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INTRODUCTION

With the genetic potential of today’s dairy

animals, early lactation rations require high levels of

energy for p eak perfo rmance.  Fo rmulating die ts to

contain adequate energy for high milk production

often results in rations with high levels of grain;

combine this with the lower intakes of early lactation

cows, and  there is little room  left in the diet for fiber . 

Furthermore, when rations include processed forages

and by-product feeds, the physical nature of the fiber

may be altere d, reducing  its ability to stimulate

rumination a nd saliva flow.  T he effects of inad equate

fiber in lactation r ations are ex hibited as ac idosis

(subacute or acute), erratic dry ma tter intakes,

decreased milk yields, lowered milk fat production,

and health problems (laminitis, ketosis, displaced

abomasum).  Laminitis is acknowledged as the

primary contributor to lameness in dairy cattle and

can cost the d airy produ cer as much  as $627 /case in

delayed reproduction, body weight loss, and

decreased milk production (Shearer, 1996). The

incidence o f laminitis in confinem ent opera tions is

thought to average 35% and, while there are several

causes of laminitis, lactic acidosis appears the

primary culprit (personal communication, J.K.

Shearer).  

The potential for these productive losses has

precipitated the feed industry’s interest in developing

an on-farm a ssessment of ra tion fiber effective ness in

sustaining high lev els of perform ance while

maintaining ru men health.  P article size eva luation is

one attempt to identify the proportion of the ration

which is effective in stimulating cud chewing and

buffer production from those which are rapidly or

moderately digestible.  Particle size distribution and

mix uniform ity should be e valuated co ncurrently,

since the ultimate goal is to have a uniformly mixed

ration with as little pa rticle destructio n as possible . 

With the diversity of feedstuffs and mixers available,

defining the process of mixing on a specific operation

is currently mo re of an art than  science.  

The mixer functions to uniformly distribute ration

ingredients into a final product that serves the

intended purpose.  For dairy rations, the final

intended purpose is evaluated using a combination of

several measures, such as level of milk production,

milk composition (butterfat and protein content),

rumen function, and genera l herd health.  Many times,

these factors a re antagon istic, i.e. the case of m ilk

production and rumen function in the fresh or high

produc ing cow.  N utritionists continua lly strive to

reach an acceptable balance between the energy and

fiber components in the rations of fresh and high

producing dairy cows.  Ration formulation is the

initial factor in achieving optimum performance, but

feed management has a significant impact on ration

performance as well.  In many cases, feeding

management overrides or masks the true potential of

the ration.  Nutritionists often refer to three rations on

the farm:  the ration formulated on paper, the ration

offered to the cow, and the ration consumed by the

cow.  This phra se was tradition ally thought of in

terms of nutrient uniformity; however, we must now

think about it in p hysical respec ts as well.  

There are many steps between the ration on

paper and the ration consumed by the cow that can

cause differences.  These include scale accuracy of

loading ingredients, mixer design, loading sequence

of ingredients, and mixing time.  There are several

types of feed mixers available for commercial

dairying and a crude breakdown of these would be by

design:  horizontal and vertical mixers.   W ithin these

categories, there is a range of types including

horizontal ribbon and paddle mixers, vertical screw

mixers, drum mixers, and mobile mixing boxes.  The

management of the chosen type affects the final ration

presentation as much as the decision between a

horizontal and vertical mixer.  Maintenance schedules

for mixers are critical, as worn or broken mixing

components prohibit the mixer from functioning

uniformly.  Nor can mixer cleaning be overlooked, as

build-up of wet feedstuffs can impair mixer function

and inhibit uniform distribution of micronu trients.
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Given optimum mixer performance, mixing time may

influence the final ra tion conside rably. 

Manufacturer’s recommended mixing times range

from 3-6 minutes.  The question then arises: is the

mixer running while loading and does this time

count?  W ith larger mixes a nd a variety o f separate

commo dities, it is possible fo r ingredient lo ading to

take 15-20  minutes.  Sho uld the mixer  be active wh ile

loading?  If this is the case, then total mixing time

will now be gr eater than 20  minutes.  Add itionally,

physical form of dry hay may alter mixer strategy and

processing of long forage may require additional time

prior to addition of other feeds.  In a survey of actual

mixing times in Wisconsin, the average mixing time

was 16 minutes, with a range between 2-60 minutes

(Possin et al., 1994).  Appropriate mixing time

required to achieve uniformity can only be

determine d through te sting with the spec ific

ingredients to be used.  While striving to achieve a

uniform nutrie nt mix, the con cern with ove r-mixing is

the physical b reakdow n of fiber par ticles. 

  

Particle Size

Literature rep orts of cow r esponse to

effective fiber (particle size, forage level) led to an

interest in deve loping a dia gnostic tool to  evaluate

effective fiber on-farm.  As a result, particle size

separators have been developed to measure particle 

size distribution  in feeds.  The se tools con sist of a

series of stacke d screens d esigned to se parate ou t a

ration sample into various particle sizes.  The

intention of this pr ocess is to hav e a visual,

quantitative ass essment of p article distributio n as it

will occur in the rumen.  Some commercial

laboratories offer particle size separation analysis as

part of their available services.  There a re also

separators available for on-farm demonstration

analysis, such as the Nasco Forage Particle Separator

(C19524N; Fort Atkinson, WI).  This tool was

designed  at Pennsylva nia State Un iversity for particle

separation of feeds into three groups: particles greater

than .75" , between .31 and .75", and those smaller

than .31" (Heinrichs, 1996).  The top screen

(retaining particles greater than .75") identifies those

particles that remain in the rumen mat and stimulate 

cud chewing and saliva production; the middle screen

(particles between .31 and .75") represents the

portion o f the total mixed  ration (TM R) that is

moderately digestible; while the bottom pan (particles

smaller than .31") represents particles that

 are rapidly digestible and/or may be removed from

the rumen in the  fluid outflow (L ammers e t al., 1996). 

Use of the separator is fairly simple and can be used

on-farm to monitor changes in forage harvesting

procedures or feed mixing schemes.  Table 1 gives

the Pennsylvania recommendations for forages and

TMR’s.  However, it is important to remember that

many of the forages used in the Pennsylvania area are

quite different than those used in Tex as.

Table 1:  Recommended forage and total mixed ration particle sizes for the 

Nasco/Penn State Forage Particle Separator
1
.

Sieve Corn silage Haylage T M R

Upper sieve
2

(>.75")

2-4% if no t sole

forage

10-15%  if

chopped/rolled

10-15%  in sealed silo

15-25% bunker silo,

wetter mixture

6-10% or more

3-6% focus on

TNDF and FNDF

Middle sieve
2
 (.75-

.31")

40-50% 30-40% 30-50%

Bottom pan
2

(<.31")

40-50% 40-50% 40-60%

1Heinrichs, 1996.

2Portion remaining on the screen. 
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Ration Uniformity

The imp ortance o f ration uniform ity is

perhaps better accepted in meat animal production

(feedlot, swine , and pou ltry) than it is in dairy cattle

produc tion; thus on farm  tests to evaluate m ix

uniformity have  been dev eloped w ith high grain die ts. 

Due to the inclusion of forages, dairy rations present

a different degree of difficulty in assessing uniform

mixing as forage type and inclusion level can affect

marker analysis.   Methods that have been

investigated fo r determina tion of ration un iformity

include  assays for a selected nutrient or ion

concentration and the use of markers.  The traditional

chemical assay included a chemical, quantitative

measurem ent of a selected  nutrient (CP , NDF, e tc.). 

The limitation to these assays tend to be the cost and

time for analysis.  O ne marker  that has been  used is

iron filings.  The  limitations to this me thod with

TMRs ma y be practical use with rations containing

heavy, wet feeds.  Quantab
®

 (Environmental T est

Systems, Inc., Elkhart, Indiana) is a method for

determining the chloride ion concentration of

solutions.  This method is relatively fast (10-15

minutes), requires minimal lab equipment (hot water,

filter paper, m easuring de vice, and p aper cup s), and is

relatively inexpensive.

Due to the diversity of particle sizes between

ingredients use d in dairy ration s, collecting a sam ple

representative of the total mixed ration can be

difficult. Care must be taken when collecting

traditional grab samples to ensure representative

samples.  B ehnke (19 96) desc ribed a mo re accurate

sampling tec hnique invo lving plastic shee ts placed in

the feed lane a nd then using a  quartering tec hnique to

reduce the sample size to a workable size.  Other

questions re main what size  sample ac curately

represents an entire mixer?  How many samples are

necessary to represent the entire mixer?  Does the

sample taken from the initial mixer represent the

ration being eaten by the cows?  How should the

initial sample be adjusted for feed refusals?  

Assuming accurate sampling techniques and

proper marker choice, interpreting results is the next

challenge.  R esearch at K ansas State U niversity

reports the mean, standard deviation, and coefficient

of variation as indicators of mixing tests for high

concentrate diets.  Use of coefficients of variation has

been more widespread as a number to identify the

distribution of values and condense them into one

measure o f the mix uniform ity. 

Ration quality management procedures, such

as particle size  assessment a nd ration un iformity

checks, may be used to track ration consistency and

ward off sud den outb reaks of me tabolic or h ealth

problems in the herd.  To date, little work has been

done on rations outside the Northeast; thus

extrapolation of their results to Texas rations may or

may not be  correct.  

The objectives of this study were to: (1)

evaluate the effect of mixer type on particle size

reduction over time, (2) accumulate information

regarding average particle size of various total mixed

rations fed in Texas, and (3) test the use of the

chloride ion concentration as an indicator of

uniformity in dairy rations.

Additional tests were conducted on the

effects of altering mixing order in a herd with high

variation in its total mixed ration and whether adding

feeds containing high moisture levels, such as wet

brewer’s grain, would alter interpretation of results.

METHODOLOGY

  Twenty dairies in north central Texas

utilizing a TMR were blocked according to mixer-

feeder type, ten vertical and ten horizontal.  Feed

samples we re collected  under two m ixing scheme s. 

First, ten - 6.5 liter samples were collected from a

feed batch mixed according to typical individual on-

farm practices.  Sampling containers were placed at

equal interva ls along the leng th of the feed b unk in

order to sample from beginning to end of mixer

unloading.  Second, an additional ten - 6.5 liter

samples were collected in the same manner from an

identical ration mixed 15 minutes past normal mixing

time.  Samp les were froze n until analyzed  for particle

size and salt co ntent.

Particle size was determined using the Nasco

Forage Particle Separator.  Due to separation during

transport an d storage, tha wed samp les were man ually

remixed a nd a repre sentative po rtion (appr oximately

3/4 of the sample) was placed into the top screen of

the separator.  The remaining portion was refrozen

for later analysis of chloride ion concentration.  On a

flat surface, the separator was shaken 5 times

horizontally in one direction and then rotated one-

quarter turn; a shake being an arms-length forward

and back.  This was repeated eight times until the

separator had be en turned a total of two full rotations,

insuring thoro ugh separa tion with minima l shaking. 
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The portion of the sample remaining in each screen

was weighed  on a Sunb eam Digita l Deluxe S cale

(Nasco, WA12267N) accurate to 1 g.  The percent of

sample in each screen was determined.  The

comparison of normal mixing and normal plus 15

minutes additional mixing was made to determine the

effect of standard/over-mixing on particle size.

Salt content w as determin ed in dup licate

using Quantab® Chloride Titrators   (Environmental

Test Systems, Inc., Elkhart, IN).  Samples were

thawed,  rem ixed,  and 1 00 g plac ed into a pla stic

container.  Nine hundred milliliters of boiling water

was poured into each container. The samples were

stirred vigorously for 30 sec, allowed to rest 1 min,

and then stirred an additional 30 sec.  After the

sample cooled to room temperature a small amount of

the liquid was drained into a plastic cup with a titrator

strip.  Chloride ion concentration was  determined

after comp lete saturation o f the test strip acco rding to

manufacturer’s instructions.

After completion of the collection and

analysis of the twenty samples, the herd exhibiting the

highest coefficient of variation was selected for

further testing.  When this herd was originally tested,

they were using unchopped alfalfa hay, wheatlage and

various concentrates.  To evaluate what mixing order

would result in the most uniform ration mixing, based

on forage particle size, four different mixing orders

were evaluated.  The orders were: 1) wheatlage,

alfalfa, and concentrate (W-A-C); 2) alfalfa,

wheatlage, and concentrate (A-W-C); 3) alfalfa,

concentrate, and wheatlage (A-C-W); and 4)

wheatlage, concentrate, and alfalfa (W-C-A).  Ten

samples were collected per mix and separated using

the Nasco Forage Particle Size Separator, as

previously d escribed. 

Although none of the rations in the original

trial had a high in clusion rate o f wet brewer’s g rain, a

herd with 40  lbs (as fed ba sis) of wet brew er’s grain

in the ration was identified and sampled.  Ten

samples we re taken as p reviously des cribed.  O ne half

was separa ted (as fed) a nd the other  half was dried  in

a 55°C oven prior to separation.  Particle size

distribution was determined for each subsample.

To evaluate grab sampling as an effective

method fo r sampling fo r chloride io n concen tration, 

ten samples were taken from one dairy under the

normal mixing procedure.  The samples were divided

into three po rtions: one p roportio nal to the partic le

size distribution, one ground sample, and one grab

sample.  Each portion was then analyzed for chloride

ion concentration as previously described.

Statistics  

Results were analyzed using  LOTUS and

SAS.  Coefficients of variation (CV) for individual

farms were calculated in LOTUS using the formula:

CV  =  standard deviation (samples 1-10)   x 100

mean (samples 1-10)

The effect of mixing time on particle size distribution

for individual dairies was determined using the SAS

paired t-test:

t =      (P1  - P2)                       

    %s2(1/n1 + 1/n2)

where: P1 is the sample mean for normal mixing 

time,

P2 is the sample m ean for 15  additional 

minutes mixing time ,

s2 is the pooled variance, and 

n is the number of samples.

Remaining particle size distribution and chloride ion

content results were analyzed using the following

model in SAS:

Y ijk = :  + T i + M j + Fk + E(ijk)

where: :  is the overall mean,

T i is the effect of mixing time,

M j is the effect of mixer type,

Fk is the effect of feed type, and

E (ijk) is the experimental error.

RESULTS AND DISCUSSION

Particle Size Distribution  

The over-all main effect was the

combination of mixer and ration type and was defined

in the model as dairy.   Due to the large variation

among each set of ten samples taken at each 
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Table 2 :  Effects o f mixing tim e on par ticle size distrib ution. 

Ration ba se Mixing Time % Screen 1 % Screen 2 % Screen 3

Silage Normal 17.8 a 48.0 34.0 b

+15 min 12.9 b 46.0 41.0 a

Hay Normal 30.7 c 31.4 b 37.3 d

+15 min 18.7 d 34.5 a 46.7 c

a,b Means in the same column with different superscri pts differ (p<.05).
c,d Means in the same column with different superscri pts differ (p<.001).

dairy (CV range 3.0 to 55.2%), no generalizations can

be made  as to whether  over-mixing  affected par ticle

size distribution or if one type of mixer caused more

particle size reduction than another.  In comparing the

results of normal mixing time versus over-mixing by

15 minutes, there was no significant difference

between tre atment grou ps in this study. 

Although there was no statistical

significance detected, it appeared that on some

individual d airies over-m ixing did affect p article

distribution o f the final TM R (Tab le 2).  Wh ile

similar change s were not o bserved a t all dairies, it is

important to note that many factors such as condition

of mixer, amount of feed mixed at one time, loading

order, and particle length before mixing may

contribute to particle size of the final ration.  The

effects of forage level and particle size on DMI and

rumen function has been studied by several groups

(Beauchemin et al., 1994; Grant et al., 1990a; Grant

et al., 1990b; Okine et al., 1994; and Woodford and

Murphy, 1988).  Reducing forage particle size has

been shown to improve the dry matter intake (DMI)

potential of forage diets (Campling et al., 1966),

especially with poor quality forages.  Woodford and

Murphy (1988) evaluated the effect of particle size on

DMI and milk production by feeding a control (40%

alfalfa haylage) or two levels of alfalfa pellet (30% of

forage or 70%  of forage).  These investigators 

reported a 5% increase in milk production (over

control) wh en 30%  of the forage su pply was in

pelleted form, while intakes remained similar between

these two diets.  However, as inclusion of the pellet

increased from 30 to  70% of the forage, both DMI

and milk pr oduction  decrease d.    

In addition to its effect on DM I, forage also

plays a key role in proper rumen function, as

adequate particle size in the ration appears necessary

to avoid milk fat depression.  Cows require fiber and

forage to stimulate chewing activity and saliva

production, both  necessary to maintain proper

ruminal pH and a healthy rumen.  Grant et al. (1990a)

examined the effect of particle size of dry hay on

chewing activity and milk fat production by including

a finely (0.6-cm screen) or coarsely (7.6-in screen)

chopped hay into the ration of cows 3 week

postpar tum.  These invest igators reported that DMI

and milk production were not affected by particle size

of hay and that NDF  intake, expressed as a

percentag e of body w eight, was similar b etween diets

(1.2%).  However, reduced forage particle size was

associated with depressed ruminal pH, decreased

acetate:pro pionate ratio s, and lower  milk fat synthesis

(Table 3).  These effects were further supported in a

subseque nt trial with alfalfa haylage  (Grant et al.,

1990b).  Beauchemin et al. (1994) compared diets at

two levels of forage fiber (35% and 65%) and chop

length of forage (5 mm and 10 mm theoretical chop

length) within each level of forage.  This group

reported cows fed diets containing 65% forage fiber

produc ed more  milk when the th eoretical cho p length

(TCL ) of the forage  was reduce d (5 mm) . 

Conversely, with low forage fiber (35%), cows

produced more milk on coarser particle size forage

(10 mm ).  Milk fat pro duction wa s substantially

higher for cows fed the higher forage fiber diet  (65%)

and fat synthesis also tended to increase with coarser

chop length.

The average and standard deviation for the

particle size distribution under normal mixing

conditions for the Texas farms feeding either an

alfalfa or silage based ration is depicted in Table 4, as

well as the com parable figu res from La mmers et al.

(1996).  It is important to note that although there was

a much  larger sample population from
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Table 3:  Effects of forage particle size on rumen cond itions and milk 

fat synth esis
1
.

-------------(Treatment2)-------------

Rumen parameter Fine          Medium         Coarse

 pH 5.40c 5.80b 6.25a

Acetate:pr opionate  ratio 2.08c 3.20b 3.89a

Milk fat synthes is, % 3.2c 3.5b 3.8a

1Grant et al., 1990a.
2Represents the grind of hay.  Fine = hay ground through a .24" sc reen; Medium = 1:1 mix 

  of fine and coar se ground hay; Coarse = hay ground  through a 3" sc reen.
a,b,cMeans in the same row with different superscripts differ (P<.05).

    

dairies in the northeast, standard deviations on

screens 2 a nd 3 were  similar for all three T MRs. 

Particle size distributions were quite different for

Texas rations versus Northeast rations, suggesting

that recommendations for northeastern TMRs  may

not be applicable to those in the south due to feeding

differences.

 Additional Ration Evaluation

Effect of  loading sequence on TMR

consistency.  Within a single dairy, the effect of

loading order was determined.  Although when

initially sampled this herd was using all unchopped

hay, when we returned to try to reduce the variation

they had switched to a mix of chopped and

unchopp ed hay.  In seve ral instances, alter ing order in

which ingredients were placed into the mixer

affected pa rticle length and  the associated  variance. 

Loading  order A-C -W illustrates this ( Table 5 ). 

When   alfalfa hay was ad ded first, the pa rticle length

was decreased the greatest.  Although the associated

variance with  order A-C -W was the  highest, this

might be ex pected d epending  on hay qua lity, 

moisture content, and  amount included in ration.  It

was observed that on a daily basis that the amount of

baled alfalfa versus chopped alfalfa was not

consistent. A h igher prop ortion of cho pped alfa lfa.,

with a more uniform particle length, could affect

ration uniformity, possible explaining the lower

variance for  screen 1 ass ociated with o rder W -C-A.  

Several ingr edient pro perties can influe nce mixing:  

particle size, p article shape , density, hygrosc opicity,

static charge, an d adhesive ness (Beh nke, 199 6).  

From this list, particle size, shape, and density appear

to have the gr eatest impac t on mix unifor mity.  With

respect to particle size, the addition of forage and the

Table 4:  Comparison of TMR particle size between Texas and the Northeastern US.

       Screen 1                  Screen 2    Screen 3

Ration n  % S.D.       % S.D.      % S.D.

Texas TMRs

     Silage-based 7 18.4 12.4 42.7 11.1 38.7 10.5

     Hay-based 12 22.2   9.7 31.8   9.6 45.9   8.9

Northeast TMRs1 367 6.1   4.5 35.5 10.1 58.4 11.5
1 Lammers et al., 1996.
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Table 5:  Effect of loading order on particle size distribution.

Order1 Screen 1 CV Screen 2 CV Screen 3 CV

W-A-C 28.7 a 17.4 35.3 7.7 35.8 b 13.7

A-W-C 29.1 a 19.6 32.9 12.4 37.9 a,b 12.4

A-C-W 22.8 b 22.0 36.2 9.4 40.9 a 5.9

W-C-A 29.7 a 9.3 33.6 10.8 36.5 b 9.4
1 W=wheatlage, A=alfalfa hay, C=concentrate.
a,b Means in the same column with  different superscrip ts differ (P<.10).

level of forage inclusion in dairy rations presents a

unique cha llenge to targe ting adequ ate mixing time s. 

The differe nces in forage  and conc entrate partic le

size alone p resents a challe nge.   Differenc es in

particle density between ingredients adds another

consideration.  On a dry matter basis, corn silage and

haylage are fa irly equal in bulk  density (kg/m
3
);

however, on an as-fed basis, corn silage tends to have

a 33% greater bulk density than haylage (Kammel et

al., 1995) .  In addition, m ineral density ca n be two to

three times that o f grain and p rotein, makin g it

difficult to maintain a random distribution.  As a

general rule, lighter and larger particles tend to move

upward while the smaller, more dense particles

gravitate downward.  Traditionally it has been

recomm ended to  load larger  particle size ing redients

first (forage) and  heavier, sma ller particles last. 

However, with the use of individual commodities and

rations containing many ingredients with a large

variation in size, shape, and density, determination of

loading sequence has become a method of trial and

error.   Differences seen in particle size distribution 

due to varying the loading sequence from an

individual ration in this study further supports the

importanc e of daily on far m quality con trol.

Impact of ration moisture on particle size

assessment.  To evaluate what effect moisture

content of the ration may have on the percent of

particles found in each screen, a d airy using 40 lbs.

(as fed) of wet brewers grain per day per cow was

identified.  Samples were taken and sieved as either

wet or dry (Table 6).  It was originally presumed that

high moisture feeds would falsely increase the

amount o f particles found  in the bottom  pan. 

However, it was determined that high moisture feeds

tend to clump small particles, preventing them from

sifting to the bottom pan and misrepresenting the

amount of longer particles.  The variance decreased

dramatically with drying.  Much of this could be

attributed to the fact that variation in moisture content

of component ingredients was not a factor after

drying as the small particles consistently sifted to the

bottom pan.  For this reason, rations with marginal

effective fiber and high moisture content feeds may

need further  analysis. 

Table 6:  Effect of ration moisture on particle distribution.

Treatment1 Screen 1 CV Screen 2 CV Screen 3 CV

As Fed 22.6 22.8 25.2 10.7 52.1 8.9

Dried 15.6 16.6 18.2 6.8 66.1 2.9
1 Treatment significant at p<.001.
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Figure 1: Salt content of grab, ground, and

proportional to particle size distribution 

samples a s compa red wit h the exp ected salt

content of dairy rations (.5%).

Ration U niform ity Evalua tion.  Ration

uniformity was tested through particle size evaluation

as well as chlor ide ion con centration.  A s with

particle size reduction, the effect of mixer and mixing

time on chloride ion concentration was not

statistically significant.  Based on recommendations

of Behnke (1996), the Quantab
®

 analysis was chosen

for these studies; however these recommendations are

based on feedlot and monogastric diets containing as

much as 90% or more concentrate.  Chloride ion

concentration within each dairy varied to a much

lesser degre e (average  of 10%  variation) than  particle

size.  In this study, ten sa mples were  taken for sam ple

analysis.  To e valuate wheth er ten is the app ropriate

number o f samples nec essary for acc urate uniform ity

analysis, all ten samples, even samples, and odd

samples were compared for variance uniformity.  The

proportion in each screen and its variance was

unaffected by sample within mixing time, suggesting

it is possible to collect only five samples, rather than

ten.  It is not recommended to take less than five

samples, since decisions based  on fewer samples 

could be  misreprese ntative of the true  uniformity.

Salt is associated with the concentrate portion of the

ration, and therefore tests the uniformity of  it and not

the uniform m ixing of conc entrates with fora ges. 

Because of the large inclusion of forage in dairy

rations, it may be  inapprop riate to use this test to

determine uniformity of the total ration.  In addition,

the accuracy of the chloride ion test is also affected

by high acidity, which would be found with silage,

thus raising que stion as to the ap propriate ness of this

test for dairy rations including fermented feeds.

Additionally, grab sampling of dairy rations may not

be adequate for analyzing salt content, because the

concentrate easily separates from the forage portion

(Figure 1).  In our study, salt content of the ground

and proportional samples were consistent with the

percent o f particles in the b ottom pa n (most likely to

contain salt), again demonstrating that this test may

be inappropriate for assessing adequate mixing of

dairy rations containing forage levels of 40% or

greater.

Table 7  identifies the per cent of herd s in this

study within a CV range and the respective 

interpretations based on literature recommendations

(Behnke, 1996).  These recommendations were that

rations be evaluated for uniformity using a CV, where

a CV of <10% was desirable, a CV of 10-20%

needed improvement, and a CV greater than 20% was

cause for concern.  If only the bottom pan was

evaluated, the  majority of the  herds (80 %) are with in

an acceptable variance  range.  This suggests that the

concentrate portion of the rations are being mixed

adequately, but  as seen by the high percent of herds

(57%) with greater than 20% variation for screen 1,

the forage portion of the ration is not being mixed

adequately with the concentrate.

There is very little published data on the

effects of nutrient un iformity on anim al perform ance.  

What little work that has been done has focused on

the monogastric species (McCoy et al., 1994; Stark et

al., 1991; and Traylor et al., 1994), thus there are few

benchmarks for using this technique with dairy 

rations.  W ith respect to nu trient levels, if mixing is

poor en ough to alter  nutrient intake o f certain

individuals, performance may be altered.  The

animals receiving excess nutrients will be inefficient

 in feed conv ersion; in extrem e cases, such a s with
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Table 7.  Perc ent of study he rds within pa rticle size CV ran ges and interp retations.

CV Screen  1, % Screen  2, % Screen  3, % Interpretation1

< 10 % 4.7 38.1 47.9 Desirable

10-20 % 38.1 57.2 38.1 Needs improvement

> 20% 57.2 4.7 14.0 Cause for concern
1 Recommendation from Behnke, 1996.

urea inclusion , this situation may ev en beco me toxic. 

On the other side, animals receiving rations deficient

in nutrients will have  performa nce com promised . 

Feed intak e and bo dy size influence s susceptibility to

ration imbalances in that smaller animals consuming

smaller meals are more likely to be influenced by

imprope r ration mixing  than are large r animals

consuming more dry matter .  The inf luence of  DMI

may be mo st critical in transition an d fresh cow s with

lower levels o f intake, and p erhaps it is with this

group that ra tion uniformity is o f most impo rtance.  

SUMMARY

The objectives of this trial were to gather

information  about T exas TM Rs and to e valuate

potential changes in particle size and ration

uniformity over mixing times, utilizing both vertical

and horizontal mixers.  Further testing included

evaluation of loading sequence on f inal TMR

consistency and addition of feeds with high moisture

content on  accurate p article size assess ment.  

Particle Size Data

 Comp arative Texas info rmation ag ainst

Northeast recom menda tions.  Although sa mple

numbers vary, average particle size distribution for

the Texas rations samp led differ greatly from those

reported in Northeast rations.  Particle retention on

screen 1 (particles greater than 1.5") for Texas TMRs

averaged  20.3%, as compared to those reported from

Northeast TMRs of 6.1% ; concurrently, average

particle retention in the bottom pan (less than .31")

was 42.3% for Texas rations versus 58.4% for

Northea st rations.  

Impact o f mixing tim e on particle size

chang es.  Due to the large variation among each set

of ten samples taken at each dairy, no statistical

conclusions can be made as to whether over-mixing

affected particle size distribution or if one type of

mixer caused more particle size reduction than the

other.  However, raw averages showed some

interesting numerical trends; including a 33%

decrease in particle size retention on screen 1, with a

corresponding increase of 22.8% in particle size

retention in the b ottom pa n. 

Impact of ingredient loading sequence on

TMR quality.  In several instances, altering the order

in which ingredients were placed into the mixer

affected pa rticle length and  the associated  variance. 

The impact of this variable was investigated on the

individual dairy having the highest coefficient of

variation by altering ingredient loading sequence of

wheatlage, alfalfa, and concentrate.  With the addition

of alfalfa hay first, particle length was decreased the

greatest (40.9% retention in the bottom pan compared

to 36.2% when alfalfa hay was included in the second

or third order).  Although the associated variance

with this order was the highest, this might be

expected  depend ing on hay qu ality, moisture co ntent,

and amount included in ration.  While not enough

treatment rep etitions have b een taken to  date to

evaluate the statistical continuance of this effect over

a large number of samples, the numerical changes

demon strate the impo rtance of da ily ration quality

control.

Impact o f ration moisture o n particle size

assessm ent.  Diets conta ining high mo isture contents

(water add ition, inclusion o f wet brewers  grains, etc.)

need care ful considera tion when ev aluating particle

size.  Results from  our data sug gest that particle

sieving of wet ra tions may tend  to over-estim ate

particle length a nd distributio n.  When  these diets

were dried prior to sieving, particle size distribution

shifted downward with average particle retention on

screens 1 and 2 decreasing by 29% and a concom itant

increase in the sample size retained in the bottom pan

by 27%.  Additionally, CV analysis of screen

variance decreased by 43.7%.
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Ration uniformity    

As with particle size, the effects of mixer

and amount of  time mixed on ration uniformity were

not statistically significant. The results of the

Quantab® analysis showed variation in samples

within herd.  Comparison of the CV ranges for the

bottom pan suggests that the majority of the herds

were getting the concentrate portion of the ration

mixed adequately.  However, the high percentage of

herds with greater than 20% variation for screen 1

would suggest the forage portion of the ration was not

being mixed adequately with the concentrate.  The

use of this analysis in dairy rations is currently limited

as the accuracy of the chloride ion test is affected by

high acids, such as in silage and other fermented

feeds.

APPLICATION

 Results from this study suggest that

Northea st recomm endations o n particle size a nalysis

may not be directly applicable to rations containing

southern forages.  However, variation between farms

due to the wide range of ration management practices

makes it difficult to draw general, widespread

conclusion.  Field logistics such as loading sequence

of ingredients, large inclusions of wet ingredients,

and sample collection  may contribute to potential

error in ration evaluation.  Particle analysis in dairy

rations needs to be weighed against other information

about individual feeding management practices and,

most impo rtantly, respons es from the co ws due to

changes.  Additional information is needed to further

identify change s in particle size a nd ration un iformity

in response to comm ercial feeding practices.
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