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ABSTRACT

Previous studies reported that addition of K2CO3 
to high-concentrate diets improved milk fat synthesis, 
although the mechanism is yet to be established. The 
objective of the current experiment was to investigate 
the effects of dietary cation-anion difference (DCAD), 
cation source, and buffering ability of the mineral 
supplement on rumen biohydrogenation of fatty acids 
and production performance in dairy cows fed a high-
concentrate diet. Thirty-five early-lactation Holstein 
cows (25 multiparous ruminally fistulated and 10 
primiparous nonfistulated) were used in a randomized 
complete block design (7 blocks) with 33-d periods, 
including a 5-d pre-treatment collection period used as 
a covariate. Diets were (1) control, a basal diet [47% 
nonfibrous carbohydrates, DCAD (Na + K – Cl – S) = 
65 mEq/kg of dry matter (DM)] containing 40% forage 
(including 60% corn silage) and 60% concentrate, (2) 
K2CO3 (control + K2CO3, 1.8% of DM, DCAD = 326 
mEq/kg of DM), (3) KHCO3 (control + KHCO3, 2.6% 
of DM, DCAD = 324 mEq/kg of DM), (4) KCl (control 
+ KCl, 2.0% of DM, DCAD = 64 mEq/kg of DM), and 
(5) Na2CO3 (control + Na2CO3, 1.4% of DM, DCAD = 
322 mEq/kg of DM). Pre-planned orthogonal contrasts 
were used to assess the effects of K2CO3 (control vs. 
K2CO3), buffering ability (K2CO3 vs. KHCO3), DCAD 
(K2CO3 vs. KCl), and cation type (K2CO3 vs. Na2CO3). 
Supplementing K2CO3 in a high-concentrate diet did 
not improve milk fat yield or 4% fat-corrected milk 
yield. Milk fat concentration was greater in cows fed 
K2CO3 compared with control (4.03 vs. 3.26%). Milk 
yield tended to decrease (34.5 vs. 38.8 kg/d) and lac-
tose yield decreased in cows fed K2CO3 as compared 
with KCl (1.64 vs. 1.87 kg/d). Milk fat concentration of 
trans-10 18:1 was increased when cows were fed Na2CO3 
as compared with K2CO3. A positive relationship was 
observed between concentrations of anteiso 15:0 and 

trans-10, cis-12 18:2 in milk fat from cows receiving 
K2CO3. Milk Na concentration was increased, whereas 
milk Cl was decreased with K2CO3 as compared with 
KHCO3 or KCl. A positive relationship was established 
between milk Cl concentration and milk yield (R2 = 
0.34) across all dietary treatments. Cation-anion differ-
ence (Na + K – Cl – S) in ruminal fluid was increased 
with K2CO3 as compared with control or KCl. Blood 
pH tended to decrease in cows fed KCl compared with 
K2CO3. Our results suggest that mineral supplementa-
tion tends to affect milk and milk fat synthesis and 
that factors other than DCAD, potassium ion, or buf-
fer ability may be implicated. The variations observed 
in mineral composition of milk suggest an allostatic 
process to maintain an ionic equilibrium in mammary 
epithelial cells in response to mineral composition of 
the diet.
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INTRODUCTION

Negative energy balance typically appears in early-
lactation dairy cows as a consequence of a reduction 
of DMI, as well as an increase in energy demand for 
milk production (Grummer, 1993). To compensate for 
this energy deficit, cows are fed high-concentrate diets. 
However, highly fermentable carbohydrates introduced 
in diets can result in a decreased rumen pH, and con-
sequently lead to subacute ruminal acidosis (Nocek, 
1997; Krause and Oetzel, 2006). Under these condi-
tions, the pattern of fermentation is altered, increasing 
rumen appearance of biohydrogenation intermediates 
derived from dietary PUFA, such as trans-10, cis-12 
CLA (Baumgard et al., 2000) and trans-9, cis-11 CLA 
(Perfield et al., 2007), which are recognized for their 
inhibitory effects on milk fat synthesis.

Davis and Brown (1970) characterized “low-fat milk 
syndrome” as a consequence of diets with a high ratio 
of readily digestible carbohydrates to fibrous constitu-
ents that can create unfavorable conditions within the 
rumen. Based on these observations, different types of 
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minerals were proposed to help stabilize the rumen pH 
and thus reduce the incidence of milk fat depression 
(Emery and Brown, 1961). More recently, it has been 
demonstrated that increasing the dietary cation-anion 
difference (DCAD) through mineral supplementation 
of diets containing 20 or 40% (DM basis) of concen-
trates increased the synthesis of milk and milk fat 
(Apper-Bossard et al., 2010). The authors suggested 
that responses were related to the capacity to maintain 
blood pH via an increase in blood HCO3

−, as well as a 
localized rumen buffering effect. In vitro studies have 
shown that the addition of K2CO3 promotes the pre-
dominant pathway of fatty acid (FA) biohydrogenation, 
which is characterized by the formation of trans-11 18:1 
and cis-9, trans-11 CLA as intermediates (Jenkins et 
al., 2014). Moreover, K2CO3 supplementation reduced 
outflows of isomers used as markers for altered rumen 
biohydrogenation pathways (trans-10 18:1), or linked 
directly with milk fat depression (e.g., trans-10, cis-12 
CLA; Jenkins et al., 2014). Likewise, it has been re-
ported that K2CO3 may counteract the negative effects 
of high-concentrate diets on milk fat synthesis (West et 
al., 1986; Harrison et al., 2012). Our hypothesis is that 
the effects observed on milk fat synthesis when K2CO3 
is fed to dairy cows could originate from changes in 
the rumen environment and the acid-base status of the 
animal, given that supplementation of dairy cow diets 
with K2CO3 increases K ion concentration, DCAD, 
and buffer ability. However, the mechanism by which 
K2CO3 supplementation might decrease the effect of 
high-concentrate diets on milk fat depression is yet to 
be established.

The objective of the current study was to investigate 
the effects of K2CO3, buffering ability of the mineral 
supplement, DCAD, and cation source on milk produc-
tion and composition in early-lactation dairy cows fed 
a high-concentrate diet.

MATERIALS AND METHODS

Cows, Experimental Design, and Treatments

The experiment was carried out at the Centre de 
Recherche en Sciences Animales de Deschambault (De-
schambault, Quebec, Canada) and all the procedures 
with cows were approved by the animal care committee 
of Université Laval in accordance with the guidelines of 
the Canadian Council on Animal Care (1993).

Thirty-five lactating Holstein cows (25 multiparous 
ruminally fistulated and 10 primiparous nonfistulated) 
averaging 37 ± 13 DIM (mean ± SD), 618 ± 59 kg 
of BW, and producing 39.6 ± 8.0 kg/d of milk were 
used in a randomized complete block design. Cows were 
blocked by expecting calving date, parity (primipa-

rous and multiparous), and cannulation. Blocks were 
completed successively from January to July 2013 and 
consisted of groups of 5 cows calving over an interval 
of 25 ± 18 d. Within each block, cows were randomly 
assigned to the experimental diets. The experiment 
started with a 5-d pretreatment collection period, used 
as a covariate. During this time, cows were fed a diet 
with a forage-to-concentrate ratio of 53:47 (Table 1). 
The treatment period lasted 28 d, of which 23 d were 
for adaptation and the last 5 d were used for data and 
sample collections. All cows were housed in individual 
tie stalls and had free access to water at all time.

Treatment diets consisted of (1) a control basal diet 
formulated to contain, on a DM basis, 40% forage (in-
cluding 60% corn silage) and 60% concentrate (total 
diet containing 47% NFC and 24% amylase-treated 
NDF, with a DCAD of 65 mEq/kg of DM; control); 
(2) the control diet + 1.8% K2CO3 with a DCAD 
of 326 mEq/kg of DM (K2CO3); (3) control diet + 
2.6% KHCO3 with a DCAD of 324 mEq/kg of DM 
(KHCO3); (4) the control diet + 2.0% KCl with a 
DCAD of 64 mEq/kg of DM (KCl); and (5) the control 
diet + 1.4% Na2CO3 with a DCAD of 322 mEq/kg of 
DM (Na2CO3). Based on initial feed ingredient com-
position, diets were formulated to meet or exceed the 
NRC (2001) requirements (Table 1). Diets were fed as 
TMR at 1000 h daily and the amounts of feed offered 
were adjusted at 110% of expected intake according to 
the previous day consumption. The forages were sam-
pled every week and dried for 3 d in a forced-air oven 
at 55°C to determine DM concentration and adjust the 
as-fed forage proportions in the diets.

Experimental Measurements and Sampling

In each collection period, BW was registered at 0930 
h for the last 3 d. Samples of TMR and orts were col-
lected for the last 5 consecutive days during the pre-
treatment and the experimental periods and stored at 
−20°C. Prior to analysis, samples of TMR and orts were 
thawed at room temperature and dried in a forced–air 
oven for 72 h at 55°C to determine DM concentration. 
Dried samples were ground to 2 mm using a Wiley mill 
(model 4, Arthur M. Thomas Co., Philadelphia, PA), 
pooled by cow and period, ground again to 1 mm using 
a Cyclotec Sample Mill (model 1093, Tecator Inc., Hö-
ganäs, Sweden), and kept frozen at −20°C until further 
analyses.

All TMR and orts were analyzed as described by 
Fauteux et al. (2016), including ash (method 942.05; 
AOAC International, 2000) and starch (Hall, 2009).

Additionally, subsamples of TMR and orts were sub-
jected to a digestion process in HNO3 (70%) + H2O2 
(30%), according to a procedure adapted from Mills 
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