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  INTRODUCTION 
Lactation curves describe milk yield and composition dur-
ing lactation. Their accurate description is necessary for 
decisions on herd management and selection strategies 
since lactation curves provide information on problems of 
feeding, health status and fertility (Swalve, 2000). They 
also facilitate the prediction of the 305-d lactation yield 
from partial yield, which helps in early animal culling and 

selection (Macciotta et al. 2005). Numerous models were 
designed to explain the shape of the lactation curve in dairy 
cattle (Wood, 1967; Ali and Schaeffer, 1987; Wilmink, 
1987; Naeemipour Younesi et al. 2019; Ghavi Hossein-
Zadeh et al. 2020), but the most popular model, owing to its 
simplicity and accuracy of the lactation curve description 
(Boujenane, 2013), is the Wood incomplete gamma func-
tion (Wood, 1967). The parameters of Wood’s function 
such as peak production, time to peak and persistency can 

 

The objectives of this study were to describe lactation curves for milk yield and composition using the 
Wood’s model and to estimate lactation curve characteristics. Data including 202 283 test-day records be-
longing to 27 108 first three lactations of Holstein cows recorded from 2012 to 2016 in a total of 193 herds 
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respectively with values 3.26%, 2.78%, 11.7%, 8.16% and 3.92, respectively. It was concluded that the 
knowledge of lactation curves for studied traits will help to improve herd management and to increase pro-
duction. 
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be found directly from the lactation curve models (Kopec et 
al. 2013). Knowledge of these parameters provides valuable 
information useful for feed management decisions, health 
monitoring, replacement strategies and genetic evaluation 
(Naderi, 2018). 

Although records of dairy cows on milk yield, milk con-
stituents, somatic cell count (SCC) and milk urea nitrogen 
(MUN) can be modeled to obtain lactation curves, most 
research has been for milk yield (Tekerli et al. 2000; 
Macciotta et al. 2005), and rather less for milk composition 
(Wood, 1976; Stanton et al. 1992; Olori et al. 1997; Garcia 
and Holmes, 2001; Rodriguez-Zas et al. 2000; Pollot, 2004; 
Silvestre et al. 2009). There is accord in the literature about 
the expected allure of the lactation curve for milk yield. It 
increases from calving, reaches the peak yield between 4 
and 8 weeks after calving, and then decreases progressively 
after peak yield until the cow is dried off (Swalve, 2000; 
Macciotta et al. 2005). For milk fat and protein percentage 
curves, some divergence has been reported. According to 
some authors (Wood, 1976; Schutz et al. 1990; Stanton et 
al. 1992; Silvestre et al. 2009), fat and protein curves fol-
low the inverse of the lactation curve for milk yield; they 
tend to decrease rapidly post calving, reach a trough early 
in lactation at week 8 and 11, respectively and then increase 
slowly until the end of lactation. However, for Pollot 
(2004), fat and protein curves follow the so-called standard 
shape for milk yield. Contradictory to this latter finding, the 
minimum point on the fat percentage occurs approximately 
three weeks behind milk yield peak, whereas in the case of 
protein, it is reached at approximately the same time as the 
milk yield peak (Schutz et al. 1990; Stanton et al. 1992; 
Quinn et al. 2006), indicating that instead of being inde-
pendent, curves for milk yield and constituents seem to be 
linked, since milk is a mixture of fat, protein, lactose, vita-
mins and minerals, either dissolved or suspended in water 
(Silvestre et al. 2009). In addition, the lactose content is 
highest at the start of the lactation and decreases linearly 
during the remainder of the lactation (Waite et al. 1956), 
and it is generally highest when the protein content is low-
est, and vice versa (Legates, 1960). Moreover, the contents 
of total solids (TS), solids not fat (SNF) and protein drop 
rather sharply after the first test for the lactation, reaching a 
low value by the second month in lactation (Legates, 1960). 
The most important breed of dairy cattle in Morocco is the 
Holstein breed, which is responsible for providing more 
than 80% the country’s annual cattle milk production. 
However, its lactation milk curve was fewly studied 
(Boujenane and Hilal, 2012; Boujenane, 2013), whereas 
those for milk constituents were never studied. Moreover, 
no Moroccan study was published that investigated the ma-
jor milk constituents across the entire lactation. Instead, the 
protein and fat contents of milk, which are particularly im-

portant variables for the dairy industry, serve as significant 
markers for identifying certain important nutrition and herd 
management problems, as well as for providing information 
about the level of success of nutritional regimens intro-
duced to the dairy cattle (Cardak, 2016). Also, MUN, which 
is an indicator of the relation between feed protein content 
and energy level, also reveals information about the utiliza-
tion of crude protein in the feed (Cardak, 2016). 

The objectives of this study were to describe the lactation 
curves for milk yield, milk constituents as well as MUN 
and somatic cell score (SCS) of Moroccan Holstein cows 
using the Wood’s function.  

 

  MATERIALS AND METHODS 
Environment and animal management 
Test-day data used in this study were obtained from the 
database of Coopérative Souss d’Amélioration Génétique 
Bovine, Taroudant, Morocco (COPAG). Herds of COPAG 
are raised in the Souss-Massa region positioned in South-
West of Morocco. The climate of the region is semiarid 
with the average highest temperature 27 ˚C in the summer 
and the average lowest temperature 19 ˚C during winter 
months.  

The annual rainfall varied from 180 to 280 mm generally 
received between November and April. Herds are com-
posed by cows born locally or imported either from Europe 
or North America. Cows were raised under an intensive 
production system. They received feed composed of corn 
silage, forages (fresh or hay), in addition to a concentrate 
mixture provided to meet the cows’ nutritional require-
ments. The ration varied according to body condition, milk 
production and stage of lactation of cows. Cows were 
milked two times daily using machine milking. Fresh water 
was available all the time. 
 
Data 
The data consisted of test-day records on daily milk yield 
(kg), fat, protein, lactose, TS and SNF contents (%), as well 
as MUN (mg/dL) and SCC (1000 cells mL–1) from the first 
three lactations of Holstein cows calved from 2012 to 2016. 
Individual milk yields were recorded once a month, accord-
ing to the official A4 protocol, as the sum of the morning 
and evening milking. Individual milk samples were col-
lected from each cow at each milking and stored at 4 ˚C. 
Composition was determined by using a MilkoScan FT+ 
(FOSS, Hilleroed Denmark).  

Cows with missed birth date, calving date, parity number, 
herd number or presenting unlikely ages for a given lacta-
tion (age at calving different from 21 to 38, 34 to 52 and 46 
to 68 months for lactations 1, 2 and 3, respectively) were 
discarded.  
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Moreover, test-day records from days in milk (DIM) 
lower than 5 and greater than 305 days were excluded, and 
lactations for which the first test-day was greater than 75 
DIM were eliminated. Records showing milk yield and 
milk constituents above or below the population average 
plus or minus 3 standard deviations or cows with less than 
six test-day records during lactation were deleted from the 
data file. Herds not practicing two milking daily or those 
with less than 5 cows per herd in calving year were elimi-
nated. The SCC was transformed to somatic cell score 
(SCS) using the formula (Shook, 1982):           
 
SCS= log2(SCC/100000) + 3 
 

Finally, the data set included 202 283, 199 511, 189 698, 
189 707, 188 533, 189 372, 163 508 and 177 528 test-day 
records belonging to 27 108, 27 057, 26 878, 26 878, 
26 874, 26 878, 26 569 and 26 811 lactations for milk yield, 
fat, protein, lactose, TS, SNF, MUN and SCS, respectively 
of 11912 cows raised in 193 herds. The data for milk yield 
included 45.9%, 31.7% and 22.4% records from parities 1, 
2 and 3, respectively. 
 
Statistical analyses 
The incomplete gamma function of Wood (1967) was used 
to fit lactation curve for milk yield and milk constituents 
and to estimate their parameters (Wood, 1976; Silvestre et 
al. 2009). The Wood’s mathematical model was as follows: 
 
yt= atbexp−ct 
 
Where:  
yt: milk yield, milk constituent content, MUN or SCS at 
time t of lactation.  
a, b and c: estimated parameters of the function.  
t: test-day.  
exp: exponential term. 
 

A two-step procedure was applied to estimate parameters 
a, b and c of studied trait curves. In the first step, Wood’s 
function was transformed logarithmically into a linear form 
(Tekerli et al. 2000) as: ln (yt)= ln(a) + bln(t) – ct and 
parameters a, b and c (intercept and curve shape) were 
estimated on the whole data set by multiple linear 
regression using PROC REG (SAS, 2002). Several authors 
(Wood, 1976; Macciotta et al. 2005; Silvestre et al. 2009) 
reported that depending on signs of parameters b and c, 
model of Wood can fit curves with four various shapes, 
parameter a is always positive. On the basis of parameters 
obtained for each individual’s curve, curves were discarded 
following the most frequent results of Golebiewski et al. 
(2011); for milk yield, lactose content and MUN, 

eliminated curves were those with b  0 or c  0, whereas 
for fat, protein, TS, SNF and SCS, discarded curves were 
those with b ≥ 0 or c ≥ 0. On the basis of this approach, the 
frequency of eliminated curves was 36.1, 40.6, 42.7, 53.3, 
42.2, 46.0, 57.6 and 56.8% for milk yield, fat, protein, 
lactose, TS, SNF, MUN and SCS, respectively. Thus, the 
final analyses were carried out on 17 315, 16 080, 15 398, 
12 559, 15 522, 14 514, 11 260 and 11 588 lactations, 
respectively.  

In the second step, the Wood’s function parameters were 
estimated for the remaining curves only by the non-linear 
regression using PROC NLIN and Marquardt iterative 
method (SAS, 2002). Starting values of the iteration 
process in non-linear regression were Wood's parameters 
obtained in the first step. The main curve’s characteristics, 
which are the time at peak (maximum or minimum point) 
(tm), peak production (ym) and persistency (s), were 
calculated using parameter combinations (a, b, and c) of the 
Wood’s model as follows: 
 
tm= b / c 
ym= a (b/c)b exp-b 
s= -(b+1)ln(c)  

 
Higher value of this measure is favorable. 
 

  RESULTS AND DISCUSSION 
Descriptive statistics of the studied traits are listed in Table 
1. The test-day averages milk yield, fat, protein, lactose, TS 
and SNF contents, as well as MUN concentration and SCS 
were 24.4 ± 7.87 kg/day, 3.57 ± 0.78%, 3.04 ± 0.35%, 4.88 
± 0.26%, 12.2 ± 1.02%, 8.73 ± 0.39%, 15.8 ± 7.12 mg/dL 
and 4.37 ± 1.84 units (corresponding to 258 471±44 751 
cells/mL), respectively.  

These values are in general within the ranges reported in 
the literature; 22.0-29.6 kg/day for milk yield, 3.51-4.48% 
for fat content, 3.01-3.41% for protein content, 4.55-4.94% 
for lactose content, 12.26-13.76% for TS content, 8.86% for 
SNF content, 11.00-25.10 mg/dL for MUN concentration 
and 2.88-4.42 for SCS (Tyler, 1958; Rajala-Schultz and 
Saville, 2003; Wood et al. 2003; Miglior et al. 2006; Bastin 
et al. 2009; Cao et al. 2010; Golebiewski et al. 2011; 
Bertocchi et al. 2014; Henao-Velasquez et al. 2014; Zhang 
et al. 2018). Dissimilarities may be due to differences in the 
genetic backgrounds or to herd management, especially 
feeds and sources of feeding. Further, the lowest coeffi-
cients of variation were those of SNF and lactose contents 
and the highest were those of MUN concentration and SCS 
(Table 1). Moreover, coefficient of variation for protein 
percentage was much lower than those for milk yield and 
fat content. 
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The analyses of complete dataset (before elimination) 

showed that curves for milk yield and contents of fat, pro-
tein, lactose, TS and SNF, as well as MUN concentration 
and SCS were distributed according to C1 (standard), C2 
(continuously increasing), C3 (continuously decreasing) 
and C4 (reversed standard) shapes (Wood, 1976; Macciotta 
et al. 2005). Standard lactation curve (C1) was the most 
common shape for milk yield (63.9%), lactose content 
(46.7%) and MUN concentration (42.4%), while reversed 
standard (C4) was the most frequent shape for fat, protein, 
TS and SNF contents (59.4, 57.3, 57.8 and 54.0, respec-
tively) and for SCS (43.2%) (Table 2).  

For any trait, C1 and C4 shapes were the most frequent, 
whilst the remaining two shapes (C2 and C3) appeared very 
rarely. The most common shapes; standard lactation curve 
shape (C1) for milk yield and the reversed standard shape 
(C4) for fat and protein contents were in agreement with 
previous works (Schutz et al. 1990; Stanton et al. 1992; 
Silvestre et al. 2009; Golebiewski et al. 2011). C1 curves 
represented 76.6, 58.5 and 66.3% for milk yield, lactose 
content and MUN concentration, respectively, while 68.9, 
65.7 and 49.6% of fat content, protein content and SCS, 
respectively curves showed C4 shape in Polish Holstein-
Friesian and Montbéliard cows (Golebiewski et al. 2011). 
The standard lactation curve (C1) was the most common 
shape for milk yield (75.4%), followed by C3 shape, 
whereas curves for fat and protein percentage showed the 
reversed standard shape (C4) in 62.4 and 66.4% of the lac-
tations, respectively, followed by C1 shape (23.7 and 
19.4%, respectively) (Silvestre et al. 2009). Depending on 
the trait, the atypical curves were those of cows with prob-
lems due to management issues, incorrect data or lack of 
information.  

Rekik and Ben Gara (2004) reported that the appearance 
of atypical curves is mainly due to physiological and health 
problems related to difficult environmental conditions, as 
well as frequent changes in the quantity and quality of the 
ration. Torshizi (2016) mentioned that other factors leading 
to atypical lactation curves are inadequate distribution of 
measurements due to time of sampling, missing measure-
ments for lactation curve phases and few numbers of meas- 

 
 
 
 
 
 
 
 
 
 

 

Table 1 Numbers of test-day records, arithmetic means, standard deviations and coefficients of variation for milk yield, fat, protein, lactose, total solids 
(TS), solids not fat (SNF) contents, milk urea nitrogen (MUN) concentration and somatic cell score somatic cell score (SCS) of Holstein cows 

Trait Number Arithmetic mean Standard deviation Coefficient of variation (%) 

Milk yield (kg/d) 202 283 24.4 7.87 32.3 

Fat (%) 199 511 3.57 0.78 21.8 

Protein (%) 189 698 3.04 0.35 11.5 

Lactose (%) 189 797 4.88 0.26 5.32 

TS (%) 188 533 12.2 1.02 8.35 

SNF (%) 189 372 8.73 0.39 4.46 

MUN (mg/dL) 163 508 15.8 7.12 45.1 

SCS 177 528 4.37 1.84 42.1 

urements for estimation of model parameters. 
Estimated parameters of Wood's model (a, b and c) for 

milk yield, fat, protein, lactose, TS, SNF contents, as well 
as MUN concentration and SCS curves for Holstein dairy 
cows are shown in Table 3. The initial lactation value 
(a=16.0) for milk yield was lower than those reported by 
Quinn et al. (2005) in Ireland (25.20), Boujenane and Hilal 
(2012) in Morocco (17.0) and Rekik and Ben Gara (2004) 
in Tunisia (16.57), but it was higher than the value indi-
cated by Chegini et al. (2015) in Iran (15.08). The values 
for b and c (0.1822 and 0.0030, respectively) were within 
reports of several authors (Tekerli et al. 2000; Rekik and 
Ben Gara, 2004; Macciotta et al. 2005; Dematawewa et al. 
2007; Golebiewski et al. 2011; Boujenane and Hilal, 2012; 
Chegini et al. 2015; Khalifa et al. 2018). Differences ob-
served in a, b and c values might be attributed to differ-
ences in genetic groups, herd management, environmental 
conditions or their combinations. Ural and Koskan (2014) 
reported that the lactation curve for more milk production 
requested a high value of a and b parameters and low value 
of c parameter. Parameters of Wood's function (a, b and c) 
for lactose content curve were 4.41, 0.0316 and 0.0003, 
respectively. Golebiewski et al. (2011) determined values 
of 4.90, 0.03 and 0.01, respectively for the Polish Holstein-
Friesian breed. Estimates of lactation curve parameters (a, b 
and c) for MUN concentration curve were 7.30, 0.2300 and 
0.0020, respectively. Values of 22.08, 0.39 and 0.08, re-
spectively were estimated by Golebiewski et al. (2011) who 
concluded that MUN curve is not precisely explained by 
Wood’s model.  

Estimated Wood’s model parameters (a, b and c) were 
6.70, -0.2000 and -0.0020, respectively for fat content curve 
and 4.34, -0.1381 and -0.0020, respectively for protein con-
tent.  

Silvestre et al. (2009) studied different lactation combi-
nations of lactation curves and reported for combinations 1, 
2 and 3 of fat % and protein % values of parameter a vary-
ing from 7.29 to 11.51 and from 5.20 to 6.02, respectively, 
parameter b values from -0.358 to -0.220 and from -0.211 
to -0.161, respectively and parameter c values from -0.0041 
to -0.0030 and from -0.0027 to -0.0024, respectively.  
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Quinn et al. (2006) estimated parameters a, b and c for 

fat content 4.72, 0.13 and -0.01, respectively and for protein 
content 3.55, 0.05 and -0.01, respectively. Estimates of lac-
tation curve parameters (a, b and c) were 4.59, -0.19 and -
0.04, respectively for fat content and 3.05, -0.07 and -0.04, 
respectively for protein content (Golebiewski et al. 2011). 
Values of parameter a of Wood’s model for TS and SNF 
content curves were assessed 15.5 and 9.69, respectively, 
the b parameter values were calculated -0.0829 and -
0.0409, respectively and the c parameter values were esti-
mated -0.0010 and -0.0006, respectively. Parameters (a, b 
and c) of Wood’s model for SCS were estimated to 7.70, -
0.1900 and -0.0020, respectively. Golebiewski et al. (2011) 
determined parameters for SCC of 471 040 cells/mL, -0.05 
and -0.06, respectively. They also mentioned that since 
SCC is affected by many factors (mainly environmental), 
SCC curves were very unstable and difficult to predict by 
any mathematical model. Parameter estimates of Wood’s 
model for SCS curves for the first-, second- and third-parity 
dairy cows varied from 3.3 to 4.0 for a, from 0.15 to -0.05 
for b and -0.002 for c (Ghavi Hossein-Zadeh, 2014). Study-
ing several milk traits, Golebiewski et al. (2011) concluded 
that a different mathematical model should be used for each 
analyzed trait within a breed since a single mathematical 
model, even if effective for particular traits, showed various 
accuracies for others even within one breed. 

The daily milk yield followed the standard lactation 
curve (Figure 1). It increased from calving to peak produc-
tion of 28.2 kg/day that occurred 61 days from parturition 
and then decreased regularly to dry off with a persistency of 
6.87 (Table 3). This tendency, that milk yield increases as 
the lactation period progresses, has been confirmed by vari-
ous researchers (Boujenane and Hilal, 2012; Ghavi 
Hossein-Zadeh, 2014). The peak milk yield assessed in this 
study was low compared to those by Olori et al. (1999) 
(32.3 kg), Tekerli et al. (2000) (29.2 kg), Chegini et al. 
(2015) (34.5 kg) and Torshizi (2016) (33.1 kg), but high 
compared to previous works on Holstein cows [Boujenane 
and Hilal, (2012), (23.6 kg); Khalifa et al. (2018), (23.2 
kg)]. 

 

 
 
 
 
 
 
 
 
 

  

Table 2 Relative frequencies of individual curve shapes classified according to the four shapes detected by the Wood model for the different traits* 

Trait2 

Shape SCS 
Milk yield Fat  Protein  Lactose  TS  SNF  MUN 

C1 20.4 21.3 20.5 22.7 33.4 63.9 46.7 42.4 
C2 9.76 15.1 18.2 15.6 17.2 18.9 15.9 16.9 

C3 12.4 5.08 3.35 8.56 4.55 4.41 7.70 6.43 

C4 13.9 29.1 34.0 59.4 57.3 57.8 54.0 43.2 
Total 27 108 27 057 26 678 26 878 26 874 26 878 26 569 26 811 

* Highest frequency for each trait is in bold. 
C1: standard curve; C2: continuously increasing; C3: continuously decreasing curve and C4: reversed standard.  
TS: total solids; SNF: solids not fat; MUN: milk urea nitrogen and SCS: somatic cell score. 

 
The time at the peak after calving (61 days) was lower 

than that reported by Chegini et al. (2015), Torshizi (2016) 
and Khalifa et al. (2018) (91.6, 76 and 84.9 days, respec-
tively), and higher than those found by Stanton et al. (1992) 
(45 days), Tekerli et al. (2000) (48.8 days) and Boujenane 
and Hilal (2012) (41.4 days). The persistency of lactation 
found in the present study (6.87) was higher than those ob-
served for Holstein cattle (Tekerli et al. (2000), 6.70; 
Boujenane and Hilal, (2012), 6.56), but lower than those 
reported by Chegini et al. (2015) (7.71) and Khalifa et al. 
(2018) (7.35). The lactose and MUN showed shapes similar 
to the standard curve for milk yield (Figure 1). They in-
creased just after calving, reached peak yield of 4.95% and 
17.3 mg/dL, respectively at lactation days 105 and 115 post 
calving, respectively and declined gradually with a persis-
tency higher for lactose (8.37) than for MUN (7.64). From 
calving to time of peak, milk yield, lactose content and 
MUN concentration increased by 76.2, 12.2 and 137%, 
respectively. Miglior et al. (2006) observed a similar shape 
for lactose percentage; an increase after calving, a peak in 
the first 30 to 60 DIM and a constant decrease over the rest 
of the lactation. However, Henao-Velásquez et al. (2014) 
reported that the lactose curve exhibited a progressive de-
cline as DIM advanced, with a maximum value at the be-
ginning. Our results are in agreement with those of Cao et 
al. (2010) and Zhang et al. (2018) who reported that the 
MUN increased after calving, reached the highest at 90-120 
DIM and then slowly decreased throughout the remaining 
lactation period. Spicer et al. (2000), cited by Wood et al. 
(2003), indicated that MUN increased during the first three 
weeks of lactation, then remained steady for the remainder 
of the lactation. Henao-Velásquez et al. (2014) reported 
that the average MUN in the first 115 DIM increased from 
14.1 to 17.75 mg/dL, then decreased to 17.40 mg/dL on 195 
DIM and increased to 18.50 mg/dL until 300 DIM. How-
ever, Wood et al. (2003) reported that the lactation curves 
for MUN were slightly high at the start of lactation, attain-
ing to a nadir in early lactation (day 30 to 40), and then 
rising steadily to maximum values at the end of the lacta-
tion.  
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Figure 1 The actual and predicted lactation curves fitted from Wood function for milk yield fat protein, lactose, total solids (TS), solids not fat 
(SNF), milk urea nitrogen (MUN) and somatic cell score (SCS) of Moroccan Holstein cows 
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Zhang et al. (2018) explained the low concentration of 

MUN at the first month of lactation by the inability of cows 
to ingest sufficient feed in the early lactation period, which 
leads to relatively lower dry matter and protein intake, 
whereas Wood et al. (2003) argued that as milk production 
decreases throughout lactation, less protein is needed from 
the diet, thus greater proportions of urea in blood and milk 
were released. In any case, the feed management is an im-
portant source of variability in MUN. However, other re-
searchers (Miglior et al. 2006; Bastin et al. 2009) reported 
that average lactation curve of MUN concentration was 
similar to lactation curves of percentages of fat and protein; 
it declined after calving and increased gradually at the end 
of the lactation. This trend might be due to the physiologi-
cal changes and the evolution of the metabolic demands of 
milk production across lactation (Wood et al. 2003).  

Fat, protein, TS and SNF percentages as well as SCS ex-
hibited reversed standard curves opposite to the classical 
lactation shape for milk yield. They decreased at the begin-
ning of lactation until a minimum point, and then increased 
progressively over the rest of lactation (Figure 1). Esti-
mated minimum for fat, protein, TS, SNF percentages and 
SCS was attained at lactation days 100, 69, 83, 68 and 95, 
respectively with values 3.26%, 2.78%, 11.7%, 8.16% and 
3.92, respectively.  

From calving to minimum points, fat, protein, TS, SNF 
and SCS decreased by 105, 56.1, 32.5, 18.7 and 96.4%, 
respectively. Observed lactation patterns for fat content, 
protein content and SCS, i.e. a decrease from day 5 until 
minimum values sometime after that, and then an increase 
until day 305 post calving has been reported by several au-
thors (Silvestre et al. 2009; Golebiewski et al. 2011; 
Jamrozik and Schaeffer, 2012; Ghavi Hossein-Zadeh, 
2014).  

Schutz et al. (1990) also indicated that curves for fat and 
protein contents were characterized by an early decline to a 
trough near 50 days’ post calving followed by a stable in-
crease to end of lactation, while that for SCS decreased to 
nadir before 90 days and increased during the remainder of 
lactation.  

 
 
 
 
 
 
 
 
 
 
 

Table 3 Estimated parameters of Wood's model (a, b and c) for milk yield, fat, protein, lactose, total solids (TS), solids not fat (SNF), milk urea 
nitrogen (MUN) and somatic cell score (SCS) curves 

 
Moreover, they reported that for Holsteins, fat percentage 

declined faster than protein percentage through the first 20 
DIM, which is in agreement with our finding. Points of 
minimum for fat and protein contents estimated in this 
study (3.26 and 2.78%, respectively) were lower than 
scores reported by Silvestre et al. (2009) (3.6 and 3.1%, 
respectively). Troughs for protein and fat percentages (days 
69 and 100, respectively) were reached later compared to 
those of Silvestre et al. (2009) (days 65 and 70, respec-
tively). With regard to SNF percentage, our results are in 
conformity with those of Waite et al. (1956) who observed 
a similar trend; it fell during the first seven weeks until a 
minimum point and then rose during the remainder of the 
lactation, slowly at first and then more rapidly as the end of 
lactation approached.  

The peak occurrence for milk yield was earlier and that 
for MUN was later compared with those (points of maxi-
mum and minimum) for other studied traits. Moreover, the 
trough for protein content coincided with peak milk yield, 
while that for fat percentage corresponded to peak for lac-
tose content but both of them were found to lag approxi-
mately 40 days behind the peaks for milk yield and lactose 
content. Several authors (Schutz et al. 1990; Stanton et al. 
1992; Quinn et al. 2006) reported that the trough for fat 
percentage lags approximately three weeks behind the peak 
for milk yield, while that for protein content coincided with 
peak milk yield. Furthermore, Cardak (2016) found that 
milk fat content was found to reach the highest value in 
cases where the MUN was < 15 mg/dl, with the fat content 
decreasing in proportion to the increase in the MUN, indi-
cating a negative correlation between MUN and fat content. 
Moreover, Henao-Velásquez et al. (2014) reported that the 
average MUN increased when lactose increased and vis-
versa. 

 

  CONCLUSION 

The main objective of this study was the determination of 
lactation curve parameters from test-day milk yield and 
components by Wood’s model. Milk yield, lactose and 

Trait a b c tm (days)1 s1 ym
1 

Milk yield 16.0 0.1822 0.0030 61 28.2 kg/day 6.87 

Fat 6.70 -0.2000 -0.0020 100 3.26% - 

Protein 4.34 -0.1381 -0.0020 69 2.78% - 

Lactose 4.41 0.0316 0.0003 105 4.95% 8.37 

TS 15.5 -0.0829 -0.0010 83 11.7% - 

SNF 9.69 -0.0409 -0.0006 68 8.16% - 

MUN 7.30 0.2300 0.0020 115 17.3 mg/dL 7.64 

SCS 7.70 -0.1900 -0.0020 95 3.92 - 
tm: day at peak; ym: peak production and s: persistency. 
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MUN followed the standard lactation curve, whereas fat, 
protein, TS, SNF and SCS exhibited reversed standard 
curves opposite to the classical lactation shape for milk 
yield. The peak occurrence for milk yield was earlier and 
that for MUN was later compared with those (points of 
maximum and minimum) for other studied traits. Moreover, 
the trough for protein content coincided with peak milk 
yield, while that for fat percentage corresponded to peak for 
lactose but both of them were found to lag approximately 
40 days behind the peaks for milk yield and protein content. 
It was concluded that the knowledge of lactation curves for 
studied traits will help to improve herd management and to 
increase production. 
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