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Introduction 
 

India is the highest milk producing country in 

the world. The population of buffaloes in India 

is over 108 million, which is approximately 

57% of total world buffalo population (BAHS, 

2012) contributing 50 million tons of milk, 

which accounts for 55% of total milk 

production (92 million tons) in India (FAO, 

2011). High producing animals requirement 

for dietary essential amino acids are higher 

from those supplied by the microbial protein. 

High intakes of crude protein (CP) in the diet, 

and/or improved supply and ratios of amino 

acids should be delivered to the duodenum in 

order to meet animal needs for milk and milk 

protein synthesis. If, such amino acids are not 

supplied through diet and /or microbial protein 

from the rumen, the animal production in 

terms of growth and milk production are 
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Provision of nutrients in balanced form and required amount is crucial to meet the 

productive targets in dairy cows. Among the various nutrients, protein is the most 

important nutrient for milk production. Methionine and lysine are considered as the first 

and second limiting amino acids for milk protein synthesis because of their low 

concentrations in feed protein as compared to their concentrations in milk and ruminally 

synthesized bacterial protein. Choline, a component of phospholipid and methyl donor, 

plays an essential role in biosynthesis and secretion of milk. In addition, choline is a 

component of the neurotransmitter acetylcholine and is used to synthesize the ubiquitous 

phospholipid, phosphatidylcholine, via the cytidinediphosphate choline pathway. As 

dietary methionine, lysine and choline are degraded extensively in the rumen, additional 

methionine, lysine and choline are supplemented in rumen protected form. About 28% of 

absorbed methionine is used for choline synthesis. Supply of methionine and choline 

enhance the capacity of liver to export triacylglycerol (TAG) in the form of VLDL and 

help ameliorate the negative effects of fatty acid accumulation in the liver soon after 

parturition. 
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bound to reduce. Increasing the dietary protein 

intake is not a satisfactory solution because 

this will breakdown in the rumen and 

microbial protein alone cannot supply all the 

nutrition of a productive animal. To overcome 

this, dietary protein sources that are 

considered to be good sources of "bypass" or 

rumen undegradable protein have been used. 

(Dahiya et al., 1991; Chaturvedi and Wali, 

1993). Dietary supplementation of rumen 

protected protein and amino acids are 

recommended to support the physiological and 

productive needs of livestock for amino acids. 

Thus, protecting the amino acids from ruminal 

degradation has made it possible to 

supplement diets with specific amino acids 

that will become available directly for 

absorption in intestine (NRC, 2001). 

 

For milk production, methionine and lysine 

are considered to be first and second limiting 

amino acids. Methionine is related to 

production of milk fat because of its role as a 

methyl donor in transmethylation reactions in 

lipid biosynthesis (Lehninger, 1977). This 

deficiency is understandable for Lys, because 

of its high metabolic requirement for milk 

protein synthesis (King et al., 1991), 

particularly in diets in which corn protein with 

high undegradable intake protein (UIP) and 

low Lys constitutes a significant proportion of 

dietary CP. NRC (2001) suggested that 

concentrations of Lys and Met in 

metabolizable protein (MP) for maximal use 

of MP for milk protein production are 7.2 and 

2.4%, respectively. As rumen microbial 

protein synthesis cannot supply sufficient 

quantities of amino acids to meet the 

requirements of cows producing large 

quantities of milk (Polan et al., 1991, Ali et 

al., 2009), dietary supplementation of Met and 

Lys in rumen protected form can therefore be 

an effective approach to improve amino acid 

balance for milk production. 
 

Choline is a key compound for the synthesis 

of two important molecules, 

phosphatidylcholine (PC) and acetylcholine 

(Pinotti et al., 2002). Phosphatidylcholine is 

essential to maintain cell membrane structure 

(Davidson et al., 2008), hepatic synthesis and 

secretion of very low density lipoprotein 

(VLDL) from the liver (Cooke et al., 2007), 

and biosynthesis and secretion of milk 

(Kinsella, 1969); whereas acetylcholine is an 

important neurotransmitter (Pinotti et al., 

2002). High producing dairy cows secrete 3 to 

5 g/d of choline in milk, whereas duodenal 

supply is usually less than that. Low 

availability of dietary choline, extensive 

secretion of choline through milk and limited 

precursor from the tetrahydrofolate pathway, 

especially at the onset of lactation suggested 

that choline may be a limiting nutrient for 

milk production. In ruminants, dietary choline 

is rapidly and extensively degraded in the 

rumen from studies with both sheep (Neill et 

al., 1979) and cattle (Atkins et al., 1988; 

Sharma and Erdman, 1988). 

 

Animal biology during the transition period 
 

Transition cows are those which transit from 

dry pregnant state to lactating non pregnant 

state and this period lasts from 3 weeks before 

parturition to 3 weeks after parturition (Goff 

and Horst, 1997). This period is characterized 

by dramatic physiological and metabolic 

adaptations, and the animal is at the highest 

risk of succumbing to health disorder during 

this period (Loor et al., 2013). During 20 days 

before calving, the dry matter intake declines 

as compared to normal, owing to stress. To 

cater to the energy requirement for the 

development of the fetus, the animal starts 

mobilizing fat two weeks prior to calving and 

there is increase in non esterified fatty acid 

(NEFA).The increase in the amount of NEFA 

reaching the liver results in a significant 

increase in liver activity beyond the capacity 

of liver to completely oxidised NEFA which 

ultimately lead to fat accumulation. Fat 

accumulation in the liver may also give rise to 

a variety of health issues such as fatty liver 
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and ketosis. The liver plays an important role 

in converting ammonia to urea. Accumulation 

of fat in the liver reduces the ability of the 

liver to detoxify ammonia into urea (Strang et 

al., 1998). 

 

Task of methionine, lysine and choline in 

transition buffaloes 

 

Dietary energy intake does not meet nutrient 

demand of rapid foetal growth and postnatal 

lactation which results in a negative energy 

balance (Roche et al., 2013). In order to meet 

the increasing energy demands, there is fat 

mobilization which subsequently elevates non- 

esterified fatty acids level in the bloodstream 

(Karimian et al., 2015). NEFA can be 

metabolized in liver in three ways: (1) 

complete oxidation to generate ATP in hepatic 

mitochondria or peroxisomes, (2) incomplete 

oxidation to produce ketone bodies, including 

acetone, acetoacetate, and β-hydroxybutyric 

acid (BHBA), or (3) re-esterification to form 

triglycerides (TG). The TG can either 

accumulate in hepatocytes or be transported 

out of the liver in the form of very-low-density 

lipoprotein (VLDL). However, the ability to 

completely oxidize NEFA and synthesize 

VLDL is limited, thereby increasing the 

incidence rates of ketosis and fatty liver 

(Grummer et al., 2004). Choline and 

methionine help in the transport of hepatic 

lipids by promoting the synthesis of 

phosphatidylcholine to package VLDL. 

Specifically, both of them play vital roles in 1-

carbon units transfer of dairy cows, modulate 

the synthesis of S-adenosylmethionine (SAM) 

in methionine cycle, and SAM functions as the 

most important methyl donor in the 

phosphatidylethanolamine to 

phosphatidylcholine formation (Osorio et al., 

2014). Fat metabolism can be improved with 

the help of choline for better energy 

production. This also helps in improving milk 

production that the use of NEFA for ATP is 

sensitive to carnitine supply (Drackley et al., 

1991). Carnitine is a quasi-vitamin required 

for the transport of NEFA into mitochondria 

where fatty acids undergo β-oxidation process. 

Choline acts as a methyl donor and helps in 

the synthesis of carnitine through various 

biochemical processes. Therefore, choline 

indirectly may act to reduce the accumulation 

of fat on liver by providing carnitine to 

enhance hepatic fatty acid oxidation. 

 

Milk yield and composition 

 

The potential of milk production of dairy cows 

can be exploited through fulfilling nutritional 

requirements in terms of protein and energy. 

Two essential amino acids lysine (Lys) and 

methionine (Met) are limiting amino acids for 

optimum milk production in early lactation of 

these animals and are derived from dietary 

source and are usually supplemented in the 

rumen protected form. Recently, Zanton et al., 

(2014) performed a meta-analysis on 64 

studies that examined effects of feeding 

rumen-protected methionine. The most 

consistent effect they have observed was 

increased protein percent and yield but milk 

fat percent and yield were found increased in 

some studies only. While no significant effect 

of methionine supplementation on milk yield 

was noticed. Supplemental ruminally 

protected methionine did not increase milk 

production but did increase milk protein 

percentages in cows fed barley-based diets 

(Casper and Schingoethe, 1988). 

 

Supplementation of lysine in diet containing 

double-low rapeseed meal of lactating cows 

increased milk yield, 4% FCM and concluding 

that rumen protected lysine is beneficial for 

improving lactational performance of cows 

(Liu et al., 2016). 

 

Similarly, Pas et al., (2014) suggested that 

feeding supplemental rumen-protected Lys to 

Holstein Friesian cows producing more than 

36 kg/d can result in improved concentrations 
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of fat and protein and yield of ECM, but cows 

producing less than 36 kg/d do not respond 

positively. 

 

Amrutkar et al., (2014) supplemented 5 g 

rumen protected methionine (RPM) and 20 g 

rumen protected lysine (RPL), prepartum and 

7 g RPM and 60 g RPL, postpartum to control 

diet i.e. chopped wheat straw, chaffed green 

maize fodder and concentrate mixture in 

periparturient dairy cows and observed that 

milk yield in supplemented group was 17.36 

kg/d, which was 14.21% higher (P<0.05) than 

that of control group (15.20 kg/d). Milk fat, 

protein and lactose yield per day was also 

higher (P<0.05) by 17.39, 14.86 and 13.91% 

in supplemented group than that of control 

group, respectively. On the other hand, 

Awawdeh (2016) reported no effect of rumen 

protected methionine and lysine on milk yield 

and milk composition except milk protein in 

Holstein dairy cows. Zhou et al., (2017) 

investigated whether methionine and lysine 

have additional effect or not on milk yield and 

milk composition of dairy cows and they came 

to the end that RPM plus RPL improved milk 

yield and protein contents of dairy cows and 

was better than supplying RPM alone. Ahmed 

et al., (2015) also found the same effect of 

rumen protected lysine and methionine on the 

production performance of early lactating 

Nili-Ravi buffaloes and suggested that for the 

optimum production performance in early 

lactating Nili Ravi buffalos, lysine and 

methionine supplementation can be a part of 

their ration.  

 

Bonomi et al., (1996) compared rumen 

protected choline (RPC) in the diet of Italian 

Fresian dairy cows at three doses (2, 6 and 10 

g choline chloride/d) and unprotected choline 

(2, 6, 10 g/d), found that RPC at three doses 

(2, 6 and 10g/d) and 10g/d of unprotected 

choline significantly improved milk 

production (6.75, 8.8, 10 and 5% 

respectively), milk fat (4, 4.3, 6 and 3.1% 

respectively) and milk protein content (4.7, 

5.6, 7.5 and 3.5 % respectively). On the other 

hand, used of unprotected choline at the dose 

of 2g/d and 6g/d was found to be uneffective. 

 

Pawar et al., (2015) conducted evaluated the 

effect of supplementing rumen protected 

choline (RPC) on milk yield, composition and 

milk choline content of crossbred cows and 

they came to the results that choline 

supplementation had no effect on milk yield 

and composition, however, milk choline 

content was higher (P<0.05) in RPC 

supplemented groups. And suggested the 

lowest dose of 54 g RPC/cow/d best for 

feeding to animals because beyond that level 

there was no additional benefit in terms of 

increase in milk choline content in crossbred 

cows. In another study, Mohsen et al., (2011) 

noticed that rumen-protected choline 

supplementation in lactating Friesian cows led 

to increased actual milk yield by 1.32 and 2.24 

kg/head/day or 8.75 and 14.85%, and 4% fat 

corrected milk (FCM) by 1.55 and 2.60 

kg/head/day or 10.86 and 18.31% for 15 and 

30 g RPC compared with un-supplemented 

RPC, respectively (P<0.05). The contents of 

fat and total solids (TS) and the yield of all 

milk constituents except ash increased 

significantly (P<0.05) with RPC 

supplementation. Rumen protected choline 

supplementation in dairy cows had no effect 

on milk yield but had greater milk protein, 

milk solids and milk fats as compared to non 

supplemented group (leiva et al., 2015). 

Whereas, Suksombat et al., (2012) informed 

that milk composition did not alter in milk of 

Holstein cows when RPC was added in the 

diet. 

 

Garg et al., (2012) studied the effect of 

choline supplementation along with bypass fat 

on milk yield in Jaffarabadi buffaloes (n=27) 

where group 1 buffaloes were fed control diet; 

buffaloes in group 2 were supplemented daily 

with 150 g bypass fat per animal and in group 
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3 along with 150 g bypass fat, 15 g rumen 

protected choline chloride was also fed and 

they observed that average increase in milk 

yield and fat of groups 2 and 3 were 1.26 kg 

(p<0.05) and 0.31% (p<0.05) and 1.55 kg 

(p<0.01) and 0.44% (p<0.05), as compared to 

group 1.  

 

Supplementation of rumen protected 

methionine- lysine and rumen protected 

choline to lactating cows increased milk yield, 

4% FCM due to improved digestibility of 

nutrients (Sheikh et al., 2014; Amrutkar et al., 

2015) 

 

Somatic cell count 
 

Supplementation of methionine in lactating 

dairy cows had no significant effect on 

somatic cell count (SCC) of milk (Izumi et al., 

2000). Contrary, Li et al., (2016) found 

reduced somatic cell count in milk of Holstein 

Friesian cows fed diet supplemented with 

methionine (Smartamine M). Pirestani et al., 

(2011) reported reduction in somatic cell 

count of milk due to choline supplementation 

in Holstein Freisian cows. On the other hand, 

Park et al., (2008) observed that rumen 

protected choline did not affect somatic cell 

count. 

 

Feed intake  
 

Feed intake and body weight gain response to 

supplemental rumen protected methionine, 

lysine and choline had been variable. In 

formulating diets, it is not only important to 

satisfy requirements for rumen degradable 

protein and rumen undegradable protein, also 

to ensure a balanced ratio between the first 

limiting amino acids, methionine and lysine, 

as well as with other amino acids. Moreover, 

balancing amino acids gives the opportunities 

to formulate diets that improve the cow’s 

health and reproductive performance and 

decrease nitrogen excretion (Liu et al., 2013). 

Broderick et al., (2008) conducted a trial on 

36 Holstein cows supplemented with either 0 

or 8 g of rumen protected methionine (RPM) 

per animal per day and found no significant 

difference in dry matter intake between the 

treatments. Ordway et al., (2009) checked 

whether different forms of rumen protected 

methionine (MetaSmart and Smartamine) 

supplementation had different effect on dry 

matter intake in Holstein Freisan cows. 

Animals were supplemented from 21 days 

before expected calving and continued 

through 140 days postpartum. The results 

indicated that prepartum DM intake (DMI; 

13.5 kg/d), body weight (687 kg), body 

condition score (3.81), were not different 

among treatments. However, postpartum DMI 

and body condition score were greater for 

cows fed the MetaSmart diet than for cows fed 

the control and Smartamine M diets. In 

another study, Soltan et al., (2012) 

investigated the effect of supplementing 

rumen protected methionine (15g/day) and / or 

choline (30g/day) on performance of sixty 

lactating Holsteins dairy cows. RP- MET 

improved DMI by .07% when compared with 

MET limited group, while RP- CHOL 

significantly improved DMI by 8.4% 

throughout the whole experimental period 

when compared with the control group cows. 

On the other hand, there was improvement 

only in postpartum dry matter intake (DMI) in 

transition cows fed diet supplemented with 

rumen protected methionine and choline (Sun 

et al., 2016). 

 

Donkin et al., (1989) observed the effect of 

RPM and RPL in eight mid lactation Holstein 

cows by addition of protected-methionine (15 

g/day) and lysine (40 g/day) and found no 

significant differences between treatments on 

dry matter intake. Armentano and Swain 

(1993); Chung (2003) also achieved the same 

results when methionine and lysine was 

supplemented in Holstein Friesian. Also, there 

was no significant effect on DMI when only 
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rumen protected lysine was supplemented in 

Holstein Friesan cows (Pas et al., 2014). 

 

No significant effect on prepartum DMI (Lima 

et al., 2007) and postpartum DMI (Leiva et 

al., 2015) in transition dairy cows due to 

rumen protected choline. Also, Elek et al., 

(2008) and Guretzky et al., (2006) also 

reported choline supplementation in Holstein 

Friesian cows had no effect on BCS and dry 

matter intake. Suksombat et al., (2012) and 

Rahmani et al., (2014) also reported no effect 

on dry matter intake, body weight, due to 

choline supplementation in Holstein Friesian. 

Sheikh et al., (2014) supplemented rumen 

protected methionine plus lysine and choline 

in Karan Fries fed basal ration consisting of 

wheat straw (20%), green fodder (40%) and 

concentrate mixture (40%) as per NRC 

(2001). Eighteen Karan Fries were divided 

into three treatments as follows: T1 group 

were supplemented with 7 g rumen protected 

methionine plus 60 g rumen protected lysine 

per day and those in T2 group were given 60g 

rumen protected choline per day. DMI was 

higher (P<0.05) in T1 and T2 groups than that 

of control (C) and the digestibility of OM, 

NDF and ADF was higher in in T1 and T2 

than that of control.  

 

Haemato- biochemical parameters  

 

High milk producing dairy animals may 

undergo negative energy balance which 

triggers body fat mobilization to meet the 

increasing energy demands of the animals. As 

a result of fat mobilization, higher levels of 

non-esterified fatty acids (NEFA) are 

generated in adipose tissue and released into 

the blood circulation. Higher NEFA 

concentration is a typical hallmark of 

transition cows, and the insufficient metabolic 

capability of hepatic NEFA has been 

demonstrated to adversely affect animal health 

and to impair lactation performance as well as 

subsequent reproductive performance (Ospina 

et al., 2010). NEFA circulating in blood can 

be either utilized by the mammary gland to 

synthesize milk fat or transported to the liver 

for further metabolism (Grummer et al., 

2004). Choline and methionine serve as 

crucial nutrients for assembly of VLDL to 

export TG from liver.  

 

Gao et al., (2008) supplemented rumen 

protected methionine (RPMet) in the diet of 

Chinese Holstein cows and found out that 6g 

RPMet supplementation in the diet of lactating 

cows significantly decreased serum urea 

nitrogen (P < 0.01) and glucose contents (P < 

0.05), but had no effects on nonesterified fatty 

acids (NEFA), total cholesterol and 

triglyceride (P > 0.05). Rumen protected 

methionine induced no significant effect on 

blood serum glucose, triglycerides, NEFA and 

blood urea concentration while reduced 

(p<0.05) blood serum cholesterol when 

compared with methionine limited group 

(Soltan et al., 2012). 

 

Krober et al., (2000) studied the effect of 

adding lysine and/or methionine in 24 Brown 

Swiss cows. They obtained the results that the 

effects of lysine and methionine on various 

enzyme activities (glutamyl transferase, 

aspartate amino transferase and creatine 

kinase) and plasma metabolites such as 

glucose, triglycerides, NEFA did not differ 

significantly. But, in another study, it was 

reported that cows on pelletized concentrate 

containing Lys and Met with or without 

choline tended to have lower serum non-

esterified fatty acid, but no differences were 

observed in other blood parameters (Ye et al., 

2010). Concentrations of blood metabolites, 

except for betahydroxybutyrate (BHB), were 

not changed due to addition of rumen 

protected methionine and lysine in dairy cows 

(Tricnaty et al., 2009).  

 

RPC supplementation tended to improve 

blood metabolic profile in transition dairy 
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cows and the optimal dose of feeding of RPC 

is 30 g/d (Xu et al.,2006) Dietary 

incorporation of rumen protected choline in 

dairy cows increased plasma concentrations of 

glucose whereas nonesterified fatty acids 

(NEFA), triglycerides and cholesterol were 

decreased (Xu et al., 2006; Mohsen et al., 

2011). Soltan et al., (2012) also found the 

same results in Holstein dairy cows except 

increased cholesterol concentration. Garg et 

al., (2012) also supplemented 15g of rumen 

protected choline in Jaffarabadi buffaloes 

where they found reduced NEFA and 

cholesterol level as compared to non- 

supplemented groups. In contrast, Suksombat 

et al., (2012) reported that rumen protected 

choline supplementation in Holstein cows had 

no effect on blood parameters. Guretzky et al., 

(2006) incorporated 60 g of a RPC product 

(25% choline as choline chloride) from 21 d 

before expected parturition through 21 d 

postpartum Holstein cows and realized that 

cows fed Rumen protected choline tended to 

have greater serum triglycerides prepartum 

(17.0 vs. 14.7 mg/dL) and lower plasma 

phospholipid at parturition (65.2 vs. 78.1 

mg/dL) than control cows but treatment did 

not affect cholesterol and phospholipid at 

other time points.  

 

Amrutkar et al., (2015) conducted an 

experiment on crossbred (Karan-Fries) cows 

of between 2
nd

 and 4
th

 lactation. Animals in 

the Control group (T1) were offered with a 

basal diet consisting of threshed wheat straw, 

chopped green maize forage and compounded 

concentrate mixture as per their requirements. 

Animals in second group (T2) were fed with 

5 g of rumen-protected methionine and 20 g of 

rumen- protected lysine and in third group 

(T3), 54 g of rumen-protected choline was 

supplemented in addition to basal diet 40 days 

before and 120 days after calving. Results 

revealed that plasma metabolites like glucose, 

non-esterified fatty acids, cholesterol and 

plasma urea nitrogen were similar among all 

groups. Concentration of triglycerides and 

very low density lipoproteins was lower 

(P < 0.01) in T2 and T3 than Control group. 

However, phosphatidylcholine and vitamin E 

levels were higher (P < 0.01) in T3 than other 

two groups. It was concluded from the study 

that supplementation of rpMetLys and 

rpCholine to high-yielding crossbred cows 

improved metabolic health status during early 

lactation period under Indian situation. 

 

Immunity 

 

There is decreased dry matter intake (DMI) in 

cows around the calving period so the ingested 

nutrients could not support the dietary 

requirements for milk production. Cows 

during this period experienced marked 

negative energy balance (NEB) and depressed 

immune function. The decreased immune 

function during the peripartum period is partly 

responsible for metabolic diseases and 

infections (Sordillo et al., 2009). Many 

researchers have demonstrated that 

methionine, besides being first limiting amino 

acids for milk production, also plays role in 

immune function (Soder et al., 1999 and 

Osorio et al., 2013). Methionine and its 

derivate metabolites like glutathione, taurine, 

polyamines are popular immunonutrients in 

non-ruminants that aid and boost immune 

function and activity. Both methionine and 

choline were found to increase immune 

function effectively; but, methionine affected 

the immune and antioxidant status before 

parturition, which might have been beneficial 

to prepare the cow to respond to metabolic 

challenges after parturition (Vilaiti-Riboni et 

al., 2017). Choline and methionine have been 

shown to alleviate oxidative stress as well as 

enhance immunity in rodents and humans 

(Miller et al., 2005; Luo and Levine, 2009). 

 

Excessive production of reactive oxygen 

species (ROS) from normal metabolism leads 

to loss of cell function, necrosis and apoptosis 
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and decreases dairy cow performance (Miller 

et al., 1998). Hu et al., (2005) reported that 

inhibition of SOD2 caused accumulation of 

ROS. Li et al., (2016) observed greater 

expressions of SOD1 and SOD2 in methionine 

supplemented group as compared to non 

supplemented group of dairy cows. 

 

Sun et al., (2016) investigated the effects of 

rumen-protected methionine (RPM) and 

rumen-protected choline (RPC) on antioxidant 

capacity and immune response in transition 

dairy cows and showed that post-ruminal 

choline and methionine elevated the blood 

antioxidant status, as indicated by total 

antioxidant capacity (T-AOC), glutathione 

peroxidase (GSH-Px) activity and the vitamin 

E concentration (P < 0.05), and reduced the 

plasma malondialdehyde (MDA) level (P < 

0.05). Also, RPM and RPC elevated the 

plasma interleukin 2 (IL-2) concentrations and 

the CD4
+
/CD8

+
 T lymphocyte ratio in 

peripheral blood (P < 0.05). And the levels of 

tumor necrosis factor-α (TNF-α) and IL-6 

were found to be decreased by RPM and RPC 

(P < 0.05) supplementation. The results 

demonstrated that dietary supplementation 

with RPC and RPM enhanced antioxidant 

capacity and immune function of transition 

dairy cows. Osorio et al., (2013) proposed 

that blood neutrophil phagocytosis at 21 d was 

greater with methionine supplementation, 

suggesting better immune function. 

 

Diseases and reproduction 

 

During transition period, there is excessive fat 

mobilization to support milk and milk fat 

synthesis and higher level of NEFA in blood is 

noted. But due to limited ability of liver to 

completely oxidised NEFA to ATP or packed 

into VLDL, there is incomplete oxidation of 

NEFA to form ketone bodies, making dairy 

cows are more susceptible to metabolic 

diseases like ketosis, fatty liver, retained 

placenta, hypocalcemia and clinical mastitis 

(Esposito et al., 2014). This metabolic 

diseases compromise reproductive 

performance of dairy cows. Feeding rumen 

protected choline reduced the incidence of 

clinical ketosis, mastitis, and morbidity, and 

the number of cases of mastitis per cow. 

Feeding RPC did not influence cyclicity and 

pregnancies per AI (Lima et al., 2011). First 

service conception rate was increased by 

feeding rumen‐ protected choline in two 

studies (Oelrichs et al., 2004; Lima et al., 

2007). Supplementation of RPM and RPC 

have been improved reproductive performance 

and health situation of dairy cows (Ardalan et 

al., 2009). A study (Ikeda et al., 2012) 

evaluated whether methionine metabolism was 

required for normal development of bovine 

embryos and methionine was found to have an 

essential role in the development of the bovine 

embryo from morula to blastocyst. 

 

Cows fed choline exhibited decreased ketone 

body concentration numerically in urine 

(2.22±1.40 vs. 2.62±1.66 in control; P=0.34) 

which suggests a sign for reduced incidence 

for ketosis (Ensink et al., 2013). 

 

Stress conditions 
 

The heat and humidity of a typical summer 

make a very uncomfortable environment for 

lactating dairy cows. During hot summer 

weather, milk production may decrease and 

reproductive proficiency of lactating dairy 

cows is greatly diminished. Abdi-Benemar et 

al., (2015) evaluated the effects of balancing 

low protein diets for methionine and lysine on 

performance of early lactation Holstein cows 

under hot environmental temperature. Twenty 

one multiparous Holstein cows in early 

lactation were allocated to three experimental 

rations including, 1) High protein ration with 

17.5% CP, 2) Medium protein ration with 

16% CP and 12 g/d rumen protected 

methionine (RP Met), 3) Low protein ration 

with 14.5% CP, 14 g/d RP Met and 5 g/d 
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rumen protected lysine. There was no effect 

of ration on milk yield and milk fat 

percentage, but milk protein percent, N 

efficiency for milk production, milk urea 

nitrogen (MUN) and blood urea nitrogen 

(BUN) were affected significantly. N excreted 

in urine, N balance and creatinine 

concentration in urine decreased significantly 

by feeding low protein diets. Plasma 

concentrations of non-essential AA were not 

affected by treatments but, Methionine, 

Valine and Leucine concentrations were 

affected significantly. They suggested that 

low protein diets with rumen protected amino 

acids can be an alternative for high protein 

diets for dairy cows under hot climates. 

 

In conclusions, for optimum milk production, 

methionine, lysine and choline are required in 

the diet in the rumen protected form in high 

producing dairy cows. Supplementing these 

nutrients during the transition period can be 

profitable for commercial dairy farming. 

Methionine and choline have shown to 

enhance immune status of animals and 

alleviate stress to liver thereby decreasing the 

occurrence of metabolic diseases. 
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