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INTRODUCTION 

The objective of this experiment was to find the influence of certain 

variables on first break grinding of wheat, measured in terms of milling 

results. 

The initial selection of a procedure for first break grinding is a 

logical approach to flour mill break roll grinding investigations. The 

milling process is such that interdependency of the entire system exists. 

The first break roll grinding action is the first process in the milling 

flow and its effect upon the product obtained is spread throughout the system. 

In this regard, removal of the product from the first break rolls for critical 

analysis requires careful evaluation. Results cannot be considered as either 

positive or negative in totality, without regard for the arrangement it 

occupies in the flow. The functioning of the first break rolls as a part 

of the total manufacturing process of flour from wheat must be the final 

criteria. However, it is valid to isolate and investigate the various 

factors applicable to improvement of break roll grinding operations through 

selective testing procedures, if results are presented within the system's 

boundaries. 

In modern milling, the manufacture of acceptable white flour requires 

the separation of the bran and germ from the endosperm. The extent to which 

this can be done is usually measured by the ash content of the final flour. 

The usefulness of the ash content test as an indication of the degree of 

product separation, lies in the knowledge that the outer layer of the wheat 

kernel (bran and germ) contains significantly more ash than the interior 

(endosperm) of the kernel. 

The break roll grinding process in milling is designed to open the 



wheat kernel with a minimum of shattering of the outer layers and to scrape 

out the endosperm. The position of the first break rolls in this system of 

normally five breaks, is that of the rolls first coming in contact with the 

relatively whole kernel. Modern mills today, use a prebreak impact machine 

arrangement to facilitate insect infestation removal and the wheat kernel 

may be somewhat altered upon arrival at the first break rolls. However, the 

first break designation is still applicable to the rolls in regard to opening 

up the wheat kernel to permit separation of the outer layer or skin from the 

endosperm. 

The variable factors in first break roll grinding that were tested in 

this research were: (a) wheat class, (b) roll diameter, (c) roll speed. 

Three levels of each factor were tested. All other known variables were 

held constant or contained within the experimental error design of the 

experiment. The development of methods and techniques to evaluate the 

research data in terms applicable to milling results is described under the 

section titled Materials and Methods. 



REVIEW OF LITERATURE 

The function of the first break rolls in the milling of wheat into flour 

is primarily directed toward opening the wheat kernel. A prerequisite to 

experimentation in this area is a knowledge of the structure of the grain. 

Detailed descriptions and pictures of the botanical structure of the wheat 

kernel and parts of the wheat kernel were presented in articles by Bradbury 

et al. (7). A complete summary of current knowledge on the subject was 

covered by MacMasters et al. (20, Chap. III). The authors listed the major 

parts of the wheat kernel as follows: Pericarp (outer and inner); Seed coat 

and pigment strand; Nucellar epidermis; Aleurone layer; Starchy endosperm; 

and Germ. 

The aleurone cell layer is the primary division point when separating 

bran (composed of all outer structures of the kernel inward to, and including 

this layer) from starchy endosperm in the break roll process. Senti and 

Maclay (36) have observed: 

Because the aleurone layer is the outermost layer of the endosperm 
as well as the innermost layer of the bran, there is no natural line of 
cleavage between starchy endosperm and bran. Irregularities in the 
junction between the aleurone layer and starchy endosperm contribute to 
the difficulty of a clean separation of the two. Moreover, cell walls 
must be broken to accomplish the separation. 

Measurement of the thickness of the aleurone cell layer has been the 

subject of several investigations. Crewe and Jones (10) reported that the 

range of thickness was 32 to 55 microns, with an average of 46 microns for 

3 English and Canadian wheats. Larkin et al. (26) found a thickness range 

of 46.0 to 56.8 microns for 3 Pacific Northwest wheats. Bradbury et al. (7) 

reported a range of 37 to 65 microns in thickness, with an average of 46.9 

microns for Pawnee wheat. 



It was stated that the proportion of bran in a kernel of wheat is more 

affected by variety than environment (20, p. 67). It was further noted that 

the effect of bran thickness is negligible on the amount of flour extraction 

from the kernel. No correlation was found between thickness of either the 

entire bran or of any one of its layers and the milling quality of 7 varieties 

of Pacific Northwest wheat (26). 

Additional difficulties in separating bran from endosperm are evident 

when viewing the pictures Hanssen (33. pp. 11-17) made using micro-photograph 

techniques. The oval form of the kernel in combination with the depth and 

length of the crease does not permit easy removal of the outer layers of the 

bran. The crease and hairs on the brush end form a barrier to ready cleansing 

of dust and fine debris from the kernel. Natural endosperm cell formation 

growth develops thicker cell walls in the aleurone layer area than in cells 

closer toward the kernel's interior. 

Knowledge of the chemical composition of wheat kernel structure permits 

evaluation of flour milling techniques by various methods. Comparison of 

the ash content of different mill streams has been used as one method of 

determining efficiency of separation between bran and endosperm in the 

milling process (l4,47). The Mohs' curve or cumulative ash curve is the most 

popular of the ash index methods and its history and use is described by 

Will (33, pp. 39-46). The development of the cumulative ash curve was made 

possible by the variation in the ash content of various parts of the wheat 

kernel. Ash content analysis of the interior of the endosperm has been 

reported to be in the range of 0.27 to 0.42 percent (19,20,23,33). The ash 

content of bran was found to range from 7.9 to 8.6 percent (23) and from 

5.3 to 9.5 percent (20). The wide difference in ash content of the bran 



and endosperm (approximately 25 times) allows the detection of small portions 

of bran in endosperm samples from the various mill streams. 

Factors Affecting First Break Roll Grinding 

Class and Variety of Wheat. It has been reported that different classes 

and varieties of wheat vary considerably in both physical and chemical 

composition (7,10,19,20,23,26). 

Swanson (4l) stated that ash content variation in wheat kernels is due 

primarily to the type of growing season, type of soil used during growth, 

and wheat variety. 

This composition variation of the wheat kernel between classes and 

varieties can affect the comparison of milling results when using ash content 

percentages as means of evaluation. 

Conditioning or Tempering. Conditioning of wheat is an important aid 

in the removal of endosperm from bran. Basically, the purpose of conditioning 

in this regard has been twofold. First, moisture is applied to toughen the 

bran in order for it to resist abrasion and attrition in the milling process. 

Second, it allows the outer layers of the kernel to be removed in large 

pieces and mellows the endosperm pieces for easy reduction into flour in 

later processes. 

Bradbury et al. (8) in a comprehensive survey of literature on the 

subject, defined the various types of wheat conditioning. These were as 

follows: cold conditioning (commonly called tempering, in which the effects 

of moisture and time are accomplished without heat addition), warm condition-

ing (the effects are accomplished in conjunction with heat at grain temper-

atures not exceeding 46 degrees Centigrade), and hot conditioning (where the 



effects are reached in conjunction with heat at grain temperatures in excess 

of 46 degrees Centigrade). There are numerous methods in each of the 3 

classifications. 

The method of conditioning depends on the properties of the wheat to be 

conditioned, on the type of mill, and the capabilities of the mill operator. 

Recommendations as to the desirability of a specific conditioning method are 

conflicting. 

Recent research by Eustace (13) indicated that a method of cold 

conditioning was the safest way to lower ash content of the flour without 

affecting flour yield or quality. The selection of a tempering or cold 

conditioning method for investigating grinding effects is in general 

agreement with the conditioning review literature (8). 

Temperature and Humidity. To some extent, the effect of elevated 

temperatures on the physical properties of wheat can replace those of 

moisture (20, p. 168). An increase in the period of temper of Hard Winter 

wheat caused an increase in the amount of first break release. When, 

however, the tempered wheat was warmed and fed to the break rolls at 100 

degrees F., 3 hours' wait between tempering and milling produced the same 

level of break release that followed 24 hours' wait at ordinary temperatures. 

The normal and more economical procedure would be adjustment of break 

release through roll clearance movement. 

Swanson (42) in a review of atmospheric control in flour mills, states 

that a controlled humidity is essential to the best conditions of milling. 

The optimum level of atmospheric control is not indicated for the break 

roll process, but Anderson (2) reports that controlled relative humidity and 

temperature would reduce the effects of various climatic factors on the 



milling process. 

Technical Details of First Break Rolls 

Descriptions of break roller mills are given in various milling text-

books (24,27,35,37). The arrangement of the rolls is quite diverse. 

However, 2 styles are prevalent (24,37) in modern flour mills: American 

(two pairs of rolls arranged in a horizontal plane), and European (each of 

two pairs of rolls arranged in a diagonal plane at an angle of 45 degrees 

from the horizontal). 

The roll factors considered important in affecting operation of break 

rolls are: diameter, speed, differential, clearance between facing rolls, 

corrugation, and feed rate (4). Additional factors such as roll temperature, 

roll hardness, roll pressure, heat dissipation, tramming, and dynamic 

balancing are related to the primary factors and are usually controlled 

by adjustments or equipment design. 

Roll Diameter. Roll diameters vary from 6 to 10 inches in the United 

States with 9 inch diameter rolls being the most popular size (5,51). 

European roll diameters are usually 10 inches (35,50). A diameter of 

approximately the same size may be designated as 250 millimeters (mm) in 

some of the literature (4,25). 

Kozmin (25) developed, a series of mathematical equations that when 

solved for roll diameter indicates that the diameter of break rolls affects 

the number of grinding actions performed on a particle passing through the 

rolls. With all other factors held constant, a larger diameter roll would 

permit more grinding actions by the roll corrugation than a smaller diameter 

roll. In actual processing methods, the number of grinding actions is 



usually increased through use of other factors that are less expensive than 

increasing roll diameter, which requires use of a greater amount of metal, 

increased roll support strength, and higher cost of shipping and installation. 

Roll Speed. Roll speed or velocity is expressed in revolutions per 

minute (rpm) of the fast roll in milling literature. However, differences 

in roll diameter will affect the velocity of a point on the periphery of the 

rolls at a constant rpm. The rapidity of movement of this point on the 

surface of the roll is called the peripheral or circumferential speed. It 

is a method of expressing speed where roll diameter is not designated or 

for comparison purposes. A common unit used for peripheral speed is feet 

per minute (fpm). 

Investigators (5,21,51) report break roll speed in the United States as 

generally standardized for 9 inch diameter rolls at 500 rpm (1,178 fpm). But, 

variations in break roll speed have been mentioned that include speeds that 

range from 1,060 to 2,093 fpm (3,35,46). European textbooks (27,34,37) list 

normal break roll speed for 10 inch diameter rolls as 350 rpm (916 fpm). 

Youdale (50) in a recent summary of equipment design, indicated speeds of 450 

rpm for 10 inch diameter rolls were presently being used in England. 

Kozmin (25) used mathematical equations to express the view that the 

absolute speed of the rolls will not affect the number of grinding actions 

of the corrugations on the material passing through the rolls, provided 

diameter, corrugation design, differential, and clearance remain the same. 

Wolff (49) has published information which states that increasing the 

roll speed with all other factors held constant, will have no milling value 

benefit as long as rolls are above effective maximum capacity. 

Roll Differential. The normal roll differential for break rolls is 



generally accepted as being 2.5 to 1 (3,22,27,35,46,51). Wolff (49) stated 

that mathematical analysis of roll factors shows that the optimum differ-

ential is 2.5 to 1. 

A comprehensive study of 5 roll differentials was conducted by Pence 

(31). The 1.5 to 1 roll differential on first break grinding released stock 

of the lowest ash content but the quantity of release was small. It appeared 

that the 2.5 to 1 roll differential was the most satisfactory in all aspects, 

but the author did not indicate any specific conclusions as to preference 

for a. specific roll differential. 

The data in the report of the experiment conducted by Pence was 

evaluated by Kozmin (25). Kozmin stated that only general conclusions 

could be drawn from the study due to methodology faults in the experiment 

design. Pence had kept the speed of the fast roll constant and obtained 

differential changes using varying slow roll speeds. Thus a greater 

numerical force effect by the corrugation design on the grain occurred at 

the higher differentials when compared to the lowest differential, using 

Kozmin's equations. The difference in corrugation effect force led Kozmin 

to suspect higher ash content of the break flour at higher roll differ-

entials because of bran pulverization (25). 

Roll Clearance. Roll clearance or gap is the opening between paired, 

break rolls. The distance of this opening influences the grinding action 

that will occur on passage of wheat kernels between the rolls. 

Recommended settings for roll clearance are determined by the quality 

of the product after roll passage rather than a specific distance (5,27,30). 

The reason for this type of recommendation is that the variation in wheat 

structure, hardness, and size do not permit a constant distance as a guide 



to ordinary break roll operation. These settings are called break extractions 

and noted in percentage of product passing through a specified sieve. The 

means of determination involves placing a sample of known amount of the 

product on a selected size sieve and through use of a circular motion on the 

sieve for a period of time separating the product into two portions. The 

portion of product passing through the sieve is referred to as the percentage 

of break extraction. The conventional number of meshes used on the sieve 

cloth for the first break roll clearance setting ranges from 16 to 22 (5). 

The amount of break release desired at the first break roll for an 

individual mill should be analyzed through the method outlined by Roethe (33). 

With the amount of break release obtained through the method described, the 

rolls are adjusted inward or outward, changing the roll clearance to yield the 

amount of break release desired. 

Roll Corrugation. The milling term, roll corrugation, consists of many 

factors that contribute to the cutting operation performed by the break 

rolls. These factors are: (a) angle of cut, (b) depth of cut, (c) shape 

of cut, (d) hardness, (e) angle of spiral, (f) number of corrugations. 

The first 3 factors are usually specified through use of the name of a 

particular corrugation (5), although variation will occur due to the type of 

cutting die in use at different machine shops. In break roll grinding, there 

are in general use, 2 main types of shape of cut. One, is a straight line 

cut with variation in the forward and rear angle according to differing 

specifications. The second, is a cut of unsymmetrical shape with either a 

blunted or rounded leading angle (5). It was reported by several authors 

(5,32) that the rounded lead angle type of cut had a less severe action on 

the wheat kernel with a resulting decrease in the ash content of the product 



through the first break scalp sieve. Dedrick (11) states it is difficult to 

theoretically design a universally correct corrugation style due to the 

variation in size of the wheat berry and its position when feeding into the 

roll gap. 

The hardness of the corrugation on break rolls is not always uniform 

according to studies by Essmueller (12). This apparently was due to roll 

manufacturing difficulties, but new processes have corrected this variation. 

Break roll corrugations are cut on an angle of spiral ranging from 

0.375 to 0.875 inch per linear foot (5). One half inch per foot is the 

accepted standard in the United States for milling of hard wheats (21). 

European angle of spiral on the first break roll will range from 0.8 to 1.2 

inches per linear foot (4). The degree of spiral influences the grinding or 

cutting action of the rolls similar to the differential effects (25). 

The number of corrugations on a first break roll are normally 10 to 12 

per inch (5,21,27,35,51). The average size of the wheat kernel to be ground 

seems to be the determining factor in the selection of the number of 

corrugations (21). 

The majority of the types of corrugations used on break rolls are 

unsymmetrical (5). Thereby, the use of paired rolls actually permits 4 

kinds of grinding operation with differing action by the corrugation. These 

methods of operation are identified according to the position of the 

corrugation lead angle and the designation of which roll is the fast roll. 

The four methods are: (a) dull to dull, (b) sharp to dull, (c) dull to 

sharo, (d) sharp to sharp (5). Break roll operation in the United States 

is usually dull to dull (5,22,51). 

Heide (18) reports that the grinding force is greater for sharp to 



sharp facing than dull to dull at the same speed and differential. This 

grinding force effect is usually referred to as severity of action. 

Dedrick (11) recommended running break rolls dull to dull for most 

hard wheats. This recommendation was based on results of tests that used 

short pieces of soft metal, passed through the rolls. As the function of the 

break rolls is thought to consist of gently opening and folding back the 

exterior of the wheat kernel, undue shattering of the metal pieces inserted 

prior to the rolls into small particles after passage indicated too severe 

an action. Using the number and size of the metal particles as a criteria 

of proper roll corrugation resulted in the dull to dull advice. 

Roll Feed Rate. The capacity of a roller mill is in effect characterized 

by the amount and quality of the stock produced. 

Theoretical physical amounts of throughput attainable by roller mills 

have been computed by several authors. Scott (35) reported that for 10 inch 

rolls with 2.5 to 1 differential and a fast roll speed of 350 rpm, the amount 

of wheat handled could be as much as 4.45 pounds per minute per inch of 

contact roll surface. Speight (39) states a figure of 4.77 for similar 

conditions, with a maximum of 10.94 pounds per minute per inch of contact 

roll surfact at the fast roll speed of 800 rpm. 

European mills report actual operating capacities that range from 0.5 

to 1.5 pounds per minute per inch of first break roll contact surface 

(27,35,50). 

Capacity of mills in the United States is greater, ranging from 1 to 

2.5 pounds per minute per inch of first break roll contact surface (5,29,43, 

51). The larger capacity is due primarily to better quality of wheat, its 

type of conditioning, higher roll speeds, and the position of roll mounting 



(24,35). 

Much larger roller mill capacities which ranged from 7.0 to 8.11 

pounds per minute per inch of first break roll contact surface were reported 

by Speight (39) as occurring in Russia and Czechoslovakia. Better feeding 

arrangements of wheat to the rolls and high roll speeds are said to be 

responsible for this capacity. 

Pratique has developed a system of feeding the rolls that is reported 

to increase the capacity to 8.02 pounds per minute per inch of roll contact 

surface (39). Wolff (48) reports that although the Pratique system is 

attempting to reach the theoretical load of 10.1 pounds per minute per inch 

of roll contact surface, available information indicated actual effective 

rates near normal United States roller mill capacity. 

Gchle (16) published photographs showing wheat feed rates of 1.85 and 

4.6 pounds per minute per inch of roll contact surface on first break rolls. 

Visual appearance indicates a large amount of roll space clear from wheat 

kernels even at the largest load. Quality results of the products are not 

given for either of the feed rates nor are conclusions as to effectiveness 

of the rolls at these capacities stated. 

Moog reportedly has stated (48) that high feed rates increase the 

temperature problem in milling, due to rolls' heating. Water cooling of 

rolls is a means to reduce this difficulty. little information is available 

on the actual use of water cooled break rolls, although it was reported that 

the early Bellera process (3) involved water cooled rolls. 



MATERIALS AND METHODS 

The wheats used in this research study were selected from wheats 

available in storage facilities at the Kansas State University Pilot Flour 

Mill. Three classes of wheat were obtained and consisted of the following: 

Hard Red Winter, Hard Red Spring, and Soft Red Winter. The wheats were 

analyzed and evaluated prior to experimentation. Standard measurements 

were used to indicate the characteristics of each class of wheat. The 

results from this testing is shown in Table 1 below. 

Table 1. Analyses qf the wheats used in the research study. 

* 14.0 moisture basis. 

Cleaning and Sample Preparation 

Cleaning of wheats preparatory to analysis and sample make-up were 

done by passing the wheats through the cleaning facilities of the Kansas 

State University Pilot Flour Mill cleaning house (Fig. 1). The wheat 

cleaning equipment of the Pilot Flour Mill consisted of a permanent magnet, 

pneumatic lift aspirator, milling separator, dry stoner and gravity separator, 

disc separators for oat and cockle, Entoleter scourer aspirator, and duo-

aspirator. The flow rate through the cleaning operation was 60 pounds per 

minute with the equipment adjusted for optimum performance at that rate. 



Schematic F!ow of Kansas State's Grain Cleaning Facilities 

Figure 1. Wheat cleaning flow. 



Movement of the wheat between the various operations was accomplished by-

gravity flow or pneumatic conveying. 

The cleaned wheat of each class was distributed into the proper amount 

and number of samples required for testing through use of a sample splitter. 

Each sample was packaged in a plastic bag to prevent moisture fluctuation 

prior to tempering. Random procedures were followed in the preparation of 

samples. 

Conditioning or Tempering 

All wheat samples were conditioned in the same manner prior to 

milling, by raising the moisture content to 15.5 percent and letting the 

samples remain undisturbed in sealed metal cans for 18 hours at room 

temperature. 

Samples were tempered by adding the necessary amount of water in the 

form of a fine mist to the sample of wheat rotating in a metal blending 

drum. The amount of water to be added to the sample was determined by 

using the following formula: 

100 - M1 
X W1= W1 + H 

100 - M2 

M1 = percent moisture in the untempered wheat sample. 

M2 = percent moisture desired in wheat sample. 

W1 = weight of untempered wheat sample. 

H = weight of water to be added. 

Grinding Procedure 

A milling machine consisting of a pair of adjustable rolls arranged in 



a horizontal position was used for the grinding tests. See Plates I and II. 

The unit was constructed to allow independent roll speeds from 50 to 1,000 

revolutions per minute using hydraulic power driven rolls. The machine 

allowed test use of pairs of rolls of various diameters. The roll clearance 

was adjustable and could be locked in a selected fixed position without 

movement during testing. 

The disaeters of the rolls tested were 6, 9, and 12 inches. Roll 

length used during all tests consisted of the center 2 inches of the rolls. 

The 3 diameters of rolls used had the same number and type of corru-

gations. The specifications were 10 corrugations per inch of Minneapolis 19 

configuration (40) with 0.375 inch spiral per linear foot. The corrugations 

of the rolls were run dull to dull throughout testing. The rolls were driven 

so that a constant differential of 2.5 to 1 was maintained at all times. In 

all cases, speeds shown or designated in this report refer to the speed of 

the fastest roll of a pair. The slow roll of a pair would always revolve at 

a speed 0.4 times the fast roll speed. 

The different fast roll speeds used for testing were selected to give 

the same peripheral speed within types of wheat, regardless of the diameter 

of the particular pair of rolls being used. Three speeds of rolls were 

tested. For ease of notation, these speeds were designated as slow 

(942 fpm), normal (1178 fpm), and fast (1414 fpm). Actual speeds of the 

various diameter of rolls in revolutions per minute, are shown in Table 2. 

The path or flow of the wheat samples during the tests is shown in Fig. 

2. Tempered wheat was placed in a small hopper above a volumetric feeder, 

which was set to deliver 1.5 pounds of wheat per minute per inch of contact 

roll surface on the test rolls. As previously mentioned, 2 inches of roll 



EXPIANATION OF PLATE I 

Front view of the experimental milling machine showing 9 
inch diameter rolls installed for first break grinding. 



PLATE I 



EXPLANATION OF PLATE II 

Rear view of the experimental milling machine showing 
individual hydraulic drive for each break roll. 



PLATE II 



T E S T PROCEDURE 

BREAK 
ROLLS 

WHEAT 
HOPPER 

FEEDER 

METHOD A 
TYLER 
S! EVES 

METHOD B 
SMICO 
SIFTER 

QUADRUMAT 

Figure 2. Flowsheet of test procedure. 



Table 2. Roll speeds. 

* Feet per minute. 

length was used which required a feed rate of 3 pounds per minute of wheat. 

The wheat was fed onto a vibratory feeder in order to distribute the load 

equally along the entire roll length and finally guided through a device 

designed to deliver the wheat at the entry point of the roll clearance. 

After an initial roll warm-up period of time, the roll gap was set to the 

opening that would produce 30 percent of the roll product through a number 

18 light wire (1190 micron opening) sieve. This was accomplished by 

screening a sample for 30 seconds in a standard break release sifter using 

the 18 LW sieve and adjusting the roll clearance until a sample analysis of 

30 percent break release was obtained. 

When the wheat flow through the operation was functioning smoothly, 2 

samples were collected at the discharge of the break rolls. 

Sample A consisted of approximately 500 grams of total throughput of 

the ground wheat. This sample was used for both particle size analysis and 

cumulative ash curve analysis. To obtain this information, Tyler sieve 

tests for percentage of total product on 7 different sieves was calculated. 

Also, moisture and ash analyses were, run on samples of each sieve material. 

Sample B was taken at the time Sample A was taken, although a larger 

amount consisting of approximately 2,000 grams was obtained. This sample 

was screened on a Smico laboratory sifter with the following sieve sizes: 

number 18 light wire (1190 micron opening) and number 9 XX cloth (153 micron 



opening). The amount of ground material passing the number 18 LW sieve and 

retained on the number 9 XX sieve was further milled through the reduction 

side of a standard Quadrumat Senior experimental mill (see Plate III). 

The selection of this type of experimental mill and data for its proper 

operation was based on information written by Schafer (34). A schematic 

diagram of the Quadrumat Senior mill with the product flow indication, 

roll corrugations, and sieve sizes used for the experiment is shown in 

Fig. 3. A volumetric feeder was used to accurately deliver the material 

to the Quadrumat Senior roll hopper at a uniform rate of 70 grams a minute. 

As indicated in the flowsheet (Fig. 3), 4 streams of product were obtained 

from the Quadrumat Senior mill: (a) bran, which was the product over the 

36 GG sieve (571 micron opening); (b) shorts, which was the product through 

the 36 GG sieve and over the 64 GG sieve (282 micron opening); middlings, 

which was the product through the 64 GG and over the 9 XX sieve (153 micron 

opening); flour, the product through the 9 XX sieve. Each stream was 

analyzed for moisture, ash, protein, and percentage of total product. 

Additional tests on the flour for average particle size and color were 

performed. 

Physical Methods of Determination 

The moisture, ash, and protein of the samples were determined by 

procedures 44-15, 08-01, and 46-11, respectively in Cereal Laboratory 

Methods (1). 

Fisher Sub-Sieve average particle size measurements were determined 

on flour samples according to procedures outlined by the Fisher Scientific 

Company (15). 

Agtron color readings were performed on flour samples using the green 



EXPLANATION OF PLATE III 

Photograph of the Quadrumat Senior experimental mill used 
for Method B tests. 



PLATE III 



R E D U C T I O N S Y S T E M 

FEEDER 

BRAN 
SHORTS 

FLOUR MIDDS 
Q U A D R U M A T SENIOR E X P M I L L 
Figure 3. Flowsheet of Method B product through the Quadrumat Senior mill. 



filter and following methods listed by Gillis (17). 

The test weight determinations were made with a quart kettle using 

a beam scale according to the standard method outlined by the U.S. Depart-

ment of Agriculture (45). 

The pearling value test was performed as outlined by McCluggage (28), 

by using 20 grams of sample wheat for the test. The wheat was pearled in 

a Strong-Scott barley pearling machine for 60 seconds. The product that 

was removed was sifted on a number 20 wire sieve in a Smico laboratory 

sifter for 30 seconds to separate the product. The wheat remaining on the 

number 20 sieve was weighed and recorded as a percentage of the original 

sample. 

The wheat size test was performed according to the following method. 

Two hundred grams of wheat were placed on the top sieve of a stack of 3 

Tyler standard sieves (numbers 7, 9, 12). This stack was then inserted in 

a Tyler Ro-Tap testing sieve shaker and the machine run for a 60 second 

time period. The amount retained on each sieve was recorded as a percentage 

of the total sample weight. The purpose of the test was to assign a 

universal size designation to the wheat used in the experiment. 

The 1,000 kernel count weight was determined with an electronic seed 

counter using 40 grams of wheat, and using the count of this weight to 

determine the weight of 1,000 kernels. 

Particle size tests on the ground material from the wheat passed 

through the first break rolls was determined using the Tyler Ro-Tap testing 

sieve shaker and the following Tyler number sieves: 14 , 20 , 28 , 35, 48, 

65, and 100 wire mesh. The sequence of sieves follows the standard square 

root of 2 ratio between openings on adjacent sieves. The results obtained 



from use of the sieves were divided into a uniform proportion since they were 

separated on a fixed scale and the results could be represented by a plotted 

curve to much better advantage. The ground product was sifted for 3 minutes 

on the sieves placed in the Tyler shaker. Procedures were followed accord-

ing to directions in the manufacturer's manual (44). 

The cumulative ash curves of the first break roll product were developed 

from ash and particle size results from each test. The method of plotting 

the data points was described in an article by Farrell and Ward (14). 

Statistical Analyses 

Preliminary experiments were performed to develop a basis for expec-

tations of experimental error and procedural replication. After the 

development of methods and techniques, the final experiment was designed to 

be a completely randomized 3 factorial experiment. The 3 factors tested 

were: (a) class of wheat, (b) diameter of rolls, (c) speed of rolls, 

while holding all other known factors constant. The testing was done with 

3 levels of variation with 2 replicates of each variation. 

Classes of wheat used for the test were: Hard Red Spring, Hard Red 

Winter, and Soft Red Winter. 

Diameter of rolls that were tested consisted of 6, 9, and 12 inches. 

The peripheral speeds of the fast rolls tested were 942, 1,178, and 

1,414 feet per minute. 

The data obtained from the tests was transferred into an analysis of 

variance computer program, compiled, and executed on the University IBM 

1410 computer. The output of this program was tested for significance at 

the 0.03 level using the F test. Further statistical testing for indications 

of advantage was done using the least significant determination (LSD) 



method of mean comparisons. All analyses were determined by procedures 

outlined by Snedecor (38). 



RESULTS AND DISCUSSION 

Method A 

Wheat Class. The statistical analyses of the experimental results 

(see Appendix A for test results) are shown in the analysis of variance 

Tables 3 through 9. It is evident from the tables that there was a signif-

icant variation in particle size distribution and cumulative ash content 

between samples of the 3 wheat classes. The variation was expected to 

be significant and was in accord with observations from the literature 

(20). 

One reason for including the 3 classes of wheat as a test factor was 

to evaluate the avility of the test equipment to accurately determine 

variations in particle size distributions and ash content of samples known 

to give variations. 

In addition to employing wheat class as a gauge to evaluate the 

accuracy of the experimental procedure, wheat class provided a means to 

simultaneously test the effects of the other 2 factors when using 3 kinds 

of milling types of wheat. The possibility of erroneous conclusions 

about the effects of roll diameter and roll speed due to the use of a 

single milling type of wheat class were thereby eliminated. 

Specific wheat class desirability in terms of milling quality, which 

is indicated by the cumulative ash curves shown in Figs. 4 to 12, cannot 

be evaluated because of inherent wheat class characteristics. This 

observation was noted in the discussion in the Review of Literature section 

and was the reason why the least significant difference test was not 

performed on the wheat class results. 



Table 3. Method A. Analysis of variance of the cumulative ash percentage 
in the product through the Tyler 100 mesh sieve and on the pan. 

Table 4. Method A. Analysis of variance of the cumulative ash percentage 
in the product through the Tyler 65 mesh sieve and on the 100 mesh. 

Table 5. Method A. Analysis of variance of the cumulative ash percentage 
in the product through the Tyler 48 mesh sieve and on the 65 mesh. 

n. s. Non-significant 
* Significant at the 0.05 level 



Table 6. Method A. Analysis of variance of the cumulative ash percentage 
in the product through the Tyler 35 mesh sieve and on the 48 mesh. 

Table 7. Method A. Analysis of variance of the cumulative ash percentage 
in the product through the Tyler 28 mesh sieve and on the 35 mesh. 

Table 8. Method A. Analysis of variance of the cumulative ash percentage 
in the product through the Tyler 20 mesh sieve and on the 28 mesh. 

n.s. Non-significant 
* Significant at the 0.05 level 



Table 9. Method A. Analysis of variance of the cumulative ash percentage 
in the product through the Tyler 14 mesh sieve and on the 20 mesh. 

n. s. Non-significant 
* Significant at the 0.05 level 

Table 10. Method A. Least significant difference of the cumulative ash 
content means from the Tyler sieves. 

3b Values having the same letter are not significantly different 
at the 0.05 level. 



CUMULATIVE ASH - 6 " ROLL 
S O F T RED WINTER WHEAT 

Figure 4. Cumulative ash curves % TOTAL PRODUCT 



CUMULATIVE A S H - 9 " ROLL 
S O F T REED WINTER WHEAT 

Figure 5. Cumulative ash curves. % TOTAL PRODUCT 



CUMULATIVE A S H - 1 2 " ROLL 
S O F T RED WINTER WHEAT 

% TOTAL PRODUCT Figure 6. Cumulative ash curves. ^ 



CUMULATIVE ASH - 6 " ROLL 
HARD RED SPRING WHEAT 

% TOTAL PRODUCT Figure Cumulative ash curves. 



CUMULATIVE ASH - 9 " ROLL 
HARD RED SPR!NG WHEAT 

% TOTAL PRODUCT Figure 8. Cumulative ash curves. 



% TOTAL PRODUCT 
Figure 9. Cumulative ash curves. 

CUMULATIVE ASH - ! 2 " ROLL 
HARD RED SPRING WHEAT 



CUMULATIVE ASH - 6 ROLL 

HARD RED WINTER WHEAT 

% TOTAL PRODUCT Figure 10. Cumulative ash curves. 



CUMULATIVE ASH - 9" ROLL 
HARD RED W!NTER WHEAT 

Figure 11. Cumulative ash curves. 
% TOTAL PRODUCT 



CUMULATtVE A S H - 1 2 " ROLL 

HARD RED WINTER WHEAT 

% TOTAL PRODUCT Figure 12. Cumulative ash curves. 



Roll Diameter. Changes in roll diameters did cause a significant 

variation as shown in Tables 3 to It was found that the particle size 

distribution and cumulative ash content of the samples from the 6, 9, and 

12 inch diameter rolls had significant differences. 

Further statistical testing to determine specific roll diameter 

conclusions was done using the least significant difference (LSD) method 

of mean comparisons. The results are shown in Table 10. It is apparent 

from the results that the product remaining on the bottom 6 Tyler mesh 

sieves (denoting the smallest particle sizes), showed a significant differ-

ence using ash means as the analysis method between comparisons of the 6 

and 12 inch diameter rolls with the 9 inch diameter rolls. The 9 inch 

diameter roll samples had the smallest ash content amount and could be 

interpreted as the roll diameter performing best in the experiment. 

The cumulative ash curves drawn in Figs. 4 through 12, visually 

indicate that the ash content of the product on the finer mesh sieves is 

lower when using 9 inch diameter rolls than for either the 6 or 12 inch 

diameter rolls. 

Roll Speed. The experimental results of the tests on the effect of 

roll speed on particle size distribution and cumulative ash content were 

analyzed statistically in Tables 3 to 9. It is evident from the data in 

the Tables that there were no significant differences in the ash content 

of the product from the effect of the 3 different roll speeds. This 

discovery is in agreement with the conclusions obtained through theoretical 

investigations by Kozmin (25). 

The cumulative ash curves shown in Figs. 4 to 12 can be interpreted 

similarly to indicate no real difference, because of the closeness and 



interchange of individual curves between speeds within roll diameters and 

wheat classes. 

Treatment Interactions. The experiment was also designed to determine 

if any interaction or influence was evident between combined factor effects. 

There were four types of interaction possible in the 3 factorial experiment. 

That of: (a) roll speed with roll diameter, (b) roll speed with wheat 

class, (c) wheat class with roll diameter, (d) wheat class with roll speed 

with roll diameter effects. 

There were no indications of significant interaction effects by any 

of 4 types possible, when analyzed statistically in Tables 3 to 9. 

Method B 

The samples evaluated under the procedure of Method B were companion 

samples of the ones analyzed in Method A, since they were taken under 

identical circumstances as explained in the Materials and Method section. 

The purpose of Method B was to determine if a valid procedure could be 

developed to analyze first break roll products after further reduction in 

a system somewhat similar to one in the commercial milling process. This 

purpose corresponds to the one stated by CIeve and Will (9), who felt the 

best possibility of control on the results from test curves for break roll 

settings was through transfer of the results to large mills. In their 

particular case, the use of the Multomat test mill for this purpose was 

mentioned. 

Wheat Class. The results of the wheat class tests (Appendix B) did 

show a statistically significant variation in Tables 11 to 15. It was 

found that there was a. significant difference within samples of the wheat 



classes when tested for ash content, protein content, Agtron color, and 

Fisher average size particle measurement of the product through the 9 XX 

sieve. Product yield through the 64 GG sieve also showed a significant 

difference as evident in Table 15. This variation is in accord with statis-

tical results from the Method A tests. 

Roll Diameter. The statistical analyses of the experimental results 

from the tests performed are shown in Tables 11 to 15. It is clear from 

the Tables that there were no significant differences in the variations 

from the effects of roll diameter. This is not in agreement with statis-

tical results from Method A tests. 

Roll Speed. The statistical analyses of the experimental results 

from the tests performed are shown in Tables 11 to 15. It is evident from 

the Tables there were no significant differences in the variations from 

the effects of roll speed. The results coincide with the conclusions 

obtained, from statistical analyses of data from Method A. 

Treatment Interactions. The only significant variation in factor 

interaction found by statistical analyses, was that of wheat class and roll 

diameter sample results measured by product yield, as shown in Table 15. 

The wheat class effect in Method A had far greater significance, as 

measured on a numerical scale, when compared to the wheat class effect in 

Method R. This could indicate either less detection power in Method B 

due to test procedures or first break roll effect minimization by continued 

milling of the break roll product. Because of the possibility of either 

factor occurring, only general inferences about Method B may be concluded. 

It was thought that several factors which did not affect experimental 

design accounted for the discrepancy between results from Methods A and B. 



First, the original particle size of material passed through the reduction 

side of the Quadrumat Senior experimental laboratory mill was larger than 

the normal size of material usually run on the reduction side when both 

sections of the mill are in operation. The larger size particles possibly 

did not permit proper reduction roll operation since the roll clearances 

on the Quadrumat Senior mill are fixed, thus causing a larger than normal 

variation in flour yield. Second, the sieve arrangement on the Quadrumat 

mill did not permit as precise a sieving operation as the Tyler sieve 

arrangement, which used more sieves at closer opening sizes and was a 

batch load and discharge operation. The combination of the two factors 

could have increased the experimental statistical error function to the 

extent that only large variations such as the one that occurs between wheat 

classes could be detected. However, this assumption should not be con-

strued to imply significant variations between roll diameters were present 

in the sample after milling through the Quadrumat Senior. It may be possi-

ble that the milling process can negate significant effects of various 

factors affecting first break roll operation. A better method is required 

to evaluate total milling operation so that a. simultaneous evaluation of 

milling factors can be studied. Then, it would be possible for recommended 

changes in first break roll design to incorporate all process aspects 

affected by the design changes in the recommendation. 

The overall investigation suggests that Method A is a valid procedure 

to analyse first break roll results at the point of discharge from the 

rolls. Furthermore, it would suggest that Method. B was not an entirely 

satisfactory method to evaluate results of first break roll changes through 

continued milling of the break roll product. 



Table 11. Method B. Analysis of variance of the ash percentage of the 
product through the 9XX sieve. 

Table 12. Method B. Analysis of variance of the protein percentage of the 
product through the 9XX sieve. 

Table 13. Method B. Analysis of variance of the Agtron color reading of 
the product through the 9XX sieve. 



Ts.ble 14. Method B. Analysis of variance of the Fisher average particle 
size reading of the product through the 9XX sieve. 

Table 15. Method B. Analysis of variance of the percentage of total product 
(yield) through the 64GG sieve. 

n.s. Non-significant 
* Significant at the 0.05 level 



SUMMARY AND CONCLUSIONS 

Class of wheat had a significant effect on the size distribution and 

cumulative ash content of the product obtained from wheat passed through 

the 3 diameters of break rolls at 3 different speeds of the break rolls, 

with all other known factors held constant. Class of wheat also had a 

significant effect on ash content, protein content, Agtron color, and Fisher 

average particle size measurement of the flour through a 9 XX sieve when 

the first break roll product was milled with a Quadrumat Senior experi-

mental laboratory mill reduction system. 

Diameter of rolls had a significant effect on the size distribution 

and cumulative ash content of the product from the first break rolls when 

grinding 3 classes of wheat at the 3 roll speeds. The least significant 

difference of the means of the cumulative ash content, indicated that the 

9 inch diameter rolls were preferable to either the 6 or 12 inch diameter 

rolls. 

Speed of break rolls at the fast roll speeds tested and with 2.5 to 

1 differential, did not have a significant effect on the size distribution 

and cumulative ash content of the product resulting from grinding wheat of 

3 classes through the 3 sizes of roll diameters. 

It can be concluded that: 

1. A difference in wheat class can affect test results when 

using the cumulative ash content method of product evaluation. 

2. Roll diameter will have an effect on the percentage of ash 

content and particle size of the product from the first break rolls, with 

all other factors constant. Nine inch diameter break rolls were the most 

satisfactory of the 3 diameters tested, for first break grinding at 2.3 



to 1 differential and with the corrugation style used; ash content and 

particle size of the product being the indices of evaluation. 

3. Roll speeds, within the levels tested, at constant differ-

ential of 2.5 to 1, and at a fixed load below maximum capacity, will not 

significantly affect first break roll operation as measured by ash content 

and particle size of the resultant product. 



SUGGESTIONS FOR FUTURE WORK 

The investigations performed in this experiment were of the nature 

outlining a framework to use in first break roll analysis. Possibilities 

for future work may include the continuation of this research with emphasis 

on the following: 

1. Development of a better method of evaluating the total results 

of first break roll factors. The use of a fixed reduction roll system 

in conjunction with a Tyler sieve series for cumulative ash analysis seems 

most promising, based on a review of the techniques used in this experiment. 

2. Design of a technique to evaluate break roll performance under 

normal milling conditions so as to devise a set of standards that would 

provide a guide to proper break roll settings in order to compensate for 

changes in first break roll factors. 
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APPENDIX A 

Method A Data 



6o 

Table 16. First break grinding of soft red winter wheat with six inch 
diameter rolls. 



















APPENDED B 

Method B Data 



Table 25. First break product of soft red winter wheat milled on the 
reduction side of the Quadrumat Senior experimental mill. 



Table 26. First break product of hard red spring wheat milled on the 
reduction side of the Quadrumat Senior experimental mill. 



Table 27. First break product of hard red winter wheat milled on the 
reduction side of the Quadrumat Senior experimental mill. 
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The objective of this experiment was to find the influence of certain 

variables on first break grinding of wheat, measured in terms of milling 

quality. 

The grinding action of the first break roll begins a series of 

mechanical operations performed in the processing of wheat into flour. 

The product resulting from passage of wheat through the first break rolls 

can generate effects felt throughout the processing system. Analysis of 

these first break roll effects can lead to a better understanding and 

possible improvement of the milling process. 

The factors in first break grinding that were varied in this research 

were: (1) wheat class, (2) roll diameter, (3) roll speed. Three levels of 

each factor were tested. The types of wheat class were: hard red winter, 

soft red winter, and hard red spring. Roll diameters used were: 6, 9, and 

12 inches. The fastest roll of each pair ran: 942, 1,178, and 1,414 feet 

per minute while the slow roll ran 0.4 as fast. The speed differential 

between the fast and slow rolls was kept at a ratio of 2.5 to 1. 

First break roll factors that were held constant were: (1) break 

release, 30 percent through a. number 18 light wire sieve, (2) wheat feed 

rate, 1.5 pounds per minute per inch of roll contact length, (3) wheat 

conditioning, 15.5 percent moisture held 18 hours at room temperature, 

(4) roll differential, 2.5 to 1, (5) roll corrugation, 10 per inch of 

Minneapolis 19 configuration, 0.373 inch spiral per linear foot, dull to 

dull. 

A roller mill consisting of a single pair of adjustable rolls arranged 

in a horizontal position was used for the grinding tests. Two identical 

samples were taken at the point of discharge of the break rolls and 



analyzed by 2 different methods. Method A consisted of a sieving procedure 

to separate the product into eight fractions. The percentage of total 

product and ash content of each portion was determined. Using these data, 

cumulative ash curves were plotted and statistically evaluated. Method B 

samples were milled through the reduction side of a Quadrumat Senior 

experimental mill. The flour through the 9 XX sieve was statistically 

analyzed for percentage of total product, average particle size, color, 

ash, and protein content. 

Findings from the results indicated: (1) class of wheat had a 

significant effect on the size distribution and cumulative ash content of 

the product obtained from wheat passed through the break rolls. Further-

more, class of wheat had a significant effect on ash content, protein 

content, Agtron color, and Fisher average particle size measurement of 

the flour. (2) diameter of rolls had a significant effect on the size 

distribution and cumulative ash content of the product from the first 

break rolls when grinding 3 classes of wheat at fast roll speeds of 942, 

1,178, and 1,414 feet per minute. The least significant difference of the 

means of the cumulative ash content indicated that the 9 inch diameter 

break rolls were preferable to either the 6 or 12 inch diameter rolls. 

(3) speed of break rolls, at the 3 levels tested and using constant 

differential of 2.5 to 1, did not have a significant effect on the size 

distribution and cumulative ash content of the product resulting from 

grinding wheat of 3 classes through 3 sizes of roll diameters. 


