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ABSTRACT
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As avistor enters the lobby of the - United
' States Department of Agriculture's Eastern
Utilization Researchand Development Divi-

sion in Wyndmoor, Pennsylvania, (figurel)

he encounters a large sign: "Utilization re-
search seeks expanded uses for farm pro/d-
ucts, primarily those in surplus." In a
nutshell, this has been the objective of the
four Regional Divisions since they were es-
tablished about 25 years ago. Each Division
engages inboth basic ‘and applied research.
In order that research can also be done on
" apilot plant scale and in a manner to permit
extrapolationto commercial use, each Divi-
sion includes an Engineering and Develop-
ment Laboratory (figure 2). This booklet

tells something of what chemical engineer-

Figure I Headquarters of the Eastern Utilization Research and Devel_op-
ment Division in Wyndmoor, Pennsylvania, a suburb of Philadelphla._

*Deceased

ing isand how research in that field at the
EasternDivision has contributed to ""expand=
ed uses for farm products. "

The basic disciplines of chemical engi-
neering are chemistry, physics, and math-
ematics, and economics is its guide. The
function of the Engineering’and Development
Laboratory is to evalutate the technical and
economic feasibility of processes originating
in any of the Laboratories in the Eastern
Division. Many of these processes originate
with the engineers themselves. Pilot plant
research is conducted by chemical engineers
using such equipment and scale of operation
as are necessary toprovidé essentialdata
from which design criteria canbe established,



Figure 2.

General view of the pilot-plant area of ‘the Engineering and

Development Laboratory of the Eastern Division.

These are used for projection of operations
to semi-works or plant scale and for estima-
ting commercial costs.. The Laboratory
_also cooperates with industry to. further
commercial adoption of new processes.

This research is cor’npleﬁ;.énte:d by that

of analytical chemists, a food technologist,
a cost analyst; a mechanical engineer, "and
a bacteriologist on the Laboratory staff.
The organization of the Laboratory is shown
in figure 3 and its staff in figure 4,

The Engineering and Development Lab-
oratory provides engineering counsel to
other Laboratories of the Division and may

prepare pi-ocess cost estimates at various

stages of a development to aidin evaluating
the desirability of continued rese'ar'ch'.r‘_;

The commodities assigned to. the East-
ern Division are fruits, vegetables, meat,
dairy products, animal fats, tanning material

. leather, and tobacco, It is at'once apparent

that because of their nature, their high water
content and high commodity cost many of
these can only be used economically as food.
Thus much of the engineering work at the

‘Eastern Division is devoted to food process

research and development, especially in
converting perishable commodities to stable
and convenient forms. '



RODERICK K. ESKEW

ANIMAL - PRODUCTS
ENGINEERING
INVESTIGATIONS

ﬁ. C. Aceto, Head

Develop new
products; -study
best methods and
equipment for -
producing them;
obtain pilot-
plant data for
cost estimation;
advise industry.

PLANT PRODUCTS
" ENGINEERING
INVESTIGATIONS

J. Cording, Jr., Head

Develop new
products; study
best methods and
‘equipment for
producing them;
obtain pilot-
plant data for

cost-estimation;

advise industry.

'UNIT OPERATIONS
ENGINEERING
INVESTIGATIONS

H. I. Sinnamon, Head

Conduet fundamental
studies into. the
lunit operations;
relate findings to

‘Ipractical pilot-

plant operations.

COST & DESIGN
ENGINEERING
INVESTIGATIONS

W. K. Heiland, Head .

Prepare prelimin-
ary and final cost
estimates for pro-
posed and newly
developed process-
es.. Design spe-
cialized equipment.
Assemble, erect
and maintain inte-
grated pilot-
plants. Prepare
detailed equipment
specifications.
Advise industry.

Figure 3. Organization chart of Engineering and Development Labor'atory.‘

iIFigure 4. Engineering and Development Laboratory staff (October 16, 1964).




FOOD PROCESSES

In applying chemical engineering princi-
ples to food process development, certain
peculiarities of the raw material and the end
uses for the products must be considered;
Agricultural commodities vary in composi -
tion and supply,both seasonally and geograph-
ically. Many are either perishable or tend
tochange chemically in storage. Many are
living tissues with complex enzyme systems.
Frequently their chief component is water ;
important flavor components, for instance,
may be present only to the extent ofa few
parts per million. In processing, their ap-

pearance, texture, flavor, and nutrient value
must be preserved as far as possible. Be-

cause of the high water content of many of the

commodities and current emphasis on sta-
bility and convenience of processed foods,
evaporation and drying as wellas fluid flow
and heat transfer are common unit operations,

In applying the principles of chemical

engineering to food process development it
is necessary to temper the relatively exact
nature of that discipline with consideration
for the unpredictable nature of agricultural
raw materials. Food processing is still
something of anart. Successful engineering

Figure 5.

research inthis field requires a knowledge
of thatart as well as the technology of foods
and some conversance with biochemistry.

In spite of the sophisticated analytical
tools used in the laboratory for food evalua-
tion, the most perceptive for detecting fla-
vor, the characteristic that is basic for con-
sumer acceptability, is the human tongue.
Food products of the Engineering and Devel-
opment Laboratory are prepared as they
would be in the home and subjected to con-
trolled taste-testing in a specially designed
food appraisal laboratory (figure 5). The
tasting is done by panels of Eastern Division
personnel selected for taste acuity and care-
fully trained to identify specific flavors and
off-flavors in food products.

There follow some examples of proces ses
which originated through engmeermb re=
search, These were developed in the pllot
plant and the cost was evaluated by the Engi-
neering and Development Laboratory. Some
have become of commercial importance,
others are in the process of adoption by °
industry, and some are in the early stages.

. of pilot plant research.

Taste testing at the Englneeflng and Development Laboratory.

Trained tasters crltlcally evaluate new food products developed through

research.



Potato Flakes

Potato flakes, a new kind of dehydrated
mashed potatoes, were developed through
engineering research on the drum drying of
food products (figure 6), Today,7 years after
their commercial introduction 17 plants are
producing flakes with a combined capacity of
at least 75 million pounds annually (figures
7 and 8).

It hasbeen estimatedthat the entire- cost
of this development was less than $350 000,

The wholéesale value of flakes made since

production started in 1958 is estimatedto be
over $150, 000, 000,

Processing is comparatively simple. Po-
tatoes are first washed, peeled, trimmed, and
cut into 1/2-inch slices. The slicesare pre-

cooked in water at ‘160 degrees F. for 20 °

minutes and then immersed in cold water for
about the same length of time. They are then
steamed long enough to permit ricing, . and
‘additivesto prEServe flavor and improve tex-

ture are mcorporated into‘the mash. The"

mash is then applied to the surface ofa steam-

heated drum and dried to a parchment -like

sheet that is broken up into 1/2-inch square

mnmwmmwmx«nm’xm*}

FlgureHGQ?'
making potato flakes.
product.

pieces, or flakes. The flakes are usually
packed in air-tight foil envelopes or boxes
to preserve flavor. Retail packages contain
5-1/2 to 7 ounces of flakes--enoughto make
8 servings of mashed potatoes.

The discovery that mashed potatoes can
be drum dried without impairment of flavor
or texture markeda significant advance in
food technology. Later work developed the

_principles of precooking, cooling, and addi-

tion of monoglycerides to. improve texture
Application of these' principles permitted
flakes to be made from low-solids as well
high-solids potatoes, and thus made most of
the potato crop suitable for processing into
flakes, In addition, these principles. had a
w1de applicability in many other food- pro-
cessing operations. In recognition of this
research, the Institute of Food Technology
presented in May 1959 its first Food Tech-
nology Industrial Achievement Award to the
Eastern Utilization Research and Develop-
ment Division.and the three chemical’ engi-

eers directly respons1ble for the process
' .The award cited the origination,: developmeni;

and industrial advancement of potato flakes
and the process for making them, as. well
as the research leading to texture control.

‘Iﬁt»e'gre't“ed pilot plant used in -‘dev‘e]oping,‘the: process for
The unit -has :a .capacity. of -30 pounds -per hour :of
More than ten carloads of potatoes were processed here in the

course of research and -in preparmg materlal for cooperative market:

tests.



Potato flakes are a nutritious food. be further enriched by adding vitamin C

About 75 percent of the vitamin € in pota- and niacin and by fortifying with vitamins
toes, their most important vitamin, is re- A and B2, all of which are well retained.
tained inflakes--more than is often present (See references 1-16 at the end of this
infreshpotatoes after storage. Flakes can report. )

Figure 7. Mashed potatoes being applied to a production-size single-
drum drier. The drum, 5 feet in diameter and 16 feet long, dries
approximately 3700 pounds of mashed potatoes per hour. (Photo courtesy
of Blaw-Knox Company, Buflovak Equipment Division.) .

Figure 8. Dried mashed potatoes being removed from the drier at the
rate of 750 pounds per hour. The sheets are later broken into flakes.
"(Photo courtesy of Blaw-Knox Company, Buflovak Equipment Division.)



Potato Flakelets

A denser product, called flakelets, has
also been recently developed for institu-
tional, military, andother uses where stor~
age or transportation space is limited.
Flakelets are made by mixing potato flakes
with a small quantity of fresh mashed pota-
toes to give a moisture between 25 and 35
percent., Whenthis is manipulated and com-
pacted for arelatively short time, there re-
sultsa product having a bulk density of about
45-50. pounds per cubic foot and possessing
high-quality flavor and texture attributes.
This product has been termed  flakelets.
Contrary tothe implication of the name, the

product is not simply small flakes. It com-
prises laminates, and aggregates of sheet
fragments, afew individual potato cells, and
cell agglomerates. Its consequent bulk
density is far in excess of what can‘be ob-
tained by merely breaking flakes to small
size (figure 9). Because of their high bulk
density and ability to absorb water approxi-
mately 160 servings of mashed potatoes can
be made from the contents of a number 10
can. Their density also permits savings in
packaging costs, enablihg a sales price be-
low that of flakes. They canbe economically

packed in nitrogen without an antioxidant,
permitting them to retain good flavor for up-
(See references 17-21.)

wards of one year,

Figure 9.

Volumes of different types of dried potato products that will

yield the same volume of mash on reconstitution.

Pumpkin Powder

A process was developed for drying pump-
kin puree without incorporating starch or
sugar as-is customary with existing com-~
mercial products. The product is 99% pure
pumpkin. If sugar, spices, and dry milk
are added to the powder an instant pie fill -
ing results. Use by commercial bakeries
of the powder instead of canned puree af-
fords savings in weight, space, and price.

The powder is made employingthe same
type of drum drier used with potato flakes.
Thus the flake producer can extend his oper-
ating season and diversify his product line.
(See references 19 and 20,)

Fruit Essences and Juice Concentrates

Essences are the highly concentrated

volatile components of fruit juices.

They

are present in the juice only to the extent of
afew parts per million but are responsible
for its characteristic flavor. About 18 years
ago engineeringresearchresultedin a proc-
ess for economically capturing and concen-
trating these elusive flavoring compounds
(figure 10). With it volatile fruit aromas from
a wide variety of juices could for the first
time be recovered in substantially unaltered
form by a commercially practicable process,
Atleast 15 large commercial units are now
in operation in the United States based on this
development (figures 11~13). The same proc-
ess has also found wide use in Europe.

With the advent of the essence recovery
process,other developments became possi-
ble. Formerly the chief drawback of concen-
trated fruit juices was their lack of charac-
teristic fruit flavor. In concentrating the
juices most of the aroma which distinguishes
one fruit from another was normally lost with



Figure 10. One of the pilot plant essence units
used in the development of aroma-recovery
processes. These units were designed by Labo-
ratory engineers and were built in the Divisions
shops. Suitable research units could not be
purchased.

Figure Ll. Commercial-scale essence recovery unit in the plant of the
Keystone Cooperative Grape Association, Northeast, Pennsylvania, used: in
producing full-flavor concentrated grape juice by the process. developed
in the Engineering and Development Laboratory. (Photo courtesy of Blaw-
Knox Company, Buflovak Equipment Division, suppliers of the unit.)

Figure 12. “Commercial-scale essence recovery
unit for grape and apple juice in the plant of
A. F. Murch Company, Paw Paw, Michigan, (Photo
courtesy of Food Engineering.) '




the water vapor. Essence recovery,however,
made it possible to first remove and capture
the aromas before concentrating the juice.
It thus became a simple matter to concentrate
the juice and then add back the aroma to obtain
a fruit juice concentrate that possessed all
of the natural fruit flavor of the fresh juice.
Essences and fullflavored juice concentrates
are now being made commercially bythis

process from the juices of apples, grapes,

cherries, raspberries, and other fruits .
Essences arealsousedinjams, jellies, and
preserves and have a potential use in ice

cream, candy, carbonated beverages, and -

fruit juice powders,

Four-fold frozen concentrated apple juice

employing the essence recovery process is
now being made ona large commercial scale
inthe Pacific Northwest (figures'14 and 15) .

The U. S. Department of Agriculturerec-
ognized the significance of the essence re=
covery development by presenting its Distin-
guished Service Award: to the engineering

Figure 15. Packaging apple
juice concentrate. Concen-
trate tanks are at left
background, and can filling
and closing machines are
just to the right of the
tanks. In foregtound.
filled cartons coming off
the end of the line are
being stacked on a wooden
pallet prior to transfer to
frozen storage room.: {Photo
courtesy of Tree Top, inc.)

Figure 13. Ano{her commercial scale essence

‘recovery installation. (Photo courtesy - of
Mojonnier Brothers Company.)

Figure 4. Apples for juice
concentrate at start of
- processing line. A large
j bin (approximately 1,500
1b.) of apples is being
dumped. into the washing
‘tank.. Washed apples are
_being removed from the tank
by aconveyor, and will next
~proceed over asorting table
and into the grinder. (Photo
courtesy of Tree Top, Inc.)




group responsible for it and for its industrial
promotion.

Inthe manufacture of preserves the more
volatile aromas are normally lost . -‘This was
recognized as a situation whereinthe princi-
ples of essence recovery might be profitably
applied to obtaina valuable by-product. The
vapors from the preserve kettles were collec-
ted on surface condensers yielding dilute sol-
utions of the fruit aromas. These cogdensates
were then subjected to the essence recovery
process. Theresultant product was a highly
concentrated solution of natural fruit aromas
which could be restored to the preserves - to
enhance their flavor. This extension of the
essence recovery principle was adopted by
industry. The engineers responsible for the
work received the Superior Service Award of
the Department of Agriculture. (See refer-
ences 22-55.)

Powdered F_ruif Juices

The ultimate in concentrating fruit juices
isto carry them to dryness. This has been
done in a continuous process that was develop-.
ed through engineering research. Fresh juice
is depectinized, the aroma is recovered by
the now well established essence recovery
procedure, and is further concenirated by

fractional distillationto about 800 fold. The
bland juice is evaporated to a sirup contain-
ing about 70 percent solids. The sirup is
dehydrated in a single pass, agitated film,
vacuum evaporator. It is discharged from
the evaporator in a substantially dry but mol-
ten state. The highly concentrated essence is
continuously injected into the molten materi
al at super-atmospheric pressure. The ma-

" terial is thenrapidly solidified by chilling on

cold flaking rolls (figure 16). The result -

- ant product is in the form of thin flakes, which

when comminuted form a powdered dry fruit
juice. Onreconstitution this powder yieldsa
juice possessing characteristic fresh flavor.
The powder will retain its flavor for upwards
of a year at room temperature without the
necessity of vacuum or nitrogen packing. It
is obviously of great value for military stock-
piling and export use, {See references 56=65)

Dried Hdney

The same process used to dry fruit juices
was recently adapted to the drying of honey.
This new product should be enthusiastically
received by bakers who would find it much
more stable and convenient to use than liquid
honey. The same process has now been suc-
cessfully applied to drying molasses without
additives. (See references 66=67.)

Figure 16. Pilot-plant
unit used in developing a
process for preparing full-
flavor dry fruit juices and
dried honey.. More than a
ton of dried products has
been prepared with this
apparatus, which has an
output capacity of 30
pounds per hour.



Dehydrated Fruit and Vegetable Products
Capable of Rapid Rehydration

Because of commercial interest in find-
ing a process for making dehydrated fruit and
vegetable products which are more nearly
"instant'' thanthose currently on the market,
research was initiated inthe Engineering and
Development Laboratoryto meet this need.

"Instant'' dehydrated vegetables now on
the market consist of, for example, thin
slices of raw dehydrated potatoes to be used
in preparing au gratin, scalloped or hash
brownpotatoes, potatosaladand other forms
where the identity of the piece must be
retained. While these products are conven-
ience foods in the sense that peeling, trim-
ming, and slicing have been done they are
nevertheless not instant because they re-
quire baking or boiling from 15 to 30 minutes
in order to rehydrate and cook them suffi-
ciently for use. Dehydrated dicedpotatoes,
carrots, andother vegetables are used com-
mercially in the preparation of soups and
stews and may take even longer to rehydrate.

Similarly, dehydrated fruits are notably
slow to rehydrate, frequently requiring long
soaking prior to cooking and are therefore
not truly convenience foods. :

It was shown that dehydrated vegetable
pieces canbe made from potatoes, carrots,
beets, rutabagas, or sweet potatoes Which
willrehydrate and be ready for serving with
only 5 minutes simmering. Incontrast, con-
ventionally dried carrot dice (3/8 x 3/8 x
3/8 inch), for example, require 45 minutes
in boiling water to rehydrate and cook suf-.
ficiently to eat. Even then, the pieces may
still appear slightly shrunken or misshapen.
Potato dice of the same size require about
20 minutes to prepare for serving. When
dice from either of these vegetables are
made by the new process, only about 5 min-
utes arerequired to prepare and the pieces
regain their original shape. Apple seg-
ments, for pies or compote, whichrehydrate
in 2 to 5 minutes simmering in water, have
also been made. When crushed and mixed
with sugar, they reconstitute in 10 seconds
when mixed with hot water to provide an in-
stant applesause of good flavor, texture, and

color. In contrast, hot-air-dried apple seg-
ments need long soaking before use. Appli-
cation of the process to other dehydrated
vegetables and fruits is now under study. -

The new process is termed explosion puf-
fing. In it, vegetable or fruit piéces of con-
venient size, suitably treated to inhibit en-
zyme activity if necessary, and to improve
keeping quality, are partially dehydrated by
any conventional method, as for example in
belt, belt-trough, or tunnel driers. Mois-
ture content at the end of this stage of drying

'is 20 to 35 percent, depending on the vege-

tableor fruit. A puffing gundesigned specif-
ically for fruits and vegetables by the Engi-
neering and Development Laboratory is used
to give aporous structure tothe partially de-
hydrated pieces. The gunisa stainless steel

. cylinder, 10 inches in diameter fitted with a

quick-opening lid. It is shown in figure 17.

Operation of the gunis asfollows. Con-

‘ditions of pressure and temperature shown

are for 3/8-inch carrot dice charged to the
gun at a moisture content of between about
20 and 30 percent, as an example.

With the closed gun rotating inthe hori-
zontal position, heat is applied externally
to bring the surface of the barrel to a tem--
perature of 340 to 350° F. Thetemperature
is measured by a sliding thermocouple in
contact with the external surface. During
this period superheated steam under pres-
sure is passed through the gun and adjust-
ments are made in steam pressure and tem-
perature tothe levels required in subsequent
charges. The gun is tilted to the discharge
position, rotation is stopped and the 1lid
opened (it should always be opened in this
position; the recoil device will not stop the
lid otherwise and damage would result).
After tilting the gun tothe charging position
a charge of about 20 pounds of dice is put in
and the lid is shut.. The gun is tilted to the
horizontal position, rotationis resumed and
the barrel temperature is maintained be-
tween 340 and 350° F. by heating externally
with gas burners. Steam at 305 to 310° F.
and 35 p.s.i.g. pressure is immediately
admitted while gun rotation and application
of external heat to maintain the shell tem-
perature at 340 to 350° F, continue., An



Figure 17.
fruits and vegetables.
orifice in the lid permits escape of air and
controls the flow of steam for direct heating

of the charge. When the pressure inthe gun -

reaches 35 p. s.i.g. (inabout 1-1/2 minutes)
the gas burners are turned off, the gun is
tilted to 22-1/2° below the horizontal (muz-
zle down) which is the normal firing posi-
tion, rotation is stopped, steam is turned
" off, and the lock on the lid is then tripped.

These operations take about 15 seconds, -

making the total time of the charge in the
gun about 1-3/4 minutes.

The charge, its water content slightly
superheated, bursts from the gun and ac-t
quires a porous structure as some of the
superheated water flashes instantly to vapor.
The pieces are then subjectedto further dry-
ing to a moisture content appropriate for

Pilot-plant gun for explosion-puffing partially dehydratéd
This. is a prototype of a commercial unit.

storage (about 4 percent). This is done by
any conventional means and the time re-
quired for this normally slow stage of dry-
ing is greatly reduced because of the porosity
of the piece. The finished product retains
the general shape of the raw piece and does
not exhibit the case-hardening found in con-
ventionally hot-air-dried carrot pieces. On
reconstitution, the explosion, puffed pieces
(c in .. ure 18) regain the size and shape of
freshly cooked carrot dice (a) and are ready
to eat, while conventionally dried pieces (b)

remain shrivelled and uncooked.

This development is expected to have a
strong impact onthe dehydrated food indus-
try. It will enable for the first time the use
of relatively large pieces of vegetables in
soups. and. stews which. can.be prepared for



Figure 8.

Carfo{ dice (3/8 inch)iafter 5 minutés' boiling. A is fresh

carrots, B is conventionally hot-air-dried; € is explosion-puffed dried.

eating in as little as 5 minutes, a shorter

time than now possible. It will also permit ',

a great reduction in drying time with con-
sequent savings and quality improvement.
(See references 68-80.) o

Vacuum-Foam-Dried Whole Milk

A process still inthe pilot plant stage of
development is one which yields a dry whole
milk of unique properties. Although dry
whole milk is an article of commerce it is
not used for reconstitution to a beverage to
any significant extent in this country. It is
normally made by spray drying in air. This,
combined with the heat treatment given the
milk before drying, creates an unpleasant
flavor. Moreover, its powdery form makes
it difficult to disperse, requiring warm water
for reconstitution. '

Engineering research on a batch scale ,

and more recently witha continuous process,
has produced a dry whole milk which many
persons cannot distinguish from the fresh
product and which dissolves quickly even in
cold water by simple spoon stirring.

It is made by quickly concentrating milk
under vacuum to about 45 percent solids. The
concentrate is homogenized to finely disperse

“““the fat globules. Itis then quickly chilled so

as to encapsulate each globule in a matrix of
material (principally the naturally occurring
lactose and protein) which will readily dis -
perse whenthe dry product is reconstituted ,
After finely dispersing an inert, low-solu-
bility gas, such as nitrogen, into the con-
centrate, the resulting foam is introduced
into a vacuum chamber where it is expanded
and quickly dried. The foam, when crushed,
yields tiny flakes whichdis solve in cold water
to make ahigh-grade beverage milk (figures
19 and 20). Some technical and economic



Figure 19, Pilot-plant model of a commercial high-vacuum solid-belt
continuous drier. This is being used to determine the technical and
economical feasibility of vacuum-foam drying of whole milk. The process
was developed .in the Engineering and Development Laboratory.
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problems have to be solved before the proc-
ess can be recommended for commercial
use.

In this unique process for drying milk,
foam formation and behavior of the foam dur-
ing vacuum dehydration must be strictly con-
trolled because of their profound influence

~on product quality and drying rates. More-
over, it soon was discovered that the foam-
ing properties of milk concentrates vary
seasonally. Little if any information was
available in the dairy science literature that
was applicable to this problem. Thus, sup-
plementary investigations were undertaken

. by the engineering research team. These

resulted in the development of a quantitative
- foam test which permits the physical prop-
_erties and chemical composition of milk to

be correlated with its foaming characteris-
tics. This work exemplifies how basic infor-
mation, not otherwise available, must some
times be generated through engineering re-
search during process development studies.

The.novel approachrequired and the com-

_plexity and variability of milk composition

necessitate long-range experimental designs
to study the effect on the process of some

. thirteen identified independent variables.

The mathematical methods entail expressing
the results in multivariable, nonlinear equa-
tions. A mathematical solution consists of
a combination of all independent variables
that give a maximum value, subject to product
quality constraints. The most modern com-
puter facilities are employed in this work.
(See references 81-93.)

NONFOOD PROCESSES

Tannin From Canaigre

A continuous counter-current solvent -
water extraction processfor tannin from a
native plant, canaigre, was originated in the
Hides and Leather Laboratory. This was
engineered into pilot plant scale as illustrat -

ed by the extractor shown. in figure 21. A
sufficient quantity of powdered tannin - was
made in the pilot plant to permit industrial-
‘scale tanning tests. The. industrial devel
‘opment of synthetic tanning materials later
discouraged commercial processing of ca=
naigre. (See references 94-97.)

Figure 21.

pilot-plant unit for preparing tannin

15

This is a counter-current extractor, part of an integrated

from a native plant, canaigre.



Rutin From Buckwheat

A commercially feasible process was
developed (figure 22) for drying buckwheat
plants to provide a concentrated fraction rich
inthe drug rutin. (See references 98-101.)

The same fractional drying process was
also shown to be applicable to vegetable
wastes, enabling the preparation of a vita-
min-rich leaf meal for feeds. (See refer-

Figure 22.
permlttlng lsolatlon of a- rutln rich

Low- Temperature Fractlonatlon of -
Animal Fats :

A continuous, integrated pilot plant was
designed and employed to develop practical
 operating conditions for the fractionalcrys-
tallization of animal fats employmg water-
saturated solvents (figure 23). This process
was -later used commerc1a11y
ences 108 110 )

Natural Rubber from Russian Dandelion

As aconsequence of thewartime natural .-

rubber shortage, Department research was
“‘conducted to find alternate plant sources.
Among those studied inthe Engineering and
Development Laboratory, two proved of po-
tential commercial signific ance; guayule and
kok-saghyz. Althoughrubber was being ex-
tracted from mature guayule plants in Mex-
ico, there was noknown method of recovery
from young plants. A practical method was

Usmg an alfalfa drier t

(See refer - -

ences 102-107.) Others later applied it to
alfalfa for the same purpose.

Rutin is used to strengthen -capillary
walls. A solvent extraction process devel-
oped inthe Analytical and Physical Chemical
Laboratory was evaluated in the pilot plant
and a sufficient quantity of rutin was made
for clinical tests. A simpler aqueous ex-
traction process. was-also developed in the
Engineering Laboratory.

o fractlona!]y dry buckwheat plants

leaf fraction.

de\feloped by the Engineering and Develop-
ment .Laboratory, and thls was later used

on a.large scale,

' TParaxacum kok=-saghyz,or Russiandan -
delion, was-widely grown experlmentally in
the United States because of the high rubber
content of the roots, . A process for its iso-
lation was developed by the Engineering and

* Development Laboratory, alarge pilot plant

was constructed; and sufficient rubber was
produced for the commercial fabrication and
testing of heavy-duty tires(figure 24). These v
proved fully- equal in performance totires
made from hevea rubber. -

" Both of these rubber isolating processes
1nvolved pr1mar11y physical separations by
milling, screening, andflotation. Termina-
tion of the warand the improvement in syn-
thetic rubber eliminated the necessity for
commercialization of the processes. (See
references 111-113,)



Figure 23. Apparatus for the low-temperature solvent fractionation of
animal fats.

Figure 24. Blocks of kok-saghyz
rubber. .Left to right, Roderick K.
Eskew and Paul W. Edwards, inventors
of the process for isolation of the
rubber. :




'OTHER DEVELOPMENTS

In order to upgradethe prod\iction of the
domestic potato starch industryto meet for-
eign competition, a survey was made of
European starch factories. Pilot-plant re-

search was conducted to improve the technol- .

ogy of domestic strach production and the

utilization of factory wastes. (See references ’

114-118.) Contributions to the utilization of
large potato surpluses were made through
engineering research to cheaply dry the
potatoes for animalfeeds. This work showed
that several types of idle equipment in dis-
tilleries could be used for this purpose and
to meet Europe's flour shortage after World
War II. Significant quantities of potato flour
made through these developments were air-
lifted into Berlin during the blockade. (See
references 119-124.) -

Engineering research onother processes "

included development of techniques for sep-

arating hemlock bark from chipped sawmill
slabs to yield a source of domestic tannin
(see references 125 and 126); improvement
of methods for extracting nicotine (for insec-
ticide use) from tobacco wastes (see refer-
ences 127-131); the emulsion polymeriza-
tion of ethylacrylate to formthe elastomer,
Lactoprene EV (see references 132 and 133);
and the pilot-plant productionof allyl sucrose
(see references 134 and 135).

These are some examples of how chem-
ical engineering research can be profitably
employed in developing both food and non-
food products and processes. The basic
principles involvedin fluid flow, heat trans-
fer, evaporation, fractional distillation,
and drying (all unit operations of chemical
engineering) are the same in food proces-
sing as they are in any other field of chem-
istry.
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