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Technical Bulletin No. 1051, June 1952

Development of Rapid Methods of Soaking
andd Cooking Dry Beaus'

By Erste H. Dawsoy and Jessie C. Lass, food specialisis, Epwarp W. Toserag,
food chemist, and Hevex W, WARREN, chemist, Bureau of Humen Nutrition and
Home Eronomics, Agricullural Research Administretion?

GENERAL SUMMARY

This study was undertaken primarily to develop more rapid basic
methods of cooking dry beans than those commonly used by home-
makers. Varieties of beans siudied were pea, great northern, large
lima, pinte, and red kidney.

The effect of different sonking and cooking conditions on rate of
rebydration, cooking time, snd palatability was investigated for all
five varieties of beans. For pea beans, a study wus made of the effect
of storage at 40° and 75° F. for 1 year. Nutritive-value determina-
tions also were made for pea beans, including thiamine, ash, and total
solids contents of the beans after soaking and cocking in different
wars,

The findings show that a short method of soaking in which the beans
are added to boiling water. boiled 2 minutes, removed from the heat,
and allowed to soak for 1 hour in the hot water gives satisfactory
results. Vhen soaked by this method and cooked in the ligunid used
for soaking. all the varieties of beans studied were comparable or
superior in palatability to those prepared by the conventional pro-
cedure of soaking overnight.

In o studv made with pea beans, palatability scores were higher
when the soaking liquid was retained for cooking after the short soak
than when it was iscarded; with the long soaking method there was
very little difference beiween drained and undrained samples,

Large lima and red kidney beans required the same cocking time,
whether prepared by the shart or long soaking method. Greatnorth-
erns and pintos soaked for 1 hour in hot water required 15 and 30
minutes longer cooking time, respectively, to reach the same degree
of tenderness 85 comparable bean samples soaked for 18 hours in eold
waler.

When prepared by the short-sosk method, pea beans stored for 1
year at 75° F. required a longer cooking time than those stored at 40°.

| Submitted for publication Sepiember 28, 1931,

* The authorg wish to express their appreciation to Ann ", Doyle for her assist-
ance in preparation of samples and (0 Blsie T. Dochterman and Albert B. Parks
for statistical analvsis of the data.
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For pes beans soaked 1 hour in hot water after boiling 2 minutes,
nutritive value in terms of thinmine and ash content was %ﬁ her when
the seaking liquid was retained for cooking than when it was discarded.
Discerding or retaining the soaking liguid made little difference in the
amounts of thismine and minerals found in the cooked beans that had
been soaked overnight in cold water. The nubritive value of these
beans was similar to that of the shoré-soaked beans coolked in the soak-
ing liquid.

In general, when the soaking liquid was retained for cooking, the
addition of spproximately }% teaspoon of sodium bicarbonate (baking
soda) to 1 cup of dry beans and 2% cups of tap water resulted in a
good guality product for all five varieties of beans studied, although
the palatability scores were noé quite as high as for beans without
sodium Bicarbonate. The presence of this small amount of sedium
biearbonate permitted up to 42-pereent reduction in cooking time for
some varieties of dry beans, and did not affect thiamine or ash content
of pea beans,

IExclusive of healing up and cooling down time, cooking in a 4-quart
pressure spucepan ab 250° F. (15 pounds steam pressure) vesulted in
the following reductions in time from that required for eooking in
boiling water in a covered glass sancepan: For great northern beans,
from 90 to 3 minutes; for large limas, from 60 to 3 minutes; for red
kidney beans, from 105 to 3 minutes; for pen heans storod at 40°,
from 90 to 5 minutes; for pea beans stored at 75°, from 120 to 10
minutes; and for pinto beans, from 120 to 10 minutes. In addition
to the cooking times at 250°, 25 minutes were required on the average
for the heans to heat up to 250° and cool down to 212°. Palatability
seores were ver'y similar for beans cooked in a covered glass saucepan
and in o pressure saucepan.

PURPOSE AND SCOPE OF WORK

Boiling is the nr :thod most commonly used in the United States
for eooking dry beans and peas. A typical procedure includes soaking
overnight at room temperature in severnl volwnes of tap water and
cooking unlil tender in the soaking water or in fresh waler with salt
and sometimes fat or meat. Balung after soaking, asually with the
addition of fomate, molasses or brown sugar, and fat in some form,
is common in certain parts of the country. Lither process is time-
consuming and with some varietics of beuns and some kinds of waler
the cooking is so long that it may deter homemakers from cooking
heans,

As a step Loward wider and improved use of an economical, nutri-
tious foed, the study reported here was undertaken, The principal
objeclive was to develop basic methods ol preparing dry beans that
would save timo and also conserve nulritive values and yield products
of high acceptability.

The effect of method, temperalure, and time of soaking, the use
of soft and hard water, and the addition of sodium bicarbonate (baking
sodr) on the rehydration capacity, cooking time in a covered sauccpan,
pelatability, and nutritive value of pea beans stored at 40° and at 75°
I, was investigated.  In the nutritive-value study, total ash, insoluble
ash, moisture, and thinmine conlents of raw beans, soaked beans,
sosking solution, and cooked beans were determined.
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Studies on great northern, large limn, pinto, and red kidney beans
were limited to the methods of soaking and cooking that had proved
most cffective with pea beans,

Other sindies were concerned with cooking the five varietics of
beans in a pressure snucepan, primarily to doterinine the optimum
cooking time.

REVIEW OF LITERATURE

The problem of hardshell in beans has heen studied by o number of
investigators (5, 6, 7, 12, 14).} Various treatments, such as treaniment
of sceds by concontrated sulfuric acid to increase the percentage of
germination (5, 12) and searification of the seed cont to increase the
rate of water imbibition, have beenrecommended {12, 14). Snyder (14)
reports thal with beans which cooked velatively well the cooking time
was reduced 40 percent by scarification but the appearance was less
desirable.  The seariflication trenlment has not been used extensively
by bean processors, howeter, ns it would be difficuit, if not impossible,
to prevent breaks in the sced coats of the proecssed beans so
treated (12).

Several authors report the use of some kind of heat treatment prior
to sonking as & very eflective, practical, and cenvenient means of
prepaving hardshell beans that arve to be processed for food (8, 5, 13,
14).,  Among the heat treatments suggested are steaming (5), a
1-minute dip in boiling water (£2}, o I-minule dip in hot water at
170° F_or 2 or 3 minules ot 158° (3}, and soaking at 50° C. (122° F.)
(14). The apphention of heat during soaking appeared to have pos-
sibilities for home use,

Morris, Olson, and Bean (12} report that o sccondary effect of an
initial L-minute boil belore soaking is the reduction of micro-organisms.
Signs of fermentation and ofl-flavors in beans soaked overnight st
room lemperabire, particularly in hot wealher, have heen reported.
Seme directions for preparing dry henns suggest deaining the beans
after sonking and adding {resh water for cooking as a means of reducing
oft-flavors in the cooked product.  The question arises, “Are valuable
nuirients and fiaveor lost i the drained liquid?7 If & practical method
for a quick, hot soak for home use could be developed, the need for
deaining the beans after soaking might be eliminated.

Maltson {11) founel that the most unmportant factor in the cookability
of peas was the high content of phytin, which is o ealcium and magne-
sium precipitant. e siates thal the precipitating power of phytin
ig greatly inecressed ai boiling temperstures. At the pIl of peas,
thal is, pIt of about &, phytin can function as a magnesium precipitant
only at boiling temperature.

Greenwood (7) and Snyider (£4) found the use of baking soda
{sodium bicarhbonale) in either the sonking or cooking water to be an
effeetive means of softening the seed coats of pinte, great northern,
or navy beans. Reove {/8), as a result of a study on possible tender-
ization {reatments for peas in which sodiumi hexametaphosphate,
sulfites of hoth potassium and sodium, oxalie acid, sammoniuin oxalatc,
and hydeochloric acid were used in gradationsof 0.1 pereent aqueous
dilutions of 1:100 to 1:1,000, concluded that the tenderization cffecis

3 Ttalie numbers in parentheses refer to Literature Ciled, p. 53.
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involve only changes that reduce the loughening effects of calelum
and magnesium on the seed coats.

Invesligators differ as te the effect of the use of sodium bicarbonate
in the soaking or cooking waler on the thiamine content of cooked
beans. This variation may be due to the differences in method of
preparation and degree of alkalinity of solulions used. Lantz (9), in
her study of pinto beans, reported that soaking in a 0.5-percent solution
of baking soda for 16 hours before cooking in fresh distilled water for
2% hours caused a greater loss of thinmine than soaking in distilled
water. She also reported that the destruction of thiamine was in-
creased by long cooking.  Therefore, it would appear that if the cook-
ing time of dry beans could be reduced sufficiently by the use ol sodium
bicarbonnte, the saving eficcted in the cooking time might compensate
for the loss of thiamine due to the higher alkalinity of the solution
used in sonking or cooking,

In a sindy of navy beans, Aughey and Daniel (2) reported that navy
beans cooked in tap waler with or without sogium bidarbonate retained
all of (heir original thinmine value. Their method of cooking was as
follows: 1 cup beans was soaked in 2 cups waler for 16 hours, e
water drained off, and the beans dropped into boiling salled water (3
cups water to 1 cup beans) and boiled gently until solt.  When sodium
bicarbonaie was used, 0.4 gor was added per eup of dry beans.

Johnston and others (8), in a study of the effect of the nddition of
sodinm hicrbonate in (he proportion of 0.22 gm. to 180 ml. of water
for cooking 85 gm. of fresh and frozen peas, found that there was only
slighlly greater destruclion of thiamine when sodium bicarbonate was
ndded and this wes due to the greater destruction of that leached out
of the peas; however, the amount vemaining in the peas ab the
conclusion was the same by both methods of cooking,

Nasters (10) found that among the methods which greadly reduced
the cooking time and decrensed the solids in (he soaking water were
soaking overnight or for 4 hours in tap water containing sodinm bi-
carbonate, draining, and adding fresh waier for cooking. Whena
concentration of 0.1 percent sodium bicarbonate was used in the
cooking wnter for unseaked beans, (he cooking time was reduced
and the loss of solids was only slightly greater than when the beans
wore cooked in tap or distilled water,  When 2 percent sodium bi-
rarhonnle was used in soaking, the cooking tim- was the same as for
1 percend, but the loss in solid matter was greater,  The nature of
those solids was not stadied.

COOKING DRY BEANS IN A COVERED SAUCEPAN
GENERATL PROCEDURES

SotreE OF Braxs axnp Sroracu Coxprroyns.—Dry beans for the
study wore obiained at the end of the growing scason from whotesale
distributors in varicus sections of the United States where the different
varicties were prodhuced. Two hundred pounds of pea beans were
obtained from Michigan, 50 pounds of large lima beans [rom California,
25 pounds each of great northern and pinto beans [rom Idaho, and 50
pounds of red kidney beans from New York.

Beans of each varety were woll mixed and sampled for storage in
sealed glass jars al 88° to 40° IF. until used.  For the study of the clfect
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of storage temperature, 50 pounds of the pea beans were stored for 1
year at 70° to 77° in the burlap bag in which they were shipped to
simulate storage conditions common in the trade, The rclative hu-
midity in the storage room ranged [rom 67 to 85 percent, varying with
local westher conditions.

Types or Warnr Uskp.~For sonking and cookiug pea beans, water
of threc types wasused: (1) Distilled water, (2) s_y.'ntfwtie hard water—
distilled water containing ealeium sullate in amounts caleulated as 250
p. p. m. caleium carbonate, and {3} synihetic hard water with the
addition of 0.5 gm. of sodium bicarbonale (o 623 ml, of water (0.08
percent solution). 1ardness of 250 p. p. m. was sclected because 90
percent of the population in the Tniled Stales uses waler of this hard-
ness or less (4. Although natural hard waters conlain ather ions, the
calcium and sulfate ions of thisspecially prepared hard waler represent
the typo of permanent hardness found in most hard waters of this
country.

For the cooking studies on great northorn, pinte, red kidney, and
large ima beans, tap water was used.  This water bad the following
deseription:

Turbidity . .. . atoSpopom ! lardoess . Glod

Tatal solids 46 1o 50 p.op.owe | Alkalingey. . 21 to 22 p. . m,
pil__._ .. .. ... 8B Tron. .. 0.10 v p.oun

Beans of these varieties were sonked and vooked also in a solution of
0.5 gm. sodium bicarbonate in 628 to 658 ml. tap water.

Prororrioy or Warer to Braxs. ~The ameunt of waler needed
varied with the cooking time.  Preliminary cooking tests, in which the
proportions by velume ef water 1o beans wore 2 {0 1, 24 Lo 1. 3 to 1,
and 4 to 1, showed that a 2%-to-1 proporlion was mest satisfaclorn”
for pea beans cooked for 14 hours.  With a 2-to-1 proportion, Deans
wore not untformly eocked beeause the top luver was above the serface
of the waler for al least & part of the cooking time,  For beans roquir-
ing a 2-hour cooking time, . 3-10-1 propartion of water (0 beans was
needed.  Both fiavor and texture of the beans were impaired when
more water than aceded was used.  The proportions of water used
for great northern, large lima, pinio, and red kidney beans are given
in table 1.

Prepararios axp SoakinG Proceprres, -Doamaged beans or
beans with notiveable breaks or blemishes in the seed coals wers
sorled out and discarded.  Pwo-bundred-gram samples of dry beans
were washed twice in distiled water for the pen bean stidy, in tap
water for the other stadies aud drained before soaking.

Two methods of soaking were used with all varietios; (13 The beans
were soaked for 1N hours wvyernighty in cold water at room (empera-
tare; (2) the beans were added to boiling water, boiled 2 minutes,
removed from the heat, and sosked In the hot water for 1 bour.  The
temperatires daring soaking ave given in table 1.

Alter soaking, the beans were deained for 1 minute, then weighed
on g torston balanee and measured in o beaker eraduated in ounces.
The sonking solution was measured in a 500-ml. graduate exlinder.

In the pea bean study, two preparation provedures were compared;
(1} The soaking liquid was Jdisenrded and an oqual amount of resh
waler or solution of the sume kind as that used for soaking was added
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TaBLE 1.—Standard procedures for soaking and cooking dry beans in 2-quart covered saucepans

Temperature during soaking

Weights
of dry
sample

Proportion of i
Volume | Govar'to beans Initial Final C%?lkl;: &

Type of water and ,
of water | "¢ volume ?

method of soaking

Range {Average| Range | Average
8 1) &

Distilled water:s Grams | Mitlililers > C. °C. °C. ° C. | Minutes
I-hour sonk (hot) 200 (23 100 5265 58 90
18-hour soak (coldy ¢ 200 623 25 22-26 24 90

Hard water: s

Pea @ i 1-hour soak (hot)...o. o = 200 623 to 1 100 5563 59 90

O B e 18-hour soak (cold) 200 623 26 | 22-24 24 90

i Hard water with 0.5 g, sodium’
bicarbonate:

1-hour soak {(hot) 200 (23

18-hour soak {(cold) 200 623

Tap water:
1-hour soak (hot) 200 754 100 63 90
18-hour soak (cold)* 200 628 4 -1 27 1-25 25 75

Great northern. .. \Tap water with 0.5 gm. sodium

bicarhonate:

1-hour soak (hot) 200 628

: i8-liour soak (cold) 200 628

HTap water:

i 1-hour soak (hot). ... soan 200 645

i 18-hour soak {cold) * 200 645

Large lima.__..._{\Tap water with 0.5 gm. sodium

hicarbonate:

i-hour soak (hot) 200 645
18-hour soak (cold)_..- 200 645

0O O

LTt
NS

o b
Putind

A&l

100 61-68 64 60
26 60

SN
oot
(a2 w]
S

63 60
45

63 60
24 60

Ot
—
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= o [ al =
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R ol

64 60
24 30

g
o0
o

o 1
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Tap water:
1-hour soak (hot) 200 789 3to1l
18-hour soak (cold) 200 658 2¥ o 1 26

Tap water with 0.5 gm. sodium .

bicarbonate:
1-hour soak (hot) - 200 658 2% to 1 100 3
18-hour soak (cold) 200 658 2¥to0.1 | - - 26 60

Tap water: :
1-hour soak (hot).._.___._ 200 774 3tol 100 . 105

, 18-hour soak (cold) 4 200 774 3tol 26 4 1056

Red kidney....._ Tap water with 0.5 gm. sodium

bicarbonate;

1-hour soak (hot) 200 645 210 1 100 60
18-hour soak (cold) 200 645 2 to 1 26 25 4 60

+ All samples were cooked in the water in which they weresoaked, ‘weights, in grams, for 1 cup of dry beans: Pea, 190; great northern,
except pen beans. - For pea beans, the same procedures were used 188; large lima, 184; pinto, 181; and red kidney, 184. The weight
when . soaking liquid was discarded as when soaking liquid was of 1 cup of water used wag 237 g,
retained for cooking. 4 Same procedures used for beans stored at 40° and 75° I,

? These proportions were caleulated on the hasis of the following 4 This procedure was also used for the reference sample.
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to the beans for cooking; (2) the soaking liquid was retained for
cooking the beans. In the studies on all other varieties, the soaking
ltquid was retained for cooking.

Cooxixg Procepure.—The beans wero eoeked in 2-quart covered
glass saucepans. Four G-inch, 3-speed units of two electric rangoes
were usod for cooking the beans. Input of electricity at different
heat sotiings was as follows: High, 1,250 watls; medium, 675 wabts;
low, 575 waits; very low, 170 walts; simmer, 78 walts.

The heat was Lurned on “high’’ anlil the boiling point was reached, -
at which time the heat was torned (o “low,” and cooking time was
counted [rom this point. The saucepan cover was adjusted to permit
steam Lo escape for the first 5 minutes of cooking to prevent foaming
over. ‘Phe cover was replaced and Lhe beans eontinued to coolk on
“ow'' lo maintnin o gentle hoil, The ceoked beans were drained,
weighed, and measured as deseribed for soaked beans. The cooking
ligrid wns measured in a graduate eylinder and returncd to the sauce-
pan with the beans. The saucepan cover was replaced and tho sauce-
pan placed on the warm imit with electricity turned off until the beans
were served to the judging panel.

In (his study, the eooking lime for pea beans prepared by both the
long and short soaking niethods in distilled and synthetic hard water
was held constant (1€ hours). The beans sonked and cooked in hard
water with added sedium bicarbenate were cooked for 1 hour,

The covking times for great northern, large lima, pinto, and red
kidney beans, as established in preliminary experiments, are given in
tablie 1.

SuLucron axp Trarviveg or Jrpamxe Paxkn—A queslionnaire
was cireulated o prospeetive panel members, asking such questions as
Do von like heans?" and “Do you prefer beans very well done or very
shghily cone?”  Only those who liked beans were considerved for
‘inclusion on the panel.  Consideration was given also to the number
of olher panels on which the person seeved in order to have o suflicient
fime inferval hetween tnsting sessions.  Eight preliminary judging
sessions wore held immediately belore the palatabilily tests on pen
heans for the purpose of iraining the judges, selting up n recognized
standard or reference snmple, and determining the paiatability scores
for that sample.  For each of the other varielies of beans studied, four
iraining sessions woere held.

For (he pea hean study the training was divided into two parts:
(13 On lexture or doneness; (23 on inlensity of nafural Navor. Train-
ing for cach quality characteristic roquired & days,

On the firsi day, (hree snmples of pea beans were cooked to different
degrees ol doneness underdone, well-lone, and evercooked--—with
sulficient varintion in the samples to mrke the differences casy (o
deleet (14,2, and 2% hours for (hislot of heans}, The samples identified
by cooking time were pregented to the judges,  Judges were instructed
(o examine (he samples corvelully and compare the appearance and
texture.  Open discussion followed.  No scores were assigned to the
samples, hut the score sheet (o be used in the study was examined
critically by cach member of the panel.  Pancl members were asled
to offer suggestions {or improvement,

On the seeond day, the samples wore preparcd us for the first,
excepl that the margin of dillerence in cooking {ime for the samples
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was reduced to 15 minutes. The samples were cooked 1%, 2, and 24
hours. Again, the samples were identified by cooking time and the
open discussion technique was used.

On tho third day, the samples were replicates of the series prepared
for the first day of training. A duplicate of one of the samples was
introduced as a check on the judge’s ability to reproduce his scores.
Thu reference sample, representing as nearly optimum quality as
possible, was labeled “control’; other samples were identified by code
letter only. Judges were asked to score the samples. Discussion and
comparison of individual scoves followed.

Similarly, on the fourth day samples were replicates of those pre-
pared for the second day of training, plus & duplicate of one sample.
They were presented to the judges, scored, and compared as on the pre-
vious day. From these ratings ihe scores for the velorence sample
were established,

For lraining on intensity of natural flaver, the samples wore pre-
pared in progressively decreasing volumes of water (o inerease the
strength of flavor of the coolted besns. All samples were cooked 2
hours.

On the first day, three samples were prepared with the following
proportions of waler to beans: 3 to 1, 3% to I, and 4 to 1. On the
second day, the margin of difference between the semplos was de-
creased ; the proportions used were 3 o |, 3% fo 1, and 3% to 1. In
this series, samples were labeled with the proportion of waler Lo beans
and, as in the teaining sessions for texture, they were not scored on
the first 2 days. The sessions on the third and lourth days were
repetitions of the first and sccond days, exeepl that the samples were
labeled with code letters. _

Treaining of judges lor testing other vgrietics of heans was limited
lo one quality factor, texture—the most important factor in evalu-
aling the relativo success of & method or Lreatment.

The training sessions served a twofold purpose in the study of
different varieties of beans: First, as (raining for the panel members;
second, as an exploratory study to form o basis for the selection of the
reference sample and the variables to be included in a later study,

On the first 2 days of training the procedure was the same ns that
used for pea beans; the cooking times and proporiions of water to
beans varied with the variety of hean.

For the third and lourth days of training, the procedure followed in
the preparation and cooking ol the samples was determined by the
results of the preceding days’ tests.  The samples, labeled only by
code letter, were presented to the judges, scored, and compared.

Th selected panel consisted of seven food and household-equip-
ment specialists who were most able (o reproduee their scores on dupli-
eate samples,  Five were used as regular judges and two with the
same training as the regulars were used as replacements in ecases of
absen(ecism or resignalion.

SERVING OF Namrrus.—~Approximately 2 tablespoons of the sample
were served to cach panel member on o warmed, white pinte labeled
only with » code letter. A\ relference sample of predetermined score,
Iabeled eontrol,” was served firsl,  Then three experimental snm-
ples and a duplicate of the veference sample as an unknown control
were served to cach judge in randomized arder, one alter (he other in
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quick succession, so that the judge had =ll five samples before him at
once for purposes of comparison.

Rarine oF SamriEs—The quality of the experimentally cooked
beans was evaluated by a panel of five trained judges. A score sheet
using numerical volues to express differences 1n quality was sot up
for analytical judging. Descriptive Lerms accompanied each rating
on the seale to insure unilorm interpretation of the numerical values.

The quality characteristics cvelunted by the panel were appear-
ance, texture of skin, texture of colyleden, intensity of natural (avor,
and absence of off-lavor. Tor appearance, the seale of values ranged
from 35, whole, to 1, mushy; for texture, both of skin and cotlyledon,
the scale ranged [rom 5, tender, fo 1, completely disintegrated or
mushy, and [rom 5 Lo 9, increasing toughness or havdness. Tor
natural flavor, (he seale ranged from 5, natural, full bodied, to 1,
lacking. For ofl-flavor, the scale was from 3, none, to 1, very pro-
nounced. Thus, for cach characteristie, 5 was the optimum score.

A separate score sheet was used for raling general nceeplability on
a 5-point seale: 5 represented very good; 4, good; 3, [air; 2, poor; and
1, very poor.

Carcurnarion of Renvorarioy Rarios—The rehydration ratio
for the soaked beans was abiained hy dividing the weight. of the soaked
heans by the weight of the dry heans, The z-oh_\fﬁmtion ratia for
cooked benns was obtained similurly by dividing the weight of the
cooked beans by ithe weight of ihe dey beans.

el Dursryriyarions.—pH of the sonking solutian and of the liquid
from the coolced beans was determined with a pIT meter, using calomel-
saturated potassium chiloride, and glass olectrodes.

DurirmiNarion oF Tniasine, Asit, axp Mosrorie—Samples of
100 gm. of the dry beans, taken from the [aree bateh obiained for the
study, were ground in a Wiley mill (hrough a 20-mesh sieve.  Sub-
samples were taken from (he ground beans for analyses. Samples
were weighed quantitatively for thiwmine, moisture, ash, and in-
soluble ash determinations.  OF the 200 gm. of dry beans, soaked or
cooked, subsamples were taken for moisture, ash, and insoluble ash
determinations (4).

Thinmine was determined on the sonked or cooked beans by blend-
ing equal weights of beans and 0.2 normal hydrochlorie acid in n War-
ing blendor. The slurry was placed in wide-mouth, brown glass
bottles, and ehloroform added as a preservalive. The botlles wore
stoppered and sfored in o relvigerafor until analyzed. The sonking
liquid was acidified by adding | ml. of reagent hydrochloric aeid (o
every T ml. of liguid.

At Ihe time the analyses were earvied out, T-zm, samples of the
ground dry beans, d-gm. samples of the soaked bean-neid mixture,
10-gm. samples of the cooked bean-aeid mixture, or 25 mi. of aeidified
soaking liquid were weighed into 100-mi. volumetric flasks, The pIT
was adjusted to 2.0with 2.5 normal sodium acetnte, 5 ml. of 10 pereent
popsin solufion added, and the mixtore incubated at 372 ¢ for 2 hours.
The P was then adjusted to 4.5 with 2.5 vormal sodium acetate, 5
ml. of 10 percent takadiastase solution added, and (he somples incu-
baled at 37° overnight. In the morning the mixture was made up to
100 ml. and the thiochrome determination earried out on a filtered
aliquet (7).

3
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Renyprarion UnpEr DirFerenT ScakiNne ConpiTIOns

An exploratory study was carried out to determine the amount of
water absorbed by dry pea beans during soaking in distilled water
under various conditions.

Beans for this experiment were bought in retail markets in
Washington, D, C. They were held at room temperature during the
course of the study.

Two-hundred-gram samples of dry beans were seaked in distilled
water, using a 3-to-1 proportion by volume of waler to beans. Tem-
peratures of soaking included (a) room temperature, 23° to 25° C.
(72°-75° F.), (b} 50° C. (122° ") initial temperature decreasing to
room temperature, (¢} 50° C. (122° I') constant lemperature, (d)
100° C. (212° I7.) initial temperature decreasing to room temperature,
and (e) 100° C. {212° F.) for 2 minutes decreasing to room
temperature.

Beans were drained and weighed after soaking for !4, 1, 2, 4, 6, and
16 hours to delermine thie water upteke under the different soaking
conditions. Tigure 1 shows the comparative rate of reliydration of
pea beans in distilled water as affected by temperature and time of
sonldng,

e.2

—— ===

AT O e ——

TEMPERATURE
23%-25° C, consiant
50°G. constant
50°C. ipitial, decraasing to 25*
I00"C. initial, decreasing to 24
100°C, 2 minutes, decraasing to 25°

REHYDRATION RATIO

L I 1 ! L s 1 [
3 4 5. 6 |6
SOAKING TIME (HOURS)

Ficere |,—Rehydration ol pen beans as affecled by temperature und time of
sonking in distilled water.

The time required for rehydration to a constant ratio depended on
tho temperature of the soaking water. The rehydration ratio of the
soaked beans (weight of sonked heans divided hy weight of dry beans)
reached an average of 1.94 to 1.95 in L hour when the beans were
boiled 2 minules and allowed to cool 2t room temporature, in 4 hours
by starting but not helding at 100° C., in 2 hours by holding at 50°,
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in about 3} hours by starting at 50° and cooling at room temperature,
and in 6 hours by holding at room temperature {23°-25°). The
amount of waler absorbed by the benns after 16 hours of soaking was
appro:gimately the same as after 6 hours when sosking was started
at 100°.

As {ar ns water absorplion is concerned, long soaking periods were
unnceessary when an iméial temnperature of 100° C. was used. Tur-
thormore, when the beans were sonlked for 16 hours at 50° definite
signs of spoilage were observed. Seaking for 1 hour after a 2-minute
initial boil was the most efficient of the methods siudied.

AppiTioNn or Sopium BicannovaTE on SopiuM FIEXAMETAPHOSPHATE

In preliminary studies designed to show the effech of soaking and
cooking in alkaline solutions on rehydration and palatability of pea
beans, sodium biearbonate or sodium hexamnectaphosphate was added
in amounis varying [rom 0.3 to 2 gm. in 623 mi, distilled water,

The oplimumn amount of sodinm bicarbounte—the amount which
shortened the cooking time appreciably and had only a slight eflect
on [lavor—was found to be 0.5 gm. in 623 ml. water. Cooking time
was reduced approximalely one-thivd by the addition of this amount
of sodivmm bicarbonaie {0 the soaking and cooking water, Pea beans
that raquired 1} hours Lo cook in distiled water were done in 1 hour
in sodium bicarbenate selulion. When 1 gm. or more was added, the
cooking time was shortened oven maore, bui the cooked beans had o
disagreealiie odor and flaver and & mushy appearance.

A solution made of 9,5 gm, sodium hexamotaphosphate and 623 mi.
distilied water proved less eileclive than sodium bicarbonate solution
in redueing the cooking Lime; pen beans cooked in this solution re-
quired 14 hours to become ileuder. Soluiions containing larger
amounts of sodium hexametlaphosphate were unsalislaciory beesuse
of the undesirable flavor imparted to the beans.

Pra Brans

The rebydralion capacity, cooking time in a covered saucepan,
palatability, and nutrilive value of pea beans as affeeted by temper-
ature and tinte of sonking, disearding ov relaining ihe soaking solution,
the vse of soflt or hard waler, and the addilion of sodium bicarbonate
were investigaled.  The beans were stored at 40° and at 75° F. for
1 year prior to 1he soaking and eooking studies.

The experimoent was planned as a randomized factovial design.
Individual differences helween means were subsequently analyzed.
A loial of 24 experimental combinations, replieated 3 Limes, were
randomized over 24 days of lesting.  “Three experimental samples and
one contrel were cooked nnd analyzed each day,

The menn scoies aned analysis of varianee of Lhese seores for natural
fluvor, off-llaver, lexture of skin, texture of coivledon, appenrance,
and secoptability of pea beans prepared under different conditions of
soaking and cooking are presented in tables 2 €0 8. i

Table 2 shows the combined values for method of preparaiion,
sonking apd cooking solulion, and storage tempernture. In iables 3
to 8, the resulls for cach palatability factor and ench storage tomper- -
ature are shown in three paris: (1) Mean scores for each method of
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TasLe 2.—Mean scores and mean squares for all palatability factors
Jor pea beans stored at 40° and 76° F. for 1 year

. Mean score ! Mean square
Palatability factor {1degree of

40° F. | 75° F. freetdom)

5. B7g**

. 602
83, 136+
112, 225%%
2. 958%*

. 109

Texture of skin_ . o aviui oo
Texture of cotyledon

Appearance

Acceptability

$0 60 e o i
e+ Ror ) RN o Y]
g0 o tngn e
O OO G QA 00 B

**Sjgnificant =t 1-pereent level.

* Intensity of natural flavor, absence of off-flavor, appearance, and aeeeptability
were rated on a §-point scale with 5 as the optimuin score and 1 the poorest scord,
Texture of skin and of cotyledon were rated on a 9-point scale in which 5 was the
optimum score, 8 was very tough and hard, and 1 was eompletely disintegrated
and mushy,

preparation and solution nsed; (2) mean squares from the analysis
of varience of methods within solution; (3) mean squares from the
analysis of variance of solutions within method of preparation. In
the first part of each table, the cflects of draining and duration of
soaking on pea beans sosked and cooked in various solutions are pre-
sented. 'The second part gives the significance of differences among
methods using the same sclution, while the third part gives similar
information for comparisons among solutions for the same method.
The mean squares are included to assist in the interpretation of the
Imean Scores.
PALATABILITY

Narvran Fravor.—In general, pea beans stored ab 75° F. were
scored slightly but not significantly higher on inlensity of natural
flavor than thosc stored al 40° (table 2). The mean natural-flavor
score for &ll beans stored at 75° was 4.2, agrinsi 4.0 for those stored at
40°,

For beans stored at 40° T, soaking 1 hour or 18 hours made neo
real difference in the natural-flavor scores when distilled water or
bard water plus sedium bicarbonate was used as the cooking me-
dium (table 3). Undrained beans soaked by either method and cooked
in the soaking solution were scored higher on natural flavor than
drained samples cooked in {resh solution. When hard water without
sodium bicarbonate was used, the short-soaked, undrained samples
received significantly higher scorves than those prepered by other
methods.

Alfter 75° I, storage, dilfevences in flavor scores of beans soaked
1 hour or 18 hours, drained or not drained before cooking, wore not
statistically significant, regardless of the type of water used.

Orp-rLavor.—Mean scores for off-flavor indieate that fow off-
flavors were present in any of the samples of beans {iable 4). The
lowest mean score of 4.3 for beans prepared in hard water by the
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18-hour overnight soak snd not drained before eacking indicates
that perceptible off-finvors were present only in this sample. Dif-
ferences between scores with respect to tempersture of storage,
methods employing the same solution, or solutions used for thi: same
method were not significant.

TExTURE oF SkiN.—Temperature of storage had a highly signif-
icant effect on texture of skin (table 2); tho skins of pea beans cooked
after storage at 75° F. for 1 year were tougher than those coolced
after storage at 40°,

The skins were slightly too tender when the beans stored at 40° F,
were given a 1-hour hot soak snd drained before cooking in fresh
distilled water (table 5). When the beans were cooked in the soak-
ing solution, the skins were close to optimum in tenderness. On the
other hand, after the 18-hour cold soak in distilled water the skins
of the undrained beans cooked in the soaking solution were more
tender than those of the drained beans. Dilferences in skin texture
due to method of preparation were in the same direction for beans
stored at 75°.  'That is, with the 1-hour soak the drained beans had
more tender skins than the undrained, and with the i8-hour soals,
the undrained beans had more tender skins than the drained.

When the beans stored at one temperature were soaked and cooked
in hard water, flavor scores were very similar, whether the soaking
time was 1 hour or 18 hours and whether the beans were drained
or undrained. Ilowever, as pointed out previously, the beans stored
ab 40° F. were in general more tender than those stored at 75°.

The skins were too tender when beans stored at 40° I, were drained
after soaking cither 1 hour or 18 hours in sodium bicarbonate solution
and cooked in iresh sodium bicarbonate solution. Tenderness of
skins was closer to optimum when the beans were not drained nnd
were cooked in the soaking solution. Likewisc, beans stored st 75°
had more tender skins when drained after & 1-hour hoi soak and
cooked in fresh sodium bicarbonate solution (han when cooked in
the soaking solution. After the 18-hour cold soak, draining made
little difference in the tenderness of the skins of beans stored at 75°;
both drained and undrained beans had tender skins after soaking
and cooking in hard water with sodium bicarbonate added.

Texrure oF Corvienox.—Mean values for texture of cotyledon
of beans stored at 75° F. were significantly different from the values
for those held at 40° (lable 2). In mosb cases the beans stored ot
40° were rated slightly too soft and those stored at 75° were scored
slightly too hard.

Of the beans storved at 40° I, those prepared by the short soak
without draining were scored closer to 5.0 (tender) then those pre-
percd by other methods, whatever the type of water used (table 6).
The other methods gave lower scores (softer texture), in most cases
significantly lower.

For beans stored at 75° F. the long soaking procedure, with or
without draining, gnve hn general the most satisfactory scores with
cdistilled water and hard water plus sodium bicarbonate. When
hard woter was used, there was little difference in texture scores duc
to method of soaking or dralning. The short soak without drain-
ing resulted in slightly too hard beans, regardless of the type of water;
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the short soak with draining resulted in slightly too soft beans when
hard woter plus sodium bicarbonate was used.

Compsring the effect of different solutions within the same method
for beans stored at 40° F., the only methods in which significant
diffcrences in scores oceurred were those that included draining,
Witk those methods, hard water plus sodium hicarbonate produced
scores in the too-soft range.  The different selutions had no significant
effect on texture scores for beans stored ot 75°.

ArpEarance,—DPea beans stored at 75° F. had higher scores for
appearance and were less broken than those s{ored at 40° (table 2).

Of beans stored at 40° F. (table 7) those soaked and coolked in hard
water with sodium bicarbonate showed the influence of draining; those
prepared without draining, whether soaked for a short or long time,
had significantly better appearance seores than those drained, ~ Thero
wero 1o significant differences in appearance due te method of sonking
or dreining for any of the other kinds of water.

When the influence of type of water on appearance scores of beans
stored at 40° F. was analyzed, it was found that differences were sig-
nificant only in the short-soak-and-drain method. In this method,
beans soaked and cooked in distilled water or hard water scored higher
than those in hard water wilh socdium bicarbonate.

Appearance scores of pea heans stored at 75° F. were nob affected
by methed of preparation or txype of water used.

Accrpraninrry —Temperature of storage had no signifieant offeel
on the scores for acceplability (lable 2). When the same type of
water was used in all methods, beans held at 40° . and prepared by
the short-soalk method without draining received scores that wore sig-
nificantly highcer than the scores for heans prepared by other methods
(table 8). When the beans were stored ab 75°, differences in these
scores attributable to method of prepacation were not significant.

When beans stored at 40° I were soaked by the short method and
cooked without draining, those prepared in hard water with sodium
bicarbonate were scored significanily lo. er for acceptability than those
in distilled or hard water.  Beans in hard water plus sodium bicarbon-
ate were scored slightly lower also when other metheds of soaking and
cooking were used, but the diflerences were not significant,

REHYDRATION

In general, after 40° I7. storage, pea beans soaked overnighi at room
temperature andd cooked 324 hours in distilled or hard water, or 1 hour
in hard water plus sodium bicarhbonate, imbibed slightly more water
than heans prepared by the short soalk in hot water (table 9). The
beans sonlked overnight in cold water had rehydraled more (han was
necessary Tor optimum tenderness, as shown by texture scores in table
6. Fhe texture of coolked heans, drained or not drained alter the
long-goak process, wus softer than the texture of the undrained short-
soalked beans.

When pea beans stored at 40° T, were prepared by the T-hour hot
soak and cooked in the sonking solution, {he rehydration ratios were
slightly Jower than when the soaking liguid was discarded and fresh
solution added for cooking. Towever, the scores lor toxture were
significantly higher and coser to optimum for (he former, suggesting

T4OTE 52 3



http:stol'fl.ge

TasLe 3.—NATURAL FLAVOR OF PEA BEANS!
for 1 year and prepared under different conditions of soaking and cooking

Mean scores and analysis of variance for beans stored at 40° and 75° F.

MEAN SCORES FOR NATURAL FLAVOR!

Description of sample

Pea beans stored at 40° T, soaked,
and cooked in—

Pea beans stored at 75° F., soaked,
and cooked in—

water

Distilled

Hard
water

Hard water
and sodium
bicarbonate

Distilled
water

Hard
water

and sodium

Hard water -

bicarbonate

1-hour soak (hot):

Drained, cooked in fresh solution .. ... aou ..

Not drained, cooked in spaking solution
18-hour soak (cold):

Drained, cooked in fr esh SOMTTION A e e S

‘Not dmmcd cooked in soaking solution

MEAN BQUARES FOR BACH STORAGE TEMPERATURE ACCORDING TO SOLUTION TISED

Source of variation

Degrees
of
freedom

Pea beans stored at 40° F.; soaked,
and cooked in—

Pea beans stored at 75° F.; soaked,
ans cooked in—

Distilled
water

Hard
water

Hard water
and sodiam
bicarbonate

Distilled
water

Hard
water

Hard water
and sodium
bicarbonate

1. 928
4. 816%
. 150
. 817

2. 63g*=

3..750%*

3. 750%*
L 417

. 444

. 666

. 266
5. 401%

. 756
L B67*

. 600

L8511

. 266%

266
. 001

0. 667
1..667*
007

-
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Judge. . __...._.. . S 1. 441 1. 692 2. 600 1. 642%x 2. 141 1. 083*
Method Xjudge e ) . T19% . 458 . 833%% - 464 L 719% . 250
Error_.... i . 300 467 . 300 ' . 400 . 300 . 367

MEAN SQUARES FOR EACH STORAGE TEMPERATURE ACCORDING TO METHOD OF PREPARATION

Pea beans stored at 40° 1., soaked, and cooked | Pea beans stored at 75° F., soaked, and cooked

Degrees
Souree.of variation of 1-hour soak (hot) 18-hour soak (cold) 1-hour soak (hot) 18-Liour soak (cold)
fréedom

Drained | Undrained { Drained | Undrained | Drained | Undrained Drained | Undrained

2, 222%* 1. 155 0. 955 1.735 0. 289 1. 622%* 1. 155 0. 200
1. 300%** 1. 500 2. 478 . 867 2. 133* . 667* 1. 744%#% 1. 580*
..500 L T67* . 928%% . 617 . 483 . 233 . 628 L 172
3 . 289 . 289 . 24 . 600 . 267 244 L4227 . 489

1

* Significant.at 5-percent level, ! Mean of 15 values (3 replicates scored by 5 judges) on fol-
** Significant at 1-percent level. lowing rating seale: 5, natural, full-bodied; 4, moderately - full-
bodied; 8, slightly wealk; 2; weak; 1, lacking.

SNVHEL X80 DNINOOD ANV DNIMVOS J0 STOHIAN aIdvi
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TABLE 4

y(ar and prepared under different conditions of soaking and cooking

MEAN SCORES FOR OFF-FI .Avonl

Deseription of sample

Pea beans stored at 40° I, soaked,
and cooked in—-

Pea beans stored at 75° T, soaked,
and cooked in—

Distilled
water

Hard

Hard witer
and sodium

¢ bivarbonate

Distilled
witer

Hard
wafer

Hard water
and sedium
bicarbonate

1-hour goak (hol):
Drained, cooked in fresh solution.
Not t!rmuvd cooked in soaking solution.. .
18-hour'soak reoldis
Dirained; covked in fresh solution
Nof dmmed couked: in sonking solution

-

AMEAN SQUARES FOR EACH STORAGE TEMPERATURE ACCORDING 10O SOLUTION USED

Source of varis mon

Degrees
of
freedom

Pea beans stored at 40° 1,
and cooked in---

i
sonked,

Pea beans stored at 75° T, soaked,
and cooked in—

Distilled
water

Hard
waler

{ hicarbonate

Hard water
and sodium

Distilled
water
!

Hard
wuater

Hard water
and sodium

bicarbonate

Method... ..
Drain. ..
Soak.. ..
Prain Xsonke . cnn v e e

S

1. 661
. 817
2, 817*
i. 349

0. 444

0

1,066
267

0. 044
. 066
0
. 067

0.461
2150
417
. 816

0. 061
. 016
. 150
. 017

4. —QFF-FLAVOR or PEA BEANS: Mean scores and analysis of variance for beans stored at 40° and 75° E. for 5
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Judge: .ol § I | ; . 141, 1. 291 1. 016 RECYL . 225
Method Xjudge... R R 12 . 075 . 536¥* . 138 . 142 |, . 058
Frror___ . ... ... . P AN 40 . 100§ . 116 L 417 . 133 . 217

MEAN SQUARES FOR EACH STORAGE TEMPERATURE ACCORDING TO METHOD OF PREPARATION

! Pea beang stored at 40° F., soaked, and cooked | Pea beans stored at 75° I, soaked, and cooked

Degroes
Souree of variation of i 1-hour soak (hol) 18-hour soak {(cold) 1-hour soak (hot) 18-hour soak (cold)
freedom ) .

Drained. | Undrained'| Drained ! Undrained {  Drained | Undrained | Drained | Undrained

Solution v e o 0. 022 0. 200 0. 466 . 0. 060 0. 289 0. 289 0. 289
Judgow e i A S . 355% . 089 1.033 { . . 355 . 133 . T55%* . 589 L Okd
holutloanud"O_-. i . 022 . 089 L 217 606 . 066 . 205 . 289% . 094
Irror-_,.---,.---...é e & . 133 1 . 400 . . 133 . 155 2117 : . 378

* Signifieant at 5-percent level, VM Mean of 15 values (3 replicates scored by 5 judges) on follo“mg,‘
** Slgmhcuul, at l-percent-level, rating scale: 5, nuno 4, perceptible; 3, slightly pronouncul ; mod-
} orately pronounc(-(l \ ery 1)ronounccd

SNVHE Xdd HNIMO0D ANV ONINVOS J0 S(IOHJ;EH-\‘." ardvy

61
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TasBre 6.-~TEXTURE OF COTYLEDON OF PEA BRANS:  Mean scores and analysis of variance for beans stored at 40° and
79° I, for 1 year and prepared under different conditions of soaking and cooking

44

MEAN SCORES FOR TEXTURE OF COTYLEDON !

Pea beans stored at 40° T,

Pea beans stored at 75° T,
sJaked, and cooked in—

soaked, and cooked i

Description of sample

Distilled
water

Hard
water

Hard water
and sodium
biearbonate

Distilled
water

Hard
water

Hard water
and sodium
bicarbonate

1-honr goak (hot):
Drained, cooked in fresh soluiion, Lo
Not drained, cooked in soaking solution. . _, .-
18-hour spak (cold):
Drained, cooked in fresh solution. .. . .. Lo .
Not drained, cooked in soaking solution. - . . ... .

AMEAN SQUARES FOR EACH STORAGE TEMPERATURE ACCORDING TO SOLUTION USED

3
'
£

Pea beans stored at 40° I,

; Pea beans stored at 75° F.,
soaked, and cooked in——

) soaked, and cooked in—
. Deogrees

Source of variation i of
) freedom

Hard water
and sodium
bicarbonate

Hard water
and sodium
bicarhonate

Distilled
wafer

Hard
water

Hard
water

Distilled
water

1. 733% 3. 127+ 5ok

.7 4. 333*
1, 666 . 816 . G00**
. 6

3. 267
1. 667
66 8. 066*

5. G72+*
10. 417%*
. 150
7. 350

Method, . _.oo_ilon. .. 1. 0%3
L4417
. 817

2.016

HUALTADIMOY Jd0 ‘TdHd *$ N ‘1¢0T "ON NILATING TIVOINHOWL

I ! [ 2
: S . R 1 . 266 3. 750%
DrainXsoak........ S Lo 1 3. 2068%; 2, 817




JUAEC e o e i ORI, : L8911} 1.817 1. 500% . . 400 . 892

Method Xjudge | . 636 . 794 . 311 ) . 444 . 680

BITO o eemoe oo LTI l : . 383 L 467 . 483 . 817 1. 300
£ N 1 |

MEAN SQUARES FOR BACH STORAGE TEMPERATURE ACCORDING TO METHOD OF PREPARATION ‘

PR, - S— e

. Pea heans stored at 40° . soaked, and cooked § Pea beans stored at 75° F., soaked, and ccoked
1

i Degrees H i
Souree of variation ; ot; I-hour soak (hot} ¢ 18-hour soak {coldy ¢ 1-hour soak {hot) 18-hour soak (cold)
reedomn : ‘

: g
Drained 7 Undrained | Drained ‘Undrained Drained | Undrained

Draiped lnumm(‘d q‘
; %
;

; ! ! i 1
Solufion. S, ; : 3. 889* 3 ; . *y 0. 067 ! 4. 266 ! 0. 155 1.-355 0. 466
Judge ..ol U 4 . H8Y ] : L8 ; . . 244 . 811 . 411 . 744
%lemu}(]m‘go BERTI . A5 % . i 4 4 V211 ..378 1. 328 . 577
Error. ... .. g : . . 1. 333 . G4 . 844 L 022

* \n.uuf’umt at H- l)r'r('an level. lowing.rating seale: 9, very hard: 8, hard; 7, moderately hard; 6,
*% Nignificant at l-percent level, slightly hard; 5, tender, 4, slightly too soft 3, moderately too soft
Y Mean of 15 values €3 replieates scared by 5 judges) on the fol-- 2, too soft; 1, mushy.
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TABLE 7.~~APPBARANCE OF PEA BrANS: Mean Scores and analysis of variance for beans stored at 40°

1 year and prepared under different conditions of soaking and cooking

and 76°F. for

MEAN SCORES FOR APPEARANCE !

Description of sample

Pea beans slored at 40° F.,
soaked, and cooked in——

Pea beans stored at 75° T
- soaked, and cooked in—

-3

{ {

! ¢

Hard  Hard water

Wwater | and sodium
S bicarbonate

Distilled
water

Hard
water

Distilled

water and so

Hard water

dium

bicarbonate

1-hour soak (hoti:

Drained, cooked in fresh solution-. .~ .. ..

Not drained, cooked in soaking solution, ... . _.. ..

18-hour soak {coldiz , .
Drained, cooked in fresh solntion. . .
Not drained, covked in soaking solntion.

MEAN BQUARES FYR EACH STORAGE PEMPERATURE ACCORDING TO SOLUTION USED

3
. i

i

Pea beans stored at 40° T,
soaked, and cooked in--

Pea beans stored at 75° .,
soaked, and cooked in—

Degrees
of
freedom

Souree of variation
Hard water
and sodium
bicarbonate

|- Hard waier
and sodium |
bicarbonate

Hard
water

Distilled
water

Hard
water

Distilled
water

|
i
|
!

0.111 !
0

. 266
. 067

¥ :
: 1. 305%*
3. 750%*
.- 150
. 016

0. 644 ¢ 0. 400 0. 683
. 816
- 816

- 417

Method... ..

o o s e

HYALTADIYOY, J0 "LdEJ 'S ' ‘18071 *ON NILZTING TVOINHOHL ¥C

o . 817%

Sonk.__~_. .. 0TI . 150
. .150

)
|
0.372 1
Drain X soak. ... . .




JUAEO e e : . G12% .191 4 . 333 | L 125

Method X udge. . oo . 12 J219 | o202 -222 . 158
Error R 40 .183 . 233 . 267 - 300

t

MEAN SQUARES FOR BACH STORAGE TEMPERATURE ACCORDING TO METHOD OF PREPARATION

1’ea beans stored at 40° ., soaked, and cooked { Pea beans stored at 75° ., soaked, and cooked

Source of variation , of 1-hour sozk (hoty - | - 1S-hour soak (cold) 1-hour soak (hot) 18-hour goak (cold)

freedom

i

i Degrees !
i

¢ Drained i[‘ndmiued? Drained | Undrained { Drained | Undrained | Drained | Undrained

! f { H
Solution. . ... .. L os% . 0151 0.800°  0.022 0. 089 0. 066
Judge. ... PN 4 422 . 189 | . 533 . 235 | .078 L3067
\Olmmu X ]ud;,o, BRI ‘ L2506 . 8223 L2173 . 189 . 391 . 067
Lrror., o IERERE Y ISETE X S267 0 .422 [ 292

e D e & K

C¥Significant at S-pereent level, 1 Mean of 15 values {8 replicates scored hy 5 judges) on following rating scale: 5, whole; 4, slightly
*kRianificant at T-pereent level, broken; 3, moderately broken; 2, broken; 1, mushy.
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TABLE 8, ACCEPTABILITY OF PEA BEANS:

Deseriprion ol sample

bt i kbt

1-howr sonk thoty:

Deained, cooked in freshsolution

Not (lrmnw! cooked in sonking solution
18-hour sonk teolds;

Dreained, cooked in fresh solution

Not deained, cooked in sonking solntion

MEAN SQUARES FOR EACIH STORAGE TEMPERATURE AUCORDING TO SOLVTION USED

{

E

Sostree of variation

Method. ..
Dirain
Sonk.. . e
Drain W osonk ..

Degrees
of
freedom

Pea heans stored at 40° ¥,

soaked,

Distilled
water

ERPER

- e
i

Distilled

wiater

Pea heans stored at 40% I,
soaked, and covked in-

Hard
water

and cooked in-

i
i

Pea beans stored at 75° T,
sostked, and cooked in—~

e sttt e

\l\rzi‘['(fl = and sodium
t biearbonate

3.8
dod

3.7
3.7

H

Hard water

Hard
water

Distilled
water

Hard water
and sadinm

bicarbonatc

o2 =~3 g ary

P NS S L.

Pea beans stored at 75° I,
soitked, and cooked in—

i

t Hard water
¢ and sodium
“hicarbonate

Hard
water

Distilled
water

Hard water
and sodium
bicarbonate

1. 838%
1,330 |
2, 8106%
1..350 !

1. 217*
2. 816*¥,
<016
. 818

0. 311
. 066
. 600
. 267

0. {167 |

0.194
L4417
. 017
. 149

Mean scores and analysis of variance for beans stored at 40° and 75° F. for X
1 ytar and ]n (']mrrd under (Iz[7¢ rend conditions qf soaking and cookmg

MEAN SCORES FOR ACCEPTARILITY }

.
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¥ @

ge . . - 4 . 267 . 858 1. 083% . 642
Method X Jud;,c.,-._ ................. e 12 . 456 . 214 . 328 . 230
B 085 20} SRR DA SRR 40 . 275 . 517 . 317 . 567

MEAN SQUARES FOR EACH STORAGE TEMPERATURE ACCORDING TO METHOD OF PREPARATION

% Pea heans stored at 40% I, soaked, and cooked | Pea beans stored at 75° F., soaked, and cooked

; Degrees | - : :
Souree of variation i of . - I<hour soak (hot) - : = I8-hour soak {coldy i~ 1-hour soak (hot) 18-hour soak (cold)
© freedom il : ’

i

Drained a[mlrmne( 3 Drained j Undrained | Drained | Undrained | Drained | Undrained

Solution. ... ......0 .. : . "GG 488*
Judge. .. : .H! .‘l/S

o 367 | La4llx 478 355 . 689
Solution X ,ud;.,c--__ . } l 1 { . 128
PR . 4~

L4183 245 . 361 436§ <122
. 356 ! 100 . 222 % .-378 - 4dd

hxgmﬁmnt at 5-percent 10\ el 1 \rean of 15 values (3 rophnat.e% scored by 3 judges) on following
*#ESignificant at l-pereent Jevel, rating seale:r 5, very good; 4, good; 3, fair; 2, poor; 1, very poor.

% 0.280 1  0.800 ' 0555 0. 622 0. 066

Frror. . .31
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TABLE 9.— Rehydrutwon ratios ! for pea beans stored at 40° and 75° F. for 1 year and prepared under different;conditions
of soaking and cooking :

Rehydration ratio ® for beans

Storage Soaked in— Cooked in—

tiﬁlrl;eg?_ Descrilition of sample
dry beans H .

s ! ard water cons . Hard water

: Distilled Hard and sodium Distilled Hard and sodium

bicarbonate | bicarbonate

water water water water

1-hour soak (hot):
Soaking liquid disearded
Soaking liquid retained
18-hour soak (eold):
Soaking liguid discarded Lo oo Lo
Soaking liquid retained :
1-hour soak (hot):
Soaking liquid discarded
Soaking liquid retained..
18-hour scak (cold):
Soaking liquid disearded .. __ [
Soaking liquid retained

90
91

96
98

97
99

04
. 05

.92
.92

.96
.95

. 02
. 02

. 04
. 04

43
40

47
46

51
42

B
DS, DD
9 e

HEoEe

e
SO O
~N0

58
57

RN PR NN W
{\VE ] NN NN N b
(<141 [, [JLRY-N
SE BB kY

L.
L
1.
L
L
L
2.
2

SIS
[ Y]
SOt

1 Caleculated by dividing weight of soaked. or cooked beans by weight of dry beans. ? Mean of 3 replicates.
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RAPID METHODS OF SOAKING AND COCKING DRY BEANS 20

TasLe 10.—Correlation of rehydration ratios' and texture scoves for pea
beans

Local
market
pea beans
cooked by
varied
inethods

Michigan

pea beans

cooked by
selectoed
methods

Foctora correlated

Rehydration ratio and texture of skin —{. D4d*H D, (FT7H*
Rehydration ratio and texture of cobyledon. . —, QL2 TigE
Texture of skin and texfure of cotyledon S, G63*H ., D4oHk

**Firnifleant nt I-percent lovel.
b ! Calevlated by dividing weight of soaked or eooked boans Ly weight of dry
2aNS.

that a rehydration ratio in the neighborhood of 2.37 to 2.40 is faverable
to optimum tenderness of pea beans that have been stored at 40°.

When tho cooking time for beans stoved at either 40° or 75° F was
adjusted as indicated to the kind of solulion, and the short sonking
procedure was followed, there was litls difference in the rehydration
ratios of the beans cooked in distilled water, synthetic lard water, or
hierd water plus sodium bicarbonate ns long as the same draining
procedure and storage temperature were used. 'With the long soaking
pracedure, however, these ratios, excopt for the beans stored at 75
and drained after soaking, were somewhat loss consislent.  There was
apparently some fluctualing intevrelationship between cooking Lime,
storage temperature, draining procedure, and solution used for soaking
and cooking in their effect on the rehydration ratio of the long-soalked
cooked heans.

In general, beans prepared by thie long cold soak had ligher rehy-
dration ratios than those prepared by the short hot soak, and heans
drained and cooked in fresh solution had higher rehydration ratios than
those cooked in the soaking solution.  There were Lwo oxcoptions: (1)
Beans stored at 40° F. and soaked overnight in hard water had a lower
rehydration ratio after eooking than corresponding samples prepared
by the short hot soak; (2) beans stored at 75° and soalked overnight in
distilled wator had a higher relydeation ratio when cooked in the
soaking selution than when cooked in fresh solution,

* Rehydration ratios for pen heans stored at 75° 1" for 1 year were
higher, without exceplion, than for those stoved at 40° and cocked by
the same procedure, although the texture seores indicated that the
beans stored at 75° were harder.  In most instances they were too
hard when cooked [or 1}§ howrs, the time used in (he slandard niethod,
Apparently some factor in addition to rehydration capacity plays a
port in the zelationship between cooking of stored dry beans and
tenderness. Moisture content of the dry beans may have been o
factor—those slored at 75° had 74 percent s high moisture content
as those stored al 40°.

The wsually close over-all relationship between rehydration ralios
and texture scores observed in preliminary work was studied by means
of correlation coeflicients, wilh resulls as shown in table 107 These
coeflicients were obtained from. daia [or hoth locally purvchascd pea




TaBLE 11.— Palatability scores and rehydration ratios of pea beans sioved at 75° F. jor 1 year and prepared by different
methods

Mean score !
Rehydration
ratio 2

Storage teni- Cooking | Number i
perature-of Soaking conditions time, {of repli- [Intensity Absence |
dry beans in‘hours| cations of of ! Appear-| Accept-

natural ' ance | ability
o off-flavor o Cotiy- 7| Soaked | Cooked
flavor Skin ledon beans

Texture

1. 99
199
1. 99
1.99
1. 98
2.05

e
3

h

HOOON

{l—hour soak (hot)
2-hour soak (hot)

o

NS

-

etantaetooA Aen
LB RO LT

o 00 e

M QT OIS O
G O e O
(=Fork LN § VRG]

}18—hour soak (cold)._.. [

N

1 Scored by a panel of 5 judges; Intensity of natural flavor, scale in which 5 was the optimum score, 9 was very tough or hard,
absence of off-flavor, appearance, and acceptabhility were rated on- and 1 was completely disintegrated or mushy,
a 5-point scale” with 5 as the optimum score and 1 the poorest 2 Caleulated by dividing weight. of soaked or cooked beans by
score. Textuve of skin and of cotyledon were rated on a 9-point  weight of dry beans.
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heans and Michigan beans of the type used in the palatability and
nutritive value study but over a wider and more compleie range ol
cooking times than those which were finally adopted.

The pos:twc correlations significant at the 1-percent level, between
scores for lexture of skin and texture of cotyledon, sutfgcst, 8 high
degree of relationship befween these two palatability factors over a
wide range of experimental conditions and the possibility of obtaining
optimum results for hoth factors simulianeously by suitable choice of
cooking methods.

The correlations for rehydration ratios and scores for cither texture
of skin or texture of eotyledon are necessarily negative, since the beans
progressed from hard to soft as the rehydra: jon ratio increased in

value, but the texture scores could (OIIE‘SJ)OI‘Lthn("l\' decline from a
maximum of § {very hard) through 5 (oplimum) {o o minimum of
1 (mushy).

The highly significant coreelations eblained lrom the data on heans
purchased locally Liclieate that over 80 percenl of the varlalion in
scores might be associated with changes in the rebydration ratio.
Correlations forr Michigan benan data ave Tower but stll highly signifi-
cant, suggesting over 10 nereent common varviation. A factor contrib-
lltmrr to the smaller coeflicionts for the AMichigan heans may be that
over half of the cooking times available for *lnnlymc; woere 1 oor 14 hours
which, as already qhm\'n produeed very similar resulls when the
nppmp: iafe solution was used.  The data for beans purchased loeally,
on the other hand, represented a wider range of concomitant varialion
and would be oxpot-tml to reveal more accurately any corvelation
which existed between the (wo variables.

These results uulicale that the rehydration ralio wight be substi-
Luted for palatability panel tests inpreliminary (‘\})(‘Il]‘!l(‘ll{S to estalb-
lish optimum cooking lime when texture is {he chief eharacteristic
under considerafion,

COOKING TIME REQUIRED FOR PEA BEANS STOREDR AT 75% F. FOR 1 YEAR

As was shown in (he palatabilit ¥ study, pea beans stored at 75° F.
for 1 year were not {endor in the 13-hour cooking time when the I-hour
hot soalk was employed.  To delermine whether a longer cooking time
\\ oultl ('mnp(‘nqat(- for the shorl sonking time, beans were coolced for

# hwurs, for 2 hours, and for 21¢ hours after a 1-hour hot sealk.  Other
=imnplm were soakoed for 2 hours alfer the 2-minufe intial boil.  Beans
stored al 40° Tor | year, soaked for 18 bours in cold water, and (Ookcd
for 13 hours were used as a conlrel and veferenee standard in the
|_).'1|.1La|)1hl\' panel tesis,

Tnerensing the sonking time from | (o 2 hours did not increase the
rehye leation ratio and had little, if any, effeet on the fexture of the
cooked beans (lable 11). I.n('n"lbmg_; the eooking time to 2 hours
resulted in a product of very good guality. The rehydration ratio
and texture seores for beans cooked 2 hours were comparable to those
for stimilar beans prepared by the 18-hour ¢old soals and cooked for
1% hours,

rH OF SOAKING AND COOKING TIQUID

The piT of the liquid as given 1o table 12 showed that the distilled
water and the synthetie ard waler were slightly acid Lefore the beans
were added,  The hard water with sodivm biearbonale was slightly
alkaling.  After the beans were sonked in the dilferent solutions for 1
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TaBLE 12.—pH of pea beans stored at 40° and 75°

and cooking

F. for 1 year and prepared under different conditions of soaking

Storage

temper-

ature of
dry beans

Description of sample

Before soaking of beans in—

pH of solution !

After soaking of beans in—

After cooking of besauns in—

Hard water
and sodium
bicarbo~
nate

Hard
water

Distilled
water

Hard water

and sodiuml

} hicarbo-
nate

Hard
water

Distilled
water

Hard water
and sodium
bicarbo-
nate

Hard
water

Distilled
water

1-hour soak (hot):
Soaking liquid discarded..
Soaking liquid retained ...
18-hour soak (cold):
Soaking liquid discarded...
Soaking licuid retained. -
1-hour soak {(hot):
Soaking Hquid disecarded. .

Soaking liguid retained.. .|

18-hour soak (cold):
Soaking liquid disearded...

Boaking liguid retained._. .|

!

pri
jV RSN -1 19

DT forgen) jorfur]
wip e K NP
| SRV

oo o oo oo
N=1 R oW

i

>SS BTN EN SRS PPN PX
oo oo oo oo

¥ Mean-of 3 replicaies.

2 Mean of 2 replicates.

HUALINDIYOV J0 "LdHd “8 'L ‘1607 'ON NITATING TVOINHOEL o8




™

RAPID METHODS OF SOAKING AND COOKING DRY BEANS 33

hour or 18 hours, the pH of the distilled water and synthetic hard
wrter was unchanged; that of the hard water with added sodium
bicarbonate was slightly acid alter the 18-hour soak and near neutral-
ity alter the 1-hour soak.

After the beans were cooked, the liquid was more acid in all cases,
although the pH of the hard water with sodium bicarbonnte was higher
than thet of distilled water or synthetic hard water, There was no
apprecinble difference in the pTl of liquid from the cocked beans,
whether the 1-hour hot soak or the 18-hour cold soak was used, or
whether the sonking liquid was disearded or retrined for cooking.

THIAMINE AND ASH CONTENT

Dry beans stored at 75° T, for 1 vear retained 81 pereent as much
thinmine as those stored af 40° {tables 13, 14). When the heans
stored at 40° were cooked in the water in which they were soaked, the
average thismine retention was almost two-thirds of the original thia-
mine content, showing no great difference due to method of sonking,
rehydration proeedure, hardness of waler, ov use of the small amount
of soda in the hard wnier. YWhen the soaking waier was discarded
and fresh water used for cooking, the beans reiained approximately
two-thirds of the thinmine by the Tong seals in cold water and less than
one-half by 1he short seak in hot waler.

The Tiguud in which beans were soaked overnight contained very
little thiamine, whereas the liquid from the 1-hour ot soak contained
about ane-fourth of the thiamine in the original dry beans. Conse-
quently considerahle thiamine would be lost if the soaking water were
ciscarded in the short-soak method of preparation.

Less than 10 pereent of the to1al ash and less than § pereent of the
insoluble ash were in the soaking liquid aflter the 18-hour soal and
would e lost on discarding the soaking liquid. With the short
method there was three times as muceh total ash and twice as much
insoluble ash in the soaking liquid as there was with the long method.
From the nutritive value standpoint, therefore, discarding the soaking
liquic is not recommended in the 1-hour hot-sonk method.

SUMMARY OF STUDIES ON I'EA BEAXNS

A time-saving methoed of soaking, in which the boans are added to
hoiling water, boiled 2 minntes, removed from the heat, and allowed
to soak Tor 1 hour in the hot water, gave very satisfaetory resulis with
pea beans. The tasting panel found that the new method provided
cooked beans equal or superior in palatability 1o these prepared by
ihe long seaking procedure in eold water for 18 hours.

When the short soaking procedure without draining was used, the
addition of 0.5 gm. sodium bicarhonele to 200 gm. heans and 625 ml.
synthetic hard wafer containing ealcium sulfale reduced the coaking
time Trom 90 fo 60 mimrtes.  Adthough scores Tor natural flavor and
general neceptability were measurably lowered by 1he addition of so-
dium biearbonafe, the scores for all palatebility factors were in the
range of 3.7 to 4.8, indicaling good quality whether the beans were
prepared with or without sodium biearbonate,

In general, with (he short sonking method pea beans had higher pal-
atability seores when the soaking hguid was refained for cooking than
when it was discarded.  With (he long sonking method, palatability
scores for the drained and undrained samples were vory similar.




Tasre 13.— Tofal ash, insoluble ash, and thiamine content of dry pea beans and pea beans prepared under different

conditions of soaking and. cooking*

Type.of water

Descriptivi  of method
aund sample

Sample size

Moisture

TPotal ash

¢ Insoluble ash
f

Thiamine

Yolume | Weight !

of liquid |- of solid

Liquid

Solid

Liquid | Solid

Ligquid

Solid

Liquid

Solid

Distilled water. ..

Dry Beang— .

Stored at 40° F. 1 year.. .
Stored at 75% %, 1 year...i.

1-hour soak (hot):
Soaked beans
Cooked beans:
Soaking liquid dis-
carded.
Soaking  liquid re-
tained.

18-hour soak (cold):
i Soaked beans. . ... ...}

Cooked beans:

soaking liquid  dis-

earded.
Soaking  liguid re-
tained.

Malli-
liters Grams

415

Percent

BT 1B

i
Percent
11.02

8.18
56.23
68. 60

67. 36

56. 90
70, 20

Percenli Percent
3.21
3. 32
1. 21

. 906

Percenl

Percent
1,24
1. 36

.71
.45
.41

.64
. 47

.8k

Milli-
grams
per 100
grams

Milli-
grams
per 100
grams
0..940
. 763
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1-hour soak (hot):
“Soaked heans.
Cooked beans:
Soaking Hguid dis-
carded.
Soaking - liquid - re-
Hard water. ... tained.
1) 18-hour soak {coldy:
Soaked beans
Cooked beans:
Soaking  liguid  dis-
carded,
Soaking liquid re-
tained,
1-hour zoak Thoti:
Sounked beans.
Cuooked heans:
Soaking liquid dis-
carded. ;
Soaking - Hquid  re-
tained,
18-hour soak ccold);
Soaked beans. . .
Cooked boenns:
Soaking liguid dis-
carded.
Soaking  liquid  re-
tained.

Hard water and
sodium  bicar-
bonate ‘

! Pea beans used in soaking and cooking studies were stored at 40° F.
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TasrLe 14.—Total ash, insoluble ash, and thiamine retention of dry pee
beans and pew beans prepared under differeni conditions of soaking
and cooking !

Retention

Total § Insolu-
ash | ble ash

Deseription of method

and sample Thinmine

Type of water

!
}
[ e
1
i
[}

§
L L L S PP TOUES S ——— R

H

; }
¢ Bolid | Liguid | Ligunid | Liguid

1 ; :
L Prreentt Percent i Percent
Dry beans: Slored at 75° - F i
. F. 1 vear ;
I-hour sonk (hot}: !
Hoaked heans. .. .. .7 75 ¢
C'ooked beanss .
Soaking liguid gdis- | 413, 9¢
earded, )
Foaking Houid re- | 62,9
Distilied walor - tained. i
] 18-hour sonk feelds: : . N
Sonked boans_ . | 0 &3, EE 7.85 ;
Cooked beans: : i :
vonking guid dis- 30,
earded, .
Foaking liguid re- 1 40,
: tained, :
{1-hour soak thots: !
Poaked beans. . ._. . .. BG.
Conked beans: i
Soaking iignid dis- | 44,
earded.
Soaking Hguwid re- 61
Hard waler. ... : tained, '
1 18-hour soak teoid): i
Horked bonas, . S5
Cooked beans: :
Boaking liguid dis- -
carded, :
Soaking Tiguid re- ¢+
; tained. :
1-hour soak (hoth:
Hoaked boans.
Covkedd beans: :
Senking liguic dis- ¥ -
carded.
Sonking liguid ro-
tained,
18-bour soak teolds:
Sonked beans ..
{('ooked henns: !
Soaking Houid dis- 1 72,
earded. '
Soaking lquid re- | 60,
! tained, ;
i

! Pen Denns used i soalong and egoking stydies were stored at 40° F,

Hard walter aned
sodivny hiear- |
bonaie
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When pea beans were cooked in the water in which they wore
soaked, the average thiamine retenfion was almost two-thirds of the
original hiamine conlent, showing no greal dilferences due o meth-
od of sonking, rehydration procedure, hawdness of water, or use of the
small amount of soda in the hard water.  When the soaking water was
disearded and fresh water used for cooking, the beans retained approx-
imately two-thirds of the thisunine by the long cold soak and less than
one-hall by the short hot soak. Discarding the sosking water is,
therefore, nol recommended in the short-sonk moethod.

Grear Norruse~y, Lawes Liva. Pixro. axp Ren Kioxey Brans

In the series of eaperiments on cooking great northern, large lima, |
pinto, and red kidney beans i o covered snucepan, investigations
were made to determine the effect of the 1-hour hot sonk in tap water
versus the 18-howr cokd sonk in tap water, and the addition of & small
amount of sodium biearhonate, on the palatability and rebhydralion
capactly of the dry heans,

The latin-square 1ype of oxperimental design, in which the four
methods of preparation were randomized on four eleetrical beating
units, was nsed. Four replientions were made, one compleio
replication on each of 4 davs,

PALATABILITY

Grear Nowrneax Braxe-—TPalatability scores for great northern
Leans prepared by the I-hour ot seak and the 18-hour cold soak,
with and without sodium hicarbonate, are given in table 15, The 1-
hour hot sealk proved 1o be very satisfactory,  In natural flavor there
was no difference in the beans prepured by the short or long sonking
procedure in Grp water. When sodium biearbonate was added, the
beans prepared by the long seaking method received a significantly
Jower average score than these prepared by other methods.  Short-
soaked beans i sodium biearbonate solution seored the same as the
short- or long-suaked beans jn plain tap wader; alt of them had a scoee
of very goodl in natural favor,

Very few ofl-flavors were reporfed in riny of the samples and
differences between methods were not signifieant.

Mean seores Tor texture of skin weee 5.0 when rounded to one deei-
mal Seores for texture of votyledon were very nearly optimum by
all methods,  Beans sonked for | howr tn hot water and cooiced for 90
minutiex had @ seore of 5.1 or very slightly 1oo hared and these soaked
for 18 hours it cold water and cooked for 75 minutes had a score of
4.8 or very slightly oo soft,

Appearance of greal northern beans soaked for 1 hour in hol water
was very good; for these sonkied for 18 bours in cold water before cook-
mg, appearance was rated good.  lowever, the long soak with tap
water was seored significantly lower than the other methods, The
addition of soditum bicarbonate had very little elleet on the nppearance
of the Leans.

I general aceeplability greal worthern heans prepared by Lhe
short-soak method received n slight but significantly bigher average
seore than those sonked overnighl,  With sedium bicarbonate added,
the lony soak was less aceeplable than the other methods and difier-
ences were statistically signifieant.
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Summtary of Palatability Studies on Greaé Northern Beons.—Great
northern beans may be prepared by either the short or long soaking
procedure with very good resulis, The cooking Lime alter the 1-
hour hot sonk may be shortened % hour with no deletorious cffects
on flavor, texture, or appearance by adding 0.5 gm. sodium bicar-
bonaie lo 200 gm. beans and 628 ml, iap waler.

Lanes Lixa Buaxs~~The results of studies 1o compare {he long
and short soaking procedures and the effeet of adding & small amount
of sodium bicarbonate on the quality and cooking tme of large lima
heans are presenied in table 16, with an analvsis of varianee of (he
panel scores for flavor, texture, appearance, and acceptability.

The elleet of soaking was significant.  The natural-(avor scores
for lima heans sonked Tor 1 hour in hot water helore cooking were
higher than for thase soaked 18 hours in cold water. The addilion
of sedium bicarbonate (o the beans soaked by either method had
little effecl on the scores for natneal flavor,  The interaction effect
of method of sonking and type of water was not sigmficant,  Tadi-
vidual methods were not statistieally different from ench other.

Seores indicgte that there were practically no off-flavors in any of
the samples of beans,  Average scores for off-flaver were very similar
for all methods of preparation. Apparentiy the amount of sodium
bicarbonate used was too small to be pereeplible.  Differences among
the four methods wore nonsignificant stetistiealiy.

When the Iima beans wepe gsoaked overnight in tap water ronlain-
ing sodivm bicachonnte the skins woere alightly tougher than when
other methods of preparation were used.  The difference belween
this method and the other three was statistieally <enifieant: mean
seoves for the avernight sonk withont sedium bicarbonnte conld net
be dilferentinted statisticaliv.  However, the interacetion of (vpe of
water and method of sonking was highly sienifieant.

Lima beans prepared by the short-soak method had significanty
higher scores for texture of cotvtodon than those prepared by the
long soak.,  The addition of sodinm biearbonate letd no sdenilieant
effect on seores Tor texture of cotviedon,

Enspretion of the mean <coves for textrre of boid skin and eotyviedon
of Hma beans indiented that the short-soak method tended o pro-
duce a2 moye uniforsdy conked produet than did the overnizhi soak.
The scores indieated that the <kius of beans prepared by the overnight
soak were slightly tough, while the cotalodons were too soft: in the
short soak, Doth textore of skin ad texture of cotyledon were more
nearly opuimuoam,

Seores for appearanee were <enifieantly hicher for lima beans
prepared by the <hort-svak method than for those prepaved by the
tong-soak method,  The appearance seore for beans sonked 18 hours
and cooked in tap water was signifieantly lower than 1he seores for
other methods. The addition of sodima bicarbonnte had no <ienif-
iennt effert aon appearaoee,

Adthough the seores for genernl aceeplability were shehily higher
for linra beans preparved by the short seak, the dillereness were not
statistically significant.

Swmmary of Palalability Stwdies on Loarge Lima Beans,  1n weneral,
seores indiente that large Jima beans prepared by the -hour soaking
procedure were superior o those prepared by the long soaking
proeedure,  The addition of 0.5 gm, ol <odinm hicarbonate to 200
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gm. dry beans and 645 ml. tap water did not reduce the cooking
time when the shoré sonk was used, but produced more tender skins,
resulling in o more uniformly cooked product in the same length
of time, Lima beans prepared in {ap waler conlaining sodium bicar-
bonate were comparable to those prepared without sodium bicar-
bonate in all quality characteristics except texture of skin, whether
the short or long soak was used. With the long soak, the skin was
shghtly tougher when sodium bicarbonate was used.

Prxro Braxs—~Resulls of soaking and cooking studics on pinte
beans are given In table 17,

Natural-flavor scores for pinte beans preparved by the 18-hour cold
soalt in {ap water were significantly higher than scoves for those
prepared by the l-hour hot soak. When sodium bicarbonate was
added, the beans soaked for 18 hours had lower scores than those
soalted for 1 hour.

. With the 1-hour soak the avernge score for natural flavor was

slightly but not signifieantly higher when sodium bicarbonate was
added than when tap water alone was used.  With the 18-hour soak
the reverse was true; that is, beans cooked in tap water rated higher
than beans cooked in sodium biearbonate solution.

Offflavors were absent, as indicated by average scores of 5.0 for
all metheds.

Texture of skin of pinto beans was nearly optimum for all methods
of preparntion; method of soaking or kind of solution used had no
statistically significant effeet on ihe seores.

The scores lor cotyledons of the pinto beans prepared by the 18-hour
sonk in cold water were significantly different from those for beans
prepared by the shorl ot soak with or without the addilion of sodium
bicarbonate. The average texture score for cotyledons of beans
soaked overnight in tap waler was 4.8 or nearly optimum, whereas
beans soaked for 1 hour had an average score of 5.3, indieating that
the beans were slightly too hard. A slightly longer cesking time
than was used afler the shorl sonk in tap water might achieve
optimumn tenderness.

The addition of sodium bicarbonute did nol influence significantly
the texture scores for beans prepared by the short soak. On the
other hand, when sodium bicarbonate was added to beans prepared
by the long cold soak, the average score for texture of cotyledon was
significantly lower than for those withoul sodium bicarbonate, even
though the beans were cooked a shorier (ime,

For appearance, the judging pauel scored pinlo beans prepared by
the short soak significantly "higher than those sonked overnight,
regardless of the {ype of solution used. The addition of sodium
bicarbonale had no signifieant ellfect on appearance.

‘The scores for gencral aceeplability were similar whether pinto beans
were prepaved by the short or long soaking procedure in tap water.
General acceptability of the beans given the shorl soal was nob
significantly affected by the presence or absence of sodium bicarbonate,
but the neceplability scores for beans soaked overnight were impaired
by the use of sodimm biearhonate,

Summary of Palatabilily Studies on Pinio Beans—~Considering all
quality factors tested, scores indicate that pinto beans prepared by
the hot, short soaking procedure in tap water were generally as good




TABLE 15— GREAT NORTHERN BEANS: = Palatability scores and analysis of variance for beans prepared under different
condztzons oj soaking and cooking

ot g

MEAN PALATABILITY SCORES !

Intensity Texture

Yoserinl i s . Absence of
Description of sample ’ i “of natural off-flavor

flavor i Skin Cotyledon

Ny D LT o R S JE—— . _—_— A

Beans soanked and cooked in tap water:
1<hour soak (hiot) 4.0
18<hour sonk (cold)... . 4. 6

Beans soaked and cooked in {up water with sodium

bicarbonate added: )
1-hour soak (hot). . e 4. 6 5.0
18-hour sonk (Lold}_ e el 4.3 _ 4.9

Accept-
ability

Appearance |

MEAN SQUARES FOR EACH PALATABILITY FACTOR

Degrees. N Texture

Souree of variation ; of :\n{:}\‘,’gfl Off-flavor = ~ Appearance ‘t\l‘l:)(iﬁg;-
freedom Skin Colyledon

0. 567* \ 0.17 0.9012 2. 121** 0. 903**
. 450 . 050 } . 613 .. 800 . 528
- 800* 0 2. 113%* 5. 512%* 1. 653**
. 450 O 0 . 012 . 050 . 528
. 831** . . 050 3. 294%% . 300** 222
<175 . 017 . 679 . 071 . 036
celann . 342 . 017 . 146 - 088 . 103
~Method X judge.. oo i 358 . . 017 LT77 . 329%* +278
Brror. i i - 195 . 026 . 474 . 072 . 200

*%ynﬁcunt at 5-percent level. were rated on a 5-point scale with 5 as the optimum score and 1 the
**Significant at 1-percent level. poorest score.  Texture of skin and of cotyledon were rated on a
 Mean of 20 values (4 replicates scored by 5 judges), Intensity  9-point seale in which 5 was the optimum Score, 9 was very tough

of natural flavor, absence of off-flavor, appearance, and aceeptability - or hard, and: 1 was completely disintegrated or mushy,
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Solution X sonk.. . .. ..
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TaBLe 16.—Laree rima Brans: Pdlatability scores and analysis of variance for beans prepared under different
conditions of soaking and cooking

MEAN PALATABILITY SCORES !

T
Intensity v Texture
Deseription of sample ; - of natural ’})‘,’Ffﬁ}f;‘-o?f e e s s =] ADDERATANICE

i flavor ' Skin Cotyledon

Aceept-
ability

Beans soaked and cooked in tap water: : )
Ihour soak thot) . . .. . oot il 4.5 5.0 H. 5.0
18-hour soak (cold)y .. .. . P 4 4,0 ; 3.9

Beans sonked and covked in' tap witer with sodium |

biearhonate added: !
T-hour soak (hot) . . L R 4,0 4.9 5. .
18-hour soak {coldy . . o . 3 4.2 5.0 .6 L

MEAN SQUARES FOR BEACH PALATABILITY FACTOR

Degrees N g
Source of variation of ‘\[f:lt\’(;:u Off-Navor
: freedom

Method., . ... ... . B . 0. 667* 0. 075 0. 83G** 6. 608** 1, 745%% 0. 304

Solution. . ... oooou o . e . 012 . 028 .2 . 253 0

Sonk. - .ol L B ] 1. 800%** . 012 . 528 10, 012%% 4, 278** . 800

Solution ® soak . A . 200 - 200 1, 953%* . 6l . 703 112
Judge . FEDET . - el : 2. 281 %% 044 . 390* 2. 316 . 222 . 995*
Day., .o ool . 025 . 042 - 003 . 186 171
Unit. ... o0 ool oL . 108 .033 .186 . . 095 . 146
Method ¥ judge. .. . el 12 . 386 044 2253 : . 2806* L 270%
Error. L 541 . 215 . 040 . 150 .25 . 136 . 135

- ) :
Texture
L Accept-

Appearanee ability

Skin Cotyledon

Significant at 5-pereent level. ability were rated on a 5-point seale with § as the optimum score
**Gignificant at 1-percent level. and 1 the poorest score, ‘Texture of skin and of cotyledon were
T Mean of 20 values (4 replicates scored by 5 judges). - Infensity = rated on a 9-peint scale in which 5 was the optimum score, 9 was
of natural flavor, absence of ofl-flavor, appearance, and accept-  very tough or hard, and 1 was completely disintegrated or mushy.

SNVHEE YA HNIMOO0D GNV HNIMYVOS J0 SAORLIIN dIdvy

8%




TaBLE 17.—PINTo BEANS: Palatability scores and analysis of variance for beans prepared under different conditions of
soaking and cooking

MEAN PALATABILITY SCORES™?

Texture

Intensity
Descrintion of sample of natural :tlf)fs_eé;c‘cizogf

flavor Skin Cotyledon

Accept-
ability

Appearance

Besns soaked and cooked in tap-water:
1-hour soak (hot)
18-hour soak (eold) e mo v cm i it
Beans soaked and cooked in tap water with sodium
bicarbonate added:
1-hour soak (hot) 4.8 5.0 4.9
18-haquir-soak (cold) 4.6 5.0 5.0

. MEAN SQUARES FOR EACH PALATABILITY FACTOR

Degrees | Natural Texture Accept-
Source of variation of flavor Off-flavor Appearance ability

freedom Skin Cotyledon

Method

5. T9*% .-017 0. 146 4, 767* 2, 054%%
Solution 0

. 113 .313 1. 800*
. 113 2013 11, 250%* 6. 050%*
. 512%* . 050 112 1. 250%* 112
. 044%% .019 . 106 . 331 . 102
. 113 . 050 . 446% . 433 . 104
. 246 . 017 . 113 . 600 . 088
. 194 . 027 . 156 . 465% . 250%* .
. 114 . 024 122 . 239 .075 . 205

*Significant at 5-percent level. ability were rated on & 5-point scale with 5 as the optimum score
**Significant at 1-percent level. and 1 the poorest score.. Texture of skin and of cotyledon were

1 Mean of 20 values (4 replicates scored by 5 judges). Inten-  rated on a 9-point scale in which 5 was the optimum score, 9 was
sity of natural flavor, absence of off-flavor, appearance, and accept- - very tough or hard, and 1 was completely disintegrated or mushy.
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TaBLE 18.—RED KIDNEY BEANS: Palatability scores and analysis of variance for beans prepared under different condivions
of soaking and cooking

MEAN PALATABILITY SCORES !

Intensity Texture , §
Description of sample of natural %l?fs-eﬁr;c\?o?f Appearance ‘:%‘iﬁlg;
‘ flavor Cotyledon

Beans soaked and cooked in tap water:
I-hour soak (hot)
18-hour soak (cold)
Beans soaked and cooked in tap water with-sodium
bicarbonate added:
1-hour soak (hot) 4.4 5.0 5.2
18-hour soak (cold) , 4.5 4.9 5.9

MEAN‘SQUARES FOR BACH PALATABILITY FACTOR

Degrees T Texture
Source of variation ; %f hﬁatuml Off-flavor Appearance A‘i’)‘?%gt'
freedom avor. Skin Cotyledon iy

Method

0..033 0. 050 6. 113%* 4, 779%* 0. 883**
Solution 0

. 050 . 050 . 613 1,013
0 . 050 17, 113%* 10. 513*¥ . 200

..050 . 050 . 612 2. 812% 2. 450%%
2. 656*% . 019 . 419% -950 . 204

.-500 017 . 113 . 479 . 083

. 233 . 017 . 046 . 046 . 083

. 148 . 019 . 394%¥ .77 . 227 .

320 . 026 - 144 . 587 . 194 . 243

*Significant at 5-percent level. - avere rated on a 5-point scale with 5 as the optimum score and 1 the

**Significant at 1-percent. level, poorest score. Texture of skin and of cotyledon were rated on a

! Mean of 20 values (4 replicates scored by 5 judges). -Intensity = 9-point scale in which 5 was the optimum score; 9 was very tough
of natural flavor, absence of off-flavor, appearance, and acceptability = or hard, and 1 was completely disintegrated or mushy.
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as, and sometimes better than, beans prepared by the old-fashioned
overnight soak in cold water. However, with the short soak, longer
cooking was necessary—2 hours as compared with the 1) hours re-
quired when the 18-hour soak was used.

When 0.5 gm. sodium bicarbonate was added to 200 gm. dry beans
and 658 mi. tap water, a superior product was obtained by the short
soaking procedure, &nd the cooking time was reduced from 2 hours
to 1) hours. Pinte beans soaked overnight with sodium bicarbonate
added, although cocked only ! hour, were too soft and scored lower
on ag)pieara-nce and general acceptability than beans prepared by other
methods,

Rep Kipxey Beans—Mean palatability scores for red kidney beans
prepared in different ways and their statistical analysis are given in
table 18.

Mean scores for intemsity of natural flavor and for absence of
off-flavors in beans prepared by short and long soaking procedures,
with or without sodium bicarbonate, did not diler significantly one
from another, Texture differences are interesting in that skins and
cotyledons of red kidney beans prepared by the 1-hour hot soak were
more tender than those of beans prepared by the 18-hour cold soak
and cooked the same length of time,

The presence of sodivm bicarbonate in the soaking and cooking
watber had no effect on texture when the beans were soaled 1 hour in
hot water, but resulted in a slightly softer texture when the 18-hour
soak in cold tap water was used. By either method, cooking time
for the beans with sodium bicarbonate added was only 1 hour as
ccompared with 1% hours for these without sodium biearbonaie.
Although the interaction term, water X sosk, was significant for
appearance scores, the individual means were not statistically separa-
bie. Differences between scores for general acceptability were not
significant.

Summary of Palatability Studies on Red Kidney Beans.~-In general,
the short hot sozking procedure and the long overnight soal in cold
water gave equivalent results for red kidney beans.  The addition of
0.3 gm. sodium bicarbonate to 200 gm. beans and 645 ml. tap water
had no significant effect on the palatability scores but reduced the
cooking time from 1% to 1 hour.

RERYDRATION RATIOS

The rate of rehydration during soaking varies with the variety of
bean and the method of soaking (table 19).

Gruar Norpuery Beans.—Despite the fact ihat greal norlhern
beans prepared by the short-soak method took up more water during
soaking than those prepared by the overnight soak, the former required
15 minutes additional cooking time (o reach the same dogree of rehy-
dration as beans cooked in the same kind of solution afler the over-
night soak.  Apparently seme element in the stvuclure or composition
of the bean was responsible for the different reaction.,

Larer Liva Braxns.—Although the rehydration ratio of lurge lima
beens cooked after the short soak was somewhal lower than the rely-
dration ratio of those cooked alier sonking overnight, the mean scores
for texture indieate thot the breans given the short soak were more
uniformly cooked {table 16).  Apparently in the long soals the cotyle-
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don continues to take up more water and becomes too soft, while the
skin remains somewhat tough.

For the short-sonk beans, the addition of sodium bicarbonate to the
soaking and cooking wsoter resulted in slightly higher rehydration
ratios and more tender skins., On the other ha.nd beans sonked over-
night and cooked in sodium bicarbonate solution for 30 minutes had
touo'h skins, as compared with beans soaked by any of the other meth-
ods end cooked 1 hour, but the cotyledons were too soft.

TABLE 19.—Rehydration ratios' of soaked and cooked beans for great
northern, large lima, pinto, and ved kidney varieties

i

; Rehydration ratio

Description of 1 Type of water and
sample . method of sosking i Creat : Large Pint Red
i ! bl in 0 -

! nerthern! lima kidney

t{Tap water: , !
1-hour soak {hot) : LD 2,33 2.05 ]
18-hour soak (cold) 2,000 2.841 211 205

Boaked beans...{Tap waler and sodium bmar- :

bonute: !
1-hour soak (hof) . L1310 203 . 06 . 04
18-hour soak (cold) : .00 2, . 10 .04
Tap water: : :
1-hour soak (hot) .53 1 2 { 2,34 Lal
18-hour soak {cold} _ .53 1 2531 2. 43 . 49
Cooked beans__{Tap water and sodium biear-
: honate: . ! :
1-hour seak {hot) | X b . 29 .47
18-hour soak (cold) 2 2 L4t 2,43

b t Caleulated by dividing weight of soaked or cocked beans by weight of dry
eans.

Pixto Bravs.—In line with the scores for texture of cotvledon of
pinto beans {table 17}, the rehydration ratics for the beans soaked
overnight in cold tap water with or without sodium bicarbonate were
higher than the ratios for those given the short soak in hot water of
either type. This was true in spite of the fact that the short-soaked
samples were cooked 30 minutes longer than the samples soaked
overnight in the same kind of water.

Rep Kimpyey Brays—In the preparstion of red kidney beans the
short soak in hot water was very effective. The rehydration ratios
of cooked beans prepared by the short-sonk and by the long-sesk
methods were comparable. Beans soaked by the short method and
cooked 80 minutes in tap water containing sodium bicarbonate reached
nearly the same degree of rehvdration as beans soaked overnight in
tap water and cooked 105 minutes.

Summary of Rehydration Studies on Great Northern, Large Lima,
Pinto, and Red Kadney Beans~—Groot northern beans 1esp0nded more
favor ablv to the short, hot souk in either tap water or tap water con-
taining -sodium bicnrbonate than did beans soaked overnight in
cold watel 85 indicated by the higher rehydration ratios for the short-
soaked beans (table 18). ‘The reverse was true of pinto beans, The
rehydration ratios for large lima and for red kidney beans were not
affected by type of solution or method used for soaking.
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COOKING DRY BEANS IN A PRESSURE SAUCEPAN

The effect of cooking in a pressure saucepan on the rechydration,
cooking time, and palatability of dry pea beans, pinto, great northern,
large lima, and red kidney beans was investigated.

PrEcnUNARY EXPERIMENTS

Preliminary experiments were conducted tv standardize the pro-
cedure for eooking dry beans in a pressurce saucepan.  Directions issued
by various manufacturers of pressure ssucepans included such pre-
cautions as not to fill the cooker too full—not more than one-half full
in some cases, two-thirds fullin olhers.  Some warned to start cooking
on low heat to prevent foaming, to be sure the vent pipe is clear, and to
reduee the pressure slowly.

Among the factors investigated was the addition of tomatoes or fat
to the beans before cocking in an efford te reduce or eliminate foaming,
This was of particular interest as some difficulty had been encountered
when cooking dvy beans undoer pressure beeause the vent tube became
clogged by the foam. According to recommendations of some manu-
facturers of pressure sauncepans, the foam may be kopt to & minimum
by starting the cooking on low heat. This, 1oo, was investigated.

Other factors that received attention in the preliminary experi-
ments included the effect of rate of heatling, the effect of soaking
conditions, and the cffeet of the guantity of beans in the cooker in
relation to the capacity of lhe cooker.

The addition of % cup of canned tomatoes and juice 1o 24 cups
water for cooking 200 gm. beans had little, if any, eflect on the foam-
ing action. VWhen 1 cup of tomatoes and juice was added to 2¥ cups
water, foaming action was practically eliminated.  However, as might
be expected, the skins of (ke beans were appreciably toughened by
the use of as much as 1 cup of tomatees.

The addition of 1 (ablespoon of salt pork drippings proved to be a
very cffective means of reducing or almost completely eliminating
foaming of pea, great northern, pinte, and red kidney beans, Lima
beans, i conirast to other varieties of beans tested, foamed almost as
much with as without the addition of the salt pork drippings. Unless
some other means of reducing or climinating the foam can be found,
it may not be advisable in commen practlice {6 ¢cook dry lima beans
in a pressure saucepan. However, ne diflicully was encoungored
these experiments with lima beans because the quantity of beans
cooked was small in relation 1o the capaeity of the pressure saucepan.

In an effort to reduce foaming by regulating thie rale of leating,
beans were eooked n 4-guart pressure sancepans fitiel approximately
onc-fourth full, and started on *low” or on “medium” bkeat. It was
nol possible {o determine whether the amount of foam was reduecd
by this procedure, bhut it proved to be impraclical from the standpomt,
of lime required to reach pressure. In @ test in which the cooking
was started on “low” the temperature inside the saveepan had not
reached 250° F. (15 pounds sicam pressure) in 30 minutes; therefore,
the test was discontinued. When the cooling was slarted on “me-
dium,” from 29 1o 35 minutles were required to reach 250°.
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Soarine ConprtTions.—The effect of soaking conditions was studied
by comparison of beans cooked in a pressure saucepan without soak-
ing, afier the 1-hour hot sock and after the 18-hour cold sosk (see
p. 5). Beans that were not soaked were unsatisfactory after cooking
45 minutes at 15 pounds steam presswre because of lack of uniformity
in texture. Some beans were very hard and dark, while others were
solt and light. Beans soaked by either the 1-hour or 18-hour pro-
cedure appeared to be equally satisfaciory.

Further evidence of the superiority of the soaked beans may be
found in the higher rehydration ratios of the seaked samples in con-
trast to those not soaked, as shown in table 20,

Quantiry oF Beaws.—To determine the quantity of soalked beans
and water that can be used in & 4-quart pressure saucepan, tosts were
made with the saucepans filled approximately one-fourth, one-third,
and one-half {ull of per beans and water. There were no visible indi-
ealions ihat either of the two saucepans filled to one-Tourth or one-
third of their capacity was too full. When the air was exhausted from
the saucepan that was approximately one-half {ull, a great deal of
liquid spurted out through the vent along with the air. When the
saucepan was opened there were particles of beans and globules of fat
all the way to the top of the saucepan. Tun view of ibese results, it
does not seem advisable to fill p pressure saucepan more than one-third
full of soaked beans and waier.

Tarie 20.—Effect of soaking conditions on the rehydration ratio ! of pea
beans cooked tn a pressure squcepan

: . Average re-

Number ' hydration
of tests | ratio of
C00 ked beans?

Boaking condition

Unsoakedo ... .. . . e . 1, 2 37

I-haur soek thaty ... . . 2 2. 604

18-hour soak (cold) 2 2, 65
]

' Caleutated by dividiug weight of sonked or eooked beans by weight of dry
henrns.

* Unzonked beans cocked 45 minutes, sonked benns, 15 minutes af 15 pounds
steam pressure,

GENERAL PROCEDURES

On the basis of the results of “he preliminary work the following
standard procedure was adopted for cooking dry beans in a pressure
gaucepan.

Soaxine axp Cooking Procuvrre-—Two hundred grams of dry
beans were soaled by the 1-lour hol-soak method in a glass saucepan
ip, 3), A 2-to-1 proportion by volume of water and boans was
adopted as most satisfaclory for Lhe pressure saucepan studics, After
sonking, the necessary weights and measures were obiained and the
beauns and soaking liquid were transferred 1o o 4-quart pressure sauce-
pan.  One tablespoon of sall pork drippings was added. The eover
was adjusted, and the heat was turned on “high” until the sir was
exhausied, ns indicated by & steady {low of steam from Lhe went
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for 1 minute. The pressure indicator was then placed on the sauce-
pan. At this point, the heat was (urmed to “medium,” where it
remained until the temperature inside the pressure saucepan was
approximately 10° F. below the desired temperature, at which time
it was turned to “very low” or “simmer.”” The heal regulator was
turned back and forth frequently to maintain » constant temperature
of 250° I, + 3°,

Temperatures were oblained by means of a thermocouple wire in-
serled in o rubber stopper. The stopper wns placed upside-down in the
opening normally used for the safety plug in the cover of enel pressure
saucepan.  The thermocouples were atfached (o a recording polenti-
omcler.  Cooking {ime was counted from the time o temperature of
250° F. was reached, AL the end of the cooking {ime, the pressure
saucepan was removed from the heat and the temperature was allowed
te drop gridlually to 212°  First (he pressure inclientor, then the
cover, was removed,  The heans were drnined, weighed, and returned
te the pressure saucepnn Lo keep warm {or serving,.

The contrel or reference sample for this series of tests was also
prepared by the short-soak method and 1 {ablespoort of salt pork
drippings was wlded before cooking by the standard method n a
2-quart glass saucepan (table 1),

Coorixg Time~~The cooking times reconunended by 16 manu-
facturers of pressure saucepans voried from 15 minwies (0 45 minutes
for beans soaked several hours or overnight, from 30 minutes to 1 hour
40 minutes for those soaked 1 hour, and from 40 minutes Lo 2 hours for
unsoaked beans. Some  manufacturers  suggest different cooking
tinwes for dilferent varieties; others simply suggest one time with no

mention of the kind of bean.  Bome reecommend eooking dry beans at
10 pounds steam pressure; others recommend using 15 pounds.

A cooking time of 25 minutes at w lemperature of 250° B, (15 pounds
steam pressure] was selected as a starting peint for the experiments
with pea beans.  Other cooking times investigated were 20, 15, 10,
8, and 5 minutes.

Based on the results of the experiments on pea beans, 5 minutes was
seleeted as the initial cooking time for each other variety of hean
tested.  The palatabilify scores assigned 1o this sample were used as
o guide in determining the cooking time for the second experimental
sample.  That is, if the heans cooked 5 minwies at 15 pounds steam
pressure were seored too solt, (he coolding tinwe Tor the second experi-
mental sample was ceduced accordingly; iF (he Beans were rated too
hard or tough the cooking time was inereased.

In addition 1o 1he cooking time at 15 pounds steam prossure the
total cooking time included 7 minutes (o reach o temperature of
212° T, 1 minute to exbanst the air from the pressure saucepan, 7
minutes (o reneh 250°, and 10 minutes to drop to 2122, or o loinl of
25 minutes 1o come up to pressure wnd zo down agnin,

Pavaraninrey Dereramxarroxs, - The same panel as (hat used for
the other studies evaluated the guality of dry beats cooked in the

wessure snaeepan, Al ench Judeing session Tor pes beans, (wo or
] | ™ = H

three experimental saniples and Gwo control samples, one known Lo
judges and one unlorown, were presented (o ench panel member.  In

L3
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the pressure saucepan studies of great northern, large lima, pinio, and
red kidney beans, two samples cocked different lengths of {ime, »
duplicate of one of these samples, and {wo controls, ene known and one
unknown, were included in each session.

Pea Beans

Pea beans coolked 25 minutes ab 15 pounds steam pressure were
considerably overcooked, as shown by the palatability scores and
rehvdration ratios (table 21).  Similar results were obtained lor pea
heans cooked either 15 or 20 minuies al 15 pounds steamn pressure,

When the cooking time at 15 pounds sieam pressure was reduced
to 8 or 10 minutes, the palaiability scores for the cooked beans were
higher but still below optimum.

Pea beans cooked at a temperature of 240° F. {10 pounds stcam.
pressure) required longer cooking time and there was no improvement
n palatability. Therefore, all other variclics of beans were conked
only at 15 pounds steam pressure sinee the objective of the whole
studirwas to reduee the cooking time ol dry beans as mucl: as possible
andl at the same lime maintain a product high in quality and nuiéritive
value.

Pea beans stored at 40° . and prepaved by the shori-soak method
were cooked satllsfactorily in o pressure sancepan at 15 peunds steam
pressure for 5 ninules. ‘This is o tremendeus saving in cooking Lime
compared with the 1% hours required in a covered saucepan.  The
mean rehydralion ratios for the samples cooked 5 minutes af 15 pounds
steam pressure were identieal with those of the control sample cocked
1} hours In & coveored saucepan.  lHowever, ihe mean score for toxture
of cotyledons of those cooked under pressure was somewhat lower
than that of the control, 4.3 Tor 1the former compared with 5.1 for the
latter. Also, in beans cooked under pressure there was less uniformity
than in the contrel.  The skin was equally tender cooked by cither
method.  For natural favor and gencral aceeptability the pressure-
cooked beans were rated somewhat lower than the control.  The scores
for natuwral flavor were 4.3 and 4.8, respeelively, and for general aceept-
abiity were 3.9 and 4.6, respectively, for beans cooked in & pressure
saucepan and in a covered saucopan.

For the beans stored for 1 vear at 753° ., 10 sunules at 13
pounds steam pressure was required for cooking 1o doneness,

Gueat Nourneny Beaxs

Great northern beans were cooked satisfactorily in 3 minules in a
pressure saucepait al 15 pounds steam pressure. The beans cooked
m A pressure spucepan were rated as high in flavor and texture as thosce
cooked by the standard method (table 22). BSeores for appearance
and accepiability were slightly lower for the pressure-cooked samples.

The rehydration ratio for beans cooked 3 minutes in Lhe pressure
saucepan was slightly lower than Jor those cooled in a covered sauce-
pan for 1} hours. With 5 minutes cooking, the beans had approxi-
mately the same rebydration ralio as those in the covered saucepan,
but the cotyledons were too soft.
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TasLE 21.— Palatability scores and rehydration ratios for pea beans cooked in a pressure saucepan compared witk pee beans
~ cooked in a glass saucepan

Mean palatability scoret
. . . . Rehydration
“ooking ratio?

time, ” R Texture
minl;lltos Inle&snty Abs()c}xlc'e Appear-| A (l_) o f»pt_
natural Joff-flavor Skin  [Cotvledon ance | ability 1 g0xeq Cooked
flavor > beans

Description )
of Method of cooking
sample

At 10 pounds steam pressure. . .

I

<

CH=DDOWONBINNOLOND

Pea beans
stored at 40°
F. forlyear. ||At 15 pounds steam pressure...

In glass saucepan

Pea beans | At 15 pounds steam pressure. ..

stored at 75°

F.for 1year. i
1

SYNUWWWWLWTLRULI~Jo~]
NOOVLOOUNWHR OO~

BUR SIS R e i e
OOHODBWNIDS O W I
O e G e e 1O 1O 80 a1 £O 1910
WHHWONEL~IO WO -T2
095 00,0009 00 10 00 09 05 0 £0 10
DV TIOMO WD b
B 1 00 00,00 00 10,09 6 4 10 00 00
RONNNRNND RN RN

B g e 00 00 e
B O DU e S D

I Mean of 15 values (3 replicates scored by 5 judges), except for - numerical values, see table 18.
beans cooked in a glass saucepan for which the scores are means of 2 Mean of 3 values for beans cooked in a pressure saucepan, mean
10 values (2 replicates scored by 5 judges). For interpretation of of 2 values for beans cooked in o glass saucepan,
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TasLi 22~ Palatabiliy ty scores and rehydration ratios for great northern, large lima, pinto, and red kidney beans cooked
in a pressurc saucepan and jor comparable beans cooked in @ g _]l(ISS saucepan

Mean palatability score ! Rehydration

("ooking - ratio 2
time, Mav \
in. _ |Intensity] Absence Texture
minutes jof natural of
flavor {off-flavor

Method of cooking

Appear-] A ‘ [
ance ility | Soaked | Cooked
Cotyledon beans

o

<,
4.4
4.

4.6
44,
4
5.
.
4.
3.
3.
4.

2. 08
2.09

o

Creat northern At 15 pounds steam pressure
Tn glass saucepnn. - .

Large lima [AL 15 pounds steam. pressure

4

4

4

4

1

hn glass saucepnn. oo Bl
[ Al 15 pounds steam pressure. : ‘i.
4

4

4

4

Pinto_. oo .- In glass saucepan.. . ... ...

STCTEYSIRISICIS

, [[At 15 pounds steam pressure.
Red kidney....}3
§[1n glass saucepan.. .. ...
‘ i

AN WO WOT N~

B QLR VLN IS ol TV SV RV (VR i)
COONDLTLoDODT
NOrLO~OW—COOOW
W WO IO OoOTOO
CISINSSTSISIRASISIN

D O D ]
£ 0 00 i g s e e it

! Mean of 15 values (3 replicates scored by 5 judges), except 2 Mean of 3 values for beans cooked in a pressure sgaucepan,
for beans cooked in a glass snycepan for which the scores are means  miean of 2 values for beans cooked ina glass saucepan.
of 10 values (2 replicates scored by 5 judges). . Tor interpretation
of numerieal values, see table 18.

SNYVAL XUd ONIMOOD ANV DNIMYVOS 40 SAOHLIWN dIdvy




52 TECHWICAL BULLETIN NO. 1051, U. S. DEPT. OF AGRICULTURE

Lance Liva Beans

Palatebility scores and rehyvdraiion railos were practically identical
for large luna beans cooked 3 minutes at 15 pounds steam pressure
and those cooked 1Y hours in a covered saucepan. Beans cooked
in the pressure saucepan for 3 minuies were as good as those cocked
for 5 minutes,

Pixvo Beaxs

Pinto Leans cooked for 10 minutes al 15 pounds sierm pressure
were superior to those cooked 2 howrs in a covered saucepan. The
rehydration ratios were Lhe same for beans cooked hy either method.
Since pinte beans required longer cooking by the usual method than
any other variety of beans included in this study, the use of the pressure
saucepan for cooking them is a decided advantage.

Rep Kinsey Beass

Texture of cotvledon of red kidiney beans cooked for either 3 or 5
minutes was (oo soft and the beans were moderately broken in appear-
ance., Skin was tender and faver was good. Perhaps the cooking
time could bie shortened (0 1 or 2 minutes for red kidney beans.

Stummary oF Srupies oy CooriNe Dy Beans i¥ A PreEssout SAUCEPAN

When dry beans were cooked in a d-quart pressure saucepan after
sonking for 1 hour in hol water, the time required for the different
varicties, in a«idition to the 25 minutes required fo reach 250° F.
and go down 1o 2129, was found 1o be as follows: For great northern,
large lima, and ved Kidney beans, 3 minules; for pea beans held for
1 vear at 40°, 3 minutes; for pea beans stored for 1 yvear at 75°, 10
minutes; for pinto beans, 10 minules,

Palalability scores for large lima beans and pinto beans cooked in
A pressure saucepan were comparable to those for beans cooked in a
covered snucepan.  Palatability scores for the ether varicties of beans
were only slightly lower,

In elose agreement with the results of palatability {ests, the rehy-
dration ralios of the beans cooked in a pressure saucepan for the
optimum length of time were practically the same for a given variely
of bean as the sehydration ralic for the same variety cooked in a
covered saucepan. Red kidney beans which were slightly overcooked
reached a higher rehydration in 3 minutes ab 15 pounds steam pressure
in the pressure saucepan than those cooked for 105 minutes in &
covered saucepan.
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