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ABSTRACT 
Results from 4 switchback field trials involving 
608 cows were combined to assess the effects 
of a protected B vitamin blend (BVB) vs 10 mg of 
unprotected biotin upon milk yield (kg), fat %, 
protein %, fat yield (kg) and protein yield (kg) in 
primiparous and multiparous cows. Trials con-
sisted of 3 DHIA periods executed in the order 
control-test-control. Cows from 45 to 300 days in 
milk (DIM) at the start of the experiment that 
were available for all 3 periods were included in 
the analysis. No diet changes other than the 
substitution of 3 grams/cow/day of the BVB for 
10 mg of biotin during the test period occurred. 
Results from the two control periods were com- 
pared to results obtained during the test period 
by individual cow using a paired T test. Results 
for all cows showed that the provision of the 
BVB resulted in increased (P < 0.05) milk, fat 
percentage (%), protein %, fat yield and protein 
yield. Analysis by age revealed that milk pro- 
duction and milk protein yield were only im- 
proved in mature cows. Milk production had a 
negative effect upon the magnitude of the in-
crease in milk components. The change in milk 
yield was greatest in early lactation and declined 
with DIM. Protein % and fat % increased with 
DIM in mature cows, but not in first lactation 
cows. Differences in fat yields between test and 
control feeding periods did not change with DIM, 
but the improvement in protein yield in mature 
cows declined with DIM. These results indicate 
that the BVB provided economically important 
advantages throughout lactation beyond those 
witnessed with biotin, but expected results 

would vary with cow age and stage of lactation. 
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1. INTRODUCTION 

Biotin is a noteworthy B vitamin for dairy cows, par- 
ticularly with respect to maintenance of hoof health [1, 
2]. Biotin has additionally been reported to improve milk 
production, although this response is less consistent. 
While being investigated as a tool to improve hoof health, 
Bergsten et al. [3] found an improvement in milk yield in 
one long-term experiment. This was attributed to im- 
proved locomotion, and the ability to compete for feed in 
this full lactation evaluation. No production improve-
ments were identified in another study evaluating 10 and 
20 mg/cow/day of added biotin [4]. Ferriera et al. [5] 
showed that supplemental biotin improved milk yield in 
high producing cows, but did not change yield in low 
producing cows. This response was rapid, and therefore 
could not be attributed to improved foot health, which 
takes a relatively long period of time to change. Zim- 
merly and Weiss [6] found that milk production and milk 
protein production increased linearly with the inclusion 
of 10 or 20 mg of biotin/cow/day in early lactation. Bio-
tin improved milk production in multiparous but not 
primiparous cows in early lactation in another study [7]. 
Milk production was not altered in another early lacta- 
tion study [8], indicating outcome might be related to 
factors such as yield, DIM or parity.  

In an analysis of results from studies testing a pro- 
tected B vitamin blend (BVB) Evans et al. [9] found that 
responses to the product were dependent on parity, DIM, 
and level of production. Results with the BVB could be 
due to the biotin in the product. Further trials were exe-
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cuted to determine if the results obtained were due to in 
whole or in part to biotin or if other vitamins in the BVB 
made a contribution to the results as well. This analysis 
was conducted to gain insight into differences and simi- 
larities in results between the inclusion biotin and the 
BVB in the diet of lactating dairy cows. 

2. MATERIALS AND METHODS 

Four on-farm feeding experiments were conducted to 
compare responses to 10 mg/cow/day of unprotected 
biotin to a protected BVB (Vicomb P+®, Jefo Nutrition 
Inc., St. Hyacinthe, QC) fed at 3 grams/head/day that 
likewise provided 10 mg/cow/day of biotin, along with 
folic acid, pantothenic acid and pyridoxine. A complete 
description of the product was provided by Sacadura et 
al. [10]. Cows were provided with a consistent diet for 3 
consecutive feeding periods. Feeding periods were de- 
fined as the length of time between Dairy Herd Im- 
provement Association (DHIA) milk tests from herds on 
a monthly, twice-daily testing program. The only feed 
change that was permitted was the substitution of 10 mg 
of biotin with 3 grams of a protected BVB. Both the bio- 
tin and the BVB were mixed into the concentrate portion 
of the total mixed ration based upon the average daily 
dry matter intake of the lactating cows on each farm.  

Individual cow records were used in the analyses. 
Cows selected for participation in the study were those 
that been on a consistent diet for at least 21 days before 
the first DHIA test, were at least 45 days and no more 
than 300 days in milk (DIM) at the first test date and 
were available for all three testing periods. Milk yield 
(kg), milk fat %, milk protein %, milk fat yield (kg) and 
milk protein yield (kg) were monitored by cow. Data 
from the 4 individual trials were combined for the final 
analysis.  

Data were made available from DHIA as comma de-
lineated files and were then transferred into a Microsoft 
Excel® spreadsheet. Data from period 1 and period 3 
were compared by cow to data for period 2 for all vari-
ables using a paired, two sided T test using the data 
analysis function within Microsoft Excel®. Regression 
models were developed from the data set using Minitab 
16 statistical software (Minitab Inc., State College, PA). 

3. RESULTS AND DISCUSSION 

Table 1 provides cow numbers from the 4 participat- 
ing herds. All herds were producing 30 kg or more of 
milk on average. 

Milk, fat and protein yields increased (P < 0.05) with 
the provision of the B vitamin blend relative to biotin 
(Table 2) for the dataset in which all cows were included. 
Although this strongly suggests that the response to the 
BVB is not due solely to the biotin that the product pro-  

Table 1. Description of data used in the analyses. 

Farm Country 
Cows 

milking, N 
Cows 

used, N 
Average 
yield, kg 

1 USA 140 104 34 

2 USA 240 216 32 

3 USA 120 78 32 

4 USA 300 210 30 

 
Table 2. Effects of B vitamin supplementation upon lactation 
performance. 

Parameter BVB Biotin P-Level 

All cows (N = 608) 

Milk, l 32.1 31.42 <0.05 

Fat, % 3.69 3.53 <0.05 

Protein, % 3.14 3.12 <0.05 

Fat yield, kg 1.17 1.10 <0.05 

Protein yield, kg 1.00 0.98 <0.05 

First lactation cows (N = 191) 

Milk, l 28.1 27.9 0.57 

Fat, % 3.80 3.67 <0.05 

Protein, % 3.19 3.15 <0.05 

Fat yield, kg 1.06 1.02 <0.05 

Protein yield, kg 0.89 0.87 0.16 

Cows lactation ≥ 2 (N = 417) 

Milk, l 34.0 33.1 <0.05 

Fat, % 3.64 3.47 <0.05 

Protein, % 3.12 3.11 <0.05 

Fat yield, kg 1.22 1.14 <0.05 

Protein yield, kg 1.05 1.02 <0.05 

 
vides and that these herds responded positively to the 
additional vitamins in the BVB, there were differences in 
responses that could be associated with lactation number. 
Results showed that the improvement in milk yield and 
protein yield occurred in mature cows only, and not in 
the first lactation cows. When only the BVB was pro- 
vided [9], primiparous cows produced 0.8 l more milk 
and 0.05 kg more protein when the BVB was supplied.  

The regression of current milk yield on change in milk 
yield showed lower yielding cows would be more likely 
to respond to the BVB than higher producing cows (Ta-
ble 3). This is opposite to the findings with biotin, where 
only higher producing cows showed greater yields [5]. 

Milk yield response to the BVB relative to biotin de- 
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clined with DIM in mature cows (Table 4). In contrast, 
milk and protein yield increased in primiparous cows 
when the BVB was added to rations that had not previ- 
ously contained biotin [9]. This would suggest that at 
least part of the response to the BVB is associated with 
the inclusion of biotin in primiparous cows.  

In Contrast, milk yield increased (P < 0.05) in multi- 
parous cows given the BVB, suggesting it is not likely 
that biotin alone was responsible for the change. Saca- 
dura et al. [10] calculated that the B vitamins likely to be 
deficient in lactating dairy cows would be pantothenic 
acid, pyridoxine, and folic acid, but that biotin was less 
likely to be limiting. However, microbial production of 
biotin is closely related to ration forage levels [11], and 
may explain the positive results to inclusion found in 
other experiments [3,5,6] where forages levels were mo- 
derate. 

Two past studies [9,10] showed the inclusion of the 
BVB in the diet of lactating cows was instrumental in 
increasing milk fat % and total yield. Such effects have 
not been reported with biotin, and may therefore be due 
to one or more of the other vitamins in the BVB. Milk fat 
% and yield increased in primiparous and multiparous 
cows in this study when cows received the BVB, relative 
to biotin alone. 

Ferreira et al. [5] found that biotin improved milk 
production in high producing but not low producing 
cows. Similar results were anticipated in the current 
study with the BVB, but there were notable differences. 
In Table 4, the regression model predicting the effects of 
current milk yield on the change in milk yield obtained 
with the vitamin blend revealed that cows in lactation 2 
or higher responded regardless of production level, while 
first lactation cows were more likely to respond to the 
added B vitamin if their level of production was low, 
quite the opposite of the findings of Ferreira et al. [5] 
 
Table 3. Effects of current milk yield on change in milk yield 
when a B vitamin blend replaced 10 mg of biotin for lactating 
cows. 

Group Intercept Slope R2 P-Level 

All cows 5.97 −0.148 5.4 <0.05 

First lactation 11.8 −0.417 24.1 <0.05 

Lactation ≥ 2 6.73 −0.160 4.5 <0.05 

 
Table 4. Effect of days in milk on change in milk yield when a 
B vitamin blend replaced 10 mg of biotin for lactating cows. 

Group Intercept Slope R2 P-Level 

All cows 1.84 −0.00967 3.0 <0.05 

First lactation 0.935 −0.00612 1.5 0.10 

Lactation ≥ 2 2.25 −0.0112 3.7 <0.05 

with biotin alone. 
Milk production declines as lactation advances. The 

difference in milk yield response to the BVB between 
test and control periods was significantly reduced by 
DIM for mature cows (Table 5), showing milk increases 
occur in early stages of lactation. However, the regres- 
sion model indicates that heifers are more likely to sus-
tain a response to the BVB throughout their lactation. 
Table 5 provides predictions of response when both yield 
and DIM are included in the regression. When the effects 
of DIM were taken into account, yield clearly had a sig- 
nificant negative impact on the change in milk yield with 
the BVB. 

As noted, the BVB supported greater milk fat % than 
did supplemental biotin. Equations provided in Table 6 
demonstrate that the improvement in fat % when the 
BVB was supplied to cows would likely not be witnessed 
in primiparous or multiparous cows producing more than 
4% fat. Interestingly, the BVB appears to support higher 
milk fat % when milk fat % values are low. 

In general, milk fat % tends to be lower in high pro- 
ducing cows. Fat percentages are most often lower in 
early lactation, and increase as lactation advances. The 
increase in milk fat % in these trials could not (P > 0.05) 
be related to milk yield (Table 7) or to DIM (Table 8). 

Findings were similar with milk protein %. Greater 
protein % values seen with the BVB relative to biotin 
would only be anticipated to occur when current milk 
protein % was below approximately 3.20% (Table 9). It 
is possible that the response declines as the genetic po- 
tential for milk protein is approached [11]. The BVB 
positively influenced protein % as milk production in-
creased in primiparous, but not in multiparous cows (Ta-
ble 10). Changes in protein % could not be related to 
DIM (Table 11). 

The primiparous cows are still growing, and deposit- 
ing protein in tissue. It is possible that one of the vita- 
mins is asserting an effect on growth, resulting in differ- 
ences in protein utilization relative to mature cows. The 
direction of the change in protein with milk production 
was positive for cows in lactation 1 (Table 10) but nega- 
tive for cows in lactation 2 or greater. Long term studies 
would be needed to determine if the BVB improved 
growth and productive longevity in primiparous cows. 

In most dairy marketing schemes, fat and protein yield 
are the basis for payment, and effective ingredients with 
the ability to improve yields of fat and protein benefit 
dairy producers. As Table 4 showed that fat yield was 
increased in all cows, and protein yield was improved in 
first lactation cows with the BVB relative to biotin. Al- 
though fat yield was greater on average with the BVB, 
the change in fat yield declined with the overall yield of 
fat (Table 12). This indicates that the BVB holds the 
greatest advantage over biotin in herds with lower fat  
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Table 5. Effects of current milk yield and days in milk on change in milk yield when a B vitamin blend replaced 10 mg of biotin for 
lactating cows. 

Group Intercept Slope yield P-Level Slope DIM P-Level R2 

All cows 10.1 −0.236 <0.05 −0.0165 <0.05 12.3 

First lactation 13.2 −0.429 <0.05 −0.00816 <0.05 26.3 

Lactation ≥ 2 13.3 −0.292 <0.05 −0.0227 <0.05 15.0 

 
Table 6. Effects of current milk fat % on change in milk fat % 
when a B vitamin blend replaced 10 mg of biotin for lactating 
cows. 

Group Intercept Slope R2 P-Level 

All cows 1.45 −0.367 17.4 <0.05 

First lactation 1.44 −0.358 20.4 <0.05 

Lactation ≥ 2 1.48 −0.379 16.5 <0.05 

 
Table 7. Effects of current milk yield on change in milk fat % 
when a B vitamin blend replaced 10 mg of biotin for lactating 
cows. 

Group Intercept Slope R2 P-Level 

All cows 0.249 −0.0.00310 0.2 0.31 

First lactation 0.057 0.00662 0.6 0.76 

Lactation ≥ 2 0.410 −0.00747 0.9 0.06 

 
Table 8. Effects of days in milk on change in milk fat % when 
a B vitamin blend replaced 10 mg of biotin for lactating cows. 

Group Intercept Slope R2 P-Level 

All cows 0.125 0.000192 0.1 0.43 

First lactation 0.197 −0.000555 1.1 0.16 

Lactation ≥ 2 0.930 0.000536 0.7 0.08 

 
Table 9. Effects of current milk protein % on change in milk 
protein % when a B vitamin blend replaced 10 mg of biotin for 
lactating cows. 

Group Intercept Slope R2 P-Level 

All cows 0.683 −0.214 13.0 <0.05 

First lactation 0.715 −0.217 14.4 <0.05 

Lactation ≥ 2 0.685 −0.218 13.1 <0.05 

 
Table 10. Effects of current milk yield on change in milk pro-
tein % when a B vitamin blend replaced 10 mg of biotin for 
lactating cows. 

Group Intercept Slope R2 P-Level 

All cows 0.0345 −0.000655 0.1 0.50 

First lactation −0.144 0.00625 4.7 <0.05 

Lactation ≥ 2 0.0640 −0.00174 5.0 0.15 

Table 11. Effects of days in milk on change in milk protein % 
when a B vitamin blend replaced 10 mg of biotin for lactating 
cows. 

Group Intercept Slope R2 P-Level 

All cows 0.00570 0.000045 0.1 0.58 

First lactation 0.0511 −0.000169 1.0 0.18 

Lactation ≥ 2 0.0144 0.000140 0.7 0.10 

 
Table 12. Effects of current milk fat yield on change in milk fat 
yield when a B vitamin blend replaced 10 mg of biotin for lac-
tating cows. 

Group Intercept Slope R2 P-Level 

All cows 0.512 −0.402 17.9 <0.05 

First lactation 0.635 −0.583 36.1 <0.05 

Lactation ≥ 2 0.531 −0.395 16.6 <0.05 

 
Table 13. Effects of current milk yield on change in milk fat 
yield when a B vitamin blend replaced 10 mg of biotin for lac-
tating cows. 

Group Intercept Slope R2 P-Level 

All cows 0.250 −0.00578 2.6 <0.05 

First lactation 0.452 −0.0147 12.7 <0.05 

Lactation ≥ 2 0.277 −0.00594 2.5 <0.05 

 
Table 14. Effects of days in milk on change in milk fat yield 
when a B vitamin blend replaced 10 mg of biotin for lactating 
cows. 

Group Intercept Slope R2 P-Level 

All cows 0.108 −0.000341 1.5 <0.05 

First lactation 0.0869 −0.000372 2.3 <0.05 

Lactation ≥ 2 0.118 −0.000323 1.2 <0.05 

 
yields. This effect was also negatively related to level of 
production (Table 13). Higher fat yields would be ex- 
pected when milk production is lower than 32 liters. The 
improvement in fat yield declined with DIM (Table 14). 
However, fat yield would be expected to be higher with 
the BVB than with biotin in the diet up until 316 DIM 
(233 for primiparous and 365 DIM for multiparous  
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Table 15. Effects of current milk fat yield and days in milk on change in milk fat yield when a B vitamin blend replaced 10 mg of 
biotin for lactating cows. 

Group Intercept Slope fat yield P-Level Slope DIM P-Level R2 

All cows 0.599 −0.421 <0.05 −0.000547 <0.05 20.6 

First lactation 0.647 −0.574 <0.05 −0.000175 <0.23 36.6 

Lactation ≥ 2 0.672 −0.445 <0.05 −0.000703 <0.05 20.4 

 
Table 16. Effects of current milk protein yield on change in 
milk protein yield when a B vitamin blend replaced 10 mg of 
biotin for lactating cows. 

Group Intercept Slope R2 P-Level 

All cows 0.306 −0.289 12.5 <0.05 

First lactation 0.444 −0.491 29.0 <0.05 

Lactation ≥ 2 0.339 −0.305 12.3 <0.05 

 

Table 17. Effects of current milk yield on change in milk pro- 
tein yield when a B vitamin blend replaced 10 mg of biotin for 
lactating cows. 

Group Intercept Slope R2 P-Level

All cows 0.194 −0.00543 5.7 <0.05 

First lactation 0.334 −0.0115 18.6 <0.05 

Lactation ≥ 2 0.205 −0.00534 5.1 <0.05 

 
Table 19. Effects of current protein yield and days in milk on change in protein yield when a B vitamin blend replaced 10 mg of bio- 
tin for lactating cows. 

Group Intercept Slope protein yield P-Level Slope DIM P-Level R2 

All cows 0.307 −0.00722 <0.05 −0.000472 <0.05 11.3 

First lactation 0.451 −0.483 <0.05 0.000119 0.23 29.5 

Lactation ≥ 2 0.476 −0.372 <0.05 −0.000564 <0.05 1.5 

 
Table 18. Effects of days in milk on change in milk protein 
yield when a B vitamin blend replaced 10 mg of biotin for lac-
tating cows. 

Group Intercept Slope R2 P-Level

All cows 0.0543 −0.000262 2.3 <0.05 

First  
lactation 

0.0422 −0.000227 2.0 <0.05 

Lactation ≥ 2 0.0596 −0.000277 2.4 <0.05 

 
cows). Current fat yield and DIM explained the largest 
portion of the total variation in milk fat yield (Table 15). 

Overall, protein yield increased in mature cows only 
(Table 4). However, the regression models showed that 
the BVB changed protein yield in both primiparous and 
multiparous cows. Table 16 illustrates that the alteration 
in protein is related to the current amount of protein be- 
ing produced. If the yield is low in either first lactation or 
later lactation cows, they are likely to respond to the 
BVB, with protein output increasing. Relationships were 
established between changes in protein yield and milk 
yield. This occurred animals of all age groups (Table 17). 
The regression models suggested that improvements in 
protein yield would be expected in mature cows produc- 
ing less than 38 l and first lactation cows producing less 
than 29 l of milk. In similar fashion the change in protein 
yield with the BVB relative to biotin was influenced by 
DIM when evaluated alone (Table 18) but not when in- 

cluded with change in protein yield (Table 19). 
Majee et al. [12] compared performances of cows re- 

ceiving a control ration, a BVB or biotin alone at 20 
mg/day. The BVB provided no advantage over biotin 
alone. In the current study, the BVB was ruminally pro- 
tected, and that might account for the differences in re- 
sults. Santschi et al. [13] clearly demonstrated that B 
vitamins added to the rumen were largely destroyed by 
rumen microbes, and this could have negated any benefit 
in the study conducted by Majee et al. [12]. 

4. IMPLICATIONS  

This analysis shows that supplementation of lactating 
dairy cows with a rumen protected BVB containing bio- 
tin, folic acid, pantothenic acid and pyridoxine improved 
milk yield, fat %, fat yield, and protein yield in multipa 
rous and primiparous cows, relative to unprotected biotin. 
Expected response to the BVB would depend upon level 
of production, current milk composition and stage of 
lactation. Data provided from this study can be used to 
predict outcome from the use of the BVB as changes in 
production level and herd demographics occur. 
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