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PART 1—Feed Mixing Series

Criteria for Evaluating
Feed Mixer Performance

Although the imporiance of good
mixing is rccognized among animal
nutritionists and feed manufactlurers,
few investipalors have rcported re-
scarch results that could be used to
correlate degree of mixing with ani-
mal growth. A few feeding trials (1)
have utilized vitamins A or D, which
is unfortunate because potential stor-
age or excess of it in the body would
be least likely to cause adverse ef-
fects from poor mixing. Until more
feeding trials are conducted to show
the correlation between degree of mix-
ing and animal health, it will be neces-
sary lo set rather arbitrary limits to
mixer performance,

Bloom and Livesey ((2) selecled as
a criterion thal 95% of the daily ra-
tions received by an animal should
conlain 90% or more of lhe daily re-
quirements of the ingredient consid-
ered. Merck’s Service Bulletin (3)
states that a coefficient of variation of
less than 5% probably represents a
pgood mix. Bruggemann and Niesar
(4) have defined “absolule homogeni-
ety as a variation no grealer (han
that of the variation of the chemical
assay procedure used. None of the
authors listed has staled reasons for
arbitearily welecting the values they
used.

In solids mixing equipment (5)
stanidard testing procedures for test-
ing mixors are given. Many ol ihe
techpiques for testing, sampling and
evalualing results are applicable to
feed mixing equipment,

FIGURE 1. Tolorance Limlts Shovn in Ralatlon to a

Normal Distrlbutlon Curve

By Pr. Harry B. Pfost

Hansas Stare Unlversity

EDITOR'S NOTE: This article introduces a series of five which, together,
will provide the industry with a comprehensive guide which will help any feed
manufacturer or mixer determine the guality and efficiency of his mixing
operations. All of the articles in the serics were researched and prepared by
present or former staff members of the department of jlour and feed milling
industries at Kansas State University, Manhatian,

This first article in the series, by Professor Pfost, constitutes contribution
No. 476 of the Kansas Agricultural Experiment Station and is reprinted from
the May 9, 1964, issue of Feedstuffs to introduce the series and to provide
background informeation for the following articles.

The second article will discuss ¢ new method of describing particle size.
Other articles in the series: "Physical Charactertistics of Feed Microingredients,”
“Testing Feed Mixiwres, Mixers and Related Equipmens” and “Testing and
Performance of a Vertical Twin Screw Mixer.”

Several criteria might be consid-
cred in arriving at o decision re-
parding the degree of mixing desired;
among them are:

1. The mix should provide each
animal wilh a given percenlage of his
daily nutricnt requirements.

2. Tt should be adequate to prevent
frequenl occurrence of loxic levels,

3. It should be adequale lo insurc
that samples will be within limits set
by control organizations,

4, Inaccurile sampling or
(echnigues,

5. Loss
mixture,
systems,

Since an animal can sclect only
from feed that has been mixed, con-
veyed and stored, feed manufacturers
should be testing their producls as

assay

of n maletial from the
as through dust collector

FIGURE 3.

Probabllity of Meeting

they leave the plant. Evaluation of
the mixer discharge can delermine
only the actual mixer performance.
For purposes of discussion here,
we may assume that samples that rep-
resent about the average daily require-
ments of an animal consuming the
feed are being taken as the feed lcaves
cilher mixer or the feed plant,
Since several authors have selected
the statistical measure of coefficient of
variation, it should be defined

Ve
m

V =cocfllicient of varialion in
pereent.

s=standard deviation of the assay
value

m =mean of the acsay values
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FIGURE 2, Probabillry of Exceoding a &lven Tolerance
Under Varioun Coofficlents of Vorlatlon In the Mixture
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FIGURE 4, Probabllity of Finding o Large Excess of a
Component In a Somple Vihen Mixing is lmperfect

FIGURE &,

The value of the coefficient of vari-
ation ig (requently calculated from the
formulay

N2+ e ofe Xy Npit?
Nel T

where:
N = number of sampies assayed
Xi = assay value of the i'th sample

m = mean value of all samples

Maturally N must be large enough
to minimize errors from too few sam-
ples. (In research conducted by the
aulhor and associates a minimum of
10 samples usually are taken.)

1f a criterion similar to that select-
ed by Bloom and Livesey is elected,
then a condition similar to that shown
in Figurc 1 results. If a wide (olerance
limit B is selected, then a larger per-
centnge of the samples fall within
limits. Figure 2 shows the effect of
coefficient of varintion on the proba-
Bility that a sample will exceed a
given tolerance limit, From Figure 2
one can sce that the Bloom and
Livescy criterion corresponds Lo a co-
efficient of variation of approximate-
ly 5%.

If it {a important that some mini-
mum level of a component should be
found in samples laken, then, a dif-
ferent analysis can be made. This
problem might occur if a feed carried
some minimum guaranteed level and
an cxcess of the component would
not be harmful. Figure 3 shows the
amount of excess of the component
over the puaranicece which must be
added to insure, with a given proba-
bility, that the guarantecd level will
be found under conditions of varying
coefficients of variation for mixing.
From thly ehaet, 1t ds rendlly evident
that belter mixing will allow less ex-
cess to be used with a low probability
of failing to meel the guarantee,

In some cases, a large excess of a
component in the daily ration of an
animal might be toxic. Figure 4 shows
the coefficient of variation (hat might

Polsson Distributlon for an Avarage of Flve
Particles Per Sample
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Partlcles in a Sample

L i 1 1 I 1 =

10 |- -
B
§ {
E ™
i &

J0 =

- | 1

0 20 40 60 80

100

Coelfkclent of varlatlon of mix , %

50 it s 0 M0 g
a, mee v ol prikda

1] 10 b2 A 43 5
Cauflklnat of varlaites, %




R Tt e

be allowable for various probabililies
and excesses. For example, if il is de-
sired that the probability will not
exceed 0.001 (0.19) that a level of
“2x mean" will be found in a sam-
ple, then the cocfficient of varialion
should be less than about 32%.
Varialions of the level of a com-
ponent in 0 samph: can oceur il the
ber of particles of the o t
expected in the sample is not very
large, When a limiled number of
particles arc distributed pmong vari-
ous sample spaces, the probability of
finding @& given number of particles,
%, in o particular sample space is
given by the Poisson distribution for-
mula,

x

P =12
xle”

where:

P(x) = probability of x particles in a
sample

m = mean number of particles per

sample

¢ = base of natural logarithms
Figure 5 shows the distribution of the
number of particles ihat may be ex-
pecled when m cquals 5.

The Poisson distribulion hia cer-

tain fixed properties that lead to the
relalionship

v =100
vl

For example, if there were an aver-
age of 100 particles per sample, then
the cocfficient of variation would be
10%. Hence, even il (he mixer oper-
ated “perfectly,” there would still be
a coefficient of variation of 10%
among samples.

Figure 6 shows the effect of num-
ber of particles per sample on the
probability that any particular sam-
ple will contain a given fraction, or
more, of the average amount of the
component.

Since some drugs have been re-
porled lo be loxic at levels of twice
normal [eeding levels (6), it probably
would not be safe to excced a co-
efficicnt of variation of about 20%
(Fipure 4), The coelficicnt of vari-
ation of 5% selccted by some authors
appears Lo be conservalive.

New Siandard Deviation

Many feed manufacturers say they
have no mixing problems because their
feed mects the requircments of stale
feed control inspection. It should be

noted that most state feed conlrel

assays ore. made on samples com-

posited from 10 or more individual

samples. When  samples are  com-
sited, the new standard deviation
given by

S

S \/ﬁ

Where s=slandard devialion of
individual samples

n = number of individual
samples composited

Hence the coefficient of variation of
a composited sample would become

\ 7i

For example, a feed might have a
truc coefficient of variation of 30%
where double levels of a component
would occur more (requently (han
0.019 of the time. If 10 samples
were composiled, the coefficient of
variation would appear to be less than
10%, 30/V10, which would secem
to be guite safe and would exceed
a 10% tolerance limit less than 30%
of the time md shown in Figure 2.
The general effect and purpose of
composited somples has been fo se-
cure an neeurale measure of the aver-
age level of components—not to meas-

Reprinted from FEEDSTUFFS of Ociober 29, 1966
(Vol. 38, No. 43, p. 30)

PART 2—Feed Mixing Series
Describing Particle Size Distribution
Of Feedstuffs Statistically

By Dr. Verl Headley end Dr. Harry Pfost

Kansas State University

The present standard methods of describing the pasticle wize distribution
of ground feed materials lack simplicity and versatilily in many respects.
Analyses of sieving data by these methods are lengthy and difficult 10 compare
with different samples in relation to other imporiant aspects, such as surface
aren or number of particles. This method which has been used by the American
Society of Agricultural Engineers and American Society of Animal Production
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of sieving data; the procedure yields
dulus of uniformity(1). These two

L bt ) a
two modull, &

moduli may be used to deseribe the fineness of prind and denote the range
of particle size. More informative and effective methods for describing particle
size distributions have been used in other industries for various materials. This
article illustrates the theary and applications of small particle statistics to feed

materizals.

Samples from a population may sometimes represent a normal distzibution
described mathematically by the relationship:

ure variations resulling from proc-
essing and handling.

Summary

From the results of this theoretical
analysis it appears that the total co-
efficient of variation should not ex-
ceed 20%, lo avoid possible toxic
cffccts, 1€ usual numbers of particles
of a component are present per shm-
ple, (hen mixer tolerance cannot be
so broad. Probably with most com-
ponents the coefficient of variation
that may be allowed due to poor mix-
ing and/or sepregation could range
as high as 5-10%.
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EDITOR'S NOTE: This article is the second In a series of five which,
together, will provide the industry with a comprehensive guide that will help
any fecd manufacturer or mixer detérmine the quality and efficiency of his
mixng operation. All of the ariicles in the series were researched and propared
by present or former staff members of the department of flour and feed milling
Industriey at Kapsas State University, Manhatian,

This second article in the series, by Dr, Verl Headley and Dr. Harry Plost,

constitutes contribution No. 555 of the

Kansas Apricultural Experiment Sta-

tion. Other articles in the series will be: “Physfcal Characteristics of Feed
Microingredients,” "Texting Feed Mixtures, Mixers and Related Equipmant,”
and “Testing and Performance of a Vertical Twin Screw Mizer.”

tionship as shown in Figure 3. The valve of the mean, X, is determined as the
value of X at a probability of 0.5 and Lhe standard deviation, S, by differences

where

S-(X-Xm)-(x

g - 0 1)

The particle size distributions of some ground materials, usually by weight
1 as indicated by

2

Foy =~ _ 1 exp -1/2 (x-,g) w

i (g
Normally, X =£¥;  and )

o~

.2 2

5 =Z(x - %) )
o-1 'y 3

n=1

are computed as estinintes of # and ¢ respectively, with the square root of the
variance yielding the standard devintion(2). A distribution on which (hese par-
wmeters are illustrated is shown in Figure 1. For a normal distribution, the

bability of randomly selecting an observation within intervals about the

mean is given by:

T -T<LSp+0) = 0.68 (4}
P(n - 202 X €+ 20°) = 0.95 [6)

When increfnental values under the probability curve are summed,

X
Fxy = ._.[,, Fex) ax, .

a cumulative distribution curve similar to the one shown in Figure 2, is ob-
tained.
Distribotion Data
Arithmetic probability paper facilitates the plotting of cumulative distribu-
tion data yielding the graphical solutiops for X and S. When a true normal
distribution exists, then an arithmetic probability plot will yield a linear rela-

{or volume) or by count, are found to be skewed or

Figure 4. With somo distributions, the logarithm of the independent variable,
particle sizg, may be plotted along the abscissa, resulting in a curve shape similar
1o that of & normal distribution as shown in Figure 5. When this. situation
exists, it is said to be n log-normal distribution. By the same token, the plotting
of cumulative distribution data versus the logarithm of particle size or dinmeter
on Tog probability paper will yield a linear relationship as shown in Figure 6.

The log-normal distribution function may be expressed as:

fhaay - 1
In Cgn e exp =1/2 [1n d - In pg,

1n q’gn
The value of the geometric mean particle size or diameter of the distribu-
tion by number of particles, de, of & sample may be estimated by the relation-

ship—

d{In 4}, ©)

a1 (nd) +1adymggmT +1ndy )
n

in dgn

with the symbol, n, signifying the number of particles (3,4,5). Similarly, the
geometric standard deviation by number, S, of a sample may be estimated by:

0.5
s - Z (n d4; = In dg“;j__

b=l

(10)

This technique could be applied when cach particle is measured individually
as in & microscopic examination.
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FIGURE 1. Curve for a Normal
Frequency Dlserlbution

FIGURE 3. Arlthmetle Probabllity Curve
for a Gumulativa Normal Dlstributlon
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FIGURE 2. Curve for o Cumulative
Normal Distributlon

FIGURE 4. Curve for a Non-Normal
Frequency Dltribution
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Frequently, when making parlicle size determinations, it is more conveni-
ent to weigh or measure the volume of a sample within a given size range, a9
is the case with sieving or sedimentation assays (6). In this case, the log-normal
parlicle size distribution may be expressed as:

Fuwy aley - 1
T, @R

exp ~1/2 flnd =" 1n Vo
1n O-ZV
The parameters for a sample may now be estimated by:

2
) d(ln d), (11)

In dg, =Zlwy 1n dg)

» and 12
1_"’_. an (12)
= 0.5.
In $py '[E("l (In d; - 1n "sw)ﬂ 3)
AN

In equations (9) through (13) it is arbitrary as to what base the logarithms
are taken. Nalural logarithms may be used or base 10 may be more convenient.
Log Probability

Log probubility paper may olso be used to oblain solutions graphically
for the above pary When lative sicving data are ploited by welght
along the probability scale (ordinute) versus the logarithm of the particle size
along the abscissa, the values for the distribution parameters. may be read

FIGURE &, Somllogarithmic Curva of o
Non-Normal Frequency Distributlon

FIGURE 2. Theoretical Cun s Indlcating
the Appllcaton of Trousformation
Equatlons
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FIGURE 8. Comperison for Normal or
Leg-Normal Distribution for Mllo Ground
Through Ys In, Screen

FIGURE 6. Log Probabllity Curve of a
Log-Hormal Distribution
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dircetly. The geomietric mean diameter of the distribution by weight may be
read a3 the volue dew, at the 50% probability point, and the geometrle log-
normal standard deviatlon, Saw, ny

S =4 "

e :ﬂ (1)
&Y 16

whero du and du are the particle diameters corresponding to the probabilities

of 16% and 84% respectively,

Similarly, if the estimated parameters, Sew and dew, are known, the log
probability distribution plot may be reconstructed and the probability of finding
a particular fraction in the given size range, di to ds, may be read directly as
Ful(ds) - Fuldy),

In many cases jt is desirable to know the total exposed surface area and
total number of particles in a particulur distribution. The following cquations
have been derived by the authors using log-normal distribution parameters by
weight, which yield solullons predicting both total surface area and number of
particles.

I the (otal sample weight of a material is known, (he weight in the i'th
interval, by sicving for exnmple, ls:

LA N CH RIS ORI

(15)
ond the number of pariicles in the i'th interval will bes
Ny o=y .
(=N (16)
Sirnilarly, the interval surface area may be calculated as:
2
Aag = By By 4y an

Replacing the value of Ni in the interval surface area equalily, the rela-
tionship takes the form:

Agg = 0y Wy
By @dy

=V (R - B0 )
Py @y

(18)

The weight probability within en interval may be calculated by the rela-
tionshipt

d=d 2
2
Fa(d) - 2,(dy) = 1 ind -1
v N TGy, @m0 / exp -1/2) * "4 a1 4
RN IEY 3
Ev

19
Thus, the integral form for predicting the total surface area for a particu-
lar log-normal distribution is:

By W

: d=ca z

A - 1 exp -1/2 find ~Inp

St S BInge )05 ‘/ q B d(ln d)
pvelnv;" S a <

- T
0 " Tgw 0
Introducing Z = In d (the logarithm base now must be the natural to base
¢} and inlegrating, the equation for total surface area becomes:
L '"5, He  axp (0.5 1n20’w - nug) 21)

Manlpulation of the exponentinl also yields an equivalent expression for
total surface area as:

0.5,
e = 1, v T
BvPng, (22}

Similarly, when a given distribution by weight is known, it may be desirable
to know the total number of particles. The equation for predicting the total
number of particles in a particular log-normal distribution may be derived
from the basic interval equation,

Y FE) - F o))

[l 3
€, 4 (23)
The integral form by introducing the probability distribution becomes:
dm 00
N - e / 1 oexp-l/2 flnd-lnn : d(ln d)
© OFR Tg, @3 g IS S B 1)
I, (24

Integration and simplification yield an equation for the total number of par-
ticles ms:

\
3 2
N, Thy (4.5 1n 0’;‘, “3inow) (25)

By the same token manipulation of the exponential yields nn equivalent expres-
sion for total number of particles as:

o 0
5,0u, (26)

Therefore, from known values for both surface and volume shape factors,
the specific weight of a material, its sample weight, log-normal geometric

e
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FIGURE 12. Typical Data Sheet Used for

Tabulation of Sieving Data and Calcu-

lation of Log-t rmol Particle Size
Distribution Parameters by Weight
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FIGURE 9. Log Probability Distribution
Curves for Straight Grade Flour, Yitamin
- A and Soybean Meal
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implications indicate ncither, since yarely, if ever, is any digtribution truly
normally distributed, and by the same token rarely, if ever, is any distribution
truly log-normally distributed. The decision may be made by asking which 1ype
of distribution ground feed materinls follow more closcly. A cumulative arith-
metic probability plot of a truly normal distribution yiclds a straight line, and,
simitarly, a cumulptive log probability plet of o truly log-normal distribution
ulso yields a linear relationship. Thus, Figure 8 indicates that ground sorghum
grain approaches more elosely that of a log-normal distribution.

In an attempt to confirm this decision, further sieving tests were performed
an & series of other feed moterinls and their particle size distributions plotted
on log probability pager os shown in Figures 9, 10 and 11. Figure 11 indicates
that 1y homog materials such as oats are diflicull to describe;
the grinding char jstics of the hull and groat are quite different,
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Application to Sieving Data
n order to use this method satisfactorily, it is desirable to select a suffi-
cient number of sieves of a standard series which will provide the complete
weight disteibution (minimum of six sicves recommended), Figure 12 illustrates
a data sheet which has been used by the authors as a combination data and
) ion sheet, This sheet was propared using sieve openings in microns; thus,

FIGURE 10. Log Probability Distributlon
Curves for Covn and Milo Ground Through e
Ya In. Sereen

FIGURE 13, Cumulative Partlcle Size
[ Distribution, by Welght, for a Ground
J Corn Sample
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FIGURE 11. Log PrababHity Distribution
Curve for Whole Oats Ground Through FIGURE 14, Cumulative Partlclo Skte
a Y In. Sereen Distribution by Welght, Surfaee Area and
Number for a Greund Corn Sample
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standard deviation by weight, and geometric mean particle diameter by weight,
one may apply the above derived equations predicting the total exposed surface
area or number of particles in a particular gample which is log-normally
distributed,

1 o sample of ground material is log-normally distributed, a complete
graphical rep ion of the respective particle size distributions by weight
(or volume), surface area and particle numbers may be drawn on lag probability
paper when weight distribution parameters @ and Hev, are known, by a_pply'lng
suitable transformation equations (5), The fi H quations yield the

y respective par of g ic mean particle size (or diameter),
log-normal g ie standard devistion for both surface area and particle
number distributions from weight distribution parameters. To obtain these
cquations requites first a series of integrations of the exponential log-normal
distribution equation for the first, second, third and fourih moments of particle
size weighted by particle number, the first moment of particle size weighted
by surface area, ond the first of pasticle size welghted by volume (or
weight), Then by substitution of integration equalities, making use of the
unique characteristic that the log-normal standard deviations by weight (or
volume), surface area and number are equal,

Coum Gga “Ton (€3]

the fallowing transformaltions are obtained:
1n pgl = In “gu - l.nZ (rgu (28)
R w? 0y, (29)

Log-Normal Distribution

Once these p ters aré obtained, the the | log-normal distribu-
tion curves by surface area and particl ber may be i diately con-
steueted, These distribution curves drawn on log probability paper will be both
linear and paralle] o the cxisting log-normal weight distribution curve as

shown in Figure 7. ) )
The logical question now is: are ground feeds and feed ingredients nor-

mally distributed or log-normally distributed? Experimental and statistical

the logatithm of the particle size (or diameter) (o the base 10 becomes n con-
venient positive icle size on a sieve is cnlculated as

. WVerage |
the grometric mean dismeter of the sieves through which the particles passed
and upon which they were retained.
1/2
4=t 4y Y (309

Figure 12 illustrates typical sieving data for a 100 gram sample of ground
corn. The weight of material on each sieve is shown as Wi. The percent re-
tained on each sieve is calculated and should total approximately 100%,
depending upon rounding crrors, Olher calculations are made to determine the
geomelric mean particie diameter, daw, and geometric mean standard deviation,
Sen.

The summed percentages from Figure 12 have been plotted on logarithmic
probabilily paper as shown in Figare 13. Note that in plotting the data the
value of 0.41% which was retained on the 200 sieve was plotted as 0,41% less
than a size equivalent to number 150 sieve (105 microns). From Figure 13 the
geometric mean particle diameter was d ined as 600 mi compared Lo
a calculated value of 590 microns. Similacly, the plotted values were used to
determine the log-normal geomelric standard deviation of

= 600 = 2,26
S %
which compares closely to the calculated value of 2.19.

The values obtained can be used to calculate the total surface area of a
sample or folal number of particles in o eample, At this point it ls necesnary
(o convert the geometric mean pacllcle size (or diameter) to centimeters, or
dew = 0.0590 cm. if sumple weight is expressed in grams and specific weight in
grams per cubic centimeler.

If we assume thal the particles are cubical then 8 = I and #. = 6. (If
spheres are assumed then # = l:'T and fs = 7), Also, we may assume that the

specific weight is approximately 1.4 gm./cm' for this material. .-

The total surface arca of one gram of this material can be colculated by

equation (21 or 22) as

2
Agp = 6 x1 exp (0.5 (In 2.19)" - In ,0590)
1 x 1.4

2
= 4,28 exp 0.5 (0.784) = (-2.82)
= 4,28 exp (3.13) ’

= 98, cm2

Similarly, the number of particles per one gram sample may be calculated
by equations (25 or 26) as
1

P | 2
I\t 1% 13 exp (4.5 (ln 2,19)° - 3 1an ,0590)

= 714 exp 4.5(0.784)% - 3(-2.82)
= .714 exp (11.22)

= 53,400 particles

Also the log-normal distribulion parameters snd curves for both surface
area and particle number distributions for the ground comm sample may be
estimated from the weight distribution parameters des and Syv, and through
applicalion of transformation equations which determine the peomelric mean
particle sizes s and dw. A unique characterlstic of log-normal distribution
is that

5§ =5 =38
gw gs g0«

This indicates that the weight (or volume) surface area, and particle number
distribution curves for the sample will be parailel, since for all practical pur-
poses the log-normal g ic tard devistion determines the slope of the
Uistribution curves, Inserting the weight distribution parameter values of 600
microns and 2.26 for de= ond Se= as obtained, of Figure 13 into equations 28
and 29 the geometric mean particle sizes (or éi_nmclers] dis and dis are calou-
Jated at 308 microns and 82 microns respectively, These distribution paramelers
compare quite well to those ohtpined in Figure 14 where the distributions were

A
:
i
i

)
!
{
1
J

—rr—

i

=i e r—

e

——ly



—r i

dew = geometric mean particle size or diameter by weight distribution of
sample
[(:) = probability density or frequency of x
f() = probability density or frequency of d
F(:) = probability of cumulative distribution of X
Fu(d) = probability of cumulative welght distribution of d

determined by long hand for comparison through application: of incremental
equations 16 and 17. Thus; the transformation equations may be used to calcu-
late des and des from the original welght distribution parameters dew and Sew
oblained through sieving. These parameters will in turn permit the graphieal
representation of weight (or volume), surface area, and particle number distri-
bution curves 1o be oblained guickly and effectively, By the same token one

3 may uic the log-normal probability-particle size distribution curves to esti- Ni = number of particles in the i'th interval
malte both total number of parlicles and total surface area in a sample of Ne= total number of particles in Enmple
e known weight. n= ber of particles denoting parent population
‘:j Sumntary p = specific weight of material

i S = standard deviation of sampla estimate

A method for describing the particle size distribution of feed materials by ie log-normal
small particle stalistics is presented. o number distribution
Equations are derived on the basls that the distributions of many ground St = peometric log-normal standard deviation of sample estimate by surface
K feed materials are log-normal. Methods for determining the log-normal particle arca distribution
] size welght distribution parameters of peometric mean parlicle size and geo- Sew = geometric log-normal standard deviatjon of sample estimate by weight
2 mettic staniard deviation are demonstrated. Equations are derived containing distribulion

Sin =

| devintion of sample estimate by particle

4 these parnmeters for caleulating tolal surface area and total number of particles 7 = standard deviation of the parent population
] in a particular sample. ) . %o = geometric log-normal standard deviation of parent population by
Transformations of the log-normal particle size distribution parameters by number distribution
welght 1o those for surface aren and number of particles are ilustrated mathe- “u = geometric log-normal standard deviation of parent population by
ically and the corresponding distrik graphically. surface area distribution

The results of actunl particle size analysis data oblained by sieving indicate ex = geometric log-normal standard deviation of parent population by
that those ground feed materials which are fairly homogeneous have particle weight distribution
size distributions which can be represented log-normally, A= mean particle size or diameter of parent population

Application of this methad of small particle statistics to actup! sieving data #0 = geometric mean particle size or diamefer of parent population by
are shown. Use of a typical data sheet, determination of the y log- particle number distribution
normal parameters, and total distribution for number of particles, surface area fee = geometric mean particle size or diameter of parent population by
and weight (or volume) are: illustrated Both math ically and graphically, surface area distribution

It is believed that these methods presented pmvi'du for greater flexibility Hew = geometric mean particle size or diameter of parent population by

if al

in the use of particle size data than do [ nd of uni- weight distribution
formity. X = saniple value or size
DEFINITIONS OF SYMBOLS X = arithmetic mean of sample values
. . N N =
Aw = surface area of particles in the i'th interval I (zon§lanl, ?'14 ithrtr to b
Aw = lolal surface area of particles i - !"g‘,ca[“]"g”f'h;l to bme
A+ = shape faclor for calculaling surface arca of parlicles 0g = indicates logarithm to base 10
A shngc l‘:\cllor for Fnlculallng volume of particles REFERENGCES Fiakin. Sl Wizt op 38
d = particle size or diameter . Anunymous,  198S—Methad of deter- 1. Hsleh, T., 1930 Delsrminots e
dr = particle diameter in the i'th interval SrUE, moditis of Wniferrmily snd meduius  STRES BAFYSle sise From tHe dcreon Aaiyla
i . . N . ol noneas & i feedy A
di = (do . du)™*, the particle size or diameler in the I'th sieve interval Enginkars Tearseons o 3 Mln;:"?,:u ““;"‘.‘J:aiﬁf"'.?':-’feu’]"“;
do = size of sieve opening through which particles will not pass 1 tafiaas Dtlarwatih and o, T, 010 D
du = size of mhjacent sleve opening through which porticles will pass 3, et P 1:'::55: i o 'mt':;'{:
do = geametrie mein partlcle size or dlamcter by partlele number distribu- Vit bl desiipt Menmirament; ean. fncloly of Testing
lion of !1tllpll: i [T R ET Y 1 Journs) Malaflala, pp,
on of
dv = geomelric mean particle size or diameter by surface area distribution

of sample

Reprinted from FEEDSTUFFS of November 5, 1966
(Vol. 38, No. 44, p. 50)
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PART 3—Feed Mixing Series
Physical Characteristics
Of Feed Microingredients

] By Dr. Harry Pfost, Dr. Charles Deyoe,
: Carl Stevens and Edward Morgan

Kansas State University
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The physical characieristics of feed
ingredients in relation to problems of
mixing has received relatively little
attention in the literature. Most cereal
grains and protein supplement prod-
uects have approximately the same den-
sities, and, following grinding (not
rolling), the ranges of particle sizes
are not widely different. Some mineral
ingredients have been very finely
ground to facilitate assimilation, and
the density of most mincrals is much
higher than that of ather feed inpredi-
ehls Reenuse the (ukeranee Tor day-lo-
lay variation in mineral intnke is lnrje
oF st andals, mixing varkations
may nob be ol o preat bnpoitynce,

With the widespread aduption of o
witle variely of microingredicnts afler
World War I, some nuthors, such as
Bloom and Livesey (1), began to rec-
ognize (hat the number of particles
contained in a sample representing the
average daily intake of an animal Is
important. Because of the cost and
nutritional importance of these new

EDITOR'S NOTE: This ariicle is
thie third in a veries of five by mem-
bers of the faculty of the department
of flour and feed milling industrias,
Kansas State University, Manhattan,
Kans, Dr. Ploast Is a profesior, Dr.
Deyoe an associate  profossor, Mr.
Stevens a former agricultural extension
specialist and Mr. Morgan a former
gradnate research assistant, The article
constitutes comtrthution No, 554 of
the Kansay Agricultural  Experiment
Station,

Physical properties which might be
expected to influence mixing include:

1. Particle size

2. Particle shape

3. Specific weight

4. Hygroscopicity

S. Susceplibility to electrostatic
charges

6. Adhesiveness of the particles due
to physical properiies, such as rough
surfaces, or additions of ndhesives
snch ay oils,

Many  microfopredients  are  not
Iy distribnited fn thelr pure or

microingredionis, much mors nifen-
tion was given to problems of mixing
them. Drug and feed manufacturers
have sludied the problems of mixing
premixes and complete feeds contain-
ing critical microingredients: however,
a review of the literature discloses
little published information regarding
the physical properties of feed addi-
tives.

most concentrated form, When such
milerolngredicnts aro mixed with ane
other materfnl for distribution the
practical effect may be to change the
physical propertics, relative to mixing,
of the original microingredient. The
authors have defined two terms 16 de-
scribe the inort, non-active material:

Diluent — an inactive or inert in-
gredient mixed with an active micro-
ingredient for the purpose of diluting

the concentration of the active ingred-
ient.

Carrier — an inactive or inert in-
aredient mixed with on_active ingredl-
ent for the purpose of changing (he
proctical physleal propertles of (he
active Ingredlent,

Whon o difuent Iy vsed with
miceolngrediont, the mizing propertics
of the criginal Ingredient will not be
drastically altered. The number und
size of the original active particles will
remain hanged for all practical
purposes. The use of a diluent may
facilitate weighing or increase (he rate
of mixing.

When & carrier is used with micro-
ingredient the mixing properties will
be drastically altered. For example, if
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a high density drug were finely divided
and mixed with an oil and ground
prain, the rLsulling mixlure would be
distributed in a mixer in about the
me way the pround grain would he
distributed; or if a liguid microingredi-
enl mixed with o ground grain, the
physical properiies of the resulting
mixture will probably closely resemble
the physical properties of the ground
grain,

Bruggemunn and Nicsar (2) have
reporied the resulls of particle size
measurements of approximately 12
microingredients and 12 common feed
ingredients. In an altempt to gain
more information regarding the prob-
able mixing properties of a variety of
microingredients, the authors ob-
tained samples of a large number of
microingredients and measured par-
ticle size and density of the materials.
In general, the data reported here rep-
resents measurements of the micro-
mgrcdlenls with or without carrier or
diluent, in the most concentrated form

Gasket

sSCrew Clamp

tal Cap ﬂ‘“

Cam Clamp
End View

in which it is generally distributed to
Teed or premix manufacturers.

Particle size was measuicd by siev-
ing lechniques il possible. Tincness
Modulug and Modulug of Uniformity
were used ns methods to measure the
particle size. These methods are de-
scribed in the Agricoltural Lngincers
Yearbook (3) and 1961 Feed Produc-
tion Handbook (4). Geomclric mean
and peometric standord devintion were
also used; these terms wre discussed
by Headley and Plost (5).

Density Determinations

Densily deferminations were made
in an air pycnometer shown in Fig-
ures 1 and 2. This equipment is used
as follows:

The empty volume of each chamber
is measured or delermined.

A weighed sample of the ingredient
is placed in the test cylinder.

The valve belwcen the two cylinders
is closed and the valvc ‘o the almos-
phere on the test cylinder is opened.

Air is admilted Lo the cylinder No.
1 and the pressure is raised lo the

maximam Pi.. (The authors used 2
pressure of about 32 cm, of mercmy)
The valve lo the wir source is then
closed.

The valve to the atmosphere at the
test cylinder is closed and the valve
between Lhe cylinders is opened and
the final pressure, Pr, i3 rcad on the
manomeler.

The volume of test malerial is cal-
culaled as fallows:

Referring lo Figure 2 let:

hy = Original manometer rcading
in cylinder 1
b2 = h. = Pressure of atmosphere
he¢ = Final manometer reading

= QOriginal pressure in cylinder

P. = Original pressure in cylinder
2 which is utmosphcre pressure
Pr=Finnl pressure in the Lwo
cylinders when they are inter-

connected

V: = Volume of cylinder 1, fixed
cylinder

Vs = Volume of cylinder 2, test
cylinder

Volume of malerial
V.= Volume of calibration test

Using manomeler readings, rather than
absolute pressures, yields:

(B4 h) (V) + Va) = @+ by V= h .V,
Vi * [TETEEN
or

(Vi - gy
B g
Volume Determination

Determining the original volumes,
Vi and Va can be done casily by con-
structing a small test cylinder having
about half the volume of Vs, The pro-
cedure is as follows:

1. With the connecting valve closed
between Vi and Vs, pressurize Vi and
open Vs to the amosphere.

2. Close the atmosphere on Vs and
close the air supply to Vi

3. Read I,

4, Open the vnlvo connecting the
cylinders and read Pr

5. Repeat steps [ to 4 with the cali-
bration block inserted in Vs, call the
pressures obtained P, P', and P'n.

Then
Pe(Vie- Vi) =DV - PV,
and P'e (Vi + V.—V)

P’ Vi + P (Vs — Vi),
or hte (Vi + Vo) = Va
and h'e (Vi 4+ Vs — V) =h'1 V.

The two simultaneous equations can
be solved for Vi and Va,

Some ingredients, particularly those
containing oils, are difficult to sieve.
It was found that the addition of
about 0.4% of Cab-O-Sil, M.S.,* to
the test material caused the particles

block
Since:
P;V: = MiRT
P2 (Vi-Ve) = M:RT,
and
Py (Vi Vg— Vi) = (M) + M) RT=
PV, Py (Vo= V)
Then
PVt V) - PV - PoVy.
m” P

£ P2

*Cab-0-811 wad mada svailable by Tha
Cabot Corp, Boaton,

TABLE 1. Physu:ul Properhes of SOme Common Mlcromqrediems and quredmnls

Denshly D-ml!v Denilly
Ingrediant 6mJ/CC FM. MU, D s trgradiss) 6m/CC EM. MU, D s Ingrediast 6m./CC EM. MU o B
AMINO ACIDS Sulla Vaterlnary . 224 02 64 [k Vitamin E,
Ly:ina Supplemaent wlith Sulfaqulnoraline 4 1.28 1.34 m 1.61 20,000 LU.Ab. ..... .28 235 0:4:4 450 1.6%
wheat mldds . iooonin 28 142 oy 728 2.07 Shilberol . 136 227 427 174 Vitemla E,
L-Lytins Mona- Stilbestral 13 240 53 170 20,000 1U./Ib, o 21 203 185
hydrochlorlds 118 09 66 1.5)  T5C-80 Mud, 159 62 17 172 Viamhn E . L7 12 217 1400
Lysina 20% wlith Tristok 179 .05 49 142 Vitamln E . 123 1.3 220 15l
wheat midds . o1a2 s 209 228 Tefthladol Coccldiostal 181 .03 65 131 Vitamln K .., 130 162 020 282 2.00
Mothlonlne DL-90% . wr a2 03 146  Trolana Pl 1.7 219 405 .36 Vitamln K,
Maikiniing DL coeeine. 06 539 167 tgy  Trlverm Powdor ... 143 57 1oy 218 Monadlone USSP, ooy 1413 (DIfficlt to slave)
Mathionina Hydroty Unlslat R uvuases 7 Al 109 166 Yiamin K .....\. 261 077 00 73 13
Anslogue, 0% . 137 142 037 200 a5 Whitiyn 10 ... 264 .83 138 145  Calclum Panfothenafs .. 131 34  0::l0 92 17
Calclum Panlolhanate .. §25 148 236 |0
ANTIBIOTICS MINERALS g;al:lllum cP:;\lnlgunzM; y 129 247 TR
Aureomycln SR diluted Calelum weuvvvivniiie. 242 03 om0 82 14l hollno Chlorlde 271
wilh  soyboan  meal, Dafluorlnated Photphate 295 169 0w 223 333 o coreal carrler .. 128280 G sz Lz
ollna Chloride 70%
soybean feed and fer- Dlcalcium Phosphals ., 235  1.62  0:2:8 208 2.04 1
tatlon solubles l3n 195 04 a5 230 figgd <= =it B
ey "‘ b R - E H g Granular Faadlng Chalins Chlorlde 37%%
K ;""“Y‘" wen! fave Galclum ... 259 169 0:3:7 285 2.l on cereal carrler ... L2 269 0:7:3 633 166
san meal and soy-
bean fes 12 Le4 333 2.0  Soft Phosphate 259 949 o:1:9 143 2,55  Chollne Chloride 25
Aursomycin SR A 29 204 Trace Miserel Premiz .. 334 177 owil0 146 1&0 o0 jopbash mlll 1hed fyowt Rt o e
Bacitracln *R .. 1.25 81 141 231 Trace Minaral Premix 315 06 0:0:10 59 .47 clinefChierlde}2bih.on M2l (208 RO:3:0 31K -y
Raciiractn, with ra . E 0 . Choline Chlorlda 25%
i @ = T on whest midds ... 12l 236 04t 36 195
50% Penlcillln 57 A4 1o 1.8 ChaliaekChiorlduJEDZ:
P : L Vilamin A, an carn cobs and
250,000 US.P/gm, .. 1,00 559 &:0:10 123 145 wheat midds ....... L7 LT o0 292 Lo
oyster ahall og.ioe 152 il 102 182yt A, Chofine Pantothonala &4
f illin & 122 45 132 176 : =
Procaine Ponle : 250,000 US.P/gm. .. 1.4 140 0:0:00 234 1.49 am./lb., diicted with
Sireptomycin R . lar .03 8 LAl yiamin A, Galclum carbonate and
In *R 133 107 172 234 g
T'I"'I'“YfR" o : 325,000 US.P./gm. .. 128 129 0:0:l0 207 142 ryo middlings ....... 147 77 0:0:10 14 20
Tylos ':n gelafin = . 2 = Vilamin A, Nlacin, 99% pure .... 028 29 0:0:10 102 149
st 24 200 N 325,000 units/gm, 125 LTI 0:0:00 289 14} Nlacln, 50% diluted
Vilamin A, with wheat middi ... 126 149  0:0:10 247 L74
F-M. = Flnonsss Modulus. 10,000 U.S.F./gm. 128 LAl 0:0:10 227 168  Pyridoxine Hydrochloride
M.U. == Meodulus of UnHormity. Yitamin A, U.S,P. (Vilemin 84).. 126 .03 0:0:0 89 130
D = Geometric mean dlamstar, microns. 325,000 U.S,P/gm. .. 126 147 010 245 143 fiboflevin FEA% pure. 008 120 0:0:10 215 147
f- Guomalrle standard duvietion, Yitamln A, Riboflavin wivariou
R = Trada name of preduct. 100,000 U.5.P./gm, .. 1.20 .73 D:2:8 200 203 dituents ..., e 076 LIB te 2,14
Vitamin A, Wiboflavin w!dilulnll as 122 1.40 232 2,06
DRUGS 30,000 U.S.P./gm. ... 110 228  0:4:4 427 |78 Riboflavin 128 |67 201 143
ABC Elhylene \i.\iees 243 14 0:20 222 223 Vitamln A/D,, Rlboflavin, 6% pu L7 hEl o 00i0 262 145
Ampral 20% wlth soy ol 35 unlis/gm. ... L1260 140 0:0:10 234 143 Thiamine Hydro:hlnnda
and corn glulen . L2l 254 250 089 Vilamin B),, USIPe creverennneens  L31 220 08 405 176
100% Arcanfllc Acld .. 152 .IE 72 158 24 mg. per pound ., LEI .80  O::p 137 207
Arsanllic Acld with Vitamin By seevenne.. L4200 122 0:1:3 202 2,08 OTHER INGREDIENTS
whuat mldds 140 249 26 1% Yilemln B, [ 192
Arzene *R . VIT e e 238 20 mg. per pound .. 138 160 0:2:8 264 203 Corn Distillers Solubles. M2 .50 e 207
Bifuran .. 137 .8y 45 202 Viomln B 125 145 273 1,92 Distlllers Solublas ..... 1.5 .32 220 1.69
Cadmlum 147 189 25 145 Vitamh C .. 155 .5 000 96 163 Dried Beet Pulp . 1.05  3.68 1299 a7
Dasiral 142 15 244 175 Yitamin D, Drlad Whey . . l42 B4 e 201
Dynafac Pramls Armour 134 58 121 188 200,000 U.S.P.rgm. .. 127 109 0:0:00 328 125 Ethoxyquln on oat mill
Eddie Reg. .o245 170 283 204 Vifamin D,, faed ond calcium Will-
Histocarb 238 . 84 14t 400,000 U.S.P./gm, .. 129 209 0:09 37 122 cate L.iieiieiin. L2 28 0m:i0 B8 Ll
Hislotop-5 179 .14 8t 173 Vitamin D, Eihoryquin &n
Hivostat *R 194 12 27 180 30,000 [,C.U./gm. ... 105 206 0:1:9 386 130 varmlcillts 80 LT0 503 142
Inlarslale Phanothlazine, 134 147 72 160 Vitamin D,, Mot Scraps 137 167 21 218
Moorman's Mad. Rnd’Exv 210 1.6l 256 239 200,000 1.C.U./gm. ., 126 .81 0:0:00 131 77 Oats ... 138
HR-160 *R 135 1.84 317 136 Vilemln D, Salt .. 2.20
NFZ °R ... 147 105 183 217 200,000 1.C.U/gm. .. 124 L&7 0010 397 1M Soybaan OIl Meal,
NFZ In cltrus maal . 138 193 333 205 Vilamin E, 20,000 L.U., salvant LoI2e 184 000 274 L6l
NFZ *R Mix . 149 1.04 158 229 oqulv, fo 20 gm./lb, 125 133 O:h® 260 1.83  Sorghum, graln KT
Neomix .. 1470 81 145 Vitamln E, Urea ...... L2 178 0l 298 1.3
3-Nlkro *R . 200 048 sz 139 50,000 LU/Ib, ... 123 124 0:0:10 209 183 Ures Fesd . 126 147 0:0:10 243 |68
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to separale and pass through the sieve
openings readily.

Table | shows the parilcle slze and
densily of the feed ingredienls tested,
using sieve analysis; Table 2 shows the
particle size and density of ingredients
measured with a microscope.

Conclusions

From & review of (he properties
shown, several conclusions can be
made. It is apparent that most of the
vitamins are about similar in density
and size to ground grains and should
not be particularly diflicull to mix.
Some minerals are quile fine and
dense and should be a critical factor
in mixing. Somc of the drugs arc
inletmedinte in denaity and oy ho
more diftieutt to mix than the vitaming
bul probably less so than minerals.

A few inpredients are quile small
and could easily be lost from a feed
wmikiure Jnosonie provessed, sich oy
Lthose using cyclones, unless Lhey are
made to adhere to a larger carrier
particle,
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PART 4—Feed Mixing Series
Testing Feed Mixtures, Mixers

And Related Equipment

By Dr. Harry B. Pfost, Dr. Charles Deyoe,
Carl Stevens and Edward Morgan

Previous articles of this serics (1, 2)
have discussed statistical toncepts of
evaluating feed mixtures and the phys-
ical properlies of the most commonly
usedd macroingredients and microin.
gredients.

Relatively little literature s avail-
able regarding hed itable for
testing the performance of feed mixers
and relnted conveying and storape
equipmient, Weornick (3) reviewed the
literai-ite. hefore 1956, Hastings et al.
(4) reported tests conducted with a
small premix type mixer, Creger (5)
reported on some factors that affect
mixing and the effect of vitamin A
variations on chick growth. Brugge-
mann and Niesar (6, 7) have reported
on extensive testing of various lypes
of mixers commonly used in Europe
but their work is relatively limited in
regard to assay methods reported. The
American Institute of Chemical En-
gineers (8) has proposed standard
testing procedures for mixers but did
not attempt to prescribe nssay proce-
dures. The Merck Service Builetin (3)
pives many practical suggestions on
testing.

Ideally a feed mixture should have
all inpredients uniformly distributed
throughout the mass of material so the
animal receives # uniform amount of
each critical nutrient ecach day. Since
the nutritional requirements of the anl-
mal must bo supplied, the accuracy of
mixing should be related to animal
needs, A baby chick consumes approx-
imately 13 gm. of feed per day during
the first 10-14 days of its life; hence,
magnitude of samples of feed for
chicks should be about 15 pm.
Samples for laying birds might be
about 115 gm. Samples of swine feed
roight range from about 30 gm. of a

Konsas State Unlversity

EDITOR'S NOTE: The wuthors
of this article, the fourth in a five-
part serfes, are; Dr. Pfost, professor;
Dr. Deyve, assoclaie professor; Mr.
Stevens, former agricultural extension
specialist, and Mr., Morgan, former
research assistant, department of flour
and feed milling indusiries, Kansas
State University, Manhatian, Kansas.
The article constitutes contribution
No. 222 of the Kansas Agricultural
FExperimeni Station,

pig slarter to 3,000 gm. of a swine
finishing ration. Large ruminant ani-
mals consume larger amounls so
samples of 10,000 to 20,000 gm.
might be taken in dairy or beef fin-
ishing rations,

Fat soluble vitamins, A, D, E and
K, are generally stored in the body
for varying periods and the day-to-day
variation iz probably not eritical. On
the other hand, water-soluble B-com-
plex vitamins probably are required at
nptimum Jevels each dny.

Effect of Delay

Studies with rats (10, 11, 12) have
shown that a delay- of one hour or
more in supplying lysine, in lysine de-
ficient diets, results in poor perform-
ance of the animal and poor utiliza-
tion of lysine. The average food pas-
sage time for growing chicks and high
producing hens is approximately three
to four hours, Thus, a delay of three
hours or more in supplying an essen-
tial amino acid could severely reduce
the value of the p atein supplied.

Some materials are beraficial at low
levels and may be toxic w. higher lev-

TABLE 1. Effect of Level of o Nltro Compound on Mortallty {%) of Turkeys

Tima {wesks] ——.

f0-4) [4-8) 8-12)  {12-1¢} [14-20) [20-24) {0-24)
Conlrol wiisesnnnen Vesinaas 1 2 3 ] L] ] n
9,10% Nitro Compound . 1 3 I 0 1 3 i
0.20% Nitro Compound ... g 52 10 1 I () Lk

EHect of Level af o Nilro Compound on Growlh {Ib,) of Turkeys

Timn
4 wanks 8 weaks 12 wewks 13 waeks
Baral 1.57 4,23 B84 124
0.10% 154 4.07 8.20 1.7

i .
0.20% Nitro Compound ,

137 322 5.40 9.2

cls, Urea may be fed safely at about
one fourth pound per day to mature
dniry or beel animals but one pound
per day Is near the toxie range. Con-
sidering the pessibility of one animal
consuming n partlcularly lorge nmount
of feed in o single day, there s a rel-
atively small factor of safety for poor
mixing of urea,

Salt i3 a common ingredient but
large excesses with low water intake
may retard growth or cause death.

Studies with some of the common
coccidiostats, blackhead agents, elc.,
have shown that excesses of four or
five times recommended levels can re-
sult in significant reductions in per-
formance. Candren et al. (13) found
that excessive levels of the drug 1, 2-
dimethyl-S-nitroimidazole severely re-
duced growlth and increased mortality
of turkeys, Table 1.

Pfost (1) has described the effect of
the Poisson Distribution due to a lim-
ited number of particles in a sample.
To keep the error due to this effect be-
low 3%, at least 900 particles of the
material being assayed for must be in-
cluded in the sample. Sometimes it
may be impossible Lo secure a sample
that approximates the animal’s daily
ration and provide sufficient particles.
For example, because of the low level
of vilamin D, which is required by
baby chicks, one would seldom find
900 vitamin D particles in a 15 gm.
sample. Hence, the seleclion of sample
size or the inlerpretation of assay re-

TABLE 2. Microscople Partlclo Slxe

Analysh
N Avarage
Measuremes) Danslty
Ingradiany fin micegail  gm./GC

Amprol *R .18 1.22
Ascorble  Acld 16.6 165
Cabalamin Cone 2.0 1.80
Hopilde *R . 12.0 973
Manadiono 21.8 112
Nicarb *R .. 75 (B4
Riboitavin 90.1% 16.002.2 Ll
R%oflavin 95% 222924 127
Sultaqulnoxalina 13.4 Lar
ThiamIno  uuerenane 238 131
Trace Minarals 1.6 1.4
Vitamid D, 3.4 1.29

Vilawtn D) wee Moz L2t

*R Trade nama ol product,

FIGURE 1. Seporatory Funnel Ucad for
Sedlmentation Assays

sults must consider sample size and
number of particies expected.

If an extremely large sample must
be taken to secure an adequate num-
ber of particles and such a sample is
too large for the assay to be used, then
the entire sample may be ground and
divided to secure an adequate num-
ber of particles in a small sample. The
authors used this procedure in test-
ing a mixture of a pelleted supplement
in rolled barley.

The number of samples to be taken
depends on the accuracy of the re-
sults desired. Cahn et al. (14) discuss
the problem of selecting the number

FIGURE 2. Rel p of Sedl to Chloride Analysis
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of ples required; they sel | tion of the ber of ples 1o be  th \he entire volume of the  he determined best hy internal s:lmr-
cight samples ay being appropriale for  taken on 4 (1) confidence region mixer. H poar mixing vr s i ling at 2, 4, # and 16 minite intervals.
iheir rescarch on NUXing ehemicals in  for @' %o the probuhbility of i indicated after preliminary trials, it The results obipined woukl then indi
a Ve-mixer. Bruggemann and Nicsar {S-1)om* (5-1)on’ my be desirable to make a special et dhe approximiale  mixing time
J Iy used 10 ples from o B S T 1 << 'i'_-_l";??_- effort to snmple from particular loca- witheut the disadvantage of having |
Fhixer. The authors, in rescarch (o be X, 1-a/2) (1, a/2Z)  yjons or ab particular (imes to Jocale produced poorly mixed materinl 04
would he the case if the mixer tind

trouble spols.
Sampling within a mixer may be
particularly desirable under two con-

§ = number of samples to be taken

after M revolutions of the mixer a4

been cmptied and sampled nfter

reported later, ook 12 samples from
minufe mixing perind,

within the mixer and/or 10 samples

from the mixer discharge or sack-off

op' = sample variance after N rovo-

ditions:

Assays

bin discharge. For quality control, as
d h, the ber of

pp w01 the T
samples might be reduced to five with-
out seriously reducing reliability of the
results.
Cahn et al. (14) based their selec-

TABLE 2. Recavery of Salt and Limestons

lutions

X(s - 1) = Chi square random var-
jable on (s-1) degrees of free-
dom.

Taking o sample i not difficult if
ihe finnl product is being sampled, 1
a stream of material can be complete-
Iy lntcrrpplcﬂ by a container, the

hy Sedimentation Assay from i Y

sample d should provide o rep-
ive sample ot a pariicular time

af Y

Prepared 30 gm, pl Soyb
Meol and Minerals

1% Salt and

interval. The size of such & sample is
usually larger than required and will
luve to be divided.

a. When a mixer is being studied,
an atlempt is made to determine
where certain ingredients may
concentrate.

. When the effect of time of mix-
ing is being studied and it is not
desirable to discharge the mixer
frequently or before mixing is
complete.

When the rate of mixing is un-
known and the form of the curve re-
lating degree of mixing to Lime is being

1% Salt Added 1% Limstena Added Samples of malc-.;nlir!ml)‘r‘bu momid ﬂ:ﬂie:;gi[:‘l“;:]r ?xl;]r?al:l‘cs E; ra;i::;
sample  Sedimani  Semple  Sedimant f’“’a‘_“““&“ 3 31.‘[""%"“1’ required six minules 10 Yicld an ac-
Na. % £ % used in such a wiy 8s Lo disturb the riguly P g
mixture very little, it should provide a ceptable mix, this point of time might
! 114 IIz Hg rfnpmsenlimlve Tphﬁas“g,: lll.mp'h‘.‘ll
2 1.10 ! - requently may be about ihe cofiee
] 113 13 172 ,;,: for tl):'c “7{9_ TABLE 4. Assoy Varlatlon of Petentomel-
4 Lt 14 173 1€ sewn bags, mixets, bins or (anks e Chlorids Determination of Sodium
A o i e are o be sampled, then & probe oF Chipride. Semplas Woro Tohken from @
7 W5 It} 118 sampling thief should be used to with- Single Reground Sample of Rolled Barley
s 114 18 115 draw the sample, The probe should ond Feligted Supplement
Iz ::: ;z |:'71§ be inserted with the holes covered. NaCl,  Sampls  NaCl,
: When the probe has been filled at the g o i 3
= — Jocation to be sampled, the op i . :
g e should be covered before it is re- a6 am
CV. = 2.10% ey = 1A2% moved, Probes mey segregate some 2 .75
A T miﬁuum s0 they shouid be used care- : u;sn
— fully. 3
3 1f rep i ples have been % 408
TABLE 3, Resovery Dota from Prop (aken, the mean assay values of 8oy

Somples of Ground Sorghum Graln and

component for all samples should be

Sodjum Using the F very close to the expected value,

Axsay for Chiorlde lan Ideally, samples sliould be taken at
=g ol d frmg‘rﬁ !3]! af rnulnrml.t'[ﬁis ia
. i frequently difficult L of time,
mplet AL Fomd  RecusV gpqce o other limitations. Freguently,
- if a mixer discharge Is being sampled,
5 [} .07 100 It is necessary 1o sample as rapidly as
2 .25 a3 103 ible at almost uniform time inter-
1 50 49 [0 vals, which may mean teking sam lés
3 ihe - pio at one to five second intervals. 1f n

3 125 122 9 mixer is being probed, it may be di
: s 5 cult or undesirable to make the num-
*gplizatad. ber of openings required in the miser

shell 1o™give entirely i

TABLE 5. Cocfficlents of Correlatlon, 1,
Between Various Assays at 2, 4 ond 8
Misute Mixing Times In a Vertical Mizer

Anay

Amprollum compared with Chloride
Sodimaniation compared with

Amprollum
sadimaniation compared
Sedimantation compared with Ash

Each sample tuken to determine the
degree of mixing should he nssayed
for ench critical nutrient element,
drug, ete. However, the cost of such
assays may make it desirable to re-
strict attention to certain eritical cle-
ments. Some of the factors 1o be cons
sidered in selecting tracers include:

n. There i little to be gained from

being unduly concerncd shout

assnys for clements where varin-
tion would not affect animal per-

formance, e vilamin A.

, Ingredients with almost jdentical
physical properties need little
‘ian. For plc, soyb
meal and ground corn have al-
most the same densily and par-
ticle size; such ingredients should
mix well under nny conditions.
If practically all o the ingredi-
ents in & mixture have the same
characteristies in some respect,
do not attempt to assay for that
characteristie. For cmmn'l:. oats,
corn and soybean meal have rel-
atively the same nsh_ content.
Little can be learned from ash
assays of a mixture of those

three ingredients.

1f the analytical method for a
particular ingredient has greater
variability than the true varis-
\ion of a mixer, assay for that in-
gredient is not a suitable test af
efficiency of the mixer.

Drugs can make good (racers be-
cause the degree of mixing is im-
portant from both a legal and
animal perfarmance standpoint,
Further, hccurale nssays are

available for most drugs and gen-
erally there s only one ingre-
dient source for the drug. Also
as shown by Plost, et al tz{.

1

many drugs have relatively sma
particle size and high density,




PART 5-—Feed Mixing S

eries

~ Testing and Performance
Of a Vertical Twin Screw Mixer

By Dr. Harry B. Pfost, Dr. Charles W. Deyee,
Edward Morgan, Carl Stevens and Dr. Roshan Chaddha

Drevious articles of this series (Parts

3 and 4) discussed problems in

. aating and lesling feed mixers.
Lutie literature is avaifable regarding
techniues for testing performance of
animal feed mixers or {or determining

FIGURE 1. Photograph of Test Mizer
- —— —=p- e e

Kansas State Unlversity

mixing time required by commercial
mixers under practical operating con-
ditions. Bruggemann and Niesar (4, 5)
have reported results of tests con-
ducled on scveral types of feed mix-
ers commonly used in Europe.

The performance of a feed mixer
depends on the design of the mixer
and physical properties of ingredients
to be mixed. A mixer may perform
satisfactorily but quality control may
be lost by segregalion during handling
and slorage so a poorly mixed feed
leaves the mill.

Feed manufacturers also must be

d with possibl inati
by inndegunte discharge or incomplete
cleaning of the mixer.

These studics were initiated 1o de-
termine several factors related to the
performance of a specific commercial
verlical mixer. Faclors thought to be
of primary importance included:

a. Required mixing time.

b. Satisfactory mix of ingredients of
diverse physical characteristics.

¢. Effect of using various dilutions
of premix.

Tested was a 2 ton, lop loading,
twin screw vertical mixer manufnc-
tured by the Prater Pulverizer Com-
pany (Figure 1). Each screw was pow-
cered by a 7% hp. clectric motor, The

FIGURE 2. Schamatlc Yiew of Mixer Showlng Probe Locatlons

L S —

Fa* PROBE HOLE PORITIONS

averape speed of each screw was 202
rpm. on all but one series of fests.
The working capacity of 151 cu. ft.
was adequate for 2 ton baiches of
most complete feeds but the size of
a barch for rations containing large
amounts of rolled or ground oats cr
barley was reduced to 1% toms.

Figure 2 is a schematic view of the
mixer showing Jocations of four holes
made to allow internal sampling of
loads. Samples were taken internally
at specific times, three from each hole
with a grain probe. Figure 3 shows
the flow from the mixer to the 6 ft.
diameter sack off bin. Assay mecthods
used were described in reference 3.

Studles Mixing Time

Time required for feced material to
make a complete cycle in the mixer
was determined by filling it with a
2 ton batch of a complete poultry
feed, with colored salt tracer particles
on lop; red particles near the outside,
and blue particles near the screw hous-
ing. Samples of the discharge from
the screws were taken at five second
intervals. The resulis indicated a 35
second cycle for material moving
down the cenler of the mixer und o
40 second cycle for malerial moving
down along the sides of the mixer.

Time a mixer should be operated

EDITOR'S NOTE: This article, the
concluding one of a five-part series,
was prepared by the following: Dr.
Pfost, professor; Dr. Deyoe, associate
professor; Mr, Morgan, former gradu-
ate research assistant, and Mr. Stevens,
former research assistant, department
of flour and feed milling industries,
and Dr, Chaddha, fornier assistant
professor, departinent of  statistics,
Kansas State University, Manhattan,
Kans. The article constitutes contribu-
tion Nao. S of the department of
flour and feed milling industries and
Nao. 107 of the department of siatis-
tics, Kansas Agiicultural Experiment
Station.

might be determined on the basis of
lwo criteria:

a. The time required to achieve a
satisfactory mix might be used as a
guide. Reference 1 indicates that a
coefficient of variation of 5 to 10%
is probably satisfaclory in most cases
to meet reasonable nutritional and reg-
ulatory requirements. That is called a
“satisfactory mix” here.

b. Time required to reach a mini-
mum variation where any additional
mixing time will not cause a significant
(P < .05) change in sample to sample
variation. Called “best mix” here.

Mixing time definitions depend on
how ingredicnts arc added and when
the mix is considercd to have started.
In tesls reported here, all major in-
gredients were placed in the mixer
with the mixer stopped. Tracer mate-
rials, usually in an undiluted form,
were Lhen placed on top the charge in
the mixer. Mixing time slarted when
the mixer was turned on. Mixing time
would have been shorter had the test
malerial been added with the mixer
pperating and the mixing time started
when the last of the material was in
the mixer, Mixing (ime for this mixer
also is reduced if the tracer material

TARBLE 1, F-test for Variance of Data Obtalaed When Mialag a Chick Grower Ratlen
Indlcated Timo Intervals 5

Assay Trastmasts 0 & Table £ | Calée; F
Sed. 4 miantes v, & minules 0.05 L70 1.38%
Sed. & mimgles vi, § minutan 0.05 1,75 I.52¢
Chloride 4 minutas ve. & minufer 0.05 172 1.80°
Chlorlde & minutes vs. 8 minules 0.05 1,92 1.02
Amprollum 4 minutns vi, 8 minutor 0.05 178 1,200

*Signiflcant ot P = 0.05,

VERTICAL MIXER

P TABLE 2, Effect of Pelleting a Supplement Befare Mixing with Steam Rolied Darley
—Cocfficlent of Yariatlon, %™
-2 Sampled at Samplad.at
Typy of Supplement Typo of Assey Dischargs Bag
Maih SedImeniatlon 8.8 £4.0
3 Mash Chlerlde fon %8 63.4
3/16 In. Pellot Chlorlde Tfon 84 14.4
"Avaraga valua of three roplicalions.
2 TON TABLE 3. Analysls of Variance of Mixing Tests; Ground Corn and Salt Mixed:
VERTICAL MIXER Sedimentation Assays
SIDE VIEW TORIVIEW Saurca of Varlatlon oF 58 s F
Locatlen LV .. 3 05697 0189y 02146
FIGURE 3. Flow of Mlll from Mizcr to Sack-Gf Bin Samplas 51 M 003484 001582 a7
Time T . 4 00225 02058 02322
LX5S 13 01402 002337 2640
LXT 12 09841 008024 2076
SXT.. :] 03977 004971 5816
Error . 24 2124 .00BB51
3 Total «.ut 59 .5050
DRAG CONVEYOR
tndicates probs hals locatlon,
I (ndlcates cample locatlon along proba,
2/TON

TADLE 4. Analysis of Yarlgnce of Mixing Tests: Rolled Corn und Salt Was
Mixed and Sedimentation Assays Were Made

Source of Yariation DF EH MS F
Locallon LY . . 3 2081 086837 03034°
s 83 . . 2 184 8422

‘II:’:‘T. “ 4 2629 08573 02917
LXS L) 5876 09793 04248
LAT . {1} 04414 3878 00146320
INT L) 2530 03163 01404 N3
Ervor M 5407 02283

Tetad . 5% 08432

*Signlficant at P==0.05.

*sgignlficant at P0.01.

Vndicales probe hola location,
lndicales tample lacaiton along probs,

e gz,
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the lop of the mixer as in the earlier
tests. In all cases typical chick grower
ration was used, Figures 16 and 17
show results of the series. As expected,
more dilute premixes, type 1, can be
mixed in less time. It appears that a
satisfactory mix of supplements with
ground grain easily can be achieved in
four minutes or less in (he mixer
tested. There was some indication that
severe overmixing, as for 32 minules,
may be detrimental,
Analysis of Variance

The sampling technique used pro-
vided an opporiunity 1o study, statis-
lically, some factors that may aflect &
mixer’s pecformance. Such an analysis

The analysis of variance table
shows that for material that mixed
well, ground corn, the only significant
variable was time. For material that
mixed poorly, rolled corn, location at
which samples were laken gave sig-
nificant differences. Analyses of such
data may show that design features of
a mixer need to be modified to jm-
prove its performance; however, in
this case, a beiler solution is simply
to oblain more equal particle sizes of
he various ingredients to be mixed.

Conclusions

The 1esults of the tests show Lhat
the mixer lested will provide a salis-
factory mix in approaimately four

i i ing on type of ingredi-

might provide clues for imp
in mixer design. Data from a large
number of fests were nnalyzed by
computer. Resulls of two typical tesls
are given in Tables 3 and 4.

FIGURE 14. Camulative Logarlthmlc
Screen Analysls on Samples of Ungreund
ard Ground Seybean Meal

£nts mixed. No more than four min-
utes should be reguired when a typi-
cal supplement Is mixed with ground
grains, Undiluted microingredients will

require slightly longer mixing times.

Certain combinations of types of in-
gredients are difficult or impossible to
mix satisfactorily. Because of segrepa-
tion during handling after mixing,
mixing such combinations should be
avoided, Ingredients highly diverse in
particle size are difficult to mix and
seqregate casily on further hondling.
Steps that might reduce difficulties of
mixing and handling ingredients of
peculiar particle shapes or  widely
varying sizes include:

I. Grind major ingredients so (heir
ize is near the particie size of (he
A ingredients, like drugs.

2, If the type of formula precludes
grinding the major ingredicnts o 2
small size {us in rolled barley or corn-
cob meal rations), then consider using
a pelleted or crumbled supplement.

3. Mixing particles of diverse phys-

Cri

FIGURE 16. The Effect of Premix Size on
Mixing

FIGURE 15. Cumul Screen Analy
of Ground Limestone, Ground Soybean
Meal and Salt
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ical characteristics can be facilitated
by adding liquids, like fats or mo-
Jasses, at relatively low levels. Adding
liquids will also help prevent segrega-
tion,
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is diluted, as when contained in a
supplement, as will be shown later.

Figure 4 shows the effect of mixing
time with a typical complete (urkey
finishing ration. In this series both
satisfactory and best mixes werc ob-
lained in four minues.

Since the data in Figure 4, and dala
from olher tests, indicated that the
time betwcen 4 and 8 minules was
critical, another series was made (o
delermine more accurately the degree
of mix achicved in the 4 to 8 minule
range. ‘The sccond serics wsed 2
typical chick grower ralion and Iwo
aszay  methods:  sedimentation  and
chloride (duscribed in reference 3)
Figures 5 and 6 give the resulis, Ques-
tions regarding other nutrient ele-
ments may be answered by Figure 7,
which shows results with olher nssays
when a chick grower ration was
mixed. Protein assay results show that

FIGUKE 4, Mixer Tost Results Showling
the Eifect of Time When Mizing o Com-
plete Turkey Finlsher Retion
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major components mix quickly and
are a poor mecasure of mixer effi-
ciency.

To determine slatistical dillerences
among 4, and 6 and 8 minute mixing
times (dala in Figures 5, 6 and 7) an
F-test [or variances was made. The
hypothesis tested is:

2

7
Table 1 shows the results and indi-
cates thal mixing 6 or 8 minule docs
not improve results obtained in four
minutes, bascd on sedimentation,
chloride ion or amprolium assays.
Problem Ingredients

Since physical properties of ingredi-
dents were thought to influecnce mixer
perlotmance, cexploratory (esls were
made lo determine if the method of
processing grains influences quality of
the mix.

Sorghum grain, corn and oals were

- rzz at P £.05.

FIGURE 7. Comparlson of Mixer Tests
Using Drug ond Protein Assays
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FIGURE 8, Effect of Grinding vs, Rolling
of Sorghum Grain When Mixing with
1% Salt
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FIGURE 9, Effect of Grinding vs. Rolling
of Corn When Mixing with 1% Salt
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processed by grinding through a ¥4
in. hammermill screen and by rolling
with a 0.010 in. roller clearance. A
mixture was made with salt as a tracer
and sedimentation tests were used.
Figures 8, 9 and 10 show the results.
Rolled corn was too coarse to mix
properly because of the extreme dif-
ference in particle size between corn
and (racer material. The tolled sor-
pghum grain was fine enough in this
case to provide a salisfactory mix.
Neither the ground nor rolled oals
were sujtable for mixing; apparently
differences in particle shape, caused
by oat hulls, prevented proper mixing.

The lesty indicated that 1emedial
measures must be laken to secure a
proper mix of extremely diverse parti-
cle sizes and shapes. Since steam
rolled barley is a more common feed
ingredient than rtolled oais, tests wilh
barley were conducted to determine if
a pelleted supplement would improve
mixing characteristics. In the tests the
mixer was charged with rolled barley
and the supplément, Mash or */x in.
diameter pellets were added at the top
of the charge. After eight minutes of
mixing, the mixer was discharged and
samples were laken from the dis-
charge stream and from bags after
sacking off. When samples conlajining
peltets were laken, a sample large
cuough (nbout 15 1h) to include at
feast 1,000 pellets was taken. That
provided a statistically reliable num-
ber of tracer particles (reference 1).
The sample was ground before being
divided to obtain assay samples lo
climinate cffects of Poisson distribu-
tion. The results (Table 2} indicate
that a suitable sized pelleted supple-
ment will dramatically improve mix-
ing properties of formulas containing
large amounts of stcam rolled grains.

TFrequently, in manufncturing sup-
plements, u large fraction of the for-
mula consists of soybcan meal. Ex-
ploratory investigations indicated that
particle size of soybean meal received
at the university mill was too large to
mix well with mineral ingredients.
Figure 2 shows the results of typical
mixing lests using soybean meal with
ground limestone and the effect of
adding 2% animal fat. Adding the fot
clearly improved guality of the mix
and reduced mixing time.

Since particle size had been shown
to markedly affect mixing, grinding
part or ol of the soybean meal to im-
prove mixing characteristics was
tested. Ten and 20% of the soybean
meal was reground Lhrough a % in,
hammermill screen. Regrinding &
small fraction of the meal was not
sufficient to give a good mix (Figure
12)

Mixing salt and limestone with soy-
bean oil meal then was tested, Un-
ground meal was compared with re-
pround meal with 100% ground
through a % in. hammermill screen.
Results are given in Figure 13. Re-
grinding the material improved the
quality of the mix and reduced time
required to obtain a satisfactory mix.
Figures 14 and 15 show typical partl-
cla size data for ground and unground
soybean meal, salt and limestone, and
indicate (hat only a slight change in
particle size of soybean meal may
simificantly change its mixing charac-
teristics,

Effect of Premix Size

Tests reported above were made by
filiing the mixer with the major in-
grédients and then adding tracer ma-
terial in a concentrated form at the
top of the mixer. Since that is more
rigorous than normal in practice, ef-
fect of diluting tracer material was
tested. In the first case, a premix equal
to approximately 31% of the total
formula weight was used. That corres-
ponds to common practice with a sup-

plement and ground grain. In the sec-
ond case, a premix equal to approxi-
mately 11% of the total formula
weight was tested to correspond close-
ly to using materials sometimes re-
ferred to as “super concentrates.” In
the third case, no dilution was made;
tracer material simply was added at

FIGURE 10, Effect of Grinding ve. Rolling
of Oats When Mixing with 1% Salr
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FIGURE 7). Effect of Adding Fat to
Improve the Mixing of Soybean Meal
and 5% Finely Ground Limestona
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FIGURE 12. Effect of Grinding a Fractlon
of the Soybsan Meal When Mixing with
1% Salt and 1% Limestona
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FIGURE 13. Effect of Grinding Soybear

Meal Throuyh e Ya In. Hammer Mili

Sereen When Miging with 1% Salt and
1% Limestcne
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f. Because of their high density
and frequently small particle
size, mineral clemenls may be
goad-tracers. Their disadvantage
may be relatively high assay
cosl and their presence in sub-
slantianl amounts in many in-
gredients in a feed.

Pierce (15) has reviewed many of
the assay methods that may be used
lo cheek mixer performance. He has
not discussed drug assays but methods
far them are readily available from
drup manufaclurers. Assay methods
discussed here include only lhose
v ! exlensively by the authors in re-
cemn research on mixing al Kunsas
State University. Most of the meth-
ods werc selecled on the basis of their
accuracy, low cost and abilily (o test
a mixer under extreme condilions.

Colored Granule Method — Dyed
salt tracer parlicles were investigated
extensively. Aboul 20 salt tracers per
sample were all that could be ade-
quately detected on a 4 in. filter
paper. Since that number gives an
assay coeflicient of varialion of about
22%, il was not used extensively. Us-
ing two eolors of jracer particles as
proposed by Mldgley and Eisenberg
(16) does not increase accuracy with
a-given total number of particles, but
two colors may be wsclul for other
reasons.

The rutio of the number of the (wo
colors ol particles Tound per sample
is extremely diflicult to handle slatis-
tically. The ratio of two Poisson dis-
tributions can be shown o be 2
Cauchy distribution; the well-known
property ol the Cauchy distribution is
that it has no finitc mean value.

Lanz et al. (17) have reporled ex-
lensive use of colored grinules for
lesting mixing and mixers. They have
presented details of slatistical analyses
pequired (o determing whether o mix
pives a value signilicantly  different
from the value that might be expect-
cd from a perfect mix,

Vance (18) has reported on the use
of particle counts in mixing and de-

cribes useful statistical tests which
my he pplied
Asi Susays—These assays arc rela-

tively tnexpensive and accurate. How-
ever, in normal [eed mixiures, it was
found that the test is poor for mixer
evaluation because major feed ingredi-
ents contribute substantial amounts of
ash to any sample and it is difficult
to detecl whether free minerals, which
are present in low quantities, are
mixed.

Sedimentatlon Tests — Figure 1
shows eguipment used for sedimenta-
tion tests. Samples of about 30 gm.

were used. Feed containing only 1%
ol minerals yields a substantial (0.3
pgm.) amount ol tracer, which may
be scparaled readily Trom the cereal
[raction.

A lliter separalory funnel was
filled about two thirds full of a suit-
able liquid. Carbon tetrachloride is
sutisfnclory but is somewhat hazard-
ous and should not be used unless the
work can be done under a chemical
luboratory hood, where pood venlila-
tion is available. The authors have
more recenlly used perchloroethylene
because il is less volatile and hazard-
ous. Any other liguid with low vis-
cosily and specific gravity of over
about 1.5 would be satisfactory.

The sample was placed in the fun-
nel and stirred well {o separate min-
cral particles from other particles.
Aller a definite fixed time (we used
five minules) most of the mineral
parlicles will settle lo the botlom and
the cereal and other light materials
will float to the top of the liquid.
Some very fine material particles wilt
not sellle in reuasonable time, hence
the necessily of using a fixed time in-
terval,

The slop cock in the bottom of the
funnel allows Lhe mincral fraction to
be separated into a beaker, Aflér sci-
Uing for a few minutes in o pmall,
e SO-100 ce. beaker, most of the
liquid can ke poured off (he top und
the liguid remaining on the niincral
cutt be conveniently dricd off in o
drying oven (two hours) or under o
ventilated hood in about 12 hours.
The dried mineral is then weighed on
a laboratory balance and converted
10 a [fraction of the tolal original
sample. This mclhod casily detecls
the mix of the mineral fraction which
would normally be thought lo be dif-
ficult to mix because of its rd.:live]y
high densily and small parlicle size.

It was difficult 10 remave the finer
mineraly, e flonesterne, troni high
wre geain muaterials unless the
assay was made within o short time,
a few hours, afier the sample was re-
maved from the mixer. Fat levels of
up 1o 2% added fat do not affect the
accuracy of (his method appreciabiy.
Higher Tat devels, or other ligiuds Like
mnh“ci, have not heen investignted.
able 2 shows recovery values for
l)pl(_.ll sedimentition assays.

Chloride fon—Luhman (19) has re-
parted a rapid method for polentio-
metric detection of soluble chlorides
in feed. Since salt is a very common
feed ingredient, dense, and oblainable
in any desired particle size, it is @
convenient tracer and onc that prob-
ubly is difficult (o mix with most ma-
jor feed ingredicnts, The polentio-
melric test 1s relalively inexpensive,
rapid and requires only equipmenl

that is available in most chemical Jab-
oratories, The authors exlracted [0
pm, samples in 100 ml. of waler.
Tables 3 and 4 show the reproducibil-
ity of this method.

A relatively new chloride ion con-
centration indicator, sold under the
trade name, Quantab®, can be used
Lo detect the level of sall in a sample.
The authors have had only limiled
cxpericnce with such indieators, but
the manufacturers' specifications indi-
cate that they are sufficiently accurate
for many feed mixture tests, They do
not require trained technical person-
nel and only a minimum of labora-
tory equipment, including balances
that will weigh accurately within
about 0.1 gm.

Amprolium—This assay was select-
cd as a lypical drug assay because it
is sensilive, accurate, fairly easy and
feed mixtures containing it were readi-
ly available for mixer tests. The ma-
lerial has about the samec density as
other feed ingredients and rather small
particle size. It probably is mot a
particularly difficult malterial to mix
and should represent rather average
mixing properties.

During an extended period of mixer
tesling many assays were made using
various ussay melhods described
above, In an altempt lo delermine
how well the various methods will
predict the degree of mixing, correla-
tions were made belween various pairs
of methods, Figure 2 shows a plol of
cocflicients of variation between sedi-
mentation assays and chloride nssays
for a kige number of assays fuken
[rom improperly mixed and well
mixed materials, The correlation co-
cflicient of all these data is quite low,
Careful consideration of the problem
l:d to the conclusion thal the corre-
Lation  caeflicient woull be more
meaniglul i the duta Hrom only im-
properly mixed malterial were cansid-
cred. The original data represcnted
a nonrandom sample [rom mixed and
unmixed populations, Tigure 3 shows
the resulls of discarding all assays be-
yond eighl minules mixing lime, As-
suys from well mixed populations na-
turally show a poor correlution be-
cause the coefficients of variations are
due to random errors in sampling and
analyses.

Figures 4, 5 and 6 show the rela-
tionships belween other assay meth-
ods. Table 5 shows the coefficients of
correlation between the various paired
Lests.

Conclusion
Several types of assays ore avail-
able to test feed mixers and mixtures.
Many are relatively inexpensive and
rapid and can be used to test the de-
gree of mixing of materials, like min-
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crals, which because of their physical
characteristics are probably difficult
to mix or which lend to segregate.

For testing or research purposes,
it is probably desirable to calculate
deviations using about 10 samples.

For quality cantrol purposes it may
be possible to use fewer samples. The
samples nced not all be taken at the
same lime but may be taken singly,
from time to time, and the results
compiled if the level of the tracer re-
mains constant throughout the period.
This may allow a feed manufaclurer
to accumulate information regarding
the efficacy of his mixing and handling
process at the same time he is check-
mg compliance with puaranteed lev-
els of drugs, or other nutrient ele-
ments.
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