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Abstract

Breed and herd are major determinants of milk productivity and efficiency. This study
evaluated 1508 lactating cows from three dairy (Holstein, Brown Swiss, Jersey) and three
dual-purpose (Simmental, Rendena, Alpine Grey) breeds across 41 multi-breed mountain
herds. Data on body size, production, and milk samples were collected. Daily milk yield,
milk energy, and cheese yield were quantified, and herds were classified under high
(>75MJ/d) or low (<75 MJ/d) average daily milk energy production. Cheese-making traits
were predicted from 508 individual model cheese-making trials. Nine productivity ratios
and three efficiency indicators (energy efficiency, economic efficiency, and income over feed
costs) were calculated. Data was analyzed using mixed models including herd productivity
class, herd within class (random), breed, parity, and days in milk. Differences among breeds
were smaller within herds than across herds and were more pronounced for quality and
cheese-making traits. Dairy and dual-purpose breeds showed similar overall performance.
Jerseys were the least productive in absolute terms but, when adjusted for body size, were
as or more efficient than other dairy breeds. Holsteins had the highest milk yield, whereas
Brown Swiss showed superior milk quality and cheese yield. Simmental outperformed
local dual-purpose breeds in size and production but not in efficiency. Accurate assessment
of energy and economic efficiency is essential for breeding and crossbreeding strategies.

Keywords: dairy breed efficiency; milk productivity; energy requirements; body condition
score; income over feed costs

1. Introduction

The concepts of production, productivity and efficiency are very different yet closely
interconnected. The high milk production of Holstein cows has driven a worldwide
expansion of this breed in recent decades [1,2]. Productivity is defined as the ratio of
production to a scaling factor often related to the size or cost of the production unit. As
the major “fixed” cost of producing food for humans from animals is the feed needed to
maintain the animals, productivity is often expressed as the ratio between the food yield
(the numerator) and the “size” (scaling unit) of the productive animal (the denominator).
Size could be represented simply by the animal’s body weight (BW), or by a predictor
of its nutrient requirements for maintenance, such as metabolic weight (MW) or body
protein weight (PW). For example, Jersey cows produce much less milk than Holsteins,
but they are much smaller, making it debatable whether their productivity per unit of
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BW or MW is lower or higher than that of Holsteins. Production efficiency is even more
complicated to define and measure. It implies complete equilibrium of production activities
(i.e., materials, energy, and environmental and economic factors) and can be expressed as
the ratio between production output (the nominator) and the sum of all production inputs
(the denominator) [3]. A simple alternative way of representing economic efficiency is to
calculate the difference between total revenue and the major production cost, known as
“income over feed costs” (IOFC) [4].

The primary genetic characteristic of a cow, its breed, has been shown to have a
substantial effect on milk yield and on cheese, the main derived product of milk. Scientific
papers comparing different breeds vary from those analyzing a large amount of precise
data obtained from a few dozen cows on an experimental farm [5,6] to those analyzing
little data obtained from entire cattle populations enrolled in milk recording systems, the
majority of which are in single-breed herds [7,8]. In the latter case, the effects of herd
and dairy system are often confounded with the effect of breed, especially in mountain
dairy farming.

Comparisons may therefore be influenced by a lack of representativeness, or by
different individual (parity, stage of lactation) or herd (facilities, feeding, management)
characteristics. Additionally, very different dairy systems and levels of farming intensity
may interact with breed. For these reasons, a large research project (Cowplus Project)
was established, in which several factors, including milk yield, quality and coagulation
properties, cheese-making-related phenotypes [9,10], were measured in individual cows
from several multi-breed herds, allowing the independent evaluation of effects of farm
and breed.

Knowledge of the differences and relationships among production, productivity, and
production efficiency across dairy and dual-purpose breeds could contribute to the opti-
mization of breed-specific selection indices and genomic evaluations. It could also provide
valuable guidance for identifying the most suitable crossbreeding strategies according to
environmental conditions, production systems, and target markets.

The specific aims of this study were (1) to quantify and characterize the effects of
herd production level on several indicators of the cows’ productivity and milk-processing
efficiency in cheese-making; (2) to quantify the variability of herds within herd production
classes; and (3) to conduct a within-herd comparison of three dairy and three dual-purpose
breeds for these productivity and efficiency indicators.

2. Materials and Methods

The present research is mainly obtained from the fourth chapter of the doctoral thesis
of Giorgia Stocco, available only in the university repository.

2.1. Multi-Breed Herd Selection and Herd Classification

Forty-one multi-breed herds (an average of 3, and a range of 2 to 5 breeds per herd,
from among 3 dairy and 3 dual-purpose breeds) located in Trento province in the northeast-
ern Italian Alps were selected for evaluation of body characteristics, daily milk yield and
composition, and cheese yield. The selected herds were classified into two categories based
on herd production level, according to the procedure described by Stocco et al. (2018) [10],
using the average daily milk energy output (AMEO) of all the lactating cows in the herd.

Table 1 shows the main features differentiating the two farm categories. The majority
of High-dMEO farms (15 out of 20) housed the cows loose in modern barns, used milking
parlours, and, with only two exceptions, employed total mixed rations. In contrast, most
Low-dMEO farms (15 out of 21) operated very traditional mountain dairy systems with
tied animals and used feeds based on farm hay and some compound feed. Each herd
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was visited once (generally one herd per week, with a few exceptions) by a technician
and a veterinarian from the University of Padua, along with technicians of the Breeders
Federation of Trento Province, to record body characteristics, evaluate body condition
scores, and collect milk samples.

Table 1. Characteristics of multi-breed herds in northeastern Italian Alps based on classification as
high or low herd daily milk energy output (dMEO).

Item High-dMEO Low-dMEO
Number of multi-breed herds 20 21
Number of cows 920 588
Average number of cows/herd 46 28
Utilized agricultural area, ha ! 38.2 £ 263 240+£13.2
Concentrates, kg/d ! 129 +49 6.7 +2.8
Breeds ? HE, BS, Je, Si HE, BS, Si, Re, AG
Milk yield, kg/d ! 28.0 + 8.3 18.5 £ 6.9
Milk composition !
Fat, % 419 +1.00 3.75 £ 0.80
Protein, % 3.73 £0.48 3.48 £ 0.50
Casein, % 2.92 £0.37 2.73 £0.36
Lactose, % 4.84 £0.23 4.85+0.24
Urea, mg/100 g 21779 2924+99
pH 6.51 +£0.11 6.51 +£0.10
SCS3, U 2.89 + 1.81 279 +1.94
Average dMEO, M]/d 90.9 57.3

I Mean + SD; 2 Breeds: HF = Holstein Friesian; BS = Brown Swiss; Je = Jersey; Si = Simmental; Re = Rendena;
AG = Alpine Grey; 3 SCS = log2 (SCC/100,000) + 3.

2.2. Selection of Cows and Breed Characteristics

Individual cows within each herd were selected according to the following criteria:
(a) lactating cows between 8 and 301 days in milk (DIM) were included; (b) cows with
clinical symptoms of any disease were excluded; (c) crossbred or purebred cows not
registered in the appropriate Herd Book and registered cows of breeds only sporadically
present were excluded; (d) all eligible cows in smaller herds (<40 lactating cows) were
included; (e) a maximum of 80 cows were selected in larger herds, with cows excluded
as surplus based on breeds and parity, regardless of daily milk yield; and (f) cows with
incomplete data were excluded.

After recording and sampling, data were collected from 1508 lactating cows of three
specialized dairy breeds, Holstein Friesian (HF = 31 herds, 471 cows), Brown Swiss
(BS =36 herds, 663 cows), and Jersey (Je = 7 herds, 40 cows), as well as three dual-purpose
breeds, Simmental (Si = 20 herds, 158 cows), and two autochthonous breeds, Alpine Grey
(AG = 13 herds, 73 cows) and Rendena (Re = 8 herds, 103 cows). These breeds were dis-
tributed across the herds of both production classes, except for Jerseys, which were found
only in High-dMEO herds, and the local breeds, Rendena and Alpine Grey, which were
found only in Low-dMEO herds.

2.3. Evaluation of Body Characteristics

The same trained operator supervised the measurement of each cow’s heart girth and
height at withers, subjectively assessed their body weight (BW, in kg), and evaluated body
condition scores (BCS) from 1 (lean) to 5 (obese) in increments of 0.25 [11]. All the cows of
each herd were evaluated once during the same day in the case of smaller herds, or in two
or three consecutive days in the case of larger herds.
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Metabolic weight (MW, kg) was derived from BW (MW = BWO0.75) for all cows,
regardless of their breed [12].

We estimated the body composition of the cows using Equations 2-20, 2-21 and 2-22
from the Nutrient Requirements of Dairy Cattle [12], as described in the parallel study on
purebred Holstein and three-breed rotational crossbred cows [13], and calculated the body
protein mass (PW, in kg) multiplying the empty body weight (85% of BW) by the body
protein proportion.

2.4. Milk Sampling and Analysis

Daily milk yield (dMY, kg/d) was recorded, and a milk sample was taken from all
selected cows for analysis of milk composition and technological properties [12]. Briefly, a
2.5 L milk sample was collected from each cow and divided into three subsamples. The
first subsample was refrigerated and sent to the Provincial Milk Recording Laboratory for
milk composition analyses. The second subsample was refrigerated and transported to
the Milk Laboratory of the Department of Agronomy, Food, Natural Resources, Animals
and Environment (DAFNAE), University of Padova, for milk coagulation and cheese-
making analyses. The third subsample was frozen and subsequently freeze-dried for
the determination of detailed mineral, protein, and fatty acid profiles. Milk coagulation
properties were assessed using lactodynamographic techniques, whereas cheese yield and
the recovery of milk nutrients in cheese were determined through an individual laboratory-
scale cheese-making procedure [10].

Daily milk fat, protein and energy production of each cow were obtained by multiply-
ing its dMY (kg/d) by its fat, protein and NEL content per kg, respectively.

2.5. Cheese Yield and Cheese-Making Efficiency

We estimated the theoretical and actual cheese yield and cheese-making efficiency as
reported in detail in a previous study [10] carried out on 508 of the 1508 cows used in the
present study. We found the cheese-making efficiency to be significantly affected by breed
of cow and parity and therefore used the solutions for breed and parity effects to estimate
the actual cheese yield of the remaining cows. The daily cheese production (dCY) of every
cow was obtained multiplying their dMY by their cheese yield.

2.6. Productivity of Lactating Cows

The productivity of each lactating cow was calculated as the ratio between an output
and a scaling unit representing an input predictor. The output in the numerator of this
ratio was either milk yield (dMY), energy yield (AMEO), or cheese yield (dCY); the scal-
ing factor of the input in the denominator was either unit of body weight (BW), unit of
metabolic weight (MW), or unit of body protein weight (PW). Nine productivity ratios
were thus calculated:

Milk yield/BW, g/kg

Milk yield/MW, g/kg

Milk yield/PW, g/kg

Energy yield/BW, M]/kg

Energy yield/MW, MJ/kg

Energy yield/PW, MJ/kg

Cheese yield/BW, g/kg

Cheese yield/MW, g/kg

Cheese yield/PW, g/kg

Details are presented in a study carried out on the comparison between purebred
Holstein and three-breed rotational crossbred cows from Viking Red, Montbéliarde, and
Holstein Sires [13].
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2.7. Energy Requirements and Predicted Efficiency

As it is not possible to control the daily feed intake of individual lactating cows on
commercial dairy farms, the energy efficiency of each cow was estimated as the ratio
between the daily milk energy output (dAMEO, MJ/d) and the sum of all energy require-
ments (lactation, maintenance, activity, growth, body reserve variations, and pregnancy)
expressed as NEL (MJ/d). The details are described in the study previously cited [13].

The energy efficiency of each cow was obtained by dividing the dMEO (M]/d) by the
estimated total energy requirement (MJ/d) and was expressed as a % value. The economic
efficiency indicator (expressed as a %) was obtained by dividing the daily monetary output
(dMY x 0.30 €/kg of milk corrected for cheese yield) by the predicted daily monetary cost
of feeding (€0.03/M] of NEL). The reference monetary values of milk corrected for cheese
yield and for dietary energy refer to average conditions in Italy in the period 2016-2019
(before the large fluctuations due to the COVID-19 pandemic and the Russia—Ukraine
war). In any case, after fluctuations, in recent years the prices of milk and feedstuffs have
grown due to inflation, but their ratio remained almost constant, so that comparability of
results remains preserved. Economic efficiency was also expressed as IOFC (income over
feed costs, €/d) by subtracting the cost of daily energy intake from the value of the milk
produced daily.

2.8. Statistical Analysis

Experimental data were analyzed using the MIXED procedure (SAS Institute Inc.,
Cary, NC, USA) according to the following model (base model):

Yijkimn = # + dMEO; + Herdj(dMEO); + Breedy + Parity; + Breedy x Parity; +
dMEOQ; x Parity; + DIMy, + dMEO; x DIMp, + €ijkimn

where yijumn is the observed trait; p is the overall intercept of the model; dMEQ; is the
fixed effect of the ith herd production class (i = 2 levels); Herd; is the random effect of the
jth herd (j = 1 to 41) within the ith herd dMEO class; Breedy is the fixed effect of the kth
breed (k = HF, BS, Je, Si, Re or AG); Parity is the fixed effect of the parity (1 =1 to >4);
DIMy, is the fixed effect of the mth class of days in milk [m =1 to 10; class 1, 5-34 days
(31 samples); class 2, 35-64 d (26 samples); class 3, 65-94 d (41 samples); class 4, 95-124 d
(56 samples); class 5, 125-154 d (64 samples); class 6, 155-184 d (58 samples); class 7,
185-214 d (63 samples); class 8, 215-244 d (57 samples); class 9, 245-274 d (32 samples);
class 10, >275 d (84 samples)]; and ejjimn is the random residual~N (0, a2).

A model that also included the breed x herd dMEO class interaction was fitted to test
the data from the breeds present in both herd production classes (Holstein Friesian, Brown
Swiss, and Simmental). As this interaction was never significant, the results of this model
analysis are nor discussed.

We estimated orthogonal contrasts between the LSM of traits for the effect of breed
as follows:

(a) Specialized dairy (HF, BS, and Je) vs. dual-purpose breeds (Si, AG, and Re);

(b) Within specialized dairy, large-framed vs. small-framed breeds (HF + BS vs. Je);

(c) comparison between the two large-framed dairy breeds (HF vs. BS);

(d) Within dual-purpose, large- vs. medium-framed local breeds (Si vs. Re + AG);

(e) Comparison between the two medium-framed local dual-purpose breeds (Re vs. AG).

3. Results

As the effects of parity and DIM did not fall within the aims of our study, we will not
summarize the results in this section, nor will we discuss them.
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3.1. Body Characteristics and Milk and Cheese Production of Lactating Cows

The effects of herd dMEO level on the body characteristics and on the milk and
cheese yield of cows resulting from the model corrected for breed, parity, DIM, and related
interactions were significant for all traits, with the only exception of the lactose content of
milk (Table 2).

Table 2. Mean, residual standard deviation, effect of class of herd daily milk energy output, (IMEO)
herd within dMEO variance, and interactions on body size, condition, estimated empty body (EB)
composition and nutrient contents, milk composition, percentage cheese yield and daily milk (dMY),
cheese (dCY), and cheese-corrected milk (dCCMY) yields of lactating cows.

dMEO Herd ! Interactions (F-Value):
Mean +RSD 2 Effect Variaerfce %) dMEO dMEO Breed
(E-Value) x Parity x DIM X Parity

Body size 3

BW, kg 581 +38.1 70.4 *** 14.0 0.4 1.1 1.8*%

MW, kg 118 +6.6 58.2 *** 11.2 0.0 0.6 14

hearth girth, cm 195 £10.0 17.9 *** 7.8 0.4 1.1 1.0
BCS (1-5) : 3.0 +0.3 35.6 *** 14.6 35*% 0.8 1.7
EB composition >

protein, % 16.8 +04 33.3 ¥ 13.1 3.2* 0.6 1.7

fat, % 18.9 +2.3 33.3 *** 14.0 3.2% 0.6 1.7

water + ash, % 64.5 +1.9 33.3 *** 14.0 3.2*% 0.6 1.7
Body content:

protein, kg 83 +52 48.4 *** 9.8 0.4 0.5 1.3

fat, kg 94 +16.8 51.8 *** 14.4 22 0.8 1.4

water + ash, kg 317 +19.9 43.7 9.3 0.6 0.5 12

energy, MJ 5628 +726 57.2 *** 144 1.5 0.8 1.5
Milk composition:

protein, % 3.73 +0.30 13.6 *** 20.1 1.9 29*% 1.1

fat, % 4.37 +0.90 49* 10.0 0.7 0.9 0.5

lactose, % 4.99 +0.30 0.0 7.2 1.5 1.0 0.5

energy, MJ /kg 3.35 +0.40 6.1% 10.2 0.8 1.0 0.4
Cheese yield:

dCY theoretical, % 13.9 £2.08 8.1* 10.5 0.6 1.1 0.4

dCY actual, % 14.2 £2.11 8.2 ** 10.6 0.6 1.1 0.4

cheese index © 1.02 +0.153 8.2 ** 10.6 0.6 1.1 0.4
Daily yield per cow ”:

dMY (RM), Kg/d 23.3

dMY (LSM), kg/d 21.6 +5.0 63.2 *#** 31.9 3.7*% 1.2 1.5

dCCMY, kg/d 215 +5.8 63.9 *** 27.8 2.9 1.0 2.4

protein, g/d 783 +200 66.1 *** 29.9 5.3 ** 1.4 24

fat, g/d 922 +306 57.4 *** 21.3 2.3 0.7 1.8

energy, MJ/d 70.8 +18.8 63.9 *** 28.0 3.6* 0.9 2.3

cheese, kg/d 2.97 +0.8 63.9 *** 27.8 2.9 1.0 2.4 **

1 Herd variance: Herd within dMEO class is considered a random factor, and its variance is expressed as % of
total variance; 2 RSD: Residual standard deviation; ® Body size: BW= body weight; MW = metabolic weight;
4 BCS: body condition score; > EB: empty body; ® Cheese index: ratio between actual % cheese yield and average
% cheese yield; 7 Daily yield per cow: dMY = daily milk yield; RM = Raw means are shown for comparison with
least square means (LSM) to appreciate the effect of correcting for factors included in the model and particularly
herd; dCCMY = daily cheese corrected milk yield; * p < 0.05; ** p < 0.01; *** p < 0.001.

As Figure 1 clearly shows, compared with cows reared in High-dMEO herds, the

values for cows reared in Low-dMEO herds were inferior for all body, milk and production
traits, except for protein and water + ash proportion in empty body measurements.
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Low-dMEO/High-dMEO
050 0.60 0.70 0.80 090 1.00 1.10

BODY SIZE OF COWS:
BW

MW

Hearth girth

BCS

EB COMPOSITION (%):
Protein

Fat

Water+ash

BODY CONTENT (kg):
Protein

Fat

Water+ash

Energy

MILK COMPOSITION (%):
Protein

Fat

Lactose

Energy

CHEESE YIELD (%):
theoretical

actual

cheese index

DAILY YIELD PER COW (kg/d)
dMY(RM)

dMY(LSM)

dccmy

Protein

Fat

Energy

Cheese

Figure 1. Traits of cows in low daily milk energy output farms (Low-dMEQO) expressed as ratio of cows
in high daily milk energy output farms (High-dMEO): body size, empty (EB) body composition, body
content of nutrients, milk composition, cheese yield and daily yield per cow (all traits are significantly
different in Low-dMEO respect to High-dMEO, except lactose content of milk, see Table 2).

There were large differences between the six breeds in all the body traits examined
(Table 3).

The three specialized dairy breeds were, on average, smaller (lower average BW, MW,
heart girth, estimated body content of protein, fat, water + ash, and energy) and leaner
(lower BCS and estimated body fat proportions, and higher estimated body protein and
water + ash proportions) than the three dual-purpose breeds, especially because of the
low values of the Jerseys in the former group and the high values of the Simmentals in the
latter group. There were also large differences between the six breeds in all the milk yield
and composition traits examined (Table 3). Orthogonal contrasts revealed that the three
specialized dairy breeds had, on average, similar daily milk and protein production levels
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to the three dual-purpose breeds but slightly greater daily fat and energy yields due to the
higher protein, fat and energy contents of their milk (lactose content was slightly lower),
but with lower yield and better quality of milk from Jerseys, among the dairy breeds, and
lower differences among the dual purpose breeds. Lastly, there were large differences
between the six breeds in all the cheese-making traits examined, so the differences in daily
cheese yield were much smaller than those in milk yield (Table 3). Aside from the effects of
parity and DIM, the dMEO x DIM interaction was generally not significant or biologically
relevant (Table 2). The dMEO x Parity interaction indicated that the increase in production
with advancing parity was generally greater in High-dMEO than in Low-dMEO herds,
and this was also reflected in differences in cow body composition. Finally, the Breed x
Parity interaction revealed only minor differences among breeds in terms of physiological
development and productive precocity.

Table 3. Effect of breed on body size, condition, and estimated body composition and on milk
composition, percentage cheese yield, daily milk, and cheese yield of lactating cows.

Holstein Brown Swiss ! Jersey 2 Simmental>  Rendena?  Alpine Grey HF+BS+Je
Friesian (HF) (BS) (Je) (Si) (Re) (AG) vs. Si+Re+AG 5

Body size °:

BW, kg 645 643 384 *** 669 *** 592 *** 552 ***

MW, kg 128 127 87 *** 132 *** 120 *** 113

hearth girth, cm 202 200 174 *** 204 = 195 190
BCS (1-5) 7: 27 2.9 #x* 27 32 3.2 33
EB composition &:

protein, % 171 16.9 *** 171 16.5 16.5 16.4 =

fat, % 16.8 18.2 *** 16.9 20.1 20.1 209

water + ash, % 66.1 65 *** 66.1 634 634 627
Body content:

protein, kg 94 92 *#** 56 *** 94 *** 83 76

fat, kg 92 100 *** 52 *x* 115 *** 102 100

water + ash, kg 362 353 *** 218 *** 361 *** 317 *** 292

energy, MJ 5850 6106 *** 3378 *** 6736 *** 5974 5724  **
Milk composition:

protein, % 3.51 3.79 *** 4.08 *** 3.67 3.52 #* 379

fat, % 4.06 4.32 % 5.54 *** 4.38* 3.77* 417

lactose, % 4.99 4.98 4.88* 497 * 511* 5.00 *

energy, MJ/kg 3.18 3.34 3.89 *** 3.34 ** 3.07* 328
Cheese yield:

theoretical, % 12.8 13.9 *** 16.7 *** 13.7% 12.4** 13.6

actual, % 12.4 14.4 *** 17.1 *** 14.0 13.0 ** 141

cheese index ° 0.90 1.04 *** 1.24 *** 1.01 0.94 ** 1.02
Daily yield per cow 10:

dMY (RM), kg/d 28.4 25.0 21.1 20.2 16.9 13.1

dMY (LSM), kg/d 259 22.7 *** 17.0 *** 23.0 *** 21.8** 18.7

dCCMY, kg/d 22.8 235 203 % 22.5%* 20.5 194 *

protein, g/d 890 849 * 662 ** 826 ** 763 704

fat, g/d 1035 967 * 914 970 ** 841 800 *

energy, MJ/d 81.2 75. 2% 62.3 *** 74.9 = 67.6 623 *

cheese, kg/d 3.15 3.25 2.81* 3.11 ** 2.83 267 *

! Brown Swiss: asterisks in this column are referred to significance of contrast of Brown Swiss vs. Holstein
Friesian breed; 2 Jersey: contrast of Jersey vs. (Brown Swiss+Holstein Friesian) breed; 3 Simmental: contrast of
Simmental vs. (Rendena+Alpine Grey) breed;  Rendena: contrast of Rendena vs. Alpine Grey breed; > HF+BS+Je
vs. Si+Re+AG: contrast of dairy vs. dual purpose breed; ® Body size: BW = body weight; MW = metabolic weight;
7 BCS: body condition score; 8 EB: empty body; © Cheese index: ratio between actual % cheese yield and expected
% cheese yield; 1 Daily yield per cow: dMY = daily milk yield; RM = Raw means are shown for comparison with
least square means (LSM) to appreciate the effect of correcting for factors included in the model and particularly
herd; dCCMY = daily cheese corrected milk yield; * p < 0.05; ** p < 0.01; *** p < 0.001.

3.2. Productivity Ratios and Estimated Efficiency Indicators

Table 4 shows a significant effect of dMEO class on all nine productivity ratios, which
were obtained by dividing three measures of each cow’s daily output (milk yield, milk
energy output, and fresh cheese yield) by three scaling units considering the cows’ different
sizes and feeding costs (BW, MW and PW).
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Table 4. Mean, residual standard deviation, effect of class of herd daily milk energy output (dMEO),
herd within dMEO class variance, and interactions on milk productivity ratios obtained by dividing
the measure of daily output of individual cows (milk weight, milk energy or fresh cheese weight) by
a scaling unit (BW, body weight; MW, metabolic weight; PW, estimated body protein weight), and
effect on estimated energy requirements, energy and economic efficiency, and on income over feed
costs (IOFC) of lactating cows.

Interactions (F-Value):

dMEO Effect 1
Mean +RSD 2 (F-value) Varli{;ffe (%) dMEO dMEO Breed
x Parity x DIM x Parity

Productivity ratios:
Milk yield:

BW, g/kg 3 37.1 8.4 38.6 ** 29.0 21 1.2 1.8

MW, g/kg 181 41.7 43.7 29.7 2.4 1.2 1.9*

PW, g/kg 260 57.5 41.6 ** 30.9 1.8 1.2 2.0%
Energy yield:

BW, M]/kg 125 30.8 42.2 26.4 2.3 0.9 24*

MW, MJ/kg 609 152 47.5 = 27.2 2.6 0.9 2.4*

PW, M]/kg 876 211 45.2 *** 27.2 2.0 0.9 2.6 **
Cheese yield:

BW, g/kg 5.29 1.32 42.0 = 26.6 1.8 0.9 2.8 **

MW, g/kg 25.7 6.5 47.3 *** 27.6 2.1 0.9 2.7 **

PW, g/kg 36.9 9.1 45.0 = 27.8 15 1.0 3.0 **
Energy requirements:

maintenance, MJ/d 34.3 2.2 48.4 *** 11.2 0.4 0.5 1.3

activity, MJ/d 2.4 0.2 12.6 ** 98.4 46* 0.8 2.1*

lactation, MJ/d 712 19.2 64.1 *** 27.1 3.4% 0.9 22%

total, MJ/d 90.0 19.1 76.6 *** 28.7 3.8* 1.0 22*
Efficiency:

energy, % 62.9 7.3 22.8 *** 28.4 0.4 24% 3.8 =

economic, % 192 23.3 24 .4 30.2 0.3 1.9 4.2

IOFC 4, €/d 3.23 1.19 56.7 *** 27.2 2.6 1.0 2.5

1 Herd variance: Herd within dMEO class is considered random factor, and its variance is expressed as % of total
variance; 2 RSD: Residual standard deviation; 3> BW: Body weight; MW = Metabolic weight; PW = Protein weight;
4 JOFC = income over feed costs; * p < 0.05; ** p < 0.01; *** p < 0.001.

As Figure 2 shows, the Low-dMEO herds were consistently inferior to the High-d MEO
herds for all productivity indicators, regardless of the output measure or scaling unit (—26%
to —30%). The cows from Low-dMEO farms were also less efficient in terms of energy
(—11%) and economics (—12%), especially with respect to IOFC (—45%), compared to cows
from High-dMEO farms.

Breed of cow also strongly affected all the productivity ratios, but in this case, the six
breeds were ranked differently according to the different productivity ratios yielded, even
though all the data were corrected for the effects of herd, parity, and DIM (Table 5).

Table 5. Effect of breed of cows on milk productivity ratios obtained by dividing a measure of
daily output of individual cows (milk weight, milk energy or fresh cheese weight) by a scaling
unit (BW, body weight; MW, metabolic weight; PW, estimated body protein weight), and effect on
estimated energy requirements, energy and economic efficiency, and on income over feed costs (IOFC)
of lactating cows.

Holstein Brown Swiss ! Jersey?  Simmental 3 Rendena 4 Alpine Grey HF+BS+]Je vs.
Friesian (HF) (BS) (Je) (Si) (Re) (AG) Si+Re+AG
Productivity ratios
Milk yield:
BWE, g/kg 39.8 35.2 *** 449 34.4 36.0 * 325 xHx
MW, g/kg 201 177 *** 197 175 178 * 159 o
PW, g/kg 273 245 *** 308 *** 244 256 232 xEE
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Table 5. Cont.
Holstein Brown Swiss ! Jersey 2 Simmental 3 Rendena * Alpine Grey HF+BS+]Je vs.
Friesian (HF) (BS) (Je) (Si) (Re) (AG) Si+Re+AG ®

Energy yield:

BW, g/kg 125 117 *** 177 *** 113 112 109 i

MW, g/kg 632 588 *** 776 *** 571 554 530 i

PW, g/kg 860 814 *** 1215 *** 798 792 774 i
Cheese yield

BW, g/kg 4.87 5.03 7.8 *** 4.67 4.68 4.65 e

MW, g/kg 24.5 254 34.3 ¥ 23.7 23.2 22.7 i

PW, g/kg 334 35.2% 53.7 *** 33.1 33.2 33.2 i
Energy requirements:

maintenance, MJ/d 38.9 38.1 *** 23.4 *** 39.1 **+* 34.3 *** 31.7 e

activity, MJ/d 2.7 2.6 *** 1.5 % 2.7 4% 25* 2.4 i

lactation, MJ/d 81.8 75.6 *** 63.6 *** 75.4 % 68.4 62.5 *

total, MJ/d 123.0 115.8 *** 88.5 *** 116.6 *** 104.6 * 96.3

Efficiency:

energy, % 64.0 629 66.6 * 62.1 61.0 60.4 i

economic, % 180 197 *** 211 ** 187 186 188 i

IOFC7,€/d 3.16 3.58 *** 3.45 3.25 3.01 291 *

! Brown Swiss: asterisks in this column are referred to significance of contrast of Brown Swiss vs. Holstein Friesian
breed; 2 Jersey: contrast of Jersey vs. (Brown Swiss+Holstein Friesian) breed; 3 Simmental: contrast of Simmental
vs. (Rendena+Alpine Grey) breed; 4 Rendena: contrast of Rendena vs. Alpine Grey breed; 5 HF+BS+Je vs.
Si+Re+AG: contrast of dairy vs. dual purpose breed; ® BW: Body weight; MW = Metabolic weight; PW = Protein
weight; 7 TOFC = income over feed costs; * p <0.05; ** p <0.01; *** p < 0.001.

The orthogonal contrasts revealed that the three specialized dairy breeds had, on
average, higher productivity ratios than the dual-purpose breeds, especially because of the
much lower values of the three scaling units used in the denominator of the ratios (BW, MW
and PW, Table 3) of the Jerseys. The differences between the two large-framed dairy breeds
narrowed when the ratios replaced milk with energy and cheese output measures, as the
milk of the Brown Swiss had a higher nutrient content and better technological properties
than the milk of the Holstein Friesians. The differences within the dual-purpose breeds
were small because the Simmentals yielded greater daily output measures than the local
breeds but also had a larger body size (i.e., higher numerators as well as denominators).

The six breeds also differed substantially for all the energy requirements, especially, as
expected, when breeds with very different body sizes and production traits were compared
(Table 5). There were much smaller differences among the breeds in terms of efficiency
indicators than in terms of absolute energy requirements. The orthogonal contrasts revealed
the following: the three specialized dairy breeds had, on average, greater energy and
economic efficiencies and also higher IOFC than the three dual-purpose breeds; within the
specialized dairy breeds, Jersey cows had similar IOFC and energy efficiency to the cows of
the two large-framed breeds (Holstein and Brown Swiss) but greater economic efficiency;
of the two large-framed dairy breeds, the Holsteins had greater energy efficiency than the
Brown Swiss cows, but both economic indicators were lower; and among the dual-purpose
breeds, the Simmentals had slightly greater energy efficiency than the two local breeds,
which had similar efficiency indicators.

The dMEO x DIM interaction was generally not significant, indicating that the effect
of the dairy production system remained relatively constant throughout lactation (Table 4).
The dMEO x Parity interaction indicated that the increase in production associated with
advancing parity was generally greater in High-dMEO than in Low-dMEO herds, resulting
in higher nutrient requirements of cows in the former herds. However, because the interac-
tion often affected both numerator and denominator traits in a similar manner, productivity
ratios and efficiency indicators were only marginally influenced by this interaction. In con-
trast, the Breed x Parity interaction frequently affected numerator and denominator traits
differently, leading to several significant breed differences in terms of productive precocity.
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Figure 2. Traits of cows in low daily milk energy output farms (Low-dMEO) expressed as ratio of
cows in high daily milk energy output farms (High-dMEO): Productivity ratios, energy requirements,
efficiency traits and income over feed costs (IOFC) (all traits are significantly different in Low-dMEO
with respect to High-dMEQO, except lactose content of milk; see Table 2).

4. Discussion
4.1. Which Output for Lactating Cows?

Having classified the herds according to daily milk energy yield, there was an evident
effect of herd production class on milk and cheese production, productivity, and efficiency,
which has been discussed in previous articles from the same project [9,10]. Our discussion,
therefore, will focus on the effects of breed of cow, and possible interactions with the other
factors, on the productivity and efficiency of lactating cows.
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Please note that body traits, milk and cheese production traits, productivity ratios,
and efficiency indicators of lactating cows were derived from cross-sectional measurements
rather than from repeated observations collected throughout lactation.

Here, the cheese index, i.e., the value of milk for cheese production, varied from 0.90
for Holstein milk and 1.24 for Jersey milk (Table 3). Cheese yield was found to depend
not only on the fat and casein content of milk, but also on the relative amounts of these
nutrients recovered in the fresh cheese or lost in the whey. Cheese-making efficiency, i.e.,
the ratio between actual cheese production and that expected on the basis of the milk
composition, varied from 0.96 for Holstein milk and 1.04 for Rendena milk, although the
milk of these breeds has a similar composition [10]. It is worth noting that, in this same
project, we found that these differences in cheese-making efficiency between different
breeds is, to a large extent, related to the detailed profiles and effects of milk minerals [14]
and of milk protein fractions and their genetic variants [15]. It is obvious that the cows’
productivity and efficiency should be based on the main end-use of the milk and on the
payment system of the dairy chain under consideration. In the case of Alpine dairy systems,
the milk is mainly used for the production of traditional cheeses, and their valorization
relies especially on their quality. Simply using milk yield, fat and protein content in a dairy
chain based on cheese production can lead to heavily biased conclusions.

4.2. Which Scaling Unit for Lactating Cows?

The results show there is very large variation among breeds within a herd in terms of
cow size, milk yield and composition, and cheese yield.

A correct comparison of breeds should consider not only milk and cheese production
per cow, but also the cow’s productivity by correcting the production value for a measure
of “fixed” costs for energy requirements for functions other than production. The cows
of different dairy and dual-purpose breeds are known to have different body frames and
compositions, and we also found this to be the case for the breeds compared here in the
same area of production [16]. Compared with the cows of the heaviest breed (Simmental),
those of the smallest breed (Jersey) are, on average, 43% lighter in terms of BW, 34% in
terms of MW, and 40% in terms of PW (Table 3). The question of choosing appropriate
scaling for maintenance requirements is not an easy one to resolve [17]. Historically, MW,
the curvilinear function of the weight raised to the power of 0.75, was the most widely
used scaling factor, based on the assumption that heavier animals are generally fatter than
lighter ones, which is not always true, and that fatty tissues have low daily maintenance
requirements. It was therefore also assumed that two cows of the same LW, hence also the
same MW, would have the same body composition and maintenance requirements, which
is not always true. Dong et al. (2015) [18] found in calorimetric respiration chambers that
the energy maintenance requirement is not directly proportional to MW, regardless of milk
production level, but the more productive cows consume more energy per kg of MW for
maintenance than the less productive cows. This could be explained, as least in part, by
the fact that more productive cows are generally leaner (less fat and more protein in their
bodies) than less productive cows.

Moreover, it is assumed that a heavier cow will be fatter than a lighter cow, and that
the maintenance requirement of the former is less than proportional to the body weight of
the latter, which is not always true. Beef cattle belonging to a British breed have a different
composition compared to a double-muscled bovine with a similar bodyweight, but the
maintenance energy of the former is much lower than that of the latter [19]. However,
Jersey cows are not young, light, lean Holsteins. In the current experiment, the average
BCS of the Jerseys cows was very close to that of the Holsteins and only slightly lower than
the Brown Swiss cows (Table 3), so the proportions of body protein, fat, and water + ash
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were similar in all three dairy breeds. This would suggest that using MW as a maintenance
scaling factor is not justified, and that PW could better adapt to different production phases
and genetics of dairy cows of different breeds.

4.3. Confounding Environment and Genetics in Breed Comparisons

In Italy, the average milk production of the dairy breeds studied here is much higher
(+40%) than that of the dual-purpose breeds [20], and similar results have been found in
other countries. National differences in average milk production are evidently attributable
in part to the different geographical distributions of individual breeds and to differences in
the proportions of the various dairy systems operating in a country. Also in more restricted
Alpine areas, there are many single-breed herds, and these are distributed differently across
the different dairy systems, which range from very small, traditional systems to very
modern ones [9]. However, large differences also clearly emerged within the 41 multi-breed
herds investigated in our study. In our study, breed distribution was unbalanced because
Holstein, Brown Swiss, and Simmental cows were represented in both High-dMEO and
Low-dMEO farming systems, whereas Jersey cows were present only in High-dMEO herds
and Rendena and Alpine Grey cows only in Low-dMEO herds. In a preliminary analysis,
we evaluated data from the breeds represented in both dMEO classes (Holstein, Brown
Swiss, and Simmental) using a model that included the Breed x dMEO class interaction.
This interaction was generally not significant or biologically not relevant. On this basis,
we adopted a model including the main effects of breed and dMEO class, without their
interaction, for the analysis of all breeds. Nevertheless, the results obtained for the less
represented breeds should be interpreted with caution.

If we look at the raw means of the daily milk yields of the cows of the different breeds
(data included for comparison in Table 3), we see that the yield of the dairy breeds is on
average 48% greater than that of the dual-purpose breeds. Correcting the LSM for the
different incidences and proportions of breeds, and the cows’ parities and DIM within herd,
the average production of the dairy breeds was only 3% greater than the dual-purpose
breeds (not significant; Table 3). The consequence of this is that, on average, the phenotypic
difference observed at the national and local levels between dairy and dual-purpose breeds
in terms of milk yield seems largely due to differences in farming systems, not genetic
factors. Not only are the differences among breeds overestimated when the effects of
farming systems are not accounted for, but the differences among farming systems are also
overestimated when breed distribution is ignored. Nevertheless, after correcting for these
confounding effects, the influence of farming system remained much greater than that of
breed on milk yield, milk component yields, and productivity ratios, whereas its effect was
considerably smaller on milk quality traits, body traits, and efficiency indicators. High-
dMEO herds are often characterized by superior environmental and welfare conditions,
more balanced nutritional management, more effective health prevention and reproductive
management practices, and a higher overall standard of farm management.

4.3.1. Jersey Breed

The Jerseys are the most unusual of the three dairy breeds in the Alpine system. The
LSM for this breed should be treated with caution, as these were the least numerous cows
in our study (40 cows from 7 herds). Jerseys, as is well known, have the smallest body size,
the lowest daily milk yield and the highest milk fat, protein and energy content, not just
of the three dairy breeds, but also of all six breeds analyzed. The milk produced by Jersey
cows is also very unusual from a technological point of view [21]: due to its high fat and
protein content, and excellent coagulation and curd firming properties, Jersey milk has the
greatest theoretical %CY and actual %CY [8,9,22].
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The excellent composition and cheese-making properties of Jersey cows’ milk explain
why this breed produced, on average, 30% less milk per day but only 12% less full-fat, fresh
cheese than the Holstein and Brown Swiss cows (Table 3). Capper and Cady (2012) [22]
also found that Jersey cows produced only 11% less cheddar cheese per day of lactation
than Holsteins.

If we use the PW of cows as the scaling factor (Table 3), we find that the Jerseys’
indicator of productivity (grams of milk produced daily per kg of PW maintained) seems
greater than that of the other two breeds (+19%, Table 5). When we replaced dMY with
the daily yield of milk energy (+45%) or fresh cheese (+57%) as an output measure, the
Jersey breed appeared to perform even better than the other two dairy breeds (Table 5).
Turning now to energy efficiency indicators (Table 5), we see that the Jersey breed appeared
to be slightly more efficient (+5%) than the other two dairy breeds. However, given the
limited number of herds and cows of this breed included in the study, the results obtained
for Jersey cattle should be confirmed in larger and more representative populations.

4.3.2. Holstein and Brown Swiss Breeds

In Italy as a whole, Holstein cows produce much more milk than Brown Swiss cows
(10.396 vs. 7.764 kg of milk per lactation, +33%) [20]. However, in a more homogeneous
environment (Trento province), Holsteins produce, on average, 18% more milk than Brown
Swiss cows. Using the raw averages of all the cows in the present study across the 41 multi-
breed farms, Holsteins produced 14% more milk than Brown Swiss cows. After correcting
the dMY for dMEO class, individual herd, parity, and DIM, Holstein cows still produced
14% more milk than Brown Swiss cows (both breeds are more commonly found on modern
farms). These corrections are essential for disentangling the major environmental effects
from genetic effects and for obtaining unbiased estimates of their respective contributions.

Based on milk composition, the theoretical %CY of Brown Swiss cows is 8% higher
than that of Holsteins, but their actual %CY, obtained from individual model cheeses, is
16% higher (Table 3). Not only does Brown Swiss cows’ milk contain more fat and protein
than Holstein milk, but higher percentages of milk fat and protein are retained in the curd,
thereby reducing losses in the whey, as shown in a study on these same cows [9] and also in
other studies carried out in other countries [5]. As a result of the greater nutrient recovery,
the daily production of cheese on mountain dairy farms was similar for the two major
breeds, even though it was nominally higher for Brown Swiss cows (Table 3).

As the two major breeds had very similar body sizes, condition scores, and predicted
body composition, the two breeds were ranked roughly equally for the milk productivity
indicators and output measures, regardless of the size scaling factor (Table 5). Holsteins
were superior to the Brown Swiss in terms of milk indicators, and also (but to a lesser
extent) milk energy, but not in terms of cheese productivity. On the contrary, the Brown
Swiss were superior to the Holsteins when dCY was scaled on BP mass.

Moving on to efficiency indicators, there were no differences between the two large-
framed breeds in terms of energy efficiency of milk production and IOFC, but the Brown
Swiss breed was more economically efficient than the Holstein breed (Table 5). It is worth
noting that calorimetric balances carried out in respiration chambers also showed little or
no difference between Holstein and non-Holstein dairy cows [18].

4.3.3. Simmental Breed

In Italy, Simmental cows produce less milk than Holsteins and Brown Swiss cows [20].
In Trento province, Simmental cows produce, on average, 23% less milk than Holsteins and
9% less than Brown Swiss cows. If we compare only the cows in the present study on the
basis of the raw means, the Simmental cows produced 29% less milk than the Holsteins
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and 19% less than the Brown Swiss cows (Table 3). After correcting dMY for dMEO class,
individual herd, parity, and DIM, the Simmental cows produced only 11% less milk than
Holsteins and about the same as Brown Swiss cows (a large proportion of Simmental cows
are reared on Low-dMEO farms). If we look at the fat and protein contents of milk, we see
that the Simmentals” daily production is very similar to that of the Brown Swiss and only
7% (fat) and 6% (protein) lower than the Holsteins (Table 3).

The coagulation and curd-firming properties of Simmental cows’ milk were close to
those of Brown Swiss milk and better than those of Holstein milk [9]. The combined effect
of correcting data for herd factors, milk protein and fat contents, milk coagulation and
curd-firming properties, and cheese-making efficiency explains the fact that these three
large-framed breeds produce very similar daily quantities of fresh cheese (Table 3).

With regard to productivity ratios, it should be borne in mind that Simmental cows
have slightly greater BW (+4%, Table 3) and MW, but the predicted lean body mass of
the three large-framed breeds are quantitatively very similar, whereas the greater BW of
Simmental cows over the other two breeds is almost entirely explained by a greater weight
of fatty tissues (Table 3). This is why the productivity ratios of the Simmentals were slightly
lower than those of the Holsteins (and similar to the Brown Swiss) when milk production
was scaled on BW and MW but were very similar when cheese production was scaled on
PW (Table 5). Regarding efficiency indicators, Simmental cows are slightly less energy
efficient than Holsteins, but their economic efficiency indicators are similar to the two
large-framed dairy breeds (Table 5).

4.3.4. Local Rendena and Alpine Grey Breeds

The daily milk production of both the local breeds is much lower than that of the
large-framed, dual-purpose breed (Simmental) when averaged across herds (Rendena
—16%, Alpine Greys —35%; Table 3). Once corrected for the effects of herd, parity, and
DIM, the differences fell to —5% and —19%, respectively (Table 3). It is worth noting that
Rendena milk has a similar protein content to Holstein milk and a lower milk fat content,
therefore presenting a lower theoretical %CY than Holstein milk (Table 3). However, in
terms of traditional milk coagulation properties and curd-firming modelling [9], Rendena
cows’ milk was better than Holstein milk. This could explain the fact that, unlike theoretical
%CY, the local breed had a higher actual %CY than the international breed (Table 3).

The composition of the Alpine Grey milk did not differ much from that of the major
dual-purpose breed, nor the Brown Swiss breed, so their %CY values were similar. Conse-
quently, Rendena cows produced 10% less and Alpine Greys 16% less cheese per day than
Simmental cows (Table 3). These differences were very similar to the differences in cow
size (BW, MW and PW). There were therefore no differences between the local breeds and
the Simmentals, nor between the two local breeds with respect to any of the productivity
indices (Table 5). Regarding milk production efficiency, the Simmentals had a higher energy
indicator than the local breeds, but similar economic indices (Table 5).

4.4. Limitation of the Research and Implications for Crossbreeding and Selection

The results of the present study provide insights into the different roles and relative
importance of various production, qualitative and technological traits in a mountain dairy
sector focused mainly on cheese production rather than fluid or dried milk [23].

This study was conducted in a specific mountain region (the province of Trento) and
included a number of farms that were representative of that area, although not necessarily
of other mountainous regions. The number of animals was adequate for the major breeds
but more limited for some of the minor breeds. In addition, the distribution of breeds
across farming systems was not balanced. Nevertheless, the study area shares many
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characteristics with other mountain regions, particularly those within the Alpine system.
Therefore, although caution is warranted when extrapolating these results to other areas,
the findings may provide useful reference values for several Alpine regions and contribute
to a broader understanding of the relationships among breed, farming system, productivity,
and efficiency. The concepts and methodological framework developed in this study may
also be relevant beyond mountain environments.

The knowledge acquired may be more directly useful in defining selection indices
for purebred dairy and dual-purpose populations [24,25] and in planning crossbreeding
schemes for the various dairy sectors [26]. Moreover, it is now clearer that cheese yield
efficiency and dairy product quality rely only partially on the fat and protein content
of milk and that the efficiency of the dairy chain depends on, and demands, a more
thorough knowledge of milk technological properties, beginning with the detailed protein
composition and the factors affecting coagulation, curd firming and nutrients losses in the
whey. It is worth noting that these aspects are also linked to the environmental impact of
the dairy chain [27,28].

Crossbreeding of dairy cattle, on the other side, is becoming more widespread [2], and
several studies show the positive results that may be obtained, especially regarding milk
performance [29], fertility traits [30], and lifetime production and profitability [31]. Milk
properties have generally been studied only in terms of milk composition, while much
less attention has focused on the protein fractions, milk coagulation properties, and cheese
yields of crossbred cows compared with purebreds. A better understanding of specific
cheese-making traits and overall cheese-making efficiency may therefore be highly valuable
in designing crossbreeding programmes, provided that the heterosis and recombination
effects in different crossings are similar.

5. Conclusions

We have demonstrated that the differences in the milk production efficiencies of
different dairy and dual-purpose bovine breeds depend on many interrelated factors.
Among the main sources of the differences in production levels observed among the
various breed populations are the different dairy systems and herd characteristics. When
different breeds are compared within dairy systems and within individual herds, we
see fewer differences in production traits, and these are dependent on differences in the
animals’ body size and composition. Scaling production traits on the basis of body size
indicators gave us a more accurate indication of the productivity (rather than production)
of the breeds. Body protein weight allows for a more accurate comparison then metabolic
weight, especially when breeds and individual animals are characterized by different body
conditions and, consequently, different body compositions and maintenance requirements.
Metabolic weight assumes that body composition and maintenance requirements depend
solely on body weight. However, this assumption is not valid and introduces bias into
comparisons among animals. At the same level of milk production and the same body
and metabolic weight, cows may differ in body condition score, body composition, and
maintenance requirements, resulting in differences in productivity and efficiency.

Although within-herd comparisons and correctly scaling the production traits greatly
reduces the differences in productivity between herds, it does not reduce the differences in
milk composition, technological properties, and cheese-making efficiencies (milk nutrient
recoveries in the cheese). There are considerable differences among breeds with respect to
these factors, and these differences are amplified in the overall evaluation of breed efficiency,
especially if the local dairy sector is focused mainly on cheese production. Both the energy
and economic efficiencies of milk production depend on all the above-mentioned factors.
Given their importance, a better understanding and correct quantification of the productive,
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qualitative, and technological properties, as well as the scaling factors of different breeds
and individuals, will provide the necessary underpinnings to modify the selection indices
of dairy and dual-purpose breeds and to plan crossbreeding programmes.
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