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METABOLIC DISORDERS 

 

Metabolic diseases specify a list of conditions due to deficiency 

of vital nutrients which results in disruption of animal’s normal 

metabolic processes. These disorders are multifactorial and 

happen commonly at periods of high environmental stress such 

as during late pregnancy and early lactation times (de Bem et 

al. 2021). Basically, metabolic syndromes are characterized by 

group of physiological, genetic and metabolic abnormalities in 

farm animals. Epigenetic factors play an important role in 

pathogenesis of metabolic disorders (Fan et al. 2020). The 

etiology of metabolic disorders persists of both genetic as well 

as environmental factors. These mechanisms include DNA 

modification and alteration in expressing noncoding of RNAs 

(Oliveira Junior et al. 2021). Disturbance of metabolic 

processes in dairy animals are due to hormonal changes. In 

cattle, main metabolic disorders include milk fever, ketosis, 

hypomagnesaemia or grass tetany, fat cow syndrome and 

ruminal acidosis. These conditions can cause acute, or 

potentially fatal deficiency (Stepanov et al. 2021). Different 

genetic parameters which cause inherited metabolic disorders 

are also called inborn errors of metabolism. Due to various 

nutrient gaps between its supply and demand which cause 

complexities for farm animals to adapt the environmental 

changes. In result of these potential feed deficiencies in dairy 

animals, serious metabolic health problems occurred (Arora et 

al. 2019). To prevent these diseases, proper nutritional diet is 

important during late pregnancy and lactation periods of 

animals (Chebel 2021). 

Dysfunction of metabolic processes in animals is highly related 

to body malfunctioning which results in different diseases. 

Specifically in cattle, group of metabolic disorders affect dairy 

cows promptly after parturition (Pryce et al. 2016). Animal 

scientists commonly use the term metabolic disorders to 

specify a group of diseases which are identified by disturbance 

of plasma metabolites (Sundrum 2015). Fact that, these are 

called metabolic disorders due to reason of deprivation of 

essential metabolites which are crucial for the metabolism of 

body in animals (Stančáková and Laakso 2014). For instance, 

ketosis is related with increased ketone bodies (beta-

hydroxybutyric acid) in bloods, milk fever is linked to 

decreased blood calcium, acidosis is associated with high 

production of organic acid (acetic, butyric acid) in rumen, fatty 

liver is accompanied with enhanced level of non-esterified fatty 

acids in liver (Brito et al. 2021). Transition period that consists 

of three weeks before and three weeks after parturition is very 

crucial for dairy cows. In this time period, various hormonal 

imbalances, major drop in feed intake and moving of non-

lactating to lactating state occur, due to which different changes 

develop metabolically in farm animals (Ho et al. 2021).  

High genetic merits vary in dairy cows due to which they adapt 

different nutritional and environmental challenges. 

Disturbances in normal metabolism of animal’s body result in 

physiological changes that may occur slowly or abruptly (Wallis 

and Raffan 2020). To understand the mechanisms of adaption 

between nutritional demands of dairy animals, various 

metabolic, immunological and environmental changes in 

response to their genetic processes should be understand 

carefully to combat the diseases (Brito et al. 2020). Heritability 

of metabolic disorders in farm animals is highly relevant to 

bioavailability of corticosteroid hormone imbalances and its 

relation to receptor functioning (Chebel 2021). Veterinary 

genetics of companion animals is associated with metabolic 

dysfunction, premature morbidity and mortality rate and 

various health conditions within species across the globe 

(Wallis and Raffan 2020). Variations in genetic spectrum of host 

species and environmental conditions are the reasons due to 

which animals develop metabolic disorders on basis of different 

genetic parameters (Stančáková and Laakso 2014).  

With the advent of modern techniques in veterinary science, 

multiple associations have been specified between single 

nucleotide polymorphisms which are located on special genes 

and their relation to host specific metabolic disorders are 

studied on these genetic interactions (Oliveira Junior et al. 

2021). Genome wide association study is used to determine 

the gene variants which are responsible for causing multiple 

metabolic health problems in animals (Kalugniy et al. 2021). 

Developments in new strategies like “omics” may help to 

overcome the problems of breeding genetics for combatting 

the heritably transferred metabolic diseases. Proportion of 

phenotypical variants and differences between cohort of 

animals attributed towards genetic variations of metabolic 

issues among farm and dairy animals (Berry et al. 2011). 

Metabolic diseases can be detected at the early stages in 

animals by using different veterinary diagnostic tools such as 

quantification of fat protein ratios, level of metabolites and 

body scoring (Donadeu et al. 2020). Contributions to control 

animal metabolic diseases with recent technologies including 

significant genetic selection makeup on exposure to 

environmental stressors is the need of era (Brito et al. 2020).  
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With the help of advanced techniques and practices in branch 

of veterinary science, genetics of metabolic disorders can be 

examined fully in order to prevent them and to develop new 

ways of treatment. 

 

Prevalence of Metabolic Disorders 

 

Incidence of metabolic disorders in dairy cows is specified by 

fat to protein ratio present in feed and daily milk production. 

Mostly, high prevalence rate is occurred in early lactation 

period due to increased physiological demands of animals 

(Gantner et al. 2016). Specifically, prevalence of ketosis is 

indicated by various factors such as breed, season, herd related 

factors and parity. Ketosis in farm animals can be influenced by 

non-esterified fatty acids, plasma glucose levels, ketone 

concentration in urine and blood (Fukushima et al. 2020). 

Subclinical ketosis is 80 percent prevalent in dairy animals due 

to production of chemical byproducts such as ketone bodies 

(Raja et al. 2021). Occurrence of hypocalcemia in dairy animals 

is highly associated with prevalence of other transition period 

disorders in animals. Risk of developing mastitis during their 

lactation period is eight times higher in cows having 

hypocalcemia. Risk factors including supplements addition in 

feed, monitoring of metabolite profile test and level of minerals 

is reported in affected animals. Good quality hay and grains 

should be supplied in feed in order to prevent calcium 

deficiency (Saed et al. 2020).  

Subclinical mastitis in dairy cows is 15 to 40 times more 

prevalent than clinical mastitis. Associated factors which 

influence the prevalence are breed, age, stage of lactation, body 

scoring, parity in lactating cows developing mastitis (Islam et al. 

2020). Acidosis in farm animals is associated with fat to protein 

ratio in feed at lactation stage. High prevalence is indicated by 

intervals in different lactation stages. As a result, yield of daily 

milk is evaluated by each class of parity in cows (Magrin et al. 

2020). Grass tetany, also called hypomagnesaemia is more 

prevalent in cattle and grazing animals. It is characterized by 

low levels of magnesium in digestive system of cattle. Major risk 

factors are muscle incoordination and paralysis of muscles 

which can be prevented by using adequate amount of 

magnesium in feed (Sadiq et al. 2021). Fat cow syndrome mainly 

present in cows is associated with feed management practices. 

Manifestation of this syndrome is related to extensive 

metamorphosis of liver. Clinical signs include obesity in 

periparturient cow and cure is to replace the high energy diet 

with balanced diet (Fiorentin et al. 2018). Ruminant tympany or 

bloat is defined as indigestion influenced by excessive 

accumulation of gas in rumen and it is common cause of sudden 

death in cattle. Pasture bloat is more prevalent in both dairy 

and beef cattle. Prevalence of pasture bloat is high in ruminants 

animals due to consumption of various forages such as grazing 

alfalfa, white, red clover and winter wheat at early growth 

stages (Abdisa 2018). 

 

Pathogenesis of Metabolic Disorders 

 

Metabolism is group of all chemical, physical and metabolic 

processes which occurs in animal’s body associated with 

absorbance and synthesis of vital organic metabolites. In farm 

animals, these diseases affect body’s metabolic pathways (Wallis 

and Raffan 2020). Acute and subacute ruminal acidosis is more 

prevalent in dairy herds. Poor forage quality and poor bunk 

management are the reasons due to which cows develop these 

disorders (Pinotti et al. 2021). Reduced or inconsistent feed 

intake manifest cows with subclinical acidosis. Progression of 

ruminal acidosis include low appetite, low fat content, salivation, 

lethargy and ultimate death. Laminitis is inflammatory and non-

infectious disease of the foot. Diet rich in fermented 

carbohydrates which induces an acidotic state is main reason for 

the pathogenesis of laminitis. Other infections such as mastitis 

and foot rot also contribute towards the etiology of this 

disease (Islam et al. 2020). Environmental factors of hard 

surfaces, poor bedding, lack of exercise also cause cattle to 

develop the laminitis (Arora et al. 2019).  

Milk fever or hypocalcemia is due to presence of low levels of 

blood calcium in dairy cows. Affected animals can show signs 

of muscle tremors, weakness, depression and bloating (Saed et 

al. 2020). Calcium supplements should be given in diet for 

calcium deficiency as proper nutrition helps in prevention of 

metabolic disorders (Wallis and Raffan 2020). When animals 

have increased energy demands in late pregnancy and early 

lactation, a condition called ketosis occur in dairy animals. Due 

to higher energy demand, blood glucose level decreases and 

body undergoes stress which results in production of ketone 

bodies which are toxic if excess in number (Fukushima et al. 

2020). Pathogenesis includes neurological signs and symptoms 

which may progress to death in farm animals (Mann et al. 2019). 

Hypomagnesaemia indicates decrease levels of blood 

magnesium also referred to grass tetany in dairy cattle. 

Reduced feed intake which is deficit in magnesium leads to 

twitching of muscles, shoulder and face in cows making them 

restless and irritable (Stepanov et al. 2021). Early detection of 

metabolic disorders in transition cows is difficult to manage but 

there are different parameters which are helpful in diagnosis in 

order to control and treatment of metabolic disorders (Magrin 

et al. 2020). Different factors are responsible for the 

pathogenesis of metabolic disorders in animals as 

demonstrated in Figure 1.  

 

KETOSIS 

 

Ketosis or pregnancy toxemia is defined as deficiency of blood 

glucose level when animal has high energy demands during late 

pregnancy or early lactation. If animal is unable to eat enough 

food and does not meet the energy demands, this results in 

consumption of body fats which leads to production of ketone 

bodies,  the  chemical  byproducts  that  are  toxic  in  nature  

if produced in large quantity (Lei and Simões 2021). 

Occurrence  of ketosis has  high genetic  correlation with milk  
 

 
 

Fig. 1: Pathogenesis of metabolic disorders in animals (Zigo et al. 2021). 

 

Pathogenic Factors

-blind treatment

-no. of organisms

-virulence factors

Metabolic 
Diorders

Host Factors

-Breed, stage of 
lactation

-parity, dry period,

Environmental 
Factors

-Dietary

-hygiene

-housing

-Milking techniques



 210 

 
 

Fig. 2: Clinical signs and symptoms of ketosis in dairy cows (Nazeer 

et al. 2021). 

 

yield in lactation period of cows. However, phenotypic 

relationship to milk production and ketosis cannot be 

measured easily. Different linear models of genetic heritability 

and phenotypic relationship for epidemiological studies of 

ketosis are studied which elaborate the milk production in 

dairy cows (Sundrum 2015). Symptoms can be decrease in milk 

yield, weight loss, loss of appetite, fever and may develop nerve 

disorders specially in dairy cattle as described in Figure 2 

(Nazeer et al. 2021). Diagnosis is based on commercially 

available kits which are used to check the prevalence of ketone 

bodies in urine and milk in given sample. Ketosis can occur with 

other metabolic diseases as well as other infections such as 

mastitis in cows and buffaloes and become riskier if not 

properly treated (Raja et al. 2021). 

 

Treatment 

 

Ketosis is treated with oral drenching of propylene glycol 

(KETOL) to lactating cows. Glucose and glucocorticoid 

therapy are administered repeatedly for rapid recovery. Supply 

of adequate dietary supplements is important factor for the 

cure of ketosis. Gastric stimulants to increase the appetite 

should be added in the feed of cows (Pryce et al. 2016). 

Corticosteroids can be used as additional supplements for 

supportive therapy in farm animals. Intravenous injection of 

dextrose is standard treatment for ketosis in livestock animals 

(Raja et al. 2021)  

 

Prevention and Control 

 

Good quality feed with addition of supplements is key 

preventive measure for ketosis in cows. Monitoring of 

nutritional demands in pregnant and lactating cows is 

important in order to control the ketosis (Nazeer et al. 2021). 

According to Cocco et al. (2021), assessment of body 

condition at early stages will help farmers to prevent the loss 

of farm animals due to ketosis. Thus, this condition can be 

avoided by adopting preventative measures to control ketosis 

in dairy cows. 

 

MILK FEVER 

 

Milk fever or hypocalcemia is most common mineral related 

metabolic disorder in which blood calcium level is decreased. 

It usually occurs in high productive cows around calving 

(Oliveira Junior et al. 2021). Cows with parturient paresis show 

general symptoms of illness such as loss of appetite, low body 

temperature, looks groggy, complications in production of 

manure and urine as explained in Table 1 (Rajadurai et al. 2021). 

Milk fever is influenced by many genetic factors. Incidence of 

milk fever is heritable trait in dairy cattle and varies depending 

upon breed. Certain breeds of cows are more susceptible to 

milk fever such as Swedish red & white, Jersey and Channel 

Island (Cariappa et al. 2021b). Older cows are more prone to 

milk fever. Deficiency of calcium in their diet may result in 

tremors which also stimulates osteoclasts i.e., breakdown of 

bone cells eventually collapse of animals (Ibrahim and Kirmani 

2021).  

 

Treatment 

 

Milk fever can be treated with use of calcium borogluconate 

solution by subcutaneous injection. General nursing such as 

keeping animals at warm and dry place is also important (Priya 

et al. 2021). Calcium supplements should be given in the diet 

to avoid the deficiency. Fluids are administered as supportive 

therapy to rehydrate in case of milk fever. Good feed and clean 

water are also important in order to avoid this condition in 

dairy cows. Treatment on time can save animal otherwise cow 

may die due to circulatory failure or respiratory collapse (Baqir 

et al. 2021). 

 

Prevention and Control 

 

Feed management practices should be adopted by farmers as a 

preventive measure for control of hypocalcemia in farm 

animals. DCAD (Diet Cation-Anion Difference) strategy must 

be applied to dairy cows (Ibrahim and Kirmani 2021). 

Supplementation with vitamin D should be used for the 

intestinal adsorption and bone mobilization of calcium before 

calving. Oral calcium drenching around calving is also 

recommended as a supplement to intravenous therapy 

(Cariappa et al. 2021a). By adopting preventive measures on 

farms, milk fever can be controlled and animals can be saved.  
 

 
 

Table 1: Milk fever stages, signs and symptoms 

 

weight 
loss

loss of 
appetite

fever
reduced 

milk 
yield

nervous 
signs

 

Milk Fever Stages

• Stage I

• Stage II

• Stage III

Description

• Early stage 
(subclinical)

• Subclinical

• Clinical

Signs and Symptoms

• loss of appetite, 
nervousness, 
hypersensitivity, 
weakness

• fast heart rate, 
trembling muscles, 
lay down in flanking 
position

• lying flat on ground, 
comatose and 
death
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Fig. 3: Stages in fat cow syndrome. 

 

GRASS TETANY 

 

Grass tetany is defined as low blood levels of magnesium also 

referred to as hypomagnesaemia or grass staggers in dairy 

animals. Mostly, it is prevalent in late gestation or heavy 

lactation time period of cows (Rendig and Grunes 2015). Older 

cows during winter and spring are at more risk of developing 

Grass tetany. Animal loses magnesium in urine, milk and feces, 

so proper amount of magnesium is needed as supplement in 

their feed and diet. Early signs including muscle twitching, 

aggressive behavior, staggering gait and eventually death in 

severe cases (Ahmed et al. 2021). Any form of stress can also 

stimulate Grass tetany in dairy animals such as mustering, 

estrus, starvation and cold weather. Grass-dominant pastures 

account for more prevalent cases of Grass tetany (Berry et al. 

2011). Due to different genetic parameters, dairy and farm 

animals adapted themselves to environmental changes and 

when they are unable to meet these challenges, abnormalities 

occur in their normal metabolism leading to highly prevalent 

diseases (Oliveira Junior et al. 2021). 

 

Treatment 

 

Treatment of Grass tetany includes increasing blood serum 

levels of magnesium. Solution of magnesium sulfate is injected 

simultaneously with intravenous injection of calcium-

magnesium gluconate (Cantón et al. 2021). Grass tetany is 

always an emergency requiring medical attention in cattle and 

farm animals. Veterinarians suggested that magnesium salts play 

a vital role in treating grass tetany. Care is necessary as after 

treating with magnesium supplement, animals should be left to 

respond without stimulation and then moved off the tetany-

prone pasture. Oral sources of magnesium should be 

administrated in order to avoid the relapses which help to 

restore the blood magnesium levels in body of farm animals 

(Zelal 2017).  

Prevention and Control 

 

Doncel et al. (2021) recommended increased magnesium 

intake with good quality forage as effective measures in 

prevention of grass tetany in cattle. Maximizing the adequate 

amount of essential mineral is important in feed of animal as a 

precautionary measure. Fertilizers rich in nitrogen and 

phosphorus should be avoided. Prevention to grass tetany 

mainly involves raising the levels of magnesium in forages which 

leads to higher absorption of dietary magnesium. With the help 

of good management practices at farm and feed testing, grass 

tetany can be prevented in dairy cows (Pinotti et al. 2021). 

 

FAT COW SYNDROME 

 

Fat cow syndrome occurs sporadically depending on feed 

management practices near parturition. It is also called fatty 

liver disease. Metabolic, infectious, digestive and reproductive 

imbalance are simultaneously faced during fat cow syndrome 

which affects the obese cows during parturition. Different 

stages of fat cow syndrome have been shown in Figure 3 which 

explains how fat cow syndrome develop in dairy cows (Ho et 

al. 2021). Poor feed quality and consumption of unbalanced diet 

are the main reasons due to which farm animals developed this 

syndrome. Disease develops with change in endocrine profile 

during calving and with the onset of milk production (Stepanov 

et al. 2021). Clinical signs include presence of inappetence, 

progressive debilitation, elevated temperature, weakness and 

loss of body functions (Arora et al. 2019). Timing of observing 

off feed cows is important in diagnosis of fat cow syndrome. 

Manifestation of this disease is due to excessive fatty 

metamorphosis of liver which leads to increased hepatic 

lipogenesis (Kalugniy et al. 2021). Management factors that are 

related to nutrition are also crucial in the incidence of fatty 

liver in dairy cows. Genetics of fat cow syndrome increase the 

probability mutations that affect feed intake, lipid metabolism 

and secretion in liver. Physiological tests that examine the 

susceptibility of cows to fatty liver determine the genetic basis 

of this disease (Oliveira Junior et al. 2021). 

 

Treatment 

 

Treatment of fat cow syndrome includes feeding a balanced 

diet, symptomatic treatment and good supportive care 

according to nutritional demands of cows (Cocco et al. 2021). 

High quality hay should be given in feed to farm and dairy 

animals. Vitamin and mineral supplements must be added to 

fulfill the nutritional requirements of dairy cows during calving 

(Abdoul-Aziz et al. 2021). Better management practices at 

farms can help farmers to treat the disease. Minimizing the 

stress risks is important in treating fat cow syndrome specially 

after parturition in farm animals (Cariappa et al. 2021b). 

Choline chloride is administrated orally in order to treat this 

condition. Furthermore, broad spectrum antibiotics can be 

used as a therapeutic agents (Agus et al. 2021).  

 

Prevention and Control 

 

Prevention of fatty liver can be achieved by supplying dairy 

animals with adequate amount of essential nutrients and 

healthy environment with fresh air. Glucose supplements can 

be given to fat animals as a precautionary measure. Balanced 

diet with additional supplements should be provided to herd 
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animals so that fat cow syndrome can be prevented. Deep and 

soft bedding should be used in order to maintain a good 

environment for dairy cows (Bobe et al. 2004). Good farm 

practices including over-crowding of cattle, unpalatable feeds, 

abrupt changes in diet and environmental stress should be 

avoided for the control and prevention of fat cow syndrome 

(Sundrum 2015).  

 

RUMINAL ACIDOSIS 

 

Ruminal acidosis is defined as bovine metabolic disorder which 

affects feedlot and dairy cattle. It is associated with ingestion of 

large amount of carbohydrate-rich feed which results in 

accumulation of acids in rumen (Donadeu et al. 2020). Early 

lactating cows and cows with high intake of grains in their diet 

are at special risk for acidosis. Decreased milk production, low 

fat content in milk, diarrhea, laminitis, high culling rate and body 

scoring are some clinical signs of ruminal acidosis in animals 

(Abdoul-Aziz et al. 2021). Most common diagnostic techniques 

for acidosis is based on determination of pH of rumen, also 

milk fat test is used to diagnose the acidosis. Prevalence rate of 

acidosis ranges between 11% to 13% in lactating cows (Chen 

et al. 2021). Liver abscesses may occur in severe condition in 

dairy cows. The main forms of ruminal acidosis are acute 

ruminal acidosis and subacute ruminal acidosis (Hu et al. 2021). 

Fluid balance is disturbed in this disease. Normal pH of rumen 

ranges from 6.5 to 7.0. Drop in pH of rumen results in 

cessation of movement in rumen impacting appetite and feed 

conversion (Zhang et al. 2021). Relationship between ruminal 

acidosis and expression of genes regulates intracellular pH and 

ruminal epithelial cells metabolically (Komisarek et al. 2021). 

 

Treatment 

 

Selection of treatment for acidosis depends on severity of 

clinical symptoms. Cows with more severe condition such as 

depressed state, off feed and severe diarrhea should be avoided 

from feeding grain diet (Ma et al. 2021). Orally about 120g of 

sodium bicarbonate and an electrolyte replacer should be used 

as treatment therapy to diseased animals. Most important is 

feeding management practices to minimize the risk of acidosis 

in cattle (Mensching et al. 2021). Thiamine injection is 

recommended for cattle with acute acidosis. Baking soda can 

also help as primary treatment therapy (Srivastava et al. 2021). 

Removal of rumen contents is important and replacement with 

ingesta taken from healthy cows can save the animals. Procaine 

penicillin G should be administrated to all affected animals to 

minimize the bacterial rumenitis and liver abscesses 

(Komisarek et al. 2021). 

 

Prevention and Control 

 

Commonly used management practices for control of ruminal 

acidosis are increased proportion of roughage in diet of animals 

and decrease the starch intake. Maintaining good rumen health 

is essential as a preventive measure. Consistent supply of dry 

forage and use of prebiotics in addition to supplements is 

necessary for maintaining the pH balance of rumen (Chen et al. 

2021). Supplementing the diet with direct-fed microbials that 

enhance lactate utilizers in rumen may reduce the risk of 

acidosis in cattle and dairy cows. Ensure the cattle to receive 

adequate fiber which promotes healthy movement in rumen 

and enhance saliva production for lower rumen acidity (Ma et 

al. 2021). Thus, by adopting preventive measures and good 

farm practices, ruminal acidosis can be controlled in cattle and 

dairy cows.  

 
Conclusion 
 
Veterinary genetics of farm animals is associated with metabolic 
dysfunction, premature mortality rate and various health 
conditions across the globe. Variations in genetic spectrum of 
host species and environmental conditions are the reasons due 
to which animals develop metabolic disorders on basis of 
different genetic parameters. Single nucleotide polymorphism 
is among the advanced technique in veterinary science which 
can be used to examine the gene nutrient interaction. Genome 
wide association study is used to determine the gene variants 
which are responsible for causing multiple metabolic health 
problems in animals. New strategies like “omics” may help to 
overcome the problems of breeding genetics for combatting 
the heritably transferred metabolic diseases. Proportion of 
phenotypical variants and differences between cohorts of 
animals attributed towards genetic variations of metabolic 
issues among farm and dairy animals. Contributions to control 
animal metabolic diseases with recent technologies including 
significant genetic selection makeup on exposure to 
environmental stressors are need of era. 
 
REFERENCES 
 
Abdisa T, 2018. Study on the prevalence of bovine frothy bloat 

in and around Kebele Lencha, Tokke Kutaye district, 
Oromia region. Approaches in Poultry, Dairy and 
Veterinary Sciences 2 (3): 1–10. 

Abdoul-Aziz S et al., 2021. Milk odd and branched chain fatty 
acids in dairy cows. Animals 11 (11): 3210. 

Agus A et al., 2021. Gut microbiota-derived metabolites as 
central regulators in metabolic disorders. Gut 70 (6): 
1174–1182. 

Ahmed MH et al., 2021. Expression of glucose and magnesium 
transport-associated genes in whole blood RNA of 
lactating ewes supplemented with magnesium. Livestock 
Science 250: 104583. 

Arora N et al., 2019. Inherited metabolic diseases of animals. 
Intas Polivet 8 (2): 334–336. 

Baqir Y et al., 2021. Therapeutic management of milk fever with 
retained placenta in Holstein Friesians cow in a private 
dairy farm at Sheikhupura, Punjab-Pakistan. 
Multidisciplinary Science Journal 3: 015. 

Berry DP et al., 2011. Genetics of animal health and disease in 
cattle. Irish Veterinary Journal 64 (5): 1–10. 

Bobe G et al., 2004. Invited review: Pathology, etiology, 
prevention, and treatment of fatty liver in dairy cows. 
Journal of Dairy Science 87 (10): 3105–3124. 

Brito LF et al., 2020. Large-scale phenotyping of livestock 
welfare in commercial production systems: A new frontier 
in animal breeding. Frontiers in Genetics 11: 793. 

Brito LF et al., 2021. Review: Genetic selection of high-yielding 
dairy cattle toward sustainable farming systems in a rapidly 
changing world. Animal 100292. 

Cantón GJ et al., 2021. Hypomagnesemia in beef cattle from 
the central region of Argentina: retrospective study. 
Ciência Rural 52 (4): 0285. 

Cariappa A.A. et al., 2021a. Estimation of economic losses due 
to milk fever and efficiency gains if prevented: evidence 
from Haryana, India. 3851567. 



 213 

Cariappa A.A. et al., 2021b. Prevention is better than cure: 

Experimental evidence from milk fever incidence in dairy 

animals of Haryana, India. 3851561. 

Chebel RC, 2021. Predicting the risk of retained fetal 

membranes and metritis in dairy cows according to 

prepartum hemogram and immune and metabolic status. 

Preventive Veterinary Medicine 187: 105204. 

Chen X et al., 2021. Real-time monitoring of ruminal 

microbiota reveals their roles in dairy goats during 

subacute ruminal acidosis. Biofilms and Microbiomes 7 

(45): 1–14. 

Cocco R et al., 2021. Rumination time as an early predictor of 

metritis and subclinical ketosis in dairy cows at the 

beginning of lactation: Systematic review-meta-analysis. 

Preventive Veterinary Medicine 189: 105309. 

de Bem AF et al., 2021. Animal models of metabolic disorders 

in the study of neurodegenerative diseases: An Overview. 

Frontiers in Neuroscience 14: 604150. 

Donadeu FX et al., 2020. Farmer and veterinary practices and 

opinions related to the diagnosis of mastitis and metabolic 

disease in UK dairy cows. Frontiers in Veterinary Science 

7: 127. 

Doncel B et al., 2021. Hypomagnesemia in beef cattle. Brazilian 

Journal of Veterinary Research 41 : e06826. 

Fan P et al., 2020. Host genetic effects upon the early gut 

microbiota in a bovine model with graduated spectrum of 

genetic variation. ISME Journal 14: 302–317. 

Fiorentin EL et al., 2018. Occurrence of subclinical metabolic 

disorders in dairy cows from western Santa Catarina state, 

Brazil. Brazilian Journal of Veterinary Research 38 (4): 

629–634. 

Fukushima Y et al., 2020. Epidemiological study to investigate 

the incidence and prevalence of clinical mastitis, peracute 

mastitis, metabolic disorders and peripartum disorders, on 

a dairy farm in a temperate zone in Japan. BMC Veterinary 

Research 16: 389. 

Gantner V et al., 2016. Prevalence of metabolic disorders and 

effect on subsequent daily milk quantity and quality in 

Holstein cows. Archives Animal Breeding 59 (3): 381–386. 

Ho PN et al., 2021. Validation of milk mid-infrared 

spectroscopy for predicting the metabolic status of 

lactating dairy cows in Australia. Journal of Dairy Science 

104 (4): 4467–4477. 

Hu X et al., 2021. The effect of rumen microbiota in the 

susceptibility of subacute ruminal acidosis in dairy cows. 

Research Square 250349. 

Ibrahim N and Kirmani MA, 2021. Milk fever in dairy cows: A 

systematic review. Research and Reviews: Research 

Journal of Biology 350942379. 

Islam MD et al., 2020. Prevalence and risk factors analysis of 

bovine foot diseases in certain milk pocket areas. 

Veterinary Sciences Research and Reviews 6 (2): 73-79. 

Kalugniy II et al., 2021. Diagnosis of hepatopathy in Holstein 

cattle with metabolic disorders. IOP Conference Series 

Earth Environmental Science 723 (2): 022029 

Komisarek J et al., 2021. The effect of ruminal fluid pH on milk 

fatty acids composition in cattle. Annals of Animal Science 

22 (2): 625-631. 

Lei MAC and Simões J, 2021. Invited Review: Ketosis diagnosis 

and monitoring in high-producing dairy cows. Dairy 2: 

303–325. 

Ma J et al., 2021. Potential protective effects of thiamine 

supplementation on the ruminal epithelium damage during 

subacute ruminal acidosis. Animal Science Journal 92: e13579. 
Magrin L et al., 2020. Prevalence of gastrointestinal, liver and 

claw disorders in veal calves fed large amounts of solid feed 
through a cross-sectional study. Research in Veterinary 
Science 133: 318–325. 

Mann S et al., 2019. Production-related metabolic disorders of 
cattle: Ketosis, milk fever and grass staggers. Farm Animals 
41: 205–219. 

Mensching A et al., 2021. Development of a subacute ruminal 
acidosis risk score and its prediction using milk mid-
infrared spectra in early-lactation cows. Journal of Dairy 
Science 104 (4): 4615–4634. 

Nazeer M et al., 2021. Biochemical markers of ketosis in dairy 
cows at post-parturient period. Biological Rhythm 
Research 52 (5): 795–802. 

Oliveira Junior, G. A. et al., 2021. Estimated genetic parameters 
for all genetically evaluated traits in Canadian Holsteins. 
Journal of Dairy Science 104 (8): 9002–9015. 

Pinotti et al., 2021. The contribution of dietary magnesium in 
farm animals and human nutrition. Nutrients 13 (2): 509. 

Priya K et al., 2021. Management of parturient paresis in a 
crossbred dairy cow. The Pharma Innovation Journal 10 
(6): 501–503. 

Pryce JE et al., 2016. Invited review: Opportunities for genetic 
improvement of metabolic diseases. Journal of Dairy 
Science 99 (9): 6855–6873. 

Raja S et al., 2021. Prevalence of subclinical ketosis in anestrum 
dairy cows. Journal of Entomology and Zoology Studies 9 
(1): 2044-2046. 

veterdurai A et al., 2021. Medical management of milk fever in 
a crossbred cow. Asian Journal of Dairy and Food 
Research 40 (3): 1639. 

Sadiq MB et al., 2021. Prevalence and risk factors for hoof 

lesions in dairy cows in Peninsular Malaysia. Livestock 
Science 245: 104404. 

Saed H et al., 2020. Prevalence and potential risk factors of 
hypocalcaemia in dairy cows during transition period at 
Northern Egypt. Mansoura Veterinary Medical Journal 21: 
21–30. 

Srivastava R et al., 2021. Sub-acute ruminal acidosis: 
Understanding the pathophysiology and management with 
exogenous buffers. Journal of Entomology and Zoology 
Studies 9: 593–599. 

Stančáková A and Laakso M, 2014. Genetics of metabolic 
syndrome. Reviews in Endocrine and Metabolic Disorders 
15: 243–252. 

Stepanov IS et al., 2021. Development and application of new 
methods of correction and prevention of metabolic 
diseases in Holstein cattle. IOP Conference Series: Earth 
Environmental Science 723 (2): 022030. 

Sundrum A, 2015. Metabolic disorders in the transition period 
indicate that the dairy cows’ ability to adapt is 
overstressed. Animals 5: 978–1020. 

Wallis N and Raffan E, 2020. The genetic basis of obesity and 
related metabolic diseases in humans and companion 
animals. Genes 11 (11): 1378 

Zelal A, 2017. Hypomagnesemia tetany in cattle. Advance in 
Dairy Research 5 (2): 1000178. 

Zhang T et al., 2021. Responsive changes of rumen microbiome 
and metabolome in dairy cows with different susceptibility 
to subacute ruminal acidosis. Animal Nutrition 8: 331–340. 

Zigo F et al., 2021. Maintaining optimal mammary gland health 
and prevention of mastitis. Frontiers in Veterinary Science 
8: 607311. 


