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Abstract

The onset of lactation in dairy cows is characterized
by severe negative energy and protein balance. Methio-
nine availability during this time for milk production,
hepatic lipid metabolism, and immune function may
be limiting. Supplementing Met to peripartal diets
with adequate Lys in metabolizable protein (MP) to
fine-tune the Lys:Met ratio may be beneficial. Fifty-six
multiparous Holstein cows were fed the same basal diet
from 50 d before expected calving to 30 d in milk. From
—50 to —21 d before expected calving, all cows received
the same diet [1.24 Mcal/kg of dry matter (DM), 10.3%
rumen-degradable protein, and 4% rumen-undegrad-
able protein] with no Met supplementation. From —21
d to expected calving, the cows received diets (1.54
Mcal/kg of DM, 10% rumen-degradable protein, and
5.1% rumen-undegradable protein) with no added Met
(control, CON; n = 14), CON plus MetaSmart (MS;
Adisseo Inc., Antony, France; n =12), or CON plus
Smartamine M (SM; Adisseo Inc.; n = 12). From calv-
ing through 30 d in milk, the cows received the same
postpartum diet (1.75 Mcal/kg of DM and 17.5% CP;
CON), or the CON plus MS or CON plus SM. The Met
supplements were adjusted daily and top-dressed over
the total mixed ration at a rate of 0.19 or 0.07% (DM)
of feed for MS or SM. Liver tissue was collected on
—10, 7, and 21 d, and blood samples more frequently,
from —21 through 21 d. Data were analyzed using the
MIXED procedure of SAS (SAS Institute Inc., Cary,
NC) with the preplanned contrasts CON versus SM +
MS and SM versus MS. No differences in prepartal DM
intake (DMI) or body condition score were observed.
After calving, body condition score was lower (2.6 vs.
2.8), whereas DMI was greater (15.4 vs. 13.3 kg/d)
for Met-supplemented cows. Postpartal diet x time
interactions were observed for milk fat percentage, milk
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fat yield, energy-corrected milk:DMI ratio, and energy
balance. These were mainly due to changes among time
points across all treatments. Cows supplemented with
either Met source increased milk yield, milk protein
percentage, energy-corrected milk, and milk fat yield
by 3.4 kg/d, 0.18% units, 3.9 kg/d, and 0.18 kg/d, re-
spectively. Those responses were associated with greater
postpartum concentration of growth hormone but not
insulin-like growth factor 1. There was a diet x time
effect for nonesterified fatty acid concentration due to
greater values on d 7 for MS; however, liver concentra-
tion of triacylglycerol was not affected by diet or diet
x time but increased postpartum. Blood neutrophil
phagocytosis at 21 d was greater with Met supplementa-
tion, suggesting better immune function. Supplemental
MS or SM resulted in a tendency for lower incidence of
ketosis postpartum. Although supplemental MS or SM
did not decrease liver triacylglycerol, it improved milk
production-related traits by enhancing voluntary DMI.
Key words: methionine, transition cow, inflammation

INTRODUCTION

Nutritional requirements of dry cows increase as
gestation progresses because of fetal growth, which is
exponential in late gestation (NRC, 2001). Conditions
such as increased blood glucocorticoids, lipid mobiliza-
tion, and fetal size contribute to reducing voluntary
DMI. In turn, nutrient availability for the cow and fetus
decreases (Ingvartsen and Andersen, 2000). Clearly, the
amount of MP flowing to the intestine from both di-
etary and microbial sources can be diminished by lower
DMI around calving.

Limited research suggests that RUP is ca. 50% of
the total MP and that increasing RUP during late
gestation improves subsequent lactation performance
(Huyler et al., 1999; Greenfield et al., 2000). The RUP
is important as a source of essential AA (EAA; e.g.,
Met) for body tissues, which are the building blocks of
enzymes and hormones of importance in a number of
biological functions. Therefore, it might be expected
that an adequate profile of EAA in RUP is crucial for
a successful transition for both the cow and the unborn
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calf. Research has determined that Met and Lys in MP
are the most-limiting AA in a wide range of diets for
dairy cows (NRC, 2001). In fact, Met is typically first
limiting and supplementation of Met alone improved
overall lactation performance in dairy cows (Armen-
tano et al., 1997; Rulquin and Delaby, 1997).

Among the various biological functions besides milk
protein synthesis for which Met availability is impor-
tant, some of the most relevant to the peripartal period
include its role in liver lipoprotein synthesis, as substrate
for antioxidant reactions, and the immune function
(Durand et al., 1992; Soder and Holden, 1999; Chen et
al., 2007). Perhaps the most important metabolic role
of Met at the level of the liver is as a lipotropic agent
that can stimulate the synthesis of very low density
lipoproteins (VLDL), and consequently help minimize
the accumulation of triacylglycerol (TAG; Bauchart et
al., 1998; Martinov et al., 2010). Oxidative stress status
also could be influenced by Met availability because
it could serve as a substrate for glutathione synthesis
via homocysteine produced in the Met cycle (Martinov
et al., 2010). Glutathione is one of the most abundant
natural antioxidants produced within the liver, and a
reduction in its synthesis in rodents leads to steatosis,
mitochondrial damage, and marked increases in lipid
peroxidation (Chen et al., 2007).

There is still a limited amount of data on the efficacy
of supplementing Met during the peripartal period
(i.e., the last 3 wk through the first 3 wk relative to
parturition; Phillips et al., 2003; Socha et al., 2005;
Johnson-VanWieringen et al., 2007), and specifically
for the isopropyl ester of 2-hydroxy-4-(methylthio)-
butanoic acid [HMBi; MetaSmart (MS); Adisseo
Inc., Antony, France; Ordway et al., 2009]. A common
objective of previous experiments (Armentano et al.,
1997; Rulquin and Delaby, 1997) has been to achieve
optimal or near-optimal level of Lys in MP to maintain
a 3:1 ratio of Lys to Met as estimated by NRC (2001),
especially after calving. These previous studies have
not reported incidences of clinical disease; thus, it is
difficult to ascertain what affects MS or SM might have
in that regard.

Based on previous research in lactating dairy cows
(Rulquin et al., 2006; Chen et al., 2011) or peripartal
cows (Ordway et al., 2009; Socha et al., 2005), we hy-
pothesized that either Smartamine M (SM; Adisseo
Inc.) or MS would improve DMI, milk yield, and milk
protein concentration. Because ca. 50% of HMBI in MS
is hydrolyzed into 2-hydroxy-4-(methylthio)-butanoic
acid and further degraded by rumen microorganisms
(Robert et al., 2001), we also hypothesized a greater re-
sponse in milk fat for cows fed MS. Additionally, L-Met
supplementation has been previously associated with
an improvement in hepatic lipid metabolism in calves
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(Auboiron et al., 1994; Auboiron et al., 1995) and dairy
cows (Durand et al., 1992); thus, it is conceivable that
inclusion of SM or MS during the peripartal period
might alleviate overload of FA in the liver and conse-
quently decrease the incidence of fatty liver and ketosis.
The objective of this experiment was to evaluate the
effects of supplementing during the peripartal period
(=21 through 30 DIM) SM or MS in amounts that
would result in a predicted 2.9:1 ratio of Lys to Met.

MATERIALS AND METHODS
Experimental Design and Dietary Treatments

The Institutional Animal Care and Use Committee
(IACUC) of the University of Illinois (Urbana) approved
all procedures for this study (protocol no. 09214). The
experiment was conducted as a randomized complete
block design where 45 multiparous Holstein cows were
blocked according to parity, previous lactation milk
yield, and expected day of calving. Eleven multiparous
Holstein cows were later included for cows that had to
be removed unexpectedly from the experiment. Thus, a
total of 56 multiparous Holstein cows were fed experi-
mental treatments consisting of a basal control (CON)
diet (n = 24) with no Met supplementation, CON plus
MS (n =15) at a rate of 0.19% of DM, or CON plus
SM (n = 18) at a rate of 0.07% of DM. After calving,
a total of 17 cows were removed from the experiment
based on clinical disease (per IACUC guidelines) or
twinning. This translated into removal of 10, 3, and 4
in CON, MS, and SM groups, respectively (Table 1).
Therefore, the numbers of cows in Table 1 reflect the
fact that more cows had to be allocated to the CON
diet in an attempt to balance the replicates among the
treatments. The complete data set from 14, 12, and,
13 cows in the CON, MS, and SM group, respectively,
was used for statistical analysis. All cows received the
same far-off diet (1.24 Mcal/kg of DM, 10.3% RDP,
and 4% RUP) from —50 to —21 d before expected calv-
ing, close-up diet (1.54 Mcal/kg of DM, 10% RDP, and
5.1% RUP) from —21 d to expected calving, and lacta-
tion diet from calving (1.75 Mcal/kg DM, 10.9% RDP,
and 6.5% RUP) through 30 DIM (Table 2). Methionine
supplements were top-dressed from —21 to 30 DIM.

MetaSmart was supplied as a dry powder consisting
of 57% HMBI, which in turn, is 78% Met equivalent, of
which 50% is absorbed through the rumen wall (Grau-
let et al., 2005); therefore, for each 10 g of MS, the
cow received 2.22 g of Met. In contrast, SM contains
75% DL-Met, physically protected by a pH-sensitive
coating, which is considered to have a Met bioavail-
ability of 80% (Schwab, 2007); therefore, per 10 g of
SM, the cows received 6 g of metabolizable Met. Using
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Table 1. Frequency of occurrence of health problems and twinning in cows supplemented with MetaSmart
(MS; Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.) during the peripartal period

Diet' P-value
Variable CON MS SM Diet Met
n 24 15 17 — —
Twins 2 0 1 0.78 0.57
Ketosis® 6 1 2 0.34 0.15
Displaced abomasum 3 2 2 1.00 1.00
Retained placenta® 0 1 1 0.32 0.50
Excluded cows’ 10 3 4 — —

'CON = control; MS = CON + MS (0.19% of DMI); SM = CON + SM (0.07% of DMI).
"Defined as cows having moderate (~40 mg/dL) or large ketone concentrations (>80 mg/dL) in urine, as
detected using a reagent strip and treated by veterinarians with oral propylene glycol or intravenous dextrose.

*Defined as fetal membranes retained >24 h postpartum.

4 . . . .. .
Actual number of cows excluded from the experiment, where 4 cows were diagnosed with 2 clinical diseases
after calving.

Table 2. Ingredient composition of diets fed during far-off (—50 to —21 d relative to expected calving), close-
up (—21 d to calving), and early lactation periods’

Diet'
Ingredient (% of DM) Far-off Close-up Lactation
Alfalfa silage 12.00 8.20 5.00
Alfalfa hay — 3.50 4.00
Corn silage 33.00 35.90 33.00
Wheat straw 36.00 15.40 4.00
Cottonseed 3.50
Wet brewers grains — 6.00 10.00
Ground shelled corn 4.00 13.00 22.20
Soy hulls 2.00 4.00 4.00
Soybean meal, 48% CP 7.92 3.10 3.30
Expeller soybean meal® — 2.00 6.20
SoyChlor® 0.15 3.80
Blood meal, 85% CP 1.00 1.00 0.30
Urea 0.45 0.30 0.14
Rumen-inert fat* — — 1.00
Limestone 1.30 1.30 1.18
Salt (plain) 0.32 0.30 0.27
Dicalcium phosphate 0.12 0.18 0.27
Magnesium oxide 0.21 0.08 0.14
Magnesium sulfate 0.91 0.97
Sodium bicarbonate — — 0.75
Potassium carbonate 0.10
Calcium sulfate — — 0.10
Mineral-vitamin mix® 0.20 0.20 0.20
Vitamin A° 0.015 0.015 —
Vitamin D7 0.025 0.025
Vitamin E® 0.38 0.38 —
Biotin 0.35 0.35

'Basal close-up and lactation diets were considered as CON = control, MS = MetaSmart [Adisseo Inc., Antony,
France; CON + MS (0.19% of DMI)], and SM = Smartamine M [Adisseo Inc.; CON + SM (0.07% of DMI)].
*SoyPLUS (West Central Soy, Ralston, TA).

By West Central Soy.

*Energy Booster 100 (MSC, Carpentersville, IL).

®Contained a minimum of 5% Mg, 10% S, 7.5% K, 2.0% Fe, 3.0% Zn, 3.0% Mn, 5,000 mg of Cu/kg, 250 mg
of I/kg, 40 mg of Co/kg, 150 mg of Se/kg, 2,200 kIU of vitamin A/kg, 660 kIU of vitamin D3/kg, and 7,700
IU of vitamin E/kg.

SContained 30,000 kIU /kg.
"Contained 5,009 kIU /kg.
fContained 44,000 TU /kg.
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Table 3. Nutrient composition and evaluation (NRC, 2001) of prepartal and postpartal diets fed to cows supplemented with MetaSmart (MS;
Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.) during the peripartal period!

Prepartum
Close-up Postpartum

Chemical component” Far-off CON? MS SM CON MS SM
NE, (Mcal/kg of DM) 1.24 1.54 1.53 1.54 1.76 1.74 1.73

P (% of DM) 14.30 15.0 15.1 15.1 174 17.5 17.4
RDP (% of DM) 10.3 10 10 10 10.9 10.7 10.6
RUP (% of DM) 4 5.1 5.1 5.1 6.5 6.7 6.8
NDF (% of DM) 51.2 42.3 42.2 42.3 35.2 35.3 35.2
ADF (% of DM) 35.5 28.4 28.3 28.4 22.6 22.6 22.6
RDP supplied (g/d) 1,277 1,217 1,265 1,235 1,453 1,631 1,655
RDP balance (g/d) 153 32 35 40 35 30 16
RUP supplied (g/d) 499 618 654 631 859 1,022 1,062
RUP required (g/d) 138 119 103 114 1,535 1,745 1,790
RUP balance (g/d) 361 499 551 518 —676 —723 —728
MP supplied (g/d) 1,059 1,191 1,248 1,209 1,563 1,812 1,869
MP balance (g/d) 282 395 437 410 —574 —613 —620
Lys:Met 3.84:1 3.59:1 2.82:1 2.76:1 3.43:1 2.82:1 2.82:1
Lys (% of MP) 7.30 6.66 6.60 6.62 6.17 6.09 6.06
MP-Lys (g) 7 79 82 80 96 110 113
Met (% of MP) 1.87 1.86 2.35 2.38 1.81 2.15 2.15
MP-Met (g) 20 22 29 29 28 39 40

"The NRC (2001) evaluation of diets was based on final DMI and production data and feed analysis.
*Composition of MS and SM supplied by Adisseo Inc. (Antony, France, and Alpharetta, GA).

3CON = control.

these Met estimates for MS and SM, the quantity of
product to be top-dressed for the respective diets was
calculated to result in predicted concentrations of 6.19
and 2.12% of MP for Lys and Met, respectively, for the
MS and SM diets according to NRC (2001; Table 3).
Additionally, TMR DM for the close-up and lactation
diets was measured weekly in order to estimate daily
TMR DM offered. In turn, the amounts of MS (0.19%)
and SM (0.07%) needed to reach our target level of
Met supplementation were calculated using the data of
TMR offered on a DM basis.

Animal Management

All cows were enrolled in the experiment from mid
October 2009 to early July 2010, with an average tem-
perature of 9.6 + 10.5 °C (Illinois State Water Survey;
http://www.isws.illinois.edu/atmos/statecli/cuweather
/index.htm). Cows were fed individually once daily
at 0630 h using an individual gate system (American
Calan Inc., Northwood, NH). Cows were housed in a
ventilated enclosed barn during the dry period and had
access to sand-bedded freestalls until 3 d before ex-
pected parturition, when they were moved to individual
maternity pens bedded with straw until parturition.
After parturition, cows were housed in a tie-stall barn
and were fed a common lactation diet once daily (Table
2) and milked 3 times daily. At 30 DIM, cows returned

to the farm herd. Feed offered was adjusted daily to
achieve 5 to 10% refusals.

Body weight was measured weekly before the mid-
day milking for each cow at the same time after the
morning feeding. A BCS (scale 1 = thin to 5 = obese,
with quarter-point increments) was assigned to each
cow weekly by 2 individuals and the average score was
used for statistical analysis. Intake of DM was recorded
daily. Milk yield was recorded daily during the first 30
DIM. Also, milk composition was analyzed while ECM
and EB were calculated from calving to 30 DIM.

Feed and Milk Samples

Dry matter of individual feed ingredients was deter-
mined weekly and rations were adjusted accordingly to
maintain DM ratios of ingredients in the TMR. Weekly
samples of ingredients and TMR were frozen at —20°C
and composited monthly for analysis of DM, CP, NDF,
ADF, Ca, P, K, and Mg by standard wet chemistry tech-
niques at a commercial laboratory (Dairy One, Ithaca,
NY). Consecutive morning, midday, and evening milk
samples were taken weekly until 30 DIM. Composite
milk samples were prepared in proportion to milk yield
at each milking, preserved (800 Broad Spectrum Mi-
crotabs II; D & F Control Systems Inc., San Ramon,
CA), and analyzed for contents of fat, protein, lactose,
SNF, MUN, and SCC (Dairy Lab Services, Dubuque,
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IA). Based on milk sample analysis, the ECM (at 3.5%
fat) was calculated daily as follows: ECM = [12.82 x
fat yield (kg)] + [7.13 x protein yield (kg)] + [0.323 x
milk yield (kg)] (Hutjens, 2010).

Energy balance (EB) was calculated for each cow
using equations from NRC (2001). Net energy intake
(NE;) was determined using daily DMI multiplied by
NE;, density of the diet. Net energy of maintenance
(NEy) was calculated as BW*™ x 0.080. Requirements
of NE;, were calculated as NE;, = (0.0929 x fat % +
0.0547 x protein % + 0.0395 x lactose %) x milk
yield. The net energy requirement for pregnancy (NEp;
Mcal/d) was calculated as NEp = [(0.00318 x day of
gestation — 0.0352) x (calf birth weight/45)]/0.218.
The equation used to calculate prepartal EB (EBpgg;
Mcal/d) was EBpgg = NE; — (NEy + NEp) and EBpgg
(as % of requirements) = [NE;/(NEy; + NEp)] x 100.
The equation used to calculate postpartal EB (EB-
POST) was EBPOST (Mcal/d) = NEI — (NEM + NEL)
and EBpogr (as % of requirements) = [NE;/(NEy +
NE.)] x 100.

Blood Collection and Analyses

Blood was sampled from the coccygeal vein every
Monday and Thursday before the morning feeding from
—25 to 30 d. Samples were collected into evacuated
serum tubes (BD Vacutainer; BD and Co., Franklin
Lakes, NJ) containing either clot activator or lithium
heparin for serum and plasma, respectively. After blood
collection, tubes with lithium heparin were placed on
ice and tubes with clot activator were kept at 21°C
until centrifugation (~30 min). Serum and plasma were
obtained by centrifugation at 1,900 x g for 15 min at
4°C. Aliquots of serum and plasma were frozen (—20
°C) until further analysis. Measurements of NEFA and
BHBA were performed using commercial kits in an
autoanalyzer at the University of Illinois Veterinary
Diagnostic Laboratory (Urbana). Glucose and TAG
concentrations were measured using a commercial kit
(LabAssay Triglyceride; Wako Chemicals Inc., Rich-
mond, VA). Insulin concentration was quantified using
a commercial bovine insulin ELISA kit (catalog no. 10-
1201-01; Mercodia AB, Uppsala, Sweden). The concen-
tration of VLDL was determined using a high-density
lipoprotein and low-density lipoprotein (LDL)/VLDL
cholesterol quantification kit (catalog no. K613-100;
BioVision Inc., Mountain View, CA). Apolipoprotein
B-100 (ApoB-100) was measured using a commercial
kit (Bovine Apolipoprotein B100 ELISA kit; ABO
Switzerland Co. Ltd., Xiamen, Fujian China). Quan-
tification of growth hormone (GH), IGF1, and leptin
concentration was as described by Graugnard et al.
(2013).
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Liver Tissue Composition

Liver was sampled via puncture biopsy (Dann et al.,
2006) from cows under local anesthesia at approximate
0800 h on d —10, 7, and 21 relative to parturition. Liver
was frozen immediately in liquid nitrogen and stored
until further analysis for concentration of total lipid
and TAG.

Whole-Blood Phagocytosis

The phagocytic capacity of PMNL isolated from
heparinized whole blood was determined at 21 d post-
partum using the Phagotest kit (Orpegen Pharma
GmbH, Heidelberg, Germany; Ballou, 2012) following
the manufacturer’s instructions. In brief, 20 pL of
bacteria FEscherichia coli was added to 1 of 3 whole-
blood samples (100 pL) in test tubes (Falcon; Becton
Dickinson, Franklin Lakes, NJ) and incubated for 10
min at 37°C. The cells were resuspended in 200 pL of
DNA-staining solution, and light-protected in an ice
bath until analyzed by flow cytometry (LSR II; Becton
Dickinson, San Jose, CA).

Statistical Analysis

Data were analyzed using PROC MIXED of SAS
(SAS Institute Inc., Cary, NC) with the preplanned
contrasts CON versus SM + MS and SM versus MS
according to the following model:

Yijum = p + Di+ P+ DPy + By 4 Cyyy
+ Tm + Dsz + DPTij + €ijkims

where Y, is the dependent, continuous variable; p is
the overall mean; D, is the fixed effect of the ith diet (i
=1, 2, or 3); P;is the fixed effect of the jth parity (j =
1, 2, or 3); DPij is the fixed effect of the ith treatment
by the jth parity of the experiment interaction; B, is
the random effect of the kth block (k= 1, ..., 15);
Cyju is the random effect of the lth cow within the ith
treatment, within the jth parity, and within the kth
block (I =1, ..., ng); T, is the fixed effect of the
mth time (day or week) of the experiment (m=1, . . .,
n); DT, is the fixed effect of the ith treatment by the
mth time of the experiment interaction; DPT};, is the
fixed effect of the ith treatment by the jth parity by
the mth time of the experiment interaction; and e,
is the residual error. Blood metabolites, insulin, and
liver composition were analyzed at various time points
that were not equally spaced. Therefore, an exponential
correlation covariance structure SP (POW) was used
for repeated measures. The covariate of previous 305-d
milk yield was maintained in the model for all vari-
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Table 4. Effects of supplementing cows with MetaSmart (MS; Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.) during the

peripartal period on DMI, BW, and BCS

Diet! P-value
Parameter CON MS SM SEM? Diet Met? Par* Time D x T°
Prepartum”
BW (kg) 773.7 762.8 766.2 4.8 0.26 0.12 — <0.001 0.14
BCS 3.18 3.17 3.16 0.04 0.90 0.72 0.04 <0.001 0.009
DMI (kg/d) 12.2 12.7 12.3 0.48 0.67 0.49 0.05 <0.001 0.42
DMI (% of BW) 1.54 1.68 1.60 0.07 0.35 0.23 0.003 <0.001 0.70
Energy balance (Mcal/d) 8.6 9.0 9.1 0.81 0.85 0.58 — <0.001 0.70
Postpartum
BW (kg) 670.8 660.3 645.3 20.5 0.56 0.37 <0.001 0.23
BCS 2.79 2.52 2.66 0.09 0.11 0.06 — <0.001 0.75
DMI (kg/d) 13.3 15.2 15.6 1.01 0.18 0.06 — <0.001 0.78
DMI (% of BW) 1.88 2.24 2.31 0.18 0.12 0.04 — <0.001 0.50
Energy balance (Mcal/d) —7.6 -89 -9.5 1.71 0.69 0.43 — <0.001 0.11

'CON = control; MS = CON + MS (0.19% of DMI); SM = CON + SM (0.07% of DMI).

*Greatest SEM.

3Contrast statement of CON versus MS + SM.

‘Parity (Par) effect was used in the model, depending on significance.
’Interaction of diet x time.

SPrepartum parameters were analyzed from —21 d to calving.

ables for which it was significant (P < 0.05). Health
and twinning data were analyzed with PROC FREQ
of SAS, and interpreted using Fisher’s exact test prob-
abilities. Statistical differences were declared significant
at P < 0.05 and tendencies at P < 0.15.

RESULTS
Ingredient and Nutrient Composition of Diets

The ingredient compositions of the diets are present-
ed in Table 2. The nutrient composition (Table 3) was
determined by analyzing each individual feed ingredi-
ent for its chemical composition and then entering the
feed analysis results into the NRC (2001) model.

Prepartal DMI, BW, and BCS

An interaction (P = 0.009) of diet by time (D x T)
was observed for prepartal BCS (Table 4; Figure 1C);
however, this could be more associated with transient
differences between cows than a direct dietary effect (P
= 0.90). In fact, prepartal BW, BCS, DMI (Figure 1E),
DMI as percentage of BW (Figure 1G), and prepartal
EB (Figure 2A and 2C) were not affected overall by
dietary treatments (Table 4). Analysis of MS + SM
versus CON indicated a tendency (P = 0.12) for lower
prepartal BW for cows fed MS 4+ SM; however, this ef-
fect was primarily due to a lower (P = 0.03) BW during
the last week prepartum for Met-supplemented cows in
comparison to CON (Figure 1A). Prepartal BW and
EB were the only variables for which parity did not
explain some of the variation.

Postpartal DMI, BW, and BCS

Main effects and interactions for postpartal BW,
BCS, DMI, DMI as percentage of BW, and postpar-
tal EB are presented in Table 4. In Met-supplemented
cows, tendencies for postpartal BCS (P = 0.11), DMI
(P = 0.18), and DMI as percentage of BW (P = 0.12)
were reflected via the contrast MS + SM versus CON
in lower BCS (P = 0.06), greater DMI (P = 0.06), and
greater DMI as percentage of BW (P = 0.04). A no-
ticeable lower BCS was observed for MS and SM from
calving to 3 wk postpartum (Figure 1D). An increase
in DMI (kg/d and as % of BW) for MS + SM versus
CON was evident from 7 to 21 d postpartum (Figure
1F and 1H). There was an interaction (P = 0.11) of
D x T for EB postpartum, which can be explained
by the differences in DMI and milk production among
them. Although a pronounced (P = 0.06) decrease in
EB of 4.8 Mcal/d (Figure 2B) was observed within 1
wk postpartum for MS + SM versus CON cows, EB
as percentage of requirements was only 12.7% lower
(Figure 2D) for MS + SM versus CON cows and did
not differ (P = 0.82). Most of this effect was associated
with a numerical deficit of 5.6 Mcal/d (P < 0.14) for
SM versus CON + MS during wk 1 (Figure 2B). Al-
though EB at 4 wk versus 1 for MS + SM was different
(P <0.001), EB for CON cows did not differ (P = 0.39)
throughout the 4 wk of lactation studied.

Milk Production and Composition

Main effects and D x T interactions for postpartal
production variables, milk:DMI ratio, and ECM:DMI

Journal of Dairy Science Vol. 96 No. 10, 2013
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Figure 1. Prepartal (A) and postpartal (B) BW, BCS (C, D), DMI (E, F), and DMI as percentage of BW (G, H) in cows supplemented with
MetaSmart (MS; Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.) during the peripartal period. CON = control. Values are
means, with standard errors represented by vertical bars.
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Figure 2. Prepartal energy balance (EB; Mcal/d; A), postpartal EB (Mcal/d; B), prepartal EB (% of requirements; C), postpartal EB (%
of requirements; D), and EB (% change with respect to 1 wk; E) in cows supplemented with MetaSmart (MS; Adisseo Inc., Antony, France) or
Smartamine M (SM; Adisseo Inc.) during the peripartal period. CON = control. Values are means, with standard errors represented by vertical

bars.

ratio are presented in Table 5. An interaction (P <
0.03) was observed for milk fat percentage, milk fat
yield (Figure 3B), Milk:DMI ratio, and ECM:DMI ra-
tio. A large degree of the effect observed in milk fat
percentage was not only due to a greater (P = 0.006)
fat content in SM cows during wk 1 postpartum, but
also to a greater fat content in MS versus SM during wk
2 (P =0.12) and wk 3 (P = 0.05; Figure 3A). That ef-
fect, coupled with numerically greater milk production
(Figure 3E) for SM cows during wk 1, was associated
with the greater (P < 0.001) fat yield observed during
the same time frame (Figure 3B). Similarly, MS cows
tended (P < 0.13) to have greater fat yield during 7

to 21 d postpartum (Figure 3B). Although D x T was
significant (P = 0.006) for ECM:DMI ratio, neither
diet nor Met contrasts were significant (Figure 3G).
Therefore, this effect was mainly due to the greater (P
= 0.07) Met effect during wk 1 postpartum.

Overall milk yield (Figure 3E), milk protein percent-
age (Figure 3C) and yield (Figure 3D), milk fat yield
(Figure 3B), and ECM (Figure 3F) tended (P < 0.15)
to be affected by diet. Contrast analysis, however, re-
vealed a greater response due to feeding the Met diets
than the CON diet for milk yield (P = 0.08), milk pro-
tein percentage (P = 0.05) and yield (P = 0.03), milk
fat yield (P = 0.04), and ECM (P = 0.03; Table 5).
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Table 5. Effects of supplementing cows with MetaSmart (MS; Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.) during the

peripartal period on production variables

Diet! P-value
Parameter CON MS SM SEM? Diet Met? Par’ Time D x T?
Milk yield (kg/d) 35.7" 38.1% 40.0°* 1.6 0.15 0.08 — <0.001 0.86
Milk fat (%) 4.27 4.68 4.09 0.22 0.59 0.36 0.05 <0.001 0.004
Milk protein (%) 3.04° 3.26" 3.19™ 0.08 0.13 0.05 — <0.001 0.23
Milk fat yield (kg/d) 1.64 1.84 1.81 0.08 0.11 0.04 — 0.04 0.009
Milk protein yield (kg/d) 1.11* 1.23" 1.24* 0.05 0.08 0.03 — 0.02 0.14
ECM (kg/d) 41.0° 44.8" 45.0° 1.55 0.09 0.03 — <0.001 0.07
Milk:DMI 2.89 2.81 2.69 0.18 0.71 0.50 — 0.089 0.03
ECM:DMI 3.00 3.39 3.05 0.22 0.42 0.40 — <0.001 0.006

*PMean values within a row with different superscripts were significantly different (P < 0.05).
'CON = control; MS = CON + MS (0.19% of DMI); SM = CON + SM (0.07% of DMI).

*Greatest SEM.

*Contrast statement of CON versus MS + SM.

‘Parity (Par) effect was used in the model, depending on significance.
*Interaction of diet x time.

Health

Health-related problems that occurred during the
experiment are summarized in Table 1. Among the
4 main health-related problems observed, ketosis was
clearly associated with diet, as indicated by the ten-
dency for fewer (P = 0.15) clinical cases in cows fed SM
and MS than CON diets. It should be noted, however,
that incidence of ketosis in 2 cows, one fed MS and the
other fed SM, were confounded by retained placenta.
Similarly, 2 other cows, one fed the CON diet and the
other SM, were diagnosed with ketosis and displaced
abomasum after calving. The least-affected (P = 1.00)
health-related problem was displaced abomasum.

Blood and Liver Metabolites

The main effects of parity, diet, time, and their inter-
actions on blood metabolites, insulin, GH, IGF1, leptin,
PMNL phagocytosis, and liver tissue concentration of
total lipid and TAG are presented in Table 6. The only
significant D x T effect was observed for NEFA (P <
0.001), which increased substantially after calving and
to a greater extent in cows fed MS on d 7 postpartum
(Figure 4D). Although diet did not significantly affect
any of the blood metabolites and hormones or liver tis-
sue concentration of lipid and TAG, there were strong
tendencies observed for NEFA (P = 0.12), GH (P =
0.07), PMNL phagocytosis (P = 0.07), and liver TAG
(P = 0.15), where Met-supplemented cows had greater
(P < 0.07) GH (7.51 vs. 5.03) and PMNL phagocytosis
(50.4 vs. 38.5%). Unlike GH and phagocytosis, NEFA
and liver TAG concentrations were greater with MS and
lower with SM compared with the CON diet (Table 6).
Unlike ApoB-100, all other blood and liver parameters
had a time effect, with concentrations changing over
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time (i.e. insulin, glucose, TAG, and VLDL decreased
between at least —17 d through 14 d postpartum; Fig-
ures 4 and 5). However, the concentration of VLDL
increased to values observed prepartum on d 21 (Figure
5).

The parity effect was significant for GH (P = 0.03),
IGF1 (P = 0.04), total liver lipid (P = 0.023), and TAG
(P < 0.001) concentration. As observed with blood
data, the concentration of total lipid and TAG in liver
changed over time due to marked increases between d
—10 and 7 relative to calving (Figure 6). Despite the
numerically greater concentration of total lipid on d 21
in cows fed the CON diet, no statistical difference was
observed in concentrations of lipid and TAG between
d 7 and 21.

DISCUSSION

Ingredient, Nutrient Composition, and NRC
Evaluation of Diets

The mean chemical compositions of feed ingredients
throughout the experiment were used to evaluate pre-
partal and postpartal diets through the NRC (2001)
model. Unlike prepartum, postpartal MP balance was
negative across dietary treatments (Table 3). The Met-
supplemented diets (MS + SM) provided an average
of 28 g/d more MP during the close-up period than
the CON diet. However, during the postpartal period,
the Met-supplemented cows had a more negative MP
balance (an average of 43 g/d more) than CON cows.
This was due, in part, to a greater (321.5 g/d) MP
requirement in MS + SM versus CON diets in order
to sustain a greater yield of milk (Table 5) during the
same period.

The importance of adequate RUP supply during the
transition period was further confirmed by a 15-fold
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Figure 3. Milk fat percentage (A), milk fat yield (B), milk protein percentage (C), milk protein yield (D), milk yield until 30 DIM (E), ECM
(F), and ECM:DMI ratio (G) in cows supplemented with MetaSmart (MS; Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.)
during the peripartal period. Mean separation between diets (P < 0.05) were evaluated via contrasts: control (CON) versus MS + SM (*), CON
versus MS (**), and CON versus SM (***). Values are means, with standard errors represented by vertical bars.
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Table 6. Effects of supplementing cows with MetaSmart (MS; Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.) during the
peripartal period on blood metabolites, liver composition, and phagocytosis

Treatment® P-value
Parameter’ CON MS SM SEM? Diet Met" Par’ Time D x T°
Blood
NEFA (mEq/L) 0.432 0.494 0.420 0.029 0.12 0.43 — <0.001 <0.001
BHBA (mmol/L) 0.687 0.697 0.645 0.057 0.80 0.82 — <0.001 0.33
TAG (mg/dL) 300.9 327.2 300.1 23.8 0.65 0.66 — <0.001 0.65
Insulin (pg/L) 0.43 0.50 0.45 0.07 0.79 0.65 — <0.001 0.68
Glucose (mg/dL) 55.6 555.8 554.5 1.3 0.74 0.74 — <0.001 0.82
GH (ng/mL) 5.03 7.62 7.40 0.89 0.07 0.02 0.03 <0.001 0.73
IGF1 (ng/mL) 58.9 52.0 57.3 4.9 0.59 0.47 0.04 <0.001 0.97
Leptin (ng/mL) 5.42 4.36 4.40 1.24 0.78 0.49 — <0.001 0.12
VLDL (pg/pL) 0.43 0.45 0.47 0.05 0.86 0.65 — <0.001 0.57
ApoB-100 (ng/mL) 174 23.2 20.6 2.1 0.16 0.14 — 0.97 0.75
Phagocytosis’ (%) 38.5 55.1 45.8 5.6 0.07 0.07 — — —
Liver (% wet wt)
Total lipid 10.55 9.53 8.66 1.09 0.39 0.24 0.023 <0.001 0.17
TAG 4.27 4.55 3.14 0.54 0.15 0.50 <0.001 <0.001 0.46

'TAG = triacylglycerol; GH = growth hormone; VLDL = very low density lipoproteins; ApoB-100 = apolipoprotein B-100.
*CON = control; MS = CON + MS (0.19% of DMI); SM = CON + SM (0.07% of DMI).

3Greatest SEM of all treatments.

{Contrast statement of CON versus MS + SM.

SParity (Par) effect was used in the model, depending on significance.
SInteraction of diet x time.

"Whole-blood leukocyte phagocytosis at 21 DIM.

increase in required RUP, regardless of treatment, from
the close-up to postpartal period (Table 3). The Met-
supplemented diets provided ca. 0.34 percentage units
more Met in MP, which was enough to achieve an as-
sumed more desirable Lys:Met ratio of 2.93 compared
with 3.4 for MS + SM and CON diets. Concentrations
of NE;, CP, NDF, and ADF throughout the experi-
ment did not differ greatly between dietary treatments.
Overall, postpartal MP balance in Met-supplemented
cows was lower (—153 vs. —617 g/d) in our study com-
pared with levels reported by Ordway et al. (2009).
The differences between studies could have been associ-
ated with the level of Lys and Met (as % of MP; i.e.,
0.85 and 0.16 percentage units greater in Ordway et
al. (2009) than in the present study. That effect could
be attributed to supplying 0.35 and 0.06% of MS and
SM DM from d —21 to calving and increase this rate
to 0.54 and 0.10% of MS and SM from calving to d
140 (Ordway et al., 2009). It is likely that these dif-
ferences in MP balance between studies were due to
greater inclusion rates of Met supplements and length
of the experimental period. During the close-up period,
cows on the MS and SM diets received similar amounts
of MP-lysine and 7 g more MP-Met than the CON
cows. After calving, Met-supplemented cows received
an extra ca. 15 g of MP-Lys and ca. 11 g of MP-Met
(Table 3). Similar to our results, Chen et al. (2011)
achieved an estimated increase of 0.37 percentage units
of Met in MP over controls with Met supplementation
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of 0.17% of DM in the form of MS and 0.06% of DM in
the form of SM.

Effects on DMI, BW, and BCS

Although a significant interaction of D x T was
observed for BCS prepartum, this result was not as-
sociated with main effects of diet (P = 0.90) or Met
supplements (P = 0.72); rather, the marked changes in
time plus the effect of between-cow variation appeared
to explain this interaction. Our results are in agreement
with previous research (Socha et al., 2005; Ordway et
al., 2009) where providing Met supplements prepartum
did not affect DMI, BW, or BCS.

Methionine supplementation after calving was as-
sociated with an overall increase in DMI (Table 4),
along with an even more pronounced effect on DMI
and DMI as percentage of BW after 7 d postpartum
and throughout d 30 (Figure 3F and 3H). In this re-
gard, previous work with MS and SM supplementation
has yielded mixed results. For instance, Ordway et al.
(2009) observed an increase in postpartum DMI when
supplementing MS while SM did not differ from con-
trols. Another study (Chen et al., 2011) found no effect
of MS supplementation during a 12-wk period with
cows at >88 DIM (0.17% of DM) on DMI. In contrast,
Socha et al. (2005) reported a tendency (P < 0.15) for
a decrease in DMI postpartum when supplementing 15
g of SM/d to a basal diet, possibly producing an imbal-
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Figure 4. Effects of supplemental MetaSmart (MS; Adisseo Inc., Antony, France) or Smartamine M (SM; Adisseo Inc.) on insulin (A), glu-
cose (B), BHBA (C), NEFA (D), growth hormone (GH; E), leptin (F), and IGF1 (G) in dairy cows during the transition period. Mean separation
between diets (P < 0.05) were evaluated via contrasts: control (CON) versus MS + SM (*), CON versus MS (**), and CON versus SM (*¥**).
Values are means, with standard errors represented by vertical bars.

ance in the Lys:Met ratio, particularly before calving The inconsistent results reported to date might have
(2.7:1) but also after calving (3.22:1; i.e., too much Met been related to differences in level of Met supplementa-
before calving and not enough after calving). tion, length of feeding, and stage of lactation (i.e. the
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Figure 5. Effects of supplemental MetaSmart (MS; Adisseo Inc.,
Antony, France) or Smartamine M (SM; Adisseo Inc.) on blood tria-
cylglycerol (TAG; A), very low density lipoproteins (VLDL; B), and
apolipoprotein B-100 (ApoB-100; C) in dairy cows during the transi-
tion period. CON = control. Values are means, with standard errors
represented by vertical bars.

greatest responses to optimal Lys and Met nutrition oc-
cur during the early stages of lactation when the need
for absorbed AA, relative to absorbed energy, is the
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Figure 6. Effects of supplemental MetaSmart (MS; Adisseo Inc.,
Antony, France) or Smartamine M (SM; Adisseo Inc.) on liver compo-
sition in terms of total lipids (A) and triacylglycerol (TAG; B) in dairy
cows during the transition period. Values are means, with standard
errors represented by vertical bars.

highest; Socha et al., 2005). Nevertheless, our results
underscore the benefit of achieving an optimal Lys:Met
ratio via MS or SM during the peripartal period on
enhancing voluntary feed intake during this critical
physiological stage of the lactation cycle. Furthermore,
it is unlikely that the intake response was solely due to
supplemental Met postpartum (i.e. there might have
been carryover effects of supplemental Met during the
close-up period).

Milk Production and Composition

The strong tendency (P = 0.08) for an effect of
supplemental Met on milk yield underscores the impor-
tance of optimal Met to fine-tune the profile of EAA in
MP available to the early lactation cow. In fact, greater
responses in milk yield to postpartum supplementation
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of SM or MS have been reported previously (St-Pierre
and Sylvester, 2005). Although D x T interactions were
observed for milk fat percentage and milk fat yield, this
was primarily associated with Met supplementation
(P < 0.08) effects because at least one Met treatment
behaved differently than the other. The latter is further
supported in Figure 3B, where SM improved milk fat
yield during wk 1, whereas MS had the effect during
wk 2 and 3. Similar to our findings, others (Chen et al.,
2011) have observed an increase in milk fat percent-
age or milk fat yield when supplementing cows with
Met and especially MS. Milk protein percentage and
yield was greatly affected by Met supplementation,
increasing by ca. 0.18 percentage units and 0.12 kg/d,
respectively, over the CON diet. This effect has been
consistently reported throughout the literature, under-
scoring that milk protein is affected in direct propor-
tion to adequacy of Met in MP (NRC, 2001).

Feed Intake and Apparent Efficiency

The interaction observed for the ECM:DMI ratio
could be explained mainly by an increase for MS (3.75)
and SM (3.52) compared with CON cows (3.0, P =
0.07) during wk 1 postpartum (Figure 3G). These re-
sults are in agreement with those of Socha et al. (2005)
and Chen et al. (2011), where an increase in ECM:DMI
ratio was observed when supplementing basal diets
with rumen-protected Met or rumen-protected Met and
Lys. Although EB had a D x T interaction (P = 0.11),
this result was not associated with a significant main
effect of Met. However, evaluation of Figure 2B and 2D
indicates that cows receiving MS or SM experienced a
greater demand for nutrients, especially during 1 wk,
which was noticeable across milk yield, milk fat yield,
and ECM (Figures 3E, 3B, and 3F, respectively).

Although EB in cows fed MS + SM compared with
the CON diet was lower during wk 1, the EB in CON
cows did not improve at wk 4 wk compared with wk
1, which was opposite to the response observed in cows
fed MS or SM. When evaluating data from Figure 2B
and the EB as percentage change with respect to wk
1 (Figure 2F), we observed that EB in MS and SM in-
creased by >40% at wk 4 compared with wk 1, whereas
CON cows remained below 20% of EB at wk 1. This
response was consistent with both the observed 4 kg/d
increase in ECM for cows supplemented with MS + SM
(Table 5) and the increase in DMI (Figure 1H).

Socha et al. (2005) and Ordway et al. (2009) reported
mean values of EB between —4.15 and —2.15 Mcal/d
between the period of calving to 105 and 140 d postpar-
tum. However, it is likely that differences between those
studies and ours are mostly due to experimental design
[i.e. starting supplementation during the close-up pe-
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riod (—14 vs. —21 d) and also the length of supplemen-
tation postpartum]. Interestingly, Ordway et al. (2009)
reported an improvement in EB when supplementing
MS, while SM did not alter EB over that of the CON
treatment. That response could have been associated
with a greater (0.54 vs. 0.17% of DM) rate of inclusion
of MS in the diet compared with our experiment.

Blood and Liver Tissue Metabolites As They
Relate to Health

Ketosis is a common disease during starvation or
negative EB episodes, when the large uptake of adi-
pose tissue-derived long-chain FA by the liver results
in incomplete oxidation to ketone bodies (Bauchart et
al., 1998). Other studies reported an increase in the oc-
currence of ketosis when feeding moderate-energy diets
similar to ours during the dry period (Van den Top et
al., 1996; Dann et al., 2006; Janovick et al., 2011). Thus,
the tendency for lower incidence of clinical ketosis due
to inclusion of SM and MS during the peripartal period
suggests that supplemental Met might have influenced
lipid metabolism in the liver.

Any lipotropic agent such as Met or choline could
help to clear lipid accumulation from the liver (Durand
et al., 1992), at least in part, by stimulating hepatic
VLDL formation and export (Bauchart et al., 1998).
Such a response consequently might lead to a reduc-
tion in liver TAG accumulation and of ketone body
production (Waterman and Schultz, 1972; Bauchart et
al., 1998). The lack of change in liver TAG when SM
and MS were fed was not entirely surprising, as similar
responses were observed previously in peripartal cows
fed a different Met analog (2-hydroxy-4-methylthiobu-
tanoic acid, Alimet; Novus International, St. Charles,
MO; Piepenbrink et al., 2004). In addition, a recent
study with peripartal cows fed rumen-protected choline
during the transition period did not show differences
in NEFA and BHBA concentrations despite lower liver
TAG concentrations (Zom et al., 2011).

Although speculative, the pattern of NEFA and blood
TAG observed with MS between the prepartum period
and d 7 and 14 could be taken as an indication that de-
spite the numerically greater liver TAG concentration,
the ability of liver to secrete TAG was not compro-
mised. The actual mechanism behind such response is
not readily apparent from our data; however, it might
be related to ApoB-100 synthesis, as we observed a
numerically greater concentration postpartum in cows
fed MS relative to CON. Overall, the concentrations of
liver tissue TAG on d 7 and 21 in response to MS and
SM are within the range (4-5%, wet wt basis) reported
recently in cows supplemented with rumen-protected
choline (Zom et al., 2011). More importantly, however,
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our data underscored the fact that liver TAG in cows
did not affect DMI and the ability of the cows fed SM
or MS to produce more milk.

Blood Neutrophil-Killing Capacity

Human lymphocytes seem to have an absolute re-
quirement for Met to proliferate (Hall et al., 1986),
which may partly be responsible for the positive effect
of supplemental Met on the immune function of mono-
gastrics (Nauss et al., 1982; Tsiagbe et al., 1987) and
likely ruminants (Soder and Holden, 1999), as well. For
instance, mid-lactation cows supplemented with 30 g/d
of rumen-protected Met (Mepron 85) compared with
0 or 15 g/d had greater T lymphocyte proliferation
in vitro in response to various mitogens (Soder and
Holden, 1999). The greater blood neutrophil-killing
capacity that we observed postpartum with SM and
SM provides additional evidence of an important role
for Met in the immune response during the transition
period. Whether the greater phagocytosis was a result
of more cells or a more pronounced oxidative burst re-
sponse (or both) remains to be established.

Endocrine Responses

The temporal changes observed for the concentration
of insulin, GH, IGF1, and leptin agree with the ex-
pected patterns for these hormones around parturition
(Radcliff et al., 2003; Rabelo et al., 2005; Janovick et
al., 2011). To our knowledge, endocrine effects to sup-
plemental rumen-protected Met in peripartal cows have
not been reported. However, studies performed with
post-peak lactating dairy cows have reported greater
insulin concentration in response to SM at doses greater
than the ones used in the present study, which would be
expected because amino acids are insulinotropic (Blum
et al., 1999; Misciattelli et al., 2003).

The tendency for greater GH with Met supplementa-
tion, namely MS, was unexpected because in a previous
study with lactating dairy cows, supplemental SM did
not alter GH or IGF1 concentration (Misciattelli et
al., 2003). Tt is well established that in nonlactating
ruminants, low-protein diets reduce circulating IGF1
concentrations and the responsiveness of the liver to
GH (Breier et al., 1988; Wynn et al., 1991). Work with
sheep hepatocytes in vitro demonstrated that Met
availability is essential for IGF1 mRNA and protein
synthesis, and that limitations in Met dampen the
ability of GH to stimulate IGF1 synthesis (Stubbs et
al., 2002). The reduction of GH receptor expression in
the liver of peripartal cows is one factor that accounts
for the low mRNA expression and blood circulation of
IGF1, particularly after calving (Radcliff et al., 2003).
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Whether supplemental Met is functionally related to
the GH/IGF1 axis during the peripartal period remains
to be determined.

CONCLUSIONS

The findings of this study reveal that supplementa-
tion with MS or SM when Lys is adequate to achieve
an approximately 2.9:1 Lys:Met ratio can improve milk
production, at least in part, by increasing voluntary
DMI and perhaps by optimizing the use of body lipid
reserves. Such responses were more evident during the
first week postpartum when SM- or MS-supplemented
cows had an increased ECM:DMI ratio while in more
negative EB with respect to CON cows, and regaining
similar EB as CON cows by wk 2. As originally hypoth-
esized, the overall milk protein and milk fat concentra-
tion was positively affected by Met supplementation.
To the authors’ knowledge, this is the first study where
a simultaneous improvement in postpartal DMI, milk
production-related traits, and better leukocyte-killing
capacity have been observed while supplementing basal
diets with MS or SM, further supporting the benefit
of using those products for fine-tuning of EAA in MP.
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