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ABSTRACT: The aim of this paper was the adjustment of 
the generalized Michaelis-Menten function to describe the 
lactation curves from a Holstein herd considering environ-
mental factors. An amount of 759 lactations of 387 cows 
calving in the years 2002 to 2008 were used. The general-
ized Michaelis-Menten (GMM) function was fitted to the 
rainy season (parturition occurring between the months 
October to March) and dry season (calving between the 
months of April and September), and parity order (PO 1, 2, 
3 and ≥4). The Durbin-Watson values were close to two, 
the adjusted coefficient of determination ranged from 
0.5921 to 0.7813, and the estimated residual standard error 
from 2.6919 to 3.6954, indicating good fit of the function. 
In both calving seasons the 305 days yields (Y305) were 
similar. Highest yield peak (Ym), lowest lactation persis-
tence (h) and shortest time of occurrence of peak (tm) for 
dry season-calved cows. The Y305 of PO1 and PO≥4 cows 
was similar, the h value of cows at PO1 being higher. For 
both POs 2 and 3 the animals showed same Y305 and similar 
curve shape (same values of h, Ym and tm). Only interaction 
between calving order and season to h and tm was found. 
For PO1 cows calved in the months of October to March 
(rainy season) had higher tm and more persistent curves 
than cows calving between months of April to September 
(dry season). The same occurred for PO≥4 cows. However, 
for others POs, the h and tm values were no different in 
both seasons, namely, the lactation curves were similar. 
Therefore, it is necessary the fitting of lactation curves for 
both heifers and mature cows, because distinct effect on the 
shape of lactation curve should be observed for the POs in 
the calving seasons.The estimation of parameters of the 
function GMM allowed the detailed biological description 
of the lactation curves for Holstein. 
Keywords: Projection of lactation, enviroment factors, 
persistency of lactation, genetic evaluation. 
 
 

Introduction 
 

Lactation curves are valuable tools for dairy pro-
ducers for management decision-making and selection. 
Knowledge of the lactation curve allows prediction of total 
milk yield from a single or several test days early in lacta-
tion. With such a knowledge, a dairy producer can make 
management decisions early based on individual production 
(Gipson & Grossman, 1990; Vanraden et al., 2006). There 
are various mathematical equations describing lactation 
curves in dairy cows, from the more empirical equations 
that relate input to output statistically with little considera-
tion of the biology of lactation (Wood 1967; Rook et al., 
1993), to the more mechanistic ones which describe the 

lactation curve based on the biology of lactation (Pollott, 
2000). 
 

This lactation curve enables the estimation of the 
total milk production, by means of partial productions, thus 
contributing to the early identification of superior individu-
als (Val-arreola et al., 2004). From the original Michaellis-
Menten equation, worldwide used to describe the enzymatic 
kinetics, Neal &Thornley (1983) developed a mathematical 
model based on physiology of mammary gland to describe 
the lactation curve of cattle. Later, this equation was repar-
ametrized by Rodriguez (2007), Rodriguez et al. (2010) and 
Rebouças et al. (2008) to study daily and cumulative curves 
of lactating animals.The aim of this paper was the adjust-
ment of the generalized Michaelis-Menten function to de-
scribe the lactation curves from a Holstein herd considering 
environmental factors. 
 

Materials and Methods 
 

Data.Data from 777 lactations with at least three 
dairy records taken in intervals of fifteen, from 360 Hol-
stein females whose calvings occurred in the years 2002 to 
2008 were analyzed. The animals were kept in total feedlot 
and milking was done twice by day. For the environment 
factors, two classes of calving season were considered: the 
rainy (1) season (from October to March), and the dry (2) 
season (from April to September); and four classes of parity 
order: one (PO = 1), two (PO = 2), three (PO = 3) and  
calving orders greater than or equal to four (PO ≥ 4). 

 
Model. The regressions were adjusted inde-

pendently for each animal depending on their stage of 
lactation. The function to describe the daily lactation 

curve was: ε+
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the dairy control ) on day t of lactation; Y305 is the cumula-
tive production at 305 days, d is the time which the half of 
estimated production occurs when t is infinity; n is the 
parameter on the inflection of the function and ε is the 
error, ε ~ (0,σ2

e). The critical points of the previous func-
tion as the day tothe peak production (tm), peak milk pro-
duction (Ym) and the time at which half of the production 
occurs in 305 days (h) related to persistency of lactation 
occurs were obtained (Rebouças et al., 2008).  

 
The function parameters were estimated by non- 

linear regression, using the Gauss-Newton method available 



in PROC NLIN (Statistical Analysis System, 1999). To 
check the quality adjustment functions were used as criteria 
the adjusted coefficient of determination (R²a) , the Durbin-
Watson (DW) test and estimated residual standard error 
(EPRE). 

 
 

Results and Discussion 
 

The values obtained for the Durbin-Watson statis-
tic (DW) ranged from 1.6525 to 2.2998. Values close to 
two indicates the absence of residual autocorrelation of the 
first order, dismissing misspecification of the regression 
model (Johnston, 1977). The adjusted determination coeffi-
cients  (Ra2) ranged from 0.5921 to PO1 animals calving in 
the rainy season, to 0.7813 for those with PO ≥ 4 and calv-
ing in the dry season.The EPRE was 2.6919 to 3.6954, 
being lower for animals PO1 calving in the dry season and 
higher for those of PO3 in the same season. Through these 
results, a good fit of the generalized Michaellis-Menten 
function to dairy data production of Holstein cows is ob-
served.  

 
Table 1. Means1and respective standard deviations of 
biologic parameters of function (Y305, n, h, Ymetm) for 
Holstein cows with calving orders 1, 2, 3 and ≥ 4, and 
calving seasons 1 (rainy) and 2 (dry) 

PO Y305(kg) n h (dias) Ym (kg) tm (dias) 

 SEASON 1 (rainy) 

1 6.861,31(
174,31) 

1,36 
(0,02) 

148,61aA 
(1,80) 

26,39 
(0,63) 

113,89 aA 
(3,28) 

2 7.335,44 
(188,94) 

1,29(0,
02) 

130,72 bA 
(1,95) 

30,88 
(0,70) 

65,21 bA 
(3,62) 

3 7.227,91 
(208,02) 

1,35 
(0,03) 

131,45 bA 
(2,15) 

30,90 
(0,76) 

71,02 bA 
(3,97) 

≥4 6.642,09 
(214,63) 

1,38 
(0,03) 

134,42 bA 
(2,22) 

28,25 
(0,78) 

78,18 bA 
(4,07) 

 SEASON2 (dry) 

1 6.969,72 
(140,34) 

1,34 
(0,02) 

142,66 aB 
(1,45) 

27,33 
(0,51) 

94,08 aB 
(2,64) 

2 7.599,60 
(156,91) 

1,38 
(0,02) 

132,06 bA 
(1,62) 

32,44 
(0,58) 

73,55 bA 
(2,96) 

3 7.772,35 
(187,77) 

1,40 
(0,02) 

126,47 cA 
(1,94) 

34,55 
(0,68) 

65,88 cA 
(3,53) 

≥4 6.526,61 
(157,59) 

1,45 
(0,02) 

120,17 dB 
(1,63) 

31,28 
(0,58) 

64,05 cB 
(3,01) 

1 Means followed by the same lowercase letter do not differ by the Scott 
Knott test (P> 0.05) within the same calving season. Means followed by 
the same capital letters do not differ by the Scott & Knott (P> 0.05) when 
comparing the same POs between calving seasons. 

 
 
The description of the parameters Y305, n and h 

are fundamental to understanding the lactation curve of the 
animals because these parameters determine the shape of 
these curves (Table 1). Low values for the standard devia-
tions of the estimates were obtained, lower than the esti-

mate itself (Table 1), which is a further indication of the 
role good fit of function to the dairy data. The largest stand-
ard deviations for all parameters are observed for animals 
with PO ≥ 4, regardless of the calving season. This situation 
can be explained by the presence of animals with POs 
above the fourth calving in this group, whose productions 
have oscillate considerably in age increasing the variability 
of the data.In both calving seasons the 305 days yields 
(Y305) were similar. Highest yield peak (Ym), lowest lacta-
tion persistence (h) and shortest time of occurrence of peak 
(tm) for dry season-calved cows. The Y305 of PO1 and PO≥4 
cows was similar, the h value of cows at PO1 being higher. 
For both POs 2 and 3 the animals showed same Ytable305 
and similar curve shape (same values of h, Ym and tm). 
Only interaction between calving order and season to h and 
tm was found. For PO1 cows calved in the months of Octo-
ber to March (rainy season) had higher tm and more persis-
tent curves than cows calving between months of April to 
September (dry season). The same occurred for PO≥4 cows. 
However, for others POs, the h and tm values were no dif-
ferent in both seasons, namely, the lactation curves were 
similar. 

 
Conclusion 

 
It is necessary the fitting of lactation curves for 

both heifers and mature cows, because distinct effect on the 
shape of lactation curve should be observed for the POs in 
the calving seasons.The estimation of parameters of the 
function GMM allowed the detailed biological description 
of the lactation curves for Holstein. 
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