 
with this product were measured compared to those of 
lambs fed with conventional complete milk as control. 
The lamb (Romanov) was preferentially selected for 
essential reasons for easy handling by its small size, 
timing and race to have a large number of individuals in a 
short time, and especially for the low cost compared to 
the calf. It is understood that the results could be 
transposed in the calf, however, in making a preliminary 
study on this species. 
 
 
MATERIALS AND METHODS 
 
The experiment was conducted at INRA, Le Rheu 
Research Center in France. The local prepared to receive 
lambs was attached to  a  part  of  the  barn  that  housed  



 
 
 
 
pregnant ewes. All sampling equipment, weighing and 
food preparation was prepared in 2 specially equipped 
rooms. Another adjoining room served as rest one for the 
various groups responsible for monitoring calving and 
animal care. 
 
 
Pets 
 
Seventy-five Romanov and Rouge de l’Ouest ewes’ 
multiparous and primiparous confused were covered 
(Romanov and Ile-de-France rams) five months earlier, 
grouped by natural crossing. They were standing in a 
closed stall barn where food (hay, concentrates and 
minerals) was distributed to them twice a day. Water was 
available ad libitum via an automatic distributor. A total of 
96 lambs and female mixed, were used during the test. 
They were Romanov breed, Romanov X Rouge de 
l’Ouest and Romanov X Ile de France. They were 
followed for 24 h after birth up to four weeks of life. 
 
 
Diets 
 
Two milk replacer powders (about 98% DM) were used: a 
standard milk (ovicap lysar), additional milk containing 
half milk powder plus egg powder (yellowy like yolk) 
(ovicap egg lysar). The milk contain about 60% of 
skimmed milk powder, oils and fats products and by-
products of cereal grains, minerals and vitamins (A, D3, E, 
B1, K3 and C). The egg powder was distributed to 20 % 
with the remainder (80%). The formulation of 
experimental lamb milk replacer used was: 16 g of milk 
powder diluted into 100 g of water and the lambs were 
fed ad libitum. 
 
 
Allotment of animals 
 
A meal of bovine colostrum was administered to all the 
lambs before the lot. They were then randomly assigned 
into 10 groups, chronologically as birth. The 96 lambs 
were used in 10 floors covered with straw (litter) and 
isolated from any air currents. During the first 2 days, the 
weakest lambs were helped to drink with bottles. They 
are fast and familiar to use the bucket feeder equipped 
with multiple teats. Continuous monitoring feeders day 
and night permitted to avoid another failure of the milk 
food. Thereafter, the feeders were supplied twice a day at 
8 AM and 17 PM. The different diets were prepared in 
tanks equipped with an electric mixer with water at a 
temperature of about 38 °C and distributed ad libitum. 
The amounts offered were adjusted daily based on 
refusal of the day to avoid too much waste. The rejected 
quantities were weighed in the morning and then carefully 
recorded on tracking sheets maintained on panels 
attached to  each  box.  Feeders  were  cleaned  daily  to  
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minimize microbial growth. The litter was renewed 3 
times a week for the convenience of lambs and optimal 
improvement of experimental conditions. 
 
 
Zoo technique measured parameters 
   
The lambs were followed for 4 weeks, given the 
maximum weight required for sale. Once a week, and at 
the same time, they were weighed. Calculations were 
performed to determine the weights to age type of 
groups, especially at 7, 14, 21 and 28 days. The amounts 
of reconstituted milk and daily consumed were identified 
and brought back in g of powder for each batch and per 
kg of life weight for the considered period. The 
consumption index was calculated for each batch. Every 
2 weeks, blood tests samples in tubes containing a drop 
of heparin were realized for the measurement of the 
hematocrit of lambs (the study protocol). 
 
 
Statistical analysis 
 
The obtained data for the evaluation of body weight, 
weight gain, milk intake, feed efficiency and hematocrit of 
lambs of different batches were subjected to analysis of 
variance, using Statview version 5.0, SAS Institute Inc. 
(USA) for differences between lots. 
 
 
Results 
 
Health status, appetite and consumption 
 
During the experiment, 9 lambs died in the ovicap lysar 
batch and 5 in the lysar and-egg group. These animals 
were replaced when it was possible, that is to say, when 
death intervened in the first 2 days. Lambs appetite in 
both groups was satisfactory from the beginning to the 
end of the test. Digestive problems with constipation and 
flatulence, as well as hair falls were recorded in lambs 
subjected to the lysar egg powder regime. 
 
 
Live weight of lambs 
 
Analysis of variance (ANOVA) showed no fortunately 
significant difference between the birth weights of lambs 
submitted to the 2 diets, indicating, despite 
randomization, good distribution of lambs in batches. 
From the first to the fourth week of life, there was a 
significant difference (p < 0.01 and p <0.001) (Figure 1) 
among the weight gain of lambs fed ovicap lysar and 
those who received the food containing the egg powder. 
This last batch presented a relatively low average 
increases. In the first week, the weight difference was 
significant   with    the   values   of    4215±326 g   against  
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Figure 1.Evolution of body weight of lambs fed Ovicap lysar and egg lysar.** p<0.01; *** p<0.001. 

 
 
 
3020±143 g, respectively for ovicap lysar group and the 
egg powder batch. Then, the differences widened further 
until the end of the experiment.  
 
 
Weight gain of lambs 
 
The evaluation of the average daily weight gain of lambs 
in both regimes during the 4 weeks will follow along with 
the live weight. Weight gain obtained with the ovicap 
lysar batch is significantly higher (p <0.001) than that 
measured with egg food one during the 4 weeks (Figure 
2). Lambs fed ovicap lysar had gain of 2054±278 g in the 
fourth week, a value equivalent to three times that 
reported in lambs who consumed the food egg and 
whose earnings barely exceeded 731±132 g at the same 
time. 
 
 
Consumption of milk powder 
 
The average weekly consumption of milk powder for both 
plans is increasing with age for the lot fed the ovicap 
lysar during the 4 periods (Figure 3). However, this 
growth remains relatively low and significantly lower (p < 
0.01 and p <0.001) for the lot plan egg lysar that has a 
value of 1584±221g in the fourth week,  approaching  that 

 
 
of 1447 ± 95 g, corresponding to ovicap lot consumption 
in the first week. Powder consumption reported per kg of 
body weight (Figure 4) is similar for both diets 1, 3 and 4 
weeks. However, it is significantly higher (p<0.05) in the 
second week for the egg diet, with an average of 0.38 
±0.02 g against 0.34±0.03 g for ovicap lysar. 
 
 
Feed conversion ration (FCR) 
 
The FCR is expressed as the ratio between the amount 
of food consumed during a specific period and weight 
gain recorded during this time. The index of consumption 
of animals subjected to ovicap regime is significantly 
lower than those of the egg diet (Figure 5). In fact, one 
week of life, it was already observed for this last batch, a 
consumption index of 2.3±0.5 against 1.13±1.17 for the 
lot fed ovicap lysar. 
 
 
Hematocrit 
 
At birth, the lambs of the 2 batches showed an equivalent 
hematocrit level, with values of 41.00±5.98 and 
41.00±6.15, for those received ovicap diet and egg 
respectively (Figure 6). One difference is then recorded 
at 2 and 4   weeks,   resulting   in   a   significantly   lower 
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Figure 2. Evolution of the average weight of lamb fed Ovicap lysar and egg lysar. *** 
p<0.001. 

 
 

 
 
Figure 3. Evolution of milk powder consumption by lambs fed ovicap lysar and egg lysar. 
** p<0.01,*** p< 0.001. 

 
 
hematocrit level (p<0.001) for the egg diet. 
 
 
DISCUSSION 
 
At birth, the infant ruminant  is  more  like  a  monogastric 

animal in its digestive functions. Because of these 
differences, the diet of adult ruminants is not compatible 
with the digestive system of pre-ruminants. Therefore 
feeding management of pre-ruminants needs special 
attention with reference to the type of food to be given 
and the way they are fed. 



Wereme  et al.          276 
 
 
 

 
 
Figure 4. Evolution of milk powder consumption per kg of body weight depending on lambs 
age. * p< 0.05. 

 
 

 
 

 
 
Figure 5. Evolution of feed efficiency of lambs fed ovicap lysar and egg 
lysar *** p <0.001. 

 
 
Furthermore, the high index of consumption for the egg 

diet lambs group sign bad digestive and / or metabolic 
utilization of this milk-egg compound. Indeed, it has been 

observed that consumption per kg of body weight was 
similar for lambs subjected to 2 regimes during most of 
the monitoring period. Spray dried whole egg  (SDWE)  is  
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Figure 6. Evolution of hematocrit of lambs fed ovicap lysar and egg lysar. *** p<0.001. 

 
 
 
a high quality alternative feed ingredient that contains 
significant amount of fat and protein. While protein is of 
high biological value, the fat contains lecithin which can 
give emulsifying properties to milk replacers if included as 
an ingredient. Although non-edible SDWE is produced in 
significant quantities by the egg processing industry, the 
limitation to its use in animal feeds is the presence of 
anti-nutritional proteins, including protease inhibitors and 
avidin, which irreversibly binds biotin.  

Inclusion of SDWE at 10 percent in milk replacers as a 
substitute for whey protein concentrate reduced growth 
performance of pre-ruminant calves in spite of 
supplementing biotin to overcome the effect of avidin and 
balancing of milk replacer for amino acids lysine, 
methionine, threonine and leucine (Quigley, 2002). 

The disturbances observed by joining observations 
related in the literature on the use of eggs for human 
consumption (Iyngkaran et al., 1982), Hoffman, 1983); De 
Maat-Bleeker et al., 1985) and animal (Loosli, 1961; 
Brown and Varnell, 1962; Thapon, 1981). The likely 
scenario for an explanation of these disturbances is their 
allocation to factors contained in the egg white: 
ovomucoid and ovoinhibitor are indeed able to inhibit 
some proteolytic enzymes as trypsin and chymotrypsin 
(Thapon, 1981; Goodale et al., 1988, Rannou, 2015). 
Obviously, this has a corollary decline in digestibility of 
the product. A similar remark was also made after a study 
of calves fed milk containing 5 % of egg powder (Spencer  

 
Food Industrial, unconfirmed data). Few studies are 

available on the topic lamb and few data exist in the calf. 
Roy (1956) mentioned the possibility of keeping alive 
calves with eggs and water with inclusion of liquid egg as 
a substitute for protein from milk based by-products at a 
level of 5 percent in the milk replacer (13.5 percent of 
milk-based protein) resulted in higher weight gain than in 
calves fed all-milk protein, but as the level of liquid egg 
increased beyond 10 percent in milk replacer (replacing 
27 percent of milk-based protein), affected weight gain 
adversely. These findings indicate that liquid egg can be 
an effective alternative protein source in milk replacers 
when fed at levels up to 10 percent of the diet in a 
conventional feeding program of 0.45 kg per head per 
day (Touchette et al., 2003). 

Observations were later compromised by those of 
Loosli (1961), who questioned the nutritional value of 
eggs for young calves. Brown and Varnell (1962), 
experiments finally confirmed misuse of egg protein by 
breeding calf: by adding 2 eggs to a diet consisting of 
skim milk, these authors did not obtain differences in 
growth among the control and experimental lots. 
However, when they distributed eggs to the calves (up to 
40 eggs per day and per calf) just after taking colostrum, 
they observed a weight loss of 5 kg in 2 weeks, 
compared to the control group. These results support the 
activity, in the digestive tract, of the milk replacer 
containing egg powder. 
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In a second step, metabolic problems were suspected: 
the lambs submitted to the egg diet consumed 
quantitatively less food than the ovicap bach (Figure 3) 
with, obviously, non-compensation on the weight gain 
(Figure 2). 

It is also interesting to discuss the implication of the 
combined effect of avidin, a heat-resistant protein in the 
egg white, which, by binding very tightly (non-covalently 
relation) to biotin, vitamin H or B8, and prevents the 
absorption of the latter in the intestine (Thapon, 1992). 
Avidin, a heterogeneous fraction represents only 0.05 % 
of total egg protein, but it has high basic level 9.5 and 
binds biotin very specifically and tightly (Sugino et al., 
1997, Thapon, 1992, Said, 2002). Its activities will be 
based on the incorporation of egg powder in the feed 
rate.  

As with other alternatives protein, the physical and / or 
chemical treatments that the milk food containing egg 
suffered during the process of its manufacture and 
packaging can play an important role in the digestibility of 
the constituent proteins.  

Processing technology for the production of breast milk 
that contains the egg is unknown; we only know that 
formulators are generally more interested in the 
bacteriological quality of the finished product. We then 
admit that metabolic disturbances generated by the egg 
food in lambs can be attributed to the manufacturing 
process. Indeed, we know that the powder was prepared 
from whole raw eggs without shell.  

The avidin from the egg whites could be responsible for 
a defense mechanism inhibiting the growth of bacteria 
that synthesize biotin (Said, 2002). When the eggs are 
cooked, avidin is denatured (and therefore inactivated) as 
are other proteins in egg white (Hoffmann, 1971; 
Lehninger et al., 1993, Said, 2002). The avidin activity 
directly affects the biotin metabolism which is in turn 
disrupted (Munnich et al., 1987). 

Finally, lambs hematocrit was measured. The level is 
normal for the 2 lots at birth. Then, the fall observed in 
lambs which consumed the egg powder is very 
pronounced in the second and fourth week.  

This could be explained by the presence of conalbumin 
or ovotransferrin of the endosperm, a glycoprotein that 
can fix very efficiently di or trivalent metal ions; do the 
role of transporter, microbial agent (Al-Mashikhi and 
Nakai, 1987), as Fe

++
, Cu

++
, Zn

++
, Al

+++
) to form stable 

complexes colored or not (red with iron), highly resistant 
to thermal denaturation and enzymatic attack.  

The other co-involved substance is phosvitin, another 
glycoprotein from yolk, which can form soluble complexes 
with Ca

++
 and Mg

++ 
ions at low ionic strength (Sugino et 

al., 1997; Samaraweera, 2011). It also regulates very 
efficiently, Fe

+++
 ions, the remaining complex staying 

soluble as iron is not in excess. Thus, this protein would 
be a carrier of iron in the egg yolk (Thapon, 1981). The 
main results show the milk replacer containing egg 
powder causes physiological disturbances in lambs. A 

 
 
 
 
 

significant proportion of dietary protein enters the small 
intestine shortly form or not degraded and are likely to 
lead to physiological disorders at this level Caugant 
(1993). These assumptions may be made in the case of 
egg protein. Indeed, Brown and Varnell (1962) concluded 
the growth in veal calves fed a diet based on egg showed 
the pre ruminant is unable to properly use the protein 
product (Spencer Food Industrial, Roger Christian from 
Bridel industry, unconfirmed data).  

However, to determine precisely the reasons for the 
poor growth performance of lambs, it should be 
necessary to study the digestibility of protein in milk 
containing egg powder at different levels of the digestive 
tract and with several levels of incorporation to measure 
animal performance. With A level of 5 % showed a 
difference in 25-30 weeks old calves fattening (Spencer 
Food Industrial  In the pre ruminant calves for instance, 
there is a specific level of incorporation of alternative 
protein (about 31 % for soybeans) for satisfactory growth 
(Nunes Do Prado et al., 1988; Caugant, 1993). It should 
be suitable to guide future research on egg powder on 
aspects of incorporation - digestive efficiency. 
 
 
Conclusion 
 
In view of the obtained results, the milk replacer 
containing 20 % of egg powder appears to be a very bad 
milk replacer and is not at all suitable for feeding pre 
ruminant lamb. Further studies on digestibility of milk 
replacers based on raw egg and cooked differently and 
deserve to be treated firms, also with different levels of 
incorporation to determine the mechanisms involved in 
physiological disorders observed. This could help to 
identify the exact causes of growth inhibition in lambs that 
have been subjected to this diet containing egg and for 
which deficiency symptoms have also been found in 
other animals. 
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