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ABSTRACT

The objective of this study was to investigate the 
effect of 3 soybean sources differing in fatty acid profile 
and processing method on productivity, milk compo-
sition, digestibility, rumen fermentation, and enteric 
methane emission in lactating dairy cows. The soybean 
sources were conventional, high-linoleic-acid variety ex-
truded soybean meal (ESBM; 8.7% ether extract with 
15% oleic and 54% linoleic acids); extruded Plenish 
(DuPont Pioneer, Johnston, IA), high-oleic-acid vari-
ety soybean meal (EPSBM; 8.4% ether extract with 
73% oleic and 8% linoleic acids); and whole, heated 
Plenish soybeans (WPSB; 20.2% ether extract). The 
study involved 15 Holstein cows in a replicated 3 × 
3 Latin square design experiment with three 28-d 
periods. The inclusion rate of the soybean sources in 
the diet was (dry matter basis) 17.1, 17.1, and 7.4% 
for ESBM, EPSBM, and WPSB, respectively, which 
resulted in ether extract concentration of the diets of 
3.99, 3.94, and 4.18%, respectively. Compared with 
ESBM, the Plenish diets tended to increase dry matter 
intake and decreased feed efficiency (but had no effect 
on energy-corrected milk feed efficiency). The Plenish 
diets increased milk fat concentration on average by 
5.6% and tended to increase milk fat yield, compared 
with ESBM. The WPSB diet tended to increased milk 
true protein compared with the extruded soybean meal 
diets. Treatments had no effect on rumen fermentation 
and enteric methane or carbon dioxide emissions, except 
pH was higher for WPSB versus EPSBM. The Plenish 
diets decreased the prevalence of Ruminococcus and 
increased that of Eubacterium and Treponema in whole 
ruminal contents. Total-tract apparent digestibility of 
organic matter and crude protein were decreased by 
WPSB compared with ESBM and EPSBM. Compared 

with the other treatments, urinary N excretion was 
increased by EPSBM and fecal N excretion was greater 
for WPSB. Treatments had marked effects on milk 
fatty acid profile. Generally, the Plenish diets increased 
mono-unsaturated (mostly cis-9 18:1) and decreased 
polyunsaturated, total trans-, and conjugated linoleic 
fatty acids concentrations in milk fat. In this study, 
compared with conventional, high-linoleic-acid variety 
extruded soybean meal, the Plenish soybean diets in-
creased milk fat concentration and tended to increase 
fat yield, decreased feed efficiency, and modified milk 
fatty acid profile in a manner expected from the greater 
concentration of oleic acid in Plenish soybean oil.
Key words: high-oleic-acid soybean, milk fat, dairy 
cow

INTRODUCTION

The production benefits of inclusion of extruded 
oilseed meals in the diet of lactating dairy cows may 
come from (1) increased energy intake (due to higher 
oil content of extruded vs. solvent-extracted meals), (2) 
increased RUP (the extrusion process generates heat 
that increases the RUP content of the meal), and (3) 
increased DMI due to increased palatability or increased 
digestible AA intake. The production responses to ex-
truded oilseed meals, however, have been variable (So-
cha, 1991; Santos et al., 1998). In a study related to the 
current experiment, we observed a 1.25-kg/d increase 
in DMI and a corresponding 3.25-kg/d increase in milk 
yield in dairy cows fed soybean meal (SBM) extruded 
at 2 temperatures versus the control, solvent-extracted 
SBM (Giallongo et al., 2015). It is worth noting that 
the extruded SBM increased plasma concentration of 
His, an AA that has been positively related to DMI in 
dairy cows (Lee et al., 2012; Giallongo et al., 2016). In 
the experiment of Giallongo et al. (2015), the extruded 
meals were included at 13% of dietary DM and had 
no statistical effect on milk fat concentration, although 
there was a numerical decrease of about 0.2 percentage 
units at both extrusion temperatures compared with 
the control.
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The oil of conventional soybean varieties contains a 
high concentration of 18:2 (and 18:3), the biohydro-
genation of which is responsible for formation of CLA 
isomers known to cause milk fat depression (Baumgard 
et al., 2000; Moate et al., 2008). The modeling exer-
cise of Moate et al. (2008) found that trans-10,cis-12 
CLA concentration in milk fat was related to intestinal 
absorption of 18:2 (presumably mostly as cis-9,cis-12 
18:2), whereas milk production of cis-9 18:1 or total 
trans-18:1 was related to 18:1 absorption. The role of 
18:1 isomers in milk fat depression is debatable. Several 
studies have reported an association between trans-18:1, 
particularly trans-10 18:1, concentrations in milk fat 
and lowered milk fat synthesis (see Griinari et al., 1998; 
Bauman and Griinari, 2003). A study with abomasal 
infusion of trans-10 18:1, however, clearly demonstrated 
this isomer had no effect on milk fat concentration in 
dairy cows (Lock et al., 2007). A study by Hinrich-
sen et al. (2006) showed milk fat depression by high-
linoleic-acid safflower oil, but no effect on milk fat by 
high-oleic-acid sunflower oil. Further, a meta-analysis 
by Glasser et al. (2008) suggested a greater negative 
effect on milk fat concentration by soybean oil (higher 
in 18:2) versus canola oil (higher in 18:1). Therefore, it 
is plausible that substitution of 18:2 with 18:1 in the 
diet may alleviate potential milk fat depression caused 
by high inclusion rates of extruded oilseed meals or 
even enhance milk fat synthesis in dairy cows. Addi-
tionally, increased intake of 18:1 results in increased 
MUFA concentration in milk fat (DePeters et al., 2001; 
Hristov et al., 2011a; Kliem et al., 2011), which may be 
beneficial for milk quality in terms of consumer percep-
tion (Jenkins and McGuire, 2006).

The current experiment was conducted to investigate 
the effect of 3 soybean sources differing in their fatty 
acid profile and processing method on productivity, 
milk composition, digestibility, rumen fermentation, 
and enteric methane emission in lactating dairy cows. 
Our main hypothesis was that substitution of conven-
tional extruded SBM (predominantly 18:2) with ex-
truded SBM high in 18:1 will increase milk fat synthesis 
and MUFA concentration in milk fat.

MATERIALS AND METHODS

All procedures carried out in the experiment were 
approved by the Animal Care and Use Committee at 
The Pennsylvania State University.

Animals and Experimental Design

The experiment was a replicated 3 × 3 Latin square 
design balanced for residual effects and was conducted 
in the tiestall barn of The Pennsylvania State Univer-

sity’s Dairy Teaching and Research Center. Fifteen 
multiparous lactating Holstein cows, averaging 2.6 ± 
0.22 lactations, 53 ± 7.7 DIM, and 641 ± 12.5 kg of 
BW at the beginning of the study, were grouped into 
5 squares based on DIM, milk yield, and parity. Six 
cows (2 squares) were fitted with 10-cm (internal di-
ameter) soft plastic ruminal cannulas (Bar Diamond 
Inc., Parma, ID). Each experimental period lasted 28 
d, with 21 d of adaptation to the diets followed by 7 d 
of data and sample collection. Cows within square were 
randomly assigned to 1 of 3 treatment diets containing 
conventional variety, high-linoleic-acid extruded SBM 
(ESBM), extruded Plenish (DuPont Pioneer, John-
ston, IA), high-oleic-acid variety SBM (EPSBM), or 
whole, heated Plenish soybeans (WPSB). Chemical 
composition of the soybeans is shown in Table 1. Diets 
(Table 2) were formulated to meet or exceed the NRC 
(2001) nutrient requirements for lactating Holstein cows 
yielding 42 kg of milk/d with 3.70% milk fat and 3.05% 
true protein at 27 kg/d of DMI and 660 kg of BW. At 
the inclusion rate of the 3 soybean sources, the diets 
contained 1.5, 1.4, and 1.9% soybean oil for ESBM, 
EPSBM, and WPSB, respectively. The lower inclusion 
rate for WPSB was intended to maintain similar CP 
and ether extract concentrations among the 3 diets (see 
notes in Results and Discussion). The extruded SBM 
(ESBM and EPSBM) were produced by Fabin Bros. 
Farms (Indiana, PA) from conventional and Plenish 
varieties of whole soybeans, respectively. Extrusion 
temperature was set at 160°C (320°F). The whole Plen-
ish soybeans were roasted (WPSB) by Groff’s Grain 
Roasting, Inc. (Lewisburg, PA). Temperature of the 
beans leaving the roaster was measured and averaged 
158°C (317 ± 0.94°F). Beans were not steeped after 
roasting. The WPSB were stored whole and rolled 
using a Roskamp electric roller mill (California Pellet 
Mill Co., Waterloo, Iowa) before inclusion in the TMR. 
Diets were mixed using a Kuhn Knight model 3142 
Reel Auggie Mixer Wagon (Kuhn Knight Inc., Brod-
head, WI) and were fed once daily (0630 h) as TMR 
to achieve about 10% refusals. Cows in this experiment 
did not receive rbST.

Sampling and Measurements

Individual feed intake (on an as-fed basis) and milk 
yield of the cows were recorded daily throughout the 
experiment. Cow BW was also recorded daily for the 
entire experiment using AfiFarm 3.04E scale system 
(S.A.E. Afikim, Rehovot, Israel) while cows exited the 
milking parlor. Total mixed ration and refusals from 
each diet were sampled twice weekly and samples were 
composited (on an equal weight basis) by week and 
diet. Samples of individual forages and concentrate 
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feeds were collected weekly. Forages were composited 
by experimental period, whereas one composite sample 
for the entire experiment was prepared for each con-
centrate feed ingredient. All samples were stored at 
−20°C, dried for DM determination at 55°C for 72 h in 
a forced-air oven, and ground with a Wiley Mill (1-mm 
screen; Thomas Scientific, Swedesboro, NJ) for further 
analyses. Dry matter intake was computed from the 
as-fed TMR intake using the DM content of the weekly 
composited TMR and refusals samples. Composite 
samples of individual feed ingredients were analyzed by 
wet chemistry methods for CP (AOAC International, 
2000), amylase-treated NDF (Van Soest et al., 1991), 
ADF (AOAC International, 2000), fat (AOAC Interna-
tional, 2006), ash (AOAC International, 2000), miner-
als (AOAC International, 2000), and estimated NFC 
and NEL (NRC, 2001) by Cumberland Valley Ana-
lytical Services (Maugansville, MD; analytical methods 
are available at http://www.foragelab.com/Resources/
Lab-Procedures). Samples were analyzed for starch fol-
lowing the procedure of Hall (2009). The analyzed com-

Table 1. Chemical1 (% of DM) and fatty acid2 (g/100 g of total fatty 
acids) composition of the soybean sources used in the experiment

Item

Soybean source3

ESBM EPSBM WPSB

CP 48.0 51.4 40.2
RUP,4 % of CP 51.3 49.8 61.9
NDF 11.3 7.7 18.2
ADF 5.4 4.1 9.4
Ash 6.25 6.07 5.17
Ca 0.29 0.29 0.32
P 0.66 0.66 0.56
Starch 4.9 3.5 5.8
Ether extract 8.68 8.36 20.2
Fatty acids    
 14:0 0.08 0.05 0.05
 14:1 0.03 0.04 0.04
 16:0 12.1 7.54 6.96
 16:1 0.80 0.56 0.23
 18:0 4.55 4.04 4.25
 cis-9 18:1 15.3 73.2 75.4
 cis-11 18:1 1.24 1.78 1.63
 18:2 54.1 7.88 6.94
 18:3 9.73 2.33 2.37
 20:0 0.30 0.36 0.40
 20:1 0.02 0.03 0.03
 20:2 0.39 0.41 0.41
 24:0 0.13 0.14 0.13
 Others 1.27 1.65 1.17
1Analyzed by Cumberland Valley Analytical Services Inc. 
(Maugansville, MD) using wet chemistry methods.
2Analyzed following the procedure of Rico and Harvatine (2013).
3ESBM = conventional variety extruded soybean meal; EPSBM = 
Plenish variety extruded soybean meal; WPSB = Plenish variety 
whole, heated soybeans.
4Analyzed using the Streptomyces griseus protease method 
(Krishnamoorthy et al., 1983) by Cumberland Valley Analytical 
Services.

Table 2. Ingredients and chemical composition of the diets used in 
the experiment

Item

Diet1

ESBM EPSBM WPSB

Ingredient, % of DM    
 Corn silage2 41.0 41.0 41.0
 Alfalfa haylage3 15.9 15.9 15.9
 Grass hay4 4.0 4.0 4.0
 Cottonseed, hulls 4.0 4.0 4.0
 Corn grain, ground 10.0 10.0 10.0
 ESBM 17.1 — —
 EPSBM — 17.1 —
 WPSB — — 7.4
 SBM, solvent-extracted5 — — 9.7
 Optigen6 0.3 0.3 0.3
 Molasses7 4.7 4.7 4.7
 Mineral-vitamin premix8 3.0 3.0 3.0
Composition, % of DM    
 CP9 17.4 18.0 17.4
 RDP10 8.9 9.1 11.0
 RUP10 8.5 8.9 6.3
 NDF9 32.0 31.4 32.4
 ADF9 22.8 22.6 23.2
 Ether extract9 3.99 3.94 4.18
 Starch9 22.7 22.5 22.7
 NEL,

10 Mcal/kg 1.55 1.54 1.53
 NEL balance,10 Mcal/d 2.0 2.9 2.6
 MP balance,10 g/d 722 953 332
 NFC10 42.4 42.6 40.8
 Ash9 7.07 7.04 7.00
 Ca9 0.94 0.94 0.98
 P9 0.33 0.33 0.33
1ESBM = conventional variety extruded soybean meal; EPSBM = 
Plenish variety extruded soybean meal; WPSB = Plenish variety 
whole, heated soybeans.
2Corn silage was 38.7% DM and (DM basis): 40.2% NDF, 34.7% 
starch, and 6.8% CP.
3Alfalfa haylage was 46.2% DM and (DM basis): 41.4% NDF and 
22.1% CP.
4Grass hay contained (DM basis): 74.0% NDF and 7.1% CP.
5Soybean meal solvent-extracted contained (DM basis): 53.5% CP and 
1.82% fat.
6Optigen is a slow-release urea (Alltech Inc., Nicholasville, KY).
7Molasses (Westway Feed Products, Tomball, TX) contained (DM ba-
sis): 3.9% CP and 66% total sugar.
8The premix (Cargill Animal Nutrition, Cargill Inc., Roaring Spring, 
PA) contained (%, as-is basis): trace mineral mix, 0.86; MgO (56% 
Mg), 8.0; NaCl, 6.4; vitamin ADE premix (Cargill Animal Nutrition, 
Cargill Inc.), 0.48; limestone, 37.2; selenium premix (Cargill Animal 
Nutrition, Cargill Inc.), 0.07; and dry corn distillers grains with solu-
bles, 46.7; and Ca, 14.1%; P, 0.39%; Mg, 4.59%; K, 0.44%; S, 0.39%; 
Se, 6.91 mg/kg; Cu, 362 mg/kg; Zn, 1,085 mg/kg; Fe, 186 mg/kg, 
vitamin A, 276,717 IU/kg; vitamin D, 75,000 IU/kg; and vitamin E, 
1,983 IU/kg.
9Values calculated using the chemical analysis (Cumberland Valley 
Analytical Services Inc., Maugansville, MD) of individual feed ingredi-
ents of the diet. Starch was analyzed according to Hall (2009).
10Values estimated based on NRC (2001) using actual DMI, milk yield, 
milk composition, and BW of the cows throughout the trial. Protein 
fractions and protein digestion rate for ESBM/EPSBM and WPSB 
were as specified by NRC (2001) for expeller soybean meal and whole, 
heated soybean, respectively.

http://www.foragelab.com/Resources/Lab-Procedures
http://www.foragelab.com/Resources/Lab-Procedures
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position of the feed ingredients and their inclusion in 
the TMR was used to compute CP, NDF, ADF, starch, 
fat, Ca, and P concentration of the diets. Balance of 
NEL and MP were estimated using NRC (2001) based 
on actual DMI, milk yield, milk composition, and BW 
of the cows during the experiment. Composite TMR 
samples were analyzed for indigestible NDF (iNDF), 
as described in Lee et al. (2012).

During the last week of each experimental period, 
8 spot fecal and urine samples (approximately 500 g 
and 300 mL/sample, respectively) were collected in 3 
consecutive days at intervals staggered in time to cover 
a 24 h period (as in Lee et al., 2012). Fecal samples 
were oven-dried at 65°C for 48 h, ground through a 
1-mm sieve, composited per cow and experimental pe-
riod, and then analyzed for DM, OM, CP, NDF, ADF, 
starch, and iNDF. Total-tract apparent digestibility 
of dietary nutrients was estimated using iNDF as an 
internal digestibility marker. Urine samples were pro-
cessed and analyzed for allantoin, uric acid, creatinine, 
urea-N, and total N as described by Lee et al. (2012). 
Daily urine volume was calculated using creatinine as 
a marker, assuming a creatinine excretion rate of 29 
mg/kg of BW (based on Hristov et al., 2011b), and 
was used to estimate urinary N and purine derivative 
excretions.

Blood samples were collected from the tail vein or 
artery into heparinized vacutainers at 4 and 8 h after 
feeding in 1 d during wk 3 of each experimental period. 
Blood plasma was separated and processed (Lee et al., 
2012) for analysis of glucose and urea-N (Stanbio Glu-
cose kit 1070 and Urea Nitrogen Kit 0580, respectively; 
Stanbio Laboratory Inc., Boerne, TX).

Milk samples were collected from 2 consecutive milk-
ings (evening and morning) on 2 separate days (i.e., 
4 milkings) during wk 4 of each experimental period. 
Milk samples were preserved with 2-bromo-2-nitropro-
pane-1,3 diol and submitted to Dairy One Laboratory 
(Pennsylvania DHIA, University Park, PA) for analysis 
of fat, true protein, lactose, and MUN using infrared 
spectroscopy (MilkoScan 4000; Foss Electric, Hillerød, 
Denmark). Evening and morning milk samples were 
analyzed separately so milk component concentrations 
could be weighted for evening and morning milk yields. 
A separate unpreserved milk sample (from all 4 milk-
ings) was stored at −20°C and a composite, on an equal 
volume basis, sample was analyzed for fatty acids as 
described elsewhere (Rico and Harvatine, 2013).

Samples of whole ruminal contents were collected 
from the cannulated cows at 2, 4, 6, and 10 h after 
feeding in 1 d during wk 4 of each experimental pe-
riod. These samples were collected, processed, and 
analyzed for pH, ammonia, VFA, and protozoal counts 
as described in Hristov et al. (2010). Aliquots of whole 

ruminal contents were immediately preserved by freez-
ing at −80°C and later composited (as-is weight basis) 
and analyzed for microbial composition as described in 
Lopes et al. (2016).

Enteric methane and carbon dioxide emissions were 
measured during wk 4 of each experimental period us-
ing the GreenFeed system (C-Lock Inc., Rapid City, 
SD). Measurements occurred 8 times in 3 d covering a 
24-h period as follows: starting at 0900, 1500, and 2100 
h (sampling d 1), 0300, 1200, and 1700 h (sampling d 
2), and 0000, and 0500 h (sampling d 3). Duration of 
each measurement event (for all cows) was 100 to 110 
min. Gas measurements were performed as described 
by Hristov et al. (2015a). A rumen cannula extension 
(fistula attachment; C-Lock Inc.) was used to direct 
potentially leaking rumen gas from the cannula into 
the GreenFeed unit. Construction and operation of the 
cannula extension are described in Lopes et al. (2016).

Statistical Analysis

All data were analyzed using the MIXED procedure 
of SAS (version 9.4, SAS Institute Inc., Cary, NC). Dry 
matter intake, milk yield, BW, milk composition, and 
rumen fermentation data were analyzed with day or 
sampling time as repeated measures assuming a Latin 
square design and an AR(1) covariance structure. The 
statistical model included treatment, experimental pe-
riod, the repeated term, and treatment × period and 
treatment × repeated term interactions. Square and 
cow within square were random effects and all others 
were fixed. Remaining data (i.e., blood variables, nu-
trient digestibility, milk fatty acids, enteric gas emis-
sions, and rumen microbial data) were analyzed with 
the previously described model excluding the repeated 
term and its interaction with treatment. Enteric gas 
emission data were averaged across all sampling points 
and the average values were used in the statistical 
analysis. The following preplanned contrasts were used 
to compare treatments: ESBM versus EPSBM, ESBM 
versus WPSB, EPSBM versus WPSB, and Plenish (i.e., 
EPSBM and WPSB) versus ESBM. Statistical differ-
ences were considered significant at P ≤ 0.05 and a 
trend at 0.05 < P ≤ 0.10. Data in tables are presented 
as least squares means.

RESULTS AND DISCUSSION

The composition of the soybean sources is shown in 
Table 1. As analyzed, EPSBM had higher CP and lower 
NDF than ESBM. The 2 extruded meals had similar 
ether extract concentration. Both ESBM and EPSBM 
had similar RUP, but RUP of WPSB was about 23% 
higher compared with the extruded SBM. Although 
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the RUP procedure used (Krishnamoorthy et al., 1983) 
may not accurately predict absolute RUP values, it is 
satisfactory for comparative purposes. The composition 
of WPSB was similar to table values for whole, heated 
soybeans (NRC, 2001). As expected, the fatty acid 
composition of the soybean sources reflected the higher 
concentration of 18:1 in the Plenish variety soybeans. 
Oil of the Plenish soybean sources had lower 16:0, simi-
lar 18:0, about 5 times greater cis-9 18:1, much lower 
18:2, and lower 18:3 concentrations compared with the 
conventional variety ESBM.

The diets (Table 2) were designed to maximize 
the potential milk composition effects of the soybean 
sources while minimizing negative effects on rumen 
fermentation and DMI. The relatively high inclusion 
rate of the soybean sources resulted in diets with excess 
MP (balance of >330 g/d). Due to differences between 
analyzed and anticipated composition of the soybean 
sources and variability in DMI during the experiment, 
daily intake of soybean oil was greater for WPSB than 
ESBM and EPSBM: on average 545, 402, and 397 g/
cow per day, respectively. All diets supplied NEL in 
excess of estimated requirements (NRC, 2001).

The production data are shown in Table 3. We noted 
a trend for higher (P = 0.09) DMI but lower (P = 0.10) 
milk yield with the Plenish soybean sources compared 
with ESBM. As a result, uncorrected for components 
feed efficiency was decreased (P < 0.001) for the Plen-
ish diets versus ESBM. We observed no differences in 

ECM yield or ECM feed efficiency among treatments. 
Milk fat concentration was increased (P < 0.001) and 
fat yield tended to be increased (P = 0.09) by both 
Plenish diets compared with ESBM. Milk true protein 
concentration was unusually low in this experiment but 
was similar among treatments, except it tended (P ≤ 
0.09) to be slightly higher for WPSB compared with 
the extruded SBM diets. Lactose concentration tended 
to be lower (P ≤ 0.06) and MUN was higher (P ≤ 
0.003) for EPSBM versus ESBM and WPSB. Blood 
glucose and BUN concentrations were similar among 
treatments.

Several studies have investigated the production ef-
fects of 18:1-rich vegetable oil supplemented in various 
forms (oil, oilseed meals, and crushed oilseeds) to the 
diets of dairy cows. In an early study, Casper et al. 
(1988) found no effect of conventional or high-18:1 sun-
flower seeds (up to 5–5.8% total dietary fat) on DMI 
or milk production. Similarly, no effect of peanut oil 
(high in 18:1) on milk yield was observed in a short, 
2-wk period experiment with dairy cows (Kelly et al., 
1998). A 5% inclusion rate of high-18:1 safflower oil 
did not have an effect on DMI or milk production of 
Holstein cows in an extensive crossover experiment (He 
and Armentano, 2011). In another study from the same 
group, blends of 18:1 and 18:2 in different proportions 
(up to 4.1% added fat) had no effect on DMI or milk 
production in dairy cows (He et al., 2012). Kliem et 
al. (2011) reported no effect of conventional and high-

Table 3. Effect of soybean fatty acid composition and processing method on feed DMI, milk production and composition, feed efficiency, and 
blood glucose and urea-N concentrations in dairy cows

Item

Treatment1

SEM2

Contrast

ESBM EPSBM WPSB
ESBM vs. 
EPSBM

ESBM vs. 
WPSB

EPSBM vs. 
WPSB

Plenish vs. 
ESBM3

DMI, kg/d 27.1 27.8 27.8 0.56 0.12 0.15 0.92 0.09
Milk yield, kg/d 42.7 42.0 41.8 1.41 0.22 0.10 0.67 0.10
Milk/DMI, kg/kg 1.57 1.50 1.51 0.076 <0.001 0.001 0.81 <0.001
Milk fat, % 3.55 3.74 3.76 0.092 0.005 0.002 0.70 <0.001
Milk fat, kg/d 1.53 1.60 1.60 0.031 0.17 0.12 0.86 0.09
Milk true protein, % 2.73 2.72 2.78 0.060 0.93 0.09 0.08 0.36
Milk true protein, kg/d 1.16 1.15 1.17 0.032 0.74 0.91 0.66 0.90
Lactose, % 4.91 4.86 4.90 0.037 0.04 0.76 0.06 0.16
Lactose, kg/d 2.09 2.06 2.06 0.086 0.54 0.64 0.88 0.54
MUN, mg/dL 16.8 18.0 16.9 0.49 0.001 0.78 0.003 0.04
ECM,4 kg/d 38.7 39.2 39.4 1.14 0.66 0.49 0.80 0.51
ECM/DMI, kg/kg 1.41 1.39 1.41 0.056 0.38 0.87 0.32 0.68
BW, kg 683 665 661 19.8 0.31 0.22 0.80 0.19
Blood glucose, mg/dL 49.4 48.0 48.5 1.55 0.35 0.55 0.74 0.38
BUN, mg/dL 16.7 16.9 17.2 0.41 0.47 0.20 0.56 0.24
1ESBM = conventional variety extruded soybean meal; EPSBM = Plenish variety extruded soybean meal; WPSB = Plenish variety whole, 
heated soybeans.
2Largest SEM published in table; DMI and milk yield, n = 284; milk yield/DMI, n = 271; BW, n = 116; milk composition data, n = 84, blood 
analyses, n = 45 (n represents the number of observations used in the statistical analysis). Data are presented as LSM.
3EPSBM and WPSB vs. ESBM.
4According to Sjaunja et al. (1990).
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18:1 rapeseed, included at up to 1,150 g of oil/d, on 
DMI and milk production compared with a commercial 
product based on Ca salts of fatty acids. Compared 
with soybean, canola or rapeseed oil is higher in 18:1, 
and several studies have reported effects of canola seeds 
or meals on productivity of dairy cows. Beauchemin et 
al. (2009), for example, found increased DMI but no 
effect on milk yield or feed efficiency of crushed canola 
seeds compared with high-18:2 (sunflower) or high-18:3 
(flax) seeds. Inclusion of approximately 13% high-18:1 
extruded (13.7% ether extract, 76.1% 18:1) canola meal 
decreased DMI but had no effect on milk yield and, 
thus, increased feed efficiency in high-producing dairy 
cows (Hristov et al., 2011a). A recent study reported 
a 1 to 2.5 kg/d decrease in milk yield when the diet 
was supplemented with 3 to 6% canola oil (58% 18:1; 
Welter et al., 2016). Surprisingly, however, DMI of the 
cows was not reported. Dry matter intake is the main 
determinant of milk production in lactating dairy cows 
(Hristov et al., 2004a) and dietary fat may, in certain 
situations, increase DMI or milk production. In our 
previous work with extruded SBM (10 to 11% ether ex-
tract), we reported increased DMI and milk yield when 
the extruded meal was included at 13% of dietary DM 
and total dietary fat was around 4.3% (Giallongo et al., 
2015). Depending on the basal diet, even at low inclu-
sion rates, dietary fat may increase DMI in dairy cows. 
For example, Stoffel et al. (2015) reported increased 
milk yield and no effect on DMI when vegetable oil was 
included at 1.7% of DM (around 3% total fatty acids) in 
a 19% CP alfalfa haylage-based diet. Overall, however, 
the effect of oilseeds, in one form or another, on DMI 
in dairy cows has been generally negative (Socha, 1991; 
Glasser et al., 2008). In their meta-analysis, Rabiee et 
al. (2012) reported an overall standardized mean differ-
ence between oilseeds and control (25 comparisons) of 
−0.21 kg of DMI/d, although heterogeneity was high.

It is likely that the relatively low milk true protein 
concentration observed in our study was due to the high 
inclusion rate of high-fat soybean sources (although to-
tal fat was around 4% of dietary DM). Meta-analyses 
have shown that dietary fat, including from oilseeds, 
has a detrimental effect on milk protein concentration 
(Onetti and Grummer, 2004; Rabiee et al., 2012), likely 
a result of depressed microbial protein synthesis in the 
rumen. The higher MUN with the EPSBM diet can be 
explained with the greater CP concentration of EPSBM 
versus ESBM and WPSB diets. Supplementation of 
dairy diets with fat from oilseeds has generally resulted 
in decreased milk fat concentration, particularly with 
soybean and sunflower seeds and oil in the meta-analy-
sis of Glasser et al. (2008). The meta-analysis of Rabiee 
et al. (2012) found a 0.33 percentage unit decrease 
in milk fat with oilseeds but heterogeneity was high 

(72%), similar to the effect on DMI. Others, however, 
have reported increased milk fat concentration with fat 
supplementation, depending on diet composition, for-
age type, and level of unsaturation of the supplemental 
fat (Schroeder et al., 2004; Weiss et al., 2011). In our 
related study, extruded SBM included at 13% of dietary 
DM numerically decreased milk fat concentration (by 
about 0.2 percentage units) compared with the control, 
solvent-extracted SBM (Giallongo et al., 2015). In the 
current study, the ESBM and EPSBM diets had a simi-
lar fat inclusion rate; therefore, it is safe to assume that 
the effect on milk fat with the Plenish diets was a re-
sult of differences in fatty acid composition among the 
soybean sources. These differences included higher 18:1 
and lower 18:2 (and also 18:3) in the Plenish soybeans 
versus the conventional soybeans used for ESBM. In 
the study of He and Armentano (2011), 5% vegetable 
oil (for a total of 6.8% fat in the diet) decreased milk 
fat concentration, independent of the oil source (i.e., 
predominantly 18:2 vs. predominantly 18:1). Those 
authors later tested lower inclusion rate of oil (<3% 
of DM) and reported similar depression of milk fat by 
both high-18:2 and high-18:1 vegetable oil (Stoffel et 
al., 2015). The milk fat depression effect, however, was 
significantly greater with high-18:2 oil.

Concentration of trans-10 18:1 in milk fat was de-
creased by the Plenish treatments in the current study 
(see discussion below). Griinari et al. (1998) related diet 
effects (low fiber) and milk trans-10 18:1 concentra-
tion to milk fat depression. Concentration of trans-10 
18:1 was also negatively related (R2 = 0.53) to milk 
fat percent in a field study (Nydam et al., 2009). Milk 
concentrations of both trans-10 18:1 and trans-10,cis-12 
CLA followed similar patterns during induced milk fat 
depression in a study by Rico and Harvatine (2013). 
The trans-10,cis-12 CLA isomer has been conclusively 
shown to cause milk fat depression (Baumgard et al., 
2000), and a meta-analysis by Moate et al. (2008) iden-
tified estimated absorption of 18:2 (as an indicator of 
18:2 outflow from the rumen) as the main factor deter-
mining output of trans-10,cis-12 CLA in milk. Thus, 
greater intake of 18:2, such as with the ESBM diet 
in the current study, is expected to be a precondition 
for potentially greater supply of trans-10,cis-12 CLA to 
the mammary gland. This CLA isomer, however, was 
not detected in milk from any of the cows in the cur-
rent experiment. The Plenish diets decreased trans-10 
18:1 (and other trans-18:1 isomers), but an abomasal 
infusion study clearly showed no effect of trans-10 18:1 
on milk fat concentration (Lock et al., 2007). Thus, al-
though the lowered concentration of trans-18:1 isomers 
in milk of cows fed the Plenish diets is in line with re-
ports that found good relationships between these fatty 
acids and milk fat depression, it appears the greater 
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milk fat concentration with EPSBM and WPSB in the 
current study was a result of the greater postruminal 
supply of 18:1 compared with ESBM. Average cis-9 
18:1 yield was 59.5 g/cow per day greater (P < 0.001) 
for the Plenish treatments compared with ESBM (322 
vs. 263 g/d, respectively), whereas yields of 16:0 (412 
to 440 g/d; P = 0.18) and 18:0 (190 to 192 g/d; P 
= 0.31) were not different among treatments. Yields 
of PUFA or total trans-fatty acids were on average 31 
(43.2 vs. 74.0 g/d; P < 0.001) and 6.4 g/d lower (44.1 
vs. 50.5 g/d, respectively; P < 0.001) for the Plenish 
diets compared with ESBM (fatty acid yield data are 
not shown in tables). Thus, the increase in the yield of 
cis-9 18:1 was about 62% greater than the decrease in 
yield of the major fatty acid groups, such as PUFA and 
total trans-fatty acids, caused by EPSBM and WPSB, 
which was sufficient to explain the increase in milk fat 
percentage with these diets compared with ESBM.

Faldet and Satter (1991) pointed out that feeding 
whole roasted soybeans does not decrease milk fat 
concentration to the extent that extruded SBM does, 
attributing the effect to a lower availability of soybean 
oil with the former feed. This kind of effect was not ob-
served in the current experiment; however, the WPSB 
diet provided considerably more supplemental fat than 
EPSBM, thus having a higher risk for ruminal distur-
bances and milk fat depression. The fact that milk fat 
concentration was not different between the Plenish 
diets provides indirect evidence that supplemental fat 
from WPSB causes less disturbance to ruminal fer-
mentation than fat from free oil or extruded meals, 
which is in agreement with the conclusions of Faldet 
and Satter (1991). Chouinard et al. (1997) also found 
no differences in milk production or composition be-
tween extruded SBM and roasted soybeans included in 
the diet at a level similar to that in the current study. 
A similar lack of effect of roasting versus extrusion of 
soybeans on milk composition was reported earlier by 
Scott et al. (1991).

Intake and total-tract apparent digestibility of dietary 
nutrients in the current study are shown in Table 4. 
Intake of nutrients was similar among diets (P ≥ 0.10), 
but DM and OM digestibility was lower (P < 0.001) for 
WPSB compared with the extruded SBM diets. The 
difference was about 2 to 3% for both DM and OM. 
Total-tract apparent digestibility of CP was also de-
creased (P < 0.001) by WPSB, compared with ESBM 
and EPSBM. Digestibility of DM, OM, and CP tended 
to be or were slightly higher (P ≤ 0.08) for EPSBM 
versus ESBM. Digestibility of the fiber fractions and 
starch was not affected by treatment. The likely expla-
nation for the lower CP digestibility of WPSB versus 
the extruded SBM diets was the higher temperature 
input (supported by the higher RUP concentration of 

the WPSB feed) during roasting versus the extrusion 
process and the open-flame exposure versus indirect 
heating as a result of friction with the latter process. 
The processing temperatures of the extruded SBM and 
WPSB were intended to be similar (i.e., 158 to 160°C); 
these 2 processes, however, are different in terms of 
time the beans are exposed to heat. The extruded meal 
passes through the die relatively rapidly, whereas, in 
the current study, the beans spent approximately 2 min 
in the roaster (1 min of which at the extreme heat 
at the top of the flame). Although the temperature of 
the soybeans measured when they exited the roaster 
was on average 158°C, it is certain that they were ex-
posed to higher temperatures within the roaster. Visual 
observation of the WPSB indicated that some beans 
were charred, apparently due to extreme heat within 
the roaster. Further, WPSB were rolled before inclusion 
in the TMR, whereas the extruded SBM were ground. 
This combination of temperature, time to heat expo-
sure, and particle size likely resulted in the higher RUP 
content and lower digestibility of WPSB versus the ex-
truded SBM feeds and diets. As fiber digestibility was 
not different among treatments, the difference in DM 
and OM digestibility between roasted and extruded 
soybean sources was a result of differences in digestibil-
ity of soybean CP and probably other nonfiber soluble 
fractions, such as sugars. Fat, among other dietary fac-
tors such as NFC and proportion of whole-crop silage, 
is known to decrease nutrient digestibility (Huhtanen 
et al., 2009), but few studies have examined the effect 
of oilseed processing on nutrient digestibility in dairy 
cattle. Similar to our data, Scott et al. (1991) reported 
decreased CP digestibility of roasted whole soybeans 
compared with extruded SBM. Those authors found no 
effect of treatment on NDF digestibility, but, unlike the 
current study, they also found no effect on DM or OM 
digestibility (only numerical decreases with the roasted 
soybean diet).

Urinary and fecal N excretion and milk N secretion 
data are shown in Table 5. Absolute milk true protein 
secretion (during the week of digestibility and urine 
sample collections) was not different among treatments 
but as a percentage of N intake was slightly lower (P 
= 0.05) for the Plenish soybean sources compared with 
ESBM. Urinary and urea N excretions were increased 
(P ≤ 0.04) by EPSBM versus WPSB and fecal N ex-
cretion was greater (P < 0.001) for WPSB compared 
with both extruded meal diets. This was a result of the 
higher concentration and intake of CP in the EPSBM 
diet and lower CP digestibility and higher RUP of 
WPSB (as discussed above), respectively. The Plen-
ish diets had higher (P = 0.03) total N excretion in 
urine and feces than ESBM and, compared with the 
other treatments, the WPSB diet increased or tended 
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to increase (P ≤ 0.08) N excretions as proportion of N 
intake. Excretion of purine derivatives, as markers of 
rumen microbial protein synthesis and outflow, was not 
affected by treatment in this experiment.

Rumen fermentation data are shown in Table 6. 
Rumen pH was higher (P = 0.04) for WPSB versus 
EPSBM. Concentration of ammonia and total VFA 
in ruminal fluid was not different among treatments, 

Table 4. Effect of soybean fatty acid composition and processing method on intake and total-tract apparent digestibility of nutrients in dairy 
cows

Item

Treatment1

SEM2

Contrast

ESBM EPSBM WPSB
ESBM vs. 
EPSBM

ESBM vs. 
WPSB

EPSBM vs. 
WPSB

Plenish vs. 
ESBM3

Nutrient intake,4 kg/d        
 DM 27.3 27.8 28.2 0.64 0.51 0.28 0.67 0.31
 OM 25.4 25.9 26.1 0.59 0.49 0.33 0.77 0.33
 CP 4.8 5.0 4.9 0.11 0.08 0.29 0.46 0.10
 NDF 8.7 8.7 9.1 0.20 0.98 0.13 0.14 0.37
 ADF 6.2 6.3 6.5 0.15 0.72 0.10 0.19 0.24
 Starch 6.2 6.3 6.4 0.14 0.72 0.28 0.46 0.40
Apparent digestibility, %       
 DM 68.7 69.3 67.1 0.35 0.08 <0.001 <0.001 0.18
 OM 69.7 70.3 68.0 0.33 0.07 <0.001 <0.001 0.12
 CP 71.0 72.3 66.6 0.58 0.04 <0.001 <0.001 0.006
 NDF 45.4 45.7 45.7 0.35 0.52 0.50 0.96 0.45
 ADF 45.2 46.0 46.2 0.63 0.48 0.37 0.84 0.36
 Starch 98.3 98.4 98.3 0.07 0.07 0.28 0.42 0.10
1ESBM = conventional variety extruded soybean meal; EPSBM = Plenish variety extruded soybean meal; WPSB = Plenish variety whole, 
heated soybeans.
2Largest SEM published in table; n = 45 (n represents number of observations used in the statistical analysis). Data are presented as LSM.
3EPSBM and WPSB vs. ESBM.
4Intake data during the digestibility measurement periods.

Table 5. Effect of soybean fatty acid composition and processing method on milk N secretion, urinary and fecal N excretion, and urinary 
purine-derivative excretion in dairy cows1

Item

Treatment2

SEM3

Contrast

ESBM EPSBM WPSB
ESBM vs. 
EPSBM

ESBM vs. 
WPSB

EPSBM vs. 
WPSB

Plenish vs. 
ESBM4

N intake, g/d 751 793 772 17.5 0.06 0.33 0.34 0.10
N secretion and excretion, g/d         
 Milk TPN5 182 180 183 5.1 0.75 0.91 0.67 0.90
 Urinary N 203 229 194 11.3 0.11 0.58 0.04 0.54
 Urinary urea-N (UUN) 142 155 134 11.0 0.08 0.22 0.006 0.75
  UUN, % of total urinary N, % 70.8 68.1 69.0 2.94 0.48 0.64 0.81 0.50
 Fecal N 221 224 263 8.0 0.79 <0.001 <0.001 0.008
 Total excreta N 364 388 398 16.4 0.11 0.02 0.47 0.03
As proportion of N intake, %         
 Milk TPN 23.9 22.4 23.1 0.81 0.03 0.20 0.35 0.05
 Urinary N 26.7 28.5 24.7 1.48 0.21 0.16 0.01 0.93
 Fecal N 29.0 27.7 33.4 0.58 0.04 <0.001 <0.001 0.006
 Total N in excreta 47.7 48.0 50.5 1.43 0.78 0.04 0.08 0.18
Urinary PD6 excretion, mmol/d         
 Allantoin 1,001 984 949 60.3 0.78 0.40 0.57 0.52
 Uric acid 52.7 53.8 45.3 4.36 0.84 0.21 0.15 0.53
 Total PD 1,054 1,038 994 63.9 0.81 0.37 0.51 0.51
1All data are for the experimental week during which fecal and urine samples were collected.
2ESBM = conventional variety extruded soybean meal; EPSBM = Plenish variety extruded soybean meal; WPSB = Plenish variety whole, 
heated soybeans.
3Largest SEM published in table; n = 45 (n represents number of observations used in the statistical analysis). Data are presented as LSM.
4EPSBM and WPSB vs. ESBM.
5Milk true protein N (milk true protein ÷ 6.38).
6PD = purine derivatives.
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but the molar proportion of propionate was decreased 
(P ≤ 0.02) by WPSB compared with the extruded 
meals, which resulted in a trend for greater (P ≤ 0.09) 
acetate-to-propionate ratio for WPSB. The proportion 
of isovalerate tended to be higher (P = 0.08) for the 
Plenish treatments compared with ESBM. Protozoal 
counts were not affected by treatment. Our earlier work 
showed a clear trend for decreased acetate concentra-
tion when high-oil extruded canola and rapeseed meals 
were included in the diet of dairy cows (Hristov et 
al., 2011a). High level of oil supplementation results 
in depressed rumen fermentation and decreased VFA 
concentrations (Jenkins, 1993; Harfoot and Hazlewood, 
1997), but fatty acid profile does not usually have a 
profound effect of VFA composition (Palmquist, 1991) 
unless fermentation is severely inhibited (Hristov et al., 
2004b, 2011b; Lee et al., 2011). Casper et al. (1988) 
reported increased acetate and decreased propionate 
proportions in the rumen fluid of cows fed high-18:1 
versus conventional, high-18:2 sunflower seeds. Such 
an effect of 18:1 (i.e., Plenish treatments) was not ob-
served in the current study. Beauchemin et al. (2009) 
did not find differences in rumen VFA concentrations 
as a result of feeding oilseeds with various fatty acid 
compositions (18:1 vs. 18:2 vs. 18:3). Surprisingly, some 
studies reported increased acetate concentration with 
high levels of UFA supplementation (from soybean and 
linseed oils; Szumacher-Strabel et al., 2002).

Diet had no effect on enteric methane emission in 
this experiment (Table 7). Methane emission yield 
(i.e., per unit of DMI) or intensity (per unit of ECM) 
and carbon dioxide emissions were also not affected by 
treatment. Methane emissions were within the range 

of emissions for high-producing dairy cows observed in 
our laboratory using different measurement techniques 
(Hristov et al., 2015b, 2016). Hydrogen emission was 
negligible in this experiment (on average <2 mg/cow 
per day; data not shown). Overall, fatty acid composi-
tion of dietary fat does not seem to have a well-defined 
effect on enteric methane emission. Some earlier reports 
suggested greater inhibition of methane production 
(and Methanobacterium ruminantium growth) by 18:1 
compared with other medium- or long-chain fatty acids 
in pure culture (Henderson, 1973). In a meta-analysis, 
Grainger and Beauchemin (2011) indicated that enteric 
methane yield was not affected by form of added fat, 
major fatty acid in the added fat, or fat source. Other 
analyses have shown that medium-chain SFA (such as 
12:0) and PUFA (such as 18:3) are more potent meth-
ane inhibitors that other dietary fatty acids (Doreau et 
al., 2011; Patra, 2013).

In agreement with the methane emission data, we 
found no effect of treatment on rumen archaea (Table 
8). The prevalence of several bacterial genera, however, 
was affected by the soybean source in this experiment. 
Prevotella, major rumen bacteria, were decreased (P 
≤ 0.08) by EPSBM compared with the other treat-
ments. Overall, differences in bacterial genus composi-
tion between EPSBM and WPSB were insignificant. 
The proportions of Ruminococcus and Succiniclasticum 
(including Succiniclasticum ruminis; data not shown) 
were decreased (P ≤ 0.04) and those of Eubacterium, 
Treponema, and Thioalkalibacter (including Thioalka-
libacter halophilus; data not shown) were increased (P 
≤ 0.03) by the Plenish diets compared with ESBM. 
Henderson (1973) reported inhibitory effects of an ar-

Table 6. Effect of soybean fatty acid composition and processing method on rumen fermentation in dairy cows

Item

Treatment1

SEM2

Contrast

ESBM EPSBM WPSB
ESBM vs. 
EPSBM

ESBM vs. 
WPSB

EPSBM vs. 
WPSB

Plenish vs. 
ESBM3

pH 5.94 5.91 6.01 0.042 0.45 0.17 0.04 0.72
Ammonia, mM 4.56 4.87 4.48 0.23 0.34 0.83 0.25 0.67
Total VFA, mM 112 110 109 2.92 0.59 0.38 0.73 0.42
As % of total fatty acids         
 Acetate 63.3 63.0 63.7 0.66 0.56 0.38 0.15 0.86
 Propionate 19.7 19.7 19.1 0.67 0.89 0.02 0.01 0.19
 Butyrate 12.1 12.3 12.1 0.27 0.59 0.86 0.71 0.68
 Isobutyrate 1.16 1.14 1.23 0.042 0.82 0.35 0.24 0.68
 Valerate 2.00 2.02 1.95 0.071 0.75 0.27 0.16 0.65
 Isovalerate 1.81 1.88 1.90 0.041 0.18 0.09 0.71 0.08
Acetate:propionate 3.26 3.24 3.37 0.145 0.72 0.09 0.04 0.43
Protozoa,4 × 104/mL 35.5 33.8 41.1 4.6 0.77 0.37 0.25 0.72
1ESBM = conventional variety extruded soybean meal; EPSBM = Plenish variety extruded soybean meal; WPSB = Plenish variety whole, 
heated soybeans.
2Largest SEM published in table; n = 72 (n represents number of observations used in the statistical analysis). Data are presented as LSM.
3EPSBM and WPSB vs. ESBM.
4Actual protozoal counts were log10-transformed for the statistical analysis.
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ray of fatty acids (particularly 12:0 and 18:1) on Ru-
minococcus, which is in agreement with results for the 
Plenish soybean sources in the current study. A similar 
inhibitory effect of 18:1 on rumen cellulolytic species 
was reported by Maczulak et al. (1981). Polyunsatu-
rated fatty acids have been shown to be toxic to several 
important rumen bacteria, including major players in 

rumen biohydrogenation of dietary fatty acids such as 
Butyrivibrio fibrisolvens (Maia et al., 2010). The de-
creased prevalence of Succiniclasticum (specifically Suc-
ciniclasticum ruminis, bacteria converting succinate to 
propionate in the rumen; van Gylswyk, 1995) observed 
in our experiment for the Plenish diets, but more pro-
nounced with WPSB, is in line with the slightly lower 

Table 7. Effect of soybean fatty acid composition and processing method on carbon dioxide (CO2) and methane (CH4)
1 emissions in dairy cows

Item

Treatment2

SEM3

Contrast

ESBM EPSBM WPSB
ESBM vs. 
EPSBM

ESBM × 
WPSB

EPSBM vs. 
WPSB

Plenish vs. 
ESBM4

CO2 g/d 12,152 12,149 12,037 241.5 0.99 0.59 0.60 0.75
CH4, g/d 450 478 460 29.7 0.13 0.63 0.32 0.21
CH4, g/kg of DMI 16.6 17.2 16.6 1.08 0.37 0.99 0.40 0.61
CH4, g/kg of ECM 11.8 12.3 12.0 0.93 0.29 0.72 0.53 0.40
1Rumen gas emissions were measured using GreenFeed (C-Lock Technology Inc., Rapid City, SD). Data were derived from 8 individual measure-
ments staggered over a 3-d period.
2ESBM = conventional variety extruded soybean meal; EPSBM = Plenish variety extruded soybean meal; WPSB = Plenish variety whole, 
heated soybeans.
3Largest SEM published in table. CO2, n = 42; CH4, n = 38; CH4/DMI, n = 39; CH4/ECM, n = 37 (n represents the number of observations 
used in the statistical analysis). Data are presented as LSM.
4EPSBM and WPSB vs. ESBM.

Table 8. Effect of soybean fatty acid composition and processing method on rumen archaeal and bacterial genus composition (as % of total 
isolates1) in dairy cows

Item

Treatment2

SEM3

Contrast

ESBM EPSBM WPSB
ESBM vs. 
EPSBM

ESBM × 
WPSB

EPSBM vs. 
WPSB

Plenish vs. 
ESBM4

Archaea, genus         
 Methanobrevibacter 99.0 98.6 98.8 0.19 0.22 0.40 0.65 0.23
 Thermoplasma 0.93 1.35 1.19 0.19 0.26 0.47 0.64 0.29
 Methanobacterium 0.01 0.04 0.03 0.03 0.54 0.60 0.93 0.52
Bacteria, genus         
 Clostridium 15.0 15.5 15.2 0.63 0.60 0.80 0.79 0.65
 Prevotella 12.6 10.4 12.3 0.77 0.04 0.75 0.08 0.15
 Ruminococcus 10.6 9.4 9.1 0.91 0.08 0.40 0.63 0.04
 Succiniclasticum 9.4 8.3 7.9 0.33 0.05 0.02 0.43 0.02
 Eubacterium 5.9 7.0 6.8 0.42 0.009 0.03 0.40 0.008
 Bacteroides 3.6 3.5 3.7 0.19 0.86 0.82 0.68 0.98
 Mucilaginibacter 3.2 3.7 3.5 0.32 0.07 0.24 0.41 0.09
 Rikenella 2.9 3.2 3.3 0.17 0.29 0.16 0.67 0.16
 Lachnoclostridium 3.1 3.2 3.0 0.08 0.60 0.15 0.07 0.56
 Treponema 2.4 3.1 2.9 0.14 0.03 0.07 0.52 0.03
 Tannerella 2.4 2.7 2.4 0.26 0.49 0.97 0.47 0.70
 Pontibacter 2.2 2.7 2.2 0.22 0.20 0.93 0.22 0.41
 Saccharofermentans 2.1 2.1 2.3 0.14 0.80 0.45 0.32 0.76
 Thioalkalibacter 1.6 2.2 2.1 0.10 0.008 0.01 0.76 0.005
 Parabacteroides 1.9 1.9 2.0 0.32 0.87 0.72 0.84 0.76
 Blautia 1.6 1.8 1.8 0.07 0.06 0.19 0.46 0.07
 Fibrobacter 1.3 1.4 1.7 0.18 0.71 0.07 0.11 0.18
 Butyrivibrio 1.2 1.1 1.3 0.10 0.47 0.51 0.19 0.96
1The percentage represents the percentage of the total sequences analyzed within the sample.
2ESBM = conventional variety extruded soybean meal; EPSBM = Plenish variety extruded soybean meal; WPSB = Plenish variety whole, 
heated soybeans.
3Largest SEM published in table. n = 18 for all variables (n represents the number of observations used in the statistical analysis). Data are 
presented as LSM.
4EPSBM and WPSB vs. ESBM.
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propionate concentration with WPSB compared with 
ESBM. The significance of the increased prevalence 
of Eubacterium with the Plenish diets cannot be de-
termined. Acetogenic, hydrogenotrophic (Genthner et 
al., 1981), and hyper-ammonia producing (Wallace et 
al., 2003) species of Eubacterium have been identified 
in the rumen, but acetate or ammonia concentra-
tions and methane and hydrogen emissions were not 
different among treatment in the current study. The 
reason for the increased proportion of Thioalkalibacter, 
a sulfur-oxidizing bacterium found in hypersaline soda 
lakes (Banciu et al., 2008), with the Plenish diets is 
also unclear. In our earlier study, ESBM processed at 2 
different temperatures only numerically decreased the 
proportion of Ruminococcus and Succiniclasticum and 
had no effect on Thioalkalibacter when compared with 
solvent-extracted SBM (Giallongo et al., 2015).

Milk fatty acid data are shown in Table 9. Concen-
tration of 6:0 and 10:0 were slightly decreased (P ≤ 
0.03) and that of 14:1 was increased (P = 0.002) by the 
Plenish diets compared with ESBM. The ratio 14:1 to 
(14:1 + 14:0) (i.e., 14:0 desaturase index) was increased 
(P < 0.001) by the Plenish diets compared with the 
control by 0.67, 0.65, and 0.60% (EPSBM, and WPSB, 
and ESBM, respectively; data not shown in Table 9). 
Overall, concentrations of fatty acids synthesized de 
novo in the mammary gland were not affected by diet; 
the sum of fatty acids <16 was similar among diets, and 
so was 16:0 (P > 0.06). Concentrations of 16:1, 17:1, 
and 17:0 iso were slightly increased (P < 0.001) and the 
sum of trans-fatty acids was markedly decreased (P < 
0.001) by the Plenish diets compared with the control. 
With a few insignificant exceptions, concentrations of 
most trans-18:1 fatty acids were decreased (P < 0.001) 
by the Plenish diets. Concentration of cis-9 18:1 was 
increased (P < 0.001) by 16% as a result of inclusion of 
the Plenish soybean sources in the diet. As expected, 
concentrations of 18:2 and cis-9,trans-11 CLA were 
lower (P < 0.001) for the Plenish diets compared with 
ESBM. Overall, treatment had no effect on the sum of 
SFA and, compared with ESBM, EPSBM and WPSB 
increased (P < 0.001) the sum of MUFA and decreased 
(P < 0.001) that of PUFA, trans-fatty acids, and CLA 
in milk fat.

Differences in milk fatty acid composition between 
ESBM and the Plenish soybean sources in our study 
were mainly due to the considerably lower 18:2 (and 
18:3) and higher 18:1 in the Plenish soybean variety. 
Dietary fat intake was higher for WPSB versus the 
ESBM and EPSBM diets, which may have also been re-
sponsible for some of the milk fatty acid changes, such 
as increased 18:2 and 18:3 with WPSB versus EPSBM. 
The increase in cis-9 18:1 with the Plenish treatments 
is explained by the higher intake of this fatty acid with 

the EPSBM and WPSB diets, compared with ESBM, 
and has been reported in the literature (He and Armen-
tano, 2011; Kliem et al., 2011) and in a meta-analysis 
by Glasser et al. (2008). Milk 18:1 is, to a large ex-
tent, a result of desaturation of 18:0 by ∆9-desaturase 
(Bickerstaffe et al., 1974; Chilliard et al., 2001), and 
the increased desaturase activity with the Plenish diets 
(see above) has likely also contributed to the greater 
concentration of milk cis-9 18:1 with EPSBM and 
WPSB compared with the control. The reduction of 
most trans-18:1 fatty acids with the Plenish diets is also 
explained by the lower intake of 18:2 with these diets 
compared with ESBM. Some trans-18:1 fatty acids, 
however, were increased by EPSBM and WPSB and 
this is in line with reports that biohydrogenation of 
18:1 by the rumen microbes results in the formation of 
several trans 18:1 isomers (Mosley et al., 2002). Overall, 
the changes in milk fatty acid composition observed in 
the current study represent the greater dietary intake 
of 18:1 with the Plenish diets versus greater 18:2 intake 
with the conventional extruded SBM diet.

CONCLUSIONS

In this experiment, diets with Plenish (high-18:1) va-
riety extruded SBM or whole, heated soybeans tended 
to increase DMI and decreased feed efficiency (but had 
no effect on ECM feed efficiency) in dairy cows com-
pared with the conventional (high-18:2) extruded SBM 
diet. The Plenish diets increased milk fat concentration 
and tended to increase milk fat yield. Compared with 
the extruded SBM diets, the whole, heated soybeans 
diet had lower DM, OM, and CP total-tract digestibil-
ity, likely as a result of the processing method. Treat-
ment had no effect on rumen fermentation or enteric 
methane emission. The Plenish diets increased MUFA 
and cis-9 18:1 and decreased PUFA, total trans-, and 
cis-9,trans-11 CLA concentrations in milk fat. Overall, 
diets modified milk fatty acid profile in a manner ex-
pected from the greater concentration of 18:1 in Plenish 
soybean oil. We conclude that oilseeds with higher 18:1 
concentration in their oil are likely to increase milk fat 
concentration and yield and 18:1 content of milk in 
dairy cows, compared with oils with higher concentra-
tion of 18:2.
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Table 9. Effect of soybean fatty acid composition and processing method on milk fatty acid composition (g/100 g of total fatty acids) in dairy 
cows

Item

Treatment1

SEM2

Contrast

ESBM EPSBM WPSB
ESBM vs. 
EPSBM

ESBM vs. 
WPSB

EPSBM vs. 
WPSB

Plenish vs. 
ESBM3

4:0 4.32 4.35 4.23 0.053 0.54 0.04 0.01 0.39
6:0 2.35 2.29 2.29 0.029 0.04 0.02 0.82 0.01
8:0 1.30 1.25 1.26 0.037 0.32 0.37 0.91 0.28
10:0 2.95 2.81 2.84 0.110 0.03 0.09 0.64 0.03
11:0 0.17 0.18 0.17 0.012 0.33 0.92 0.28 0.61
12:0 3.26 3.17 3.18 0.130 0.30 0.38 0.86 0.27
13:0 0.09 0.09 0.09 0.004 0.84 0.72 0.88 0.74
14:0 10.9 11.0 10.9 0.20 0.22 0.96 0.20 0.49
14:0 iso 0.12 0.13 0.12 0.008 0.40 0.91 0.46 0.58
14:1 0.69 0.79 0.75 0.040 0.001 0.03 0.18 0.002
15:0 0.92 0.95 0.94 0.027 0.14 0.38 0.54 0.18
15:0 iso 0.21 0.21 0.22 0.003 0.74 0.004 0.008 0.05
15:0 anteiso 0.40 0.40 0.40 0.011 0.96 0.36 0.34 0.62
Σ <16 27.6 27.7 27.4 0.50 0.94 0.41 0.37 0.66
16:0 27.3 28.1 27.4 0.39 0.06 0.90 0.07 0.23
16:0 iso 0.26 0.28 0.27 0.014 0.04 0.11 0.66 0.04
16:1 0.96 1.09 1.03 0.069 <0.001 0.03 0.07 <0.001
17:0 0.51 0.71 0.70 0.014 <0.001 <0.001 0.43 <0.001
17:0 iso 0.15 0.17 0.17 0.004 <0.001 0.01 0.63 <0.001
17:0 anteiso 0.36 0.36 0.36 0.004 0.26 0.88 0.32 0.46
17:1 0.15 0.26 0.25 0.008 <0.001 <0.001 0.39 <0.001
18:0 12.8 12.1 12.6 0.43 0.10 0.62 0.24 0.22
trans-4 18:1 0.03 0.05 0.06 0.006 0.01 <0.01 0.33 <0.01
trans-5 18:1 0.02 0.04 0.03 0.003 <0.001 <0.001 0.17 <0.001
trans-6,8 18:1 0.32 0.45 0.43 0.008 <0.001 <0.001 0.08 <0.001
trans-9 18:1 0.26 0.31 0.29 0.004 <0.001 <0.001 0.02 <0.001
trans-10 18:1 0.48 0.42 0.40 0.006 <0.001 <0.001 0.06 <0.001
trans-11 18:1 1.34 0.77 0.78 0.051 <0.001 <0.001 0.70 <0.001
trans-12 18:1 0.53 0.49 0.49 0.006 <0.001 <0.001 0.55 <0.001
cis-9 18:1 17.6 20.5 20.5 0.55 <0.001 <0.001 0.93 <0.001
trans-15 18:1 0.38 0.29 0.31 0.006 <0.001 <0.001 0.001 <0.001
cis-11 18:1 0.52 0.52 0.56 0.024 0.99 0.07 0.07 0.29
cis-12 18:1 0.61 0.33 0.34 0.011 <0.001 <0.001 0.85 <0.001
Linoleic acid 3.31 1.43 1.83 0.067 <0.001 <0.001 <0.001 <0.001
α-Linolenic acid 0.62 0.35 0.43 0.013 <0.001 <0.001 <0.001 <0.001
20:0 0.15 0.15 0.15 0.005 0.68 0.63 0.37 0.96
cis-9,trans-11 CLA4 0.54 0.36 0.36 0.014 <0.001 <0.001 0.88 <0.001
20:1 0.04 0.05 0.05 0.002 <0.001 <0.001 0.53 <0.001
20:3 0.13 0.10 0.10 0.007 <0.001 <0.001 0.23 <0.001
20:4 0.16 0.13 0.14 0.003 <0.001 <0.001 0.08 <0.001
20:5 0.04 0.03 0.03 0.002 0.002 0.002 0.95 <0.001
24:0 0.03 0.03 0.03 0.002 0.92 0.45 0.51 0.62
22:0 0.06 0.06 0.06 0.003 0.50 0.86 0.40 0.77
22:5 0.07 0.06 0.07 0.004 0.008 0.23 0.10 0.03
22:4 0.02 0.02 0.02 0.004 0.10 0.82 0.15 0.27
Σ SFA 68.4 68.8 68.2 0.47 0.38 0.45 0.11 0.94
Σ MUFA 20.5 23.5 23.5 0.55 <0.001 <0.001 0.90 <0.001
Σ PUFA 4.93 2.49 2.99 0.101 <0.001 <0.001 <0.001 <0.001
Σ trans fatty acids 3.36 2.81 2.80 0.061 <0.001 <0.001 0.88 <0.001
Σ CLA 0.54 0.36 0.36 0.014 <0.001 <0.001 0.88 <0.001
Unknown 2.62 2.32 2.43 0.058 0.001 0.03 0.19 0.002
1ESBM = conventional variety extruded soybean meal; EPSBM = Plenish variety extruded soybean meal; WPSB = Plenish variety whole, 
heated soybeans.
2Largest SEM shown; n = 42 for all variables (n represents number of observations used in the statistical analysis). Data are presented as LSM.
3EPSBM and WPSB vs. ESBM.
4trans-10,cis-12 C18:2 was not detected in this experiment.
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