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Abstract
Modern dairy breeds are capable of producing enormous quantities of milk. Animals are subjected to stressful

situations that can harm their health, effort to consume, digest and metabolize enough nutrients to meet lactation
requirements. Metabolic illnesses like hypocalcemia, ruminal acidosis and ketosis are common problems and will completely
affect the health and production of dairy animals. The majority of the health issues that result from such disorders are
caused by the inability to metabolize enough nutrients. Proper nutrition can help minimize the prevalence of these
illnesses. Furthermore, some specific measures provide extra benefits in the prevention of nutrition-related metabolic
disorders. Basic physiological processes that must be preserved during the periparturient period to prevent metabolic
disease include maintaining a strong immune system, adapting rumen and its microbes to lactation diets and maintaining
calcium metabolism. Knowledge of these metabolic diseases and how to treat them must be known and updated for the
successful management of dairy animals. This review aims to understand the significant nutritional metabolic changes
that affect production and its appropriate mitigation strategies.
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Highlights
 Metabolic disorders like hypocalcemia, ruminal acidosis, ketosis, etc are prevalent in modern dairy breeds and

proper animal nutrition can reduce the occurrence of these disorders.
 Suitable nutrition and management of the high-yielding dairy animals especially during the transition phase is

critical for the prevention of major metabolic disorders.
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INTRODUCTION
Dairy animals are more susceptible to metabolic

problems than other domestic animals, and metabolic
diseases in animals involve disruptions of metabolic
processes (Pryce et al., 2016). Metabolic illnesses like
hypocalcemia, ruminal acidosis and ketosis are
common and will completely affect the health and
production of dairy animals. High yielders have a
tendency to have more metabolic anomalies if proper
feeding and care are not managed, especially between
calving and until the peak of lactation is reached
(Caixeta and Omontese, 2021). The most crucial stage
of the transition period is generally outlined as the
three weeks before and after calving. The period is
associated with numerous changes including hormonal
and behavioral changes resulting in increased stress
levels and compromised immunity (Bertoni et al.,
2008). Dairy animals go through significant metabolic
and physiological changes during the transition period
to prepare to produce milk. Transitional diseases may

be more likely to develop if these metabolic changes
are not adequately controlled, which may result in
metabolic stress. Metabolic stress can be explained as
a physiological condition that includes inflammation,
oxidative stress and abnormal nutrient metabolism
(Wisnieski et al., 2019).

 Moving from the non-lactating to lactating phase
along with a drop in feed intake and changing the diet
from a more forage-based diet to a more concentrate-
based diet enhances the chances of negative energy
balance (NEB), thereby favoring the existence of
metabolic diseases in dairy cows (Sundrum, 2015).
Cows must use body reserves to make up the difference
between the energy they get from food and the energy
they need to produce milk while they are in an NEB.
Energy scarcity and metabolic illness including
hepatic lipidosis and ketosis are recognized to be
interconnected. Dairy cows with energy deficits also
suffer from reduced immune systems and are more prone
to diseases (Lacasse et al., 2018). The complexity and



extent of negative energy balance are directly related
to dry matter intake (DMI). Periparturient diseases may
develop as a result of unfavorable ruminal conditions
brought on by a prepartum diet high in grains that may
be made worse by crowding, heat stress, or any other
type of stress (Cardoso et al., 2020). There are numerous
metabolic diseases identified in dairy animals after

parturition, and the most common ones are the
following: subacute and acute ruminal acidosis,
laminitis, hypocalcemia, ketosis, left displaced
abomasum, fatty liver, hypomagnesemia. The
incidence rate of these diseases based on recent studies
is listed in Table 1. These kinds of diseases are called
metabolic disorders associated with the fact that they

Table 1. Recent studies on the effect of various feed supplements on major metabolic diseases of dairy animals

Sl. Nutritional Objective of the study Observation recorded References
No.     aspect
1 Acidogenic diet To find whether the feeding Giving cows with induced Pizoni et al.,

an acidogenic diet in late hypocalcaemia an acidogenic 2022
gestation influences the diet for 15 days changed other
metabolism of cows with parameters besides calcium,
experimentally induced demonstrating that it may
subclinical hypocalcaemia. not be healthy for animals.

2 Low DCAD diet To determine the impact of In the first 36 hours following Goff et al.,
supplemented with rumination activity and low calving, low DCAD diet 2020
anions DCAD = -9 DCAD hypocalcaemia significantly increased plasma
mEq/kg of DM Ca concentrations and on the

first day of lactation, it
increased rumination.

3 β-sitosterol (BSS) at To assess how dietary BSS BSS attenuates high grain Xia et al.,
the level of 0.5 g/kg  supplementation affects diet-induced inflammatory 2020

ruminal fermentation and response and modifies
inflammatory response ruminal fermentation

4 Saccharomyces Study assessed the effects of High-yield cows receiving Sun et al.,
cerevisiae culture of SC supplement, on ruminal supplemental SC can produce 2021
100 g of SC per cow pH, volatile fatty acid, more milk with more fat, more
per day inflammatory cytokines and rumen acetate and fewer

performance of high-yield inflammatory cytokines.
dairy cows

5 High-concentrate Examine how thiamine Reduced the SARA condition Wen et al.,
diet with 200 mg of affects the microbiota and effects on intestinal tissue and 2021
thiamine/kg of DM  intestinal inflammation microbial habitat.
intake caused by high-concentrate

diets.
6 Diet supplemented Supplementation effects of Dietary pomegranate by-products Safari et al.,

with pomegranate pomegranate by-products on supplementation improves 2018
seed pulp (PSP; 400 g oxidative status, metabolic antioxidant status and has shown
of seeds/cow per day profile and performance in enhancement in glucose
+ 1200 g of peels/cow  transition dairy cows  utilization.
per day)

7 Choline and Effects of supplementation Improved liver health and Pirestani and
L-Carnitine (60:50 on development, production reproductive indices Aghakhani,
gm/day/cow)) and indicators of ketosis and 2018

fatty liver during the
transitional period

Cont. Table 1.
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Sl. Nutritional Objective of the study Observation recorded References
No.     aspect

Table 1., Cont. ...

8 Precursor of glucose Effects of a glucose precursor Having beneficial effect on Mitchell and
powder was top supplement on the health in transition period Rossow,
dressed (300 g/cow) prevalence of ketosis 2020

during the transition period

9 Rumen-protected Analyze the impact of Increased serum insulin and Oh et al.,
 capsicum oleoresin subclinical ketosis decreased â-hydroxybutyrate 2021

susceptibility and lactational concentrations prepartum,
performance on dairy cows indicating a decrease in
during the transition period lipolysis

10 Total mixed ration To evaluate the metabolic The frequency of clinical Kim and Cho,
(TMR) disorders as well as the Ketosis, subclinical ketosis 2019

nutritional value of TMR and hypocalcaemia were
higher (4.5, 11 and 3%) during
early lactation.

are related to the disturbance of one or more blood
metabolites (Sundrum, 2015).

Health management approaches are required to
prevent the above-mentioned diseases because they
are interconnected and can occur in an animal or herd
as a complex. One important aspect of domestication
is the increased prevalence of different metabolic
diseases in dairy animals, which not only affects the
animal’s productivity and health but may also have
negative health effects on human consumers due to
the increased use of drugs and antibiotics. In the near
future, these factors will have an impact on economic
and ethical factors (Zachut et al., 2020). Therefore,
suitable nutrition and management of the high-

Fig. 1. Nutritional influence on metabolic disorders during
transitional cow diseases (Source: Goff, 2006)

yielding dairy animals especially during the transition
phase become increasingly complex and critical.
Nutritional influence on metabolic disorders during
the transition period is given in Fig. 1.

Ruminal acidosis
Ruminal acidosis is characterized by a decline in

ruminal pH, indicating an imbalance among microbial
production, microbial utilization and ruminal
absorption of volatile fatty acids (VFA) subsequent to
the consumption of a substantial amount of
fermentable carbohydrates. This condition typically
arises in cattle that inadvertently ingest significant
quantities of easily digestible carbohydrates, especially

grains. An observable shift in the microbial
population, particularly an increase in Gram-
positive bacteria like Streptococcus bovis,
is evident in such cases. The interaction
between the ruminal microbiota and the host
immune system plays a pivotal role in
initiating this disorder (Elmhadi et al., 2022).
The elevation of lactic acid leads to a
reduction in pH to around 5, resulting in the
detriment of protozoa, cellulolytic bacteria
and lactate-utilizing organisms. This, in turn,
impairs rumen motility. Concurrently, the
rise in osmotic pressure triggers the
movement of an excessive quantity of fluid
within the rumen, ultimately leading to
dehydration (Jaramillo-López et al., 2017).

Both Subacute Rumen Acidosis (SARA)
and Acute Rumen Acidosis (ARA) are
prevalent metabolic disorders commonly
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observed in the field, particularly among high-
producing cows fed high-concentrate rations
(Sundrum, 2015). The inclusion of a high-concentrate
diet leads to a reduction in rumen pH and changes in
the relative concentrations of ruminal VFAs (Lee
et al., 2019). Notably, cows in early lactation with a
significant grain intake are at the greatest risk. SARA,
referred to as chronic ruminal acidosis, manifests when
the rumen pH falls within the range of 5.5 to 6.2. On
the other hand, ARA occurs when the rumen pH drops
below 5.5, often accompanied by reduced or absent
rumen motility (Neubauer et al., 2018). SARA poses a
substantial threat to the well-being of lactating dairy
animals, potentially affecting up to 20% of them
during the early to mid-lactation period (Crnkic and
Hodzic, 2012). While acute and subacute rumen
acidosis may occasionally be mistaken for each other,
they differ in their underlying causes. Acute ruminal
acidosis usually arises from excessive concentrate
consumption or the accumulation of lactate in the
digestive tract. In contrast, SARA results from the
overproduction of VFAs that surpass the absorptive
capacity of the rumen papillae. This often becomes
apparent around calving when the rumen papillae,
adapted to a high-fiber diet during the dry period,
struggle to adapt to a high concentrate ration (Abdela,
2016). Ruminal acidosis disrupts the balance of the
ruminal microbiome, leading to a decline in certain
Gram-negative bacteria populations in the rumen.
Moreover, an increase in free lipopolysaccharides
enhances their susceptibility to lysis (Monteiro and
Faciola, 2020).

During the dry period, the rumen microbial
population is prepared to digest high fiber-containing
feed and when the animal enters the transition period
and consumes increased amounts of highly fermentable
carbohydrates, due to lack of prior adaptation the
normal fermentation will be disrupted (Monteiro and
Faciola, 2020). Dairy cows under SARA will eat less
feed to reduce the amount of acid in the rumen and
resume feeding when the rumen pH rises above 5.6.
Additionally, moderate diarrhea, decreased rumination,
foamy feces and the presence of undigested grain in
dung may be seen during SARA (Abdela, 2016).

Lower rumen pH can cause rumenitis, reduced
ruminal efficiency, laminitis, lung and liver abscesses,
pneumonia and even death. But, signs of subclinical
acidosis are not well defined. Due to its chronic nature
and subtle presentation, subclinical acidosis is
primarily characterized by inconsistent or reduced feed
intake, which is the most typical clinical sign (Bramley
et al., 2008; Antanaitis et al., 2024). Additional

associated indicators encompass diminished milk fat
content, decreased milk production, compromised
body condition scores, diarrhea and even laminitis.
It’s important to note that subclinical acidosis can
manifest even within well-managed herds.

The choice of treatment for ruminal acidosis hinges
on the severity of the clinical manifestations. In cases
of mild acidosis symptoms, such as diarrhea, a dietary
adjustment involving a reduced proportion of grain
and an increased allocation of roughage is
recommended. For animals displaying more severe
indications, a transition away from concentrated feed
towards a roughage-based diet is advised, accompanied
by prompt consultation with a veterinarian. Additionally,
oral administration of approximately 120g of sodium
bicarbonate and an electrolyte replacement solution
dissolved in 4 to 5 liters of water is suggested. This
treatment regimen should ideally be repeated three
times daily, if feasible, with the encouragement of
physical activity, such as walking (Ametaj, 2010;
Santos et al., 2020). In instances of severe affliction,
intravenous administration of sodium bicarbonate and
fluid therapy may be considered as a treatment
approach.

 Similarly, it is best to avoid making abrupt changes
to the feed, including feeding grain and molasses.
Roughages must be given in sufficient amounts along
with or right after concentrate feed is fed. In order to
maintain a healthy rumen, diets must contain 45% non-
fiber carbohydrates (g 100 g-1 of diet, DM basis) and
sufficient forages and roughages (Wu, 2020). Acidosis
is also combated by feed buffers like sodium
bicarbonate and ionophores (Stone, 2004). Warm water
consumption has been linked to improved rumen
functionality in beef cattle, according to a recent study.
Warm water consumption decreased the amount of time
that the ruminal pH was below 5.8 or 5.5 and the
temperature was below 37 or 39°C (Grossi et al., 2021).
Data show that when animals are fed a high-concentrate
diet, dietary thiamine supplementation can help reduce
rumen epithelium inflammation (Ma et al., 2021).

Laminitis
Nutrient deficits and excesses can cause metabolic

and infectious disorders in animals, compromising
animal welfare and, as a result, lowering farm efficiency
and income. The increased incidence of inflammatory
illnesses in the transition era is due to the high
occurrence of metabolic diseases (mostly after calving).
This happens more frequently in high-yielding cows,
particularly during the transition period, and the
inadequate increase in DMI can be a significant causal
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factor (Bakshi et al., 2017).
Due to a loss of attachment between the distal

phalanx and the inner hoof wall, which forces the bone
into the hoof and harms the nearby blood vessels,
laminitis is characterized by a broken sole corium and
coronet (Fig. 2) (Li et al., 2017). Lameness is a major
animal welfare issue affecting dairy animals, its
prevalence is more seen in high-producing, intensively
managed dairy cows (Adams et al., 2017). The main
cause of inflammation is the digital vasculature
system’s dysfunction, which leads to malnutrition and
hypoxia of the delicate laminar structure in the hoof
wall (Boosman et al., 1991; Ding et al., 2020). The
pathogenesis of laminitis is influenced by key factors,
notably including acidosis resulting from the
consumption of diets rich in highly fermentable
carbohydrates. Gastrointestinal disorders,
encompassing alterations in bacterial flora within the
digestive tract,  instances of acidosis and the
translocation of endotoxins into the bloodstream,
serve to increase cattle’s susceptibility to laminitis.
Furthermore, diseases associated with gram-negative

Fig. 2. Laminitis in cattle hoof

bacteria, such as metritis, mastitis and foot rot,
indirectly contribute to the development of the
condition by acting as significant sources of
endotoxins. Various environmental elements, such as
inadequate bedding, unyielding surfaces and
inadequate or excessive physical activity, have also
been implicated in the etiology of this disease (Ametaj,
2010).

According to theories, acidosis damages the
ruminal epithelium, allowing endotoxins and
histamine to enter the bloodstream. These substances
are produced when gram-negative bacteria in the rumen
are lysed as a result of the lower pH. Laminitis is
brought on by endotoxins and histamine, which inflame
and constrict the blood vessels in the lamella of the
hoof (Stone, 2004). Higher levels of CP fed to dairy
animals may cause laminitis to last longer and occur
more frequently. Lameness is thought to be caused by
substances produced when too much protein is broken
down in the rumen.

Development of laminitis has been suggested to
go through 4 consecutive stages: (i) transferring of
endotoxin from the GI tract into the systemic
circulation and harm of blood vessels, (ii) dropping in
the availability of oxygen to the foot tissue, (iii)
degeneration and breakdown of the foot tissue and
(iv) separation of soft tissue and bone with bleeding
and development of inflammation, that is called
laminitis (Ametaj, 2010).

Studies have demonstrated that nutritional
supplements like Zn and biotin can help to enhance
the quality of claw horns and decrease lameness (Stone,
2004). Keratin protein synthesis, keratinization and
lipogenesis all require biotin. The maintenance of claw
integrity also depends on other vitamins like vitamin
A and vitamin E as well as minerals like copper, iodine,
manganese, cobalt and selenium (Socha et al., 2002;
Langova et al., 2020). By providing high-quality
roughages and adding buffers, it can be avoided. Lame
animals benefit from foot baths with 2–5 per cent
copper sulfate, mainly in moist environments
(Sundrum, 2015).

Post-parturient hypocalcemia
Post-parturient hypocalcemia, commonly referred

to as milk fever, stands as a metabolic disorder primarily
affecting dairy cows. This condition is characterized
by a diminished concentration of calcium in the
bloodstream and predominantly manifests within the
initial days of lactation. The underlying mechanism
involves a scenario where the demand for calcium,
essential for various functions including skeletal
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muscle contractions, heart rhythm, nerve signal
transmission and optimal milk production from
lactating mammary glands, surpasses the body’s ability
to mobilize calcium from reserves, primarily the bones
(Thilsing-Hansen et al., 2002). Contrary to its name,
“fever” is a misleading term for this condition, as the
body temperature during the illness tends to fall below
the normal range. The reduced blood calcium level
disrupts muscle function across the entire body,
resulting in symptoms such as lethargy, overall
weakness, paralysis, loss of consciousness and
potentially fatal outcomes (DeGaris and Lean, 2008).
This disorder exhibits a higher prevalence among high
milk production breeds during the later stages of the
lactation cycle, mainly due to depleted calcium
reserves and the decreased ability of older dairy
animals to mobilize calcium from their bones (Aiello
et al., 2016).

Theoretically, a delay in the operationalization of
the calcium homoeostatic mechanism is the vital
etiological factor for hypocalcemia (Fig. 3). Postpartum
hypocalcemia is a condition that is frequently seen
and is regarded as a gateway disease that can lead to
other illnesses. Dairy animals in transition must
contend with a greater need for minerals, particularly
calcium, to support lactogenesis in the early lactation
period (Goff, 2014). Homeorhetic mechanisms are
activated to adapt to this condition (Martín-Tereso and
Martens, 2014). Hypocalcemia, decreased milk

Fig. 3. Regulation of blood calcium levels (Source: Mallette, 1989)

production, increased culling risk (Roberts et al.,
2012), and impaired reproductive performance occurs
around parturition as a result of unsuccessful
homeorhetic adaptation (Martinez et al., 2012; Caixeta
et al., 2017).

In situations of dietary calcium deficiency, the
body’s skeletal calcium reserves typically compensate
through the action of the parathyroid hormone.
However, during the dry period, calcium mobilization
is temporarily impaired due to reduced parathyroid
activity. Hypocalcemia often presents as a subclinical
condition, exhibiting minimal to no discernible
symptoms yet leading to significant losses. Whether
or not clinical signs of paresis are evident,
hypocalcemia is defined by a blood total calcium level
below 2 mmol L-1 (Caixeta et al., 2017).

The primary causal factors generally stem from
dietary sources. Elevated calcium intake for dry cows,
imbalanced calcium-to-phosphorus ratio and
phosphorus-rich diets at the onset of lactation all
contribute to an increased risk of milk fever (Radostits
et al., 2000). A surplus of dietary phosphorus suppresses
the synthesis of 1,25-dihydroxy vitamin D

3
,

subsequently impeding mechanisms responsible for
intestinal calcium absorption (Christakos, 2012). Pre-
partum diets characterized by high cation content, such
as sodium (Na) and potassium (K), correlate with
elevated milk fever incidence, whereas diets rich in
anionic components, particularly sulfides and
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chlorides, are linked to reduced occurrences. The
introduction of anions into the pre-parturition diet
creates metabolic acidosis, maintaining active
parathyroid hormone and lowering the likelihood of
milk fever. Incorporating vitamin D

3
 and its metabolites

into the feed also proves effective against parturient
paresis (Safdar, 2015).

A ruminal calcium bolus, containing approximately
43 g of calcium, can raise blood calcium levels
(Hernandez-Castellano et al., 2020). Addressing this
condition involves achieving a balanced dietary
cation-anion equilibrium, administering intravenous
calcium gluconate, or providing intramuscular vitamin
D supplementation (Wu, 2020).

Ketosis
Ketosis arises from the excessive utilization of body

fat in cattle, a common occurrence during the initial
stages of lactation. This metabolic disorder is
characterized by hyperketonemia and hypoglycemia.
Subclinical ketosis exhibits a high prevalence within
the first two weeks of lactation due to reduced dry
matter intake and a negative energy balance, both of
which contribute to both clinical and subclinical
manifestations of the disorder (Safdar, 2015). Cattle
experience ketosis primarily during periods of negative
energy balance (NEB) immediately after calving. In
response to higher energy requirements, the body
releases non-esterified fatty acids (NEFA) into the
bloodstream. However, when the oxidation of fatty
acids to acetyl-CoA exceeds the oxidation of acetyl-
CoA to CO

2
 and water within the mitochondria, it leads

to elevated levels of ketone bodies in the blood,
namely acetoacetate, acetone and β-hydroxybutyrate
(Wu, 2018). Furthermore, the increased concentration
of circulating NEFA in the early postpartum phase can
potentially exacerbate uterine inflammation by
delaying uterine involution and hindering successful
conception (Pascottini and LeBlanc, 2020).

Prolonged negative energy balance in the initial
lactation phase has adverse effects on cattle
reproduction efficiency and elevates the susceptibility
to diverse metabolic ailments (Zhang et al., 2020). The
liver’s capacity to utilize fatty acids as an energy source
and convert them into ketone bodies may be hindered
by the excessive release of non-esterified fatty acids
(NEFA) from adipose reserves (Pickett et al., 2003).
Typically, feed intake undergoes a natural decline of
approximately 20% at the time of parturition. This
reduction in feed intake corresponds with heightened
plasma NEFA and liver triglyceride levels. The risk of
ketosis is augmented by factors exacerbating negative

energy balance and reducing feed intake around
parturition, particularly in over-conditioned cattle.

There exist four primary types of ketosis: classical
or primary ketosis, secondary ketosis, butyric acid
ketosis and underfeeding ketosis (Ingvartsen, 2006).
Classical ketosis (production ketosis) is commonly
observed within the first two months of lactation
(Guliñski, 2021). It emerges when the demand for
glucose surpasses the liver’s gluconeogenesis capacity,
leading to escalated ketogenesis and elevated levels
of ketone bodies in the blood, urine and milk. Over-
conditioned cows are especially susceptible to this
disorder. Secondary ketosis arises when another illness
hampers feed intake and amplifies body fat
mobilization. Butyric acid ketosis results from silage
with elevated butyrate concentrations, which
subsequently elevate blood β-hydroxybutyrate levels.
Underfeeding ketosis stems from inadequate cow
feeding, causing increased ketogenesis due to
insufficient glucogenic precursors (Ingvartsen, 2006).

The recent surge in milk production among dairy
animals has led to a sharp rise in the incidence of
clinical ketosis. The majority of high-yield dairy
animals encounter borderline ketosis during early
lactation, with most cases of ketosis emerging around
60 days post-calving. The cumulative lactational
occurrence varies widely, with an average of about
40% and potential peaks reaching 80% in certain
herds. The likelihood of the disease escalates from low
prevalence at the first calving to a peak during the
fourth calving (Duffield, 2000).

The first week of lactation should be used to
monitor ketosis by identifying cows with glucose
levels less than 50 mg/dL, followed by a BHB test to
identify ketotic cows (Mitchell and Rossow, 2020).
To raise blood sugar levels, 500 mL of 50 per cent
glucose is typically administered as part of ketosis
treatments. Veterinarians recommend an i/v injection
of glucose with the combination of insulin (Pickett
et al., 2003). Drenching gluconeogenic precursors
increases plasma levels of glucose and insulin quickly
(within 2 hours), making it a useful supplement for the
treatment of clinical ketosis (Mann et al., 2017). To
raise blood glucose levels for a few days after treatment,
corticosteroids can be administered. Niacin can help
prevent ketosis and fatty liver because it can decrease
the mobilization of fatty acids from adipose tissue
(Mandebvu et al., 2003). In ruminants, propylene
glycol can be used as a crucial gluconeogenic agent
and is highly effective at preventing the production of
ketones. It can be supplemented during the perinatal
period in order to reduce the negative energy balance
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(Zhang et al., 2020). However, according to recent
research, heat stress during the transition period may
negate the benefits of feeding gluconeogenic precursors
on performance and metabolic health in early lactation
(Rivas et al., 2021). Proper grain feeding can reduce
the incidence of ketosis and fatty liver. The mechanism
behind this is given in Fig. 4.

Fatty liver
Fatty liver, also known as fat cow syndrome, is a

prevalent metabolic ailment in dairy cows during the
transition phase. Contrary to its name, this condition
is not triggered by excessive dietary fat or feed intake.
Instead, it emerges when the animal faces challenges
in meeting its energy requirements within the first four
weeks post-calving, primarily due to negative energy
balance and diminished dry matter intake.
Additionally, fatty liver often coincides with other
production-related disorders that either suppress
appetite or heighten body fat mobilization. Indications
of this syndrome encompass reduced appetite, lethargy
and weight loss, leading to overall weakness (Radostits
et al., 2000). Animals may exhibit nonspecific clinical
signs such as decreased milk production and
diminished rumen motility. The risk factors for fatty
liver syndrome in dairy cows can stem from
management practices, nutritional factors, or genetic
predisposition (Ingvartsen, 2006). Affected animals are
more prone to peri-parturient metabolic issues like
ketosis, milk fever, compromised hepatic function,
impaired lactation, reduced feed intake and
compromised reproductive performance (Wu, 2018).
In cows with obesity, the likelihood of heightened

Fig. 4. The mechanism behind how grain feeding reduces ketosis and fatty liver (Source: Ross et al., 2013)

lipolysis in adipose tissue during the peripartum
period is greater than in those with normal body
conditions (Bobe et al., 2004).

During periods of negative energy balance,
especially in the initial days post-calving, substantial
amounts of body tissue, primarily fat reserves, are
mobilized and metabolized by the liver into readily
convertible energy sources like ketone bodies and
glucose (Roche et al., 2013). Adipose tissue releases
body fat into the bloodstream in the form of non-
esterified fatty acids, with the severity of negative
energy balance corresponding to the extent of fatty
liver development. While the liver can uptake NEFA
based on availability, its capacity to oxidize and utilize
all NEFA for energy is limited. Consequently, when
significant quantities of NEFA are released from
adipose tissue, cows are compelled to accumulate NEFA
as triglycerides within the liver (Overton and Waldron,
2004).

Effective nutritional strategies can prevent fatty
liver by optimizing the metabolic state of animals
during the peripartum phase. This involves providing
supplementary sources of blood glucose (such as
glucagon, monensin, propylene glycol, or sodium
borate) and reducing the mobilization of NEFA from
adipose tissue. Thus, adopting appropriate dietary
practices with sufficient energy content and healthy
fat sources can offer advantages.

Recent research provides fresh perspectives on the
significance of serum biochemical parameters and
oxidative stress biomarkers, specifically Aspartate
Aminotransferase (AST), Non-Esterified Fatty Acids
(NEFAs), Beta-Hydroxybutyrate (BHBA), and
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Glutathione (GSH), when used in conjunction with
digital measurements from ultrasound images. This
combination of data enables the prompt application
of minimally invasive techniques for diagnosing
hepatic lipidosis in farm settings. Potential treatments
encompass intravenous administration of glucose
(60 g h-1) and KCl, intramuscular administration of
protamine zinc insulin (150-200 units) and oral
administration of propylene glycol (as a glucose
precursor; 0.5-1 L day-1) alongside intramuscular
administration of adrenocorticotropic hormone (600
units on day 1, 400 units on days 2 and 3, none on day
4 and 200 units on day 5). The latter aims to stimulate
the release of amino acids from skeletal muscle, which
can then be utilized for glucose synthesis (Haass and
Eness, 1984; Besheer et al., 2023).

Displaced abomasum
When the abomasum becomes distended with gas

and ascends to the upper part of the abdomen, it
becomes ‘displaced’. This displacement can occur
either towards the left (left-displaced abomasum) or
the right (right-displaced abomasum) of the stomach
in relation to its normal position (Credille and Fubini,
2022). The lower left quadrant of the abomasum is a
common site for displacement, often leaning towards
the left and becoming ensnared between the left
abdominal wall and the rumen. This entrapment
generates a hollow ping sound when tapped
(percussion). The stretching of the abomasum leads to
constriction at its entrance and exit, resulting in the
accumulation of gas. This condition is more prevalent
in high-yielding cows during the early stages of
lactation, with a majority of cases arising within the
initial weeks after calving (Doll et al., 2009). Although
the precise cause of displaced abomasum remains
uncertain, several factors, including the composition
and physical structure of the diet, cow comfort and
dairy cow management during the transition period,
have been associated with the disorder’s occurrence
(Caixeta et al., 2018).

Nutrition significantly contributes to the risk of
developing displaced abomasum (DA). An augmented
negative energy balance and reduced feed intake
during the prepartum period are commonly considered
causes for increased DA risk in cows (Ingvartsen,
2006). Early lactation cattle fed diets rich in grains
and featuring smaller particle sizes are more susceptible
to DA (Goff, 2006). Feeding silage has been linked to
a higher disease incidence compared to hay feeding,
likely attributed to the finely chopped form of silage.
This risk can be mitigated by providing a daily dose

of straw (around a kilogram) to the cow (Ingvartsen,
2006). In the prepartum transition stage, increasing
the amount of grass hay consumed each day can reduce
the occurrence of displaced abomasum (Behluli et al.,
2017). The abomasum’s VFAs also have a tendency to
lessen its motility. Low rumen absorption of VFAs
during the transition period may exacerbate the effects
of VFAs on motility, and hypocalcemia may also play
a part (Shaver, 1997). Empty space appears for the
abomasum to move due to reduced feed taking,
insufficient filling and slow rumen contractions that
prevent it from reaching the ventral abdominal wall.
More fatty acids typically then manage to bypass
ruminal absorption and arrive at the abomasum. These
VFAs, in addition to accumulated gases and
hypocalcemia, lessen the abomasum’s ability to
contract, which leads to atony (Goff and Horst, 1997).
Therefore, insufficient rumen fills, insufficient feed
consumption, decreased motility and weaker abomasal
contractions all work together to cause the onset of
DA.

Due to the fact that rumen papillae have a low
capacity for absorption and rumen microbes are not
well adapted to a high concentrate ration, the incidence
of displaced abomasum also rises when a low
concentrate ration is given during the dry period. As a
result, the sudden increase in concentrates after
parturition may cause animals to consume less
roughage and possibly put them at risk for displaced
abomasum (Ingvartsen, 2006). β-hydroxybutyric acid
and aspartate aminotransferase activity in the blood
may be used to predict the development of left-
displaced abomasum (Geishauser et al., 1999).

Maintaining the forage-to-concentrate ratio of the
diet given to the animal during late gestation and early
lactation will help prevent it (Bacic et al., 2007). A
total mixed ration that is easily sorted by cows may
affect the ratio of forage to concentrate of total feed
consumed by an individual cow and will contribute to
displaced abomasum (Shaver, 1997). Grain intake
(0.25 kg day-1) after parturition should be gradually
increased when a total mixed ration is not given until
achieving peak grain intake (Bacic et al., 2007).

Hypomagnesaemia
Hypomagnesaemia (grass tetany) causes low

magnesium and cerebrospinal fluid (CSF) levels in the
blood, which activates neurons and induces continuous
excitation of skeletal muscle, convulsions, cramps,
paralysis and even death in grazing ruminants (Wu,
2018). In affected animals, a magnesium shortage
typically coexists with a low blood calcium
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concentration. Additionally, Mg2+ transmits nerve
impulses and modifies the neuronal threshold.
Magnesium shortage causes neuromuscular irritability,
tetany and depression as well as reducing ATP
synthesis. It primarily affects ruminant animals
consuming Mg2+ deficient forages [e.g. oats, rye,
wheat, etc]. Additionally, hypomagnesemia can
happen when dietary intakes of potassium and NH4+

are high, which reduces the absorption of magnesium
in the rumen and when dietary intakes of sodium are
low, which impairs physiological processes (Martens
and Schweigel, 2000). Grass tetany predominantly
impacts grazing cattle, particularly those with higher
milk production, during the late stages of gestation or
early lactation, when their demand for Mg 2+

significantly escalates. The prevalence of subclinical
hypomagnesemia was observed to be greater in
postpartum cows (9.96%) compared to pre-partum cows
(8.49%) (Silva et al . ,  2020). Prolonged
hypomagnesemia has been associated with alterations
in lipid metabolism, low-grade inflammation, obesity,
insulin resistance and hypertension (Pelczyñska et al.,
2022).

To mitigate the risk of hypomagnesemia,
susceptible animals should avoid grazing on lush,
immature forages that are low in Mg2+ but rich in
potassium (K) content. Alongside enhancements in
pasture management, addressing hypomagnesemia
through dietary measures involves the inclusion of
Mg2+,  NaCl and Ca supplements. This can be
accomplished by providing approximately 85-110 g
of mineral mixes containing 12% - 15% MgO on a
daily basis. In urgent cases, cows affected by
hypomagnesemia can receive intravenous

administration of 2 - 3 g of Mg2+, in the form of either
MgSO

4
 or magnesium and calcium gluconate, as part

of therapy (Wu, 2020).

Conclusion
The metabolic illness causes a heavy loss in dairy

animals. It is essential to identify, treat and prevent
diseases using safer and eco-friendly approaches.
Nutritional measures should begin before parturition
in order to prevent metabolic abnormalities in the
periparturient period. However, the study of
nutrigenomics necessitates an understanding of
nutrition and genetics levels towards the effect of
nutrients on various metabolic diseases, which can
bring a strong base and understanding of this topic.
Omics technologies in order to research the intricate
interaction between genetic and environmental
relevant to metabolic health are needed to expand
future studies to prevent metabolic disorders.
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