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Introduction 
 

The transition period (3 weeks before through 3 weeks postpartum), is a critical 
life event for the dairy cow. Around calving, cows involuntarily reduce feed intake, and 
nutrient demands increase to support fetal growth and milk synthesis. A systemic 
inflammatory response occurs at parturition, which can develop with fatty liver disease 
and ketosis. Nutritional strategies that improve health and milk production for the 
transition dairy cow are of interest. Two nutrients that deserve attention include 
methionine (Met) and omega-3 fatty acids (n3FA) because of their role in hepatic 
transmethylation (McFadden et al., 2020). Specifically, Met is utilized by Met 
adenosyltransferase to generate S-adenosylmethionine, which donates methyl groups 
to phosphatidylethanolamine to form phosphatidylcholine (PC) by the actions of 
phosphatidylethanolamine-N-methyltransferase (PEMT). In non-ruminants, evidence 
suggests that PEMT prefers phosphatidylethanolamine enriched in very long chain fatty 
acids (FA) such as docosahexaenoic acid (C22:6; DHA; DeLong et al., 1999). PC 
synthesis is a critical component of very-low-density lipoproteins, which aid in reducing 
fatty liver while partitioning lipids to the mammary gland (Watkins et al., 2003). We 
suspect that this pathway is downregulated during the transition period due to 
insufficient dietary supply of Met and n3FA. The objective of this study was to 
investigate the effects of dietary Met and calcium-salts (CS) of FA enriched without or 
with eicosapentaenoic acid (C20:5; EPA) and DHA on milk production, and hepatic 
methyl donor metabolism and function in periparturient cows. 

 
Materials and Methods 

 
In a randomized complete block study design, 79 multiparous Holstein cows 

were balanced by parity and previous 305-day ME and assigned to 1 of 4 dietary 
treatments (n = 19/treatment): 1) Met unsupplemented (-Met) with CS of palm oil not 
enriched in n3FA (-n3FA; 0% EPA and DHA; EnerGII; Virtus Nutrition,Corcoran, CA), 2) 
Met supplemented (+Met; Smartamine M; Adisseo Inc., Antony, France) with -n3FA, 3) -
Met with CS enriched in n3FA (+n3FA; 3.2% of EPA and DHA; EnerG-3; Virtus 
Nutrition), or 4) +Met with +n3FA from wk -3 prior to expected calving through wk 4 of 
lactation. Cows were fed corn silage-based total mixed rations, pre- and postpartum, 
which were formulated to provide Met at ≤ 0.96 or ≥ 1.13 g Met/Mcal metabolizable 
energy for -Met and +Met, respectively. CS were fed at 1.5% FA (% ration dry matter) 
for all treatments pre and postpartum. Liver biopsies were performed at -1, +1, and +3 
wk, relative to expected or actual parturition. Blood was collected weekly. Cows were 
milked thrice daily and milk samples were collected twice a week. Pre- and postpartum 
data were analyzed using PROC MIXED of SAS v9.4. Pre-planned contrasts included: 



1) effect of Met (-Met vs. +Met), 2) effect of n3FA (-n3FA vs. +n3FA), and 3) effect of 
co-supplementation (+Met/+n3FA vs. +Met/-n3FA and -Met/+n3FA).  

 
Results 

 
Although prepartum dry matter intake (DMI) was not modified by diet, +Met and 

+n3FA cows had greater postpartum DMI, relative to cows unsupplemented with Met or 
n3FA, (P = 0.01 and 0.03, respectively). Met intakes were greater in +Met/+n3FA, 
relative to +Met/-n3FA and -Met/+n3FA prepartum (P = 0.01; 25.6 vs. 22.7 g/d, 
respectively) and postpartum (P < 0.01; 62.4 vs. 48.7 g/d, respectively). Cows fed 
+n3FA consumed more EPA ad DHA pre- and postpartum as compared to -n3FA (P < 
0.01). Yields of energy-corrected milk (ECM) were greater in +Met and +n3FA 
compared to -Met and -n3FA (P = 0.01 and 0.05, respectively). Energy-corrected milk 
yield had an overall increase of 5.53 kg/d in +Met/+n3FA compared to -Met/-n3FA. 
Similar results were observed for yields of fat-corrected milk, milk fat, and milk protein. 
Milk protein % were greater (P = 0.03) in +Met/+n3FA, relative to +Met/-n3FA and -
Met/+n3FA (3.15, 3.11 and 2.95%, respectively). Milk fat % tended to be greater (P = 
0.10) in +Met/+n3FA, relative to +Met/-n3FA and -Met/-n3FA (5.41, 5.25, and 5.06%, 
respectively). 

 
Postpartum body weight change (wk 1 to 4) was lower for +Met supplemented 

cows, relative to -Met cows (P = 0.01). Circulating creatinine, globulin, total FA, 
aspartate transaminase, serum amyloid A, oxidized and reduced glutathione, and total 
cholesterol concentrations were modified by time (P ≤ 0.01) but not treatment. At 
calving, -Met/-n3FA had greater plasma triglyceride concentrations, relative to +Met/-
n3FA and -Met/+n3FA (P ≤ 0.01), whereas +Met/+n3FA tended to have greater plasma 
glucose concentrations, relative to rest (P = 0.09). Serum total protein and albumin 
concentrations were greater in +Met/+n3FA, relative to +Met/-n3FA and -Met/+n3FA (P 
= 0.03 and 0.06, respectively). Liver S-adenosylhomocysteine concentrations tended to 
be greater in +Met/-n3FA and -Met/+n3FA diets at +3 wk postpartum, relative to -Met/-
n3FA (P = 0.05 and 0.09, respectively). These data suggest enhanced activation of 
PEMT. Postpartum liver functionality index (Bertoni and Trevisi, 2013) values tended to 
be greater for +Met/+n3FA, relative to +Met/-n3FA and -Met/+n3FA (P = 0.08). These 
findings suggest enhanced liver function in cows supplemented with Met and n3FA, 
relative to cows supplemented with Met or n3FA alone. 
 

Conclusion 
 

In conclusion, transition cows supplemented with RP-Met or CS enriched in EPA 
and DHA experienced increased milk yield, ECM, and FCM as well as fat and protein 
yields with RP-Met or EPA/DHA supplementation, increased milk protein content with 
RP-Met, enhanced body weight (EPA/DHA) or reduced body weight loss (RP-Met), 
enhanced liver S-adenosylhomocysteine concentrations with RP-Met or EPA/DHA, and 
enhanced liver Met concentrations with RP-Met feeding. Co-supplementation of RP-Met 
and EPA/DHA increased milk fat and protein content, plasma glucose concentrations at 
calving, and liver function (LFI), relative to cows fed RP-Met or EPA/DHA alone. Future 



research should consider how changes in the FA feeding level and composition of 
close-up diets, notably EPA and DHA content, influences postpartum health outcomes 
and milk production in dairy cattle. 
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