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  ABSTRACT 

  The aim of this work was to study, using Wood’s 
model, the lactation curve in Italian Heavy Draft horse 
(IHDH) mares, both for milk yield and composition. 
Interest in mare’s milk has grown for use in human 
nutrition, as a substitute for human and cow milk for 
premature newborns and allergic children. For this 
study, 7 IHDH mares were used. Milk yield was evalu-
ated from d 15 to 180 postpartum (every 15 d). Wood’s 
lactation model was used to describe milk yield, fat, 
protein, and lactose lactation curves in the first 180 d 
in milk (DIM), with a prediction to 210 DIM. Mean 
values recorded across the considered lactation period 
for milk yield and constituents were 16.11 kg of milk/d, 
11.38 g of fat/kg, 15.54 g of protein/kg, and 69.72 g 
of lactose/kg. The lactation curve showed a peak at 
69 DIM, with a persistence index of 6.26. Fat (g/kg) 
and protein (g/kg) lactation curves decreased during 
the lactation period; instead, the lactose (g/kg) curve 
increased from the first to the last DIM. The coefficient 
of determination values indicated a good model fit by 
Wood’s model application to IHDH mare lactation. 
The research showed good aptitude of a heavy horse 
breed, such as IHDH, for milk production. 
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  INTRODUCTION 

  The Italian Heavy Draft horse (IHDH) originated in 
the northeastern part of Italy at the beginning of the 
20th century. It was mainly used in the large farms of 
the area for plowing the fields or in the army for haul-
ing field artillery. Currently, according to the National 
Association of Italian Heavy Draft Horses, more than 
6,000 of these horses are reared in Italy, and their main 
use is in meat production (Tateo et al., 2008; De Palo 
et al., 2009), but potential exists for use in milk pro-

duction. In fact, mare’s milk, because of its nutritional 
characteristics, is a product of great interest not only 
for human consumption (children, adults, or convales-
cent consumers), but also as a therapeutic agent and 
for cosmetic purposes. Recently, interest in mare’s milk 
has grown for use in human nutrition. In particular, the 
use of mare’s milk has been proposed as a substitute 
for cow milk in allergic children, as a substitute for 
mother’s milk for premature newborns, and for other 
therapeutic purposes (Curadi et al., 2001; Doreau and 
Martin-Rosset, 2002; Caroprese et al., 2007). In fact, 
mare’s milk has interesting nutritional characteristics, 
especially with regard to diets for the elderly, convales-
cents, and infants (Stoianova et al., 1988; Marconi and 
Panfili, 1998). 

  The lactation curve is a graphical representation of 
the daily milk yield and several empirical models have 
been developed to describe it (Wood, 1967; Yadav et 
al., 1977; Dhanoa, 1981; Wilmink, 1987; Gipson and 
Grossman, 1989; Cappio-Borlino et al., 1995; Sher-
chand et al., 1995; Vargas et al., 2000; Ruiz et al., 
2000). Particularly, the use of nonlinear models such as 
Wood’s model (Wood, 1967) in dairy cows is common 
(Macciotta et al., 2005; Choumei et al., 2006). It is also 
used to describe lactation curves of small ruminants 
(Tufarelli et al., 2009). Wood’s model has been applied 
to the mare lactation curve and to its major constitu-
ents (Santos and Silvestre, 2006, 2008), but nothing is 
known about heavy horse breeds. Little scientific in-
formation exists about both milk quality and quantity 
production of IHDH. A better understanding of these 
aspects of IHDH is necessary. The aim of this work 
was to study, using Wood’s model, the lactation curve 
in IHDH mares, both for milk yield and composition, 
to better understand the milk yield capacity of heavy 
horse breeds. 

  MATERIALS AND METHODS 

  Animal Management 

  Data for this study were collected from 7 multiparous 
nursing IHDH mares aged 6 to 10 yr, with an average 
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BW (mean ± SD) of 822.3 ± 61.8 kg. These mares were 
allowed access to pasture during the daytime (except 
for milking, when they stayed indoors 24 h for milk 
collection). Pasture samples were collected randomly 
every 3 mo. Pasture, hay, and concentrate samples were 
analyzed according to the Association of Official Ana-
lytical Chemists methods (AOAC International, 2000). 
Each mare was fed with 6 kg of mixed oat-vetch hay 
and 4 kg of commercial concentrate feed per day. The 
composition of administered feed is reported in Table 1.

Milk Collection and Analyses

Milk yield was recorded on 15, 30, 45, 60, 75, 90, 105, 
120, 135, 150, 165, and 180 DIM. In the same days, 
milk was also sampled and analyzed. The milk sampling 
procedure was the same during the entire experiment. 
The mares and foals were separated for 2 h. The mare 
and foal were able to see, touch, and smell each other, 
but the foal was not able to suckle. Then, the 2 teats of 
the mare were hand milked as completely as possible in 
the presence of the foal. All milking practice was done 
without administration of oxytocin. The milk collected 
was then given to the foal. This operation was repeated 
every 2 h for 24 h for a total of 12 milkings. The daily 
milk production was calculated by adding together 
totals from the 12 milkings. A sample of 50 mL was 
withdrawn from each milking. Two percent 2-bromo-
2-nitro-1,2-propanediol was added to each sample as a 
preservative and refrigerated at 4°C. The 12 samples 
were mixed proportionally to the quantity produced at 
each milking and a sample of 100 mL was taken. The 
total sample was refrigerated at 4°C and immediately 
transported to the laboratory and analyzed, within 2 h 
after the last milking, for protein, fat, lactose, casein, 
urea (IDF, 1993, IDF-20B; IDF, 1996, FIL/IDF 1D), 
and SCC (IDF, 1995, FIL/IDF 148 method C).

Samples were then prepared for chemical analysis 
and analyzed by the MilkoScan FT 6000 (Foss Elec-
tric A/S, Hillerød, Denmark) by Fourier transformed 
infrared analysis. Somatic cell count was made by the 
Fossomatic 5000 (Foss Electric A/S).

Statistical Analysis

Average daily milk yield and composition (protein, 
fat, and lactose) were used to test Wood’s model fit 
(Wood, 1967):

Yt = atbe−ct,

where Yt = milk production (kg) at time t, e = neper 
number, a = initial milk yield, b = rate of increase 
until the peak is reached, and c = rate of decline after 
peak production. Peak yield was defined as a(b/c)be−b, 
and time of peak yield was b/c. Persistency in Wood’s 
model is a dimensionless quantity. However, it can be 
used for comparison of curves (Santos and Silvestre, 
2008):

s = −(b + 1)ln(e).

The model parameters were estimated by nonlinear 
least squares using PROC NLIN of SAS (SAS Institute, 
1999).

RESULTS AND DISCUSSION

Milk Composition and Milk Yield

In comparison with bovine milk, equine milk contains 
less fat, protein, and inorganic salts, but more lactose, 
with a concentration close to that in human milk (Uni-
acke-Lowe et al., 2010). Moreover, a mare produces 2 
to 3.5 kg of milk/100 kg of BW to sustain the growth 
of the foal (Oftedal et al., 1983; Doreau, 1994). Results 
reported in Table 2 (2.25 kg/100 kg of BW) agree with 
this range.

The average daily milk yield (Table 2) was 16.11 kg, 
with a minimum yield of 10.53 kg and a maximum 
yield of 20.84 kg. These results are only in part similar 
to those obtained by other authors. In fact, despite 
obtaining similar data regarding kilograms of milk per 
100 kg of BW, confirming a range of 2 to 3.5 kg of 
milk/100 kg of BW (Gibbs et al., 1982; Doreau and 
Boulot, 1989; Santos and Silvestre, 2008), those authors 
observed lower average daily production in more light-
weight horse breeds such as the Quarter horse (10.9 kg; 
Gibbs et al., 1982) or Lusitano horses (12.4 kg; Santos 
and Silvestre, 2008). The higher milk yield due to the 
greater BW of IHDH compared with other horse breeds 
is not directly correlated with the protein and dietary 
requirements (Cunha, 1991), so milk production could 
be cheaper.

The fat content averaged 11.07 g/kg. These results are 
comparable to what was reported in the literature by 

Table 1. Chemical composition of grass, commercial concentrate, and 
hay supplied to mares during the study period 

Item  
(g/kg of DM) Pasture Concentrate Hay1

DM (%) 420 865 882
CP 155 160 53
Ether extract 41 43 21
Crude fiber 210 82 320
Ash 138 73 58
1Mixed oat-vetch hay.



5772 CENTODUCATI ET AL.

Journal of Dairy Science Vol. 95 No. 10, 2012

Malacarne et al. (2002) and Doreau and Martin-Rosset 
(2002). Caroprese et al. (2007), investigating milk pro-
duction in Murgese breed mares, showed similar results 
in hand-milked mares (10.6 g/kg), with an increase in 
fat content in machine-milked mares (16.3 g/kg), stat-
ing that machine milking results in better emptying 
of milk from alveoli and galactophorous ducts. Protein 
content averaged 15.54 g/kg, with a minimum of 11.60 
and a maximum of 25.50 g/kg. Protein average content 
is lower than that reported in Lusitano horses by San-
tos and Silvestre (2008; 18.4 g/kg), in Murgese horses 
by Caroprese et al. (2007; 18.5 to 19.9 g/kg), and in 
other mares (Uniacke-Lowe et al., 2010; 21.4 g/kg). 
The average casein content (10.40) represents the ma-
jor protein component in this horse breed (casein:whey 
protein ratio = 2.03:1). This result is different from 
what Uniacke-Lowe et al. (2010) reported in various 
horse breeds. In fact, those authors reported that this 
ratio ranged from 0.84:1 in Orlov Trotters to 1.63:1 in 
Italian Saddle horses. According to our results, milk 
produced by IHDH mares is characterized by a lower 
content in protein compared with milk produced by 
other horse breeds. Moreover, it is characterized by a 
higher casein:whey protein ratio. This represents an in-
teresting characteristic, considering what is reported in 
most of the literature about whey proteins, particularly 
β-LG. In fact, whey proteins are considered the most 
responsible (Malacarne et al., 2002), but not the only 
(Nakajima et al., 1996), proteins for the onset of aller-
gies to milk proteins that affect a significant percentage 
of infants nourished with maternal milk replacements.

Lactose content ranged from 62.00 to 72.50 g/kg, 
with an average value of 69.14 g/kg. These values are 
higher than those for Lusitano mares (Santos and Sil-
vestre, 2008), but similar to that described by Park et 
al. (2006) and Caroprese et al. (2007).

Little literature has been produced about SCC in 
mare’s milk. This parameter is very low (14.55 × 103/
mL) when compared with SCC in milk of other species, 
such as cows (Schukken et al., 2003) or small ruminants 
(Gonzalo et al., 1994), but similar to what was reported 
for Murgese milk by Caroprese et al. (2007).

Wood Model

The Wood model was applied to data collected in 
the first 6 mo of lactation, and milk production until 
the seventh month was calculated (Figure 1). By ap-
plying Wood’s model, peak lactation was reached at d 
69 (Table 3), with an average peak yield of 17.01 kg/d 
(R2 = 0.91), and an estimated total yield of 2,886 kg 
at 180 DIM. These results demonstrated greater milk 
production at a later peak day if compared with other 
mare breeds studied to estimate their lactation curves. 
Santos and Silvestre (2006), applying the same hand-
milking method, with the administration of oxytocin, in 
Lusitano mares observed a lower and earlier maximum 
yield (14.0 kg at d 31), with a total yield estimated 
of 2,020 kg. Doreau and Boulot (1989), applying me-
chanical milking, showed milk production at 180 DIM 
between 2,020 and 2,100 kg. Gibbs et al. (1982), apply-
ing the weigh-suckle-weigh method in Quarter horses, 
observed a maximum yield of 13.4 kg. Moreover, other 
authors studying the horse lactation curve in different 
breeds and applying Wood’s model observed a lactation 
peak at 2 mo of lactation (Oftedal et al., 1983; Doreau 
et al., 1990; Doreau and Martuzzi, 2006).

The estimated milk yield at 210 DIM is 14.09 kg with 
an estimated persistency (s value) of 6.26. Grossman et 
al. (1999) assessed that persistency of lactation yield 
in cows is an important element of total yield; cows 
are persistent if they tend to maintain their peak yield 
within a lactation period. So, great persistency could 
be positively correlated with milk yield capacity and 
aptitude.

These values are greater than what was observed by 
Santos and Silvestre (2006) in Lusitano mares (persis-
tency = 6.1; milk yield at d 180 = 7.6 kg), although 
they reported a similar shape of lactation curves ob-
tained for fat, protein, and lactose, both for concentra-
tion (g/kg; respectively, R2 = 0.90, 0.97, and 0.98) and 
total yield (kg; respectively, R2 = 0.87, 0.98, and 0.81). 
In fact, fat and protein concentration curves showed a 
continuous decrease, probably because of a dilution ef-
fect due to increasing milk production (Santos and Sil-

Table 2. Summary statistics of daily mare milk yield and composition across 180 d of lactation1 

Item n Mean ± SE CV Minimum Maximum

Milk yield (kg) 84 16.11 ± 2.95 16.79 10.53 20.84
Milk yield (kg/100 kg of BW) 84 2.25 ± 0.1 16.98 1.40 2.78
Fat (g/kg) 84 11.07 ± 0.43 35.27 4.00 21.10
Total protein (g/kg) 84 15.54 ± 0.33 16.64 11.60 25.50
CN (g/kg) 84 10.40 ± 0.37 10.42 7.60 17.90
Lactose (g/kg) 84 69.14 ± 0.27 3.03 62.00 72.50
MUN (mg/dL) 84 30.72 ± 1.36 29.02 15.99 48.47
SCC (×103/mL) 84 14.55 ± 0.99 51.63 4.00 34.00
1All samples were taken at 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, and 180 DIM from 7 mares.
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vestre, 2008); instead, lactose concentration showed a 
continuous increase. These last results agree with what 
has been reported in the literature by other authors 
for other mare breeds (Mariani et al., 2001; Santos and 
Silvestre, 2008).

Curves reported in Figure 2 show the protein, fat, 
and lactose production (g/d). These curves are similar 
to what was reported by Santos and Silvestre (2008). 
The fat curve tended to decrease during the lactation 
period; instead, the protein and lactose curves are 
similar to the milk yield curve. The differences are in 
the values registered. Fat production is similar but 
protein and lactose production is higher than in Lu-
sitano mares. The great protein and lactose production 
is associated with a higher milk yield and results in a 
similar percentage of these constituents in milk.

Martin-Rosset et al. (2006) assessed that the lacta-
tion peak is influenced by feeding system used and it is 

located between the first and the third lactation month. 
Our lactation peak was at the beginning of the third 
month, later than that reported by Santos and Silvestre 
(2008) in Lusitano mares, but in the range expressed 
by Martin-Rosset et al. (2006). A greater BW gain in 
foals results in greater energy needs (Doreau, 1994) and 
probably in greater milk production by mares. Italian 
Heavy Draft horse foals are characterized by great BW 
gain. This could explain the great milk yield capacity 
of IHDH mares.

CONCLUSIONS

Fat, protein, lactose, casein, and nitrogen concentra-
tions in IHDH are similar to those observed in other 
horse breeds. The difference is in the greater milk yield 
for IHDH than in other breeds described in the litera-
ture. In fact, both the great milk yield and the later 

Figure 1. Lactation curves for milk yield (kg), fat, protein, and lactose (g/kg).

Table 3. Estimated Wood’s model parameters (a, b, and c), peak (day and yield), yield at 180 DIM, persistency, and R2 for milk yield and 
composition of Italian Heavy Draft horse (IHDH) mares 

Item R2 a1 b2 c3

Peak
Yield at  
210 d

Total yield  
at 180 d PersistencyDay Yield

Milk yield (kg) 0.91 8.74 0.2054 −0.2958 69 17.01 14.09 2,886 6.26
Fat (g/kg) 0.90 28.72 −0.1698 −0.2195 — — — —
Protein (g/kg) 0.97 35.47 −0.1799 −0.0403 — — — —
Lactose (g/kg) 0.98 55.90 0.0542 −0.0198 — — — —
Fat (g) 0.87 285.07 −0.0061 −0.4525 — — 106.67 34,241 5.16
Protein (g) 0.98 423.48 −0.0397 −0.3419 11 282.71 167.01 66,926 4.98
Lactose (g) 0.81 668.79 0.1931 −0.3224 60 1,212.99 954.55 203,987 6.19
1Scaling factor representing initial average yield.
2Rate of increase of peak production.
3Rate of decline after peak production (c × 10−2).
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peak in the lactation curve could justify the use of this 
breed for milk production. Furthermore, the coefficient 
of determination values reported in this study showed 
the goodness of model fit for this horse breed; therefore, 
this model developed for cattle lactation could be used 
for IHDH as well. Lactation curve estimation represents 
a way to calculate the diet requirements of mares and 
foals. Particularly, it made possible a better formulation 
of milk replacers for orphan foals in different lactation 
stages. Moreover, it represents a way to estimate the 
milk production capacity of IHDH.
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