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let Klenzade tie it up!

[] Klenzade will provide TOTAL plant-wide processing efficiency in a package . . . from
design and engineering . . . through installation of the system, the piping, valves, controls,
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BEFORE AND AFTER ST. LOUIS MEETING
ST. LOUIS CARDINAL BASEBALL
"WORLD CHAMPION EL BIRDOS”

In beautiful new Busch Memorial Stadium

$2.50 per reserved seat

Indicate desired date(s) and number of tickets
Saturday night

Atlanta Braves

|
August 17
Sunday afternoon
Pittsburgh Pirates

August 18
Friday night

August 23
Saturday afternoon

August 24
Sunday afternoon

AT ST. LOUIS MEETING
ST. LOUIS MUNICIPAL OPERA

"“ALONE IN ITS GREATNESS”
In nearby Forest Park—5 minutes from Chase-Park Plaza Hotel
Indicate desired night and number of tickets—$3.50 per seat
THE WIZARD OF OZ
August 17

August 25

Sat.,

SOUND OF MUSIC

Mon., August 19 ________________________
Sun., August 18 ______________

August 20

Tue.,

Make check payable to:

IAMFES ST. LOUIS FUND
and mail to:

William McCown

St. Louis County Health Department
801 S. Brentwood Boulevard
St. Louis, Missouri 63105
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Fri., August 22
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EFFECT OF INSECTICIDE RESIDUES ON GROWTH AND
FERMENTATION ABILITY OF LACTIC CULTURE ORGANISMS'

S. C. Kim anp L. G. HarmoN

Department of Food Science
Michigan State University
East Lansing, Michigan 48823

(Received for publication December 11, 1967)

ABSTRACT

Sterile whole milks containing from <C.1 to 100 ppm of
dieldrin and heptachlor were inoculated with Streptococcus
lactis A254, S. lactis A62, Streptococcus cremoris E-8, S. lactis
var. diacetilactis 1816 and Lactolacillus casei and incubated
for 48 hr at appropriate temperatures. In addition, milks con-
taining similar amounts of methoxychlor and malathion were
inoculated with S. lactis A254 and L. casei and incubated
48 hr at 32 C. Samples removed at 0, 24 and 48 hr were
examined for number of viable organisms, pH, and titratable
acidity. The insecticides had little or no effect on the growth
or fermentation ability of the organisms.

During the past 2 decades pesticides have had an
important role in improving the quality and quantity
of man’s food and fiber. Pesticides are designed to
kill or interfere with the metabolism of living target
organisms. However, because of biochemical simi-
larities among many species, and inadequate selective
specificity of the toxicant, pesticides may be poten-
tially dangerous to living organisms utilized advan-
tageously by man. Consequently, extensive research
has been performed to learn the effects of pesticides
on man and his total living environment.

With a few exceptions, publications on the in-
fluence of insecticide residues on microorganisms
%have been limited to 01gamsms important in soil
microbiology (2, 3, 4, 7, 9, 13 and 14) and indicate
that in general, bacteua are not affected by the var-
ious insecticides. Some fungi, algae, yeasts and pro-
tozoa (3, 5, 6, 9, 10, 12 and 13) are affected by some
insecticides. Painter and Kilgore (8) reported that
none of 13 insecticides added to grape musts in wine
fermentation had any measurable effect on the fer-
mentation normally accomplished by the inoculated
yeast Saccharomyces cerevisiae var. ellipsoideus.

Recently, some people, working with culture organ-
isms used in dairy products have expressed concern
about the effect of insecticides on these cultures. The
organo-phosphate compounds are of little conse-
quence because they seldom survive the chemical
reactions in the biological pathways occurring be-
tween ingestion or absorption and the milk secretory

Michigan Agricultural Experiment Station Journal Article
No. 4159.

system. Normally the organo-phosphates gain access
to milk only through post-milking contamination.
However, the various chlorinated hydrocarbon in-
secticides are found in almost all mammalian milks,
including human. The purpose of*this study was to
determine whether certain insecticides have any de-
leterious effect on the growth and functions of some
culture organisms important in dairy products.

MATERIALS AND METHODS

Quantities varying from 0 to 100 parts per million (ppm)
of 3 representative chlorinated hydrocarbon insecticides (meth-
oxychlor!, dieldrin®> and heptachlor®) and one organo-phos-
phate insecticide (malathion!) were added to sterile whole
milk. Stock solutions containing 1 or 10% of these insecticides
were prepared by dissolving the chlorinated hydrocarbons in
acetone and by dissolving malathion in 95% ethyl alcohol.
Preliminary experiments indicated that these solvents had no
effect on the growth of the test organisms when used at
concentrations up to 1% in the growth medium. Subsequent
10-fold dilutions of the stock solutions were prepared using
the solvents mentioned above so that 0.1 or 1.0 ml added
to 100 ml of milk would give milks containing 0.1, 1, 10,
and 100 ppm of the insecticide. The original milks usually
contained less than 0.01 ppm and always less than 0.05 ppm
of insecticide.

The milks containing various amounts of insecticides were
inoculated with 0.1% of an active litmus milk culture of S.
lactis A62, S. lactis A254, S. cremoris E-8, S. lactis var.
diacetilactis 1816 or L. casei and incubated at 32 C for 48
hr, except samples inoculated with S. cremoris which were
incubated at 25 C. Two control samples of milk with no
insecticide added were included with each trial, cne inocu-
lated and one non-inoculated. At 0, 24, and 48 hr of in-
cubation, aliquot samples were withdrawn aseptically to
determine plate count, pH, and titratable acidity. Plate
counts for bacterial populations were performed according to
the procedures recommended in Standard Methods for the
Examination of Dairy Products (1). Titratable acidity was
expressed as per cent lactic acid.

!Crystalline methoxychlor, 100% pure, from Geigy Chemical
Corp., Ardsley, N. Y.

*Crystalline dieldrin 99+% pure from Shell Chemical Co.,
New York, N. Y.

3Crystalline heptachlor, 99% pure, from Applied Science Labs,
Inc., State College, Pa.

‘Liquid malathion, 96% pure, from American Cyanamid Co.,
Princeton, N. ].
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REesurLts AND Discussion

The effect of insecticide residues on the growth and
fermentation ability of organisms frequently occurr-
ing in cultured dairy products was determined by
comparing viable cell counts, pH and titratable acid-
ity in inoculated milks containing various concentra-
tions of commonly used insecticides, with inoculated
milks containing no added insecticide.

An explanation of the data in Table 1 is appropri-
ate. Separate inoculated control samples containing
no added insecticide were used with each insecticide
tested and the range of the count in these controls is
shown. The cell populations expressed as per cent of
control are calculated from the specific control sam-
ple used in series with the insecticide being tested.
For example, when S. lactis A 254 was tested with
dieldrin, both the control and the sample containing
100 ppm of dieldrin had plate counts of 710,000 per
ml at 0 time; at 24 hr the count in the control was
630,000,000 per ml and the count in the sample con-
taining dieldrin was 480,000,000 per ml or 76% of the
control; and at 48 hr the count in the control was
570,000,000 per ml and the count of the sample con-
taining dieldrin was 590,000,000 per ml or 104% of the
control.

The data in Tables 1 - 3 show that 100 ppm of
methoxychlor and malathion had no effect on the
ability of S. lactis or L. casei to increase in number
or produce acid. Similar amounts of dieldrin and
heptachlor had little or no adverse effect on the growth
or fermentation ability of two strains of S. lactis, S.
cremoris, S. lactis var. diacetilactis or L. casei. In
fact, among the various combinations of organisms
and amounts of insecticides used in this work, the
only evidence of inhibition occurred when L. casei
was inoculated into milk containing 100 ppm of
dieldrin, and this inhibition was only slight. In the
interest of conserving space in this paper, data per-
taining to cell populations and acidities in inocu-
lated milks containing 0.1, 1.0 and 10 ppm of the
insecticides are omitted.

The concentrations of the acetone and ethyl al-
cohol solvents used in this experiment were equiva-
lent to a maximum of 1.0% and 0.1%, respectively, ing
the growth medium. The stock solutions of insecti-
cides were not sterilized, the reason being to avoid
any possible alteration of the compounds by heat.
This is particularly important with malathion which
is relatively unstable to heat. However, aseptic tech-

TaBLE 1. VIABLE CELL POPULATIONS IN WHOLE MILK CONTAINING 100 PPM OF VARIOUS INSECTICIDES WHEN INOCULATED WITH
ORGANISMS COMMONLY OCCURRING IN CULTURED DAIRY PRODUCTS AND INCUBATED AS INDICATED

Range of cell population per ml
in inoculated controls

Cell population expressed as per cent of
control when the milk contained the
insecticides indicated below

Incubation containing no insecticide

time (hr) (000 omitted) dieldrin heptachlor methoxychlor malathion
inoculated with S. lactis A254 and incubated at 32 C
0 240 to 730 100 96 157 100
24 42,000 to 630,000 76 95 88 94
48 120,000 to 620,000 104 135 105 117
inoculated with S. lactis A62 and incubated at 32 C
0 860 to 1,000 93 110 — —
24 ’ 570,000 to 610,000 95 98 = =
48 550,000 to 650,000 85 98 — -
inoculated with L. casei and incubated at 32 C
0 240 to 390 78 97 112 100
24 110,000 to 220,000 31 100 i00 86
48 260,000 to 680,000 48 114 115 92
inoculated with S. cremoris E-8 and incubated at 25 C
0 510 to 900 110 96 — o
24 810,000 to 960,000 97 108 — —
48 150,000 to 610,000 87 112 — =
inoculated with S. lactis var. diacetilactis 1816 and incubated at 32 C
0 840 to 950 86 88 — — ’)'
24 510,000 to 650,000 112 108 — —

48 360,000 to 690,000 128 113 — —
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N PH IN WHOLE MILK CONTAINING 100 PPM OF VARIOUS INSECTICIDES WHEN INOCULATED WITH ORGANISMS

COMMONLY OCCURING IN CULTURED DAIRY PRODUCTS AND INCUBATED AS INDICATED

Range of pH of Insecticide
Incubation inoculated controls
time (hr) containing no insecticide dieldrin heptachlor methoxychlor malathion
inoculated with S. lactis A254 and incubated at 32 C
0 6.40 to 6.48 6.44 6.45 6.48 6.40
24 5.00 to 5.22 5.22 5.22 5.02 4.98
48 475 to 5.05 5.02 5.06 4.78 475
inoculated with S. lactis A62 and incubated at 32 C
0 6.42 to 6.43 6.43 6.42 — —
24 4.80 to 5.27 5.26 5.02 - =
48 4.64 to 5.01 5.00 4.65 = -
inoculated with L. casei and incubated at 32 C
0 6.45 to 6.50 6.48 6.42 6.45 6.50
24 5.92 to 6.14 5.13 6.10 5.92 6.10
48 5.42 to 5.51 5.58 5.40 5.05 5.30
inoculated with S. cremoris E-8 and incubated at 25 C
0 6.42 to 6.44 6.42 6.41 — =
24 4.83 to 4.99 5.00 4.83 - —
48 445 to 4.98 4.99 4.46 — =
inoculated with S. lactis var. diacetilactis 1816 and incubated at 32 C
0 6.43 6.44 6.43 — —
24 5.44 to 547 5.44 5.46 = —
48 5.28 to 5.32 5.28 5.31 — —

TABLE 3. CHANGES IN TITRATABLE ACIDITY IN WHOLE MILK CONTAINING 100 PPM OF VARIOUS INSECTICIDES WHEN INOCULATED

WITH ORGANISMS COMMONLY OCCURRING IN

CULTURED DAIRY PRODUCTS AND INCUBATED AS INDICATED

Range of titratable acidity Insecticide
Incubation of inoculated controls
time (hr) containing no insecticide dieldrin heptachlor methoxychlor malathion
inoculated with S. lactis A254 and incubated at 32 C
0 0.14 to 0.16 0.14 0.15 0.14 0.16
24 0.56 to 0.61 0.58 0.62 0.57 0.58
48 0.64 to 0.69 0.70 0.68 0.64 0.66
inoculated with S. lactis A62 and incubated at 32 C
0 0.14 0.15 0.15 = ==
24 0.55 to 0.56 0.55 0.56 s —
48 0.58 to 0.63 0.64 0.59 — —
inoculated with L. casei and incubated at 32 C
0 0.13 to 0.14 0.15 0.16 0.13 0.14
24 0.19 to 0.26 0.27 0.21 0.21 0.20
48 0.40 to 0.49 0.43 0.46 0.49 0.41
inoculated with S. cremoris E-8 and incubated at 25 C
0 0.13 to 0.15 0.14 0.13 — —
24 0.66 to 0.68 0.64 0.68 — =
" 48 0.66 to 0.72 0.66 0.71 — -
inoculated with S. lactis var. diacetilactis 1816 and incubated at 32 C
0 0.14 to 0.16 0.16 0.14 - —
24 0.49 to 0.50 0.52 0.49 - —
48 0.55 to 0.56 0.56 0.55 == -
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niques were maintained and no contaminants were
observed during enumerations.

Additional trials were performed in which the in-
secticides were added without solvent, directly to
reconstituted sterile whole milk and to cereal milk
containing 11% milk fat. Malathion has a solubility
of 145 ppm in water at 25 C (11). The chlorinated
hydrocarbons dissolve in the fat when added to a
substrate containing fat. In one group of experi-
ments methoxychlor was dissolved in butteroil, which
was then mixed with non-fat dry milk solids and
water, and reconstituted into milks used as a growth
medium. When these milks were inoculated with S.
lactis or L. casei there was no significant difference
in the growth rate of the organisms even when the
insecticides were present in concentrations up to
1000 ppm. Little difference was observed in the
data resulting from different methods of incorporat-
ing insecticides into growth media, therefore only one
representative portion of the data is included here
(Tables 1 - 3).

In this work 3 chlorinated hydrocarbon and 1
organo-phosphate insecticides were tested against 2
to 5 representative lactic organisms. Since concentra-
tions up to 100 ppm of the insecticides showed little
or no adverse effect on the metabolic ability of the
organisms, it seems probable that amounts of in-
secticides apt to occur in milk (up to 0.05 ppm in the
milk or 1.25 ppm in the milk fat) would not inter-
fere with normal growth and fermentation of lactic
culture organisms used in milk products. The toxic
mechanism of organo-phosphates is through inhibition
of cholinesterase and since the bacterial system is
not known to possess a cholinesterase it is logical that
the organophosphates would be unable to interfere
with the metabolic activity of bacteria. The toxic
mechanism of chlorinated hydrocarbons is not as well
elucidated as that of organo-phosphates. Most chlor-
inated hydrocarbons are known to be contact in-
secticides which function as nerve poisons (11).

REFERENCES
1. American Public Health Association. 1960. Standard
Methods for the Examination of Dairy Products. 11th ed.

Am. Pub. Hlth. Assn., Inc. N. Y. 19, N. Y. i

2. Angelotti, R., J. A. Fletcher, H. D. Brown, and H. H.
Weiser. 1954. Detection of fungicides and insecticides by
microbiological techniques. Proc. Am. Soc. Hort. Sci. 63:
285-288.

3. Bollen, W. B., H. E. Morrison, and H. H. Crowell.
1954. Effects of field treatments of-insecticides on numbers
of bacteria, streptomyces, and molds in soil. J. Econ. Entomol.
47:302-306.

4. Carlyle, R. E., and J. D. Thorpe. 1947. Some effects
of ammonium and sodium 24-dichlorophenoxyacetates on
legumes and the rhizobium bacteria. J. Am. Soc. Agron.
39:929-936.

5. Johnston, M. R. 1957. Lindane residue in cucumber
fermentation. Food Res. 22:331-341.

6. Kirkwood, B. S., and P. H. Phillips. 1946. The anti-
inositol effect of ~y-hexachlorocyclohexane. J. Biol. Chem.
163:251-254.

7. Lewis, R. W., and C. L. Hamner. 1946. The effect
of 24-D on some microorganisms. Mich. Agr. Expt. Sta.
Quart. Bul. 29:112-114.

8. Painter, R. R., and W. WV, Kilgore. 1963. Distribution
of pesticides in fermentation products obtained from artificial-
ly fortified grape musts. J. Food Sci. 28:342-346.

9. Smith, N. R.,, and M. E. Wenzel. 1947. Soil micro-
organisms are affected by some of the new insecticides. Soil
Sci. Soc. Am. Proc. 12:227-233.

10. Ukeles, R. 1962. Growth of pure cultures of marine
phytoplankton in the presence of toxicants. Appl. Microbiol.
10:532-537.

11. United States Department of Health, Education and
Welfare. 1965. Guide to the Analysis of Pesticide Residues.
Vol. 1. U. S. Gov't. Printing Office, Washington, D. C.

12. Williams, P. P., J. D. Robbins, J. Gutierrez, and R. E.
Davis. 1963. Rumen bacterial and protozoal responses to
insecticide substrates. Appl. Microbiol. 11:517-522.

13. Wilson, J. K. 1948. The effect of benzene hexachlor-
ide on soil organisms. J. Agric. Res. 77:25-32.

14. Wilson, J. K., and R. S. Choudhri. 1946. Effect of
DDT on certain microbiological processes in the soil. J.
Econ. Entomol. 39:537-538.

~¢,_




i

FOOD INDUSTRY DEVELOPMENTS IN THE FUTURE'
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ABSTRACT

It is apparent that the food industry of the future will be
a dynamic, complex and a large-scale commercial operation.
Vertical and horizontal integration will likely increase and
thus blur the lines between agricultural production and agri-
cultural processing. The growing need for food can only
result in further rapid technological development. Accelerated
progress toward more sophisticated, more convenient, nu-
tritious and attractive foods can be expected to result from
intensified application of science and technology. The
amount of processing, handling and distribution of food will
increase as a result of the lengthening distance between pro-
ducer and consumer. Production of food, water, and energy
to do man’s work will be of the utmost importance. Nuclear
energy will be used in producing man’s food and water. Main-
taining the safety and wholesomeness of an ever-changing
food supply will require increasing emphasis on food sanitation.

Quite apart from its importance in supplying world food
needs, the food processing industry—including the production,
distribution and marketing activities that are associated with
it—will be considered a national resource of highest priority
in meeting problems which affect our interests in inter-
national trade and assistance to developing countries. Food
processing will be the key to economic development.

Today’s world can depend upon change—rapid
change. Revolutionary changes have taken place in
the production, processing, packaging and distribu-
tion of food in the past 20 years. Two-thirds of the
8,000 items now available in the supermarket were
not available before World War II or are consider-
ably modified pre-war products. New products are
appearing every day and, 10 years hence, the number
is expected to exceed 12,000. These statistics depict
the impact of an affluent society on a highly com-
petitive and efficient food industry. The challenge
of the future lies in adapting the food industry to
changing social and economic factors.

There is much processing and manufacturing of
agricultural products between the farm and the con-
sumer. Perhaps the single, most significant develop-
ment in the food industry has been the transfer of
food preparation and 'processing from the home to
the food manufacturing plant. Despite the signifi-
cance of this event, the food industry’s ability to
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provide the nation with more food, of higher quality,
nutritive value and stability and at less cost is often
taken for granted.

The United States food industry is a successful mul-
tibillion dollar business. It provides an abundant, safe
and economical food supply. Broadly viewed, the
production and distribution of food products involves
5 fairly distinct and separate stages: (a) agricultural
production, (b) manufacturing and processing, (c)
merchandising, (d) wholesaling, and (e) retail dis-
tribution (18).

This report is concerned mainly with agricultural
production and manufacturing or processing. It at-
tempts to highlight the major technological develop-
ments which in the next few years will have a major
impact on the supply of food available. Emphasis is
placed on research and development needed for fu-
ture growth.

Discussion of developments in the food industry
requires a brief summary of the economic and social
changes that give rise to current trends.

America is now 70% urbanized. The national econ-
omy has been expanding. Science and technology
have become a major key to technological change and
national growth. Use of nuclear energy will expand.
Man’s ability to alter the face of the earth through
technology seems to be limited only by his ingenuity
and imagination.

AGRICULTURAL PRODUCTION

Since World War II there has been a surge in the
use of science and technology in agricultural pro-
duction.  Extensive adoption of engineering, bio-
logical and economic technology has brought about
significant changes in American agriculture. These
changes have resulted in fewer but larger farms and
increased specialization. Today there are about 3.2
million farms in the United States as compared with
6.1 million in 1940.

The number of farms may be going down, but the
capacity of agriculture to produce keeps on growing.
The size of farms and the amount of capital resources
and machinery per farm have increased. Productivity
per man hr has nearly doubled in the past 10 years
and productivity per acre has increased 76%. Today,
the average farm worker produces enough food and
fiber for himself and 39 others,
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Possibilities for adjustment in agriculture point to
a continuation of rapid change in farm numbers and
in the structure of agriculture. Scale economies and
capital-labor substitution will likely be continuing
trends. In the future, plant breeders will be develop-
ing plants of known composition for specific pur-
poses. With the emphasis on nutritionally adequate
foods, farmers will relate production from one crop
to another in such terms as tons of protein per acre.

Agriculture/2000 (20) envisages many changes in
agriculture. The experts predict disease-free crops,
automated farm machinery, robot harvesters and
computer-controlled operation. Agricultural produc-
tion will continue to change.

Foop PROCESSING AND MANUFACTURING INDUSTRY

The performance of the food processing industry is
highly important to the total national economy. Over

THE FOOD AND BEVERAGE MARKET AT
RETAIL PRICES AND MANUFACTURERS’ PRICES
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Figure 1. Scope of the food and beverage market.
the decade ending with 1966, the nation’s food and
beverage market grew from $74 billion to $105 billion
at the retail level, and from $48 billion to $77 billion
at the manufacturer’s price level (Figure 1).

The $105 billion includes the bill for services of
about 300,000 retail food stores, approximately 13,000
food manufacturing plants with 20 or more employ-
ees, and a large portion of the 3.2 million farms.
- Food processors and distributors alone employ about
3 million persons.

A variety of dynamic movements have been and
are at work in the food processing industry (17).
These include a substantial decline in the number
of companies involved in food manufacturing general-
ly; an increase in concentration in the food manu-
facturing industry; a substantial increase in the con-
glomerate nature of leading firms in the industry; a
sizable increase in the number of large acquisitions
by the larger food processors; and substantial in-

Foop INDUSTRY DEVELOPMENTS

CAPITAL EXPENDITURES FOR NEW PLANT AND
EQUIPMENT, FOOD AND BEVERAGE COMPANIES
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Figure 2.
food industry.

Expenditures for new plant and equipment,

creases in research expenditures by large food manu-
facturers.

The food industry’s dynamic growth has resulted
from product innovation and plant expansion and
moderization. Figure 2 reveals that outlays for new
plant and equipment during the period 1957 to 1966
grew from a level of about $800 million a year to
nearly $1.5 billion. Many new processing tech-
nologies were adopted. These include processes such
as freeze-drying; continuous mixing techniques; and
controlled atmosphere storage.

A DECADE OF GROWTH: 42 FOOD PRODUCTS
CIVILIAN CONSUMPTION, 1966
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Figure 3. New product consumption, 1966.
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New products offer important sources of profit for
food firms. It is not uncommon for major food firms
to have one-half or more of their sales represented
by products new within the past 10 years. Illustra-
tions of new products and new uses for food products
that have become important in recent years are frozen
concentrated juices, frozen fruits and vegetables, pre-
pared cake mixes, non-fat dried milk and potato
flakes.

Figure 3, taken from Food Processing and Market-
ing’s “Fourth Biennual Review of Ten Year Growth
Patterns” in the food industries (10), documents strong
consumer preference for convenient, low-calorie, and
high protein foods. Despite the apparent success of
some items, 3 out of 4 new products developed either
fail or do not reach expected levels of profitable mar-
keting. More effective product development tech-
niques are needed.

Modern highways have improved truck transporta-
tion between cities and have led to increased long-
distance hauling by trucks. Improved transportation
coupled with new processing technology has resulted
in growth of larger plants and less isolation of local
markets. Future advances in food processing and
manufacturing will reflect the contemporary level of
biological sciences and engineering development. Ap-
plications of chemical, physical and bacteriological
knowledge combined with modern chemical engin-
eering principles will contribute to the new processing
technology. New processes will find expression in
new consumer products. Food product development
will continue at a fast pace since easy to prepare,
easy to serve products will be more attractive than
ever.

Improvements foreseen include: a rapid and con-
tinuing change from batch to continuous flow meth-
ods; an increased use of the clean-in-place idea with
modification of the design and construction of pro-
cessing equipment in order that equipment and plant
can be cleaned and sanitized without disassembling
them; widespread use of automated processes includ-
ing use of sequences of operations and programmed
control of sanitation and cleaning cycles; and expand-
ed use of packaging and prepackaging methods.

Applications of computers will be a future way of
life in many food companies. In addition to use in
the normal operation of a business, computers will
be used for process control, ingredient blending and
simulation of segments of the food industry. Compu-
ters lend themselves to use in mobilizing powerful
new means of processing and communicating informa-
tion and in developing modern analytical techniques
to deal with problems in their entirety. This will
help insure that efforts are aimed in the right direc-
tion whether the industry is seeking research infor-
mation or planning marketing programs.
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WORLD POPULATION GROWTH
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Figure 4. World population growth.

It has been suggested that nutrition should be es-
tablished at the basis for production, buying, and sell-
ing of farm and food products (8). This points toward
a computer-controlled system of specification of foods
and marketing of nutrient labelled food products.

DeEMAND FOrR Foop

The growing demand for an adequate food supply
is a significant force that confronts the agricultural
production and food processing industries. Never
has food been so widely recognized as deserving of
increased emphasis on both domestic and interna-
tional fronts. At the risk of rhetorical overkill—the
precarious state of the food supply must be empha-
sized. Figure 4 depicts a part of the burgeoning
problem of meeting the nutritional needs of a hungry
world. It took almost until 1900 for the world popu-
lation to reach a billion people. There are more than
3 billion now and projections indicate the possibility
of 6 billion by the year 2000.

Secretary Freeman has said:

“The greatest single challenge the world faces today is

whether the swelling ranks of mankind can produce enough

food to sustain life without hunger.”

Hopefully, research and education will provide the
long-term solutions. One of the most pressing needs
is an adequate supply of low-cost, high-quality pro-
tein. Ways to extend both animal and plant protein
sources are sought. Sources such as fish protein con-
centrates, petroleum hydrocarbons, and plant and oil-
seed proteins have received intensified study and
several processes have reached the pilot plant stage
(2).

In the United States, increases in population and
consumer buying power are major determinants of
demand for food products. Domestic markets for
food are expected to grow a little more rapidly than
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population. Consumer demand is influenced by in-
come and consumer preference for food. Rising in-
comes have had more impact than growth of popu-
lation on the American food industry. Demand for
services incorporated in or associated with processed
foods has increased more than demand for raw food
materials. A decline in the significance of price in
determining consumers’ purchases has occurred. The
fact that an increasing number of women hold jobs
outside the home portends an ever increasing demand
for high-quality, time-saving convenien ce foods.
Housewives are happy to be freed from peeling,
washing, cleaning, mixing, and preparing food 3 times
a day. However, a successful product must have
high quality, taste, nutritive value, and convenience
to meet their high standards.

Expanding and affluent populations have enhanced
the demand for greater quantities of more highly pro-
cessed food products. Per capita consumption, in
the United States, of a basic staple such as potatoes
illustrates this trend. In 1950 11.2% of potatoes con-
sumed was processed; in 1966, 38.4% was processed.
Industry members predict that over one-half of the
potato crop will be utilized in processed form, thus
continuing the shift toward more processed items.

American consumers can eat a different meat prod-
uct every day of the year, and they want even more
variety. Data on food consumption per capita re-
veal Changes in consumption patterns—more meat,
more poultry and less cereal products.

Despite an upgrading of the diet, food expenditures
relative to income have d=clined. Income spent for
tood dropped to 18.2% in 1966.

Eating habits are changing. More people are eat-
ing out. From 1955 to 1965, meals and beverages
consumed outside the home increased by 50%. A close
look at the composition of the diet indicates a re-
duction in calorie intake as well as a shift in com-
position.  Furthermore, sources of protein are chang-
ing.

A survey by Progressive Grocer indicated that the
majority of consumers would not be willing to accept
reductions in shopping services or convenience foods
in order to obtain lower food prices. A buying popu-
lation that on the average is younger, better educated,
mobile, and more affluent will generate changes in
relative prices. This will further modify diets.

Technology produces more than physical change.
It brings about farreaching alterations in our food
supply, food habits, and tastes. Changes in the qual-
ity and character of foods are occurring rapidly.
Clausi (9) believes that the consumer of tomorrow is
going to accept fabricated foods, and will be experi-
ment-minded enough to embrace new ideas if they
satisfy the need. Study of human population will
lead to better understanding of the state of health

Foop INDUSTRY DEVELOPMENTS

on low intakes of essential nutrients and of the re-
lation of nutrition to physical and mental develop-
ment. A strong interest in health and diet will con-
tinue. There is increasing concern with factors in
foods which influence appetite and induce or con-
dition deficiency or toxic states.

Mortimer (15) has stated:

“I foresee a time when we will be catering to a society

that will be much more calorie conscious; one in which

foods will prevent rather than combat obesity and other

forms of malnutrition.”

In the “far-out” view of how foods will be marketed
and consumed, it is probable that the housewife will
be shopping in a supermarket quite different from
today. She will likely be riding on a moving side-
walk, selecting items from the shelves by electronic
control and almost instantly going through checkout
and delivery.

RESEARCH AND DEVELOPMENT

Competition and change have characterized man’s
forward progress for centuries. Competition finds
expression through research and development. Re-
search produces information. Application of that
information yields new and improved products. Pro-
gress and economic growth can be accomplished only
on the foundation of research and innovation.

Advances achieved through research make it pos-
sible for man to enjoy a great abundance of high
quality food. There are few items in today’s super-
market that have not been improved through re-
search. New processes and new food products occupy
a tremendously important place in this era of in-
novation. Research also provides a useful base of
fundamental information which serves as a spring-
board for innovation in foods.

A strong research program is dependent upon a
constant stream of new and stimulating ideas. If the
objective is new and better food products, then idea
birth control should not be practiced. The food pro-
cessing industry finds it necessary to invest heavily
in product research and development. A tremendous
amount of resources is devoted to new product de-
velopment by food manufacturing companies today.
Funds allocated to research and development by the
food and beverage industries more than doubled in
the past 10 years. Figure 5 shows the funds rose from
$74 million in 1957 to close to $160 million in 1966.

In addition to industry research and development
efforts, food scientists in the State agricultural ex-
periment stations of the Land-Grant Universities and
in the laboratories of the Department of Agriculture
contribute significantly to the improvement of food
products and processes. Although directed less to
product development, this research provides basic in-
formation about the properties of agricultural com-
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Figure 5. Funds for research and development, food in-
dustry.

modities and engineering unit operations. A recent
study (4) indicates that research on food problems
employed a total of 642 scientific man-years, com-
prised of 396 for State agricultural experiment sta-
tions and 256 for the Department in 1966.

Other Government and private agencies also con-
duct food research. However, the following examples
of accomplishments have been drawn largely from
State agricultural experiment station and Department
sources.

NEw Propucts

Recent developments in food engineering and pro-
duct development have made it possible to provide
an ever increasing array of poultry products. Only
a decade ago, a scant 1 million 1b of ready-to-cook
poultry went into further processed products. Today
the volume is near 750 million Ib. Over 20% of tur-
key is now further processed.

Interest in further processing of poultry and de-
velopment of poultry products has lead Cornell
scientists to investigate the emulsifying properties of
meat obtained from the various parts of fowl, fryer-
roosters and turkeys. Parts were analyzed for col-
lagen content and used to prepare basic meat emul-
sions. The collagen content of poultry meat was
found to give an excellent estimate of its emulsifying
capacity.

New “instant fruit” consumer products have be-
come available as the result of a process of freeze-
drying crushed fruit in pellet form developed by
North Carolina station food scientists. These pellets
provide the homemaker with the same “instant” con-
venience in fruit that she enjoys in such products as
coffee, potatoes and milk. Several food firms are now
testing the peach, strawberry, and blueberry pellets

in prepared mixes for cakes, pancakes, muffins, and
other products.

A new sweet potato product that is canned hot
and congeals in the can so that it can be removed
as a roll has been developed by Georgia station food
scientists. The roll can be made from sweet potatoes
that have been lye peeled, cooked, pureed, and mixed
with a small amount of dry milk solids.

Short supply of protein in some areas of the world
has stimulated the search for low cost methods for
processing plant proteins into suitable forms for hu-
man consumption. A process, developed by South
Carolina food scientists, involves converting peanuts
into full-fat precooked flakes by grinding, heating
with water, and drum drying. A white flour made
from glandless cottonseed by Texas station researchers
may expand the use of cottonseed protein for human
food. Characteristics of the cottonseed flour made
from glandless cottonseed indicate that it may have
potential for usz in the production of simulated meat
products made from vegetable proteins.

Food scientists at the Puerto Rico station have suc-
cessfully freeze-dried sweet peppers (Capsicum
frutescens). The process consists of steam treatment
to inactivate enzymes, freeze-drying, and packing the
diced peppers in jars or cans. Microbial counts are
reduced by steam treatments. The freeze-dried prod-
uct rehydrates readily and retains good flavor. It is
especially useful in those instances in which uni-
formity and stability of flavor are important in the
product.

Despite the research effort and success mentioned,
additional new products are needed in such form that
meals can be readied in a few moments by the house-
wife or by the institutional kitchen. Snack food sales
in the United States have, since 1945, exceeded both
population growth and food sales in general. Sales
of potato chips rocketed from $147 million in 1946
to $600 million in 1964.

Research provides information on the physical and
chemical properties of basic agricultural commodities.
Ingredients with built-in properties which made prod-
uct development easier have been developed. Food
manufacturers may specify texture, size, shape, color,
flavor and a sanitary quality to meet product needs.
High protein fractions obtained from corn, soya, oats,
rice and rye offer functional properties that can help
make better foods more economically.

It is likely that the future will see more exploitation
of molecules, powders, fat, carbohydrate and protein
fractions to build new foods which are pleasing for
people to eat. To obtain proper gustative and ap-
petite stimulating properties greater knowledge is
needed in rheology, instrumentation, and flavor.
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ProcEss DEVELOPMENT

Methods of handling and processing foods change
in response to modifications in production practices;
harvesting procedures, including mechanical harvest-
ing methods; processing, packaging and handling;
storage and distribution.  Furthermore, processing,
handling and distribution procedures are frequently
modified to conform to markets and to variation in
consumer habits and preferences. New processes
emerge from the laboratories and pilot plants of food
and allied manufacturers, research agencies of Govern-
ment, university and private firms, and firms outside
the United States.

During the past 20 years, the food processing and
manufacturing industry has become increasingly me-
chanized. Much of the food is now mass-produced
by continuous methods and the speed of production
and distribution has been increased.

Many important developments are occurring in
food processing methods as advanced processing tech-
niques are being perfected and applied. Within the
past decade, a large body of scientific knowledge per-
taining - to such radiation processes as sterilization,
pasteurization, disinfection, sprout inhibition, and
product improvement has accrued. There are prob-
lems related to reduction and control of undesirable
side reactions, methods for achieving dose reduction,
and wholesomeness which must be solved. Never-
theless, the preservation of food by ionizing radiation
is fast approaching commercialization and will likely
take its place among the acceptable techniques for
food preservation (11, 2I). Food irradiation pro-
cesses will find major uses where their unique fea-
tures will fulfill needs not satisfied by other process-
ing techniques. In cooperation with the Atomic
Energy Commission, the USDA has just begun work
on the world’s first free-flowing bulk grain irradiator
at Savannah, Georgia.

Confronted with the problem of how to cull bad
black walnuts from’ good ones without cracking them
open, Missouri station scientists used theoretical con-
cepts to design a workable machine with a computer.
The walnut sorting machine was designed after de-
termining many of the physical characteristics of the
whole and cracked nuts. The multi-million dollar
black walnut industry will welcome the big saving
in tedious hand labor required to separate bad nut
meats from good ones. The machine also saves the
cost of handling and cracking bad nuts.

Recent research at Oklahoma State University, co-
operative with USDA, has shown that ham can be
satisfactorily processed within 15 hr from time of
slaughter. The shorter processing time was accomp-
lished by eliminating the 24 hr chill treatment.

For centuries apple juice has been prepared by

grinding the fruit and wrapping the pulp in open
weave cloths to form “cheeses” which are stacked
between the platens of a screw or hydraulic press.
To replace this “batch process,” New York food re-
searchers have developed a continuous screw press
for making apple juice. Use of the continuous press
makes it possible to maintain a uniform flow of juice
and requires much less labor. Principles developed
will be useful in design and operation of large con-
tinuous presses.

Development of a fluidized-bed technique that re-
duces time of freeze-drying meats and vegetables to
3 to 5 hr at costs of 3.3 to 4.3¢ per Ib of water re-
moved has been reported (22). In a new Danish
treeze-dryer, liquids are spray-frozen in cold air in
sec. Then particles are dried in a rotating drum that
agitates the product bed. Microwave experiments
have indicated that mold spores in unwrapped sliced
bread have been killed by heating to 150-160 F with
no effect on product. Aseptic processing and pack-
aging has taken another step forward with the suc-
cessful cold packaging of single strength orange
juice.

Reverse osmosis is being developed as a new way
to remove water from a liquid product without use
of heat. It is adaptable to liquids which have a low
temperature sensitivity. Some problems exist. The
right membrane must be used on dissimilar liquids
and proper sanitation procedures are important.

Advances in other processes and unit operations are
finding wider use. Cryogenics, ultrasonics, mem-
brane filtration, larger-scale electro-dialysis, and
microwave and infrared heating are examples.

Some new processes will have implications for sani-
tation and pollution control. USDA’s process for
cleaning and reusing the brine used in processing
olives will help reduce stream pollution. In the
process liquids are passed through a column of
activated carbon to remove the contaminants and
make brine reusable. Recycling saves water and
chemicals and prevents stream pollution.

Water usage and management in potato processing
plant operations has been studied by Maine food
scientists (12). Factors found to affect water use
and reuse were volume of raw materials processed
per day; conditions of raw materials at time of pro-
cessing; loadings of total suspended solids; micro-
biological populations in effluent waters from various
processing steps; and wide variations in processing
procedures within individual plants.

Instrumentation and control methods are develop-
ing rapidly. Chemical and rheological methods of
analysis of foods have in many instances been adapted
to continuous in-line techniques which give rapid
results. A system of onstream color control for cran-
berry juice has been devised. A device which mea-
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sures egg shell fragility by use of beta-ray reflections
has been used to detect cracked eggs. These re-
search developments will extend the scope of appli-
cation of food processes and lead to entirely new
processes.

PAckAGING

Good packages protect and display the product.
They provide convenience in buying, handling, stor-
ing and using the food item and may also be designed
to appeal to consumers. The protection offered by
a package is determined by the nature of the pack-
aging materials and by type, design and construction
of the package. The average package gets only one-
fifth of a sec to attract the consumer’s eye. It must
be functional, convenient and attractive. If the
search for better processed food quality is to be suc-
cessful, better packaging must be developed.

Reports indicate that tinless steel cans may soon
be feasible in the United Kingdom as a result of de-
velopment of a blackplate that has been chemically
treated to produce a surface film containing hydrated
chromic oxide (6). The material can be produced in
a variety of finishes from the color of bright un-
treated steel to blue.

Ilinois food scientists have developed an edible
film for packaging meat that minimizes bacterial
growth, moisture loss, and pigment loss. The film
is prepared from sodium alginate, crystalline corn
syrup solids, and calcium propionate. In comparative
studies at 3 C with rib-eye steaks, samples dipped
in the film preparation did not spoil until after 10
to 12 days.

United States Department of Agriculture research-
ers have developed a tasteless, colorless fat from
cottonseed oil which, when sprayed on a food, forms
a “package” upon contact. Economists say that today
about 35 million Ib of edible coatings—packages that
can be eaten—are used on food and they expect this
to double in a few years.

There exists a need for more extensive studies on
application of plastics to heat-sterilized foods. Work
has been underway on the development of a trans-
parent plastic folding carton for more than 20 years.
Fulfillment of this research goal has recently been
reported.  “Show-off” cartons made by Finn In-
dustries are constructed as one-piece boxboard fold-
ing cartons. They are made of a vinyl plastic formu-
lation and are totally transparent, enabling the prod-
uct to be completely visible. The new material is
available in most conventional carton, tray, and sleeve
style construction (3).

Prepackaging is also increasing. It is considered
an aid to marketing and implies packaging in small
consumer units and may also involve some measure

of preparation for use, i.e., washing-peeling. Addi-
tional information is needed regarding the conditions
created in the package; the micro-climate and limits
of safety in the use.

Interaction(s) between the package and the prod-
uct need further study. Some packaging material
components react with the package contents. Toxi-
cological hazards must be kept in mind. The ideal
food package is yet to be designed.

FLAVORS AND TASTES

Trends in tastes, habits, social customs or the avail-
ability of new food products affect future food con-
sumption patterns. The factors which determine
food choice in man are not well known. Little is
really known about what shapes the attitude of groups
and individuals toward foods and the factors determ-
ining the preferences, habits and choice of particular
foods. Although tastes are becoming international,
introduction of new or unfamiliar foods remains a
challenge. ~Anthropologists and sociologists believe
that food habits are more or less fixed in the period
of 4 to 14 years of age.

It is obvious that flavor(s) and flavor research are
important and will have a profound impact on the
future foods. Sensory properties of foods stand second
only to purity and safety among the list of desirable
quality aspects of food. Food processors place great
emphasis on the flavor quality of their product.
Stated simply, if the flavor of a food is poor it is
not eaten.

Better and more natural tasting food flavors are
being developed. Greater knowledge of natural food
flavors is accumulating. Newer analytical techni-
ques, such as gas chromatography and mass spectro-
scopy contribute to knowledge of flavor and make
possible development of new flavors. It is likely
that increased use of flavor concentrates to enhance
the flavor of natural foods will occur.

Flavor potentiators and flavor enhancers, com-
pounds which act on the sensory mechanisms and,
even when used in small quantities, exaggerate the
effect(s) of other agents on that system open up
many possibilities. There is interest in the use of 5-
ribonucleotides as flavor “potentiators”. Psychophysi-
cal investigations using pair-comparisons were car-
ried out by California food scientists to check the
bitterness-suppression effects of these compounds.
Results indicated that ribonucleotides suppress bitter-
ness of quinine sulfate, oxalic acid and caffeine. Use
of these compounds, coupled with molecular biology
techniques, may lead to an understanding of the de-
tailed mechanism of action and interaction of flavors.

It has been reported that glutathione may be re-
sponsible for the widely varying personal tastes in
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food (1). Perhaps chemicals can be used to tem-
porarily Change man’s taste sensations. Research at
Florida State University indicates taste receptor cells
react to all taste qualities—sweetness, sourness, bitter-
ness and saltiness—mot particular cells to specitic
qualities (7). Chemical treatment of cells can alter
taste for a short period of time, possibly 30 min to
1 hr. Data indicate that the individual taste receptor
lives about 10 days, and chemical treatment thus,
would not damage the taste receptors permanently.

Developments in other ingredients such as bland
protein concentrates will increase the opportunity for
some “new” flavors to be incorporated into them.
These open enormous future possibilities for new
food formulations.

SANTTATION

Sanitation must keep pace with the complex chan-
ges that are occurring in production, processing, mar-
keting, and serving of foods. With new develop-
ments, new problems occur. Continuing problems
with post-processing contamination have led to in-
tensive programs to improve sanitary practice. Food-
borne diseases such as salmonellosis and staphyloco-
ccal food poisoning appear to be on the increase.

Potentially harmful contaminants can enter the
food chain in many ways. In addition to the patho-
genic and spoilage microorganisms, a diverse group
of chemical contaminants may find their way into
foods at various stages of their production. Safety
of additives and antibiotics must be determined. The
presence of pesticide residues in food products has
been of considerable concern. In addition to pre-
cautions designed to avoid contamination, consider-
able effort has been devoted to removal or reduction
of residues through normal or modified processing
procedures.

Food plant sanitation is receiving increasing at-
tention. The use of established scientific principles
and careful attention in practice will render this sig-
nificant activity more effective. Study of the physi-
cal chemistry of plant sanitation will make the clean-
ing-in-place more effective and increase our under-
standing of detergency (5). Sanitation problems in
food vending machines have been reviewed (13).

Water quality is important to the food industry.
Factors influencing the taste and odor of water are
under study. Information is sought on the specific
chemical, physical and environmental factors which
influence the acceptability of water and the sources
of undesirable tastes. The ultimate objective is con-
trol to enable the upgrading of water quality.

Control of bacteria in the nation’s food supply
must improve. Facing the realities of the Salmonella
problem will lead to an advance in the level of sani-

tation in the food industry. A by-product may be
a more imaginative use and understanding of fermen-
tation and of desirable organisms; a better under-
standing of anti-microbial agents and environrglent
control.  Already tightening of Federal regulations
regarding Salmonella control in egg products has re-
sulted in a new process for stabilizing protein in
liquid egg white prior to pasteurization. The pH of
liquid egg white is adjusted with lactic acid and alu-
minum sulfate to permit pas'teurization to eliminate
Salmonella without adversely affecting whipping pro-
perties.

A recent symposium (19) reviewed the implications
with regard to microbial selection. While modern
processing, packaging and distribution methods have
considerably lengthened the effective marketing life
of foods, sp