8 SC[E/V

Yg"./ll\\"{p J. Dairy Sci. 101:9768-9776

a\i-i'g https://doi.org/10.3168/jds.2018-14498

' /~ © American Dairy Science Association®, 2018.

Feeding high oleic acid soybeans in place of conventional
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ABSTRACT

It is well established in the literature that feeding
free vegetable oils rich in oleic acid results in greater
milk fat secretion than does feeding linoleic-rich oils.
The objectives of these experiments were to analyze the
effects of oleic and linoleic acid when fed in the form of
full-fat soybeans and the interaction between soybean
particle size and fatty acid (FA) profile. Soybeans were
included in diets on an iso-ether extract basis and diets
were balanced for crude protein using soybean meal.
Experiment 1 used 63 cows (28 primiparous, PP; 35
multiparous, MP) housed in a freestall barn with In-
sentec roughage intake control gates (Marknesse, the
Netherlands). Cows were divided into 4 mixed parity
groups within the same pen. Two groups were assigned
to each of the 2 diets: whole raw Plenish (WP, high
oleic; Dupont-Pioneer, Johnston, IA) soybeans or
whole raw conventional (WC, high linoleic) soybeans.
The MP cows exhibited significantly increased milk fat
yield on the WP diet compared with the WC diet. A
significantly greater C18 milk FA yield by the MP cows
fed WP was observed compared with those fed WC,
but no difference was present in the C16 or short-chain
FA yield. No effects were seen in the PP cows. Ex-
periment 2 used 20 cows (10 PP, 10 MP) in 2 balanced
5 x 5 Latin squares within parity. Cows received 5
diets: raw WP and WC diets, raw ground Plenish and
conventional soybean diets (GP and GC, respectively),
and a low fat control. A significant benefit was found
for the GP diet compared with the GC diet for milk
fat concentration and yield. In experiment 2, no differ-
ence was observed between cows fed the WP compared
with the WC diet. In experiment 2, cows consuming the
Plenish diets produced less milk than when consum-
ing the conventional soybean diets. The soybean diets
resulted in significantly more C18 and less <C18 FA
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compared with the low fat diet. The GP diet resulted
in significantly more C18 FA than the GC diet and
the ground soybeans resulted in less C16 FA compared
with whole soybeans. In both experiments, cows fed the
Plenish diets exhibited decreased trans-10 18:1, a FA
often increased during milk fat depression, compared
with those fed the conventional soybean diets, though
differences were not observed in trans-10,cis-12 conju-
gated linoleic acid. These results indicate that feeding
whole soybeans rich in oleic acid may result in some in-
creased milk fat secretion compared with conventional
whole soybeans containing high levels of linoleic acid.
This advantage is clear for ground high-oleic soybeans
compared with ground conventional soybeans.

Key words: oleic acid, linoleic acid, milk fatty acid,
milk fat depression, bioactive fatty acid

INTRODUCTION

For high-producing dairy cattle, especially in early
lactation, production is limited by energy availability.
While increasing the starch portion of the diet can in-
crease digestible energy content, it also puts cows at
risk for acidosis (Owens et al., 1998). The addition of
dietary fat in the form of a pure fat or a full-fat oilseed
is an alternative option for increasing the energy den-
sity of the diet.

Adding long-chain fatty acids (LCFA) to the diet
has the potential to increase milk fat secretion due to
increased absorption of fatty acids (FA), which can
be incorporated into milk fat. However, dietary UFA
may decrease milk fat through the production of bioac-
tive FA in the rumen, which can downregulate milk
fat secretion (Griinari et al., 1998; Khiaosa-Ard et al.,
2015). The most widely recognized bioactive FA is
trans-10,cis-12 (¢10,c12) CLA. Other CLA have simi-
lar effects on mammary gland gene expression as well,
but not all CLA are bioactive (Perfield et al., 2006,
2007). In addition to the effects of ¢10,c¢12 CLA and
other less characterized CLA, the monoene trans-10
18:1 (t10 18:1), may also inhibit milk fat secretion
(Shingfield et al., 2009). However, $10 18:1 is much less
potent than #10,c¢12 CLA, although it is absorbed in
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much greater quantities than CLA (Shingfield et al.,
2009) and other research has shown no effect of ¢10 18:1
on milk fat secretion (Lock et al., 2007). The inhibi-
tion of short-chain fatty acid (SCFA) synthesis may be
compensated for by the increase in LCFA availability
and uptake. This results in a change in FA profile of
milk toward LCFA whenever FA are supplemented to
the diet, even when total milk fat secretion may not be
decreased. Additionally, milk fat has the potential to be
increased if SCFA synthesis is less inhibited (He et al.,
2012; Stoffel et al., 2015).

It is well established in the literature that dietary oils
containing high linoleic acid (LA) cause less milk fat
secretion those oils containing high levels of oleic acid
(OA; He et al., 2012; Stoffel et al., 2015; Dorea and
Armentano, 2017). This effect is due to greater depres-
sion of FA synthesis by the mammary gland, as well
as lower transfer of LCFA into the mammary gland,
both effects observed when pure #10,c¢12 CLA is added
to otherwise iso-FA diets (see Figure 1 in Dorea and
Armentano, 2017 for review). The “normal” biohydro-
genation pathway for LA does not include the produc-
tion of #10,¢12 CLA. Only when the main pathway is
overwhelmed or the bacterial profile is shifted (Weimer
et al., 2010) are significant quantities of ¢10,¢12 CLA
produced from LA. Although dietary OA can decrease
secretion of milk SCFA, the mechanism of this effect
is not well established. Oleic acid is probably not con-
verted to t10,c12 CLA, even under acidic conditions
(Mosley et al., 2002). However, OA can be converted
to t10 18:1, which may be directly inhibitory to milk
SCFA secretion (Shingfield et al., 2009). An alternative
explanation for the OA induced inhibition of milk de
novo fatty acid secretion is that feeding OA could in-
directly increase ¢10,c12 CLA production from dietary
LA. Either or both of these may explain how OA re-
duces milk SCFA secretion, potentially causing milk fat
depression (MFD), though other possible mechanisms
may also exist.

With the development of new soybean varieties,
such as Plenish (high oleic; Dupont-Pioneer, Johnston,
TA) soybeans, the comparison of LA and OA within
soybeans is now possible. The first objective of these
experiments was to determine the effects of OA versus
LA full-fat whole raw soybeans on milk fat concentra-
tion and yield. The second objective was to evaluate
the difference in their effects when those soybeans were
fed ground or whole, as grinding the soybeans is likely
to increase the potential for bioactive FA formation.
We hypothesized that cows fed Plenish soybeans would
yield greater milk fat than those fed conventional soy-
beans, with increased yield of both short and LCFA.
Also, we expected this difference would be enhanced by
grinding the 2 different types of soybeans.
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MATERIALS AND METHODS

All protocols were approved by the University of
Wisconsin—Madison Institutional Animal Care and Use
Committee.

Experiment 1

Cows and Diets. Sixty-three cows [28 primiparous
(PP), 35 multiparous (MP)] were randomly assigned
to 4 mixed parity groups. Cows averaged 111 + 20
(mean + SD) DIM at the beginning of the covariate
period. Cows were housed in a single freestall pen with
32 Insentec Roughage Intake Control (RIC) gates
(Marknesse, the Netherlands) at the Emmons Blaine
Research Farm (Arlington, WI). Cows were milked
twice daily and fed once daily.

Whole raw soybeans were included in the treatment
diets on an iso-ether extract basis, based on prelimi-
nary samples of soybeans. Dietary CP was balanced
to 17.5% with soybean meal according to the NRC
(NRC, 2001; Table 1). The soybeans differed in their
FA profile as intended. The Plenish soybeans were high
in OA compared with the conventional soybeans which
were high in LA (Table 2). Diets were adjusted weekly
based on forage DM according to NIR spectroscopy
(AgriNIR, Dinamica Generale, St. Charles, IL).

The 32 RIC gates in the pen were randomly assigned
to 4 different groups of 8 RIC gates. Each of the 4
mixed parity groups of cows was randomly assigned to
1 of 4 sets of RIC gates in the same physical pen so that
a group of 16 cows had access to a group of 8 RIC gates
that all contained one diet. During an 8-wk covariate
period, 4 sets of gates contained identical diets com-
posed of 28.5% concentrate mix, 4.5% distillers grains,
4.8% cottonseed, 12.7% high-moisture corn, 28.1% corn
silage, and 21.4% alfalfa haylage on a DM basis. After
the covariate period, 2 groups of gates were randomly
assigned to the Plenish diet and the remaining 2 groups
of gates were assigned to the conventional diet for 3 wk
without crossover.

Sample Collection and Analysis. Samples of all
diet components were collected on a weekly basis and
immediately frozen at —20°C. Later they were dried at
55°C in a forced-air oven for 48 h and ground in a Wiley
mill to pass through a 2-mm screen. Samples were then
dried at 105°C for 24 h to get an absolute DM. Samples
were composited within diet component and within the
covariate and treatment periods for nutrient analysis.
Dairyland Laboratories (Arcadia, WI) analyzed for
NDF (method 2002.04, AOAC International, 2012),
ether extract (method 2003.05, AOAC International,
2012), CP (method 990.03, AOAC International, 2012),
and ash (method 942.05, AOAC International, 2012).
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Feed FA were determined at University of Wisconsin—
Madison according to Sukhija and Palmquist (1988).
The composition of the TMR was calculated math-
ematically based on the individual analyses of compo-
nents. Total mixed ration samples were analyzed for
particle size using the Penn State Particle Separator.
Milk samples were taken the last 3 d, 6 consecutive
milkings, of the covariate period and d 17 to 21 of the
treatment period, 10 consecutive milkings. Samples
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were preserved with bronopol and sent to Agsource
(Menomenie, WI) for analysis. Samples from the
middle 2 milkings for both the covariate and treatment
collection periods were collected into additional vials
containing no preservative, composited based on milk
yield, and analyzed for FA. Milk FA were extracted and
methylated according to Chouinard et al. (1999). Milk
FA were determined utilizing gas-liquid chromatogra-
phy (WCOT fused silica, 100 m x 0.25 mm column

Table 1. Ingredient and chemical composition of experimental diets for experiments 1 and 2

Experiment 1

Experiment 2'

Ttem WC WP LF GC GP wC WP
Diet component (% DM)
Alfalfa haylage 12.4 12.5 10.4 10.4 10.4 10.4 10.4
Corn silage 41.8 41.5 44.7 44.6 44.7 44.5 44.7
Experiment 1 concentrate” 16.8 16.8 — — — —
High-moisture corn 10.0 10.1 — — —
Experiment 2 concentrate A® — — 44.9 — — —
Experiment 2 concentrate B* — — — 29 — 29 —
Experiment 2 concentrate C° — — — — 26.3 — 26.3
Soybean meal 3.2 — — — — —
WC 15.9 — — — 16.1 —
WP — 19.1 — — 18.6
GC — — 16 — — —
GP — — — 18.6 —
Diet analysis (% DM)
aNDF® 25.5 25.9 25.9 25.0 25.6 24.8 254
CP 17.6 174 17.0 16.2 16.8 16.8 17.0
Ash 5.8 5.7 6.3 6.1 6.1 6.2 6.1
NFC 46.1 45.9 49.3 47.9 46.1 47.1 46.2
Starch — — 30.4 30.0 28.8 30.0 28.9
Ether extract 5.0 5.1 3.2 6.3 7.1 6.7 6.9
Fatty acids
Total 6.8 6.3 3.2 6.5 6.3 6.8 6.1
16:0 0.8 0.5 0.3 0.7 0.6 0.7 0.5
18:0 0.2 0.2 0.1 0.2 0.2 0.2 0.2
18:1 1.6 3.5 0.7 1.5 3.2 1.5 3.3
18:2 3.2 1.2 1.0 2.8 1.3 3.0 1.0
18:3 0.4 0.2 0.1 0.3 0.2 0.4 0.2
Other 0.5 0.5 0.7 0.7 0.8 0.7 0.7
Particle size (%, as-fed basis)
19.1-mm screen 11.4 6.0 1.3 1.4 1.3 1.5 1.2
7.9-mm screen 51.1 51.4 30.5 31.7 29.7 41.7 40.0
4.1-mm screen 29.3 35.1 44.5 44.1 46.7 37.9 40.5
Pan 8.2 7.5 23.7 22.8 22.3 18.9 18.3

'LF = low fat; GC = ground conventional; GP = ground Plenish (Dupont-Pioneer, Johnston, IA); WC = whole conventional; WP = whole

Plenish.

*Composition on an as-fed basis: 78% fine ground corn (mean particle size 500 pm), 12.3% corn gluten meal, 2.2% salt, 2.2% calcium carbon-
ate, 2% trace mineral pack (includes monensin 1.2% DM), 1.2% monodicalcium phosphate, 1% magnesium oxide, 0.7% Dynamate (Mosaic Co.,

Plymouth, MN).

*Composition on an as-fed basis: 46.7% fine ground corn (mean particle size 500 pm), 36.8% soybean meal, 4.3% soy hull pellets, 3.3% expelled
Plenish soybeans (Landus Cooperative, Ames, IA), 3.3% Soy Plus (Landus Cooperative), 1.7% canola meal, 1.1% calcium carbonate, 0.8% trace
mineral pack (includes monensin 1.2% DM), 0.8% salt, 0.5% magnesium oxide, 0.3% Dynamate (Mosaic Co.), 0.3% monodicalcium phosphate,

0.2% Smartamine M (Adisseo, Alpharetta, GA).

‘Composition on an as-fed basis: 68.9% fine ground corn (mean particle size 500 pm), 17% Soy Plus (Landus Cooperative), 5.3% soybean meal,
2.6% canola meal, 1.8% calcium carbonate, 1.3% trace mineral pack (includes monensin 1.2% DM), 1.3% salt, 0.6% magnesium oxide, 0.5%
Dynamate (Mosaic Co.), 0.5% monodicalcium phosphate, 0.3% Smartamine M (Adisseo).

"Composition on an as-fed basis: 71.7% fine ground corn (mean particle size 500 pm), 18.6% expelled Plenish soybeans (Landus Cooperative),
2.8% canola meal, 1.9% calcium carbonate, 1.4% trace mineral pack (includes monensin 1.2% DM), 1.4% salt, 0.7% magnesium oxide, 0.5%
Dynamate (Mosaic Co.), 0.5% monodicalcium phosphate, 0.3% Smartamine M (Adisseo).

%aNDF = neutral detergent fiber determined with procedure using a-amylase.
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coated in CP-Sil88, Varian Inc., Walnut Creek, CA).
The injector and flame ionization detector temperatures
were 255°C. The initial column temperature was 50°C
and increased 4°C per minute to a final temperature of
190°C. Helium was used as the carrier gas.

Statistical Analysis. Of the 63 cows, 1 was physi-
cally removed from the study partway through the
treatment period due to extreme lameness, and 1 expe-
rienced a displaced abomasum during the last week of
the covariate and was excluded from analysis. Although
an RIC gate does not open for cows not assigned to
that gate, some cows reach over the closed gate and can
consume the unassigned diet. This intake is recorded
and properly assigned to that cow. In all, 11 cows
consumed more than 5% of their daily as-fed intake
from gates with their nonassigned diet, and these cows
were excluded from the final analysis. The final analysis
included 17 MP cows assigned to conventional, 11 MP
cows assigned to Plenish, 9 PP cows assigned to con-
ventional, and 13 PP cows assigned to Plenish.

Proc Mixed with Kenward-Roger degrees of freedom
(45 df) in SAS 9.4 (SAS Institute Inc., Cary, NC) was
used for analysis. The model contained the fixed ef-
fects of the covariate, parity, treatment, and parity x
treatment, and the random effect of group and cow
within group x treatment. Group did not explain any
variation, as expected due to their random nature, and
therefore the error term for testing main effects de-
faulted to cow. Due to the presence of an interaction,
treatment comparisons within parity were done. The
reported least squares means were adjusted based on
the covariate mean of MP and PP animals separately.

Table 2. Soybean nutrient information for experiments 1 and 2"

Experiment 1 Experiment 2

Item WC WP GC GP WC WP
CP (% of DM) 424 43.1 385 40.5 41.6 419
EE’ (% of DM) 178 158 214 207 234 20
Total FA (% of DM) 29.0 222 25.1 21.0 26.8 19.8
FA® (g/100 g of FA)
12:0 2.1 3.5 2.0 2.1 2.0 2.7
14:0 0.6 0.9 1.5 1.1 0.6 0.8
16:0 10.2 5.8 9.5 6.5 9.8 6.0
18:0 4.1 3.5 3.7 3.5 3.8 3.5
18:1 25.2 739 26.2 654 24.7 719
18:2 48.2 6.1 471  13.3 489 7.7
18:3 5.6 1.6 5.7 2.3 6.0 1.7
Other FA 6.6 9.2 4.2 8.2 4.3 5.7

!GC = ground conventional; GP = ground Plenish (Dupont-Pioneer,
Johnston, IA); WC = whole conventional; WP = whole Plenish.

’EE = ether extract.
SFA = fatty acid.
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Experiment 2

Cows and Diets. Twenty cows (10 PP, 10 MP) were
randomly assigned within parity to 2 balanced 5 x 5
Latin squares. Cows were 88 + 10 (mean + SD) DIM
at the beginning of the experiment. Cows were housed
in tie stalls in the Dairy Cattle Center (Madison, WI)
for the duration of the experiment. Cows were milked
twice daily, fed once daily, and allowed to exercise for
approximately 1 h each morning. Five diets were fed:
a low fat control (LF), and diets containing ground
raw Plenish soybeans (GP), ground raw conventional
soybeans (GC), whole raw Plenish soybeans (WP), or
whole raw conventional soybeans (WC) in 14-d peri-
ods. The soybeans were added to the diets on an iso-
ether extract basis and diets were balanced for 17.5%
CP with soybean meal (NRC, 2001; Table 1). In the
low fat diet soybeans were replaced with corn, soybean
hulls, and soybean meal.

Ground soybeans were ground using a Jacobs Ham-
mer Mill with a 0.191 (#12) perforated x 0.188 gauge
screen (Jacobs Corporation, Harlan, TA), and bagged
on a weekly basis to minimize any possible difference in
oxidation between treatments. Whole soybeans of both
varieties were delivered in bulk at the beginning of the
experiment.

Sample Collection and Analysis. Individual feed
components, TMR, and orts were sampled weekly. Di-
ets were adjusted weekly based on DM determination
of forages at 55°C for 48 h. Samples were dried and ana-
lyzed as described for experiment 1 with the addition of
analysis for starch by Dairyland Laboratories (AOAC
method 2014.10; Hall, 2015). Milk samples were col-
lected into vials containing bronopol and analyzed for
d 12 to 14 of each period (6 consecutive milkings). The
middle samples were collected into additional vials
without preservative and used for the determination of
milk FA as described for experiment 1. Orts and TMR
samples were analyzed for particle size using the Penn
State Particle Separator.

Statistical Analysis. Analysis was done using Proc
Mixed in SAS 9.4 (SAS Institute Inc., Cary, NC) with
Kenward-Roger degrees of freedom. The model included
the fixed effects of treatment, period, parity, parity x
period, and treatment X parity, and a random effect
of cow within parity. Preplanned contrasts included
control (low-fat) versus all soybean supplemented diets
and the interaction of soybean type and particle size.
If the P-value of the interaction of type and particle
size was greater than 0.1, the 2 main effects, soybean
type and particle size, were analyzed. If P < 0.1 for
this interaction, then GC versus GP, and WC versus
WP, were analyzed instead as the main effects do not
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provide sufficient information when an interaction is
present.

RESULTS AND DISCUSSION

In accordance with the objectives of the experiments,
the FA profiles of the soybeans were very different (Ta-
ble 2). Diets with added soybeans exceeded the amount
of total UFA (<3.5%; Jenkins and Harvatine, 2014)
that is commonly considered appropriate to include in
diets of lactating dairy cows.

Intake was not affected by dietary fat source in ex-
periment 1, or by fat source or concentration in ex-
periment 2. Intake is sometimes depressed when fat is
added to the diet as oilseeds (Grant and Weidner, 1992;
Petit and Cortes, 2010), but not always (Schingoethe et
al., 1996). Additionally, when pure fat is added to the
diet as an oil, there is not always a DMI response (He
et al., 2012; Stoffel et al., 2015). Milk production effects
in this experiment were therefore not attributable to
changes in DMI. As is typical throughout our results
there was not an effect of parity (P > 0.10) on DMI due
to the inclusion of a covariate for experiment 1.

In experiment 1 there was an interaction between
parity and treatment for milk fat yield, which informed
our decision to analyze treatment effects within parity
for this experiment. A parity by treatment interaction
was not observed in experiment 2 and thus effects
within parity are not reported. Few significant parity
effects were seen in experiment 1 because much of the
parity effect was encompassed in the covariate effect.
Multiparous cows fed WP yielded more milk fat than
MP cows fed WC (P = 0.05; Table 3). The increased
milk fat secretion for MP cows in experiment 1 was due
to increased 18C milk FA, with no change in secretion
of shorter chain milk FA (Table 4; Supplemental Tables
S1, S2, S3, and S4, https://doi.org/10.3168/jds.2018
-14498). This is not consistent with our hypothesized
mode of action, as we would have expected greater
de novo FA concentration when OA replaced LA. Ex-
periment 2 also found that cows fed Plenish soybeans
yielded greater milk fat, but only when the soybeans
were ground (P = 0.01; Table 5). This may be because
there was more rapid availability of oil to the rumen en-
vironment with ground soybeans compared with whole
soybeans so the negative effects of oil were increased.
In experiment 2 the inclusion of soybeans in the diet
did not affect milk fat yield or concentration compared
with LF (P > 0.17). This is due to the balance between
the lower yield in SCFA that is seen during inhibition
of milk fat synthesis and the greater yield of LCFA
due to increased availability (Table 6; Supplemental
Tables S5, S6, S7, and S8, https://doi.org/10.3168/jds
.2018-14498). Ground Plenish beans resulted in an in-
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crease of 0.4% in milk fat concentration compared with
ground conventional beans, and supported 150 g more
daily milk fat secretion, supporting our hypothesis that
a higher OA diet will result in less MFD compared with
a high LA diet even when the supplemented FA are in
oilseeds if the seed is ground. In agreement, the current
literature describes greater milk fat for cows fed OA
diets relative to high LA diets when free oils are supple-
mented (Kelly et al., 1998; He et al., 2012; Stoffel et
al., 2015). The lower yield of milk fat for LA compared
with OA diets has also been demonstrated using full-
fat oilseeds of different types, though there is generally
more variability in the response (Beauchemin et al.,
2009; Lopes et al., 2017). In support of this increased
variability for responses to oilseeds compared with free
oils, our experiments show evidence for increased milk
fat yield with WP versus WC only for MP cows in
experiment 1, and not for PP cows in experiment 1,
nor either parity in experiment 2. This is true even
though in experiment 2, both the WC and WP showed
numerically less SCFA yield and more LCFA yield than
the low fat control diet (Table 6) as did cows on diets
with added free oils. The negative effects of UFA are
not as great when feeding full-fat oilseeds compared
with free oils (Mohamed et al., 1988). The lesser effects
of oilseeds compared with free oils contributes to the
variation in the milk fat content and yield responses
when full-fat oilseeds of varying FA profiles are fed
rather than free oils.

In experiment 1 treatments did not affect milk fat
yield or content (P > 0.10) in PP cows. The lack of a
parity by treatment interaction in experiment 2 may be
due to greater production and DMI of PP cows such
that they were equivalent to the production of MP
cows in experiment 1. However, no mechanistic theory
is proposed at this time. It has been previously noted
that differences in particle size of soybeans results in
different degrees of digestion (Dhiman et al., 1997). We
did not collect data to determine if there were differ-
ences in digestion between the PP and MP cows that
might have affected MFD, but minimal differences are
generally observed (Yang et al., 1997; Kuehn et al.,
1999). Although the effect of soybean FA profile of
whole beans on milk fat yield may be minor, the dif-
ference is important when the soybeans are fed ground,
making the oil more readily available to the rumen
environment.

Unexpectedly, the yield of SCFA and C16 in experi-
ment 1 were not decreased for the MP cows fed WC
compared with those fed WP (P > 0.75); Table 4). This
contrasts with what is commonly observed in other
studies where lower milk fat was related to a lower
yield of SCFA (Baumgard et al., 2002; He et al., 2012).
Despite the lack of difference in SCFA yield, there was
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Table 3. Least squares means for production and intake parameters for experiment 1

Multiparous Primiparous P-value®

Variable WwC WP WC WP SE Trt Parity Ixn MP Trt PP Trt
DMI (kg/d) 26.5 26.8 22.7 23.5 0.9 0.30 0.99 0.61

Milk (kg/d) 45.1 45.0 40.5 38.4 1.2 0.32 0.44 0.33

Fat (%) 3.84 4.07 4.13 4.08 0.10 0.45 0.44 0.08

Protein (%) 3.05 3.06 2.97 3.03 0.05 0.41 0.75 0.53

Lactose (%) 4.97 5.01 5.10 5.17 0.06 0.32 0.19 0.84

Fat (kg/d) 1.70 1.84 1.65 1.58 0.06 0.56 0.13 0.05 0.05 0.35
Protein (kg/d) 1.36 1.40 1.19 1.18 0.06 0.79 0.91 0.60

Lactose (kg/d) 2.25 2.26 2.08 1.99 0.07 0.48 0.27 0.40

Milk (Mcal/d) 32.3 33.9 30.4 29.0 1.2 0.91 0.77 0.12

'WC = whole conventional; WP = whole Plenish (Dupont-Pioneer, Johnston, TA); LSM were adjusted based on the covariate mean of MP and
PP animals separately due to the use of the covariate effect in the model.

*Trt = treatment; Ixn = interaction of parity and treatment; MP Trt = main effect within multiparous cows; PP Trt = main effect within

primiparous cows.

a greater yield (P < 0.01) of 18C FA by MP cows fed
WP compared with those fed WC. In agreement with
experiment 1, in experiment 2 no significant effect of
soybean type on the SCFA and C16 yield was observed
(P > 0.13; Table 6). A main effect of soybean particle
size (P = 0.03) was present on C16 yield. A particle size
by soybean type interaction (P = 0.04) was observed, as
well as a significantly (P < 0.03) greater C18 yield by
cows fed GP compared with those fed GC. Though we
did not analyze for expression of genes responsible for
FA synthesis, FA transport, or triglyceride esterification
and packaging in our experiments, our data suggest a
similar level of depression of SCFA synthesis by diets
high in OA and LA, whereas the efficiency of LCFA
uptake is not negatively affected to the same degree by

high OA diets compared with LA diets. In contrast, an
in vitro experiment by Ma and Corl (2012) noted less
downregulation of LCFA transport genes than SCFA
synthesis genes when SREBP-1, known to be down-
regulated by £10,c12 CLA, was inhibited, which contra-
dicts the milk FA profiles that we observed. It should
be noted that the seemingly contradictory changes in
the proportions of FA compared with the yield results
in experiment 1 are due to the fact that the SCFA yield
was not different whereas the C18 yield was greater in
cows fed the WP diet. All the soybean-supplemented
diets do demonstrate the general change toward a
greater proportion and yield of 18C FA compared with
LF due to the increased availability, which agrees with
previous work (He et al., 2012; Stoffel et al., 2015).

Table 4. Milk fatty acid (FA) composition (LSM) and yield for experiment 1'

Multiparous Primiparous P-value?
Item WC WP WC WP SE Trt Parity Ixn MP Trt PP Trt
FA (% of total FA)
<16C 24.5 22.6 21.8 22.5 0.5 0.18 0.09 <0.01 <0.01 0.19
Total 16C 35.3 33.6 32.9 33.3 0.6 0.17 0.03 0.07 0.02 0.75
Total 18C 37.2 40.1 41.9 40.8 0.7 0.18 0.02 <0.01 <0.01 0.24
>18C 0.69 0.67 0.67 0.63 0.03 0.18 0.18 0.63
trans-10 18:1 0.38 0.30 0.30 0.23 0.04 0.06 0.30 0.87
trans-11 18:1 0.76 0.59 0.65 0.58 0.06 0.11 <0.01 0.68
trans-10,cis-12 CLA 0.02 0.02 0.02 0.02 0.01 0.76 0.78 0.54
cis-9,trans-11 CLA 0.28 0.21 0.26 0.19 0.01 0.12 0.56 0.82
FA yield (g/d)
<16C 363 366 306 310 18 0.83 0.11 0.98
Total 16C 525 541 469 442 22 0.75 0.06 0.23
Total 18C 556 650 585 47 22 0.14 0.47 <0.01 <0.01 0.19
>18C 10.4 10.8 9.5 8.7 0.7 0.79 0.02 0.29
trans-10 18:1 5.7 5.0 4.4 3.1 0.6 0.06 0.19 0.63
trans-11 18:1 11.2 9.9 9.2 6.1 1.2 0.25 <0.01 0.24
trans-10,cis-12 CLA 0.3 0.4 0.3 0.3 0.4 0.26 0.23 0.33
cis-9,trans-11 CLA 4.2 3.4 3.7 2.6 0.2 0.05 0.19 0.40

'WC = whole control; WP = whole Plenish (Dupont-Pioneer, Johnston, TA).
*Trt = treatment; Ixn = interaction of treatment and parity; MP Trt = treatment effect within multiparous cows; PP trt = treatment effect

within primiparous cows.
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Table 5. Least squares means for production and intake parameters for experiment 2

Treatment' P-value®
WP GP Particle

Variable LF GC GP WC WP SE Fat Ixn vs. WC vs. GC size Plenish
DMI (kg/d) 26.5 26.3 26.3 26.7 26.6 0.6 0.98 1.00 0.45 0.83
Milk (kg/d) 48.0 48.8 47.2 48.5 46.8 1.0 0.80 0.87 0.58 <0.01
Fat (%) 3.25 3.09 3.50 3.40 3.53 0.16 0.17 0.10 0.28 <0.01

Protein (%) 3.18 3.09 3.18 3.08 3.13 0.04 0.06 0.35 0.24 0.01
Lactose (%) 4.96 5.00 5.07 5.00 5.01 0.04 0.08 0.27 0.34 0.19
Fat (kg/d) 1.54 1.49 1.64 1.64 163 008 018 0.6 0.96 0.01

Protein (kg/d) 1.51 1.50 1.49 1.49 1.40 0.03 0.11 0.55 0.23 0.19
Lactose (kg/d) 2.37 2.43 2.37 2.42 234 005 061 063 0.41 0.01
Milk (Mcal/d) 32.2 31.9 33.0 33.0 32.6 0.87 0.48 0.40 0.19 0.70

'LF = low fat; GC = ground conventional; GP = ground Plenish (Dupont-Pioneer, Johnston, IA); WC = whole conventional; WP = whole

Plenish.

Fat = LF vs. all soybean diets; Ixn = interaction of bean type and particle size; particle size = particle size main effect; Plenish = bean variety

main effect.

Despite the differences in fat yield between treat-
ments, no differences (P > 0.26) were present in pro-
portion or yield of ¢10,c12 CLA between soybean types
in either experiment. Trans-10,cis-12 CLA has been
shown to have potent effects on milk fat (Lock et al.,
2007; Shingfield et al., 2009), so it was expected that it
would be different between treatments with differences
in milk fat yield. The conventional soybean treatments
were much higher in LA, a precursor to t10,c12 CLA,
so it was expected that they would have a higher
proportion of $10,c¢12 CLA. The lack of an effect of
soybean type on milk #10,c12 CLA suggests that there
are more FA acting on the mammary gland to cause

MFD than just #10,c12 CLA. This suggestion is sup-
ported by infusion studies with different CLA isomers
(Saebo et al., 2005; Perfield et al., 2006, 2007) that
demonstrate changes in milk fat secretion. However,
the biological significance of these CLA isomers has
not been determined as they are secreted in smaller
amounts than ¢10,¢12 CLA. The lack of differences
in #10,c12 CLA between treatments (P > 0.10) may
also suggest that high levels of OA can influence the
upstream biohydrogenation pathways. This could hap-
pen due to having overwhelmed the step from 18:1
isomers to stearic acid causing feedback inhibition of
biohydrogenation of CLA.

Table 6. Milk fatty acid (FA) composition and yield (LSM) for experiment 2

Treatment' P-value®
WP GP Particle
Ttem LF GC GP WwWC WP SE Fat Ixn vs. WC  vs. GC size Plenish
FA (% of total FA)
<16C 26.3 21.9 22.1 22.1 22.5 0.68 <0.01 0.84 0.60 0.58
Total 16C 32.5 27.4 27.2 27.9 28.5 0.61 <0.01 0.50 0.12 0.65
Total 18C 34.4 46.4 46.1 45.8 44.3 1.20  <0.01  0.55 0.25 0.37
>18C 2.7 0.9 1.0 0.9 0.9 0.85 0.06 0.97 0.94 0.96
trans-10 18:1 1.08 3.08 1.60 2.06 0.97 0.35 <0.01 045 <0.01 <0.01
trans-11 18:1 0.63 1.01 0.65 0.92 0.55 0.05 <0.01 0.97 0.04 <0.01
trans-10,cis-12 CLA 0.05 0.08 0.07 0.07 0.07 0.01 <0.01 095 0.14 0.45
cis-9,trans-11 CLA 0.34 0.54 0.42 0.51 0.35 0.03 <0.01 0.37 0.07 <0.01
FA yield (g/d)
<16C 355 290 322 319 325 21 <0.01 0.31 0.21 0.14
Total 16C 439 357 391 400 406 24 <0.01  0.30 0.03 0.13
Total 18C 461 591 652 645 624 27 <0.01 0.04 0.46 0.03
>18C 28 12 13 12 12 8 0.07 0.91 0.97 0.92
trans-10 18:1 13.8 34.6 20.6 26.9 13.0 4.2 <0.01 0.98 0.01 <0.01
trans-11 18:1 8.3 12.9 9.2 12.9 7.8 0.7 <0.01  0.25 0.22 <0.01
trans-10,cis-12 CLA 0.7 1.0 1.0 1.0 0.9 0.1 <0.01 0.32 0.48 0.78
cis-9,trans-11 CLA 4.5 6.6 5.8 7.2 4.9 0.4 <0.01  0.03 <0.01 0.11

'LF = low fat; GC = ground conventional; GP = ground Plenish (Dupont-Pioneer, Johnston, IA); WC = whole conventional; WP = whole

Plenish.

*Fat = LF vs. all soybean diets; Ixn = interaction; particle size = particle size main effect; Plenish = bean variety main effect.
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Another possible pathway by which UFA may be
influencing milk fat is through #10 18:1. During ex-
periment 1 ¢10 18:1 proportion and yield tended to be
greater (P = 0.06) in the milk fat of both PP and
MP cows fed WC compared with those fed WP. In
agreement, experiment 2 demonstrated a main effect
(P < 0.01) of soybean type on #10 18:1 yield and pro-
portion where conventional soybean diets resulted in a
greater proportion and yield compared with diets con-
taining Plenish soybeans. There was also a main effect
of soybean particle size (P = 0.01) where the ground
soybeans resulted in more #10 18:1 yield and propor-
tion, and greater trans-11 18:1 proportion, than did the
whole soybeans. It has been demonstrated that ¢10 18:1
is a bioactive FA, less potent than ¢10,c12 CLA, when
infused (Shingfield et al., 2009), as well as in mam-
mary epithelial cell culture (Kadegowda et al., 2009).
However, a study infusing less ¢10 18:1 than Shingfield
et al. (2009) found no effect of ¢10 18:1 on MFD (Lock
et al., 2007). However, Shingfield et al. (2009) raised
10 18:1 in milk to 4.4 g/100 g of FA compared with
the 1.1 g/100 g of FA in Lock et al. (2007). Whether
the change in proportion of 10 18:1 in our experiments
(0.2-3.1 g/100 g of FA) was enough to cause changes
in milk fat yield is debatable, it is certainly indicative
of changes in the biohydrogenation pathways in the ru-
men which produce CLA that contribute to changes in
the gene regulation of milk fat synthesis. Alterations in
the biohydrogenation pathways are further supported
by greater proportion of trans-11 18:1 in experiment
2 due to conventional soybeans (P < 0.01), though in
experiment 1 the difference did not reach statistical
significance (P = 0.11). This pattern holds true for the
majority of the trans FA (Supplemental Tables S2 and
S6; https://doi.org/10.3168/jds.2018-14498).

All diets in experiment 2 lacked adequate fiber length,
which could have contributed to overall lower milk fat
compared with what was observed for experiment 1.
On average, there was less than 1.4% of the TMR on
the top screen (19 mm) of the Penn State shaker box
(Nasco, Fort Atkinson, WI) and less than 32 and 42%
on the second screen (8 mm) for ground and whole
soybean diets, respectively. This particle size distribu-
tion does not meet the recommendations of Heinrichs
and Kononoff (2002). The proportions and yields of
t10 18:1 and t10,c12 CLA were greater in the second
experiment compared with the first, which agrees with
the lower milk fat concentrations observed in all treat-
ments compared with experiment 1. It has been shown
that over half of recovery from MFD occurs within 2
wk (Rico and Harvatine, 2013); thus, the short periods
should not have affected this response.

Unexpectedly, cows fed the Plenish diets yielded less
(P < 0.01) milk and lactose compared with cows fed
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the conventional diets in experiment 2 (47.0 vs. 48.6
and 2.35 vs. 2.42 kg/d, respectively), which aligns
with previous research (Lopes et al., 2017). We have
no explanation for the difference as to the best of
our knowledge the soybeans fed were closely related
cultivars except for their FA profile differences. The
difference in protein level of the soybeans was balanced
with soybean meal, which should not result in differ-
ences in the dietary AA profile. Although a difference
was observed in CP between the diets due to soybean
variation, the protein yields were not different between
treatments because Plenish soybeans had a significant
positive effect on protein percent (3.05 and 3.18% for
conventional and Plenish, respectively) that countered
the decrease in milk yield, which suggests that protein
was not limiting,.

Beyond the implications of this research for the feed-
ing of soybeans to dairy cattle, consideration must also
be given to the influence of internal native oils in other
dairy cattle feeds, especially those that are routinely
subjected to mechanical processing. Corn is the main
source of FA, specifically LA, in most lactating cow
diets when supplemental fat or oilseeds are not added.
There is an opportunity for a decrease in dietary LA
if the FA profile of corn was altered. This could result
in an increase in milk fat yield even in low fat diets
(Stoffel et al., 2015). More research is necessary in this
area to understand the interactions between FA profile,
oil availability and other dietary characteristics to take
full advantage of the ability to manipulate secretion of
milk fat and milk FA profile.

CONCLUSIONS

The development of Plenish soybeans allowed us
to test our hypothesis that feeding full-fat soybeans
high in OA would result in greater milk fat yield than
feeding conventional full-fat soybeans high in LA. Any
positive effect of high OA in whole soybeans was small
and not totally consistent in these experiments, and the
increased fat yield for MP cows in experiment 1 was
associated with greater C18 milk FA and with no effect
on de novo FA, which was contrary to expected results.
However, ground Plenish soybeans clearly increased
milk fat relative to ground conventional beans with
increases across all milk FA chain lengths. Also, further
research on these effects should be done to explain the
decrease in milk yield that was demonstrated by the
Plenish diets and better understand the interaction of
oilseed FA profile with other dietary characteristics. In
addition, the effect of FA profile and particle size of
other dairy feeds that deliver considerable FA to the
diet, due to high FA concentration or high feed inclu-
sion rates, should be investigated.
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