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Flavor, Texture, Color, and Ascorbie Acid
Content of Home-Dehydraied Vegetables
and Fruits

By BFuste H, Dawsod, foud specialist, Baruer L. Barcineuoee, Head, Food and
Nutrition. Divigion and 1It, Katunerize Davne, househodd equipment apecialial,
Burean of Huwman Nuatrition wnd Home Beonomics, Agricaléural Research
Adminigtrafion?

GENERAL SUMMARY

TFactors affeciing quality, nscorbic aeid content, and cost of proe-
essing certain home-dehydrated vegetables and fruits were inves-
tigated with a view to lmproving home-dehydration methods,
Special emphasis was placed on the methods of pretreatment,
debiyileation temperatnres, and stornge. Reconstitution and prep-
aralion of the dehydrated food for the table were also investigated.
Quality and in some cases ascorbic acid content of the products were
the criteria used in evaluating the success of the procedures.

Compurison of precooking methods revewled that carrots and
epinuch, which were selected as typical root and leafy vegetables, ean
be preconked tn a small amount of water o in steam with equally good
results frowa: the staudpoint of palatability and ascorbic acid retention
during dehydration.  Precooking in a small amount of water was nost
ceonomical of time and fuel.  Precooking in a lurge amount of water
was extremely detrimental to aseorbic acid value and palatability,
and was expensive in thne and fuel eonsumption.

Compurison of different lengths of steaming fime was made to de-
termine what degree of doneness in the precooking of broceoli, carrots,
and spinach resulted in the most desirable product when the de-
hydrated food was prepared for the table.

Precooking in steam half the time required to cook tender was
suificient to inactivaie the enzymes in broceoli and carrots, and to
soften the food sufficiently to insure complete reconstitution withoub
overcooking after dehydration,

In keeping quality, the vegetables that were half cooked before de-
hydration compared favorably with those fully cooked.  Leafy green

Acknowledesinent 5 made to the following colionpues whoe contributed to
these investigations: Colleen €, Humbieton on the preliminnry dehydration
stuidies s Lenoee Suter Thve on debydretion cqtiipment; Dawn H, Tuttle on the
prepavition and guality stilies; Koy B, Stein aod Joun A, Lorr on the chenisiey,
onzyme, o autritive value studies ; Flovence MeDonough Rice and staffl on recipe
developnient,
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vegetables must be pref:ooked slightly mora than half time to wilt
the leaves, but less than full time to avoid matting on the drier trays.

Ascorbic acid determination made on broecoli indicated that the
shorter precooking time resulted in slightly better retention of this
vitamin, The broceoli precooked half time before dehydration con-
tained 453 mg, per 100 gm. when dried, and that precooked the longer
time contuined 415 mg. per 100 gm.

Pretreatinent of light-colored fruits and vegetables such as apples
and cauliftower with 1 percent solution of sodium sultite ar bisuliite
improved the quality of the dehydrated product by preventing de-
velopment of strong flavors and darkening of the color. The rofen-
tion of ascorbic acid in dehydrated cauliflower was almost doubled
by a bisulfite dip.

Pretreatment of green vegetables with 0.5 percent solution of sodium
bisulfite or a 0.1 percent solution of sodium bicarbonate hetped to
preserve the bright-green color, crisp texture, and natural flavor during
dehydration and storage,

The selection of optimum drying temperatures depended upon sev-
eral factors: Kind of food, moisture content before and after dehydra-
tion, quality of the product, cost in fuel. and time required for
drying.  For broceoli, dehydration in a preheated drier set at 135° F.
gave the best results.  For carrots, a prehented drier set first at 170°
and lowered after 3 hours to 150° proved best. For spinach, 190°
for the first 3 hours and 150° thereafter was the most economical of
Tuel and time, and did not adversely affect the quality.

Storage studies revealed that dehydrated broccoli with a moisture
content of 8 percent can be stoved for 9 months at, 75° without appreci-
able loss in color, flavor, and texture. Approximately a quarter of
the ascorbic acid content of the fresh broccoli was retained niter
dehydration and 9 months® storage at 7#°.  Since raw broccoli has a
high ascorbic acid content, dehydrated broceoli is still a fairly good
source of vitamin C. The quality and ascorbic acid value of de-
hydeated Lroceoli stored at 110° deteviorated very rapidly. After
3 mionths the product was inedible.

Studlivs of the ascorbic aeld content of dehydrated vegetables after
reconstitution were carried out with canliflower and spimach.
Covoked dehydrated cauliflower was found to be a fair source of
asvorbie acid, wherens cooked dehydrated spinach was a poor source
of this vitamin, -

Directions for cooking and serving dehydrated vegelubles were
ceveloped.

PURPOSE AND SCOPE OF WORK

Aninvestization of home dehydration was undertaken by the Bureau
of Human Nutrition and Home Economies in the full of 1941 as 1 food
conservation measure, At that time many families found it im-
possible to obtain pressure cookers for processing low-acid foods. In
order to prevent waste of sarden prodace. it was necessary to provide
homeniakers with directions for the home dehydration of these prod-
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ucts. The entrance of this country into the war intensified the need
for supplementing canning and freezing activities.

Existine directions for home drying were investigated, and modi-
fied prowﬁures for typical vegetables and froits were developed in an
effort to improve the palatability, keeping quality, and nutritive value
of home-dehyileated products. ~ Agricultural experiment stations in
Californin, New York, and Texas cooperated in these studies. As a
result of this work, the Bureayn published a bulletin on drying foods
at home, and also directions for building and using ditferent types of
dehydrators (35, 37, 40) 2

A report on home-drying methods and their effects on the palata-
bility. cooking quality, and nutritive value of toods, given by
Butchelder (3 at the annual meeting of the American Public Health
Assoeiation in October 1043, summarized the research findings of the
Burcan up to that time.

Tn 1043 the Burenu published directions for oven drying (39) based
on results of research in the Bureaw's laboratories and Dby the coop-
erating institutions. The publication included the steps in the drying
process from selection and preparation of tood for the drier, through
puckaging, storage, and utilization. A later publication {4I) went
into more detail on the preparation of these foods for the table. Re-
ports of the cooperative work in New York and California have ap-
peared in technical journals {14, 15,25, 26, 32, 34).

These 1941—43 studies brought out many of the problems of home
dehydration and provided a basis of practical experience for further
work., Results are summarized by food products in the Appendix,
page 5+ The findings and a review of the literature vevealed the
neod for improvement in the palatability and nutritive value of de-
hydrated vegetables and fruits. In many instances the quality of
home-dehydratec food was only fair and losses of aseorbic acid were
extensive. During dehydration and subsequent storage, some de-
hydeated vegetables and fruits lost theie characteristie fresh flavor and
natural calor and often developed a haylike odor and woody texture.

To find ways to improve the flavor, texture, color, and nutritive
wloe of dried food. the research on home-dehydration methods ve-
ported here was undertaken. The oljective of this study was to ob-
fain information which would make possible better home-dehydrated
produets. The findings have been applied to provide answers to prac-
tical problems of extension workers. teachers, and homemakers who
have turned to the Burean for help. The details of the research are
being put into permanent form inthis publication to make them avail-
able to researeh workers concerned with dehydration problems and to
others interested in the background for the procedures recommended
for practical use.

Factors investigated in this study included methods of pretreatiment,
dehydration femperatuves, storage, reconstitution, and uses. The
vegetables and fruits studied under each of these headings were se-
lectod on {lie basis of their sensitivity to the vavinble being investigated
and their availability.

2 Jtalic numbers in purentheses refer fo Literature Cited, p 51
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Because vegetables and fruits are important sonvees of ascorbic acid,
conservation of this nutrient is highly desirable. Therefore, in this
study ascorbic ncid content was determined b several stages of home
dehydration. This determination had an udditional value as possible
indieator of the extent of leaching and destruction by heat and oxida-
tion of other labile constituents which contribute to the nutritive
value and fluvor of the food. Relationships between ascorbic acid
values, pulatability, and color as aflected by chemical pretreatment
and storage were studied.

Since the scope of the nutritional value studies was necessarily lim-
ifed, it was not possible to check experimentaily other nutrients less
susceptible to heat and oxidation which would probably suffer less
change.

Carcful attention was paid to inactivating enzymes and to abtuining
low moisture content, since it has been found In resenrch reluted to
comnmercial practice that these factors are especially important in
retention of quality in dehydrated food during storage (35).

Storage studies were included in many cases for purposes of evalu-
ating expertmenta! methods as, for example, in the study of precooking
time und chemical pretreatment. Reconstitution and preparation of
the dehydrated food for the table was also investigated. Consideration
was given to the cost and convenience of the processing methods.

GENERAL PROCEDURES

The vegetables und fraits were purchased in bushel quantities from
the wholesale and retail markets in Washington, D. €. They were
stored at 40° I, until used 1, 2, or 3 duvs later, Tn some cases variefy
was identified by the Buveau of Plant Industry, Soils, and Asricaltural
Eagineering. Known varietios incluaded Nuntes carvets, Savoy spin-
ach, Calabresse broceoli, and Stuyman Winesap apples,

The following standard procedures were used except where the
experiment called for a variation of these proceduves,

PrepararioN, Precooning, ann CooxiNg or Foov.—Divections for
washing, trimming, cutting, and precooking the vavious foods prior
to dehydration are given intable 1. The vegetables were either eooked
until tender ot three-fourths of this time as determined in preliminary
experinients.  The standurd for doneness was estublished as that point
where the vegetable is tender but still firm. Cooking time varied with
the guality and maturity of the vegetables used.

A gas range with a pressure regulator on the flow of gns and a meter
to measure the quantity of gas consumed was used throughout the
study. In precocking, 1 quart of water was brought to a boil in a
steumer over the full heat of the burner. The vegetables were then
pliced in the top part of the steamer.

All food was drained for 1 minute after precooking, coalnd, and
weighed. Records were kept of the weight changes in Lhe food from
the raw to the dehydrated state.
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TasLe 1.—S8tandard proceduves for preparation of foods

Weight
. of pn(:l- P
. pare recooking in
Food Proparation of raw food AW Slenmes
food
{erams)
Apples.oaooo Wash onee in tap waler, onee in F.______.

distilled water, pare, core, slice
i ineh thick.

Beans, green | Wash twice in tap water, once in 454 | Three-fourths of
S distilied water, removo stemn time to gook
and tip ends, ent julicime styte. tender,
Broeeoli.o__.. Strip leaves, wash fwice m tap 454 Do,

water, sonk in 1 pereent salt
selution 5 minutes, wash fwice
in distilled water, peel stalks,
eut into 3.emeh lengths, and
slice 1 inch thick.

Carrots_ ... Wash {wice n tap water, once in 680 | Until tender.
distilied water, peel, trim, dip
in distilied water, shred in
meehaniewl shredder, sort, ik,

Cauliflower.. .1 Jlemove leaves, wash bwice in tap 454 | Three-fourths of
water, sonk in 1 pereent salt time to cook
solution & minutes if insccts {under,

. nee present, wash twiee in dis-

tilled water, renove core, sep-
nrate buds, and slice ¥ inch
thick.

Spinseh_ oo i (ip stems from leaves, discard 454 | Until tender,
torn, wilted, ana immature
leaves, wash gontly five times
in tap water, twice in distilled
water,

Cooling the food after precooking was necessary in order to know
the weirzht relationships throughout the variovs stages of processing.
For ascorbic acid determination 1t was desirable to cool the food rapidly
g0 that the losses under experimental conditions would be as small as
possible. Ina preliminary study, cooling precooked food by spreading
it on large emameled trays was compurecll with cooling in a covered
glass sancepan in an ice bath.

The ascorbic acid content of carrots cooled on large enmneled trays
was 13.92 mg. per 100 gm. dry weight and only 740 mg. for those
cooled in closed containers in an ice bath, Twenty-three minutes weve
required for cooling on trays und 33 minutes in saucepans in an iee
Lath, The shorter cooling time was probably the main reason for the
areater ascorbie acid content. Another advantage of cooling on trays
P is that evaporation can tnke place to initiate the drying process.
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SamrLiNe.—Sumplias for ascorbic acid, enayme, moisture, color, and
palatability determinations were taken at each stage in the process—
rw, precooked, dehydrated, and stored.

For the raw sample, except in the ense of broceoli, the prepared
proditct was well mixed and portions talten at random for the various
determinations. In order to maintain the natural proportion of bud
to stem in broceoli, these parts were weighed separately and a sample
composited from them. Subdivision for chemical analysis took cave of
such variation as differeaces in color and size of leaves.

Studies were made to find a satisfactory method of sminpling carrots
and to learn the clfect of shredding and holding on ascorbic acid con-
tenf. Cuarrots were quartered ; one quarter was tested without further
cutting, and the other three quarters shredded. One-third of the
shredded sample was used for immediate determination of ascorbic
aeid content, one-third for determination after 1 hour of holding at
room tempersture, and the remaining one-third used for defermination
after 2 hours of holding b room temperature,  Variations in ascorbic
acid conltent of several different samplings were also studied to defer-
mine the size of sminple necessary,  Results indicated that practically
all the luss of nsecorbic acid on shredding took place almost immedintely
ro that differences between the first and last carrots shredded were
negligible.

In sampling preeooked food, identical amounts were tnken at random
from each of several steamers or kettles used in the cooling process.
A separate lot of broceoli was cooked for the chemical determinations,

With the exception of broceoli, the dey food from all drier trays
was well mixed betore sampling,  In the case of broceoll, the contents
of each tray were kept separate.  When the yield from several days’
drying was needed to muke a large enough sample, the dried food
was held al 8° F. in aletight containers until the entive sample eould
be mixedd.  To assure good mixing for moeisture, enuyme, and ascorbic
acid determinations, the dried samples were crushed thoroughly im-
medintely before determinations were begun.

Drtivoeariox.—The delydrator used in this experimental work
waus an electrie type mannfuctured commereially for use in home
dehydration. It was selected becanse of its even henting system.
Drying was done on fonr trays made with wooden frames and wire
boltoms, totaling 9 squave feet i area.  To keep the food from coming
in eontact with the metal of the trays, @ single thickmess of cheesceloth
was spread over each teay.

Heat for drying was furnished by a set of five solicl heating panels
shightly smadler in wren thun the trays,  The frays fifted like drawers
between the heating panels. A fan in the lower part of the drier
helow the trays circulaied air through the drier by blowing it against
the side wall which slanted in such & manner as to direct the aiv ncross
the {rays.

Ia all experiments except the one in which temperature of drying
was investignled, the thermaostat was vef to maintain a tenperabure of
1507 W owith n temperature differentindl as allowed by the action of
the thermestat. The temperature was mensured by thermocouples
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attached to a recording potentiometer.  One thermocouple was placed
over the edge of the tray nearest to and ou a level with the thermostat.
Other thermocouples were located over the middle left and right sides
of the top tray, and over the middie right side of each of the other
frays.

Encegy consumption of the drier was determined by leeping a
record of the current used. Kilowatt-hours were measured by an
integrating kilowatt-hour meter, read at the beginning and end of encl
experiment,  The input of wattage to the drier was controlled nt o
constant rate by a manually operated voltage control,

Dirier trays were loaded as evenly as possible with cooled, precooled
Tood.  Spinach leaves were spread out envefully to atlow maximum
nren For evaporation, and exch entire tray load iurned over after half
the drying period. Two cooking lots of brocceli were londed on
ench tray to mainlain the proportion of stem to bud, whereas with
other foods a predetermined load was used: Spinach, 0.5 to 0.75
pound per square foot: earrols, 0083 pound per square toot; apples,
1.3 pounds per squire foot; canliflower, 1 pound per square foot; snap
beans, 0.5 to 1 pound per square foot. At the end of each hour of
drying the trays were weighed and positions rotated, that is, the
Lottom tray was moved to the top and each of the others was placed
in the position just below the one it formerly occupied.

Completion of drying was determined by weight Joss. The food
wits weighed every hour during the first pare of the drying time and
every half hour during the last part. When the food had lost no
more (han & em, doring a half-hour pervied, drying was considered
complete, I most cases drying required approximately 6 hours;
apples vequired TU4 to 8 houts.

Drying ratios were ealeulated as the weight. of the cooled, precooked
vegetable which made up the drier load divided by the weight of the
dried tood.

sSroract.—All sumples for stornge studies were placed in gluss jars
with glass Hds hekl in plice by metal serew bands and sealed with
rubber rings and parafling ‘Uhese were stored ut 09, 70°, and/or 110° F,
Tor 3, 6, and for Y nonths, depending on the purposes of the experiment.

Recosstreron—The amount of water used and the length of
soaking and/ov cooking time for reconstitution of dried foods varied
aceording (o precooking time and drying ratio for ench food (table 2).
On the basis of experienee in the preliminary dehydeation studlies, an
allowance of two to three parls by weight was made for evaporation
during cooking. Whenever the character of the fowd permitted, soak-
ing was eliminated o order to simplify the process us much as possible.
Food was cooked in vovered 2-quirt ersuncled paus in gquantity (o
yield tfone Lh-cup servings,  Spinach was stivred at 2-nvinute intervals,
Alter sonking nnid/ov cooking, the reeonstituted tood was drained 1
minute, then weighed to deferinine the rehydration eapucity. The
rehiydration ratio was enleaiated by dividing the drained weiglt of
the veconstituted saanple by the weight of the diry sample. This matio
indicated the degree of effectiveness of vehydeation, as ealenlated
by Daxis and Howard (272).

S0 T 2
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Taver &.—Standard methods of reconstituting vegetables and fruits in
guantities to provide four Yo-cup servings

Yol Tem-
" _ ol- | pera-
Weight| Vol ume |bure of) Soak- | Cook-
Food d(:'v olflrcrllfv of dis-} soak-| ing ing
food | food tilled | ing | time | time
water | water
ntstart
M- Min- | afin-
) Grams| Cups | filers | © C. | wules | wules
Apples. .o e 75 2 (0 RO 2
Beans, Ereen SNAP oo oo oo ceoo_ ... 40 2 820 |om o femana 30
Broceoli:
Precooked one-half time.______._ 40 2 440 29 30 15
Precooked three-fourths time.., .. _ 40 2 440 20 30 12
Currota (shredded);
Precooked until tender. ..o _._ 40 W o400 el 15-18
Precooked one-half time. . ____.__ 40 AT 1 I S 30
Cauliflower. oo oo__ 10 1 860 100 30 B
SpPINACh oo 45 2 450 | faaeaos 6

Pararanurey DererMiNarioNs,—Table quality of each food before
and after dehydration and storage was evatuated by a panel of three
experienced food judges who had been selected for their sensitivity
of taste and smell. Each one had an average or lower than average
threshold for the four primary tastes and was able to discriminate
between samples containing varying concentrations of the primary
tastes, The selected panel members had alse demonstrated an ability
to smell 14 odoreus substances important in food flavoring or com-
monly used in testing olfactory sensitivity. The procedures used
for conducting the taste and smell fests have been described by the
Bureau of Humnn Nutrition and Home Economics (385).

The quality characteristics measured by the panel included plump-
ness, color, aroma, thvor, and texture. The scale of values ranged
from 1 for the poorest quality to 3 for the highest quality.

Astudy of the intevrelationship of each quality characteristic and the
scote of the product as rated by the panel vevealed that flavor and
texture were the maost important factors in determining aceeptability.
The correlation coellicient for flavor and seceptability of several dif-
ferent foods was 0.81 and for texture and acceptability, 0.76. Since
aroma directly influences flavor, the two may be considered together,
Plumpness and color, which determine the appearance of the product,
scemed to be as important in actual enjoyment of food as texture or
flavor ulone,

Henee, in arriving at o system for weighting the individual quality
characteristics to obtain a single seore which would describe the prod-
uct as o whole, each quality was weighted as follows: Texture, 6;
flavor, 6: aroma, 2; plumpness, 8; color, 3. Each quality tactor is
thus reflected in the weighted score in much the sanie way as in the
gencral aceeptability seore by each judge.

In this manner the weighting is done consistently and is not depend-
ent upon the individal’s opinion of the relative importance of cach
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of the quality characteristics. Actually, however, the correlation
between the judge’s acceptability score and the weighted over-all score
was very high, with u coeiflicient of 0.92. 1t was felt, therefore, that
the relative weighting of each quality was fair and vepresentative of
the quality observed by the individual judges.

The highest total scove possible was 100; hence sumples could be
compared on o percentage basis. The scores were interpreted as fol-
lows: 90 to 100, very goed; 70 to 89, good; 50 to 69, fair; 30 fo 49,
poot; O o 20, very poor.

Before unknown samples were presented for scoring, the panel was
trained to recognize the various quality characteristics in stundard
samples,  Samples vepresenting a range of Havors and textures weve
introduced in the training peviod. The unknown samples were served
one at a time for scoring necording to mental standards established
in the training period. In this wuy the rafing of fhie samples was
plaeed on an objective basis, independent of the individual’s like ox
dislike for the product.

Coror Axavysis.—The Munsell color system was used in making
color notations of hue, value, and chroma at each step of the process-
fng.  Hue i3 the quality by which color is classibed as red, yellow,
green, blue, or purple.  The hue notation is expressed by letters, as
Y for yellow, or by numbers iu terms of 10 or 100 steps in the color
cirenit. Falue vefers to lightness and darkness as compuared with
white, grays, or bluek. The Munsell seale of grays extends from 0,
black, to 10, white. Chroma refers to saturation or degree of differ-
ence from r gray of the same value. The notation is numerical with
U at gray, extending outward from the neutrals toward 10 or more for
the strong colors.

‘The color measurenents were made by matehing the food with Mun-
gell eolor charts, using the Kelly musl method deseribed by Nicker-
son (27). Several veadings were mude on whole pieces of the food
and the vesults averaged for the vartous puarés, us for example stem
and bud of broceoli. The Hlumination for color grading consisted
of 1,200-watt ineandescent lamps with o glass filter speci a]i:y designed
to covrect the yellow light of incandescent tungsten to ns near a
daylight distribution ns possible. In some instances the color of the
couking liquid was determined by comparison with specially prepaved
color standards,

Cumiicat, DursaeNarioNs——Ascorbic acid was determined by
the method of Bessey und King, titration with 2: 6-dichlorophenolindo-
phenol (5}, as modified by Harris and Olliver (76). Analysis of de-
hydroascorbic aeid was made by the Bessey method () and determi-
nation of reductones by the method of Mupson (24).  Ascorbic acid
in the presence of sulfur dioxide wus determined by the method of
Levy ({8},

The method of Prater, Johuson, Pool. and MucKinney (29}, with
slight changes at the suggestion of MacKinney,* was used for deter-
wmining sulfur dioxide. Moisture determinations were made by the
oven methed and. in some cases, by the more rapid xylene distillation
method (). Catalase and peroxidase were determined by the meth-

¥ Parsonil comtuuniention,
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ods described by the Bureau of Agrvicuitural and Industrial Chemistry

(35).
METHOD OF PRECOOKING

For precooking foods tor dehydration in the home, dirvections in the
literature range from steaming to immersion in very large quantities
of boiling water. Reports on the nutritive losses are meager, Accord-
ing to Cruess and Mink (70), retention is greater when precooking is
done it steam or in small amounts of water. Allen, Barker, and Map-
son (J) suggest immersion in lurge quantities of water, claitning that
repeated blanchings in the same water build up the solid content of
the water to a point of equilibrium with the soluble solid countent of
the vegetable, und thus reduce the losses of soluble constituents,

Four precooking methods weve selected for compurison in terms
of enzyme inactivation, cost and convenience, yield, quality, and
ascorbic acid value in the precooked and dehydrated products. The
four methods studied were: Precocking in an aluminum steamer of
standard household type; precooking in a steamer improvised by plac-
ing a home-made cloth bag conteining the food on a wooden rack
over a small amount of water in a covered enamoled preserving kettle
(39} ; precooking in a small amount of water in a covered enumeled
saucepan; and precooking by immersion in a large amount of boiling
water in which three lots were previously cooked, using a large uncov-
ered enameled kettle.

Spinach and carrots were selected as typical leafy and root vege-
tables. Preliminary experiments were made to determine the time
required to cook each vegetable tender by each method.

Shredded eavvots, weighed into 680-gn. lots, were cocked 17 minutes
in the standard steamer, 18 minutes in the improvised steamer, 18
minutes in a small amount of water (118 ml.), and 15 minutes in a
Inree amount of water (5,638 ml.),

Whole washed spinach leaves were weighed into lots of 454 gm.
and cooked 5 minutes in both the standard and improvised steamers,
and 4 minutes in a small amount of boiling water. In each process the
spinach was turned once during cooking. Precocking spinach in
a Jarge amount of water was omitted because of the large losses
previously observed in curvots,

CANROTS

Exsyye Acrviry.—Catalase and peroxidase enzymes were negative
in all precooked and dehydrated samples, regardless of the method of
precooking.

Cosr anp CoxvevieNce—In comparing the relative cost of pre-
cooking carrots by the four methods, total time was considered. With
the heat on full, L minute was required to bring the small amount of
water to a boil, 6 minutes to bring I quart of water to a rolling boil
for precocling by stenm, and 50 minutes to bring the large amount of
water to a boil for the first coolking and 12 minutes for each serial
cooking.

Cooking time for carrots was counted from the time the samples were
placed in the steamer or from the time the water returned to a boil.
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The water boiled again in 2 minutes after carrots were added to
the small amount of water, and in 8 minutes after they were added
to the large amount of water (table 3). It is obvious that time and
fuel consunied would be greatest for the latter method.

Tapte 3—Time and fuel consumed in precooking vegetables by various

metheds
Time Tigw Cook- Total Gas
Vegetable Bethodd of precooking ht:?ah bring | ing tig"_e con-
water back | time ired sumed
toboil qQuitre

| Min- | Min- | Min-| Min- | Cubic
wles | wufes | uwles | ules | feet

tandard steamer. ... .. 6. _. 17 23 |ocea--
Improvised stenmor________ LI TR 18 24 |____.
Small ameunt of water t____ 1 2 18 21 |ooooo
Carrols_ .. __. Large amount of water: ?

First cooking_ o o ______ 50 8 15 73 .
Each serinl cooking____._ 12 g 18 38 |amneao
Standard steamer . _____ L 5 i1 3.08
Spinach..__. . {Improviscd steamer___, ... _ Glo.._._ 5 11| 303
Small amount of water ___ 1 2 4 7 1. 43

1118 mi, water. 2 5,688 ml. water,

Y1eLp.—After 6 hours’ drying the carrots that had been precooked
in steam and in o small amount of water had approximately the same
drying vatios (7.77 to 7.95), whereas carvots precooked in a large
amount of water had s drying ratio almost twice as high (15.46), as
shown in table 4. In the latter case 15.46 pounds of raw prepared
food were required to produce 1 pound of dehydrated material. The

Tarne 4—Drying data for carrots and spinach precooked in different

ways
Mois- | Drying
ture ratio Yield of
Vegotable Method of preecoking content | {wet | dry prod-
| of dry lload/dry uct
i product | lond)
|
! Percent of
i Percent wel load
([ Standard steamer. o ____.__ B 497 7. 95 12, 58
Corrots..._ .. il Improvised steamer. .. ____._ 6. 40 7. 84 12. 81
. 118mall amount of water!._______ 5. 88 7. 77 12, 62
| Large amount of water®. _______ 3. 80 15, 46 6, 47
i
[Stendard steamero o ______._ 4. 28 12, 34 8 28
Spinach. . __. s Improvised steamer_ . _____._ 4. 57 { 10. 60 5. 51
'ISma!l amount of water .. _____1 433 10. 10 9, 41
! i

118 ml, water. 2 5,688 mi, water.
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Taswe 5.—Lffect of method of precooking on table quality of dehydrated veyetables

Quality ratihg 1

o i of fi Rehy- Accept;
Vegctl;l)rlgcg:;}nsgaf,e of Method of precooking ?ggggﬁ? dration . abilityz
ratio PII:]J;‘SP' Color | Aroma | Texture| Flavor rating

Carrots: Aluminum steamer_ - .. ooooon. 881 |- 5.0 4.9 4.8 4.9 4.7 97
Before dehvdration Improvised steamer. .. .. ... 87. 6 joieeee 50 5.0 4.0 4.9 4.1 92
1 ===} Small amount of water3._______ 875 1 . 4.9 50 4.9 4.8 4.8 97
Large amount of water +__._____ 03 7 (oo 4.8 4.4 3.3 4.3 2.7 76

i&luminum steamer,. .o ____._-._ 6. G 5. 69 4.0 4.7 3.9 4.2 3.8 g%

VApati mprovised steamer—____._____ 6. 4 5.70 3.9 4.6 4.1 4.2 4.1

After dehydration..___. Smalf amount of water3________ 6.1 5, 58 3.8 4.7 3.9 3.8 4.1 ] 80

; Large amount of water 4_.___.___ 3.8 10. 60 3.8 3.7 2.8 4.2 2.0 66
Spinach: Aluminum steamer__ ... _._ 913 |occa 4,9 5.0 4.8 4.6 4.6 94
Before dehydration.___{{Improvised steamer.._.__..__._ 91,0 | ____ 50 5.0 4.6 4.4 4.5 92
Small amount of water 3. _.____ 91,8 | .. 4.9 4.9 4. 7 4.6 4.7 95
Aluminum steamer. - - __.___ 3.4 6.:39 3.8 3.7 3.4 3.8 3.4 72

After dehydration_ . ___ {Improvised steamer— ... _.o.. 4.9 6. 39 3.8 3.5 3.4 3.8 3.5 73

. Small amount of water 3________ 3.8 6.15 3.8 3.8 3.3 - 38.8 3.4 73

1 Average of 6 ratings on triplicate runs of carrots, 3 ratings on triplicate runs of spinach; 5 is maximum, 1 is minimum score.
2 Rating scale: 90 to 100, very good; 70 to 89, good; 50 to 69, fair; 30 to 49, poor; 0 to 29, very poor.

3 118 ml. water.
4.5,688 ml. water.

FTYNLTADINOV d0 IJHEA °S "0 166 "ON NITITIAL TVOINHOIL  GI
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yield of dvy product was only 6.47 percent as compared to yields of
12.58, 12.81, and 12.92 percent for the standard steamer, improvised
steamer, and small amount of water, respectively. Apparently con-
stderable soluble carrot constituents were lost in tKe precooking water,

Quartry.—DPrecooking until tender in steam or in a smail amount of
water in a covered saucepun gave products of practically the same
table quatity. As evaluated by the tasfing pa=el, texture was the only
charncteristic that varied with the different methods of precooking
{table ).

Whien shredded earrots were precocked in a small amount of water,
the texture wus slightly uneven, pvobably because of the different
rates of cooking in steam at the top of the pan afd in water at the
bottom. After these products were dehydrated and reconstituted,
the same relative effects of precooking method on pulatability were
observed, In general aceeptability, all the carrots rated good except
those precooked in a large quantity of water. That method resulted
in an inferior product. The fiavor rating was low, owing to the loss
of soluble sugars and minerals by solution in the large smounts of
water. The color was affected only slightly,

No storage studies were made in this experiment. However, since
all ensymes had been inactivated by all methods of precooking and
the moisture contents of the dry material were similar, 1t muy be justifi-
able to asstme that the keeping quality would not differ for the varvious
methods of precovking.

Tante 6K ffect of method of precooking on ascorbie acid content of
delydrated vegetubles

’ ' Ascorbie acid
{
:
i Content per 100 .
gL\l::‘lla-i @it dry weight Iielention
Vouelable | of  Method of precooking . = = =y
IS : : Prese .
' ples ! - De- | Row cgorged Btu(.)“
i ; R LTes g e | to to  |dehy-
; i ‘cooked|drat-| pre- |0 |t
1 [ ' ed {eookedly i vodl ed
e 1 { . N
| " M Hii—1 Milti- |Afitt-, Per- | Per- | Per-
! grams. grams |grams cenl eenf | cent
3 | Btandard steamer:z_. 21 14 2. a8 14 9
3 Improvised slewmner . 2400 15 2 G3 13 4 9
C'arrots 3 Smaell amount  of 2 8 0. 33 0| 0
waler.! : i : !
1 lLarge amount of 24 0 0 LS I ' 0
water.? i ! i :
3 Standurd steamer_._ 405 208 A7 T, 16 12
Spinnch 3 Improvised stemaer - 405 0 200 20 ¥2 1 10
3 small amount  of . 05 2R %) 70 19 - 14
. water,! ‘ . ; :
i i i

L 118 nl. water. * 5,088 ml. water,
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Asconsto Acip Coxrext.—Shredded carrots precooked by steaming
retained a higher percentage of ascorbic acid than those precooked
in smull amounts of water (table 6}, Cooking in a large amount of
water resulted in complete loss of the vitamin, Determinations on
the dehydrated products were of no value for comparative purposes,
since the retention of both ascorbic and dehydroascorbic acid was
practically nil in all the dehydrated samples, probably owing to the

o Y

low ascorbic acid vontent of carrots.

SPINACH

Exzyye Acriviry.—Catalase and peroxidase enzymes were negative
in 1]l precooked and dehydrated sumples.

Cosr axp ConventeNce.—The total time, including heating-up time,
required to precook spinach was 7 minutes in a small amount ot water
and 11 minutes in either the standard steamer or the improvised
steamer (table 3, p. 11).

Fuel as well as time was saved by precooking in a sniall amount of
water. Fuel consumption averaged 3.08 cubic feet of gas for each
lot cooked in the standard steamer, 3.03 cubic feet for each lot cooked
in the improvised steumer, and 1.43 cubic feet for cooking in a sraall
amount of water.

YirLo.—Because of the high water content of fuesh spinach, the
vield of the dry product was less than for carrots (table 4£). The dif-
ferences due to the precooking method employed were slight ; the yields
ranged from 8.28 percent for spinach precooked in a standard steamer
to 9.51 percent for that precooked in an improvised steamer. For
spinach precooked in a small amount of water the yield was .41
percent.

Quariry.—Spinach, precooked by the different methods, rated fairly
good in general acceptability (tabled). On the whole, the dehydrated
product upproached fresh spinach in texture and did not lose its
charncter and identity as a leafy vegetable, It lost some of its fresh-
ness of flavor and became darker i color. The objective meusure-
ment by the Munsell system indieated that dehydrated spinach pre-
cooked 1n a small amount of water was slightly darker and duller thun
the steamed samples,

Ascorsic Acwn Coxrexr.—Ascorbic acid retention during the pre-
cooking of spinach in steam and in a small amount of water was fairly
high (table 6). The spinach precooked in the standard steamer and
improvised steamer retained 74 and 72 percent, respectively, and that
precooked in the small amount of water retained 70 percent. In the
dehydrated spinach, ascorbic acid retention was low for all precooking
methods, ranging from 10 to 14 percent of the raw value, and showed
no superiority of one method over the others,

SUMMARY OF EFFECT OF PRECCGOKING METHODS

The effect of precooking carrots and spinach wntil tender in a small
amount of water was compaved with the effect of steaming them until
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tender in a standard and an improvised steamer. Carrots precaoked
ir a small amcunt of water were somewhat uneven in texture; other-
wise, the thiree methods appeared to vesult in ‘n'oducts of about the
same palatability rating after dehydration. The carrots in all cases
rated good in over-all acceptability and spinach fairly geod.

Precooking earrots in a large amount of water was extremely detri-
mental to ascorbie acid and palatability and was expensive of time
and fuel. Precooking in a small amount of water was most economical
of time and fuel. From the standpoint of ascorbic neid retention dur-
ing dehydration, no superiority of one method over another was
indicated.

PRECCOKING TIME

Purtial or complete inactivation of catulase and peroxidase is con-
sidered essential to assure the keeping quality of dehydrated vegetables
during stornge. Precooking food the proper length of time is known to
innctivate these enzymes. In order to give the homemaker practical
directions for precooking foods, most of the Bureaw’s early work had
been set up on the basis of cooking until tender. It was recognized,
however, that overcooking is then likely to result when the dehydrated
tood is prepared for the table. On the other hand, if certain foods ure
precooked insufficiently, they cannot be properly reconstituted after
dehydration. It is desirable to know the minimum amount of time
required to produce favorable results.  Ifn time less than that required
to cook tem\_mr could be established for each food, time and fuel would
be saved in preparation, and the danger of overcooking during recon-
stitution would be minimized. The ease of handling the precooked
food needs also to be considered.

Tn a study of length of precooking time required, broccoli, carrots,
and spinach were used to represent different types of vegetables includ-
ing stalks, Howers, roots, and leafy vegetables. The vegetables were
prepared as deseribed in table 1, page 5.

Broceoli was precooked one-half and three-fourths of the time re-
quired to coof it tender, or 3 and 7% minutes, respeetively. Shredded
carrots weve precooked one-half the time necessury to cook tender (8%
minutes) to compare with these cooked until tender {17 minutes).
Spinach was precooked 3, 4. 5, and 6 minufes. It was sufliciently done
to serve ut the table in 6 minutes. A standard steamer was used for all
precooking because of the ease with which the equipment could be
nandled for loading, cooking, and weighing, and the reproducibility of
vesults in {riplicate drying,

Representagive samples of dehydrated carrots and broccoli were
stored nt 75° K. for 3, 6, and 9 months as a final criterion of the effect
of the precooking time. Samples were stored at 0° as controls. No
dehydrated spinach was available for storage.

The vegetables were reconstituted as described in table 2, page 8.
The reconstitution time was inversely proportional to the precooking
time. ('coking times for recounstitution of spinach were 3, G, 7, and
8 minutes for samples precooked 6. 3, 4, and 3 minutes, respectively.

Table quality was the chief criterion for the comparison of precook-
ing times. Ascorbic neid determinations were also made on broceoli.

§12410 —-30——3
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BROCCOLL

Exzvae Acrovery,—The enzynies catalase and peroxidase were
inactivated in most samples of brovcoli after precocking and no
activity was observed in the studies carried out after dehydration and
subsequent storaye,

Qravrrv.—There was no appreciable diffevence in the quality of the
Treshly dehydrated broceoli precocked ditferent lengths of time (table
7). The broecoliveconstituted quite wetl. rating good in the character-
istic of plumpnesg and hnving rehydration ratios of (.01 and 5.66 when
precooked one-half and three-fourths of the rime requirved to cook the
vegetabie completely tender, The texture was also rated good hy the
panel ol jurdges.

Tanike T.—F£feet of precocking téme on table quality of dehydrated
broeeoli before and after storage at 75° 1.1

Precooking time Re- Quality raling?

Stor- ypee. o hiy-

App ‘\Ll;?ri;- dra-

Pereent of Min- time tion - Plingp- Color Aro-"Tex- Tla-

Lotal utes ratio eSS un .ovar

Ae-

——— e A (i 41 158
bility
rating?

@t

Froshoo ... ..

19es  trm W

4

3
3
3

g1

(ST RN ST O Y2
W e

~]1L0

. )

]

IS0 Oo= WGl O @

)
TS
[T
S

|

Condrols stored at 09 F. remained essentially unchanged,

Avernge of 3 ratings: 5 s maximum, 1 is wminimun =core,

1 Raring ~ealos 90 to 100, very good; 70 to 89, good; 50 Lo 64, fuir; 30 to 49,
poar; B te 28, very pour.

In eolor, the dehydrated broeeoli precooked IndF time was slightly
hetter than that precosked the longer time. According to the Munsell
eolor vstent, the shorter precooking time resulted in the retention ot
e oreen color in the ~talk in the dry condition. Fhis difference
wars less noticeable after reconstitution since the broecoli precooked
half rine must be cooked a few mivates longer during reconstitution Lo
reaeh the same stagre of doneness as that precooked three-fourths time.

The Navor of dehyvdeated broceoli precocked one-half or three-
fourths time was fairly good. It was characteristic of broecoli, but
was somewhat lacking in freshness and resembled that of a slightly
avercooked proshet. However, for optinnon texture amnd plumpness,
the recenstitution time coubd not be shortened. L the opinion of
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several visitors who were not as eritical ns the panel, the dehydiated
vooked Lroceoli could not be distinguished from the fresh broceoli tc
which they were aceustomed.  However, it was the opinion of the panel
that the dehydrated product, compared with properly cooked fresh
Lroceoli, eould be improved.  Studies on eliemical pretreatment re-
ported on page 28 consider Lhis quality problem further,

The keeping quality of broceoli precooked halt time before dehydrea-
tien was the same s that precooked three-fourths tie. Beeanse the
Ti-percent moistore content was slightly higher than desirable. the
dehydrated broceoli deteriorated stowly in sturage at 75° F. There
was no change in quality of samples stored at 0°, Color, aroma, and
(tavor were the characteristies most atfected by storzge. Colur became
Iess nnd less avecn, with red hes predominating after & months at
75 The broceoli nequired umiosimlllly slrong charvacieristics of aroma
ancl flavor, deseribed as stale, burne, amd caraniel. Sinee thure was no
difterenee in the keeping quality of broceoli precooked different lengile
of time. the moisture content rather Uun enzyime action was considered
responsible tor the changesin quality.

Ascorse Ao Cozrexr—Conparison of ascorbic acid retention in
hroveoli precooked hadf and three-fourths time. shows the shorter
time to be slightly betier at the prococlad and dehivdrated stupres.
Notwithstanding o loss of approximatel y one-hal fthe original ascorbic
aeid content during dehvdration, the freshly deliydrated broecoli was
St good souree of this vitanin, since the ascorlic seld value of the
raw broceetl was high rable 8),  Broceoli precooked half time before
dehydration contained £33 mg. ascorbic acid per 100 gm. when dried,
amgd that precooked the longer time contained 413 mye. per 100 gm.

Tanre 8.—F&Feet of preeaoking thine on ascorbic acid content o
i J ! o7 ;
defypd rebed broceoli

Aseorbic acid

Precooking time

! Retention

I
t

b Content per 100 gin. dry
1 weight

t

! e
Pro-

S Raw e - Raw to
Pereent of : Pre- Trehy- coukoed |
" Minutes. Haw il win . pre- e tlehiy-
total " ; vovked  draged conleod 1:;;}:&:2‘]- dratod
}
- Mg, My, Mg, Pl 0 Pt Fel.
1) S, 5.0 . 5490 760 433 | a0 60 53
i 7.5

5 849 740 A5 87 - a6 49
: { :

In the preparation of the dehydmted vegetable for the table, 13
minutes vooking was necessary [or the broccoli that had been pre-
covked half time as compared with 1 minutes for tat precovked
three-forreths time. Therefore, it is Hkely thaa the linal vitamin C
values ot the time the foud was consumed were the same.
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CARRCTS

Exzyye Acrviry—Al enzymes were inuctivated in carvots pre-
cooked half or full time, and no activity was observed after dehydra-
tion und storage.

Quariry.—Precooking earvots 50 percent of the total thine required
to cook tender gave a Better quality dehydrated product than pre-
cooking full thime (table 9).

Tavwe 9.—Effect of precooking tmne on table quality of dehydrated
carrots before and after storage at 75° £}

Precooking bime Quality rating*
Re-
Stor- hy-}
age dra-
Percent of Min-{ thne tion [Plump- Aro-l Tex-
total ratic| ness wma | ture

pl
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Foge i BIEe B
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o Cne [ 2N =] = Ron- R vt
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Foe g fOde i i

D=l W e
A dade QOO Ga e
e DO = W

5
0
6
3

004 o

! Controls stored ab 0° T, remained essentislly unchanged.

® Aversge of 6 ralings; 5 is maximum, 1 is minimun score.

3 Rating seale: 90 to 100, very good; 70 to 89, weod; 50 {o 69, fair; 30 to 49,
poor; D to 29, very poor.

1 Precooked in a stall siount of water; all athers preeooked in stean:.

A crisp, natural texture, with a high degree of plumpness, was
charncteristic of carrots precooked half time, whereas the fully coeked
carrots hud a soft, limp texture and a lower score for plumpness. The
cellnlar structure of the carrots cooked the longer timg was collapsed
and therefore the earrots were incapable of taking up as much water
as those precooked a shorter time. This is reflected in the rehydra-
tion ratios, which are higher for the half-time precook. Crafts (7)
has shown that the loss of inlercellwlar air during blunching and
dehydration is responsible for the collapse of cellular structure.

Other quality characteristics were less affected by the length of pre-
cooking time.

The eolor of both freshly dehydrated samples rated very good and
the flavor gosd. During storage for § months at 75° F. the carrots
gradually changed in color front orange to yellowish erange. The
amount of precooking determined the speed of this reaction; carrots
precooked full time did not fade as rapidly as those precooked only
50 pereent of the total time required to reach the tender point.
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Aroma and flavor gradually deteriorated during storage at 75°
without differentintion between samples precooked half and full time.
After 9 months the aroma in both cases was stale and weak;; the flavor
was slightly stale but was still mild and sweet. The texture did not
chango. 'l‘im over-alt acceptability rating was 7y, or fairly good for
both precooking times at the end of the 9 months’ storage period.

SIMINACH

A short experiment without storage studies was performed fo deter-
mine the proper precooking time for dehydrated spinach. Steaming
I pound ot spinach for 6 minutes produced a product that was diflieult
to load evenly on the dehydwntor trays becanss the lenves were too
tender.  Steaming the spinach 3 ov 4 minutes searcely wilted the
leaves, so that in some cases the spinach was being dehydrated raw.
Five minuies steaming yielded spinach that was not oo tender io
hundle in loading the trays, and that could be cooked sulticiently dur-
ing reconstitution without overcooking., Spinnch reconstituted for
palutability immediately after dehydration rated the same regardless
of the length of time of precooking (table 10). However, it has been
reported in the literature that nublanched vegetables do not keep well
in stornge.  Choice of steaming time wounld therefore depend on
evenness of cooking and ease of handling in londing the trays,

Tasee W—Lfeet of precovking time on table quality of dehydrated
spinuck
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Precooking time | [ Re- ! Guality rating ? Ac-
. : copt-
ahili-
ty
rab-
ing *

BT e

: ' :
Percent of  Min- W Gion Prump- Color |

total ey | D ratie Hess

Avo- | Tex-

lor i
elor ! ma fure

x

Fresh_______ i ....%.
.

[T

53,

el
[[eg /og e i Bo Q]

=P ST F
FptLenE
S am o

.

P Average of 3 raings; 5 is imaximum, | Is minimum secre. .
* Ratang seale: 90 (0 100, very goad; 70 to 89, good; 50 to 69, fair; 30 to 49,
poor; O to 29, very poor,

SUMMARY OF EFFECT OF PRECOOKING TIME

Comparisons of different lengths of steaming time were made to
detersine what degree of doneness In the precooking of broceoli,
carrots, and spinach resulted in the most desirable product adter the
dehydrated food was prepared for the fable. In retaining quality of
dehydrated broceoli and carrols through 8 months of storage at 75% I,
precooking in steam for half the time required to cook tender proved
to be as effective us precooking fully or for three-fourths of that Lime.
The texture of carrols precooked the shorter time was Superior to
that of earrars precavked for w longer time, but eolor retention was
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better with the longer precooking time,  Even the shoviest precooking
period studied (one-half of full cooking time) was sulticient to in-
activafe both eatalase and peroxiduse enzyme systems in the pre-
cooked material as well as in the stored dehydreated broceoli and
rurrols,

Sinee both time and fuel were saved in the shorter preparation
period snd since equally good or betver products were obtained, it is
recomunended that broceoli and carrots be precooked half the time
required Lo covk tender. Spinach must be precocked slightly more
than half time to wilt the Teaves bur less than full thue to avoid
malting on driey trays. Five minutes was found fo be the optimum
steaniinge time for broceoli, Sty minutes Tor earrots, and § minutes for
spinach used in this experisuent,

Ascorbie acid deterntinations nude ou broccoll jndicsated that the
shorter preenoking time vesufted in <lghtly better retention of this
vitamin in ihe dehydeaied produet,

CHEMICAL PRETRENTMENT

Early in World Wae 1L American, British, Canadian, and Aus-
tratinn investigntoes starfed sulliting vegetables for debydration and
have published many reports indicating that sultited vegetables were
superior to nnsuifited ones under adverse stasige conditions.

In commereinl practice in this country the use of certain chemical
trealments has been found effective in preventing deteviorative changes
during debyeleation and in adding to the storage life of the products.
Greater uniformity of color and belter appearance result, with a
greater fretor of safety in deving (7). Hligher finishing temperatures
are possible during drying and consequently shovier drying times
ave needed. '

Trentment with zodium sulfite, sodium bisulfite, or potassinm
metubisulfite in solution has been recommended by several investiga-
tors (. £4, 47 1 20, 12y, Caldwell and others (63 found that (lh:pillg
raw soap beanz in cold sodium bicarbonate solurion aided vettntion
of vitnmin ¢ and improved the general ralings beeause it resnlted
in superiority in eolor. However, use of sodinum hicarbonate solution
for blanehing beans or dipping after blanching caused alteration of
fivor and redietion of foad vadne.

Posnible application of these findings to home dehydration was the
pitrpose of oue phaze af this investigation—the use of certain chemical
eompounds for treating froirs il vegetables before dehydration as
means of nproving the eolor, palatabilivy, and ascorbie acid valae
of the deied produets, The keeping quality of sullited and debydrated
food packpged and stored at 7% F. was also determined as a final cri-
terion of U suecess of the pretreatiment,

studies were made ol the aetion en apples and cauliffower of various
chemieals, ineluding sodinm ~olfite, sodinm hisullite. sodiwn thiosul-
fate, thioeachamide, aud eitrie acid. The tissues of these foods dis-
rolor rapidiy, aud dehydraied eandifiower and apples without pre-
eetnent ave yellowish brown in coluee Phiz browning is ustened
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by enzymes present in the food uniess the enzymes can be inactivated
before the damuage is done.

The color of green vegetubles is also adversely affected by fhe de-
hyvdration provess, changing feow bright green to olive green.  For
the study of methods of preserving the green color during dehydration
and subsequent stornge, broceoli and snap beuns were chosen as repre-
sentative of the green vegetables. Chemieal pretreatment inelnded
tli;f('rpni coneenivations of sodium bicarbouate and soduun sulfite in
solulion,

CAULIFLOWER

Steamed canliflower, prepared as deseribed in table 1, page 5, was
prevreated as follows: (1) Dipped for 15 seconds in .25 or 4.3 percent
sodinm sullite solution  (2) dipped for 13 secomds i 0.3 or 1.0 pereent
sottium sutfite solulion: (3) dipped for 5 minutes in 2.0 percent eitrie
acitl selution. Raw enuliflower was dipped for 2 minudes in 2 2.0
pereent citric acid solution.  Plain steamed smmples were dehydrated
as controls Tor these studies. Representative sumples were stored
at O¥, 73, and 1Y T for 3 and 6 months,

Cutaluge and peroxidase enzyme gystems were inactivated In the
precocked and 1\011_\’1!&';1(0{1 stuges of all eanliflower sumples. The
coolting [imes used were apparently long ensugh to prevent destrue-
tion of the quality by nny nctivity of these enzymes.  Steaming alone,
however, was not sufficient Lo preserve ull desirable qualities of de-
hydrated cauliflower.

Pretreatment of steamed cauliflower with solutions of sedium sul-
fite was effective in improving the quality of the dehydrated product
{table 11 and lig. 1), Dipping the steamed caulitlower in a 0.5 per-
cent solation of sodium sn_'lﬁtc was more satisiactory than dipping in
0.25 pereent solution.  Although the flavor of the sample dipped in
the weaker selution was preferred immediately afier dehydration be-
cause of the tower concentralion of sulfur dioxide. this superiority
was nol maintained throvghout storage. Adter 3 months at T5° I,
cauliflower pretreated with 8.5 percent sodivm sulfite did not have a
haylike or stale flavor as did the untreated samples and those dipped in
the wenher solntion.

Sedium bisulfite also proved effective in preserving the quality
of dehydrated eauliflower. Canldiflower pretreated with 0.5 or 1.0
pereent sodium bisulfite dropped ondy T pereent in acceptubility after
sterige for 6 months at 73°, s61l] being vated fairly good.  The saimple
dipped in 1.0 pereent sodinm bisulfite rated higher in plumpness,
eolor, and aronma than that dipped in the weaker solntion, but lower
in textwre and Haver, The sulfur flavor was noticeable, and the
watnral cantiffower Havor was weak in the xamples dipped in the 1.0
pereent solution.  Only 831 papam. of solfur dioxide were present in
the dry, stored smnple pretreated with 0.5 percent sodium bisullite,
compared with 2087 p.pan. in the sminple prerveated with 1.0 percent
sodium hisulfite.

Pretreatment with eifric acid was unsuecessfal, - Tt did not prevent
darkening of the color and the samples were undesirably sour in
Uavor.




Tasre 11—FEfect of various chemical pretreatments on table quality of dehydrated caulifiower
: before and after storage?

Pretreatment 2 . Quaiity rating 3

Sulfur {Rehy- — Az-
T | Mois- dio:(:iide dra- % (l:)e]l)bt-
‘ ime in indry | tion B e ability
Kind ¢ chemical sample Pll:lcf;;’) Color {Aroma 2&_\(3 rating#
i solution :

Stage of processing

Before dehydration NOHCw v i s em

After dehydration . sodium bisulfite_..

. sodium bisulfite_ -
+{, -eitrie acid

. citric acid
L. eitric acid
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1.0 pet. sodium bisulfite_ .| 15

Dehydrated, stored
months at 75° F.
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Noiie
0.25 pet. sodium sulfite.__
0.5 pet. sodium sulfite. ...
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Dehydrated,  stored . {

ol o

1 Controls stored at 0° F. remained unchanged.

2 All eauliflower was steamed three-fourths of the time necessary to cook tender.

3 Average of 3 ratings; 5 is maximum, 1 is minimum score. .

¢ Rating scale: 90 to 100, very good; 70 to 89, good; 50 to 69, fair; 30 to 49, poor, 0.to 29, very poor.
5 Chemically treated before steaming.
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COLOR VALUE IN MUNSELL UNITS

3 4 5 6 7 8
! b ' i ' [ I

K odi isulfite oo
0% Sodium bisulfite 7777277777777 777777772

s Sogium bisclfite . (SRR
0.5%, Sodium bisuifite 7777777775,

0.5% Sodium sulfite ..

0.25% Sodium sulfite,

2.0% Gilric acid.....
{ before steoming)

No chemicdl prefreatment EEESiL o meons

VA7 77774
] | 1 ] t ! X ] L

HO o Bd MONTHS' r 6 MONTHS'
STORAGE STORAGE STORAOE
Freung 1—Effect of various chemical pretreatments after steaming on the color

of debyilrated cauliflower immedlately nfter dehydration and after storvage
ut 75° F. for 3 und 6 months.

Canliflower stored at 110° for 3 months was rated low in every
quality factor and very poor in acceptability, regardless of pretreat-
ment.  Although there were 1,166 p. p. m. sulfur dioxide in the sample
pretreated with 0.5 percent sodiwm sulfite, the color was dark and all
characteristics poor, indicating that the damaging influence of the
storage temperuture overbalanced the protective influence of the sul-
fite. The rehydration ratios of samples stored at 110° were very low.
The texture was powdery and had the characteristics of charred food.

Asconpic Acn ConteEnr—A few studies of nutritive value “were
munde on cauliflower. As shown in table 12, the cauliflower dipped in
0.5 or 1 percent sodium bisulfite solution before dehydration retained
more ascorbic acid than that untreated except for steaming. Im-
mediately ufter dehydration the over-nll retentions were 406, 410, and
251 mg. per 100 gm. dry weight, vespectively. There was less re-
tention of ascorbic acid in cauliflower treated with citric acid and
dehydrated, than in cauliflower stenmed and dehydrated without any
chemical pretrentment. After storage for 6 months at 75° F., how-
ever, samples of dehydrated eauliflower that had been pretreated with
0.5 and 1 percent sodium bisulfite retained 174 and 229 mg. ascorbic
acid, vespectively, us compared with only 8) mg. in the untreated
sample,

S42410°- 504
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Tasre 12—Effect of warious chemical pretreatments on the ascorbic acid content of dehydrated caulijlower

Pretreatment ?

Ascorbic acid

\T Conternt per 100 .
Ago of sample Time in I\\z?l)er gim. dry weight Retention
3 it chemical PO - .
Kind solution | SBmpIes R Row ¢ P
after aw aw to re- .
steaming un- gfg& pre- | cooked R‘é‘r‘v_m

treated cooked | to dry ¢

Mg. My. Pet. Pet. Pct.
N ONIC i et B e 4 819 251 88 35 31
0.5 percent sodium bisulfite.. ... 18 86Cannan 2 806 406, 81 62 50
Immediately after  dehy- {j1.0 percent sodiuim bisulfite._...._ 15sec e 2 989 410 81 52 42
dration, 2.0 percent. citric acid. .. ...._.__. 158CCann s 1 65 198 83 37 31
2.0 percent citric acid. ... ... .. S5min. ....__ 1 787 219 57 ) 49. 28
2.0 percent citric acid_. .. ... 2min2._ . __ 1 893 213 81 29 24
. . NONC. oo ce e i 2 930 891 _______ 10 10
Dﬁ;gf}{ﬁgeadt’ 7505%9““1 6 {0.‘5 percent sodium hisulfite_..__.._} 15 see..__._ 2 806 174 4 . 27 22
: k : 1.0 percent sodium bisulfite.__ ... _ 15 sec o _- 2 989 229 . __ 29 23

1°All cauliflower.was steamed three-fourths of the time necessary to cook tender.
2 Chemically treated before steaming.
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The laboraiory was not set up to determine dehydroaseorbie acid
and reductones when the samples were freshly dehiydrated, and for
that reason, those factors are not taken into account in making the
above comparisons. When the dehydroascorbic ncid and the intevfer-
ing substances were evaluated on later samples, however, the compari-
son of the three pretreated samples and the control remained the
same. The percentages of the caleulated values on the stored samples
that represent antiscorbutic material were as follows:

1.0 percent sodium bisulfite treated, stored at 75° F., 111 percent.
0.5 pereent sodium bisulfite treuted, stored at 0° F., 97 percent.
0.5 percent sodium bisullite treated, stored at 75° ¥, 77 percent.
Control, steamed, stored at 75° ¥., 59 percent.

Dehydroascorbic acid in the 1 percent sodiwm bisulfite treated
sample represents 10 percent of the total vitamin. At the same time,
no reductones were formed., The sample treated with 0.3 percent so-
ditm bisulfite and stored at 0° contained nearly 7 percent of the vita-
min in the oxidized form but also contained an uppreciable amount
ot reductones which constituted 9 percent of the titrution value. The
0.5 percent sodium bisulfite treated samples stored at 75° and the
control contained practieally no dehydroascorbie acid, but veductones
inereased the titration valnes 16 percent and 30 percent, vespectively.
Appurently the presence of reducing substances such as sodium bisul-
fite, as well as low temperatures, protects the dehydroascorbic acid
+rom being irreversibly oxidized and at the same time helps to prevent
the formation of reductones.

Reraronsiiie BErweeN ASCorriC Acip, Pavarasierry, axn CoLor—
The correlation of ascorbic acid and eolor (hue) of dehydrated cuuli-
flower was ealenlated and the coefficient was found to be 0.88, High
ascorbic acid content waas found in the samples that were greenish in
color. Cauliflower havirg a yellow or yellow to reddish color was
low in vitamin C. Therd was likewise a high correlation between
ascorbic acid and palatability, the coeflicient being (.80, Pualatability
and color were even more closely refuted, with a correlation coeflicient
0f0.03. Factors that affected palatability and color of the dehydrated
cauliflower likewise influenced ascorbic acid. The suifites had a pro-
tective effect on vitamin C content as well us on color and flavor.

APPLES

Raw sliced apples were dipped in 0.05 percent thiocarbamide solu-
tion, or in 1.0 percent solution of sodium sulfite, sodium bisuliite, or
sodium thiosalfate for 15 minutes. One Jot of apples was precooked by
steaming for 5 minates. As a control, apples were dried with no pre-
freatment. Length of drying time was 7% to 8 howrs. All samples
were stored at 75° F., and removed at monthly intervals for color read-
ings, and at 3, 6, and 9 months for palatability testing.

Sodium sulfite and sodinm bisulfite were the most effective pre-
treatments for the retention of the light celor, natural flavor, and
erisp texture of apples during dehydraiion and subsequent storage
(table 15 and fig. 2). Sodium thiosulfate helped to preserve the
color of the apples but a very undesirable flavor resulted, muking the
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HUE OF COLOR iN MUNSELL UNITS

ROW cusssvrsnnccones

1.0% Sodium bisclfite, ,

1.G% Sodium suifite...

1.O%s Sodium thiosulfote

Steamed onlY s vnvvrnne

0.05. Th. b 'd . _
% Thicoarbomids... oy y 777772

N tesctment . .. ... TS
Qo prefracimen 777772777

L t ] ! 1 ] t

GEHYDRATED

2 CEHYORATED . \
ES L | P/ o wosThs' sTORAGE
Raw - o sToRAGE o AT 75% F,

Frouse 2.—Effect of various pretreatments on the color of debydrated apples.

apples inedible. Thiccarbamide in a 0.05 percent solution was not a
very effective pretreatment. Dehydrated apples precooked in steam,
another method of inactivating the enzymes which cause discolora-
tion, retained their color fairly well but cooked to a sauce when recon-
stituted ; however, they became more firm with longer storage. The
flavor of the steamed samples and untreated controls was not as good
as that of the apples dipped in 1 percent solution of sedium sulfite
or sodinm bisulfite. The stale flavor that developed in the untreated
and steamed apples was not evident in the sulfited apples.

After 9 months’ storage, dehydrated apples treated with sodium
sullite were found to contain 69 p.p.m. of sulfur dioxide and those
treated with sodium bisulfite contained 122 p.p.m. The small

fuantity of sulfur dioxide present in the veconstituted apples was

scarcely perceptible to the taste and was not considered objectionable
by the tasting panel.

None of the apples changed very markedly in color during storage.
The color of those {reated with sodium bisulfite, sodium sulfite, or
sodium thiosulfate was still good aiter 9 months at 75°. Apples
treated with thiocarbamide, steamed samples, and untreated raw
apptes had a poor color and a brownish hue.




Tabe 13—F fect of pretreatment on

table guﬁlitg/ of dehydrated apples before and aﬂer storage at 75° F.*

Sulfur

Quality rating ?

R et Rchy‘; Accept-

Pretreatment Stt?;? é”e (3:‘0 :11:1(’ drution abi.lity

sample ratio rating 3

Months P.p.m

Before dehydration. .o o . 0 849 oo 5 4.8 5 4.7 4.8 96
0] 86 jeeuianen 3. 95 4.3 2.2 4.0 4.8 3.8 80
No pretreatment_ . ___ i . ... £ 2 SR SN 3. 19 3.8 2.0 3.2 3.2 3.2 63
(12 ISR P, 3. 06 3.1 1.5 3.0 3.1 2.4 53
[V IRV I 3.16 3.8 1.8 3.2 3.7 2,8 62
: 0] 89L ... 4. 19 - 3.8 2.3 3.8 1.8 3.3 57
Steamed Lo il 3 IRUTRRET NSRRI 3.95 3.0 2.5 3.7 2.3 2.8 55
U TSP RS 4. 10 3.6 3.0 3.2 2.8 3.0 61
9 N 3. 83 2.9 3.0 3.8 3.3 3.2 65
! OF 59 feoevinae 3. 40 3.5 2.7 2.8 3.5 2.8 62
0.05 pereent thiocarbamide. . ....__.. L3S FCTOREE N 3.29 4.0 1.8 3.5 3.5 3.2 65
6 Jeieaee e an 3.17 3.4 2.0 3.4 3.3 2.7 60
Ly B DRSO S 3.08 3.5 2.0 2.9 3.3 2.8 59
0] 6:8 Juvvan an 3.57 4.7 4.9 4. 4 4.9 4,2 92
1.0 pereent sodium sulfite.. - oo 3 e 3.23 4.1 4,1 4.5 4. -k 4.0 84
[V SR SR 3.20 4.1 3.8 4,1 4.1 4.0 80
9 69 3.21 4.4 4.5 4.0 4.3 4.2 86
Of 6.0 jowcmeo.w 3..59 4.7 4.9 4.5 4.9 4.0 91
1.0 percent sodium bisulfite. _._.___.... > DR R 3..00 4.2 3.8 4.1 4.2 4.0 32
1 I RN 2. 95 3.6 40 3.9 3.8 4.0 78
9 122 2. 99 4.2 3.9 4.3 4.3 3.9 82
x O 6.5 joommasns 3.92 4.0 4.8 2.2 3.7 1.9 64
1.0 percent sodium thiosulfate [ 3 A S 3.72 3.8 3.8 2.3 3.5 1.7 59
(I3 DRI BRI 3. 87 4.0 4.4 1.5 3.2 1.0 53
£ R E, 3.71 3.5 4.3 2.0 3.0 1.0 51

- 1Controls stored at 0° F. remained unchanged.

2 Average of 3 ratings; 5 is maximum, 1 is minimum score.

! Rating scale: 90 to 100, very good; 70 to 89, good; 50 to 69, fair; 30 to 49, poor; 0 to 29, very poor.
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The moisture content of the pretreated dried apples was approxi-
mately 6 percent, whereas the untreated smnples retuined about ) per-
cent moisture. Pretreatment seemed to nake possible more eflicient
vemoval of the water and ut the same time it helped fo retain the
natural crisp texturve of fresh apples. The untreated and stewned
apples did not come baek to the eriginal texture as well as those that
had been sulfited before dehydration.

BROCCOLI

Broceoli, prepared and steamed by standard methods (table 1, p. §),
was dipped in 0.5 percent solution of sodium sulfite for 15 seconds ov
in 0.5 percent sodium bicarbonate selution for 1 minute. Broceoli
was also precooked in boiling 0.1 percent sodiwm bicarbonate solution
for a period approximately one-half that for steaming, Untreated
sumples were used as controls. For ascorbic acid determinations,
samples were prepared without £he soaking in salt solution called for
by the standard procedure, as well as with soaking, so that the effect
of the salt might be studied. Some of the samples were stored for
3 months at 0°, 757, and 110° F., and some for 6 and § months at 75°.

Comparison of the over-all quality ratings for broceoli immediately
after dehydration showed very little difference in the cffectiveness of
the various pretreatments {tableld). The sultited sample, however,
was slightly inferior to the others in flavor because of the sulfur flavor
sequired in the pretreatment.  Pretreatment with sodinm biearbonate

diel not injure the flavor of the freshly dehydrated samples,

Both treated nud untreated samples had fairly good texture. Treat-
ment with sodium bicarbonute and sodium sulfite improved the texture
of the reconstituted product, the shape of the stalk and bud closely
resenbling that of fresh broecoli.

The tehydeation ratios indicated that all samples rehydrated well
in the short cooking period.  Longer cooking broughit out the strong,
overcooked flavors, characteristic of vegetables containing sulfur, and
produced an undesivably soft texture quite unlike the erisp texture of
freshly eocked broceoli.

The eolor of the sample precooked in sodinm biearbonate solution,
and of the sample dipped in a sodium sulfite selution after precook-
ing was superior to that of the untreated samples (fig. 3},

Dipping the precooked food in 0.5 percent sodium suifite or pre-
cooking in 0.1 percent sedivm bicarbonale solution best presevved
initial color, flavor. and texturve through storage at 75°, The latter
method was more effective than dipping in 0.5 percent solution of
sodium biearbonate, and boiling in plain water was better than steam-
ing. All of the broceoli stored at 110°, vegardless of pretrextment,
had a very low yating. The rebiydration capacity was particularly
low, and all quality factors werve rated very poor. The fexture was
menly rather than crisp and tho color changed trom green to durk
brown,




TapLe 14.—FEffect of various pretreatments on table quality of dehydrated broceoli before and after storage at 75° and 110° Fa

i 3 oA e 5 s 5

i

Mois- ey ! Quality rating ®
T i tehy- N
Age of sample and pretreatinent - (t“)’cr;’_ ¢ dration , ‘;E(‘ﬁlt)‘tf
cent) ; ratio | 1 5‘1'(;;11)' Color | Aroma '{3:(; | Flavor | rating?
Before dehydrution: ;
SLEAING oo e s i n mm e a e S 03. 3 . 50 4.8 4.7 4.7 4.5 94
Boled N WaleT e e i mee e cwmin e ek S 0.7 . 5.0 4.8 5.0 4.8 4.2 93
Boiled in 0.1 percent sodinm bicarbonate. (o oo wlun.. 92, 0 e 50 4. 8 4.8 4.3 4.2 90
Immediately after deliydration:
Steamed.. ... e a6 2 e 4 i 10..1 6. 12 3.8 3.2 3.3 3.7 3.5 71
Boilod I WALCT o i e e et e b D 8.7 6. 96 3.7 3.8 4.1 3.7 3.8 76
Baoiled in 0.1 percent sodium bicarbonute .. . Lo 8.2 6. 45 4.1 4.3 4,0 3.7 3.7 77
Steamed, then dipped in 0.5 pereent sodium bicarbonate .. 9.8 6. 04 3.8 3.1 3.4 3.8 3.8 73
Steamed, then dippediin 0.5 percent sodium sulfite___.... 0. 6 6. 52 4.1 4.0 3.5 4.0 3.4 76
Stored 3 months at 75° F.:
Stemed L e e i ammcsm R o 7.2 5. 76 3.0 3.2 2.9 3.3 2.9 61
Boiled inwater cvevir woecmnmmas S U S 9.1 6.-11 3.5 3.8 3.3 3. 4 3.2 68
Boiled in 0.1 percent sodium bicarbonate. ..o oo vennaan 9.2 5. 46 3.2 4. 4 3.4 3.3 3.5 71
Steamed, then dippedin 0.5 percent sodium bicarbonate. . 6.0 5.21 2.8 3.2 2.5 3.0 2.8 58
Steamed, then dipped in0.5 percent sodium sulfite ... 7.7 6. 20 3.3 3.8 3.1 3.6 3.4 69
Stored 3 months at 110° F.: }
Steamed_C. i ocanaene e m et —————— o mm o 6.8 3.78 1.3 1.0 1.0 1.0 1.0 21
Boiled 10 WALCE ook v e s i cma i e 9. 4 3. 70 1.7 1.3 1.3 1,0 1.0 24
Boiled in 0.1 pereent sodinm biearbonate. .oivn .o oioooos e ime 3. 62 1.3 1.3 1.0 1.0 1.0 22
Steamed, then dipped in 0.5 percent sodium sulfite__.._ . 9.9 3. 89 1.3 1.0 1.0 1.0 1.0 21

1 Controls stored at 0° T, remained unchanged.

2 Average of 3 ratings on duplicate samples; 5 is' maximum, 1 is minimum score:
3 Rating seale: 90 to 100, very good; 70 to 89, good; 50 to 69, fair; 30 to 49, poor; 0 to 29, very poor.
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HUE OF COLOR IN MUNSELL UNITS
i6 20 249 28 32

Q.1% Sodivm bicorbenote (LSS LSS LL L7
{boiled in solution)

{ stenmed ond dipped ) FEETETTT

No chemicol pretreatment
| steamed )

Mo chemicol pretreatment
[ boiled in woaler )

1 | 1 i L | 1 |
NO 3 MONTHS' STORMGE primy 3 MONTHS' STONAGE
STOAAGE AT 74° F. b AT 119 F,

Frooue 3.—Effect of various pretreatments on the color of dehydrated broceoli
innmedintely after debydration and idfter storage for 3 months at 75° and 110° F,

Ascoreie Acip ContexT.—Some workers consider that under fa-
voruble conditions of concentration, pH, temperature, and the concen-
tration of certain other substances present, sodium chloride could act
as u protective influence on ascorbie acid in foodstuffs (22).

In this study of broecoli, results of ascorbic acid determinations
showed that aiter dehydration the broceoli that had been souked in
snlt solution had retained 53 percent of the ascorbic acid present in
the ruw vegetable, whereas that not sonked retained 30 percent, A fter
3 monthg’ storage at 73° and at 110° F., retention was 45 and 11 per-
cent, respectively, for the souked broccoli and 41 and 10 percent for
the unsoaked, Since the samples stored at 110° were inedible after
3 months’ storage, they were not held for further study. After 6
months’ storage at 75° the broecoli that had been soaked 1n sult solu-
tion and that not soaked contained 31 and 34 percent, respectively,
of the raw ascorbic acid content. After 9 months’ storage, retention
was 31 and 30 percent,

No dehydroascorbic acid was present in the 6 and 9 months® storage
samples. Reductones, however, consfituted from 381 to 43 percent
of the titration values. When true vitamin C vaflies were ealeulated
for dehydrated broccoli stored 9 months, retention of the nutrient was
19 percent for the sample soaked in salt solution and 18 percent for
that not soaked.
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Tt is apparent that in this particular experiment, soaking broecoli
n salt solution before dehiydration did not affect ascorbic acid reten-
tion during dehydration and storage.

SNAP BEANS

Green snap beans were precooked by the standard method in steam
or in boiling 0.1 percent solution of sodium bicarbonate. The stenmed
sample was dipped in 0.5 percent solution of sodium sulfite for 5
seconds. Untreated samples were used as controls.

Chemical pretreatment of green snap beans favorably affected the
quality of the dehydrated product, (table 15). Snap beans dip]i-)ed in
sodium sulfite after steaming und beans precooked in sodium bicar-
bonate solution vated 9 points higher than those dehydrated with no
pretreatment other than steaming. Snap beans boiled i sodium bi-
enrbonate solution rated slightly higher in color, aroma, and flavor
than those given a sulfite dip, wherens the sulfited beans had better
texture. ‘Though the use of sodium bicarbonate shortens the time of
precooking, earefn] timing is necessary to prevent break-down of the
cell structure from overcooking. Color readings of snap beans at the
precooked and reconstituted stages indicated that the green pigment
was retained most successfully in the treated sumples. Additional
research including siudies of storage and the effect on the vitumin
content is needed before recommendations concerning the use of these
pretreatments can be made.

SUMMAHY OF CHEMICAL PRETREATMENTS 5TUDY

Quality of the dehydrated product was improved by dipping light-
colored fruits and vegetables such as apples and cauliflower iu solu-
tions of sodium sulfite und sodium bisulfite before dehydration. Dip-
ping in thiosulfate solution prevented darkening of dehydrated ap-
ples, but the flavor was definitely impaired by the chemical. Both
sodinm sulfite and sodium bicarbonate were effective in improving the
quality of dehydrated green vegetables such as broccoli and smap
beans. The sinall quantity of sulfur dioxide present in the sulfited
food was scarcely perceptible to the taste.

Determinations of nutritive value were made on deliydrated cauli-
flower and broecoli, It was found that a sulfite dip almost doubled
the retention of ascorbic acid in dehydrated cauliffower. Citric acid,
on the other hand, was defrimental to both table quality and ascorbic
acid content. Soaking broecoli in salt solution before dehydration
did not affect ascorbic acid retention during dehydration and storage.

DEHYDRATION TEMPERATURE

There has been considerable controversy over the relative merits of
drying food at one fixed temperature and of starting with a high
temperature and lowering the temperature as deying proeceds.  Veg-
etables will stand high temperature without scorching or other damage
while they are high in moisture during initial stagres of drying. On
the other hand, most vegetables are very sensitive to heat when they
nre dry or nearly dry, as shown by the work of Mungels and Gore (27).
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Tanie 15.—Effect of chemical pretreatment on table quality of dehydrated snap beans

Pretreatment

Mois-
ture
(per-
cent)

Rehy-
dration

Quality rating ¥

Plump-
ness

Color 1 Aroma ! Texture

Flavor

Accept-
ability
rating 2

[N

Before dehydration:

Steanied’, . . e e
Boiled in 0.1 pereent sodium bicarbonate
Tmmediately after dehydration:

Steamed._ oo Lo ol
+ Boiled in 0.1 pereent sodium bicarbonate
Steamed, then dipped in 0.5 percent sodium sulfite

o e

i
i

1 Average of 3 ratings; 5 is maximum, 1 is minimum score.
!5 ! 1

* Raling scale: 90 to 100, very good; 70 to 89, good; 50 to 69, fair; 30 to 49, poor; 0 to 29, very poor.
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Tressler {23} reported that the temperatures within any dehydrator
should be :ldjlle(‘{ll so that the product temperature does not exceed
the eritical temperature determined for the particular stage of dry- -
ness and the character of the food being driecﬁ. Powers (28} warned
that case hardening, the formation of a Lhard, dey surfuce layer on the
food nt high temperatures, may greatly prolong the drying peviod.
The dry layer prevents the casy escape of moisture from the inncu-
most cells.

Tt wus the purpose of this investigation to determine the critical
dehydration temperatnres for broccoli. spinach, and carrots, and to
compure the resulis of deyving at the temperature obtained by a single
stationnry setting of the thermostat with the vesalty of drving ab tem-
peratures obtaimed by two settings of an adjustable thermostat.

BROGCCOLI

Braceoli {Calabresse vaviety) for this experiment was soaked 5 min-
ates i § percent salt solution to eliminate insects. The standard
method of prepavation and precooking was then used {tuble 1, p. 5).

Initial dehydration temperabures of 199°0 170°, 150°, and 15° ¥,
were used. Lo the first two cases the thermostat setting was lowered
to LiU® afier 3 hours of debydeation: in the last twe cases, the therne-
stat was set at 150° and 1357, respectively, throughout the experiment,
In cach case the drier was prebenied 1o its maximuny temperature,
150°, before 1t was loaded with food.

Trug Requiun.—Approximately 30 minutes weve required to pre-
heat the drier to 190 tfig. ). When the broveoll was put into the

T T T T 7 T T
¥ 190 _
i —
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2 150 N
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[ 4 -_ .- i
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w O —
- 4  — VTO—150°F,
— 190 =150 F, |
o Food pu! infp drigr
20 ] ) ' 1 ' 1 L
G ! 2 3 ) 5 [ 7 8
TIME {hr}

tisrue 4 CDetuperaiiee in the dehyvdenior during debydeation of broceoli at
different temperatures,

drier the remperatire dropped to 1307 ¢ within litminuies (he tempera-
ture reached 135°, A¢ihis temperature 7 hours were required for the
Lroveoli to reach constant weight on suceessive weighings.

Thivty minuies were required Tor the teperature o veach 130°
after the food was put e the prebended drier, and an additional
obs hours were needed to deltydiate the broceoli.
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In attempting to dehydeate broceoli at a high initial temperature,
it was found that the temperature within the drier did not vench 176°
for 2 hours after the food was put into the preheated deier. Con-
sequently, the temperature was 170° during oily the third hour of
drying.  ‘Three more hours at 150° were needed to complete the
dehiydeation.

With the thermostat set at 190°, 214 hours were required to reach
this temperature after the food was placed in the drier. Therefore,
the temperature was held at 1907 for only one-half hour before lower-
ing to 150°, At the lower tempernture only 2 additional hours of
drying were necessary for the broveoli to reach a constant weight.
Total drying time was decreased 1 hour compared with the thne for
drying at 170° or 150°, and 2 bours compared with deving time at
135°.  One hour was suved by deying at 150° compared with 135°,

Exrrey Usen—The energy consnmed in dehydrating broccoli was
stigrhtly less nt a debydration temperature of 135° F. than at the other
theee temperatures used, in spite of the faet that a longer time, 7 hours,
was required (table 16). At 190° to 150°, with a total drying time of
5 hours, less energy was consumed than ot 150° or at 170° to 150° for
6 hours.

Taner 16— ffect of dehydration temperature on time and energy
consumed, drying ratio, and moisture content of 3 vegetables

E:f:ii Temper- Dey-

Vegetable tem- _lltu!rc :
e |, 11 de-

I hydrator

Drying
Lnergy | ratio
ing con- (wet,
time | sumed |load/dry
load)

Moisture
contend
of dry
food

Rilowatt-
hours Percent
5. 49 9. 20

5. 86 9. 67
. 05 9, 46
6f B. 68

04 7. 24
36 8 4
24 7. 04

70 12, 87
63 8 72
43 13. 52
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riety? e eeeimaan 170-150
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’ 196150
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Wares AnsorirrioNn.—The temperature of drying seemed to influ-
ence the rute of waler absorption of dehydrzntuf broecoli. Forty
grams of broceeli that had been dehydrated at 190° to 150° F. gained
ouly 115 wmn, of weight when soaked for half an hour in 0 ml cold
water, whereas the guing were 122 em, and 184 gm. for broceoli dried
at 1707 to 1507 and 156°, vespectively (fiz. 5}, When the broccoli was
soaked for 13 hours, the gnin was 156, 172, wnd 182 g, Tor smnples
dried at 190 to 1307, 170° Lo 15U, amd 130°, respectively.
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Whon boiled 10 minutes the sonked gamples made additional geins
of 11, 14, and 17 gm. The resultant rehydration ratios were 5.18, 5.66
® and 5.95,
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Fragug H.-—Witter absimption by 40 gramg of broceoli dehydrated at different
Lo el Lres,

These differenves were not 50 marked when the broccoli was recon-
stituted for palafability with a sonking time of one-half hour followed
by cooking for 12 minutes (table t7).  However, broceoli dried at 135°
hud the highest rebydration vatio and that dried at 1902 (o 150° had
the lowesl, indienting that dehydration at high temperatures retards
waler absorption durtng reconstitution.
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Tasre 17—Lfect of dehydration temperature on the quality of home-
dehydrated vegetables

I
‘Color by Mun-
sell sysiem
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| 1ue
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Qoanrry.—Pualntability was lowered as the temperature of drying
was increased.  Aroma, flavor, and color were the ¢uality character-
istics most, affected by dehydration at 190° and 170° F. Carameliza-
tion had taken place and a burnt flavor and aroma resulted. Some
caramelization also ocenrred at 150°.

Dehydeation at 135° did not injure the flavor quality of the vegetable
wilh respect to earamelization.  Loss of volatile flavoring constituents
had oceurred, however, since the broeeoli had lost some of its character-
i=tie luvor. No UI)](‘ULIOIMI}IL flavor had developed during dehydra-
tion al 135° such as were present in broeeoli dehydrated né “the higher
temperntures.  The orviginal texture as well us flavor was better pre-
gerved by dehydration at 135°.

Color of the broceoli stalks was more sensitive to the temperature
of dehydration than that ot the buds, probubly owing to the higher
sugar content of the stalk. The stalks of broceoli dried at 190° to
1507 had a red hue, whereas broceolt dried at 135° retuined the natural
ereen hue (fig. 6). In broceoli dried at 158° and 170° to 150° tnervas-
ing smounts of red were present.  Vadue darkened it the higher tem-
peratures, while chroma showed no relationship to the tempﬂ rature of
drying {t.tblc 17).

CARROTS

T delhydeating carvots {Imperator variety) three temperature
studies were made s (1) “Che drier was preheated to 190° T, and the
thermostat left ot 100° setting nntil the carrots had been in the dreier
4 hours; then it was veset to maintain 130° for the Taiter parvt of
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HUE OF COLOR IN MUNSELL UNITS
o 10 20 30 40

Spinach

Broccoli

TIPS IIIY
R AN R .:_:_...

KB 550 Bl 5005 PA 170-150°F EE 100-150°F

Provik G—T1tort of vitriows Lempwerntures within the delydreator on hue of de-
hythried spineei, hroceoli, and earrols.

the deying time when the vegetable was more sensitive to heat destrue-
tion beeatise of it lowered moisture content.  (2) The dehydrator
was proheated to 170°; the thermostat was seb at 170° Tor the first
4+ hours of drying and reset to maintain 150° for the remainder of the
drying time. (3) The thermostat was set to maintnin 150° through-
out the drying peviod; the drier was not preheated.

s Reeriren—The cooling effeet of the infroduction ot cold foodd
and Lhe rapid evaporation of water prevented the attainment of high
initinl temperalares in the type of home dehydrator nsed. When the
precooked shredded eavrols were placed in the preheated drier, the
femperaiure droppud to 135° and then increased slowly (fig. 7).
Three hours were recuived to veach 190° (a few minates later the tem-
perature went up to 195° beennse of poor (hermostatic control at this
temperafure) so that actually the temperature of the dehydrator wis
at the maximum for only 1 hour during the first 4 hours of drying.

In the second study, the drier requived 2% hours to return to a
temperature of 170° after the cold fuod was inlroduced; therelore
the temperature corresponded with the thermosiat setting for only
135 hours of the 4-hour period.
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Frgune 7~—Temperature in the dehydrutor during debydeation of shredded
carvots ut different temperntures,

Preheating the drier helped to hasten the dehydration process, since
the temperature never féll below 135° when the food was introduced.
When food was pnt into the unhented drier with thermostat set at
150°, 1 hour was required to reach 150°, whereas in a preheated drier
the temperature came back to 150° in one-half hour after introduction
of the food. Total heating time was the same, however, since one-half
hour was required to preheat, the drier.

When dehydration was started in an unheated drier, a total of 634
hours at 150° was requived to dehydrate the carrots to a moisture
content of 6.9 percent. The time was shortened 134 hours by raising
the temperatnre to 190°, and approximately 114 hours when the tem-
perature was raised to 170° within the first 4 hours of dehydration
(table 16, p. 34).

Enerey Usep.—When the drier, without preheating, was operated
at 150° F. for the total time, electrical encrgy consumption was
slightly less than when the temperature of the dehydrator was raised
to 170° or 190° before and after the introduction of the food, even
though o longer time was required for dehydration at the lower
temperature.

Quavrry—Dehydration temperatures up to 170° did not injure
the quality of the dehydrated carrots (table 17, p. 86). When de-
hydrated at 190°, hiowever, the carrots reconstituted unsatisfactorily
by the standard method.

In order to determine whether this was a permanent effect of high-
temperature dehydration, the reconstitution method was modified by
increasing the cooking time from 15 minutes to 20, 80, and 40 minutes,
In each case the product was hard and tough; aroma and flavor were
stule and strong. When dehydrated, the carvots were soaked 15
minutes and cooked 25 minutes and they were still too firm. After
sonking 17 minutes and cooking 80 minutes, the product was rated
good in flavor and texture.
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Although the high dehydration temperature did not permanently
injure the quality of the product, the longer reconstitution time muy
be considered undesirable, regardless of the time saved during
dehydration.

The color of the carrots was not affected by the temperature of
dehydration. Hue of the dehydrated carrots was the same in all cases
{fig. 6, p. 87). Value darkened very slightly as the temperature was
increased. Chroma showed no relationship to the temperature of
drying.

SPINACH

Spinach (Savoy variety) was dehydrated at 190°, 170°, and 150° ¥,
for the first 3 hours und at 150° throughout the remuainder of the
drying time. The drier was preheated to 190° in all cases.

T Requmen—With spinach as with broceoli, the temperature
of the preheated drier dropped drastically when the food was intro-
duced into the drier (fig. 8). Thereafter it required 234 hours to
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w d
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Figuke S—Tempoersture in the dehydrator during dehydration of spinach at
different tewmperatures,

reach 190° again, 2 hours to reach 17¢°, and 40 minutes to reach 150°.
At drying temperatures of 170° and 150° there was a 5-degree de-
parture from the thermostat setting, to 175° and 155°, respectively.

The time required to dehydrate spinach to constant weight varied
with the drying temperatures; 5, 5%, and 714 hours were required
at temperatures of 190°, 170°, and 150°, respectively. Actually the
temperature was at 190° for one-half hour only before being lowered
to 150°.

Exerey Useo.—The electrical energy consumed during the longer
time necessary for dehydration at 150° throughout the drying period
was greater than that consumed during the shorter times at higher
temperatures {table 16, p. 34).
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Morsyon: Coxrexr.—It was possible to dehydrate spinach o a low
moisture confent (1 to 2 percent) in a home-type dehydrator ab all
dehydration tewperatures from 150° to 190°.

Quasnrry—Al samples reconstituted well, ruting good in palata-
bility {table 17, p. 36). Texture approuched that of fresh spinach;
the leaves vetained their nutural shape and appeavance, Tha flavor
Ineled Treshness but was not burnt or scorched even by the higher de-
hydeation temiperntures,  In hue, the spinach dvied at 150° wasslightly
move green than that dried &b 170° to 150° or 190° to 150° (fig. G, p. 37).
Valoe was slightly darker as temperature of drying inereased, and
cehromu somewhat brighter,

TFor home dehydration of spinach, an initial temperalure as high
as 190”2 enn be recommended, sinee the quality of the dehydented prod-
uct was not impaired by this temperatare and the cost of drying and
the time requived were reduced,

SUMMARY OF DEHYDRATION TEMPERATURE STUDY

The highest temperature attained in the dvier for the first 2 or 3
hours of diying was low because of the cooling effect ot evaporation of
water from the food, During this period the maximum amounnt of
heat wus supplied by setting the thermostat us high as possible,  Carve
w:nsl takien to lower the thermestat setting before the food became
teo hot.

The foods tested differed in the degree of heat they conld withstand
without losing quality. Tor broccoli, dehydration in a preheated
drier set at 185° F. gave the best results under the conditions of this
experiment. The color and pualatability of the broceoli became less
desirable ag the temperature was increased from 135° ¢ 190°. Tor
earrots, a preheated deier set fivst at 170° and Jowered after 4 hours
to 150° proved best. Carrots dehydrated ab 190° reconstituted with
difficulty, and dehydration at 156° was not economienl of thne.
Spiunch did not seem to be injured by the high-r temperatures; it was
deted satistuctorily at 1907 for the first 3 hours and 150° therewlier,

STORACE

Since dehydration is one of the methods of preserving food for fu-
ture use, It is important {o determine conditions that will minimize
changes in quality during storage after the food has been successfully
dehydrated. Numerous reseavch worleers have reported that the mois-
ture content of the dried product, the inactivaiton of enzymes, and
the temperature of storage are factors determining the keeping qual-
ity of dehydrated vegetables.

High moistwre content and high storage temperatures have heen
founcd to be especially delrimeuntal to quality.  In home dehydration
the low moisture content of commercinlly dehydiated produets is not
always attainable.  Although il g possible Lo debydrate some vege-
tubles sueh as spinach to o very low moisture conlent under honie
conditions, such vegetables as broveoll may nol veaeh so Jow a mois-
ture content winder the saume conditions,
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This storage stwdy was undertaken to find out how long the home-
maker cau expect dehydrated vegetables to keep high quality and
ascorbie aeid when the moisture content may range from 3 to 12 per-
cent and cool steenge Facilities are unavailable,

BROCCOLI

Dehydrated broceoli of the Cudabresse variety wus chosen for this
study because it is a vegelable that can be dehydinted successfully,
and beeause it has high vitmnin O potency. making changes due io
dehydration and storuge readily measurable, The broceoli was pre-
pared by stundard procedures (table 1. p. ) and precooked three-
fourths of the time requived to cook tender, Catalase and peroxiduse
were inuctivated effectively by this precooking period.

The calive storage study was performed with four replications,
Samples were stored al 02, 75°, and 1o L for 8, 6, aud 9 montlis
1 ghass jars sealed with vubber visgs and parafling

For the evaluation ol quality characteristics, the broecoli was re-
constituted by the strdard method (table 2, p. 8).  Ascorbic ncid was
determined on the dry samples only.

Quarery.—-The change in quality due to dehydration was greater
than that due fo storage. The palaiability was ated faivly good
mmediately after delydration and remained approximately the same
throughout storage at 75° (table 18).

Afler O months the texture wasa little less tender and the debydrated
broceoli became Tess able Fo absorb water as evidenced by the gradual
lowering of the relyydeation tatios,

The wroma was beginning to acguire a strong and scorched character-
wtie after Y months in storage. '

The color, tchuding hue, chiroma, and value, as measured by the
Munsell color systemi. was alected by storage. The hue beenne pro-
cressively lower. containing move red as storage progressed. Value
becume darker. and chiroma duller. This change in color was reflected
in ratings Tor color by the tasting panel.

Thie average nwisiuee content of these samples was nround 8 pereent,
T a previons stidy on precooking time the moisture conlent atiained
in dolh_\'dr.':ll'iun wis 1L percent.  In that case the higher moisture
content caused some deteriovation after 6 months at 75°.

Stored at 110°, dehydrated broceoll deteriorated very rapidly in
quality. When examined at the end of 3 nwonths the product had a
burat lavoer and odor, a durk brown color, and a very powdery texture,
whieh made it inedible.

Samples stored at 7 for 3, 6. and 9 months reeeived essentinlly the
sume scores ay the broecoli examined immediately atter dehydration,
These samples were introduced to obtain a measure of the varviation
to he expected in the judges’ scores.  In the rating of the individual
guality characteristics, the average of the panel varied neo more than
0.3 of o poiut on phanpoess, (b on eolor, (08 on arena, 0.8 on texture,
at (Wt on Huvor, Purt of this variability can be attributed to inherent
differences in the sanples and in the vate of water uptake afler storage.




TasLe 18.—FEffect of dehydration and storage on the quality of broccoli

Storage Quality rating ! " {Color by Munsell system
Ac-
.. | Rehy- )
ity Mois- R cept-
Stage of processing Tom- ture dmtzgn Pllatn Tox. ability
per-- | Time ratio | UMD Golor | Aroma ¢ Flavorjrating? Hue | Value [Chroma
ature ness ure
° . | Months| Per-
i cent
Before dehydration_______ [N Cmieiiwime, 90.6 |._.____ 50 4.9 4.7 4.8 4.6 97 | 32.5 6.3 4.8
Immediately after dehydration ... .1.._. N 4 _______ 8.1 567 4.0 3.8 3.3 4.0 3.6 76 | 27.5 | 5.9 42
' ‘ ' 3| ..ce.] 5.56| 39| 38| 35| 36| 35| 73{27.2| 5.8 4.2
; 0 O lowavan 5. 88 39 4.0 3.3 4.3 3.6 78 1 27. 56 6. 8 4.0
L1 P, 5. 61 4.2 4.2 3.4 4. 4 3.9 821 26.5 5.8 4,2
Dehydrated, stored.___:co_ o .. j P 1 T 5. 62 3.9 3.6 3.5 3.8 3.4 72 127.0 6.0 4.2
75 (65 SR, 5. 64 3.7 3.4 3.2 4.1 3.2 711 27.0 5.6 4.0
‘[ 9 L 5. 30 3.8 3.4 2.6 3.4 3.1 684 22.0 5.7 4.0
| .
110 ; [ 2 T 3. 29 1.2 .G 1.0 1.0 1.0 201 20.0 2.0 2.0
! 1

! Average of 3 ratings on 4 replicates; 5 is maximum, 1 is minimum score,
? Rating scale: 90 to 100, very good; 70-to 89, good; 50 to 69, fair; 30 to 49, poor; 0 to 29, very poor.
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"The Tange in texture scoves can be partially explained by the rehydru-
tion ratios which decreased and increased slightly.

Ascounio Acio Coxrent—Ascorbic acid was retained fairly well in
dehydrated broccolt through 9 months of storage at 75° . (fable 19},
The dehydrated vegetable retained less than half of this nutrient
present in the raw vegetable. Fhe ascorbic ucid content decreased
gradually during storage and after 9 months the dehydrated broceoli
retained n little more than one-guarter of its raw content,

TanLy 19— Hect of dehydration and storage on the ascorbic acid
content of broceoli

\ Upeorrceted reduced | True vita-
Rtorage ascorbie acid win C
Con- | Retention | Con- | o
Stage of processing teng tent [b{i%tl{‘l‘ﬂ:
Tem- per | per |7
' pera- | Time | 100 | Raw [ Dehy-| 100 to
fure g, to  qdeated) gm. Acliy-
dry jdehy-} o dry drated

hweightdraledstorediweight
e ——— B R i
: Varii-| Per- | Per- |ariti-| Per-
° .\ Moenths grums| cend | conl |grams| cent

Before dehycdration. ... . [ R R0 ¥ T NOUPVRPIS FOUPRON S .
i ¢
Immediately alter dehydrn- ;
1] R I, !__-_-_,- 350 48 1 e as
: ! 30 445 39| 8l [cazooafecomas
5. 6 352 31 i) 258 22
Dehydrated, stored, .- . -’ 9 311 27 &b 199 17
. i .
i\ l A e

Up to the time for testing the § months’ stornge sumples, the nieasure
of vitumin € value was the reduced ascorble seid determined by
dichlerophenelindophenol titration. The amounts of antiscorbutic
material, including dehydroascorbic acid and excluding reductones,
present at the end of 6 and 9 months were fomnd to be 71 and 6%
peccent, respectively, of the uncorrected reduced ascorbic acid value.

Ruvarionsiiie Berweey Ascornie Acip, Panaraviuery, axv Cortog.—
Some studies were made of the relationships between palatubility of
dried broceoli as determined by a tasting panel, its vitamin C values,
and itgeolor.  The hue and ascorbic acid content of broceali were found
to have the high correlation cocflicient of (.92: the greener the broccoli,
(he higher was the ascorbic acid content. Hue and palatability were
found to have u correlation coeflicient of 0.86; pulatability and ascorbic
acid,0.79.

Tt would seem that hue, ascorbic acid content, and palatability of
broceoli ave stmilarty affected by dehydration and storuge. Since under
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the conditions of this study color was highly correluted with nutritive
value and palatability, it is possible that the quality of dehydvated
broceoli can be estimated by the amount of green color present,

SUMMARY OF STORAGE STUMES

Broceoli that had been precocked three-fourths of the time reguived
to cook tender and stored after dehydration in senled glass jars
at 75° F. for 3, 6, and 9 months showed ne appreciable loss in palata-
bility. This broccoli had a moisture content of 8 percent,

The greatest loss in vitumin C oceurved during debivdration and the
first 3 months of stornge; approximately a quarter of the raw content
was retained after 9 months” storage,  Since raw broccoli has u high
ascorbic neid content, dehiydrated broceoli is still a fairly guod source
of vitamin C,

COOKED DEHYDRATED VEGETABLES AS SOURCES OF VITAMIN C

Since dehydrated food must be veconstituted before it is eaten, it is
important to know how much of the natritive value is present in the
form in which the food is consnmed, Neveral studies iade ou the
veconstitution of commereially dehydreated vegetables have emphasized
the extresely hurge losses of ascorbic acid duving dehydration and
subsequent cooking (24,49, 51).

Linsited studies in which ascorbic aeid content of the reconstituted
home-dehydeated foods was measared were carried out with eauli-
flower nnd spinach. both zood sources of vitamin C and representing
bulky and leaty vegetnbles that would lend themselves to dehydration.
All values were rvecorded as wet weights in order to evalunte the
tood as it is consumed, in terms of daily regnirement.

Good quality cnuliflower with ascorbie zcid content of 34 mg. per
100 g, whicl s faivly typical {), was steamed 634 minutes (three-
fourths total cooking {ime) und dipped for 13 seconds in 2 0.3 percent
solution of sodium bisulfite before dehydration.

Spinach nsed for the reconstitntion study was steamed for 5 min-
utes before dehydreation. This lot of spinach was fully cooked in
this time.

Samples of both dehydrated products were stored for 6 months
at 73° K,

The procedure for reconstitution and cooking consisted of taking
enough dried sample and copper-free distilled water to provide four
servings, .\ 2-quart uncovered enameled pan was used.

In reconstitnting and cooking the dehydrated cantifiower, 360 ml.
of water were brought o boil and 40 gm. of the dehydrated product
added.  The heat was then fwmed ont asd a 30-minute nterval
atlowed for vehydration. At the end of this peried the heat was
again turned on and the caulillower covked for § minutes,

In the cuse of spinach, 675 ml. of water were brought to boil and
40 i of the dried vegetable were added. ‘The spinach was allowed
to Doil for ¢ minutes, daring which time it was stivred ab Z-minnte
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intervals. The vegetables were then drained. For ascorbie acid
anaiyses the vegetubles nud cooking liguids were cooled before they
were weighed and measured.

CAULIFLOWER

The cooked freshly dehydrated canliflower retnined 69 percent of
its orviginal 54 my. ascorbie acid per 108 gm. raw vegeluble. The
wseorbie weid content of the cauliflower was approximately 20 mg. per
100 gnn, wet weight; the cooking liguid remuining with euely 100 gin, of
sample contained LT myg. asvorbic acid.  Although the vegetubie con-
tained 2,170 p.pan. suline diexide when freshily debydrated, only
60 p.pa. remained after eooking, The cooked dehydrated product
rated faiely good in palatability; only a shight sullur flavor and aroma
were detected by the judging panel,

Cooked after § months’ storage at ¥3° F.. the dehydrated cauli-
flower retained 32 pereent of iy original raw ascorbic aeid value,
The value of the deaiued vepetable was approximmely 8 mg per
1o g, aud the cooking liguid contained another & mg. per 100 gm,
of sumple. Thus if the conking liquid were consimed in the form
of « gravy or soup. the product would provide &7 ing. of ascorbic
aeid per 100 gn sample.

Dehyvdroascorbic aeid and veduetones were not determined on the
freshiy dehydrated saniples. For this reason the above figures for
stored samples, which vepresent reduced axeor bie acid only, were used
in order to made v fair basis of comparizon throughout the study.
When dehydroaseorbic acid and reduelones ave taken info account i
computing the storage sample values, the actual antiseorbutle material
is 82 percent of the recovded value that s b mg. per 100 nn. in the
vegetable plus the cooking liquid, ndicating it to be still a fair
source of vitamin C.

.

The stored dehydraied sample contained 1287 p. p. m. sulfur dioxide,
representing ¢ toss of 883 pP.om. during 6 months of storage af 73°,
The eooked sample contaived only Mp. pom. This amount of sulfur
dioxide was not detected by the judging panel.

SPNACH

The raw spinach had a low original ascorbie acid content, 16.5 mg.
per 101 gm, about one-third of the amonnt present in a good grade of
spinach (7). For thiz reason the percentage of the nutrient refained
may not be typiead. Fhe freshiy deliydrated cooked spinach retained
only -+ g ascorbic acid per 160 gy, Of this. 3 mg. were contuined in
the cooked vegetable and 1 mg. in the cooking Lauid.

Cooked after & G-months' storage period at 75° F. the dehydrated
spinach appeared to have retained 3.6 myz of ascorbic acid per 100 gz,
Reductone detorminations, however, showed {hat none of the indo-
phenol reducing material was ascorbie acid and the dehydronscorbic
ach] present was less than Lg, per 108 g Six months” slorage,
therefore, left the spinaeh depleled of is antiscorbutic matter.




46 TECHNXNICAL BULLETIN NO. 987, U. §. DEPT. OF AGRICULTURE

SUMMARY OF VITAMIN C STUDIES ON COOKED DEHIYDRATED VECETABLES

When dehydrated eanliffower that had been stored 6 months at 750 F,
was cooked, it was & fair source of ascovbic neid und had good palata-
bility. The ascorbic acid content of spinach cooked immediately after
dehiydration was very low, and after storage and cooking no ascorbic
ncid was left,

UTILIZATION OF DEHYDRATED VECETABLES IN RECIPES

The real measure of success of a dehydration process is a palatable,
attractive product that can be served in the same way fresh food is
served.  Dehydration may cause shight changes in flavor, color, or
texture of vegetables. In the Army objections to dehydeated foods
were traced in almost wli cases to poor preparation. It is {herefore
im;;or{:mt to know the best method of preparing these foods for
table use,

This experismental wovk wad the Bureau's related publieation, Cock-
ing Dehydeated Vegetables {47}, which contains the recipes tested
here, along with Fenton's instructions for cooking dehydeated vege-
tables (4} should be valuable »ids in increasing the acceptability of
these foods, whicli are new toa great many people.

FQODS AND PROCEDURES

The dehydrated snap beans. beets. broecoli, carrots, corn, mush-
rooms, peas, spinach. and sweelpotatoes used in this study were dehy-
drated in the Bureau's laboratories. The kinds of utensils, quantities
of food, methods of precooking, and types of dehydvators used were
those available in, or suitable for, the family kitchen,

Beets were shredded; snap beans were cut in 1-inch pieces; broceoli
was sliced nbout ¥ ; inch thick, stalks and buds included ; corvots were
both shredded and cut in erosswise slices 1% inch thick; corn was
stripped from the eob as whole kerneds; mushroons were cut in
Y inch slices; peas were shelled; spinach leaves were loft whole with
stems removed ; and Sweetpotatoes wore shiced lengthwise about 3 inch
thick. Before deliydration all the vegetables except mushrooms were
tooked antil almost done according Lo standurds of this labovatory.

The debydrated snap beuns, broceoli, carrots, corn, and spinach used
in recipe development had been stored for 3 months at room {enipera-
ture.  The mushraoms and sweetpotatoes had been af 39° ¥ for 1
year and at room temperature for 3 months, Beets and peas were used
mmediately after debvdration. AN the foods except corn and sweet-
potatoes were stored at 0° for comparison with those stored af room
temperature,

Each food was reconstituted by the addition of the required amonnt
of water.  Whether or not the food was sonked prior to cooking de-
pended upon the kind of tood. The proportiens of water to dry
vegetable to produce approximately 3 cups of cooked food, and souliing
atd cooking thmes wre given in table 20,
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TasLe 20.—Proportions and directions for cooking dehydrated
veyetablea®

Quantity | Vol-

- of dry | ume
Vegetable Form Vo of
table water

Cups | Cups | ules | ulos

Beans, snap......____ 1-ineh pieees_._______ 1Yo 134 0 30
Beets_ .o ooooomooeo| Shredded.____________ 114  2Lg 0 30
Broceoli. ... cunenoo Sliced oo 214 10 3 234 30 16 i0l3
Carrots Shredded. ..o 10 to1ka] 204 0 {15t020

"""""""""" Sliced crosswisgeooo.-.--$12{ 10 1341 3 30 [10tol2
Cornauouan. evmmm——— Whole kernel . _..__ .. 134 3 120 25
Mushrooms. ..o, Shieed. . o 4 3 30 25
Peas_ ... ooieiinans Whele. oo 114 214 30 20
Spinneh. .. .o ____f Leaves .. _. .. ... ] Tto8 3 0]5to8
Bweetpolaioes_ oo Bliced lenglhwiseo .o ___ 214 60 15

*Yield: Approximately 3 cups of cooked food.

Reconstituted vegetubles were made into soups, stews, timbales, and
soutfes. They were also crenmed, scalloped, combined with other veg-
ctables, and vsed in sauces. 'The recipes and methods of preparation
huve wlready been published by the Bureau of Human Nutrition and
Home Economics (41).

The preducts were rated by o panel of six persons, three of whom
were frained in judging dehydrated food and three of whom were
untrained. The latter group vepresented consumer preference for
food to @ greater extent than the more critical trained group. The
products were scoved on the various quality charaeteristics—plump-
ness, color, aromn, texture, flavor, and general acceptability by «
5-point scale ranging from 5 for very geod to 1 for very poor.

PALATARBILITY OF PREPARED DEHYDRATED VEGETABLES

The rvesults of this study illustrate that dehydrated vegetables can
be used successfully in much the same way as fresh. In most cuses,
simply the addition of butter and salt greatly improved the palata-
bility” of the plain-cooked dehydeated vegetable (table 21). The
scores in all cases increaxed when the dehydrated food was used in
combination with other ingredients. All of the quality characteris-
ties ineluding plumpness, color, avoma, texture, und flavor were favor-
ably affected.




48 TECHNICAL BULLETIN NO, 997, U. 8§, DEPT, OF AGRICULTURE

Taore 20.—Palatability ratings of prepared dehydrated vegetables?

Quality rating

from plain

Dehydrated
vegetable

Percent gain in accepta-
Liility score

Acceptabilily rating

Plumpness
Color
Aroma
Texlure
Flavor

"f1’lain cooked
1 Buttered and seasoned
Suecoissh -
Beans, snap Sauteed  with mush-
rooma,
Chowdler
Boiled dinner

[ ]
o e 00 00

(fPlain eooked.. .. .. ...
Bultered and seasoned .
Borseh

[n orange sauce
Spieed beet relish
Harvard beets ... ..

Beets.

[P R O I D)

L

(Plain cooked . . o ____

Buitered and seasoncd.

With Hellandaise
gauce.

And ehicken casserole.

\Souftle

e et S R R K SR

WD o4 oo
RSSO IS RO

el b R=1]

Brogegli

o o

b T

Plain cogked

Buttered and sensoned.

[ tneak biroth

Pan-browned

Creamed with hard-
vooked egp.

Carrots aud potato
patty.

Maghed and scasoned.

Creamed

Secalloped with cheese.

C'ream of carrot soup._.

Bealloped

Vegetable soup

o e ) e PR 00 EROUER R R feededs

e O OS] OO S0OD O SO IIRI0D 00 KGO0 DO Wsdebd D0 =] e O =

Carrols, shredded.

foderiafie e fa faefOff0  peds k00 M@ D) e hdiegs

g R M Bt NI o =R 20 B

{Plain cooked. ... ..

CGlazed with einnamon_

With cclery

Jlazed

Carrots, sliced. ... With peas

tiseatloped with nush-
FOOINE, :

e g2 RO 0

Gege B QO QOED  Pede e e R fepgedato e Qe dedefifagiede i dape s
AP LIl0 Pdoiedapae R RSO BR R0 FeRf @il 03 dade ol

NEOEow  Oomowonsl O 00U tatd Gk
o e e e Y [l=F o]y - Jour k] LD SO=ie=~]=] <kl
e COQE L e DOACT -]~ e ~JOOONIC

Ll

B R G O UOUR B Digafega e s OIE0  Wededafeders e g

han Wl O =00 D000 TRO0 O IO =Pk

Gris e DS0E Dl e O

oo
i
o, WO

[ Vogetable soup
i veul stew

o
bl
R

e e
e e

Vaverage of 6 rotings; 5 {s maximum, | iz minimmnn score.
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TanLe 21 —Palatabilily ratings of prepared dehydrated vegetables—

Continued
Quality rating 23
B » o
ke
Dehydrated B =S
ehydrate " N Rl
vegetable Recipe :;% 2 E
g ER
g e | B o8 282
= ' K = = o S |lg=e
EiZ g 1215858
oo | <imE A&
Plain cooked __._.. 31 3.6) 2.8 3.1} 2.5 2.7______
Buttered and seasoned.| 3.5 3. 8! 3.6} 3.2 3. G 3.0 33
Corn Mexicar=seyleo_ ...} 3.0 L 00 4.2 3.8 421 4.0 48
"""""""" Puddingo . ooee ot 13 L3 45 4 H L1400 48
Corn chowdera ... 44 4.2 4.4 3. 9] 4. 0] 4.2 56
Orenmed with salmoun.t 4.7, £ 8 4. 95 4. 5} 4. 8] 4. B 73
Plain epoked. oo _ 200 2.8 3.2 27 28 27 ____._
_ Boullle. oo oeocumaaan 3004 14 306 44 4.2 &6
Mushroenis. .. -.- Scalloped withsalmon_} 3.2 3,8 4.6] 3.7, 4.2} 4.2 56
Cream of mushroom | 4 6, 4 8 5.0/ 4 7; 4. 9] 4. § 78
soup.
Plain eooked_ ... . 4744142/ 4. 31 4.2 4. 20 ____
Bustered and sensoned.} 4.5, 4. 3] 4.4 4.4} 4,2} 4.2 0
Timbales_ o _oaan.. 5.0 4.0] 4.6 5.0 4,5 44 3
Poas Creaan of pensoup._.) 4.8 4 6 4. 8] 4. 2] 4.8 4. 7 12
e Creamed with cauli- | 4.8 4.8 4 9; 4. 3] 4. 7 4. 8 14
flower.
Senllopedt with tome- | 4.9) 4.0) &6 4. 8] 4.9 4.9 17
toes and rice,
Plain cooked .. _._. 4.2{ 4.4} 421 4.2/ 3.7 3 7.
) Buttered andseasoned. | 4. 3] 4. 50 4. 5; 4. 47 4.2 4.2 14
Spinseh oo ooooo With piguant ssuce._-t 4. 0, 4. 3 4.3 £ 11 3.9, 8 9 5
Timbnleo o oo ool G40 LG 48 43 4.6 4.3 16
Aupgratin. . ___. 4.7 4.6 4.8 .6 4.5 4.8 30
.Elzlill coc;ked,_.--_-_- 4.5 3.0 3, E 4.0; 3.6 3 )
. . Sealloped with apples .| 4 8] 4. 13 400 4.6, +. 4 4.0 2
Sweetpotatoes...... | POLAto pUM. e oo | 5.0 4. 5f 4, 6] 4.8 4.7 4.6 3!
Glazed. o ... 4.0: 4.7 5. 0] 4. 746G 46 31
i
Vegetable juice (uisture of all cooking (..} 4.9 4.8 50 47 4o
ligquids).

Dehydrated food used in recipes generatly had a higher score on
plunipriess than the plain reconstituted product. Evidently the foods
continued to take np moisture after reconstitution when in combina-
tion with other moist ingredients. ‘Texture was uproved along with
plumipness.

Debydrated snap beans were rafed good in all quality characteristics
when tsed in combination with other vegetables, as in succotash, with
mushrooms, and in chowder or boiled dinner.
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Dehydrated beets with only butter and salt added were considered
quite ncceptuble by the palatability panel.  When prepared as Har-
vard beets they were rated very good in ncceptability, ~ Served in an
orange snuce ol us u spiced beet velish, they were aso a very avceptable
procuct.  Tn borsch the beets had a weak, flag flavor and the scores
were somewhat lower.

The scores for broceoli increased 24 percent when butter and salt
were added.  They inereased 33 percent when the broecoli wus pre-
pared as a souflle and as a broccoli and chicken casserole. The sea-
- sonedd produets were all rated in the good vlass.  The plain rated fair,

Lhe dehydrated shredded earrots available for this study ated low
in flavor when served unseasoned. However, the scores increased 50
to 60 pereent and the products rated very good when the carrot shreds
were used in soup, sealloped with ov without cheese, creamed, nushed
and seasoned, or used in a carrot and potato patty. They were nlso
rated good when paon-browned or simply served with butter and salt.,

Dehydrated sliced earrots received their highest pulatability scove
when served with venl in stew.  When glazed with cinnmunon they re-
ceived their lowest beore, owing to the duarkened color of the carvots
and foreign flavor of the cinnamon.  When currvot slices were glazed
with brown sugar the edges curled and an undesirable chewiness re-
sulted.  Dehydrated carrot slices rated very good in vegetable soup.
The enrrots In this case were added to the soup without preliminary
sonking or cooking,

Dehydrated corn which rated fairly poor wheu served unseasoned
rated good to very good when prepared as Mexican-style corn, corn
pudding, corn chowder, or ereained with salmon,

Dehydrated mushrooms of rather poor quality were very satisfuctory
in mshroom soullle, sealloped with salmon, or made into eream of
mushroom soup.

The freshly dehydrated peas vsed in this study were rated good
when served plain without the addition of seasonings.  When heated
m butfer they were scored slightiy Jower in enlor and plumpness.
The peas probably lost moisture on additional heating and purtial
caramelization of the sugars may have ovewrred.  In cream of pea
soup and ereamedd with enuliflower, the pens Lecame slightly hard.
The dehydrated peas were rated very good sealloped with tomatoes
amd rice.

Delivdrated spinach rated faivly pood without added scasonings.
Buttered and seasoned, the spinach rated mood in all quality charac-
teristics. It raied highest. however, when served au gratin,

Dehydrated sliced sweetpotutoes were very salisfactory when served
as potate puil, glazed, or scadloped with apples.

Vegetahle juice cocktail prepured by mixing the cooking liguids
from all the veconstitnled vegetables and adding tomato juice and sea-
soninus, wis very well liked by the judges, This s an excellont way
to conserve nutrienls which often ave discarded.

SUALMARY OF UTILIZATION S5TUDIES

Dehiydrated snap beans, shredided beets, broceoli, shredded and sticed
earrots, corn, sliced mushrooms, peas, spinach, and sliced sweel pota-
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toes were used in developing some or all of the following types of
recipes: Soups, stews, creamed and scalloped dishes, timbales, sonilles,
combinntions with other vegetables, and in sauces.

The eating qualiby of all the vegetables was greatly improved by
the addition: of butter and sult. Recipes using a variety of ingredi-
onts and seasonings received even better scores. Though the experi-
mental work has been limited the following observations were made.

In general, good quality dehydrated vegetables can be used in any
recipe that ealls for cooked fresh vegetubles.

A little more lignid is needed when nsing dehydrated vegetables in
souflles, sculloped dishes, and stews than when using cooked fresh vege-
tables.  Appurently reconstitution continues at the expepse of the
surrounding lquid.

On the other band, without surrounding Hquid, as in vcheating or
pan-browning, reconstituted snap beans, sliced carvots, mushrooms,
and peas appuarently lose liquid and become toughened.

In soups und stews, satisfactory products cun be produced by adding
dehydrated vegetables without preliminury soaking or cooking.
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APPENDIX

PRELIMINARY STUDIES OF HOME DEHYDRATION PROCEDURES
FOR 20 VEGETABLES AND FRUITS

In 194143, the Bureau of Human Nutrition and Home Ieonomies
undertook studies to improve existing home- dehydration metheds.
The factors investigated ineluded pretreatments, types of home
driers, temnperature and thne of dehy{%rntion, energy consumed in the
drying process, yield of dried product, storage time, temperature, and
container, and method of reconstitution,

Vegetables included in the investigations were snap beans, beets,
beet greens, carrots, Swiss chard, corn, kale, mushrooms, mustard
greens, green peppers, pumpkin, squash, sweetpotatees, tomatoes, tur-
nip greens.  Hruits stndied were blackberries, cherries, peaches, pears,
prune plums. Not all factors were studied on all foods. In many
cases only small quantities were prepaved and few tests made,

GeNERAL PROCEDURES

Source or Foons.—Foods for drying were most offen procared from
local markets, Whenever possible, vegetables and fruits with known
history were obtained from the Burean of Plant Industry, Seils, and
Agriculturnl Enginecering or other cooperating stations.

Purrararion or Raw Foon.—In general the food was divided into
simall pieces for quick penetration of heat in pretreatment and quick
evaporation of water durving drying. Pretreatment usualiy consisted
of steaming in equipment of the type available in most rural homes,
or sulfuring in a simple box arrangement, Special dips such as lye
and citrie acid were nsed only when necessary to maintain quality.
The time required for preparation was taken into consideration in
selecting methods to be recommended.

Drirrs axp Driryorarion Mereops.—Several kinds of driers were
used, including forced-draft as in the electric dehydratovs (48}, nat-
ural-draft as in kerosene flue dviers (36}, and top-oi-stove types (37).
The drier trays were lined with cheesecloth in most instances.

Automatic recordings were made of temperatures measuved by
thermocouples placed at various points in the loaded driers and also
temperature readings were taken by means of househeld thermom-
eters. In nearly every case the driers were preheated. When more
than ene thermostat setting was used, the temperature at which the
food was dried for the longest time is the one given. Approximate
drying time and fuel consumption were also recorded. Tractical
tests, as deseribed in cach case, were used to determine when foods
were dried sufliciently. As a check, laboratory determinations for

54
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moisture were made on a number of samples at the end of the drying
process.

Sronsce—Dried samples were stored in a variety of containers
available to homemakers, including glass jars, tin eans, waxed and
plain paper eartons, paper bags, and bags made of cellophane, par-
nfiined cloth, and lammated paper,

Storage periods varied from 3 months to 1 year. Storage tem-
perntures ranged from 0° to 100° F. Humidity was not controlled.
Relative humidity was high a large part of the tume in the laboratory
used for room temperature storage,

The nunmber of storage studies made depended on the quantity of
sumple pvailable.

Recoxseeremon.—Procedures for cooking dried vegetables and
fraits were as nearly as possible live the methods for the fresh foods.
The mest satisfactory amount of ‘water for reconstituting each kind
of dried food was determined in preliminary experiments. Distilied
wiler was used.

Before cooking, most dried vegetables and fralts were soaked in
cold water fur 1 to 2 hours or until plumped. They were considered
sufficiently sonked when they rescmL!eél the fresh prepared product
in eolor and size,  The length of tinie required depended on the kind
of food, size of pieces, and thoroughness of blanching prior to de-
hydeation. Some dehydeated foods such as leafy grcens, shredded
or finely cut vegetables, and thinly sliced fruifs did not require
sonling,

In most cases the foad was brought slowly to the boiling point in the
soufcing water and cooked gently until tender. Cooking time was
counted from the minute boiling sturted uniil the food was removed
fram the heat.  The fength of time needed varied with each vegetable
and frait. xeept for some of the sweetpotatoes und snap beans, the
cooking time of the freshly dehydrated produet was used as the
standard for cooking the stored samples. In a few instances, other
methods of cooling were (ried after storage to see if any lmprovement
in the standard wmethod could be made.

The eoolted Tood was drenined, the liguid mensured in a graduate

cylinder, and the solid food weighed 1n the pan in which it was
cooled.

Pararvastary Sropigs—Palatability studies were used te evaluate
arious niethods of debydration and also to determine the effect of
storage time, femperature, and container on the quality of the dried
foods. Smmples of the fresh food coolied by stundard methods were
used as controls.  All vegetables tested were served hot,  Sonte were
seasoned with saft and butter, others were served plain. Fruits were
chilled after cooking.

Three fo five food judges vated the produets for appearance, odor,
flavor, and consisteney or fexture.  Over-all palatability was rated in
terms of the descriptive ratings: Very good, good, fuir, poor, very
poor.
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VECETABLES
SNAP BEANS

VarieTies—Kentucky Wonder, Ideal Market. Blue Take, Burger,
Brown Kentucky Wonder, Refugee, Asgrow New Stringless, Bounti-
ful, White Kentucky (R. R. Series).

PrevararoN.—Beans were cut in 1-inch pieces, shredded, or left
whole. They were precooked in steam nntil tender.

Deuyoramiox—In a kerosene flue drier, at an average temperatine
ot 150° to 160° F., the tine requived for drying varied from 64 hours
for a 9-pound lond of shredded beans to 18 hours for a similar loud
of whole beans. One-inch picces took as long to dry to the brittle
stage as whole beans, probably hecause the rate of heat penetration
and evaporation depended on the diameter of the pieces, which wus
the same in both eases. .

Dried en a string in the laboratory at room temperature, whole
beans precooked by steaming required G days to attain a moisture con-
tent of G percent.  Whole beans not precooked requived 14 days to vy
to n moisttire content of 3 percent.

Reconsrrromon. —Fifty grams of dry beans were sonked for 2 hours
in 1,000 ml, water at room temperature and cooked 10 to 28 minutes
or until tender in the soaking water to which 10 g@m. salt had been
added. The cooked beans were drained, and seasoned with 10 gm.
melted butter before serving.

Qrarrry.—Quality was only fair. whether beans were dried whole.
in ch pieces. or shredded,  Color of the cosked product was brown-
ish green or olive green. due to effects of heat on chlorophyll pigment,
Odor and flavor were haylike and texture was fibrous.

Precooking improved the quality of beans dried on a string at room
temperatire.  Precooked samples rated #fair;™ those dried without
precocking, “poor.”

The original quality of dehydrated snap bheans was maintained
quite well daring 6 months storage at room femperature.  Tn general,
piuss Jars sesled with rubber rings, heavily waxed cartons such as
those used in staring frozen foods, and friction-top tin cans proved
suitable for storage containers. IPaper bags and unwaxed cartons
were less ellicient in maintnining quality. I'ﬁ;:h storage temperatures
and preseice of daylight did not seem to have as adverse an effeet
on the quality of dehydrated snap beans ax on the quality of seme of
the other dehydrated vegetables that were higher in sugar or starches.

No appreciable difference was noted among the varieties of snap
beans studied. Al were fuir in palatubility and yellowish green in
color. With improvement in dehydration process, differences due to
variely might be more noticeable,

BEETS
Varmery.—-Detroit Darvk Red.

Prerararion —Bocts were steamed whole 30 to 65 minutes or until
tender. Some were sliced, others diced.
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DetivprarioN.—In a kerosene flue drier at 162° ., 1. 12.1-pound load
of sliced beets required 10 to 1214 hours to dry until brittle, At 148°
a 14.5-pound toad of diced beets dried in S to 10 hours. Moisture con-
tent of the dried product was approximately 6.5 percent i both cuses.

Recoxsrirorion —Fifty grums of dehydrated beets were soaked 1
hour it 300 ml water and cooked until tender, 6 to 12 minutes. Two
g, salt and 10 gm, butter were added before serving.

Quastry.—Freshly dried diced beets rated good, sliced beets fair.
After 3 months’ storage in friction-top tin cans at room temperature,
both samples rated fair.

When spiced or prepured as Harvard beets, dehydrated beets closely
vesembled the fresh product iu color, flaver, and texture.

BEET CREENS
Prepaiarion.—The greens were stewned for 10 mimutes,

DerrypiaTion.—In a kerosenc flue drier ut 163° ¥, an 8-pound load
required 5 to 6 hours to dry until crisp. The moisture content was
4 to 6 percent.

Reconsriromoy.—Eighty grams of dehydrated beet greens were
souked 5 minules in SO0 ml. water, 6 gm. salt were added, and the
greens were cooked covered Jor 7 munites.

Quarrry —When freshly deliydrated, beet greens were rated fairly
wood in palatability and showed only slight deterioration when stored
in o waxed capton for 6 months at reom temperature.

CARROTS
Vartries.—Nantes, Oxheart, Imperator.

Prerirsrion.—The carrols were cut into various forms——crosswise
slices, dingonal slives, lengthwise slices, shreds, chips, dice—and
steamed 10 to 13 munutes.

Desivprarion—All forms of earvots were dried in a kerosene flue
drier at 148° 1o 152° F. and crosswise slices in & small electric eabinet
dricr at 145°.  About 17 hours were reguired to dry the samples to the
brittle stage. Crosswise slices dried in the kerosene drier had a mois-
{ure content of 10 pereent or higher as contrasted with 6.7 percent for
the samples dehydrated in the electric drier.

RecoxstrrorioN.—In preparation for palatability tests, 30 gm, de-
hydrated carrots were soaked until plunp {1 to & hours) in 300 to 450
mil. water.  The careots were cooked covered in the soaking water until
tender,  to 16 minutes, and seasoned with 2 gm. salt and 10 gm. butter.

Quarsry.—Freshiy dehydrated carrots varied considerably in qual-
ity, deopending on the variety and the manner in which they were cut.
Dingonal and crosswise slices, chips, and shreds were generally rated
higher {Fair to good) than the lengthwise strips or dice {poor), be-
cause they reconstituted more completely and had u belter appearance,
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Color vuried from light yellow orange in Oxheart variety to a deeper
orange in Nuntes and Linperator varieties,

Stored for 6 months in glass jars at room temperature, the carrots
with a moisture content of about 10 percent deteriorated rapidly in
palutability. These with the lower moisture content of 6.7 percent
deteriorated very little.

S5WI1SS§ CHARD

Vanieries~—Common chard, Large Ribbed Dark Green, Lucullus,
Fordhook Giunt.

Preparamioy.—Stems and leaves were sepurited.  Stems were cut
into picces 1 inch long and U4 inch wide; leaves were cut with scissors
into 2- to 3-inch pieces. Leaves werve steanied 5 to 6 minutes and stems
15 to 23 minutes or until tender.

Demvorarion.—Common chard and Large Ribbed Dark Green were
dried ot the same time in a kerosene flue dricr at 163° ., with a total
load of 15.7 pounds. The time required was 6 to 714 hours for thie
leaves and 9 0 10 hours for stems,

Lucullus variety was dehydrated at 157° in a kerosene flue drier.
For a §.2-pound loud, 5 to 8 hours were required to dry leaves, 7 hours
to dry stems.

For a 7.2-pound load of Fordhook Giant, a small cabinet-type electric
tunnel drier at 155° was used. Both leaves and stems requived 514
hours.

Al four vacieties of chard dehydrated satisfactorily. The end point
of drying was a crisp texture and a very durk green color. Moisture
content of the dried chard varied from 4.8 to 12.6 percent.

Reconsreruroxy—Forty grams of dehydrated Swiss chard stems
were sonked 30 minules in 500 ml. water and ccoked covered 10 min-
utes; then 15 g, leaves were ndded and cooking continued until leaves
were tender, 3 to 5 minutes.  Ten grams melted butter and 3 gin. salt
were ndded.

Quartry.—Initial quality of dried Swiss chavd was fairly good.
After G-months’ storage in waxed cartons at room temperatuve the
chard ruted fair to poor. The varicties differed little except in color
of the reconstituted prodoct. Lucullus wus olive yellow with straw-
colored stalks; Fordhook Giant was very dark green with tannigh
stalks; Common chard had green leaves and stalks; Large Ribbed was
greenish black with tan-colored stalks.

CORN

Vanrery.—Ycellow Bantam,

Puersrarion.—Whole kernels of corn were cut from cob and steam-
blanched until milk was set (about 15 minutes).

Denrvorarioy.—DPrecooled corn was spread % to 34 inch deep on
drier trays. Some was dehydreated in a kevosene flue drier (natural
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dreaft) and the rest in an electvic drier (foreed draft), with the temn-
perature in each ¢ase avound 160° F. Corn was considered dry when
it could be shattered by a blow ot w hammer.

With a 28-pound load, the kerosene flue drier took 13 to 15 hours
Lo dehydrate corn. With half as large a lord (14 pounds) enly 53
to 7 hours were required. 1In the electric tunnel drier, 20 pounds of
vorn required 20 hours to dry.

The yield ranged from 23 perceut of the prepaved blanched weight
when eorn was dehydrated in the kerosene flue drder to 82 percent in
the electric tunnel drier,

Recongrrremon.—(1) Rixty-eight grams of corn dehydrated in the
kerosene flue drier were sonked 2 hours in 300 mi. water, and cooked
covered 13 minutes.  Melted butter and salt were added before serving.
(2} Twenty-eight grams corn dehydrated in the electric drier were
sonked 184 hours in 240 mi. water and cooked covered 11 minutes,
Butter and salbwere omitted.

Qoariry.—Before storage, corn dried in the kerosene drier had a
sweet flavor and was tender In texture, but rated only fair in over-ull
quality because of its appearance.  After 6 months® storage at room
temperature in waxed cardboard eirtons. i€ had a somewhat lower
rting due fo deteriovation 1n eolor.

Corn dehydrated in the electrie drier rated good when freshly dried
and fule at the end of 6 months storage at room tempernture. It was
bright yellow in color before and after storage, but flavor had changed
from sweet and natural te stale and sturvehy,

KALE

Preeansmox.—The kale was (rimmed severely; heavy outer Jeaves,
underdeveloped or crushed leaves, and heavy stems and midvibs were
discarded. It was then steamed 20 to 30 minutes.

DriyvrapioN—Drying was done in a larae eleetric drier with forced
deaft at theee different temperatures, At 150° T,y 25, -pound load
took & to 1114 hours to dey; at 155° {o 16687 an 11.6-pound lead took
3 to 355 hours; at 186° an TL.8-pound load tuok 2 to 234 hours.  Mois-
ture content of the kale after drying uniil crisp in texture ranged
from 3.5 to 5.2 percent.

Recoxsrrrgrioy.—Fifty grams of kale were cooked in 1,000 to
1,350 ml. water 11 o 15 minutes,

Quaviry—Increasing the temperature of dehydration over 150°
seemed to be detrimental to the quality of dried kale. Debiydrated
at 1502, kale rated good when freshly dried; at 160° it rated fairly
good, and at 180°, tair to poor. Kale that was good in palaiability
before storage was still fuirly good after 3 mouths’ storage in glass
jars at 3% to 75°,  Quality was fair after 1 to 3 months at 86° and
after 6 months at 75°,

Study of various containers indieated that for storage of kale at
modernte hunidities only partially moisture-proof contriners were
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necessavy for retention of quality, Under conditions of high ha-
midity, paper packages were unable to keep meisture content of the
product low enough to prevent deterioration,

MUSH HGOMS

Purranarion.—Mushrooms were prepared for dehydeation in the
following ways: Whele mushroons were sliced, separated caps aned
stems were sliced in some enses i fefe unsticed in olhers.  Some of
the mushrooms were dried withont pretrealment ; some raw-sulfured;
some xaw-brined; and some precooked by steaming 3 to 20 niiautes,

Denvorariox.—Mushrooms were spread 14 to 34 inch deep on drier
trays, In a kerosene MMue drier at 150° F. loads vavying from 1.6 to
3.4 pounds were debydrated in 6 to 7 hours,  Tn a large electrie fnnnel
drier at 1509 11- to 19-pound loads were dried in 3% to 5 hours for
the smaller louds and 7 to 8 hours for the larger.  Mushirooms hung
on a string took 2 days to dry in the laboratory at room femperature
in July. The test for dryness was a leathery to brittle texture.

Dried mushrooms that hid been separated into eaps and stems were
carefully swonpled. Caps and stems from ench tray were weighed
separrtely and the vatio for each (ray load edendaled.  Dried wnsh-
rooms used for immediate festing aud for storage purposes were
weighed necording to the eap: stem vatio whiclh varied ferom 1.9:1
to25: 1,

Recoxnsrirvrion,—8Severnl methods of reconstitution were tried.
The genceal miethod was (o soak 30 e mushrooms in GO0 ml. water
for 14 hour, Bome of the musluwoms were simmered wntil tender
and seeved plain or in cream sauce, some were browned in butlter, sowme
made into ereant soup.

Quastey—Whether mustorooms were sliced or not had Hittle effeet
ot qualily of the dried product.  Raw untreated mushrooms were just
as palatable as these brined or sulfured and definitely superior (o
steamed ones. Mushrooms dehvdeated raw scored good to fair
whereas those preepoked scored fauir to poor.  As precosking time in-
eveased, the mashrooms beciue more tongh and enbhery. Precooking
also caused loss of flavor. Since mushrooms are generally used for
flavoring purposes, this was considered a serions shorteoming,

In the precooked debydented mushrooms a Hght color was main-
tained s those not precooked bocame very durk, It is possible that »
stenming thne just long enough o inactivate the enzymes without
toughening the texture might be used to prevent durkening, but this
was not determined in this study,

No change in quality occurred in mushrooms stored 1 mounth at 45°
or 86, As storage progressed to 3 months, deterioration occurred in
most snmples regartless of prefreatment or storage tomperature.

Reconstituted mushrooms were inore palatable when used in cream
goup or erean smice than when simmered aund served plain or when
browned in buties
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MUSTARD GREENS

Prevararion—The greens were stewmed 7 minutes.

Deisvoramox.—A small enbinet-type electric drier ut 138° F. was
nsed. o dry a 20-pound load of wreens until erisp regquired 6%
hours. The moisture content was 9 percent.

Recoxsrrrovion.—Thivty grams of dehydrated mustard greens
were cooked, without previous soaking, in 900 ml. water until tender
(10 to 3U minutes}; 10 gm. melted butter and 6 gm. salt were added.

Quarrry.—YFreshly dehydrated mustard greens were fair in quality,
Flavor was good but teature was slightly tough,  After 12 monthy’
stotagre 10w S-gallon slip-top tin ean, opened at monthly iutervals for
removal of samples. texture was very woody, making the vegetables
ahnost nedible. Flavor, however, was about the swme as before
storawe,

CREEN PEPPERS

Priearamox,—reen peppers were cot in halves, and seeds, cores,
andl white membrane removed.  Some were stenmed 10 o 15 minutes;
some wete not prefreated.

Denviearmios —The peppers were debydeated in o large eleclric
tunnel drier at 150° .ot evisp. A 27-pound toad vequirved 24 to
221, hours. The dried peppers had o mosture content of approxi-
nulely 8 percent in spite of the long drying period.

Recoxsrrrerion.—Dricd peppers were soaked and cooked covered
in vavions pounds of water,  Peppers that hiad been blunched rely-
drated more completely than the unblanehed during both the sonking
widl the cooking periods.  Afier soaking 2 honrs the unblanched pep-
pers had absorbed 2.7 ml waler pee gm., whereas water uptake of the
blanehed was -+ ml, per g

Quanrry—Blanched peppers rated faiv to poor in quality; un-
blinched, poor.  Lenxth of soaking and cooking time apparently had
no eileet on palatubility scores: swnples rited the sume whether they
were unsoaked or soaked 2 howrs. or cooked 10, 20, or 60 minutes.
They also rted the same whether vooked in 30 ov 43 times their
weight of waler.  Reconstituted peppers had a strong, bitter {lavor,
and were chameterized by tongh outer skin and pdp of soft consist-
ency.  Under conditions used in this experiment no satisfactory re-
sulty were obtained.

PUMBKIN

Pirrararioy —Pumpkin was pared.  One Tot was cut into 1%4-inch
sirips about 1§ to 14 ineh thick and stemed 8 minutes, until partiatly
translucent.  Another lot was cut into 1i-ineh slices and steamed 13
minutes, until transtucent throughout.

Drivoiarion.—Less thoronghly steamed pieces of pumpkin were
placed on edge in single luvers on driec (rays; those precooked 13
minutes were Inid lonetliwise Jnocsingle Jayer. A 32-pound load re-
goired 15 to 1614 howrs Lo dry in o darge electric tunnel drier at 160 F.
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When dry, the pumpkin was leathery in texture. Pleces nuderdone
in blanching were opaque and woody; those precooked until done
resutined transtucent.

Reconstrrorion.—Ninety grams of dried pumpkin were sonked
2% hours in 710 ml. water, then cooked 20 minutes, strained, and
prepaved as filling ina pie.

Quravery—Pumpkin prepared by either method rated good in pal-
atability when prepared as filling in a pie.

SQUASH
Varigry.—~Hubbard..

Prreanarion —Squash was sawed in halves, pared, and cut into
strips or wedges 114 inches long and 14 to 34 inch thick. Some was
steamed 8 £o 10 minutes, some 13 minutes or until translueent.

Drnysrarion.—A 16-pound load of prepared squash was dehy-
drated at 160° F. in u large electric tunnel drier until loathery. Time
requived wus 16 hours. The squash precocked by steaming 8 to 10
mitutes was opaque and woody when dried.  However, that steamed
until {ransincent and tender wus too soft to handle easily in transfer-
ving froin steamer to drier tray.

Recoxsrrrorion.—Forty-five grams of dried squash were soaked
3 hours in 300 m, water and boiled 20, 43, or 60 minutes. One sample
was prepared as fifling in a pie.

Quarity.—Boiled dehydrated squash rated good to fair in Talat.—
ability; as pie filling it rated goed. Cooking time made little differ-
ciice in the score.

SWEETPOTATOES

Varierins.—Orange Little Stem, Triumph, Naney Hull, N. C. No. 1,
B-204, B-219.

Prepararion —The sweetpotatoes were steamed until tender, then
pecled.  This proved to he a satisfactory method, far superior to lye
peeling for home procedure. Lye peeling is inconvenient and even
dangerous under conditions and with equipment found in most home
Kitchens, Peeling the eooked potato resuited in very low figures for
waste in preparation. Losses due to peeling ranged from 12 to 18
percent for the different varieties, Orange Little Stem had the lowest
pereentage waste and Trinmph the highest.

_ Peeled potatoes were sliced lengthwise about 14 inch in thickness,
dipped in 2-percent citric acid solution to prevent darkening, and
drained.

Drnvoratron—Sweetpotato slices were placed one layer deep on
cheesecloth-covered drier trays. With drying loads varying from
14 to 27 pounds, the time required to dehydrate the sweetpotuatoes to
the brittle stage in a forced-draft electric drier ranged from 12 to
24 howrs.  Maistuve content was approximately 5 percent. The de-
hydration temperature ranged from 120° to 195° F., with & finishing
temperature around 150° in all cases.
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Yield of dry product, calculated on the basis of the precooked
protduct us it was rendy to go into drier, was around 33 percent for all
varieties except Orange Little Stem, which had a yield of only 23
percent. Apparently the total solid content of this varicty was lower
than that of the others,

Recoxsrrrorion.—Dehydrated sweetpotatoes were souked in four
times their weight of water (just enough to cover) for 1 to 2 hours
or until plumped, then cooked in souking water until tender (10 to
30 minutes).

Quarrry.—Naney Hall and N. C. No. 1 were varieties most suitable
to the dehydration methods used in this study. Ovange Little Stem,
Trivmph, B-204, and B-210 guve products fair in quality, Some of
these rated only fuir before dehydration. DB-204 had an unnttractive,
grayish-cream color; Triumph and B-219 were yellow; Nuney Hall,
Orange Little Stem, and N. C. No. 1 had an atteactive orange color.

Stored at 32°, 45°, or 75° for G to 9 months, dehydrated sweet-
potatoes changed very little in fable quality, whether packed in air,
curbon dioxide, or nitrogen.  Color became duller in some samples
and faded slightly in others, but color change did not affect palat-
ability appreciably.

At a storage temperature of 100°, deterioration of quality was more
rapid than at 75° or below, vesulting in a poor product within 6
months.  Only uic packs were stored at 100°, The presende of an
inert atmosphere might have improved the keeping quality at high
temperatures, ulthough heat alone may have caused the caramel odor
and flavor, and brown color. The palatability scores showed better
keeping quality for the citric acid treated sweetpotato than for un-
Lrented samples.

Glass jars, friction-top tin eans, and uvsed coffee cans proved to be
equally sutisfactory containers for storing dehydrated sweetpotatoes.
Cardbonrd boxes, on the other hand, were not satisfactory, since the
pereent relative humidity of the atmosphere at the time of this study
was moderately high,

TOMATOES

Vargrgs—Muargiobe, Earlinna New Smooth, Chalk’s Early Jewel,
Mutchless. Bonny Best.

Purparvron—Unpeeled tomatoes were cut in LYs-inch slices, Some
of each variety were left untrexted; some were treated as follows:
Dipped in cold 0.5 percent caleium chloride solution 13 minutes;
dipped in boiling water 4 to 5 minutes; dipped in boiling caleium
chloride solution 4 to 5 minutes. Soft tomatoes were heated, sieved,
and cooked until very thivk to make tomato paste.

Dervorarion.—FLoads of 9 to 20 pounds of tomatoes were dehy-
drared in approximately 12 hours in a kerosene flue driev at tempera-
tures from 157 to 160° IF. "T'he tomatoes were leathery and a dull red
when taken out of the dricr. One experiment with solid teays and
sereen trays indicated that sereen (ravs permitted somewhat faster
drying than did zolid ones and for that reason were preferuble for use
in o natueal-drafu drier sueh as the kerosene flue,
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Tomato paste, after drying, was shaped into a roll and stored in
elass jars,

RuconstrrorioNy.—Torty grams of dehydrated sliced tomatoes were
soaked Yo-hour in 400 il of boiling water, then cooked until tender
(8 to 13 minutes) In a covered aluminum pan. In two cases hatf
of the cooked sample was put through a strainer to remove seeds and
ghins.

Nine grams dehydrated tomato paste were seaked in 30 ml. boiling

g

water until well dispersed {35 10 53 minutes).
All samples were judlged while hot.

Quattery.—Comparison of pretreated tomatoes with those having
no pretrealiment showed that, in general, pretreatment did not im-
prove the product. Marglobe variety without pretreatment ad pre-
trented by dipping in cald caleinm chloride solution, und puree macle
From Chull’s Early Jewel without pretreatment were the only ones
that rated fairly good in palatability. Others scored fuir to poor.

Reconstituted tomnto paste was of the consistency of tomato sauce.
The product was fair in quality before storage.  After 6 months at
room tempernture it had lost its charneteristic tomato flavor and had
becoine brown in color,

Since tomnfoes ean be canned successfully without the use of a pres-
sure cooken, it seems fhat they should be preserved by that method
rather than by drying.

TURNIP GREENS

Prevansrion.—Two lots of greens, were steamed until just wilted;
another lot was steamed until tender.

Denvorarion—In a kerosene flue drier at 140° F. an 8-ponnd
load took 5 to T34 hours to dehydrate; at 14H3° an l-pound load took
T to 8 hours. In'a large electrie tunnel drier at 170°, it took 6% to 7
hours for a 10-pmund load to drvy. Moisture content of the greens,
dried until erisp, was 3 to 8.2 percent.

Recoxsrrremon.—Thirty grams of dehydrated turnip greens, un-
soaked. were cooked uncovered until fender (12 to 15 minutes)
in 900 ml. water Lo which 5 gm. salt had been added.

QruarLrry.—Cireens steamed until just wilted rated good in quality,
whether deliydrated in the kerosene flue drier at 140° or in the electric
tunuel drier at 1T0%. Greens steamed until tender were fair.

After 6 months storge at 74 in paper bags, the dehydrated greens
maintained their original quality faicly well: those steamed until just
wilted before dehydration rated fairly goed afier 6 nonths. -

Fruirs
BLACIBERKEIES
TriraraTios.—The herries were washed and drained.

Dervorariox.—A siiall olectvie tunnel cabinet drier at 153° F. was
used, Bleven pounds of blackberries, part of the total drier load,
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required 14 hours to dry until no moisture was visible when the berries
were crushed.

Reconstirorion—Fifty grams of berries were soaked in 800 ml.
water 16 hours and heated 1n a sweet thickened sauce made from the
juice.

Quarrry —Tested as a tart filling, dehydrated blackberries rated
faivly good before storage and fair nfter 6 months at room temperature.
Berries were chewy and scedy and Incking in natural fresh flavor.

CHERRIES
Variery—Montmorency.

Prevararion.—Some of the cherries were untreated; some were
dipped inalyebuth. All butonelot of lye-dipped cherries were pitted.

Deayorarion.—The cherries were dried at 125° to 145° F. over
boiling water, in & tin-bottom improvised drier on a wash boiler, or
on the lid of u ham boiler. One lot was spread one layer thick on trays
and dried, together with several other foods, in a small eleetric tunnel
drier. The cherries were considered sufficiently dry when they were
only slightly sticky sud had glossy skins. The wash-boiler drier,
which required approximately 25 hours to dry n 3- te &-pound Joad, was
wasteful of time and fuel, The small electric tunnel drier took 1414
hours to dry a 14-pound load. This time might have been shortened
hund the chervies been the only food in the diler.

RecoxsyirrnoN,—Iifty grams of dried cherries were sonked in 150
ml. water for 16 hours in u refrigerator, then cooked covered for ¢
minutes. To make a tart flling 150 g dried cherries were soaked
14 hours in 600 ml. water and heated in a sweet thickened sauce made
from the juice.

Quartry.—All samples dehydrated in the wash boiler were faded
and shriveled when recenstituted. Lye dipping proved harmful to
appearance and flavor of cherries, When tested us stewed cherries
after 10 months’ stornge, the undipped sample was fair in quality, the
two lye-dipped samples were poor.

Drying on the 1id of a hum beiler over boiling water was unsuceess-
ful, resulting in very poor dehydrated products.

Untreated cherries dehydrated in the clectric drier were attractive
in color, tender, and natural in favor when tested in a tavt flling. They
rated good both when freshly dried and after 6 months’ storage at 75°.

PEACHES

Vanmerms.—Golden Jubilee, Firveglow, July Eiberta, Goldeneast,
Dewson.

Prepararion.—Pecled and unpeeled peaches were cut in halves and
pits removed. Some weve sulfured 2 hours in sulfur fumes; some were
steamed 3 to 3 minutes,

Deirvorarion.—Loads of 16 to 33 pounds were dehydrated in a
Lkerosene flue dricr at 154° I in 18 to 18 hours. Inalarge eleetric drier
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at 150° to 152°, loads of 29 to 49 pounds dried in 18 to 48 hours. The
peaches were considered dry when they were pliable and loathery,

Intermittent drying of peaches on 3 days in a kerosene flue drier
was successful, whereas most other foods spoiled when left without
application of heat for any length of time.

Recongrirurion.—One hundred grams of dried peaches were pluced
in from 800 to 350 ml, bolling water and sonked 1 hour, The froit was
cooked 4 to 16 minutes or until tender, then chilled.

Quarrey—When peaches wers sulfured and dried, Golden Jubiles,
Fiveglow, and July Eilberta varvieties rated good; Goldeneast and
Dewson rated fair. Removal of the skin improved the appearauce of

seaches, the difference being mors noticeable in unsuifured peaches.
teaming before dehydration did not give as good results as sutturing.

After 6 months’ storage nt roomn temperature in waxed cartons,
dehydrated peaches showed little change in ¢quality with the exception
of two snmples that spoiled, owing probably to too high moisture
content,

PEARS

Prevaravion.—Pears were peeled, cored, and cut in quarters ov
cighths, then sulfured 3 houvs in sulfur fumes.

Deuyoramon.—In a top-ol-stove cabinet drier at 142° I, pears,
dehydrated together with sone prune plums, dried in approximately
20 hours. They were leathery with a springy feel when dry.

Recoxsrrewrion —Fifty grams of dehydrated pears were covered
with 240 ml. bolling water, seaked 1 hour, then simmered 5 minutes,

Qeantry—Color of veconsiituted dried penrs was almost the snme as
that of fresh pears. Samples stored in waxed paper enrtons for 6
months at room t‘.uanmmturc were fairly good, almost the smne as
inmediately after dehydration; texture was slightly more fiem and
chewy.

A cooliing time longer than § minutes might have improved the
texture of pears cut in quarters, since those cut in smaller pieces and
therefore requiring less time were rated more tender.

PRUNE P'LUMS

Purrararwow.—Plums were cut in halves and the pits removed.

Deavorvrox.—Dlhuns were dehydrated together with pears in n
top-of-stove cabinet drier at 143° ¥, Approximately 5 pounds phuns
out of u total drier lond of LU pounds took 2414 Lo 26 hours to dey until
pliableand lenthery.

Recoxsreremox—Fifty-five grams of dehydrated plums were
placed in 150wl boiline water, souked 1 hour, and sinunered § minutes
with 10 gm. sugar ndded.

Quarrry.—Dehydreated ploms rated faiv and retained initial quality
after G months’ storage Ina glass jur ul room temperature,
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