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ABSTRACT

High-producing dairy cows are commonly fed diets
containing a high proportion of rapidly degradable
starch, which can cause subacute acidosis and reduce
dry matter (DM) intake. Because of the properties of
nonmetabolizable cations and anions, increasing the
dietary cation-anion difference (DCAD = Na + K − Cl
− S in mEq/kg of DM) may prevent a drop in DM intake.
To test this hypothesis, 48 Holstein cows were blocked
into 2 groups of 24 and assigned to two 3 × 3 Latin
squares in a split-plot design. Each group received one
level of concentrate at either 20% or 40% on a dry matter
(DM) basis. The diet containing 20% concentrate was
formulated to supply 4% rapidly degradable starch,
whereas the diet containing 40% concentrate supplied
22% rapidly degradable starch. Diets in each square
were formulated to provide a DCAD of 0, 150, or 300
mEq/kg of DM. The 3 values were obtained by manipu-
lating Na and Cl contents. Intake, 4% fat-corrected milk
yield, and milk fat percentage, as well as blood nones-
terified fatty acids and β-hydroxybutyrate increased
with DCAD, but only on the diet providing 40% concen-
trate. The yield of trans-10 C18:1 and odd-chain fatty
acids decreased with increasing DCAD, whereas trans-
11 C18:1 increased. Again, this occurred only with the
diet providing 40% concentrate. Blood pH and HCO3
concentration increased along with DCAD, irrespective
of the concentrate level. A positive DCAD led to increas-
ing DM intake and fat-corrected milk yield in dairy
cows fed highly degradable diets. The mechanism in-
volved may be a localized rumen buffering effect, to-
gether with the ability of positive DCAD to maintain
blood acid-base status in cows faced with a massive
acid input.
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INTRODUCTION

High-producing dairy cows are commonly fed highly
digestible diets containing a high proportion of rapidly
degradable starch. Obvious drawbacks to this strategy
are the subsequent decrease in ruminal pH, increase
in the production of VFA, an increase in propionate
production, and an alteration in rumen biohydrogena-
tion of dietary polyunsaturated fatty acids, which, in
turn, reduces milk fat synthesis (Doreau et al., 1999;
Bauman and Griinari, 2003). Moreover, several exper-
iments have reported changes in blood acid-base sta-
tus that were correlated with changes in ruminal envi-
ronment. Faverdin et al. (1999) showed that blood
HCO3 concentration and blood base excess were nega-
tively correlated with the concentration of VFA in ru-
minal fluid when large amounts of rolled wheat were
added into the rumen of dairy cows. This finding was
accompanied by a transient reduction in DMI. Other
studies have reported a marked decrease in blood
HCO3 concentration and base excess during subacute
rumen acidosis in steers (Goad et al., 1998). Therefore,
in agreement with Owens et al. (1998), we can assume
that, with highly degradable diets, a higher proportion
of HCO3 can be derived from the blood, thus causing
a decrease in blood base excess.

A large DCAD, defined as milliequivalents of (Na +
K − Cl − S) per kilogram of DM (Tucker et al., 1991),
should assist in preventing metabolic acidosis because
the absorption of Na and K will increase blood HCO3

concentration (Stewart, 1983). A large positive DCAD
could also alter ruminal fermentation and increase
ruminal pH, as suggested by Roche et al. (2005). There
is some evidence that milk yield, fat yield, and DMI
increase along with DCAD in early and mid-lactating
dairy cows fed high-grain and low-roughage diets
(Tucker et al., 1988; West et al., 1991).

The effect of increased DCAD on the cow’s perfor-
mance may differ according to the proportion and type
of concentrate in the diet. Increasing DCAD could be
more efficient when concentrates rich in rapidly de-
gradable starch make up a high proportion of the diet
offered to dairy cows, because of either direct ruminal
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buffering or a systemic buffering effect. Consequently,
the target level of DCAD may depend on the concen-
trate-to-forage ratio of the diet. In the present study,
we aimed to test this hypothesis by examining the
effects of increasing DCAD from 0 to 300 mEq/kg of
DM on DMI, milk production, and acid-base status
in lactating dairy cows receiving diets with different
roughage-to-concentrate ratios.

MATERIALS AND METHODS

Experimental Design

The trial was conducted using a split-plot design
with 48 Holstein cows. Cows were assigned to 2 groups
of 24 according to parity (6 primiparous and 18 multi-
parous animals), stage of lactation (105 ± 22 DIM),
milk production (29.2 ± 4.0 kg/d), milk protein (3.16 ±
0.25%), fat content (4.23 ± 0.46%), and BW (624 ±
60 kg). Each group of cows received 1 of 2 levels of
concentrate during the trial. Within each group, cows
were assigned to 3 planned levels of DCAD. The cows
were assigned to 4 blocks of 6 and within each block
the cows received the 3 levels of DCAD according to a
3 × 3 balanced Latin square design. The trial included
a 2-wk period of adaptation to the basal diet, followed
by 3 measurement periods of 4 wk each.

Treatments and Feeding

Six diets were formulated with various different lev-
els of concentrate and DCAD (Table 1). The low-con-
centrate diets (LC) consisted of 21% concentrate and
minerals and 79% corn silage on a DM basis. The high-
concentrate diets (HC) consisted of 41% concentrate
and minerals and 59% corn silage. The 3 planned
DCAD levels were 0 (LD), 150 (MD), and 300 (HD)
mEq/kg of DM. The 6 experimental diets were 1) low
concentrate with low DCAD (LCLD), 2) low concen-
trate with medium DCAD (LCMD), 3) low concentrate
with high DCAD (LCHD), 4) high concentrate with
low DCAD (HCLD), 5) high concentrate with medium
DCAD (HCMD), and 6) high concentrate with high
DCAD (HCHD).

Two energy concentrates were formulated to max-
imize the difference in rapidly degradable starch
(wheat and barley) between the 2 groups of diets (Table
1). The centesimal compositions on a DM basis of the
2 concentrates are shown in Table 1. Because the
DCAD of grain was approximately zero, dehydrated
alfalfa and molasses were added to the concentrate in
the HC diet to ensure similar DCAD for the 2 diets
before adding the experimental mineral mixture. Fi-
nally, for the LC and HC diets, respectively, the pro-
portions of highly fermentable cereals were 3.7 and
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21.5% DM. The respective proportions of ADF were
18.6 and 16.2% DM, and the proportions of NDF were
35.7 and 31.4%. In the LD and HD diets, NDF originat-
ing from corn silage accounted for 30.4 and 22.7%, re-
spectively.

Differences in DCAD values were obtained by ma-
nipulation of dietary Na and Cl. Two mineral mixtures
were used to set the medium and high DCAD levels.
The ingredients of the 2 mineral mixtures are shown
in Table 1. Low DCAD was obtained by adding 0.8%
NH4Cl to the MD diets (Table 1). High DCAD was
obtained by replacing CaCO3 by NaCO3 and Na2PO4.
With increasing DCAD, Na content increased from
0.21 to 0.50% DM, whereas Cl content decreased from
1.05 to 0.45% DM (Table 1). The concentrations of
other minerals were kept constant to ensure that the
observed effects could be attributed to the manipula-
tion of DCAD. The K, S, Ca, P, and Mg contents aver-
aged 1.15, 0.12, 0.77, 0.33, and 0.19% DM, respec-
tively. The S content was low because of the corn si-
lage, which contained only 0.62 g of S/kg of DM.

The diets were formulated to supply similar
amounts of NEL (1.57 MCal/kg of DM), total CP content
(14.5% DM), and digestible protein in the intestine
(PDI, 95.6 g/kg of DM) to meet energy, protein, Ca,
and P requirements (Institut National de la Recherche
Agronomique, 1989). The diets were supplemented
with urea to cover 105% of the microbial requirements
of degradable N.

Corn silage, concentrate, and mineral supplements
were mixed in 6 different TMR. The cows were fed
individually to ensure ad libitum intake (allowing
more than 10% orts) twice daily at 0900 and 1600 h
(50:50). Cows were housed in free stalls. To control
mineral supply, no straw or mineral blocks were pro-
vided. Cows were milked twice daily at 0700 and 1730
h and weighed once a week.

Sampling Schedule and Procedure

Feeds and Orts. Voluntary DMI was individually
recorded daily during the experiment using an individ-
ual electronic gate. The DM content of corn silage was
determined (80°C, 48 h) every 3 d to adjust the propor-
tion of corn silage in the diets. Orts were collected and
weighed daily before the morning feeding. To calculate
DMI, the composition of orts was assumed similar to
the offered diet. For chemical analyses, oven-dried
samples of corn silage were pooled over each period,
whereas concentrates and mineral mixtures were sam-
pled weekly, and the samples were pooled over the
whole experimental period. All samples were ground
with a 3-blade knife mill through a 0.8-mm screen.
Organic matter content was determined by ashing at
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Table 1. Composition (% DM) and nutrients (calculated from analyzed values, units are all g/100 g of DM
unless stated otherwise) of experimental diets

Treatment1

Diets LCLD LCMD LCHD HCLD HCMD HCHD

Corn silage 78.6 79.0 79.0 58.6 59.0 59.0
LC concentrate2 17.0 17.0 17.0 — — —
HC concentrate3 — — — 37.0 37.0 37.0
HD mineral mixtures4 — — 3.0 — — 3.0
LD and MD mineral mixtures5 3.0 3.0 — 3.0 3.0 —
NH4Cl 0.8 — — 0.8 — —
Urea 0.6 1.0 1.0 0.6 1.0 1.0
Nutrients
CP 14.6 14.5 14.4 14.3 14.7 14.2
PDIE,6 g/kg 97.2 97.5 96.8 95.4 95.7 95.0
PDIN,7 g/kg 96.9 96.2 95.5 94.4 93.8 93.1
NEL, Mcal/kg 1.56 1.56 1.56 1.58 1.58 1.58
ADF 18.5 18.6 18.6 16.2 16.3 16.2
NDF 35.6 35.8 35.7 31.3 31.5 31.4
Starch 30.1 30.1 30.1 36.6 36.6 36.6
Ca 0.74 0.74 0.74 0.79 0.79 0.79
P 0.32 0.32 0.31 0.34 0.34 0.33
Mg 0.19 0.19 0.19 0.20 0.20 0.19
S 0.11 0.11 0.10 0.13 0.12 0.12
Na 0.20 0.21 0.50 0.21 0.21 0.50
K 1.13 1.14 1.13 1.17 1.17 1.16
Cl 1.02 0.51 0.41 1.07 0.56 0.47
DCAD8 (Na + K) − (Cl + S) 17 169 327 4 156 306
ED8 (Na + K) − Cl 87 238 390 86 231 381

1LCLD = Low concentrate and low dietary cation-anion difference (DCAD); LCMD = low concentrate and
medium DCAD; LCHD = low concentrate and high DCAD; HCLD = high concentrate and low DCAD;
HCMD = high concentrate and medium DCAD; HCHD = high concentrate and high DCAD; DCAD expressed
as mEq/kg of DM (Na + K) − (Cl + S).

2On a DM basis (%): 21.5 barley, 44.2 formaldehyde-treated soybean meal, 32.3 soybean meal, and 2.0
distillery residues.

3On a DM basis (%): 39.2 wheat, 20.2 barley, 13.5 formaldehyde-treated soybean meal, 13.5 soybean meal,
8.1 dehydrated alfalfa, and 5.5 molasses.

4Mineral mixture (in g/kg of DM): 474 CaCO3, 105 NaCl, 0 CaPO4, 138 Na2PO4, 200 NaCO3, 30 MgO, 3.6
ZnSO4, 2.7 MnSO4, 1.1 CuSO4, 0.03 CoSO4, 0.03 Vitamins, 0.02 sodium selenite, 45 Corn.

5Mineral mixture (in g/kg of DM): 395 CaCO3, 158 NaCl, 150 CaPO4, 0 Na2PO4, 0 NaCO3, 30 MgO, 3.6
ZnSO4, 2.7 MnSO4, 1.1 CuSO4, 0.03 CoSO4, 0.03 Vitamins, 0.02 Sodium selenite, 260 Corn.

6Digestible protein in the small intestine supplied by microbial protein from rumen-fermented OM (Institut
National de la Recherche Agronomique, 1989).

7Digestible protein in the small intestine supplied by microbial protein from rumen-degraded protein
(Institut National de la Recherche Agronomique, 1989).

8DCAD and ED (electrolyte difference) were expressed in mEq/kg of DM.

550°C for 6 h. Feed N was determined by the Dumas
method (Association Française de Normalisation,
1985a). Feed NDF and ADF were analyzed according
to the method initially described by Van Soest et al.
(1991). Starch was determined by Ewers’ polarimetric
method (Association Française de Normalisation,
1985b). Minerals (except P, Cl, and S) were measured
by atomic absorption spectrophotometry (Spectra-
AA20, Varian, Les Ulis, France) after dry-ashing at
550°C (for Ca and Mg) or 500°C (for Na and K) for 12
h. The ash was acidified with HCl before analysis. The
P concentration was measured using the alkalimeter
ammonium molybdate method (AOAC, 1984). The Cl
concentration was determined by potentiometric titra-
tion with silver nitrate (Compact titrator, Crison, Bar-
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celona, Spain). The S concentration was determined
by gravimetry after drying at 525°C with an MgNO3
solution and precipitating with a BaCl solution.

Milk. Milk yield was recorded at each milking using
electronic flow meters (Metatron 21, Westfalia, Ger-
many). Protein and fat contents were determined by
infrared analysis (Milkoscan, Foss Electric, Hillerød,
Denmark) on individual samples collected on 6 succes-
sive milkings each week. For detailed milk analysis,
12 cows (2 per block) were chosen as representative of
each block and were sampled at each period. On d 18 of
each period, 250 mL of milk were taken at the morning
milking for analysis of fatty acid composition and lac-
tose and at the morning and evening milking for Na,
K, and Cl. The milk pH was measured, and the samples



APPER-BOSSARD ET AL.752

were stored immediately afterwards at −20°C pending
further chemical analysis. Lactose was analyzed ac-
cording to Hurtaud et al. (1993). Milk fatty acids were
analyzed by chromatography after extraction. Briefly,
lipids were extracted from 1 mL of milk fat according
to Bauchart and Duboisset (1983), using 0.5 mL of
ethanol:HCl solution (4:1, vol/vol) followed by 0.5 mL
of hexane. Milk fatty acids were then transesterified
by 2 methods. For fatty acid butyl esters, lipids were
esterified with 1 mL of butanol:HCl solution (100:5,
vol/vol), followed by 2 mL of hexane. For fatty acid
methyl esters, lipids were esterified with 1 mL of meth-
anol:NaOH solution (100:2, vol/vol) followed by 0.5 mL
of methanol boron trifluorure solution (100:20, vol/vol)
and 2 mL of hexane. Fatty acid methyl ester was used
to obtain the unsaturated fatty acid. Both fatty acid
esters (butyl and methyl) dissolved in hexane were
injected into a gas chromatograph (Varian 3400, Les
Ulis, France) equipped with an electron ionization de-
tector. The separation of fatty acid butyl esters was
performed with an OV-1 fused silica capillary column
(25 m × 0.32 mm i.d.). The oven temperature was pro-
grammed to rise from 70 to 220°C at 100°C/min. Injec-
tor and detector were at 220 and 250°C, respectively
(Rigout et al., 2002). Separation of fatty acid methyl
esters was performed using an SP2560 (Supelco,
Bellefonte, PA) fused silica capillary column (100 m ×
0.25 mm i.d.) at a fixed temperature, 160°C. Both injec-
tor and detector were at 230°C. The carrier gas was
helium. Among the conjugated linoleic acids, only cis-
9,trans-11 C18:2 was identified with the column. Milk
Na and K were analyzed by atomic absorption spectro-
photometry (Spectra-AA20, Varian) after deproteini-
zation of 10 mL of milk using 20 mL of distilled water,
and 5 mL of TCA 20% (wt/vol). Milk Cl was analyzed by
potentiometric titration (Compact titrimeter, Crison)
after 1:10 dilution in distilled water.

Blood. Blood was collected on d 24 by coccygeal
puncture at 0730 h before the beginning of the morning
meal using 2.0-mL syringes for blood gases (S-Mono-
vette; Sarstedt, Nümbrecht, Germany) and 7.5-mL sy-
ringes containing heparin at 12 to 30 IU/mL (S-Mono-
vette; Sarstedt) for analysis of glucose, lactate, BHBA,
NEFA, and urea. For blood gases and minerals, a sec-
ond sample was taken at 1330 h. Blood pH, blood HCO3
concentration, blood CO2 partial pressure (pCO2),
standard base excess (SBE), blood hemoglobin, and
blood minerals (Na, K, Cl, and Ca) were immediately
determined by potentiometry using a blood gas and
mineral analyzer (ABL 330, OSM3, EML 105, Radiom-
eter, Copenhagen, Denmark). For the analysis of me-
tabolites, blood samples were centrifuged at 3000 × g
for 12 min at 4°C. For lactate determination, 4 mL of
plasma was deproteinized with 8 mL of perchloric acid.
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Samples were stored at −20°C before laboratory analy-
sis. Plasma concentrations of metabolites were mea-
sured on a multiparameter analyzer (KONE Instru-
ments Corporation, Espoo, Finland) using a kit for
glucose (kit glucose hexokinase, Diagnostics, Meylan,
France), a kit for lactate (ref. 61192, BioMerieux,
Marcy L’Etoile, France), a kit for BHBA (RB 1007,
Randox, Maugio, France), a kit for NEFA (NEFA C
test, Wako, Oxoid, Davdilly, France), and a kit for
urea (ref. 11703, Thermo Electron, Cergy-Pontoise,
France).

Statistical Analyses

Intake, milk production, milk composition, and BW
were calculated over the last 2 wk of each period. En-
ergy and PDI balances were calculated from the mean
value for each cow according to methods described by
the Institut National de la Recherche Agronomique
(1989). Data were analyzed using the GLM procedure
of SAS (SAS Institute, 1990), according to the model
for a split-plot design. The linear model used is de-
scribed by the following equation:

Yijkl = μ + Conci + Cj(i) + Dk + Pl + DConcki

+ ConcPil + eijkl

where Yijkl = variable studied during period; μ = overall
mean of the population; Conci = effect due to the con-
centrate level i (LC vs. HC; tested against the mean
square of cow within the concentrate group effect);
Cj(i) = effect due to cow j fed diet i; Dk = effect due to
DCAD k; Pl = effect due to period l; DConcki = interac-
tion between DCAD and concentrate level; ConcPil =
interaction between concentrate and period; and eijkl =
error associated with each Yijkl.

The sum of squares of the D and DConc effects were
further partitioned into comparisons with a single de-
gree of freedom to provide the linear and quadratic
effects of DCAD and its interaction with the concen-
trate level using the orthogonal polynomial method
(Gill, 1978). For the statistical analysis of blood gases,
we determined 3 classes of blood from coccygeal sam-
pling. We assumed that O2 saturation was higher than
95% in arterial blood and was lower than 75% in ve-
nous blood. Oxygen saturation values between 95 and
75% were considered representative of a mixture of
arterial and venous blood (Shapiro et al., 1992).

RESULTS

Blood Acid-Base Status

Blood pH, concentration of HCO3, SBE, pCO2, and
blood concentration of hemoglobin were not affected
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Table 2. Effects of DCAD and concentrate level on blood gases

Treatment1
Effects2

DCAD
Item3 LCLD LCMD LCHD HCLD HCMD HCHD SD SDconc4 Conc DCAD × Conc

Before the first meal at 0730 h
pH 7.49 7.50 7.50 7.49 7.49 7.53 0.036 0.026 NS L** NS
pCO2, mmHg 38.9 39.3 40.1 38.1 41.0 38.6 3.74 2.75 NS Q† Q*
HCO3, mmol/L 29.9 30.8 31.4 29.1 31.2 32.1 1.87 1.90 NS L*** L†
SBE, mmol/L 6.09 7.02 7.55 5.39 7.23 8.42 1.850 1.852 NS L*** L†
Hb, g/100 mL 12.0 12.4 12.2 12.6 12.3 12.5 0.44 0.77 NS L* L†, Q**

At 1330 h
pH 7.47 7.47 7.48 7.45 7.48 7.49 0.037 0.026 NS L** NS
pCO2, mmHg 39.3 39.9 40.0 39.5 38.8 38.5 3.29 2.70 NS NS NS
HCO3, mmol/L 28.1 28.6 29.7 27.3 27.9 29.1 2.03 1.47 NS L*** NS
SBE, mmol/L 4.14 4.69 5.86 3.33 4.52 5.34 1.863 1.380 NS L*** NS
Hb, g/100 mL 11.6 11.5 11.9 11.8 12.1 12.0 0.94 1.15 NS NS NS

1LCLD = Low concentrate and low DCAD; LCMD = low concentrate and medium DCAD; LCHD = low concentrate and high DCAD;
HCLD = high concentrate and low DCAD; HCMD = high concentrate and medium DCAD; HCHD = high concentrate and high DCAD; DCAD
expressed as mEq/kg of DM (Na + K) − (Cl + S).

2Conc = Concentration; L = linear effect; Q = quadratic effect.
3pCO2 = blood CO2 partial pressure; SBE = standard base excess; Hb = hemoglobin.
4SDconc = Standard deviation to test the concentrate effect.
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; NS = Nonsignificant.

by the level of concentrate either before the meal or at
1330 h (Table 2). Increasing DCAD produced a linear
increase in blood pH as well as HCO3 and SBE concen-
trations both before the meal and at 1330 h. The inter-
action between DCAD and level of concentrate was not
significant. However, before the meal, the increase of
blood HCO3 concentration and blood SBE with increas-
ing DCAD tended to be greater at high than at low
levels of concentrate (P < 0.10). Increasing DCAD only
marginally affected pCO2 and hemoglobin concentra-
tion. Before the meal, pCO2 reached a higher value
with the HCMD diet (41 mmHg).

Intake, Milk Production, Energy,
and Protein Balances

The DMI was not affected by concentrate level (P >
0.10, Table 3). However, concentrate supplementation
modified the intake of starch, NDF, ADF, NEL, Na, K,
Cl, and S. In particular, starch intake increased from
6.68 to 8.60 kg/d (P < 0.001), whereas NDF intake
dropped from 7.92 to 7.38 kg/d between LC and HC
diets (P < 0.05). Although the NEL intake was slightly
increased (P < 0.10), the intake of PDI was unaffected.
The high level of concentrate in the diets also resulted
in increased intake of Na, K (P < 0.05), Cl (P < 0.01),
and S (P < 0.001). The effect of DCAD on DMI differed
according to the level of concentrate (interaction of
DCAD with level of concentrate, P < 0.01). Increasing
DCAD led to a linear increase of DMI with HC diets,
but had no effect on intake with LC diets. Finally, DMI
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was similar for the 3 LC diets and the HCLD diet (22.5
kg/d on average), and rose by 1.5 kg/d with the HCHD
diet. Similar effects of DCAD were observed according
to the level of concentrate for NEL, protein, starch,
and fiber intakes.

Milk yield was similar in all treatments (Table 4).
When cows were fed the HC diets, milk fat percentage
and yield decreased (P < 0.01), with 4% FCM yield
following a similar trend (P < 0.10), whereas milk pro-
tein percentage and yield increased (P < 0.05). Increas-
ing the DCAD level produced a linear increase in milk
fat percentage, 4% FCM yield, and fat yield, but only
with the HC diet. The interaction of DCAD with level
of concentrate was highly significant (P < 0.01). Milk
protein percentage and yield were not affected by
DCAD variation (P > 0.10). Lactose concentration de-
creased with increasing level of concentrate (P < 0.05)
but was unaffected by DCAD.

The energy balance was increased (P < 0.05) by in-
creasing the level of concentrate, whereas the protein
balance was unaffected. Both energy and protein bal-
ances were increased by increasing DCAD with the
HC diets, but were unaffected with LC diets. Finally,
the highest energy balance was obtained for the
HCMD diet. Protein balance was lowest for the HCLD
diet, whereas the HCMD and HCHD diets had similar
values to those obtained with LC diets. The BW was
not affected by the treatments.

Milk Fatty Acid Composition and Yield
Milk fatty acid composition and yield for the 12 se-

lected cows are presented in Table 5. When cows were
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Table 3. Effects of DCAD and concentrate level on nutrient intake and BW

Treatment1
Effects2

DCAD
LCLD LCMD MCHD HCLD HCMD HCHD SD CDconc3 Conc DCAD × Conc.

Intake, /d
DM, kg 22.2 22.1 22.2 22.8 23.7 24.0 0.99 2.76 NS L** L**
NEL, Mcal 34.9 34.9 34.8 36.1 37.6 37.9 1.550 4.364 † L* L**
CP, kg 3.23 3.20 3.19 3.26 3.35 3.39 0.146 0.403 NS NS L**
PDIE,4 kg 2.15 2.15 2.14 2.16 2.24 2.26 0.095 0.266 NS L* L**
PDIN,5 kg 2.12 2.10 2.09 2.11 2.17 2.19 0.095 0.262 NS NS L**
NDF, kg 7.91 7.93 7.94 7.14 7.46 7.55 0.333 0.918 * L** L*
ADF, kg 4.11 4.12 4.14 3.70 3.82 3.87 0.170 0.473 * L** L†
Starch, kg 6.68 6.66 6.70 8.35 8.66 8.80 0.330 0.944 *** L** L**
Na, g 45.3 45.2 110.0 48.9 50.6 120.1 5.33 8.18 * L***, Q*** L**
K, g 251.3 251.4 250.3 266.2 276.9 279.0 11.32 31.95 * L* L**
Cl, g 227.4 113.7 90.3 243.1 132.7 112.6 14.64 20.79 ** L***, Q*** NS
S, g 24.3 24.3 23.0 28.4 29.4 28.5 1.15 3.28 *** L*, Q*** L**

BW, kg 636 638 638 643 645 640 10.8 63.9 NS NS NS

1LCLD = Low concentrate and low DCAD; LCMD = low concentrate and medium DCAD; LCHD = low concentrate and high DCAD;
HCLD = high concentrate and low DCAD; HCMD = high concentrate and medium DCAD; HCHD = high concentrate and high DCAD; DCAD
expressed as mEq/kg of DM (Na + K) − (Cl + S).

2Conc = Concentration; L = linear effect; Q = quadratic effect.
3SDconc = Standard deviation to test the concentrate effect.
4PDIE = Digestible protein in the small intestine supplied by microbial protein from rumen-fermented OM (Institut National de la

Recherche Agronomique, 1989).
5PDIN = Digestible protein in the small intestine supplied by microbial protein from rumen-degraded protein (Institut National de la

Recherche Agronomique, 1989).
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; NS = Nonsignificant.

fed the HC diets, the proportion of saturated odd-chain
fatty acids in the milk increased (P < 0.01), whereas
the proportion of even short-chain fatty acids (C4:0 to
C12:0) and the proportion of C16:0 were unaffected by the
level of concentrate. The proportion of C14:0 (P < 0.10)

Table 4. Effects of DCAD and concentrate level on milk yield, milk composition, and balances of energy and protein

Treatment1
Effects2

DCAD
LCLD LCMD LCHD HCLD HCMD HCHD SD SDconc3 Conc DCAD × Conc

Yield, kg/d
Milk 28.3 28.5 28.8 29.2 29.3 29.3 1.36 4.36 NS NS NS
4% FCM 28.9 29.1 29.4 26.4 27.0 28.2 1.37 3.95 † L*** L*
Fat 1.17 1.18 1.19 0.98 1.02 1.10 0.070 0.148 ** L*** L**
Protein 0.91 0.90 0.91 0.97 0.97 0.98 0.043 0.101 * NS NS

Composition, %
Fat 4.18 4.19 4.19 3.41 3.55 3.80 0.217 0.603 ** L*** L***
Protein 3.22 3.18 3.18 3.35 3.35 3.36 0.070 0.247 * NS NS
Lactose, g/L 48.8 49.2 48.9 46.8 47.3 46.8 0.68 1.93 * NS NS

Balances
Energy, Mcal/d 3.08 2.98 2.62 4.74 5.70 5.17 1.109 3.365 * Q* L†
Protein, g of PDI4/d 291 278 257 173 231 250 80.9 239.0 NS NS L**

1LCLD = Low concentrate and low DCAD; LCMD = low concentrate and medium DCAD; LCHD = low concentrate and high DCAD;
HCLD = high concentrate and low DCAD; HCMD = high concentrate and medium DCAD; HCHD = high concentrate and high DCAD; DCAD
expressed as mEq/kg of DM (Na + K) − (Cl + S).

2Conc = Concentration; L = linear effect; Q = quadratic effect.
3SDconc = Standard deviation to test the concentrate effect.
4PDI = Digestible protein in the small intestine (Institut National de la Recherche Agronomique, 1989).
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; NS = Nonsignificant.
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and C18:0 (P < 0.05) decreased with the HC diets. The
proportion of monounsaturated fatty acids and, in par-
ticular, the proportion of cis-9 C18:1, trans-10 C18:1, and
trans-11 C18:1 were not affected by the level of concen-
trate. The proportion of polyunsaturated fatty acids
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Table 5. Effects of DCAD and concentrate level on milk fatty acid composition (g/100 g) and production (g/d)

Treatment1
Effects2

DCAD
LCLD LCMD LCHD HCLD HCMD HCHD SD SDconc3 Conc DCAD × Conc

Composition
C5:0 to C17:0 3.14 3.46 3.42 6.95 6.63 4.47 1.191 0.762 ** L† L*
C4:0 to C12:0 14.35 14.10 13.84 12.58 11.25 12.71 1.306 1.695 NS NS NS
C14:0 13.20 12.99 12.66 12.27 11.51 12.30 0.626 0.659 † NS NS
C16:0 38.59 39.48 38.40 37.33 37.37 38.10 1.332 2.169 NS NS NS
C18:0 7.59 7.12 7.48 4.96 4.66 5.83 1.020 0.726 ** NS NS
Monounsaturated 22.11 21.78 23.22 24.98 27.47 25.71 1.996 3.281 NS NS NS
Cis-9 C18:1 14.08 13.86 15.14 13.76 14.07 13.92 1.351 1.040 NS NS NS
Trans-10 C18:1 1.17 1.21 1.29 1.32 1.34 0.97 0.179 0.556 NS NS L*
Trans-11 C18:1 2.23 2.00 2.08 3.09 4.36 4.01 0.788 2.823 NS NS NS
Polyunsaturated 2.45 2.59 2.59 2.94 3.19 2.76 0.252 0.338 † NS NS
C18:3 0.17 0.55 0.22 0.25 0.25 0.22 0.399 0.204 NS NS NS
C18:2 1.96 1.66 1.99 2.32 2.42 2.16 0.361 0.376 NS NS NS
Cis-9,trans-11 C18:2 0.33 0.33 0.37 0.37 0.51 0.38 0.082 0.088 NS NS Q*

Yield
C5:0 to C17:0 35.08 36.35 35.84 63.56 56.41 42.70 8.738 12.908 † L* L*
C4:0 to C12:0 159.11 147.12 144.07 119.00 99.18 135.21 21.612 33.728 NS NS NS
C14:0 146.56 135.29 131.95 113.03 97.43 124.73 14.498 24.193 NS Q† L†
C16:0 431.06 415.87 402.69 348.55 319.39 391.72 40.630 29.477 NS NS L†
C18:0 85.15 74.51 79.41 46.81 38.89 60.41 11.086 18.160 * Q* NS
Monounsaturated 246.04 226.94 242.41 226.12 222.62 244.75 16.667 38.370 NS Q† NS
Cis-9 C18:1 156.83 143.68 158.27 128.14 119.03 139.24 14.550 30.931 NS Q* NS
Trans-10 C18:1 12.86 12.41 13.42 13.55 12.98 11.35 1.473 5.677 NS NS L†
Trans-11 C18:1 24.50 20.31 21.81 22.87 27.13 29.83 2.367 11.978 NS L† L**
Polyunsaturated 26.84 26.03 26.81 26.91 26.70 26.61 3.595 4.092 NS NS NS
C18:3 1.72 6.12 2.37 2.29 2.08 2.23 4.776 2.490 NS NS NS
C18:2 21.53 16.56 20.57 21.26 20.23 20.81 3.835 4.258 NS NS NS
Cis-9,trans-11 C18:2 3.58 3.35 3.87 3.36 4.38 3.57 0.665 0.885 NS NS Q*

1LCLD = Low concentrate and low DCAD; LCMD = low concentrate and medium DCAD; LCHD = low concentrate and high DCAD;
HCLD = high concentrate and low DCAD; HCMD = high concentrate and medium DCAD; HCHD = high concentrate and high DCAD; DCAD
expressed as mEq/kg of DM (Na + K) − (Cl + S).

2Conc = Concentration; L = linear effect; Q = quadratic effect.
3SDconc = Standard deviation to test the concentrate effect.
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; NS = Nonsignificant.

tended to increase with the increase in concentrate,
whereas the proportions of C18:3, C18:2, and cis-9,trans-
11 C18:2 were unaffected. Increasing DCAD tended to
decrease the proportion of odd-chain fatty acids, espe-
cially with the HC diet (interaction of DCAD with level
of concentrate, P < 0.05). The proportions of short and
medium fatty acids, as well as the proportions of mono-
and polyunsaturated fatty acids, were unaffected by
altering DCAD. This did not apply to the proportion of
trans-10 C18:1, which showed a decrease with increasing
DCAD only when cows were fed the HC diet (interaction
of DCAD with level of concentrate, P < 0.05).

The yield of all saturated odd-chain fatty acids (C5:0
to C17:0) was increased (P = 0.07) when cows were fed
the HC diets. The yield of even short-chain fatty acids
(C4:0 to C12:0) and medium fatty acids (C14:0 and C16:0)
was unaffected by the level of concentrate, whereas the
yield of C18:0 showed a decrease (P < 0.05). The yield of
mono- and polyunsaturated fatty acids was unaffected
with HC diets. The effect of DCAD on the yield of satu-
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rated odd-chain fatty acid differed according to the level
of concentrate (interaction of DCAD with level of con-
centrate, P < 0.05). The yield of all these fatty acids
decreased linearly (P < 0.05) with increasing DCAD
when HC diets were fed, but remained unaffected when
LC diets were fed. The yield of saturated odd-chain
fatty acids averaged 35.8 g/d with LC diets and fell
from 63.6 to 42.7 g/d with increasing DCAD with HC
diets. The yield of even short-chain fatty acids (C4:0 to
C12:0) was not affected by DCAD level. The yield of C16:0
tended to increase with increasing DCAD, but only with
the HC diet (interaction of DCAD with level of concen-
trate, P = 0.09). Although increasing DCAD decreased
the yield of trans-10 C18:1 and increased the yield of
trans-11 C18:1 with HC diets, it did not affect the yield
of these fatty acids on LC diets (interaction of DCAD
with level of concentrate, P = 0.08 and P < 0.05 with
HC and LC, respectively). The yield of polyunsaturated
fatty acids was not affected by DCAD. The yields of
C18:0, cis-9 C18:1, and C14:0 were hardly affected, except
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Table 6. Effects of DCAD and concentrate level on blood minerals (expressed as mEq/L)

Treatment1
Effects2

DCAD
LCLD LCMD LCHD HCLD HCMD HCHD SD SDconc3 Conc DCAD × Conc

Before the first meal at 0730 h
Na 136 137 136 136 136 136 1.9 1.2 † NS NS
K 4.26 4.34 4.16 6.12 4.27 4.45 3.465 1.956 NS NS NS
Cl 93.6 92.7 91.8 94.4 92.9 91.6 2.0 1.6 NS L*** NS
Ca 2.42 2.46 2.40 2.42 2.41 2.34 0.152 0.087 NS NS NS
ED4

46.8 48.3 48.8 47.4 47.6 48.5 3.95 2.28 NS NS NS
At 1330 h

Na 138 137 138 139 138 139 1.8 1.1 * NS NS
K 4.15 4.11 4.08 4.18 3.91 4.02 0.232 0.212 NS L*, Q* L*
Cl 94.7 93.5 93.0 96.0 94.5 93.9 2.23 1.41 * L*** NS
Ca 2.48 2.48 2.44 2.46 2.43 2.38 0.146 0.092 NS L† NS
ED4 47.3 48.0 49.0 44.8 45.4 46.8 1.54 4.64 † L*** NS

1LCLD = Low concentrate and low DCAD; LCMD = low concentrate and medium DCAD; LCHD = low
concentrate and high DCAD; HCLD = high concentrate and low DCAD; HCMD = high concentrate and
medium DCAD; HCHD = high concentrate and high DCAD; DCAD expressed as mEq/kg of DM (Na + K)
− (Cl + S).

2Conc = Concentration; L = linear effect; Q = quadratic effect.
3SDconc = Standard deviation to test the concentrate effect.
4ED = Electrolyte difference; expressed as mEq/L (Na + K) − Cl.
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; NS = Nonsignificant.

in the case of the HCMD diet when their yield was low.
Indeed, when fed the HCMD diet, the cows chosen for
fatty acid analysis produced less milk fat than all of
the experimental cows (0.98 vs. 1.19 kg/d).

Blood and Milk Minerals

Blood mineral concentrations varied little with the
treatments (Table 6). Before the meal, blood mineral
concentrations were unaffected by the treatments, ex-
cept for the concentration of Cl, which decreased lin-
early with falling Cl input (P < 0.001). At 1330 h, blood
Na and Cl concentrations showed an increase (P < 0.05)
when HC diets were fed. Blood Cl (P < 0.001) and Ca
(P < 0.10) concentrations decreased with falling Cl input
and K concentration was minimal when HCMD diet
was fed. Finally, the blood electrolyte difference (ex-
pressed as mEq/L of Na + K − Cl) was not affected by
the treatments before the meal, but increased (P <
0.001) with increasing DCAD, and tended to be lower
for HC than for LC diets (P < 0.10) at 1330 h.

Milk pH was unaffected by treatments and averaged
6.66 (Table 7). Milk mineral concentrations varied
slightly with the treatments, except for Cl, which was
markedly higher with the HC than with the LC diets,
and decreased linearly with increasing DCAD. The K
concentration increased when HC diets were fed but did
not vary as a function of DCAD. The Na concentration in
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milk tended to decrease with increasing DCAD or when
HC diets were fed.

Metabolic Parameters

Increasing the proportion of concentrate decreased
blood BHBA (P < 0.001) and increased plasma glucose
concentration (P < 0.05), but did not affect plasma
NEFA, lactate, and urea concentrations (Table 8). The
plasma concentrations of NEFA and BHBA increased
as a function of DCAD when cows were fed the high
level of concentrate but remained unaffected when cows
were fed the low level of concentrates. Finally, plasma
NEFA and BHBA concentrations were at a minimum
when cows were fed the HCLD diet. Increasing DCAD
did not affect the glucose concentration. Although urea
level showed no variation between low and medium
DCAD, it slightly decreased between medium and high
DCAD. Lactate concentration was unaffected by
DCAD level.

DISCUSSION

Effect of Concentrate on Cow Responses

The increase in the proportion of concentrate was
designed to create 2 contrasting ruminal conditions,
while maintaining a fiber level in the HC diets close to
the commonly accepted minimum limit for preventing
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Table 7. Effects of DCAD and concentrate level on milk pH and minerals (expressed as mEq/L)

Treatment1
Effects2

DCAD
LCLD LCMD LCHD HCLD HCMD HCHD CD SDconc3 Conc DCAD × Conc

pH 6.66 6.68 6.69 6.55 6.57 5.80 0.824 0.416 NS NS NS
Na 14.2 15.2 14.6 16.3 15.7 15.0 0.42 1.87 NS L†, Q* L**, Q†
K 41.8 42.8 42.0 46.6 45.4 44.4 1.97 0.65 *** NS NS
Cl 24.2 23.6 21.3 33.0 32.2 29.9 2.55 3.97 * L* NS
ED4 31.8 34.3 35.3 29.9 28.9 29.5 3.32 3.36 † NS NS

1LCLD = Low concentrate and low DCAD; LCMD = low concentrate and medium DCAD; LCHD = low
concentrate and high DCAD; HCLD = high concentrate and low DCAD; HCMD = high concentrate and
medium DCAD; HCHD = high concentrate and high DCAD; DCAD expressed as mEq/kg of DM (Na + K)
− (Cl + S).

2Conc = Concentration; L = linear effect; Q = quadratic effect.
3SDconc = Standard deviation to test the concentrate effect.
4ED = Electrolyte difference; expressed as mEq/L (Na + K) − Cl.
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; NS = Nonsignificant.

pathological risks. The NDF from forage accounted for
22% of the diet DM and represented a daily intake
equivalent to 0.8% of BW for HCLD diets. Although
NDF from forage did not exactly correspond to the po-
tentially effective NDF (peNDF) and effective NDF
(eNDF) criteria, the observed values were rather low
compared with the requirements proposed by Mertens
(1997) to limit the risk of subacute rumen acidosis:
peNDF higher than 24% DM and eNDF higher than
0.9% BW.

Some of the animal responses indicate that 2 con-
trasting ruminal conditions were created. The milk fat
content decreased from 4.23% during the pre-experi-
mental period to 3.58% when cows were fed HC diets,
even though the fatty acid composition of the diet was
not modified. This decrease in milk fat percentage is
typical of a modification of rumen fermentations related
to concentrate-rich diets (Doreau et al., 1999). In an
experiment with fistulated cows receiving the same
diets, ruminal pH (6.06 vs. 6.33) and acetate:propionate

Table 8. Effects of DCAD and concentrate level on blood metabolism parameters before meal

Treatment1
Effects2

DCAD
LCLD LCMD LCHD HCLD HCMD HCHD SD SDconc3 Conc DCAD × Conc

NEFA μmol/L 137 115 136 94 111 141 58.6 47.8 NS L† L*
BHBA, mmol/L 0.61 0.65 0.59 0.36 0.41 0.51 0.123 0.131 *** L* L**, Q†
Lactate, mmol/L 0.31 0.29 0.36 0.32 0.32 0.37 0.204 0.170 NS NS NS
Glucose, mg/L 710 696 712 730 732 720 29.9 29.2 * NS Q*
Urea, mg/L 254 268 242 247 256 226 37.3 41.1 NS L*, Q** NS

1LCLD = Low concentrate and low DCAD; LCMD = low concentrate and medium DCAD; LCHD = low concentrate and high DCAD;
HCLD = high concentrate and low DCAD; HCMD = high concentrate and medium DCAD; HCHD = high concentrate and high DCAD; DCAD
expressed as mEq/kg of DM (Na + K) − (Cl + S).

2Conc = Concentration; L = linear effect; Q = quadratic effect.
3SDconc = Standard deviation to test the concentrate effect.
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; NS = Nonsignificant.
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ratio (2.36 vs. 2.83) were lower in HC than in LC cows
(Apper-Bossard and Peyraud, 2004). The increased pro-
duction of milk odd-chain fatty acids in HC cows may
be related to increased production of propionate in the
rumen, because the utilization of propionate is well
known in the synthesis of odd-chain fatty acids in milk
(Emmanuel and Kennelly, 1985). The higher concentra-
tion of glucose and lower concentration of BHBA in
plasma of HC cows, together with the lower production
of C18:0 in milk, might reflect higher propionate produc-
tion in the rumen leading to a more anabolic profile
compared with LC cows. Finally, we did not observe any
overall effect of concentrate level on DMI. Concentrate
supplementation is expected to increase DMI and milk
yield, the substitution between concentrate and forages
being lower than 1.0 irrespective of the carbohydrate
source (Faverdin et al., 1987). Peyraud (2000) reported
a substitution rate higher than 1.0 when increasing the
proportion of wheat from 20 to 36% in cows fed a finely
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ground diet, leading to very low ruminal pH after the
meal (5.7) and a very low acetate:propionate ratio (1.9).

Increase of DCAD Increases Intake and Milk Fat
Content, but only in HC Cows

Increasing DCAD produced a linear increase of DMI
for HC-fed cows. Previous studies have also reported,
for a similar range of variation of DCAD, a positive
correlation between DCAD and DMI in lactating cows
fed high-concentrate and low-roughage diets (Tucker
et al., 1988; Waterman et al., 1991; West et al., 1992).
On the contrary, our results show that increasing
DCAD does not affect DMI in LC cows. Thus, it appears
that high DCAD leads to an increase in DMI when
concentrates rich in rapidly degradable starch make up
a high proportion of the diet offered to dairy cows. For
high DCAD, the effect of concentrate on DMI is within
the range predicted by the French Fill Units (+1.4 kg
DM/d). On the other hand, for low DCAD, the concen-
trate failed to produce an increase in DMI. Roche et
al. (2005) also reported a positive correlation between
DCAD and DMI in dairy cows fed fresh forages. Fresh
high-quality pastures lead to very low rumen pH (Dela-
garde et al., 1998), suggesting that altering DCAD could
affect DMI not only with high-concentrate diets but also
more generally for diets causing low ruminal pH.

In HC cows, the increase in DCAD produces an in-
crease in milk fat percentage and fat yield, resulting
in an increase of 4% FCM yield but no effect on milk
yield. The increase in 4% FCM by 1.8 kg/d corresponds
to an additional requirement of 1.36 MCal/d of net en-
ergy, which accounts for 75% of the additional supply
of net energy intake. West et al. (1992) and Tucker et
al. (1994) reported an increase in the milk fat percent-
age on increasing DCAD, without any effect on milk
yield. In these studies, as in the present trial, cows fed
with the low DCAD diet produced low fat milk (3.4%),
but the blood pH (7.45) and blood HCO3 concentration
(27 mEq/L) suggests they were not under conditions of
subacute metabolic acidosis (Schotman, 1971). Roche
et al. (2005) reported similar results with cows fed fresh
forages. Conversely, some studies have reported an in-
crease in milk yield without changes in milk fat percent-
age (Tucker et al., 1991; West et al., 1991). In these
studies, cows were in subacute metabolic acidosis, as
indicated by low blood pH values (7.34) and blood HCO3

concentration (19 mEq/L). However, the cows produced
milk with a normal fat percentage (ranging from 3.8 to
4.2%), suggesting that they did not develop a subacute
rumen acidosis. When subacute rumen and subacute
metabolic acidosis were induced by feeding a very rich
concentrate diet with negative DCAD, both the milk
yield and the milk fat percentage rose as a function of
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increasing DCAD (Escobosa et al., 1984). These re-
sponses were related to large increases in DMI (6 kg/
d). Thus, it appears that increasing the DCAD produces
an increase in milk fat content without any change in
milk yield when cows are fed highly degradable diets
but are not in metabolic acidosis.

Finally, although no specific DCAD level seems to be
required when cows are fed slowly degradable diets,
positive DCAD levels are required to maximize DMI
and FCM when being fed highly degradable diets. Be-
cause the response curves in our study were linear, it
was not possible to find a threshold value above which
there was little or no effect of DCAD on DMI. However,
we can recommend a DCAD level not exceeding 300
mEq/kg of DM in view of the fact that several studies
show DMI reaching a plateau, or even slightly decreas-
ing, for DCAD values higher than 300 mEq/kg DM (Hu
and Murphy, 2004).

Mechanisms Contributing to the Increase
of Intake and 4% FCM Yield

The increase of milk fat percentage with increasing
DCAD only occurs when cows are fed high-concentrate
diets. This suggests a rumen buffering effect of DCAD,
partly supported by the change in milk fatty acids yield,
because DCAD modifies the yield of several fatty acids
in HC but not in LC cows.

Firstly, in HC cows, the yield of trans-10 C18:1 shows
a decrease with increasing DCAD, whereas the yield
of trans-11 C18:1 increases sharply. These results are
induced by changes in microbial processes involving a
shift in the biohydrogenation pathways of C18:2 that
become oriented toward trans-11 C18:1 rather than
trans-10 C18:1 (Bauman and Griinari, 2003). This shift
might be due to a ruminal buffering effect of DCAD.
Kalscheur et al. (1997) showed that trans-10 C18:1 was
produced when ruminal pH decreased. In an experi-
ment with fistulated cows receiving the same HC diets,
Apper-Bossard and Peyraud (2004) showed that high
DCAD lowers the decrease in ruminal pH during the
meal. Higher blood HCO3 concentration with high
DCAD may increase HCO3 recycling into the rumen
with the saliva, thus contributing to the possible rumi-
nal buffering effect of high DCAD. Because the in-
creased milk fat content of trans-10 C18:1 is typical of
diets causing milk fat depression (Griinari et al., 1999),
these changes in ruminal metabolism may explain the
positive correlation between DCAD and milk fat per-
centage in HC cows. Indeed, several studies have dem-
onstrated that trans-10 cis-12 C18:2 is an inhibitor of
milk fat synthesis (Baumgard et al., 2001). Although
this fatty acid was not determined in the present study,
the trans-10 cis-12 C18:2 and trans-10 C18:1 levels are
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closely correlated in milk fat (Loor and Herbein, 2001),
suggesting that the yield of trans-10,cis-12 C18:2 might
be affected by DCAD.

Secondly, increasing DCAD causes a drop in the yield
of odd-chain fatty acids in milk. Odd-chain fatty acids
arise from propionate elongation and are of microbial
origin. Therefore, despite the increase in DMI (and in-
crease in production of VFA), a lower yield of these
fatty acids may indicate a lower proportion of ruminal
propionate or modifications of the microbial synthesis
and flow into the duodenum. The possible higher pro-
duction of propionate at low DCAD is also in agreement
with the low blood NEFA concentration found when
feeding HCLD because propionate is insulinotropic and
favors C18:0 use by adipose tissue (De Jong, 1982).

Besides the ruminal buffering effect of DCAD, we
cannot rule out that an improvement in the cow’s acid-
base status could favor the response of DMI. The in-
crease of DCAD led to an increase in blood pH, blood
HCO3 concentration, and SBE, in agreement with the
data of Hu and Murphy (2004). In the present study,
blood pH, blood HCO3 concentration, and base excess
are similar or higher with HCHD than with the 3 LC
diets in spite of large differences in DMI of rapidly
degradable starch (0.8 vs. 5.4 kg/d of the wheat-barley
mixture). Thus, high DCAD might prevent any drop in
blood acid-base status when feeding high amounts of
rapidly degradable starch. Previous studies have shown
a drop in blood HCO3 concentration and base excess
when dairy cows or beef cattle were challenged with
high amounts of starch (Goad et al., 1998; Faverdin
et al., 1999) and this decrease was accompanied by a
reduction in DMI.

CONCLUSIONS

The results of this study clearly show the role of
DCAD in regulating DMI, milk fat yield, and blood acid-
base status. However, the responses vary according to
other characteristics of the diet. Increasing DCAD im-
proves the cow’s performance when fed highly degrad-
able diets, or more generally when receiving diets caus-
ing low rumen pH. We can recommend an input of 150
to 300 mEq/kg of DM to these diets.
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