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Abstract: The aim of this study was to characterize the lactation curves in F1 (Holstein x Zebu) dairy cows in a 
farm located in the humid tropic of Mexico. Lactation curves were modeled using four mathematical models 
(including the incomplete gamma function, Wilmink, Dijkstra and Ali and Schaeffer models) on actual daily milk 
yield records. Estimators of the lactation parameters for each model were computed for each cow by nonlinear 
regression using Powell algorithm in the software Scientist for Windows®, version 2. The shape of lactation curves 
was determined by the sign of each parameter from every lactation curve in each model. The adjustment criteria 
considered to compare models were correlation, R2, coefficient of determination and model selection criterion. The 
effects of parity, calving year and calving season were studied. A total of 61,320 observations from 219 complete 
lactations of 68 cows were used. Ali-Shaeffer model fitted nine different curve shapes, but three accounted for 76% 
of them all. Dijkstra model fitted only one curve shape with all the parameters being positive. In turn, Wood and 
Wilmink models fitted three different curves shapes each one, but two forms in each case represented 98% of all the 
fitted curves. For its highest values in the R2, Coefficient of determination, Correlation and Model Selection 
Criterion. Ali and Schaeffer model was the best one for characterizing the curve of milk production of F1 Holstein X 
zebu cows, but more research on the topic is required to reach significant recommendations. 
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INTRODUCTION 

 
In tropical conditions, the generation of hybrid 

animals aims to optimize the best production 
characteristics of each group; on one hand, the 
adaptation to the tropical conditions of Zebu cattle and, 
on the other hand, the high production of specialized 
European breeds for beef and milk purposes. F1 
Holstein x Zebu cattle has shown a great adaptability 
and productivity under tropical conditions (Fries and 
Ruvinsky, 1999). When considering crosses for milk 
production in this environment, an analysis of 
performance is necessary because a large number of the 
livestock population reared in tropical conditions is 
crossbred cattle. The lactation curve is one of the main 
tools to understand and evaluate the physiological 
performance of milk production, to evaluate the genetic 
potential for production from a herd or breed and to 

establish better management strategies (Ossa et al., 
1997; Osorio and Segura, 2005). Lactation curve can be 
defined as a biological process explained by a 
mathematical equation. This is useful for forecasting 
total production for the remainder of the lactation from 
partial samples, for planning herd management using a 
reliable prediction tool and for selecting animals 
considering the relationships among the different parts 
of the lactation curve. However, it is advisable to find 
for each production circumstances the mathematical 
function better describing the lactation curve (Ramírez 
et al., 2004; Tozer and Huffaker, 1999). 

To describe milk yield behavior through lactation 
in domestic animals, various mathematical models have 
been proposed. Mathematical models for describing a 
lactation curve include: negative exponentials, 
incomplete gamma and polynomials, all of which can 
estimate the milk yield average at a given time 
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(Masselin et al., 1987). Each of these mathematical 
models has its respective advantages and disadvantages: 
the negative exponential models were the first attempts 
to describe the lactation curve of an animal and its 
descriptive emphasis lies on the persistence of milk 
production; on the other hand, incomplete gamma 
models are most often used to describe the lactation 
curve in dairy cattle and linear polynomial models are 
simplifications of the lactation curve (Rowlands et al., 
1982). However, not all mathematical models fit a 
typical lactation curve, with their respective sequential 
stages of production rising to a maximum and 
descending. Therefore, an appropriate model would be 
one to predict the maximum production and the time 
required for it to happen (Quintero et al., 2007). Also, 
the parameters of a suitable model of the lactation curve 
should reflect influences of genetic, physiological, 
productive and environmental factors, as well as their 
interactions (Galaviz et al., 1998). To model lactation 
curves in intensive milk production systems in 
temperate areas, models such as those described by 
Wood (1967), Batra (1986) and Grossman and Koops 
(1988) have been used. 

Most studies on lactation curves have been carried 
out in dairy cattle under temperate conditions. The 
number of studies with crossbred cattle in the tropics is 
scarce; thus, investigations like the one described here 
are necessary to characterize lactation curves in these 
regions (Figueiredo et al., 2010). The lactation curve is 
a graphical representation of the production of milk. A 
typical lactation curve consists of an initial phase in 
which milk yield increases after calving, extends to a 
peak phase at about the eighth week, characterized by 
maximum production and finally, a phase of decline 
that continues until the end of lactation (Lemus- 
Ramírez et al., 2008). In Zebu cattle and their crosses, 
the lactation curve is composed of two segments which 
are: the initial production phase and a phase of 
declining production, both influenced by genetic and 
environmental factors (Cervantes et al., 2006). In the 
Latin America tropics, the evaluation of milk 
production and lactation curves in dual purpose cattle 
systems where Bos taurus x Bos indicus crosses prevail, 
is further complicated by the calf suckling system. Milk 
production is affected by the interaction of the calf with 
the cow and the suckling management. Hence, a clear 
description of the lactation curve of cows is useful to 
program management practices and genetic 
improvement of livestock in tropical environments 
(Hernández and Ponce, 2008). Some authors claim a 
successful use of the Wood model for Bos taurus x Bos 
indicus dairy cows from tropical regions (Díaz et al., 
2004). 

Modeling the lactation curve is a diagnostic 
practice influenced by different biological and 
environmental factors. It is necessary to know how 
different factors such as parity, calving year and season 

of birth, among others, influence the lactation curve of 
F1 Holstein x Zebu cows in the tropical regions of 
Mexico, in order to make the required adjustments in 
herd management practices. Therefore, the objectives of 
this study were to determine the lactation curves 
parameters of crossbred F1 Holstein x Zebu cows under 
the tropical conditions of Veracruz, Mexico by four 
models and to establish the frequency of different types 
of lactation curves according to each model. 
 

MATERIALS AND METHODS 
 
Location: The study was conducted at the Center for 
Teaching, Research and Extension for Tropical 
Livestock (CEIEGT) of the School of Veterinary 
Medicine of the National Autonomous University of 
Mexico, located in Martinez de la Torre, Veracruz, 
Mexico during 2011. The Centre is located at 20°1'57" 
latitude North and 97°6' 20” longitude West, at an 
altitude of 151 m. The climate of this area is hot and 
humid with an average annual temperature of 24.4°C 
and an average annual rainfall of 1840 mm. The center 
is in a transitional climate between the coastal sub-
humid (low rainfall) to the West and the wetlands to the 
Sierra Madre Oriental in the East. There are three 
clearly defined seasons, dry, from February to May; 
rainy, from June to September; and windy, from 
October to January. 
 
Cattle management: The dual-purpose bovine cattle 
module has allocated 114 ha, of which 106 ha are 
prairies, 5 ha are used for cutting grass and the rest are 
occupied by facilities and pathways. Out of the 
pastures, 78.5 ha are reserved for cows in production, 
2.5 ha are used for rearing calves and 11 ha are utilized 
for fattening calves. 

The milking herd is composed for about 130 
Holstein X Zebu crossbred cows. In most of the cases 
the breed of dam is Brahman, but there are also Gyr, 
Sardo Negro and a few Indobrasil animals. 

Prairies are established with improved grasses 
(Cynodon nlemfuensis, Brachiaria brizantha, B. 
humidicola) as well as some native species (Axomopus 
spp and Paspalum spp). Animals graze in areas divided 
by an electrical fence and are rotated on a daily basis. 
Feeding of dairy cows in CEIEGT relies mainly on 
grazing, but cows are supplemented when there is grass 
shortage using Taiwan or King Grass silage or chopped 
grass. Average annual stocking rate is keep at 1.5 
head/ha. Mineral supplementation is done year-round. 

Mating is done twice per year synchronizing 
females with progesterone implants. Each cow receives 
two services from commercial Holstein bulls’ sperm. 
 
Milking management: All cows were mechanically 
milked once a day, but individual milk production 
records were taken only from the fifth day postpartum 
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on. The milking parlor has a capacity for milking 
simultaneously four cows. The milking process starts 
everyday at 7:30 am and ends by 11 am. Prior to 
milking, a hose with water is used to remove debris 
from teats, a strip cup is utilized to examine foremilk 
prior to each milking and teat antisepsis is done by 
spraying a mild solution of sodium hypochlorite 10%, 
ending with individual drying of the teats using single 
service paper towels. When each cow is milked she is 
offered 2 kg of a food supplement consisting of a 
commercial concentrate with 16% of crude protein. A 
commercial sealer made from chlorhexidine is applied 
to each teat at the end of the milking procedure. 
Mechanical milking equipment is disinfected between 
each cow milking and works at 65 cycles per min, with 
a pulsation ratio of 50:50, the vacuum level is 
maintained at 45 kPa. Milking equipment has a milk 
volumetric meter (Waikato ®), which records the 
individual milk yield every day year round. Calves are 
artificially fed during the milking routine. 
 
Data collection: The data were obtained from 
production records collected daily at the CEIEGT for 
the years 2003 to 2009. A total of 61 320 records from 
219 complete lactations from 68 F1 Holstein x Zebu 
cows were used. Sick cows during lactation or with 
incomplete records were eliminated from the database. 
Only lactations with complete records and over 120 
days in length were selected and integrated into a 
general database including data such as cow 
identification, number of parity, calving date, ending 
lactation date, month of lactation onset, calving season, 
lactation length (days) and daily production (kg/day). 

After classification, the data were ranked according 
to the lactation number, into first, second, third or 
greater, as reported by Val-Arreola et al. (2004) and 
Dematawewa et al. (2007). For comparing lactation 
models, milk yield by lactation was categorized into 
three groups, namely: 1, less than 1500 (n = 69), 2, 
between 1500 and 2499 (n = 86) and 3, more than 2500 
kg (n = 64). Also, lactation length was split up into 
three categories: 1, less than 249 (n = 87), 2, between 
250 and 339 (n = 88) and 3, more than 340 days (n = 
44). Season of calving was classified as 1: rainy, from 
June to September; 2, windy, from October to January 
and 3, drought, from February to May. The database 
was built in Microsoft Excel and then imported into 
Scientist® 3.0 (Micromath®, 2005) for modeling, 
graphing and fitting the lactation curves. 
 
Lactation models:  
Incomplete gamma model: Proposed by Wood (1967) 
has served extensively to describe the lactation curve in 
cattle, sheep,  goats,  buffaloes and camelids (Oliveira 
et al., 2007). This function of the exponential family 
explains the rate of increase of production from birth to 
its peak and gradual decline until the cow is dry off. 
The incomplete gamma function is given by: 
 

Y = atbe-ct  

where, 
Y  : The production at time t, which is the time 

of lactation in days 
a, b, c : Parameters that define the curves to be fitted 
a : A parameter that represents a scale factor or 

milk yield at the beginning of lactation 
b : The rate of change from initial production to 

maximum yield; 
 c : The rate of change from maximum yield to 

the end of lactation (b and c represent the 
limit slope of the curve before and after the 
peak of lactation, respectively)  

e  : The natural logarithms base (Wood, 1967) 
 

The model by Wood had a greater advantage of 
producing a good fit measurement with only three 
parameters. Concerned to milk production simulation 
systems, this means a computer resource saving through 
the use of a fewer number of constants. Some criticisms 
have been made regarding to the difficulty of precise 
biological interpretation of the parameters and the 
tendency to under- and overestimate milk production in 
the middle and at the end of the lactation, respectively 
(Cobby and Le Du, 1978; Rook et al., 1993). 
 
Wilmink model: The model is a modification of the 
model by Cobby and Le Du (1978) where a is related to 
milk production before lactation peak, c represents the 
decrease in production after the lactation peak and b is 
associated to the peak day (Wilmink, 1987). The 
exponential model of Wilmink model is yt = a + be(-0.05t) 
+ ct, where a, b, c are parameters associated to the 
lactation curve, e is the natural logarithms base and t is 
the days in milk. 
 
Dijkstra model: This model was conceived under a 
mechanistic basis in which milk production is the 
function of the number of producer cells present in the 
mammary gland parenchyma during lactation, which in 
turn is a result of the dynamic relationship between the 
new cell differentiation and differentiated cell death 
(Dijkstra et al., 1997) as expressed by: 
 

 Y(t) = a exp [b (1-e-ct) /c-dt] 
 
where the a parameter represents the theoretical initial 
milk production and is a product of the number of 
differentiated parenchyma cells and milk production per 
cell that is assumed as being constant during lactation. 
The b parameter represents the cell proliferation rate at 
birth; the c parameter the rate of decrease in cell 
proliferation during lactation and the d parameter, the 
cell death rate during lactation. The value of the a 
parameter in the model by Dijkstra et al. (1997) 
represents exactly the initial milk production, but it 
cannot be precisely considered a parameter of scale, 
unlike the parameter in the model by Wilmink (1987) 
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because modifications in its value produce alterations in 
the shape of the lactation curve. The model by Dijkstra 
et al. (1997) has two advantages over the model by 
Wood (1967), namely, the precise biological meaning 
of the parameters and the value of the intercept that is 
not nil. It is possible that the model by Dijkstra et al. 
(1997) is more suitable to represent lactations whose 
peak day occurs on a day farther from the beginning of 
lactation (Val-Arreola et al., 2004). 
 
Ali and Schaeffer model: Ali and Schaeffer (1987) 
developed a regression model of yields on day in 
lactation (linear and quadratic) and on log of 305 day 
yield divided by day in lactation (linear and quadratic) 
fitted by: 
 

 Y(t) = a + bt + ct2 + dlogt + e (logt)2 
 
where, 
t  : Denotes day in milking 
y(t)  : The daily milk yield on day t 
a, b, c, d & e : The regression coefficients either 

associated with peak yield, the increasing 
slope of curve or the decreasing slope for 
this polynomial model 

 
Parameters computation, lactation curves fitting 
and shape of lactation curves: Estimators of the 
lactation parameters for each model were obtained for 
each cow by nonlinear regression using Powell 
algorithm in the software Scientist for Windows®, 
version 2 (MicroMath Inc., 1995. Salt Lake City, Utah). 
For all the cows, the sign of every parameter from 
every lactation curve in each model was recorded and 
interpreted as described by Macciotta et al. (2005). 
 
Statistical analysis: Once the model parameters were 
estimated for the lactation curve of each cow, the 
average of the following variables were calculated: 
Maximum milk yield in the lactation (Ymax) was 
estimated by the expression a (b/c)b exp-b, where a, b 
and c are parameters from the incomplete gamma 
model; production is expected to peak at time n = (b/c), 
where n is the day after calving in which the maximum 
yield is reached and b and c are parameters from the 
incomplete gamma model; persistency, defined as the 
degree to which peak production is maintained was 
calculated by s = -(b + 1) log (c), noting that when c is 
less than 0, persistence cannot be estimated and when b 
is less than 0 the function has no peak of production; 
accumulated milk yield per lactation (Yni) was obtained 
with:  
 

 

where, Yni is duration of lactation of the ith cow. 
Main effects of parity, calving season and year and 

their interactions were examined using a model of fixed 
effects in a completely randomized design and 
considering days in milk as a co variable. Data was 
analyzed using the statistical package Minitab version 
13 (Minitab, Inc) by the routine GLM (General Linear 
Model). Comparison of means was performed by the 
Tukey test. The final fixed effects model was: 
 

Yijkl = µ + Pi + Sj + AK + ε(ijkl) 

 
Considering the effect on lactation parameters of 

each model: persistence, maximum milk yield in the 
lactation, milk yield per lactation, a, b and c parameters 
from the incomplete gamma model and parameter n 
(date in which lactation peak is reached): 

 
where, 
Yijkl  = The lth observation in the response variables 
µ  = The population mean 
Pi  = The ith effect of parity 
Sj  = The jth effect of season of calving 
AK  = The kth effect of year of calving 
ε (ijkl)  = The experimental error 
 

An analysis of covariance was performed using 
days in milk as co variable and milk yield per lactation 
as response variable according to the following model: 

 
Yij = µ + ti + Β (Xij - X..) + ε(ijk) 

 
where, 
Yijl   = The lth observation, of the jth repetition and ith 

treatment in the response variables 
µ  = The population mean 
ti  = The effect of the ith treatment (parity, calving 

season, calving year) 
Β  = The Regression Coefficient 
Xij  = The co variable (days in milk) 
X .. = The general mean of the co variable 
ε(ijk) = The experimental error 
 

Graphs were produced using KaleidaGraph v. 3.5 
(Synergy Software). 
 

RESULTS AND DISCUSSION 
 
Lactation curve parameters: The estimated 
parameters for the lactation curves from the Wood´s 
model are shown in Table 1. 

Several papers reporting on lactation curves under 
tropical conditions do not provide the lactation length. 
This difference is mainly attributed to the fact that 
authors included lactations adjusted to 305 days, which  
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Table 1: Least square means for the lactation curve parameters of Holstein x Zebu cows by Wood`s model in the humid tropic of Veracruz, 
México 

 
n Lactation length, d 

Milk yield per 
lactation, kg Time to peak, d 

Maximum milk 
yield, kg Persistence, kg 

General 219 279±26* 2041±135** 24±14 11.49±3.75 5.90±0.15 
Parity 
1 36 282.6±18a,b 2006±100a,b 24±10a 9.910±0.55b 5.97±0.11a

2 43 297.1±18a 1969±96b 23±10a 10.05±0.52b 5.86±0.11a

3 140 255.8±13b 2149±72a 26±7a 11.42±0.39a 5.85±0.08a

Calving season  
Rainy 20 293.8±28a 2044±152a 24±15a 9.680±0.83b 6.05±0.17a

Windy 70 283.6±14a,b 2099±78a 30±8a 11.21±0.43a 5.84±0.09b 
Drought 129 258.0±13b 1981±72a 19±7a 10.49±0.39a,b 5.79±0.08b 
Year 
2003 14 189.5±30d 1870±166c 29±17a,b 9.54±0.91b,c 5.94±0.18 
2004 49 242.5±15c 1872±82c 32±8a,b 8.41±0.45d 6.28±0.09a

2005 50 309.7±16b,c 1885±87c 34±9a,b 9.14±0.48c,d 6.24±0.10a

2006 46 326.8±18b 2178±99b,c 40±10a 11.42±0.54b 5.76±0.11 
2007 35 378.5±20a 2112±113b,c 16±11b 11.69±0.62a,b 5.72±0.12 
2008 23 305.7±22b,c 2473±119a 18±12b 12.74±0.65a 5.79±0.13 
2009 2 196.7±62c,d 1899±334c 13±34b 10.29±1.82b 5.52±0.36 
*: Least square means±standard error; **: Values with different superscript differ (p<0.05) 
 

did not happen in this study. However, this trait seems 
to be shorter in crossbred cattle than in pure bred cows. 
Díaz et al. (2004) reported in central Veracruz, Mexico 
an average of 289 days for Holstein x Zebu and 202 
days for Brown Swiss x Zebu cows. The former value 
is close to the general mean of 279 days calculated from 
this study. Díaz et al. (2004) studied 92 lactations 
occurring from the years 1997 to 2002 and found that 
lactation length varied from 267 to 299 days. The 
present study covered from the years 2003 to 2009 and 
mean lactation length oscillated between 189 to 378 
days. Lactation length in Díaz et al. (2004) report was 
shorter in drought (274 days) than in rainy or windy 
seasons (289 days). Coincidentally, lactation length in 
this study was also shorter in drought (258 days) than in 
windy (283 days) or rainy seasons (293 days). 

Mean milk yield per lactation in this study was 
2041 kg in 279 days in milk. This is higher than the 
1827 kg found by Cervantes et al. (2006) in other 
crossbred cows in the tropics of Mexico, but lower than 
the 3106 kg reported by Díaz et al. (2004) for Holstein 
x Zebu cows. However, the mean daily milk yield (7.31 
kg/day) is lower than that reported for milking Gyr in 
Brazil  (10.12 Kg/day)  in 300  days in milk (Da Silva 
et al., 2004). In Díaz et al. (2004) study, milk yield per 
lactation increased as parity number did reaching a top 
of 3086 kg at the sixth parity. In the current study, the 
lowest milk yield was observed in the second parity 
(2006 kg), followed by the first (1969 kg) and three or 
more (2149).  

Díaz et al. (2004) identified a higher milk yield in 
cows calving in rainy season (3037 kg) than in the 
others seasons. In this study, the highest milk yield 
occurred in cows calving in windy season (2099 kg), 
followed by those calving in rainy (2044) and drought 
seasons (1981 kg). These values indicate that 
differential management seasonal handling done in the 
studied farm which includes nutritional 
supplementation in the critical period is sufficient to 

eliminate the effect of calving season, which in turn 
emphasizes the need to maintain this differential 
management depending on the season. 

Galaviz et al. (1998) pointed out that the year has 
an important effect over total milk yield. In this study, 
mean milk yield per lactation ranged from 1870 to 2473 
kg from the years 2003 to 2009. 

Ossa et al. (1997) for 92 dual purpose crossbred 
cows in the Department of Córdoba, Colombia found 
that peak occurred between 38 and 64 days in milk. 
Lemus-Ramírez et al. (2008) in Holstein cows under 
grazing conditions in the highlands of Mexico found 
31.3 days as the maximum time to production peak. 
Conversely, Cervantes et al. (2006) found that Holstein 
x Zebu cows required 71 days to reach the peak. In this 
study the mean time to reach the peak was 24 days. 

In Tabasco, Mexico the maximum peak production 
reached by F1 Holstein x Zebu and Holstein x Sahiwal 
cows occurred in the fourth lactation (18.80 kg) (Osorio 
and Segura (2005). However, this value is lower than 
that reported by Koçak and Ekiz (2008) in Holstein 
cows in the southwest Anatolia region and also to that 
reported by Lemus-Ramírez et al. (2008), whose 
minimum value at peak production was 19.3 kg in 
primiparous Holstein cows in the central region of 
Mexico. In this study the time to peak among cows of 
different parities fluctuated between 23 and 26 days. 

Ossa et al. (1997) in Colombia found a maximum 
milk  yield  of  5.5 kg/d in  crossbred cows. Cervantes 
et al. (2006) for Holstein x Zebu cows in Mexican 
tropics report 7.62 kg/d at peak. Osorio and Segura 
(2005) in Tabasco, Mexico found a peak value of 11.90 
kg in the rainy season, which remained stable at 
different parities. This study found a close value at 
11.49 kg. According to Osorio and Segura (2005), the 
highest initial milk yield in Tabasco took place in the 
rainy season (7.37 kg). In this study, highest milk yield 
took place in windy season (11.21 kg) followed by 
drought (10.49) and rainy (9.68 kg).  
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Table 2: Curve shapes fitted by four lactation models in F1 Holstein x 
Zebu cows in the humid tropic of Veracruz, Mexico 

Model 

Parameters 
-------------------------------------- 

N 
Freq. 
(%) a b c d e 

Ali-shaeffer - + - + - 83 37.90 
 + - + - + 47 21.46 
 + + - + - 37 16.89 
 + - + + - 18 8.220 
 + - - - + 12 5.480 
 + - - + - 12 5.480 
 + + - - + 5 2.280 
 + - + - - 2 0.910 
 + + + + - 1 0.460 
 + - - - - 1 0.460 
 + - - + + 1 0.460 

Dijkstra + + + +  219 100.0
0 

Wood + + +   166 75.80 
 + - +   49 22.37 
 + - -   4 1.830 

Wilmink + - -   117 53.42 
 + - +   98 44.75 
 + + +     4 1.830 

 
Osorio and Segura (2005) found that the third 

lactation had the highest initial milk yield (7.87 kg). In 
this study cows with three or more lactations had the 
highest milk yield (11.42 kg) followed by those in their 
second (10.05 kg) and in their first lactation (9.91 kg). 

Persistency refers to the rate of decrease in milk 
yield after reaching the peak production. Thus, a cow 
with a flat lactation curve is described as persistent and 
can make better use of cheap feeds such as forage, 
undergoes less stress due to an elevated lactation peak, 
is less susceptible to metabolic and reproductive 
disorders and therefore, is a more productive cow 
(Dekkers et al., 1998). Ponce and Bell (1986) in 
tropical conditions of Cuba indicate that lactation 
curves of Holstein, Zebu and their crosses in Cuba were 
almost linear, with only a small peak of production 
before the first three weeks of lactation. Galaviz et al. 
(1998) reported that out of 308 lactations, 290 (94.16%) 
had a production peak and thus it was possible to 
estimate the persistence. 

The mean persistence value of 5.9 is lower than 
that reported by other authors such as Lemus-Ramírez 
et al. (2008), 6.24; Val-Arreola et al. (2004), 6.35; 
Tekerli et al. (2000), 6.70; Macciotta et al. (2005), 
6.71; even though none of these studies was done with 
crossbred cattle under tropical conditions. In Colombia, 
Ossa et al. (1997) found persistence of 7.23 kg and in 
central Veracruz, Mexico Díaz et al. (2004) estimated a 
value between 5.9 and 6.34. 

Osorio and Segura (2005) reported a maximum 
value of persistence of 6.94 kg in Tabasco, Mexico for 
the windy season. The values are very similar to the 
findings of Díaz et al. (2004) in the central region of 
Veracruz, Mexico where the maximum persistence 
value also occurred in the windy season. In the present 
study, persistence was a little higher in the rainy (6.05) 
than in the windy (5.84) or drought (5.79) seasons. 

Shape of lactation curves: Table 2 summarizes the 
different shapes of the lactation curves fitted by the four 
mathematical models. Ali-Shaeffer model fitted 11 
different types of curves, but Wood´s and Wilmink 
models fitted three different curves each one. Tozer and 
Huffaker (1999) studying lactations of dairy Australian 
Holstein cows, perceived the presence of some atypical 
curves. Ponce (1988) claims that Holstein x Zebu cows 
with milk yield lactations over 3200 kg show a normal 
lactation curve, but at lower levels of milk production 
ascending and descending phases are altered. In 
addition, according to results obtained by Rekaya et al. 
(2000) and Faro and Albuquerque (2002) in dairy 
Holstein and Caracu cows, respectively, in case of an 
atypical curve the incomplete gamma does not adjust to 
data. 

According to Macciota et al. (2005), the parameter 
a is always greater than 0 in the incomplete gamma 
function of Wood and in the Wilmink’s function. Our 
results support this statement. Osorio and Segura (2005) 
studied 315 lactations from F1 Holstein x Zebu and 
Holstein x Sahiwal cows in the humid tropics of 
Tabasco, Mexico and found 290 lactations with a, b and 
c positive values, 19 curves with a b negative value and 
six positive c values in the Wood´s model. In the 
current study, almost 76% of the lactation had a, b and 
c parameters with positive values, but there were some 
curves showing b negative values (22.37%) and even b 
and c with negative values (1.83%). 

Macciotta et al. (2005) describe 19 groups of 
curves detected by the Ali and Schaeffer model. In our 
study, 11 different curve shapes were found using the 
Ali and Shaeffer model but the most predominant curve 
exhibited a negative sign for the parameter a (37.9%). 
Ali and Shaeffer model exhibited better goodness of fit 
values that the other models in all the criteria, ie. R2, 
coefficient of determination, correlation and Model 
Selection Criterion (data not shown).  

Dijkstra model performance was similar to Ali and 
Shaeffer model, but showed some convergence 
problems. In fact, Dijkstra model did not worked when 
any of the four required parameters had a negative sign. 
Val-Arreola et al. (2004) in cows reared in temperate 
environments of Mexico observed the better adjustment 
of the model by Dijkstra et al. (1997) over the models 
by Wood (1967), Rook et al. (1993) and by Pollott 
(2000) for lactations of animals on more technological 
farms. 

Tinsley and Brown (2000) state that an important 
point to be considered in mathematical models for 
describing lactation curves is the value of the 
coefficient of determination adjusted through lactation. 
Such values allow observing the dispersion and range 
of points (data from milk production) that have 
individual records around the average lactation curve 
for each model (Cruz et al., 2009). As a biological fact, 
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there should be variability even between genetically 
identical individuals. This variability is accentuated 
because each individual production record reflects not 
only the individual effect of day in lactation, but also 
the environmental effects (such as month and year of 
birth, herd management and number of milkings) 
influencing milk yield  of the individual cow (Galaviz 
et al., 1998; García et al., 2001). 
 

CONCLUSION 
 

The four tested models identified different lactation 
curve shapes. Ali-Shaeffer model fitted nine different 
curve shapes; Wood and Wilmink models fitted three 
different curves shapes each one and Dijkstra model 
fitted only one curve shape with all the parameters 
being positive. Lactation curves shapes had received 
little attention and the practical implications of these 
findings deserve further investigation. 
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