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ABSTRACT: Intake is a multifactorial process that is influenced by animal type, environmental
factors, and diet characteristics. Sheep, especially, have specific eating habits, with a
greater selection of ingested feed compared to cattle. Thus, predictive equations for dry
matter intake (DMI) must constantly be reviewed. The objective of this study was to combine
different adjustment factors to develop one continuous adjustment factor for predicting the
DMI of pregnant, dry, and lactating ewes. The equations evaluated for non-actation ewes
accounts for metabolic body weight and weight gain, and the equation for lactating ewes
includes milk production and its fat content. The database used in this study was pooled from
hair sheep ewes, two to four years old, with controlled feeding, during the pregnancy and
lactating physiological phases. For the overall predictions (gestating and lactating ewes), the
adjusted DMI prediction had greater accuracy but lower precision than the unadjusted DMI
prediction. However, adjusting DMI increased the adequacy of the prediction as the mean
square error of prediction difference (AMSEP) decreased (p = 0.0328). Similarly, for gestating
ewes, the adjusted predicted DMI had a lower AMSEP than the unadjusted predicted DMI (p <
0.001). For lactating ewes, no difference was detected between the adjusted and unadjusted
predicted DMI based on the AMSEP statistics (p = 0.3672), but the assumption that peak
milk was 28 days (default) worsened the predictability of the adjusted predicted DMI as it had
lower precision and accuracy. Adjustments for predicted DMI of dry and lactating ewes are

Introduction

The commercializing of sheep in the form of
meat, leather, wool, and milk secure important market
niches as well as delivering a product with high added
value (FAO, 2018). Thus, understanding and advancing
sheep nutrition through research will help sheep to
be more productive and competitive in the world
market. The dry matter intake (DMI) of a ruminant
is multifactorial, being influenced by animal type,
environmental factors, and dietary characteristics
(Pulina et al., 2013). Thus, understanding and better
estimating the DMI is fundamental to improving
various aspects of sheep production, including the
supplementation of energy and nutrients needed
by grazing animals, correct balancing of diets,
supplementation and feed planning, as well as
calculation of economic viability of a production
system among other factors. Empirical equations
(NRC, 2007) and more complicated mathematical
models (Cannas et al., 2004; Pulina et al., 2013;
Tedeschi and Fox, 2018) were developed to calculate
the DMI of sheep.

The majority of the equations for predicting DMI
in sheep are usually made for confined animals and
take into account metabolic weight or mature weight
(MW) and average daily gain (ADG) for dry animals,
as well as milk production for lactating animals. The
existing DMI prediction equations, involving empirical
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or mathematical methods, include those developed and
further modified by INRA (1988); CSIRO (1990); AFRC
(1995), Pulina et al. (1996); AFRC (1998); Cannas et al.
(2004); INRA (2007); NRC (2007); Cannas et al. (2010);
Tedeschi et al. (2010); Pulina et al. (2013); Tedeschi
and Fox (2018). For non-lactation ewes, the NRC (2007)
took into account the MW of both the animal and the
ADG. Similarly, the equation used by Cannas et al.
(2004); Tedeschi and Fox (2018) to calculate DMI using
an animal’s body weight (BW) and ADG. For lactating
ewes, the NRC (2007) recommended the type of
parturition, as well as the production and composition
of milk. However, Cannas et al. (2004) and Tedeschi
and Fox (2018) used the weight at birth of the lambs
(i.e., litter), and the production and composition of the
milk.

Although these equations are accurate, there is a
constant need to change predictive equations and models
to account for changes in an animal's behavior, feeding
management, and dietary formulations. Recently,
Pulina et al. (2013) discussed new considerations
on the prediction of DMI for small ruminants, and
Almeida et al. (2019) evaluated equations to predict
the DMI for goats in tropical environments. Therefore,
given the importance of sheep production around
the world, the objective of this study was to combine
different adjustment factors in developing a continuous
adjustment factor for predicting the DMI of pregnancy,
dry, and lactating ewes.
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Materials and Methods

In this study, equations 1 to 3 were evaluated and
newly adjusted as shown in equations 4 to 6.

Prediction of Dry Matter Intake

As pointed out above, many factors affect
voluntary feed intake (VFI) by ruminants. This is
especially true for small ruminants (Tedeschi and Fox,
2018). Therefore, the prediction of DMI is complex,
and in many instances, it resembles the quest for the
holy grail. Pulina et al. (2013) provided an extensive
discussion about predicting DMI for sheep and goats.
The majority of DMI prediction equations are derived
from confined and pellet-fed sheep. This is due to
the ease and accuracy of collecting information.
Measurements taken of animals in the pasture, with
or without supplementation is complicated and involve
many variables. However, the particular grazing
behavior of the sheep may not be reflected in these
equations.

The NRC (2007) predictive equation takes into
account the standard reference weight to compute the
relative size of the animal in predicting DMI. When
less than 2 tonnes of DM ha! of forage is available for
consumption there is an adjustment to the predicted
DMI. The NRC (2007) adjusts the DMI for forage when
digestibility is lower than 0.8 and when consuming
legumes and the same model is used on both sheep
and goats.

In developing the Ruminant Nutrition System
(RNS) model, Tedeschi and Fox (2018) adopted equation
1 for lactating ewes and equation 2 for gestating, non-
lactating ewes. These equations were developed by
Pulina et al. (1989). The predicted DMI for lactating
ewes uses fat-corrected milk (FCM) to ensure that ewes
producing different amounts of milk and milk fat are
compared based on the same net energy content of the
milk. The NRC (2001) of dairy cattle uses fat content
of 4 % as a standard value of milk fat. Dairy ewes
compared to the meat and wool sheep show distinct
milk production, lactation peak, and milk composition
(protein and fat) (Dove and Kelman, 2015; Ferro et
al., 2017; Gonzalo et al., 1994; Massouras et al., 2018;
Nudda et al., 2002; Park, 2007). In contrast to dairy
cattle, an exact value has not been stipulated for dairy
sheep to use as a standard value for sheep milk, but
predictive equations for DMI take into account milk
composition to assess the energy content of the milk.

DMI= -0.545 + 0.095 x FBW®"™ + 0.65 x FCM +
0.0025 x ADG (1)

DMI= -0.545 + 0.095 x FBW’™ + 0.005 x ADG (2|
FCM = (0.3688 + 0.0971 x MkF) x MY (3)

where ADG is the average daily gain, kg d'; DMI
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the predicted dry matter intake, kg d-!; FBW the full
(unshrunk) body weight, kg; FCM the fat-corrected
milk, kg d-!; MRF the milk fat content, %; and MY the
milk yield, kg d’.

Equations 1 and 2 predict the average DMI,
which is likely to be closer to the potential intake or
the intake required to meet their energy and protein
requirements for lactation, pregnancy, and growth.
Ewes, however, like cows, decrease their DMI as they
approach parturition with a slow increase in DMI
after parturition (Tedeschi et al., 2013). Therefore,
adjustment factors should be incorporated to account
for the parturition event of gestating and lactating ewes.

Dry Matter Intake Adjustments for dry and
gestating ewes

Pulina et al. (1996) provided discrete adjustment
factors for the DMI of dry and pregnant ewes based
on their days pregnant relative to lambing and
expected lamb litter weight, i.e., combined lamb(s)
birth weight(s). Such adjustments were adopted
by Cannas et al. (2004) in developing the Cornell
Net Carbohydrate and Protein System for Sheep
(CNCPS-Sheep) and subsequently incorporated in the
Small Ruminant Nutrition System, SRNS (Tedeschi
et al., 2010). In 2013, Pulina et al. (2013) listed
similar discrete adjustments, but, unfortunately, the
weekly assignment was incorrect. The original DMI
adjustment for dry and pregnant ewes (Cannas et al.,
2004; Pulina et al., 2013) followed the guidelines of
the Institut National de la Recherche Agronomique
(INRA, 1988) to consider two weeks' stepwise
calculations for requirements and intake. Equation 4
has the proposed DMI adjustments (f_, ) depending
on how far off the pregnant ewe is to lambing and its
expected lamb litter weight.

1.00 > 6 weeks before lambing

0.97 5 to 6 weeks before lambing
0.93 3 to 4 weeks before lambing
0.88 1 to 2 weeks before lambing

Lamb litter
weight <4 kg

fi =
bmr 1.00 > 6 weeks before lambing
0.96 5 to 6 weeks before lambing Lamb litter
0.90 3 to 4 weeks before lambing ~ weight > 4 kg
0.82 1 to 2 weeks before lambing
where f,, ~is the discrete adjustment factor for dry

matter intake (DMI).

The discrete adjustment (Eq. 4), however, poses
certain practical and physiological obstacles such as
the discontinuity of the DMI adjustment and sudden
changes in the DMI adjustment. Therefore, a continuous
adjustment is necessary. We used an asymmetrical
nonlinear function (Eq. 5) to convert these discrete
adjustment factors into a continuous adjustment factor
similar to that recommended by Tedeschi and Fox (2018,
p- 255) to adjust DMI to the temperature for cattle.
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B 5 Ln{Exp[(t+d/2)/e]+ Exp[c/e]} -
fomr =a+b (2" ¢ X(Ln{Exp[(c+d/2)/e]+ Exp[t/e]} ]erJ/(ZXd)

a=0.97 b=1-a, c=-42, d=0.04, e=-1.3t<-35

a=0.93, b=0.97-q, c=-28, d=0.04, e=-1.3t<-21 Litter weight <4 kg

a=0.88, b=0.93-q,c=-14, d=0.04, e=-1.3t<-7

a= 1
1+ca’

a=0.96, b=1-q c=-42, d=0.04, e=-1.3t<-35

a=0.90, b=0.96-a, c=-28, d=0.04, e=-1.3t<-21 Litter weight >4 kg

a=0.82 b=090-a, c=-14, d=0.04, e=-1.3 t <7

a= 1
1+ca

b=0.88,¢=0,d=0.04, e=-13t=0

,b=0.82,¢=0,d=0.04,e=-13t=0

(5)

where a, b, ¢, d, e, and f are parameters of the
asymmetrical nonlinear function; ca a parameter for
lactating ewe (default values are 0.52 and 0.71); Exp
the exponential function; f,, the adjustment factor
for gestating ewe's potential dry matter intake; Ln the
natural logarithmic function; and t is time (negative for
pregnancy in which zero is at lambing) in days.

Figures 1A and B depict the discrete and
continuous adjustment factor for gestating ewes
(negative physiological days) for lamb litter weight,
either less or more than 4 kg. The term 1/(1 + ca) in
equation 5 provides the smallest adjustment factor and
is dictated by the adjustment factor for lactating ewes
(discussed in the next section).

Dry Matter Intake Adjustments for Lactating Ewes

Based on the revision conducted by the
Agricultural Research Council (ARC, 1980) suggesting
that potential intake by cows and ewes consuming high-
forage diets could be reduced by up to 60 % during
lactation, the Commonwealth Scientific and Industrial
Research Organization (CSIRO, 2007) proposed an
adjustment factor that would have the same shape as
that proposed by Wood (1967) to estimate lactation
in dairy cows which means an incomplete Gamma
distribution. Their adjustment factor varies from 1.0 to
about 1.9 near the peak milk. Because we were only
interested in the adjustment factor for post-lambing
up to the peak milk, we slightly modified the CSIRO's
(2007) equation by dividing their adjustment factor by
the predicted adjustment factor at peak milk to yield
one relative adjustment factor (Eq. 6). At lambing time,
our adjustment yielded the lowest adjustment factor
that is a function of sheep breed, and at peak milk, our
adjustment factor would yield a value of 1.

P4 ¢
1+ca x(g) X Exp(l.él—x(l—g)j
fomr = (6)

1+ca

where ca is a breed parameter that depends on the
number of suckling lambs; cc the time at peak milk,
days; Exp the exponential function; f,,,, the adjustment
factor for lactating ewes’ potential dry matter intake;
and t is the days in milk (positive values after
parturition), d.
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Figure 1 — Continuous adjustment of dry matter intake for gestating
(negative days) and lactating (positive days) ewes with lamb litter with
weight less than 4 kg (orange line and circles) or more than 4 kg (blue
line and circles) for (A) Merino- and (B) Meat-type breeds. The circles
indicate the discrete weekly adjustments for gestating ewes proposed
by Pulina et al. (1996) and Pulina et al. (2013). The continuous
adjustment for lactating ewes is based on the Commonwealth
Scientific and Industrial Research Organization (2007).

The ca parameter in equation 6 depends on the
number of suckling lambs and the breed. For Merino-
type breeds, it is 0.52 for single or 0.71 for double lambs;
and for the meat-type breed, it is 0.66 for single or 0.88
for double lambs. The cc parameter is assumed fixed at
28 days (peak of lactation), but it is likely that this value
changes with different breeds, the plane of nutrition,
and environmental and management conditions. Figure
1A depicts the continuous adjustment factor for lactating
ewes assuming one or two suckling lambs for Merino-
type breeds and Figure 1B shows the adjustment for
meat-type breeds. As shown in Figure 1A, because the
ca is either 0.52 (single lamb) or 0.71 (double lambs), the
{0 DECOMES 66 % or 59 % for lamb litter weight for less
than 4 kg or more than 4 kg, respectively. Conversely, as
shown in Figure 1B, because the ca is either 0.66 (single
lamb) or 0.88 (double lambs), the f,, becomes 60 % or
53 % for lamb litter weight for less than 4 kg or more
than 4 kg, respectively. Therefore, based on the lactation
continuous adjustment, meat-type breeds have a greater
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downturn in DMI near the parturition. The adjustment
factor for gestating ewes, on the other hand, does not
consider differences between breeds.

Animal data

The database used in this study was pooled from
ewes, crossbreed of Santa Ines and Dorper, a hair sheep
breed, two to four years old. The ewes were kept in
paddocks, without forage, with feed supply twice a day,
and daily control of offered and spare. The paddocks
had a capacity of 7 ewes in 0.4 ha, with available shade
and water all the time. Gestation and lactation occurred
between Feb and Sept 2017, with a mean ambient
temperature of 25.39 °C in Feb, 16.37 °C in July and
22.6 °C in Sept and annual precipitation of 230 mm. In
these studies, ewes were fed ad libitum, with corn silage
and concentrate (Table 1). The concentrate was adjusted
in the final stage of gestation and lactation according to
the recommendations of NRC (2007). During the period
from 50 days of gestation to lambing, the animals had
ADG of 0.171 kg d*and at 30 days of lactation the ADG
was -0.150 kg d!. The peak of milk production was
reached at 40 days of lactation, with a production of

Table 1 - Ingredients and chemical composition of experimental
diets of ewes at the late gestation and lactation.

Late gestation  Lactation
Ingredients, %
Corn Silage 69 59
Corn grain 19 26
Soybean meal 10 13
Mineral supplement 2 2
Chemical composition
Dry matter, % 32.83 36.08
Crude protein, % of DM 10.55 11.84
Total digestible nitrogen, % of DM 62.25 65.76
Ether extract, % of DM 1.89 2.10
Metabolizable energy, Mcal 2.24 2.37
Acid detergente fiber, % of DM 32.63 28.74
Neutral detergente fiber, % of DM 52.62 46.68
*Mineral, % of DM 6.72 6.26
Ca, % of DM 0.48 0.42
P, % of DM 0.32 0.32

*Mineral composition: Ca=140g,P=65g,Mg=10g,S=12g,Na=130
g, Co = 80 mg, Fe = 1000 mg, | = 60 mg, Mn = 3.000 mg, Se = 10 mg,
Zn = 5.000 mg, F = 650 mg, Vitamin A = 50.000 U.l., Vitamin E = 312 U.I.

Dry matter intake for sheep

0.5 L d*'. Dairy production was evaluated at 20, 30, 40,
50 and 60 days after giving birth by the indirect method
of the two weight measurements. Additional information
about the animal is shown in Table 2.

Model evaluation

The prediction evaluation was performed using
the Model Evaluation System (MES; http://www.
nutritionmodels.com/mes.html)  software  program
(Tedeschi, 2006) for all ewes (n = 61), non-lactating
pregnant ewes (n = 33), as well as lactating ewes (n
= 28). The following statistics were used to ensure
precision and accuracy: coefficient of determination
(r?), mean bias (MB), concordance correlation coefficient
(CCC, varying from -1 to 1), bias correction factor
(Cb, varies from O to 1) which indicates how far the
regression line deviates from the slope of unity (45°),
and the decomposition of the mean square error of
prediction (MSEP). The AMSEP is the average difference
between the predicted and actual DMI between two
models. In our case, predicted DMI and adjusted
predicted DMI. Next, a t-test was applied to verify if
the AMSEP is different from zero (Tedeschi, 2006). A
simple optimization was also performed to identify the
cc (peak milk in equation 6) that would minimize the
MB between the predicted and actual DMI. As indicated
above, the cc was assumed to be 28 days.

Results and Discussion

Table 3 shows the results of the prediction of DMI
using equations 1 to 3 for the unadjusted predicted DMI
and equations 5 and 6 for the adjusted predicted DMI.
For the overall predictions (gestating and lactating ewes),
the adjusted prediction had greater accuracy (higher Cb:
0.948 versus 0.762, and lower MSEP: 0.062 versus 0.073
kg?(d?) ), but lower precision (0.667 versus 0.716) than
the unadjusted prediction, respectively. The adjusted
predicted DMI was more adequate than the unadjusted
predicted DMI (p = 0.0328). Clearly, the adjustments
for gestating (Eq. 5) had a decisive impact on the greater
adequacy of adjusted versus unadjusted predicted DMI
(Table 3). As shown in Table 3, the adjusted predicted
DMI had greater adequacy statistics than the unadjusted
predicted DMI (p < 0.001).

In contrast, for lactating ewes, the assumption
that peak milk was 28 days (default) worsened the

Table 2 - Description of the animal dataset to evaluate the model’s predictions of dry matter intake.

Early Gestation Late Gestation

Late Gestation Early lactation Early lactation

ttems* (100 days before lambing) (50 days before lambing) (15 days before lambing) (15 days after lambing) (30 days after lambing)
FBW, kg 53.16 = 10 61.56 = 10 68.78 + 11 60.13+9 57.45 + 9
FBWO75, kg 1961 £2 21.97 +2 23.82+3 2155+ 2 20.81 +2

BCS, 1-5 3.15+0.1 3.25+0.1 3.50+0.1 3.00 0.1 29+0.1

Milk yield, L d-! 1.38 1.38

Fat milk, % 6.9 +2 6.9+2

IFBW is full (unshrunk) body weight, kg; BCS = body condition score, 1-5.

Sci. Agric. v.78, n.2, e20190082, 2021
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Table 3 - Adequacy statistics to compare observed dry matter intake (DMI) with unadjusted and adjusted predicted DMI*.

ltems Obs Unadjusted Predicted DMI Adjusted Predicted DMI AMSEP*

Mean  Mean r2 pvaluet  CCC> Cbé® MSEP  Mean r2 pvalue! CCC® Cbé MSEP  pvalue
Overall 61 1.618 1.772 0.716 <0.001 0.762 0.898 0.073 1.712 0.667 <0.001 0.778 0.948 0.062 0.0328
Gestating 33 1576 1.850 0.965 <0.001 0.758 0.772 0.098 1.808 0.962 <0.001 0.804 0.819 0.071 0.0001
Lactating? 28 1.668 1.679 0.621 0.139 0.796 0.998 0.043 1.599 0.580 0.064 0.754 0.978 0.051 0.3672
Lactating® 28 1.668 1.679 0.621 0.139 0.796 0.998 0.043 1.671 0.621 0.160 0.796 0.999 0.043 0.6568

Ipvalue to simultaneously test if the intercept is equal to zero and the slope is equal to one (Tedeschi, 2006); 2Assuming peak milk at 28 days; 2Assuming peak milk at
18 days; “Mean square error of prediction. The pairwise AMSEP analysis indicates if the difference between MSEP values is different from zero using a ttest (Tedeschi,

2006); 5Concordance correlation coefficient; °Bias correction factor.

predictability of the adjusted predicted DMI as it had
lower precision (r* of 0.58 versus 0.621), accuracy
(Cb of 0.987 versus 0.998, and MSEP of 0.051 versus
0.043 kg?(d?)), respectively. No statistical difference
compared to AMSEP (p = 0.3672) was found. When the
peak milk was iteratively solved to reduce the difference
between actual and predicted, a solution of 18.4 days
was reached. The adequacy statistics for unadjusted and
adjusted prediction DMI were similar, with no statistical
difference (p = 0.6568). Interestingly, the measured peak
milk was around 40 days, different from the optimized.

These findings suggested that adjustments for
gestation had a greater impact on improving the
predicted DMI than the adjustments for lactating ewes.
In part, the lack of more data points for lactating ewes
may have hindered our ability to improve the adjustment
factor. Physiological status might be the most important
homeorhetic mechanism (Tedeschi et al., 2013; Tedeschi
and Fox, 2018) that alters the normal course of VFI of an
animal, but it is certainly not the only one. Dietary (e.g.,
protein) and environmental factors (e.g., temperature)
also affect VFI, but they behave more like homeostatic
processes, i.e., short-term. For dairy cows, for instance,
the adjustment factor for DMI is based on the ratio of
metabolizable protein to net energy for lactation of the
diet (INRA, 2018); Hofmann (1989); Van Soest (1994);
Cannas et al. (2004) affirmed that the ingestive behavior
of small ruminants is different from large ruminants.
The behavior differs as follows: a) small ruminants
have higher DMI in relation to their metabolic weight
because they have a higher rate of feed passage through
the rumen; b) small ruminants have a higher energy
requirement for maintenance; c) small ruminants have
a heightened ability to select the food ingested, selecting
plants or part of plants with higher nutrient content and
lower fiber, facilitating the digestibility and absorption
of nutrients; d) they spend more time selecting, chewing
and ruminating a food to decrease the particle size and
facilitate the passage of the same by the rumen; and e)
because of the digestion capacity of small food particles,
small ruminants make great use of the available energy
of pelleted food or grain.

INRA (2018) proposed an adjustment to DMI
based on the dietary content of CP (Eq. 7) of goats. When
diets contain less than 15 % CP (DM basis) they elicit
a nonlinear reduction on intake, as shown in Figure 2.
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Figure 2 - Continuous adjustment of dry matter intake for dietary
crude protein content. Adapted from the Institut National de la
Recherche Agronomique (2018).

Accordingly, Van Soest (1994) indicated that forage DMI
is significantly reduced only when dietary crude protein
is below 7 % (DM basis) at which, based on equation
7, DMI should be already reduced by 72 % (Figure 2).
Assuming the CPf,,  (Eq. 7) holds for ewes, for our diets
with CP of 11 % DM and 12 % DM, the CPf,,,, would be
0.919 and 0.958, respectively, for gestating and lactating
ewes. For gestating ewes, the CPf,,,, would improve both
unadjusted and adjusted predicted DMI considerably
by raising the MB from -0.274 kg d* (1.576 - 1.85) to
-0.124 kg d* (1.576 - 0.185 x 0.919) for unadjusted
and from -0.232 kg d* (1.576 - 1.808) to -0.086 kg d!
(1.576 - 0.1808 x 0.919) for adjusted predicted DMI
(Table 3). For lactating ewes, however, the CPf,,, would
worsen the predictions as it would further reduce the

unadjusted and adjusted predicted DMI.

CFf,

DMI

= 1.059 - 0.046 x Exp (-0.25 x (CP - 15))  (7)

where CP is the dietary crude protein content, % DM;
CPf,,,,, the adjustment factor for dry matter intake given
the CP content; and Exp the exponential function.

In addition to the DMI factors modeled by
Tedeschi and Fox (2018), namely grazing-physical
activity, temperature, mud, breed, body fat, and feed
additives, small ruminants are also penalized by
their relatively smaller rumen volume compared to
their energy needs-digestive capacity (Tedeschi et al.,
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2019). The wet fermentative capacity in the rumen
proportionally increases with body weight (Demment
and Van Soest, 1985), indicating that small ruminants
have less fermentative volume and contents per unit
of energy required for maintenance and production.
This is the reason that small ruminants must adopt the
selective approach (Hofmann, 1989) when consuming
feeds, and they do not have the option of consuming low
digestible feeds. Thus, this selective process promotes
a "distraction” to the small ruminant that forces them
to spend time selecting the feed; thus, potentially
reducing their potential intake within a time period.
Small ruminants, mainly the selective ones, attempt
to meet their VFI by selecting the most nutritious part
(i.e., digestible) of the diet (e.g., forage), but it fails if
the available time for such is shorter or if the relative
intake is limited by the availability of the feed. This
"adjustment factor” has not been modeled because
there are too many confounding effects and a critical
lack of data. It only lives in our conceptual, ideological
understanding of grazing animal behavior. In reality,
dietary digestibility and feed availability should provide
sufficient information to model this “adjustment factor”
that is more pertinent to grazing, extensive-type sheep
production than confined scenarios.

Like the NRC (2001), the CSIRO (2007) attempted
to adjust DMI for herbage availability (weight) and
sward structure (area). It indicated that when herbage
availability is less than 2 t ha™! (for sheep), the potential
intake of feed is reduced progressively as it becomes
more difficult for animals to achieve their satiety.
Through the GrazFeed model, Freer (2002) developed
additional components to adjust the potential DMI of
grazing sheep and we might be able to adapt some of
those concepts to confined animals, particularly those
consuming high-forage diets. Freer (2002) indicated
that the adjustment factor (0 to 1) is a function of the
predicted relative rate of grazing (g h™!) and the predicted
relative time spent grazing (h d™') in which both were
exponentially related to herbage (i.e., forage mass)
availability (tonnes of DM ha™!). As shown in Figure 3, as
time spent grazing (T) decreases with greater availability
of herbage mass per area, the rate of eating increases
and the relative availability also increases up to about a
relative value of 1. Figure 2 and Figure 3 suggest that in
addition to the physiological effects on VFI, many other
factors can alter potential VFI up to a maximum that is
likely dictated by physical constraints in the rumen and
metabolic feedback signals (e.g., lipostatic, chemostatic,
or thermostatic) (Tedeschi and Fox, 2018). Because our
animals (Table 2) were not grazing, these adjustments
would not be a major determinant on intake, but
additional adjustments are needed for grazing animals.

Furthermore, different factors affect nutritional
requirements such as the environment and genetics. Salah
et al. (2014) studied, by meta-analysis, the influence of
warm climates on nutritional requirements. However, a
number of studies have focused on the determination of
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Figure 3 - Relative availability of feed (F) and its main components
(T = time spent eating and G = eating rate) versus herbage mass
weight, assuming H = 0.8 and ¢ = 0.85. Adapted from Freer
(2002).

the requirement of a specific race, considering that there
is a nutritional difference between them (Ji et al., 2015;
Pereira et al., 2017, 2016; Rodrigues et al., 2016). Certain
researchers have worked on the effect of maternal
nutritional requirement on progeny; these studies are
called fetal programming, and are not usually studied in
prediction equations (Campion et al., 2016; Hoffman et
al., 2018; McGovern et al., 2015; Peine et al., 2018; Roca
Fraga et al., 2018). Further investigation is warranted if
the adjustments proposed in equations 5 and 6 would
still apply to different levels of the plane of nutrition of
gestating ewes. In summary, the adjustments made to
the equations of non-lactation ewe were positive when
accuracy is increased. The equations of lactating ewes
are adequate for the actual results observed.
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