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Technical Bulletin No. 73] « October 1940

Comparative Studies of Varietal Suitability
For F reezing Preservation of Peas, Green
or Snap Beans, Lima Beans, and Sweet
Corn Grown Under Eastern Conditions

By Josern S. CALDWELL, senior phiysialo ist, J. M. Lurz, cssistant physialogist,
H. H. Moox, cssistant pomologist, end C. W CULPEPPER, physivlogist, Division
of Fruit and Vegetable Crops and Diseases, Bureay of Plant Indusiry
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INTRODUCTION

The preservation of vegetables by freezing in prepared form, ready
for eooking and serving, is a reletively new and rapid development in
the field of food preservation. The early experimental work was fol-
lowed by immediate commereial application, with the result that the
development of the industry has proceeded parallel with the investi-
gational activities that have established principles, worked out proc-

¢ Sulenitted for pubiication January 3, 1940,
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esses, and made it possible to standardize and perfect the product.
Tn this Tespect the history of freezing preservation duplicates the early
history of the canning industry. There is & further similarity in that
the early work in both fields was concerned primarily with the techno-
logical problems involved in the devising of equipment and develop-
ment of methods, and only minor attention was given to the study of
the raw materials to be handled.

Freezing preservation has proceeded far enough to make evident the
fact that the groups of varieties of the various fruiis or vegetables
present exactly the same problems that originally confronted canners,
s the behavior under freezing treatment of a group of varieties of
apparently equal merit will show & very wide range in retention of
appearance and quality. Consequently, the only method of selecting
those that have greatest suitability for the purpose is that of actually
subjecting the individual varieties to comparative tests.

Although s considerable number of investigators have reported the
results of such tes's, it is generally true that the number of varieties of
a given vegetable vinployed by any one worker was smell as compared
with the number in general cultivation and might also be entirely
different from those used by another investigator working with the
same vegetable. Hence the results had no commor standard of com-
parison. Also, there has been a tendency on the part of both investi-
eators and commercial packers to concentrate attention on varieties
that have been found suitable for canning and to ignore others that are
favorites in the fresh market and the home garden. The fact that the
laboratories engaged in the work were widely scattered In distriets
having markedly different soil and climatic conditions has intreduced
into the resuls variations in the rvesponse of the material to these
differing conditions and has thereby increased the diificuity of inter-
preting the results in common lerms. The metbods employed by
workers have differed so widely in detail that direct comparisons of
resilts are in some cases impossible. The various workers have

employed different standards in judging their results, placing various

degrees of importance upon market appearance of the product as com-
pared with preservation of flavor and appeal to the palate.

For all these reasons the present knowledge of the varietal behavior
of vegetables under freezing treatment and of varietal suitability for
freezing preservation is somewhat fragmentary and confused. No
disparagement of the excellent work that has been done in this field
is intended ; the situation is inevitable because of the newness of the
feld of investigation, the great assemblage of varieties to be studied
in the case of each of the important vegetables, and in particular
because of the multiplicity of methods of freezing employed and the
lack of & standardized process for use in comparative work. There is
need for a systematic survey or inventory of the varietal material of
each of the important vegetable crops with reference to suitability
for freezing purposes and retention of desirable guality after [reezing,
mace by methods so standardized as o be easily reproducible. When
such surveys by comparable metheds have been made in severs! of
the important vegetable-producing districts, the extent to which
varietal responses to growth under widely differing soil and climatic
conditions nffect the results will become apparent, and the freezing




FREEZING PRESERVATION OF VEGETABLES 3

industry will have an approximate evaluation of the raw materials
available for its use.?

PURPOSE AND SCOPE OF PRESENT WORK

The primary purpose of the work hercin reported was to make a
rather thorough nomparative study of the behavior under freezing
preservation of fairly large groups of varieties of each of » number of
the more Important vegetable crops. No attempt was made to
assemble a complete collection of varieties of any vegetable, for
dealing with such masses of material with the requisite thoroughness
and attention to detail would have been impossible. Instead, selec-
tion of varieties was made primarily with reference to possession of
high table quality and full, appealing flavor in the fresh material, and
an attempt was made to include such choice varieties and to exclude
mediocre ones. The old standard sorts were included, and also a
few very widelv cultivated varieties, without strict regard to their
quality. Insofar as possible the selections represented the range of
types to be found in the vegetable as grown in the eastern United
States: 14 varieties of green or snap beans were used, 18 of pess, 8 of
lima beans, and 35 of sweet corn. In order that the material might
be properly comparable, it was grown under the immediate supervision
of the authers and under uniform conditions of fertilization nnd oulti
vation, on soil areas for which there wus available a complete record
of crops grown and fertilizers and manures applied for many yeirs
previous to the work. As a further check on the uniformity of treat-
ment of the material, harvesting, preparation, grading, and packing
were done by the expertmenters themselves, ench person performing
spectfic portions of the work. This arrangement securved close
adherence to deteils of o standardized method of treatment lor all
the material of » given vegetable, and it was followed throughout
the work.

As an essentinl phase of the work a rather careful study was made
of the effects of the stage of development and degree of maturity of
the material on its hehavior in freezing snd on the table quality and
palatability of the product. Grading the material into a close series
of advancing stages of development and packing each of these sepa-
rately permitted determination of the effects of changes characteristic
of adyancing maturity on the quality of the frozen produet, and thus
permitted determination of the range of age or stage of maturity
within which each variety is in optimum condition for use. The
results show that stage of maturity is a factor of mmportance equal to
that of variety in determining the quality of frozen vegefnbles,

1 Bince this bulletic was prepared for pubkication, s number of workers bave reportar) tests of tho suit-
ahility for freezing purposes of _::rr)ui:s of variolies of vepetables, The vareties employed ware gaually those
maostgenesa’i - pwn {o the particnlar State ot distriet in ®hich thewark wesdone, [esultsafsuch regionnl
studies ol s. elalsuitabitity arereparted in the follosing:

ARENGO (ONES, B W, TIIE PEESERVATION OF FRUITS AND VEGETARLES BY FREEZING. Damimnn of
Caneda Dept. Agr. Tech. Bul, 12, I pp., Tlus, 19327,

DiEnL, I, C. and BIRDSEYE, MIRIAM. STORAGE DF FETITSE AND VEGETAHLES [N COMMUNITY PREEZER
Locairs. UL 5, Dept. Apr, MHse. Ext, Pub. 47, 32 pr. 1938, [MMimeagraphed.]  Aiso in Quiek Frogan
Foods | (8 10=-11, 34-35; (100 21-8%; 11} 2324, 1639,

Ex0wLES, DARLINE. SHARP FREEZING OF NORTH DAROTR GROWYN VEGLTAWLES AND FRIUTITS FOR COLL-
ATORAGE LOCKERS. . Dak. -gr. Expt. 5ta. Bimoathle Bul. 2, No. 5 W14, 10HL

MORRIBON, GORDDY. VARIETIES DF PEAS AND SWEET CORN REST STITED To QUICK FREEZING. Qulick
Frozen Foods 1 (83: 12-13, 28, 1039

SUPERIQOR VARIETIES OF LIMA MEANS AND ANAF BEANS FOK THE QUICK FROZEX PACE. (nick
Frozan Foods 1 (11 16-18. 1933,

PLaGGE, H. H. REFRIGERATED LOGEER STORAGE FOR PRCITS AND VEGETARLES, lown State Calleps

Ext. Cire. 259, 16 pp. 1930, Also in Quick Frozen Foods 2 (31: 1413, 33; f7): 30-31, 38-20. 1040,

TrESaLER, D. K., snd DUBoIs, C. W, FREEZING AND STORAGE OF FOODBE IN FREEZING CuRINETS AND
LOCEER PLANTA, New York State Agr. Expt. Sta. Bul. 600, #0 pp., [llus, 1340,
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Comparative studies of a considersble number of preparatory treat-
ments, such as packing with and without the addition of liquid,
freezing prior to packaging, and of a number of sizes and types of
containers, both airtight and nonairtight, were made in order fo
determine the extent end characier of the effects of these various
treatments upon the preservation of quality in the product.

Another object of the investigation was o obtain information as to
the nature of the micro-organisms present on the raw material used,
the effects of the various preparatory treatments on their number and
character, and the further effects of freezing and storage on them.
For the purposes of this study, samples were taken from the raw ma-
terial as brought from the field, at various stages in its preparation
and packing, and from the material when removed for examination
after freezing and storage. The results of this portion of the investi-
gation have been separately reported (50).°

MATERIAL EMPLOYED

SOURCES

The seed used consisted of selected strains of the varieties con-
cerned and was obtained from commercial sources, which are indi-
cated In subsequent sections insofar as necessary to identify the
strains. ‘The various crops were grown in 1934 and repeated in 1935
ou the Arlington Experiment Farm, Arlington, Va., on soils of medium
fertility that had been rather intensively cultivated in expertmental
work for many vears, No especia] fertilizer treatments were used,
and the various crops received only the usual cultivation of good
practice. The seasonal conditions during the period of growth of the
crops were, as & whole, good except for a deficiency in reinfall that
reduced yields of peas and corn in 1934; provision of an overhead
irrigation system in 1935 prevented any Imnjury from what would
otherwise have been rather serious drought. The vields were, as &
whole, good in both years, and there was exceptional freedom from
disense except in the corn in 1934. The aren used for planting corn
in that year proved to be rather heavily infested with bacterial wilt,
and some susceptible varieties were so seriously attacked that =
second planting on ancther area was necessary.

HARVESTING AND HANDLING

All of the material was harvested in the early morning, only such
amounts being gathered ss could be worked up during the day.
Harvesting was done in half-bushel or bushel Laskets, which were
transferred to the laboratory when filled in order that no heating from
the sun might occur.  Preparation for packing was begun immediately
after harvesting, and the work was so organized that handling was
practically continuous and without delays at any stage of the proeess.

GENERAL PROCEDURE IM PREPARATION
WAsSBING AND GRADING

Omitting some details of the various treatments, which will be
stated in the sections on the particular crops concerned, the general

s Ttotic numbers in parentheses refer to Literature Cived, p. 66




FEEEZING PRESERVATION OF VEGETABLES 5

procedure for preparing the material was as follows: Peas and lma
beans were emptied into deep tanks and thoroughly washed by agita-
tion In repeated changes of water, then spread on tables for draining
prior to shelling. In the process, visibly diseased or overmature pods
were discarded. Shelling of peas was done in part by machine and
in part by hand, lima beans weve shelled by hand. After they were
shelled both peas and lima beans were separated into size grades by
screening. In order that the effects of stage of matw ity on quality and
appearance of the frozen product might be studied in detail, both peas
and lima beans were separated into sll the size grades possible to make
with = set of standard screens differing by one thirty-second of an
inchinsize of opening for peas and by two thirty-seconds of aninch for
Iima beans. Each of the size grades so obtained was subsequently
prepared and packed separately. The peas and lima beans were again
thoroughly washed prior to scalding. Snap beans were thoroughly
washed before being tipped and snapped, then sorted into sizes, and
again washed prior to sealding. Swest corn was husked and trimmed
by hand, the silks were removed by brushing, and the individual ears
were thoroughly washed under running water.

ScaLping

All material used in the comparative varietal studies was sealded in
boiling water for periods varying with the nature and sta ge of maturity
of the particular materiel. Snap beans were sealded after being tipped
and broken to the desired length, peas and beans after being graded
into the various size grades, and corn was sealded on the cob. The vol-
ume of produet scalded was so adjusted to the volume of water in the
scalding tank that the temperatire dropped 15° to 20° F. within 15
to 30 seconds after a batch was immersed in the tank but would
return to boiling point within 60 to 75 seconds. The use of large
squares of cheesecloth for holding the material while being sealded
permitted practically instantaneous contact of the water with all
portions of the material, and this was further insured by stirring the
material thoroughly while holding it submerged.

Coouing

Scalding was followed in all cases by immediate cooling of the produet
to the lowest temperature available with the laboratory water supply.
This was accomplished by placing the material as scalded in large pans
under running water until thoroughly cooled and su bsequently holding
in cold water, frequently changed, until it was packed. The tempera-
ture of material so treated, when placed in the containers, renged
between 55° and 65° F., but rarely reached the upper limit. Experi-
ments described in a subsequent section (p. 11) show clearly that
prompt and thorough cooling after scalding is indispensable to reten-
tion of quality. Tt is also obvious that thorough cooling of products
prior to packing will correspondingly reduce the time required to
reach freezing temperature within the container after it is placed in the
freezing room.
mslding“ is used in this hulletin in place of the comimonly ased torm “hraching,” which, as

printed cut by Magoon and Cuipepper (44) In 1924, completely mlsstates both the purpose and the effect
of the treatment.
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Packive

Two types of pack were made. In the dry or so-called straight pack,
the material, after being cooled and drained, was packed as closely as
possible inte the containers, which were then inverted to drain for a
moment prior to closing. In the wet or brine pack, the container,
after being filled and drained, received a sufficient quantity of liquid
to fill the interspaces and cover the surface. A head space of one-
fourth to three-cighths of an inch was left in both the dry and the wet
packs to provide for expansion in freezing. For all products except
corn, the Hiquid used in packing was a 2-percent solution of common
salt: for corn a sweetened brine containing 2 percent of salt and 6%
percent of sucrose was employed.

The containers used were also of two types. For containers that
could be hermetically sealed after being filled, sanitary tin eans of
No. 2 and Ne. 10 size were used. These were in part of plain tin and
in part lined with enamels of the types emploved for corn and for ber-
ries. The nonairtight containers were of paraffined paper and were
chiefly tub- or bucket-shaped cups of 1-, 5-, and 10-pinl capacity.
For dry packing, some use was also made of o folding rectangular
carton of 1-pint capacity.

The quantities of material of & particular size or stage of maturity
available were generally such as to allow the packing of 2 number of
small containers and two or more of the larger sizes of both tin and
paper containers; these were further subdlivided by adding brine to a
portion of each lot and omitting it from the remainder. This method
of packing was used as & routine procedure, since it made it possible
at the subsequent examination to compare otherwise identical mna-
terial packed with and without brine In various sizes and types of
packuge. Rather elose evaluation of the effects of these various treat-
men;}s}lon appearsnce and quality of the product was thereby made
possible.

As o routine procedure, portions of the material of every vu.riet?\' of
vegetable, and In many instances portions of each variety at each of
the various stages of maturity used, were packed in No. 2 tin cans,
exhausted, sealed, and processed by standard canning procedure.
These canned samples were stored for subsequent use in the compara-
tive studies.

FreEzING

Freezing of the products was accomplished by transferring the
containers promptly after they were packed to i room held at 15° F.,
in which rapid air niovement was maintained by a fan. After o few
days the material was removed to a room field at 0°, where it remained
until removed for examination. This method of treatinent was adopted
only after adequate preliminary experimentation with duplicate lots of
material (one of which wes treated in this manner while the other was
placed directly in a 0° room after it was packed) had shown that the
two lots of material were indistinguizhable in every respect, if pre-
cautbions to insure prompt cooling were taken and the period of holding
at 15° was limited to 2 to 4 days. The establishment of this fact made
it possible to employ 15°, which was the lowest temperature obtainable
in the experimentsl storage rooms, for daily freezing of batches of
product as they were packed. When the containers were placed in the
room, they were set in open rows on slat shelves in such fashion that a
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strong current of air could be driven over and between them; they
were allowed to remain 18 to 24 hours snd were then stacked some-
what more closely to make room for incoming material. At intervals
of 2 to 3 days the accumulated material was transferred to the 0°
room of a commercial cold-storage plant, where it remained until it
was removed for examination 5 to 7 months later.

Various precautions were taken to render this method of treatment
stfe by facilitating cooling to the freezing temperature. The material
was thoroughly cocled prior to packing, the brine added to packs was
also cold, and the transfer of material from packing room to the cold
room was always prompt, in order to prevent any significant rise of
temperature in the product after packing. There was ample room to
place individusl containers separately on the shelves in the 15° F.
room S0 as to assure free movement of the air current about esch con-
tainer. As the room used had approximately a capacity of 800 cubic
feet and the amount of rn:)ut‘.ariaiJ packed per day totaled only 2 few
cubie feet, there was no appreciable warming of the room by the ma-
terial placed in it. With this combination of favorable conditions it
was possible to lower the temperature of the products packed in the
smaller-size containers to freezing point quickly enough to prevent
the occurrence of deteriorative changes. This was also true with most
of the larger containers, but in some cases, which will be discussed in
more deteil later (p. 38), there were indications that cooling of the
larger packages had not been sufficiently rapid.

It was obvicus that this method had a very narrow margin of
safety even under the exceptionally favorable conditions prevailing in
the experiments. As these conditions could scarcely be duplieated
under ordinary commercial factory practice, it would be highly un-
wise to attempt commercia! freezing of vegetables by a process in-
volving preliminary freezing at temperatures above 0° F. Immedinte
transfer from the packing room to a temperature of 0° or at the highest
ot more than 5° should be used instead.

TIME REQUIRED TO FREEZE THE MATEUIAL

No determinations were made of the rate of cooling or of the time
required to freeze the material. In the course of enrlier studies on the
freezing of fruits (78, 14, 48) many determinations were made of the
time required to bring the temperature at the center of l1-pound con-
tainers of the type used in these studies, filled with berrics or sliced
peaches, from 85°-75° to 26°-28° F, in still air in a room held at 15°
to 17°. The time required for the various materials and the different
conditions of experimentation ranged between 4% and 7 hours.
Joslyn and Marsh (36, 37, 38) have made very extensive investigations
of rate of cooling and time required to reach freezing temperature in a
number of fruits and vegetables packed in various sizes and types of
containers. Their results show no very great differences in time re-
quired for freezing such fruits as berries and such vegetables as peas
and cut string beans when packed in containers of like size and type.
It may be assumed from their data that the 5-pint and 10-pint, con-
tainers used in these experiments reached freezing temperature at the
centers in 8 to 11 hours and the 1-pint containers in 4% to 6 hours, as
the use of & fan to drive a rapid current of cold air over the containers
considerably accelerated the cooling as compured with what would
have occourred in still air,
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FREEZING AFTER PACKING CONTAINERS INTO CARTONS

No experiments were made in which the individual containers were
packed into shipping cartons prior to placing them in the freezing
room. The only purpose such experiments would have served would
be to secure data as to the degree of slowing down of the cooling
process that is brought about by such treatment. Joslyn and Marsh
(36) have investigated this subject very thoroughly and their results
have shown that the insulating effect of a shipping carton was sufli-
cient to retard the cooling of the contents to freezing temperature for
many hours or even for days, as compared with individual containers
freely exposed to the air. Further demonstration of the thoroughness
with which such & practice necessarily defeats all measures designed
to bring about prompt snd uriform cooling of the material after
packing seemed to be unnecessary.

METHODS OF EXAMINING AND GRADING TIIE MATERIAL

The frozen products were examined after a period of storage thut
approximated 6 months. This period was chosen as being fairly
representative of what would ordinarily occur with commercial prod-
ucts, and as being sufficiently long to develop any defects due to
methods of preliminary treatment or packing. The routine method
followed in the examination was designed to accomplish several Jif-
ferent but related objects. One of these was the determinatior of the
effects of the various preparatory treatments, methods of packing,
and types of container on the material considered as a whole. This
was made possible by the fact that the pack of practically every
variety contained material prepared and packed by all the different
methods of treatment from portions of a single lot of raw material.
Cross comparisons between these various packs from variety to vari-
ety of o vegetable permitted determination of the relative efficiency
of the different treatments in preserving desirable qualities in the
product.

A second object of the examination was the determination of the
comparative or relative suitability of the various varieties of each
vegstable for preservation by freezing, as shown by their appearance
in tha frozen condition and their appearance, texture, and palutability
and fluvor when cooked.

Finally, it was hoped to determine for each variety the portion of
its period of development in which it was of the highest quality, all
factors being considered, for freezing purposes.

The method of examination employed to achieve these purposes
was standardized at the outset and was closely adhered to throughout
the work. It involved the detsiled examination of representative
containers of each lot of all the material of each vegetable packed, a
variety at a time, and the seperate grading of samples reprosaniing
all the stages of maturity, types of pack, and sizes of container. The
individual samples were given separate ratings under four general
heads: (1) Color and general appearance of the frozen material; (2)
color and attractiveness after cooking; (3) texture and consistency;
and (4) palatability and desirability of flavor. Under these general
heads were combined evervthing thiat could contribute te or detract
from the attractiveness and appeal of the material as it would be
viewed in the frozen condition by prospective purchasers and also
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all that would favorably or unfavorably affect consumers to whom it
would be presented after cooking. The system of grading was a
numerical one, employing & scale of 10 in which 1 denoted highest,
excellence in the factor concerned; the range from 1 to 4, employing
fractions If necessary, covered very good, good, and fair; and numeri-
cal values higher than 4 indicated poor, unacceptable, and the like.

In examining the material, containers of all the lots of a variety
were brought out of the freezing room together, opened, aud the
contents of each emptied into a white enameled pan. These were
ranged side by side on the laboratory tables under full natural light
and were immecdiately examined and graded for general appearance,
retention of color, and degree of attractiveness in the frozen condition.
While this was in progress, portions of each lot of material, or in some
cases the contents of duplicate containers, were removed, coolked, and
placed beside the corresponding uncooked samples. The grading of
the cooked samples was then begun. They were first gone over and
gradad for color and general appearance after being cooked, the
presence of the corresponding frozen samples aiding materially in the
process. They were then gone over again and tasted and graded for
texture or cousistency, palatability, and naturalness and fullness of
flavor, the results being summed up and recorded under the appro-
priate heads.

This method of handling permitted the examination of 35 to 50
individual samples each working day, and made it possible to place
the material of 2 or 3 varieties upon tebles and examine them in order.
This permitted cross cemparisons, which inereased the accuracy of
the grading. Additional unopened material of all the packs was held
in reserve in the freezing room, so that it was possible to repent the
exanunation of material already gone over when comparison with
that reached later in the work was desirable. Although somewhat
laborious, this method of condueting the examinations justified itself
by its results, as it permitted close evaluation of the effects of various
treatments atcl of small differences in siage of maturity within a
variety, as well as detection of smull difierences in sppearance or
flavor hetween varieties. Some such method of detailed grading upon
& comparative seale is indispensable to aceuracy in dealing with large
assemblages of rather closely similar material.

MEeTHops EMPLOYED 1 COOKING SaMPLES

The cooking of all samples fof examination and organoleptic testing
was done by one person, an experienced cook. Gas-heated hot plates
that could be very closely regulated and were of such size that 8 to
12 samples could be cooked al one time were used. All the lots of
material were quickly thawed by emptying the frozen material into
boiling water and placing over & moderate flame. As some of the
matenal had been packed in brine and other lots were dry-packed,
the additions of water and salt for cooking were so adjusted as to
make the liquid and salt content of all saruples equal, No additions
other than water and salt were made, beeause it was found that such
additions, as, for example, butter added to sweel corn, might increese
the palatability but at the same time tended to disguise and prevent
detection of differences in flavor. Although the time required for

218611°—40——3
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cooking lots of different varieties of the same vegetable at a like stage
of maturity varied only shightly, no attemp?t to cook for uniform and
predetermined periods was made, but instead directions were given
to cook each sample until thoroughly done as determined by tasting.
The judges were convinced, by & number of comparative tests, that
they were able to make more sccurate estimates of texture, paiatabil-
ity, and flavor, and finer discriminations between products of nenxly
equal quality when the samples were thoroughly cooked. With green
vegetables, such as peas, ima beans, and green snap beans, thorough
cooking, of course, resulted in greater loss of green color than from a
shorter period of heating. Since the destruction of chlorophyil and
development of brownish discoloration in these vegetables under
heating is a progressive process that increases with time, the method
of cooking was considered fair to all varieties, because the eolor and
attractiveness of the cooked material was proportionately reduced in
all lots somewhat below what it would have been under less thorough
cooking; consequentix, the comparative ranking of the varieties in
respect to this factor was little if at all affected. Observation of the
changes occurring in the green vegetables during the cooking process
appears to bear out this conelusion.

Rerative WEIGETS GiveEN THE Vanoous Facrors 18 GRADING THE
Provucers

Before the several varieties of a vegetable could be ranked with
regpect to their comparative suitability or desirability for freezing,
it was necessary to determine the effects of different trentments, types
of pack, and stages of maturity on the hasic or inherent quslity of
eac?n variety. This could be accomplished with a considerable degree
of accuracy by cross comparison. After this was done, it was neces-
sary to determine the relative weights to be given to color and appear-
ance of samples in the frozen condition and to appearance, palatability,
and flavor when cooked and served. The method adopted gnve the
appearance of the frozen material & weight of 20 percent and its
appearance, texture, pnlatability, and flavor after being cooked a
weight of 80 percent in determining its final rank.

This method was decided upon advisedly and with full knowledge
that it differed considerably from commereial practice and from most
score cards for preserved foods, which give equal or greater weight
to appearance than to texture or quality. One reason for the decision
was the fact that, with the exception-of certain lots of material that
were intentionally subjected to mistreatment iix packing or storage,
or that were known to be undermature or overmsature when packed,
practically all the products would have passed existing commercial
standards for frozen vegetables, many of them with a very con-
siderable margin. This fact supported the preexisting conviction of
the authors that as the frozen-pack industry develops, consideruhly
greater and constantly increasing emphasis must be laid upon the
retention of high table quslity snd attractive and appealing flavor
in the product as served. Consumer demand for such quality will
inevitably increase as the distribution of frozen products widens to
the point at which they no longer have the sttraction of novelty. It
would seem to be the part of wisdom to anticipate keener discrimina-
tion and a more critieal attitude on the part of the consuming public
by laving especial stress, in experimental studies of varietsl material,
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upon high table quality in the product. If this is done, without any
lowering of standards in respect to market appearance of the frozen
material, it will result in the narrowing of the vegetable material
packed to those varieties that combine choicest table quality and
finest flavor with an attractiveness of appearance in the frozen con-
dition that will insure them » ftworabﬁe reception in the markets.
Ti_ledproducts here dealt with have been graded with this purpose in
mind.

COMPARISON OF VARIOUS PREPARATORY TREATMENTS
AND METHODS OF PACKING

A considerable number of variations in the preparatory treatments
given the material and in the methods of packing were used in the
course of the work in order to determine their effects upon the preser-
vation and quelity of the products as compared with the results of
the routine treatments and methods of packing. These were made
necessary by the dearth of information in the literature as to the efects
of variations in these factors on the quality of the products. It was
found that these effects differed with the kind of vegetable to a degree
that will require discussion in subsequent sections dealing with specific
products. However, certain general effects may he stated here.

TreE ScaLping Process

In some of the early attempts to preserve vegetables by freezing,
the material was packed and frozen without preliminary scalding or
steam treatment, with the idea that the fresh appearance and flavor
of the material could be preserved unchanged. Vegetables so treated
developed an abnormal, havlike odor and disagreeable flavor and
became inedible after & few months unless held at temperatures of
-—20° to —23° F. ({1, 55). That these undesirable changes mayv be
prevented by partly precooking the vegetables was pointed out by
Kohman {41, p. 187), but no details as to materinls or methods of
treantment were given.

Joslyn and Cruess (35) were the first workers to report in detail upon
experimental studies of the freezing of vegetables. Their paper, pub-
lished in 192, described successful preservation st 0° to 15° B. of

reviously scaided globe artichokes, corn on the cob, asparagus. string
Eeans, and spinach, packed in brine, whereas duplicate lots of material
packed without being scalded but receiving identical treatment in all
other respects underwent prompt snd extensive deterioration in ap-
pearance and flavor. Joslyn (34), 2 year later, reported upon the
worl in greater detail, attributing the deterioration in odor and flavor
in unscalded frozen vegetables to enzymatic sction. Work of essen-
tially identicsl charecter with & number of vegetables, including
asparagus, beans, and peas, was being carried out &t the seme time by
Barker and Morris at the Low Temperature Research Station, Cam-
bridge, England. In reports published in the yesvs 1930-33 (9. 10,
47, 48, 49), these workers showed that preliminary scalding to inecti-
vate enzymnes is indispensable to satisfactory pressrvation of vege-
tables by freezing, and that properly sealded vegetables may be pre-
served for long periods without the use of temperatures below 0°.

Since the publication of the work of Joslyn and Crruess, and Morris
and Barker, there have been numerous publications dealing with the
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effects of scalding preparatory to freczing (4, 11, 28, 28, 24, 25, 26,
38, 40, 61, 52, 54, 55} that have made 16 clear that the benefits of the
process arise from the inactivation of oxidizing and hydrolyzing
enzymes and the consequent prevention of autolytic changes that are
not completely arrested by freezing and storage at subzero tempera-
tures without such previous treatment. Diehl, Dingle, and Berry
(26) found that the enzyme systems of various unscalded vegetables
were very active after several months in storage al temperatures
between 20° and —5° F., and Morris and Barker (48, 49) found that
the action of these enzymes was not inhibited in vegetables that had
been subjected to the temperature of liquid air {—313°).

Although sealding is now recognized as absolutely nccessary to
satisfactory preservation of frozen vegetables, as yet no gencral agree-
ment has been reached by investigators as to details of method or time
and temperature that are best for any particular vegetable.  Joslyn
and Marsh reported (39) that they found “a critical temperature
range, somewhat different for cach vegetable, at which the color,
flavor, and texture were most benefited by heating,” and these tem-
perature ranges were from 160° to 170° F. for peas, 180° to 195° for
string beans, and 165° to 180° for spinach. In a more recent papor,
Arighi, Joslyn, and Marsh (8) modified this recommendation, finding
that 2 minutes’ sealding at 80° to 95° C. (175° to 204° I) gave better
preservation of texture, eolor, and flavor in Telephone peas than either
lower or higher sealding temperatures when the material was subse-
quently held for 2 years at 0° . Diehl and Berry (22), using No. 3
cannery size Alderman pess cleven thirty-seconds of an inch in dinm-
cter, found 30 seconds’ scalding at 210°adequate toinactivate enzymes,
wherens longer treatment caused softening of the peas and fading of
color. Later thoy, with Pentzer and Asbury, recommended serlding
in flowing steam for 30 to 90 scconds, depending on the size of peas,
as factory practice (27, 28, 29, 30). In 1936, Dichl, Campbell, and
Borry (25) reported that scalding Alderman peas, No. 6 eannery size
{fourteen thirty-seconds of an inch up) for 85 seconds in steam or 60
seconds in boiling water insured stability in peas frozen at 0° but did
not completely destroy enzymes or prevent deterioration when the
peas were stored at higher temperatures.  Inactivation of catalase in
peas was complete after 30 seconds’ exposure to 200° or 212° but was
not sccomplished by 3 minutes’ exposure to 160° to 180° (4). It is of
considerable interest in this connection to note that Smart and Brun-
stetter (1) have found that catalase inactivation became complete in
young, nearly full-grown Henderson Bush lima beans only after more
than 6 minutes’ exposure to 190°, and in older, nearly mature beans
only after more than 9 minutes’ exposure. The best preservation of
the guality of the product was obtained in these same lots of beans by
scalding for 3 minutes at 212°.

In the first year of the present work such recommendations as could
be found in the literature as to time and temperature of scalding were
tentatively followed, but a considerable amount of experimentation
with various methods and periods of hot-water treatment was also
done. Measurements of catalase activity as an index of heat penetra-
tion and consequent destruction of enzymes by the method developed
by Diehl and his associates (22, 26) were used as a check upon the
results. Some of these experiments will be discussed in subsequent
sections in eonnection with the different voegetebles, but as a generaliza-
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tion that holds for the various products studied by the authors, it may
be stated here that complete inactivation of the enzyme systems and
satisfactory preservatios of quality in the material required somewhat
longer treatment, irrespective of the product concerned, than has
been recommended by Diehl and his coworkers. The reasons for this
difference are not apparent, but the fact was very evident, and com-
mercial operators in the Eastern States are strongly advised to employ
the sealding schedules here recommended rather than shorter periods.

In the present experiments the use of & large volume of boiling
water into which the material could be plunged while enclosed in &
loosely woven bag gave almost instantaneous contact of the water
with all parts of the material and resulted in very uniform scalding.
It also made possible very quick transfer to cold water to stop the
action of heat. It was therefore used as standard procedure through-
out the work. No cexperiments with scalding in steam were made.,

There were several reasons that made adjustment of the length of
the scalding period to the stage of maturity of the green vegetables
necessary. With peas, the time of immersion ranged from 1 minute
for sizes held by %.- or %,-inch screens to 2% or 8 minites for those
held by the “#,-inch screen. In larger-seeded vaneties of lima beans
the scelding period was 2 minutes for the two or three smallest sizes
separated by the screens, 3 minutes for the two or three intermediate
sizes, and 4 minutes for the one or two largest sizes. For the three
sizes of green beans packed, periods of 2, 3, and 4 minutes were used
for youngest, intermediate, and oldest stages, vespectively  These
periods seemed to give better results than any others.

Best preservation of green color was obtained when the scalding
period was held to the minimum that would completely inactivate
the enzymes. The periods specified for the various age sizes were ad-
equate for this purpose, and longer sealding resulted in injury to color,
grenter absorption of water, and move rupture and collapse or wrin-
kling of seed coats on freezing. On the other hand, the longer periods
emploved with the older and il.rgel' sizes, although adequate, were near
the minimum that would adequately heat the material; reduction of
the period for these older stages resulted in greater firmness and less
pleasing texture, and in some csses in deterforation in flavor also.
It was not possible to find a sealding period that could be used with
entirely satisfactory results for ungraded peas, lima beans, or snap
beans that differed greatly in size and stage of maturity. If the treat-
ment was sufficiently long to seald the larger sizes adequately it in-
jured color and caused collapse and splitting of the smaller ones; if it
were short enough to prevent injury to vounger and smaller sizes the
older and larger ones were not adequately heated. Consequently, it
seems necessary to advise that these vegetables he graded for age and
size prior to their being scalded so that the treatment can be adjusted
to the different requirements of older and younger stages.

A number of experiments were carried out with green snap beans
in whish the temperature of the scalding bath and the time of im-
mersion were varied. In a series in which the temperature of the
bath was boiling at the time each batceh was immersed and the time of
Immersion was varied, it was found that shortening the period from
3 to 2}, 2, or 1} minutes resulted in considerable bleaching in the
frozen beans and, in the lots given the shorter periods, in abnormalities
of flavor similar to those found in untreated beans, Extension of the
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scalding period by steps of 1 minute each up to 10 minutes resulted
in progressively increasing loss of green color and replacement by
dull, opague brown as the period was increased. 1In the lots scalded
8 to 10 minutes there was rather general loosening and shredding of
the cuticie of the pods, and the flavor of all lots scalded more than 4
minutes was inferior to that of the lot given standard 3-minute treat-
ment. In another series of experiments a quantity of beans (Giant
Stringless Green Pod in the intermediate stage of development) was
divided into seven portions, which were given the following treat-
nents:

Lot 1—Standard 3-minute immersion in boiling water, average temperature of

beth during immersion 205° F. (96° C.).

Lot 2--3 minutes in water at 1942 F. (80° C.).

Lot 3—6 minutes in water at 194° F.

Lot 4—6 minutes in water at 176° F. (80° C.).

Lot 5—12 minutes in water at 176° F.

Lot 6—10 minutes at 162° F. (72° C.).

Lot 7—20 minutes at 162° F.

All lots were packed in 1-pint paper containers without brine, frozen
and stored in the usual manner, and examined after an interval of ap-
proximately 7 months. Lot 1 was very good in color while frozen, and
when cooked was fairly good in color, excellent in texture, and very
good in flavor. Lots 2 and 3 were like lot 1 as to color in both frozen
and cooked condition, but were very tough and flavorless. Lots 4 to
7 had a dull brownish-olive color suggestive of canned beans while
still frozen, becoming whitish brown when cooked, and were so tough
and flavorless as to be very nearly or quite inedible.

In another experiment, & guantity of beans of the older stage of
one variety, Full Measure, was divided into eight lots, one of which
received no scalding treatment whereas the others -vere scalded in a
large volume of boiling water for periods of 1, 2, 3, 4, 6, 8, and 10
minuites, respectively. All were then packed dry in i-pint paraffined
paper tubs. When examined after approximately 7 months in
storage at 0° F., the unscalded beans had the characteristic haylike
odor of raw frozen vegetables and a very disagreeable, repellent flavor
when cooked; those scalded for 1 or 2 minutes were considerably
whitened in appearance and were somewhat abnormal in flavor; those
scalded 3 or 4 minutes were the best of the series in color and texture
and were good in flavor. Those scalded for 6 minutes or more became
progressively a darker, duller brown in color with incrensed scalding
time, and the cuticle of the lots scalded 8 and 10 minutes was loosened
and became detached in cooking, giving them a very unattractive
appearance; they were also decidedly inferior in flavor to the lots
scalded 3 or 4 minutes. A similar expertment with the intermedinte
stage of Burpee Stringless Green Pod in which the scalding periods
were 3, 4, and 5 minutes gave similar results; the lots scalded 3 and 4
minutes were satisfactory in texture and flavor and good in color; the
lot scalded for 5 minutes was inferior, showing loosening of cuticle and
a dull, opaque brown color that improved on cooking, but the flayor
was not, equal to that of the other lots.

Corn was scalded on the cob in boiling water for a 4-minute perioa
under such conditions that the temperature of the water did not
drop below 195° F. when the corn was immersed and resumed boiling
within 90 seconds or less. Under these conditions, a 4-minute scald-
ing period was adequate for corn that was to be cut from the cob,
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regardless of the size of ear or depth of grain, srd this was conse-
quently used with all varieties regardless of ear size. In corn to be
frozen on the cob rather thorough penetration of the heat into the
cob as well as into the grain is necessary, and this requires a longer
time. It appears that for corn grown under eastern conditions
4 minutes’ scalding is the absolute minimum that should be employed
with small-eared varieties, such as Golden Bantam, which are packed
on the cob, and that the period should be extended to 6 minutes for
large-cobbed, many-rowed wvnrieties. In one experiment in which a
quantity of Country Gentleman corn was divided into lots that were
scalded for 4, 5, 6, and 7 minutes, the lots scalded for the 6- and
7-minute perlods were identical with the others in appearsnce but
were slightly superior in flavor to the lots scalded for shorter periods.
It seems probable that some extension of the scalding period for corn
would result in improvement in quality. Some commercial packers
are evidently making such extensions, as some commercial whole-ear
corns recently examined have been so thoroughly cocked that they
could be eaten without further cooking.

HERMETICALLY SEALED AND NONAIRTIGHT CONTAINERS

A comparison was made between lots of identical material packed
in hermetically sealed tin cans and in paraffined liquid-tight but not
airtight paper containers. Some of the latter were closed by pressing
a paper disk into an annular groove near the top; others were sub-
sequently passed through a machine that rolled the edge of the cup
inward and applied molten paraffin to the line of juncture. Some of
the cups were removed from the machine after the edge had been
rolled but before the application of paraffin. Rectangular folding
cartons of 1-pint capacity were also used for dry packs of some
products.

When the dry packs of vegetables having green color were opened,
there was & slight but rather consistent superiority in the appearance
of the material in the hermetically sealed containers over that in the
nonairtight packages. Dry packs of peuss, lima beans, and green
beans in sealed containers, viewed in the frozen state, had a freshness
and brightness unequeled by the material in the nonairtight contain-
ers, which rather generally showed more or less yellowing and opacity
of the surface layer. Dry-packea corn showed similar opacity and
dulling of the surface, which was rather less pronounced than in
products having green color. These differences disappenred in thaw-
g and cooking, when the produects from the two types of container
became indistmguishable. The alteration in color in the green
vegetables was in part due to incipient drying of the surface, #s in
snap beans, and in part to films of ice or a mixture of ice and air
bubbles benesth the seed coats, as in peas and lima beans. In either
case the green color of the underlying tissues was merely masked
and more or less yellowed in tint by the presence of the opacue layer,
and reappeared as thawing proceeded. In material that had been
packed in brine it was impossible to distinguish between samples
from the two sorts of containers, either before or after they were
cooked, as appearance, color, consistency, palatability, and retention
of flavor were identical,
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1t appears from these results that the only advantage gained from
the use of airtight containers is a slightly more attractive appearance
of the frozen material in dry-packed products, with no difference in
the case of brine pack and with no consistent gain in preservation of
table quality or flavor in either type of pack. For any ordinary
period of storage under proper conditions, the dulling of color at the
surface of dry-packed products is not sufﬁclently extensive or pro-
nounced to provoke consumer resistance. It is chiefly due to a loss
of moisture, and if this ean be prevented complete exclusicn of air is
not a requirement for a satisfactory container for the vegetables
studied; anyv container that protects the material from contamination
from outside sources and that does not itself give up dissolved metal
or odors or filavors to be absorbed by the contents will be satisfactory.

Priary axp ExaMELED TiN CONTAINERS

Both plain and enameled tin containers were used. Some of thn
Iatter hiad standard corn enamel, the others & berry enamel. Plain
tin was perfectly satisfactory for all the vegetables packed dry, but
there was corrosion, ranging from moderate to rather severe, in the
various packs in brine. The corrosion was very definitely loealized
at the liquid line, and in the cans of lima and snap beans, pieces of
material lying in contact with the can at this level showed some
discoloration. The enameled cans gave perfect protection to the
contents in brine packs without regard to the particular Lype of
enamel used, the only essential being that the metal was effectively
shielded {rom contact with the solution.

LARGE oR INSTITUTIONAL-S1ZE CONTAINERS

The comparative studies upon varieties were based primarily upon
material packed in 1-pint containers. Such contalners are tdeal
packages for retail distribution for family use, but there is considerable
use of frozen products hy hotels, cafes, and institutions serving Iarge
numbers of people. Larger packages have very obvious advantages
for these large-seale users provided that they can be employed without
sacrifice of quality of the produet. Seme experiments were carried
out to determine whether the methods of preparation and freezing
here used could be satisfactorily employed with larger packages, or
whether increasell thickness and volume of package necessitates use
of lower (reezing-room temperatures. These experiments were in-
tentionally planncd to afferd a rather severe test of the method of
freezing employed. Some use was made of No. 10 sanitary tin cans,
which contain a cylinder of material 6 inches in diameter and 6% inches
in height; but the containers principally used were paraffined paper
tubs of the roll-top type and of 5- and 10-pint ecapacity, with the
internal dimensions stated in table 1. Walls, bottoms, and tops
were impregnated with paraffin and with the exceplion of the tops
were covercd on both surfaces with a rather thick film of paraffin.
Bottoms and tops of all sizes were countersunk one-half inch, so that
cac}l package had a dead-air space beneath it when standing on a flat
surface.
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Tarre L.—TInternal dimensions and wall thickness of paper containers used

Inside dismeter ’ l Thitkness
Capacity of contniner (pints) T e égfé%‘: —
| Bottom  Top | Top

Juches | Iuches | Inches fach Frch

: dia: i My 0 7,050
T Bl i i ol 0%
- Li17] BL; f Th: BLT . OBS

f ! i

The use of these containers introduces several factors tending to
reduce the rate of cooling of the contents. Among these are increase
in all dimensions of the mass of material and consequent increase in
time required for transmission of interna] heat to the surface, reduction
of radiating surface in relation to mass, and increased insulating effect
of the container duc to greater thiekness of walls, If very rapid
cooling is essential to prescrvation of quality in the vegetables here
dealt with, that fact should be very apparent when otherwise identieal
material packed in the various sizes of containers is compared.

The large contsiners were handled in al} the details of packing and
freezing exactly as were the smaller ones. The amounts of material
and of added brine, where brine was used, placed in the two sizes
were & and 10 times those placed in the small tubs. In placing the
packed containers in the freczing room, care was taken that arge
and small sizes should be equally exposed to the current of air from
the fan.

The products packed in both 5- and 10-pint containers included
peas, green beans, eream-siyle corn, and corn on the cob.  Green Lima
beans, whole-grain corn, and suceotash were packed in the 5-pint
size but rot in the larger size. Both dry and brine packs were made
with all products. In addition to the straight or dry pack of corn on
the cob a modification was introduced in tiat some of the ears in the
dry-packed material were individually wrapped in cellophane or in
waxed paper and eluminum foil before they were placed in the con-
tainer,

The results will be discussed in detail in connection with the
mdividual vegetables, but eertain goenersl statements may be made
here. All of the material packed in No. 10 tin cans, whethor with or
without brine, was perfectly preserved in all respects and compared
favorably with the check lots in small containers. This was also
generally true of the material in the larger paper containers, with some
exceptions. In the straight packs, the larger containers showed some-
what more pronounced dulling and opacity than the small ones, owing
to greater drying of the surface, but this difference disappeared on
cooking. In a few lots of lima beans, the material at the eenter of the
container showed a slight bleaching or fading of color us compared with
check lots in pint contamers, but there was no difference in odor or
palatability and flavor. No such differences in color were observed in
the other green vegetables. Much the greater portion of the corn
packed on the cob was excollent in flavor, but ocensional lots irregularly
distributed through the pack showed abnormality in flavor varving
from that which was just perceptible to very prononnced. This eon-
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dition was only rarely present in the brine packs, was somewhat more
frequent in the straight packs, and was general in the wrapped straight
packs. The irregulanty of its distribution made it clear that it was
not related to variety or age of sample, size of ear, or method of pack-
ing, and suggested that it might have been due to combination of two
or more faetors. One of these was the use of a 4-minute scalding
period, which might have been too short to insure inactivation of
enzymes in the cob tissucs; another was the usc of containers having
such thickness in all dimensions that eseape of heat from their centers
was retarded. 1t is thought that these factors brought the material
so near he denger line at which deterioration in quality and flaver
could begin that variations in cooling of the material prior te packing,
mequalitics in exposure to air currents from the fan, and other varia-
tions in the treatment of otherwise identical material might detormine
the distribution of deterioration through the pack.

The results have very considerable practical significance. The
fnot that most of the products were perfectly preserved in spite of
the severe and unfavorable conditions of the tests is a conclusive
demonstration that freezing vegetables in institutional-size packages
is fensible provided that the femperature of the freczing roomt he 0° K.,
that provision for frec cireulation of the air about the packages be
made by stacking them in open order, and that the containers be of
reasonable size and made of material that will facilitate heat transfer.
Tt may be pointed out that containers may be of any desired size in
fwo of their dimensions, provided they are kept thin in the third
dimension in order to permit rapid transfer of heat from the interior
to the surface of the package. 1f the freezing is earried on in still air,
such packages should be stacked with adequate space between for air
movement, &nd 2 fan should be provided to aid air movement between
the stacks. Unless containers of the form and character indicated are
to be used, freezing prior to packing may be s preferable method

(. 20).
Dry or STRaIGHT AND BRINE Packs

Parallel packs of all the vegetables were made from identiesi lots
of material, in most cases in all the various sizes and types of con-
tainers, with and without the addition of brine. Results of detailed
comparisons of the two packs for pach vegetable will be stated in the
sections on the different vegetables, but the study of the material as &
whole led to some conelusions that are sufficiently general to be stated
here.

When viewed in the frozen condition, peas and lima beans frozen
in brine were a clearer, brighter green than the dry-packed duplicates,
and the color was very uniform throughout {he container. The
‘nterior of the mass of dry-packed material compared very favorably in
ecolor with that of the duplicate packs in brine, but the surface of
the dry-packed matorial was & duller, less intense green with more o
less yellowing. This was not due to destruction of chlorophyli, but
to superficial drying of the sced coats and to the presence beneath
them, especially in the area surrounding the hilum, of a thin film of
ice conteining bubbles of air.  The opacity of this layer more or less
completely masked the green color of the underlying tissuces so long as
the materinl Temained frozen. but there was 2 progressive decpening
of color as the materigl thaw «, and the cooked material was usually
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indistinguishable from the corresponding lot that had been packed in
brine. ,

The dry-packed ercam-style corn showed o similar opacity and dull-
ing of color at the surface caused by incipient drying, and in the
whole-grain corn a similar condition extended rather generally through
the whole mass. In corn on the cob, there was an intensifieation of
color and development of a faint bronze tinge on the outer ends of
the grains in yellow corn and a slight yellowing or browning on those
of the white corn.  As in the condition deseribed in peas and limg,
beans, the differences disappeared on cooking, leaving dry and brine
packs indistinguishable in appearance in the cooked condifion. Green
snap beans presented a contrast to other vegetables with respect to
preservation of color in the frozen material, which will be discussed
i the section on that vegetabie (p. 311,

In cooking the produets, the dry-packed samples received sufficient
salt at the beginning of cooking to make them cqual the brine packs
in salt content. The jurdges who tasted and scored the products
were asked to determine whether there were discoverable differences
between the two series of samples iIn texture or consisteney, palat-
ability, and fullness, naturalness, and fincness of flavor. With
respect to texture or consistency, there was general agreement that
the two packs were indistinguishable exeept in the string beans, in
which most of the brine-packed material was slightly tougher in tex-
ture.  There was also general agreement that there were no constant
and outstanding differences in pulatability and table quality between
the two packs considered as a whole, There was some difference of
opinion as to whether flavor had boen equally well preserved by the
two methods. A minority of the group were unable to distinguish
between the two sots of samples by testing them, and they con-
sidered preservation of flavor equally good in both, except in the eorn,
where all were agreed that the brine pack was somewhat superior in
flavor. They also considered that the brine packs, as a whole and
without regard to the particular vegetable coneerned, showed a slight
but consistent superiority over the dry-packed material. It scems
most probable that this difference was due to the fact that in the

roducts in brine the salt had diffused into the material and become
glmdm;i with it before it became frozen to g degree that could not
be duplicated by adding salt to the straight packs at the time of cook-
ing. This conclusion is borne out by the work of Lanman and Minton
(42) who found that addition of salt to fresh vegetables prior to cooking
gave o better flavor than when a like amount of salt was added at the
middle or end of the cooking period,

In summarizing, the chiof differences between dry and brine packs
were a somewhat hettor preservation of color in peas, lima beans, and
sweet corn in brine packs; in snap beans, color preservation was some-
what better in dry packs than in brine, and there was considerable
splitting of pods in brine that did not eceur in anything like the same
degrec in dry packs. In texture and consistency of the products
after cooking there were no significant or consistent differences. nor
in palatability and table quality of the two packs. There was, how-
ever, a slight but consistent superiority of flavor in brine packs, which
seemed to be due to a more perfoct blending of salt with the materia]
rather than to any loss of Havoring constituents in the dry-packed
material. This difference in quality was somewhat less pronounced
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than the differences between fruits packed straight and those packed
in sirup, first pointed out by Cruess and his coworkers (17, 35).

Tt was obvious that the diffcrences in appearance observed between
dry and brine packs in the frozen condition were due chiefly to the
faet that the interval between packing and freezing had been sufficient
to permit some drainage of water absorbed in the scalding process from
beneath the sced coats of peas and beans and its partial replacement
by air. Reduction of the interval between packing and freezing would,
of course, reduce the amount of this effect. 1t was in part due to the
drying of the surface of the material in storage, which oceurs to some
extent in hermetically sealed packages but to & much greater extent
in nonairticht containers. Changes in appearance due Lo this cause
progress with time and ultimately make dry-packed products held

{or long periods rather unattractive in appearance.
FRrEEZING PrioR TO Pacxing

A rather limited number of experiments on freezing prior to packing
were made in the course of the present work. The method employed
comprised scalding, cooling, and then spresding the material on trays
covered with cheesecloth ; care was taken thatindividual pieces were not
in contaes, and the trays were placed in the 15° F. room In such posi-
tion that the air current from a fan swept directly across them. The
maderinl was usually placed in the room in late aiternoon and allowed
to remain overnight, an interval of 12 to 16 hours, when it was removed
from the trays and placed in containers after which it remained in the
same room for a few days prior to removal to the 0° room for storage.
In all cases the material so treated was part of & larger lot, the remain-
der of which was packed by the methods used in preparing packs for
comparative study.

Various lots of peas and litna beans of different ages and size grades
were individually frozen. Peas required 30 to 45 minutes and lima
beans 40 to 85 minutes to become frozen to the center, the time increas-
ing with age and size. They showed a very slightly yellowed or faded
coloration when removed for packing, and this had become much
more pronounced when the material was examined after 6 to 7 months’
storage in 1- or 3-pint paper containers. All the material in the
contaimer then showed the dull opaque appearance and yellowish-green
to whitish-green color characteristic of the surface layer of drfr-packed
peas or beans. This was due, as in dry-packed material, to the
presence of films of ice or ice and air beneath the seed coats around the
hilum and radicle and to partial drying of the seed coats themselves,
As the material thawed, tEe color improved, and the cooked material
was indistinguishable in every respect from duplicate lots packed
straight and frozen in the conteiner.

Corn on the cob was frozen by exposing the ears on trays before the
fap for 12 to 16 hours. Some of the ears were individually wrapped
in cellophane, others in waxed paper with an outer wrapping of alumi-
num foil before exposure, still others were not wrapped. At the
subsequent examination, all the ears, whether wrapped or not, showed
some dutlling and darkening of color in the white varieties and inten-
sification of the yellow color with development of an orange tint in
the yellow corns. This was caused by & drying effect confined to the
exposed outer ends of the kernels and was only slightly more pro-
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nounced than that seen in straight-packed ears frozen in the con-
tainer. It disappeared on cooking. All the corn individually frozen
was equal to, but in no way superior to, corresponding packs frozen
in the container, with the exception that no abnormality of favar
was present in any of the individually frozen ears. This method of
freezing corn on the cob has very distinet advantages aver freezing in
the container. The product has no superiority in quality provided
the freezing in the containers has been sufficiently rapid, but individual
freesing permits the use of individual wrappings, which have distinet
sanitery and aesthetic advantages, and the employment of packages
or cartons of almost any desired practical size and character.,

COMPARISON OF FROZEN AND CANNED PRODUCTS FROM
IDENTICAL RAW MATERIAL

As stated on page 6, portions of material of practically every variety
and of most of the different stages of maturify of each variety of
vegetable were canned and stored for comparison with the frozen
products. As & result it may be stated in general that, although all
the canned products ranged ss good to very good or excellent, all the
Judges, with the exception of one, decidedly preferred the frozen
product becsuse of the greater freshness and naturalness of flavor,
One of the judges expressed a preference for the canned besns, and it
developed that he preferred the flavor of canned beans to that of the
fresh product as prepared directly from the garden. With this
exception the judges were unanimous in their statement that the
frozen products were so superior to the canned material in their
attractiveness and palatability that the two could not be measured by
any common standard of comparison.

TEMPERATURES EMPLOYED IN FREEZING AND STORAGE

In practically all the experimental work herein reported, the prod-
ucts packed were given a preliminary freezing in 8 15° F. room in
which they remained for a few days prior to transfer to a 0° room
where they subsequently remained “until axamined. As the material
was here handled, this treatment, with tne exception of some of the
larger containers of certain products, resulted in the preservation of
the product with an appearance and quality in every respect equal to
that of check lots placed directly in the 0° room, and fully equal, and
in some instances superior, to commercial frozen products purchased
in the markets.

It must be very strongly emphasized, however, that the suceessful
outcome of the experiments was made possible only by the fact that
the conditions were experimental and of such character as it woulkd be
difficult or impossible to maintain in factory operations.

All products were thoroughly and uniformly cooled prior to being
packed, the quantities packed per day were small, and packages could
be so distributed in the freezing room that each received the henefit
of the air current from a fan. The volume of product placed in the
freezing room in any working day never exceeded more than 1 percent
of its cubic capacify, and never raised the temperature of the room
more than 2°, and that for a very short pertod. Notwithstanding
these conditions, the results with some of the larger sized packages
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show that the margin of safety was narrow and that the introduction
of any condition that slowed the cooling of the larger packages
endangered the nppearance and quality of the contents. A tempera-
ture of 0° F. for both freezing and storage is vegarded as the highest
permissible in practical freezing operations with vegetables if the work
1s to be conducted with a reasonable U ictor of safety for the product.
Also, the refrigerating equipment should have such capacity that it can
maintain this temperature with an increase of not more than 3° to 5°
with maximum Inads of miterial present in the rooms.

ErrecTs oF PrROLONGED SToORACE AT I5° Anp atv 0° F.

Various lots of all the vegetables packed were held in the 15° room
for 6 to 7 months after being packed and were then compared with
check lots that had been held for the same period at 0°. In all the
material held at 15° there had been pronounced deterioration in
appearance, quality, and flaver; this was greatest in the nonairtight
containers but had also occurred in tin. All the green vegetables
were very unattractive in appearance because of the breaking down of
chlorephyll and formation of phaeophytin, as described by Campbell
(18) in peas; the color of corn had also darkened, and the flavor of all
of the vegetables was so altered that they were barely edible.  Further
holding at 15° for & total period of 12 months carried the deterioration
to a point at which the material could no langer be conswed.

Some of the material packed in the first yvear of the work was brought
out of 0° F. storage at the time of the examination, held in the 15°
roem for 5 to 6 weeks, aud then returned to the 0° room, where it
remained until the examination of the second vear’s pnck. [t was
then examined. 18 to 19 months after packing. The results varied
with the different vegetables. Corn showed no deterioration in
appearance except increased drving at the surface of straight packs,
and there was little or no lowering of quality. Green beans, peas, and
lima beans showed an amount of deterioration about equal to that
which occurred in similar material held 8 months at 15°, had practi-
cally lost characteristic flavor, and were barely or doubtfully edible.
Deterioration of the beans in the mixture had brought about essen-
tinlly the same concitions in the succotashies. None of the material
had any abnormal odor. As these deteriorative changes do not occur
in material held constantly at 0° for long periods. it seems clear that
their occurrence in this material is sttributable {o the period of storage
at higher temperature. It was concluded, therefore, that in order to
obtamn satisfnetory preservation of vegetables. it is necessary that the
storage temperature be held constantly very near or at 0° and that no
prolonged rise in temperature of the storage room above this level
occur at any time during the period of storage.

Smart and Brunstetter have reported successful preservation of
Henderson Bush lima beans for periods of 15 months (51) and of
spinach and Siberian kale for periods of 9 to 15 months at » storage
temperature of 15° {32), but some loss of quality was apparent in their
material and they consider this storage temperature too high for safe
preservation of these produets.
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RESULTS OF COMPARATIVE STUDIES OF THE VARIOUS
PRODUCTS

GuEEN Sxar Beans

The earliest suceessful experimental work on the freezing preserva-
tion of green beans reported in the literature is that of Jusivn and co-
workers (34, 35, 36) in California, and that of Mortis and Barker {9,
10, 47, 48) n England. In work carried on independently, beginning
in 1929, these two groups of workers developed methods of preparation,
packing, and freezing that gave satisfactory preservation of the ma-
terial for considerable periods. Both groups emphasized the necessity
of adequate scalding before packing as a means of preventing deteriora-
tion and the development of abnormal, haylike odor and flavor in
storage. Woodroof also reported successful results with the freezing
of green beans (37, 58). Whallace and Tammer (56) included green
beans in the list of vegetables that they froze after varions preparatory
treatments and held for considerable periods in order to study the
changes in microbial content and in appearance and quality of the
products.  All of these workers were concerned primarily with the
development of methods or with the effect of various treaiments on the
preservation of guality in the material, and none of them recorded the
variety or varieties employed in their experiments. Diehl and his
associates (27) are the first workers who have reported the results of
comparative studies upon a number of varieties of green beuns; they
found that Kentucky Wonder, Blue Lake, Refugee, and an unname:
variety of wax bean, all grown in the Puget Sound section of Wash-
ington, were satisfactory for freezing purposes.®

VARIETIES EMPLOYED

There were 14 varieties used in the present work. Nine of these
(Burpee Stringless Green Pod, Asgrow Stringless Green Pod, Ginnt
Stringless Green Pod, Mosaic-Resistant Stringless Green Refugee
(idaho Refugee), Full Measure, Tendergreen, Asgrow Stringless
Vilentine, Round Pod Kidney Wax, and Keeney Improved Stringless
Whax) were grown in both years. The variety, since introduced as
U. 8. No. 1, was used in 1934 only, and 4 varieties, Konserva, Blick
Valentine, Tennessee Green Pod, and Kentucky Wonder Poie, were
used only in 1935. Of the 14 varieties, 9 are old, widely known
varieties most of which were stated by Tracy to be in rather general
cultivation when his descriptive catalog was published in 1907 (53);
the others are comparatively recent introductions. ‘The varieties were
grown side by side on fairly uniform soil and received identical treat-
ment in the details of planting and cultivation. All varieties zave
good growth and satisfactory yields with the exception of Mosaic-
Resistant Stringless Green Refugee (Idaho Refugee), whieh produced
an exceptionally luxuriant growth of vines in both years, with & very
light crop of beans in 1934 and only scattered pods in 1935,

1 Hesults of comparative tests of groups of varfties of green beans ndlnpibedd to the pactcular districls con-
eernetd bave recently been reparted by warkers in [nwa, Michizan, New York. North Daketn, aord the
Provinee of Quebee, Canada.  For vitations see footnote ap 3,
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STAGES OF MATURITY OF BEANS PACKED

In 1934 beans were packed at two different st»yes of maturity, as
determined by dinrneter and appearance of pods. The younger stage
was made up of pods up fo and including those judged to contain
seeds one-fourth of their size at maturity; the older stage began at
this lower limit and included pods up to seven-eighths of their aduls
size. Both sizes were snipped and pscked without being cut, that
is, as entire pods.

In 1935 beans were packed at three stages of maturity. The
voungest of these consisted of pods that had reached approximately
full length but in which the swelling of the seed had not become
noticeable; the second or intermediate stage corresponded rather
closely with the vounger stage of the preceding vear, and the third
stage contained chiefiy beans corresponding with the older stage of
the preceding vear but had also a small percentage of pods in which
the seeds were full-grown. The voungest stage was snipped and

acked unbroken; the intermediate and older stages were broken
mto lengths approximating 1 inch.

DETATLS OF PREPARATION AND PACKING

Various experiments with green beans in which different lengths
of sealding period and different temperatures of the scalding bath
were used have already been described (p. 13). The scalding periods
for the two stages of maturity packed in 1934 were 2 and 3 minutes
for the yvounger and older, respeetively. The results, with those of
the experiments on other periods and temperatures of scalding, led
to the vse of sealding periods of 2, 3, and 4 minutes for the three
stages of maturity packed in 1933, the volume of water used being
such that the average temperature of the bath for the three periods
was shout 202°, 206° and 209° F., respectively. Scalding was
followed in all cases by very rapid cooling to the tempernture of the
water supply and holding at that tempersture until the material
was packed.

As containers, paraffined paper tubs of -, 5-, and 10-pint enpacity,
rectangular paraflined paper cartons of l-pint coapneity, and No. 2
plain tin cans were nsed.  All of the 5- and 10-pint tubs and some of
the 1-pint size were closed by pressing a paraffined disk into place
in an annular groove near the top of the tub; seme of these were
further sealed by rolling the edge and covering the line of closure
with a laver of molten paraffin.

Both dry and brine packs were prepared in all the types and sizes
of container except the rectangular pint cartons, which were not
liquidtight. No attempt to pack a uniform predetermined quantity
of material into a given size of container was made; all the containers
were filled as completely and closely as possible without sctually
resorting to placing the pods one by one.

The handling of the material in the freezing room, the pertod of
storage, and the methods employed in examining and grading the
products have been stated (p. 6).
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COMPARATIVE SUITABILITY OF VARIETIES FOR FREEZING

The results of the detailed study and grading of the material used
in the varietal comparisons are summarized in table 2, in which the
numerical values given for the various factors in the original ex-
amination records have been replaced by the equivalent terms “excel-
lent,” “very good,” “good,” “fair,” “poor,” and “very poor.” The
results of the comparisons have been separately stated for each of
the stages of development at which the variety was packed, because
these different stages in a variety mey vary rather widely in the
ratings they receive; also these variations may take different forms
from one variety to another. In the last column of the table the
variety is given a ranking by Ellacing it in one of four groups as to
its suitability for freezing. This ranking was arrived at by taking

intd consideration the appearance and quality of the materl at all
stages of maturity and in all sizes of container and types of pack, in
comparison with other varieties similarly considered.

21861]1°—+0——4




TaBLE 2.—Resulls of comparative studies of market appearance in the frozen condition and in appearance, texture, and flavor when cooked, of
14 varieties of ‘green snap beans at selected stages of maturity

Variety

General appenrance and color in frozen
condition

Characters after cooking

Compara-
tive rank

Appearance and color

Texture

Flavor

for
freezing

Asgrow - Stringles
QGreen Pod. .

Burpes S tringless
QGreen Pod.

GiantStringlessGreen
Pod.

Asgrow ~Stringless
alentine.!

Bluck Valentine.._....

Tendergreen !_ . . ...

Full Measure

Mosale-Resistant
S8tringless Groen
Refugea (Idaho Ref-
ugee).... -

Konserv, ... ... .

Tennesses Green Pod

VL8 NoL e ih

Intermediate.
Large.

Siall .
Interm
Large.

Small .. _ .
Intermediate.
Large. .

Small ... ...
Intermediate..

Large. .
Small.

Intermedinte..
Large.........

(Small,, ... .
Intermediato .
Largo..... ...
Small..; . ...
Intermedinte.

Very good to excellent

Very good. Mottled with yellow

Fair. Opatue and yellowed..... ..
Falr to Bood. .. .o icieime e niriiamanw

00!
Fair to good. Light green...
Poor. Yollowith green
Excellent . .........
Very good... .

do

Excellent. Extremely deep, dark green.

‘Excellent. Good light green
Not packed.ooom. oo

.| Good to very good light green. Much

splitting.
Poor. Light yellowish green

Excellent.. ... J R, R
Good..:.... e mmme i

R o T Tt L E DT LT

Exoollent. Uniform light green
Very good. ~Uniform light green
Good. Uniform light green...___... ...

I Very good. . Very deep dark green

Qood. Slightly browned._.___. U,
Fair. - Somewhat browned
Excellont.. Bright fresh green...........

¢ | Very good. Slight yellowing
. ked ...

Poor, browned. . ..c.oceemuen,

Fair.” Light green
Fair to poor. Olive brown
Fair. Brownish green.

Falr e lcnirmenne

Poor. Browned.
Very good.
Good. Somewhat browned

Fair. Brownish yellow...... .

Poor. Olive brown....

Browned
do. ... cenena
Poor. Very brown

Excellent

Falr. Olive green. ..
gagr. Much splitting._
r.

ai
Pom('l. Very brown

-1 Very good.
Excellent..
do
Good.

Fair to good.
Very poor.
stringy.

Excellent.... .. eleemmne

Somewhat string

b O\ |

y.

Stringy.....
Tough,

do.
Very good to excel-

Very f;ood.._-_.-,. .
a

ry good

Poor.

Excellent_......_..
do. ...l
Very good......_.

do

Exccllent
Very good:
do

£00
Qood. Slightly tough ...
Tough, woody. .-

Good. Slightly stringy. .-
Good. Somewhatstringy.

Very good.

Excellent,

Fal il

71 ‘Good to very good . .

1 o

: }Group 2.

Ve:y good
Excellent..

Very good.
Excellent -
QGood to very good._ -

Do.

|
|
}Group 1
|
l

Group 4.

Group 3.

}Gmup 4.

Group 1.

Group 3.
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Keeney Improved

Small 1"Poor. ‘Bleached.___.__. aamean e
Kidney Wax__._.___

Intermcdiate.,’ Very good. Bright yellow.
Large........ .| ....do

4
Small ... .-} Very good. Attractive green and yellow.
Intermedinte..] Excellent. Bright yellow...._ .. _.. .
Large_.._.... .1 Not i‘m-’:kod OSSR PO
Small .+ Excollont.  Best green color.
Intermediate. | Excellent. .. ... .. am v
Large ... .0 Very good

t See discussion of these varieties in tho text (p. 30).

Poor. Whitish

- 'bI;a{r. Whitish_ ---| Very good.

Poor, String

Poor. - Brownish ycellow ._......| Excollent . _.
Fair. 'Whitish yellow ..
TFairtogood.... /0 77T Broationt,
Fair, Browned. . . ...........| Very good..
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The placing of & number of varieties together in one group in table 2
does not imply that they are equal in merzt In all the factors considered
in the grading. The rating in the last column is & general average,
and it is cbvious from the preceding columns that two varieties may
have the samne general average yet have different values for most of the
factors considered in making up the average. In determining final
ranking of & variety, greater weight was given to palatability, texture,
and flavor of the ecoked material than to appearance in the frozen
condition, in the belief that a variety, no matter how attractive its
appearance may be, is unsuitable for freezing unless it also has high
table quality and appeal to the palate when consumed. On the
other hand, & variety of very high table quality mav be of doubtful
value for freezing if its appearance and ccqﬂor in frozen condition are
unattractive. For these reasons, varieties having desirable color and
appearance but not high table quality are given places determined
primarily by their texture and flavor.

Group 1. ExcrirLext.—Three varieties, Grrat Stringless Green
Pod, Mosaic-Resistant Stringless Green Refugee, and Kentucky
Wonder Pole, were clearly superior to all others in their general
averages. They were fully equal to the best in texture and flaver
and were distinctly better than the others, with two exceptions (one
of which was not consistent) in their retention of fresh, natural eolor
and appearance in the frozen condition. The color of the three
differed considerably in quality or tint; that of Mosaic-Resistant
Stringless Green Refugee was a rather light green which was quite
uniform at all stages of development in the frozen material and which
underwent & minimum of change in cooking.® Giant Stringless Green
Pod was similar in the character of its eolor in the younger beans while
frozen, but faded to a somewhat yellowish green in the oldest stage
used. In the frozen condition, Kentucky Wonder Pole had un
exceptionally attractive green color in younger stages and was & very
eood color in the oldest stage. Both Giant Stringless Green Pod
and Kentucky Wonder Pole became somewhat brown on cooking
but were very much more attractive than canned beans prepared from
the same lots of materizl. In texture and flavor, the differences
between the three varisties were so small that each was considered
best by some of the judges.

In packing these varieties the upper limit in size or age to be used
in the case of Giant Stringless Green Pod should be that at which the
seeds are not more than two-thirds full size, because the color of older
beans becomes yellowish green on freezing and twrns to brownish
vellow on cooking. Only very youmg stages of Kentucky Wonder
Pole can be packed whole; older pods retain their color exceptionally
well but become very much curved and wrinkled as they enlarge.
As cut beans, they may be packed up to the stage at which the seeds are
sbont two-thirds full size.

GrouP 2. VERY coop.—Four varieties, Asgrow Stringless Green
Pod, Burpee Stringless Green Ped, U. 8. No. 1, and Round Pod Kidney
Wax, are placed in group 2 because each of them, although equally as
good as the varieties of the firsé group in most respects, were not quite
up to them in some essential character. In most of these varieties

& There is & possibility that the resalts obtained with Maosalc-Resistant Stringless Green Refupee (Irizho

Refugee) may heve been affected by the huxuriant growth of the plants and the relatively Hght crop of
peans borne by them.
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texture and favor were good to very good or excellent, ranking with
the first group varieties; the deficiency was one of color, either in the
frozen stage or after being cooked or in both eonditions, which made
them somewhat less attractive in appearance than the first group.
In the young stages, the appearance of varleties of group 2 was
generally very satisfactory, but the color became much browned on
cooking. In the older stages, the eolor of the frozen material was a
less intense, more or less yellowish green, which turned to yellowish
brown when the materiaf was cocked. Some of the Round Pod
Kidney Wax beans used in the younger stage remained green, others
were yellow, and the appearance of the frozen material was considered
very attractive by some of the judges. When cooked, the green
pods became somewhat brown and the yellow faded to whitish yellow,
making a rather unattractive mixture. In older material of this
variety the bright yellow of the frozen beans became lighter on cooking
buti remained attractive,

All the varieties of this group, both while frozen and after being
cooked, were fully equal in color and appearance to commercial packs
of frozen beans obtained on the market and cooked by the same person
and for the same period. All were good to excellent in texture and
flavor. All were markedly superior fo canned beans prepared from
the same material and to commercial fancy grade canned beans in
color, palatebility, and favor.

By rigidly limiting the material used to young beans in which the
lightening of color caused by decomposition of chlorophyll has not
yet begun, it would be possible to prepare packs of the varieties of
this group, with the possible exeeption of Round Kidney Wax, that
would be nearly equa]Jor equal in attractiveness of appearance in the
frozen condition to packs of varieties of the first group at a like stage
of development. If the older steges are packed, it should be done
with an understanding on the part of the packer that the product will
not be quite so attractive in appearance as that made from the
varieties of group 1, and that this might prove a handieap in marketing
tﬁe product if it were offered the public in direct competition with
them.

Grour 3. Farr—The varieties placed in group 3 are Asgrow
Stringless Valentine, Tendergreen, Konserva, Tennessee Green Pod,
and Keeney Improved Kidney Wax. The gap between group 3 and
group 2 is, considerably wider than that between groups 1 and 2,
because the varieties in group 3 do not fully measure up to those
of group 2 in any respect. None of them is particularly outstending
or appealing in flavor, all except Konserva becoming somewhat tough
and woody 1n texture as soon as the seeds have developed appreciable
size, and some are rather stringy. Asgrow Stringless Valentine and
Konserve have very attractive calor in the younger stage while frozen,
but they become an unattractive olive green to olive brown when
cooked. The younger stages of Tendergreen are moderately atirac.
tive while frozen, the older ones less so; but all become brown and
rether uninviting when cooked. Keeney Improved Kidney Wax
does not become attractive in the frozen condition until the pods have
attained considerable size, and all stages become bleached and whitish
yellow when cooked. Taken together, the varieties of group 3 provad
to be rather mediccre in all respects in these tests. The cooked
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products were palatable and decidedly better in quality and fresh-
ness of flavor than canned beans of the same or other varieties, but
their quality as compared with that of groups 1 and 2 was such as
to make them unpromising muierial for freezing purposes.

Asgrow Stringless Valentine and Tendergreen showed greater vari-
ability in appearance and quality of the frozen products in the 2
vears of the work than did the other varieties. In 1934 the pack of
Asgrow Stringless Valentine was considerably better in color and
somewhat better in texture than in 1935. The 1934 pack of Tender-
green was inferior in texture throughout all stages to that of 1933,
with little or no difference in other respects. Differences in quality
of the other varieties in the 2 years were much less, but because such
variations veeurred, the rating given the variety in the table is based
on the results of the vear in which the material was of poorest quality.

Grovup 4. DEFINITELY UnsuiTaBue—The fwo varieties placed in
group 4, Black Valentine and Full Measure, should be avoided for
frozen-pack use. Although of very attractive color and appearance
while frozen, Black Valentine becomes a repeilent olive green, and
Full Measure a dark, dull brown after being cocked. Both are
slightly tough in the intermediate stage and decidedly tough and
woody as they become older; neither is particularly appealing or
distinctive in flavor.

In the light of the results of this study, the varieties placed in
oroup 4 and preferably also those of group 3 should be dismissed
Tom consideration as material for packing by freezing methods, and
attention should be centered on those of groups 1 and 2 as having
greatest promise for the purpose.

RELATION OF STAGE OF MATURITY TO QUALITY

There was a decided difference of opinion among the judges as to
the stage of development at which the snap bean is of most desirable
guality for table use. A minority preferred beans in which the sceds
had not begun to enlarge appreciably, approximately the yvoungest
stage here packed; the majority preferred those in which the seeds
were one-fourth to seven-eighths full size, approximately the age of
the oldest stage here packed. There are very marked differences in
composition and in food value of the material at these different
stages of maturity, as has been shown by Culpepper (78). This
difference of opinion among the judges did not prevent agreement on
their part as to the relative merits of varieties; it merely resulted
in the selection of the younger stage by one group and of the older
stage by another, as that which had highest and most desirable
flavor and quality.

EFFECTS OF YVARIOUS PHEPARATORY TREATMENTS AND METHODS OF PACKING
ON QUALITY OF MATERIAL

In many respects the results of the various mocifications of pre-
paratory packing treatments were identical in character with those
observed in other vegetables and have been sufficiently discussed in
the sections on general results (p. 11). In certain particulars the
results with ereen beans differed from those with other vegetables,
and these differences will be stated.




FREEZING PRESERVATION OF VEGETABLES 31

Pacring Wit anp WiTHoUT BrINE.—Green beans differed from
other green vegetables in that packing in brine did not result in
better preservation of color in the frozen condition than straight or
dry packing. Many of the beans of the straight packs were slightly
superior in color to those of the corresponding grine packs, which
appeared slichtly vellowed. When material was eocoked the situation
was reversecf, as much of the straight-pack product underwent greater
change of color and somewhat greater browning than did that of the
Iots 1n brine. In a few instances the material from the brine pack
was somewhat tougher in texture than that from the corresponding
straight packs, and in others the flavor of the brine pack was con-
sidered slightly more pleasing; but these differences were neither
great nor consistent. The most outstanding difference between the
two stvles of pack was in the amount of splitting of pods. Some
splitting of entire peds of vounger beans occurred in the straight
packs but was almost entirely absent in cut beans. It was very
generally present in both entire and cut beans in brine packs and
was nearly universal in entire pods of some varieties. It was due to
expansion of water inside the pod during freezing, which opened the
sutures with the result that the valves of many of the pods became
entirely separated during cooking. In straight packs, opportunity
was afforded for draining away water absorbed during scalding, with
the result that mechanical splitting of pods owing to ice formation
inside them was comparatively rare.

DirrERENCEs BETWEEN SeaALEp axp Unsgarep CoNTAINERS.—
Material packed in brine in hermetically sealed containers and in
noneirtight paper cups was generally indistinguishiable in appearance
and guality. A few plain tin eans showed some corrosion of the can
at the liquid line, and darkening of the beans in contact with the cor-
roded area had occurred. Although this was neither general nor
serious, it would be well to avoid it by using laequered cans if frozen
beans are to ba packed in brine in tin. In the dry packs the surface
of the material showed the dullness and opacity generally charncter-
istie of dry-packed materisl in nonairtight containers, but it did not
detract from the appearance of the product to the same degree as in
corn and peas. It disappeared on thawing and cooking and the
cooked product was indistinguishable in every respect from that from
hermetically sealed tin cans. Nonnirtight containers of watertight
types appear to be perfectly satisfactory for either brine or dry packing
of beans, and those of the {olding carton type are equelly satisfactory
for drv paeks.

Errecrs or Size or (CoNTarxgr.—-There were no significant
or eonsistent differences tn appearance, texture, or flaver after cook-
ing between portions of a given lot of heans that had been packed in
1-, 3-, and 10-pint containers, either in dryv or bhrine packs. In brine
packs, the material was equally indistinguishable in the frozen con-
dition; in dry packs examined in frozen condition there was somewhat
greater dulling and whitening of color, with the result that frozen ap-
pearance was usuallv graded slightly lower than that of identical ma-
terial in smnll containers. As the differences entirely disappeared
on thawing and cooking, there seems to be no reason why larger size
containers may not be sucressfully used provided the form be such
as to facilitate transfer of heat out of the package (p. 18).
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PEas
VARIETIES EMPLOYED

The 18 varieties of peas employed in the tests were selected from s
much larger number of varieties and strains that had been under
study by one of the authors for several years as to their comparative
suitability for canning. Most of them were chosen because they ap-
pear to combine more than average quality and atiractiveness of
flavor with a satisfactory degree of vigor and vield, but a few were
included without regard to their inherent quality because of their
wide distribution and commercial importance. They were so chosen
that the various classes and subgroups of both wrinkled and smooth
peas were fairly well represented.

The material was grown at the Arlington farm. The locality is at
the southern border of commercial pea production and the occurrence
of high temperatures in the late spring frequently causes partial or
complete failure of the crop. In order to minimize danger from this
source, plantings were made as early in the spring as soil conditions
would permit. Climatic conditions were favorable in both vears, and
crops of normal size and good quality were obtained from nearly all
the varieties,

DETAILS OF PREPARATION AND PACKING

All peas were picked by hand. Shelling was done partly by machine
and partly by hand, care being taken during picking and shelling to

exciude overmature pods but to include all material of usable stage
of maturity present on the plants. The care exercised in the handling
rendered brine flotation to remove overmature peas unnecessary.

In order to permit subsequent detailed study of the effects of stage
of maturity upon quality and appesrance of the product after freezing,
the shelled peas were separated bv standard sereens into sizes differing
by one thirty-second of an inch in dismeter and ranging with the
different varieties from eight thirty-seconds to fifteen thirty-seconds
of an inch, or from the smallest recognized canner’s size to two or three
sizes above the largest. All these various sizes were prepared and
packed separately for all the verieties. They are designated in the
discussion by the size of screen by which the peas were held, not by
that through which theyv passed.

ScavpiNg—There is a considerable literature dealing with the
preparation, especially the sealding, of peas for freezing, to which
reference has heen made (p. 11). It was found necessary, in order to
secure inactivation of enzymes and satisfactory preservation of color
and quality, to use a schedule of sealding periods in hoiling water
somewhat longer than those that have been recommended by other
workers (22, 25). The schedule adopted hegan with 3 minutes’
scalding for the largest sizes of a variety (usually those held bv the
1%e- or H{,-inch screen) decreasing to 2% minutes for the next smaller
size, then to 2, 1¥, 14, and 1 minute for suocessively smaller sizes, so
that those held by the %s-inch screen received 1 minute of treatment.
In small-sceded varieties, such as Green Admiral, the scalding periods
were adjusted to the stage of maturity rather than to screen size.
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Types axp S1zEs or CONTAINER AND TyprEs oF Pack.—The types
of containers used included all the sizes of paraffined paper tubs of
the snap-top types described on page 6, l-pint roll-top paper tubs

“sealed with molten paraffin, and No, 2 enameled tin cans, Duplicate
packs with and without addition of 2-percent brine were made from
identical material in all the sizes and types of container and for the
various size grades of each variety, with the exception of the smallest
and largest sizes of some varieties,

In the first year of the work, a pack was prepared with a sweetened
brine containing 2 percent of salt and 5 percent of sugar, but in the
subsequent examination it hecame evident that the presence of added
sugar masked differences in flavor and increased the difficulty of
forming correct estimates of the quality of the material. For that
reason the use of sweetened brine was not continued into the second
year’s work,

With slight variations due to varying size of peas, the different con-
tainers received uniform quantities of peas, which were 11 to 11¥
ounces for the 1-pint cup, 8 pounds 10 ounces for the 5-pint size, and
7} pounds for the 10-pint size. The liquid added in the brine packs
was 6 ounces, 1) pounds, and 2 pounds 10 ounces, respectively, for the
three sizes of containers; these quantities sufficed to fll interspaces
and just cover the surface of the peas.

The methods emploved in freezing and in the examination of the
material have been sufficiently described on page 8.

COMPARATIVE SUITABILITY OF VARIETIES FOR FREEZING

The results of the detailed studies of the 18 varieties used are sum-
marized in table 3 as fully as the tabular method of treatment permits.
Additienal facts that could not be presented in this way are given in
the following paragraphs,

In the examination of any variety, the five to seven size grades
that had been packed were separately judged and scored. When
detailed ratings were assembled for tabulation, it became evident that
the various size grades could be recombined into three or occasionally
into two groups. As a rale, the two smallest sizes of & variety differed
by less than a unit of the scale of grading used in their color, cither
frozen or after heing thawed, and their texture and flavor after being
cooked. The two largest sizes usually showed equally close agreementin
their ratings. The intermediate sizes might have shown slightly wider
ranges of difference in some of the factors hut usually agreed within
a peint on most of them. The various sizes have consequently been
combined into groups in table 3. In preparing the table, numerical
ratings have been replaced Ly words; excellent replacing 1; very good,
1% to 2; good, 2 to 3; fair to medioere, 3% to 4; and definitely unsuit-
able, ratings numerically greater than 5. The result has be. + to divide
the varictics into gronps designated “excellent,”” “good,”” or the like.
No attempt has been made to arange the varieties within cach of
these groups in order of exeellence. sinee this would have involved an
attempt to evaluate small differences in texture, eolor, and flavor, for
all of which there arc no absolute standards of comparisen, The
diffcrences, both in appearance and in quality. bouween varieties

NEG —3— 5
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TaBLE 3.— Results of comparalive studics of appearance in frozen condition and of appearance, flavor, and palatability in the cooked condition
of 18 wvarieties of peas

Varietw

Sirein
thirty-

seconds
of an

Appearunce and color in frozen condition in - -

Brine pack

Dry pnck

Chiirneter in cooked condition

Appearance nnd
eolor

Alnsk, Lo eiinaes

Aldermnn, (...l

American Wonder. .
Asgrow No, 40 ...

Champlion of Eng-
iand.

Dark Podded Tele-
phone.

Dwarf Telephone. _

Gireen Adinfral, .

Imiproved Pilot.
Tmproved Stratngem

Laxtonian:

Laxton Superb. . ...

Jdeo. do.

Poor, yellowish . ...
Poor, palegroon. . ..
Fair... . .
Very good. ..

. do .. ...
Poor, light yellow...
Poor, yellow green. ..

Poor, grayish
Poor, oprque grayish

Light groen, yellowed
Qoad, light green

Verygood ... ...
Very good, dork green
Very good I
codo Ll
Goad ...

do
. do._..
Fuir
Very good

Poor, grayish .
Falr

odo L
Vory good

odo oL
Poor, yellow
Poor

Excellent
Very good
do

Poor, grayish
Poor, opagque
grayish,
Yellowed L
Good, light green .

Vary gt .
do....

Poor, geayish.

Poor, grayish white

Fair, olive green

Fuir to poor, yellowish
olive.

Cood.,

Poor, griyish green. ..
Fuirlto good, grayish
Loodo o J
Very good .. ... ...
do N

Good e
Poor, brownish yellow
Fuir, faded green . ..
Fair

Very good.
Poor, brownish olive

Poor, grayish green
Very poor, olive gray

Poor, hrowned
IR [) S C

Good to very good
Poor yellowish groen
Poor, light olive green

Falr to good
Falr R

Foor, olive brown
~doe

Very  poor,
hrowned.

Very good .-

Fair to good, . ..

much

Texture

Poor. ...
Excellnnt_.

Very good
Fair to good

Excellent. ..

do .
Good

Very good
do .

do
do

Poor

Iixcellent ..
do

Excellent .

Very good
Fair to goad
Fair Lo poor

Excellent

Fair to poor. .

Excellent..... . .

Loodoo Ll
Goodto very good

Excellent, ...

Very gnfx'l'.,-.- -

Fairtogood.. . .
Poor, starchy. .

do ...

Fluvor

Poor, somewhat bitter

Poor, slightly starchy.

Poor, intensely starchy

Fair, rather bitter,
watery.

Excellent . P

Good, somewhut
starchy,

Fair to good -

Clood to very good .. ..

Qood, stightly starchy

Excellent

.. ..do

Qo to very good. ...

Véry good

Very good, slightly
starchy.

Excellent .. ... ...

Fair, somewhat
starchy.

Fair, not high i flavor

Poor, very starchy ..

.| Gooad, slight bitterne.s

1 Excellent, slight
starchiness.

Qood, slight bitterness

Fair, slightly starchy.

. Poor ...

_.| Excellent
PR FROOS [+ I

..-] Very good

Fair, stightly starchy
Poor, starehy ..

Very ;ioou B,
Poor, hard, starchy

Values for freezing snd retnnrks

CGiroup 4. ~Definitoly
for {reezing.

unsuituhle

Qroup 2.--Very good except for
smaljer sizes.

Group 3.—Fair to good, though
somewhiat grayish green in color.

Group 1.—Very good to excellent;
free  of bitterness in small sizes
and of starchiness in large sizes.

Group 4.~ Unsuitable, very unut-
tractive color.

Group 2.~Very good; gond flavor
¢ und good color except in larger
sizes.

}Group 4.—VUnsuitable for freezing.

Group 3.~Fair to poor in color,
otherwise good.

Group 3,~-Fair, color hetter than
quality.

Group 3.—Color fades badly on
cooking, otherwise very good to
excellent.

Group 4.--Unsuitable for freezing;
develops starchiness enrly, color
poor wherni cooked.

- }()roup 2—Very goml except larg-

est sizes.
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0,10, .. b odo e e e e do i Good e wee.| Verygood,.......| Good.. «.coicuinann.. Qrou
p 3.—Unususlly good color In
Muarket Surprise.. { """" L ] L Falreo oo Falr. o cniieeee F;Itlﬂl;éhysomewhut 8ll sizes whan frozen. Quslity
'.!, l.l e oo e O Poor, brown. . ........| Poor,hard. . ..... Pocr, starchy...... | B In Jarger sizes,
(113 B ..| Very good..... v..| Poor, faded grayish | Excellent......... [ 1177 TR
Nott. Excelsio white Group 3.—ILarger sizes unsuitable;
s T 10, 11 . Qood . ..ivenien. .| Good. —ennneoo| Falr, rudud groen... .| Verygood .. ....[ ...do ... smaller sizes good but of poor
12,13 .. .. d0 . cceeceiane |oenaal0 conii .o | Falrtopoor. L. ... Fadr. oo e Fntir.' somewhut || color when cooked.
starchy.
8,9,10.. | Very L(md.,.._..“..‘. Very good...... .| Verygood. .. Excellent ...__...| Excellent.... . .. ... [}Group 2.—Very good. Exception-
Onwaurd. . 11,1 .. .do. lo. ..| Good_. Good to ve({ goodl. _. . do....... ... .. |l slly good color in all sizes when
13,14 FxllrmL.nod . . Fair to good_ .. Fuir to good, slight frozon,
8 P 1) /| Poo Good Fslm“tslhmessl. ki (¢] 4.~Definjtel itabl
o T s ,9......| Poor, yellowed. ... .. Feenmana o] POOL .. o veo:| Qood. ... ........| Fair, flavor Incking.. ronp  4.~Definitely unsu [
Pedigree Extra Barly. {15 117727 Fair, yellowed....... Fnlr, yellowed Poor vollow brown_ .| Falr............. Poor, very starchy.. } for freezing.
0,10 ... Excolient. Very good........: Excellent ._...... Excellent... ... U,
Thomas Laxton. ., 11,12 . .. .d . . oo wme .| Clood to very good..“ ..... [ [ . R do. Group 1.—Excellent.
13,14, .. Oood.,.. U l‘;alrto ood...... Good. ...
Wiseonsin -~ Enrly 169“ - loor, itoned Good (};oor bitter... Uroup 4.—Medlocre and unsuita-
Sweet. 1,12, ... l- i Fnlr. brownish.._ Fair, starehy..... .. ble for froszing.

i The Screon sizes given are those by which the pess were held, not those through which they passed.
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classed as very good and good, for example, were such as were immed-
intely evident to all the examiners. The final rankings were not
determined wholly by the inherent good or poor quality of the varie-
ties considered as fresh material, but by degrees to which desirable
qualitics were prescrved through the processes of freezing and subse-
quent preparation for the table. They also take into account the
behavior of the different sizes of the varicty and the extent to which
some of these must be excluded in order to maintain good quality.

Group 1. ExceLLENT.—Thomas Laxton and Asgrow No. 40 stand
above all the others in their general excellence for freezing. Both
varieties are exceptional in several respects. Thomas Laxton has in
all sizes a very uniform dark-green color that is exceptionally well
retained in the frozen condition and that undergoes a minimum of
change in cooking. Asgrow No. 40 has a somewhat lighter but very
uniform green color in all sizes and becomes very little browned when
coolked. The larger sizes of both varieties become somewhat opague
and mottled at the surface of the {rozen mass when packed dry, but
retain attractive green color when thawed and cooked. Both va-
rieties are free irom astringency and bitterness in the smaller sizes and
do not become objectionably starchy in the largest sizes; texture and
flavor are very good to excellent at all stages. These are the only
varieties used in this work having sueh uniformity and desirability of
color, texture, and flavor throughout the whole development that all
sizes might be packed together without detracting from the quality of
the product.

Grour 2. VEry Goop.—The varieties making up this group are
Dark Podded Telephone, Onward, Alderman, and Laxton Superb, all
of which develop qualities at certain stages of their growtk that make
them compare very favorably with the first-rank varieties. At other
stages, either in the largest or the smallest sizes or in both, some essen-
tinl character is deficient or lacking, with the result that the sizes
concerned must be graded out if a pack of high quality is to be made.
There are some differences between the vaneties in the nature and
degree of these defects, so that the members of the group differ con-
siderably in their desirability for freezing when the proportion of the
total yield that is of prime quality is considered.

Laxton Superb has an exceptionally uniform green color in all sizes
in the frozen condition, and the color remains very good when cooked
in all but the largest size. Texture and flavor are excellent in the
voungest peas and very good in all sizes up to the largest, which are
somewhat hard, deficient in flavor, and decidedly starchy, and hence
must be graded out. _

Dark Podded Telephone in the frozen condition is uniformly very
zood in color in all sizes, but when cooked the smaller sizes fade some-
what and the largest size beeomes an unattractive brownish olive
in color. Intermediate sizes retain their color well. Texture and
flavor are excellent in all sizes except the largest, which are somewhat
starchy and should he graded out.

Onward has excellent color when frozen and retains it well when
cooked except in the two largest sizes, which become considerably
hrowned. These sizes are also somewhat starchy although agreeable
in flavor, and the sced conts are rather noticeable and somewhat tough.

Alderman had good color both when frozen and after being cooked
except in the % and %-inch sizes, which became yellowish olive
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when cooked. These sizes also have considerable astringency and
bitterness, and should be graded out. The two largest sizes were
somewhat firm and slightly starchy but were quite good in flaver; they
might be included in an ungraded pack without lowering the quality
if they made up only a small proportion of the total,

If the sizes specified are excluded from the pack it is believed that
it is possible to prepare packs of these varieties that will compare very
favorably in all respects with those made from the first-rank varieties,
The individual grower will of course take into consideration the factors
of comparative productiveness, adaptation to his particular locality
and conditions, and the like, in determining whether it may be more
profitable to grow one of the first-rank varieties with the expectation
of packing the entire crop, or to choose one of the second-rank va-
rieties with the expectation of grading out the undesirable sizes.

Grour 3. Fair To Meptocre.—~The varieties placed in this group &ra

Green Admiral, American Wonder, Market Surprise, Improved Pilot,
Improved Stratagem, and Nott Excelsior. These varicties differ
rather widely in quality when prepared for the table directly from the
garden, but as material for freezing sll have defects that group them
together. Generally speaking, these defects are of the same nature as
those of the second-rank group, but are more pronounced in degree.
As a whole, the group is characterized by less uniform green color in
the various sizes in the frozen state and by greater fading or yellowing
and browning on being cooked than oceur in the varieties of the second
gronp.
) Algericnn Wonder in_the frozen condition has a fairly zood but
rather light green color in all sizes up to the largest, which is slightly
vellowed; when cooked. all sizes hecome faded grayish green; fading
15 especially proncunced in the smallest size, which is also lacking in
flavor. All other sizes up to the largest are very good in flavor, but
starchiness is evident in_the next to the largest size and Very pro-
notinced in the largest. These and the smallest sizes must be removed
in order to produce & pack of highest quality. The remaining sizes
have good quality and flavor but are rather unattractive in the cooked
condition because of poor color.

Improved Pilot is an attractive dark green in all sizes when frozen.
When cooked. the smaller sizes remain a good green color, but the Jarg-
est tend to become light olive green,  The %.-inch size has a slight
but not objectionable bitter flavor. Texture and flavor are zood In
small and intermediate sizes; the two largest sizes were firm, decidedly
starchy, and deficient in favor. Their removal is prerequisite to
production of a pack of highest quality,

Nott Excelsior had very good color while frozen and the inter-
mediate sizes were fairly attractive when cocked; the smaller sizes
faded to grayish white and the larger sizes beeame semewhat brown.
Texture was very good except in the two largest sizes, which were firm
and starchy and should be graded out, as should the ¥.-inch size.
Flavor was not especially pronounced at any stage in the series but
was mild and without objectionable character,

Improved Stratagem had excellent texture and flaver throughout
the serics of sizes but was a rather dull, unattractive green when
frozen and became somewhat grayed when cooked. Not very much
improvement in color would be obtained by seloction of certain sizes
hecause of their exceptional uniformity in color when cooked.
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Green Admiral in the frozen condition was a rather light green
throughout the size series with some vellowing in the largest peas.
When cooked, all sizes became uniformly a dull olive brown that was
distinctly unattractive. The entire series had excellent texture,
even in the largest and smallest sizes, and flavor was very good at
all stages, with slight starchiness only in the largest size and faint
but not objectionable bitterness in the smallest. Were it mot for the
very poor color of the cooked product the variety would be entitled to
a place in the second-rank group.

larket Surprise in the [rozen condition had an unusually deep,
clear-green color at 2ll stages of development, which made the material
very attractive. The sizes up to eleven thirty-seconds of an inch re-
tained very good color when cooked and were very good to good in
texture and fiavor. In the Y¥-inch and larger sizes, the color turned
to an unattractive brownish green when they were cooked, there was
pronounced starchiness, and the peas were unpleasantly firm. A pack
of high quality and aceeptable color could be made only by grading out
the three largest sizes, which might necessitate disearding so much of
the erop as to be impractical.

Tt will be clear, therefore, that products of very acceptable appear-
ance and good to very good table quality can be made from most
of the varieties of this group provi:l]ed that the grading of the raw
material be made drastic enough to remove the undesirable sizes.
Whether attempts to pack these varieties should be made will depend
in very considerable degree upon what use can be made of the portion
of the crop not suitable for freczing.

Grour 4. DermNiELY UnsUITaBLE.—Alaska was poor in appear-
ance in frozen condition, the smaller sizes being whitish green, the
larger, yellowish green. When cooked, the smaller sizes beeame gray-
ish olive, the Iarger ones an unattractive olive green. The smalier
sizes had an undesirable bitterness, the larger ones were decidediy
starchy and deficient in flavor. Texture was only fair in the smatler
sizes and became progressively poorer with increase in size.

Wisconsin Earlv Sweet while frozen had very good green color in
the larger sizes, shading off to light green in the smaller ones. When
cooked, the larger sizes were brownish green &nd the smaller were 2
faded, whitish green.  The smaller sizes were distinetly astringent and
bitter, the larger were starchy and deficient in flavor, only the !%,-
inch size had sufficiently good texture, color, and flavor to be con-
sidered acceptable.

Pedigree Extra Early was uniformly poor and yellowish in the
frozen state and unattractive brownish or yellowish green when eooked,
The smaller sizes were watery and flavorless, and this condition passed
over rather abruptiv into starchiness in the larger sizes. None of the
various size grades was more than barely acceptable in appearance or
qunlity.

Laxtonian had maderately good color while frozen in all but the
Inrgest sizes. but all sizes developed a brownish color when cooked.
Texture and faver were very good in the smaller sizes, no bitterness
being ohserved, but falling off in flavor and the presence of sta rchiness
were apparent unusually far down in the size series, and all of the
larger sizes were medioere or poor in quality.

Dwarf Telephone was an unattractive opague grayish green while
frozen and became olive brown when cooked, all sizes being very much
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alike in this respect. Flavor and texture were good only in the smaller
sizes, starchiness and decrcase in flavor becoming apparent in the
11,-inch size and pronounced in the larger sizes.

Champion of England was light green with considerable opacity and
vellowing in all stages in the frozen condition and became a faded,
unattractive brownish yellow when cooked. Although very good in
texture and flavor, its poor color at all stages would appear te bar it
from successful use for freezing.

It is of course quite probabFe that when some of these varieties are
grown in cooler latitudes they may prove to be better adapted for
freczing, but experimental demonstration that this is true should pre-
cede any attempts to produce and pack them on a commercial scale.

RELATION OF STAGE OF MATURITY TO QUALITY OF MATERIAL

The method adopted for grading separated the material of each
variety into four to seven sizes. Packing and subsequent cooking
and examination of these size grades separately permitted determina-
tion of the relation of advance in maturity to the development and
subscquent decline of desirable color, texture, and flavor with an
accuracy not possible in ungraded or less closely graded material.
Such detailed comparisons furnish information on some questions of
erent practical importance to the packer of frozen peas; they deter-
mine the upper and lower limits of size and stage of maturity that may
he included in the pack without detracting from its quality; they show
how far it may be desirable to carry grading of a variety as a means of
obtaining or maintaining optimum quality; and they indicate to
what extent varicties differ from one another in these respects.

As a general rule, the smallest. sizes of a variety, usuaily those held
by the ¥%.- and %.-inch screens, are rather light green in ecolor when
frozen and become grayish green or somewhat olive green after being
cooked, Considerable collapse and breaking of seed coats occur during
cooking, and the seed coats, although tender, are rather evident to the
tongue. The peas are watery and deficient in flavor at this stage, and
many varieties have a more or less astringent, bitter flavor. Progres-
sive improvement in color, texture, and flavor occurs with increase in
size and age. With attainment of maximum size, however, some
breaking down of chlorophyll and yellowing of color in the frozen con-
dition, with development of browning when cooked, usually occur.
The seed coats are somewhat tough, the texture of the cotyledons is
firm and somewhat mealy, and the characteristic flaver is reduced or
obscured by the presence of starch. PBetween the upper and lower
limits of size there is a range within which color, texture, and flavor are
at or near the optimum for the variety. The extent of this range
varies considernb{y among varieties, and development of color, texture,
and flavor do not proceed at equal rates nor reach their respective
optimua at the same stage of development in all varieties.

A few varieties present exceptions to these general statements in one
or more respects. Several varieties have a deep, bright-green color
thnt is well retained nearly up to development of ful% size and that
shows relatively little fading and browning when cooked. A few
varieties are comparatively free from bitterness or astringency in the
smallest sizes, and a few are very tender in texture, free of an objec-
tionable degree of starchiness, and good to very good in flavor when
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fully grown. In one or two varieties, as has been shown in discussing
the results of the varietal comparisons {(p. 33}, all these desir able
characters are combined in an unusual degree over a larger portion of
the period of development than in the other peas here studied; this
makes these varieties exceptionally valuable for frozen packing.

In table 3 and in the discussion that follows, the changes occurring
in varieties in the course of their development and emly maturity are
followed through by the size grades as found in the material. The
upper limit of size that & variety of peas may reach varies considerably
with the conditions under which the crop is grown, and under certain
conditions may be considerably higher than in this material.  Under
such conditions, the stafements made about the lar west sizes of seeds
continue to ﬂpply, but there will be some shifting of the range of sizes
of a variety that will be in optimum condition for use. The course of
physiclegical changes in the seed of a pea is of the same character and
occurs in the same sequence whether it ultimately reaches thirteen
thirty-seconds or seventeen thirty-seconds of an inch in size, and sereen
sizes are merely convenient means of designating stages in the course
of these changes.

EFFECTS OF VARIOUS PREPARATORY TREATMENTS AND METHODS OF
PACKIING ON QUALITY

The nature and causes of certain differences in appearance between
dry and brine packs of peas as examined in the frozen state have been
stated (p. 18). It has been pointed out that peas in brine were
superior iIn appearance to peas dry packed because of greater uniformity
of color und 1ts brighter, clearer quality, This difference disappents
in cooking and the two types of pack become indistinguishable in all
respects. When beth types were examined in the frozen state, peas
from hermetically sealed containers had a freshness and brightness
of color that was distinctly more appealing than the somewhat
opaque and yellowed surface of duplicate lots in nonairtight containers.
After being cocked there were no differences in quality between the
two packs. In the brine packs there were no differences in appear-
ance or quality either in the frozen or the cooked state between sealed
and unsealed containers, or between the large and the small containers.

The preservation of texture, flavor, and quality in peas frozen on
trays prior to packing was as good as, but in no respect superior to,
that of duplicate lats frozen in the containers. Freezing prior to
packing appears to have no particular advantages over freezmo- in
the package insofar as small containers in Wlnch rapid coolmv is
easily obtainable are concerned. For larger-size packages it has the
obvious advantages of permiiting more mpmd freezing, of allowing the
use of any desired size and tvpe of container, and of making possible
easy removal of portions of the contents "without (hsturbmtr the
remainder.

GrEEN Livma Beans

YARIETIES EMPLOYED

A study of comparative suitability for freezing of a number of
varieties of lima beans was underiaken because the only variety that
has been extensively used for commercial packing hias been Henderson
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Bush, & small-seeded variety which is extensively grown for canning
but which is seldom grown for use as & fresh bean. Its almost exclu-
sive use for canning and freezing apparently were determined by
factors such as productiveness, uniformity in size, and adaptability
to harvesting and shelling by machine, rather than by any cutstanding
table quality of the product. Its rather small size has led to the
general use of the somewhat misleading term “baby limas” as o
designation for frozen lima beans. The large-seeded and potato-type
lims. beans are very generally preferred by the fresh markets. The
present work was undertaken to determine the extent to which the
qualities making these varieties so populsr in the fresh form are
retained through the freezing process, in the belief that some of them
might ylield produets comparable in quality and appeal to the fresh
material.

Eight varieties, six of the bush or dwarf type and two of the pole
type, were used in the present work. The pole varieties, King of
the Garden and_ Giant Podded, are large-seeded, as is the dwarf
variety Burpee Improved. Fordhook and Dreer Bush are large-
seeded beans of the potaio type; New Philadelphia, Wood Prolific,
and Henderson Bush are small-seeded dwarf types, the seeds of Hen-
derson Bush being slightly smaller than those of the others. The
varicties were grown together for two seasons under closely identical
conditions as regarded soil, fertilization, and cultivation. The vield
was good to heavy, and there was almost entire freedom from discase
in all varieties in both years.

DETAILS OF PREPARATION AND PACKING

After they were harvested and shelled by hand, all the varieties
except Henderson Bush and Dreer Bush were separated Into size
grades by passing over screens differing by two thirty-seconds of an
mmeh in size of opening, which gave seven size grades for the large-
seeded varieties, and four or five for the small-seeded. In order to
permit subsequent study of the effect of incresse in size with advanc.
ing maturity on the behavior of the beans in freezing and the quality
of the product, each of these sizes was subsequently prepared and
packed separately, and is designated in the followin g discussion by the
size of screen by which it was held; that is, beans termed “22/32"
passed through the 24/32-inch screen but were held by that with
22/32-inch opevings. The beans of Henderson Bush and Dreer Bush
were so uniform in size that separation by screens was not possible.
With such varieties, brine flotation is necessiry in order to remove
overmature beans. In the present work, Henderson Bush was divided
into three grades, those floating in 8-percent brine (specific gravity
1.058)}, those in 18-percent brine (specific gravity 1.133), and those
remaining submerged in 18-percent brine. These were packed
separately and designated as grades 1, 2, and 3, respectively,

The scalding pertod was gradusted according $o the size and age of
the beans. For the large-seeded varieties it was 2 minutes in boiling
water for the two or three smallest sizes, 3 minutes for the next
Iargest, and 4 minutes for the two or three largest. For small-ceceded
varieties not graded for size, the 3-minute period was used, and it was
also used for the three grades into which Henderson Bush was sepa-
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rated by brine flotation. Smart and Brunstetter, in work done inde-
pendently and concurrently (51) have found that 3 minutes’ scalding
n boiling water gave best preservation of quelity in frozen Henderson
Bush lima beans, reporting also that catalase activity was still
detectable in young and fofl-grown beans after exposures of 6 and
9 minutes ot 190° F.

Paralle! dry or straight and brine packs were made from all varieties
and all size grades in 1- aad 5-pint containers of the snap-top type and
in No. 2 sanitary cans that were hermetically sealed after filling.
No 10-pint containers were used. The 1- and 5-pint containers
received 11 end 55 ounces of beans, respectively, the No. 2 tin cans
14 ounces. Material of a number of varicties and at several stages
of maturity was individually frozen on trays in the manner employed
with peas (p. 20) and subsequently packed dry in 1-pint containers.
Methods of freezing, length of storage period, and details of method
used in examining and grading the beans did net differ from those
used with the other products.

COMPARATIVE SUITABILITY OF VARIETIES FOR FREEZING

The chief results of the detailed studies of the material are sum-
marized in table 4. For the sake of compactness, the five to seven
size grades into which a variety was separated were combined into
two or three groups in the table, because the sizes combined into any
one group were so closely identical in all essential respects as to be
practically indistinguishable.

The varieties employed showed a degree of individuality in be-
havior under freezing treatment that cannot be adequately stated in
the table and that makes it somewhat difficult to group them into
classes as first best, second best, and so on. It sonsequently seems
necessary to discuss them in some detail in order to convey an ade-
quate idea of some of these individual varietal characteristics.




TABLE 4.—Results of varietal comparisons in frozen lima beans

Varlety

8ize in thirty-
seconds of an

Appearance and color in frozen
condition

Characters of cooked material

Appearance and color

Texture

Flavor

Burpiee Improvad. .. ...
Dreer Bush

Fordhook

Giant Podded (pole)..._

Henderson Bush

King of the QGarden
(pole).

New Philadelphia

Wood Prolifie

26

24, 22,2
18,16, 14, _.
Unscreened

Rather poor, some yeHowing
Fair, some yellowing
Very good

Excellent; light, bﬁ;, green._.
Fair, yellowish but fresh looking_

-| Good, greenish yellow..

Excellent, attractive gree;
Very good

Poor; whitish ycl

Fair; yollow and groen R
Very goud; a fow yellowed beans..
Very good..

Excollont,

--.[ Poor to fal

Poor, many white
Falr; greonish white._. ..
Poor, many white beans,

.| Falr to good

Gaod; bright clear gree:

Falr to good ..

Very good. ... .

Fair, whitened. ... e,
Very good, slight browning_ ..
Vory go0d.... oeu oo PR

Very good
Fair
Poor, bleached.
Poor to falr...
Very good....

do
Fair, whitened.
Very good

cerdoo Ll
Fair to.good
Goo:ll..-“..

Poor, overmature,
Fair,

Fair to good.
Fair,

Excellent,
Fair to good.
Good,
Ilj:xlcel]ent to very good.
air,
Very good.
Do.
Excellent,
Qood to fair
Good,

o,
Falir to poor.
D

0.
Very good.
D

0,
Excellont.
Fair to gaod.
300(1. d

ery good.
QGood.

Do.
Excellent,

! The unscreened and ungraded_packs wero prepared from beans developed later in the season than those used for the screened packs,
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The two pole varieties, King of the Garden and Giant Podded, were
somewhat superior to the bush varieties in respect to color, both in
the frozen state and after being cooked. In contrast to most of the
other varieties used, the seeds of these varieties retained very good
green color until they had very nearly or quite reached maximum
size. There was very little yellowing or bleaching in color in the
frozen product or during cooking, even in the lurgest size grade, so
that the older beans were more uniform in color and attractive in
appearance than those of other varieties. The fexture was excellent
and the flavor very good in the larger beans of both varieties (those
Leld by the *%.- to 2%.-inch screens); both texture aud flavor were
excellent in the smaller sizes. The smaller sizes of Wing of the Garden
had an exceptionally fresh, attractive, dark-green color; the corres-
pouding sizes of Giant Podded were not so atiractively colored but
had an espectally fine, appealing flavor. The unscreened packs of
both varieties, which contained a mixture of beans of all sizes and
which, in some instances, were made from beans developed later in
the season, were less attractive, either frozen or cooked, than the
individual size grades, beecause the various sizes of beans differed
considerably in color. The 4-minute scalding period used with
unscreened lots, whieh was necessary in order to properly scald the
larger beans, Lad caused some collapse of tissues and bleaching of color
in the vounger beans in the frozen state,and the longer period necessary
to cook the older beans overcooked the younger ones, eausing sonie
disintegration and loss of flavor. The consequence was that the
unsereened packs were not equal in appearance or Havor to the
screened packs.

Dreer Bush, which is a thick-seeded or potato type having short,
thick seeds intermediate in size between those of the pole and the
bush lima beans used, was packed unscreened after removal of over-
mature and whitened beans. 1t was slightly superior to the other bush
varieties., The fresh materinl was 2 very uniform dark green in color
and became somewhat lighter but remained fresh and attractive when
frozen, both in straight and brine packs. The cooked beans retained
their color exceptionally well in the straight pack but became some-
what browned in the brine pack. The beans from the brine pack were
excellent in texture and very good in flavor, whereas those from the
straight pack were considered superior fo any others examined in the
course of the work, regardless of variety or stage of maturity. This
variety seems exceptionalty promising for packing straight after brine
flotation to remove overmature beans.

Henderson Bush was employed in a number of cxperiments hecause
it is so generally used for commercial freezing. The material was
divided mto three grades by brine flotation (p. 41). The beans in
erade 3 were practically all white and obvicusly overmature but not
vet beginning to dry when packed; they were packed to obtain infor-
mation as to their texture and favor after being frozen andtheir
consequent effect upeon a puck in which they might be included. Al
three grudes were scaided for 3 minutes. In the frozen condition,
grade 1 had fairty uniform coler with cceasional whitened beans, and
color, texture, and flavor of the enoked product were very good but
not outstanding. Grade 2, viewed in the frozen state, had a larger
rumber of whitened beans and the green ones had become a faded
yeliowish green that browned somewhat when cooked; texture and
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flavor were good. (Grade 3 was a pale yellowish white in the frozen
state; when cooked it became almost white and was firm, distinctly
starchy, and lacking in fresh {lavor, suggesting dried beans. The
ungraded samples were rather unattractive in the frozen condition
because of the presence of a mixture of eolors ranging from green
to white, and older beans gave the mixture starchiness nnd firmness
that made it deficient in flavor. Commercial packs of Henderson
Bush obtained in the Washington market were intermediate in appear-
ance in the frozen condition between grades 1 and 2, having slightly
better green color than grade 2 but containing many more whitened
beans than grade 1. In texture the commercial packs rated excellent,
and in flavor, good to very good.

In order to make a pack of Henderson Bush that will compare favor-
ably in appesrsuce with those here made from Dreer Bush, Gient
Podded, and King of the Garden, it will be necessary to employ brine
flotation to remove overmature beans and probably also to resort to
hand sorting to remove beans that have lost green color before much
change In their specific gravity has occurred. The variety is one in
which a ecertain percentage of seeds lose color rather early, and the
presence of these will materially detract from the appearance of the
pack. Even when these are excluded, the produect will not have the
full, appesaling flavor of the varieties just named, because the fresh
bean is inferior to these varieties in palatability and favor.

Fordhook, which is a potato type, appears to have possibilities for
freezing if the largest beans are excluded from the pack. The benns
beld by the 24.- and ?¥.-inch screens were fresh looking but
yellowish green while frozen, but when cooked they were starchy
and considered as somewhat lacking in flavor by some of the judges,
although others preferred them to the smaller sizes. Those held by
the *%s-inch screen were better in color but were slightly starchy.
There was a rather pronounced improvement in zll respects in the
beans held by the ®*Y,-inch screen, which was also evident in the
smaller sizes; all had very attraciive, uniform green color while
frozen, held it well when cooked, and were excellent to very good in
texture and flavor, comparing favorably with King of the Garden,
Giant Podded, and Dreer Bush. The unscreened pack was mediocre
because of the starchiness and absence of flavor in the older beans in
the mixture.

Burpee Improved is not especially well suited to freezing preserva-
tion. The unscreened pack was mediocre in all respects, and the
larger sizes were only fair as separately packed. The smaller sizes
were very good in color and texture but were distinetly lacking in
flavor.

Wood Prolific and New Philudelphin are rather unfavorable material
for freczing becnuse of very poor color. In both varicties, loss of
color begins relatively early in the development of the seed, and
many beans before attaining full size reach a rondition thal causes
them to become practically white when frozen. Such prematurely
whitened beans have practically the same specific gravity as the green
ones, hence cannot be removed by brine flotation.  Their presence in
the pack detracts very materially from its appearance while frozen,
and further bleaching occurs in cooking. The smaller sizes of Wood
Prolific have good green color and retain it well when cooked, and are
also excellent in texture and favor, but the larger sizes are only fair
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in either respect. On the whole, necither Wood Prolific nor New
Philadeiphia 1s superior to Henderson Bush in quality, and both are
inferior to that variety in color retention when frozen.

It is considered significant that the three varieties least satisfactor
in appearance after freezing because of extensive loss of color are all
closely related. Aceording to Hedrick (33), Henderson Bush is of
unknown parentage, Wood Prolific is a sport of Henderson Bush
differing from the parent variety chicefly in its greater vigor, and New
Philadelphin is apparently o selection from Philadelphia, which is a
eross between Fordhook and Wood Prolifie.  All have these common
characteristics: Many of the beans whiten prematurely before attain-
ing full size, and a considerable percentage of beans that are apparently
a very uniform and satisfactory color prior to packing wilF undergo
an amount of bleaching and yellowing in freezing and storage that will
materially detract from the appearance of the pack when opened.
These changes are so much more extensive and pronounced in these
varieties than in the others employed that it scems impossible to
prepare a pack of any of them that will compare favorably in attrac-
tiveness of color with the othoer varieties used.

RELATION OF STAGE OF MATURITY TO QUALITY OF MATERTAL

In all lima beans a stage in the developmens of the seed is reached
at which rapid increase in the amount of starch deposited in the
cotvledons results in a firmness of texture considered undesirable in a
fresh beun. Parallel with increasing starchiness and possibly largely
because of it, the characteristic green-bean flavor diminishes and
becomes suggestive of that of the mature dry bean. Together with
the concurrent thickening and toughening of the sced count these
changes destroy the characteristic qualities for which green lima beuns
are prized.

The results of the study of the sepurately packed size grades here
made demonstrate that in some varieties the above-mentioned changes
do not become sufficiently pronounced to be objectionable until the
seeds are nearly of maximum size, whereas in other varieties they are
distinetly noticeable when the seeds are considerably short of full
size. The largest size of Burpee Improved and the two largest sizes
of Fordhook have lost in flavor and texture to a degree that makes it
advisable to exclude them from the pack. In the other varieties there
was no very appreciable lowering of texture or flavor in the largest
sizes. In the pole varieties the largest beans obtained were free of
sterchiness and had the same texture as the smaller sizes. It is highl
probable, if not certain, that the exact stage of development at w icg
the seeds of any variety of lima beans begin to undergo these undesira-
ble changes in quality will vary somewhat with seasonal conditions,
load of pods on the plants, vigor of plants, presence of discase and of
leaf-cating insects, and other factors affecting the well-being of the
plants. For the production of a pack of highest possible quality, it
is fundamental that the packer be on watch for the stage of develop-
meni it his material at which decline in quality becomes apparent.

There were differences of opinion among the judges as to the stage
at which lima beans are of highest table quality ; some preferred those
not more than two-thirds full size, and others as definitely preferred
those ranging from this limit up fo full size. In the green shelled-
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bean market, the preference of purchasers seems to be for full-grown
or nearly full-grown beans provided they show no whitening or
other evidence of overmaturity. Whether the preference of pur-
chasers of frozen beans will be for one or the other cannot be known
uniil both have been offered; the present work indicates that packs of
young or “baby” beans, of older, nearly full-grown beans, or packs
containing both can be prepared from properly chosen varietics with
retention of all the desirable qualities of the fresh material.

EFFECTS OF VARIOUS PREPARATORY TREATMENTS AND METHODLS OF
PACKING ON QUALITY

When examined in the frozen condition, the brine packs of most of
the varieties of lima beans were more attractive than the corresponding
dry packs, in which the drying and opacity of the seed coats and the
presence of ice films beneath them more or ﬁzss masked the green color.
After the dry-packed material was cooked, the color was frequently
slightly better than that of identical lots from brine pack. In the
case of Dreer Bush and older stages of some other varietics the straight

acks had better color both before and after thawing and cooking.
%’ith all varieties texture, palatability, and fullness and freshness of
flavor were as well preserved in straight as in brine packs. All factors
being taken into consideration, the differences between the two types
of pack were so slight that there appear to be no advantages from the
use of brine warranting its use in packing lima beans.

Lima beans individually frozen on trays prior to packing closely
resembled the corresponding straight packs in their dulling of color in
the frozen condition, became brighter and greener in the same degree
during thawing and cooking, and were indistinguishable when served
from corresponding luts from straight or brine packs.

No advantage resuited from the use of hermetically scaled con-
tainers, the packs in nonairtight paper eontainers being equally good
in appearance and quslity. Rather severe ctehing at the liquid line
oceurred in tin, and beans in contact with the etchied area became
discolored in the brine packs; therefore such containers, if used,
should be of the enameled type.

In comparing material from containers of different sizes it was
observed that in some of the 53-pint containers the beans at the center,
ususally in young stages of decply green varieties, showed a slight
fading of color and devclopment of a yellowish tinge as compared
with portions of the same lots packed in pint cups. There was no
abnormal odor, and when the central portion of the mass was removed
and cooked it was indistinguishable in texture and quality from that
from small packages, but it was still a little less attractive in color.
These facts are believed to indicate that the cooling of the material to
freczing temperature was not sufficiently rapid to prevent slight
injury to color in the center of the larger packages. Prompt and
thorough cooling of green lima beans is necessary in order to prevent
deterioration in color. If lima beans are frozen in large packages, it
will be necessary to employ containers of a shape and style permitting
more rapid hent transfer than was possible in those here used. The
necessity for a freezing-room temperature of 0° F. is elso strongly
indicated.
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Sweer Corn

YARIETIES EMPLOYED

The number of variceties and strains of sweet ¢orn employed in the
present work was 35, of which 18 were yellow and 17 white. They
ncluded all the more widely grown standard canning and market
sorts, a number of less well-known varietics reputed to be of high
quality, and in particular, approximately a dozen recently developed
Liybrids and top crosses that appear to combine productivencss and
disease resistance with high quality. About 30 of the number tested
do not appear to have heen previously used in comparative experi-
mental studies of the freezing of corn found in the literature. Sayre
(1) employed Golden Bantam, Crosgreen, Redgreen, and one of the
Evergreen group, finding all of them satisfactory; Poole {(4) reported
results with Golden Bantam, Golden Cross Bantani, Golden Bantam
X 1339, and Golden Sunshine X 1339, finding the two last named
especially satisfactory; Diehl, Pentzer, Berry, and Ashury (27, 28. 29,
30) found Golden Bantam superior to Golden West, Stowell Evor-
green, and Portland Early Market, which yielded fairly satisfactory
but not outstanding products; and Yeager and Latzke (59} used
Golden Sunshine. Thus far the varieties used commercially have
beent Golden Bantam, Stowell Evergreen, and a fow other old and
well-known varietics, and those studied experimentally have been
reeently developed hybrids with a few of the okl standard varieties.
Therefore, a comparative study of a fairly large group of varietics
seemed to have considerable possibilities of value.

The corn employed in the work was grown from sced obtained from
commercigl sced houses. Two plantings were made in 1934, the
first on May 24, the second on July §; planting in 1935 was made on
June 12 with the exception of three varietics planted June 25. The
crop from the first planting of 1934 was somewhat reduced in vield by
drought; that from the second planting was normal in vield. Both
were good in quelity,  The 1935 crop of all varicties was . xceptionally
good, both in quality and wyield, exeept in a few dwarl eorns not
ndapted to this latitude.

DETAILS OF HANDLING AND PREPARATION

Staces oF Matrairy oF Corx Packep.-~In order to obtain corn
of any desired age and stage of maturity, the plots were gone over as
soon as the first silks appearcd and at intervals of 1 to 2 days there-
after until silking had ceased, and all cars on which silks had appeared
since the last inspeetion were tagged, a different color or shape of tag
being employed for cach day's tagging, This made it possible to
harvest pars at any desired stage with certainty that the maximum
variation in age of the sample was not more than 2 days. The size of
plot of each variety was such that a serios of pickings could be made
at stages ranging from distinet immaturity onward through prime
usable condition to overmaturity as evidenced by toughness of peri-
carps, starchiness, and loss of characteristic flavor. The usual range
in age of tlte several samples of a variety so taken was from 14 or 15
days to 26 or 27 days from date of silking.

Culpepper and Magoon (19, 20, 45. 46) have shown that very defi-
nite correlation exists between the stage of development of the ear of
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sweet corn and the texture, consistency, and favor of the cooked or
canned product, and that age in days from date of silking is a very
gccurate indicator of stage of maturity and consequently of the
quality of the corn. Appleman and Eaton (7) have shown that tem-
perature is the controlling factor determining the rate of develop-
ment and that the rate of npening is doubled with an increase of 10° C.
(18° F.) over a wide range of temperature. On the basis of their data,
Appleman (6) ealculated the number of days during which corn would
remain in proper canning eondition at each mean temperature be-
tween 60° and 85° F., and employed the results in constructing o table
indicating the probable duration of the canning stage at various
periods throughout the season for about 30 stations distributed over
the chief corn-canning distriets of the United States.

Scavping—All corn used in the comparative varietal studies was
scalded on the ear in boiling water for 4 minutes, the conditions being
such that the water resumed active boiling within 90 seconds after the
corn was submerged. In certain experimental lots, the time of scald-
ing was intentionally varied; these will be discussed in a later section
(p. 55). In other respects the details of packing, freezing, and prepa-
ration for examination did not differ {from those stated in the secuion
on general procedure (p. 8).

Forus or Propver Packep anp Tyeres or ConTaingrs Usep.—
Most of the varieties were frozen in three forms, as husked, trimmed
ears to be prepared and served as corn on the cob, 2s whole-grain
corn, and as cream-style corn.  All were packed both with brine and
as dry packs. In the dry-packed whole ears, some were placed in the
container without wrapping, others were wrapped in cellophane, and
others in an inner wrapper of waxed paper and covered with a second
wrapper of light aluminum foil. Bome cars were also individually
frozen on trays prior to packing. Whole ears were packed in 3- and
10-pint paper containers and No. 10 plain sanitary tin cans; whole-
erain corn and cream-stvle corn were packed in 1-, 5-, and 10-pint
paper centainers and No. 2 tin eans of both plain and C-enamel types.

When cream-style corn was packed, the paper containers received
13 ounces. 4 pounds, and 8 pounds, respectively, for the three sizes.
If brine was added, the amounts used were approximately 24, 16, and
32 ounces for 1-, 3-, and 10-pint containers, respectively. The
weight of whole-grain corn that could be placed in the different size
containers varied somewhat with shape of grain and stage of maturity,
but was 11 to 16 percent less than for cream style; the amount of
brine required to fill interspaces was approximately twice that added
to similar containers, packed cream style. The quantities placed
I tin cans were not weighed but were such as to {ctwc about one-
fourth of an inch head space.

COMPARATIVE SUITARBILITY OF VARIETIES FOR FREEZING

The results of the detailed comparisons of the variaties are sum-
marized in table 5, in which the ratings of ench individuat variety for
each of the forms in which it was packed and upon each of the factors
considered in the grading are first given, followed in the [ast column
by a rating that sums up all the factors considered and assigns the
variety to a group with others of a like degree of general merit.
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Variety

Yellow varletios:
Baatam Evergreen..
(Golden Evergreen)
Bantam  Evergreen
Hybrid.
Burbank World
Wonder,!

Qolden Bantam. ..

Golden Bantam, Iin-
proved 1(-14-Rowed,

Gold Coint... ... ..

Galden Crosby ' ...
Gollen Cross Bantam.,

Clolden Gom (Nugget)t
Qolden Gant 1,

Golden Sunshine !
Golden Sunrise. ... ..

Kingserost — Golden
Bantam,

Sweet Orango.

Top Cross Bantam,
Asgrow,

Top Cross Spanish

Gold,

Top Cress Whipple's
Yellow,

Whipple's Early
Yollow.

:
{o
1

o
{

Type of pack

Cream style. .
nceoh.. . ...
Creans style..
Oneceob.. .. .
Qream style .
On cob..
Cronm .-.Lylu
On cob...
Cream style.
Whole grain ..
Oncob ..

(‘rcmn style.
ll L‘l) .

¢ rmuu style.

On’ cob.., .

Cream stylu i
wantdon..

°
B
Y
g

he

;

:

Crenn Style .
do

Whole vrain

On eob.

Creatn style
Whole grain
On cobv...

Cream style
Whole grain
On cob..

Cream style
Whole grain
On eab..

Cream style.

Appearines and color in frozen
condition

Very good, uniforin beight yullu\\
Fair; deep yellow . .
hxulllom' deep yellow
h\ir to goo. . R
Vory good .. . .
Fxcolh‘n& e
da
E xwllem' uniform hrl;.ht vellow

Inm,lluu' uniform bright yellpw;
too lurm for this purpose.

Good; pale yellow. . Cm
Fair; light pale yellow . ... ...
Fair; dull yellow. .

b.xx;cllent right vokh-n\ullow....
Fxculleut a fow clear L'rninah R
Poor; dull yellow .
Very Rood. ..
Poor; dnll yellow
\l,l')'}.()()d [

qucellem, \cry small onrs

Very good; uniform light bright

yellow,
oodoo..,

Very good; too Iurge for this pur-

pose,
i Exeellent; hril,,ht golden yellow., .

. do... .

Ve Lry 1.,00«1. uniform bright \ullow :
- u....

Excclllenl: unitorm light yellow .
A0

. doa.. .
Very goods dght golden yellow .,

at 0° F.

Appearance and color

Vu’y gond; (kmp )ulluw
R ¢ (1% - ‘e
l"\('ullvul
~do.

G(md

Vur) ;,on -
N T

Falr; rather pale . ..
Fair... s
PO 1 S
Excellent.
_do..
Poor; dull
Very good
Poor.. ..
Very good

IO . [ P

Veory good; lght yollow .

oo

U s SO
Excollent....
Yery gooid
Excellent
Very good;

bt -
Good, sllq.,htly dt\rkonul... .

Very good. .

Very |,nml Il;,,ht yull«)w
Very good. . .
Exceellent
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The detailed examinations showed that a variety yielding an
excellent product when packed in one form might have a fairly
serious defect when packed in another form. In a good many varie-
ties irregularity in size or shape of ear, lurrowing between rows, and
like defects of form made the ears unsuitable for freezing on the cob
but did not detract from their value for packing in other forms.
Lightening of yellow color toward the inner ends of the grains de-
tracted somewhat from the appearance of some of the whole-griin
corn but was not apparent in cream-style corn or corn on the cob.
These and other details that could not be stated in the table ave in-
cluded in the notes on the various groups together with data on the
vegetative vigor and disease resistance of the varicties as shown in
the culture plots.

An outstandingly important fact brought out by the comparative
study is the very small differences in palatability and flavor of a con-
siderable number of varieties, including both yellow and white types,
when products of uniform and identical degree of maturity were com-
pared. A fairly Iarge group of variettes were entirely indistinguishable
from one another in palatability and flavor and were necessarily given
like rank as being equally good for freezing insofar as these factors are
concarned. This is in accord with the results of Culpepper and
Magoon (19), who found only very slight differences in quality between
canned produets of material of uniform known age from 135 varieties
of corn.

In table 5 each of the varieties is placed in one of five groups or
ranks with respect to its suitability for freezing, the varieties placed in
the first group having highest excellence and the sueceeding groups
following in order of decreasing merit.

Grour 1. ExceLLEx?.—This group is made up of 6 vellow varicties,
Bantam Evergreen (Golden Evergreen), Bantam Evergreen Hybrid
(a cross of two inbred lines, Asgrow 24 and Purdue 39), Golden Ban-
tam, Improved 10-14-Rowed Golden Bantam, Top Cross Bantam,
Asgrow, and Top Cross Whipple Yellow (both intreduced without
specific statement as pedigree), and 4 white varieties, Money Maker,
Narrow Grain Evergreen (Maine Style Evergreen), Stowell Evergreen,
and Stowell Evergreen Hybrid 14 X 5 (n cross of two inbred lines.
Asgrow 14 and Asgrow 5). These 10 varieties ranked so closely to-
gether on all factors graded, and particularly on palatability and full-
ness and desirability of flavor, that no subdivision of the group in
order of excellence could be made. The varieties are not equally well
adapted to all types of pack; Stowell Evergreen, Stowell Evergreen
Hyhrid 14 X 5, Asgrow, and Improved 10 -14-Rowed Golden Bantam
are too large [or packing as corn on the cob.

11ouP 2, Very Goop.—All the 13 varieties placed in group 2 were
very good corns, fully equal in all respects to any commercial products
that could be secured for comparison with them. The differences in
grade and quality between the eorns of the first group and thoese of
this group are very slight; some are equal to those of the first group in
appearance, but somewhat below them in flavor; cthers are equal in
flavor but are a little less pleasing in general appearance and color,
but none are much inferior to the first group in both appearance and
table quality. The group is made up of 5 vellow varicties, Golden
Cross Bantam (an introduction from the U. 8. Department of Agri-
cuiture and Purdue University Agricultural Experiment Station),
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Golden Sunrise, Kingscrost Golden Bantam, Top Cross Spanish
Gold (introduced without statement of pedigree), Whipple Early
Yellow; and 8 white varieties, Country Gentleman, Country Gentle-
man Hybrid 19 X 9 (a cross of inbred lines Asgrow 19 and Asgrow 9),
Country Gentleman 19 X 24 (a cross of inbred lines Asgrow 19 and
Asgrow 24), Delicious, Enrly Crosby, Howling Mob, Long Island
Beauty, and Redgreen.

An attempt by the judges to arrange these varieties in order of
excellence resulted in failure and general acknowledgment that all were
practically indistinguishable in quality. Some of the varieties are not
suitable for packing in all forms. Long Island Beauty and Howling
Mob have ears too large for packing on the cob. In Country Gentle-
man snd both its hybrids, the appearance of straight-packed whole
ears in the frozen condition was marred by the presence of many grains
having # clear, water-soaked appearance that entirely disappeared on
thawing and cooking, and the cooked ears were decidedly attractive
in color and appearance. In ears packed in brine, or in packs cut from
the cob, this condition was not observed.

Two varieties of this group, Early Crosby and Golden Sunrise, made
excellent products, but the plants suffered so severely from bacterial
wilt that yields were very low under conditions in which most other
varieties produced good ones. Plantings of these two varieties should
be restricted to districts where they have been found to be reasonably
productive and discase-free.

Group 3. Famr To Goon.—The varieties of this group rank dis-
tinctly below those of the second group both in appearance and quality,
although all the material was acceptable in appearance, palatable, free
from any foreign or off flavor, and decidedly superior to canned corn
of any variety in its freshness and appeal. The six varieties placed in
the group consist of four yellow corns, Burbank World Wonder, Gold
Cloin, Goiden Giant, Sweet Orange; and two white ones, Narrow Grain
Hybrid (Asgrow) and Top Cross Country Gentleman (stated by the
introducer to be a cross of western-grown open-pollinated Count
(GGentleman and Inbred 440), Three of these varieties, Burbank
World Wonder, Golden Giant, and Gold Coin, were so lacking in
vegetative vigor and suffered so severely from bacterial wilt that
only a small percentage of the plants produced usable ears.

Grour 4. Poor anp Unpromising.—This group consisted of the
vellow variety Golden Crosby, with three white varneties, Early
Fordhook, Mammoth White Cory, and White Sunrise. None of
them gave a product of more than mediocre appearance and quality,
and only one, White Sunrise, possessed sufficient vigor and freedom
from bacterial wilt to produce a fair crop.

Grour 5. DEFinyrELY UNsulTaBLE.—This group consists of two
very early dwarf yellow varieties, Golden Gem (Nugget) and Golden
Sunshine, originating in North Dakota. None of the early dwarf
varicties are very successfully grown in the latitude of Washington,
but these were the weakest and least vigorous of the early varieties
tested and suffered most severely from bacterial wilt. The plantings
were so nearly barren that the material available was scarcely suffi-
cient for an adequate test. The samples packed were rather light
yellow in color, fair to good in texture, and without distinetive flavor
or quality. The results with these and other carly dwarf varicties
are in some pari due to the character of the seasonal conditions




54 TECHNICAL BULLETIN 731, U. S, DEPT. OF AGRICULTURE

under which they were grown and, therefore, should not prejudice
the reader against them for use in latitudes to which they are adapted.

It may be pointed out that repetition of this work with the same
list of varieties in other sections of the country would undoubtedly
result in some shifting of varieties from group to group, according to
whether they were better or less adapted to the various sets of growing
conditions. At the same time it may be doubted whether any whole-
sale resrrangement of groups would occur under any conditions that
permitted normal deve%-;pment of the crop. Insofar as the varieties
here used have been tested elsewhere, there seems to be feirly good
agreement on the quality of their frozen or canned products, which
would seem to indicste thet the general ranking of varieties with
respect to quality may hold fairly well over rather wide arcas. The
results of Culpepper and Magoon (20, 21, 45, 46), who found that
growth under rather widely differing climatic conditions as well as
root pruning and other mutilations of the plant affected yields rather
than chemical composition and quslity of the grain, point to the
same conclusion.

RELATION OF STAGE OF MATURITY TO QUALITY OF MATERIAL

The lots of sweet corn employed in the studies of effeet of stage
of maturity on quality ~ -2 of various known ages ranging from
14 to 26 or 27 days from wute of silking. The studies of Culpepper
and Magoon (19, 20) have shown that these ages represent the upper
and lower limits within which sweet corn is of acceptable table or
canning quality. During a period of 10 to 12 days the grains pass
from a condition in which they are sweet and ten({er, but somewhat
watery in consistency and deficient in Havor, onward through prime
canning condition to a condition in which progressive toughening of
pericarps, increase in starchiness and heaviness in consisteney, and
decrease in fullness and sweetness of flavor have carried the grain
past usuble stage. Culpepper and Magoon emphasized the necessity
for harvesting corn for canning at a stage varying not more than
2 to 3 days on either side of 20 days from appearance of silks in order
to obtain optimum quality in the canned product.

It is clearly evident from the results of this study that even closer
gmding for stage of maturity is a necessity for the production of a
rozen corn of highest possible quality. Freezing produces no redue-
tion in apparent starchiness or improvement in consistency com-
parable with the changes brought about in canned corn by tKe heat
of processing, so that overmaturity in the frozen product is more
apparent than in a portion of the same material that has been canned,
It is consequently necessary to lower the age limit of corn for freezing
somewhat below that of corn that may be successfully used in canning.
In order to secure highest possible quality in the frozen product,
sweet corn should be harvested in the first half of the pertod aver
which canners would use it for making cream-style pack. The uppor
limit is 20 to 22 days from date of silking for most of the varietios
herestudied and is that at which the grains still exude milk on pressure
but are beginning to develop perceptible doughiness. In all the lots
of various ages, the finest flavor and the best consisteney were obtained
in_cream-style corns ranging between 16 and 22 days from date of
silking. In whole-grain corns and entive ears, the upper limit in
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age was 2 to 3 days lower; consistency and $exture were less satisfac-
tory and flavor less full and pleasing in lots made from corn more
than 20 days of age. Consequently, the limit in age for corn to be
frozen as whole grain or corn on the eob should not exceed 20 days
under mean temperature conditions such as those of Washingion,
D. C., during July and August, when the bulk of the material here
used was harvested. The rate at which corn will develop from
silking onward to canning maturity will differ with the mean tem-
perabures prevailing during the period, and in any given locality it
will be somewhat slower in spring and in late summer than in mid-
season, as the studies of Magoon and Culpepper (45), Appleman and
Eaton (), and Appleman {6} have shown. If is a relatively simple
matter to determine the rate of development of the ear for any given
locality and for any desired portion of the season by the employment
of the method of tagging ears st the time of appearance of the silk
and following the subsequent development by frequent sampling.

EFFECTS OF YARIOUS PREPARATORY TREATMENTS AND METHODS OF
PACKING ON QUALITY

ErFEct oF VARYING THE LENGTH OF THE ScALDING PERIOD.—The
length of the scalding peried with all material used in the varietal corm-
perisons was uniformly 4 minutes in actually boiling water. In one
experimont a large lot of Stowell Evergreen corn 21 days of age from
silking and in optimum condition for table use was subdivided mnto
four portions that were scalded in e large volume of boiling water for
4, 5, 6, and 7 minutes, respectively, and packed as corn on the cob
in brine in 10-pint paper containers. All four lots were of excellent
texture and color; those scalded for 4 minutes had a very slight
“cobby” flavor but were otherwise very good; those scalded for 5, §,
and 7 minutes were without, cobby flavor and were pronounced excel-
lent, the three lots being indistinguishable in palatability end quality.
1t seems probable that the 4-minute scalding period here useﬁ is the
absolute minirmum that ean be used with safety with the larger eared
varieties, and that a somewhat longer scalding period, at least 5 or
possibly 6 minutes, should be empuloyed with all varieties having
medium to large ears.

ErrEcT OF STORAGE FOR B MonTas AT 15° F.—Portions of the pack
of several varieties, prepared both in cream and whole-grain style and
packed with and without brine in 1-pint conteiners and in No. 2 tin
cans, were frozen and subsequently held for 6 months in the 15° F.
room. These were carefully compared with portions of the same lots of
raw material packed in identical forms but stored at 0° for 6 months.
In the material packed in sealed tins, whether with or without hrine,
the lots held ab the two temperatures were indistinguishable in color
and texture, both while frozen and after being cooked. There was a
slight but consistent loss in flaver in all lots held at 15°; although all
were palatable, they were scored ¥ to 1 point lower on flaver than
corresponding lots held at the lower temperature. In the packs in
paper containers, there were no differences in texture and only very
slight differences in color in the two lots; the flavor of the material
stored 2t 0° ranged from good to excellent, whereas that held at 15°
was fair to poor in the brine packs and poor to inedible in the straight
packs. The results show very conclusively that corn cannot be held for
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extended periods at 15° without undergoing profound deterioration in
flavor if packed in nonairtight containers, and less pronounced but
plainly perceptible deterioration when packed in hermetically sealed
contalners,

EFrBeT OF AIRTIGHT AND NonatrRTIGHT CONTAINERS.—There
were no pronounced or significant differences between the products
from the two types of package after storage at 0° F. In the cooked
material, portions of the same original lots of material from the two
types of containers were identica] in color, consistency, paletability,
and retention of varietal flavor. In the frozen condition, cream-style
packs with or without brine snd whole-grain packs in brine wore
1dentical in appearance in all types of containers; in the streight packs
the corn in the nonairtight containers had & somewhat dulled appear-
ance resulting from incipient drying, but regained its brightness and
natural color on cooking.

Pramw Tiv Cospsrep wits Enamer-Lavep Caxs.—Color and
flavor were equally well preserved in plain tins and those having corn-
engmel or berry-enamel lining. Plain tin was not appreciably etched
in the brine packs and no discoloration of can or contents was observed.,
Darkening may be expected if thawing and refreezing occurs. Thers
appears to be no reason why plain tin containers should not be per-
fectly satisfactory for frozen corn if the public can be brought to con-
sider frozen produets in tin as perishable and to treat them sccordingly.

Dry or 3rrareaT Prers COMPARED wITH BRINE Packs.—As
stated in the general discussion of dry and brine packs (p. 18}, there
was unanimous agreerxent of the judges that the brine packs of corn
were slightly superior in several respects. Sorue of these, for example,
the differences In appearance and color in the frozen condition, have
been sufficiently discussed in the section to which reference has just
heen made. The difference in flavor may be discussed in some defail.
There was apparently 2 slight superiority in flavor of the brine packs
for all varieties and at all stages of maturity, which was attributed,
after considerable study, to diffusion of the sweetened brine into the
corn, This had apparently brought abous & blending of the seasoning
with the flavoring substances of the corn that could not be success.
fully tmitated or equaled by addition of equivalent amounts of sugar
and salt to the straight packs at the time of cooking. Some of the
judges were of the opinion that in addition to this there was also &
better preservation of the “fresh” favor of the corn in the brine packs;
others were undecided on this point. All were agreed upon the con-
sistent superiority of the brine packs and in recommending the use of
brine in eream-style and whole-grain corn as a means of securing the
finest and the most delicate flavor.

CoMPARISON OF WHOLE-GRAIN AND CrEAM-STYLE Packs.—Paral-
lel packs in whole-grain and eream-style form were made from most
of the varieties used in the work, and these were subjected to careful
comparative study in an effort to determine any differences in effects
of variety, stage of maturity, or methods of preparatory treatment
on the quality of the two products. It was believed thst the results
with the whole-grain style of pack would be of especial interest; the
very rapid annual increase in volume of canned corn packed in whole-
grain style since 1934 and the present tendency to can both white and
yellow varieties in this form indicate a receptive attitude on the part
of consumers toward the whole-grain product (3, 5, 12, 16). It is
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evident from ths experience of canners? (32) that the standards for
raw material for production of high-quality whole-grain corn differ
somewhat from those in use in the production of cream-stvle corn.
Since producers of frozen corn may desire to make both forms of
product, an atéempt was made to obtain all the information possible
in regard to effects of varietal and maturity factors on the two
products.

When cream-style and whole-grain packs made from corn of the

.same variety and stage of maturity were compared, certain differ-
ences were consistently found. The characteristic sweetness and
flavor of the variety were always fuller and more pronounced in the
cream-style sample. In the whole-grain corn, the pericarps or hulls
were much more evident and seemed tougher; starchiness, when
present, was much more apparent. These differences were obviously
due to the fact that in cream-style corn, portions of the contents of
the kernels are scraped out in preparation so that the flavoring sub-
stances present are immediately perceived on tasting the corn, whereas
in whole-grain corn the periearps must be crushed by the teeth and
the contents forced out before the flavor is apparent. Consequently,
a considerable part of the sweetness and flavor of the whole-grain
corn frils to be pereceived, and the consumer receives the impression
that the whole-grain samples are several days older, hence less full
and rich in flavor and somewhat tougher and more starchy than
cream-stvle samples of identical age.

For these reansons, the samples of whole-grain corn that were
judged to be of highest quality for their respective varieties were uni-
form!r 2 to 4 days younger than those of the same varieties in eream-
style form that were considered te be of highest quality. It may be
said that corn when in optimum condition for packing in cream style
is already too old for making a high-grade whole-grain pack. In
order to secure highest quality, canners have found it absolutely
essential to harvest corn Intended for packing as whole grain from
3 to 5 days earlier than when packing eream style (3, 4, 12, 16, 82),
and producers of frozen pack max profitably be guided by the cenners’
experience. Reasons have already been given (p. 54) for the state-
ment that the range in stage of maturity that can be successfully used
for freezing is somewhat narrower than that used for canning.

Freezincg oF Cor¥ ox THE CoB.—Successful freezing of an un-
named variety of corn on the cob was reported by Joslyn and Cruess
in 1929 (35), and Diehl and Berry (23, 24) have reported results of
work begun by Diehl in the same vear. Most of the workers who
have reported experimental work on the freezing of corn on the cob
(1, 4, 27, 28, 29, 30, 55) have confined their work to one or a few
varieties, and these have been the small-eared vellow corns such as
Golden Bantam, Golden Sunshine, and their hybrids.

Corn frozen on the cob differs from other frozen foods, from which
all nonedible material is removed prior to packing, as somewhat
more than half the weight of the ear consists of cob. This neces-
sarily makes corn so frozen more expensive than other tvpes of frozen
corn, and this will necessitate that 1t have exceptional attractiveness
and high table quality if it is to compete in the markets with frozen
cut corns. Consequently, 12 vellow and 14 white corns, presenting

TCOVER, RALPH. WHOLE-GRAIN rORN. M pp. 1935, Baldmore. [Mimeporaphed.)
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a rather wide range in size of ear and type and quality of grain, were
frozen on: the cob in an attempt to ascertain the factors that are of
importance in determining quality in corn so frozen.

The chief difficulty encountered by earlier workers who have frozen
corn on the cob has been “cobbiness,” or the presence of an abnormal
odor and flavor gencrally attributed to the absorption by the grain of
substances derived from the cob. This condition has also been so0
generally present in corn canned on the cob in brine that an entirely
new technique has been devised to prevent it (2, 31). Cobbines~ ’
been rather frequently observed in this laboratory in past veuw.s in
packs of frozen corn on the cob, both in experimental packs prepared
by the authors and others and in commercial products. Diehl and
Berry (25, 24) found that cobby flaver was very pronounced in
Golden Bantam corn frozen without scalding, but that it was pro-
gressively less evident in lots scalded for periods increasing by %
minute intervals up to 3 minutes, at which peint the corn became
normal in flavor. It would appear highly probable that abnormat
odor and flavor in unsealded or insuffciently scalded corn are due to
the same causes that are respensible for the development of abnortnal
flavors and adors in other unsealded frozen vegetables.

In both wxears of the present work, a scalding period of 4 minutes
was used as a routine procedure with all corn regardless of size of cars.
Corn on the cob was packed with and without brine, some of the
straight packs having individual wraps sbout the ears. Cobby flavor
occurred in some of the packs, but was very irregularly distributed,
without much reference to size of ear or to variety. Its occurrence
led to a modification of the scakling technique in the sceond year.
The scalding time, except for cortain special lots, was held at 4 minutes,
but the size of the scalding tank and that of the heating unit were
increased, with the result that the average mean temperature of the
water during sealding became 206° F., an increase of 6° over the
previous vear. This modification greatly reduced the frequency of
oceurrence of abnormal odor and flavor but did not entirelv eliminate
it, as it was observed in some portions of the pack, but always in less
proncunced degree than in the preceding year.,

Abnormal flavor was practically never observed in ear corn packed
in brine. TIts occurrence in straight packs was very irregularly dis-
tributed through the packs. Although it is evident from the results
that the sealding period used was too short for entire safety to the
pack, it s also apparent from the ireegular occurrence of abhnormal
Havor through tlie packs of both years that some other factor or
factors played a part in producing it. Slow freezing suggests itself as
the most probable cause, since the containers employed had heavy
walls an¢! considerable thickness in all dimensions. The fact that the
preliminary freezing was done in & room at 15° F. rather than at 0°
may also have been a contributing factor. The relative importance
of these factors in producing the results cannot be determined, but
the results warrant the conclusion that the sealding period for corn
to be packed on the cob should be 5 to & minutes under conditions
that maintain actual boiling of the water for the greater portion of the
period, that the containers should be of a shape such as to facilitate
heat transfer from the package, and that {reezing should be promptly
done at a temperature of 0°.
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Under the conditions stated, ears of any variety of corn, white or
yellow, may be frozen with as satisfactory preservation of quality
and flavor as is possible to secure with the same variety packed as
whole-grain or cream-style corn. This was accomplished in the
present packs. No lowering of quality between corn cn the cob and
cut corns was observed in any variety, although size and shape of
éarinade many of the varieties unsuitable for packing. As with
wBole-grain corn, the corn used for freezing on the cob must be har-
-G 3 or 4 days earlier than that used for freezing cresmm style,
All'that has been said as to ressons for this recommendation in the
case of whole-grain corn applies with equal or greater force here.
Thofough chilling should immediately follow scalding and should be
sufficiently prolonged to reduce the temperature at the centers of the
ears to that of the water supply. If brine packs are made, the brine
added should be made up with cold water and kept at a low tempera-
ture by means of cooling coils or other effective means until used.
These precautions will greafly reduce the time required to resch
freezing temperature in the freezing room.

In the present work, corn on the cob packed in brine was con-
sistently superior to the corresponding straight packs in retention of
full, characteristic flavor, freshness, and natural appearance. Such
packing in the types of containers here used is impracticable because
of the large volume and weight of brine necessary; this difficuity could
be avoided by the use of containers designed to sccommeodate a defi-
nite number of ears with a minimum of space to be filled with brine.

1f for sanitery or aesthetic reasons it is desired to wrap ears indi-

vidually in waxed paper, cellophane, or similar covering, as was done
with some lots in these experiments, the ears should be wrapped,
frozen individually, and packed into the containers after freezing.

GENERAL RESULTS OF VARIETAL COMPARISONS

For practicel purposes, consideration of varieties to be grown for
freezing may be confined to the varieties placed in the frst and
second groups, except in districts in which varieties here placed in
lower ranks have proved productive and disease resistant and have
shown satisfactory quality. The first- and second-rank groups con-
tain 23 varieties, 10 yellow and 13 white, which under the conditions
of this test showed satisfactory productiveness and disease resistance,
together with a quality of grain that made them satisfactory when
frozen. Although divided into 2 groups, the differences upon which
the division was based were very small and for the most part would
have escaped any but the most criticnl inspection, Insofar nis texture,
flavor, and acceptability of the produet are coneerned, they may be
considered as one group. For packing as corn on the cob, cholce is
necessarily restricted to varieties having ears of desirable size and
shape, but the number of varieties having such ears is fairly large.

For emphasis, attention is called to the large number of varieties of
comparatively recent introduction that were found to be of very high
quahty. The number of these in the first- and second-rank groups
considerably exceeds that of the older, generally known and eulti-
vated varieties. Should these newer introductions prove, on further
testing in other districts, to have the high quality of grain and the
desirable field characters shown in this test, it seems probable that
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many of the older varieties will ultimately be replaced. One of these
recent introductions, Golden Cross Bantam, has proved so far superior
to older sorts in tests over s wide area that at presens it is by far the
leading yellow variety in acreage grown for canning.

It is obvious that sweet corn is especially well adapted to pres-
ervation by freezing. This is shown by the fact that in the present
work practically all varieties of desirable charncter and good quality
in the fresh material were preserved with no loss of quality by very
simple although carefully controlled methods. The varieties in the
lower ranks were s0 placed because of lack of high quality in the fresh
material and not because of the breaking down of desirable quality
under freezing treatment.

SvccoTasH

The successful retention of desirable quality and flavor in swest
corn and lima beans by freezing suggested to the authors that suitable
combinations of the two in the form of succotash might be preserved
in the same way. Such a product would appear to fave some nossi-
bilities if of satisfactory quality, in view of the wide popularity of
succotash made directly from fresh materials in their sesson. Insofar
as the authors ean ascertain, no one has herelcfore attempted either
experimental or commercial production of a frozen succotash.

The work here reported was preliminary in character in the sense
that its purpose was primarily to determine whether it was possible to
produce a frozen succotash of satisfaoetory appearance and table

uality, rather than to make an extensive or complete study of o large
list of varietal materials. The work done was consequently confined
to preparation of combinations of a few standard varieties of beans
with a small number of sweet corns known to have satisfactory qualit
when frozen. The variotics of both were so rhosen as to furnis
indications whether frozen succotash had suflicient possibilities to
warrant detailed studies of other varieties and of & wider range of
combinations.

VARIETIES OF CORN AND HEANS EMPLOYED

The beans employed in the work were old and widely cultivated
varieties or selections from such varieties. They included four dwarf
or bush lima beans, Burpee Improved, Wood Prolific, Henderson Bush,
and Fordhook, the last named a thick-seeded or potato type, one
large-sesded pole variety, King of the Garden, and one dwarf variety
of green snap bean. Asgrow Stringless Green Pod. The corns used
included Golden Cross Bantam, Stowell Evergreen, Stowell Ever-
green Hybrid 14 X 5, Long Island Beauty, an exceptionally vigorous
vaneby having very lar e cars of good quality, and two comparatively
recent introductions of high qualltv Redgreen and Narrow Grain
Hybrid. All the varieties of both corn and beans were being studied
concurrently with respect to their suitability for freezing, and “idlentical
lots of separately packed materials were available for comparison with
the various combinations.
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DETAILS OF PREPARATION AND PACKING

The detsails of harvesting and preparation of materials for use in
succotash were identical with those employed with corn and beans
intended for packing separately. Al of the corn used was prepared
in cream style and was at the optimum stage of development for such
use. The beans used of the large-seeded Varieties were certain size
grades obtained by screening lnrce lots over standard screens; brine
flotation was employed for “the small-seeded varieties to eliminate
overmature beans. The scalding periods for beans of the large-seeded
types were 4, 3, and 2 minutes for the largest, the mte:medmte, and
the smallest sizes, respectively, and 3 minutes for the small-seeded
types such as Henderson Bush. The sealding period for all corn used
was uniformly 4 minutes.

In packing it was found impossible to make up ¢ uniform mixture
of corn and beans in buik because of their different specific gravities
and consequent tendeney to separnte. They were kept In sepamte
receptacies and mixed in the individual containers by measuring in the
desired quantity of each and stirring. In all material prepared for use
in the comparisons the propertions used were 2 parts corn to 1 of
beans; but a few duplicate packs containing equal parts corn and
beans were also made. Both straight and brine packs were made in 1-
and 3-pint paper contalners. A 2-percent salt solution was employed
in the brine packs as a routine procedure, but duplicate packs of a
part of the material were made in which a sweetened brine containing

2 percent of salt and 6% percent of sugar was used. Portions of all
lots w ere canned in No. 2 cans by a standard procedure and stored for

comparison with the frozen material.

The methads of freezing, period of storage, and the methods of
preparing, examining, and scoring the products after storage were
those used with other frozen materials included in the study.

RESULTS WITH VARIOUS MIXTURES

The summary of results presented in table 6, with notes on the
various combinations that follow, represents the concensus of opinion
of the judges as to the quality of the material as prepared for the table
as well as to its appearance and consumer appeal. The range of
difference in quality between the various combinations was very
small, but there was no question in any case as to the entire accept-
ability of the matetial.




TanLe 6.~~Results of examination of succotashes consisting of various corn and bean combinations

” ¥
Varieties used ! Characters In cooked condition
- Y i -
Beans Appearnnce and color in frozen i
s condition
; Corn Appearance and color Texture Flavor
. Size or degreaof ma- :
Variety turity 1 : i
Wood Prolific. ... W82 L. ioe. ] Uolden (foss Bantiam . Atteactive groen and yellow .. .| Ver l;;(md,l but beans | Very good. ....[ Fair to good,
whitenad.
Fordhook . Ceetemeeinniae oy (0 . N Ixcsllent; beans deep green...... .| Verygood. ... ...... .1 Excellent ... Excellent,
) . Falr; heans slightly vellowed . .| Fair to good Good .. . . ood,
Burpes Improved PR . {pStowell Evergreen | Gomil .......... ceeeriooo ] Good . Excellent. Excellent,
32 e do e e - - . 0.
King of the Garden | 26/32, 24/32, and 2232 | Long Island Beauty.....| Verygood . Qonod, beans hrowned | Very good.
mixed, equal parts.
Henderson Bush, .. [ . ... . ... Narrow Grain Hybrid Fair; bouns pale, corn waterlogged | Fair to good 4 .. ..do. ... .....| Excellent.
Do... . ... emeei i emanna + ooou. Btowell Evergreen Hy--| Good; beans pale . ... . ... .. ... | Very good... . S SR+ [+ DO, Do.
Young b brid 151 Excollent; beans d Excoll v d Fu dominnt
; " s« |[Young beans.. ... .. ixcellent; beans déep green. ... .. xeollent.....__... . . Verygood..... uir; corn predominates,
A’,:‘L"‘;" ].ﬁf{i"glm Intermedinte...... ... [1Redgroen ... .. ... WVerygood.. ... ... . ... ... Fair, beans browned. | Fait . .......| Fairto very good.
: Full grown, shelled. . . Poor; beans purplish brown ... Fui:i to poor; color as {._ ., do .. ..... Falr to good.
when raw,

! The screen sizes (in thirty seconds of un ingh) sre those by which the beans were held, not those through which they pussed.
1 A cross of the 2 inbred lines Asgrow 14 and Asgrow 5.

a9
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Most of the judges considered that the succotashes in which yellow
corn had been used were somewhat more attractive in appearance
and would have a stronger appeal to a prospective purchaser, when
viewed in the frozen condition, than those made with white corns.
Gelden Cross Bantam, the only yellow corn used, was cmployed in
two combinations, with Fordhook and with Wood Prolifie. It was
generally agreed that the combination with Fordhook was slightly
superior to the other in alt respects. The color of the {rozen product
was very attractive, the rather deep green of the beans contrasting
cffectively with the light, bright vellow of the corn, and the colors
were very well retained after cooking. The texture was exeellent.
The beans used were those held by the 2Ye-ineh screen from o large
lot held by screens ranging from twenty-six thirty-seconds to fourteen
thirty-seconds of an inch 1n size.

The Golden Cross Bantam and Weod Prolifie combination had a
very good appearance while frozen, but the color of the heans blanched
to greenish white after being cocked and many of the seed coats
ruptured and permitted the cotyledons to cscape. Toxture was
consequently not first class. The flavor was primarily that of the
corn, the flavor of the beans being too mild to give proper balance
to the blend. The succotash would have been improved by the use
of a larger proportion of beans. Use of eider beans would also have
improved flavor, but at the expense of color. Only beans held by
the ¥.-inch screen had been used, because larger sizes of this variety
beeame rather badly whitened on freezing and detracted from the
appearance of the pack through their suggestion of overmaturity,

For the combinations of Burpee Improved lima beans with Stowell
Evergreen corn, the beans were screened and three sizes selected and
used separately. The largest size, those held by the *#..inch screen,
beeame somewhat yellowish green when frozen and bleaehed con-
siderably when cocked, were slichtly too firm in texture, lacked
distinctive flavor, and were somewhat starchy, so that this saomple
was only fair in appearance and good but not outstanding in palata-
bilitv and flaver. The two lots made with the beans held by the
2%, and *%.-inch screens wore distinetly hebter in color hoth while
frozen and after being cooked, as the beans retained 2 good green
color that contrasted well with the ivory whiteness of the corn.
Texture and flavor were excellent, and some of the judges found the
blending of flavors in these combinations especially appealing and
consequently considered them superior to any other of the com-
binations made with white corns.

In the combination made from King of the Garden lima beans and
Long Isiand Beauty corn, the beans used were a mixture of equal
parts of the three sizes held by the *%s-, *4.-) and *¥%:-inch screens.
In the frozen condition the corn was an excellent white and the
heans a very good green with a few slichtly yellowed ones. The
heans became slightly darkened when cooked but the appearance of
the cooked product was good. Texture was excellent and the Havor,
although not equal to that of the Golden Cross Bantam and Ford-
hook or of the Stowell Evergreen and Burpee Improved combinations,
was well bslanced and pleasing and was reted as very good.

Henderson Bush lima was used in two combinations, one with
Narrow Grain Hybrid and the other with Stowell Evergreen Hybrid
14 X 5. The beans used were unscreened, but the ¢vermature ones
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had been removed by flotation in 6-percent brine. The appearance
of the mixture with Narrow Grain Hybrid in the frozen state was
only fair, for the beans were a rather pale green and the corn was
dull white in the dry pack and semitransparent or waterlogged in
appesrance in the brine pack. After the material was cooked the
straight pack was very good in appearance and the brine pack only
fair, but both were excellent in consistency and flavor. A minority
of the judges considered this the best of all the succotashes; others
thought that the Havor, though pleasing, was too mild and lacking
in distinctive character to be given hizhest rank. The combination
of Henderson Bush lima with Stowell Evergreen Hybrid 14 X 5 was
somewhat more attractive, both while frozen and after cooking.
Although the beans were rather pale green, the corn was an excellent,
shghtly ivory-tinted white, and the contrast was very pleasing.
Texture and flavor were excellent and were considered by some of
the judges fully equal to that of the Henderson Bush and Narrow
Grain Hybrid combination,

Some lots of succotash were prepsred from a green snap benn,
Asgrow Stringless Green Pod, in combination with Redgreen sweet
corn. As very extensive use is made of succotashes consisting of
corn and green snap heans in portions of the United States in which
the lima bean is not generally grown, it was thought worth while to
test the possibilities for preserving this type of product by freezing,
Three lots of succotash were made, with beans of three stages of
maturity. In lot 1, young beans in which the sceds were not more
than one-fourth normal mature size were used; the pods were hroken
into lengths of approximately 1 inch and sealded for 2 minutes, In
lot 2, the heans used had attained full lenoth and had seeds ranging
from one-fourth to three-fourths mature size; these were broken into
1-inch lengths and scalded for 3 minutes. The mixtures consisted of
2 parts of corn to 1 of heans, T.ot 3 consisted of shelled beans that
had pearly or quite reached full size but had not begun to dry; these
were scalded for 3 minutes and the succotash from them was made
of equal parts of corn and heans.

The lot made with the youngest beans was vervy attractive, both
while frozen and when cooked, the deep green of the beans contrasting
effectively with the ivory whiteness of thecorn. Texture was excellent,
but the flavor was essentially that of the corn, the beans being too
mild in flavor to be much in evidence. Tn a mixture of equal parts of
beans and corn, there was considerable improvement in the flavor,
but the corn flavor still predominated. Lot 2 (made with beans of
intermediate size) was attraetive while frozen, but the beans became
somewhat badly browned when cooked. Texture was fair and Aavor
fair to good. There was lack of agreement among the judges as to
quality; those familiar with the product as made from fresh materinl
considered it very good, whereas those to whom it was a new product
considered it not equal in flavor or quality to either of the constituents
as separately frozen and prepared for the table. A like difference of
opinion developed as to the quality of lot 3, made from shelled beans
and corn. The color of this material was urique bub not attractive,
the mottled purplish brown of the heans clashing rather than blending
with the white of the corn, Texture was only fair, some of the beans
being slightly starchy and too firm. Flavor was rated by several of
the judges as fair, good, and very good. When the three lots of snap
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bean and eorn succotash are considered as » whole, the material did
not make a very favorable impression upon those who had had no
previous experience with such products; those familiar with it as made
from fresh beans and corn regarded the samples as very good examples
of such succotashes.

BLENDING OF FLAVORS IN THE MIXTURES

The blending together of flavors was very good in all the mixtures
with the exceptions already noted—the young snap beans with Red-
green corn and the mixture of Wood Prolific and Golden Cross Bantam.
In both these mixtures the defect was not a failure of the flavors of the
corn and beans to blend together but an absence from the beans of
sufficiently pronounced and distinctive flavor to make itself evident
against the fiavor of the corn. Use of a larger proportion of beans
would have in some degree improved the balance of the mixture. In
the other succotashes there was very satisfactory blending of favors
of the two compenents, no case of clashing or incompatability of
flavors having been found.

COMPARISON WITH IDENTICAL MIXTUNRES FROM SEPARATELY FROZEN CORN
AND BEANS

A number of succotnshes were made up from separately packed
and frozen material for comparison with the combinations made from
other portions of the same lots of fresl: corn and beans. All the sue-
cotashes made up just prior to cooking from separately frozen materials
were indistinguishable in every respect from those rmixed prior to
freezing; texture, color, and flavor of each component being precisely
that which it had when packed together. Consequently, succotashes
may be prepared and frozen as such. or may be made up from sepa-
rately packed corn and beans by mixing together the desired propor-
tions at the time of cooking.

COMPARISON WITH IDENTICAL MATERIAL PRESERVED BY CANNING

Attempts to compare the frozen materin! with identien] material
canned by standard procedure led to considerable difficulty, because
the products could not he judged by any common scale. = Although
most of the canned samples were considered good to very good, they
were comparatively unprepossessing in appearance hy resson of the
dullness and opacity of color in the white corns and the disappearance
of the green co?or and its replacement by hrown in the beans. Texture
was very good in all except the Stowell Evergreen and Burpee Im-
proved mixture made with beans from the 26/32-inch sereen, in which
processing had rendered the firmness and starchiness of the beans
more prominent and objectionable then in the corresponding frozen
lots. Flavor ranged in the various lots from good te very good, but
all had the typical canned flavor and were lacking in the fullness and
freshness characteristic of all the frozen samples.

EFFECTS OF VARIOUS PREPARATORY THEATMENTS AND VETHODLS OF PACKING

There were very slight and unimportant differences in appearance
between the straight and the brine packs while frozen, and the two
were identical in texture and flavor when cooked. A number of packs
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in 2-percent brine and 6)-percent sugar solution hed been made in
addition to that in the usual 2-percent%rme. The judges were divided

in opinion as to the advisability of using sweetened brine, the majority
considering that it improved the prorTuct, but a minority dissented,
feeling that if used at all the amount of sugar should not be greater
than 3 or 4 percent. There were no differences in texture and quality
between the identical lots packed in I- and 5-pint containers, and
differences in appearanece were limited to the slightly greater drying
and opacity generally observed in all larger containers packed straight.

SUMMARY

The rather general application to vegetables of freezing as a. means
of preservation makes it necessary to study the available varieties
of each vegetable to determine those that are best suited for freezing.
The present study of comparative suitability for {reezing in groups
of varieties of vegetables employed 18 varieties of peas, 14 of green
beans, 8 of lina beans, and 35 of sweet corn. The varieties used
were selected from those that are most widely grown in the eastern
United States, and were primarily those regarded as having sotne-
what better than average quality as fresh vegetables in addition to
& satisfactory degree of productiveness and disease resistance. ‘They
were, consequently, chiefly old, rather widely known varieties, with
& smaller number of relutively recent introductions that seemed to
have decided promise.

The work was beguu in 1934 and repeated in 1933 with very closely
accordant results for the two seasons. The raw materials were
grown at the Arlington Experiment Farm, Arlington, Va., under
direct supervision of the experimenters and with as uniform condi-
tions of soil and cultural treatment as it was possible to obtain;
hence they were all of known and comparable history.

Methods of harvesting, grading, preparing, and packing the various
vegetables were standardized at the outset in order to secure uni-
formity in treatnient of material to be subsequently compared. The
details of preparation necessarily varied with the different products,
but features receiving special stress in all cases were (1) prompt
handling from harvesting onward, (2) rigid inspection and careful
grading for stage of maturity, (3} sealding in a laree volume of water
for periods experimentally predetermined to vield best results for
the particular product and stage of maturity, (4) immediate and
thorough cooling in running water, (5) prompt packing and transfer
to the freezing room, and (6) such distribution of corntainers in the
freezing room that maximum contact of the air with their surfaces
was assured.

As an integral part of the study of varietal adaptability, a detailed
study was made of the effect of stage of development or degree of
maturity of the material on appearance, {lavor, aned palatability and
table quality of the product made from it. This was accomplished
by harvesting at predetermined stages of development, by separating
the various lots of material into a series of advancing sizes and stages
of maturity, or by bhoth methods, and by preparing and packing
the material at each of these stages separately. Subsequent com-
parisnns of such series permitted determinntion of the effects of stage
of maturity on quality and appearance of the product and rather
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accurate fixing of the upper and lower limits within which the ma-
terial may be frozen with optimum texture, flavor, and quality as a
foed product.

Methods of preparatory treatment and packing are not standard-
ized, and the degree to which the inherent quality of a vegetable
may be affected by variations in these treatments is not fully known.
For these reasons identical materin]l was subjected to a number of
somewhnt different preparatory treatments., Duplicate packs were
prepared with and without addition of brine. Various sizes of con-
tainers of both airtight and nonairtight types were used for both
dry and brine packs. Comparisons of originally identical material
su?")jected to these various treatments permitted determination of
treatment and packing that gave best preservation of appearance and
table quality for the different vegetables.

Preliminary freezing of the material in circulating air in a room
held at 15° F., followed within a few days by transfer to a room held
2t 0°, was employed as a routine procedure throughout the work,
Although entirely successful resulés were obtained under the excep-
tional conditions of these experiments, immediate freezing at a tem-
perature of 0° is an absolute necessity for commercial freezing of
vegetables.

In each of the vegstables studied, with the exception of corn, the
group of varieties employed showed a rather wide range in appearance
and table quality sfter identical preparatory and freezing treatment.
Each group contained varicties that ranged in quality and appear-
ance of product when ready to serve from excellent through good to
mediocre or poor.

In green snap beans, three varieties, Giant Stringless Green Pod,
Mosalc-Resistant Stringless Green Refugee (Idaho Refugee), and
EKentucky Wonder Pole, were distinetly superior in color and appear-
ance in the frozen condition and in color, texture, palatability, fresh-
ness, and fullness of flavor when cooked, and are regarded as excep-
tionally promising material for freezing. Four varieties, Asgrow
Stringless Green Pod, Burpee Stringless Green Pod, U. 8. No. 1, and
Round Pod Kidney Wax, were very pearly or quite equnl to the
first group in texture, flavor, and palatability when cooked, but were
not so attractive either in the frozen condition or after being cooked,
because of the loss of fresh color. The other seven varieties, Asgrow
Stringless Valentine, Tendergreen, Konserva, Keeney Improved
Kidneoy Wax, Tennessee Green Pod, Black Valentine, and Full
Messure, were of distinctly poorer quality in respect to texture and
flavor as well as in appearance and amount and quality of color
retained, and consequently did not appear to be suitable or promising
for freezing. Black Valentine and Full Measure were the least
promising of the group.

The 18 varieties of peas studied fell into four groups with respect
to degree of suitability for freezing. Thomas Laxton and Asgrow
No. 40 were superior, all factors considered, to all the others. A
second group made up of Dark Podded Telephone, Onward, Alder-
man, and Laxton Superb compared favorably with the first group
in most respects but did not equal them in all; all of this group de-
veloped unsatisfactory color or texture at certain stages, which made
exclusion of these sizes from the pack necessary to maintain high
quality. A third group consisting of Green Admiral, American
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Wonder, Market Surprise, Improved Stratagem, Improved Pilot,
il Nott Excelsior have defects, chiefly of color but in some instances
in other respects, which make them only fair to mediocre in quality
for freezing. A fourth group, including Alaska, Champion of Eng-
land, Dwarf Telephone, Laxtonian, Pedigree Extra Early, and Wis-
consin Early Sweet, were so lacking in characters essential to satis-
factory results in freezing that the products made from them were
very poor and unsatisfactory in quality. The varieties differed
greatly in the range of stages of development in which they had
destrable quality for {reezing. Thomas Laxton and Asgrow No. 40
had very good to excellent quality at all stages of development, hence
appear to be exceptionally promising material for freezing, In most
other varieties the smallest and the largest sizes that could be sepa-
ratedd by screening had undesirable characteristies when frozen and
only the intermediate stages had highest quality.

Of the eight varieties of lima beans employed, King of the Garden
and Giant Podded, two pole varieties, and Dreer Bush, a potato type
lima, were superior to the others. They retained a satisfactory
degree of fresh, attractive green color, both in the frozen state and
after being cooked, and had excellent texture and flavor at all stages
of development up to full size. The other varieties required various
amounts of grading, because in them the larger sizes of beans lose
color, develop starchiness, and lose flavor, Fordhook has these
defects in the larger sizes, but when these sizes are graded out the
smaller sizes are equal in quality to those of the first group named.
Henderson Bush has the serious defect that some seeds become white
before reaching full size, and further, this variety is not equal in
flavor at any stage to the varieties just named. Burpee Improved
has fairly good color and appearance but is of rather low quality in
palatability and flavor. Wood Prolific and New Philadelphia sre
mediocre in flavor, become badly bleached in freezing, and appear to
have no promise as material for freezing. For the packing of so-
called baby limas the younger stages of Giant Podded, King of the
Garden, Fordhook, and Dreer Bush made products distinetly superior
to Henderson Bush, Wood Prolific, or New Philadeiphia, The larger
sizes of the large-seeded varieties made a product quite distinet in
character from the baby-lima pack, but also superior in palatability
and quality to that made from Henderson Bush and relnted varieties.

Thirty-five varieties of sweet corn, 18 vellow and 17 white, were
employed, and all were packed at a number of known and differont
stages of maturity, determined by tagging the ears on the day that
silks appeared. Al were packed in 2 etyles, as cream-style and as
whole-grain corn, amd most of the varieties were also packed as corn
on the cob. The differences in quality of the frozen produet hetween
varieties of sweet corn, harvested and packed nt suitable and kilentieal
stages of development, were much smaller than those found between
varieties in other vegetables. Sweet corn varieties generally appeared
to retain whatever characteristic palatability and quality thev pos-
sessed as fresh products to very nearly the same degree when they
were prepared and frozen by the methods here used. Of the 35 varietios
used, 10 were grouped together as having highest quality, These
were Bantam Evergreen. Bantam Evergreen Hybrid, Golden Bantam,
Improved 10-14-Rowed Golden Bantam, Top Cross Bantam, Top
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Cross Whipple Yellow, Money Maker, Narrow Grain Evergreen,
Stowell Evergreen, and Stowell Evergreen Hybrid 14 X 5. Thirteen
others were grouped together as very good to excellent but not quite
equal in every respect to the first group. These were Golden Cross
Bantam, Golden Sunrise, Kingscrost Golden Bantam, Tep Cross
Spanish Gold, Whipple Early lgellow, Country Gentleman, Country
Gentleman Hybrid 19 X 9, Country Gentleman Hybrid 18 X 24,
Delicious, Early Crosby, Howling Mob, Long Island Beauty, and
Redgreen. The varieties of a third group were distinctly below the
lest in appearance and quality although very acceptable; these were
Burbank World Wonder, Gold Coin, Golden Giant, Sweet Orange,
Narrow Grain Hybrid, and Top Cross Country Gentleman. The
remaining varieties had rather mediocre appearance and guality and
appeared to be without much promise for freezing when grown under
the conditions obtaining in this work.

As o test of the possibilities for preserving ready-mixed succotashes
by freezing, 2 number of lots of succotash were prepared, using six
different varieties of corn, five varieties of lima beans, and one variety
of snap bean in various combinations. The results show that the
corn and beans in the various mixtures preserve their characteristic
flavor and quality to the same degree as when frozen separately and
that it is possible to prepare and preserve such mixtures by freezing
with excellent results.

Comparison of parailel packs with and without brine showed some-
what better preservation of freshness and naturalness of color in
brine packs of peas, [ima beans, and sweet corn, when the two packs
were examined in frozen condition. These differences disappearsd in
cooking and the two packs were then indistinguishable in appearance,
color, and quality. Straight-packed green beans were somewhat
superior in color to brine packs while frozen, the brine packs showing
some loss of color and considerable splitiing of pods. When cooked,
the straight packs underwent greater fading and hrowning than did
the brine packs, hence were less attractive as served.

In all the vegetables, the differences in appearance of materiai
preserved in hermetically sealed and nonairtight containers were wery
slight, and there were no differences in preservation of flavor and
quality over ordinary storage periods. When the storage period was
extended to 18 months, retention of appearance and quality was
decidedly better in hermetically sealed conteiners, but for normal
periods of storage nonairtight containers are perfectly satisfactory.
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