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Abstract

The aim of this cross-sectional study was to test whether there is an
association between clinical mastitis incidence and variations in dry
matter intake in lactating dairy cows. Data were collected and analyzed
from two voluntarily participating dairy herds (1,000 -1,200 cows)
between 2017 and 2018. Lactating cows were assigned to seven “effec-
tive” husbandry groups (HGeff), considering important performance
parameters such as lactation number, lactation day, reproductive
status, and health status. The average daily dry matter intake of a cow
in a husbandry group was determined once a week. Dry matter was
determined using dehydration equipment that dried the fresh masses
of the total mixed ration (TMR) in a standardized way. The incidence
of clinical mastitis was calculated for different aetiological groups
(environment associated mastitis pathogens, cow-associated mastitis
pathogens, NAS (non-aureus staphylococci) and no growth cases). Dry
matter intake (DMI) per individual cow was calculated as the averaged
value plus the associated standard deviation (DMI (sd)) from weekly
examinations of each husbandry group (HGeff). The average dry matter
intake per cow per day was 23.6 kg +/- 3.7 kg. Environment associated
pathogens were found in about half of all clinical mastitis cases (49.4
%). Cow-associated pathogens were found in 4.8 % of clinical masti-
tis cases. In all models, the different clinical incidences of mastitis
studied were significantly associated with HGeff. In most cases, the
incident rates were significantly higher in the fresh milking and high
milking groups compared to the other groups. The incidence of clinical
non severe mastitis cases (only mild and moderate cases) caused by
environment associated microorganisms was further associated with
variation in dry matter intake, with higher variation related to higher
clinical mastitis incidence. Further studies are needed to verify this
association.
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Introduction
Anecdotal reports have shown a correlation between feed intake and
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the incidence of mastitis. A common measure of feed intake in dairy
cows is dry matter intake (DMI) [1]. As there are few reports in the
literature on dry matter intake and mastitis, it seems even more
important to further investigate the issue of feeding and the result-
ing incidence of mastitis. In their study, Becker et al. describe that
there is little knowledge about phenotypic and genetic correlations
between disease susceptibility and DM, as recording feed intake and
accurately recording diseases is expensive and, moreover, the joint
evaluation of both types of data is not trivial [2]. Cows are capable of
devouring at least 4 % of their live weight in dry matter (DM) [3]. The
mean DMI of cows is related to lactation number, lactation status,
and body condition score (BCS) [4]. A reduced DMI is a risk factor
for postpartum diseases (postpartum paresis, metritis, abomasal dis-
location) and associated losses in milk production [5]. According to
studies by Grummer et al. [6], only 18 % of the variation in DMl intake
in cows is due to the importance of parity, body condition score, and
various feed components. Obviously, there are many other factors af-
fecting DM that need to be identified. Aspects of farm management
that may influence animal stress need to be investigated, especially
around calving when cows are naturally susceptible to reduced feed
intake [6].

It is unclear to what extent feeding and, in particular, DMI or varia-
tions in DM are related to the occurrence of mastitis. However, such
a relationship has been reported anecdotally in the past. Feeding-re-
lated issues that may be associated with decreased mammary gland
defense mechanisms include feed quality, feeding management,
ration changes or modification of individual feeding [7]. Good basic
forage qualities and silage qualities that are as consistent as possible
are associated with better udder health [8]. Avoiding unstable feeds
or those with a high proportion of very rapidly digestible starch are
associated with better udder health [9]. A small bunk space increases
the number of aggressive interactions between the animals and re-
duces feed intake, which has a negative effect on milk production [10].
According to Barkema et al. [11], DMI is higher and mastitis rates are
lower when number of feeding places per cow is > 0.8 to < 1.1 versus
<0.8. Another aspect is lactation stage-adapted feeding; for example,
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avoidance of obesity in heifers and dry-cows is associated with lower
rates of new mastitis [12]. Systematic monitoring of the risks described
above, as well as careful feed selection, feeding, and animal control,
can limit the resulting udder health disorders [13]. In addition, the dry
matter content of the total mixed ration (TMR) is critical because if a
ration is suboptimal, intake will also be reduced due to slowed rumen
fermentation [14]. Inadequate water supply or poor drinking water
quality in addition to affecting health leads to reduced feed intake and
reduced milk yields as well as udder health disorders [15].

At the beginning of lactation, an energy deficit is almost always present
in high-yielding cows. This energy gap is due to inadequate feed intake
compared to milk yield [16]. Cows do not reach their maximum feed
intake capacity of > 20 kg dry matter until the 12th week of lactation,
with a peak milk yield as early as the 8th week of lactation [17]. If an
attempt is made to compensate the energy deficit, rumen acidosis can
occur very quickly. Rumen acidosis can be accompanied by secondary
diseases in the claw and hock area, which, in turn, have a negative
effect on feeding performance, especially in loose housing.

Variations in DMI are associated with increased risk of undesirable
acid-based imbalance and signs of adverse rumen physiology (diarrhea
or left abomasal displacement) [18]. This significantly affects the im-
mune system of the animal [19]. Farm management continues to be a
crucial factor, as the feeding person, the quality of the basic feed, and
the ranking of the animals are significantly decisive for DMI fluctua-
tions [18]. Another study suggests that there may be greater variation
in DMI, rumination time, reticulorumen pH, and milk production in
early lactation when animals are fed a diet of longer straw particles
[20]. In addition to the influences on the clinical incidence of mastitis,
which are mapped by the husbandry group (including the differences
in DMI), we explicitly looked at the variation in dry matter intake over
time, independent of diseases in a husbandry group. For this purpose,
the weekly mean dry matter intake for each husbandry group and the
variation thereof in a three-week rhythm were used.

The aim of this study was to investigate whether average DMI or varia-
tions in average DMI from week to week of a mean individual cow in a
husbandry group are associated with the occurrence of clinical mastitis
in the individual animal.

Material and Methods

Study design - farm demographics: A cross-sectional study was
carried out from February 2017 to January 2018 on two commercial
dairy farms in Mecklenburg-Western Pomerania, Germany. The herds
consisted of 1,000 and 1,200 Holstein-Friesian dairy cows. Annual milk
yield (305d) ranged from 11,000 to 13,202 kg energy corrected milk
(ECM)/cow, with a bulk milk somatic cell count of 164,000 to 280,000
cells / mL. All study animals were housed in free-stall barns with
cubicles. A modern outside rotary milking parlor with 60 places was
located in the middle of the barn on both farms. The cows received a
TMR depending on their production level and all lactating cows were
milked three times a day. On both farms, the barn was equipped with
overhead belt feeding. The prepared forage was transported from the
mixer to the individual feeding tables via belts and evenly distributed
in the barn. This was ensured by a metering unit that loaded the exact
amount of TMR over to the belts by computer. The exact amount of
feed was determined by lactation performance and group. Fresh cows,
mid lactation, and old lactation cows were fed serval times per day. The
belt feeding system used in the experimental farms controlled the DMI
concerning the time interval between two feed presentations and not
the residual amount. Both farms made an effort to maximize the dry

matter intake. The lactating cows were housed in individual husbandry
groups (HG) including 45 — 90 animals, considering lactation number,
days in milk (DIM), reproductive status and state of health. Cows of the
same performance class and of the same feeding ration were grouped
in one HG. Animals from the 11 individual farm-specific husbandry
groups were assigned to seven husbandry groups (HGeff) considering
important performance parameters such as lactation number, lactation
day, reproductive status, and health status (Table 1). The effect of dis-
eases that only occur in certain lactation phases was taken into account
in the HGeff.

Data collection and sampling: Clinical mastitis was detected by
fore-milking by trained milking personnel immediately prior to milking.
Each clinical mastitis case was assigned a corresponding mastitis grade
according to the International Dairy Federation (IDF) [21]. If clinical
mastitis was detected, a quarter milk sample was collected aseptically
from the affected quarter for cytomicrobiological examination. The
sample tubes contained a boric acid-based preserving agent (“Ly20” )
as a stabilizer and were stored cool [22]. According to recognized stud-
ies, the stabilizer “LY20” is suitable and approved for both cytological
and cultural examination of udder pathogens [22]. Each animal was
treated appropriately based on the farm-specific treatment plans after
mastitis has been detected. All milk samples were sent to the labora-
tory at the University of Applied Sciences and Arts Hannover once a
month for cytomicrobiological examination. Once a week, a dry matter
sample was taken from the appropriate feeding belt for each husband-
ry group. The exact procedure is described in the section Dry matter
determination of the TMR.

Laboratory procedures - milk samples: Microbiological analysis
of the milk samples was performed in accordance with the GVA
guidelines [23]. A total of 10 uL of each milk sample was cultured on
esculin blood agar (Oxoid Deutschland GmbH, Wesel, Germany). . The
plates were analyzed after a 24-hour and 48-hour incubation period at
37 °C. The grown colonies were initially differentiated by their hemoly-
sis status, esculin hydrolysis, cell morphology, and Gram staining. The
exact mastitis diagnostic has already been described [24].

Dry matter determination of the TMR: Once a week, the dry matter of
the presented full TMR per husbandry group was determined and con-
verted to the mean DMI per cow and feeding group by weighing and
backweighing the leftover ration. For this purpose, 100 g of the fresh
masses of the full TMR of each of the different husbandry groups were
taken and dried in duplicate at 70°C for four hours using a drying ap-
paratus (Concept, Gobi). The dried material was weighed and the dry
matter content was calculated from the fresh matter and dry matter
values. The fresh mass of the submitted TMR was recorded and docu-
mented weekly for each husbandry group. From the total dry matter,
the average DM for the individual animal could be calculated. Thus, the
following parameters of DMI were available: absolute average DMI per
animal; week-to-week variation in DMI (standard deviation). The mean
DMI variation and the standard deviation of the DMI variation of the
husbandry group were calculated from the DMI of the previous week,
the current week and the following week of a group, respectively.
Clinical mastitis incidence: Various clinical mastitis incidences were
calculated per 100 cow weeks under risk. The total clinical mastitis
incidence(Ml) included mild, moderate, and severe cases (M1-M3) for
all pathogens, and the clinical mastitis incidence caused by different
pathogen groups (environment-associated, cow-associated, and no
growth/opportunistic Ml.) Since a disease-related decrease in DMI can
be assumed for severe mastitis, the incidences of mild and moderate
mastitis were also combined as another possible outcome variable.
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Table 1: Description of the different husbandry groups in the 2 experimental farms + weekly averaged dry matter intake (dry matter

intake, mean and standard deviation) per husbandry group

HG(eff)' Group characteristics Farm 12 Farm 2? DMI (mean)? DMI (sd)*
1 hospital pen 45 73 23.6 2.3
2 fresh cows 80 174 24.1 2.0
3 high lactation 139 178 24.2 2.0
4 high lactation 0 344 24.1 3.6
5 mid + late lactation 191 268 23.2 2.2
6 late lactation 184 166 21.9 3.0
7 mid lactation 187 0 24.2 2.2

: Husbandry group - cows of one performance class and the same feeding ration combined

1

2: mean number of animals per HG/farm

3 : average DM per cow (mean)

4: DMl variation per cow measured over three weeks (standard deviation)

The effective husbandry groups (HGeff) consisted of a total of seven
groups and meant that cows with the same feeding and lactation from
both farms were grouped together (Table 1).

Statistical analysis: Data were collected using Excel 2010 (Microsoft
Inc., Redmond, WA, USA) and analyzed using SPSS (SPSS 26.0, Chicago,
IL, USA). The statistical unit was the husbandry group per week (re-
peated measurements). Since the groups were dependent on lactation
numbers and lactation stages, effects on DMI (diseases close to birth)
as well as effects on clinical mastitis incidences were also mapped by
this group classification. The classification of the groups reflected the
lactation period. The diseases were ordered according to the lactation
stage they occurred in and thus grouped under the aspect of HGeff.
Generalized mixed models were calculated for statistical analysis.
The dependent variables were the total number of clinical mastitis
incidences (clinical mastitis cases per week per cows under risk in a
husbandry group; Ml), total mild and moderate Ml; environment-asso-
ciated MI; cow associated Ml and no growth/opportunistic MI. Explan-
atory variables were the effective husbandry group (HGeff), mean DMI
per husbandry group and standard deviation (sd) as variation of DMI.
The predictor effective husbandry group was used to group accord-
ing to the results of lactation stage (early, medium, late, and special
groups (heifers, long milkers, mastitic cows, health status). Farm and
husbandry group on a farm were included as (nested) random effects.
The multivariable analysis was performed using a backward stepwise
selection and elimination procedure. After each run, the variable with
the highest p-value was excluded from the model until all variables had
p < 0.05. The most optimal model was evaluated using the Akaike in-
formation criterion (AIC), where an AIC with the lowest value indicated
the best model. Confounding was monitored by the change in the co-
efficient of a variable after re-moving another variable from the model.
If the change of the estimates exceeded 25 %, the removed variable
was considered a potential confounder and was included again in the
model. In the final models, biologically plausible two-way interactions
were tested. Model fit was evaluated by checking normality of the
residuals. Least square means from the model were calculated for the
HGeff groups. A p-value < 0.05 was considered indicative of a statisti-
cally significant difference.

Results

The objective of this study was to determine whether there is an as-
sociation between parameters of DMI and mastitis incidence in dairy
cows.

DMI: DMI was calculated as the averaged value plus the associated
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standard deviation (DMI (sd)) from the weekly examinations of
the husbandry groups (HG). This resulted in an average DMI of
23.6 kg +/- 3.7 kg. The mean DM per husbandry group of the respec-
tive current week, the previous week, and the post-week over a total
of 52 weeks were considered. The maximum average DMI per cow was
24.2 kg (high lactation) and the minimum was 21.9 kg (late lactation,
Table 1).

Table 2: Mean incidence of mastitis per husbandry group and
100 cow weeks at risk

Pathogen group/ mastitis incidence

HG(eff) Mean Environ- Cow? NaS/ No
mastitis ment? (others)* growth®
incidence’

1 0.82 0.54 0.00 0.10 0.18
2 2.20 1.03 0.00 0.64 0.53
3 2.28 0.99 0.00 0.77 0.52
4 1.60 0.72 0.01 0.49 0.38
5 1.13 0.45 0.04 0.36 0.28
6 0.62 0.25 0.01 0.19 0.17
7 0.84 0.38 0.04 0.21 0.21
Total 1.35 0.59 0.02 0.40 0.34

1. mastitis incidence is the rate of new disease in animals under risk and

time (mastitis incidence per 100 cow weeks under risk)

2 . incidence of mastitis with environment-associated (IM1)

3 . incidence of cow-associated mastitis pathogens

4 incidence of minor pathogen e.g. NaS (non-aureus staphylococci) and
others such as Coryneforms

5 . incidence of no bacterial growth

Mastitis incidence: Mastitis incidence is the rate of clinical mastitis of
animals under risk and time (per week). There were 1.35 clinical masti-
tis cases per 100 cow weeks under risk in an HGeff. The incident rate of
mastitis per HGeff during the experimental period is shown in Table 2.
A total of 1090 clinical cases of mastitis were enrolled in the study from
February 2017 to January 2018. Most cases of clinical mastitis were
caused by environmental pathogens. Environment-associated patho-
gens occurred in 49.4 % of mastitis cases. Cow-associated pathogens
occurred in 4.8 % of cases. NAS were found in 5.4 % of mastitis cases.
No bacteriological growth was detected in 33.2 %. A total of 0.4 % of
the samples were contaminated and two different microorganisms
(mixed) were detected in 4.9 % of the samples (Table 3).
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Table 3: Microbiological findings of the mastitis samples

Microbiological Findings Farml_n Farm1_%' Farm2_n Farm2_%' Total_n Total_%'

Environment-associated?
S. uberis 180 32.0 113 21.4 293 26.9
E. coli 63 11.2 66 12.5 129 11.8
S. dysgalactiae 44 7.8 36 6.8 80 7.3
Other Streptococci 2 0.4 1 0.2 3 0.3
Coliforms 4 0.7 7 13 11 1.0
Coryneform bacteria 7 1.2 0.0 7 0.6
Enterococcus spp. 6 11 10 1.9 16 1.5

Cow-associated?
S. aureus 14 2.5 20 3.8 34 31
T. pyogenes 12 21 7 13 19 1.7

Others
Pseudomonas spp. 0.0 4 0.8 4 0.4
Bacillus spp. 2 0.4 1 0.2 3 0.3
Yeasts 6 11 6 1.1 12 1.1
Klebsiella spp. 0.0 1 0.2 1 0.1
Nas* 19 3.4 40 7.6 59 5.4
Mixed 27 4.8 26 4.9 53 4.9
Contaminated® 2 0.4 2 0.4 4 0.4
No growth 175 31.1 187 35.5 362 33.2

Total 563 100.0 527 100.0 1090 100.0

1 percentage of mastitis of the total mastitis cases (within farm 1, within farm 2 or for both farms together)

2 : environment-associated mastitis-causing microorganism

3 : cow-associated microorganism

4: non-aureus staphylococci

5

: more than two different pathogens were detected

Associations - multivariable analyses: We applied models with differ-
ent mastitis incidences (M) as target variables. These variables were
the overall mastitis incidence, Ml caused by environmental associated
pathogens and the MI caused by cow associated pathogens and Ml
caused by opportunistic pathogens and mastitis cases without detec-
tion of causing pathogens. We also applied the models for the mastitis
incidence rates respecting only mild and moderate mastitis cases.
Except for the clinical mastitis incidence models of cow-associated
mastitis pathogens, which could not be formed, all models showed that
mastitis incidence was significantly associated with HGeff. Significantly
higher mastitis rates (in all variants) were found in HGeff of fresh cows
and high yielding cows compared to all other HGeff (Table 4). Since
the groups were dependent on lactation numbers and lactation stages,
effects on dry matter intake (diseases close to birth) were also mapped
by this group classification. Thus, the variable HGeff included the
known lactation-dependent risks on the clinical incidence of mastitis.
An association of DMI, and in particular the influence of DMI variation
per cow measured over three weeks (DMlsd) on mastitis incidence
could be shown for environmental pathogen-associated mild and mod-
erate mastitis incidence (p = 0.03) only. The incidence of mastitis in-
creased with increasing variation in DMI (measured over three weeks).

Discussion

The aim of the present study was to investigate whether the occur-
rence of mastitis in dairy cows is related to DMI. The data from our
study showed that in the case of environmental mastitis, regardless of
all already known risk factors which are compromised in the husband-

ry groups, variation in dry matter intake was a significant factor. This
possibly means that beyond the lactation-dependent influence on the
clinical incidence of mastitis, this is influenced under certain conditions
by the variation in dry matter intake. This applies to mild and moderate
cases of clinical mastitis caused by environment associated mastitis

Table 4: Results of multivariable analyses (mastitis incidence
for non-severe mastitis with environment-associated mastitis
pathogens only)

Estimates®
Aver- Std. 95% Confidence

Variables age Error df Sig. Interval

Lower Upper
HG_eff_1 0.003* 0.0013 42517 0.172 0.002 0.004
HG_eff_2 0.006° 0.0003 424.74 0.001 0.005 0.008
HG_eff 3 0.007° 0.0011 426.33 0 0.006 0.008
HG_eff_4 0.007° 0.0013 401.76 0.036 0.005 0.009
HG_eff_5 0.004° 0.0011 423.95 0.781 0.003 0.005
HG_eff_6 0.002° 0.0011 417.23 0.136 0.001 0.003
HG_eff_7 0.004°* 0.0011 420.31 0 0.002 0.005
DMisd 0.002 0.0009  2.172 0.03 0 0.004

a. Dependent variable: incidence of non-severe clinical mastitis with environ-
mental IMI

b. The covariates in the model were calculated using the following values:
DMllog_sd = 1.265
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pathogens. The dry matter intake of each group was not significantly
associated with the incidence of mastitis.

In our study the mastitis incidences were calculated for effective hus-
bandry groups (HGeff). For the formation of these groups lactation
number, days in milk (DIM), reproductive status and state of health
were considered. Cows in the same performance class and with the
same feeding ration were grouped. The aforementioned parameters
were risk factors for mastitis which were unevenly distributed in the
husbandry groups. The risk of a clinical mastitis occurring is higher in
fresh cow groups and high yielding cows as described by Schmenger
and Kromker [25].

A negative energy balance in early lactation occurs frequently in dairy
cows [26]. With negative energy balance, cows are under metabolic
stress, which, in turn induces immune suppression. This also leads to a
higher susceptibility to diseases such as mastitis, hoof and leg diseases
and metabolic diseases [27]. Any decrease in average DMI as a per-
centage of body weight increases the likelihood of ketosis and clinical
mastitis [28]. Consequently, there are phases in lactation when low
DM occurs due to poor feed supply and insufficient feed quality or sick
cows that do not eat worsens the energy balance and further negative-
ly affects health [29]. These effects are mapped in our study by HGeff.

The effect of dry matter variation on clinical mastitis rates that we
found cannot be explained by the above arguments alone. This effect
is also present in later lactation. Furthermore, absolute dry matter in-
take is not significantly associated with clinical mastitis incidence, only
variation.

High quality and accurate ration calculation are crucial for an adequate
dry mater intake [30]. If the dry matter of the TMR is insufficient, it will
lead to a shift in the energy, protein, and crude fiber content of the to-
tal mixed ration. The passage rate is too slow and the feed intake of the
cow decreases. Overfeeding of some minerals, too much degradable
protein or degradable starch in the ration, not infrequently results in
a very liquid slurry with a consistency like pea soup (mushy and wa-
tery) [31]. The resulting contamination of the udder and manipulation
of the teat canal by daily milking pave the way for invading bacteria.
These results emphasize the importance of efficient management and
the use of protocols to monitor DMI [32]. These aspects are possible
explanations for the found association. Determining the causes of this
effect is reserved for further research.

The mastitis incidence in the present study was 1.35 % per week with a
total of 1090 cases during the trial period. Compared to the usual inter-
national target values for mastitis incidence, these values are high [33].
Possible explanations for this are that first and recurrent cases were
enrolled and not registered separately. Moreover animal husbandry in
old barn buildings, difficult hygienic conditions in the barn and many
chronic mastitis cows were contributory factors. On the other hand,
detection rates of mastitis were good. When recording mastitis, the
milkers proceeded according to a defined scheme for the assessment.
It is common knowledge that different personnel influence the regis-
tration of mastitis cases. However this was not the case in the current
study as we had the same milking personnel during the entire trial
period. Furthermore, the laboratory work was standardized and unaf-
fected by variations.

DM variation was a significant factor in the models with and without
severe mastitis cases. This is important because significance in all mas-
titis cases could also be interpreted as an effect of reduced dry matter
intake in the animal severely affected by mastitis in HGeff. Thus, the
model is valid for mild and moderate cases of mastitis.

It would be beneficial to conduct a follow-up study, preferably in an
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experimental barn with weighing troughs and installed cameras, so
that an accurate statement can be made regarding dry matter intake of
individual animals in relation to mastitis incidence.

Conclusion

The present study has shown that on the experimental farms the
incidence of clinical mastitis caused by environmental pathogens is
associated with variation in dry matter intake. The incidence increased
with increasing variation in dry matter intake. The results indicate that
uniform dry matter intake should be strived for in herd management
and that monitoring the mean dry matter intake of animal groups is
useful for identifying disease risks. DMI monitoring offers the farm
manager the possibility of quickly and easily checking his own feedings
and reacting accordingly to the results to ensure optimal rationing of
the herd.

Disclosure of conflicts of interest
The authors declare no conflict of interest.

Compliance with Ethical Standards

This study has been conducted in compliance with ethical standards.
All applicable guidelines for the care and use of animals were followed.
The study was performed in accordance with the guidelines of the
Declaration for the Care and Use of Animals, and was reviewed by the
Animal Welfare Commission of the University of Applied Sciences and
Arts Hannover, Hannover, Germany, and approved by the Animal Wel-
fare Officer (file number of the Animal Welfare Office TVO-2017-V-79;
date of approval July 5, 2017).

Acknowledgments

The authors would like to thank the farmers for providing their cows
and their assistance with sampling, and the staff of the Microbiology
Working Group and all persons involved. We would also like to thank
Frances Sherwood-Brock for proofreading the English manuscript.

References

1. Shulin L, Chaoqun W, Wenchao P, Jian-Xin L, Hui-Zeng S. Predicting
Daily Dry Matter Intake Using Feed Intake of First Two Hours after
Feeding in Mid and Late Lactation Dairy Cows with Fed Ration
Three Times Per Day. Animals 2021; 11: 104.

2. BeckerV, Stamer E, Thaller G. Liability to diseases and their rela-
tion to dry matter intake and energy balance in German Holstein
and Fleckvieh dairy cows. J Dairy Sci. 2021; 104(1), 628-643.

3. Queensland Government Department of Agriculture and Fisher-
ies. Feed intake- Importance of dry matter intake. 2014.

4. Roche JR, Friggens NC, Kay JK, Fisher MW, StaffordKJ, Berry DP.
Invited review: Body condition score and its association with
dairy cow productivity, health, and welfare. J Dairy Sci. 2009;
10(3168):2009-2431.

5. Gross JJ, Bruckmaier RM. The 17th International Conference on
Production Diseases in Farm Animals: Editorial. J Anim Sci. 2020;
98(Suppl 1):51-S3.

6. Grummer RR, Mashek DG, Hayirli A. Dry matter intake and energy
balance in the transition period. Vet Clin North Am Food Anim
Pract. 2004 Nov; 20(3):447-70.

7. Geiger AJ, Parsons CLM, Akers RM. Feeding a higher plane of
nutrition and providing exogenous estrogen increases mammary
gland development in Holstein heifer calves. J Dairy Sci. 2016;
99(9):7642-7653.



Milk production

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Grant RJ, Ferraretto LF. Silage review: Silage feeding management:
Silage characteristics and dairy cow feeding behavior. J Dairy Sci.
2018; 101(5):4111-4121.

Kok A, Chen J, Kemp B, van Knegsel ATM. Review: Dry period
length in dairy cows and consequences for metabolism and wel-
fare and customised management strategies. Animal. 2019 Jul;
13(S1):42-51.

DeVries TJ, Keyserlingk MAG. Feed Stalls Affect the Social and
Feeding Behavior of Lactating Dairy Cows. J Dairy Sci. 2006;
89(9):3522-3531.

Barkema HW, Schukken YH, Lam TJ, Beiboer ML, Benedictus G,
Brand A. Management practices associated with the incidence
rate of clinical mastitis. J Dairy Sci. 1999 Aug;82(8):1643-54.

De Vliegher S, Fox LK, .Piepers S, McDougall S, Barkema HW.
Invited review: Mastitis in dairy heifers: Nature of the disease, po-
tential impact, prevention, and control. Invited review: Mastitis in
dairy heifers: Nature of the disease, potential impact, prevention,
and control. J Dairy Sci. 2012; 95(3):1025-1040.

Zoche V, Heuwieser W, Kromker V. Risk-based monitoring of udder
health. A review. Tierarztl Prax Ausg G Grosstiere Nutztiere. 2011;
39(2):88-94.

Scharen M, Seyfang GM, Steingass H, et al. The effects of a ration
change from a total mixed ration to pasture on rumen fermenta-
tion, volatile fatty acid absorption characteristics, and morpholo-
gy of dairy cows. J Dairy Sci. 2016;99(5):3549-3565.

Lukas JM, Reneau JK, Linn JG. Water intake and dry matter
intake changes as a feeding management tool and indicator
of health and estrus status in dairy cows. J Dairy Sci. 2008 Sep;
91(9):3385-94.

Erickson PS, Kalscheur KF. Nutrition and feeding of dairy cattle.
Animal Agriculture. 2020 : 157-180.

Connor EE. Invited review: improving feed efficiency in dairy pro-
duction: challenges and possibilities. Animal. 2015;9(3):395-408.
Sundrum A. Metabolic Disorders in the Transition Period Indicate
that the Dairy Cows’ Ability to Adapt is Overstressed. Animals.
2015; 5(4): 978-1020.

Thompson-Crispi K, Atalla H, Miglior F, Mallard BA. Bovine Mas-
titis: Frontiers in Immunogenetics. Front Immunol. 2014; 5: 493.
Coon RE, Duffield TF, DeVries TJ. Effect of straw particle size on the
behavior, health, and production of early-lactation dairy cows. J.
Dairy Sci. 2018; 101(10):6375-6387.

International Dairy Federation (IDF). Suggested interpretation of
mastitis terminology. Bulletin of the IDF. 1999; 338, Brussels.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Heeschen W, Reichmuth J, Tolle A, Zeidler H. The preservation of
milk samples for bacteriological, cytological and inhibitory biolog-
ical examination. Milchwissenschaft. 1969; 24, 729-734.

German Veterinary Association (GVA). Guidelines for taking milk
samples under antiseptic conditions and isolation and identifica-
tion of mastitis pathogens. 2nd ed.; Verlag der Deutschen Veter-
inarmedizinischen Gesellschaft e.V., 2009. GieRen

Brennecke J, Falkenberg U, Wente N, Kromker V. Are Severe Mas-
titis Cases in Dairy Cows Associated with Bacteremia? Animals.
2021;11(2):410.

Schmenger A, Kromker V. Characterization, Cure Rates and As-
sociated Risks of Clinical Mastitis in Northern Germany. Vet Sci.
2020;7(4):170.

Krattenmacher N, Thaller G, Tetens J. Analysis of the genetic archi-
tecture of energy balance and its major determinants dry matter
intake and energy-corrected milk yield in primiparous Holstein
cows. J Dairy Sci. 2019 Apr;102(4):3241-3253.

Esposito G, Irons PC, Webb EC, Chapwanya A. Interactions be-
tween negative energy balance, metabolic diseases, uterine
health and immune response in transition dairy cows. Anim Re-
prod Sci. 2014;144(3-4):60-71.

Biinemann K, Von Soosten D, Frahm J, Kersten S, Meyer U, Hum-
mel J, Zeyner A, Danicke S. Effects of Body Condition and Concen-
trate Proportion of the Ration on Mobilization of Fat Depots and
Energetic Condition in Dairy Cows during Early Lactation Based on
Ultrasonic Measurements. Animals (Basel). 2019 Mar 29;9(4):131.
Méndez MN, Chilibroste P, Aguerre M. Pasture dry matter intake
per cow in intensive dairy production systems: effects of grazing
and feeding management. Animal. 2020 Apr;14(4):846-853.
Havekes CD, Duffield TF, Carpenter AJ, DeVries TJ. Moisture con-
tent of high-straw dry cow diets affects intake, health, and per-
formance of transition dairy cows. J Dairy Sci. 2020;103(2):1500-
1515.

Arroyo JM, Hosseini A, Zhou Z, et al. Reticulo-rumen mass, epi-
thelium gene expression, and systemic biomarkers of metabolism
and inflammation in Holstein dairy cows fed a high-energy diet. J
Dairy Sci. 2017;100(11):9352-9360.

Gumen A, Keskin A, Yilmazbas-Mecitoglu G, Karakaya E, Wiltbank
M. Dry period management and optimization of post-partum
reproductive management in dairy cattle. Reprod Domest Anim.
2011;46 Suppl 3:11-17.

Kromker V, Leimbach S. Mastitis treatment-Reduction in antibiotic
usage in dairy cows. Reprod Domest Anim. 2017;52 Suppl 3:21-29.

Copyright © 2022 Milk Science International. This is an
open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY) 4.0. The use, distribution
or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accor-
dance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these
terms.

Milk Science International (75) 2022 P. 1-6
ISSN 2567-9538 ; https://doi.org/10.48435/MSI.2022.1




