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An All-Minnesota Menu 

Cracke rs and Low-Fat Swiss-Type Cheese 

Roast Minnesota Turkey 

Mashed Potato (Ano ka Va riet y) 

Minnesota W ild Rice 

Buttered Minnesota Peas 

Regent Appl e Salad with Blue Cheese Dress ing 

Minnesota Sundae 

(Vanilla Ice Crea m with Honey and 
Sun flower Seed) 

Milk Butter 

A men u similar to the above has often been served 
at gatherings where it is des ired to emphasize the im 
portance of Min nesota agriculture. Research at the Uni
vers ity of Minnes ota Agricultural Experiment Station has 
eithe r crea ted, imp roved , or aided in the production of 
a ll the items on th is menu. 

UM D AIRY H ERD N INTH IN NATION 

The Guernsey da iry herd at th e University of Minne
sota's Rosemount Agricultural Experiment Station had 
the ninth highest Gu ernsey dairy herd lactation average 
in the nation last year for herds with 30 to 50 cows. 

Charles Young, professor of animal scienc e at the 
Un iversity of Minnesota, says this herd ha s been used in 
breeding experiments to compare outcrossing and line
breeding since 1961. Part of the high average milk lacta
tion is due to these experiments. 

Outcrossing invo lves using bulls that have little an
cestry wi th the cows to which they are bred. Line breed
ing is the mating of related cows and bulls to int ensify 
th e inh eritance of ancestors that are outstanding. 

In the b reedi ng experiments, the outcross group of 
cows was bred to the best AI (artificial insemination ) 
sires in the nation. 

Of the 46 records used to compute th e herd lactation 
average of 12,966 pounds of milk and 644 pounds of 
fat, 23 were made b y daughters of th e first two ou tstand
ing sires used in the outcross program. These records 
averaged 13,680 pounds of milk and 684 po unds of fat. 

The 23 records made by cows tha t had been linebred 
averaged 12,250 pounds of milk and 604 pounds of fat 
per average lac tation. 

Young says it is apparent tha t milk production can 
be imp roved in a sho rt per iod of time th ro ugh breeding 
pract ices. H owever, he states that an adequate compari
son of outcross ing and linebreeding will require further 
research. 
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Agricultural Experiment Station Serves the Consumer 

A pro gra m of resear ch has been an 
integral part of the Land-Grant Uni
versity pro gram since 1887 wh en the 
Hatch Act was made into law by the 
Congress of the United Stat es. Ini
tially, this research dealt with the 
problems of food and fiber production 
to bring agriculture from that of sub
sistance farming to the business we 
know today of efficient production at 
economic levels. As this research de
veloped, it was apparent that much 
fundamental effor t was necessary to 
find solutions to specific problems. 

In those early days the consum er of 
information from .the Experim ent Sta
tion was the agricultural public. As 
society advan ced becaus e of the effi
ciency whi ch came to agriculture, 
partly because of research, the clien
tele of the Agricultu ra l Experiment 
Station also changed . This gave the 
Station a broader responsibility to a 
wider segment of society. Today th e 
major benefactor of th e results from 
research of the Experiment Station is 
the consumer, who is able to select 
from the products of research . 

Even with this progress and abun
dance mu ch remains to be don e. A 
recent USDA report indicates tha t 50 
percent of hou seholds surveyed in 
1965 had "good" diets, but 20 percent 
had "poor" diets. Th e remaining 30 
percent were between "good" and 
"poor." Research cur rently underway 
may give insights into these problems. 

This specia l issue of Minn esota Sci
ence for the consum er has been de
veloped by the staff of the Minn esota 
Agricultural Experim ent Station. By 
specific example we ar e abl e to point 
out to you the broad program of the 
Exp eriment Station and its implica
tions to a broad consumer group . 
Agriculture, our first industry in Min
nesota and the United Stat es, remains 
our greatest. It is the vital cente r of 
our economy-fueling our industry 
and commerce, feeding our people 
and the hungry of the world. 

- Almost 18 million Americ ans 
work at growing crops, process
ing th em and shipping th em to 
market, and supplyin g our farm
ers . 

- Americans spend $125 billion 
yearly for the products of agri
culture- which brings the fam
ily the most nourishin g food in 
the world, a t a modest share 
(18%) of its income. 
The harvest of one out of every 
four acres moves into foreign 
markets. 
Millions of peopl e in other lands 
live toda y because of food grown 
and shipped from American 
farm s. 
Agricultural technology, com
bin ed with modern machinery, 
seeds, and fertilizers, has revolu
tionized production. Each farm
er today grows enough food for 
40 persons, compared to only 10 
thirty years ago. 

We de dicate this issue to the consum
ers who ha ve provided for and bene
fited from the pro gram of the Agricul
tural Experim ent Sta tion. 
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VOLUME 24, NO.3 - SPHING 1968 3 



Research and the Consumer
 

Scientific accomplishments from the Minnesota 

Agricultural Experiment Station are making life 

better in more ways than most of us realize. 

Robert E. Turner 

Month aft er month, year after year, th e prices of th e 
thin gs we buy go higher , higher , and ever higher. Land 
costs mor e, hous es cost more, cars cost mor e, clothing 
costs mor e, and personal servic es cost mor e. If you want 
your TV set fixed or your garbage hauled , it costs mor e 
than it used to. Ev erything is going up in price. 

Everything excep t food. 
Month aft er month, year aft er year, food continues 

to be th e most amazing bargain in America. Broiler 
chicken actually costs less at th e store than it did 35 
years ago. Turkey costs about the same as it did th en , 
but it is much better turkey. In fact, if you tak e int o 
account th e lower valu e of today's dollar, chicken and 
turkey cost only half as much as th ey did in the days of 
the great depression. Other foods may cost mor e dollars 
now than th ey did then , but in general th ey have gon e 
up in price much less than other things. 

How is this possible? How have prices of foods sta yed 
so low whil e all oth er prices have skyrocketed ? 

Th e answer is that th e production , processing, and 
marketing of foods hav e increased greatly in efficiency. 
They have increased in efficiency far mor e than any oth er 
important part of our economy. This is du e in part to 
the efficiency of agri cultural research. 

Oft en an agricultural scientist pulls togeth er the find
ings from pr evious scientifi c work, th en adds something 
of his own to create some new and practical application. 
Science writers publicize his new discov ery. County 
agents tell farm ers about it and urge them to try it . A 
few venturesom e farm ers do try it, and it works! Then , 
for daring to try this new practice, th ese farm ers produce 
some product mor e efficiently, and for a year or two th ey 
are rewarded with higher profits on that product. 

In time, however , practically all fanners put the new 
discov ery into practice, and so th ey all increase their 

Robert E. Turner is an assistant professor , Depa rtmen t on In
form ation and Agricultural [ournnlism. He works for th e Miunesotn 
Agricultura l Expe riment Station as a scien ce writer nnd as edi tor 
of Minn esota Science. 

effi ciency. Then, because farming is a highly compe titive 
business, down goes th e price of th e pr oduct affected by 
the new discovery. Who profits th en from this new 
efficiency? 

You do . 
You and all other consumers benefit from the lower 

price of th e product. And th e nice thing about this kind 
of benefit is that it never ends . Once the research scien
tists have introduced a disease-resistant crop, once they 
ha ve shown how to reduce th e losses caused by an insect , 
or once they have found how to produce more meat from 
less feed, th e new efficiency lasts forever! 

And while the gains from discoveries continue, sci
entists keep introducing new mon ey-saving discoveries, 
and so th e gains in effi ciency py ra mid hi gher. That is 
why th e food budget of an American family becomes a 
smaller part of family earnings as time goes on. Afte r 
paying th eir taxes , American famili es spent 26 percent 
of their incomes for food in 1947; but now they spend 
only 18 percent-the least eve r, an d proportionately far 

Laboratory research. 
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less than consum ers sp end for food in other parts of th e 
world. 

If the benfits of research eventually go to th e con
sumer, does this mean that farmers do not benefit from 
agricultural research? Not at all. 'When farmers first 
ad opt a new research idea and boost th eir efficie ncy, 
they make extra profit s in th e production of some item. 
But by the time this gain in efficiency is pass ed along to 
consum ers , alert farm ers are adopting still mor e new 
ideas from the laboratories and keeping th eir ever-rising 
efficiency one jump ah ead of crop prices. 

As Hobert Evenson points out in another article in 
this issue of Minnesota Science, farm ers have to adapt 
to new technology. Those who can not adapt eithe r give 
up farming or settle for lower profits. 

Th e important thing for you as a consumer to remem
ber is that agricultural research is saving you mon ey 
every time you buy a turkey, a roast, a can of vegetables, 
a carton of milk, a sack of potatoes, a loaf of bread, a 
basket of fruit , or th e ingredi ents for some new table 
treat. 

Ch eaper products , better products, new products , and 
better surroundings to live in-these are the main bene
fits that yon, th e con sum er, get directl y from research. 
In addition, you benefit indirectly from th e increased 
business activity, the new industries that spring up, th e 
new jobs that ar e created, and th e improved balance of 
int ernational trade that com e from research. 

Minn esota's small but growing apple industry is a 
concret e example of a dir ect benefit from agricultural 
resear ch. Fifty years ago the commercial growing of 
apples was unthinkable in our rigorous climate except 
in a small, relatively mild area around LaCrescent, Min
nesota. Th en in th e 1920's th e Univ ersity of Minnesota 
Department of Horticulture brought forth its new Haral
SOIl apple. High in quality and abl e to keep all winter, 
the Haralson apple could be grown in many parts of 
Minn esota! 

Befor e long , commercial orchards of Haralson apples 
sprang up in man y parts of th e state. Consumers qui ckly 
learned that the unirrigated , cool -rip ened apples from 
Minn esota were crispe r, juici er , and better than th e 
shipped-in apples. Cons equently the apple-growing in
dustry flourish ed and spread within th e state until now 
we hav e some .5000 acres of commercial apple produc
tion. Th ese orchards turn out about 600,000 bushels of 
apples worth about $1.5 million to growers every year. 

Minn esota apples ought to command a pr emium price 
at the store, and sometimes they do. But in general th ey 
hav e th e effect of making apples cheaper in Minnesota. 
Fr esher and better , too. If you have not been abl e to buy 
many Minnesota apples, it is only because our young 
apple industry has not been abl e to expand fast enough 
to keep up with demand. 

Nowadays only about half of Minnesota's commercial 
apples are Haralsons, The reason for this is that apple
br eeding scientists at th e Universi ty of Minnesota ha ve 
introduced a dozen excellent newer vari eties , all of th em 
adapted to our cold climate. There is th e very early 
Oriol e vari ety, for exam ple, and th e Beacon, which rip ens 
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Varietal trials of field crops. 

in tim e for th e State Fair. And perhaps mos t exciting of 
all is th e newest Minn esota apple, the Regent, which is 
of superb quality and keeps well into February . 

What about field crops? Minnesota farm ers have used 
the lessons from research to increase th eir yields of 
wheat per acre by 100 perc ent during the past 20 years . 
That helps hold down the pri ce of br ead . You do no t 
eat field corn nor soybeans, but animals do , an d any 
gains in th e production of such crops as corn and soy
beans mean che ape r meat, milk, and eggs on your tab le. 
Research has help ed Minn esota fanners grow 60 percent 
more corn pe r acre than they did 20 years ago. Soybe ans, 
now our second most important crop, were practically 
unknown until research brought forth ad ap ted vari eti es 
and sp ecial cultural practices that made soybean grow
ing feasible here. 

In Minnesota we also harvest a wealth of ani mal 
products every year. Research on animal diseases is sav
ing consumers millions of dollars yearly. But scientific 
br eeding and scientifi c feeding of animals have brou ght 
tr emendous savings too. By heeding the lessons from re
search, during th e past 20 years Minn esota dairy farm ers 
have increased milk production per cow by 60 percent! 

Today's new-sty le pigs are lean er and meatier tha n 
ever, and th ey gain weight far more efficien tly than the 
pigs of only 10 years ago. That means that ham , bacon, 
and roast pork ar e both cheaper and better becau se 
swine-bree ding scientists redesigned the pig. The lat e 
professor L. ~1 . Winters at the Unive rsity of Minnesota 
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led the way in dev eloping the meat-type hog and in con
vincing the swine ind ustry to adopt this efficien t animal. 

A recent demonstrati on at the University of Minne
sota Agricultural Experim ent Stati on proved that in Min
nesota the scientific feeds tha t farmers are using toda y 
save consumers about $42 million per year. The savin g 
comes from using the modern , research-developed swine 
rations instead of the ra tions of 30 years ago. This sam e 
experiment also showed that pork would cost twice as 
much to produce if tod ay's farmers fed the unscientifi c 
swine ration of 60 years ago. 

After a pig is weaned, it has to gain about 175 pounds 
before going to market. By eating the scientific ration of 
today, a pig gains each of thos e pounds by eating only 
12 cents wor th of feed. But if tod uy's fanners fed the 
ra tion that was recomm ended for pigs 30 years ago, each 
pound of ga in would requ ire 16 cents worth of feed. 
And if a fa rmer now gave his pigs the feed recommended 
60 years ago, each pound of gain would require 28 cent s 
wor th of feed , and some pigs wo uld die of malnutrition. 

Much the same is true of turkey production. On 
Christmas Day, on Thanksgivin g Da y, and on a growing 
number of ordinary days each year, you now en joy the 
special treat of roast turkey. As pointed out ab ove, tur
key is a particularly inexpensive treat-lower in real 
cost than it was during the 1930's. This is tru e partly 
because scientifi c feeds have brought tr emendous in
creases in the efficiency with wh ich turkeys use their 
feed to put on pou nds. 

But better-bred turkeys have increased the efficiency 
of turkey-growing too. Th e most pop ular turkey through
out the nation today is the Broad 'White, a variety de
veloped by scientists at the Minnesota Agricultura l 
Experiment Station. Oth er research a t the Minn esota 
Station has shown breed ers of turkeys how to man age 
artificial light so as to make turkey hens produce eggs 
on a year-aro und basis. 

Research of this sort has been important in makin g 
Minnesota fifth among the 50 states in total va lue of 
agricultural production. Indeed, the production, process
ing, and marketing of farm produ cts is Minnesota's big
gest buisness. And since we prod uce far more than we 
can consume, we share our bounty with the peopl e of 
other sta tes and nations. 

You, the consumer, get cheaper produ cts, or you get 
bet ter produc ts, or you benefit indir ectly from the ad ded 
prospe rity that research creates. But sometimes the re
search at the Experiment Station gives you pleasanter 
surroundings. In these tr ying times, an ything mu st rank 
high in imp ortance if it tends to make life pleasanter . 

For examp le, consider the chrysanthemum resear ch 
at Minnesota. At one time chrysanthemums were hot
house spec ialties in thi s state . No one wo uld have 
thought of try ing to grow these splendid flowers outdoors 
here- no one except certain resear ch hort iculturists at 
the University of Minnesota. 

About 30 years ago these scientists began introducing 
hardy mums, and soon they were bringing out one or 

two new varieties every year. As a result, millions of 
hardy mums grace Minnesota yards and gardens every 
late summer and fall . And now it appears that the same 
kind of success that occurred with mum s is being re
peated with hardy new aza leas that are being developed 
by University of Minnesota scientists. 

Hesearch has enab led the lumbering and forest 
products ind ustri es of Minn esota to grow up to where 
they now gross nearly hal f a billion dollars yearly. Any
one can chop down trees, but those tr ees would not last 
long except for the lessons in forest management that 
research has tau ght us. Anyone can saw logs in to boards, 
but only the intricate techn ology that sprin gs from re
search can provid e you with the thousands of kinds of 
papers, rayon fabrics, wood fiberboards, cartons, cellulose 
plastics, adhesives, an d other products that originate in 
the forests. 

Anoth er important fact is that anyone can enjoy a 
vacation in Minneso ta's forests, but only research can 
teach us how to mana ge those forests so that they will 
wi thstand heavy recrea tional use and still remain inspir
ing for generations to come. Elsewhere in this issue see 
the forestry research article by Richard Skok and Frank 
Kau fert. 

A hundred years ago we had democrary, ru le by law, 
free land for every one, and an expanding frontier. Phil
osophy, literature, mu sical composition, and all the arts 
had been develop ed fully. Could anyone ask for more? 

Yes, one could ask for a good deal more , and people 
did, for even in the United Sta tes most people lived un
rewarding lives of endless privation and toil. 

Today we have most of the good things of a century 
ago, but we also ha ve much more. For when a child is 
born tod ay, we expect it to live, reach adu lthood, and 
go on to age 70 or more. 1 0 modern American family 
expects half its children to die young as they did in 
grandpa's day. Today we all expect plenty of wholesome 
food with all the vitamins, minerals, and proteins we 
need . And besides that, we have TV sets and other mira
cles that would make us the envy of any king or emperor 
of a few genera tions ago . 

Security, a long and comfortable life, modern mira
cles, and the wealth and leisure to enjoy them-these are 
the things that mod ern scientific research and techn ology 
have brou ght us to a greater degree than we realize. Even 
our 40-hou r work week, our generous vacations, our pen
sions, and our other social benefits are possible because 
modern techn ology is so productive and efficient. 

The grea test and fastest gains in production efficiency 
are in agriculture, and they come from agricul tural re
search . During the past 25 years much of that agricul
tural research has been reported in the hun dreds of 
articles that have appear ed in this magazine. In this 
special Consum er Issue of Minnesota Science the articles 
that follow tell you more about how agri cu ltura l research 
brings you the good life. 
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Technological Advance and Economic Welfare
 
Robert Evenson 

Changes in the means and methods 
by which we produce th e nation's 
goods and services have far-reaching 
effects on our lives. "Technological 
advance" is the term used to describe 
these changes in the technical process 
of combining labor and oth er inputs 
in the production of goods and serv
ices. Research brings about this tech
nological advance. 

We refer to this type of change as 
an advance because it enables us to 
put out more good s and services from 
a given amount of input resources. So 
over a period of time every conusmer 
finds that the real costs of most goods 
and many services have fallen. Th e 
vane to society of these savin gs of 
resources is high . everthe less, we 
can not regard technological change 
as an unmix ed blessing. 

Ind eed , the negative aspects of 
the process of technological change 
have probably commanded more pub
lic attention than the positive, re
source-saving asp ects. A technological 
advance is, after all, a change in the 
technique of production that would 
not have taken place except for re
search. It often results in a change in 
the "mix" of inputs used. For example, 
some labor ma y be replaced by ma
chin es. (See the article "Agricultural 
Machinery Resear ch and the Con 
sumer" in this issue. ) 

This labor-saving type of change is 
usuallv call ed "automation." Because 
of automation, certain typ es of human 
skills ma y increase or decrease in im
portance. Entirely new inputs ma y re
place old inputs. For example, in the 
control of weeds far mers may turn 
from weeding by hand or by cultiva
tion with machin es to weed-killing 
with chemicals. Or if technological 
change lowers the price of fertilizer , 
farm ers may use more fertilizer. 

Changes such as these work hard
ship on some peopl e because those 
people hav e to adjust to the changes. 
If machin es replace men in producing 

some product or service, some men 
will ha ve to seek oth er jobs producing 
some oth er product or service. In gen
era l, th e amount of a particular input 
used in production dep ends on the 
demand for the product produced , the 
tech nical conditions for its produc
tion , and the pri ces of all inputs. 

Conditions of demand matter be
caus e of the relationship between the 
quantity of good s that can be sold, 
the pri ce of these goods, and the in
comes of consumers . Demand condi
tions ar e particularly important in th e 
production of food and fiber because 
of their "inelastic " nature. By this we 
mean that whe n technological changes 
make the price of a food item go 
down, you the consumer do not buy 
much more of that item. Likewise, 
when your income goes up , you buy 
only a littl e more food . After all , you 
can consume just so much milk, 
br ead, or oatmeal. 

Contrast this with the conditions 
in a "growth" industry such as elec
tronics. If th e pri ce of electronic parts 
goes down , you may bu y a color TV 
set or a hi-fi record-player righ t away. 
If technological changes lower the 
pri ces of both oatmeal and color TV 
sets, the sale of oatmeal will increase 
some, but the sale of color TV sets 
will increase much mor e. In this case , 

the more elastic demand for color TV 
sets will cause some input re ources 
to shift away from the production of 
oatmeal and into the produ ction of 
color TV sets. 

Th e preceding discussion roughly 
charac terizes the circumstances with 
respect to the production of agricul
tural goods. It shows that adjustment 
is necessary. However, it docs not in
dicat e how that adjustment takes 
place , nor does it indicate that the 
ad justmen t may be costly to some 
persons. 

In a perfectly flexible economy, the 
pri ces of inp uts such as labor, ma
chin ery, and land would guide adjust
ment, For example, if wages in the 
elect ronics indu stry rose rela tive to 
wages in agriculture, labor would 
qui ckly move from agriculture to the 
electronics industry. 

Unfortunately, resour ces such as 
labor-that means peopl e- do not 
move easily. Young people may be 
abl e to change jobs relatively easily 
(and may even pr efer to do so ) . But 
older peopl e must pay a much higher 
price to move. For example, experi
enced farmers who quit farm ing fi nd 
that the skills th ey used in the pro
duction of food are worth very little 
in the production of mos t non-farm 
goods. \Vhen a man gives up the farm 

Hobert Evenson is an assistant professor, An abandoned, decaying farmstead often indicates that advancing tech nology has 
Department of Agricultural Economics. forced a farm family off the land. But the benefits of tech nology a re grea t. 
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an d moves to town, he usually finds 
that the high-wage jobs requiring spe
cial skills ar e not open to him. 

In addition, the personal costs are 
high when a person cuts long ties 
with his community, his friends, and 
his relatives. Bather than pay such 
costs of adjustment, many a person 
who really should adjust to technolog
ical change prefers to stay on th e farm 
and accept a relatively low labor in
come. 

Personal costs of adjustment such as 
these are real. They affect not only 
individuals but whol e communities 
and sectors of the economy. Th e struc
ture and growth of both rural and 
urban communities has been and will 
continue to be affected by thi s need 
for adjustment to change. Th e decline 
in economic activity in th e rural vil
lage and the problems of migration of 
rural peopl e to our citi es ar e cases in 
point. 

It should not be concluded that ad
justment is costly to everyone . Quite 
the contrary. Probably mor e peopl e 
find themselves gain ers because of ad 
justment problems elsewhere. Peopl e 
on farms do not leav e the agricultural 
sector quickly, so people working in 
the electronics industry enjoy higher 
wag es than th ey oth erwise might. 
Young people investing in th eir skills 
through education are in a good posi
tion to tak e advantage of extraordin
ary opportunities made available be
cause oth er people have not adjusted 
perfectl y. 

So we hav e tw o asp ects of tech
nological change. First , we ar e all 
better off because advances in tech
nology enable our society to produce 
more good s and services with our lim
ited amount of resources of capital 
and labor. But second , technological 
change requires adjustments that ar e 
costly to some people and beneficial 
to oth ers. 

In the past 20 years technological 
advance has been fas ter in agriculture 
than in other sectors of the economy. 
Thi s has resulted in an abundance of 
low-cost food s for th e American con
sum er. Th e resources saved hav e in 
turn been used to produce man y of 
the oth er consumer goods that we 
now enjoy. 

Of all the available measurements 
of technological change in agricul
ture, the best one is the productivity 
ind ex reported for all of our country 
by the United States Department of 
Agriculture. This measure shows that 
on U. S. farms th e productivity or 
output-per-unit-of-input increased by 
17.4 percent in th e lO-year period 
from 19.56 to 1965. 

A study by Gorden MacEachern of 
Purdue Univ ersity indicates that pro
du ctivity increased mor e rapidly in 
the Lake States region (Minnesota, 
Wisconsin, and Michigan) than in the 
country as a whole from 1952 to 1961. 
And a study that I am conducting 
identifies th e Agricultura l Experiment 
Stations as major contributors to this 
increased productivity. 

By and large, consumers of farm 
products reap th e full benefits of this 
productivity. Because we can produce 
mor e food and fiber with th e same 
amount of inputs, the real cost of food 
to the consumer is lower than it other
wise would be. Th e 17.4 percen t gain 
in productivity in th e United States 
frcrn 19.56 to 1965, for example, means 
that to ta l expend itures for food by 
consumers were lower by 6 billion 
dollars in 196.5 than they would have 
been in the abs ence of technological 
advance during this period. That 
amounts to a savings of $100 for every 
family in the United States in 1965. 

Th e Minn esota Agri cultural Experi
ment Station has been a major con
tribu tor in creating America's abun
dance of food and fiber . The pages of 
M inn esota Sciellce hav e described 
hundreds of production improvements 
contr ibuted by th e research men and 
women at this Experiment Station. 

Most of these contributions by the 
Minnesota Station have had applica
tion in other states and even in other 
nations. Likewise, th e research con
ducted in other State Exp eriment Sta
tions has aid ed production of farm 
products in Minnesota. Indeed , the 
complementary asp ects of research 
conducted by other stations and by 
privat e industrial firms is one of th e 
great strengths of the Experiment Sta
tion system. 

Te chnological change has also taken 
p lace in th e processing and marketing 

institu tions th at bring food and fiber 
products from th e farm s to the con
sum ers. Among th e numerous and 
new changes of this sort are new con
venience foods , quality improvements 
in foods , streamlined merchandizing , 
and better methods of handling. Here 
again th e Exp eriment Station has had 
a role, and again the cons umer has 
gained from th e savings achieved in 
resources. 

Government officials who make our 
public poli cies face a real challeng e 
from th e two opposite effects that 
technological changes have on the 
lives of people. Officials welcome the 
benefits to us all , but they dislike 
the problems that ar ise when lives 
of some people are disrupted by 
changes. What can we do to take full 
advantage of th e benefits but hold the 
social costs to a min imum ? 

The Exp erim ent Stations have 
pla yed and will continue to play an 
imp ortant role by cont ributi ng knowl
edge that can lead to en lightened 
public poli cy. Here at th e Minn esota 
Sta tion economic stu dies have dis
closed factors that affect distribution 
of incom e among people, that ind i
cate how ' farm ers will fare under 
various government farm programs , 
and that pred ict what social conse
qu enc e will com e from changes in 
rural communities. Other studies here 
show how th e success of a family 
depends on the decis ions that mem
hers of that family make . 

Resear ch leads to technological ad
vances, and these help us, for th ey 
contribute to our health , wealth, and 
happiness. Most of us would feel th at 
these benefits from techn ology more 
than outweigh th e costs of techn olog
ical change. 

Even so, since these costs are in 
human valu es, we feel an obli gation 
to lessen the costs if we can. We see 
a necessity to help "the losers" ad just 
to technological change so that they 
will be losers no longer. 

Future research at th e Minnesota 
Agricultural Exp eriment Station will 
hring many technological advances. 
But thi s future research will also seek 
routes to better adjustment of incli
vidua ls. 
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Knowledge About Consumer Behavior
 

Because we are all con sumers, we 
know som ething about consume r be
havior. Even so, we may wond er 
sometim es wh y our spo uses, our chil
dr en, or our fr iends buy wh at th ey 
bu y. Social scientis ts study acti ons of 
consumers to find out pr ecisely what 
they do, and wh y. Psychologist s, so
ciologists, anthrop ologists , and econo
mists focus on consum er be havior of 
ind ividuals, famili es, and groups. 

Particularly important ar e how pee
ple ma ke decisions and how th ey 
solve pro b lems wh en th ey buy or usc 
products and serv ices. The results of 
their decisions and solutions lead to 
actu al consumption and expe nditure . 
All the consumption and expe nd iture 
of all the peopl e together is what 
economists ca ll th e socioeconomic 
stru cture of consumption. 

Social scientists an d mar keting peo
ple ar e concerned with everything 

Xlnrg uerite C. Bur k is a professor in the 
Department of Agricultu ra l Econum ics and 
also ill th e School of Home Econom ics. 
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about th is stru ctur e. For examp le, psy
cho logists and sociologists try to learn 
what motivat es people an d makes 
them behave as th ey do. Econom ists, 
produc tion specia lists, an d home 
economists study how and wh y people 
spend mon ey and what they do with 
the things th ey buy. 

Among oth er things, we not e the 
quantities, qu ality, and va lues of food 
dem anded and consum ed by different 
groups of consumers. Trends in con
sumption from month to month and 
year to year ar e impor tant to ap
praisal of future consumer dem and 
for particul ar commodities such as 
meat an d wh ea t. Go ods produced in 
one sta te ar e sold all over th e coun
try, and dem and for a product like 
milk by one group of consumers ( such 
as th e peopl e in th e South ) can affect 
th e pri ces received by far mers an d 
processors in Min nesota. Therefore , 
economists study such things as how 
imp ortant the dem and for milk in the 
South is to th e to ta l dem and for Min
nesota milk. 

Response to price an d income 

Becau se consumer be havior is so 
complex, different kinds of research
ers study different kinds of problems 
arising from consumer act ions. Econo
mists are pa rticula rly int erested in 
consumer response to changes in 
prices. For example, they have de
termined that consumer deman d for 
dairy products decreases when prices 
of dairy pr odu cts rise, but this de
crease is rather sma ll. Ev en so, they 
judge that price rises in the last sev
eral years hav e contributed signifi
can tly to lower consump tion of dairy 
products per capita . Appa rent ly some 
consumers th ink da iry products are 
becoming expensive. 

Data from a nationwide expendi
ture survev for families a t different 
levels of iJ;come indi ca te that mon ey 
spent for da iry produ cts by families 
varies abou t a fourt h as mu ch as do 
the incomes of th e families. In other 
word s, a group of families with 40 
percent higher income per person 
than another group spends 10 percent 
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Figure 1. U.S. per capita consumption of all fluid whole milk, purchased fluid 
whole, low fat, and evaporated milks, 1950-1967. 

more for dairy produ cts per person 
than the second group. 

Economists find out how consum ers 
respond to changes in pri ce and in
come. Th en we use this knowl edge to 
predict the effects of price supports, 
shor t crops, inflat ion , and cha nges in 
employment. Business firms use such 
data to plan their sa les progra ms, to 
reorganize the distr ibution systems 
for their prod ucts, and to guide their 
investm ents in new plants. 

But economic resear chers in bu si
ness, government, and universiti es also 
use informati on on historical tr ends. 
For example, notice the sharp down
trend shown in figure 1 for per-cap ita 
consumption of evapo rated milk. Th at 

occurred despite th e increasing pro
portion of babies in the post-World 
War II population , and it ran g th e 
warning bell for evapora ted milk com
pani es to diversify. Th e differences in 
the per-capita tr ends for total fluid 
who le milk , and that for commercially 
pro cessed and distributed fluid milk 
reflects the reduction in produ ction of 
milk for farm home consumption. 

Currentl y, market resear chers and 
economists are studying factors re
lat ed to the U.S. trends shown in 
figure 1 for purchased fluid whole 
milk per capita and consumption of 
purchased low-fat milks . At the Uni
versity of Minn esota we are rela ting 
consumption rates for these foods 

( and other dairy produ cts ) for diff
erent time periods and for different 
groups of people to differences in 
pri ce, income, and other socioeco
nomic fact ors. We are particularly in
terested in the expenditur e pa tterns 
of famili es having incomes over 
$10,000 because more and more fam
ilies will be moving into that income 
ran ge, and we seek to predict the 
consumption pattern s for the 1970·s. 

Other socioeconomic factors 

A number of ana lyses of the rela
tionship between food expenditures 
and incom e ha ve indicated that in
come is becomin g a poor er predictor 
of variations and changes in food ex
penditures. Th erefore, stude nts of 
consumer behavior have undertaken 
int ensive studies of the influence of 
other factors on consumer expe ndi
tures in genera l and on purchases of 
pa rticular items. 

It is well known that largc families 
spend less per person for food than 
small families because large families 
have to stretch their incomes over 
more peopl e's needs, they have small 
ch ildr en who eat less, and they can 
achieve some economies by buying in 
larger quantities. But careful study is 
necessary to ascertain, as home econo
mists in the U.S. Dep artment of Agri
culture did , that the 5- and 6-person 
families can achi eve the same food 
consumption level as the 4-pe rson 
family at 5 and 10 percent less cost 
per person. 

How much people spend and save 
depends in part on whethe r they live 
in a city or on a farm . Fa rm families 
spend less and save more than urban 
families with comparable incomes and 
age groups. Th e big difference is in 
lower outlays for food and shelter by 
farm famili es. 

Education of the homema ker has 
some surprising effects on food ex
penditures. We learned this from the 
1965 University of Minnesota survey 
of upper-income famili es in Minne
apolis-St. Paul. Homemakers having 
at least some college educati on gen 
era lly spend less per person for meat 
than do less-educated food planners 
and shoppers . As soon as our analyses 
are compl ete, we will be able to trace 
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the effect of education Oil th e con
sump tion of other foods. 

Knowledge of regional shifts in con
sumption patterns is very significant 
to business firms and to agricultural 
adjustment. Wher eas home consump
tion of beef p er household in th e 
United States went up almost a third 
from spring 1955 to spring 1965, th e 
increas e in th e North Central Region 
was only a fifth . Ther e was a 50-per
cent increase for beef in th e South. 
The 15-p ercent decline in average 
po rk consump tion in th e South was a 
major factor in th e 5-perce nt national 
reduction. North Central households 
changed th eir av erage use of pork 
very little. (S ee figur e 2. ) 

The only major change from 1955 
to 1965 in th e way U.S. consumers 
allocated th eir dollars for food at 
hom e was the d ecrease in th e share 
allocated to dairy products (including 
b utt er ) from 17 to 14 percent. Nor th 
Central families made exac tly th e 
sam e shift , but sou thern families cut 
back fra ct ionally more on th e share 
for dairy products. 

Psy cho logical fac tors important 

Both our own attitudes and thos e 
of p eople around us influ ence our 
consum er b ehavior. Puzzled by th e 
frequent findi ng that the di et s of chil

dre n 9 to 11 years old ar e low in vita
mins A and C but adequate in other 
nutrients , Lois A. Lund of the Uni
versity of Minn esota's School of Home 
Economics made a special survey of 
th e food consumed bv th e four th 
grade population of two elemen tary 
schools in a suburban are a of St. Paul. 
The level of vitamin A intake turned 
out to b e clo sely associated wi th th e 
attitudes of th e child ren and th eir 
mothers toward certain high-vitamin
A-containing fru its and vegetab les. 
Their vita min C intak e was asso ciated 
with education of th eir mothers and 
with th eir fami ly incomes, as well as 
with som e attitudes . 

The failure of variations in vitamin 
A and C intakes to associate with var
iations in th e children's intakes of 
calories , protein , and other vitamins 
indicates that sp ecial educa tional ef
forts ar e need ed to increa se th e 
mothers ' kno wledge of their chi ldren 's 
requirem ents for th ese two vita mins 
for good health and to influ en ce both 
the children 's and mothers' attitudes 
toward cer tain vita min-rich fruits and 
vegeta bles. 

The American Dairy Association 
has sponsor ed a number of consum er 
attitude stud ies in th e last 10 yea rs 
to identify th e effects of particu lar 
attitudes on th e consump tion of fluid 
milk, butter, and se lec te d other prod

ucts . Becau se th ese stud ies revealed 
low milk consumption by weight
wa tche rs, th e AD A directed subs tan
tial p romotion efforts to increasing 
cons u me r knowled ge of the non-fa t 
nutritional contribu tions of milk to 
goo d health . 

W he n th eir research revealed fa 
vorable consumption react ions to en
joym ent of milk as a refreshing drink 
and as a source of vitality, th ey built 
new promotion campaigns on those 
th em es. ADA research ers have alwavs 
taken into account the influence ~f 
income, urbanization, and price in 
appraisin g trends in con sumption. But 
th ey rely heavily on age, sex, atti
tudes, and life sty les in id entifyin g 
their audi en ces and 'developing their 
promotion th em es. 

One objective of the University of 
Minnesota's study of up per-income 
people was to learn what they con 
sidered of va lue an d how their att i
tudes on values might be influencing 
th eir exp enditure patt erns. Altho ugh 
our analysis is not yet compl ete, we 
have found economy-minde dness and 
reputation-striving to be significant 
factors which have quite indep end ent 
effects on consumers' expe nd itures. 
T he presence of economy-minde d 
wives seems to be significan tly related 
to lower expe nditur es for food , recr e
ati on, and men 's clothing than might 
be expected considerin g th e fam ily in
come level, the stag e in th e fa mily 
life cycle, an d other key characteris
tics. 

\ Vhen the wife in th e fam ily em
pha sizes th e importance of th e ' rep u
tation of consume r goods , we ca ll her 
a "reputation st river." Such wives 
spent higher-than-expect ed amounts 
for food, re crea tion, and men's ap
parel in rel ation to those expected 
from th eir fam ily cha ract eristics. 

Knowled ge of such values is ob vi
ously importan t for the University's 
work in consumer education . But we 
also expect it to be useful in dem and 
for ecasting if we succeed in iden tify
ing socia l and psychological phenom
ena contributing to su ch consumer 
values . 
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How Does the House Shape the Man ? 

Hobert E. T urner 

Rioters in the cities say that one of their main causes 
of dissatisfaction is the crowde d, sordid living cond itions 
in the slums and ghe ttos . In political speeches we hear 
that America must spend more than 100 billion dollars 
to tear down the ghettos and build decen t housing in 
their p lace. 

Much rebuilding of cities has been going on, and 
more is sure to follow. Wha t kind of rebuilding shou ld 
we do? W hat sort of dw ellin g unit can we pro vide that 
will give the people who live in it the best chance at hap
piness and good adjustment to life? 

Professor Gertrud e Esteros and some of her col
leagues on the Univeristy of Minn esota faculty say that 
it is high time we did some scientific research to deter
mine the kinds of influences tha t our hom es may have on 
us. Only then, say these scientists, ca n we design houses 
that incorp ora te good factors and elimina te those that 
are bad. "Muc h excellent research has been done to de
termine ideal housing for poultry and livestock," Miss 
Esteros point s out. "Surely we ought to do as much for 
hum an beings," 

Basic hou sing-and-people resear ch is what Miss Es
teros and her fellow scholars have in mind-research that 
will aid us all. Th ey would like to observe people in a 
variety of actual experimental hou sing arrangements to 
find answers to qu estions such as these : 

How much space should a family occupy? How much 
space is essential for each person? Hats that live in 
crowded cages develop abnorma l personali ties. Is it the 
same with human be ings? 

How much privacy is imp ortant for a family and for 
each person in that fam ily? And on the oth er hand, how 
much togethern ess is good for members of a family? 
Shou ld they have the opportunity to enjoy both privacy 
and togeth erness as they choose? 

Wha t levels of illumi nation are desirab le in a dwell
ing? Shou ld light come only from abo ve, or should the 
i1umination level of a room be constant or ad justable? 
Should some parts of a home be bright ly ligh ted and 
oth er parts dim? 

What about the effects of sounds? Is soundproof con
st ruction imp ortant so that the sounds of one fam ily do 
not distu rb the family next door? Within a family unit 
should sound -dampe ning materials be used so that some 
persons may study or sleep while oth ers listen to rad io 
or TV? Is it possible that a hou se can be too quiet? 

In addition to the sunlight that windows let in, are 
windows important for the outward view they give us? 
Do peopl e need to he able to look out and see open 
space, greenery, the sun, the sky, and the cha nges in 
weather? If not , should we save money in construction 
by erec ting windowless dw elings similar to the window
less new office buildings? 

How docs the size of a room influence a person? Does 
a snug litt le room give him a sense of in-the-womb se
curity? Or does it make him feel trapped? Does a big 
room give a person's spi rit a chance to grow, or docs the 
bigness dwarf him and make him feel insignificant? In 
our ho mes should some rooms be big and others sma ll? 

Ni l NESOTA SCIE 1ICE 12 



Could it be that the height of a room has psychologi
cal effects? Should we save money by making rooms only 
7)2 feet high, or will people be more content if rooms are 
12 feet or more in height? 

What about summer air conditioning? Scientists find 
that farm anim als do better in cooled barns. Would air 
cond itioning of human dwellin gs do away with the "long, 
hot summ ers" that thr eaten our cities? 

Is wa ll color a factor ? For exam ple, could it be that 
pink or yellow wa lls arous e passions and violence, an d 
that blue and white wall s tend to make us calm and 
content? 

All these qu estions and many more about houses and 
people need to be answe red by con trolled exper iments, 
says Gertrude Esteros, for the answers ma y pr ove to be 
vita lly importan t. 

The idea for this research took shape 4 or 5 years 
ago among faculty members of the University of Minne
sota School of Home Economi cs, where Miss Esteros 
heads the Division of Related Art. "Often we found our
selves asking one another about the human consequences 
of housing des ign," says Miss Esteros. "But we reali zed 
that none of us had any real information on the subject. 
\Vhen we extended our questioni ng to other specialists 
on the University faculty, th ey agreed that the qu est ions 
were impor tant, but they too were una ble to supply 
answers. 

"Architects had precise information on building costs 
and on the streng ths of building materia ls, bu t they ad
mitted that they hav e litt le scien tific information on the 
hum an consequences of their designs. In plann ing a 
dwelling, ar chitects are guid ed by wh at has been don e 
in the past, by what peop le seem to like, and by their 
own int uiti on. 

"W hen we talked with social scientists, they dr ew our 
attention to some experiments in which peop le had lived 
in confined spaces such as bomb shelters for a wh ile. Bu t 
these social scientists agreed that a great deal of research 

needs to be done on the effects of housing design on 
human behavior. 

"Since th is research needs to be don e, and since littl e 
of it is being done elsewhere, we decided that we should 
do it," says Miss Estros. "Most of us with a strong interest 
in this project are in H orn e Eco nomics, which includes 
specialists in family social science, relat ed ar t, and hous
ing . But scholars from other pa rts of the University will 
participate in this research, too. W e expect to work with 
archit ects, sociologists, psycohlogists , anthro pologists, b i
ologists, and others as needed ." 

To carry ou t this research, Gertrude Esteros and her 
associa tes will need an experimenta l housing faci lity. 
The illustrations show the bu ildin g they hope to have. 
Note tha t the up per floor has a large op en space ; above 
its center is a big eleva ted skylight. In this space severa l 
dwelling units can be erected , for provision will exist 
for the easy erecting of wa lls and installa tion of fixtures 
in many arrangements. Under the skylight it will even 
be possib le to erect a two-story dwelling . 

People-mostly in family groups- will be installed 
in various types of dwelling units within this resear ch 
building. Th ey will live there for varying amounts of 
time up to 6 months or more so that scientists will be 
ab le to make significan t observations on how they react 
to different surroundings. If any arrangements tend to 
be harmful to the resident s, the scientists will note this 
fac t and make other arrangement s before any real harm 
is don e. 

Hichard 1 Jeutra , the noted arch itect, has said he can 
affect the divorce rate by the design of his houses. There
fore it might not be far-fetched to suggest that something 
like the following may occur sooner or later in the ex
periments. 

The John Smith family, let us say, has many tensions 
and mu ch bickering. Mr. Smith hates his job and the 
necessity for bringing home a briefcase full of work to 
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do evenings. Even by wor king at home nights he can't 
seem to do all th at his boss expects of him . 

Th e Smiths are persuaded to move into a specially 
arrange d unit in the expe rimental housing facilit y. Here 
they hav e mor e qui et and privacy than th ey have had 
in their own hom e. Certain automatic instruments call ed 
appropriate data about the Smiths-their physical move
ments about the hous e, perhaps-but nobody sp ies on 
them. At tim es th ey answer qu estions put to them by 
researchers. 

In the first week of th e Smith experiment Mr. Smith 's 
b lood pr essure is as high as ever. Although th eir quar
reling continues, they find th ey are spe aking in lower 
tones. After a week the quarrelin g decreases some. Dur
ing th e third week Mr. Smith reveal s that he has been 
getting along better on his job downtown , and Mrs . 
Smith admits that she has cook ed his fa vorite dish for 
supper to pleas e him. 

Long befor e the 6-month experiment is over , th e quar
reling has nearly ceas ed , Mr. Smith's blood pr essure has 
dropped significantly, and he even gets most of his work 
don e at the office. Besides that, Mrs . Smith ha s been abl e 
to lose some weight that she has been trying for years 

to get rid of. Carefu l scrutiny of these developm ents by 
the scientists in charge of th e experiment brings out the 
fact that the improvements in th e Smiths pr obably hav e 
been caus ed by th eir quiet er suroundings and by their 
ability to find as much privacy in the exper imental dwell
ing as they need. 

Of course, th e caus e-effect relationships are not likely 
to be as simple as in our imagina ry example of the 
Smiths, nor is it expected that all peopl e will respond to 
the sam e conditions in th e same way. But you can see 
that Miss Esteros and her associates are bound to dis
cover some valuable new knowled ge. 

If th ey can use th e new knowledge to increase the 
happiness of marriages or the effectiveness of men on 
th eir jobs, th e value of this research to American society 
will be worth more than mon ey. And if other experiments 
in the housing facility show us how to rebuild our cities 
so as to relieve th e tensions that now exist in the ghettos, 
this research will be worth man y mill ions of do llars-but 
again it will also be worth more than money. 

Can we expect huge successes of this sort overn ight 
from th e research in housing? No, of course not. But can 
we afford not to try it? 
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How Research Is Affecting 

Meat Quality
 
Eugene Allen 

Have vou eve r wondered why a certain piece of mea t 
is no t ten'der, juicy, or desirable in color? Many fa ctors 
influence th ese aspects of meat quality. Of p rimary im 
portance is the fac t that more than 100 muscles in an 
anima l ar e eventually present in one or more cuts of 
meat. Each of th ese mu scles is designed to perform a 
speci fic function in the animal's body. Consequently, 
muscles var y in th eir content of conn ective tissu e, my o
globin ( color pi gment ) , fat ( marb ling) , and typ e of 
me tabolism before and after the death of th e animal. 
These ar e some of the factors which determine how a 
particu lar cut of mea t mu st be cooked to obtain maxi
mu m pala tab ility. 

All muscles are class ified as either "re d" or "white" 
according to appearan ce; color of a muscle is rela ted to 
the type of me ta bolism in th at par t of the animal. In the 
pig, how ever , a third type of mu scle may exist, for some 
muscles of the pig may become extremely pale af ter 
death dur ing the change of mu scle into meat. Examples 
of all th ree of thes e mu scle typ es-red, white, and pale
are shown in the photos. 

The pork mu scle wh ich becomes very pale is a lso 
soft, loose in stru ctur e, and readil y exudes wat er. There
fore this condition is commonly referred to as "PSE " 
(pale, soft, exudative) muscle. The loss of moi sture from 
PSE muscle causes th e meat to be d rier, less te nde r , and 
less flavorful than normal pork. In addition , this condi 
tion represents a large economic loss to th e mea t industry 
beca use of shr ink age during processin g an d marke ting. 

Eu gene Allen is an assistant p rofessor, Department of Ani mal 
Science. 

Pr evious work do ne at th e University of Wis consin 
has shown that mu scle which becomes PSE goes into 
rigor mortis (stiffens ) 8 to 12 tim es faster than the sam~ 
mu scle from another animal which is not PSE . In addi 
tion , PSE muscle has a large buildup of lactic acid during 
its post-mortem met abolism. This ~ci~ity cau s~ s th e 
muscle protein s to lose th eir water-binding cap acI~Y. 

Research wa s initiated here th is past summer in the 
Departments of Animal Science and. Food S ci~nce an d 
Industries to elu cida te th e metabohcmechamsms and 
physical changes associa ted with th e differences between 
red , white, andPSE muscles. Results to date suggest 
th at th e time cour se of rigor mortis is similar betwe en 
red muscles and PSE mus cles. 

I have found that white mus cles have a much longer 
time cours e of rigor mortis, during which th e muscle 
shortens very little. In contrast, red muscles go into rigor 
mortis more rapidly, and they shorten considerably. The 
am ount of shortenin g is important be ca use of its relation
ship with meat ten dern ess. Thus the gen erally recog
nized fact tha t white muscle s ten d to be more tender 
th an red mu scles may be re lated to the de gree of shorten
ing that occurs soon after the animal is sl~ugh tered", 

It is not yet possible to draw definite conclusions 
about the metab olic differences betw een the three ty pes 
of mus cle. The patterns of rigor mortis suggest that me
tabolism of PSE mu scle may be more similar to that of 
red mu scle than to that of white muscle. 

Additional resea rch her e by. Pro fessor Pa ul Addis has 
indi cated th at it may be possib le to identify pigs which 
are likely to have PSE muscle by charac terizing the pat
tern of ce rtain enzymes in their blood . Since the PSE 
condition is inherited , identifying live PSE-free pi gs will 
be imp ortant in selectin g animals for the breeding herd. 
Hopefully , it may be possible to reduce economic losses 
to the mea t industr y by breeding anima ls that do not 
develop PSE mu scle . In addi tion, other information 
gained from th ese studies could be usefu l in ~evelopin g 

ne w processing techniq ues to mak e red an d white muscle 
more pala tab le. 

The final result of research such as this will be to 
p rovide consumers better mea t at re la tively lower prices. 

High quality fresh ham. PSE fresh ham. 
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Agricultural Machinery Research� 

And the Consumer� 

Consumer food prices are low partly because of n ew r esearch 
d esigned machines that increase a farm er' s work output m a nyfo ld . 
Even more wonderful d evi ces are co m ing, includ ing automated 
con t r ol sys tems for the farm: 

John Strait, C. E. Schertz, and M. H. Smith 

Improvements in agriculture result ing from farm ma
chinery research have been of great importance to th e 
consumer. He has benefitted dir ectl y or indir ectly 1940 1963 
through improved produce quality, increased product 
avai lability, and in the low pri ces that he pays for his 
food and fiber. 

The greatest singl e influence of farm machi nery re
search has been a significant redu ction in the labor re
quired to produce our food and fiber. Toda y, out of a 
total population of two hundr ed mill ion people, a mere -six million farm workers acc ount for the total agricultura l 

CORN production of this country. 
7 rnon- hou rs pe r a cre 25 ma n-hou r s per acre 

Machinery research increases product ivity per man 

In 1940 some 25 man-hours were requ ired to produce 
an acre of corn , 8 man -hours to produce an acre of 
wheat. By 1963 the labor req uirement had been reduced 
to 7 man-hours per acre for corn and to 3 man-hours per 
acre for wheat. Some Minnesota fanners may now be 
producing corn with as littl e as 3Jf man-hours per acre. 
This trend is continuing, and farm machin ery resear ch 
will be a potent factor in pushing labor requirements for 
crop production steadily downward . 

Figure 2 shows that in the re latively short time be
tween 1958 and 1966, prod uction of feed gra in per ma n ~ 
hour doubled. For all crops, the prod uction per man-hour 
increased 50 percent dur ing the same period. Production 
of some crops such as frui t and vegetables has not bene ~ 
fitted from mechanization as much as the production of 8 ma n -ho ur s pe r a cre 3 ma n- ho u rs per acreI 
feed gra ins; this accounts for the difference in man-hours 
required to prod uce feed gra ins and those required to WHEATproduce all crops. 

John Strait is a professor, C. E . Shertz an associate professor, and 
M. R. Smith an assistant professor, Department of Agricultural� 
Engineering. Figure 1. Pro ductivity gains for corn and wheat.� 
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1958 FEED GRAINS 1966 

19 58 1966ALL CROPS 

Figure 2. Increase in farmer pr oductivity . 

Farm machinery research leads to more mechan iza
tion of agr icultural production, lower labor costs , and 
greater benefits to the consumer in terms of the low 
prices that he pays for his food and fiber . 

Fa rm machinery research has also he lped to reduce 
the drudgery associated with farm work and has pro 
vided more leisure time for the farmer -consumer. A 
principle func tion of the farmer today is the manage
ment of complex machines and systems. Mechanical 
power has largely replaced muscle power supplied by 
the farmer, leaving management and decision-making as 
his princi pal functions. 

The mechanization of agr iculture has been and con
tinues to be an evolutionary process resulting from a host 
of technological achievements attributable to a grea t 
many people and organizations. In a broad sense, re
search has been the source of all these achievemen ts. 
Farm machinery research in the Agricultur al Engineer
ing Department at the University of Minnesota's Agri
cultural Experimen t Station has contributed significantly 
to the mechanization of the agricult ure of this state. 

Tillage and weed control 

Long ago our -department showed that flame cu ltiva
tion was effective for controlling weeds, but it was not 
economically competitive with other methods . Limita
tions of flame cul tivation, in relation to the stages of de

velopment of the corn plant and its suscep tibi lity to 
damage from the flame were well established. 

Studies relati ng to the design of tillage equipment, 
pa rticularly the rotary hoe, as well as basic tillage experi
ments, were conducted here. These studies contributed 
to an understanding of the relatio nship between rotary 
hoe design and the performance of this imp lement for 
cultivation and weed control. Th e rotary hoe is a high
speed tillage device capable of coveri ng a lot of ground 
every hour, so it saves time and labor in crop production. 

This experimental rota ry hoe tooth is operati ng in our lab
ora tory soil bed. We are studying how the shape of a tooth 

aff ects its performance. 

Crop dr ying 

Here at the Minnesota Agricultural Expe riment Sta
tion our depar tmen t has conducted much crop-drying 
research. The depa rtment's in terest in forage drying 
dates from 1940, when research on the drying of hay in 
the mow be gan. Th is work progressed to the study of 
hea ted -air drying systems, culminating in th e design of 
a drying building for th e pr oduction of high-quality hay. 

Recent research in hay- drying has dealt with the 
drying and handling of small bales. Research men modi 
fied a baler to produce 12-inch cubic bales, then experi
mented with drying and handling. A hay-dr ying system 
has been developed for the 12-inch cubic bale and for 
bales of sta ndard cross-section but of short length. In 
this system the hay is handled mechanically throughout. 
We are abl e to produce high-quality hay with a mini
mum of lab or at a drying cost of 3 to 4 dollars per ton 
for fuel and power. 

H ay conditioner studies 

Research in our depar tment shows that with reason
ab ly satisfactory wea ther conditions, hay cut and con
ditioned early in the morn ing of one day is ready for 
ba ling by the early afternoon of the following day . But 
unconditioned hay requires at least one additional day of 
drying time. Because of its influence on hay quality, the 
hay conditioner has been one of the most significant 
far m mac hinery developmen ts of recent years . 
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Experimental bale-handling and drying. 

Field shelling of corn 

Considerable research has be en don e by th e depart
ment in the she lling of corn in th e field. Our research 
showed that field losses increase with advancing harvest 
date, and that it is practical to begin field shelling opera 
tions when th e moisture content of th e corn kernels has 
reached 26 to 28 perc en t. Researchers found that field 
losses can be minimized by early harvesting, that crop 
quality can be maintain ed at peak levels, and that the 
crop can be pr epared for storage by artificial dr ying. 
Other benefits ( more comfor tab le we ather , the oppor
tunity for completing fall plowin g) go with early har
vesting. 

Potato eq uipment 

Th e developm ent of a b in-filler to lower bulk-har
vested pota toes into deep , below-ground storage bins 
illustrates another kind of farm machiner y research in 
which the de partment has been ac tive. Here the potential 
sales volume of th is machine would not be suffi cient to 
interest a major manufacturer of farm machin ery. How
ever, the need for the machin e was clearly evide nt. 

Future research 

As in the past, future research involving farm ma
chinery will be concerned most with inc reasing the pro-

Hay conditioner working In alfalf a. 

du ctivity of the farm er. However , research relat ed also 
to product quality, processing, storage characteris tics, 
and th e suitability of th e product for marketing and 
distribution will likely becom e mor e important. Th ese 
ar e all important to the consumer. 

Minn esot a's speciality crops include apples, straw
berri es, raspberries, and certain fresh veg etabl es. Produc
ers as well as consumers would benefit if machines could 
be develop ed to replace much of th e labor required to 
produce and harvest th ese crops. Of equal importance 
would be advances in machine technology whi ch wou ld 
mak e the growing of such exciting new crops as wild 
rice, wild stra ins of blueb erries, or cranberries commer
cially practicable. 

Advances in research and development suggest that 
farm machinery will becom e larger and more precise in 
function to provide higher productive capacity and prod
uct quality. Control systems may be required to moni tor, 
guide, and sequence the more comp lex field operations 
which tax th e capabilities of human op erators. Research 
related to operator comfort, safety, and cont rol of the 
working environment to permit a higher level of opera tor 
performance may well become research activities of our 
department in the future. 

A research p roject is underway in the departme nt for 
applying computer control and decision-making tech
nolo gy to crop production. T he research will include 
work on systems in which the crops will telemeter to a 
centra l computer : ( 1) a continuous record of their per
form ance, and (2) indications of their need for water, 
ferti lizer , cultiva tion, or harvesting. 

Another new project in the depar tme nt is concerned 
with th e application of agricultura l chemicals, including 
fertilizer and pesticides . A major challenge for machinery 
research is the engineering of equipment and meth ods to 
reduce pesticid e drift and to minimize the loss of effec
tiveness of the applied chemical materials because of 
applica tion deficiencies. Agricul tural chemicals, properly 
used , benefit the consumer by impr oving the qua lity and 
uniformity of the product ; they also bring economic 
benefi ts derived from mor e efficient produc tion. 

Grad uate stude nts who are studying here to win ad
vanced de grees do a great deal of rese arch that is valu
able in itself, for it has led to many important findings. 
Even more important, perhaps , is that th is work has pre
pared our most advanced stude nts to enter responsible 
research jobs in industry and in othe r institutions. The 
Minnesota Agricultur al Experiment Station pays for 
much of th is research by advance d stude nts, thus aiding 
in their tra ining. Man y of our former gra duate .students 
are now he lping farmers and consumers by des igning 
far m machinery for ind ustria l firms, 

In our D epartment of Agricultural Engineering , in 
oth er sta te and federa l insti tu tions, and in p riva te indus
try, research on farm machinery will continue fu ll speed. 
As more and bet ter machines are developed , ma ny 
people involved with food p roduc tion will benefit; bu t 
in the end th e grea tes t benefits will come to you, the 
consumer. 
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Dome 
Eeonomies 
And the 
Consumer 

Lois A. L und 

In a supermark et I recently became in terested in the 
actions of two shoppers. The first, a woman, was com
parison-shopping canned peaches. She carefully read the 
labe ls on five brands, noted the prices, then made her 
selection. The second shopper , a young man at the meat 
coun ter, told the butcher, "My wife said she could use 
any beef steak with a round bone in it. She wan ts it for 
Swiss steak." 

As a home economist, I was suddenly aw are tha t 
there was a considerable amount of home economics re
search behind the actions of these two informed shop
pers. Since the earl y 1900's home economists have been 
working to make foods in cans better and to make labels 
on the cans more informative. They ha ve also simp lified 
the wise purchase of meat s and other products. 

In addition, home economists have wor ked out reco m
mendations for preparing and using consumer goods. 
When the man brought home the ste ak with the round 
bone, his wife undo ubtedly prepared it using a recipe 
based on resea rch. Very likely pa rt of that research was 
sponsored by the Minnesota Agricu ltur al Experiment 
Sta tion and was done here in the School of Home Eco
nomics, Un iversi ty of Minnesota. 

Since a significant pa rt of everyday family life re
volves around purchase and use of goods and services, 
home economists na turally are deeply concerned with 
consumer problems. Professor Marguerite Burk, a con
sumption economist on our faculty, has been particularly 
interested in stu dyi ng consumer behavior. Recently she 
made an analysis of the cont ributions which education 
and research make to increasing people's abilities to se-

Lois Lund is an associate professor and assistant dir ector, Uni
versity of Minn esota School of Home Eco nomics . 
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Finding how cooking affects t he quality and 
nutritive value of foods. 

lect , use, and enjoy consumer goods. According to Miss 
Burk, the kinds of knowled ge and experiences needed by 
consumers for wise and sat isfying decision-making are 
( 1 ) a good general education which bo th broadens and 
enhances en joyment of consumer goods, (2) managerial 
knowledge and skill, (3 ) knowledge of consumer tech
nology, (4) knowledge and skill in home production, 
(5) expe rience in learn ing and innovation, and ( 6) ex
perience in developing human values related to con
sumption. I will use these catego ries as headings for 
discussion of some of th e home economics research which 
has be en don e by our faculty to help Minnesota con
sumers in decision making. 

Level of general education 

All education- general, vocational, professional, and 
non-professiona l-affects the abilities of individuals and 
famili es in making consumer decisions. Without knowl
edge, persons who have not learned that vitamin C is 
essential to human life, or that housing design affects 
our lives, probably will continue to fall prey to scurvy 
and to live in unsound or poorly designed homes. All 
learning, whether formal or informal, increases our abil
ity to select and enjoy consumer goods and services. 

Ma nagerial knowledge and skills 

Considerable knowledge and skill are required to 
manage the many material and human resources of the 
average American family. Just as recommendations for 
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Use of radioactive atoms. 

sound management in business are based on research and 
experience, so too are recommendations for sound man
agement in the home. Like a business, a home may be 
efficient or inefficient, productive or non-productive, 
well-managed or poorly managed. 

Problems relating to management in the home are of 
continuing interest to home economists here at the Uni
versity of Minnesota. Professor Florence Ehrenkranz, for 
example, has for several years done research on efficient 
use of space in the kitchen and laundry. Although most 
homemakers are well aware that efficiency in the kitchen 
is greatly affected by arrangement of major kitchen ap
pliances, storage cabinets, and work areas, few home
makers have the opportunity to compare varying ar
rangements. Pro fessor Ehrenkranz has done this. For 
example, she studied the relative convenience of.different 
locations of the sink and dishwasher unit within varying 
types of L- and U-shnped kitchens. The results were re
ported in Minnesota Science , volume 29, number 1 (Fall 
1961) . 

Although certain management problems of families 
are physical, most involve the abilities of homemakers 
and families to use the family's resources wisely. As I 
mentioned earlier, study of how families of varying social 
classes and racial groups spend their money or allocate 
their human resources is the interest of Marguerite Burk. 
When she examined the expenditure patterns of upper
income families recently, she found that the size, variety, 
and variability in the financial resources and inventories 
of consumer goods possessed by upper-income families 
indicate the size and variety of their management prob
lems. Few couples begin married life with money enough 
to buy all the things they would like or need. Most, how
ever, move fairly soon into higher-income brackets. As 
they do so, they not only increase the number and com
plexity of their belongings but also expand the size and 
nature of their wants. As a family moves up the social 
ladder, its members need new managerial knowledge 
and skills. 

Consume r techno logy 

Families seem to need two kinds of knowledge in 
order to make' wise choices as consumers. First, family 
members need to know the a ttributes of products and of 
services available; second, they must know how to use 
products and services in fulfilling family wants and 
needs. 

A homemaker spends a significant amount of her 
time in purchasing goods and services for her home and 
family . She spends part of this time arriving at decisions. 
But unfortunately, most decisions require more informa
tion than the homemaker can gain through her own 
experience alone. 

Take for example the problem of buying blankets. 
What facts do you need to know to make a wise pur
chase? Questions homemakers ask are: What is the best 
fiber to buy? Should I buy 100-percent-fiber blankets or 
a 50-50 blend of fibers? What types of blanket will re
quire the least care in washing? 

In recent research on blanket performance, Professor 
Suzanne Davison, textile chemist on our faculty, found 
that one-fiber blankets were superior to blends. Blankets 
made from blends were found to perform better when a 
50-50 ratio was used. Whereas Orlon, Acrilan and other 
acrylic fiber blankets were found to be highly resistant 
to shrinkage, rayon blankets were found to shrink length
wise and to stretch crosswise. Improper laundering, par
ticularly of 100-percent-wool blankets, resulted in severe 
shrinking and matting. 

Bulletins on "how to buy" and "how to care for" a 
wide array of fami ly goods have been developed by 
home economics extension specialists for use by home
makers in making consumer decisions. These bulletins 
are available through the Bulletin Room, University of 
Minnesota, St. Paul 55101. 

Knowled ge and skills in home production 

How should you prepare vegetables to retain their 
nutritive content? How can you cook meats to make them 
more tender? How can you decorate a room so it is both 
functional and esthetically satisfying? How can you make 
a garment using one of the new man-made fabrics? How 
should you launder or clean the garment? 

Homemakers today are considerably less involved in 
actual production of goods for their families than home
makers of fifty years ago . Fewer homemakers today bake 
bread "from scratch" or make clothing for their families. 
Increasingly these functions have been taken over by 
industry. In actuality, homemakers today produce more 
services than goods. They are more concerned with laun
dry and with maintenance of clothing than with sewing 
of garments, more with combining ready-made foods into 
a meal than with preparing foods "from scratch." 

This leads to increased need by homemakers for in
formation on the how and whys of such matters as food 
preparation, laundering, child care, and budgeting. It 
also leads to need for increased research. Take for ex
ample the extensive studies on vegetable cookery done 
over the years by the research personnel of our Foods 
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Division. Th ese studies, dir ected by Professor Isabe l 
Noble, show how the var ious methods of cooking vege
tables affect their nutritional and ea ting quality . Using 
the findings of these studies, recommendations for sound 
methods of preparation of vegetables have been de
veloped and made available to Minnesota hom emakers. 

Capacities for learning and innovating 

A basic problem for all famili es is the never-ending 
need for adjustment to cha nge. Ev ery day we face new 
foods in the market , new equipment in th e stores, new 
money problems, new government programs relating to 
the family, new strains on family relationships, and new 
tensions between the famil y and the community . Families 
need more informati on, more guidance, and more experi
ence in learning to cope with the man y complex prob
lems of everyday living. 

Th e research by our Family Social Scien ce Division 
is providing insight into the nature of families of differ
ing economic, racial , and social classes. W e ar e beginnin g 
to learn from these stu dies not only what these fam ilies 
are like- what their activity patterns are, how they 
spend their famil y income, what attitu des they have
but also how the y solve family problems, how they mak e 
adjustments to difficult situations, and how the y react in 
crises. 

Development of human values pertin ent to consumption 

Discussion of values and of differences in value sys
tems has become so much a pa rt of our lives today that 
we sometimes tend to be more friv olous than we should 
be when speaking of them. Values are standa rds that 
de termine the way a person acts. They are learned-a 
large sha re of them within the hom e. Th ey also cha nge 
over the lifetime of a person. We are learni ng more abou t 
values, but we have a good distance to go before we 
fully understan d how they are developed, how they 
change, and what kinds of beha vior they produce. 

Precision Measurements 

'We wish we knew more about the relationship be
tween consumer value systems and consumer de cision
making. W e would like to know what sets of values are 
related to impulse buying, delayed buying, or buying on 
time. We would like to know what differences in values 
exist between the homemaker who will never use con
venience foods and the homemaker who uses large 
am oun ts of these foods. W e do not have answers to these 
questions yet. But we are beginning resear ch tha t will 
reveal to us why consumers respond as they do. 

W hat kinds of knowledge and skills do consumers 
need to handle pro blems of everyday life? This question 
has become a major concern for home economists. Avail
able knowledge must continually be located and pulled 
together; new knowledge must be developed. Finally, 
this knowledge must be passed on to individuals and 
fami lies so that they will have the tools necessary for 
wise consumer decision-making. 

As our world increases in complexity, living also be
comes more complex. Consumers will need new tools, 
new ideas, and new understandings to live wisely in 
tomorrow's world. 

MIST I RRIG ATION TRIED BY U NIVERSITY OF MINNESOTA RESEARCHER 

"Air conditioning" vegetable crops by spraying mist on the foliage reduces 
water loss and could prove practical on sand lands in Minnesota, according to 
Robert Nylund, horticulturist at the University of Minnesota. 

Nylund is studying the effects of misting potato plants. He says that misting 
should result in a lower plant water requirement, which would decrease the 
amount of water needed for irrigation. 

Misting counteracts high plant leaf temperature that can reduce photo
synthesis and lower crop growth and quality. 

Nylund plans to compare the growth, yield and quality of potatoes grown 
under mist irrigation, conventional irrigation, mist plus conventional irrigation, 
and no irrigation. 

The potato is being used as the first test crop because it requires low growing 
temperatures and a uniform moisture supply to get top yields and tuber quality. 
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Quality Fruits and Vegetables
 

For Your Table
 

To bring you bette r snap beans . these Experiment Station 

scient ists chose seed of promising varieties. grew the 
beans. cooked them, and judged them for tab le quality. 

D . W . D avis and Shirley T. Munson 

There is always a lot of interest in qua lity fru its and 
vege tables, but the definition of qu ality continually 
changes . The term "high quality" tells litt le unless spe
cific attributes that make up qua lity ar e desc ribe d. These 
att ributes depend on what the consumer wa nts in a 
product and on how the growe r, processor, packa ger, 
and groce r meet these wan ts. 

Recently we completed one phase of a snap be an 
experiment des igned to evalua te new varieties. How 
muc h better are snap beans of today than "string beans" 
of previous years? 

The Snap Bean as an Example 

The "str ing bean" of previous years has no place in 
modern agriculture. Though it may have been acceptable 
generations ago, it is of unacceptable quality today. It 
was rep laced long ago by low-fiber, stringless forms now 
known in the trade as snap beans, green beans, or wax 
beans. Today's homemaker may still call them st ring 
beans, but she wou ld never accept the string bean of 
yesterday. The stringless cha rac ter of the new beans is, 
of course, but one of ma ny factors which influence snap 
bean quality. 

The value of the raw product in today's growing snap 
bean industry in the United States is near $63 million 
annually, and Minnesota seeks to grab a share of this 
bonanza. We can do it because we have irrigation water 
and a reasonably favorable climate, and because we al
ready have an established vegetable industry interested 
in snap bean canning and freezing. 

D. W . Davis is an associate professor and Shirley T. Munson is 
an assistant professor, Department of Horticultural Science. 

At the Southern School and Experiment Station at 
Waseca last summer we examined in de tail the yield and 
quality characteristics of 26 varieties as part of a longer
range ana lysis of the impact of different growing condi
tions on the behavior of snap beans. This analysis in
cluded yield, earliness, plant size, height of pod attach
ment on the plant, and also various raw pod quality char
acteristics such as shape, color, length, rate of seed 
development, and size an d shape of spur or tip. Finally, 
a taste panel evaluated cooked samples after freezing 
for pod color , shape, texture, and flavor. The canner or 
freezer is constantly opening some of his cans or pack
ages and evaluating his product for these characteristics. 

At Waseca we planted each of our test varieties in 
30-foot, single-row plots and thinned the stand to about 
six or seven plants per foot of row, which is normal 
spacing under field conditions. Rows were 36 inches 
apart, and the experimental layout was repeated four 
times to improve accuracy. 
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These trained judges rated the 

Choice of harvest tim e is very critical in snap bean 
production . Growing bean pods chang e very rapidly, es
peciall y at high temperatur es, an d even more so if soil 
is fairl y dry . Pr ecise estimation of date of optimum ma
turity can mean mu ch to a canne r or freezer in q uality of 
the pods . He ma y have on ly one best day on which to 
harvest a field for maximum return. Desir ed quality 
level will depend on th e sa les demand a canner or fre ezer 
may have for a pa rticu lar grade. 

In the field , quality in a va rie ty is gaged largely by 
pod diameter ( sieve size ) , as it is re la ted fai rly close ly 
to increase of fiber in pod tissu es. As sieve size increases, 
yield a lso increases; beyond a certain sieve size, quality 
decreases. So yield and qu ality are inseparably rela ted. 

To obta in an idea of this change in yield and quality 
wit h time, we divided each 30-foot plot into th ree IO-foot 
sections and harvested th em separa te ly. Plants were 
pu lled at harvest to simulate machine ha rvesting. Har
vest dat e wa s determined by obse rving increase in sieve 
size of pods. 
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beans throughout this experiment. 

Th e first harvest was made a da y or so before best 
harvest time, the second at the tim e of best ha rvest , and 
the third a day or so later. Actua lly, the timing of eac h 
of th e harvests was mad e to coincid e wi th estimations of 
the proportion of tota l pods that would b e found in cer
tain sieve size classes. 

At harvest, pods were examined both for defec ts and 
for attractive characteristics. People who did the exam in
ing used both words and numbers to describe pod char
acteri st ics. Num be r ratings ranged from I to .5, the 5 
bein g a more desirable rating than 1. Pod charac ter istics 
examined were extern a l color, len gth , smoothness, shape, 
spur, and seed development. 

Id ea lly, snap bean pods should be long, dark gre en, 
smooth, and perfectly roun d in cross view. Th ey should 
ha ve a shor t spur or tip , not a long taper. Long, tapered 
tip s are more difficul t to remove in the factory's snipping 
machines, and more of th e pod is removed with th is tip 
or spur. This reduces the num ber of cans or ca rtons that 
the canner or freezer ca n pack from a ton of raw pods. 
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Crooked or rou gh pods are ma jor defects that detract 
from pod quality. Hough pods usually ar e constricted at 
regular intervals like a chain of frankfur ters, although 
not so much. 

Seed development within the pod is important. Most 
homemakers do not like large seeds in canned or frozen 
snap beans. Some varieties tend to have rather large 
seeds even befor e pods reach lar ge size. 

We found that varieties differed wide ly in yield and 
qu alit y of both raw and processed pods. Best varieties 
for yield and quality of raw pods were Early Galla tin, 
Encore, E 7202, Roundu p, Valgreen, Cascade, and Ten
derett e. 

Samples for freezing were tak en from the best sieve 
size at the best ( second ) harv est. These samples were 
steam-blanched for 90 seconds, quickly cooled in cold 
water, snipped, packed whol e in stan da rd lO-oz cartons, 
and qui ck-frozen. 
Evaluation by trained judges 

Throughout thi s experiment the same five judges 
rat ed beans for general acceptability on the basis of 
color, sha pe, texture, and flavor. A scoring ran ge of 1 to 
10 was used , 10 being the most acceptable. The jud ges 
were instructed that a score of seven or higher should 
indicate a rating of good or better and that a score of 
four or lower should ind icate an unacceptabl e ra ting . 
Th e samples, selected at random, were cooked from the 
frozen state in a covered kett le in a small am ount of 
salt ed water . Th ey were cooked until just tender , or ap
proximately 5 to 6 minutes after being br ought to a hail. 
No butter was added . 

At each judg ing period the jud ges first ra ted a refer
ence sample, a commercial pack ( Gallatin 50 ) of who le 
gree n snap beans . Th e pan el first agreed on an accep
tabl e score for the reference sample, then individua lly 
scored the rem aining samples. This technique provided 
each judge with a uni form basis of comparison from one 
judging period to anoth er. Th e maximu m numbe r of 
samples judged at one tim e was seven in addi tion to the 
reference sample. 

Three replica te samp les were used for each variety . 
A sta tistica l analysis was made of the taste panel scores 
to determin e the significance of di fferences, except for 
the reference samples, whi ch were not scor ed individu
ally. 

Although the pa nel ra ted the heans for color, flavor, 
shape, texture, and genera l acceptance, only the genera l 
ra tings are summarized in the tabl e. Thi s rating does, of 
course, include the four specific characteristics, hut it is 
not a mathemat ical composite of them. Three of the 
varieties were wax-podded ( yellow ) and so were difficult 
to compare in quali ty features with the green-podded 
types. For this reason these vari eties have been omitted 
from the taste panel evaluation. 

The tabl e indicates that yield and qu ality as judg ed 
by taste pan el ar e not closely rela ted. Some of the lower
yielding vari eties such as Green Isle an d E 7204 were 
high in qu alit y. Oth er varieties such as Cascade, Val
green, Tenderette, and E 7202 combined fairl y high 
quality with better-than-average yield . 

Varieties of snap beans g rown a t Waseca in 1967. 

General Rating Ra nking for yield 
by a t 

Va rie ty ta ste pa nel optimum ha rvest 

Green Isle 6.34 22 
E 7204 6. 18 21 
Cascade 6.13 6 
Valgreen 6.12 8 

H28-1 6.12 23 
Tenderelle 6. 10 5 
Gallatin #50 5.92 13 
8ush 81ue lake 283 5.84 18 

E 7202 5.80 2 
Sprite 5.78 16 
H63-2 5.73 7 
H27-5 5.73 10 
Execu tive 5.66 12 
Bush Blue lake 274 5.64 17 
Roundup 5.60 4 
Early Gall a tin 5.56 3 
Orbit 5.46 15 
White Seeded Tendercrop 5.42 19 
Encore 5.4 0 1 
Slimgre en 5.3 3 9 
BBl Greenpad 235 5.23 14 
Salem 5.11 20 
Bush Blue l a ke 77 4.46 11 

Note: Ratings bou nded by the sa me line a t the rig ht ha ve less than a 
5 percent probability af diffe ring from ane another . 

Applicability to other Horticultural Crops 

Th e procedures used in this work certainly are not 
new. They are bein g used in some form by vegetable 
researchers, bo th public and pri vate, across the country. 
They represent an approach which provides useful infor
mati on to the processor and to the bean breeder. Tim e is 
so important in assessing vegetable and frui t maturity, 
yield, and qu ality that it becomes a major considera tion 
in both research and production. 

Quality eva lua tion in the field can tell only pa rt of 
the story . Most canned and some frozen vegetabl es or 
fruits are quite di fferent from the raw product in taste 
and appearance. High quality of raw product is necessary 
for highest qu ality of processed product, bu t it does not 
guarantee final quality if incorrect methods are used in 
canning or freezing or in hand ling the raw produ ct. Ac
cord ingly, pa nel evaluation of the final product is a 
vita lly importa nt step in the study of both fru its and 
vegetabl es, whethe r they are used raw or are processed . 

We propose that for the coming year this study be re
peated on the un irrigat ed mineral soils at Waseca, W e 
believe it should also be don e a t the new irrigated Elk 
River sand plain experimen tal field of the Minnesota 
Institu te of Agriculture on soils reason ably characteristic 
of those sands upon which snap bean acreage might in
crease commercially. The use of these two sites will per
mit analysis of variety behavior under different cond i
tions, and it also may help in the practical selection of 
improved varieties for the widely different areas served 
by these stations. 
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S.pray-d·ried
 
eODlbinations
 
of fruits~ 

vegetables~ 

and Dlilk 
S. T. Coulter, E. L. Thomas 
and Sylvia Ogren 

Fru its and vegetables hav e been sun-dried for cen
turies. In recent decades, drying has usually been don e 
with the aid of artificial heat. Whether dri ed by sun 
alone or with heat, conventionally dri ed fruits and vege
tables acquire a flavor which is dis tinctly different from 
that of the fresh product. 

More recently, freeze drying has been used to some 
extent. This process occurs at low temp erature, and the 
fruit or vegetable retains its original flavor. Freeze dr y
ing, however, is relatively expensive. 

Th e quantity of dri ed milk far exceeds that of all 
other dri ed foods . In recent years in th is country more 
than 20 billion pounds of skimm ilk is conv erted in to 
about 2 billion pounds of nonfat dry milk each year. 
Although it is a fluid , milk contains solids dispersed in 
solution or suspended in water. 

Almost all milk products ar e spray dr ied. The skim
milk first is condensed under a vac uum to remov e a 
substantial part of the water. The resu lting condensed 
skimmilk is pumped to a high pressur e and ejected 
through a nozz le into a stainless steel chamber as a fine 
mist. Th e particles ar e so sma ll that each quart of the 
condensed milk now exists as several million dro plets. 
Hot air is introduced in to the chamber at the same time. 
The droplets, being sma ll, dr y within a few seconds and 

The authors are on the staff of th e Department of Foot! Science 
and Industries. S. T. Coulter is department head and a professor. 
E. L. Thomas is a p rofessor. Sylvia Og ren is a research fe llow. 

are recovered from the air stream as a free-flowin g white 
powder. After bein g reconstituted by the addition of 
wa ter, this product is vir tua lly indistinguishable from 
the original skimmilk. Heat damage or change actu ally 
need not exceed that of freeze dr ying. 

A wid e variety of products are spray dri ed , inclu din g 
coffee, soap powde r, and corn syrup. Almost anything 
that can be broken into small particles can be spray 
dr ied . Some time ago we became int erested in spray 
drying fru its and vegetables. We knew that the resulting 
products would be powders that on reconsti tution would 
hav e no physica l resemblance to the origina l product. 
We reasoned , howe ver, that they would retain the nutri 
tional quali ty, flavor , and color of the fresh fruit or vege 
table. If suffi ciently stable in storage, dri ed food produ cts 
such as this might be useful. For example, their tran s
porta tion would be grea tly simplified. We realize tha t, 
since the phy sica l shape of the frui t or vegetable would 
be lost, pro ducts that were physically unsuitable for 
sa le b ut were other wise sa tisfactory as food might be 
profitabl y sa lvaged . 

A new technique: add milk before drying 

Cou lter and Breene of the department staff have pre
pared and spray dried purees of 17 different fruits and 
16 different vegetables in a ser ies of trials designed to 
estab lish desirable me thods of manufacture, and they 
have reported on th e properties, including storage sta
bility of the resulting powd ers. 

Most fruits and vegetables, when spray dried alone, 
produ ce powders that are quite sticky at the tempera tur e 
of the drier and adhere to the metal surfaces. So we 
tried mixing ground fruits and vege tables with milk for 
drying, an d it proved success ful. The proportion of non 
fa t milk solids requ ired to obtain a free-flowing powder 
is quite variable, ranging from non e with peas and corn 
to as much as 60 percent with strawberries and tomatoes. 

The processing steps used in our laboratory are out
lined in figur e 1. The fruit or vegetable is blanched, 
peeled , pi tt ed , or cored, as appropriate, then pureed by 
grinding in a hammermill. Condensed skimmilk to pro 
vide the des ired ra tio of nonfat milk solids to fruit or 
vegetable solids may be added either before or after 
pureeing. The skimmilk will have been pasteuri zed pr ior 

Comparative keeping quality of some spray-dried fruit: skimmilk and vegetable: skimmilk products stored in air pack at 
room temperature 

Time requ ire d fo r oppearance of flavor , odor, or color defects 

12-18 months 
6-8 wk or less 4-6 months 6-12 months or more 

Fruit or Apricot Blueb e rry Aspa ra gu s Ap ple 
veg etable Carrot Broccoli Caulifl ower Ban a na 
ing red ie nt Cherry Cantaloupe Celery Pea 
of dried Cranberry Ola llieberry Orange juice Prune 
prod uct Peach Rhub a rb Peanut but te r Swee t corn 

Pumpkin Sp inach Rasp be rry 
Tomato Strawberry 

Thompson grape 
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RAW FRUITS AND VEGETABLES RAW SKIMMILK I 

PREPARATION 

WASH,PEEL,CORE,BLANCH ,ETC PREHEAT IDEPENDING ON THE MATERIAL 

PROTECTION FROM ENZYME 

CATALYZED OXIDATIVE� CONDENSE I 
DISCOLORATION 

ANTIOX IDANTS 

- ASCORBIC ACID 
-I MMERSION IN SK'lMMILK 

HEAT INACTIVATION OF ENZYME STANDARDIZE I 
LOW TEMPERATURE PROCESS 

( AS APPROPR IATE) 

ADDITION OF SKIMMILK SOLIDS 

BEFORE OR AF TER COMMINUTION 

OR BOTH 

PROPORTION OF SKIMMILK COMMINUTION 
SOLIDS. DRY MATTER BASIS 

HAMMERMILL , O.7MM SCREEN 
50% OR L ESS 50% OR MORE OR SMALLER 

ALL VEGETABLES : ALL FRUITS 

EXCEPT TOMATO i AND TOMATO 

SPRAY DRYING 
PILOT MODEL COULTER DRYER 

PRESSURE SPRAY. 0 .4-0.5 MM ORIFICE 

CONVENTIONAL OPERATION 

I 
COOLING 

I 
PACKAGING 

Processing steps� in spray drying fruits and vegetables In 

combination with milk. 

to conde nsing. Heat tr eatment of the fruit or vegetable 
vari es wi th th e product. Final pa steurization of the com
bination is feasible befor e spray dryin g. 

Prop erti es of the spray-dried products 

The flavor and color are typical of the fruit or vege
table, di lut ed and modified of cour se by th e skimmilk. 
Th e flavor of most fruits and vegetables blends readi ly 
with milk. For those that do no t, oth er carriers might 
be used . 

The dri ed products vary widely in storage stability, 
as shown in table 1. Apple, banana, pea, prune, and 
sweet corn powders ar e highly stable. In gene ra l, those 
which are unstable in air pa ck become very stable in an 
inert gas (nitrogen pa ck). We believe that storage sta
bility need not be a serious deterr ent to th e commercial 
use of any of these powders , but th e type of pack must 
he adjusted to suit th e product. 

We ha ve investigated a number of uses for certain 
of th ese pr oducts. Results hav e been encouraging and 
indicate that the powders could be marketed as in

gre dients of a wide va riet y of consumer items, including 
dr y mixes, refr igerat ed and frozen foods , and other 
ready-to-serv e foods. Fruit and vege table powd ers which 
have been tested most extensively, along wit h some of 
the specific food products prepar ed , are listed below . 

P O W DEH S T ESTED FOOD P IW UUCT S P HE PA HE D 

Fruits: From Fruit Powders: 
App le Sherbet 
Banana Variegating syrups for ice 
Cranberry cr ea m 
Orange W hippe d toppings 
Pinea pp le Baked products 
Peach Chiffon type desserts 
Strawberry Bevera ges ( Havored milks, 
Raspberry milk shakes ) 
Ap ricot Frostings and other confec -

V egetab les: 

Sweet corn 

tio ns 
Flavored yoghu rt 

Peas From Vegetahle Powders: 
Tomato Cr eam soups 
Celery Snacks and crackers 
Spinach Nood les 
Lima bean Souffl es 
Green bea n Casserole dishes 
Broccoli Bahy foods 
Pumpkin 

Apple sherbe t containing 2 percent spray-dried ap ple 
solids ( the eq uivalent of about 16 percen t by weight of 
fresh apples ) has been sold in the Dairy Products Sales
room for over two years. It has also been served as a 
dessert for meals a t a number of conventions. Th e ac
cep tance ha s been enthusiastic. Cr anberr y sherbe t has 
also proved popular. Very satisfacto ry peach and straw
berry vari egatin g syru ps for ice cream have been pre
pared from dry blends containing the Iruit powders, 
sugar, and stabilizer. Other p romi sing uses for fruit 
powders in dairy prod ucts include the prepa ra tion of 
fruit-flavored milk, milk shakes, and yoghurt . 

Consumers distinct ly prefer banana b reads pr epared 
with fresh ban anas or spray-dri ed ba nan a powder over 
b reads made from artifi cially flavored mixes. Fruit pow
ders can be made to meet special requiremen ts for use as 
ingredi ents in cake mixes, frostings, whipped toppings, 
an d others predictab le from applications suggested in 
the above list. 

Tests. of several flavors of deep-fat-fried vege table 
snac ks indicated that those containing sweet corn , to
mato, celery, pea , and spinach powd ers were well liked . 
Cre am soups, especially those prepared with powdered 
swe et corn and peas, have been described by consumers 
as possessin g a "garden fresh" flavor. 

Many food processors have expressed an interest in 
these produ cts. On e Minnesota-bas ed manufactu rer of 
dairy products has produced and sold commercial qu an
tities of one of the fruit powders and is exploring markets 
for others. We believe these prod uct s hav e considerable 
pot ential as addi tional markets for frui ts and vege tables 
as well as milk. 
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Food Habits� 
And Dietary Patterns 

All our lives we tend to eat the foods we learned to 

like during childhood . Three studies of the Minnesota 

Experiment Station indicate that the health of indi

viduals and nations may depend on the eating habits 

On any stree t in any town , you' ll 
find people with many different food 
habits. Mr. Doe is a meat-and-potat o 
man; he thinks salad s are "for the 
birds." His neighb ors from California 
can 't ima gine dinner without a salad. 
Th e Scandinavian family on th e blo ck 
is fond of fish and uses lots of dair y 
products; their Italian neighbors sel
dom drink milk , but do use cheese. 
Th e high school girl acr oss the str eet 
rarely gets up in tim e to eat breakfast. 
The old lady on the corn er oft en 
makes a meal of tea and toast ; it is 
har d for her to carry groceries hom e 
from the store , and now that she lives 
alone, she doesn't have much int erest 
in pr eparing meals just for herself . 

And so it goes- nearly every family , 
every ind ividual, has a distin ct set of 
food habi ts which influence his con
sumer demands as well as his nutri
tional status. Th ese habits are influ
enced by man y factors - income, 
religion, cooking equipment, shopping 
facilities, and racial background, to 
name just a few . 

Margaret D. Doyle is an associate pro fes
sor, School of Home Economies. 
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we form early in life. 

Margaret D . Doyle 

W ithin recent years, nutrition sci
entists have learned a great deal ab out 
human requirements for the various 
nutrients . Th ey have also learned tha t 
it may be difficult to apply one se t of 
rul es to all individuals, for people do 
not readily change the eating habits 
of a lifetime. Yet th e necessity of pro
viding an ad equate diet for the in
creasing world population means that 
food habits may have to chan ge for 
many people. 

Befor e habits ar e changed , how
ever, it is necessar y to know more 
about what people actu ally do eat, 
about how their dietary pattern s in
fluence nutrient intake. A person who 
never eats breakfast may rarely drink 
ora nge juice, for instance. Since citrus 
fruits are an important source of vita
min C in the American diet , this par
ticular habit ma y have an imp ort ant 
influence on the total intake of this 
vitamin. A person who is a frequent 
"snacker" on pastries or sweets may 
not have much appetite wh en meal 
time comes. Becaus e of this habit, his 
diet may be ade quate in calories but 
low in essential nutrients . 

Several studies conducted rece ntly 
by members of the foods and nutrition 

staffs of the School of Home Econom
ics have pro vided information on food 
habits, dietary patterns, food prefer
ences and nutrient intakes of different 
groups of people in Minn esota. 

Food habits of preschool children 

Since food habits are established 
early in life, and since these habits 
may influence adult food intake, one 
study of interest is that conducted by 
E. Carol Dierks and Lura M. Morse 
on food habits and nutrient intakes of 
pr eschool children . An analysis was 
mad e of 3-day food records for 115 
preschool children from University of 
Minn esota student famili es. Meat (e s
pecially hot dogs ) and fruit were the 
foods most frequ ently mentioned hv 
the mothers as being especially well 
liked by the children. Vegetables were 
most frequently report ed as bein g d is
liked ; in fact , the mothers of 16 chil
dren report ed that their children 
would not eat vege tables at all. Dis
like of some specific vegetable was 
reported for 69 of the children, spin
ach and squash being mentioned most 
frequentl y. 

Milk was rarely mentioned as either 
espe cially liked or especially disliked; 
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apparently both mothers and children 
in this group regarded milk as a rou 
tine part of a child's diet. Th at milk 
was well liked was indicated, how
ever, by th e frequency with which it 
was included as a snack food. In th e 
3-day period, a total of 230 snacks 
was reported for th e 115 children , and 
milk had been chosen hy the mother 
or child for 40 perc ent of thes e snacks. 

In genera l, th e children included in 
this study had good nutritional in
takes. A number of children, however, 
ha d significantly lower intake of iron 
than th e current Hecommended Dailv 
Allowa nce of the National Research 
Council. It has bee n estimated that 
approximately 20 percent of th e iron 
in thc American food supply com es 
from fruits and vegetables. Possibl y 
the disli ke for vegetab les may have 
been partly responsible for the low 
iron intakes of these children. Qu es

tionnaires filled out by the mothe rs 
did not mention any instances of 
anemia or of iron medication, so th e 
children apparentl y were receiving 
sufficient iron for th eir needs. 

Some children received less than 
half of th e Recommended Daily Al
lowance for vitamin C. Th e tim e of 
year may hav e been an important fac
tor here, for th e st udy was ma de at a 
tim e wh en few fresh fruits were avail
abl e. Th e likes of th e children ar e 
reflect ed also in th e study, for it was 
report ed th at children with low vita
min C intakes did not like or consume 
citrus fruits in appreciable amounts. 

Vitamin C is a nutrient to wh ich 
the hom emaker may need to give sp e
cial thought if the currently recom
mended amounts ar e to be included in 
the diet. This wa s b rou ght out in a 
stud y of school-age children con
ducted by Lois A. Lund. She found 

that certain nutrien ts tend to "associ
at e;" for instance, th e child wh o dr inks 
milk gets a good source of calc ium , 
protein , and rib oflavin , all in one food; 
enr iched cereals provide calories, B
vitamins, and iron; meats are a good 
source of iron as we ll as of protein. 
In th e fram ework of a typical diet 
which incl udes these foods, pl us the 
other foods which the parents or chil
dren select, the chance of supplying 
all the necessary nutrients is good 
except vitamin C and vitamin A. 

Intakes of th ese two nutrients are 
more likely to be relat ed to socioeco
nomi c factors such as th e familv in
come or the education of the m~th er. 
Almost all th e vitamin C and approxi
ma tely half th e vit amin A in the 
American food supply come from 
fruits and vegetables. If the moth er 
is aware of th e imp or tan ce of ce rtain 
frui ts and veg etab les as sources of 
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these vitamins, she may buy them, 
even on a limited budget. If her 
budget is ample, she may buy these 
foods just for the sake of variety, 
without giving any particular thought 
to their nutritional value. 

Food habits of college girls 

That food habits established in 
childhood do continue into adult life 
is evident from a comparison of likes 
and dislikes expressed by a group of 
college freshmen, as compared to 
those reported for preschool children. 
A 28-day dietary study of 48 freshmen 
girls at the University of Minnesota 
was carried out by Margaret Doyle 
and Leola Calderwood. A question
naire reveal ed that dislike of veg e
tables was still prevalent among th ese 
girls. Some 25 of the girls said they 
disliked vegetables in general, and 18 
mentioned specific vegetables which 
they disliked. Again spinach was th e 
vegetable most frequently mentioned 
as disliked. A study of the actual food 
intake during the 28 days showed that 
the girls ate an av erage of 1.8 servings 
of vegetables a day, but that the in
take of green and yellow vegetables 
wa s small. Again, this study was made 
during winter, so th e low intake of 
vegetables may have been due in part 
to th e assortment of foods available. 

Although liking for fruit and for 
meat was still in evidence with this 
ag e group, the girls showed some 
changes in intake patterns. Eighteen 
girls mentioned that they liked meat 
in general or especially liked some 
particular meat, steak being the favo
rit e. Twenty-two girls, however , re
ported a d islike of meat or of some 
particular meat, liver b eing mentioned 
most frequently. 

Only four girls mentioned a special 
liking for fruit , but none stated that 
they disliked fruit. The intake of cit
rus fruits was quite low for some of 
th e girls; in fact, three girls had none 
during the entire 28 days , a probable 
reflection of their breakfast habits. 

Although it is frequently re ported 
that teenage girls cut down on milk 
intake b ecause they think of it as 
"childish" or as a "fattening food," 
these Minnesota girls did not appear 
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to fall into this pattern. The av erage 
milk intake, exclusive of other dairy 
products, was approximately two 
glasses. There was a considerable vari
ation in intake, however, ranging from 
an average daily intake of less than 
half a cup for on e girl to more than 
four cups for another. Thirty-two of 
the girls averaged two or more cups 
per day, however, and only five had 
an average intake of less than one cup 
per day. 

An analysis of the intake of indl
vidual nutrients has not been made 
of the data collected in this study. 
Observations on the food likes and 
dietary patterns of these girls would 
indicate, however, that (as was true 
in th e children's diets) vitamin C and 
iron would he the nutrients most 
likely in short supply. 

Teenage girls are inter etsed in their 
appearance and frequently concerned 
with their weight. This group was no 
exception. Although almost all the 
girls wer e within a "normal" weight 
range for their height and age, 30 of 
the 48 reported that th ey would like 
to lose weight. This group included 
13 of th ose who were already on the 
"underweight" side of normal. 

An interesting characteristic of the 
diets of these girls was the wide vari
ation in caloric intake from day to 
day. During th e 28-day p eriod, many 
of th e girls had fewer than 1,000 cal
ories on some days, as many as 3,500 
or 4,000 calories on others . Despite 
th ese fluctuations in caloric intake, the 
weight of most of th e girls stayed re
markably constant on a day-to-day 
basis. Eighty-three percent showed 
variations of less than 2 percent of 
body weight during the 28-day period, 
which is little, if any, more than a 
normal daily fluctuation in weight. I t 
appeared that most of the girls main
tained their weight without much 
conscious thought about it. 

Food habits of TOPS women 

This was not true, however, for 
another group of 56 Minnesota women 
observed by Kathleen J. Lewis, a 
graduate student in nutrition. All of 
th ese women were members of TOPS 
Clubs (Take Off Pounds Sensibly ), 

and were tr ying either to lose weight 
or to maintain a previously achieved 
goal weight. At th e end of th e 28-d ay 
studv, 18 of th e wo men had lost mor e 
than- 1.5 per cent of th eir body weight 
at the b egi nning of the study. The 
average weight loss for th e group was 
6 pounds. Four women had gained 
more than 1.5 percent of th eir initial 
weight, th e average gain being 5.7 
pounds. The other women had eithe r 
maintained their desired weight, or 
gained or lost less than 1..5 percent 
of their initial weight. 

The women who were suc cessful 
in losing weight had an av era ge in
take of 1,437 calories daily in contrast 
to an av erage intake of 1,634 calories 
by those who had gained weight. All 
of th e wo men had sa tisfactory intakes 
of protein, vitamins , and min erals. It 
was obs erved, ho wever, that th e "suc
cessful losers ," despite th eir somewhat 
low er ca loric intake, appeared to have 
di ets richer in vitamins and minerals 
than the gainers. This seems to indi
cate a different pattern of food sele c
tion, po ssibly including a grea ter 
proportion of "refined" carbohydrates 
( su eh as su gar ) in th e diets of th e 
gainers . 

Ju st as the food habi ts of an indi
vidual may in fluen ce h is nutritional 
status, so the gen eral food consump
tion pattern of a country may be re
flected in th e health and strength of 
its people. Food intakes in th e Unite d 
States, as well as in other parts of th e 
world, have chang ed gradually over 
th e years as a result of changes in th e 
economy, advances in technology, and 
scientific di scoveries concern ing foods 
and nutrition. 

Minnes ota supermarkets today sup
ply many foods such as artichokes and 
water chestnuts that were unknown 
to our grandmothers. Still greater va
ri ety will be availah le in th e fu ture, 
for as th e world population increases, 
the necessity to make th e most effi
cient use of av ailabl e food supp lies 
may bring ahout th e introduction of 
new an d differ ent foods. A knowledge 
of food habits today may give insight 
as to how th e foed intake of tom orrow 
can be modified , and it may h e in 
stru me ntal in affecting the choices 
availahle to tomorrow's consumer. 
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ARE THERE ANIMALS� 

IN YOUR FOOD?� 

You may not be happy about this answer to the abov e question. but 

you will be glad to learn that Experiment Station research scientists 

are tackling the serious problem of insects in foods and feeds. 

A few yea rs ago I was eating break
fast with one of my tra veling com
panio ns. He talked constant ly, and 
whil e he was talking he was rapidly 
consuming his favorite cerea l. He 
failed to notice the adult saw-toothed 
gra in beetles swimming in his cereal 
until about six mouthfuls too late. 
His mental agony upon seeing these 
uninvited guests brought an explosive 
response. Clearly, he did not realiz e 
that insects and insect-rela ted con
taminants in food are common. 

How many insects and how much 
of their by-products do we consume? 
Are these insects important in the 
developm ent and distribution of mi
cro-or gan isms in feed for our livesto ck 
and in food for human consumption? 
How much damage is caus ed by these 
infestations? 

Types of insects in food an d feed 

Most insects in stored foods and 
feeds are beetles or weevils ( order 
Coleoptera ) or moths (o rde r Lepi
doptera ) . All insects in these two 
orde rs ha ve four distin ct stages in 
their developm ent : egg, larva , pupa, 
and adult. Only the beet les and weev
ils will be illustrated. 

Phillip K. Harein is a professor and Exten
sion entomologist, Dep artm ent of Entom
ology, Fisheries, and Wildlife. 

Phillip K. Harein 

One of the most frequ ent infesters 
of stored products is the saw-toothed 
grain heetl e ( figure 1 ) , the culp rit 
that invad ed my companion 's h reak
fast cereal. Thi s bee tie occurs through
out most of the world. 1 ormaIIy it 
prefers cereal products over whole
grain kern els. When it occurs in a 
hom e it may infest many breakfast 
cereals , cooki es, spices, flour , and even 
hom emad e jams and jellies. 

Th e adult beetl es are ab out )~ inch 
long and so Rat that they crawl into 
most sacks or boxes, even tho se that 
ap pear to he tightly sealed. Th e fe
male beetle deposits her eggs in her 
food. Developm ent from the egg to 

the adult stage takes about two 
months ; severa l genera tions are com
pleted eac h year. This in ect is one of 
the easiest to recognize because of the 
six tooth-like projections on both sides 
of the body immediately behind the 
head. 

The gran ary weevil ( figure 2 ) is 
recognized as one of the tru e wee ils 
by its long beak or snou t. Its month 
is on the end of this snout , where it 
is an important tool for feed ing or 
hurrowing into this weevil's favorite 
food, whole kern els of grai n. 

Th e granary weevil is one of the 
four insect pests of stored gra in that 
normally has all of the immature 

Figure 1. Adult saw toothed grain beetle .� 
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Figure 2. Adult granary weevil. 

stages develop within a kern el of 
grain. The female eats a small hol e 
in a selected kernel of gra in, deposits 
an egg in this cavity, and conceals it 
by sea ling th e hol e with a gelatinous 
secretion. It is difficult to see this cap 
wh en she has completed th e job . 

Within a few da ys a tin y, white, 
legless larva will hatch from the egg 
and begin to tunnel in th e kern el. In 
about two months th e insect will de
velop through th e larval and pupal 
stages to become an adult. By thi s 
time a large percentage of th e kern el 
has been consume d, but th e insect ha s 
not broken through to th e exterior of 
the kernel. An x-rav of thi s infested 
kern el illustrates vi ~icllv that th ere is 
an unwanted animal 'in your food 
( figure 3 ) . 

Upon reaching th e adult stage , th e 
weevil eats through to th e outside of 
the kern el, leav ing a lar ge and char
acteristic em ergence hole. The adult 
weevil is somewhat cylindrical and 
may ran ge from light brown to almost 
black. Granary weevils vary in length 
from 1/10 to 3/16 inch. 

Third is th e lesser mealworm. It s 
larvae are acti ve, yellowish-brown in
sects . The adults ar e dull black and 
about Ji inch in length. Lesser meal
worms commonly inf est damp aud 
mold y grain. They have become an 
increasing problem in poultry houses, 
where th ey live in poultry feed an d 
corn cob litter. 

Hesearchers recently reported th e 
lesser mealworm as an active feed er 
on th e flesh and internal organs of 
sick and dead birds in these poultry 
houses. Of mor e importance, however , 
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is that it apparently transmits an 
acute form of avian leukosis to 
healthy birds when th ey eat th e live 
beetl es. This environment of wet and 
moldy grain, or poultry droppings, is 
also just right for th e development 
of many microorganisms, especially 
bacteria associated with fecal con
tamination. 

Losses from insects in food and feed 

The loss of stored gra in and cereal 
products by insects throughout the 
world has fr equently been estimated 
at ten percent of th e total produced. 
This lost food would feed more than 
375 milli on people for an entire year. 

Estimates on increasing world pop
ulations and th e consequent food re
quirements has focuse d much atten

tion on food producti on and little on 
food conservation. The importance of 
stored-product insects has never been 
fully appreciated, as th e damage is 
insidious and often is not detected 
until th e commod ity is about to be 
sold or consumed . Also, because few 
researchers work in this field, infor
mation on loss is scanty, scattere d, 
and poorly publicized. Losses in
cur red have oft en been conside red 
unavoidabl e; many people ha ve con
sid ered th ese storage insects an in
escapable evil of the product. 

To my knowledge, grain in Minne
sota does not become infested with 
stored-product insects be fore harvest. 
However, grain can become inf ested 
an y tim e between combining and final 
processing, or in the store or home . 
Any accumulation of postharvest 
grain or cereal pr od ucts is a target for 
th ese insects. 

Insects and their wastes in your food 

The Federa l Fo od, Drug, and Cos
metic Act requires that grai n be clean, 
be stored under conditions th at pro
tect it fro m contamination, and be 
free of harmful resid ues of agricul
tural chemicals. In food grains th is 
includes protection fro m insects, ro
dents, birds and other filth-carr ying 
agents. For example, under th e Food 
and Drug Admini stration, wheat 
would be subject to fed era l court 
seizure if it contained one percent or 
more insec t-damaged kernels as de-

Figure 3. X-ray shows granary weevils developing in kernels of grain. 
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termined by methods pr esented under 
the Official Grain Standards of th e 
United States. Various gra ins can also 
be graded "weevily " under th e U. S. 
Grain Standards Act if a licensed in
spector (state , fed eral or trade ) finds 
a qu art sample to con tain mor e than 
one beetle or weevil. 

Figure 4. Insect jaws. 

Everyone agrees that grain and 
cereal products shc uld be kep t rea
sonably clean, but we are not ea ting 
insect-free gra in or cereal products; 
nor does the present law require pur
ity. Is a carload of grain reasonably 
clean wh en it may hav e up to one 
perc ent insect-damaged kernels, or 
wh en it contains thousands of insects 
as allowed under our current food 
standards? 

Th ere are no sta te or fed eral stand
ards or tolerances for insect fra gments 
in food. Insect fragments ar e an y 
portion of an insect's bcdy, from th e 
jaws torn from his head ( figure 4) to 
his hardened tail segments ( figure 
.5) . Insect fragments in flour generally 
number 5 to 50 per 50-gram sample. 
Insect excrement (figure 6 ) is still 
another added by-product that cannot 
be remov ed entire ly by any practical 
known method. Still, we are aware 
that th ese contaminants exist. 

Molds and bacteria introduced 

Unfortunately, we know far less 
about th e microorganisms introduced 
iuto our foods by stored-product in
sects. Microbiological contamination 
of grain and cereal products is receiv
ing increasing attention from state 
and federal agenci es and from the 
focd-processing industry. Better mi
crobiological food standards are ur

gently need ed for our newly de
veloped "convenience" foods - th e 
canned biscuits , froz en fruit pies , TV 
dinners, and related nonsterile prod
ucts that require little pr eparation. 

Considerable research has been con
ducted here on the St. Paul campus 
to study the interrelationship between 
store d-prod uct insects and associated 
microorgani sms. The data show that 
incr easing populations of th e granary 
weevil in stored grain are accom
panied by rapidly increasing numbers 
of storage fungi. Th ese fungi con
tribute to th e deterioration of th e in
fested gra in. Th e primary storage 
fun gi were spe cies of Aspergillus and 
Penicilli 11m. Both Aspergillus glaucus 
and Aspergillus restrictus were closel y 
associated with th e weevil. Oft en th e 
activity of these insects caus es an 
increase in the moisture content of 
the gra in and thereby expe dites mold 
development. Aspergillus restri ctus 
was found on and within th e weevils 
and in their excre ta. 

Th e production of toxins has be en 
associated with th e growth of certain 
kinds of molds on a vari ety of sub
stances, including grain. Most re
search attention has been devoted to 
th e production of "aflatoxin" from th e 
fungus Aspergillus flavu s. The current 
emphasis in this field was stimulated 
in 1H61 wh en a large number of tur
keys died from unknown caus es in 
England. British researchers later de
termined that cause of death was a 
toxin produced by Aspergillus f[(lOus 
in peanut meal used as turkey feed . 
Current analytical methods are cap
ab le of detecting aflatoxin at ex
tr emely low concentrations. Ho wever , 
at present there is no data to indicate 
a safe level of aflatoxin in man . It is 
now known that th e aflatoxins are pro
duced by a number of fungi in addi
tion to Aspergillus flaulls . That is, 
molds that ar e spread through gra in 
by insects can be a danger to human 
life. 

Th e association between various 
sp ecies of stored-product insects and 
fun gi in stored grains has been estab
lished , but littl e work has been re
ported on the identification and im
portance of bacteria associated with 
th ese insects . In 1967 we began a re
search project to id entify bacteria 
that could be found within the body 

of th e gra nary weevil and lesser meal
worm. 

Larval, pupal, and adult sta ges of 
the granary weevil were collected 
from a varietv of laborato rv and field 
locations. Both the larv al 'and pupal 
stages were found bacteriol ogically 
sterile, as was th e sealed cavity of the 
kern els in which they develop ed. In 
contrast, numbers of bacteri a from 
the int erior of emerged adults ranged 
from 60,000 to 500,000 per 20 insec ts. 
Th ese bac teria were Escherichia in
termetlia , Proteus rettgeri, Bacillus 
subtilis, Serratia n/(/rcesceIlS, Proteu s 
oulgaris, M icrococcus spp ., St rep to
coccus spp. , and various bacter ia in 
the Klebsiella-Aeroba ct er group. Th ese 
findings indicate that it is only after 
emergence from th e gra in kern el that 
the insect becom es contaminated 
with bacteria, th e amount and variety 
of contamination depen ding primarily 
on th e environment. 

Figure 5. Toil segment. 

In another series of our experi
ments , larv al an d adult stages of the 
lesser mealwonn were collected from 
the litter of poultry hous es through
out Minnesota. Basic information was 
need ed on th e development of this 
insect to und erstand its association 
with various microor ganisms in its en 
vironment. Complete life eycles of 85 
lesser mealworms were monitored at 
about 80 degrees F. and 75 percent 
relative humidity. Th e incubation pe
riod for th e eggs was 3 to 6 day s, 
with peak hatching in 5 days . Deve l
opment from egg to ad ult required 
50 to IOO da ys. At the time of th is 
writing about 80 percent of these 
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ad ults are still living, their life span But perhaps I have rai sed these in
now exceeding 6 months. ter esting qu estions in your mind. Ho w 

Lesser mea lworms collected from a many peop le ar e starving becau se of 
poultry house near Rosemount, Min the s tored food destroyed by insects? 
neosta, carried Aspergillus !{avlIs in How much lower could your groce ry 
eac h specimen tested . The importance bill be if insects did not destroy a
of this association as a possible source 

tenth of our ha rvested grain? How for human food contamination has not 
man y insects and how mu ch insect been estab lished . 
filth is in th e food you eat every day? Iden tification of bacteria in lesser 
Will your next illness be caused by mealworms reveal ed that th ese insects� 

carried a greater variety of bacterial bact eria, molds, or food poisoning in�
Figure 6. Insect excrement. 

spe cies than the granary we evil. Of trod uced by these insec ts? Could 
sp ecial intere st was th e isolation of these contamina nts kill you? Research will benefit consumers 
Salmonella, th e bacterium that causes As you consider these qu estions, 
various typ es of food poisoning. In Yes, th ere ar e ani ma ls in your food tak e comfort in knowing that a grow
man it also can cause salmonellosis , - living insects , dead insects, their ing number of research men he re at 
a serious disease that can kill human eg gs, th eir parts, th eir waste products, the Minnesota Agricultural Experi
beings. On e typ e of Salm Oil ella causes and a host of possibly dangerous 

men t Station and elsewhere are asktyphoid fever. Animals ar e easily in molds and bacteria which th e insects 
ing themselves the same ques tions andfected . Th ese infected animals can ma y introduce. In thi s short space 
trying to find wa ys to reduce or elim transmit Salmon ella to man through I have not been abl e to mention mit es 
inate the infestation of stored foods contaminated meat (veal, pork, beef, in your food , nor th e virus es that 

poultry ) and through animal products stored-product insects may be spread by insects . Their effor ts, you may be 
suc h as eggs and milk. ing to you. sure, will hel p you an d all consumers. 

MEAT CONSUMPTION TRENDS 

Paul R. Hasbargen an d Kenne th E. Egertson 
Extension Economists 

Meat conusmption per person se t a record high in 1967 afte r 2 years of large increases. 
Th e 7-pound increase in beef accoun ted for almost ha lf of the tota l increase. Pou ltry con 
sumption went up by 5 pounds and pork by 4 pounds, whil e veal declined slightly. Table 
1 shows th e average yearly per person consumption of th ese pr od ucts for each of the last 10 
veal's. 
. Obviously, people want to eat mor e beef each year. Poultry, which has not enjoyed th e 
increase in demand that beef has , suffer ed sev ere ly depressed pri ces th e pa st year. Previous 
increases in poultry consumption came about because of a red uction in production costs that 
has a llowed poultry prices to decr ease relative to red meat prices. 

Per capita meat consumption In the United States, 1958-67 

Red mea t, ca rca ss weig ht Paultry, Tota l, 
lamb and re a d y-to-cook a ll 

Year Pork mullan Beef Veal Tota l we igh t mea t 

pounds 
1958 61 4 81 6 152 34 186 
1959 ............................. 68 5 81 6 160 35 195 
1960 ......................... . 65 5 85 6 161 34 195 
1961 .. ... .... " ....., _.... ...•... 62 5 88 6 161 37 198 
1962 .............................. ...,.................. 64 5 89 6 164 37 201 
1963 65 5 94 5 169 38 206 
1964 ........................ ...................... 65 4 100 5 175 38 213 
1965 59 4 99 5 167 41 208 
1966 ...................... 58 4 104 5 171 44 215 
1967 63 4 106 4 177 46 223 
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Forestry 
Researeh 
and the 
Consumer 

Richard A. Skok an d Frank H. Kau fert 

Wh en you visit Itasca State Park, the tall Norway 
pines give you an impression of wh at the early settl ers 
of north central Minnesota found. Th e coolness of the 
air under these pines and the winds whi spering through 
their crowns make them as much an attraction as the 
headwaters of the Mississippi, For us this attraction is 
real. But future generations will not enjoy such an ex
perience without the development of information about 
this forest and the use of this information in management 
that will perp etuate the vegetation in such areas. 

You as a park visitor arc a forest consumer. In a con
sumer-oriented society such as ours, forestry research 
programs must have relevance to consu mers . Directly or 
indirect ly, you as a consumer con tro l the programs in the 
use and management of resources both through the mar
ket economy (with your expe nditure of income) and 
thro ugh the political process (with your votes and in
terest-group lobbying ) . Research initiates and supports 
such pro grams, and often it opens new paths for devel
opment. 

Seen from the perspective of a forestry research pro
gram, the final consumer is much like an object viewed 
through field glasses. \Vh en we look through the proper 
end, the field glasses bring the consum er very close and 
provide a clear and concise definition. But turn the 
glasses end-for-end and this sam e consum er is far away 
and poorly defined. That is, the final consum er is some
times very much in evid ence to a forestry research pro
gram, but mor e often he appears remote and only in
directly linked . This simply reflects the fact that either 

Professor Richard Skok is assistant director and Professor Fran k 
Kaufert is di rector, University of Minn esota School of Forestry . 

MI E OTA S IENeE 34 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

few or very many stages can separate the forest from the 
consumer. 

In Itasca Park, for example, the School of Forestry 
has had an active research program since the early 1950's. 
Studies conducted there have thro wn new light on the 
ecology of the vegetation within the Park. Results have 
been used to undertake new directions in the Park's 
management to insure a continuation of the kinds of 
vegetation that visitors find attractive. 

Who are the cons umers? 

Rece iving sa tisfaction directly from the use of the 
products or services of the forest qualifies each of us as 
a final consumer in our daily activities. But the directness 
of contact with the forest in this role has wide extremes. 

Most of us seldom connect our dai ly newspap er (one 
of the commonest forest products) with forestry research. 
Only through an involved chain of events does forestry 
research have a bearing on this aspect of our well bei ng. 
But it most cer ta inly does. Yet, when the newspaper 
reader becomes a camper in one of our many fores t 
campgrounds, the dis tance between him and research in 
forestry sud denly disa ppears. 

Anothe r dimension of the consumer exists in consid
ering his time re lationship to fores try programs. ot 
only are you, today's consumers, importan t to us, but 
your children and their children, the future generations 
and fu ture consumers, must also be considered. Because 
our forests represent a renewable resource, th e needs of 
consumers now, as well as in the future, can be met only 
through proper management and through long -range 
planning and execution of research programs. 

Meeting the consumers' needs 

More and more you, the consumer, represent a para
dox to the manager of fores t land. On the one hand you 
desi re increasing quantities of wood products to meet 
your daily needs. Per person you consumed in 1967 about 
530 pounds of paper and paperboard products and about 
1000 pounds of other wood products. Yet you are, in 
ever increasing numbers, demanding greater recreational 
and other uses of forest land. As a result, th e land base 
from which timber can be p roduced for processing is 
shrinking in order to sat isfy these more directly con
sumer-linked needs. Accordingly, research must find how 
our forest lands can be made more productive so that 
both dem ands can be served at the same time . 

Forest genetics research at the School of Forestry ha s 
concentrated on development of superior trees adaptable 
to Minnesota conditions. Work on spruce, Scotch pine, 
and poplars has led to the identification of parent stock 
which will reproduce trees with selected characteristics 
of form, rapidity of growth, and good color. As planting 
stock from such a selection process becomes available, 
it is used to give improved quality and volume yields 
from plantations . 

Better Scotch pine seed sources available to Christ
mas tree growers will result in a more colorful, more 
shapely tree in your living room at Christmas time. The 
forest geneticist may seem remote to you, but he will 
have had a hand in making your holiday more pleasant. 

Only recently the School of Forestry started a sizable 
research project, with special legislative support, on how 
mechanized timber harvest affects regeneration, planting, 
soil conditions, development of wildlife habitat, and 
water yields. The decline in woodsworkers has resulted 
in a world-w ide movement towards more and larger 
heavy equipment in tree harves ting. Th is was necessary 
to produce the amounts of wood required and to main
tain low cost of wood material for processing. You, the 
consumer, benefit through the continuing availability of 
low-cost products. But much is unknown about the im
pact that th is change has on the forest as a biological 
entity. To adapt this influx of equipment in a manner 
which maintains the forest as an effective producer of 
water, recreation, and wildlife is a new and stimulating 
cha llenge. This research program will provide the know
how that forest managers will need in the years ahead. 

Detection of Dutch elm disease and oak wilt through 
use of aerial photography has been another new develop
men t in our forestry research program. Here is research 
that benefits the city dweller directly. Cooperative work 
wit h the suburb of Bloomington last year to identify dis
eased trees indicates the broadened range of application 
of our research. 

Efforts of these kinds represent research which has 
long-term payoffs for existing and emerging forestry 
problems. They are not readily visible to the consumer. 
But through the linkage that land management has in 
the process of serving man's needs, it is relevant to the 
consumer. 

Complementing these kinds of studies, but having 
more immediate rewards to the consumer, is work in 
forest products utilization and marketing. Here efforts 
are focused on improving the quality of goods produced 
and on reducing the costs of the product reaching the 
consumer. In ad dition, results provide means of extend
ing our resource base through development of new prod
ucts. Examples of such consumer-oriented research with 
short-term "pay-off" periods are the development of a 
vacuum treating plant for preserving of wood, a new 
freeze-drying process for wood (which holds hope for 
reducing costs in the drying process), a fence post driver, 
and new measurement processes for marketing wood. 

As our population grows and as people increase their 
incomes, the need for a base of technical and scientific 
knowledge to serve the wants of consumers becomes 
greater. Whether these demands are reflected through 
the commercial or political systems is not important. In 
the end the consequences are the same - increased pres
sure on our forest land base. In a dynamic society we 
must be prepared to solve consumer problems as they 
arise. We can do this only through an effective forestry 
research program. 
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N EW ANOKA VARI ET Y P OTATO 

Of special interest to consumers is 
an excellent new potato, Anoka, which 
was developed by Professors Orr in C. 
Turnquist and Florian I. Lauer of the 
Department of H orticultura l Scienc e, 
University of Minnesota. 

Anoka potatoes are ellip tical to 
round with sha llow eyes, and the skin 
is smooth and white. Specific gravi ty 
is equal to or higher than Kennebec. 
In the field the Anoka potato is not 
resistant to late blight, but it is medi
um in resistance to common scab. In 
general, its resistance to diseases and 
its uniformity make it highly suitable 
for both home gardeners and commer
cial producers. 

From the consumer standpoint one 
of the best things about the Anoka 
potato is tha t it does not darken dur
ing or after cooking. For example, 
Anoka produces potato chips of a de 
sirab le light color that store well and 
are acceptable to the trade. 

Tests at the University of North Da
kota showed Anoka to be good for 
Baking. Mashed pota toes prepared 
from the Hakes are very mealy and 
white, and they do not become gray 
during standing. Fresh Anoka pota
toes also do not darken after cooking. 

WOULD You L IKE To RECEIVE 

Minnesota Science? 

Any Minnesota resident engaged in 
farming, forestry, homemaking, con
serva tion, teach ing, or business may 
receive th is magazine without charge. 
If you are not already receiving Min
nesota Science, write to your County 
Agricultural Extension agent and ask 
him to send it to you. Be sur e to give 
your name, address, and zip code. 

In addition, scientists, government 
officials, editors, professional writers, 
libraries, and business firms may sub 
scribe by sending their requests to the 
editor. 

Financial Statement 

MINN ESOTA AGRICULTURAL EXPERIMENT STATION 

RESEARCH FUND EXPENDITURES� 

YEAR ENDED JUNE 30, 1967� 

Ex penditure s b y So urce 

Pe rcent Amount 

Federa l Funds 

State Appropriations 

G ifts a nd G ra nts 

Fees, Sa les Miscellaneous 

. 

. 

. 

. 

20.6 

50.0 

15.2 

14.2 

$1,456,641 

3,552,564 

1,079,860 

1,009,801 

Tota l 100.0 $7,098,866 

Expendi tures by Ob je ct Classification 

Pe rcent Amount 

Persona l Services 63.1 $4,481,565 

Travel 1.8 127,303 

Equipment, Lands, Structures 11.4 806, 816 

Sup plies a nd Expense 23.7 1,683,182 

Total 100.0 $7,098,866 

Exp e nditures by Locati on 

Percent Amount 

University Cam pus-St. Paul ..................... 89.6 $6,364,092 

Branch Sta tions- Within Minnesota 10.4 734.774 

Tota l 100.0 $7,098,866 

MIN N ESOTA SCIENCE is published by the University of Minnesota 
Agricultural Experiment Station. It reports the results of research con
ducted by the Station, both on the St. Pau l Campus, and at outlying 
branch stations throughout the state. 

YOUR COPY of this magazine is sent you by your local county exten
sion agent. He represents the University's Ins titute of Agric ulture in your 
county and helps make results of University research available to you. 




