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  ABSTRACT 

  We evaluated a product containing methionine 
mixed with soy lecithins and added to a mechanically 
extracted soybean meal (meSBM-Met). Lactational 
responses of cows, plasma methionine concentrations, 
and in vitro degradation of methionine were measured. 
Twenty-five Holstein cows were used in a replicated 5 
× 5 Latin square design and fed a diet designed to be 
deficient in methionine or the same diet supplemented 
either with 4.2 or 8.3 g/d of supplemental methionine 
from a ruminally protected source or with 2.7 or 5.3 
g/d of supplemental methionine from meSBM-Met. All 
diets were formulated to provide adequate amounts of 
metabolizable lysine. Concentration of milk true pro-
tein was greater when methionine was provided by the 
ruminally protected methionine than by meSBM-Met, 
but milk protein yield was not affected by treatment. 
Milk yields and concentrations and yields of fat, lac-
tose, solids-not-fat, and milk urea nitrogen were not 
affected by supplemental methionine. Body condi-
tion scores increased linearly when methionine from 
meSBM-Met was supplemented, but responses were 
quadratic when methionine was provided from a rumi-
nally protected source. Nitrogen retention was not af-
fected by supplemental methionine. Plasma methionine 
increased linearly when methionine was supplemented 
from a ruminally protected source, but plasma me-
thionine concentrations did not differ from the control 
when supplemental methionine from meSBM-Met was 
provided. In vitro degradation of supplemental methio-
nine from meSBM-Met was complete within 3 h. Data 
suggest that meSBM-Met provides negligible amounts 
of metabolizable methionine to dairy cows, and this 
is likely related to extensive ruminal destruction of 
methionine; however, cow body condition may be im-
proved by ruminally available methionine provided by 
meSBM-Met. 

  Key words:    amino acid ,  dairy cow ,  methionine ,  soy-
bean meal 

  INTRODUCTION 

  Increasing the efficiency with which dairy cows use 
N for productive purposes is a primary goal of protein 
nutrition. Because optimum profiles of AA are assumed 
to exist in MP for each physiological state of dairy cows 
(NRC, 2001), modifying AA flows to the duodenum 
to more closely match the optimal AA profile for the 
combined functions of maintenance and lactation might 
increase lactation performance and efficiency of N use 
in cows (Clark, 1975; Schwab et al., 1976; NRC, 2001). 
Although the AA content of microbial CP is well suited 
to support lactation (Schwab et al., 1976; Santos et al., 
1998), the AA profiles of RUP may be less than ideal 
and could limit production. 

  When N is provided in amounts adequate to opti-
mize ruminal fermentation, dietary additions of RUP 
often increase lactational performance (Titgemeyer and 
Shirley, 1997; Santos et al., 1998; NRC, 2001), and the 
preponderance of this response is assumed to be related 
to greater supplies of absorbed limiting AA (Clark, 
1975; Schwab et al., 1976; NRC, 2001). Among com-
monly fed protein supplements, soybean meal and fish 
meal appear to have the best AA profile to support 
optimal efficiency of N utilization for lactation (Santos 
et al., 1998), but soy proteins are extensively degraded 
in the rumen and must be modified (e.g., chemically 
treated or heated) to increase RUP. Ruminal escape of 
soy protein increases when soybean meal is created by 
mechanical extrusion with soy lecithins (the fraction 
obtained by degumming the crude oil) added to the 
meal (Stern et al., 2005). The efficiency with which 
RUP from soybean meal is used is limited because the 
AA profile of soy proteins is usually not fully comple-
mentary with the AA provided by other sources of MP. 
Therefore, augmenting the absorbable AA profile of 
soybean meal with complementary limiting AA could 
improve efficiency of N use (Chen et al., 2011). 

  In lactating cows consuming diets based on corn and 
alfalfa, milk protein production and the efficiency of di-

  Availability to lactating dairy cows of methionine added to soy 
lecithins and mixed with a mechanically extracted soybean meal 
  D. W.   Brake ,*  E. C.   Titgemeyer ,*1  M. J.   Brouk ,*  C. A.   Macgregor ,†  J. F.   Smith ,* and  B. J.   Bradford *
   * Department of Animal Sciences and Industry, Kansas State University, Manhattan 66506 
   † Grain States Soya, West Point, NE 68788 

  

  

 Received July 31, 2012.
 Accepted January 22, 2013.
  1   Corresponding author:  etitgeme@ksu.edu 



Journal of Dairy Science Vol. 96 No. 5, 2013

METHIONINE ADDED TO SOYBEAN MEAL 3065

etary N use are often limited by absorbable amounts of 
Met and Lys (Schwab et al., 1976, 1992a; NRC, 2001). 
Production of milk protein may be increased by rumi-
nally protected Met when Lys is not limiting (Vyas and 
Erdman, 2009; Patton, 2010). Vyas and Erdman (2009) 
suggested that milk protein yield can be increased (up 
to 16 g of milk protein/g of metabolizable Met intake) 
by additions of ruminally protected Met when Met is 
limiting. As a consequence of increases in milk protein 
content and yield in response to Met supplementation, 
technologies designed to prevent ruminal degradation 
of Met have garnered significant attention (NRC, 2001; 
Patton, 2010).

Macgregor et al. (2011) provided evidence from in 
situ fermentations that Met and Lys were resistant to 
ruminal degradation when added to a mechanically 
extracted soybean meal product. We hypothesized that 
Met in close association with soy lecithins may survive 
ruminal degradation and conducted 2 experiments to 
evaluate the ruminal degradation of Met mixed with 
soy lecithins and applied to mechanically extracted 
soybean meal.

MATERIALS AND METHODS

Experiment 1: Lactation Responses in Cows

Twenty-five multiparous (mean parity 2.3, SD = 
0.45) Holstein cows averaging (mean ± SD) 44.9 ± 7.0 
kg of milk/d, 87 ± 28 DIM, and 630 ± 54 kg of BW 
were blocked on DIM and placed in 1 of 5 replicates of 
5 × 5 Latin squares. Effects of carryover from previ-
ous treatments were balanced across the experiment as 
well as possible. Experimental periods were 14 d and 
included an adequate amount of time for adaptation to 
treatments (10 d; Benefield et al., 2009), with samples 
collected in the final 4 d of each period. Cows were 
housed in tiestalls with free access to water, milked 
3 times daily (0200, 1000, and 1800 h), and fed twice 
daily (0700 and 1900 h) for ad libitum intake through 
individual mangers located in front of each stall. Total 
daily feed offerings were adjusted based on previous 24-h 
intake so refusals were approximately 3%. All sampling 
and animal husbandry protocols were approved by the 
Kansas State University Institutional Animal Care and 
Use Committee (Manhattan).

Treatments consisted of 5 separate diets (Table 1) 
fed as TMR, composed from a common basal mix 
that consisted primarily of corn silage, alfalfa hay, sor-
ghum grain, and soybean hulls. Each diet was mixed 
by hand-blending additions to the basal mix of either 
mechanically extracted soybean meal with soy lecithins 
(meSBM; Soy Best, West Point, NE), meSBM plus 
either 2.5 or 5 g of metabolizable Met/d added as ru-

men-protected dl-Met (RPMet; MetiPEARL; Kemin 
Industries Inc., Des Moines, IA; this product contained 
55% dl-Met and was assumed to contain 33% metabo-
lizable Met), or 50 or 100% replacement of meSBM 
with meSBM with dl-Met added during manufacture 
(meSBM-Met; manufactured to contain 0.33% added 
Met, as-is basis), which was intended to deliver either 
3.8 or 7.6 g of total Met/d when cows consumed 25.4 
kg of diet DM. The meSBM-Met was manufactured us-
ing equipment that applied 8.15 kg of dry, crystalline 
dl-Met (99% Met) per hour to a continuous stream of 
soybean cake (soybean remnants after lipid extraction, 
consisting largely of particles between 7.6 × 12.7 × 
0.6 cm and 12.7 × 35.6 × 0.6 cm in size; Macgregor 
et al., 2005) in a mixing auger that produced 2,449 
kg of treated soybean cake per hour; the product 
was ground in a hammer mill and cooled to ambient 
temperature. Attempts were made to provide similar 
levels of metabolizable Met from both meSBM-Met and 
RPMet; however, because the content of metabolizable 
Met from meSBM-Met was unknown, inclusions of 
Met were designed a priori based on the assumption 
that two-thirds of the dl-Met added to meSBM was 
resistant to ruminal degradation. Measured content 
of supplemental (free) Met in meSBM-Met was 0.23% 
(DM basis), which was less than that intended dur-
ing manufacture. No free methionine was detected in 
meSBM. Based on these analyses, cows fed the diets 
containing meSBM-Met consumed 2.7 and 5.3 g of 
supplemental Met/d. If two-thirds of the added Met in 
meSBM-Met was protected from ruminal degradation 
(the basis for our treatment structure), the meSBM-
Met treatments would have provided 1.8 and 3.5 g of 
metabolizable Met/d.

Samples of the basal mix, meSBM, and meSBM-
Met (200 g/d) corresponding to feed offerings on d 
11 through 14 of each period were pooled and frozen 
(−20°C) before analyses. Daily intake was calculated 
from feed offered and refused on d 11 through 14; 10% 
of refusals were retained daily, composited within peri-
od, and immediately frozen (−20°C). Total milk yields 
were recorded, and a 25-mL volume was collected at 
each milking during the final 4 d of each period. Milk 
samples were preserved with 8 mg of bronopol and 0.3 
mg of natamycin (D & F Control Systems, Norwood, 
MA), stored at 4°C after collection, and analyzed for 
fat, true protein, lactose, MUN, SNF, and somatic cells 
within 24 h. To estimate N balance, urine and fecal 
samples were collected twice daily on d 11 through 14 
of each period. Samples, which were pooled within cow 
by period, were collected at 1100 and 1500 h on d 11, at 
1000 and 1400 h on d 12, at 1200 and 1600 h on d 13, 
and at 1300 and 1700 h on d 14. Immediately after each 
collection, 25 mL of urine was acidified (pH <3) with 
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an addition of 9 mL of 1 M H2SO4 and frozen (−20°C) 
until analysis. If cows did not defecate during urine 
collections, they were stimulated to do so via rectal pal-
pation, and approximately 225 g of feces was retained 
at each sampling time and pooled. Whole blood was 
harvested from the coccygeal vein into 10-mL heparin-
ized blood collection tubes (Becton, Dickinson and Co., 
Franklin Lakes, NJ) at 1400 h on d 14 of each period. 
Immediately after collection, blood tubes were placed 

on ice and transported to the laboratory where plasma 
was separated via centrifugation (1,200 × g at 4°C for 
15 min); plasma was subsequently frozen for later anal-
ysis of AA. Cow BW was measured at the beginning of 
the trial and after the final milking of each period, and 
BCS was determined by one trained technician at the 
end of each period (Wildman et al., 1982).

Feed components, orts, and feces were thawed at room 
temperature (22°C) and subsequently dried (55°C) in a 

Table 1. Composition of diets fed to cows (% of DM) 

Item

Dietary treatment

Control

meSBM-Met1 RPMet2

Low High Low High

Ingredient
 Dry-rolled sorghum grain 35.3 35.3 35.3 35.3 35.3
 Corn silage 25.2 25.2 25.2 25.2 25.2
 Alfalfa 15.2 15.2 15.2 15.2 15.2
 Soybean hulls 10.0 10.0 10.0 10.0 10.0
 meSBM3 9.0 4.5 — 9.0 9.0
 meSBM-Met4 — 4.5 9.0 — —
 MegaLac-R5 2.0 2.0 2.0 2.0 2.0
 Calcium carbonate 1.2 1.2 1.2 1.2 1.2
 Sodium bicarbonate 0.8 0.8 0.8 0.8 0.8
 Monocalcium phosphate 0.4 0.4 0.4 0.4 0.4
 LysiPEARL6 0.3 0.3 0.3 0.3 0.3
 Trace mineral salt7 0.3 0.3 0.3 0.3 0.3
 Magnesium oxide 0.2 0.2 0.2 0.2 0.2
 Zinpro 4-plex8 0.05 0.05 0.05 0.05 0.05
 Vitamin and mineral premix9 0.05 0.05 0.05 0.05 0.05
Chemical composition10

 DM 60.8 60.8 60.7 60.8 60.8
 CP (% of DM) 14.3 14.3 14.3 14.3 14.3
 ADF (% of DM) 21.6 21.6 21.5 21.6 21.6
 NDF (% of DM) 29.5 29.6 29.7 29.5 29.5
 Crude fat (% of DM) 3.8 3.8 3.8 4.0 4.0
 Metabolizable Met11 (% of MP) 1.74 — — 1.81 1.90
 Metabolizable Lys11 (% of MP) 6.35 — — 6.34 6.33
1Mechanically extracted soybean meal with Met added during manufacture. Based on manufacturing process, 
low = 3.8 g of total Met/d and high = 7.6 g of total Met/d. Based on analysis of product, low = 2.7 g of total 
Met/d and high = 5.3 g of total Met/d.
2Ruminally protected Met (RPMet) as MetiPEARL (Kemin Industries Inc., Des Moines, IA; product assumed 
to contain 33% metabolizable Met). Low = 2.5 g of metabolizable Met/d; high = 5.0 g of metabolizable Met/d.
3Mechanically extracted soybean meal with soy lecithins added during manufacture. Contained by analysis (% 
of DM) Asp, 5.05; Thr, 1.71; Ser, 2.37; Glu, 8.02; Gly, 1.89; Ala, 1.94; Val, 1.97; Ile, 2.23; Leu, 3.41; Tyr, 1.38; 
Phe, 2.25; His, 1.15; Lys, 2.59; Arg, 2.73; Cys, 0.62; Met, 0.52; and free Met, none detected.
4Mechanically extracted soybean meal with Met mixed with soy lecithins and added during manufacture. 
Contained by analysis (% of DM) Asp, 4.95; Thr, 1.70; Ser, 2.32; Glu, 7.88; Gly, 1.87; Ala, 1.92; Val, 1.97; Ile, 
2.22; Leu, 3.38; Tyr, 1.29; Phe, 2.24; His, 1.12; Lys, 2.47; Arg, 2.67; Cys, 0.59; Met, 0.69; and free Met, 0.23.
5Calcium soaps of long-chain FA (Church and Dwight Co., Princeton, NJ).
6Ruminally protected Lys provided 16.2 g/d of metabolizable Lys (Kemin Industries Inc.; product assumed to 
contain 21% metabolizable Lys).
7Contained 96% NaCl, 0.35% Zn, 0.2% Fe, 0.2% Mn, 0.03% Cu, 0.007% I, and 0.005% Co.
8Contained 2.58% Zn as Zn-Met; 1.43% Mn as Mn-Met; 0.90% Cu as Cu-Lys; 0.18% Co as Co-glucoheptonate 
(Zinpro Corp., Eden Prairie, MN).
9Provided to diets (DM basis) 3,300 IU of vitamin A/kg, 2,250 IU of vitamin D/kg, 35 IU of vitamin E/kg, 
and 0.06 mg of Se/kg.
10Calculated based on analyses of samples of the basal mix, meSBM, and meSBM-Met.
11Estimated from the NRC (2001) model. Values for diets containing meSBM-Met were not calculated because 
ruminal escape and intestinal digestion of escaped Met were unknown. 
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forced-air oven for 72 h before being ground to pass a 
1-mm screen (Thomas-Wiley laboratory mill model 4; 
Thomas Scientific USA, Swedesboro, NJ) before analy-
ses of DM, NDF, ADF, and acid detergent insoluble 
ash (ADIA). Dry matter content was determined 
by drying samples at 105°C for 24 h in a forced-air 
oven. The wet chemistry techniques of Van Soest et 
al. (1991) were used to quantify NDF (with α-amylase 
and sodium sulfite), ADF (nonsequential), and ADIA. 
Feed components were analyzed for crude fat (method 
number 2003.06; AOAC International, 2006). Nitro-
gen content of feed components, orts, wet feces, and 
urine were determined through combustion (nitrogen 
analyzer model FP-2000; Leco Corp., St. Joseph, MI), 
and CP was calculated as 6.25 × N. Urine creatinine 
was measured (Chasson et al., 1961) with an Technicon 
AutoAnalyzer II (Technicon Industrial Systems, Buf-
falo Grove, IL), and urine output was estimated assum-
ing that creatinine was excreted at a rate of 29 mg/
kg of BW (Valadares et al., 1999). Fecal DM output 
was estimated as ADIA consumption divided by ADIA 
concentration in feces (Merchen, 1988). Secretion of N 
in milk was calculated as milk true protein divided by 
6.38.

Milk samples were analyzed by Heart of America 
DHIA (Manhattan, KS). Concentrations of milk fat, 
true protein, and lactose were determined via infrared 
absorbancies (B-2000 infrared analyzer; Bentley Instru-
ments Inc., Chaska, MN). Milk urea N was quantified 
colorimetrically (MUN spectrophotometer, Bentley 
Instruments Inc.), and somatic cells were counted using 
dual laser flow cytometry (Somacount 500; Bentley In-
struments Inc.). Energy-corrected milk was calculated 
as follows: (7.2 × kg of protein/d) + (12.95 × kg of 
fat/d) + (0.327 × kg of milk/d) (Tice et al., 1993).

Plasma free AA were determined by HPLC after 
deproteinization with sulfosalicylic acid (5% wt/vol; 
Campbell et al., 1997). Chromatography was achieved 
on a Li cation-exchange column (4.0 × 100 mm; Picker-
ing Laboratories Inc., Mountain View, CA) at a contin-
uous flow rate of 0.3 mL/min after passing a Li guard 
column (2.0 × 20 mm; Pickering Laboratories Inc.). The 
initial mobile phase (32 min) was pH 2.75, then a mobile 
phase at pH 3.37 was pumped for 18 min, and a final 
eluent (pH 7.50) was used for 33 min. Between samples, 
the column was regenerated by pumping LiOH (0.4% 
wt/vol) for 7 min, and then reequilibrated to the first 
carrier solution for 45 min. Column temperature was 
initially maintained at 38°C (50 min) and then heated 
to 63°C for 35 min before being cooled at a constant 
rate over 50 min to reach 38°C. After elution from the 
column, AA were derivatized with o-phthalaldehyde in 
a short coil at 50°C before fluorescence was measured 
(excitation at 330 nm and emission at 465 nm), and AA 

were quantified with reference to an internal standard 
(100 mM norleucine).

Concentrations of AA in meSBM and meSBM-Met 
were measured as described for plasma free AA following 
acid hydrolysis (with 6 M HCl for 24 h at 105°C). Total 
Met and Cys were measured as methionine sulfone and 
cysteic acid in samples hydrolyzed after performic acid 
oxidation (Moore, 1963). The amount of Met added 
to meSBM-Met (free Met) was quantified by HPLC 
after extraction to ensure release of methionine from 
the lipid matrix in which it was added to the product. 
Extraction of lipid-associated Met was achieved by 
vortexing samples (100 to 200 mg) after addition of 15 
mL of a hexane:isopropanol solution (3:2 vol/vol). Sub-
sequently, 25 mL of water containing 1 mM norleucine 
was mixed with samples before centrifugation (1,500 
× g for 15 min) and removal of the hexane layer. An 
aliquot (750 μL) of the remnant aqueous layer was then 
mixed (1:1 vol/vol) with 1% (wt/vol) perchloric acid 
(UriPrep; Pickering Laboratories Inc.) and chilled on 
ice for 30 min before centrifugation (17,000 × g for 10 
min). The resultant supernatant was then analyzed for 
Met content as described for plasma free AA.

Of 125 possible observations, 122 were collected. 
One cow became ill (traumatic reticuloperitonitis), was 
treated, and returned to its typical levels of intake and 
production before sampling in the next period. As a 
result, data from this cow for the single period it was ill 
were excluded from analyses (treatment = low level of 
RPMet). Another cow became ill (bovine leukosis) and 
demonstrated low DMI and milk production during the 
final 2 periods. All data collected from this cow during 
the final 2 periods were excluded from analyses (treat-
ments = high level of RPMet and control).

Statistical Analysis

Data from each cow were analyzed for a Latin square 
using PROC MIXED of SAS (version 9.1; SAS Institute 
Inc., Cary, NC) with the following model:

Yijk = μ + Di + Pj + Ck + εijk,

where Yijk = the dependent variable, μ = overall mean, 
Di = fixed effect of diet (i = 1, . . . , 5), Pj = fixed 
effect of period (j = 1, . . . , 5), Ck = random effect of 
cow (k = 1, . . . , 25), and εijk = residual error. When 
the F-statistic for diet was significant (P ≤ 0.05), linear 
and quadratic contrasts within each Met source (i.e., 
RPMet or meSBM-Met) were tested, as was a contrast 
comparing the mean of both levels of meSBM-Met 
against the mean of both levels of RPMet. Difference 
of the overall average of N retention from 0 was deter-
mined using Student’s t-test.
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Experiment 2: In Vitro Degradation of Added Met

Fresh ruminal fluid (1.5 L) was collected from the 
ventral sac of 2 Holstein cows (55 ± 11 DIM) main-
tained on a ration containing 33% wet corn gluten 
meal, 21% corn silage, 19% alfalfa hay, 8% finely rolled 
corn, 6% whole cottonseed, 5% finely rolled milo, and 
5% meSBM. Ruminal fluid was immediately strained 
through 4 layers of cheesecloth and then transported to 
the laboratory in a thermally insulated container. After 
an additional straining of ruminal contents through 4 
layers of cheesecloth, aliquots (10 mL) of ruminal fluid 
were placed in duplicate 50-mL screw-top glass tubes 
containing substrate and 20 mL of anaerobic McDou-
gall’s buffer (McDougall, 1948). Substrates (300 mg as 
is) included solvent-extracted soybean meal (a negative 
control), meSBM-Met, and meSBM with crystalline 
dl-Met added to tubes in an amount similar to that 
for meSBM-Met. Immediately following addition of ru-
minal fluid, tubes were gassed with CO2, capped with 
a rubber stopper equipped with a vent to allow release 
of gases, and incubated at 39°C for 0, 3, or 6 h. Culture 
fermentations were stopped by adding 0.375 mL of 6 M 
HCl (containing norleucine as an internal standard for 
AA analysis) to adjust pH to near 2. Tubes were stored 
at −20°C until lyophilization.

Total free Met content was analyzed after lipid remov-
al. Triacylglycerols and FFA were dissolved by vortexing 
lyophilized cultures with 9 mL of hexane:methanol (1:2 
vol/vol). Tubes were then placed in an ice bath until 
the hexane and methanol phases began to separate and 
then 3 mL of cold (0°C) hexane was added, and tubes 
were centrifuged at 1,500 × g for 10 min. The hexane 
layer was removed, and 6 mL of cold hexane and 6 mL 
of 0.3% (wt/wt) NaCl were added and vortexed before 
centrifugation (1,500 × g for 10 min) and removal of the 
hexane phase. Phospholipids in the aqueous phase were 
removed by adding 16.5 mL of chloroform:methanol 
(2.5:3 vol/vol), followed by 10 mL of 0.3% (wt/wt) 
NaCl. Following centrifugation, the chloroform layer 
was removed. To ensure recovery of methionine, 10 mL 
of 0.3% (wt/wt) NaCl was added to the chloroform 
layer, vortexed, and centrifuged (1,500 × g for 10 min), 
and the aqueous layer was added to the previously col-
lected aqueous phase. The combined aqueous phase was 
used for analysis of free Met. Samples were prepared 
for AA analysis by mixing a portion of the aqueous 
phases with an equal volume of 1% (wt/vol) perchloric 
acid (UriPrep; Pickering Laboratories Inc.), chilling on 
ice for 30 min, and centrifuging at 17,000 × g for 10 
min. Free Met was determined by HPLC as described 
above. Free Met values were corrected within rumen 
fluid source and incubation time for free Met in the 
negative control.

Statistical Analysis

Percentages of free Met remaining were analyzed as a 
randomized complete block design with PROC MIXED 
of SAS using the following model:

Yijk = μ + Ci + Sj + Tk + STjk + εijk,

where Yijk = the dependent variable, μ = overall mean, 
Ci = random effect of cow (i = 1 or 2), Sj = fixed 
effect of Met source (j = 1 or 2), Tk = fixed effect of 
fermentation time (k = 1, 2, or 3), STjk = fixed effect 
of the interaction of Met source and time of fermenta-
tion; and εijk = residual error. When the F-statistic 
was significant (P ≤ 0.05), means were separated using 
Student’s t-test with the PDIFF option of SAS. Means 
were evaluated for difference from 0 with a 2-tailed 
Student’s t-test.

RESULTS

Experiment 1: Lactation Responses in Cows

The chemical compositions of each diet were based 
on analyses of the basal mix, meSBM, and meSBM-
Met. Concentrations of DM, OM, CP, ADF, NDF, 
and crude fat were similar among diets (Table 1). 
As expected, DM (meSBM = 89.8%, meSBM-Met = 
88.3%), OM (meSBM = 93.4%, meSBM-Met = 93.6%), 
NDF (meSBM = 16.9%, meSBM-Met = 19.6%), ADF 
(meSBM = 14.4%, meSBM-Met = 13.7%), and CP 
(meSBM = 45.1%, meSBM-Met = 45.0%) were similar 
between soybean meals. Concentrations of metaboliz-
able Met and Lys in MP were estimated for the control 
diet using the NRC (2001) model, which contained feed 
library information for all dietary ingredients. Metabo-
lizable Met was 1.74% of MP for the control diet and 
was predicted to increase to 1.90% of MP for the diet 
supplemented with 5 g/d of metabolizable Met from 
RPMet (Table 1). Metabolizable Lys averaged 6.34% 
of MP across all diets. The control diet was designed 
to supply adequate amounts of metabolizable Lys but 
insufficient amounts of metabolizable Met to support 
optimal lactation performance, which was indicated 
by an estimated metabolizable Lys:Met ratio of 3.65 
(NRC, 2001).

Overall, DMI averaged 25.4 kg/d and was not af-
fected by diet (Table 2). Apparent digestibilities of DM 
and N (62.9 and 61.3%, respectively; Table 2) were not 
affected by treatment. Milk yield averaged 44.8 kg/d 
and contained, on average, 2.81% milk fat and 8.6 mg 
of MUN/dL. No differences were observed for milk 
yield, and the concentration and yields of fat, lactose, 
SNF, and MUN did not differ among diets (Table 2). 
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Milk true protein concentration was greater (P < 0.01) 
when Met was supplemented as RPMet rather than as 
meSBM-Met. Despite dietary effects on concentration 
of milk true protein, milk protein yields did not differ 
among diets. Because DMI, milk yields, and milk en-
ergy component yields did not differ among treatments, 
the efficiency of ECM production did not differ.

No differences among diets were detected for BW 
gain (P = 0.90) and, on average, cows gained 7.0 kg 
per period (Table 2). In addition, N retention did not 
differ among diets (P = 0.30). The average N retention 
of 7 g/d was greater than 0 (P = 0.04). Because di-
etary CP concentration was not different among diets, 
N intake (588 g/d) did not differ among treatments, 
and this contributed to similar amounts of N excreted 
in urine and feces (Table 2). Additions of dietary Met 

from meSBM-Met linearly increased BCS, but when 
Met was increased via RPMet, BCS increased in a qua-
dratic manner, with the lower level of Met resulting in 
a greater response than the higher level of Met.

Except for concentrations of Met and Ser, concentra-
tions of plasma free AA were not affected by treatment 
(Table 3). Plasma Met increased linearly (P = 0.03) 
when greater amounts of supplemental Met were pro-
vided by RPMet, but not when Met was provided by 
meSBM-Met. Linear increases (P = 0.03) in plasma Ser 
also were observed when greater amounts of RPMet 
were included, but plasma Ser did not differ from the 
control when meSBM-Met was included in diets. Be-
cause concentrations of total AA in plasma increased 
numerically in response to RPMet (linear; P = 0.27), 
we were concerned that increases in plasma Met might 

Table 2. Effect of supplemental Met from mechanically extracted soybean meal with Met added during processing (meSBM-Met) or from 
ruminally protected Met (RPMet) on production, nitrogen status, and digestibility of lactating dairy cows 

Item

Dietary treatment

SEM P-valueControl

meSBM-Met1 RPMet2

Low High Low High

DMI (kg/d) 25.5 25.7 25.4 25.1 25.5 0.58 0.79
Milk yield (kg/d) 45.0 45.3 44.9 44.7 44.3 1.41 0.65
ECM3 (kg/d) 40.0 40.3 40.6 40.2 39.4 1.38 0.66
Fat (%) 2.77 2.79 2.90 2.84 2.77 0.12 0.61
Fat (kg/d) 1.25 1.27 1.31 1.27 1.23 0.07 0.60
True protein4 (%) 2.82 2.81 2.82 2.89 2.86 0.05 0.05
True protein (kg/d) 1.26 1.26 1.25 1.28 1.25 0.03 0.76
Lactose (%) 4.80 4.81 4.84 4.84 4.85 0.03 0.47
Lactose (kg/d) 2.16 2.18 2.17 2.16 2.14 0.07 0.91
SNF (%) 8.52 8.51 8.56 8.64 8.61 0.08 0.14
SNF (kg/d) 3.82 3.84 3.82 3.85 3.79 0.10 0.92
MUN (mg/dL) 8.77 8.50 8.62 8.60 8.50 0.27 0.62
ECM:DMI5 1.56 1.57 1.60 1.61 1.55 0.05 0.30
ΔBW6 6.98 8.62 5.17 5.73 8.74 3.21 0.90
ΔBCS7 −0.06 0.06 0.10 0.06 −0.01 0.04 0.03
Nitrogen (g/d)
 Intake 590 594 586 582 590 13.6 0.88
 Urine 155 153 151 157 153 4.9 0.70
 Fecal 233 234 219 224 236 9.9 0.47
 Milk8 197 198 197 200 197 4.4 0.76
 Retention9 4 9 19 1 3 7.4 0.30
 Productive10 202 207 216 202 200 8.5 0.54
Apparent digestibility (%)
 DM 62.1 62.9 63.9 63.7 62.1 1.2 0.71
 Nitrogen 60.8 60.9 62.8 61.8 60.0 1.2 0.49
1Based on manufacturing process, low = 3.8 g of total Met/d and high = 7.6 g of total Met/d. Based on analysis of product, low = 2.7 g of total 
Met/d and high = 5.3 g of total Met/d.
2Low = 2.5 g of metabolizable Met/d; high = 5.0 g of metabolizable Met/d.
3Calculated as (0.327 × milk yield) + (12.95 × milk fat yield) + (7.2 × milk protein yield).
4RPMet different than meSBM-Met (P < 0.01).
5Energy-corrected milk ÷ DMI.
6Change in BW (kg) over 14 d.
7Change in BCS over 14 d. Linear effect of meSBM-Met: P ≤ 0.05; quadratic effect of RPMet: P ≤ 0.05.
8Calculated as milk true protein ÷ 6.38.
9Calculated as N intake − (urine N + fecal N + milk N).
10Calculated as N intake − (urine N + fecal N).
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be influenced similarly. When plasma Met concentra-
tions were analyzed as a fraction of total AA, however, 
the same linear increases in response to RPMet were 
evident, although the significance of the effect (linear; 
P = 0.11) was less than when plasma Met concentra-
tions were analyzed directly.

Experiment 2: In Vitro Degradation of Added Met

The proportions of nonpeptide-bound Met that were 
not degraded by ruminal microbes after 0, 3, or 6 h of 
incubation are displayed in Figure 1. The percentage of 
added Met that remained did not differ between crys-
talline Met added directly to in vitro tubes and Met 
added as a part of meSBM-Met. As expected, Met was 
rapidly degraded when it was added to in vitro tubes 
in a crystalline form, and the amount of Met remaining 
after 3 h of fermentation was not different from 0 (P = 
0.61). Similarly, proportions of supplemental Met from 
meSBM-Met that escaped degradation were not differ-
ent from 0 after 3 h of incubation (P = 0.73), and this 
value was also not different (P = 0.96) from the pro-
portion remaining from crystalline Met. Proportions of 
supplemental Met from either crystalline Met or from 
meSBM-Met that remained following 6 h of fermenta-
tion were similarly small and not different from 0 (P 
= 0.37).

DISCUSSION

A great deal of research in the past several decades 
has focused on elucidating the role of Met in the pro-
duction of milk and milk constituents in lactating cows. 
Supplementing cows with greater amounts of metabo-
lizable Met can increase their milk production (Yang et 
al., 1986; Casper et al., 1987; Schingoethe et al., 1988b). 
Some authors have reported increased concentrations of 
milk fat (Samuelson et al., 2001) and protein (Casper 
et al., 1987; Ordway et al., 2009; Weiss and St-Pierre, 
2009) in response to supplementation of metabolizable 
Met, and others have indicated that yields of milk fat 
(Overton et al., 1996; Kröber et al., 2000; Davidson et 
al., 2008) and protein (Yang et al., 1986; Armentano et 
al., 1997; Davidson et al., 2008) were increased; how-
ever, other data demonstrated no improvements in milk 
yield (Overton et al., 1998; Blum et al., 1999; Broderick 
and Muck, 2009), percentage of milk fat and protein 
(Overton et al., 1998; Broderick et al., 2008; Broderick 
and Muck, 2009), or fat and protein yields (Bertrand 
et al., 1998; Broderick et al., 2008; Phipps et al., 2008) 
in response to supplementation of metabolizable Met. 
Several recent summaries of the data concerning Met 
supplementation to lactating cows (Vyas and Erdman, 
2009; Patton, 2010) concluded that milk protein content 
is the production parameter that is most responsive to 

Table 3. Effect of supplemental Met from mechanically extracted soybean meal with Met added during processing (meSBM-Met) or from 
ruminally protected Met (RPMet) on plasma free AA concentrations of lactating dairy cows 

AA  
(μM)

Dietary treatment

SEM P-valueControl

meSBM-Met1 RPMet2

Low High Low High

Taurine 56.1 49.8 51.9 55.1 53.2 2.5 0.16
Asp 8.8 8.7 9.1 9.3 9.5 0.36 0.35
Thr 104.0 101.6 99.7 105.6 105.4 3.9 0.58
Ser3 85.7 88.5 81.0 89.0 93.5 3.4 0.01
Asn 61.8 63.9 61.1 65.8 67.3 2.7 0.32
Glu 47.4 45.1 45.9 45.4 50.6 2.0 0.21
Gln 226.3 221.8 232.2 231.2 228.9 7.4 0.61
Gly 419.8 419.8 400.9 430.7 434.9 22.7 0.45
Ala 263.0 267.3 251.9 271.4 272.9 11.2 0.40
Val 283.1 282.0 281.4 289.7 286.9 13.8 0.97
Met3 28.9 28.7 29.0 30.6 31.0 0.77 0.04
Ile 165.7 164.0 168.0 171.8 175.6 8.9 0.79
Leu 204.8 200.8 204.8 208.8 207.4 10.2 0.96
Tyr 57.9 57.5 58.7 60.6 62.5 2.3 0.39
Phe 55.8 55.1 56.4 57.3 57.7 2.0 0.73
Trp 44.9 44.3 44.7 45.2 45.5 1.2 0.94
His 64.7 64.6 62.5 64.1 64.2 2.3 0.92
Lys 75.8 76.1 76.1 79.6 81.3 3.4 0.51
Arg 88.0 85.7 87.3 92.1 92.7 2.9 0.21
1Based on manufacturing process, low = 3.8 g of total Met/d of total and high = 7.6 g of total Met/d. Based on analysis of product, low = 2.7 
g of total Met/d and high = 5.3 g of total Met/d.
2Low = 2.5 g of metabolizable Met/d; high = 5.0 g of metabolizable Met/d.
3RPMet and meSBM-Met differed (P ≤ 0.01). Linear effect of RPMet: P ≤ 0.05.
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metabolizable Met supply. Metabolizable Met gener-
ally increased milk protein yield, but this increase was 
typically associated with improvements in milk yields, 
which occurred less often than increases in concentra-
tion of milk protein (Patton, 2010).

In our study, the only lactational response affected 
by supplemental Met was the percentage of milk true 
protein. The RPMet was intended to serve as a positive 
control, and only diets with RPMet demonstrated the 
response in true protein content. Increases in the per-
centage of milk true protein without improvements in 
milk yield or milk protein yield in response to supple-
mental Met are in agreement with the conclusions of 
Patton (2010). Furthermore, the lactation responses 
that we observed to RPMet were similar to the report 
of Schingoethe et al. (1988b), in which they provided 
ruminally protected Met to cows fed diets containing 
an extruded blend of soybeans and soybean meal.

Schwab et al. (1992b) suggested that milk yields of 
cows in peak, but not early, mid, or late lactation, are 
responsive to the supply of metabolizable Met and Lys. 
Schwab et al. (1992a) observed increases in milk yields 
in mid-lactation cows when Lys and Met were supple-
mented, but not in peak, early, or late lactation. Cows 
in our study were intermediate between the peak lacta-
tion (4 to 8 wk postpartum) and early lactation (14 
to 20 wk postpartum) cows of Schwab et al. (1992b). 
Milk yields and, thus, milk constituent yields, may not 
have been responsive to Met from RPMet in our study 
because cows were too advanced in lactation to respond 
with changes in milk protein secretion. Because milk 
protein may not be responsive to Met supplementation 

at all stages of lactation, we included measures of N 
retention, which might be responsive to Met in situa-
tions where milk protein is not.

Another possible explanation for the lack of a lacta-
tion response to supplemental Met is that significant 
amounts of phosphatidylcholine provided to cows from 
meSBM or meSBM-Met reduced requirements for Met 
below basal amounts provided by the diets, although 
choline is unable to replace Met requirements for grow-
ing cattle (Löest et al., 2002). Phosphatidylcholine, 
which can be rapidly metabolized to choline postru-
minally (Pinotti et al., 2002), represents a significant 
portion of soy lecithins (~20%; Scholfield, 1981), 
which accounted for 5% of the wet weight of meSBM 
(Macgregor et al., 2005). Supplementation of absorb-
able choline may increase secretion of milk (Sharma 
and Erdman, 1988, 1989; Erdman and Sharma, 1991). 
Although nonesterified choline and choline in phospha-
tidylcholine are rapidly and extensively degraded in the 
rumen (Neill et al., 1978, 1979; Dawson et al., 1981), 
some evidence indicates that a portion of soy lecithins 
escape ruminal degradation (Jenkins et al., 1989; Shain 
et al., 1993; Abel-Caines et al., 1998).

A more likely explanation for the lack of a lacta-
tion response to supplemental Met is that another AA 
limited the response to Met. All diets were designed to 
contain moderate amounts of CP (14.3%) and adequate 
metabolizable Lys (relative to metabolizable Met). 
This was done to exacerbate deficiencies in absorbable 
Met and allow for greater responses to supplemental 
Met (Vyas and Erdman, 2009). Schwab et al. (1976) 
reported that AA other than Met and Lys can limit lac-

Figure 1. Percentage of free Met remaining from either mechanically extracted soybean meal with added crystalline dl-Met or mechanically 
extracted soybean meal with dl-Met mixed with soy lecithins and added during manufacture (meSBM-Met). No differences among treatments 
or interactions between treatment and time existed (P ≥ 0.95). Means at 0 h differ from those at 3 or 6 h (P < 0.01). Treatment means at 3 or 
6 h did not differ from 0 (P ≥ 0.61).



3072 BRAKE ET AL.

Journal of Dairy Science Vol. 96 No. 5, 2013

tation performance. When Fraser (1988) summarized 
the available reports (Yang et al., 1986; Casper et al., 
1987; Illg et al., 1987) of the ratio of AA extracted from 
the blood plasma by mammary tissue to AA secreted 
in milk in lactating cows fed diets containing extruded, 
heated, or raw soybean meal, she concluded that His 
was the most limiting AA for production when supple-
ments of metabolizable Met were provided. In addition, 
Doepel et al. (2004) reported that content of His in MP 
limited milk protein yields to an extent similar to Met, 
and that responses in milk protein yields were most 
sensitive to increases in absorbable His. The efficiency 
with which cattle utilize AA for productive purposes is 
undoubtedly dynamic (Doepel et al., 2004; Schroeder 
et al., 2006), and levels of dietary N supply may affect 
the order in which AA limit production (Fraser, 1988; 
Phipps et al., 2008).

Across all diets, milk fat percentage was low (2.8%) 
compared with current industry standards (3.6%; 
NASS, 2011) as well as all multiparous cows in the 
Kansas State University herd at the time this trial was 
conducted (3.4%). Depressions in milk fat percentage 
typically occur when greater amounts of biohydrogena-
tion intermediates (i.e., trans-dienes) of vegetable fat 
(particularly trans-10,cis-12 conjugated linoleic acid) 
are absorbed by lactating cows (Bauman and Griinari, 
2003; Jenkins and McGuire, 2006; Shingfield et al., 
2006). Fat in all diets consisted primarily of vegetable 
fat from meSBM and calcium soaps of long-chain FA, 
but the overall concentration of crude fat (3.9% of DM) 
was modest. Milk fat concentrations could have been re-
duced by absorption of biohydrogenation intermediates 
from either meSBM (Schingoethe et al., 1988b; Jenkins 
et al., 1989; Firkins et al., 2008) or calcium soaps of 
FA (Chikunya et al., 2004; Block et al., 2008; Côrtes et 
al., 2010). Regardless of the cause, it is unlikely that 
the observed milk fat depression diminished lactational 
responses to supplemental Met. Net energy balance is 
often more positive when biohydrogenation intermedi-
ates depress milk fat in early lactation cows (Moore 
et al., 2004). Furthermore, Patton (2010) showed that 
when Met was supplemented, cows with a more positive 
energy balance typically had a greater response in milk 
yield, but that responses in milk protein were not af-
fected when cows consumed excess amounts of energy.

During early lactation, cows are unable to consume 
adequate amounts of nutrients to account for nutrients 
secreted in milk (Schingoethe et al., 1988a). Thus, cows 
in early lactation typically mobilize body tissue to 
support lactation, and may thereby conceal responses 
to Met on lactation performance because milk protein 
is maintained at the expense of body protein stores 
(Paquay et al., 1972; Broderick et al., 2008). We mea-
sured N balance with this concern in mind and found no 

differences among diets for N balance, suggesting that 
tissue deposition was not affected by the supplemental 
Met. Amounts of N retained (overall average was 7.2 g 
of N/d) were small, but greater than 0, indicating that 
cows were not mobilizing significant amounts of body 
tissue to support lactation.

Increases in BCS when supplemental Met was pro-
vided as meSBM-Met might be explained by ruminally 
available Met stimulating microbial growth and im-
proving efficiency of feed energy use (Patterson and 
Kung, 1988; Russell and Strobel, 1993; Wallace, 1994; 
St-Pierre and Sylvester, 2005). Because Met in meS-
BM-Met was rapidly degraded by ruminal microflora 
in vitro, ruminally available Met may have improved 
energetic efficiencies of fermentation and contributed to 
linear increases in cow BCS.

Linear increases in plasma free Met concentrations 
when RPMet, but not meSBM-Met, was the source of 
supplemental Met support the conclusion that metabo-
lizable Met levels were increased by RPMet but not by 
meSBM-Met. Increases in plasma Met concentrations 
may be related to increased absorption of d-Met from 
the intestine (Met was provided as a racemic mixture). 
Cattle are clearly able to utilize d- and l-Met for produc-
tive purposes with similar efficiency, but d-Met supple-
mentation leads to greater plasma Met concentrations, 
presumably because of a slower rate of metabolism of 
d-Met compared with l-Met (Campbell et al., 1996; 
Lapierre et al., 2012). This hypothesis would explain 
increased concentrations of plasma Met from RPMet. 
Regardless of the cause for elevated concentrations of 
plasma Met, increased amounts of metabolizable Met 
clearly were provided by RPMet. Concentrations of 
plasma Met were not affected by supplemental Met 
from meSBM-Met, and in vitro fermentation indicated 
a rapid destruction of supplemental Met in meSBM-
Met; in total, these data indicate that only negligible 
amounts of supplemental Met from meSBM-Met con-
tributed to the metabolizable Met supply.

CONCLUSIONS

Supplemental Met provided by RPMet increased 
milk content of true protein but had no effect on true 
protein yield. Supplemental Met provided by RPMet 
increased plasma free Met concentrations. Neither 
milk protein content nor plasma Met were changed by 
supplemental Met provided by the meSBM-Met. Subse-
quent in vitro fermentations of meSBM-Met indicated 
that added Met was rapidly destroyed by ruminal mi-
croflora. Under the conditions of this experiment, only 
negligible amounts of Met from meSBM-Met seemed to 
escape ruminal destruction and contribute to the me-
tabolizable Met supply of lactating cows. Nonetheless, 
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BCS was improved by ruminally available methionine 
provided by meSBM-Met.
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