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ABSTRACT

We evaluated the potential of feeding high-oil rape-
seed cake or natural additives as rumen modifiers on
enteric methane (CH,) emissions, nutrient utilization,
performance, and milk fatty acid (FA) profile of dairy
cows. Eight Nordic Red dairy cows averaging (mean =+
SD) 81 + 21 d in milk and 41.0 + 1.9 kg of milk yield
at the beginning of the study were randomly assigned
to a replicated 4 x 4 Latin square design with 21-d
periods. Treatments comprised grass silage-based diets
(45:55 forage to concentrate ratio on dry matter basis)
including (1) control containing 19.3% rapeseed meal
(CON), (2) CON with full replacement of rapeseed
meal with rapeseed cake (RSC), (3) supplementation
of CON with 50 g/d of yeast hydrolysate product plus
coniferous resin acid-based compound (YHR), and (4)
supplementation of CON with 20 g/d of combination of
garlic-citrus extract and essential oils in a pellet (GCE).
Apparent total-tract digestibility was measured using
total collection of feces, and CH, emissions were mea-
sured in respiratory chambers on 4 consecutive days.
Data collected during d 17 and 21 in each period were
used for ANOVA analysis using a mixed model. Treat-
ments did not affect dry matter intake (DMTI), whereas
feeding RSC increased crude protein and ether extract
digestibility compared with the other diets. Emissions
of CH, per day, per kilogram of DMI, and per kilogram
of energy-corrected milk, and gross energy intake were
lower for RSC compared with other diets. We found
no effect of YHR on daily CH, emissions, whereas CH,
yield (g of CH,/kg of DMI or as percentage of gross en-
ergy intake) decreased with GCE compared with CON.
Treatments did not influence energy balance. Further,
RSC reduced the proportion of N intake excreted in
feces, and YHR improved N balance compared with
CON diet. Feeding RSC resulted in greatest yields of
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milk and energy-corrected milk, and feed efficiency.
Relative to the CON diet, RSC decreased saturated FA
by 10% in milk fat by increasing cis-monounsaturated
FA but also increased the proportion of trans FA. Pro-
portion of odd- and branched-chain FA increased with
GCE and YHR compared with CON. We conclude that
replacing rapeseed meal by rapeseed cake decreased
CH, emissions, whereas YHR or GCE had no effect on
CH, emissions in this study.

Key words: oil supplementation, natural additive,
greenhouse gas, ruminant

INTRODUCTION

Meeting the need to feed the constantly growing
human population without deleterious impact on the
environment is a global challenge. Ruminants are an
important part of the food system because of their
ability to convert feedstuffs unsuitable for human con-
sumption into high-quality protein in milk and meat.
However, they also contribute to climate change, mainly
by emitting methane (CH,), a potent greenhouse gas,
as a product of rumen fermentation. Methane also
represents an estimated loss of 6.0 + 1.18% of energy
intake from dairy cows (Niu et al., 2018). Although
CH, is a more potent greenhouse gas than CO,, it has
a shorter lifetime (half-life of 8.6 yr; Muller and Muller,
2017) than CO,, which makes it an attractive target for
quicker global warming abatement.

Current approaches to improve sustainability of
ruminant production include breeding of animals with
improved feed efficiency and reduced CH, emissions
(Beauchemin et al., 2020) as well as optimization of
animal feeding and management. Several nutritional
and management strategies have been reported to be
effective in mitigation of greenhouse gas emissions
from ruminants (Knapp et al., 2014; Beauchemin et
al., 2020). Lipid supplementation is one of the most
promising tools to depress CH, production from ru-
minants (Beauchemin et al., 2009; Bayat et al., 2018).
Dietary lipid supplements can also increase feed ef-
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ficiency (NRC, 2001) and increase the proportion of
nutritionally desirable milk fatty acids (FA; Kliem and
Shingfield, 2016; Kliem et al., 2019b). Previous studies
have demonstrated reduced CH, emissions per kilogram
of feed intake by supplementing rapeseed cake as a
practical means of introducing lipids to dairy cow diets
without adversely affecting feed intake or performance
(Brask et al., 2013a,b). Tt is expected that replacement
of rapeseed meal with rapeseed cake reduces CH, emis-
sions, improves milk FA composition, and also may in-
crease milk yield by providing additional oil to the diet.

Recently, increasing attention has been paid to the
potential of chemical additives, such as 3-nitrooxy-
propanol and nitrate (Hristov et al., 2015), or plant
extracts, such as tannins, saponins, and essential oils
derived from garlic or oregano, in reducing CH, emis-
sions (Yang et al., 2007; Kolling et al., 2018; Olijhoek
et al., 2019). Enteric CH, reductions achieved in rumi-
nants by different dietary strategies range from 0 to
80% (Beauchemin et al., 2020). However, many of these
strategies are not feasible solutions in practice, due to
availability, transient effects, or high implementation
costs.

In this study, we tested natural additives consist-
ing of garlic (Allium sativum), citrus extracts (Citrus
aurantium), and essential oils, which reduced ruminal
CH, production in an in vitro experiment by target-
ing methanogenic archaea (Eger et al., 2018). Roque
et al. (2019) observed a 23% reduction in CH, yield of
Angus x Hereford crossbred steers fed 15 g/d of a com-
bination of garlic and citrus extracts without essential
oils for 12 wk. We also tested another type of natural
additive, a combination of yeast hydrolysate and a co-
niferous resin acid-based compound. A Saccharomyces
cerevisiae yeast hydrolysate product increased micro-
bial biomass and propionic acid production by rumen
microbes in vitro (Kettunen et al., 2016). Furthermore,
adding a resin acid-based compound (a by-product of
wood processing industries, containing free FA and
resin acids) has resulted in mild immunomodulatory
effects and improved performance in dairy cows (Qin
et al., 2020), pigs (Hasan et al., 2018a,b), and broiler
chickens (Vienola et al., 2018). However, the effects of
feeding these products as a combination to lactating
dairy cows remain to be evaluated. We hypothesized
that dietary supplementation of a resin acid-based
compound and yeast hydrolysate in combination would
have a synergistic effect in modulating rumen fermen-
tation characteristics and CH, production in lactating
dairy cows.

The main objectives of the present study were to
evaluate the potential of dietary treatments on reduc-
ing enteric CH, emissions from dairy cows and to evalu-

Journal of Dairy Science Vol. 105 No. 2, 2022

1212

ate their influence on nutrient utilization, performance,
and milk FA composition. The main hypotheses were
that the high-oil rapeseed cake diet or dietary natural
additives would reduce enteric CH, emissions per unit
of milk by altering rumen fermentation pattern without
impairing animal performance and nutrient utilization.
In addition, we hypothesized that the high-oil rapeseed
cake would improve milk FA composition.

MATERIALS AND METHODS
Animals, Experimental Design, and Diets

The experiment was conducted under regional State
Administrative Agency approval (Hameenlinnan,
Finland; ESAVI/34265/2019) in accordance with the
guidelines established by the European Community
Council Directive 2010/63/EU for animal experiments
complying with the ARRIVE guidelines (Kilkenny et
al., 2010). We performed sample size analysis based
on the assumption of achieving 10% reduction in daily
CH, production as grams per day, when the power (1
— ) of the study is 0.85 and 0.90 and « is 0.05 in
a one-sided test, which resulted in 7 or 9 replicates,
respectively. Therefore, 8 multiparous Nordic Red dairy
cows were randomly assigned to treatment sequences
in a replicated 4 x 4 Latin square design to gener-
ate 8 experimental units (animal per period) for each
treatment. The animals were distributed to squares to
balance for differences in DIM, milk production, and
parity, resulting in 2 squares (mean + SD; square 1: 655
+ 33.0 kg of BW, 96 + 17.9 DIM, 41.2 + 2.2 kg of milk
per day, and parity 3.5 + 1.0; square 2: 638 + 39.4 kg of
BW, 65 + 9.4 DIM, 41.2 £+ 1.9 kg of milk per day, and
parity 3.5 4+ 1.3). The second square of cows entered
the study 1 wk after the first-square cows. Each period
lasted 21 d, with 16 d for diet adaptation followed by 5
d for data and sample collection.

Cows received diets formulated to yield (on DM ba-
sis) a 45:55 ratio of grass silage to concentrate (F:C),
composed of the following: (1) control, containing
19.3% rapeseed meal on DM basis (CON), (2) CON
with full replacement of rapeseed meal with rapeseed
cake (RSC; 19.3% DM), (3) CON supplemented with
20 g/d of yeast hydrolysate product plus 30 g/d of resin
acid-based compound (YHR), and (4) CON supple-
mented with 20 g/d of a combination of garlic-citrus
extract and essential oils (GCE). The treatments were
selected based on their potential to reduce enteric CH,
production. The doses of yeast hydrolysate product and
resin acid-based compound were based on a previous
ex vivo simulation experiment using rumen microbiota
from lactating dairy cows (J. Apajalahti, T. Rinttila,
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and H. Gronberg; Alimetrics Research Inc., Espoo,
Finland; personal communication), resulting in a de-
crease in CH, production. In our study, the amount
of the yeast hydrolysate product used was 2-fold
greater than the dosage recommended for improving
the performance of dairy cows (10 g/d). In previous
experiments with lactating dairy cows, 0.63 to 0.90 g/d
of resin acids were fed per animal. In the present study,
the daily dosage was 1.35 g/d per cow. The doses were
doubled to ensure the products’ efficacy. The raw mate-
rial for the resin acid-based compound originates from
northern coniferous trees, Scots pine (Pinus sylvestris)
and Norway spruce (Picea abies). The resin acid-based
compound (powder form) in our study contained 40%
free FA (consisting of 50-55% various linoleic acids,
25-30% oleic acid, and 6-8% pinolenic acid), 9% resin
acids in lipid soluble form (mainly abietic, dehydroabi-
etic, and pimaric acid), 1% unsaponifiable carrier, and
50% silicate carrier (Progres Dry, Hankkija Oy). The
free-flowing yeast hydrolysate product contained 66%
Saccharomyces cerevisiae, 14.5% sodium phosphates,
16.5% extracts from barley and barley malts, and 3%
anticaking agent sepiolite (Progut Rumen, Hankkija
Oy).

The additive GCE, fed at 20 g/d, consisted of a blend
of garlic powder with allicin content >1%, extracts of
citrus bioflavonoids ( Citrus aurantium), and a mixture
of essential oils, eugenol, and geranyl acetate (Mootral
SA), in a pellet formulation. The dosage was selected
based on a previous in vivo trial (Vrancken et al., 2019),
wherein a significant reduction in enteric CH, emissions
from dairy cows was observed at a similar dose. Ingre-
dients and chemical composition of experimental diets
are shown in Table 1. Forage (timothy and meadow
fescue swards) was cut and field-wilted to about 30%
DM and treated with a formic acid-based ensiling addi-
tive (5 L/t, AIV Assd Na). The cows received forage at
0800, 1400, 1700, and 1900 h, to ensure constant access
to forage source. Grass silage and concentrates were
fed separately, and the amount of silage and concen-
trates offered was adjusted individually based on the
feed intake in the previous days, to maintain F:C ratio
of 45:55. Supplemental concentrate pellets were fed at
0600, 0900, 1500, 1800, and 2000 h. At 0600 h, 2.0 kg of
pelleted CON concentrate mixed with garlic-citrus ex-
tract and essential oils was fed to GCE cows. According
to the producer’s instructions, the additive was fed once
a day, and possible leftovers of the mixture were put on
top of the morning silage portion to ensure complete
consumption. To ensure similar conditions for all treat-
ments, other cows received 2.0 kg of their respective
concentrates at the same time (0600 h) without access
to silage. For the YHR treatment, the yeast hydrolysate
product and the resin acid-based compound were mixed
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with concentrate ingredients before preparing the pel-
let. Ten kilograms of this concentrate was fed in differ-
ent portions during the day, to make sure that each cow
received 20 and 30 g/d of yeast hydrolysate product
and resin acid-based compound per day, respectively.
The rest of the concentrate needed for the cows on this
treatment to achieve F:C ratio of 45:55 was provided
from control concentrate. For the RSC diet, cold-pressed
rapeseed cake (Alavuden Oljynpuristamo Ltd.) with
high residual oil content substituted rapeseed meal in
CON. The CON concentrate (600 g/d) was provided to
all cows in the milking parlor, which was considered in
the F:C ratio calculations. The amount of feed offered
to the cows was adjusted daily to yield leftovers equal
to 5 to 10% of DMI. The cows were housed in tiestalls
with rubber mats and had free access to water and salt
blocks during the adaptation period. The cows from
each square entered the respiration chambers on d 17 of
each period for CH, measurements and total fecal and
urine collection for 4 d, of which the first day served as
acclimatization.

Measurements and Chemical Analysis

For accurate formulation of the experimental diets
and to maintain the predetermined F:C ratio, DM con-
tent of grass silage was analyzed every week during the
experiment at 105°C for 20 h in a forced-air oven. Rep-
resentative samples of grass silage and concentrate pel-
lets were collected from d 17 to 21 of each experimental
period, composited, and stored at —20°C until analysis
for DM and chemical composition. Fresh silage samples
were prepared for measurement of pH and analysis of
VFA, lactic acid, formic acid, ethanol, water-soluble
carbohydrate, soluble N, and ammonia N concentra-
tions as described by Ahvenjarvi et al. (2018). Leftovers
were weighed daily, and samples were collected from 17
to 21 d, mixed, and analyzed for DM. Concentrate pel-
lets and leftovers were dried in a forced-air oven at 55°C
for 48 h, ground through a 1-mm screen (Sakomylly
KT-120, Koneteollisuus Oy), and analyzed for DM,
NDF, ash, ether extract (EE), and CP as described in
detail by Ahvenjarvi et al. (2018). Gross energy (GE)
was determined using a Parr 6200 Oxygen Bomb Calo-
rimeter (Parr Instrument Co.) with benzoic acid (CAS
65-85-0, cat. no. 3415, Parr Instrument Co.) as a stan-
dard. Fatty acid methyl esters from freeze-dried silage
samples and air-dried concentrates were prepared in a
single-extraction methylation step with chloroform and
methanolic sulfuric acid (2%, vol/vol; Shingfield et al.,
2003) and determined by GC as described for milk FA.

Daily feed intake and milk yield were recorded
throughout the experiment, but only measurements
made between d 17 and 21 were used for statistical
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analysis. Cows were milked twice daily at 0700 and 1645
h. Milk samples were taken for 3 consecutive days (d 19,
20, and 21) in each experimental period during morning
and evening milking, preserved with bronopol tablets
(Valio Ltd.), and stored at 4°C until infrared analysis
for fat, crude protein, lactose, urea, and somatic cells
(MilkoScan FT+, Foss Electric). Milk composition was
calculated as geometric average of morning and evening
milk yields. Untreated milk samples were collected on
d 20 and 21, pooled according to morning and evening
milk yield, and stored at —20°C until analysis for milk
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FA composition. Fat was extracted from milk samples
and converted to FAME according to Shingfield et al.
(2003). Briefly, fat in 1 mL of milk was extracted twice
with a mixture of ammonia, ethanol, diethyl ether,
and hexane (0.2:1:2.5:2.5, vol/vol). Fatty acids were
then methylated with methanolic sodium methoxide
in the presence of methyl acetate. Profiles of FAME
were determined by GC coupled with flame-ionization
detector (6890N, Agilent Technologies) and equipped
with a CP-Sil 88 column (100 m x 0.25 mm internal
diameter, 0.2-pm film thickness; Agilent Technologies)

Table 1. Formulation of dietary treatments and their chemical composition

Treatment®
Item® CON RSC YHR GCE
Feed ingredients (% DM)
Grass silage® 45.0 45.0 45.0 45.0
Barley 12.1 12.1 12.0 12.1
Wheat 6.05 6.05 6.02 6.05
Oat 9.35 9.35 9.31 9.35
Molassed sugar beet pulp 6.90 6.90 6.84 6.90
Rapeseed meal 19.2 — 19.2 19.2
Rapeseed cake — 19.2 — —
Yeast hydrolysate product® — — 0.07 —
Resin acid-based compound® — — 0.11 —
Mineral and vitamin premix® 1.40 1.40 1.40 1.40
Chemical composition (% DM unless otherwise stated)
DM 62.1 62.9 62.2 62.1
OM 92.8 92.9 92.7 92.8
CP 17.0 17.6 17.3 17.0
EE 3.48 5.03 3.50 3.48
NDF 37.2 36.4 37.5 37.2
NFC 35.1 33.9 34.4 35.1
GE (MJ/kg of DM) 18.0 18.4 18.0 18.0
Fatty acid (g/100 g of DM)
12:0 0.062 0.062 0.062 0.062
14:0 0.088 0.091 0.087 0.088
16:0 3.73 4.15 3.65 3.73
cis-9 16:1 0.117 0.188 0.125 0.117
18:0 0.342 0.554 0.347 0.342
cis-9 18:1 4.37 10.8 4.49 4.37
cis-11 18:1 0.83 1.29 0.83 0.83
cis-9,cis-12 18:2 7.40 10.6 7.44 7.40
cis-9,cis-12,c¢is-15 18:3 4.64 6.41 4.61 4.64
3 SFA 5.26 6.18 5.20 5.26
> MUFA 5.95 13.1 6.11 5.95
> PUFA 12.1 17.1 12.2 12.1
3 Fatty acids 23.4 36.4 23.5 23.4

'EE = cther extract; GE = gross energy.

2CON = grass silage-based diet with forage-to-concentrate ratio of 45:55, containing rapeseed meal, as control;
RSC = the same basal diet with rapeseed cake instead of rapeseed meal; YHR = control diet supplemented
with 20 g/d of yeast hydrolysate product and 30 g/d of resin acid-based compound; GCE = the same control
diet supplemented with 20 g/d of garlic-citrus extract and essential oils combination.

*Mean fermentation characteristics of experimental silage: pH, 3.98; in DM (g/kg) lactic acid, 53.3; acetic acid,
17.8; propionic acid, 2.59; butyric acid, 0.18; soluble N (g/kg of total N), 448; ammonium N (g/kg of total N),

32.9; gross energy (MJ/kg of DM), 17.6.
*Progut Rumen, Hankkija Oy.
°Progres Dry, Hankkija Oy.

SLypsykivenniinen Tiineys+, Hankkija Oy. Cows had free access to Lypsy Melli (Mg; Hankkija Oy) and salt

blocks.
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and using a temperature gradient program (Shingfield
et al., 2003) with injector and detector temperatures
maintained at 255°C. Hydrogen was used as a carrier
gas starting from 206.8 kPa initial pressure and gradu-
ally raised after 50 min to a final pressure of 310.3 kPa.

On d 21 of each experimental period, at 1000 h and
after respiratory chamber measurements, samples of
rumen liquid (500 mL) were collected by stomach tub-
ing using a Ruminator apparatus (http://www.profs
-products.com). Immediately after collection, pH was
measured using a portable pH meter. Two subsamples
were taken for VFA and ammonia N determination.
For VFA determination, 5 mL of rumen liquid and
0.5 mL of saturated mercuric chloride solution were
added into small plastic bottles. After mixing, 2.0 mL
of 1 M NaOH solution was added to the same bottle
and mixed. For ammonia N determination, 0.3 mL of
50% sulfuric acid and 15 mL of filtered rumen liquid
were added into a small plastic bottle and mixed. Im-
mediately after preparation, all subsamples were kept
in ice before storing at —20°C until analysis for VFA
profile and ammonia N determinations by procedures
described in Huhtanen et al. (1998) and McCullough
(1967), respectively.

Four open-circuit respiratory chambers (W x L x H:
288 x 396 x 220 cm), located in the research dairy barn,
Jokioinen, Finland, were used to measure CH,, CO,,
and H, production and O, consumption of individual
cows over 4 d (d 17 to 21), with the first day serving
as acclimatization. The cows were restrained within the
chambers by a neck yoke on a dedicated platform (180
X 126 cm) covered with a rubber mat and had free ac-
cess to fresh water and salt block. Concentrations of the
gases in the inlet and exhaust airflow were measured by
a computer-controlled system using dedicated analyzers
(Oxymax, Columbus Instruments) with 3.5-min inter-
vals for each chamber and the reference air. Gas analyz-
ers were calibrated using the authentic standard gases
(AGA Ltd.) in the beginning of each measurement. Air
outflow for each chamber was measured by HFM-200
mass flow meter with a laminar flow element capable
of measuring up to 3,000 L/min (Teledyne Hastings
Instruments). The flow meter had an accuracy of <1%
of full scale and repeatability of 0.05% of full scale.
The air flow was set to 1,500 L./min, and the measured
flow was corrected using an integrated thermometer
and manometer to standard temperature and pressure
(0°C and 101.325 kPa). The air inflow to the chambers
was calculated using Haldane transformation assum-
ing constant volume of physiologically inert nitrogen
(Ny) in both inspired and expired air. An adjustable
air conditioning system (flow 500-2000 L/min; cool-
ing/heating capacity of 3.0 kW) allowed mixing of the
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air inside the chambers and environmental control of
temperature across a range of 12 to 22°C and a relative
humidity of 50 to 70%, as monitored using electronic
sensors (PTU300, Vaisala). The temperature and hu-
midity were measured and recorded every 5 min using
data loggers (DL4000), vNet PoE connection packages,
and Viewlinc software (Vaisala). For cow welfare and
safety, an emergency door sensitive to electricity fail-
ure or high CO, concentration (GMT222, Vaisala) was
installed, and a GSM (Global System for Mobile Com-
munications) robot (Eldes Alarms) was programmed to
communicate to researchers’ personnel mobile phones
in both cases. To avoid interference of cow and chamber
effects in the statistical model, every cow was kept in
the same chamber in different periods.

Total fecal and urine samples were collected from 8
cows for 3 consecutive days starting on d 18 at 1000 h.
The quantity of feces was weighed, and a subsample
(5% wt/wt) was stored at —20°C for chemical analysis.
At the end of the experiment, the samples were thawed
(1-2 d at room temperature) and mixed thoroughly,
and a subsample was obtained for every animal per
period for chemical analysis. Feces were dried at 60°C,
and the sample was ground through a 1-mm sieve, and
DM, ash, N, NDF, EE (after hydrolysis with 3 M HCI),
and GE were determined as described earlier for feed
samples. Total urine was collected over 3 d simultane-
ously with fecal collections, using a lightweight harness
and flexible tubing attached to the vulva. The urine
was collected in plastic canisters containing 600 mL of
5 M sulfuric acid. Collection vessels were changed at
12-h intervals. On each sampling day, a urine sample
of 0.1% was collected and stored at —20°C for analysis
of N concentration (Kjeldahl method) and urea. In
addition, a 0.2% subsample was collected and stored
at —20°C to be freeze-dried for analysis of GE. The
precipitations in urine samples were collected, stored at
—20°C, and dried before N determination.

Calculations and Statistical Analysis

Total-tract apparent digestibility coefficients were
calculated based on the difference between intake of
a nutrient and its fecal output divided by the cor-
responding intake of a nutrient. Intake of ME was
calculated as the difference between GE intake and
energy excretion in feces, urine, and CH,. Energy loss
as CH, was calculated using the factor 55.24 kJ/g
(Kriss, 1930). Nonfiber carbohydrates were calculated
as 100 — (NDF + CP + EE + ash; NRC, 2001).
Energy-corrected milk was calculated using the equa-
tion suggested by Sjaunja et al. (1990) based on milk
fat, protein, and lactose yields, and energy secretion
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(MJ/d) in milk was calculated as 3.14 x ECM yield
(kg/d). Heat production was calculated according to
the Brouwer (1965) equation. Nitrogen balance was
calculated as the difference between N intake and N
excretion in feces, urine, and milk, where milk N was
calculated as milk CP/6.38.

Normality of analyzed variables was checked using
box plot and scatter plot of residuals and fitted values
generated using the Mixed procedure of SAS (version
9.4, SAS Institute Inc.). Experimental data were ana-
lyzed by ANOVA for a replicated 4 x 4 Latin square
using the Mixed procedure of SAS, with a model that
included fixed effects of square, period, and treatment,
and interactions between square and treatment, square
and period, and treatment and period. Cow was consid-
ered as a random effect. The average of daily values was
calculated and used in the statistical analysis. Least
squares means + standard error of means are reported,
and treatment effects were declared significant at P
< 0.05, whereas a tendency or trend was assumed for
0.05 < P < 0.10. When the overall effect of treatment
was significant, pairwise differences among means were
explored further using Tukey’s test.

RESULTS

The chemical composition of diets was similar, except
for RSC, which had slightly greater concentrations of
CP, EE, and GE, and slightly lower concentrations of
NDF and NFC (Table 1). Relative to CON, the amount
of added fat in RSC was 1.5% DM. Feed intake did not
differ across experimental diets. Apparent total-tract
digestibility of DM, OM, NDF, and GE remained unaf-
fected by the diets, but that of CP and EE was greater
(P < 0.01) for RSC relative to all other diets (Table 2).
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Methane emissions, as grams per day, tended (P =
0.06) to be lower for RSC compared with other diets
(Table 3). The RSC diet reduced (P < 0.01) CH, emis-
sions, expressed per unit of feed intake, OM digested
in the total tract, milk yield, or ECM yield relative to
other diets, whereas the GCE diet reduced CH, emis-
sions expressed per unit of feed or energy intake com-
pared with CON. Further, hydrogen emission did not
differ among the treatments. Diets did not change CO,
emissions as grams per day, per unit of feed intake, or
DM digested in the total digestive tract. However, CO,
emissions per unit of milk or ECM was lower (P < 0.04)
for RSC compared with CON. Feeding experimental
diets did not greatly affect rumen fermentation pattern,
but the molar proportion of isobutyrate was greater (P
= 0.02) and that of caproate was lower (P = 0.01) for
RSC than for other diets (Table 4).

Feeding RSC did not have any effect on GE intake,
but ME intake was greater (P = 0.01) for RSC than for
other diets (Table 5). Compared with the CON diet,
GCE decreased (P < 0.01) CH, emissions, expressed as
percentage of GE intake. The proportions of GE lost
in feces and urine, used for milk synthesis or dissipated
as heat did not differ from CON. The proportion of
N intake excreted in feces was lower (P < 0.01) for
RSC compared with other diets, whereas N balance
increased (P = 0.01) in cows fed YHR compared with
those fed CON (Table 5).

Milk yield was greater (P < 0.01) in RSC compared
with all other diets (Table 6). Cows fed RSC had a
greater ECM yield (P = 0.05) than that of cows fed
CON but similar to YHR and GCE. Milk lactose and
total solid yields were greater (P < 0.01) for RSC com-
pared with other diets. Diets had no effects on milk
composition other than urea concentration, which was

Table 2. Feed intake and apparent total-tract nutrient digestibility of lactating dairy cows fed different diets'

Treatment?
Ttem CON RSC YHR GCE SEM P-value
DMI (kg/d) 27.7 27.9 28.1 27.9 0.49 0.76
Digestibility” (%)
DM 69.9 70.3 69.6 70.0 0.64 0.60
OM 715 72.0 71.2 71.6 0.65 0.55
CP 70.5" 72.6° 70.9" 70.7" 0.70 <0.01
EE 65.4° 72.6° 65.5" 66.4° 1.16 <0.01
NDF 54.1 54.6 55.4 54.4 1.50 0.85
GE 68.9 69.8 68.7 69.3 0.75 0.35

*"Mean values in the same row with different superscripts differ (P < 0.05).

"Values are LSM and pooled SEM for n = 8.

2CON = grass silage-based diet with forage-to-concentrate ratio of 45:55, containing rapeseed meal, as control;
RSC = the same basal diet with rapeseed cake instead of rapeseed meal; YHR = control diet supplemented
with 20 g/d of yeast hydrolysate product and 30 g/d of resin acid-based compound; GCE = the same control
diet supplemented with 20 g/d of garlic-citrus extract and essential oils combination.

SEE = ether extract; GE = gross energy.
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Table 3. Enteric methane and hydrogen emissions of lactating dairy cows fed different diets'

Treatment®
Item CON RSC YHR GCE SEM P-value
Methane
g/d 547 510 545 537 17.1 0.061
g/kg of DMI 19.7* 18.3¢ 19.5" 19.3" 0.51 <0.01
g/kg of OM digested 29.7* 27.4" 29.5" 29.0" 0.64 <0.01
g/kg of milk 14.6" 12.3" 14.5" 14.1* 0.42 0.014
g/kg of ECM 13.7" 12.0° 13.5" 13.2* 0.32 <0.01
% of gross energy intake 6.10" 5.54° 6.01" 5.96" 0.154 <0.01
Carbon dioxide
g/d 13,332 13,475 13,437 13,366 239.9 0.80
g/kg of DMI 482 484 479 481 8.7 0.85
g/kg of OM digested 690 689 689 687 12.6 0.97
g/kg of milk 356" 326" 355" 352° 5.2 0.015
g/kg of ECM 335" 317" 331°" 329° 5.3 0.041
Hydrogen
g/d 1.15 1.07 1.11 0.94 0.151 0.22
g/kg of DMI 0.042 0.039 0.040 0.034 0.0060 0.11

*“Mean values in the same row with different superscripts differ (P < 0.05).

Walues are LSM and pooled SEM for n = 8.

2CON = grass silage-based diet with forage-to-concentrate ratio of 45:55, containing rapeseed meal, as control; RSC = the same basal diet with
rapeseed cake instead of rapeseed meal; YHR = the control diet supplemented with 20 g/d of yeast hydrolysate product and 30 g/d of resin
acid-based compound; GCE = the same control diet supplemented with 20 g/d of garlic-citrus extract and essential oils combination.

highest for YHR and lowest for RSC (P < 0.01). Feed
efficiency, expressed as milk yield/DMI, increased (P =
0.02) in RSC compared with the other diets, whereas
ECM/DMI tended to be greater (P = 0.07) in RSC
compared with CON.

Compared with the other diets, RSC had lower (P <
0.01) proportions of 8:0, 10:0, 12:0, 14:0, 16:0, and total
SFA in milk fat but a greater (P < 0.01) proportion of
18:0 (Table 7). In addition, the proportion of cis-9 18:1,

total cis 18:1, cis-9,cis-12 18:2, cis-9,cis-12,cis-15 18:3,
total cis 20:1, and total cis MUFA were greater (P <
0.01) with RSC relative to other diets, even though total
cis 16:1 was lower (P < 0.01). Total trans 16:1, trans-10
18:1, trans-11 18:1, total trans 18:1, total trans 18:2,
cis-9,trans-11 CLA, trans-10,cis-12 CLA, total CLA,
total trans 20:1, and total trans FA were greater (P <
0.01) in RSC compared with all other diets. Generally,
the proportion of total cis UFA was greater (P < 0.01)

Table 4. Rumen fermentation characteristics of lactating dairy cows fed different diets'

Treatment®
Ttem CON RSC YHR GCE SEM P-value
Rumen pH 6.78 6.82 6.82 6.82 0.05 0.96
Ammonia N (mM) 4.12 4.13 4.11 3.60 0.48 0.20
Total VFA (mM) 96.7 86.5 92.7 91.8 3.66 0.24
VFA profile (mol/100 mol)
Acetate 65.7 64.8 64.1 66.0 1.25 0.65
Propionate 17.6 18.9 18.6 17.9 0.59 0.44
Butyrate 13.2 12.6 13.8 12.8 0.59 0.46
Valerate 1.26 1.28 1.33 1.24 0.07 0.77
Isobutyrate 0.93" 1.25" 0.99" 0.92" 0.10 0.017
Isovalerate 0.76 0.86 0.79 0.75 0.057 0.16
Caproate 0.46" 0.24 0.47" 0.45" 0.035 0.011
Acetate:propionate 3.75 3.43 3.50 3.72 0.173 0.47

*"Mean values in the same row with different superscripts differ (P < 0.05).

"Values are LSM and pooled SEM for n = 8.

2CON = grass silage-based diet with forage-to-concentrate ratio of 45:55, containing rapeseed meal, as control;
RSC = the same basal diet with rapeseed cake instead of rapeseed meal; YHR = the control diet supplemented
with 20 g/d of yeast hydrolysate product and 30 g/d of resin acid-based compound; GCE = the same control
diet supplemented with 20 g/d of garlic-citrus extract and essential oils combination.
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Treatment?
Item CON RSC YHR GCE SEM P-value
Energy
GE intake® (MJ/d) 500 513 507 502 9.2 0.46
ME intake (MJ/d) 296" 311° 300" 301° 7.4 0.011
Proportion of energy intake (kJ/MJ)
Feces 311 302 313 307 7.5 0.35
Urine 41.1 39.1 37.8 36.4 2.25 0.52
Methane 61.0" 55.4° 60.1" 59.6" 1.54 <0.01
Milk 252 261 252 254 4.5 0.26
Heat 294 287 292 293 5.1 0.26
Milk energy/ME intake (kJ/M.J) 430 433 428 427 10.2 0.88
Energy balance (g/d) 225 29.0 23.6 25.5 6.62 0.28
Nitrogen
N intake (g/d) 768 794 789 769 14.4 0.42
Proportion of N intake (%)
Feces 29.5" 27.4" 29.1° 29.3" 0.70 <0.01
Urine 32.8 33.9 32.3 32.1 0.81 0.18
Milk 28.8 29.2 28.4 28.8 0.71 0.49
N balance (g/d) 69.6" 75.8" 81.3° 74.5" 6.09 0.012

*PMean values in the same row with different superscripts differ (P < 0.05).
Walues are LSM and pooled SEM for n = 8.

2CON = grass silage-based diet with forage-to-concentrate ratio of 45:55, containing rapeseed meal, as control; RSC = the same basal diet with
rapeseed cake instead of rapeseed meal; YHR = the control diet supplemented with 20 g/d of yeast hydrolysate product and 30 g/d of resin
acid-based compound; GCE = the same control diet supplemented with 20 g/d of garlic-citrus extract and essential oils combination.

3GE = gross energy.

and trans FA plus SFA were lower (P < 0.01) in RSC = 0.01) in milk from cows fed YHR and GCE compared
relative to the other diets. Further, the proportion of with CON, whereas GCE had a greater proportion of

odd- and branched-chain FA (OBCFA) was greater (P OBCFA than RSC.

Table 6. Milk yield and composition of lactating dairy cows fed different diets'

Treatment’

Item CON RSC YHR GCE SEM P-value
Yield (kg/d)

Milk 37.5" 41.5° 37.9" 38.07 0.76 <0.01

ECM?® 40.0° 42.6 40.6™ 40.6% 0.58 0.048

Fat 1.63 1.70 1.66 1.66 0.04 0.37

Protein 1.41 1.48 1.43 1.42 0.03 0.093

Lactose 1.70 1.92° 1.72" 1.73" 0.04 <0.01

Total solids 5.12° 5.52° 5.19" 5.20° 0.07 <0.01
Concentration (%)

Fat 4.35 4.12 4.40 4.39 0.15 0.15

Protein 3.76 3.58 3.77 3.73 0.09 0.12

Lactose 4.53 4.63 4.55 4.56 0.04 0.12

Total solids 13.6 13.3 13.7 13.7 0.21 0.17
MUN (mg/100 mL) 28.2" 27.2° 29.6° 28.1" 1.74 <0.01
SCC (1,000/mL) 131 50.8 119 70.1 57.1 0.65
Feed efficiency

Milk/DMI 1.36" 1.49* 1.35" 1.37" 0.025 0.019

ECM/DMI 1.44 1.53 1.45 1.46 0.026 0.071

““Mean values in the same row with different superscripts differ (P < 0.05).
"Values are LSM and pooled SEM for n = 8.

*CON = grass silage-based diet with forage-to-concentrate ratio of 45:55, containing rapeseed meal, as control;
RSC = the same basal diet with rapeseed cake instead of rapeseed meal; YHR = the control diet supplemented
with 20 g/d of yeast hydrolysate product and 30 g/d of resin acid-based compound; GCE = the same control

diet supplemented with 20 g/d of garlic-citrus extract and essential oils combination.

SECM calculated as described by Sjaunja et al. (1990).
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Table 7. Fatty acid composition in milk of lactating dairy cows fed different diets'

Treatment®
FA? (g/100 g of FA) CON RSC YHR GCE SEM P-value
4:0 3.73 3.84 3.76 3.70 0.062 0.20
8:0 1.64" 1.49" 1.64" 1.61° 0.044 <0.01
10:0 3.85" 3.22" 3.88" 3.80" 0.115 <0.01
12:0 4.49" 357" 4.52° 4.46" 0.133 <0.01
14:0 12.9* 11.5° 12.9* 12.7* 0.21 <0.01
cis-9 14:1 1.23 1.01 1.20 1.19 0.059 0.11
16:0 32.0° 23.9 31.7° 31.8" 0.63 <0.01
cis 16:1 1.71° 1.36" 1.68" 1.73" 0.077 <0.01
trans 16:1 0.098" 0.134* 0.097" 0.095" 0.0048 <0.01
¥ 16:1 2.27° 1.87" 2.23" 2.28" 0.076 <0.01
18:0 8.58" 12.2* 8.61° 8.52° 0.318 <0.01
cis-9 18:1 14.7° 19.6* 14.6" 15.1° 0.57 <0.01
¥ cis 18:1 15.7° 21.0° 15.7° 16.2° 0.60 <0.01
trans-10 18:1 0.26" 0.50" 0.28" 0.26" 0.025 <0.01
trans-11 18:1 0.68" 1.40 0.72° 0.73 0.079 <0.01
Y trans 18:1 1.96" 3.87" 2.07" 2.03 0.169 <0.01
¥ 18:1 17.7° 24.8" 17.7° 18.2° 0.63 <0.01
is-9,cis-12 18:2 1.40 1.59 1.43 1.40 0.061 0.045
Y cis 18:2 1.43° 1.65" 1.47% 1.44° 0.062 0.031
Y trans 18:2 0.87" 1.48° 0.90 0.93" 0.063 <0.01
cis-9,trans-11 18:2 0.33" 0.61" 0.34" 0.35" 0.032 <0.01
trans-10,cis-12 18:2 0.028" 0.039" 0.029" 0.027° 0.0010 <0.01
¥ CLA 0.38" 0.70° 0.40° 0.42° 0.035 <0.01
¥ 18:2 2.31" 3.13" 2.37" 2.37" 0.111 <0.01
cis-9,cis-12,cis-15 18:3 0.32 0.38 0.32 0.32 0.017 0.047
¥ cis 20:1 0.17" 0.23" 0.17" 0.17" 0.005 <0.01
Y trans 20:1 0.03" 0.05 0.03" 0.03 0.003 <0.01
¥ 20:1 0.20° 0.28° 0.20" 0.20 0.007 <0.01
Y cis 22:1 0.02 0.03 0.03 0.02 0.003 0.43
¥ unidentified 0.06 0.07 0.07 0.06 0.004 0.28
Y c¢is MUFA 20.4° 25.0" 20.2° 20.8" 0.60 <0.01
¥ cis PUFA 2.17 2.40 2.20 2.18 0.093 0.11
Y cis UFA 22.5" 27.4* 22.4° 23.0° 0.62 <0.01
¥ SFA 73.9" 66.3" 73.9" 73.3 0.68 <0.01
Y trans FA 3.24 5.79 3.39 3.37 0.227 <0.01
Y trans FA + SFA 77.1° 72.1° 77.2° 76.7" 0.61 <0.01
Y OBCFA 4.30° 4.33" 4.41™ 4.42* 0.128 0.013

““Mean values in the same row with different superscripts differ (P < 0.05).

"Values are LSM and pooled SEM for n = 8.

’FA = fatty acid; OBCFA = odd- and branched-chain fatty acid.

*CON = grass silage-based diet with forage-to-concentrate ratio of 45:55, containing rapeseed meal, as control;
RSC = the same basal diet with rapeseed cake instead of rapeseed meal; YHR = control diet supplemented
with 20 g/d of yeast hydrolysate product and 30 g/d of resin acid-based compound; GCE = the same control
diet supplemented with 20 g/d of garlic-citrus extract and essential oils combination.

DISCUSSION
Intake and Nutrient Digestion

Diets were formulated to be isonitrogenous; however,
rapeseed cake had greater CP concentration than rape-
seed meal, which led to slightly greater CP concentra-
tion in RSC (17.6 vs. 17.0% DM). As planned, RSC
had greater lipid (i.e., EE) content relative to CON (5.0
vs. 3.5% DM). The amount of rapeseed cake was maxi-
mized in the diet to ensure that a reasonable quantity
of oil was added to the diet. The lack of effect on feed
intake due to oil in RSC can be attributed to the mod-
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erate inclusion of rapeseed oil in the diet (1.55% DM
from rapeseed cake) and the form used for lipid supply.
According to NRC (2001), low levels of oil supplemen-
tation (3.0 to 4.0% DM), equal to 6.0 to 7.0% DM total
lipid in the diet, are not expected to reduce feed intake
of dairy cows. Supplementation of a diet based on corn
and grass silage with lipids from rapeseed cake, whole
cracked rapeseed, or rapeseed oil had no adverse effects
on DM intake or milk yield (Brask et al., 2013a), which
is in agreement with our results. Nonetheless, in the
current experiment, feeding RSC increased milk and
ECM yields compared with the other diets. Feeding
more lipid had no negative effect on nutrient digest-
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ibility in our study, which agrees with observations
from Brask et al. (2013b). However, it should be noted
that compensatory hindgut fiber digestion can mask
potential differences in rumen digestion when lipid
supplements are added to dairy cow diets (Shingfield
et al., 2008).

In the current study, YHR and GCE did not affect
DMI compared with CON, unlike in some earlier stud-
ies, where the addition of plant extracts, their compo-
nents, or both in ruminant diets reduced palatability
and DMI (Klevenhusen et al., 2011; Hristov et al.,
2013). Likewise, the lack of effect of natural additives
on total-tract apparent digestibility agrees with find-
ings of Eger et al. (2018), when a combination of garlic
and citrus extract without essential oils was supplied at
high and low doses in an in vitro rumen simulation ex-
periment. However, a reduction in the overall percent-
age of methanogens in the rumen without adverse effect
on ruminal fermentation and nutrient digestibility was
found in the study by Eger et al. (2018). Changes in
DMI have been related to diet digestibility, especially
to that of the fiber fraction of the diet. In our study,
supplementation with natural additives had no effect
on total-tract digestibility of nutrients compared with
CON, which may explain the lack of effect of these
additives on DMI.

Enteric Methane Emissions
and Rumen Fermentation

In this study, CH, emissions were in the range of 5.54
to 6.10% of GE intake, which are within the ranges
of 5.60 to 6.32% reported by Brask et al. (2013b) for
rapeseed cake and control diets based on grass and
maize silage, and 5.77 to 6.92% (Brask et al., 2013a)
for crushed full-fat rapeseed cake and control diets
based on early- and late-harvested grass silages. The
reduction of CH, per kilogram of DMI due to every
percentage of added oil via rapeseed cake (i.e., 4.7%)
was greater than the 1.6 and 4.4% reported by Brask
et al. (2013a,b). Based on a meta-analysis of 67 di-
ets, Martin et al. (2010) estimated a mean decrease in
CH, emissions of 3.8% with each 1% addition of all fat
supplements, whereas the respective value for rapeseed
oil was 2.5%.

The experimental diets had only marginal effects on
rumen VFA profile. Regardless of similar fermentation
pattern between diets, RSC decreased CH, emissions
(g/d) by 7% relative to CON. Owing to increases in
milk yield, CH, emissions per unit of milk yield and
ECM decreased by 16 and 12%, respectively, in our
study. Consistent with our findings, supplementation of
a diet based on grass and corn silage with lipids from
rapeseed cake, whole cracked rapeseed, or rapeseed oil
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decreased CH, emissions per unit of ECM by 7, 17, and
18%, respectively (Brask et al., 2013b). Beauchemin
et al. (2009) observed decreases of 16% (g/kg DMI)
and 9% (g/kg FCM) in CH, emissions of dairy cows
fed crushed canola seed; however, these effects were
not accompanied by any substantial changes in rumen
fermentation pattern. It should be noted that we took
rumen samples only once during the sampling period,
whereas CH, production was continuously measured
over 3 d. Continuous measurement of ruminal fermen-
tation would have provided more complete data.

Feeding YHR had no effect on CH, production and
emissions intensity. The result suggests that YHR did
not influence the CH, emissions of lactating dairy cows,
either directly or in relation to the amount of milk pro-
duced. Although GCE marginally affected CH; emis-
sions, it decreased CH, emissions, expressed as gram
per kilogram of DMI or as percentage of GE intake,
compared with CON. A similar formulation of garlic and
citrus extracts manifested its effect by reducing metha-
nogenic archaea using the rumen simulation technique
(Eger et al., 2018). Further, a study on a commercial
dairy farm in the UK (Vrancken et al., 2019) reported a
reduction in enteric CH, emissions in Jersey (—38.3%)
and Holstein (—20.7%) cows by supplementing a com-
bination of garlic and citrus extracts. Ineffectiveness of
organosulfur compounds with respect to in vivo CHy
mitigation was observed by Klevenhusen et al. (2011),
who tested 5 or 2 g/kg dietary DM garlic oil and dial-
lyl disulfide, respectively, without significant effects on
feed intake and rumen fermentation characteristics in
sheep. It appears that the lack of effect on CH, produc-
tion in our study is consistent with the lack of changes
in DMI and total-tract OM digestion.

Energy and Nitrogen Utilization

Introducing more oil to the diet via replacing rape-
seed meal with rapeseed cake (0 vs. 19.3% of diet DM)
did not affect GE intake and energy balance, which is in
agreement with observations from Bayat et al. (2018).
However, we observed that RSC reduced CH, energy
excretion as a proportion (kJ/MJ) of energy intake and
increased ME intake compared with cows fed the other
diets. In the absence of RSC effect on feed intake, the
lower CH, output may be explained either by a dilution
effect of oil on fermentable OM or by ruminal biohy-
drogenation of unsaturated FA (Knapp et al., 2014). In
the present study, rapeseed cake reduced CH, energy
excretion as a proportion (kJ/MJ) of energy intake by
5.9% per 1% supplemental oil. Beauchemin and Mc-
Ginn (2006) found a significant reduction in CH, loss as
proportion of GE intake when feeding heifers a ration
with 4.6% added rapeseed oil, but this was associated
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with a feed intake depression. However, we found that
RSC increased ME intake without changing the effi-
ciency of ME utilization for milk production. Increased
energy supply from RSC compared with CON and the
proportional reductions in fecal, urinary, CH,, and heat
energy (significant or numerical) were not enough to
allow the supplemented lipid to influence ME utiliza-
tion efficiency, despite an increase in ME intake. Also,
as explained by Moallem et al. (2007), supplemental fat
increases the diet energy density and energy intake but
usually does not improve energy balance.

Effects of lipid supplementation on the N balance
of cows are inconsistent in the literature (Benchaar
et al., 2015; Bayat et al., 2018). In the present study,
the N balance was not affected by RSC, whereas YHR
improved the N balance of the animals but did not
influence other parameters related to N and energy
utilization. Previously, resin acid-based compound at
the dose of 7 g/d per cow improved the digestibility
of DM, OM, and NDF (P. Kairenius, Luke, Jokioinen,
Finland, personal communication), without affecting
feed intake or milk yield of dairy cows during lactation
wk 1 to 10 after calving. In an in vitro experiment,
yeast hydrolysate acted as a fermentation enhancer for
rumen microbiota (Kettunen et al., 2016). However, as
a combination, these products did not have a major
effect on energy and N utilization, except the improved
N balance.

Milk Production and Composition

Several studies have reported effects of canola seeds
or meals on productivity of dairy cows. Inclusion of ap-
proximately 13% of DM high-18:1 extruded canola meal
(13.7% EE containing 76.1% 18:1 FA) decreased DMI
but had no effect on milk yield and, thus, increased
feed efficiency in high-producing dairy cows (Hristov et
al., 2011). In line with our results, lipid supplementa-
tion in the form of milled rapeseed increased milk yield
by 2.1 kg/d in dairy cows that were between 169 to
281 DIM, with no effect of lipid on feed intake (Kliem
et al.,, 2019b). In the present study, conducted with
dairy cows in mid-lactation, the greater GE concen-
tration (+0.4 MJ/kg DM) in RSC may have induced
the improved milk yield without changing DMI. Onetti
and Grummer (2004) observed that lipid supplementa-
tion increased milk yield and milk fat yield when fed
to cows during early lactation (<120 DIM) but not
in mid-lactation (>120 DIM). In contrast, Wu and
Huber (1994) suggested an increase in milk yield due
to lipid supplementation after the peak of lactation.
Here, RSC increased milk yield, which can be attrib-
uted to increasing milk lactose, as lactose is the main
factor determining milk volume. Overall, the greater
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milk and ECM yields of the cows fed RSC compared
with CON improved feed efficiency. However, it should
be noted that, due to the limited number of animals
and the relatively short experimental periods (i.e., 3
wk), production responses should be interpreted with
caution. The lack of RSC diet effect on milk fat and
protein concentrations is probably due to the low level
of rapeseed oil supplementation (1.5% DM) in the cur-
rent experiment.

Compared with CON, YHR and GCE diets had no
effect on milk yield and composition. In an earlier in
vivo study, however, Vrancken et al. (2019) reported
increased milk yield in cows fed a combination of garlic
and citrus extracts. This could be attributed to longer
supplement feeding for 12 wk, compared with 3 wk in
each period in our study. In addition, in a previous
study with 248 Holstein-Friesian cows, yeast hydroly-
sate product at 10 g/d per cow increased total yields
of lactose and protein (Gaffney et al., 2014). In our
study, YHR and GCE did not change either DMI or
digestibility of nutrients, which explains the absence of
changes in milk production.

Milk Fatty Acid Composition

Relative to CON, the RSC diet decreased SFA by
10% in milk fat by replacing them with cis MUFA,
especially c¢is-9 18:1. These changes are characteristic
in dairy cows fed dietary plant oil supplements and
especially oil supplements rich in ¢is-9 18:1, such as
rapeseed oil and high-oleic sunflower oil (Kliem and
Shingfield, 2016; Bayat et al., 2018; Kliem et al., 2019a).
Moreover, RSC not only decreased SFA in general but
also slightly changed the composition of milk SFA by
reducing 12:0, 14:0, and 16:0 while increasing 18:0. This
change is beneficial for human health, as milk and dairy
products contribute largely to the fat and SFA contents
in the human diet (Hunter et al., 2010; Eilander et
al., 2015). Evidence suggests that replacing SFA with
UFA can be used to reduce LDL cholesterol concentra-
tions that may affect the risk of cardiovascular diseases
(Krauss and Kris-Etherton, 2020). In a recent study
(Vasilopoulou et al., 2020), consumption of a high-fat
diet containing SFA-reduced and MUFA-enriched dairy
products, via supplementing dairy cow diets with high-
oleic acid sunflower oil, resulted in beneficial effects
on fasting LDL cholesterol and endothelial function in
adults at moderate risk of cardiovascular diseases, com-
pared with conventional dairy products. This indicates
that replacing conventional milk with fat-modified milk
could be used to improve human health.

A decrease in milk SFA concentration in RSC can be
attributed to an increase in the amount of long-chain
UFA available for absorption, leading to an inhibition of
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de novo synthesis of short- and medium-chain FA in the
mammary gland (Kliem and Shingfield, 2016). Feeding
RSC increased the levels of 18:0 in milk as a result
of biohydrogenation of the supplemental unsaturated
18-carbon FA in the rumen. An increase in milk cis-9
18:1 content due to the inclusion of high-oil rapeseed
cake arises from increased ruminal escape of cis-9 18:1
and via desaturation of 18:0 in the mammary gland.

Consistent with previous experiments (Bayat et al.,
2018; Kliem et al., 2019b), the proportion of trans FA
in milk fat increased when cows received RSC, the
most abundant trans FA being trans-11 18:1 and with
a significant contribution of c¢is-9,trans-11 CLA to
trans FA. Reductions in milk fat secretion have been
associated with increases in milk trans-10,cis-12 CLA
and, in some cases, in milk trans-10 18:1 (Shingfield et
al., 2010). However, the moderate increases in trans-10
18:1 and trans-10,cis-12 CLA observed for RSC might
explain the lack of change in milk fat synthesis. In the
current study, the milk concentration of trans-10 18:1
FA, a good proxy for biohydrogenation-induced milk
fat depression, in cows fed RSC (0.50% of total FA)
was well below the suggested mean and median from a
recent meta-analysis of more than 500 treatment means
of milk trans-10 18:1 in the literature (mean = 1.39 and
median = 0.7 trans-10 18:1 as percentage of FA; Mat-
amoros et al., 2020). Total trans FA increased as a con-
sequence of the greater intake of unsaturated 18-carbon
FA susceptible to biohydrogenation and isomerization
(Griinari et al., 1998). Although industrial trans FA are
considered harmful for human health, some evidence
suggests that ruminant trans FA may have beneficial
effects (Da Silva et al., 2015). In addition, the con-
sumption of dairy products may have neutral or even
protective effects on some cardiovascular risk factors,
and the effect varies according to the type of dairy
product used (Duarte et al., 2021).

The proportion of OBCFA, which mainly originate
from rumen microbes leaving the rumen, increased in
GCE and YHR compared with CON. This may indi-
cate some changes in the rumen microbiome or micro-
bial lipid synthesis, although post-ruminal modification
of OBCFA, such as de novo synthesis, desaturation,
and elongation, occurs in dairy cows (Vlaeminck et al.,
2015).

CONCLUSIONS

The RSC diet decreased CH, production per kilo-
gram of DMI and improved milk production and feed
efficiency of lactating dairy cows. Feeding diets con-
taining natural additives (i.e., YHR and GCE) had no
effect on performance and total H, or CH, emissions;
however, feeding GCE reduced CH, emissions expressed
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as gram per kilogram of DMI compared with control.
None of the diets influenced energy balance, although
the proportion of energy intake excreted as CH, was
lower with RSC and GCE compared with control. Feed-
ing RSC decreased SFA by 10% in milk fat that was
replaced mainly by cis MUFA, whereas the proportion
of OBCFA increased with YHR and GCE compared
with control. Based on the results of this study, the diet
containing rapeseed cake has good potential to reduce
enteric CH, emissions and simultaneously improve milk
production and nutritional composition of milk in a
sustainable manner.
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