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ABSTRACT

Moving from conventional (CMS) to automatic (AMS) 
milking systems could affect milk quality. Moreover, the 
type and preservation methods of the forages used in the 
TMR, such as alfalfa hay (HTMR) or corn silage (STMR) 
have been demonstrated to modify milk composition. 
Thus, this study investigated the effect of implementing 
AMS and different diet forage types on the quality of 
Italian Holstein-Friesian bulk milk. Milk samples (n = 
168) were collected monthly from 21 commercial farms 
in northern Italy during a period of 8 mo. Farms were 
categorized into 4 groups according to their milking 
system (CMS vs. AMS) and diet forage type (HTMR vs. 
STMR). Milk quality data were analyzed through the 
mixed procedure for repeated measurement of SAS with 
the milking system, diet forage type, and sampling day as 
fixed effects. Milking through the AMS led to lower milk 
fat, freezing point, and β-LG A; longer coagulation time; 
and higher K content, pH, and β-LG B than CMS. Cows 
fed STMR produced milk with greater fat, protein, ca-
sein, Mg content, titratable acidity, and β-LG A, but with 
reduced curd firming time, freezing point, and β-LG B 
than those fed HTMR. In conclusion, milk quality is not 
only altered by the diet’s forage type and characteristics 
but also by the milking system.
Key words: automated milking system, nutrition, milk 
quality, forages

INTRODUCTION

The implementation of automated milking systems 
(AMS), also known as robotic milking, equipped with 
auxiliary cooling, cleaning tools, and herd management 

software has steadily increased since their appearance in 
1990 to support dairy farming (de Koning et al., 2003; 
De Marchi et al., 2017). The AMS allow voluntary access 
by lactating cows to the milking unit, which performs 
the complete milking and postmilking routine, while 
supplying an individual amount of concentrate based on 
parity, DIM, and milk yield (King et al., 2018). Although 
AMS reduces the time and the number of employees 
dedicated to milking-related activities (Bentley et al., 
2013; Tse et al., 2018), it might affect feeding behavior 
and time budget, as well as rumen function and fermenta-
tion patterns. The latter relates to feedstuff consumption 
(Maekawa et al., 2002; Dijkstra et al., 2012), and cow 
behavior near the AMS (i.e., re-entering the AMS due 
to a failed milking visit and waiting near the exit gate), 
with consequences on milking efficiency and milk qual-
ity (Jacobs and Siegford, 2012). Moreover, AMS affects 
milk yield and quality due to an increase in milking 
frequency (Wagner-Storch and Palmer, 2003). Addition-
ally, the freezing point (FP) tends to increase by shorten-
ing the intervals between milkings (Hogenboom et al., 
2019). However, despite an increase in milk production 
and free fatty acids (FA) content (Wiking et al., 2006; 
De Marchi et al., 2017), several authors reported that 
AMS does not affect milk fat, protein, CN, lactose, Na, 
K, and Cl content (Abeni et al., 2005, 2008; Janštová et 
al., 2011; De Marchi et al., 2017). The effect of AMS 
on SCC is not consistent among studies. Some authors 
reported an increase in SCC of bulk milk (Rasmussen et 
al., 2002; Johansson et al., 2017), whereas others did not 
observe differences (Mollenhorst et al., 2011; Toušová et 
al., 2014; De Marchi et al., 2017). It is worth mentioning 
that a survey conducted in northeastern England found 
a higher incidence of clinical mastitis and a greater an-
tibiotic administration associated with the use of AMS 
(Stergiadis et al., 2012).

In the key areas for cheese production of northern Italy, 
particularly those with Protected Designation of Origin 
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(PDO) cheeses such as Parmigiano Reggiano, Asiago, 
Grana Padano, and Provolone Valpadana, the prevalent 
diet’s forage types fed in the farms are either alfalfa 
hay-based TMR (HTMR) or corn silage-based TMR 
(STMR). The difference between these diets lies in the 
family (grasses or legumes) and the preservation method 
(dry or ensiled) of the primary forage employed. Further-
more, these factors involve the use of diversified types 
of fibrous feed, concentrates, and additives to achieve 
the nutritional balance of the 2 types of diets. All these 
factors significantly affect the nutritional characteristics 
of the overall TMR diet type and produce differences in 
milk composition. To the best of our knowledge, only 
partial information is reported in the literature on the nu-
tritional characteristics and related milk composition of 
these 2 diet types, whereas various studies have been per-
formed individually on forage preservation method and 
family of forage. Contrasting results are reported on milk 
and cheese gross composition and flavor as affected by 
the dietary forage preservation method (Shingfield et al., 
2005; Manzocchi et al., 2020; Serrapica et al., 2020; Van 
den Oever et al., 2021). Some authors observed that this 
factor can alter the profile of the nutrients produced and 
absorbed in the digestive tract (Huhtanen et al., 2010), 
thereby affecting the FA profile, volatile compounds, and 
sensory properties of milk and cheese (Van den Oever et 
al., 2021; Balivo et al., 2023). This is probably linked to 
the capacity of the ruminal microbiota and environment 
to modify FA supplied with the diet (Bionaz et al., 2020). 
It is widely recognized that grasses, compared with le-
gumes, contain more NDF and ADF; lower amounts of 
CP, ash, and macro- and microminerals, especially Ca, K, 
and P; and their proteins are less soluble. Thus, grasses 
are considered forages of lower quality compared with 
legumes. Grass-based diets require greater quantities of 
cereals and byproducts to be balanced compared with 
legume-based diets. Performance differences attributable 
to grasses and legumes are often confused with differ-
ences in the NDF and ADF dietary content. When these 2 
families of forages are included in diets, the comparison 
of the diets and their effect on milk yield and DMI must 
consider not only the dietary NDF content but also the 
forage NDF, digestibility, and particle size of the forages 
(Paulson et al., 2008).

Cheese production consortia of the main Italian PDO 
cheeses (Grana Padano, Asiago, Parmigiano Reggiano, 
and Provolone Valpadana) have expressed their concerns 
about the possible effect of robotic milking on milk qual-
ity, workability, and cheese production. Because these 
PDO cheeses are based on high-quality milk production 
(Parmigiano Reggiano, Council Regulation EC No. 510 
[Council of the European Union, 2006] and Reg UE N. 
794/2011 [European Commission, 2011b]; Asiago, Reg. 
UE N. 2020/1300 [European Commission, 2020]; Grana 

Padano, Reg UE N. 584, 2011 [European Commission, 
2011a]; Provolone Valpadana, Reg. CE 1107/1996 [Eu-
ropean Commission, 1996]), we hypothesize that the 
specific diet’s forage types adopted in the main cheese 
production areas can significantly influence the quality 
of the milk together with the milking system.

Consequently, the study aimed to compare the quality 
of Holstein-Friesian bulk milk (1) obtained through AMS 
instead of CMS, and (2) from cows fed HTMR or STMR 
in northern Italy commercial dairy farms.

MATERIALS AND METHODS

An animal care and use statement was not required 
as this study dealt with milk samples collected directly 
from the bulk tank after milking. Initially, the study 
was intended to last 1 yr, but due to a second lockdown 
prompted by the COVID-19 pandemic during the autumn 
2020, the study was interrupted for 4 mo. Thus, the study 
was conducted during an 8-mo interval, from June to 
October 2020 and from March to May 2021.

Description of Farms

Twenty-one commercial Holstein-Friesian herds (108 
± 63.5 cows, 177 ± 31 DIM, 2.4 ± 0.4 parity, mean ± 
SD) located across 3 northern Italian regions (i.e., Emilia 
Romagna, 8 farms; Veneto, 8 farms; and Piemonte, 5 
farms) were enrolled on this study. All the farms selected 
had an internal herd production. Farms were selected and 
grouped to create uniform groups based on DIM, parity 
and number of cows, with calving distributed throughout 
the year. Moreover, farms with the same diet forage type 
and different milking systems were paired by geographi-
cal distance (within 15 km), obtaining similar environ-
mental and soil conditions.

All the farms operated a TMR system and were en-
rolled according to milking system (CMS, n = 11, 116 ± 
76 cows, 174 ± 33 DIM; AMS, n = 10, 103 ± 48 cows, 
180 ± 29 DIM) and diet forage type (HTMR, n = 9, 121 
± 59 cows; 179 ± 33 DIM; STMR, n = 12, 98 ± 68 cows, 
176 ± 29 DIM).

In farms with CMS, animals were milked twice a day, 
generally from 03:00 to 10:00 a.m. and from 03:00 to 
10:00 p.m. Companies manufacturing the milking sys-
tems in the CMS farms were 9% BouMatic (Enne Effe 
Srl., Cremona, Italy), 9% TDM (Nutriservice S.r.l, Bres-
cia, Italy), 9% Milkline (Milkline, Piacenza, Italy), 18% 
Tecnozoo (Tecnozoo Impianti S.r.l., Zelo Buon Persico, 
LO, Italy), 18% GEA (GEA Group Aktiengesellschaft, 
Dusseldorf, Germany), and 36% DeLaval (DeLaval 
S.p.a., San Donato Milanese, MI, Italy). In farms with 
AMS, the milking robot were 70% Lely Astronaut (Lely, 
Colturano, MI), 20% VMS (DeLaval S.p.a., San Donato 
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Milanese, MI), and 10% Fullwood Merlin (Fullwood, 
Ellesmere, UK). The average milking frequency for the 
AMS was 2.67 ± 0.31. Farms equipped with AMS sup-
plied 3.44 ± 0.87 kg/d of feedstuff in the milking robot.

Farms were categorized as follows: (1) CMS and 
HTMR, n = 5 farms; (2) CMS and STMR, n = 6 farms; (3) 
AMS and HTMR, n = 4 farms; and (4) AMS and STMR, 
n = 6 farms. The HTMR and the STMR differed in the 
main forage family included in the diet, its method of 
preservation, amount and typology of concentrate added 
to balance the diet. The HTMR (NEL: 1.93 ± 0.096 Mcal/
kg, mean ± SD) was mainly composed of alfalfa hay 
(leguminous) from different cuts, followed by a gramina-
ceous mixed hay. On average, the forage-to-concentrate 
ratio of the HTMR was around 0.7:1 (44% forage and 
56% concentrate; according to Mertens (2009) corn si-
lage and earlage were considered only 50% as forages, 
while graminaceous silage as wheat or triticale silage 
were considered as 70% forages). The forages adopted 
in the HTMR were harvested within the same territory 
adhering to PDO cheeses regulations. Most of the hay 
was sun-dried, and a small proportion of farmers used the 
forage dehydration. The STMR (NEL: 2.09 ± 0.092 Mcal/
kg, mean ± SD) consisted mainly of corn silage (grasses) 
followed by other ensiled forages (e.g., earlage, alfalfa 
silage, wheat, or ryegrass silage). On average, the for-
age-to-concentrate ratio of the STMR was around 1.5:1 
(42% forage and 58% concentrate). All the silages in-
cluded in the diets were produced, harvested, and stored 
on the farm. Corn silages were harvested using shredlage 

and stored in concrete bunks, this storing system was 
adopted also for the earlage, while all the other silages 
were stored in wrapped bales. In each farm, a composite 
TMR sample and a sample of the feedstuff provided in 
the AMS were collected monthly from 10 subsamples 
taken along the feeding line, and chemically analyzed. 
In brief, DM, ashes, ether extract (EE), and starch con-
tent were determined following European Commission 
methods (Regulation No. 152/2009; European Commis-
sion, 2009). Fiber fractions (heat-stable amylase for NDF 
[aNDF], ADF, and lignin) were analyzed sequentially 
using aNDF determination without the use of sodium sul-
fite (Robertson and Van Soest, 1981). The undigestible 
NDF (uNDF) content was determined through a 240-h in 
vitro fermentation according to Raffrenato et al. (2018). 
The CP content was quantified by Dumatherm (Gerhardt 
GmbH & Co., Königswinter, Germany) as described by 
Mihaljev et al. (2015). The NSC were calculated by the 
difference between 100 and the sum of ash, EE, CP, and 
aNDF. The average feed chemical composition is dis-
played in Table 1.

Bulk Milk Sampling and Milk Quality Analyses

A total of 168 bulk milk samples were collected 
throughout the study. Bulk milk samples were collected 
monthly from the tank after the morning and evening 
milking and mixed to be representative of the herd’s 24-h 
milk production. Each sample was then split into 2 ali-
quots in 50-mL tubes containing preservative (bronopol, 
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Table 1. Dietary formula and chemical composition1 (mean and SD) of the alfalfa hay-based TMR (HTMR) and 
corn silage-based TMR (STMR) fed in the farms enrolled in the study

Item n HTMR n STMR

Dietary formula, % DM        
  Corn silage     12 30.3 (3.7)
  Corn earlage     12 6.4 (4.8)
  Graminaceous silage     12 2.3 (2.8)
  Alfalfa silage     12 4.4 (4.79)
  Alfalfa hay 9 28.0 (5.0) 12 7.8 (4.5)
  Graminaceous hay 9 13.6 (5.0) 12 8.6 (7.1)
  Straw 9 0.1 (0.2) 12 0.4 (0.5)
  Cereals and feedstuffs 9 58.3 (4.3) 12 39.8 (3.5)
  Forage,2 % DM 9 44.4 (3.1) 12 41.7 (4.3)
  Concentrate, % DM 9 55.6 (3.1) 12 58.3 (4.3)
Chemical composition, % DM        
  CP 72 14.60 (1.49) 96 15.27 (2.17)
  aNDF 72 40.51 (4.97) 96 36.71 (4.95)
  ADF 72 24.18 (3.66) 96 20.92 (2.37)
  uNDF 72 14.08 (3.23) 96 11.61 (2.72)
  Lignin 72 4.72 (1.23) 96 4.00 (1.42)
  Starch 72 19.32 (3.65) 96 24.50 (3.55)
  Nonstructural carbohydrate 36 36.03 (6.17) 45 39.28 (5.62)
  Ether extract 36 2.74 (0.66) 45 3.80 (1.04)
  Ash 72 8.26 (1.89) 96 7.12 (1.09)
1aNDF = NDF treated with a heat-stable α-amylase; uNDF = undigestible NDF.
2Corn silage was considered 50% forage; other grass silages were considered 70% forage, according to Mertens 
(2009).
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2-bromo-2-nitropropan-1,3-diol; D&F Inc., Dublin, CA) 
and transported to the laboratory of the regional breeder 
association for the milk quality analyses. According to 
the International Committee for Animal Recording rec-
ommendations, bulk milk composition (fat, protein, CN, 
lactose percentages, and FP) and urea were determined 
using the MilkoScan 7 (Foss Electric A/S, Hillerød, Den-
mark). Moreover, SCC was determined by flow cytom-
eters with Fossomatic FC (Foss Electric A/S), and values 
expressed as cells/μL were transformed into SCS through 
the formula SCS = 3 + log2 (SCC/100), as suggested in 
Wiggans and Shook (1987).

The pH was evaluated using a potentiometric pH meter 
(Mettler Delta 345; Mettler Toledo SpA, Novate Mila-
nese, Italy). The titratable acidy was determined by titrat-
ing milk with a 0.25 N NaOH solution until a pH of 8.30 
using a Crison Compact D meter (Crison Instruments SA, 
Alella, Spain) and expressed as Soxhlet-Henkel degrees 
(Penasa et al., 2016). The content of the major minerals 
in bulk milk was quantified using inductively coupled 
plasma-optical emission spectrometry (ICP-OES) Arcos 
EOP (SPECTRO Analytical Instruments GmbH, Kleve, 
Germany) following the AOAC International method 
2013.06 (AOAC International, 2016). The calibration 
solutions for each mineral were prepared from single-
element solutions (Inorganic Ventures, Christiansburg, 
VA) in a concentration range between 0 and 100 mg/L. 
Mineral contents were expressed in milligrams per kilo-
gram of milk.

The assessment of milk coagulation traits was per-
formed through lactodynamographic analysis (MaPe 
System, Firenze, Italy) according to the protocol reported 
by Vigolo et al. (2022) using 200 μL of commercial calf 
rennet solution (Naturen Plus 215, Chr Hansen, Hør-
sholm, Denmark) diluted with distilled water (1.2:100, 
vol/vol). The milk coagulation traits obtained were ren-
net coagulation time (RCT), time to a curd firmness of 
20 mm (k20), and curd firmness at 30 min after coagulant 
addition (a30). The quantification of CN and whey protein 
fractions was performed on raw milk by using the HPLC 
station Agilent 1260 Infinity II LC (Agilent Technolo-
gies, Santa Clara, CA) equipped with a quaternary pump 
(Agilent 1260 Infinity II, G7111B), a diode array detector 
(Agilent 1260 Infinity II, G7115A), a column thermostat 
(Agilent 1260 Infinity II, G7116A), and an autosampler 
(Agilent 1260 Infinity II, G7129A) following the method 
described in Franzoi et al. (2022).

Statistical Analysis

The sample size was calculated with G*Power soft-
ware v. 3.1.9.6 (Faul et al., 2007; 2009; Heinrich Heine 
Universität Düsseldorf, Germany). The normality of 
the data was verified through the UNIVARIATE proce-

dure of SAS v. 9.4 (SAS Institute Inc., Cary, NC), and 
the outliers identified were treated as missing values. 
Outliers were <4.3% for AMS and <10.9% for CMS. 
Outliers were <10.3% for STMR and <2.8% for HTMR. 
Sources of variation of milk traits were analyzed using 
the MIXED procedure with repeated measurement of 
SAS v. 9.4. The model considered milking system, diet 
forage type, and the sampling day as fixed effects and 
farm nested within region as random effect. Results were 
expressed as LSM and separated using Tukey’s multiple 
comparison test. The LSM for the sampling day are not 
shown, nor discussed. Significance was declared at P < 
0.05, unless otherwise stated.

RESULTS AND DISCUSSION

Milking System and Milk Quality

To date, there is no clear consensus on the effect of the 
milking system on milk gross composition. Although we 
observed a greater fat content in milk from CMS than 
AMS (Table 2), most of the studies did not report an ef-
fect of the milking systems on milk fat, protein, CN, and 
lactose content (Janštová et al., 2011; Innocente and Bi-
asutti, 2013; De Marchi et al., 2017). In contrast, Klungel 
et al. (2000) and Toušová et al. (2014) found greater fat 
and protein content in bulk milk from AMS than CMS, 
whereas Johansson et al. (2017) reported a lower protein 
content. Nevertheless, the decrease in fat content in the 
milk of cows milked with the AMS could be related to 
a possible increase in milk yield due to the higher milk-
ing frequency that is usually associated with this milking 
system (Klungel et al., 2000; Abeni et al., 2005).

Our results regarding the SCS (Table 2) agreed with 
Toušová et al. (2014), who also found similar results 
when comparing AMS with CMS in a Fleckvieh cow 
herd. However, other authors have reported an initial in-
crease with a subsequent decrease when switching from 
CMS to AMS (Rasmussen et al., 2002; Johansson et al., 
2017). Furthermore, Janštová et al. (2011) reported lower 
values when Holstein cows were milked with an AMS. 
Therefore, the lack of significant differences in SCS we 
observed could indicate that the cows in the selected 
farms were well adapted to the AMS.

The similarity of the urea concentration between 
milking systems (Table 2) is consistent with findings 
from Stergiadis et al. (2012), who compared milk from 
Holstein-Friesian cows milked with CMS or AMS. In 
contrast, Toušová et al. (2014) reported greater urea con-
centration with AMS (+21.8%) explained by the shorter 
intervals between milkings (Nielsen et al., 2005).

Few studies have evaluated differences in milk min-
eral content between CMS and AMS, despite their im-
portant role in the colloidal stability of the CN micelle 
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(Cashman, 2011). Variations in the milk mineral content 
could indicate an altered permeability of the mammary 
epithelia because the opening of tight junctions facili-
tates the transfer of minerals to blood (Hogenboom et al., 
2019). Therefore, the decrease in milk mineral content 
when implementing an AMS could also be an indicator 
of mammary gland physical trauma. However, in the 
present study, we only observed a greater K content in 
AMS than CMS (Table 2), although Abeni et al. (2008) 
reported no effect of the milking system on Na, K, and 
Cl content.

In agreement with De Marchi et al. (2017), our results 
showed a greater pH in AMS than CMS (Table 3). In 
contrast, Priyashantha et al. (2021) reported unaffected 
pH. Milk FP is relatively constant, because it depends 
on the osmotic equilibrium between blood and milk (Ho-
genboom et al., 2019), and is a good indicator of milk 
adulteration with water. The observed greater FP in AMS 
than CMS (Table 3) agreed with Klungel et al. (2000) 
and de Koning et al. (2003) results. These findings could 
be explained by the increase in cleaning frequency and 
rinsing of the system, which adds some residual water to 
the milk (Rasmussen et al., 2002).

Milk proteins have gained interest in the dairy industry 
mainly for their role in human nutrition and cheese pro-
duction. In our study, the milking system had a limited 
effect on bulk milk protein fraction, with an increase in 
β-LG B and a decrease in β-LG A in AMS compared with 
CMS (Table 4). However, this result should not affect 
cheese yield, because the latter is positively correlated 
with β-CN content and negatively associated with β-LG 
content (Cipolat-Gotet et al., 2020).

Diet Forage Type and Milk Quality

Contrasting results regarding the effects of the forage 
family on intake, milk yield, and quality are reported in 
the literature (Paulson et al., 2008; Steinshamn, 2010; 
Dewhurst et al., 2003). Grass-based diets generally re-
quire a lower forage-to-concentrate ratio and thus, higher 
energy intake from concentrate, especially when adjusted 
to equal NDF levels (Paulson et al., 2008). A recent 
meta-analysis revealed that legume-based diets allow 
higher DMI and milk yield but result in decreased milk 
protein and fat content (Johansen et al., 2018). However, 
the effect of forage family on cow performance is influ-

Simoni et al.: MILKING SYSTEM, FORAGE TYPE, AND MILK QUALITY

Table 2. Least squares means ± SE of gross composition, SCS, urea, and minerals from cow bulk milk based on the milking system1 and diet forage 
type2

Item

Milking system

 

Diet forage type

n CMS n AMS P-value n HTMR n STMR P-value

Fat, % 82 3.78 ± 0.04 76 3.60 ± 0.05 0.005   70 3.57 ± 0.05 88 3.81 ± 0.04 <0.001
Protein, % 81 3.36 ± 0.02 76 3.35 ± 0.02 0.598   70 3.34 ± 0.02 87 3.38 ± 0.02 0.075
Casein, % 82 2.65 ± 0.02 76 2.63 ± 0.02 0.354   70 2.62 ± 0.02 88 2.66 ± 0.02 0.059
Lactose, % 82 4.84 ± 0.01 75 4.82 ± 0.01 0.186   70 4.83 ± 0.01 87 4.83 ± 0.01 0.802
SCS 82 5.22 ± 0.04 76 5.27 ± 0.04 0.413   70 5.26 ± 0.04 88 5.24 ± 0.04 0.715
Urea, mg/dL 82 23.8 ± 1.14 76 25.5 ± 1.14 0.099   70 24.5 ± 1.18 88 24.8 ± 1.12 0.814
Ca, mg/kg 44 1,050 ± 9.34 40 1,026 ± 9.82 0.073   36 1,026 ± 10.3 48 1,050 ± 8.88 0.086
K, mg/kg 44 1,730 ± 14.6 40 1,764 ± 15.0 0.012   36 1,756 ± 15.5 48 1,738 ± 14.4 0.184
Mg, mg/kg 44 114 ± 0.83 40 112 ± 0.88 0.069   36 111 ± 0.92 48 114 ± 0.80 0.029
Na, mg/kg 44 404 ± 6.65 40 400 ± 6.94 0.742   36 407 ± 7.34 48 396 ± 6.28 0.255
P, mg/kg 44 1,069 ± 9.19 40 1,062 ± 9.50 0.478   36 1,056 ± 9.92 48 1,073 ± 8.96 0.169
1CMS = conventional milking parlor; AMS = automatic milking system.
2HTMR = hay-based TMR; STMR = silage-based TMR.

Table 3. Least squares means ± SE of technological traits1 from cow bulk milk based on the milking system2 and diet forage3 type

Item

Milking system

 

Diet forage type

n CMS n AMS P-value n HTMR n STMR P-value

pH 87 6.73 ± 0.02 78 6.75 ± 0.02 0.017   71 6.74 ± 0.02 94 6.74 ± 0.02 0.542
TA, °SH/50 mL 87 3.13 ± 0.05 78 3.04 ± 0.05 0.074   71 3.02 ± 0.05 94 3.15 ± 0.05 0.013
RCT, min 85 21.1 ± 1.30 74 22.4 ± 1.30 0.086   68 22.2 ± 1.31 91 21.4 ± 1.28 0.301
k20, min 52 7.53 ± 0.21 41 7.81 ± 0.23 0.364   38 8.11 ± 0.25 55 7.24 ± 0.20 0.008
a30, mm 86 19.0 ± 2.90 73 16.51 ± 2.91 0.173   68 16.58 ± 2.96 91 18.93 ± 2.88 0.215
Freezing point, °C 82 −0.519 ± −0.684 76 −0.516 ± −0.690 <0.001   70 −0.517 ± −0.714 88 −0.518 ± −0.669 0.004
1TA = titratable acidity; °SH = Soxhlet-Henkel degree; RCT = rennet coagulation time; a30 = curd firmness; k20 = curd firming time.
2CMS = conventional milking parlor; AMS = automatic milking system.
3HTMR = hay-based TMR; STMR = silage-based TMR.
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enced by several factors such as forage species (Salawu 
et al., 2002), forage maturity (and therefore, digestibil-
ity), leaf-to-steam ratio, and cell wall structure (Paulson 
et al., 2008). Moreover, the quality and composition of 
different forages depend also on the forage preservation 
methods applied. In fact, ensiling forages can be more 
easily harvested at the optimal stage of maturity, and are 
less exposed to environmental conditions and to the loss 
of nutrients from harvest to storage (Coblentz and Akins, 
2018; Grant and Ferraretto, 2018; Wilkinson and Rinne, 
2018). Therefore, in general, silage-based diets allow 
higher productivity due to higher forage digestibility 
and DMI (Grant and Ferraretto, 2018). Differences have 
been studied between grass and legume silages, the latter 
allowing greater intake (Dewhurst et al., 2003; Stein-
shamn, 2010), which Salawu et al. (2002) attributed to 
the higher rate of fermentation and passage of legumes. 
In the present study, 2 diet forage types with different 
forage bases were compared; they differed in forage 
family and preservation method of the primary forage 
included in the diet, grass-to-legume ratio, and amount 
of concentrate added.

The formula and chemical composition of the diets 
used in the present study (Table 1) is representative of 
the geographical area where the study was conducted 
(Comino et al., 2015; Manuelian et al., 2021; Simoni et 
al., 2021; Esposito et al., 2024). These studies reported 
diets contained varying proportions of corn silage (24%–
31.9% DM) or alfalfa hay as base forage (13.2%–50.0% 
DM). The chemical composition of these diets varied 
with CP (13.7%–18.1% DM), NDF (30.5%–39.9% DM), 
starch (19.8%–27.2% DM), EE (2.3%–4.7% DM), NFC 
(33.1%–41.2% DM), and ash (6.37%–10.4% DM) con-
tent. Several studies have shown that high-producing 

lactating cattle can maintain high milk yield and milk 
protein production, even when they are fed relatively 
low-protein diets, typically containing 14% to 15.5% CP 
content (Hofherr, 2010; Higgs et al., 2012), if adequate 
rumen carbohydrate fermentation is achieved. Our diets 
fall in the aforementioned range, and the aNDF content 
of all the diets exceeded recommended level by Chase 
and Overton (2004) of 33% DM.

The lower CP and higher fiber content of the diets 
HTMR compared with STMR in the present study (Table 
1) could be attributed to alfalfa leaves loss during bal-
ing due to structural fragility of the leaves (Salawu et al., 
2002), and to the lower amount of dietary concentrate 
in the diet. Dietary recommendations commonly advise 
against feeding more than 8% DM of fat in lactating 
cattle diets (Erickson and Kalscheur, 2020). High-
producing cows can receive a diet of up to 5% to 6% of 
fat (Bionaz et al., 2020). In a typical TMR containing no 
supplemental fat, the fat content is usually in the range of 
~3% to 4% (Erickson and Kalscheur, 2020). This range is 
higher than the values found for the HTMR, in which no 
supplemental fat was included in the ration due to PDO 
cheese production regulations (Council Regulation EC 
No. 510, Council of the European Union, 2006; Reg UE 
N. 794/2011, European Commission, 2011b; and Reg. UE 
N. 2020/1300, European Commission, 2020). In line with 
our results, Brito and Broderick (2006) reported a greater 
starch content and ruminal fermentable carbohydrates of 
corn silage- compared with hay-based diet. In fact, as the 
corn becomes more mature the ruminal starch availability 
is reduced as happens in corn meal compared with starch 
included in corn silage. In the present study (Table 1) the 
starch content of the HTMR falls below the recommended 
range for dietary starch, which typically ranges from 23% 
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Table 4. Least squares means ± SE of protein fraction from cow bulk milk based on the milking system1 and diet forage type2

Item

Milking system

 

Diet forage type

n CMS n AMS P-value n HTMR n STMR P-value

αS1-CN 63 8.62 ± 0.07 57 8.53 ± 0.08 0.422   51 8.53 ± 0.08 69 8.63 ± 0.07 0.330
αS1-CN-17 74 10.2 ± 0.08 67 10.2 ± 0.08 0.656   60 10.1 ± 0.08 81 10.2 ± 0.07 0.465
αS2-CN 63 2.41 ± 0.06 57 2.38 ± 0.06 0.590   51 2.36 ± 0.07 69 2.43 ± 0.06 0.301
αS2-CN-41 74 3.70 ± 0.07 67 3.70 ± 0.07 0.999   60 3.65 ± 0.08 81 3.74 ± 0.07 0.290
αS-LA 74 1.01 ± 0.08 67 1.04 ± 0.08 0.181   60 1.03 ± 0.08 81 1.02 ± 0.08 0.891
β-CN 74 12.3 ± 0.09 67 12.2 ± 0.09 0.919   60 12.2 ± 0.10 81 12.3 ± 0.09 0.253
β-CNa1 53 4.33 ± 0.26 47 4.36 ± 0.27 0.900   43 4.22 ± 0.28 57 4.47 ± 0.28 0.335
β-CNa2 53 7.19 ± 0.20 47 7.04 ± 0.21 0.510   43 7.02 ± 0.22 57 7.21 ± 0.19 0.425
β-CNb 37 0.72 ± 0.08 36 0.69 ± 0.08 0.547   39 0.69 ± 0.08 34 0.72 ± 0.08 0.557
β-LG A 74 2.61 ± 0.09 67 2.42 ± 0.09 0.008   60 2.39 ± 0.09 81 2.64 ± 0.09 <0.001
β-LG B 74 1.25 ± 0.08 67 1.35 ± 0.08 0.034   60 1.38 ± 0.08 81 1.22 ± 0.08 0.002
қ-CN 63 5.22 ± 0.11 57 5.22 ± 0.11 0.951   51 5.16 ± 0.11 69 5.28 ± 0.10 0.247
қ-CN-8 74 5.75 ± 0.10 67 5.79 ± 0.10 0.704   60 5.73 ± 0.11 81 5.81 ± 0.10 0.406
қ-CN-ae 53 3.83 ± 0.13 47 3.76 ± 0.14 0.666   43 3.77 ± 0.14 57 3.82 ± 0.13 0.758
қ-CN-b 53 1.16 ± 0.07 47 1.25 ± 0.07 0.364   43 1.18 ± 0.08 57 1.23 ± 0.06 0.560
1CMS = conventional milking parlor; AMS = automatic milking system.
2HTMR = hay-based TMR; STMR = silage-based TMR.
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to 30% DM (Grant, 2005), thus providing a less energetic 
diet. On the other hand, the STMR had a higher NSC 
content of which 62.4% was starch, particularly from 
corn silage and earlage (32% of the total starch), indicat-
ing more digestible starch compared with the processed 
cereals included in feedstuffs. The highest starch content 
is known to increase protozoa (Sniffen and Formigoni, 
2006) and ruminal propionate production, which can be 
efficiently converted to glucose, potentially increasing 
mammary casein synthesis (Mordenti et al., 2017). In 
our study, a trend for higher milk protein and casein was 
observed for STMR. Generally, silage provides fermenta-
tion end products such as acetic acid (1.0%–3.0% DM) 
and ethanol (0.5%–1.5% DM; Kung et al., 2018). The 
absorbed acetic acid from silage by the rumen is used as 
an energy source or it is incorporated into milk or body 
fat (Kung et al., 2018). Silage ethanol can be directly ab-
sorbed by the rumen wall or transformed to acetic acid in 
the rumen and finally converted to milk fat or is available 
for body metabolism or growth (Kung et al., 2018). Thus, 
the availability of the above-mentioned substances, to-
gether with a more energetic diet may explain the greater 
milk fat content observed in the present study from cows 
fed STMR instead of HTMR (Table 2).

Silages yield a significant amount of soluble N, ac-
counting for ~55% to 60% of the total N. This soluble 
N is a product of the action of bacterial proteases during 
the fermentation process, further enhancing the nutri-
tional value of silage-based diets, as noted in the study 
by Kung et al. (2018). Opposite evidence was imputed by 
Huhtanen et al. (2003) to the extensive fermentation of 
the silages leading to higher ammonia nitrogen content 
whose consequence is a reduction in DMI and microbial 
protein synthesis. The higher NFC and starch content 
of the STMR combined with the higher forage digest-
ibility led to a higher microbial protein synthesis, which 
is beneficial for milk protein synthesis (Rosmalia et al., 
2022). The greater milk fat, with the trend observed for 
higher protein and casein content and higher ECM (data 
not shown) in STMR compared with HTMR, suggests 
a more intense ruminal metabolism with enhanced VFA 
production, increased microbial protein synthesis, and 
an overall higher nutrient supply to the small intestine 
(Mordenti et al., 2017). The observed effects of the diet 
forage types on milk quality parameters in Table 2 are 
partially in agreement with the available literature. No 
effect of the forage preservation method was found on 
milk yield and milk fat content by several authors (Ser-
rapica et al., 2020; Manzocchi et al., 2021). Lower milk 
fat, together with higher milk yield was observed when 
legume silages were fed instead of grass silages by Stein-
shamn (2010). On the other side, Dewhurst et al. (2003) 
observed a higher yield of milk, but also higher milk fat, 
protein, and lactose when comparing legume silages to 

grass silages. Including a higher proportion of alfalfa, 
the HTMR diets generally could have a higher soluble 
protein content. Moreover, the HTMR in the present 
study are characterized by higher uNDF and lower di-
etary starch content, providing less energy for microbial 
growth and rumen function.

Among mineral content in milk (Table 2), only Mg 
showed a significant difference between both groups, re-
vealing greater content when cows were fed with STMR 
instead of HTMR (Table 2). A third of milk Mg is associ-
ated with casein (Gaucheron, 2005), which could explain 
the greater Mg content in milk from STMR than HTMR. 
Moreover, it has been also reported a higher absorption 
of silage minerals compared with alfalfa hay (Martz et 
al., 1990), and that the concentration of Ca, Mg, and Zn 
have also been shown to increase when adopting the si-
lage conservation method as opposed to the drying hay 
process (Schlegel et al., 2018). This increase can be at-
tributed to the release of gases during fermentation and 
the volatilization of certain compounds throughout the 
fermentation process (Schlegel et al., 2018). Despite the 
higher mineral content of the alfalfa forage, the relative 
bioavailability in hay is potentially low because they 
are often produced from plants harvested at late stages 
of maturity (Spears, 1994). The latter author reported 
a markedly decreased content in several minerals, es-
pecially P, with increasing maturity of forages (Spears, 
1994). Moreover, harvesting process exert a high im-
pact on macro- and micromineral concentrations due to 
mechanical losses (Schlegel et al., 2018). On the other 
hand, Manzocchi et al. (2021) reported no effect of the 
preservation method on milk mineral content with excep-
tion for P content, which was greater in cow milk fed a 
ryegrass hay-based diet.

The effects of the diet’s forage type on milk techno-
logical traits observed in the present study (Table 3) are 
partially in agreement with Manzocchi et al. (2020), 
who found similar milk acidity, RCT, k20, and a30 after 
feeding diets based on ryegrass hay, grassland, or corn 
silage-based to dairy cattle. The increased TA in the 
STMR milk may be due to the combination of numeri-
cally higher protein and P, and higher Mg content in the 
milk, according to Schmitt et al. (2014). The higher k20 
found in HTMR milk may be also a consequence of the 
lower fat content of the milk from those farms (Table 
2). Concerning the RCT, which was similar between 
diets, our study is partially in contrast with the results 
of Coulon et al. (1995), who reported lower RCT in the 
milk from corn silage-fed cows. From a practical stand-
point, the increased fat and Mg content of the milk of the 
STMR group, along with the shorter curd firming time, 
suggest a potential for higher cheese yield and shorter 
cheese-making process. Which in turn, means enhanced 
production efficiency and income.

Simoni et al.: MILKING SYSTEM, FORAGE TYPE, AND MILK QUALITY
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Milk protein fractions were unaffected by the diet’s 
forage type, except for β-LG A and β-LG B (Table 4). 
The β-LG is a whey protein of the lipocalins family (Kon-
topidis et al., 2004), which acts as a nano-transporter for 
several molecules (e.g., FA, retinoid species, vitamin A 
and D, cholesterol; Edwards and Jameson, 2014). Var-
lamova and Zaripov (2020) reported that milk from cows 
carrying the β-LG gene in the B allele gave the highest 
yield and a denser rennet clot, which resulted in shorter 
coagulation time. In our study, the highest β-LG B was 
found in milk from HTMR fed cows which is in contrast 
with the mentioned research results. However, it should 
be noted here that our findings could have been affected 
in this case by the genomic divergence within the Italian 
Holstein breed for the milk protein fractions, related to 
the use of this breed in different dairy production con-
texts, as highlighted by Ablondi et al. (2021). Thus, an 
imbalanced distribution of the different β-LG genotypes 
in the studied herds could have biased our results for 
this phenotypic trait. For instance, the regulation of the 
Parmigiano Reggiano cheese tends to enhance the inter-
nal recruitment of replacement heifers. Moreover, part 
of these differences may also be affected by the herd’s 
variation in the stage of lactation.

CONCLUSIONS

The results of the present study highlight the effect of 
the implementation of AMS on milk quality, which leads 
to a lower milk fat and β-LG A, and greater K content, 
pH, FP, and β-LG B. On the other hand, the use of corn 
silage instead of alfalfa hay as the main dietary forage 
and the consequent modifications of the diet ingredients 
yielded milk with a greater fat, Mg, titratable acidity, 
and β-LG A, and lower k20, FP, and β-LG B. Thus, milk 
composition differences are mirroring both diet forage 
type and milking system.
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