Kansas State University Libraries

New Prairie Press

Conference on Applied Statistics in Agriculture 1994 - 6th Annual Conference Proceedings

DETERMINATION OF THE INOCULATION FREQUENCY, TIMING OF
INOCULATION AND DOSE OF A BACTERIAL RUMINAL
INOCULANT FOR ACIDOSIS PREVENTION IN FEEDLOT CATTLE

J. F. Boucher
W. J. Smolenski

J. A. Robinson

Follow this and additional works at: https://newprairiepress.org/agstatconference

0 Part of the Agriculture Commons, and the Applied Statistics Commons

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 License.

Recommended Citation

Boucher, J. F.; Smolenski, W. J.; and Robinson, J. A. (1994). "DETERMINATION OF THE INOCULATION
FREQUENCY, TIMING OF INOCULATION AND DOSE OF A BACTERIAL RUMINAL INOCULANT FOR
ACIDOSIS PREVENTION IN FEEDLOT CATTLE," Conference on Applied Statistics in Agriculture.
https://doi.org/10.4148/2475-7772.1358

This is brought to you for free and open access by the Conferences at New Prairie Press. It has been accepted for
inclusion in Conference on Applied Statistics in Agriculture by an authorized administrator of New Prairie Press. For
more information, please contact cads@k-state.edu.






Conference on Applied Statistics in Agri
Kansas State Universi

New Prairie Press
https://newprairiepress.org/agstatconference/1994/proceedings/14



New Prairie Press

Conference on Applied Statistics in Agriculture
Kansas State University

174 Kansas State University

however, these bacteria take time (2-3 days) to reach the numbers needed to consume
the lactic acid. One such lactic acid consuming bacterium Megasphaera elsdenii 407A
(407A) has been isolated and can be grown outside the animal. 407A is a large gram-
negative coccus, produces VFAs (acetate, propionate, butyrate and valerate) during
growth on lactate and will grow at pH levels of <5.0. This bacterium, then, can be
added to the rumen in cases of acidosis or before the onset of acidosis to consume the
lactic acid and thereby prevent acute acidosis. The utility of such a bacterium lies not
so much in reducing the frequency of acute acidosis below already acceptable levels,
but rather with shortening the length of the grain adaptation period, reducing the
number of diets fed and, hence the total quantity of forage fed to feedlot cattle.

c. Objectives

Bacterium 407A is being evaluated for prevention of acute acidosis. This study was
designed to study the effects of inoculation frequency, timing of inoculation and dose
of 407A for prevention of acute acidosis in ruminally fistulated cattle. This study was
designed to determine the optimal treatment regimen. Hence, three specific objectives
were considered: determine the number inoculations required (frequency), determine
when the inoculation should start (timing) and determine the amount of 407A to be
given (dose) to prevent acidosis.

2. Experimental Design

The animals used for this study were Angus and Angus X Hereford steers ranging in
weight from 260 to 350 kg, approximately. All cattle involved in this study were
ruminally fistulated, a surgical procedure designed to create a passage from the surface
of the skin to the rumen, to allow for easy access to the rumen. All cattle were
allowed at least a 3 week recovery period from the surgery. For this study cattle were
adapted to a high grain diet by switching from a forage diet to a 50% grain
concentrate diet for 5 days (study days 1-5) then switching to a 90% grain concentrate
diet for the remainder of the study (study day 6-20) (table 1). Such an abrupt diet
switch has been reported to cause acute acidosis in untreated animals (Smolenski et al.
1990). The 407A treated groups were arranged in a 3x2x3 factorial with frequency of
inoculation (Freq) at levels F,, F, or F; inoculations, timing of inoculation (Sday)
which refers to the day that inoculations started at two different start days, S, and S,
and dose of inoculation (Dose) of Low, Medium and High. The 3x2x3 factorial with
an untreated control gives a total of 19 treatment groups and the building used to
house these cattle only allowed for 59 animals to be studied at one time. The cattle
were housed in individual stalls within the building, however, 4 separate rooms were
used, one room could accommodate 12 cattle, two rooms could hold 15 and the last
room could house 17 cattle. It was believed necessary to consider room as a blocking
factor. Although power calculations were not taken into account, it was decided that
the 3 replicates this study would allow were not sufficient. It was, therefore, decided
that the study would be run in two parts, sequential in time.
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a. Possible Experimental Design

It was necessary that room within the building be used as a blocking factor and the
smallest room could hold 12 animals. So, if the scientist was willing to identify one
level of one treatment factor that was of lesser importance than the other treatments
then a 3x2x2 factorial could be run in complete blocks and augmented with the
treatment combinations involving the treatment level of lesser concern and the control
group. For example, if the scientist were willing to identify the medium level of dose
as not of primary concern then the design in table 2 could be used. Running the full
factorial for 3 levels of Freq, 2 levels of Sday and 2 levels of Dose then augmenting
this design with six blocks of the negative control and the remaining spaces with
treatment combinations involving the medium level of dose in such a way that as
many treatment comparisons involving the medium level of dose could be made (table
2).

If, on the other hand, the scientist was not willing to identify a treatment level of
lesser concern then the full 3x2x3+1 factorial could be considered if an alternative
plan to assign treatments to blocks could be arranged. One simplistic way to assign
treatments to blocks would be to assign the letters a-s to blocks in a cyclic manner
with actual treatment combinations randomly assigned to the letters and then randomly
assigned to stall within room (table 3). This design provides at least 6 replicates of
each treatment.

The two possible designs presented can be evaluated by comparing their efficiency
with a complete block design. The SAS/QC® procedure optex (SAS 1989) will
determine the efficiency of an experimental design based on 3 criteria: the determinant
of the information matrix (D-efficiency), the trace of the inverse of the information
matrix (A-efficiency) and the maximum standard error for prediction (G-efficiency)
(see appendix for SAS® code). Table 4 shows the efficiencies for these designs given
above and for a complete block design with 19 treatments. Apart from determining
the efficiencies of a design proc optex can determine an optimal design based on D- or
A-optimality, however, the procedure does not allow for fixed and unequal block sizes,
s0 an optimal design with the present constraints could not be obtained. From table 4
it can be seen that as compared to the complete block design the cyclic assignment
shows little decrease in efficiency. The decrease in efficiency of the augmented 3x2x2
is expected since little information is available on the treatment of lesser concern, but
would have maximal efficiency for the 3x2x2 factorial treatments.

b. Actual Experimental Design

Both of the experimental designs described and evaluated above were considered after
the experiment had been completed and are presented as alternatives to the design that
was actually used. The actual experimental design did not consider the 3x2x3+1
factorial arrangement. Instead, the actual experiment was run in two parts, the first
part would evaluate a 3x2 factorial arrangement of frequency of inoculation and
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timing of inoculation while holding the dose constant at the high level. For the second
part of the study one of the treatments was Dose at 3 levels, and a second treatment
was, determined after examining the results of the first part of the study, frequency of
inoculation at two levels (F, or F, inoculations) while holding the start of injections
constant. Both parts 1 and 2 included an uninoculated control group (table 5).

The cattle were randomly assigned to either parts 1 or 2 of this study. Within each
part the cattle were ranked and grouped by their average body weight taken on two
consecutive days. They were grouped in groups of size seven, with the seven smallest
steers in one group, the next smallest 7 in the next group and so on until a total of 7
groups were complete. The 7 groups were then randomly assigned to one the 4 rooms
(3 rooms held 2 blocks) within the building, and, thus, the two factors of weight
groups and room assignment made up the blocks. Parts 1 and 2 were both designed as
randomized complete block designs with 7 blocks in each part and an individual steer
as the experimental unit. The 7 steers within each block were randomly assigned to
one of the seven treatments.

3. Statistical Analyses

Several response variables were measured in this study, but this paper will concentrate
on the analyses pertaining to lactate for statistical illustrative purposes.

a. Contribution to the Random Error

i. Lactate Measurements

Three areas of the rumen were sampled (anterior, medial and posterior) for each
lactate determination. The three samples were immediately frozen. For lactate
determinations the samples were thawed, centrifuged and 1 ml of supernatant from
each sample were combined to form a pooled sample. The pooled samples were split
and each split sample was analyzed through HPIC chromatography using two different
chromatographs and the average of the two determinations was used as the amount of
lactate (mM). Lactate measurements were taken numerous times during the study
period. Samples were collected 4 times on each of the first two days following the
diet switch (study day 6 and 7). Samples were taken 2 times on days 8 and 9 and
once on day 13 and 19 (table 1). Thus, a total of 14 repeated measures were taken on
each animal.

ii. Dose of 407A

At the time of delivery the dose of 407A can not be measured exactly, however, at
later point in time it could be determined how much actual dose was delivered. Thus,
the actual dose given can be compared to the target dose by calculating the percent of
the target dose that was actually delivered: 100*actual/target, mean=92%, standard
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deviation=29% and range=50-139%. Thus, treatment differences found in this study
are confounded with this variation in the doses.

The rumen sampling procedure and determination of lactate concentration and the
variation in the dose of 407A are not considered further and, therefore, contribute to
the experimental error.

b. Statistical Model

Since part 2 of this study was designed after examining the results of part 1, part 1
and part 2 were analyzed separately. A repeated measures analysis was considered as
a method for analysis of these data, but for a number of reasons it was not
appropriate. First, figure 2 displays the lactate treatment means over time, evident
from the plot is a strong interaction between treatment and time, also from the figure
it can be seen that there are many treatment by time means that are zero or close to
zero. Second, fitting the repeated measures model to the lactate data and plotting the
residual vs predicted (figure 3A) displays the large number of zeros in the data and
possible heterogeneity of variance. Finally, the residual vs time plot more clearly
shows the heterogeneity of variance among times (figure 3B). Thus, rather than
attempt a repeated measures analysis the repeated measures were summarized by
taking the area under the lactate curve (AUC) (additionally the peak height and time to
peak were also be considered, but are not analyzed here). The analysis of variance
(AOV) model included terms for the intercept, block, treatment and error with block
and error treated as random effects. The treatment term was partitioned into the
factorial effects and further into polynomial main effects and interactions. A response
surface was fit using the significant (a=0.15) effects from the AOV and the smallest
AUC within the experimental region was determined as the optimal treatment levels.

4. Results and Discussion

Figure 4A-B displays dot plots for the AUC for parts 1 and 2. The dot plots indicate
the obvious difference between the 407A groups when compared to the control group.
The dot plots, also, indicate that the range among the values within each treatment
group may be different among treatment groups, so the homogeneity of treatment
variance was tested. To test the homogeneity of variance two models were fit using
proc mixed (SAS 1992) the first used a common variance and the second, allowed for
separate variances for each treatment group. Since the common variance model is a
simplification of the unequal variance model, a likelihood ratio test (LRT) could be
conducted. The LRT is determined by taking the difference between the -2 log
likelihood (-2LL) for each model, the resulting test statistic is chi-square distributed
with the degrees of freedom equal to the difference between the number of parameters
in the two models. This LRT of homogeneity of variance has the advantage over
more commonly used tests (Bartlett, Shukla, Hartley’s Fmax) since it allows for
unbalanced data and any type of design, although its performance has not been
measured.
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