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ABSTRACT 

Michigan is the largest grower of navy beans and one of the major pro

ducers of all categories of dry beans. Dry bean consumption continues to 

decline in the U.S., however. One opportunity for expanding consumption of 

dry beans is to find new uses, such as in food ingredients. Dry beans offer 

a rich source of protein, as well as quality fiber and starch components. 

A roasting, milling and air classifying system to produce dry bean flour 

fractions has been developed at Texas A&M. Bean flour protein, fiber and 

starch ingredients have been tested in baking, meat products and snack foods 

at Michigan State University. This report indicates that dry bean flour can 

compete with other protein, starch and fiber ingredients and provide sufficient 

returns to attract venture capital based on the following central assumptions: 

• the availability of sufficient quantities of quality cull 
and/or edible split dry beans to lower the overall price 
of the raw bean input; 

• the ability to balance the production and sales of starch 
with protein and fiber components; 

1 the cost of capital of the investing firm and its research, 
marketing and financial resources; and 

• the ability to overcome any market, institutional or Food 
and Drug Administration barriers or pre-conditions. 

This research has been sponsored by the Michigan Department of Agriculture. 
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Pref ace 

Need is not economic demand. The decision to produce dry bean flour 

is a complex economic question of production, distribution and consumption. 

The functional characteristics of the various bean flour fractions, their 

substitutes and their uses are still being investigated. The market for 

special ingredient f lours is also complex and little production data for the 

industry is publicly available. Also, trends in consumer preference and the 

regulatory activity of government are other key aspects determining feasibility. 

It is important in this report to recognize the excellent help and work 

of Professors Mark Uebersax and Mary Zabik, Food Scientists at Michigan 

State University and Professors Joseph Dietz and Ed Lusas at Texas A&M 

University. Their research for USDA and knowledge were instrumental in 

this report . Also, numerous industry representatives provided valuable in

formation and helped in guiding the research. Finally, crucial to this 

undertaking was the support of the MSU Department of Agricultural Economics 

and the Michigan Department of Agriculture. The authors remain fully re

spons ible for any errors or omissions in this report. 

Jake Ferris is a Professor and Ellis Perraut is a Research Specialist 

at the Department of Agricultural Economics, Michigan State University, 

East Lansing, Michigan. 
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1. INTRODUCTION 

There is considerable interest on the part of Michigan farmers, agri

business and dry bean industry in the development of a dry bean flour indus

try. Michigan grew 30 percent of the dry edible beans in the U.S. in 1982 

including 82 percent of the navy beans. It has been suggested that as much 

as 33-50% of food grade protein will come from plant protein in the future 

(Bird, 1974). Dry edible beans provide an excellent source of protein and 

a balance of other essential nutrients to the diets of both developed and 

subsistant populations (Muggio and Uebersax 1981). 

At the same time that consumption of vegetable proteins is expected to 

increase, U.S. per capita consumption of canned and packaged dry beans has 

continued to decline from 7.6 pounds per year in 1962 to 4.1 pounds per year 

in 1981 (see Appendix 1). Whole beans require soaking and long cooking 

times. Canned beans, one of the first convenience foods, have become a 

staple but less promoted product on retail shel ves . A study by the National 

Science Foundation identified five potential areas for increasing the per 

capita cons umption of dry beans, including the development of food products 

based on legumes (Adams et al. 1978). New technologies for altering the form 

of dry edible beans into specialty flours have been developed by the Protein 

Research Center at Texas A&M University and tested at the Food Science and 

Human Nutrition Department at Michigan State University. Dry bean flour is 

a new product to the industry whose marketability and costs are not known. 

The purpose of this study therefore i s to provide information to determine 

the market value and feasibility of manufacturing dry bean flours. 

Thi s research relies on secondary data and interviews with individuals 

well acquainted with the food ·industry and market . The analysis will con

centrate on navy bean flour production for food uses in the U.S. 
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Further consumer testing of the products would not be possible or even 

desirable until a later stage in produce development. At this point trends 

in demand for candidate products will be analyzed based on interviews with 

industry and research specialists . Implications for commercial food demand 

abroad and food aid will also be examined. 

Estimations of price of bean flour can be derived from farm prices of 

dry beans and processing costs. Supplementary and complementary products will 

also be looked at. Some estimates of plant costs can be derived from amounts 

necessary to establish a pilot operation. For a full scale commercial opera

tion, judgement of those in the industry will be obtained . These costs will 

be projected over the decade of the 1980s . Profit on a new product cannot be 

easily quantified but some indication of prices and volumes necessary to 

achieve certain profit objectives will be made. 
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2. DRY BEAN FLOUR RESEARCH 

2.1 Dry Bean Flour Products and Uses 

Dry beans are an excellent but undeveloped source of protein. On the 

average they contain 26% protein and 65% carbohydrates. Dry beans contain 

balanced amounts of the essential external amino acids and minerals used for 

protein conversion by the body. Dry beans are methionine limited but rich 

in lysine which makes them a natural complement to other vegetable proteins, 

especially cereals, such as corn, wheat, and rye. Dry beans are also a good 

source of starch for energy and compare favorably to wheat in dietary fiber 

content. Dry bean flour fractions refers to the three types of flour that 

are produced through air classifying; high protein flour (HPF), high starch 

flour (HSF) and high fiber flour (HFF). The fractions, their functional 

characteristics and potential food uses are shown in Table 2.1. 

Research conducted at Michigan State University and Texas A&M Univer

sity has evaluated the bean flour fractions produced under different process

ing conditions. Heating temperature, heating time, and ratio of beans to 

solid heat exchange material were varied. The resulting products were evalu

ated for moisture, fat, protein, protein solubility, ash (mineral) and dietary 

fiber (Table 2.2). These evaluations characterize the nutritional properties 

of each fraction and their suitability for use in selected products. Follow

ing is an overview of the flour fractions and their uses. 

2.1 .1 Whole Bean Flour 

Whole navy bean flour can be used to replace up to 45% of wheat flour 

i n highly flavored baked goods without adversely affecting physical or sen

sory characteristics. Flavor problems may be encountered with less highly 

flavored baked goods, at higher concentrations or with other more strongly 

colored or flavored beans. Higher concentrations of whole navy bean flour 

would dilute the gluten and starch necessary for the structure of the baked 

4 
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Table 2.1 Potential Uses of Dry Bean Flour Fractions in Formulated Foods 

Flour. Fraction 

Whole bean flour 

High fiber fl our 
( HFF) 

High protein flour 
(HPF) 

High starch flour 
(HSF) 

Major Characteristics 
Contributed to Food 

Protein supplement 
thickening agent 

Dietary fiber 
water binding 

Protein concentrate 

Gel structure 
thickening agent 

Potential Uses 
in Foods 

Soups, sauces, dips, baked 
products (doughnuts, cakes, 
cookies) master mix, quick 
breads 

Baked products 

Comminuted meats (franks, 
sausages, meat loaves) 
high protein baked protein 

Puddings, pie fillings, 
prepackaged sauces and 
gravies, extruded snacks 
and cereals 

Source: Adapted from Uebersak, M.A. and M.E. Zabik. 111980 Update: 
Bean Flour Product Utilization," Michigan Dry Bean Digest, 1980. 



6 

Table 2.2 Composition of Roasted Whole Beans and Fractions Produced During 
Processing 

ComEosition ( \) 

a a 
Fraction Moisture Protein Fat 

. a 
Fiber 

. . a 
Dietary Fiber 

a 
Ash 

~ 
Whole Beans (Raw) 14.l 26.2 2.1 4.5 7.2 4.9 
Whole Beans (Roasted) 11.0 26.3 2.1 4.5 7.2 4.9 
Hulls 9.0 22.2 1.9 27.6 44.2 4.9 
Cotyledons 9.8 24.3 2 . 2 1. 5 2.4 4 .. 4 
Coarse I. 9. 6 26 .l 2 .4 3.6 5.8 4.7 
High Starch (Coarse II) 9 . 8 15 .5 1.5 2.0 3.2 3.6 
High Protein (Fines II) 9.2 44.1 3.7 1. 5 2.4 5.4 

Pinto 
Whole Beans (Raw) 13. 5 26.5 1. 9 4.6 7.4 4 . 0 
Whole Beans Roasted) 10.4 26.5 1.9 4.5 7.2 4.0 
Hulls 7.6 22.8 1.43 27.5 44 . 0 4.3 
Cotyledons 6.2 24.5 1.22 1.6 2.6 4.2 
Coarse I 7.1 27.6 1.82 3.4 5.4 4.2 
High Starch (Coarse II) 7.8 12.2 0.87 2.3 3.7 3.0 
High Protein (Fines II) 6.6 44.2 1.14 1.8 2 .9 6.0 

Black 
Whole Beans (Raw) 14.1 26.8 2.0 4.7 7.5 6 . 4 
Whole Beans (Roasted) 10 . 0 26.7 2 . 0 4.6 7.4 6 . 4 
Hulls 8 . 7 22.5 1.5 27.8 44.5 6.3 
Cotyledons 8.4 27.1 2.0 1.5 2 .4 5.5 
Coarse I 8.4 30.0 1.8 3.6 5 . 8 6.3 
High Starch (Coarse II) 8.1 12.4 1. 2 2.4 3 .8 3.7 
High Protein (Fines II) 7.3 45 . 5 0.82 1.9 3 . 0 8 .0 

Moldy Black 
Whole Beans (Raw) 14 . 7 26.9 1.9 4.5 7.2 4.8 
Whole Beans (Roasted) 9 . 5 26.9 l.9 4.6 7.4 4.8 
Hulls 8.5 22.9 1.8 27.5 44.0 4.7 
Cotyledons 10.l 26.5 2.2 1.4 2.2 4.6 
Coarse I 9 .0 28.l 2.1 3~.6 5 .8 4.9 
High Starch (Coarse II) 9.2 13.6 1.4 2 . 7 4.3 3.8 
High Protein (Fines II) 8 .5 46.4 1.3 1.6 2.6 5.7 

a 
Moisture-free basis. 

Source : Dietz, Joseph and Edmund Lusas. Process Development for Pre
arino Ingredients and Products from Pinto, Black and Nav Beans. College 

Station, Texas A&M Food Protein Researc and Development Center for USDA/ ERS, 
January 15, 1983. 
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product. This would result in decreased product volume and increased crumbly 

texture. Bread made with 10% navy bean flour, tested at MSU, was highly 

acceptable, especially when combined with dough conditioners. Doughnuts 

substituting up to 30% of the required wheat flour resulted in good product 

quality. A "master mix" made with 30% bean flour could be used for cakes, 

cookies, biscuits, pancakes with only the addition of water and perhaps sugar . 

A master mix would provide higher nutrient levels while still being convenient 

for in home use. It may be possible that the bean flours absorb less oil in 

fried applications, such as doughnuts, This would result in a lower calorie 

product with good nutritional quality (Spink et al., .1984). 

Whole bean flour's use as a thickening agent would be limited by its 

tendency to 11weep 11 or separate fluid from the gel structure. This would 

not pose a problem for pet or canned food applications as discussed and 

high starch flour (HSF). 

2.1.2 High Fiber Flour 

High fiber flour made from navy bean hulls contains 44% dietary fiber. 

Dietary fiber has long been recognized by the medical profession in main

taining bowel regularity. For all types of beans the major dietary fiber 

component was water insoluable hemicellulose. Hemicellulose increases water 

holding capacity and improves stool weight, transit time, and possibly 

dilutes and removes carcinogens. Navy, black and pinto beans were also good 

sources of other dietary fibers, including, cellulose, lignin and pectin. 

Pectin has been found to lower serum cholesterol and may have potential in 

reducing heart disease. Cereal brans have less than 1% pectin vs. 3.3% to 

10.5% for black bean and navy bean hulls. 

High fiber flour (HFF) made from navy bean hulls has been shown to be 

very acceptable for high fiber baked goods. Banana bread prepared with 10% 
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and 20% of the flour replaced by the high fiber flour had excellent sensory 

characteristics, good volume and color. Dilution of the flour gluten also 

resulted in .a more tender product . Flour in bread could be substituted up 

to the 10% level with the inclusion of .5% dough conditioners. 

2.1 .3 High Protein Flour 

The high protein flour (HPF) fraction contained at least 44% protein. 

The protein fraction contained notably higher amounts of iron magnesium 

phosphorus and zinc than the corresponding whole flours. Tests show that 

the protein fraction can be substituted at the 15-30% level i n bread, quick 

bread and high flavored breads. The binding and emulsifying properties of 

navy bean protein indicate it could be used at levels comparable to current 

use of soy or mil k protein (3.9% of the meat). Initial studies i ndicate 

that texturized products could not be produced from 100% HPF due to the 

stickiness of the dough. Texturized blends with 10% to 30% HPF with soy 

flour were produced with no difficulty. Vegetable protein makes a low-cost, 

high-protein meat extender that can also provide low fat, low calorie options 

to the consumer. 

2. 1 .4 High Starch Flour 

High starch flour (HSF) fractions contained 75% starch. All bean starches 

showed controlled swelling requiring temperatures of 80-82°c to initiate in

creases in viscosity. No susceptibility to shear was noted, illustrating 

a curve typical of a chemically bonded starch. This means that a chemically 

unmodified product could be used in place of a chemically modified product 

such as corn starch. Thi s is an attractive feature to natural ingredient 

conscious consumers. 
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The use of bean starch is limited by its susceptibility to retrogradia

tion causing severe synerisis (separation of water from a gel). This would 

not pose a problem in applications such as dog food and canned goods . . 

The main attractive feature of the high starch flour is its expansion 

properties under extrusion. The starch is found to have excellent potential 

either by itself or in combination with navy bean hulls. 

2.2 Dry Bean Flour Production Technology 

Dry beans naturally contain antinutritional factors (trypsin inhibitors 

and hemaglutinins). Cooking of dry beans is necessary to develop acceptable 

flavor and texture, to inactivate these antinutritional factors, to make 

the bean protein nutritionally available and to prevent hard shelling. Hard 

shelling is caused by the bean drying out during storage; the beans then 

fail to imbibe water remain hard during cooking. Roasting has little effect 

on the proximate composition of navy, pinto, and black beans as shown in the 

composition of bean flour fractions (Table 2.2). 

Lusas, Aguilera and Dietz (1980-1983) developed a dry roasting process 

based on the work of Harper 1974-1978. The technique uses a dual chamber 

solid to solid heat exchanger with ceramic beads as the heat transfer medium. 

The solid to solid heat transfer was more efficient than air transfer or wet 

process in heat treating the beans to 113°C (bean temperature). Adding 
. 

moisture to cook the beans in a wet process would require further energy to 

dry out the bean product for ingredient use. Wet processes also result in 

greater product loss during processing. Heating the beans with beads raised 

to a temperature of 240°c at a ratio of 1 :5 for 100 seconds in the chamber 

was found to be effective in inactivating the antinutritional factors in 

beans and decreasing the degree of hard shelling effects. The heat exchanger 

was constructed by Food Processes, Inc. (Saginaw, MI). 
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2.2.l Roasting in Solid to Solid Heat Exchanges 

The following excerpt from Dietz and Lusas (1983 pg. 6) describes· the 

schematic representation of the roasting equipment shown in Figure 2.1. 

It is composed of two metallic rotatable drums . The heat 
transfer medium is heated by a direct gas flame as it 
leaves the lower drum. From this drum, the heated medium 
enters a bucket elevator and is transported to the upper 
drum, where they are mixed by parallel baffles. Through 
this mixing action, heat is transferred from the medium 
to the beans. As the mixture leaves the end of the upper 
drum, the medium and beans are separated by a screen, 
with the medium being returned to the lower drum and the 
processed beans discharged from the system. 

The equipment is equipped with controls to regulate the 
speed of the two drums, the bucket elevator and the bean 
inlet screw. Another controlled variable is the angle 
of eaoh drum, which regul ates the retention time in the 
drums. Temperature of the medium as it leaves the bottom 
drum is controlled by a combustion safeguard and gas 
throttling device. Monitoring devices are employed to 
measure temperatures at the points shown i n Figure 2.1 
and to measure the consumption of gas by the burner. 

The heat transfer medium employed in this study was 1/ 16 
inch (l .6 mm) diameter type A, 90% aluminum oxide ceramic 
beads (Coors Ceramic Co . , Golden City, CO) with a specific 
gravity of 3.6 g/cm3 (Dietz, et al., 1983, pg. 6). 

2.2.2 Dehulling and Classifying 

Starch granules tend to be less brittle and denser than protein granules. 

This allows fractionation of these two components by grinding and air classi-

fication . Air classification has been used to fractionate many cereals, as 

well as soybeans (Stri ngfellow and Peplniski 1964; Preifer et al., 1960; 

Stringfellow et al. 1961 and 1971; cited in Dietz and Lusas 1983, p. 5) . 

The following excerpt from Dietz and Lusas (1983, p. 8) describes the de-

hulling and classification process. 

A flow diagram of the dehulling, separation, grinding and 
air classification process is presented in Figure · .2. 
Roasted beans were cracked through a corrugated roller 
mill (Ferrell Ross, Oklahoma City, OK) into 6 to 8 pieces. 
The hulls then were removed in a zig-zag aspirator (Kice 
Metal Products, Wichita, KS). The cracked cotyledons were 
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Figure 2.1 

Schematic drawing of the solid-to-solid heat exchanger. 
Points 1 to 6 represent places where temperature 
was monitored during processing 1 . Product; 2. Beads 
out of roasting drum; 3 . Beads into r oasting drums; 
4 . Beads returning to heating drum; 5. Air exhuust 
f rom roasting drum; 6. Beans into r oasting drum • 

Sour ce: Dietz and Lusas 1/ 1983 p. 7. 

..§!!.P_~ra tion 
screen / .. .. 

Air exhaust 

5 . 
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Figure 2.2 

Materials Balance for Production of Hull, Prote in and Starch 
Flours From Dry Ecible 9eans. 

HULL FLOUR 
( 6-10 •;.,) 

' 

MOISTURE . 

GRINDING 
HULLS 

(6-10%) 

WHOLE BEAN<; 

ROASTING 

I 
DRIED ROASTED 

WHOLE BEANS 

i 
DEHULLING 

I 
COTYLEDONS 

PIN MILLING 

FINELY GROUND 
COTYLEDONS 

AIR CLASSIFICATION 

FINES COARSE 

l l 
HIGH PROTEIN 

FLOUR 
(27-34%) 

HIGH STARCH 
FLOUR 

(56- 67%) 

Source: Dietz, Lusas, Uebersax, Zabik, Fall 1983 (Dry bean flour 
Seminar Materials) 
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finely ground in a Model 250 CW stud impact mill (Alpine 
American Corp., Natick , MA) at a mill speed of 11 ,789 
RPM and a door speed 5,647 RPM . The resulti ng flours 
then were air classified in a Model 410 MPVI air classifier 
(Alpine American Corp., Natick, MA) at a rotor speed of 
2200 RPM and a brake ring setting of 3, using a 3 inch 
screw feeder operating at 25 RPM. The fine fraction was 
reclassified using the same classifier under the following 
conditions: rotor speed = 2200 RPM; brake ring setting = 
O; 3 inch screw feeder operating at 25 RPM. Thus, three 
fractions from each dry roasted bean were produced: course 
one (Cl) course two (C2) and fine two (F2) . 

Flours also were produced from the aspirated hull fraction 
by grinding through a swinging blade Model 06 Fitzmill 
(W.J. Fitzpatrick Co., Chicago, IL) using the impact sur
faces for pulverization through a 1/37 in (0.69 mm) round 
hole screen) (Dietz et al . , 1983 pg. 8). 



3. DRY BEAN FLOUR COST ANALYSIS 

Costs incurred in the production of dry bean flour can be broken down . . 

into two categories, variable costs and fixed costs. Variable costs are 

those which vary depending on the level of output and are under the control 

and discretion of the manager. Variable costs include labor, utilities, 

raw product costs, sales, research and development and cost of goods sold. 

Fixed costs do not vary over incremental levels of output and are not 

under the discretionary control of the manager. Fixed costs include two 

categories (1) cash fixed costs (real estate taxes, maintenance and repairs, 

intermediate and long term interest, insurance) and (2) noncash fixed costs 

(facility and equipment depreciation) (Burghardt, Fassler, 1983, Van Horne, 

1983). Delineating variable costs and fixed costs will set the stage for 

an analysis of the breakeven volume and margins necessary for profitable 

bean flour production. 

3.1 Dry Bean Production, Costs and Trends 

Varieties of dry beans include pinto, navy, great northern, red kidney 

and more than ten others as shown by "U.S. Dry Bean Production by Variety" 

in Table 3.1. Michigan was the largest producer of dry beans in 1982 followed 

by North Dakota, Idaho, California and Nebraska. 

14 
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Table 3.1 U.S. Dry Edible Bean Production by Variety (l,000 CWT) 

Variety 1982 i 981 1980 

Large Lima 623 639 758 

Baby Lima 581 661 447 

Blackeye 1 , 100 875 698 

Garbonzo 60 50 67 

Navy 7,537 5,550 5,717 

Great Northern 2, 736 2,686 2'112 

Sma 11 White 236 312 186 

Cranberry 358 320 330 

Small Red 489 610 646 

Pink 867 1 , 941 1 '750 

Red Kidney 2,038 1 ,542 l '757 

Black Turtle Soup 242 2,244 1 ,451 

Pinto 6,999 14,029 10,008 

Other 898 724 468 

Tota 1 24 ,764 32, 183 26,395 

Source: U.S . Department of Aqriculture. 
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While the farm price of dry beans will continue to fluctuate from year 

to year _wit_h_ production and demand variability, prices in the long run will 

be related to production costs and returns to competing crops . Producers 

have substantial flexibility in shifting acres into and out of dry beans. 

This keeps returns in line with other crops, ~ith allowances for higher 

risk in growing dry beans. 

In the period from 1960 to 1972, the farm price of dry beans increased 

gradually from around $6.00 per cwt. to the $10 level (Figure 3.1). Corn 

prices also rose from around $1 .00 per bushel to $1 .25 and then to $1 .50 in 

1972. In the 10 year period from 1973 to 1982 following the world grain 

shortage, the oil embargo and accelerating inflation, the fann price of dry 

beans in Michigan averaged $20 per cwt., ranging from a high of $27.30 in 

1973 to a low of $12.30 in 1982. Corn prices fluctuated between $2 and $3 

per bushel during this 10 year period. For the remainder of the 1980s, a 

slower rate of inflation and a more moderate expansion in export demand for 

U.S. crops will likely keep dry bean and corn prices under pressure with 

only modest gains in sight over the 1973-82 averages. 

An econometric analysis of planted acreage of dry beans in Michigan for 

the 1960-82 period indicated that the most important explanatory factors were 

the previous year's acreage and (also for the previous year) the gross mar

gin over variable costs per acre in producing dry beans, the gross margin 

over variable costs per acre in producing corn and the Consumer Price Index. 

These variables 11 explained 11 about two-thirds of the variation in planted 

acres . Of these influences, the most important were the pervious year's 

gross margin over variable costs on dry beans and the Consumer Price Index. 

The supply equation was as follows: 
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APDBMI = 493 + .2785 APDBMil + l .002 GMVCDBMil 
( l.31) " (3.56) 

- .8456 GMVCCNMil - 82.15 CP!l 
( - l. 69) ( -3. 36) 

R2 = . 56 SEE = 11 % of mean D .W. = l. 66 

where: 

APDBMI = acreage planted to dry beans in Michigan (1000 acres) 

APDBMil = APDBMI in the previous year (1000 acres) 

GMVCDBMil = gross margin over variable costs on dry beans in Michigan, 

in the previous year, ($/ acre) 

CMVCCNMil = gross margin over variable costs on corn in Michigan, 

in the previous year, ($/acre) 

CPil = Consumer Price Index in the previous year, (1967 = l .000} 

Numbers in parehtheses are "t" values. 

This equation would indicate that, given the expectations for corn 

prices and costs of production for both corn and dry beans over the remainder 

of the decade of the 1980s, the farm price of dry beans would have to average 

about $25 per cwt. in order to hold bean acreage at a level that would match 

demands. This assumes that the CPI will remain below the double digit level 

and increase by about 4-6 percent per year over the balance of the decade. 

This is consistent with another approach for establishing prospective 

dry bean prices. Over the 1960 to 1982 period, the gross margin over 

variable costs per acre on dry beans averaged 41 percent higher than on corn 

and 34 percent higher than on soybeans. This reflects the higher risk in-

valved in dry bean production. 

The MSU Agriculture Model (Department of Agricultural Economics, Michi

gan State University, Fall 1983) projected U.S. farm prices on corn and soy-

1~ans for the coming decade. Adjusting these prices to Michigan (about 15 
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cents per bushel lower) and projecting yields and variable co~ts, gross 

margins over variable costs on corn and soybeans were derived for Michigan . 

If gross margins over variable costs on dry beans continue to average above 

those on corn and soybeans as in the past, Table 3.2 provides a scenario 

of the 1984-1990 prices with a comparison to 1978-1983. The projected dry 

bean prices are not forecasts since production and demand will influence 

prices in any given year. The projections are shown to provide a longer 

term view of average prices which would be in line with historic relationships 

with corn and soybeans. The corn relationship would be expected to have the 

strongest effect on dry bean prices. 

Production cost data also support the position that the equilibrium 

level on dry bean prices is around $20 for the mid 1980s with the prospect 

that this level may move up to around $25 by the end of the decade. Enter

prise costs on dry beans in Michigan in 1983 have been estimated to be 

between $18 and $23 per cwt. This includes variable costs and an allowance 

for machinery ownership, land and general farm overhead (Poindexter, 1983). 

Based on Telfarm records, variable costs were estimated at $8-9 per cwt. 

(Schwab, Nott, Kelsey, Ho, 1983). The USDA calculated variable costs for 

1981 at $11 and total costs at $22 (USDA's Ftrm Enterprise Data System, 

1983). 

Projected prices on dry beans in Michigan were compared with U.S. 

average farm prices on wheat in Table 3.2. Wheat prices were calculated 

on a per cwt . basis to be comparable in weight with dry beans. Dry bean 

prices for 1978-83 and projected to 1990 (based on historic relationships 

with gross margins on corn) were divided by past and projected wheat prices. 

Note that the dry bean:wheat price ratio is expected to converge to around 

3.3. The relevance of this relationship is more for analyzing comparative 

ingredient costs on bean and cereal products than for projecting supplies. ~\ 
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Table 3.2 Farm Prices on Michigan Corn, Soybeans and Dry Beans and the 
U.S. Average Farm Price on Wheat , 1978-83 and Projected to 1990 

Mic -
igan 

Average 
u .s. Farm 
Farm Price 

Michigan Average Farm Prices Price on Dry 
Beans + on U.S. Farm Corn Solbeans Dry Beans Wheat Price on 

Year $/bu $/bu $/cwt $/cwt Wheat 

1978 2.22 6.81 14.80 4.95 2.99 
1979 2.46 6. 13 18.50 6 .30 2.94 
1980 3.05 7.47 26.40 6 .60 4.00 
1981 2.39 6.02 25 .60 6.08 4 .21 
1982f 2.20 5.35 12 .30 5.88 2.09 
1983 3.20 7.35 24.00 5.83 4 .11 

Historic Relation to 
Gross Marain on: 
Corn Solbeans 

1984p 2.73 6.87 21 .87 23 .72 5.43 4.03 
1985p 2.34 6.83 17 . 72 23 .42 5.28 3.36 
1986~ 2. 57 7. 16 20 . 16 21 . 61 6.07 3.32 
1987 2.86 7. 69 23 .12 26.60 6.82 3.39 
1988p 3.01 8.38 24.47 29.04 7.30 3.35 
l 989p 3.19 9.14 26.26 21 .88 7.88 3.33 
l 990p 3.36 9.98 27.85 34.76 8.52 3.26 

f = partially forecast 

p = projected based on MSU A~riculture Model 
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One option available to increase the price competiti veness of dry bean 

flours would be to provide a steady suppl y of high quality culls or edible 

splits at low prices. Some of the variation in bean production is due to 

superficial weather spotting and damage that would not negate the use of 

cull beans as a flour . Dry beans culled for internal mold foreign material, 

"bin burn, 11 or badl y damaged would have to be further cleaned and sorted for 

use . 

Table 3.3 shows high and low estimates for the quantity of navy bean 

inhuman consumption and all dry bean splits and culls. The year 1981 was a 

time of low navy bean production in N. America, 700 million pounds. Quality 

cull beans and/ or edible splits suitable for human consumption have been 

estimated at 1% to 2% of the dry bean crop. Even at the low ra t e for quality 

cull s in a low navy bean production year there is a sufficient quantity in 

Michigan each year, 7.2 million pounds, to support half of the full capacity 

of a navy bean flour plant 15.873 million pounds. If the quantity of quality 

culls should slip below 1% there would be bean culls available in nearby 

navy bean production areas, Ontario, Minnesota and North Da kota. There is 

also the possibility of substituting other dry bean varieties to supplement 

any navy bean cull shortfall. A high rate of cull beans in a high navy bean 

production year (such as 1982) would result in as much as 18 million pounds 

or more of quality navy bean culls being available. 

Other competing uses of navy bean cull s at $.04-$. 06 per pound are mai n 

ly ani mal feed. There are many inexpensive substitutes for navy bean culls 

for feed purposes that would not compete for dry beans at the $. 12 per pound 

price level. High quality ''edible splits" grade beans are mostly imported by 

Japan at $. 12 [)er pound for use in poi, a type of bean pa ste confect io n'ary . 

Therefore,a sufficient quantity of quality dry bean cul l s should be available 

at around $.12 per pound. 
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Table 3,3 Navy Beans, Dry Edible Bean-High and Low Quality Cul 1 Estimates 1 {million pounds) 

1981 Hiqh Estimate 1982 Hiqh Estimate 

Production Estimated Estimated Production Estimated Es ti mated 
Cul 1 s at 1 % Culls at 2% Culls at 1% Cul 1 s. at 2% 

Navy Ory Navy Ory Navy Ory Navy Dry Navy Ory Navy Ory 
Bean Bean Bean Bean Bean Bean Bean Bean Bean Bean Bean · Bean 

Minnesota 61.0 127 . 7 .61 1.28 1.22 2.56 55 .4 94 . 9 .55 .95 1.10 1.90 

North Dakota 87.0 456.5 .87 4.57 1. 74 9 .14 84.0 252.0 .84 2.52 1.68 5.04 

Michigan 407 .0 719.8 . 41 7. 20 .82 14.40 614.3 742 .5 6 .14 7.43 12 .28 14.86 

Ontario Canada 145 .0 145.0 1.45 1.45 2.90 2.90 150.0 150.0 1. 50 1.50 3.00 3.00 

Total N. America 700 .0 3218.3 7.00 32 .18 14.00 64.36 903.7 2626.4 9.04 26.26 18.08 52.52 

1000 Metric Tons (317.5) (1459.8)(3.18) (14.60) {6.36) (28.20) (409.9)(1191.3) (4.10) (11.91) (8 .20) (23.82) N 
N 

Source: Production Statistics are taken from Weber, Michael 1982-1983, Ory Bean Outlook, MSU Ag. Econ. 
Staff Paper #1982-106. 

1culls and dry edible splits suitable for human consumption . 

: 
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The most important element in the validity of bean flour production is 

the evaluation of the unique performance _of bean ingredients in the food 
-

system. Specific applications based on functional properties may corrmand 

premium prices for dry bean flour fractions. 

3.2 Dry Bean Flour Production Costs 

Equipment and costs for production of dry bean flour have been estimated 

by Aguilera and Lusas (1981, pgs. 55-77) based on a pilot plant. The pilot 

plant was designed to a 300 kg/hr capacity although the roaster should operate 

at 10 times that capacity. Equipment for the pilot plant also includes a 

mill for grinding and an air classifying system. Total equipment cost would 

be $259,200 as shown at the top of Table 3.4. The following assumptions 

were used to assign monetary value to the pilot plant engineering data: 

plant capacity: 300 kilograms/hour (kg/hr) 
2.4 metric tons / day (mt/day) 
720 mt/year 300 working days/year 

cost of capital: 15%/year 

useful life of equipment: 10 year 

salvage value: 0 

installation costs: 20% of initial capital investment 

ancillary equipment: 10% of main equipment 

Also shown in Table 3.4 is an equipment cost estimate for cormnercial 

Plant 1 which has ten times the capacity of the pilot plant and commercial 

Plant 2 which has 20 times the capacity of the pilot plant. Equipment for 

commercial Plant 1 would cost $590 ,000 and operate at 3,000 kg/hr - fully 

utilizing the capacity of the roaster. Equipment for conmercial Plant 2 

would operate at 6,000 kg/hr and cost $875 ,500. Aguilera et al. used the 

pilot plant to estimate labor and utility operating costs ''to test the pro~ 

cess under operating conditions simulating those of the final plant in almost 
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Table 3.4 Capacities and Cost of Roasting, Grinding and Air Classifying 
Equipment 

Equipment 

A. Pilot Plant 
Roaster 
Alpine 250 CW Contraplex 

Mil lb 
Alpine 400 MPS Milcroplex 

Classifierc 
Ancillary Equipment (10%) 
Installation (20%) 

Total 

B. Commercial Plant 1 
Roaster 
Alpine 710 CW Contraplex 

Mil lb 
Alpine 800 MPS Air 
Classifierc 

Anci llary Equipment (10%) 
Installation (20%) 

Total 

C. Commercial Plant 2 
Roaster 
Alpine 1120 CW Contraplex 

Mil lb 
Alpine 800 MPS Air 

ClassifierC 
Ancillary Equipment (10%) 
Installation (20%) 

Total 

Capacitya 
(kg/ hr) 

300 
3,000 

220-270 

570-640 

3,000 
3,000 

1980-2430 

1 , 710-1 , 920 

6,000 
6,000 

4,400-5,400 

1,710-1,920 

Cost 
($/ unit) 

30,000 

45,000 

110,000 

30,000 

150,000 

130 ,000 (2x) 

30,000 (2x) 

250,000 

1 30, 000 ( 3x) 

Total Cost 
($ 

30,000 

60,000 

110 ,000 
18 ,500 
40,700 

259,200 

30,000 

150,000 

260,000 
50,000 

100 ,000 
590,000 

60,000 

250,000 

390,000 
58,500 

117,000 
875,500 

aPilot plant capacities recorded during processing of navy beans (Aguilera 
et al., 1980). Other equipment estimates based on personal communicati on with 
Witt Maddern, Alpine American Corp. (1983) . 

blncluding motors, feeder, discharge hopper, exhaust blower bag house 
electric control panel (partial), no mounting legs, no starting equipment panel. 

cincluding explosion proof motors, feeder and bag house. 
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every respect except capacity" (Aguilera et al., 1981, pg. 56). Table 4.5 

shows the operating arid capital costs for a plant with the capacity of commer-
. . 

cial Plant 1, 3 mt/hour, based on the work of Aguilera et al .. , 1981. To the 

capital costs in Table 3.5 have been added interest expense, facility costs, 

miscellaneous equipment, storage, insurance property taxes, etc. 

Facility costs include a 6,500 square foot i nsulated steel "Butler" 

type building. The faci l ity includes 1000 square feet for storage, office 

and uses other than production. The cost of a rail siding has been included 

to receive raw bean shipments, although its use may prove optional. Total 

capital costs for commercial Plant 1 would be $918,300. 

Operating costs have been adjusted to Michigan 1983 wage and labor 

rates. The labor force has been expanded from 3 laborers to operate the 

pilot pl ant to 3 i n product receiving, 4 in pl ant operations, 3 in product 

shipment, 2 clerical and one supervisor. Total costs of bagging are based 

on estimates of the cost of bagging wheat flour into 100 pound bags. Baggi ng 

costs include labor, equipment and bags. Bagging expense could be eliminated 

by bulk shipping the dry bean flour in pneumatic trailers or rail cars. 

Allowance for bagging was included as a more expensive and hence more con-

servative operating option. 

Operating costs per metric ton and per pound are shown in the last two 

columns of Table 3.5. Adding the $.09/lb operating costs to the cost of 

dry beans,$. 12-$.30, suggests that dry bean flour price of $.21-$.39 would 

just cover variable costs. Other components of variable costs besides pro

duction costs include sales, research and development, transportation, etc. 

These costs will be examined after a brief look at the effect of sales volume, 

plant size, and sales margin on the break-even volume and return on invest-

ment (ROI). 
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Table 3 . 5 
Dr7 Bean Plour Plant Operatlas aad Capital Coat 

CapacJty 
Per year 7 ,-200 MT/ 15.873 all. Iba 
Per bour 3 . 0 MT/ 8814 lba 

lquipaeat 
lloaater 
•ill (Alpine 710 Contraplex) 
Air Claaaifier (800 MPS ~icroplex) 

Ancillary Bquipaent (10* of aaJn) 
Inatallatioa (20* of aaJn) 
Intereet Sxpenaa 1 year (ave.) 

Capacity Quantity 
(MT/br) 
3 1 
2-2 . 4 1 
1. 7-1. 9 2 

Unit 
Coet(S) 

30000 
150000 
1300(l0 

Total ( S/7200 
Coat(S) MT / yr ) 

30000 
150000 
280000 

44000 
98800 
48000 

(S/15 . 873 
Mil lba / yr ) 

Total 828800 87 . 08 . 04 

Pacillty 
luildJns 6 Coaatruction (6500 aq . tt. t Sl5 / aq . tt) 
!.and 
~aJJ Sidins 
I nteraat Expanae 1 year (ave . ) 
Total 

•i•c•llaneoua 

Total Ca pi ta 1 

97500 
30000 

100000 
23000 

250500 34 . 79 .02 

30000 

907300 128 . 01 . 08 

I . llaw Material Coat 
Quantity Unit Coat (S/llT) ( S/ !.8 . ) 

284-880 . 12 - . 30 

C. OperatJas Coat• 
!.abor,oparators , loadera (i nc . !rinse) 
Supervhlon 
UtJlitiH 
llactriclty 
Natural Gaa 

•aintenenca 
lla111n1 
Total Operatins Coate 

12 
1 

8200 k•b 
2oooocr . 

88 

10 . 50/hr 
15 . 00/hr 

0 . 05 / kwh 
4.88/lOOOct . 

. 70- . 90/c 

(1) lquipaent and operatJns coat baaed on Asuilera et. al . 1981, 
p . 73-78, and peraonal coaaunication witb Vitt Maddern. Alpine 
Aaerican Corporation , 1983 . Other coat• bated on coaaunicatJoa 
with induetry specJaliata. · 

128 
15 

310 
97 . 2 

8 
59 . 4 

813.8 

( 2) Anc ill ary equipaent i nciudei aeazanin• atael•ork , atarter aquipaent 
panel , belt and pneuaatic conveyor ayataa. 
(3 ) llJacellaneoua lacl udea atorase . Jaauraaca, property tazaa, 
•orkins capital azpaaae , ate . 

u . oo .02 
5.00 .oo 

103 . 33 . OS 
32 . 40 . 01 
2 . 00 . 00 

19 . 80 . 01 
204 . 53 .0 9 
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3.2 . l Economies of Scale 

The trend in the food processing industry is to larger plants in order 

to capture economies of scale . As the quantity of output from the plant in

creases, the cost of fixed capital allocated per unit decreases. The size of 

a specialty flour mill will not begin to approach the size of a soybean 

crushing mill, but consideration of the impact of capacity on the rate of 

return needs to be made . The interaction of fixed costs, variable cost and 

revenue is illustrated in Figure 3.2. The illustration shows that fixed 

costs are constant regardless of the quantity of flour produced while total 

costs are a positive sloped line because it includes variable costs which 

increase at a constant rate with the quantity of flour produced. Imposing a 

revenue line (quantity sold *revenue per unit) detennines the breakeven 

volume by the intersection of the total revenue and the total cost lines . 

The area above the breakeven quantity represents operating profit, while the 

area below the breakeven point r.epresents operatina loss. 

Two other points of reference that will be used are the contribution 

margin and Return On Investment (ROI). The Contribution Margin per Unit 

(CMU) is defined as Revenue Per Unit (RPU) less Variable Costs Per Unit 

( VCU). 

MU = RPV - VCU 

The contribution margin represents the revenues available to cover 

fixed costs. The Break Even (BE) volume can be calculated as Total Fixed 

Costs (TFC) divided by the Co ntributi on Margin Per Unit (CMU) 

BE = t~G 
The effect of plant size and sales marqi n on the return on investment 

(ROI) is shown in Table 3.6. Three plant sizes are considered, a pilot 
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Figure 3.2 

Break-Even Chart 

Revenue 

Total Costs 

Variable Costs 

Total Fixed Costs 

Break-Even 
Volume 

Pounds of Dry Bean Flour 
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Table 3 . 6 Dry Bean Flour Production : 
Rate of Return and Break Even Voluae for Three Plants 

A.Pilot Plant 
Ca p . Investment $ 600000 
Volume Utilization 
( mil .lbs) (~) 

I . 59 
l . 06 

. 53 

I . 00 
. 67 
. 33 

Breakeven (1000 lbs) 

8.CoM mercial Pla nt 1 
Ca p . I nv estment $ 900000 
Volume Utilizatio n 
( mil .lbs) ( ~) 

15 . 90 
10 . 60 

5 . 30 
1 . 59 

l . 00 
. 67 
. 33 
. I 0 

Breakeven (1000 lbs) 

8 . Co mm ercial Plant l 
Cap. Investment S 1200000 
Voluae Utilization 
( mil .lbs) (~) 

31 . 80 1.00 
21.20 . 67 
10 . 60 . 33 

5 . 31 . 17 
1.59 . 05 

8reakeven (1000 lbs ) 

Annual Return on Investment (~) 

Ory Bean Flour Contribution MargJn(l ) ($ / lb ) 
. 01 . 03 . 05 . 07 . 09 

2 . 65 
l . 77 

. 88 

60000 

17 . 67 
11 . 7 8 

5 . 89 
l . 7 7 

90000 

26 . 50 
17 . 67 
8.83 
4 . 4 3 
1 . 3 3 

120000 

7 . 95 
5 .3 0 
2 . 65 

20000 

53 . 00 
35 . 33 
17 . 67 

5 . 30 

30000 

79 . 50 
53 . 00 
26 . 50 
13 . 28 

3 . 98 

40000 

13 . 25 
8 . 83 
4 . 42 

12000 

88 . 3 3 
58 . 89 
29 . 44 

8 . 83 

18000 

132 . 50 
88 . 33 
4 4 . 17 
2 2 . 13 

6 . 63 

2400 0 

18 . 55 
12 . 37 

6 . I 8 

8571 

123 . 67 
82 . 44 
4 1 . 2 2 
12 . 37 

12857 

185 . 50 
123 . 67 

61 . 83 
30 . 98 

9 . 28 

1714 3 

23 . 85 
15 . 90 

7 . 9 5 

6667 

159 . 00 
106 . 00 

53 . 00 
15 . 90 

10000 

238.50 
159 . 00 

79 . 50 
39 . 8 3 
11 . 93 

13333 

(1) Contribution Marg in aTota l Revenue Less Total Variable Cost 
(2) Equipmen t Cost Estimates taken from Table 3 . 2. Facility $2 27 , 500. 
and interest and miscellaneous equipment,Sll0,000 taken from Tab l e 3 .3 

. l 1 

29 . 1 5 
19 . 43 

9 . 72 

5455 

194 . 3 3 
129 . 56 

64 . 78 
19 . 43 

8182 

291 . 50 
194 . 33 
97 . 17 
48 . 68 
14 . 58 

10909 

(3) Calculations: Annual Return on Investment(ROI)•(Sales Volume*Contribution 
Margin Per Un l t) / Total Capital Investment 

areak Even • Total Ca pita l Investment /Contribution Marg i n per Un it 
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plant, commercial plant 1 with ten times the capacity of the pilot plant 

and Commercial Plant 2 with 20 times the capacity of the pilot plant. Across 
' -

the top of Table 3.6 are several levels of contribution margins, ranging from 

2% to 20%. The contribution margin represents the post-tax revenues that 

would be available to the firm after all variable expenses. Along the side 

of Table 3.6 are several levels of plant capacity utilization and sales. 

The return on investment estimates in the body of the table are calculated 

by multiplying sales (i.e. capacity) times the contribution margin, to get 

total 11 contribution 11 revenue, and dividing by the total investment. A break-

even sales volume for each margin is also calculated by dividing total invest-

ment by the contribution margin. 

The break-even volume for the pilot plant at a contribution margin of 

$.05/lb. is 12 million pounds. At a capacity of 1 .6 million pounds production 

per year, 7.5 years of production would be required to reach the break-even 

sales volume. It.would be possible to reduce the time to break-even through 

increasing output through increasing the number of shifts or in decreasing 

the amount of fixed capital investment. If the pilot plant could be installed 

without the expense of a new facility the break-even would be closer to 8 

million pounds or about 5 years. Even at a $.11/lb. contribution margin, 

however, the break-even sales volume would require 3.5 year's production. 

If the target ROI were 20%, then the pilot plant does not begin to show 

adequate returns until near full plant capacity is utilized and contribution 

margins are greater than $.07/lb. 

Commercial plant 1 shows a break-even volume of 18 million pounds of 

flour with a $.05/lb. contribution margin. This is equal to a little over 

one year's production at full capacity. At $.05/lb., ROI is greater than 

20% at utilization rates above 23%. The commercial plant appears to be an 
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attractive alternative to the p~lot plant, especially at higher volumes. · 

Even at low volumes, for example 1 .59 million pounds at $.05/ lb. margins, 

ROI for 'the 'commercial plant is only 5% lower than the pilot plant, 8.83% vs. 

13.25%. 

3.3 Dry Bean Flour Marketing Costs 

The following section will describe the cost assumptions leading up to 

the income projections in Table 3.7. 

3.3.1 Packaging and Transportation 

The flour can be shipped in bulk or in bags weighing up to 100 lbs. 

In bulk shipments, a pneumatic truck trail or rail car would be filled 

directly from the plant and shipped out at approximately $1 .30 per mile 

(truck). Bagging is more expensive, costing $.01/lb. for equipment, labor 

and bags, and $1.20/mile for trucking costs. Bagging costs were included 

in the cost estimate because its higher cost results in a more conservative 

estimate of income. 

Transportation costs from the plant to the ingredient user were esti

mated at $.013/ lb. This estimate is based on truc king costs of $1 .20 per 

mile on an average round trip of 500 miles with a 46,000 lb. load (in-state 

50,000, out-state 44,000). Transportation costs could be substantiall y re

duced through backhauling but it was assumed that this would not be done in 

order to ensure control over the sanitation of the vehicle container . Ship

ping is assumed to be carried out by contract carrier. 

Transportation costs from the bean shipper to the flour mill is assumed 

to be included in raw bean cost. Provision for a rail siding has been made 

under capital investments - land (Table 3.7) and is included in the income 

statement under depreciation costs . The $100,000 rail sidin~ may prove to 

be an optional expense. 



Table 3 . 7 
Break - Even Analyal• and Rate nt Re t urn : II Marcin Scenario• 

Coaae rc lal Plan t At 33\ Plant Utilization 
Total Capital Coat S 900000 

Gr oea Narain Level S . 14/lb . Oro•• Marcin Level S . 18/lb . 
At 3 Level• ot Var . Coat a At 3 Level• ot Va r. Coa t• 

I tea t o w( - 15 '1>) Nedlua Hl(•IU) Low( - 15!11 NedJua Hl( • l5') 
Total Se I es (lbs) 52380 90 5238090 5238 090 5238090 52311090 112311090 
Bean Flou r Price ( S /I bl . 27 . 27 . 27 . 38 . 311 . 38 
Rew Bean Coat IS /l b I . 13 . 13 . JS . 20 . 20 . 20 
Variab le Costs (Sil bl . 15 . I 3 . JI . 15 . I 3 . 11 
Con t r ibuti on Marcin ( Sii b I - . 0 1 . 01 . 03 . 03 . 05 . 07 
Breakeven Voluae (lbal - 7 .0 39e7 90000000 332 46061 33071775 1909117 2 13418641 
PI.an l Uti lization (\:) 33 33 33 33 33 3 3 
Rate o r Return ,,, - 13 . 05 - 7 . 25 - 1 . 48 -l. 41 4 . 39 10 . 18 

ln co• e r le• 
Tnta I Sa le s 1414284 1414284 1414284 111904 74 111904 74 11190474 
Raw Been Cost 1180952 1180952 1180952 1047818 1041818 1047818 
Gross Marcin 733333 733333 733 333 942858 942858 942856 

\'a r I ab I e Costs 
Proces~ln11 Cost ( . 090/lb) 542142 471428 400714 542142 471428 4 00714 
Tran s portation ( . 013/lb) 77726 87588 57450 7772 6 87588 57450 
~a rket ln11a Sales ( . 008/lb) 41190 41905 356 19 48111 0 41905 3 511 111 
Re search & Dev . 1 15000 100000 85000 115000 100000 115000 
"! l scel laneous 1725 0 15000 12750 17250 15000 12 750 
Total Variable Cost 1100309 119 592 1 59 1533 800309 1195921 591533 

FI x ed Cost~ 
In terest o n Debt 6900 0 69000 69000 69000 89000 69000 
Depre e ta ti on 84000 84000 84000 84000 84000 1140 0 0 
~ I see I lane o us 15000 15000 15000 15000 15000 15000 
Tota l Fixed Cos t 188000 188000 1811000 1611000 16110 00 1118000 

EarnJna Be tor e Tex - 234977 - 13051111 - 211200 - 25453 78935 183323 
ln co • e Ta x ( SO\) - 117488 - 85294 - 13100 -12727 39488 91882 
IT C 

• )Ip t lnco• t - J 17488 - 85294 - 1 3100 -1 2727 39468 91 682 
Deprec iation 84000 84000 84000 84000 84000 84000 
~Pt After T~x 
Cash Fl o w - 33488 1117 06 7090 0 71 273 12:1468 17 566 2 

~ P e r 0 0 t n 0 t ' • a t e n d o r t a b I e . 

Gro11 Na r1 In Level S . 22 / lb . 
At 3 Level• ot Var . Co eta 

Low( - 15!11 lledlua Hl(•l5~>) 
52311090 5238090 5238090 

. 45 .u . 4 5 

. 23 . 23 . 23 

. I 5 . 13 . 1 I 

. 07 . 09 . II 
13390160 10327946 84 051141 . 

33 33 33 
10 . 23 18 . 03 21 . 82 

2357141 2357141 2357141 
!204761 1204781 1204781 
1152380 1152380 1152310 

542142 471428 4 00714 
77728 117 588 57450 w 
411100 41905 351111 N 

115000 100000 11 5 000 
17250 15000 12750 

800309 895921 591533 

69000 89000 89000 
84000 114 000 84000 
uooo 15000 15000 

188000 1811000 188000 

184 071 28114511 3112847 
9203e 144229 198U3 

92035 144229 198423 
84 000 840 00 84000 

1711035 2282 29 280423 



Table 3 . 7 (cont'd) 
Break - Even Anal~ala and Rat a ot Return : II Narain Scenario• 
Coaaerclal Plant Al 67'1 Plant Ullllzatloo 
Total Capital Coat s 900000 

Gros• Mar11ln Level S . 14 / lb . Groa1 Mar1ln Level S . 11/lb . Groaa Maralo Level S . 22/lb . 

I lea Al 3 Levels or Var . Coat a "t 3 Level• ot Var . Coat a "t 3 Level• ot Var . Co1t1 
Low( - 1:1'1 Medlua HI I• 1:111) Lo.,( - 1!11' Medlua Ill ( +151') Lowf - 151' Medlu a 111(•1:11') 

Total Sales (I bs) 106349 10 10634910 I 06341110 106341110 10834910 108341110 10834910 108341110 I 0834910 

Bean PI our Price I Sil b I . 27 . 27 . 27 . 38 . 38 . 38 . 45 . 45 . 4!1 

Raw Bean Coal I $11 b I . 13 . 13 . 13 . 20 . 20 .20 . 23 . 23 . 23 

Variable Coats I S/J b I . I 4 . 12 . 10 . 1' . 12 . 10 . 14 . 12 . 10 

Contribution Mar11n I $/lb I . 00 . 02 . o4 . 0 4 . 06 . 08 . 0 8 . 10 . 12 

Breakeven Volu a e 11 bs I 3 . 484el0 41122:1 llP 24029982 22485480 1!140808 117158430 1120369 91:17199 . 7722615 . 

P Ian l 1.alllzallon (1') 67 67 87 67 61 87 67 67 67 

Rate o r Return (11) - 9 . 32 1. 47 12 . 26 1' . 32 25 . I 0 3:1 . 89 37 . 95 48 . 74 59 . :12 

lncoae Ile • 
Tota I Sale• 2871426 211714211 2111426 041268 400268 •OU286 '785710 '78!1710 478:1710 

llaw Been Cost 1382 538 1382:138 1U2538 2128982 2128982 2128982 2446029 2446029 2'40029 

Gross M11r 11 In 1488887 1488887 1488887 1914284 1914284 191'2U 2339680 2339680 2339680 

Variable Coats 
Pr 11ce1s ln11 r.ost f . 090/lb) 1100713 9:17142 813571 110071 3 9:17142 813571 1100713 957142 813571 

w 
w 

Tr ansportation ( . 013 /lb) 157808 13722 5 116641 157808 137225 118641 157808 137 225 11 6641 

llarket Ina ' Sal ea ( . 006/lb) 97841 8 5070 723 17 97841 85079 72317 97841 8!1079 72317 

Re search ' Dev 11:1000 100000 85000 115000 100000 8:1000 I l :1000 100000 8:1000 

Ml see I Janeou• 17250 15000 127:10 172!10 15000 127:10 17250 1:1000 127:10 

Tol a I Variable Coat 1488613 1294446 1100279 14886 13 1294446 1100279 1488613 1294446 1100279 

F lxed Co11 l s 1505863 1309446 1113029 150586 3 1309446 1113029 1505863 1 309446 1113029 

lnte real on Debt 89000 69000 69000 69000 89000 89000 69000 89000 69000 

Depreclftllon 11~000 84000 84000 84000 84000 84000 84000 84000 84000 

Mi scellaneous 15000 15000 15000 1:1000 15000 15000 15000 15000 15000 

Tota I rlxeJ Cow l 168000 188000 188000 188°000 168000 168000 168000 188000 188000 

Earnln11 Def ore Tax - 167725 26442 220608 2117671 451838 84800!1 683068 877234 1071401 

lnco ae Tax (:IO~ I - 83863 13221 11030 4 128836 225919 323002 341:134 •38817 535701 

IT C 

Xel ln c oae - 83863 13 221 110304 128836 22 5 919 323002 34153 4 '38617 535701 

Depreciation 84000 84000 84000 84000 84000 84000 8400 0 84000 84 000 

Xel Af ter Tax 
Cas h Flow 137 97221 194304 2128311 309919 4 07002 425534 522617 61970 1 
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3.3.2 Sales 

A new product without the benefit of an established market needs to be 

successfully communicated to the ingredient buyer. There are several methods 

of employing sales services, including brokers, agents and an inside sa les 

force. An expense of $.008/lb. was assigned to provide up to $127,000 to 

cover salesmen, expenses, and clerical support. 

3.3.3 Research and Development 

The continued success of the development of a dry bean flour is contin

gent upon the development and recognition of function and value of the pro

duct . Over $300,000 has been invested to pioneer the processing and appli

cation technique of dry bean flour. This effect needs to be expanded and 

continued if dry bean flour is to become commercially successful. Such re

search is costly and carried on diligently by the major food ingredient 

manufacturers. 

A bare minimum of $100,000 is included to allay some of the research 

costs. This includes contract research but not the expense of establishing 

a lab testing facility. Some lab testing capability may be necessary in

plant to ensure product quality . Thi s is not included. Perhaps other 

sources of research finan cing can be so l icited or carried on by the on-going 

research efforts of a food ingredient manufacturer. 

3.4 Dry Bean Flour Capital Costs 

Capital costs include equipment, building, land and miscellaneous, as 

detailed in Table 3.5 . The total cost to set up a plant with 15.873 million 

pounds of processing capacity i s $918,300. 

A value of $84,000 was assigned to the annual capital depreciation 

expense, using straight line depreciation over a 10 year period. Interest 

expense is included as detailed by the schedule of depreciation and i nterest 
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expense in Table 3.8. At 15% the average of the first five years of interest 

expense is $69,000. There are many accounting methods, financial packages 

and tax incentives such as the Investment Tax Credit that could be used to 

ameliorate even the conservative impact of this investment. 

Working capital would also be necessary to cover the cash flow for 30 

days until sufficient payment of sales invoices covered the expense of wages 

and salaries, marketing and sales, research and development, etc. Interest 

expense on working capital is included under miscellaneous variable costs. 

3.5 Break-Even Sensitivity: Sales Volumes and Margins 

The income from one year's production is shown in Table 3.7 under 18 

scenarios. The essential variables tested are sales volume and contribu-

tion margin (revenue less variable costs). 

allowed to vary from -$.01/lb. to $.12/lb. 

are used, $ .14/l~., $.18/lb. and $.22/lb. 

The contribution margin is 

Three levels of gross margins 

Within each gross margin scenario, 

variable costs are varied +15% to create a low contribution margin scenario 

and -15% to create a high contribution margin scenario. The first 9 scenarios 

assume a sales volume equivalent to 33% of plant capacity or 5 million 

pounds. The second nine scenarios assume a sales volume equivalent to 67% 

of plant capacity or 10 million pounds. 

Table 3.7 suggests that a contribution margin at $.03/lb. or less will 

result in negative return on investment at sales volumes of 5 million pounds 

or less . When the sales volume reaches 10 million pounds per year, a con

tribution margin above $.02/lb . will produce a positive return on investment. 

A target rate of return of 20% per year can be achieved a contribution margin 

above $.11 /lb. and a sales volume of 5 million pounds or a contribution margin 

above $.04/lb. and a sales volume of 10 million pounds. The break-even volume 
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Debt Amorti zati on Schedule 

Bull di no & Land (SOOOl Debt A1ort1zat1on 
tear Depree. Bal ance 

Pay1ent Dep 
1984 228 
1985 23 205 
1986 23 182 2 
1987 23 159 3 
1988 23 137 4 
1989 23 114 5 
1990 23 91 b 
1991 23 08 7 
1992 23 46 8 
1993 23 23 7 
1994 23 0 10 

Equip1ent (SOOOl 
Year Dep. Balance 

1984 611 
1985 61 550 
1986 61 489 
1987 61 428 
1988 61 367 
1989 bl 306 
1990 61 244 
1991 61 183 
1992 61 122 
1993 61 61 
1994 61 0 

1strai ght l i ne depreciat i on method 
Commercial Plant 1 
Capacity 3000 kg/hr 

84 
84 
84 
84 
84 
84 
84 
84 
84 
84 

1SOvOl 

Balance Interest Accua. In 
839 
755 126 126 
671 113 239 
587 101 340 
503 88 428 
419 75 503 
335 63 566 
252 50 616 
168 38 654 
84 25 679 
0 13 692 
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of 15 million pounds, one year's production at full capacity appears to lie 

between $.05/lb. and $.07/ lb. 

The next 3 sections will examine the volumes and margins that are 

possible in the prote in, starch and fiber, fiber and starch ingredient 

markets. 

The price analysis would indicate that the price of bean flour would 

range between $.26/lb. and $.46/ lb. with $.12-$.30 cull or commercial 

raw dry beans, $.09/ lb . variable costs and a $.05 to $.07 contribution 

margin. The price will depend upon the volume of sales and the competitive 

price level. Sections 4-6 will examine the markets for protein, fiber 

and starch ingredients to provide estimates of dry bean flour sales and 

competitive prices. The rate of return presented in this section only 

looked at one year's income. A more accurate picture of return will be 

presented in section 7 using the present value of the stream of income over 

the expected life of the investment, 10 years . 
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4. THE PROTEIN INGREDIENT FOOD MARKET 

Per capita consumption of meat con be expected to increase as incomes 

rise. U.S. animal protein consumption was roughly equal to vegetable protein 

consumption at the beginning of the twentieth century, now it accounts for 

two-thirds of the total protein supply . Overall, however, U.S . protein con

sumption was highest at the beginning of the twentieth century (Chou, 1983). 

Since the 1960's, consumers show a stronger demand for lighter foods, and 

are shifting from eating too much (quantity) to eating healthy foods and 

avoiding harmful foods (quality) (Van Dress 1980) . This trend in animal 

and vegetable protein consumption parallels the general trend in other indus

trialized countries and is sensitive to changes in price and income (Craven 

1983). 

One of the more remarkable developments in the substitution of a vege

table protein for animal proteins has been the increasing number of applica

tions and quantity of soyfoods in the U.S. diet. Soybean production was first 

introduced into the U.S. in the 1920s from China where it had been a staple 

food for many centuries . In the U.S. for many years soymeal, the product 

left after extracting the oil, was used primarily as a protein source for 

animal feed . Human consumption now accounts for 62 percent of soy protein 

use. In ten years, the number of bu shels used for human consumption, excluding 

oil, has grown five times (to 50 million bushels in 1981), and doubled as a 

percent of total soybean production (to 2% in 1981) (Brown, 1981). 

The factors that have opened present markets for soybean proteins will 

also influence the acceptance of dry bean protein, including : 

1. Economic Factors 

2. · Continued growth of the processed foods market 

3. Flavor characteristics 

4. Functional properties 

40 
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5. Nutritional aspects 

6. Government regulation 

7. Consumer acceptance 

4.1 Economic Factors 

Dr.y bean flour protein ingredients are interchangeable in many applica

tions with other animal and vegetable protein ingredients, such as milk, eggs 

and soybeans. Economics plays a major role in ingredient selection; if 

function and flavor are the same then the manufacturer will choose the 

lowest cost ingredient. In addition, lower priced protein ingredients can 

be combined to achieve the desired function of higher priced protein ingre

dients where one protein source alone does not meet all the desired criteria. 

For example, combinations of soy and whey are used to replace higher priced 

nonfat dry milk in baking. Economics is a key factor that opens new markets. 

The economic advantage of using vegetable proteins is shown in Table 

4.1 . The table shows 1982 consumption, protein contents and 1983 price for 

milk and vegetable protein ingredients. Comparing price per pound of protein , 

· nonfat dry milk and whey proteins average $1 .15 to $2.58 per pound, dry bean 

high protein flour (HPF) would average $. 79 to $1 .02 and soybean flours and 

grits range as low as $.28-$.30 per pound of protein. Soybean flours and 

grits cost about the same as whey but C?ntain about four times as much pro

tein. High protein dry bean flour (HPF) costs 2-3 times as much as soy 

flours and grits for about the same protein content. A high protein flour 

made from cul]ed dry beans would be economically competitive with soy con

centrates at $.52 to $.59 per pound of protein . 

Nonfat dry milk more than triped in price in the mid 1970s and ingre

dient suppliers turned to milk replacers based on soy and/or whey , Even 

though the price of nonfat dry milk has since moderated, bakers--especially 
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Table 4.1 Domesti c Consumption, Protein Content and Prices of Proteins 
Used for Proces sed Food, 19821 

Cons ump- Bulk Price 
Protein ti on Price Per 1 b. 

in Protein Per of 
1982 Content Pound Protein 

(mil lbs ) 
Milk products 

( %) ( $) ( $) 

Nonfat dry mi 1 k 443.0 .36 .93 2.58 
Dry whole milk .26 .95 3.65 
Casein 127.8 .95 1.14 1.20 
Whey 745.2 . 13 . 1 5 1.15 
Whey protein concentrate .34 .47 1. 38 

Soybean products 
Flours and grits 350.5 .50 . 14-. 15 .28-.30 
Concentrates 79.4 .70 .40-. 60 .57-.86 
Isolates 90.4 .90 1.10-1.35 1.22-1.50 
Textured fl ours 94.8 .50 .27-.35 .54-.70 
Textured concentrates 8. 8 .70 .60 .86 
Textured isolates2 20 .20 .50+ 2.50+ 
Wheat protein concentrate .92 1. 90 2.06 
Wheat gluten isolate 70 
Whole bean flour .26 .35-.45 .96-1 .73 
Whole cull bean flour .26 .23- . 26 .88-1 .00 
Dry bean fl our .44 .35- .45 .79-1 .02 
Culled dry bean hiqh protein flour .44 .23-.26 .52-.59 

1Milk protein data, except casein figure, are taken from USDA ERS Dairy 
Situation (1982). Casein figure is for 1981 from Agricultural Statistics 
(1982). Soybean production data is taken from Wolf USDA NRRC (1983). Prices 
are from 1983 except as noted . 

21973 consumption . Protein content frozen 60 percent moisture basis. 
Price for 1975 as reported by Wolf (1976) . 
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white bread bakers--have continued to rely on high functional milk re

placers. Soybean products are currently the most important protein ingre

dient additive and its use as a milk replacer is likely to continue. Cheese 

whey is expected to be a strong contender in the protein ingredient market 

as a milk replacer because of its low price and the lack of alternatives for 

this cheese by-product: it may always be cheaper to produce saleable by

products from whey then to dispose of it (Frost & Sullivan, 1982). 

Soybeans were first introduced into the American diet as a meat extender. 

Meat is the largest category of protein consumption in the U.S., and a natural 

market for the lower price soy protein. Soy protein for use in meats is 

cooked and extruded (forced through a small opening at high temperature) to 

give it the texture of meat. Soy protein blended with beef was prevalent 

until beef prices dropped. A 1974 USDA study found that when the price differ

ential for all beef hamburger versus a beef and vegetable protein blended 

product dropped below 20 cents a pound most consumers stopped buying it (cited 

also in Wolf, 1976). Institutional markets have continued to use and develop 

products using soy as a meat extender. The military has saved more than $10 

million annually with successful applications of soy meat extenders. The 

food service industry often introduces new products which are then adapted 

into the American diet (Chou, 1983). 

4.2 Growth of Processed Foods Market 

Processed foods offer variety, convenience, nutrition, and cost savings 

that will cause them to continue to grow over the next several decades. New 

processing applications have resulted in soy proteins alone being used in 

about 300 grocery items. With better processing techniques and growing 

consumer acceptance, sales of vegetable proteins should increase in the 

growing processed food market. Soy protein may follow the example of 
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margarine, which 10 to 15 years ago competed on a price basis. Today consumer 

familiarity and concern over saturated fats and cholesterol has led margarine 

to outsell butter 3 to 1. 

Protein use in processed foods is shown in Table 4.2 based on an exten

sive survey by Hanmonds and Call (1972) and cited in Wolf (1976). Hammonds 

and Call projected protein use to 1980 based on their findings. Although meat 

product extension was thought to be the primary market for textured vegetable 

protein, growth areas have been in pet foods, bakery ingredients and dairy 

products instead. The estimate for protein use in canned and processed meat 

in 1980 may be much lower than projected to by Hammonds and Call. Overall 

sales growth is projected at 5-7 percent per year 1980-1989 according to 

Frost and Sullivan (1982). Protein ingredient use growth estimates made in 

the 1970s were too high based on domestic food shortages which failed to 

materialize .. Sales projections made by Frost and Sullivan are shown in 

Table 4.3. Gross estimates of these dollar sales translated into volume 

based on todays prices are provided by this author. These sales projections 

include some animal feed uses. At current shares, 38 percent animal use and 

62 percent human use, 2536.4 million pounds of protein ingredients will go 

to human consumption in the U.S. in 1989. 

4.3 Flavor 

A major consideration in the acceptance of new products in the ingre

dient market is flavor. The dry bean flour process developed at MSU produces 

a bland food ingredient capable of a wide variety of applications. Flavor 

has been a chief deterrent to soy flour which has a bitter, grassy taste. 

New processing methods have eliminated the negative flavor in soy isolates 

and concentrates and reduced considerably the taste in flour and grits. 
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Table 4 . 2 Protein Use, 1969, and Growth i n Use, Projected 1980 

Use 
Annua 1 
Growth 

Rate 
Protein Use 

Baby food 

Baked goods and baking needs : 
snack food 
a 11 other· 

Breakfast food: 
instant breakfast 
all other 

Candy 

Canned and processed meat 

Coffee whitener 

Dairy products: 
imitation milk . 
synthetic ice cream 
a 11 other 

Desserts and toppings · 

Diet drink 

Fro zen food 

Macaroni/pasta products 

Pet food 

Soup 

Sub to ta 1 

All other uses 

Total 

Pct. 

l.O 

6.0 
l.5 

8.0 
1. 7 

3.0 

19.3 

6 .0 

5.0 
l.O 

6 . 0 

2.0 

3 . 6 

3.0 

5.4 

0.0 

1969 1980 ( proj.) 
Ml. 1 b . 

3.5 3. 9 

10.0 19.0 
91.0 l 07. l 

12.8 29.8 
5. i i5. 2 

l6.6 23.0 

92 . 2 642 .4 

12.0 22.8 

188.0 
3.8 6.5 

98 . l 109. l 

31. 7 60.0 

8.4 10.5 

3.8 5 .6 

l. 5 2 . l 

1229 . 3 426 .0 

l.5 l.5 

621 .3 l , 663. 5 

207.3 555.0 

828 .6 2,218.5 

1 Includes 51 . 9 mi l lion lb. from ingredients not fit for human consumption . 

2weighted average growth rate for all protein ingredients. 

Source : Harrmonds and Call (1972) cited in Wolf 1976 pg. 41. 
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Table 4.3 Sales of Protein Ingredients for Food and Feed. 

Growth 1980 1989 1980 1989 
Rate Million Pounds 

Protein Ingredients (Percent) (Mi 11 ion Dollars) (Estimated) 

Dried whey 6.5 109 205 726.7 1576. 9 

Modified wheys 3.7 43 62 126.5 131 .9 

Soybean 

Flour & grits 5.4 112 189 746.7 1260. 0 

Concentrates 5.2 33 55 66.0 110.0 

Isolates 5.2 110 183 l ()() .0 166.4 

Textured soy 6.4 35 65 100 .0 185 .4 

Dther including whey 
concentrate, whey 
blends, debittered 
yeast, other years 3.2 72 99 480.0 660.0 

Total 5-7% 514 858 2345.9 4090.9 

Source: Dollar sales in 1980 dollars are from Frost & Sullivan (1982). 
Quantity of sales are estimated conservatively by Perraut based on 1983 
prices li sted in Table 4.1 . 
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4.4 Functional Properties 

Proteins have many different functional properties, some of them uniquely 
-

suited to certain applications; for example, the baking properties of wheat 

gluten, the whipping properties of eggs, and the stability of sodium casienate 

(a milk by-product) in hot coffee. 

The functions that proteins perform can be significantly altered through 

heat, chemical or texturing processes. Textured vegetable protein used to ex

tend or replace meat product lowers cost and cuts fat and calorie levels 

(Food Processing 7/1983 p. 68). Soy proteins combined with whey act as a 

lower cost nonfat dry milk replac~r that also lessens the need for preserva-

tives in white bread . 

An example of processing technique that is indicative of the potential 

market for dry bean flour is the production of soy concentrates and isolates 

versus soy flours and grits. Soy flours and grits have a very low price per 

pound of protein but their use is limited by the characteristic bitter taste. 

Still, soy flours and grits are used in baking, protein fortification, anti-

biotic culture production, meats, cereals, dietary foods, soup mixes and con-

fections . 

Soy concentrates are further processed and have somewhat less objection-

able taste and a greater degree of digestibility. Soy isolates have no 

objectionable flavor and a higher cost. Some 50 varieties of concentrates 

are used in applications including a variety of processed and frozen meats, 

breakfast foods and infant foods. Soy concentrates are a high quality pro

tein with good water and fat absorption. Soy isolates are also appropriate 

for a wide variety of applications including infant formula s , coffee whiteners, 

breakfast foods and meat extenders and meat analogs. Soy isolates have good 

foaming, whipping characteristics as a milk replacer in candy bars, whipped 

topping~, etc. 
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4.5 Nutritional Properties 

In many ingredient applications the nutritional aspects are a secondary 

consideration to their functional uses. When used in small amounts as a 

functional ingredient, vegetable protein products add little to the products 

overall nutrition. Nutritional properties of vegetable proteins become 

more important where they are a major ingredient or in certain markets such 

as health foods, high protein breads, and food supplements for infants, for 

the elderly or for import. 

4.6 Government Regulations 

Food composition is regulated for many foods by standards of identity 

established under the Federal Food, Drug and Cosmetic Act and enforced by 

the Food and Drug Administration. These standards limit or exclude protein 

ingredients from certain foods. For example, the reclassification of whey as 

GRAS (generally recognized as safe) list in mid-1981 should strongly encourage 

its development and usage. It sometimes takes 5-7 years for new product 

ingredients to be accepted by the FDA although a simple bean flour might 

not face a complication of this sort. 

Meat and poultry product composition is regulated by the Federal Meat 

and Poultry Inspection program of the USDA. Standards of identity do not 

allow added protein ingredients above a certain amount. 

Government regulations may also stimulate the development of new food 

products. In 1971, textured vegetable protein was approved for use in the 

School Lunch Program by the Food and Nutrition Service of USDA. Military 

and institutional use of vegetable proteins has spurred their development. 

In vegetable protein exports, coordination is needed in to establish standards 

of identity and eliminate unnecessary restrictions. Further agreements on 

labelling need to be made. 
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Government foreign assistance feeding programs have had a positive 

impact on blended soy product sales. These pr?grams have been shown to have 

a positive impact on nutrition (Graham and Baertl, 1974). Recently the 

quantity of soy used in these programs has been decreased and its future 

is not certain. Studies have shown that protein deficiency is more commonly 

a function of insufficient caloric intake and not an isolated phenomena. 

When calorie intake is sufficient, protein intake is usually sufficient. 

4.7 Consumer Acceptance 

Consumer eating habits change slowly especially with regard to staple 

foods. With the exception of oriental foods, soy is not directly consumed as 

food as dry beans are. The recent U.S. experience however, with increased 

consumption of variety breads, margarine and "light foods" seem to indicate 

a sizeable portion of the population is exercising some control over their 

diet. 

Whole bean pastes are used in a variety of ethnic foods. Mccormic and 

Co. has developed a full flavor bean paste for Mexican foods made through 

a wet process using pinto beans. This product is being tested in fast 

food restaurants and will soon be introduced to consumers as a retail 

product. The Japanese use azuki (red) beans to make poi, a confection. 

U.S. edible split beans are often purchased by the Japanese for use in 

these products . The Chinese use bean paste in a similar confection called 

manju. The acceptance of these products may not be large outside of their 

ethnic groups. These are fast growing ethnic groups, however, and candidates 

for full flavor bean flour products. 

Dry bean flour or dry bean curd may be used to substitute for other 

traditional soy foods such as tofu, tempeh and miso. Some retail stores, 

especially coops, natural and health food stores, now sell a variety of soy 
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products while plain oriental soyfoods are moving into American supermarkets. 

In 1982, 45 .4 million pounds of tofu, 1 .1 million pounds of tempeh and 3.1 
-

million pounds of miso have been produced in the U.S . (Wolf, 1983). Tofu is 

a custard-like product made from curdled soybean milk . Tofu i s as popular 

in Japan as bread is in the U.S. Tempeh is a stable food from Indonesia 

made from fermented soybean cake. Tempeh tastes like fried chicken. Miso 

is a basic staple and food flavoring in China and Japan made from fermented 

soybean paste . It is used as the basis for soups and sauces (Brown, 1981 ). 

Trends that will strengthen the direct consumption of vegetable protein 

products are the gr~wth in natural food consumer segment, Asian and Mexican 

ethnic groups, and consumer trends of light eating and the avoiding of pro-

tein sources with high fat and cholesterol. Consumer acceptance of vegetable 

proteins is less important where vegetable proteins are not a major ingredient. 

With a greater awareness of nutriti·onal labelling, soy ingredients do not 

seem to discourage consumer purchases. Trends that will strengthen the 

acceptance of vegetable protein are the demand for nutrition, convenience, 

low fat, low cholesterol and increasinq familiarity with vegetable protein 

products. In addition, further development of vegetable proteins themselves 

will improve their acceptability. 

4.8 Dry Bean Flour Potential in the Protein Ingredient Market 

Although vegetable protein use in meat products is growing more slowly 

than forecast in the 1970s, it can be expected to continue to grow, nonethe

less. Meat products are a major market for vegetable proteins. A hiqh pro

tein flour, priced $. 52 to $.59 per pound of protein, made from cull dry 

beans can compete economically with soy isolates and soy concentrates, 

priced $.57 to $1.22 per pound of protein. The cost of cull beans is esti

mated at $. 12 per pound; a price thought to be high enough to assure adequate 
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supply. Combined with bean flour, processing costs of $.12 to $.15 per 

pound, cull beans could even be mixed with commercial grade beans and remain 

competitive with soy concentrates and soy isolates. (Extra costs to clean 

up badly damaged or dirty beans are not included. ) 

A high protein flour made from commercial grade beans, costing $.20 

to $.30 per pound of beans and $.79 to $1 .02 per pound of protein, would be 

less likely to make any inroads against the well established soy products. 

It is important to remember function here, si nce the higher priced soy con

centrates and isolates serve specialized functions and are 70% to 90% 

protein whereas a high protein flour made through the roasting, air classify

ing method is 44% protein and may be less suitable for highly specialized 

uses. As far as soy flours and grits, wherever the drawbacks of objection

able taste are not a problem, they will be preferred to dry bean flour be

cause of the·ir abundant supply and low price. 

As an extruded meat analog, 10 to 30 percent of soy concentrates and 

isolates used in texturized applications can be replaced with a high protein 

four made from dry beans. Although the dry bean high protein flour i s not 

texturizable by itself, it can serve to lower the overall cost of the tex

turized soy product. Replacing 10 to 30 percent of soy concentrates and 

isolates used in texturized applications would result in sales of 3.0 to 

8.6 mill i on pounds of dry bean high protein flour. 

Consumer acceptance of vegetable protein in meat products is likely to 

change only slowly, unless the per pound price differential between the all 

meat and the blended product increases beyond the $.20 per pound threshold. 

Institutional adaptation of vegetable protei n applications i n meat products 

however, may serve to spur consumer experimentation . 
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The binding and emulsifying properties of dry bean flour indicate it 

could substitute for up to 3.9 percent of the meat in comminuted meats such 
. 

as frankfurters and sausages. The contention is that vegetable proteins 

improve emulsion, stability and processing yields, thus reducing formulation 

costs. About 3 billion pounds of sausages and frankfurters were prepared 

in the U.S. under federal inspection in 1981 (Agricultural Statistics, 

1982, pg . 313). Each percent of frankfurter production substituting dry 

bean high protein flour for 3.9% of the meat would result in approximately 

one million pounds of dry bean flour sales. 

The United States school lunch program currently uses 44 million 

pounds of frankfurters per month (Patel, 1980). Each 10% of frankfurters 

consumed in the school lunch program with 3.9% of the meat substituted 

for by dry bean high protein flour would result in 2 million pounds of HPF 

sales per year. 

This investigation would indicate that HPF would be competitive with 

soy concentrates and soy isolates. Total annual sales of HPF in extruded 

meat products and comminuted meats are estimated to be 4-9.6 million pounds 

per year - not including government programs. Government programs and 

regulations need to be further investigated and could be instrumental in the 

utilization of HPF. More research is needed concerning the effects of vege

table protein and dry bean HPF on processing yields. 

Dry bean flour can be used in bread and baked goods in three ways: 

(1) as a protein substitute for non-fat dry milk; (2) as a flour replacement 

for wheat flour; and (3) as a fiber ingredient. Considering only the first 

application as a protein substitute in this section on protein, HPF could 

compete for the 6+ million pounds of soy concentrate used in baking (Harrmonds 

and Call, 1972). Strong competition for the over 100 million pounds of 
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protein ingredients used in baked goods will come from surplus milk products, 

low cost soy flour, and new developments in wheat proteins and cheese whey 
' . 

concentrates (Frost and Sullivan, 1982, Food Processing, 5/1983, and 

International Wheat Gluten Association) . The USDA is promoting programs to 

subsidize bakers producing products with high levels of non-fat dry milk 

(Baker's Digest 12/1982, pg. 30). The reclassification of whey as a safe 

food product by the FDA will encourage the development of whey protein pro

ducts . The adaptation of dry bean HPF as a protein ingredient for baked 

products can be expected to be highly conditional upon the many competitive 

products and their comparative functional advantages. More discussion of the 

use of dry bean flour in baked products will follow in the sections on fiber 

and starch. 

A third application for the use of dry bean HPF is in protein fortifi-

cation of processed foods. Consumer awareness of nutrition and demand for 

nutritionally evident foods is increasing. Protein is not deficient in the 

American diet and is not as major concern to consumers as salt, sugar and fat 

consumption . There is interest, however, in fortifying foods for consumer 

groups needing higher protein consumption, such as children or the elderly, 

and for protein deficient, high consumption items such as snack foods. 

Arguably, the most important consumer considerations in buying snack foods 

are more likely to be flavor, texture, freshness and price than protein 

content (Lorenz, 1983, Warren et al., 1983). For the same price, flavor, 

etc . however, the consumer might be persuaded to buy a nutritious snack food 

in the place of a less nutritious snack food. 

Protein fortification in processed foods is also used in humanitarian 

food assistance to needy people who do not have adequate protein intake, 

manufacturing facilities, technical expertise or energy requirements. The 
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United States finances the sale and export of commodities through USDA's 

Commodity Credit Corporation and Foreign Agricultural Service under Title II 

of the P.L . 480 Food for Peace Program. The quality of the Title II forti

fied processed foods are specified through formulation, analytical and 

performance requirements. 

In 1982, 119 million metric tons of fortified processed food and 146 

MMT of blended food supplements were donated under Title II (Bookwalter, 

1983). At 15% protein supplementation, approximately 87.978 million pounds 

of soy flour is utilized per year. Because the objective of fortification 

is maximum tonnage of protein at low cost and other factors such as function 

and palatability are less important, it is not likely that soy flour will be 

substituted for by HPF made from dry beans . 
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5. THE FIBER INGREDIENT FOOD MARKET 

In recent years interest in dietary fiber has become more intense. 

Dieticians, physicians, food faddi sts and consumers are advising increased 

fiber intake in the diet. Its importance in maintaining bowel regularity 

has been recognized by the medical profession perhaps as early has Hippo

crates in 430 B.C. who wrote "wholemeal bread clears out the gut and passes 

through as excretement. 111 In 1915 and 1916, Kellogg Co. introduced 40% Bran 

Flakes and All Bran cereal as foods having desirable effects on the bowel 

function. In 1923 Kellogg's publication of these benefits popularized the 

concepts of ''roughage" and "regularity." The incidence of diverticular 

disease, cardiovascular disease and colonic cancer has increased over the 

last century at the same time that fiber intake has been decreasing. Other 

cultures, such as rural Africa have diets high in fiber intake and low inci-

dence of these diseases. Consequently, many new foods being introduced today 

are high in fiber . 

What is dietary fiber? Although the definition and measurement of diet

ary fiber is hampered by some disagreement, dietary fiber is basically plant 

cell walls that resist digestion by the enzymes and secretions of the gastro-

intestinal tract. Dietary fiber includes cellulose, hemicellulose, pectin, 

gums and lignin, a non-carbohydrate component of plant cell walls. Plant 

foods such as fruit s, nuts , vegetables and grains, are a natural source of 

dietary fiber. In addition, because of widespread consumer interest,many 

companies are marketing fiber supplements often composed of cellulose and 

bran. 

1McCance RD, Widdowson 0: "Old thouqht and new work on breads white and 
brown." Lancet 2:205-210, 1955. Cited in Slavin (1983). 
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5. 1 Economic Factors 

Just about every conceivable source of fiber has been applied to bread

making at some time, from whole grains, to grain hulls, to seeds, even to 

wood fiber and coconut husks. Some of the more common sources of fiber and 

their costs are shown in Table 5.1. Whole wheat fiber is the most expensive 

fiber at about 5¢ per percent of fiber added, followed by wheat bran. Pea 

hull flour is the least expensive and dry bean hull flour is the most expen

sive after wheat bran. High fiber flour made from cull beans would be compe

titive with corn bran but more expensive than pea flour and cellulose. High 

fiber flours made from dry beans have some additional beneficial characteris

tics that may justify their increased cost over pea hulls and cellulose as 

discussed under section 5.4 "Functional Properties." 

Table 5.2 shows the composition of breads. White enriched bread made 

with white flour at about 9¢ per pound contains .3 percent fiber. Whole 

wheat bread made with whole wheat flour at 12-18¢ per pound contains 1 .6 per

cent fiber. Wheat bran costs 1 .09-1 .36 per each percent of fiber. Thus, to 

"buy up" the fiber content of white bread to the level of whole wheat would 

require 1 .4 pounds of wheat bran (per 100 lbs. of flour - per 160-180 pounds 

of bread). With lower cost fiber ingredients, several marketing opportunities 

exist; a low cost high fiber white bread, a lower cost wheat bread with the 

equivalent fiber of whole wheat bread, or a "high fiber" bread with 15-20 

percent (total flour weight) fiber ingredients. ("Whole wheat" is defined 

as made with 100% whole wheat flours only). The fiber source used can vary 

greatly in tenns of specific fiber content, and color, texture and impact on 

bread volume. Generally, fiber ingredients are very price competitive. 

Variety breads sell at a 15-20% premium over white breads, however, and might 

enable some flexibility and modest return from valued ingredients (see 

Cereal Foods World 11/78, p. 638). 
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Table 5.1 Domestic Consumption, Dietary Fiber Content and Prices of 
Fiber Used for Processed Foods, 1982 

Consumption Dietary Bulk Price Price Per 
Fiber in 1982 Fiber Per lb. % of Fiber 

(mil lbs) (Percent) (do 11 ars) (cents) 

White enriched flour 0.2 .09 .30.00 

Whole wheat flour 2.5 .12-.18 4.80-7.20 

Wheat bran 11 .0 .12-.13 1.09-1.36 

Staley wet corn bran 2.0 88-92 .50-.60 .62-.68 

Pea hull flour l.O 51 .12-.1 3 .23 -. 25 

Cellulose 2.0 99 . 45-.60 .45-.60 

Bean hull flour 44 .35-.45 .80-.98 

Cull bean hull flour 44 .23-.26 .52 - .59 



59 

Table 5.2 Composition of Breads 

Calo- Mo15- Pro- F1- Cal- Iron R1bo- lh1a-
Bread ries tu re tein ber cium (mg) flavin mine 

( %) ( %) (%) (mg) (mg) (mg) 

White 269 35.8 8.7 0. 2 70 2.4 0. 17 0.25 
Enriched 

Italian 276 31.8 9. 1 0.2 17 2.2 0.20 0.29 
Enriched 

French 290 30 . 6 9. 1 0.2 43 2.2 0.22 0.28 
Enriched 

Who le 243 36.8 10. 5 1.6 99 2.3 0. 12 0.26 
Wheat 

Cracked 263 34.9 8.7 0.5 88 1. 1 0.09 0. 12 
~! heat 

P.ye 243 35.5 9. 1 0.4 75 1.6 0.07 0.18 
Pumper- 246 
ni cke l 

34.0 9. 1 1.0 84 2.4 0.14 0.23 

Fresh & 245 Natura 1 
34.8 9.73 1. 1 38.4 2. 21 0 .10 0.20 

Fresh 175 45.0 9.0 
Horizon 

7.5 176 3.2 0.24 0.40 

al 00 grams. 

Source: Owen, David F. and Robert H. Cotton. "Dietary Fibers," 
Cereal Foods World, AACC, 10/1982, Vol. 27, No. 8, Pg. 519-520 . 

N1a-
cin 
(mg) 

2.3 

2.6 

2.5 

2.8 

1.3 
1.4 

1 ' 2 

2. 74 

3.5 
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5. 2 Growth of the Fiber Market 

One of the largest uses of fiber ingredients is in bread. The trend 

in the sale of nonwhite or variety breads is indicative of the trend in 

demand for hea l th and fiber ingredients . Production of variety breads in 

creased 11 .2 percent between 1972 and 1977, while white bread production 

decreased .7 percent (Cereal Foods World, 11 / 78, pg. 638) . Variety breads 

now account for about 40% of bread sales according to industry specialists. 

Among the high fiber breads are Continental Bakeries ''Fresh Horizons'' bread 

made with cellulose, Roman Meal made with a variety of fibers and a white 

bread made with pea hull fibers by Cooperative Ba kery . Fresh Horizons is 

advertised not as a high fiber bread but as 1/ 3 fewer calories than regular 

bread. The pea hull fiber bread may be discontinued because of oxidation/ 

spoilage problem caused by the pea hull ingredient. 

Fiber ingredients are also used in diet foods, such as low cal breads, 

pastas and diet drinks, and breakfast cereals, such as Kelloggs 40% bran 

flakes bran buds, General Foods Fruit and Fiber and Quaker Oats corn bran 

cereals. Sales of Staley's wet corn bran have fallen short of 2 million 

pounds in 1982. Sales of corn bran have not taken off as expected in a 

breakfast cereal application. There is some sentiment that the faddishness 

of demand for fiber ingredients is now over. Consumption of foods with 

high fiber content will probably remain a consumption habit at present 

levels or grow only slowly. Wheat fiber seems to be the most acceptable 

to the consumer, i.e., in whole grain products. Fiber ingredients are also 

included in low calorie and health food products. 

5.3 Flavor 

The flavor of roasted bean fiber flour is fairly bland, varying somewhat 

by type of bean. Navy bean flour has been successfully tested in cookies, 
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cakes and bread at the 10-20% level by MSU food scientists. Soy hulls 

carries some of the bitter soy flavor and is not a recommended dietary 
' 

ingredient . 

5.4 Functional Properties 

Fiber ingredients add roughage and reduce calories. Fiber ingredients 

are limited to their use by flavor, dilution of gluten in breads and their 

tendency to cause volume compression of the bread at higher concentration. 

Pea hull flour was found to increase the oxidation of the bread and cause 

it to sour or spoil more quickly. Several studies have shown that flour 

made from dry bean hulls is a feasible ingredient for high fiber baked 

goods. 

5.5 Nutritional Properties 

How does dietary fiber work? Fiber increases fecal volume, normalizes 

transit time and reduces constipation. It resists digestion and provides a 

great deal of surface area for bacteria to break down and synthesize many 

food components. Dietary fibers may limit cholesterol absorption by binding 

bile acids. Pectin and other water soluable fibers have reduced the insulin 

needs of some diabetics in clinical studies. It can also bind metals such as 

calcium, iron or zinc. High fiber foods are lower in calories and helpful 

in weight control according to research conducted by the University of Iowa, 

the Mayo clinic in Minnesota, ITT Continental Bakery Company and Olaf 

Mickelson at Michigan State University. 2 Not all fiber ingredients are 

identical in their fiber content. Legumes are high in hemicellulose and 

pectins which are important in lowering serum cholesterol. Cereal brans have 

2 Owen, David F. and Robert H. Cotton, ibid. 
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less than 1% pectins. Hemicellulose has good water holding properties and 

influences stool weight transit time and possible dilution of potential 

carcinogens (MSU & TAM.Fall 1983). 

Vegetables contain a hi9h percentage of cellulose . Purified cellulose 

(generally a wood fiber) has a minimal effect as a stool softener while 

bran is very effective. Bran has little effect on serum cholesterol. Bean 

fibers are an excellent source and combination of dietary fibers. 

5.6 Government Regulations 

Fiber ingredients and their levels of use are regulated by the U.S. Food 

and Drug Administration. The demise of soy hulls as a fiber ingredient was 

due to a great extent to its lack of recognition as a dietary ingredient. 

Claims of reduced calories are stringently specified and must be 33% or 

more. 11Whole wheat 11 baked products can only be made from whole wheat flour. 

Various labelling laws would also apply. 

5.7 Consumer Acceptance 

It has been estimated that the average American consumed 20 grams of 

fiber per day . This amount could be increased to 50 grams per day to achieve 

the positive effects of dietary fiber while still avoiding the potential 

negative effects of too much fiber; gas, diarrhea, voluvus (twisting of 

the intestinal tract) and decreased mineral absorption (Stephen, 1981, 

Mendlehoff, 1977, cited in Slavin, 1983). 

In mass consumption of baked goods, it is expected that sales of 

variety breads will continue to be strong especially among the affluent, 

the educated, and the older age groups. Although the growth in variety 

breads sales will probably slow somewhat, their perception as being natural, 

having ''no preservatives, 11 and containing high fiver are likely to result in 

continued high levels of consumption, Variety breads will be a major market 
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for dietary fiber, although wheat fiber will probably continue to take the 

lions share because of its close association with wheat gluten. Wheat gluten 

is a specialized protein necessary for bread. 

Sales of high fiber cereals are expected to remain strong. Other appli

cations of fiber in diet drinks and diet foods wi ll continue to occupy the 

weight conscious segment of the market. Further exploitation of fiber pro

ucts for special consumer groups such as diabetics and consumers with choles

terol and weight problems offers opportunity. Furthermore, education efforts 

on the benefits of dietary fiber by dieticians, physicians, food faddists, 

and consumers are likely to continue. 

5.8 Dry Bean Flour Potential in the Fiber Ingredient Market 

A high fiber flour (HFF) made from the hulls of dry beans is very accep

table in baking applications. The characteristics of the fiber content makes 

HFF all the more desireable for cholesterol, cancer and diabetic concerns. 

Using culled dry beans would bring the HFF price down to being competitive 

with cellulose products. When a high fiber white bread using pea hulls was 

introduced in 10 markets, approximately 1 million pounds of fiber flour was 

used. Roughly 2 million pounds of cellulose is used in a low calorie bread 

by ITT Continental bakers . Thus sales of dry bean HFF in breads could be 

expected to amount to 1 to 2 million pounds per year. Other applications 

of fiber material include low calorie and special diet foods . 
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6. THE STARCH INGREDIENT FOOD MARKET 

Less than 15 percent of disappearance of corn in the U.S. is used for food 

and industrial purposes . Corn, however, is the most important ingredient in 

the starch market, accounting for about 95 percent of all food starch ingre

dients. Twenty percent of milled corn is dry milled into meal and grits for 

breakfast foods, brewers grits, corn meal, hominy grits, corn flour, snacks, 

and industrial uses. Eighty percent of milled corn is wet milled into germ, 

hull, protein, and starch. After extracting. the oil from the germ, the germ

bake and other byproducts are sold as feed. About 70 percent of the starch 

produced by wet milling is converted into corn syrups and sweeteners. High 

fructose corn syrup (HFCS) is an increasingly popular sweetener used by major 

soft drink manufacturers. About one-sixth of milled corn becomes starch 

packaged for human consumption or sold to food manufacturers for use in food 

products such as sauces, gravies, puddings and baking powder. Other non

edible uses of starch for industrial use include textiles, paper, cosmetics, 

explosives, corn binders in foundries and laundry products (Leath et al, 1982) . 

6. 1 Economic Factors 

Industry estimates put food use of starch at 800 million pounds. Half 

of this s~arch is unmodified for use in sauces, gravy, brewing and retail 

packaging. The other half of the starch is modified by one of several 

chemical processes to produce a starch with specific characteristics. For 

example, starch can be treated with hydroxpropyl for use in sauces and condi

ments . Sterified waxy maize has high clarity and is used for pie filling. 

Starch is modified to control swelling, lower viscosity, improve clarity and 

change swelling response to acid, temperature and pressure, 
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As shown in Table 6. 1 unmodified starch sells for 11-18¢ per pound and 

modified food starch sells for 11-25¢ per pound depending upon the modifica-

tion process used . 

Starch made from dry beans would cost at least .47¢ using dry beans 

priced at 30¢/ lb. Using cull beans for the high starch flour would bring 

the price of the starch closer to the upper end of modified corn starch 

prices. 

A wet milled corn flour is used for extruding into a popular cheese 

flavored corn puff snack or for breakfast cereals. This extruded snack starch 

is more expensive and not beyond the level of competition offered by an 

extruded product made from beans. 

6.2 Growth of the Starch Market 

Per capita consumption of starch and breakfast cereal products has re

mained at 1 .9 pounds and 2.3 pounds respectively since 1968 .1 Certain seg

ments of the starch market show continued growth potential. For example, 

spaghetti sauce has grown 96 percent in volume 1975-1982 because of the strong 

demand for pasta and the increased demand for ethnic food. Demand for other 

ethnic food sauces is expected to remain strong. 2 An estimated 50 million 

pounds of starch is used in sauces. Consumers spent $618 million on baked 

and $303 million on frozen pies, including an ~stimated 50 million pounds 

of modified starch. Dollar sales of pies increased abo ut 1 .5 percent in 

1982 over 1981 . 3 

1Leath, Meyer, Hill, U.S. Corn Industry, USDA 2/82, pg , 19. 

2Food Engineering, 11State of the Food Industry, 11 8/83, pg . 74. 

3Milli ng and Baking News, "Changing Face of Breadstuffs, 11 11 /83, pg. 118 . 
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Tabl e 6 1. Domestic Consumption, Starch Content, and Prices of Starch 
Used for Processed Foods, 1982 

1982 Starch Bulk Price Price Per 
Consumption Content Per Pound Pound Starch 

(mi 1 1 bs) ( %) ( $) (%) 

Unmodified corn starch 400 .11 -. 18 

Modified corn starch 400 .11 - .25 

Extruded corn starch 160 .93 .41- .61 .44-.66 

Who 1 e bean fl our . 51 .35-.45 .61- .80 

High starch fl our .75 . 35- .45 .47- .60 

Cull bean flour . 57 .23-. 26 .40 - .46 

Cull bean starch flour .75 .23-.26 . 31-.35 
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Extruded snacks use an estimated 160 million pounds of corn product . 

Extruded snacks are a small part of snack food market sales, $262.2 million 

in 1982 (4.6 percent of total). Sales were relatively flat in 1982. Ex

truded snacks are dominated by cheese flavored corn puffs. Frito's cheetos 

sales alone exceed $100 million. Other products include Borden 's Cheese 

Doodles, Genera 1 Mi 11 s 11Bugl es, 11 Nabi sea 11 Di ggers 11 and Fri to Lays "Fun Yuns. 11 

Manufacturers are optimistic about sales growth . 

6.3 Flavor and Nutrition 

Flavor and nutrition aspects of starches are not as important as the 

functional aspects. The flavor should be enhanced or neutral in most cases. 

Nutrition has not been a major element in the snack food market, although 

education and consumer groups have made it more so. 

6.4 Functional Properties 

The dry bean starch showed similar characteristics to modified corn 

starch; controlled swelling, late gelatinization, resistance to temperature, 

acid or pressure stresses. However, its use as a food starch would be 

limited by their susceptibility to syneresis (separation of water from a gel). 

This could be compensated for with a gum as needed. The properties of the 

bean starch would be acceptable in canned and retort packaged foods. Its 

expansion characteristics also make bean flour a candi~ate for extruded 

snacks. Other starch ingredients include potatoes, wheat, and tapioca. 

Both tapioca and potato starch, however, tend to be stringy, viscuous, to 

shear and gelatinize early. 

6.5 Government Regulations 

Modified starch is regulated by section 121 .1031 of Food and Drug Adminis

tration's Food Additives Regulations. 
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6.6 Consumer Acceptance 

Consumer concern over chemically modified ingredients would be a plus for 

the roasted, milled bean starch. As a small portion functional ingredient, 

bean starch would not generate much consumer i nterest or resistance. As a 

recognizable ingredient in extruded snacks, corn has recognition and consumer 

awareness that bean flour does not. Convenience, taste and texture could open 

the door for an extruded bean snack. Increasing awareness may develop a market 

niche for a nutrit i ous bean snack. 

6.7 Dry Bean Flour Potential in the Starch Ingredient Market 

An extruded snack made from dry bean starch, or in combination with 

hull flour seems to offer the most potential for high starch flour (HSF) in 

the starch market. With the extruded product there is not the functional 

problem of synerisis. Price should not present a problem, especially if 

the product could be made from culled dry beans. Price per pound of starch 

for commercial dry bean flour is $.47 -$.60, for corn $.44-$.46, and for 

culled dry bean HSF $.31-$.35. Most modified corn starches are priced 

$.11-$.18 per pound of starch, below the level that HSF could compete at. 

Sales of an extruded starch flour made from culled dry beans could easily 

reach 3.2-10.0 million pounds of HSF with only 2-6% of the 160 million 

pounds of corn used for extrudeq snacks. 

Dry bean flour would probably be very acceptable to consumers in a 

snack food product . Combinations of starch fiber and protein could offer 

the additional appeal of a good nutritious extruded snack . It seems that 

an extruded product made from dry beans would have less appeal as a breakfast 

cereal but further investigation could be made. 
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7. MARKET POTENTIAL FOR DRY BEAN FLOUR AND ECONQMIC FEASISILITY 

Three questions need to be asked in evaluating the economic fea si bility 

of a pro j ec t : 

1. how much income will be generated and when, 

2. how much wi 11 the project cost, and 

3. how should the investment decision be made? 

Income depends upon sa les volume and sales margin (i.e . total revenue less 

all expenses). Not only is the amount of income important but the timing of 

income flows can be a matter of survival to a new project. 

The cost of a project depends not only on the cost of equipment, land 

and facilities but also on the cost of money, or interest charge that the 

firm must pay. Assuming 100% debt financing will result in the highest in-

terest expenses and the lowest estimate of return to investment; therefore 

it i s employed in this analysis to produce the most conservative estimate of 

return . Assuming 100% equity financing would result in a higher estimate of 

returns to investment but raise other questions of equity capital raising and 

tax accounting. 

The cost of capital that a firm must pay is influenced by the s i ze of 

the firm, . the ratio of debt to equity financing, and the fa st and expected 

future and volatility of its earnings. Methods for calculating a risk pre

mium for a project, a firm or an indu stry do exist. 1 The cost of capital for 

a new project i s al so influenced by the projects expected r eturn"s and the firms 

risk preferences. A finn could use data from its own income or new projects 

or industry statistics to calculate its required ri sk and return requirements . 

1weston, J. Fred . "Investment Decisions Using the Capital and Pricing 
Model, Financial Manaaement. Spring, 1980. pg. 25-33. VanHorne, James C. 
"An Application of the Capital Asset Pricing Model to Divisional Required 
Returns," Financial Manaoement. Spri ng, 1980, pg. 14-19. 
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For this general study of feasibility we will assume a 15% cost of 

capital and estimate the present va l ue of returns using the "risk free" rate 

that Treasury bills are receiving , 8.5%. Managers of a finn or an interested 

investor can then compare the rate of return against their own cost of capital 

and risk and return preferences in eva l uating the attractiveness of the pro

ject. 

7.1 Sales Volume and Sale Price 

A total of 15 to 69.million pounds of dry bean flour could be sold each 

year according to the discussion of the protein, starch and fiber ingredients 

markets in sections 4, 5 and 6 of this report. These estimates are based on 

ingredient function characteristics and price per pound or price per percent 

of ingredient. A summary of these high and low estimates of flour fraction 

sal es and competitive pr ice by application is shown in Table 7.1 

A major contention of this analysis is that a high protein flour made 

from dry beans could compete on a price and fu ncti on basis with soy protein 

concentrates and isolates. For example, soy protein concentrates are 70% 

protein and cost $.57 to $.86 per pound of protein . Soy protein isolates 

are 90 percent protein and cost $1 .22 to $1 .50 per pound of protein (see 

Table 4.1). Dry beans ar e at least 44% protei n. The equivalent price per 

pound of dry bean high protein flour is $.25 ($.57 * 44%) to $.37 to compete 

with soy concentrates and $. 53 to $.66 to compete with soy isolates. 

Concentrates and isolates have a higher percentage of protein and there

fore may have fewer non- protein effects in i ngredient applications. Dry bean 

high protein flour, on the other hand, may have a more acceptable and bland 

taste than soy concentrates and are equally a high quality protein. In any 

event, vegetable proteins are called on to perform many functions in 



Table 7.1 Sunmary of Dry Bean Flour Sales Potent1al 

M1111on t'ounas Annuat ~ates total ' 

Low Estlmate H1gh Est1mate lngre- Compe t 1t 1 ve 
Pene- Pene- dient Bean Flo~r. 

Bean Flour Fraction Product Tvoe Sales tration Sales tration Market Fraction Price 
l l (mil lbs) 

High Protein Flour (HPF - Yield 27-34%, 44% protein) .27- .451 
{@ 3.9% meat substitution) · Meat Ana 1 ogs 3.0 { 10 ~ 8.6 

mi 
28.8 .25-.66 

Franks, Sausages 2.0 (2 lO·.o 100.0 .25- .66 
School lunch franks - - 6.0 21.0 .25- .66 

(@ 10-30%) Baked goods 1.0 p) 8.0 (8 107.l .25-.662 
Fortified Snack food 0.2 1) 3.0 (16) 19.0 .12-.13 
Fortified PL480 Exports - - - - B8.0 . . 12-.13 
Pet food - - - - 9,029.0 . 12-.13 
Breakfast food 0.4 

(1 ! 4.0 ( 10) 36 .12-.66 I 

I Other Canned, Processed Meat 2.5 (. 5 5.0 ( 1 ~ 500.0 .12-.6C 
Diet Drinks . 1 ( 1 1. 5 ~ 10 10.5 .25- .€6 
Frozen Foods . 1 ( 1 ) .6 10) 5.6 .25- .66 

Total 9.3 ~ 200 3 
~igh Fiber Flour (HFF - Yield 6-10% 44% Dietary Fiber) .27-.454 

Baked Goods 1.0 3.0 .10- .30 
Specialty Diet Foods 1.0 2.0 .10- . 30 

Tota 1 f.O -S-:-0 
High Starch Flour (HSF - Yield 56-67%, 75% starch) 

I 
.27-.455 

Pudding, Pie Filling - - 50 .0 .08-.18 
Gravy, Sauces, Condiments - - 25.0 .08- .18 
Canning 

I 

.08-.18 - -
Extruded Snacks, Cereals 3.2 (2) 16.0 ( 1 O) 160 .0 .30-.46 
Confecti onary - -
Soups - -
Frozen (,loads - -

Total TI Tb.O 4000 
Grand Tota 1 14.5 68 .7 

1Navy bean HPF equivalent of price per pound of protein of soy concentrates, isolates before textur1zing. 
2same as 1 for soy flours and grits. 3Total soy concentrates, isolates. 4Navy bean HFF eq~ivalent of price per 
5 percent of fiber for competing products. 

Navy bean HSF equivalent of price per pound of competing starch products. 6 Total sales modified starch. 
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ingredient usage and dry beans are likely to be as acceptable or preferred in 

some of them. The low estimate of bean flour as a pr~tein ingredient totals 

9.3 million pounds per year, less than 5% of soy concentrate and soy isolate 

uses, less than 5% of the over 2 billion pounds of protein ingredient sales 

(see Table 4.3). 

A low sa les estimate of 2.0 million pounds of dry bean fiber is also 

shown in Table 7.1. The bean fiber has many excellent nutritional benefits 

as described in section 5. The market for fiber additives does not appear 

too large and corrmands a relatively low price because of the many products and 

byproducts which are available. More investigation into specialty diet markets 

such as for weight control, heart conditions, and diabetics could prove fruitful. 

Extruded snacks made from dry bean starch flour looks promising. The 

expansion characteristics of the bean starch make it excellent for extrusion 

either alone or combined with the bean hull fiber flour. High starch flour 

sales for extrusion could exceed the low estimate of 3.2 million pounds per 

year, 2% of the starch used in extruded snacks each year. Starch used for 

extrusion co1T1Tiands a premium price that makes it advantageous to dry bean 

flour sales. 

A second key contention of this analysis of sales potential is the avail

ability of ample supplies of cull beans which would be suitable for flour use 

at a competitive price . Table 3.4 details an estimate of cull bean avai lability~. 

The use of cull beans is crucial to lowering the cost of bean flours for most 

uses, except perhaps, starch for extruded snacks. The higher priced proteins 

are specialized and probably less susceptable to replacement by the more com

plex (lower protein percent) bean protein flour. Further investigation of 

the quantity, quality, cost to clean up, and flour processing impact of using 

cul l beans needs to be undertaken. 
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The composition of bean flour fractions and their portion of the total 

flour is also important. Further developments at Texas A&M in processing 

methods are increasing the precision with which the protein, starch and fiber 

fractions are classified. This ability directly improves the cost and com-

petitiveness of the flour fractions. Also, larger capacity equipment is 

being tested for efficiency in bean flour production. 

Product yields, according to 1981 tests at Texas A&M, are as follows: 

23% high protein flour (50% protein), 57% high starch flour (75% starch) 

and 20% hull fiber flour. The sales estimates in Table 7.1 shows sales 

potential of 65% HPF, 22% HSF and 14% HFF. The mix of the fraction sales is 

important because it could result in higher costs if the fraction sales are 

too unbalanced. 1 It also presents an opportunity to set forth a differential 

pricing strategy that enhances the sale of each of the fractions. The 

starch fraction will probably require the most product and marketing develop

ment because it is the largest component of dry beans and it apparently is 

competitive with only a narrow range of starch products. 

Full flavor dry bean f l ours are being texturized and used in ethnic 

bean foods, such as Mexican bean paste and bean dip. McCormick and Co. is 

using a wet process to process beans into a quick cooking bean paste for re

fried beans . This product is being test marketed in Mexican fast food rest

aurants in the U.S. and will soon .be introduced to retail shoppers. Oriental 

ethnic groups use full flavor bean paste to make confections such as Japanese 

poi, manju or chinese baotz. The Japanese import most of the edible splits 

from the U.S . for use in these products . A full flavor whole bean flour 

could be produced using the dry roasting process by adjusting the temperature 

1Air classified wheat flour was popular years ago . General Mills large 
wheat classifying plant in Buffalo closed because it could not sell all of 
·;ts fractionated products . 
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and roasting time. Further testing of this full flavor process needs to be 

undertaken. The market for full flavor ethnic bean foods is large and rapidly 

growing both in the U.S. and abroad. 

More product applications are being investigated by on-going research at 

MSU and in the food industry. Surveys of food manufacturers would serve to 

further qualify and quantify bean sales potential. 

7.2 Ten Year Projection of Returns to Investment 

A ten year projection of return to investment is made in Tables 7.2A, 

B, C, D, E and F. Initial sales are assumed to be 5 million pounds and to 

grow by 8% per year to 10 million poinds in year 10. Contribution margins of 

1%, 3%, 5%, 7%, 9% and 11 % are used in the six tables by setting sales price 

to $.34, $.36, $.38, $.40, $.42 and $.44. All other costs in the table are 

constant or vary with sales volume. Raw dry bean costs are assumed to be 

$.20/lb. No attempt to allow for inflation is made. The important price 

relationship is the margin between sale price and costs. A sale price of 

up to $.45/lb. would be possible in the starch and protein markets according 

to Table 7.1. Depreciation and interest are based on the straight-line, 

10 year depreciation schedule shown in Table 3.8. 

The stream of after tax income is discounted to year 1 by using an 

app~o~imation of the risk free rate, 8.5%. The results are as follows: 

Present Value Present Value 
Sale Contri bu ti on of Return on Average ROI 
Price Margin Investment (Less 8.5%) 

$.34 $.01/lb. -29.84% -3.0 
$.36 $.03/lb. 22.70% 2.3 
$.38 $.05/lb. 75.24% 7.5 
$.40 $.07/lb. 127.79% 12.8 
$.42 $.09/lb. 180.33% 18. 3 
$.44 $.11/lb. 232.87% 23.3 

The returns are positive when the contribution margin is greater than $.02/ lb . 

A target return of 20% per year is achieved by a contribution margin between 
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22 .10 

188!1712 
1041811 

138094 

4'11428 
87588 
41905 

100000 
15000 

8951121 

126000 
84000 
15000 

225000 

-82827 
- 41413 

- 41413 
84000 

42587 

5857137 
. 38 
.zo 
. 13 
. 03 
38 

- 2 . 74 

- 2 . 32 

2038588 
1131427 

9051'2 

509142 
72995 
45257 

100000 
15000 

142398 

113000 
84000 
15000 

212000 

-49253 
-24828 

- 24621 
84000 

8109708 
. 38 
. 20 
. 13 
. 03 
38 

-. a.• 
-. 85 

21!1949!1 
1221942 

977553 

1149814 
78835 
48878 

100000 
15000 

7921186 

101000 
84000 
15000 

200000 

-15033 
- 7U7 

- 7517 
84000 

76483 

8598485 
.a8 
. 20 
. 13 
. 03 
42 

1.22 

. 88 

237505 
1319197 
1055768 

593884 
8!11'2 
52788 

I 00.000 
15000 

848793 

88000 
84000 
15000 

187000 

21984 
10982 

10982 
84000 

94982 

7121136. 
. 36 
. 20 
. 13 
.03 
45 

3 . 38 

2. 25 

258114111 
1425273 
1140211 

841373 
91953 
87011 

100000 
15000 

80!1337 

75000 
84000 
15000 

17'000 

80881 
30Hl 

30441 
84000 

114441 

(1) Contribution llar1in •Total Revenue Leaa Total Variable Coata 
(2) Celculetlon1 : 

to 10 

Year 8 

7898'73 
. 38 
. 20 
. 13 
.03 
48 

5 . 80 

3 . •3 

2710730 
1839295 
1231438 

892883 
99309 
ill 572 

100000 
15000 

988584 

83000 
84000 
15000 

182000 

100872 
80438 

80'38 
84000 

134438 

Ye a r 7 

8312191 
. 38 
. 20 
. 12 
.04 
!12 

8 . 01 

• . 52 

2992389 
102438 
1329850 

748097 
107254 

884118 
100000 

15000 
1036848 

!10000 
84000 
15000 

149000 

144102 
72051 

720 51 
84000 

156051 

Year • 

897710 
. 38 
. 20 
.12 
. 04 
57 

10 . 411 

5 . '8 

3231710 
1785433 
1'383'7 

807945 
11 !183' 

71117 
100000 

15000 
111 0587 

38000 
84000 
18000 

137000 

188750 
94375 

84375 
84000 

178378 

Annual Return oo lnve1 t aent(ROl)•(Sal•• Voluae•contrlbution llar1in Per UnJt)/Total Capit•l loveataent 
(3) Present Value Return on Jnveat•ent•Sua (Net lnco•e/ll . 085)••N)/Total Jn va1taent 

Year I 

9895339 
. 38 
. 20 
. 12 
. 04 
81 

13 . 17 

8 . 32 

3490322 
1939088 
155128• 

172581 
125101 

771183 
100000 

15000 
119024' 

25000 
84000 
15000 

124000 

237010 
111500 

118505 
84000 

202505 

Year 10 

10470981 
. 38 
. 20 
.12 
. 04 
68 

15 . 95 

7 . 05 

3781150 
2094193 
187535!1 

942387 
135109 
83761 

100000 
1!1000 

J 278284 

13000 
84000 
15000 

112000 

287091 
143845 

143545 
84000 

22754!1 



Table 7 . ac 
Be•n Flour Production lncoae Stateaenl : Years l to 10 

Coaaercial Plent : S 
Contribution llara in 
Salee Growth/Year : 

1100000 
. 05S/lb. 

l . 08\ 

Jtea Year Year a Year 3 Year 4 Year 5 

Total S•lea (lba) 
Bean Flour Price (S/lb) 
Raw Bean Coat (S/lb) 
Variable Coate (S/lb) 
Contribution llaraln 1$/lb) 
Plant Utilization (') 
Return on lnveat. (') 
Present Value ROI 
Discounted 18 .5' (\) 
PV ot lOyr . ROI (\.) 

lncoae ltea 
Total Salea 
Raw Bean Cost 
Grose llarain 

Variabl e Costa 
Proceasina Coat 
Transportation 
llarketina a ~ale• 
Research a Dev. 
II Jae el laneoua 

( . 090/ I b) 
( . 013/lb) 
( . 008/Jb) 

Total Variable Coat 

Pixed Coate 
lntereat on Debt 
Depreciation 
llia cellaneoua 
Total Pilled Coat 

Earnina Betore Tax 
lncoae T•• (110') 
ITC 

Hat Jncoae 
Depreciation 
Met Attar Tax 
Cash Plow 

52380110 
. 38 
. 20 
. 13 
.05 
33 

1.22 

1.12 
15 . 24 

11111047' 
1047818 

942858 

471428 
87588 
41905 

100000 
15000 

69 5 921 

128000 
8'000 
15000 

225 000 

21835 
10988 

l 0988 
84000 

11088 

5657137 
. 38 
. 20 
. 13 
. 05 
38 

3 . 55 

3 . 02 

210712 
1131427 
1018285 

508142 
72995 
4 5257 

100000 
15000 

74 2 3 95 

113000 
84000 
15000 

212000 

838110 
31945 

31945 
84000 

115945 

8109708 
. 38 
. 20 
. 13 
. 05 
38 

5 .115 

4 . U 

2321889 
12211142 
101197'7 

541187' 
7883' 
48878 

100000 
15000 

71125&8 

101000 
84000 
15000 

200000 

107181 
53581 

1131181 
84000 

137581 

85118'85 
:se 
. 20 
.13 
. 05 
42 

8 . 55 

11 . 17 

2507424 
13111897 
1187727 

593884 
85142 
52788 

100000 
15000 

848793 

88000 
84000 
15000 

187000 

153934 
7 61187 

7111187 
84000 

1801187 

71211384 
.se 
. 20 
. 13 
. 05 
45 

11.30 

7 .52 

2708011 
142527 3 
12827'5 

841373 
91953 
117011 

100000 
15000 

90533'1 

75000 
84000 
15000 

174000 

203'09 
101704 

101704 
84000 

185704 

(1) Contribution llaraln •Total Revenue Le•• Total Variable Coat• 
(2) Cal c ulations : 

Year 8 Veer 7 

788114'13 
.38 
.ao 
. ts 
.05 
48 

14 . 18 

8.88 

2924880 
153112115 
1385385 

892883 
1193011 
815'12 

100000 
15000 

11881184 

83000 
84000 
15000 

182000 

254801 
127401 

127401 
84000 

211401 

8312191 
.38 
.ao 
. 12 
. 08 
112 

17 . 24 

11 . 7' 

31118832 
1882438 
14118184 

748097 
107254 

68498 
100000 

15000 
I 0388411 

50000 
84000 
15000 

1411000 

31030 
155173 

15:1173 
84000 

2311173 

Year I 

111771U 
. 31 
. 20 
. 12 
. 08 
57 

20 . 48 

10 . 85 

3411323 
17115433 
1815890 

80711411 
115834 

71817 
100000 

15000 
1110597 

38000 
84000 
1:1000 

137000 

388293 
184147 

184147 
84000 

211814 7 

Annual Return on lnveataent(ROl) • (Sale• Voluae•contribution llaraln Per Unil) / Total Capital lnv••laent 
(3) Present Value Return on lnveataent•Sua (Net Jncoae/(1 . 0lll)••M) / Total Jnveataent 

Veer 9 

9895339 
.se 
. 20 
. 12 
. 08 
111 

23.94 

11.4 9 

38842211 
1939088 
1145181 

872511 
125101 

775113 
100000 

15000 
1190244 

25000 
84000 
15000 

124000 

430917 
2Hi451 

215458 
84000 

2911458 

Year 10 

l 0470981 
. 31 
. 20 
. 12 
. 08 
88 

27 . 58 

12 . 20 

3978987 
2094193 
1184774 

94 2387 
135109 
83788 

100000 
15000 

1278264 

13000 
84000 
15000 

112000 

498510 
248255 

248255 
84000 

332255 



Tabla 1.ao 
Bean Flour Production lncoaa State,ant ; Yaara 1 to 10 

Co••erclal Plant : S 1100000 
Contribution Maritn . 07$ / lb. 
Sala• Oro.,th / Year : 1.oa• 

Ile• 

Total Salee (Iba) 
Bean Flour Price IS / lb) 
Ra., Bean Coat ($ / lb) 
Variable Coate (S/lb) 
Contribution Marcin (S / lb) 
Plant Utilization l•l 
Ra turn on lnveat . l•l 
Preaent Value ROI 
Otacounted 18 . 5* l•l 
PY oC 10yr , ROI l•l 

lnco•e I tea 
Total Salee 
Ra., Bean Coat 
Groaa Maritn 

VarJable Coate 
Proceaaln1 Cost 
Tranaportltlon 
Narkelln1 • Salee 
Research • Dev . 
Nllcel laneoua 

( . 0110/lb) 
( . 013/lb) 
( . 008/lb) 

Total Variable Coat 

Pixed Coat• 
lntereat on Debt 
Depreciation 
Nllce I laneoua 
Total Pixed Coat 

Earnln1 Before Tax 
lnco•e Tax (50•) 
ITC 

Nat lnco•e 
Oapreclatlon 
Nat Arter Tax 
Caah Flo., 

Year 

5238090 
. 40 
. 20 
. 13 
. 07 
33 

7 . 04 

8 . 411 
127 . 711 

20115238 
104 7818 
1047818 

471428 
87588 
41905 

100000 
15000 

6951121 

126000 
84000 
15000 

225000 

1286117 
63348 

83348 
84000 

147348 

Yaar 2 

51557137 
. 40 
. 20 
. 13 
. 07 
38 

11 . 84 

8 . 35 

228281515 
1131427 
1131427 

5011142 
7211115 
45257 

100000 
15000 

7423 911 

113000 
84000 
15000 

212000 

17 7 033 
88516 

auu 
84000 

172518 

Year 3 

81011708 
.40 
.20 
.13 
. 07 
38 

12 . 74 

11 . 118 

2U3883 
12211142 
12211142 

5411874 
78835 
48878 

100000 
15000 

792588 

101000 
84000 
15000 

200000 

229355 
114878 

114878 
84000 

1118878 

Veer 4 

88118485 
. 40 
. 20 
. 13 
. 07 
u 

15 . 88 

11 . 48 

283113114 
131118117 
13111697 

5113884 
88142 
52788 

100000 
111000 

8467113 

88000 
84000 
115000 

187000 

285904 
14211112 

1421152 
84000 

226982 

Vear 5 

'1128384 
. 40 
.20 
.13 
. 07 

415 
19. 22 

12 . 78 

288011411 
1425273 
1425273 

841373 
1111153 
157011 

100000 
15000 

1108337 

715000 
84000 
15000 

174000 

345936 
17 21168 

1721188 
84000 

2881188 

(1) Contribution Ner1ln • Totdl Revenue Lesa Total Variable Coat 
(2) Calculatlona: 

Year 8 

7898473 
. 40 
. 20 
.13 
. 07 
48 

22 . 71 

13 . 92 

30785811 
153112115 
153112115 

8112883 
11113011 
81572 

100000 
15000 

1188584 

63000 
84000 
15000 

182000 

408731 
204388 

2043811 
84000 

288388 

Year '1 

83121111 
. 40 
. 20 
. 12 
. 08 
52 

26 . 48 

14 . 96 

3324878 
1862438 
1862438 

74 809'1 
107254 

664118 
100000 

15000 
10368411 

110000 
84000 
15000 

1411000 

476589 
238295 

2382115 
84000 

3222115 

Year 8 

8977188 
. 40 
. 20 
. 12 
. 08 
57 

30 . H 

111. 85 

3590888 
17115433 
1711503 

8079415 
115834 
71817 

100000 
15000 

1110597 

38000 
84000 
15000 

137000 

547837 
273918 

2731118 
84000 

3571118 

Annual Return on lnveataent(ROl)•(Salea Yoluaa• contributJon Narain Par UnJl)/Tntal Capital lnveataent 
Break Even•Total Capital lnveataent/ContrJbutlon Maritn par Unit 
(3) Preaent Value Return on lnveataent•Sua (Net lncoae/(J.085)••N)/Totel lnveataent 

Year 9 

1181183311 
.40 
. 20 
. 12 
.08 
81 

34 . 71 

18 . 88 

3178138 
1113 9088 
111311088 

872581 
125101 

77583 
100000 

15000 
1190244 

25000 
84000 
15000 

124000 

824823 
312412 

3124ta 
84000 

3118412 

Year 10 

104701111 
. 40 
. ao 
. 12 
. 08 
88 

Sii . 22 

17 . 35 

4188388 
201141113 
20114193 

1142387 
1351011 

83788 
100000 

15000 
1276284 

13000 
84000 
15000 

112000 

7058211 
35 21185 

3521188 
84000 

43611811 

co 
0 



Table 7 . 21 
Bean Flour Productloa lncoae Stateaent : Yeara I to 10 

Coaaerclal Plant : S 
Contribution Maraln 
Salee Growtb/Yaar : 

1100000 
. OllS/lb . 

l . 08\ 

I tea 

Total Salea (Iba) 
lean Plour Price IS / lb) 
Raw Bean Coat (S / lb) 
Variable Coate IS / lb) 
Contribution Narain (S / lb) 
Plant Utilization (\) 
Return on lnveat. (\) 
Preaent Value ROI 
Dlacounted 18.5\ (\) 
PY or lOyr . ROI (\) 

lncoae ltea 
Total Sale• 
Raw Bean Coat 
Groaa Narain 

Variable Coata 
Proceaaina Coat 
Tranaportation 
Narketlna a Salea 
Retearch A Dev. 
Mlacellaneoua 

(.0110/lb) 
( . 013/lb) 
(.008/lb) 

Total Variable Coat 

Pixed Coats 
Intereat on Debt 
Depreciation 
Nlacellaneoua 
Total Pixed Coat 

F.arnlna Before Tax 
Jncoae Tax (50\) 
ITC 

Net lncoae 
Depreciation 
Net After Tax 
Caah Plow 

Year 

:1238080 
. 42 
. 20 
. 13 
. 09 
33 

12 . 86 

11 . 85 
180 . 33 

211191198 
1041818 
1152380 

471428 
97588 
4111011 

100000 
111000 

8911921 

128000 
8'000 
111000 

2211000 

231'511 
115729 

1157211 
84000 

111117211 

Year 2 

:S8ll7 137 
. u 
. 20 
. 13 
. 011 
38 

18 . 12 

13 . 811 

237511118 
1131427 
12U370 

5011142 
7 29115 
411257 

100000 
15000 

7423115 

113000 
84000 
15000 

212000 

290175 
145088 

145088 
84000 

2211088 

Year 3 

81011708 
. • 2 
. 20 
. 13 
. 09 
38 

111 . 113 

16 . 211 

2588077 
12211142 
1344138 

IUll8H 
78835 
••178 

100000 
15000 

7112588 

101000 
84000 
111000 

200000 

3515411 
17117H 

1757711 
84000 

211117711 

Year 4 

859805 
. u 
.20 
. u 
. Oii 
'2 

23.22 

18 . 711 

27-7138' 
131118117 
1451887 

1111388' 
85142 
52788 

100000 
15000 

848793 

88000 
84000 
15000 

187000 

417873 
208937 

2081137 
84000 

2112031 

Year II 

7121384 
. 42 
. 20 
. 13 
. 09 

411 
27 . 14 

18 . 05 

21193073 
14 21127 3 
1587800 

. 841373 
1111153 
57011 

100000 
15000 

1105337 

75000 
84 0 00 
15000 

174000 

488463 
2U232 

244 2 32 
84000 

328232 

(1) Contribution Narain •?otal Revenue Leaa Total Variable Coat 
(2) Calculation• : 

Year 8 

71111473 
. 42 
. 20 
. 13 
. 09 .. 

31 . 28 

111 . 18 

323211111 
153112115 
18113224 

892883 
1193011 
81572 

100000 
15000 

1188564 

83000 
84000 
15 000 

1112000 

582880 
28 1 330 

281330 
84000 

385330 

Veer 7 

8312191 
. '2 
. 20 
. 12 
. 1 0 
52 

35 . 71 

20 . 18 

3'91120 
1882'38 
1828882 

7'8097 
107254 

88498 
100000 

15000 
10388'9 

50000 
84000 
111000 

1' 9000 

1142833 
321417 

321417 
84000 

405417 

Year 8 

81177161 
.u 
. 20 
. 12 
. 10 
57 

40 . U 

21 . 04 

3770410 
1795433 
197411711 

8079411 
115834 
71817 

100000 
15000 

11105117 

38000 
84000 
15000 

137 000 

727380 
383890 

38311110 
84000 

4471190 

Annual Return on lnvaataent(ROl)•(Salea Voluae•Contrlbution Nar1lo Per Unit)/Total Capital lnveataent 
Break lvan•Total Capital lnveataant / Contributioo Nar1tn per Unit 
( 3) Preaent Value Return on lnvaataant•Sua (Net lncoae/(1 . 085)••N) / Total lnveataant 

Year II 

9190339 
.u 
.20 
. 12 
. 10 
81 

411 . 49 

21 . 83 

407200 
11139088 
2132975 

872581 
125101 

7711113 
100000 

15000 
111102'4 

25000 
84000 
15000 

124000 

818730 
4011385 

4011385 
uooo 

03385 

Year 10 

104101111 
. u 
. 20 
. 12 
. l 0 
68 

50 . 85 

22 . 411 

'3117808 
20941113 
2303813 

1142317 
1311109 
83788 

100000 
111000 

127828' 

13000 
84000 
15000 

112000 

11153411 
457574 

457874 
84000 

1141174 



Co•••rclal Plant : $ 
Contribution Mar1ln 
S a lee Gro• th/Year: 

900000 
. 11$/lb . 

1 . 01, 

Ta ble 7 . 2F 
Bean Flour Productlon lnco• • State aent : Year• l to 10 

I tea Year Year 2 Year 3 Vear ' Vear 6 Year 8 Year 7 Year a Year 9 

Total Sale• (Iba) 
lean Flour Price ($/lb) 
~a• Bean Coat ($/lb) 
Variable Coat• ($/lb) 
Contribu tion Mar1ln (S/lb) 
Plant Utilization I') 
Return on Invest . ( ' ) 
Praaent Value ROI 
Olacounted 18 . 5' (') 
PY ot lOyr . ROI (') 

lncoa a It•• 
Total Sale• 
Raw Bean Coat 
Grose Mar1ln 

Varhbla Coat• 
Procesain1 Coat 
Traoaportation 
Markatin1 l Salee 
Research l Dev . 
Miacellaneou• 

( . 090/lb) 
( . 013/lb) 
( . 008/lb) 

Total Variable Coat 

Phed Coat• 
Interest on Debt 
Depreciation 
IUacellaneoua 
Total Pixed Coat 

larnln1 Before Tax 
lnco a e Tax (eO') 
ITC 

Nat lncoa e 
Depreciation 
Net After Tax 
Caah Pio• 

5238090 

·" . 20 
. 13 
. 11 
33 

18 . 68 

17 . 22 
2;u . 11 

2304780 
1047818 
12571'2 

471428 
87588 
41905 

100000 
15000 

69:1921 

126000 
84000 
1:1000 

225000 

336221 
168110 

168110 
84000 

2:12110 

56:17137 
. u 
. 2·0 
. 13 
. II 
38 

22 . 41 

19 . 03 

2489140 
1131'27 
13:17713 

5091'2 
72995 
45257 

100000 
15000 

742395 

113000 
84000 
15000 

212000 

,03318 
201659 

2016:19 
84000 

6109708 

. " . 20 

. J3 

. 11 
38 

26 . 32 

20 . 61 

288827 a 
1221942 
1'66330 

5,967, 
78835 
48878 

100000 
15000 

792586 

101000 
84000 
15000 

200000 

47374' 
236872 

236872 
84000 

320872 

6598'85 ... 
. 20 
. \3 
. II 
42 

30 . 55 

22 . 04 

2903333 
1319697 
1583636 

593864 • 
85142 
52788 

100000 
15000 

848793 

88000 
8'000 
15000 

187000 

5498,3 
27'922 

27'922 
84000 

358922 

7126384 

'" . 20 
. 13 
. 11 
45 

35 . 08 

23.31 

3135800 
1'2'273 
1710327 

8,1373 
91953 
57011 

100000 
15000 

905337 

75000 
84000 
15000 

17'000 

630991 
s 15' 95 

3154 95 
8,000 

3119, 95 

. " 
7898473 

. u 

. 20 

. 13 

. 11 
48 

39 . 81 

3386448 
11139295 
1847153 

892683 
99309 
81572 

100000 
15000 

96856, 

63000 
84000 
15000 

162000 

716590 
366295 

3582115 
84000 

442295 

8312191 

. '' . 20 

. 12 

. 12 
52 

" . 95 

25 . 39 

3657384 
1862438 
1994928 

7'8097 
1072H 

66498 
100000 

15000 
1036849 

50000 
84000 
15000 

14 9000 

809077 
,04538 

404538 
84000 

'88538 

81177186 

·" . 20 
. 12 
. 12 
57 

50 . 38 

28 . 23 

39'9953 
1795433 
215'520 

8079,5 
115834 

71817 
100000 

15000 
1110597 

38000 
84000 
1:1000 

137000 

908923 
453462 

453482 
84000 

637'82 

(1) Contribution Maritn •Total Revenue Leas Total Variabl e Co a t 
(2) Calculation• : 

Annual Return on Jnveataent(ROl)•(Sale• Voluae•contributlon Mar1lo Per Unit) / Total Capital lnveataent 
8raak £ven•Total Capital lnveat • ent/Contrlbution Narain par ~nit 
(3) Present Value Return on lnveat a ent•Sua (Net Incoa e/(1 . 086)••N) / Total Jnvaat a ent 

9895339 

·" . 20 
.12 
. 12 
81 

56 . 28 

27 . 00 

42869'9 
1939088 
2326881 

872581 
125101 
77583 

100000 
15000 

1190244 

25000 
84000 
15000 

124000 

1012637 
608318 

608311 
8'000 

590318 

Year 1'0 

10470968 
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$.05/lb. and $.09/ lb. (after reintroducing the 8.5% discount rate). Under 

these scenarios a margin as low as $.03/lb. still provides a return above 

the risk free rate. 

7.3 Market Structure 

The purchase of ingredients in organizational markets is very dependent 

upon the relationships built up between buyer and seller. The sales of com

petitive products is dominated by a few very large firms . These firms have 

survived the uncertainty of the agricultural economy. The size of these firms 

would make the entry of a new firm into the protein, starch, and fiber ingre

dients markets very difficult without sufficient planning, organization and 

marketing strategy. For example, marketing snack food in large volume would 

not be possible without a substantial investment in distribution capacity 

as undertaken by such grants as Pepsico, Bordens and General Mills. The 

largest firms in the soybean and corn refining industries are listed in 

T~ble 7.3 as well· as the laroest manufacturers of sausa~es , flour, baked 

qoods and extruded snack foods. 

7.4 Conclusion 

There are several decision criteria and techniques that would allow an 

individual or firm to assess the attractiveness of an investment in dry bean 

flour processing. According to the assumptions and analyses presented here, 

bean flour presents an attractive investment. Certainly, further research 

is needed, as described in the following section, but the introduction of a 

price competitive and functionally desirable ingredient into a large mature 

market presents an opportunity, especially for developing new markets for 

dry beans. New product development does not have a high rate of success, 

even by the most skilled of new product marketers. New products, however, 

are desired and rewarded by the market. With the hundreds of new and useful 
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Table 7.3 Market Structure: firm Size and Rank by 1975 Food Sales in 
Selected Industries 

Company 1975 Rank 1975 Food 
by Food Sales 
Sales {mi 11 ion $) 

Corn Refiners and Soybean Product 
Manufacturers SIC#2046, #2075 

Archer-Daniels-Midland (ADM) 22 1 ,256 
Cargi 11 16 l ,355 
A. E. Staley 46 700 
Central Soya 29 1 ,083 
Corn Products Corp. Intl. (CPC) 30 974 
Rallston Purina 8 1 ,956 
Grain Processing Corp. 119 245 
National Starch & Chem . Corp . 71 
Amstar Corp. 35 986 

Sausages and Other Prepared 
Meats SIC# 2013 

Bluebird 81 403 
Geo. A. Hormel 34 987 
Hanson Trust (Hygrade) 91 350 
Oscar Mayer 32 1,029 
Rath Packing 83 399 
Smithfield Foods 194 129 

Flour and Other Grain Mi 11 
Products SIC#2041 

Con Agra 60 524 
Hubbard Milling 124 225 
International Multifoods 86 365 
Peavy 102 304 
Seaboard Allied Milling 104 298 

Bread, Cake & Related 
Products #2051 

American Bakeries 80 413 
Campbell Taggert 51 648 
Flowers Industries 145 179 
Interstate Brands 79 422 
Ward Foods 74 452 

Extruded Snacks SIC# 2099 

Frito Lay (Pepsico) 21 l ,270 
Bordens 7 2,050 
Genera 1 Mi 11 s 15 1,385 
Nabisco 31 1,043 
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Table 7.3 Continued 

So~rce: . Connor, John M., and Lays L. Mather, Directory of the 200 
Lar . est U.S. Food and Tobacco Processin Firms 1975, published jointly by 
ES S USDA and NC-117, u y 78. 

Additional sources of company information can be found in: 

Corn Annual 
Washington D.C.: Corn Refiners Association 

Soya Bluebook 
Washington D.C.: American Soybean Association 

Soy Foods 
Colerain, MA: Soy Crafters Association of N. America 

Snack Foods - Buyers' Guide Issue 
Chicago: Harcourt, Brace, Janovich, Inc. 

Snack Foods - Bluebook 
Chicago: Harcourt, Brace, Janovich, Inc. 

Milling and Baking News - Milling Directory/Buyers Guide Issue 
Kansas City, MO: Sosland Publishing 

World Directory of Food and Drink Manufacturing Companies 
London, England: EuroFood · ' · · .. . · .. · · 

American Meat Institute 
National Food Processors Association 
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products that have been developed from corn and soybeans, and the basic 

quality of nutrition offered by dry beans, dry bean flour could become the 

miracle soy of the 1990s. 

7. 5 Proposed Research Agenda 

Several areas of needed research have been mentioned in this report . 

In brief, this analysis concentrated on identifying potential market segments 

and forecasting income. Several questions remain before a business plan can 

be drawn up. A business plan would detail decisions on: 

1. product, 

2. price, 

3. marketing channels, 

4. plant location and physical distribution, 

5. sales and promotion, and 

6. control," including ownership, organization, production and finance, 

Needed research efforts include : 

1. Product Development-Specific Production Application in High Poten

tial Sale Areas 

a. meat analogs, extenders and replacers, 

b. mil k replacers and fiber in baked goods, 

c. protein fortified foods, 

d. extruded starch snack foods, 

e. specialty diet foods, 

f. ethnic and export foods, and 

g. pharmeceutical bases, 

2. Raw Product 

a. cull bean availability, quantity, quality, impact on flour 

production and extra clean up costs. 
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3. Engineering Plant Cost Study 

4. Organizational Buyer Behavior Survey 

a. to identify who, what, when, and how ingredient buyers 

purchase, 

b. to further quantify demand by specific product, 

c. to identify potential bean flour producing firms, and 

d. to develop marketing strategy. 

5. Consumer Buyer Behavior and Consumer Acceptance of Dry Bean 

Flour Ingredients 

6. Plant Location Analysis 

7. Legal Environment Analysis 

a. food ingredient regulations and issues, 

b. school lunch program opportunities, and 

c . federal, state and local financing incentives {perhaps including 

analysis of impact on the local economy). 
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Dry Bean Consumption 
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Dry Bean Consumption and Varieties 

World consumption of dry beans is regionally determined by the ethnic 

origin of consumers, their local food habits, cultural and religious prac

tices, income level and the geographic origin of bean varieties (Aguilera, 

et al. 1981). For example, people in Brazil consume mostly brown, red, or 

black varieties of beans at an annual rate of 56 pounds per person. Mexico's 

population consumes mostly pinto and black beans at a rate of 39 pounds per 

person per year. The nutritional content of the traditional Mexican diet of 

beans and corn is high calorie as well as balanced protein. White beans are 

preferred in Europe, great northern beans in France and navy beans in the 

United Kingdom. In the U.S . , white beans are preferred in the north, black

eyed peas in the south and pinto and black beans by Spanish Americans mostly 

in the Southwe st (Bean Commission Journal Fall 1982, pg. 24). 
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Table 1. Per Capita Consumption of Dry Edible Beans - 1962-1981 

Pounds Pounds 
Per Per 

Year Capita Year Capita 

1981 4. 1 1971 6 .4 

1980 4.3 1970 6.4 

1979 4.3 1969 6.9 

1978 4.8 1968 6.4 

1977 6.2 1967 6.9 

1976 6. 2 1966 6.3 

1975 6.6 1965 6.6 

1974 5. 0 1964 7.4 

1973 7.0 1963 7.5 

1972 5.6 1962 7.6 

Source : U.S . Department of Agriculture . 


