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Abstract 

A previous series of meta-analyses demonstrated that a protected blend of B 
vitamins (RPBV: folic acid, B12, pyridoxine, pantothenic acid, and biotin; Je-
fo, St. Hyacinthe, QC, Canada) improved milk fat and protein yield, with 
variation in the extent of the response. These results represent additional 
analyses of the same dataset to determine if the degree of response to RPVB 
on milk, fat and protein yield might be related to the level of production, lac-
tation number, or days in milk (DIM). Results from 50 on-farm switchback 
trials conducted in 7 countries between 2005 and 2015 were included in the 
analysis. All herds participated in monthly milk recording services, and all 
were Holstein herds. A total of 6483 cows, averaging 163 DIM on the first test 
date, participated in the studies. Data were analyzed using regression models 
that accounted for the effects of trial, period, days in milk (DIM) and lacta-
tion number on milk and component yield. Milk yield and fat yield increased 
with B vitamin inclusion, and the extent of change was determined to in-
crease with lactation number (P < 0.05). Protein yield increased with the 
RPBV and was unaffected by lactation number (P < 0.05) Responses to the 
RPBV occurred throughout lactation but were found to decline with DIM for 
milk, fat and protein yield. The global equation revealed that milk yield with 
the rumen-protected B vitamin blend = 4.05 + [0.917 × control milk] − 
[0.0063 × DIM] + [0.246 × Lactation number] (R2 = 0.798) The use of regres-
sion models allows changes in milk, fat and protein yields with the rumen- 
protected B vitamin blend to be more accurately predicted. 
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1. Introduction 

B vitamins are not routinely provided to lactating dairy cows. The primary rea-
son for this is the ready acceptance of older research showing that the rumen 
microbes supplied enough of these nutrients to support milk production. With 
improvements in cow productivity, interest in this area of research has grown in 
recent times. As a result, microbial B vitamin synthesis is now considered to 
frequently be suboptimal [1]. The National Research Council [2] acknowledged 
research that demonstrated potential limitations for biotin, folic acid and pan-
tothenic acid, but concluded that insufficient data were available to support 
suggesting requirements for these nutrients.  

The difficulty in assessing requirements is associated with the fact that rumen 
microbes do not just produce B vitamins, they also destroy the major portion of 
B vitamins for feed ingredients ([1] [3] [4] resulting in challenges in assessing 
response to the inclusion of these nutrients in diets. Improvements have been 
forthcoming with the use of rumen protection technology, that permits nutrients 
to escape being exposed to microbial degradation. Through the use of this tech-
nology, a rumen-protected B vitamin (RPBV) blend was formulated [5] [6]. 

This product has been evaluated in numerous on-farm feeding studies. Results 
from a recent meta-analysis demonstrated that milk, fat and proteins yields were 
increased by 0.88, 0.043 and 0.033 kg/cow/day respectively [7]. However, the 
meta-analysis results also showed that the extent of the responses varied from 
trial to trial, as did herd demographics, resulting in difficulties in predicting re-
sponse to the RPBV in advance of feeding. This research was conducted to assess 
the magnitude of some of the underlying causes of variability involved in re-
sponse to RPBV allowing results with the use of the product to be predicted and 
the true value of inclusion to be estimated. 

2. Materials and Methods 
2.1. Background and Description of Individual Trials 

This research is a continuation of the research published in the accompanying 
article [7] and the results were generated from the same dataset described in that 
report. Details of each trial are provided in that report in forest plot format. In 
brief, results from on-farm trials comparing the commercial product Lactation 
VB to a control treatment that did not include RPVB (Jefo, St. Hyacinthe, QC 
Canada) were used. The trials had been conducted in 7 countries between 2005 
and 2015 and all been previously analyzed. The RPVB blend provided folic acid, 
B12, pyridoxine, pantothenic acid, and biotin in a rumen stable lipid matrix, 
with in-situ rumen stability of 93% after 24 hours of incubation [5]. The feeding 
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rate for the RPVB blend was 3 g/cow/day. 
All trials were monitored by independent consulting nutritionists or veterina-

rians associated with each farm. The test product was added to the existing diet, 
which was assumed to be nutritionally adequate, and in no case were the con-
sultants asked to modify the diet. Trials were excluded if there were diet changes 
during the course of the trial, the RPBV was not added at the correct time, the 
consultant was unsure of start dates, data were missing or there were changes in 
the herd monitoring system. Within each trial, cows were deemed eligible for in-
clusion if they were present and tested in all three periods and were greater than 
45 DIM at the first milk test date. All herds were required to subscribe to an in-
dependent monthly herd monitoring system equivalent to Dairy Herd Im-
provement Association.  

Protocol requirements included data for each individual cows for lactation 
number, DIM at the time of milk collection, milk production, milk fat percen-
tage and milk protein percentage for each of the three consecutive periods. 
Yields of fat and protein were computed on an individual cow basis. Periods 
were defined as the length of time between individual cow monthly monitoring 
services and typically ranged from 28 to 33 days. In all cases, trials were analyzed 
as switchback trials in which the test product was supplied in the center “Test” 
period (Control-Test Control) with the test compared to the control means by 
cow. 

2.2. Regression Analysis for Combined Datasets 

Treatment means were compared using a one-way analysis of variance across all 
lactations, and then for first and later lactation cows separately in order to pro-
vide overall means (Minitab LLC, State College, PA, USA). Results were declared 
significantly different if the P value was less than 0.05 (i.e., the probability that 
the differences occurred by chance is under 5%).  

Regression analyses were used to explore the sources of variation in the res-
ponses witnessed based on the meta-analyses [7]. Cows averaged 163, 193 and 
222 days in milk on the first, second and third collection. Because data were 
largely from cows that were past peak in lactation linear regression was applied 
to assess effects of input variables on the dependent variables analyzed. Data 
were analyzed using regression models in Minitab 16 (Minitab LLC, State Col-
lege, PA, USA) to assess the effects of period (control compared to test), DIM on 
the date of data collection (45 to 428) and lactation number, which ranged from 
1 to 10. 

3. Results 

Tables 1-3 provide the global mean values for milk, fat percentage, protein per-
centage, fat yield and protein yield for all cows (all lactations, Table 1) and then 
first lactation cows (Table 2) and lastly mature cows (lactation 2 and higher; 
Table 3). In all cases, the results indicate that milk yield increased, but that the  
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Table 1. Means (±SEM) for all cows from all studies with (test) or without (control) the 
inclusion of rumen protected B vitamins1. 

Parameter Test Control P Level 

Milk, l 33.12 ± 0.136 32.22 ± 0.127 <0.001 

Fat, % 3.72 ± 0.011 3.70 ± 0.010 =0.236 

Protein, % 3.23 ± 0.005 3.22 ± 0.05 <0.551 

Fat yield, kg 1.22 ± 0.006 1.17 ± 0.005 <0.001 

Protein yield, kg 1.05 ± 0.004 1.02 ± 0.004 <0.001 

1Data reflect results from 6483 cows that averaged 163 days in milk at the first milk test date, with an aver-
age lactation of 2.20. 

 
Table 2. Means (±SEM) for all first lactation cows from all studies with (test) or without 
(control) the inclusion of rumen-protected B vitamins1. 

Parameter Test Control P Level 

Milk, l 30.18 ± 0.183 29.47 ± 0.174 =0.005 

Fat, % 3.62 ± 0.018 3.62 ± 0.017 =0.891 

Protein, % 3.23 ± 0.009 3.21 ± 0.008 =0.101 

Fat yield, kg 1.08 ± 0.007 1.04 ± 0.006 <0.001 

Protein yield, kg 0.97 ± 0.005 0.93 ± 0.005 <0.001 

1Data reflect results from 1815 first lactation cows that averaged 169 days in milk at the first test date. 

 
Table 3. Means (±SEM) for all mature cows from all studies with (test) or without (con-
trol) the inclusion of rumen-protected B vitamins1. 

Parameter Test Control P Level 

Milk, l 34.27 ± 0.174 33.29 ± 0.160 <0.001 

Fat, % 3.76 ± 0.014 3.74 ± 0.012 =0.206 

Protein, % 3.23 ± 0.006 3.23 ± 0.006 =0.835 

Fat yield, kg 1.27 ± 0.007 1.23 ± 0.007 <0.001 

Protein yield, kg 1.08 ± 0.005 1.05 ± 0.004 <0.001 

1Data reflect results from 4668 mature cows that averaged 160 days in milk at the first test date, with an av-
erage lactation of 2.67. 

 
composition of the milk (percent of components), on average, did not change. 
This indicates that the increase in milk yield did not result in the dilution of 
components, but rather than components remained consistent as milk produc-
tion increased. Increases in milk yield were greater for mature cows than for 
cows in their first lactation. This may be associated with the diversion of nu-
trients to growth for the first lactation cows.  

These results are somewhat different than from data reported previously 
where the same product was tested [6]. In that study, 12 trials were all conducted 
in Canada or USA. There was a wider range in milk yield results in the current 
study and may reflect a greater geographic range from which data were col-
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lected. The current analysis involved results from 7 countries (Australia-5, Bra-
zil-4, Canada, 24, Chile-2, Colombia-1, Mexico-1, and USA-13 trials), with a 
range in mean milk production of the herds from 24 to 47 kg. With this range 
came greater variability as is indicated by the standard error values in Tables 
1-3. The advantage of developing regression models from these data is to further 
identify the likely responses based upon current herd dynamics. 

3.1. Milk Yield 

The regression models shown in Table 4 demonstrate that there are differences 
in milk yield that could be associated with control milk yield. The slope value 
was lower for first lactation cows than for mature cows. The equations suggest 
that the improvement in milk production obtained through the inclusion of the 
RPBV in the diet may be of greater importance for cows at reduced levels of 
production, particularly for the first lactation cows. 

The feeding trials included in these analyses were conducted with cows past 
peak in their lactation cycle and to date there have been no routine studies 
available for cows in the early part of their lactation cycle. Therefore, the models 
shown in Table 4 may or may not accurately represent the same changes in milk 
that might occur in early lactation. Cows in early lactation often have compro-
mised intakes and may be suffering greater imbalances in B vitamins than 
mid-lactation cows. 

In an effort to determine the effects of stage of lactation within the parameters 
of the data collected, the effects of DIM on milk yield were determined (Table 
5). After peak lactation, milk yield declines with DIM. The rate of change in milk 
yield with DIM is less for first lactation cows than for mature cows when the di-
ets did and did not include the rumen-protected B vitamin blend. The slope val-
ues were similar for both treatment groups of cows and do not suggest that there 
were changes in milk persistency when cows received the added B vitamins. 
However, the actual magnitude of improvement diminished with advancing lac-
tation, as is illustrated for all cows in Figure 1. These results indicate that the 
stage of lactation, as defined by DIM is a source of variation and that a greater 
response to the rumen-protected B vitamin blend might be anticipated for cows 
in early lactation. 
 

 
Figure 1. Regression of days in milk on milk yield for all cows. 
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Table 4. Effects of control milk yield on milk yield with the dietary inclusion of rumen- 
protected B vitamins. 

Group Intercept Slope R2 P Level 

All cows 2.54 0.949 0.793 <0.001 

First lactation 3.83 0.890 0.721 <0.001 

Mature cows 2.52 0.953 0.798 <0.001 

 
Table 5. Effect of days in milk on milk yield, with and without the dietary inclusion of 
rumen-protected B vitamins. 

Group Intercept Slope R2 P Level 

 Control 

All cows 37.77 −0.034 0.143 <0.001 

First lactation 32.18 −0.016 0.068 <0.001 

Mature cows 39.97 −0.042 0.177 <0.001 

 Test 

All cows 39.27 −0.038 0.154 <0.001 

First lactation 33.02 −0.017 0.069 <0.001 

Mature cows 41.74 −0.047 0.195 <0.001 

 
The effects of control milk production and DIM were combined in the next 

regression model (Table 6). The negative slope with DIM further indicates that 
late lactation cows may be slightly less responsive at any level of production.  

Milk yield response to the rumen-protected B vitamin blend was also found to 
increase with lactation number (P < 0.001), increasing by 0.075 kg/year of lacta-
tion. All independent variables tested in the model for milk yield were highly 
significant (P < 0.001). Equation (1) generated is given below and should ac-
count for much of the between trial variability: 

[ ] [ ]
[ ] 2

Milk yield with RPBV
4.05 0.917*control milk 0.0063 DIM

0.246 Lactation number ,R 0.798

= + − ∗

+ ∗ =

          (1) 

3.2. Milk Fat Yield 

As Table 1 indicated, yield of milk fat was increased overall when the RPBV was 
added to the diet. The regression equations for expected fat yield on control (ex-
isting) fat yield are provided in Table 7. The relationship between yield with the 
RPBV and existing yield as indicated by the R2 value is high. With the slope val-
ues below unity, the models generated in Table 7 suggest that fat yields will in-
crease to a greater extent when control fat yields are low. The results suggest that 
the RPBV may contribute to alleviating a deficiency that causes impairment in 
lipid synthesis.  

Similar to findings with milk yield, DIM was determined to impact milk fat 
yield (Table 8). However, the rate of change in fat yield (slope value) was lower  
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Table 6. Effects of control milk and days in milk on response to the dietary inclusion of 
rumen protected B vitamins. 

Group Intercept Slope yield P Level Slope DIM P Level R2 

All cows 4.047 0.923 <0.001 −0.0063 <0.001 0.797 

First lactation 4.616 0.882 <0.001 −0.0026 <0.001 0.723 

Mature cows 5.042 0.918 <0.001 −0.0083 <0.001 0.803 

 
Table 7. Effects of control milk fat yield on milk fat yield with the dietary inclusion of 
rumen-protected B vitamins. 

Group Intercept Slope R2 P Level 

All cows 0.253 0.818 0.587 <0.001 

First lactation 0.288 0.756 0.489 <0.001 

Mature cows 0.270 0.814 0.582 <0.001 

 
Table 8. Effect of days in milk in milk fat yield with and without the dietary inclusion of 
rumen-protected B vitamins. 

Group Intercept Slope R2 P Level 

 Control 

All cows 1.35 −0.0011 0.086 <0.001 

First lactation 1.10 −0.0003 0.022 <0.001 

Mature cows 1.45 −0.0014 0.116 <0.001 

 Test 

All cows 1.42 −0.0012 0.099 <0.001 

First lactation 1.04 −0.0004 0.028 <0.001 

Mature cows 1.57 −0.0016 0.131 <0.001 

 
for cows in their first lactation than cows in later lactations for both the control 
and test feeding periods. Thus, herd demographics (first lactation to mature cow 
ratio) can come into play when comparing herds and predicting responses. The 
intercept values were higher for the test group of all cows, which somewhat re-
flects the greater overall yield found for this study (Figure 2).  

Table 9 provides results when both control fat yield and DIM were included 
in the regression model. The results indicated that the likelihood of a response to 
the RPBV declines with DIM. This might be related to greater intakes later in 
lactation.  

As with milk yield, milk fat yield was positively influenced by lactation num-
ber and increased by 0.045 kg/day for each lactation with the inclusion of RPBV. 
With control level of milk production, DIM and lactation number all impacting 
the improvement in fat yield obtained with the RPBV product, the global Equa-
tions (2, 3) generated were: 

2

Milk fat yield with RPBV
0.199 0.0304 control milk 0.0006 DIM

0.055 Lactation number,R 0.571

= + ∗ − ∗

+ ∗ =

            (2) 
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Figure 2. Regression of days in milk on milk fat yield for all cows. 
 
Table 9. Effects of control milk fat yield and days in milk on response to the dietary in-
clusion of rumen-protected B vitamins. 

Group Intercept Slope yield P Level Slope DIM P Level R2 

All cows 0.351 0.788 <0.001 −0.0004 <0.001 0.596 

First lactation 0.326 0.752 <0.001 −0.00015 <0.001 0.496 

Mature cows 0.402 0.772 <0.001 −0.0005 <0.001 0.594 

 

2

Milk fat yield with RPBV
1.181 0.0362 control milk 0.322 control milk fat percentage

0.000075 DIM 0.0353 Lactation number,R 0.951

= − + ∗ + ∗

− ∗ + ∗ =

   (3) 

3.3. Milk Protein Yield 

Results from the same series of models are provided for milk protein yield. Ta-
ble 10 shows how that the inclusion of the RPBV modified milk protein yield in 
all cows. The slope for change in milk protein yield was slightly less steep for the 
first lactation cows than for the mature cows. 

Below, Table 11 provides the prediction equations for the effects of DIM on 
yield of milk protein. The intercepts were greater for the test cows in all age cat-
egories, but as Figure 3 graphically demonstrates, these differences narrow with 
DIM (Table 12).  

Milk protein yield with the inclusion of the RPBV can be predicted from the 
yield of protein without the use of the rumen-protected B vitamin blend, and 
DIM. While differences were found between first lactation cows and all cows of 
lactation greater than one, lactation number could not be used to describe 
change in milk protein yield, providing an R2 value of only 0.0211. As a result, 
lactation number could not be included in a global Equation (4):  

2

Milk protein yield with RPBV
0.958 0.0307 control milk yield
0.312 control milk protein percentage

0.000067 DIM,R 0.961

= − + ∗
+ ∗

− ∗ =

              (4) 
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Figure 3. Regression of days in milk on milk protein yield for all cows. 
 
Table 10. Effects of control milk protein yield on milk on response to the dietary inclu-
sion of rumen-protected B vitamins. 

Group Intercept Slope R2 P Level 

All cows 0.133 0.933 0.683 <0.001 

First lactation 0.167 0.858 0.635 <0.001 

Mature cows 0.131 0.908 0.688 <0.001 

 
Table 11. Effect of days in milk on change in milk protein yield with and without rumen- 
protected B vitamin blend. 

Group Intercept Slope R2 P Level 

 Control 

All cows 1.146 −0.0008 0.096 <0.001 

First lactation 0.968 −0.0002 0.149 <0.001 

Mature cows 1.122 −0.0010 0.139 <0.001 

 Test 

All cows 1.199 −0.0009 0.105 <0.001 

First lactation 1.001 -00024 0.069 <0.001 

Mature cows 1.273 −0.0010 0.149 <0.001 

 
Table 12. Effects of control milk protein yield and days in milk on response to rumen- 
protected B vitamin blend. 

Group Intercept Slope yield P Level Slope DIM P Level R2 

All cows 0.351 0.788 <0.001 −0.0004 <0.001 0.596 

First lactation 0.326 0.752 <0.001 −0.00015 <0.001 0.496 

Mature cows 0.402 0.772 <0.001 −0.0005 <0.001 0.594 

4. Discussion 

Results from a meta-analysis that incorporated these same trials [7] clearly indi-
cated that dairy cows around the world, reared with varying feed systems re-
spond to the inclusion of RPBV with improved milk, fat and protein yields av-
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eraging 0.88, 0.04 and 0.03 kg/cow/day respectively. By necessity, better ma-
naged herds, with the capability to capture accurate results were selected to 
comply with the complexities of handling such trials. As such, one would antic-
ipate that these herds would be given well formulated diets with few if any nu-
trients that might be deficient. 

The meta-analysis [7] showed there were sources of variability from trial to 
trial, and assuming that the weighted average changes could be applied to other 
herds might be inaccurate. While there were logically uncontrolled environ-
mental factors that would have influenced results on a trial-by-trial basis, the 
models clearly identified herd demographic factors that influenced the findings.  

The models generated herein demonstrated that first lactation cows producing 
more than 20 kg of milk per day in general exhibit a lower response to the inclu-
sion of the RPBV than cows from lactation two and above. Because the percen-
tage of first lactation cows varied with trial, this factor can account for some of 
the variability noted. Insufficient supply of B vitamins would not be expected at 
lesser amounts of milk production. However, these results clearly show that 
cows that are producing average or below level of milk are targets for dietary in-
clusion of RPBV. This is however, modified by DIM, with late lactation cows 
being less responsive than those in mid lactation.  

Furthermore, the overall effects are associated with all of the B vitamins in-
cluded in the RPBV and do not pertain to a particular vitamin. Girard et al. [8] 
determined that weekly injections of folic acid did not alter milk production in 
early lactation, but increased milk yield in late lactation due to the need for that 
vitamin to support fetal development. Ferreira et al. [10] found that biotin im-
proved milk production in high producing but not in low producing cows. 

Two factors missing from all these feeding studies are data regarding feed in-
take and results from cows in early lactation. Higher feed intake has been dem-
onstrated to increase the yield of rumen microbes [11] [12], the major source of 
B vitamins as unprotected feed sources is largely degraded in the rumen [3]. In-
deed, heat stress, a factor known to reduce feed intake, was shown to reduce 
milk production more severely in the absence of RPBV [12]. In the higher pro-
ducing cows, it is possible that greater feed intake improved the availability of B 
vitamins from ruminal supply. This would not be true, however, in high pro-
ducing cows in early lactation, which would be expected to have lower intakes. 
Studies are needed to assess responses to RPBV in early lactation and with 
known intakes in order to improve these response models. 

5. Conclusion 

This research revealed that lactating dairy cows respond to the addition of B vi-
tamins when they are provided in a rumen-protected form. The inclusion of 
RPVB in diets for lactating cows increased milk yield, fat yield and protein yield. 
The extent of response can be predicted from variables readily available on farms 
and include milk production, DIM and lactation number. 
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