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ABSTRACT
Objective: The aim of the study was to estimate the lactation persistency (LP) of Rambouillet ewes using five 
mathematical methods.
Design/methodology/approach: Production records of 45 Rambouillet ewes were used, with an average live 
weight of 657.1 kg, from one to three lambings, with one and two lambs, which were weaned at six and eight 
weeks of age. To estimate the LP, the following five mathematical methods were used: P1 (regression of the rate 
of decline in milk production after reaching peak production, in mL d1), P2 1− +( ) b cln ,  where b and c 
are parameters of the Wood model (Ytat b ec t  i , without units), P3 (the ratio between milk production in 
the second third of lactation and the first third, in %), P4 (the ratio between milk production in the last third 
of lactation, and that of the first third, in %), and P5 (milk production between the lactation peak and the end 
of lactation, in %).
Results: Results of the five methods to estimate the LP were: P16.30.4 mL, P24.80.1, P3108.93.7%, 
P472.03.2%, and P511.112.7%.
Limitations on study/implications: All the methods generated estimators whose magnitude was not 
satisfactory compared to other studies in the literature, because the comparisons were made mainly with 
studies on dairy ewes and cows. In the P5 method, a standard error greater than that of the estimator itself was 
obtained.
Findings/conclusions: The most reliable methods to estimate the LP in this population of Rambouillet ewes 
were P1, P2, and P4.
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INTRODUCTION
	 Sheep milk production has lower participation worldwide compared to cow’s milk; 
however, in countries such as Spain, sheep milk production systems represent a model 
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of great economic importance and even constitute an alternative kind of livestock 
production for disadvantaged rural areas (García-Díaz et al., 2012). In Mexico, 
information about the production and composition of milk from non-dairy ewes is very 
limited, as is the case of Rambouillet sheep (Ochoa-Cordero et al., 2002) and Katahdin 
sheep (Chay-Canul et al., 2020). However, milk production systems with dairy sheep 
breeds are relatively recent, due to the introduction of germplasm from dairy breeds, 
such as East Friesian, Awassi, Lacaune, and Assaf; therefore, information on production 
rates and lactation characteristics is limited (Ángeles-Hernández et al., 2018; Velarde-
Guillén et al., 2022).
	 A lactation curve (LC) describes the amount of milk produced during the lactation 
period. A critical phase of the LC is lactation persistency (LP), which refers to the ability of 
a cow, ewe, or goat to maintain milk production after reaching its peak production (Swalve 
and Gengler, 1999; Cobuci et al., 2003). LP is of great importance in dairy cattle, since it 
benefits both in the reduction of feed costs (Dekkers et al., 1998), and in some reproductive 
aspects (Dobson et al., 2007). Therefore, in dairy cattle it has been preferred to prolong the 
LP, instead of increasing production at peak lactation (Schutz et al., 1990), which is also 
applicable to ewes and goats. To estimate the LP, different mathematical methods have 
been used that are based on different criteria such as: multiple linear regression (Louda 
and Doney, 1976; Kominakis et al., 2002), using the Wood method S=− +( ) b c1 ln ,
where parameters b and c must be estimated from the Wood model (Yta t b ect  i , 
Nezamidoust et al., 2013), due to the relationship between milk production in advanced 
stages of lactation in relation to initial stages, or else, using information on genetic values 
(Torshizi et al., 2019), and others.
	 In Mexican Rambouillet sheep, a wool-producing breed, Ochoa-Alfaro et al. (2009) 
measured milk components and found contents similar to those of some dairy breeds, 
particularly in the total solids content (mean: 16.812.6%). This suggests a possible 
shift in the production system, focusing it on cheese production, since current wool 
production is not profitable for Rambouillet sheep breeders due to competition from 
synthetic fibers in the international market. This has encouraged continued research 
in this breed on aspects such as LC (currently under study) and, especially, LP, with the 
purpose of using this information in genetic improvement programs by selecting ewes 
with outstanding performance in this characteristic. The objective of the present study 
was to use the same database of this population (Ochoa-Alfaro et al., 2009) to estimate 
the LP of Rambouillet ewes by comparing five methods reported in scientific literature. 
Most studies on this topic have been conducted with dairy cows, so information on 
ewes and goats is very limited. The study’s hypothesis was that there are differences in 
the results from the five methods used to estimate lactation persistency in Rambouillet 
ewes.

MATERIALS AND METHODS
Animals and management
	 The study was conducted using milk production records of 45 Rambouillet ewes with 
a live weight of 657.1 kg, from one to three lambings, with one and two offspring 
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weaned at six and eight weeks, belonging to the sheep f lock of the School of Agronomy, 
Autonomous University of San Luis Potosí, at 1835 m above sea level (22° 09’ 10” N and 
100° 58’ 41” W). The climate is cold and dry, with an average temperature of 17.8 °C 
and annual rainfall of 271 mm (García, 2004). The ewes were confined and fed daily 
with 3.5 kg fresh alfalfa and 1.7 kg of a commercial feed that had 14% crude protein 
and 2.96 Mcal kg1 of digestible energy. The ewes received similar amounts of the diet 
in the morning and afternoon (08:00 h and 13:00 h). Ewes were hand-milked twice 
daily (08:00 h and 13:00 h), starting on the first week post-lambing, without using any 
stimulus to allow milk let-down. During the lactation period, ewes were milked every 
seven days, with the lambs being separated from their dams at 16:00 h the day before 
milking. Additional management details are given in Ochoa-Alfaro et al. (2009). 

Statistical Analysis
	 To estimate the LP of sheep, the following five mathematical methods were used:

	 Method 1 - (Kominakis et al., 2002):
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Where:  k : slope of the regression line of the k-th ewe, expressing the rate of decline 
in milk production after the peak performance of the k-th ewe (k1,… ,45). Yik : milk 
production of the k-th ewe on the i-th milk production day of the test day (i1,… ,84). 
Yk : average milk production on the test day in the k-th ewe. Xk : average days of milk 
production in the k-th ewe. nk : days of milk production of the k-th sheep.

Method 2 - (Wood, 1970):

P2 1= =− +( )S b cln
        
Where: b and c: parameters to be estimated from the lactation curve. ln: natural 
logarithm.

	 To obtain parameters b and c from this second method, it was necessary to start from 
the Wood model (1967), whose mathematical function is: Ytatb ect i , where Yt : 
milk production obtained on day t; a: scale factor, or milk production at the beginning of 
lactation; b: slope of the curve in the ascending phase; e: natural logarithm; c: slope of the 
curve in the descending phase; i : random error. By means of a logarithmic transformation, 
this model became: ln (  yt )ln ab ln tct, and when solving by linear regression, the 
final values of parameters a and c were 901.2 mL and 0.01299, respectively, values that 
were used in the estimation of Method 2.
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Methods 3 and 4 -  Johansson and Hansson (1940):

P3R 2:1 rate between milk production in the second 
third of lactation after lambing and the first third (%)

P4R 3:1 rate between milk production in the last third 
of lactation after lambing and the first third (%)

Method 5 - (Keskin and Dag, 2006):

P5
1 1

100=
+( )

×=∑ pi pi

k
i
k /

Where: pi: production of the i-th milk record starting at the time of maximum milk 
production (peak lactation). k: record number between the time of peak lactation until the 
end of lactation.

RESULTS AND DISCUSSION
	 Table 1 presents the results of the persistency estimators, according to the five methods 
used in the study.
	 The literature on lactation persistency in non-dairy ewes is very limited. Therefore, 
information from dairy cows and ewes will be presented for illustrative purposes only. 
Readers are advised to interpret the results with great caution, especially those from dairy 
ewes, since, on the one hand, there are differences in the zootechnical function of the ewes 
(dairy vs. non-dairy), in addition to the differences in feeding and general management of 
these populations.
	 The average P1, expressed as a regression coefficient, indicates that after milk production 
reached the peak of lactation, Rambouillet ewes lost on average, 6.3 mL d1, a value 
slightly higher than the average obtained by Kominakis et al. (2002) in Boutsico sheep from 
Greece (3.3 mL d1), which are dairy ewes. This indicates that, using this method, the 
persistency of Rambouillet ewes is lower than that of Boutsico ewes. 

Table 1. Averages and standard errors (SE) of the lactation persistency 
estimators in Rambouillet ewes, according to the methods used*.

Persistency measures Average Standard error 

P1 (mL d1) 6.3 0.4

P2 4.8 0.1

P3 (%) 108.9 3.7

P4 (%) 72.0% 3.2

P5 (%) 11.1% 12.7

*: described in the Materials and Methods section.
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	 The estimated average of P2 was slightly lower than that obtained by Franci et 
al. (1999) in Massese dairy ewes from Italy, who used the same method in 3 types of 
lactations, named: Type 1 (short lactation in the fall with a duration of 136 days), Type 
2 (short lactation in the spring with a duration of 93.7 days), and Type 3 (long lactation 
with a duration of 204.8 days), having obtained averages of 5.32, 4.93, and 5.35, for 
Type 1, Type 2, and Type 3 lactations, respectively, noting that the average estimated in 
this study is very close to that obtained by these authors (Franci et al., 1999) in Type 2 
lactation. In Suffolk and Columbia ewes, meat and wool producers, mated with North 
Country Cheviot, Dorset, Finnsheep and Romney Marsh sires, Torres-Hernández and 
Hohenboken (1980) obtained an average of 5.1 in P2, a slightly higher value than that 
of the present study. On the other hand, Nezamidoust et al. (2013) found an average of 
6.9 in P2 in Makui ewes from Iran, which are used in that country for milk, meat and 
wool production. From the results of these studies (Torres-Hernández and Hohenboken, 
1980; Franci et al., 1999; Nezamidoust et al., 2013), it is observed that, in all cases, 
the persistency averages were greater than the average persistency obtained in the 
Rambouillet ewes of this study, although the average of this study was further from the 
average of the studies that used dairy ewes. 
	 Methods 3 and 4, which are persistency measures that use proportions ( Johansson and 
Hansson, 1940), have been most widely used in dairy cows and, unlike the other methods, 
are measures that indicate the rate of decline in milk production (in %) relative to the 
production level at the beginning of lactation. The average P3 in this study was too large 
compared to the average obtained by Madsen (1975) in Red Danish dairy cows from 
Denmark using the same method, which was 87.62%. Using the same method, Pesántez et 
al. (2014) found an average P3 of 69.4% in Anglo Nubian  Criolla goats from Ecuador. 
Also in goats, other averages of P3 obtained have been: 59.2% in Bornova goats from Turkey 
(Takma et al., 2009), 64.2% in Dhofari goats from Egypt (El- Wakil and Fooda, 2013), and 
60.2% in Beetal goats from Pakistan (Waheedd and Kan, 2013). In the same population 
of Red Danish dairy cows, Madsen (1975) obtained an average of 75.9% of P4, a value 
higher than the average obtained in this study. On the other hand, in Dairymeade dairy 
sheep from New Zealand, Marshall et al. (2023) used a method similar to the P4 method 
developed by Madsen (1975) and interpreted as P3:1, in which these authors (Marshall 
et al., 2023) related the amount of milk produced in the last third of lactation with the 
amount of milk produced in the first third of lactation, expressed in %. Thus, the more 
persistent the curve, the closer its value will be to 100%; the average they found was 57.8%. 
In tropical dairy goats in Colombia, Henao et al. (2017) used the method where P(average 
milk production during lactation/peak production)100, proposed by Montaldo et al. (1997), 
and obtained a persistency rate of 64.3%. The results for P3 and P4 from previous studies 
also show higher persistency rates than those obtained in the Rambouillet sheep in the 
present study.
	 Regarding Method 5, Keskin and Dag (2006), calculated the value of P5 in native 
Akkaraman sheep from Turkey, using the models Wood (Yt  a tb ect ), quadratic 
(Yt  abtct 2 ), and cubic (Yt  a  bt  ct2  dt3 ), and having obtained averages of P5 
of 86.8, 79.7, and 81.6%, for the Wood, quadratic, and cubic models, respectively. This 
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also means greater persistency rates than those of the Rambouillet sheep in this study. It is 
not advisable to use this P5 method because its standard error was greater than the value 
of the estimator, which could be attributed to the sample size used in the present study. 
In Mexico, Velarde-Guillén et al. (2022) estimated the LP in crosses of sheep, mainly East 
Friesian and Awassi, using the method where P(Y150Y42 )/(150  42)100, where: Y150 
and Y42 represent milk production on days 150 and 42 of lactation, respectively. These 
authors (Velarde-Guillén et al., 2022) explain that this definition of persistency indicates 
the slope of the regression line from day 42 to 150 of lactation, expressed in g d1 and 
that, furthermore, the more negative its value, the lower the LP will be. Thus, the average 
obtained by the authors of this study was 3.5 g d1. 
	 After reviewing the previous studies in the literature carried out on ewes, goats and 
cows, it can be stated that the differences between the present study and the studies 
reviewed here can be attributed mainly to the fact that most of the reviewed studies to 
measure the LP have used animals specialized in milk production, and it must be taken 
into account that the zootechnical function of Rambouillet sheep in Mexico is for wool 
production. However, it is important to note that their average is comparable to the LP 
averages obtained by Madsen (1975) in Red Danish dairy cows using the P4 method, 
Torres-Hernández and Hohenboken (1980) in crosses of meat and wool sheep using the P2 
method, and Kominakis et al. (2002) in Boutsiko dairy ewes using the P1 method. 

CONCLUSIONS
	 Sheep milk production systems in Mexico are recent, due to the introduction to the 
country of dairy sheep breeds such as East Friesian, Awassi, Lacaune, and Assaf. A lactation 
curve represents milk production during the lactation period, while lactation persistency 
describes the ability of a cow, ewe, or goat to maintain constant milk production after 
reaching peak milk production. A high persistency of the lactation curve is highly desirable 
due to the benefits in feed costs and some reproductive aspects. In the present study, 
lactation persistency was estimated using five methods (P1, P2, P3, P4, and P5) reported in 
scientific literature. Based on the magnitude of the estimators obtained, the best methods 
to estimate lactation persistency in Rambouillet sheep were P1, P2, and P4.  
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