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INTRODUCTION

A continuous increase in knowledge of the nutritional re-~
quirements of animals, the use of computers in feed formulation
and growing competition have made it necessary that rations be
formulated under more exact requirements. Increasing competition
exerts pressure over the feed manufacturers to improve quality
without raising prices of product. Due to these factors a great
concern related to quality control has developed within the feed
industry. Quality control is the achievement of a urnform and
consistent standard of product quality in accordance with the pur-
pose for which it was formulated, manufactured and marketed.

The variations of the proximate analysis components in cereal
grains and legumes have been determined (2); however, little si-
milar data for processed complete feeds and supplements has Eeen
published., It is important for the small feed manufacturers who
do not have quality control records, to know the degree of wvaria-
tion they can expect in finished feeds in order to formulate so
they can meet guarantee requirements without excessive overformu-
lation. It is also important for larger feed manufacturing com-
panies, that keep quality control records, to have a point of
comparison to know how well they are operating.

Data avallable for this study was limited and also most of
the factors that could have affected the values of this data were
unknown. Therefore this work does not pretend to draw any de-
finite conclusions; instead, since quality control is a dynamic

rather than a static concept, the purpose of this study is to im-



prove our knowledge about the variations in proximate analyses
components as a first step in reaching a better basis for im-

proving quality control programs.

REVIEW OF LITERATURE

The variation in chemical composition of feed ingredients
has been considered recently by the feed industry as one of the
most important problems in producing high quality feeds that
meet guarantees and uniform specifications.

Miller et al (1) studied variations in protein levels in
Kansas sorghum grain. Wide variations in protein content were
found. The range was from 6.6 to 12.8% in 1961 and from 5.9 to
12,1% in 1962, These differences were attributed mainly to
different locations, different hybrids and fertilization.

Deyoe (2) reported variations in the composition of feed in-
gredients, both from animal and vegetable origin. These varia-

tions in protein are shown in the following table:

Number of Range Standard
Ingredient Samples Mean High - Low Deviation
Fish Meal - 60% 20 60,0 62,2 - 58.8 0.89
Fish Meal - 65% 12 66.3 69.6 - 64,5 1.54
Meat & Bone Scraps - 50% 83 51.4 58.7 - 44,2 2,33
Tankage - 60% 11 6l.4 64,0 - 58.6 Ls52
Soybean Meal -~ L4% 81 L5,6 33,5 - 42,5 1.55
Cottonseed Meal - U41l% 148 42,3 45,2 - 38,2 1.21
Alfalfa Meal - 17% ' 21 17.9 20.4 - 15.5 1.28
Wheat Bran 27 17.2 21.2 - 15.8 1..03
Wheat Middlings 16 18.1 19,9 - 17.2 2.76
Corn (1962) 95 8.4 10.0 - 6.4 0.70
Milo (1962) 23). 9.0 12.1 - 5.9 1.63

Carbohydrate and protein changes have been observed in grain



during storage but no appreciable mineral changes have occurred,
except under very unusual conditions, as stated by Zeleny (3).

Chung and Pfost (4) proposed three methods in order to mini-
mize the effect that variations of feed ingredients may have in
the finished product:

a) By blending several loads of a single ingredient before
using. This blending may be approximated by simply stor-
ing ingredients in large diameter bins and depending on
flow out of the bin to supply the required mixing.

b) Segregate the loads of incoming ingredients into "above
average' and "below average' bins. This can be accom-
plished using quick protein methods. Formulation of ra-
tion would specify which bin to be used.

c) Make the rations using different ingredients, for example
different protein sources,

(ﬁ In research at a local elevator and feed mill, Page et al (5)
studied the feasibility of applying fast methods for protein ana-
lysis with the purpose of evaluating and segregating incoming har-
vested grain on a practical basis. It was found that arriving
grain could be evaluated and separated using quick protein analysis.
It was also found that sampling one fourth of the loadslarriving
might be enough,

The effect that protein in grain sorghum might have on ingre-
dient values and cost of finished feed was estimated by Schoeff (6).
His estimates showed that sorghum grain ranging from 5 to 11% pro-
tein might produce differences as great as $6.40/ton in ingre-

dient value. Also, differences over $3.50/ton of finished feeds



could occur depending on the proportion of sorghum grain used in
the ration,

Using the information gathered by Page et al (5) and the
statistical approach proposed by Chung and Pfost (4), Page et
al (7) showed how cost could be reduced and quality control im-
proved by blending grain which had been classified by protein
analysis. This study also indicated the type of plant operation
required to perform the job.

Zeigler (8) mentioned the following areas as some of the
most important for improvement of the quality of finished products:
representative sampling; testing and analysis of feed ingredients;
methods to overcome ingredient variations; protein, vitamin and
mineral levels related to energy content of the diet as means of
proper formulation; woisture as one of the primary factors which
affect energy content and the problem of non-protein nitrogen in
the actual methods of protein determination.

In order to overcome the effect of ingredient variation on
finished feeds, Nott and Combs (9) proposed a logical adjustment
on each feed ingredient based on its inherent variability. With
this method feeds are formulated using ingredient composition da-
ta which has been adjusted by substracting one half standard de-
viation from the mean value of the ingredient in the cases where
1t is not desirable that the average analysis of the mixed feed
go below a determined specification, for example protein, ether
extract, etc.; and by adding one half standard deviation in the
cases where it 1s not desirable to go above certain specification,

for example fiber, ash, moisture,



Another very important area for overall quality control is
in process control, The first step in this area is in personnel
instructioen and attitude development. FProbably the most import-
ant areas in which personnel involvement is most critical are:
weighing for mixing, pelleting, sampling and equipment mainten-
ance,

Bender (10) stated that it is essential that the people in
the manufacturing areas clearly understand the need and import-
ance of quality. It 1s also essential that they be thoroughly
indoctrinated with the importance of their operation and its
relationship to the quality of the final product.

Furthermore, Nolte (11) stated that the greatest opportuni-
ty for improving or maintaining acceptable quality is in the areas
of training and motivation of manpower. Good communications,
training, personal attention and adequate facilities are cited as
important management tools for personnel improvement.

The emphasis placed by management on the quality control
program and the education program for every man who handles feeds,
was expressed by Rohlinger (12) as the primary factor in a good
quality control program.

Harris and Chaney (13) said that in spite of the great im-
provement in technology and the rapid advance of automation, hu-
man performance i1s still a critical factor in product quality
and reliability. They recognize the importance of personhel im-
provement through training and motivation, but they see greater
potential for improvements through changes in the job and its
environment.,

Other important areas of process control are mixing and



pelleting.

The importance of good mixing 1s recognized among animal
nutritionists and feed manufacturers. Arbitrary limits to mea-
sure mixer performance have been set by Blocom & Livesey (14) and
Merck's Service Bulletin (15). The former said that 90% or more
of the animal daily requirements of the ingredient considered
should be present in 95% of the daily rations received by the
animal; the latter stated that a coefficient of variation of
less than 5% probably represents a good mix.

In further study, Prost (16) stated that the coefficient
of variation should not be more than 20% to avoid possible
toxic effects when the number of particles of the component ex-
pected in the sample was not very large. If usual numbers of
components are present per sample the coefficient of variation
that may be allowed due to poor mixing and/or segregation could
range as high as 5 to 10%.

Wornick (17) summarized the major problems associated with
feed mixing. Product complexity, equipment characteristics and
inadequate quality control procedures were cited.

Pfost et al (18) stressed the importance of the physical
properties of feed ingredients in relation to problems of mixing.
Particle size, shape, specific weight, hygroscopicity, suscepti-
bility to electrostatic charges and adhesiveness were the proper-
ties cited. In that work the physical properties of some common
microingredients and ingredients were determined, From those
properties they concluded that minerals because of their small

particle size and high density should be a ecritical factor in



mixing.

Clump (19) stated that the performance of dry solids mixing
equipment is affected by a number of variables of which the most
important are: particle properties and size distribution, the
equipment geometry, rotation and speed of the moving parts.
Among the particle properties he cited particle shape and size
as the most important. The bad éffects of density differences
are not as marked when the particles are small and closely sized.
Moisture content, friability, angle of repose and flowability
were also mentioned to influence the rate of mixing.

Fellet production is one of the most important processes
in a modern feed mill. Robinson (20) stated that an adequate,
well regulated supply of steam is a must for any efficient
pelleting operation. As a general rule 5% steam addition is ac-
cepted as a maximum though in some cases this may be exceeded.

Shulman and Pfost (21) studied the problems in removing the
pellet moisture added by steam in high humidity areas. They
found that the relative humidity of the air and pellet diameter
were the two major factors affecting pellet drying and therefore
in high relative humidity areas it would almost be impossible to
dry feed pellets of more than %" in diameter to satisfactory
storage moisture levels by using ambient air. To overcome these
problems, they proposed the use of hot air and developed a pellet
drying equation to apply to those cases.

Headley (22) studied the effect of various environment tem-

peratures and relative bhumidities on pelleted feeds with respect



to moisture content, pellet durability and mold formation.
The equilibrium molsture contents of a group of different
feed pellets and feedstuffs were determined, He found that
pelleted complete feed and high urea supplements attained
significantly bigher equilibrium moisture contents than in-
tact cereal grains, except for materials high in fiber such
as debydrated alfalfa pellets and pelleted materials with

surface coatings of animal fat.

METHODS

The data used in this work was collected by the Kansas
State University Feed Mill throughout the years 1962 to 1969.
The outgoing feeds were sampled by taking grab samples during
sack-off and retaining a 4 oz. sample for each code number made
each day. After the samples were ground to pass a sieve with a
circular opening 1/25" (1 mm.) diameter, they were thoroughly
mixed and analyzed. A duplicate analysis of each sample was per-
formed and the results averaged. All the analyses (moisture,
protein, fat, fiber, ash) were performed following the methods
and procedures of the A.0.A.C. (23).

This report is based on four feed rations on which more
data covering the longest possible period of time was available,
The rations chosen weref one crumblized chick grower, one
crumblized chick starter, one complete layer mash and one pellet
ed pig grower. These rations were identified as P-17, P-18,
P-23 and S-35G, respectively. The data was collected and sum-

marized from Kansas State University Feed Mill Quality Control



files and ordered by month, quarter and year.

The average and range in values of moisture, protein, fat,
fiber and ash for all formulas was calculated for each month,
quarter and year., Assuming that the values were uniformly dis-
tributed, the standard deviation was calculated for each year
and quarter in all formulas. The monthly standard deviations
were calculated only for P-17 and P-18 because the number of
samples of the other two formulas were inadequate for good
estimations.

The monthly and quarterly average, range and standard de-
viation correspond to all the data available for that parti-
cular month and quarter, regardless of the year.

The composition of the four formulas is shown in Table I.

Table I. Composition of Formulations for Quality
Control Studies

P-17 P-18 P-23 S-35G

Inzredients % % % yA
Soybean meal 14,34 26,28 19.99 19.77
Sorghum grain 24,74 29,87 38,48 76.72
Corn 24,74 29,87 29,98 -
Dehydrated alfalfa meal 4,95 4.98 2.50 -
Qats 9,90 - = -
Wheat Middlings 9«50 - - -
Fish meal 2.47 299 - -
Meat & Bone meal 4,95 - - -
Distillers solubles - 1.99 - -
Minerals 252 3.04 8.05 2,52

Vitamins, drugs & carrier 0.99 0.99 1,00 0.99
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RESULTS AND DISCUSSION

The wet basls percentages of average, range and standard
deviation of the four formulas analyzed are summarized in
Tables II, III, IV, V and VI; Tables marked (a) cover formulas
P-17 and P-18 and Tables marked (b) cover formulas P-23 and
3-35G. 1In the appendix, Figures show the relationship between
the percentages of the five proximate analysis components and

the years, months and quarters.

MOISTURE: Moisture is one-of the most important factors in pro-
cessing agricultural products. Most storage losses of cereal
grainsg, legumes and hay are caused by insects, mold and heating
due to excess moisture. Grain moisture, amount of steam added
in pelleting and the air relative humidity and temperature in
cooling operations are probably the main factors affecting the
moisture of processed feeds. Pellets will leave the pellet
mill at temperatures as high as 88°C and as high as 17% moisture
content. In the cooling operation the moisture must be reduced
to 10 to 12% and the temperature to about 8°C above the ambient
temperature (20).

Moisture of the grain is determined by weather pattern and
by subsequent drying and storage operations. The results corres-
ponding to moisture are summarized in Table II,

The yearly average moisture levels decreased sharply from
1963 to 1964 and tended to increase since then. The lowest

average moilsture was in 1964 for all the formulas, as can be
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seen in Table II and Figure 1.0, It should be pointed out that
the grain used in 1964 was harvested in 1963 and 1964 crop years.
Both crop years were below normal. In 1964 sorghum grain pro-
duction was the smallest since 1956 due to moilsture shortages;

in Eastern and Central areas late summer rains revived the crop.
The late growth tended to delay harvest and the harvest started
in late September and was completed in mid November. Corn grain
production was also very low; 25% less than in 1963 and 32% less
than average. The harvest was virtually completed in November (24),

It is possible to observe in Figure 1.1 that the P-23
moisture was affected as much as the others in 1964 and also
followed similar patterns in the other years. Since the other
formulas were crumblized or pelleted and P-23 was a mash formula,
this indicates the importance of grain moisture rather than the

factor of moisture addition associated with the pelleting ope-
ration. Early harvesting to minimize feed losses and to increase
grain crop production could be the cause for moisture increase

in recent years. Higher grain moisture levels may have resulted
because the grain elevators may have not been fully prepared to
handle large amounts of high moisture grain.

The standard deviation was highest in 1964 for P-17 and
S-35G, in 1965 for P-18 and in 1967 for P-23 (Table II).

Monthly averages tend to be higher in May and June (Table II).
Summarized moisture data is given in Figure 1.0 by years and Fi-
gure 1.l by quarters. Shown in Figures 1.2 and 1.3 for P-17 is
the standard deviation and average values by year and month

showing the range covered by + or - one standard deviation,
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Monthly standard deviation was higher in April for P-17
and P-18. For the other formulas it was not calculated due to
lack of data.

Average moisture was lower in the second quarter for for-
mula S-35G and higher for the other three formulas (Table II
and Figure 1.1). The reason for the lower value is lack of
values for S-35G in May.

The standard deviation was higher in the first quarter
for P-17, P-18 and S5-35G and in the second quarter for P-23

{Table II).

PROTEIN: Protein has two major effects in feed manufacturing.
It is nutritionally important since proteins are indispensable
in a diet for animal growth and body performance and it has an
economical importance since proteins are expensive and there-
fore should be fed only in amounts that insure good animal
performance,

Protein averages, range and standard deviations are sum-
marized in Table III (WB). Trends in average protein levels
are given in Figure 2.0 and Figure 2.l. Discussion covers
data on an "as is" or wet basis (WB) and on an adjusted dry
basis (DB).

Average protein found from all the samples analyzed was
higher than the average calculated using ingredient averages
found in tables, for P-17, P-18 and P-23, and lower for S-35G,

Variation in average protein through the years 1962 to
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1969 had been small for formulas P-17 and P-18 (Figure 2.0).

The differences between maximum and minimum values were 0,90% WB
(1.07% DB), 1.35% WB (1.43% DB) and 2.80% WB (3.35% DB) for P-17,
P-18 and P-23 respectively (Table II1). The variations for P-23
and S-35G were expected to be larger since the number of sources
of protein were less than those for P-17 and P-18. Therefore
they would be more affected by ingredient variation.

Standard deviation (Table III) was highest in 1969 for P-17
and P-23, but this is meaningless because 1969 values correspond
only to the first three months of the year and these were high.
Probably the most significant highest standard deviations were
1963 for P-17 (Figure 2.2) and 1965 for P-18 and P-23.

The highest standard deviation for P-17 occurred in March
and in May and November for P-18. The standard deviation for
P-17 was high in the first four months of the year and in July
(Figure 2.,3); this pattern was not followed by P-18.

April and February were the most representative of higher
than average monthly values for P-17 and P-23, For the other
formulas the higher than average monthly values were not con-
sistently high in the individual years.

Formulas P-17 and P-23 had the highest average protein
(Figure 2.1) and the highest standard deviation (Table III) in
the first quarter of the year. P-18 and S-35G had the highest
average protein in the second quarter and the highest standard
deviation in the third quarter. The limits (average + standard

deviation) between which the 68% of the P-17 sample values fell
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