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ABSTRACT

Potassium carbonate supplementation is known to 
improve milk fat synthesis and to modify milk mineral 
composition in dairy cows. The objective of the cur-
rent experiment was to evaluate the effect of K2CO3 
on production performance, biohydrogenation of fatty 
acids (FA), and mineral composition of milk in early-
lactation dairy cows fed a high-concentrate diet with or 
without soybean oil (SBO), as a source of polyunsatu-
rated FA. Twenty-eight ruminally fistulated Holstein 
cows were used in a randomized complete block design. 
The experiment lasted 33 d, including a 5-d pretreat-
ment collection period used as a covariate. Experimen-
tal treatments were arranged as a 2 × 2 factorial with 0 
or 1.5% K2CO3 and with 0 or 2% SBO, and balanced to 
contain 40% forage (57% corn silage + 43% grass silage) 
and 60% concentrate. Preplanned orthogonal contrasts 
were used to assess the effects of K2CO3, SBO, and 
their interaction. Feeding K2CO3 did not affect milk 
yield, but tended to increase 4% fat-corrected milk and 
fat yield when combined with SBO. However, adding 
SBO to diets increased milk yield. Dietary K2CO3 sup-
plementation did not affect milk fat concentration of 
trans-10 18:1 or any other identified biohydrogenation 
intermediates. Soybean oil supplementation decreased 
milk fat concentration of C16 and de novo synthesized 
FA, and increased preformed FA. Among the other ef-
fects of SBO supplementation observed, concentrations 
of cis-9,trans-11 18:2 increased, as well as most of the 
cis and trans isomers of 18:1 and 18:0. Milk urea N 
decreased in cows fed K2CO3 as compared with un-
supplemented diets. A positive relation was established 
between milk Cl concentration and milk yield, suggest-
ing that the equilibrium of this ion is linked to the 
efficiency of lactogenesis. The effect of K2CO3 on this 
mineral equilibrium in the mammary gland remains to 

be established. Overall, results have shown that poten-
tial effect of K2CO3 on milk fat synthesis is dependent 
on the levels of dietary polyunsaturated FA.
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INTRODUCTION

Previous research suggests that the decrease in milk 
fat synthesis observed in dairy cows fed high-concen-
trate diets can be alleviated by increasing DCAD and 
dietary K concentration (Harrison et al., 2012). Using 
continuous fermenters, Jenkins et al. (2014) evaluated 
the effect of 3 levels of added K in the form of K2CO3 
with 2 concentrations of soybean oil (SBO, 0 or 3.4% 
of DM) on ruminal biohydrogenation of fatty acids 
(FA). The authors reported that the addition of K2CO3 
alone or with SBO increased 18:0 and cis-9,trans-11 
18:2, whereas daily outflow of trans-10 18:1 and trans-
10,cis-12 18:2 was decreased. These results indicate 
that supplementing K2CO3 promoted fermentation and 
biohydrogenation pathways that are consistent with 
greater milk fat concentration (Bauman and Griinari, 
2003). However, in vivo studies focusing on the effects 
of dietary K2CO3 supplementation on lactation perfor-
mance, when a source of PUFA is added to the diet, are 
scarce. On the other hand, milk mineral concentration 
can be affected by K2CO3 supplementation (Alfonso-
Avila et al., 2017). Ions in mammary epithelial cells are 
well known to be implicated in milk synthesis through 
the nutrient transport into and out of the cells (Shen-
nan and Peaker, 2000). It is possible to consider mineral 
concentrations in milk as indicators of homeostasis in 
the mammary gland, given that they are recognized to 
reflect their cell levels (Holt, 1985).

Therefore, the objective of the current study was to 
assess the effect of K2CO3 on the performance, appear-
ance of biohydrogenation intermediates in milk, and 
milk mineral composition of early-lactation dairy cows 
fed a high-concentrate diet with or without SBO, as a 
source of PUFA.
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MATERIALS AND METHODS

Cows, Experimental Design, and Treatments

The experiment was carried out at the Centre de 
Recherche en Sciences Animales de Deschambault 
(Deschambault, QC, Canada) and all the procedures 
with cows were approved by the animal care commit-
tee of Université Laval in accordance with the guide-
lines of the Canadian Council on Animal Care (1993). 
Twenty-eight ruminally fistulated Holstein cows (20 
multiparous and 8 primiparous) averaging 39 ± 9 DIM 
(mean ± SD), 633 ± 68 kg of BW, and producing 38.7 
± 7.3 kg/d of milk were used in a randomized com-
plete block design (7 blocks). Cows were blocked by 
expecting calving date within parity (primiparous and 
multiparous). Blocks were completed successively from 
January to July 2014 and consisted of groups of 4 cows 
calving over an interval of 41 ± 8 d. Within each block, 
cows were randomly assigned to the 4 treatment diets. 
The experimental design included a 5-d pretreatment 
collection period that was used as a covariate. During 
this pretreatment period, cows were fed a diet with 
a forage-to-concentrate ratio of 52:48 (Table 1). The 
treatment period lasted 28 d, of which the first 23 d 
were used for adaptation and the last 5 d for data and 
sample collection. All cows were housed in individual 
tie stalls and had free access to water at all time.

Experimental treatments were arranged in a 2 × 2 
factorial design with 0 or 1.5% K2CO3 sesquihydrate in 
the form of DCAD Plus (Church & Dwight Co. Inc., 
Princeton, NJ) and with 0 or 2% SBO and with 0 or 2% 
SBO. Basal diets for all treatments were balanced to 
contain 40% forage (including 57% corn silage and 43% 
grass silage) and 60% concentrate (total diet containing 
26 ± 1% of starch and 30 ± 2% of NDF assayed with 
a heat-stable α-amylase, amylase-treated NDF), on a 
DM basis (Table 1). Based on initial feed ingredient 
composition, diets were formulated to meet or exceed 
the NRC (2001) requirements (Table 1). The TMR 
were offered once daily at 1000 h, and the amount of 
presented feed was adjusted to maintain 10% refusals. 
Forages were sampled weekly and dried for 3 d in a 
forced-air oven at 55°C to determine DM concentra-
tion. The as-fed proportions of forages were adjusted 
accordingly to maintain the desired proportions of the 
ingredients on a DM basis. Cows were milked twice 
daily at 0700 and 1700 h.

Experimental Measurements and Sampling

Cows were weighed at 0930 h on the last 3 d of each 
collection period. Samples of TMR and orts were taken 
on the last 5 d of each period and frozen. Samples were 

composited, dried, and analyzed for analytical DM, ADF, 
amylase-treated NDF, ether extract, ash, and starch as 
described by Alfonso-Avila et al. (2017). Additionally, 
subsamples of TMR and orts were digested to complete 
the oxidation of OM for further determination of CP 
and mineral (except Cl) composition. Chlorine in TMR 
and orts was extracted using a method adapted from 
Liu (1998). Concentrations of P, K, Ca, Mg, Na, and 
S were determined using inductively coupled plasma 
optical emission spectrometry (Optima 4300DV, Per-
kin Elmer, Shelton, CT), whereas ion chromatography 
(model ICS-2100, Dionex Corp., Sunnyvale, CA) was 
used to determine Cl concentration (Alfonso-Avila et 
al., 2017). Dietary FA were directly transmethylated 
and FAME were analyzed by GC with a flame ioniza-
tion detector (Villeneuve et al., 2013).

On the last 5 d of each period, milk yield was re-
corded and samples collected at each milking using 
calibrated milk meters (Flowmaster Pro, DeLaval, 
Tumba, Sweden). Daily samples were composited on 
a milk production basis. A first subsample was stored 
at 4°C with bronopol (2-bromo-2-nitropropane-1,3-diol) 
until further determination of milk fat, protein, lactose, 
and MUN according to method 972.160 (AOAC Inter-
national, 2012) at Valacta (Ste-Anne-de-Bellevue, QC, 
Canada), using a Foss MilkoScan FT 6000 (Foss, Hill-
erød, Denmark). Somatic cell count was also determined 
on the same sample at Valacta using a Fossomatic FC 
(Foss). A second aliquot of milk was frozen without 
preservative for subsequent determination of mineral 
concentrations and FA composition. Concentrations of 
milk P, K, Ca, Mg, Na, S, and Cl were determined 
according to the procedure described above.

Milk FA were extracted and methylated according 
to Chouinard et al. (1997). Analysis of the milk FA 
composition was carried out with a GC (Agilent Tech-
nologies, Santa Clara, CA) equipped with a 100-m CP-
Sil-88 capillary column (Agilent Technologies Canada 
Inc., Mississauga, ON, Canada) and a flame ionization 
detector (Boivin et al., 2013). Glycerol in milk fat was 
calculated as described by Stamey et al. (2010).

Rumen fluid was collected from the ventral sac of the 
rumen on 2 consecutive days of each collection period at 
0, 1, 2, 4, 6, and 8 h postfeeding, using a sampler tube 
(Bar-Diamond Inc., Parma, ID). Following an immedi-
ate pH measurement (pHTestr 30, Oakton Instruments, 
Vernon Hills, IL), a 10-mL aliquot was stabilized with 
0.2 mL of H2SO4 (50%, vol/vol) and stored at −20°C 
until determination of VFA and ammonia-N (NH3-N) 
concentrations. A second aliquot (15 mL) was stored at 
−20°C before analyses for mineral composition. Rumi-
nal cation-anion difference (RCAD) was calculated as 
follows (Alfonso-Avila et al., 2017):
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