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The purpose of this study was to measure the effects of a supplementation in folic acid
and vitamin B-12 given before calving and in early lactation on milk production and
components within the first 60 days in milk (DIM) as well as the 305-d yield, and on
indicators of energy balance for dairy cows in commercial dairy herds. A total of 805 dairy
cows (271 primiparous and 534 multiparous) in 15 commercial dairy herds were involved.
From February to December 2010, every 2 mo and within each herd, cows were assigned,
according to parity, predicted 305-d milk production, and calving interval to receive
weekly intramuscular injections (5 mL) of either (1) saline 0.9% NaCl (Control) or (2)
320 mg of folic acidþ10 mg of vitamin B-12 (Vitamins). Treatments began 21 d (SD 8)
before the expected calving date and lasted until 60 (SD 4) DIM. For the first 60 DIM,
average milk yield was 35.0 kg/d and was not affected by treatment. On average, milk fat
concentration was decreased in early lactation for cows in the vitamin group as compared
with control, from 42.1 to 40.3 g/kg whereas milk protein concentration was increased by
the supplement, from 30.9 to 31.5 g/kg. Milk lactose and milk urea nitrogen concentra-
tions were unaffected by treatment. No treatment effect was found on 305-d milk and
protein yields. The vitamin supplement reduced 305-d milk fat yield in primiparous cows
as compared with controls whereas no treatment effect was observed for multiparous
cows. As indicators of energy balance, the fat:protein ratio was decreased by 0.06 and
body condition score losses after calving tended to be smaller for cows in the vitamin
group as compared with control. The decrease of the fat:protein ratio by the vitamin
supplement was greater in primiparous cows than in multiparous cows. Cows receiving
the vitamin supplement lost less body weight (estimated by heart girth circumference)
during the first 60 DIM than control cows. Estimated body weight losses of 22.8 and
30.3 kg were recorded for vitamin and control cows, respectively. The observed reduction
in estimated body weight loss coupled with a reduction of the fat:protein ratio without
effect on milk yield suggest that supplementary folic acid and vitamin B-12 could have an
effect on energy partitioning in early lactation.
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1. Introduction

It is well known that rumen microorganisms can
synthetize B vitamins including folic acid and vitamin
B-12 (Bechdel et al., 1928; National Research Council, 2001).
Previous studies showed that ruminal bacteria from
healthy ruminants produce B vitamins in sufficient
amounts to avoid the displaying signs of clinical deficiency
and concluded that those animals do not need an exogen-
ous supply of these vitamins (Eckles and Williams, 1925;
Kon and Porter, 1954; National Research Council, 2001).
Parturition and the onset of lactation are considered as the
most demanding time for dairy cows. This period is
characterized by a depression of the immune system
combined with endocrine and physiological changes and
a reduction of dry matter (DM) intake (Goff and Horst,
1997). Nadir of serum folate concentration in dairy cows is
observed at calving (Girard et al., 1989) and at 8 wk after
parturition regarding serum vitamin B-12 concentration
(Girard and Matte, 1999). Those results demonstrated that
supply is not sufficient to overcome fluctuations of serum
folates and vitamin B-12 concentrations in early lactation.
Moreover, milk and milk component yields per cow
increased by 33% whereas DM consumption increased by
only 15% (Weiss and Ferreira, 2006). Under these condi-
tions, it is possible that synthesis of folates and vitamin
B-12 by ruminal bacteria might not be sufficient to meet
the cow needs and to optimize milk yield and components
(Girard and Matte, 2005b).

In a previous study, a dietary supplement of folic acid,
given alone or combined with a vitamin B-12 supplement,
increased milk yield by 3.4 kg/d in multiparous dairy cows
during the first 8 wk of lactation (Graulet et al., 2007).
However, these authors concluded that metabolic efficiency
of dairy cows was improved when they received the com-
bined supplement of folic acid and vitamin B-12 as plasma
glucose increased and hepatic concentrations of lipids
decreased even if lactational performance and DM intake
were similar to cows fed supplementary folic acid alone.
Furthermore, milk production was increased by 12% in early
lactation for multiparous cows receiving a parenteral supple-
ment of both folic acid and vitamin B-12 as compared with
control (Preynat et al., 2009a). Milk fat and protein yields were
increased by the combined supplement of folic acid and
vitamin B-12 without effect on DM intake (Preynat et al.,
2009a). Previous studies concluded that a combined supple-
ment of folic acid and vitamin B-12 improved efficiency of
energy metabolism in early lactating dairy cows (Girard and
Matte, 2005a; Graulet et al., 2007; Preynat et al., 2009a, 2010).
However, these studies did not look at the effects of the
combined vitamin supplement given during the periparturi-
ent period and early lactation further in the lactation, even
after the end of the supplementation. An excessive negative
energy balance (EB) in early lactation had negative effect on
mature-equivalent 305-d milk yield at the herd level (Ospina
et al., 2010). Therefore, it was hypothesized that a folic acid
and vitamin B-12 supplement would enhance production
performance during the first 60 days in milk (DIM) and on
305-d yield and would have a positive impact on indicators of
EB of primiparous and multiparous cows in commercial
dairy herds.
The objective of this study was to evaluate, in commer-
cial dairy herds, the effect of a folic acid and vitamin B-12
supplementation given from 21 d before the expected
calving date until 60 DIM to primiparous and multiparous
cows on milk and component yields within the first
60 DIM and during the 305-d lactation, and on indicators
of EB (such as body condition score (BCS) and the fat:
protein ratio). The purpose to collect data even if the
supplementation was finished was to study possible
effects further in the lactation. Moreover, the large number
of dairy herds involved in this study allowed comparison
of treatment responses among herds.

2. Materials and methods

All procedures of this experiment were approved by
the Animal care committee from Université Laval, Québec,
Canada following the guidelines of the Canadian Council
on Animal Care (2009).

2.1. Herds and cows

Herds and cows were previously described by Duplessis
et al. (2014). Briefly, 15 commercial dairy herds located
around Québec City, Canada were involved in this study. A
total of 805 dairy cows were involved in this experiment;
271 primiparous and 534 multiparous cows; 780 Holstein
and 25 Jersey cows. The number of cows per herd ranged
between 25 and 120. All cows were housed in tie-stall
barns and milked twice daily. Diet management differed
among herds; 7 herds used a total mixed ration and 8
herds had an individual concentrate feeding system.
Rations among herds were mainly based on legume-
grass silage, corn silage, and concentrate as ground corn.
Culling rate, disease, and reproduction data were pre-
sented elsewhere (Duplessis et al., 2014).

To join the study, herds were required to record milk
production on a monthly basis through Valacta (Dairy Pro-
duction Center of Expertise, Québec and Atlantic Provinces,
Ste-Anne-de-Bellevue, QC, Canada). Moreover, herds had to be
visited at least once a month by a local veterinarian and timed
artificial insemination must not be used routinely. Veterinar-
ians working close to Québec city, Canada were asked to
contact dairy producers that met the above conditions and
participation was on a voluntary basis.

In 2010, average dairy herds in Québec, Canada had 57
cows which produced in average 8800 kg of milk for a
305-d lactation (Valacta, 2011). Size of herds involved in
this study corresponded to average dairy herds in Québec,
but milk production was higher. For the lactation preced-
ing the study, the average 305-d milk, fat, and protein
yields were 96627114 kg, 42376 kg, and 34575 kg,
respectively, and did not differ between treatment groups
(P40.64). The calving interval preceding the experiment
was 39373 d for both treatment groups (P¼0.40).

2.2. Treatments

The study lasted 14 mo and herds were visited from
February 2010 to April 2011. During this period, each herd
was visited by the same individual every other week on



Table 1
Average composition (range) of pre-calving and early lactation diets in
the studied herds.a

Composition Precalving diet Early-lactation diet

Herds, n 14 15
CPb, % DM 14.5 (12.8–16.2) 17.2 (16.3–18.5)
RDPb,c, % DM 9.1 (7.5–11.1) 10.7 (9.5–11.4)
RUPb,c, % CP 30.1 (26.3–34.0) 37.5 (32.0–42.6)
NELb,c, Mcal/kg 1.49 (1.37–1.61) 1.63 (1.58–1.69)
Fat, % DM 2.8 (2.0–3.6) 4.0 (3.3–4.5)
ADFb, % DM 26.9 (21.3–32.1) 20.4 (17.1–23.3)
NDFb, % DM 44.9 (35.8–53.8) 33.7 (25.6–37.6)
Roughage NDF, % DM 40.9 (31.5–51.9) 27.3 (23.6–30.4)
NFCb,c, % DM 32.5 (27.4–39.1) 38.6 (32.1–42.4)
Ca, % DM 0.86 (0.52–1.34) 0.91 (0.80–1.00)
P, % DM 0.39 (0.27–0.73) 0.43 (0.39–0.51)
Mg, % DM 0.39 (0.22–0.55) 0.32 (0.27–0.35)
K, % DM 1.53 (1.24–1.75) 1.50 (1.24–1.70)
Co, mg/kg DM 0.55 (0.11–1.21) 0.56 (0.26–0.94)
DCADd, mEq/kg 53.0 (�56.3–264.2) 253.0 (160.5–372.0)
Concentrate, % DM 28.8 (19.7–41.5) 41.8 (36.1–50.7)

a Diet compositions were provided by each herd nutritionist, based
on individual forage analyses done in the Valacta laboratory. Data from
one herd regarding precalving diet were lacking.

b CP¼crude protein; DM¼dry matter; RDP¼rumen-degradable pro-
tein; RUP¼rumen-undegradable protein; NEL¼net energy for lactation;
ADF¼acid detergent fiber; NDF¼neutral detergent fiber; NFC¼nonfiber
carbohydrates.

c Calculated according to National Research Council (2001).
d Based on the equation: dietary cation-anion difference (DCAD;

mEq/kg)¼[(%Na�435)þ(%K�256)]–[(% Cl�282)þ(%S�624)] (Ender
et al., 1971).
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the same schedule. Every 2 mo from February to December
2010 and within each herd, cows were assigned, based on
parity (primiparous vs. multiparous), predicted 305-d milk
yield, and calving interval to weekly intramuscular injec-
tions of either 5 mL of (1) saline 0.9% NaCl (Control group)
or (2) 320 mg of folic acidþ10 mg of vitamin B-12 (Vita-
min group; pteroylmonoglutamic acid, MP Biomedicals,
Solon, OH, USA and cyanocobalamin, 5000 mg/mL, Veto-
quinol, Lavaltrie, QC, Canada). The injected amount of
vitamins was chosen according to the experiment of
Girard et al. (1989) and Preynat et al. (2009a). The
treatments began 2178 d before the expected calving
date and lasted until 6074 DIM. Producers were asked
to inject the cows during the weeks between visits.
Disposable syringes containing the studied solutions were
prepared every 2 wk and were kept refrigerated in a box to
protect them from light.

2.3. Data collection

Individual milk yield and composition determined by
mid infrared reflectance spectrometry (fat, protein, lactose,
and urea) were recorded monthly in each herd, and
monthly test-day, lactation length, and 305-d milk, fat,
and protein yield data were provided by Valacta, the Dairy
Herd Improvement agency. Even if the supplement was
given until the first 60 DIM, monthly test-day data were
collected for the entire lactation.

Body condition score was evaluated every other week
by the same individual within herds and throughout the
study according to a 1 (very thin) to 5 (very fat) scale with
quarter points (Ferguson et al., 1994; Wildman et al., 1982)
starting 2178 d before the expected calving date and
lasted until 9376 DIM. Body condition score was mea-
sured even after the end of the supplementation period to
evaluate possible long-term effect of the supplement. Body
weight (BW) of cows was estimated by the same indivi-
dual using calibrated weight tapes measuring heart girth
circumference at 2178 d before calving, at the first visit
after calving (774 DIM) and at 55713 DIM. Because
weigh scales were not available on farms, heart girth
circumference was chosen to estimate BW as this body
size measurement is highly correlated with BW of dairy
cows (Yan et al., 2009). Even though BW measurements
using a calibrated tape undoubtedly introduced some
imprecision into the weight recording, it was assumed
that the loss of precision was similar between treatments,
especially as this measurement was done by the same
individual.

For each herd, feed samples were taken when forages
fed to dairy cows changed (for example switched over first
to second cut), immediately put on ice for transportation,
and sent to Valacta for analysis. Ration and nutrient
compositions based on these feed sample analyses were
obtained from herd nutritionists throughout the study.
Average nutrient composition of diets fed before calving
(from 21 d before parturition to calving) and during early
lactation (from calving to 60–100 DIM) are described in
Table 1. All dairy herds used a precalving and an early-
lactation diets. However, data regarding precalving diet
from one herd were lacking and were not included
(Table 1). Among herds, rations were computed to meet
or exceed Co requirements (0.11 mg/kg of DM) according
to the National Research Council (2001).
2.4. Calculations

Calculation of energy-corrected milk (ECM) was made
as follows: ECM (kg/d)¼12.55� fat (kg/d)þ7.39�protein
(kg/d)þ5.34� lactose yield (kg/d), based on National
Research Council (2001) and energy value of milk of
0.74 Mcal/kg (Tyrrell and Reid, 1965). For a given monthly
test day, the percentages of milk fat and milk protein of
each cow were used for the calculation of the fat:protein
ratio (Buttchereit et al., 2010; Duffield et al., 1997).
2.5. Energy balance and fat mobilization indicators

Energy balance was not computed in the present
experiment because it was not possible to measure accu-
rate DM intake as it is not a common practice in commer-
cial dairy herds. Nevertheless, some indicators correlated
with fat mobilization as BCS and the fat:protein ratio could
provide a good estimation of EB of dairy cows in early
lactation (Buttchereit et al., 2010; de Vries and Veerkamp,
2000; Grieve et al., 1986) and they were considered as
indicators of EB in the present experiment. Body weight
changes after parturition could be considered as an indi-
cator of fat mobilization (Tamminga et al., 1997; Weber
et al., 2013).



Table 2
Milk production and components according to parity and treatments for the first 60 DIM (adjusted mean7SE).

Item Treatmenta (Trt) P-value

Primiparous Multiparous

Control Vitamins Control Vitamins Trt Parity Trt�Parity

Number of cows 136 135 263 271
Milk yield, kg/d 29.970.5 29.670.5 40.370.3 40.370.3 0.68 o0.0001 0.68
ECMb, kg/d 30.070.5 28.770.5 39.770.4 39.370.4 0.06 o0.0001 0.21

Fat
Concentration, g/kg 42.570.6 40.170.7 41.670.5 40.470.5 0.004 0.59 0.12
Yieldc, kg/d 1.2670.02 1.1870.03 1.6670.02 1.6370.02 0.42 o0.0001 0.08

Protein
Concentration, g/kg 30.670.3 31.170.3 31.170.3 31.770.2 0.04 0.05 0.83
Yield, kg/d 0.9170.02 0.9070.02 1.2470.01 1.2570.01 0.88 o0.0001 0.43

Lactose
Concentration, g/kg 46.670.3 46.470.3 45.670.2 45.370.2 0.22 o0.0001 0.62
Yield, kg/d 1.4070.02 1.3870.03 1.8470.02 1.8470.02 0.77 o0.0001 0.72

Fat:protein ratiod 1.4170.02 1.3470.02 1.3670.01 1.3270.01 0.001 0.18 0.07
MUNe, mg/dL 8.4970.25 8.6370.26 8.3970.19 8.1170.19 0.79 0.20 0.15

a Control¼5 mL of saline 0.9% NaCl; Vitamins¼3 mL of 320 mg of folic acid and 2 mL of 10 mg of vitamin B-12.
b Energy-corrected milk (ECM; kg/d)¼12.55� fat (kg/d)þ7.39�protein (kg/d)þ5.34� lactose yield (kg/d). Adapted from National Research Council

(2001) and Tyrrell and Reid (1965).
c No treatment effect for multiparous cows (P¼0.23) but the vitamin supplement reduced milk fat yield in primiparous cows as compared with control

(P¼0.007).
d Vitamin supplement decreased the fat:protein ratio at a higher extent in primiparous cows (P¼0.0005) than in multiparous cows (P¼0.02).
e MUN¼milk urea nitrogen.
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2.6. Statistical analysis

Lactation curves for the whole lactation (0–400 DIM)
were estimated from individual test-day records using a
model as per Wilmink (1987) and Santschi et al. (2011), i.e.
regression on DIM, and a regression on the exponential
coefficient expDIM (calculated as e�0.05DIM) and the
MIXED procedure of SAS (version 9.2, SAS Institute,
2008). Fixed effects of the model were treatment, parity,
DIM, expDIM, block, and herd as well as the following
interactions: treatment�parity, treatment�DIM, treat-
ment� expDIM, parity�DIM, and parity� expDIM. Ran-
dom regression effects per cow were intercept, DIM, and
expDIM. Blocks meant 2-mo assignation intervals and
parity referred to primiparous and multiparous cows after
calving. ESTIMATE statements were created for each DIM
for prediction of lactation curves. Cows with two or less
individual test-day records were excluded for calculation
of whole lactation curves. This random regression analysis
allowed estimating lactation curves according to each DIM
although individual test-day records were not taken at the
same DIM within animals and herds.

Average milk production, and milk components i.e. fat,
protein, and lactose yields and concentrations as well as
the fat:protein ratio and milk nitrogen urea for the first
60 DIM were evaluated with the MIXED procedure of SAS
using same fixed and random regression effects as for
lactation curves. Appropriate ESTIMATE statements
(summed and averaged over the first 60 DIM) were used
in order to calculate effects of treatment for the first
60 DIM using the whole random regression lactation
curve approach of Wilmink (1987) as described above.
This analysis allows estimating production within the
first 60 DIM using whole lactation individual test-day
records.

Statistical analysis for the current 305-d milk, fat, and
protein yields and lactation length were performed with
the MIXED procedure of SAS including treatment, parity,
block, herd, and treatment�parity interaction as fixed
effects. Data on cows having a lactation length less than
250 d were not included in the analysis.

Data on BCS were analyzed with the MIXED procedure
of SAS using repeated measures with treatment, parity,
block, herd, time as well as treatment�parity, treat-
ment� time, parity� time, and treatment�parity� time
interactions as fixed effects. Time periods were defined as
follows: (1) 27–14 d before calving; (2) 13–0 d before
calving; (3) 1–14 DIM; (4) 15–28 DIM; (5) 29–42 DIM; (6)
43–56 DIM; (7) 57–70 DIM; (8) 71–84 DIM; and (9) 85–
98 DIM. Seven covariance structures were tried out (CS,
CSH, AR(1), ARH(1), TOEP, TOEPH, and UN). Unstructured
covariance structure was chosen because fit statistics were
the smallest.

Data on estimated BW were analyzed with the MIXED
procedure of SAS using repeated measures with unequal
time intervals. Fixed effects were as described previously for
BCS analysis. Eight different covariance structures were
compared (SP(POW), SP(GAU), SP(EXP), SP(LIN), SP(LINL),
SP(SPH), ANTE(1), and UN); ANTE(1) was chosen because
fit statistics were the smallest. Estimated BW changes
between 21 d before calving until 7 d after calving and 7 d
after calving until 55 DIMwere also analyzed separately with
the MIXED procedure of SAS with treatment, parity, block,
herd, and treatment�parity interaction as fixed effects.

When the interaction treatment�parity was signifi-
cant or a tendency, the SLICE option in the LSMEANS
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Fig. 1. Effects of a supplementation in folic acid and vitamin B-12 during
the first 60 days in milk on milk fat (a; P¼0.004) and milk protein (b;
P¼0.04) concentrations. Control¼5 mL of saline 0.9% NaCl; Vita-
mins¼3 mL of 320 mg of folic acid and 2 mL of 10 mg of vitamin B-12.
The average standard errors were 0.4 and 0.2 g/kg for milk fat concen-
tration and milk protein concentration curves, respectively.
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statement of SAS was used to help interpretation. Results
were considered significant when Pr0.05 and as a ten-
dency at 0.05oPr0.10.

3. Results

3.1. Milk yield and components

Average milk yield during the first 60 DIM was
35.070.3 kg/d and was unaffected by treatment
(P¼0.68). As expected, multiparous cows had a greater
milk production than primiparous cows (Po0.0001;
Table 2); 29.770.5 and 40.370.4 kg/d for primiparous
and multiparous cows, respectively. Energy-corrected
milk tended to be lower in cows receiving the vitamin
supplement than in control cows (P¼0.06). Indeed, for
the first 60 DIM, ECM was 34.070.3 and 34.970.3 kg/d
for the vitamin group and control, respectively. The
vitamin supplement decreased milk fat concentration
from 42.1 to 40.370.4 g/kg (P¼0.004; Fig. 1a) but
increased milk protein concentration from 30.9 to
31.570.2 g/kg (P¼0.04; Fig. 1b). No treatment effect
on milk lactose concentration was observed (P¼0.22;
Table 2). Daily yields of protein and lactose secreted in
milk did not differ between treatments (P40.42;
Table 2) and were greater for multiparous cows than
primiparous cows (Po0.0001). A tendency for a lower
daily milk yield of fat for primiparous cows that received
the vitamin supplement was observed as compared with
controls but no effect was observed in multiparous cows
(treatment�parity interaction; P¼0.08).

The average fat:protein ratio was decreased by 0.06 by
the folic acid and vitamin B-12 supplement (P¼0.001;
Table 2). However, the fat:protein ratio decrease in
response to the vitamin supplementation tended to be
greater for primiparous than for multiparous cows (treat-
ment�parity interaction; P¼0.07). No effects of treat-
ment, parity as well as treatment�parity interaction on
milk urea nitrogen were observed (P40.15; Table 2).

Lactation length was not different between treatments
and parity (treatment�parity interaction, P¼0.33). The
current 305-d milk yield was not affected by treatment nor
was 305-d protein yield (PZ0.31; Table 3). Pertaining to
305-d milk fat yield, a tendency treatment�parity inter-
action was observed (P¼0.08; Table 3). The 305-d milk fat
yield for primiparous cows was decreased by 16 kg by the
vitamin supplement (P¼0.03) but no effect was noted for
multiparous cows (P¼0.94). Curves of ECM for the 305-d
yield for primiparous and multiparous cows are shown in
Fig. 2a,b (treatment�parity interaction, P¼0.20). Primi-
parous cows had a lower ECM peak but a better persis-
tency than multiparous cows.

3.2. Body condition score and estimated body weight

At 2178 d before calving, average BCS were 3.76 and
3.2370.03 for primiparous and multiparous cows, respec-
tively, and were not different between treatment groups
(P¼0.69). The BCS at 774 DIM were not affected by
treatment (P¼0.12; Table 4). The vitamin supplement
tended to increase BCS over time (treatment� time
interaction, P¼0.07). There was no treatment effect on
BCS before calving (PZ0.45) but BCS of cows receiving the
vitamin supplement tended to be higher by 0.04 unit after
calving (Pr0.08) as compared with control cows. Despite
BCS being higher for primiparous cows throughout the
studied period, they lost more BCS after calving than did
multiparous cows (0.9270.03 vs. 0.7270.02 for primi-
parous and multiparous cows, respectively; parity� time
interaction, Po0.0001).

As expected, at 2178 d before calving, primiparous cows
were lighter (Po0.0001); 644.274.9 and 696.573.5 kg of
estimated BW for primiparous and multiparous cows, respec-
tively. Treatment� time interaction on estimated BW was
significant (P¼0.01). Estimated BW losses among time peri-
ods were subsequently calculated to understand this interac-
tion. Estimated BW losses 21 d before calving to 7 d
postpartum did not differ between treatments (P¼0.29;



Table 3
Lactation length, 305-d milk and component yields according to parity and treatments (adjusted mean7SE).

Item Treatmenta (Trt) P-value

Primiparous Multiparous

Control Vitamins Control Vitamins Trt Parity Trt�Parity

Number of cowsb 118 113 202 218
Lactation lengthc, d 35176 35675 36175 35575 0.99 0.40 0.33
Milk yield (305 d)c, kg 87827124 86557126 10,396794 10,306791 0.31 o0.0001 0.86
Fat yield (305 d)c,d, kg 35775 34175 40574 40574 0.07 o0.0001 0.08
Protein yield (305 d)c, kg 28674 28174 33573 33373 0.35 o0.0001 0.61

a Control¼5 mL of saline 0.9% NaCl; Vitamins¼3 mL of 320 mg of folic acid and 2 mL of 10 mg of vitamin B-12.
b Cows with lactation length less than 250 d were not included.
c Herd effect, Po0.0001.
d The vitamin supplement reduced 305-d milk fat yield in primiparous cows as compared with control (P¼0.03) whereas no treatment effect was

observed for multiparous cows (P¼0.94).
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Fig. 2. Energy corrected milk (ECM) 305-d lactation curves for primipar-
ous (a) and multiparous (b) cows according to treatments (treat-
ment�parity interaction, P¼0.20). Control¼5 mL of saline 0.9% NaCl;
Vitamins¼3 mL of 320 mg of folic acid and 2 mL of 10 mg of vitamin B-
12. ECM (kg/d)¼12.55� fat (kg/d)þ7.39�protein (kg/d)þ5.34� lactose
yield (kg/d). The average standard errors were 0.5 and 0.3 kg/d for
primiparous and multiparous curves, respectively.
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Table 4) and averaged 26.0 and 28.772.7 kg for vitamin and
control groups, respectively. The vitamin supplement reduced
estimated BW losses after calving, from 7 to 55 DIM, by 7.5 kg
(P¼0.007) as compared with control cows. Estimated BW
losses were 22.8 and 30.372.9 kg for vitamin and control
groups, respectively.

3.3. Variation among herds

Responses to treatments among the 15 herds involved in
this experiment are illustrated in Figs. 3 and 4. Milk fat
concentration and estimated BW loss decreased in 12 herds
out of 15 and milk protein concentration increased in 9 herds
out of 15 following the vitamin supplementation (Figs. 3a, b
and 4). The variability among herd responses is huge, espe-
cially for milk fat concentration and estimated BW loss
differences. Among herds in which the vitamin supplement
decreased milk fat concentration and estimated BW loss, the
diminution varied from �0.6 to �5.5 g/kg and from �1.4 to
�21.0 kg, respectively. On the other hand, the vitamin supple-
ment increased the protein concentration of milk from 0.3 to
2.9 g/kg in 9 herds.

4. Discussion

The folic acid and vitamin B-12 supplement administrated
by intramuscular injections did not increase milk yield within
the first 60 DIM and 305-d lactation period in commercial
herds. Milk fat concentration was decreased during the first
60 DIM for both primiparous and multiparous cows receiving
the vitamin supplement. In contrast, in a previous study, a
significant increase of milk production of 3.4 kg/d during the
first 8 wk of lactation was observed for multiparous cows fed
dietary folic acid, alone or in combination with vitamin B-12
given around parturition and in early lactation (Graulet et al.,
2007). Moreover, Preynat et al. (2009b) observed that a
combined supplement of folic acid and vitamin B-12 injected
intramuscularly every week tended to increase milk produc-
tion during the first 16 wk of lactation in multiparous cows. In
these two studies, the combined supplement of folic acid and
vitamin B-12 had no effect on milk fat concentration (Graulet
et al., 2007; Preynat et al., 2009b). The discrepancy among
these trials is difficult to explain as, in the current study,
no blood measurements were performed to analyze folic
acid and vitamin B-12 status of cows. Responses among herds



Table 4
Body condition score (BCS) and estimated body weight (BW) after calving and estimated BW losses before and after calving (adjusted mean7SE).

Item Treatmenta (Trt) P-value

Primiparous Multiparous

Control Vitamins Control Vitamins Trt Parity Trt�Parity

Number of cows 136 135 263 271
BCS at 7 DIMb,c,d 3.4170.05 3.4370.05 2.9770.05 3.0370.05 0.12 o0.0001 0.55
Estimated BW at 7 DIMc,d,e, kg 599.775.6 592.175.6 664.774.0 664.274.0 0.56 o0.0001 0.73

Estimated BW loss,e kg
Before calving until 7 DIMd,f 33.973.5 30.673.6 23.472.9 21.472.9 0.29 0.0001 0.81
After calvingd,g 32.573.8 24.773.8 28.173.1 21.073.1 0.007 0.14 0.89

a Control¼5 mL of saline 0.9% NaCl; Vitamins¼3 mL of 320 mg of folic acid and 2 mL of 10 mg of vitamin B-12.
b According to a 1 (very thin) to 5 (very fat) scale with quarter points (Wildman et al., 1982; Ferguson et al., 1994).
c Measured at the first visit after calving on average at 774 days in milk (DIM).
d Herd effect, Pr0.002.
e Estimated using calibrated tapes measuring heart girth circumference.
f Loss in estimated BW between 2178 d before calving until 774 d after calving.
g Loss in estimated BW 774 d after calving until 55713 DIM.
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Fig. 3. Milk fat (a) and milk protein (b) concentrations during the first 60
days in milk according to treatments (open bars¼control (5 mL of saline
0.9% NaCl) and closed bars¼vitamins (3 mL of 320 mg of folic acid and
2 mL of 10 mg of vitamin B-12)) among the 15 herds involved and the
mean (herd effect; Po0.0001). Number of cows per herd involved in the
experiment was: 1¼30; 2¼50; 3¼81; 4¼47; 5¼129; 6¼47; 7¼48;
8¼45; 9¼44; 10¼54; 11¼27; 12¼31; 13¼75; 14¼14; and 15¼83.
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Fig. 4. Estimated body weight loss from 7 to 55 days in milk according to
treatments (open bars¼control (5 mL of saline 0.9% NaCl) and closed
bars¼vitamins (3 mL of 320 mg of folic acid and 2 mL of 10 mg of vitamin
B-12)) among the 15 herds involved and the mean (herd effect;
P¼0.002). Number of cows per herd involved in the experiment was:
1¼30; 2¼50; 3¼81; 4¼47; 5¼129; 6¼47; 7¼48; 8¼45; 9¼44;
10¼54; 11¼27; 12¼31; 13¼75; 14¼14; and 14¼83.
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were consistent regarding milk fat concentration within the
first 60 DIM but the extent of the response was variable
among herds. This variability among herds highlights the fact
that the actual state of knowledge does not allow predicting
ruminal synthesis and supply of folic acid and vitamin B-12
based on diet characteristics.

Milk protein concentration increased within the first
60 DIM for cows receiving the vitamin supplement as
compared with control ones for the majority of herds
involved in this experiment. Similarly, several studies
reported that a supplement of folic acid in combination
with vitamin B-12 increases milk protein concentration,
yield, or both (Graulet et al., 2007; Preynat et al., 2009b).

Girard and Matte (2005a), Graulet et al. (2007) and
Preynat et al. (2010; 2009a) concluded that a combined
supplement of folic acid and vitamin B-12 given during the
transition period and in early lactation improved meta-
bolic efficiency of dairy cows. An explanation could be that
vitamin B-12 is involved as a coenzyme for the entry of
propionate into the Krebs cycle for providing energy
(Scott, 1999), and subsequently being used for gluconeo-
genesis. Propionate is the major glucogenic precursor
(Reynolds, 2006) and accounts for 50–60% of glucose flow
in ruminants (Danfær et al., 1995).

In the literature, it is reported that cows with an excessive
negative EB in early lactation generally produce a higher
milk fat concentration and lower milk protein concentration
(de Vries and Veerkamp, 2000; Grieve et al., 1986; Gross
et al., 2011). In early lactation, milk production requires more
energy thanwhat can be provided by DM intake. This results
in a negative EB leading to a mobilization of body fat reserves
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to meet requirements for milk production and maintenance
(Butler and Smith, 1989). Fat from body reserves can be
taken up by the mammary gland and secreted in milk
(Bauman and Griinari, 2003; Remppis et al., 2011) and can
increase thereafter milk fat concentration. On the other
hand, protein synthesis in the mammary gland requires
ATP (Lemosquet et al., 2010). Coulon and Rémond (1991)
reported that, in early lactation, milk protein concentration
increases linearly with energy supply. By decreasing milk fat
concentration and increasing milk protein concentration as
compared with control cows, it could be hypothesized that
the vitamin supplement changed energy partitioning in early
lactation.

The fat:protein ratio is a good indicator of the energy
status of dairy cows in early lactation (Buttchereit et al., 2010;
Heuer et al., 2000). Therefore, in the present study, the lower
fat:protein ratio among cows receiving the vitamin supple-
ment could indicate a better energy status as compared with
control cows. The reason why the decrease of the fat:protein
ratio over the first 60 DIM in response to the vitamin
supplement was greater for primiparous cows as compared
to multiparous cows remains unclear.

As indicators of body fat mobilization and EB, the reduced
losses of estimated BW and the higher BCS of cows receiving
the vitamin supplement observed in early lactation are in
accordance with the lower milk fat concentration as com-
pared with control cows. These results suggest that there was
possibly less mobilization of body fat reserves for cows in the
vitamin group and the response was consistent among herds.
However, average differences of BCS and estimated BW
changes between treatments are low, especially for BCS. As
weigh scales were not available on farms, BW was estimated
by heart girth circumference measurements. Yan et al. (2009)
concluded that, in lactating dairy cows from different parities
and stages of lactation, heart girth circumference had a strong
relationship with BW as the correlation coefficient between
these two variables was 0.88.

Graulet et al. (2007) and Preynat et al. (2009b)
observed no treatment effect on pre- and post-calving
BW and BCS for cows receiving a combination of folic acid
and vitamin B-12 supplement. However, in the present
study, the folic acid and vitamin B-12 supplement signifi-
cantly decreased BW losses from 7 until 55 DIM and
tended to diminish BCS losses. These differences among
experiments could be partially explained by the number of
animals involved in each study. The BCS at calving for
multiparous cows was similar to figures reported by
Santschi et al. (2011). Řehák et al. (2012) observed similar
BW changes from 1 to 8 wk after parturition. As in the
current study, Adrien et al. (2012) and Janovick and
Drackley (2010) reported that before calving, multiparous
cows were heavier and had a lower BCS than primiparous
cows. The reason why primiparous cows lost more BCS
than multiparous cows in the present experiment remains
difficult to explain as results from VandeHaar et al. (1999)
showed opposite results. However, it could be explained
by primiparous cows having a higher BCS at calving
than multiparous cows. A review made by Broster and
Broster (1998) revealed that the larger is the BCS at
calving, the greater the loss of BCS would be over the
first 60–70 DIM.
A limitation of this study is that DM intake could not be
recorded. However, several studies showed that folic acid
and vitamin B-12 supplementation did not affect DM
intake in early lactation (Girard and Matte, 2005a;
Graulet et al., 2007; Preynat et al., 2009a, 2009b).

5. Conclusion

Supplementation of folic acid and vitamin B-12 given 21 d
before the expected calving date until 60 DIM did not increase
milk yield of dairy cows in early lactation and during the 305-
d lactation period in commercial dairy herds. However, the
decrease of milk fat concentration and the increase of milk
protein concentration leading to a lower fat:protein ratio in
cows receiving the vitamin supplement suggest that the
supplement changed energy partitioning in early lactation.
The reduced loss of estimated BW after calving in dairy cows
receiving folic acid and vitamin B-12 as compared with
control cows is in agreement with that statement. However,
as the experimental design did not allow measuring DM
intake, it cannot be ruled out that the change in energy
partitioning was due to an increased DM intake in cows
receiving the folic acid and vitamin B-12 supplement.
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