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- A STUDY OF THE TIME-TEWPLRATURE RELATIONDHIPS
. IN THE COOKERY QF VEGETABEES

INTRODUCTION

Vegetables are no longer eonsidefed as éccessories to
a meal, but have come t0 be regarded as essentials in the
dally'human food supply. They rank next t0 ecereals in thelr
‘carbohydrate content and are classed w1th fruits as an im-
portant source of minerals and vitaming B and C; In addition,
their pleasing flavors,'disfinetive cqlors, and celliular tex-
ture make them attractive and stimulate the appetlte.

While a number of the vegetables may be used in the raw
state, many of them require cooking in order to be edible.
However, Bogert ( 2 ) says; "Vegetables are more abused in
cooking than any other classnof foods. It is no qudef that

~people refuse to eat the unpalatable messes which are usually

served up in fhe name of vegetables, but this is:the fault of

the cook, naot of the vegetébles.“ It is appareat from sueh
a statement that more consideration should be given to the
cookery of vegetables, in order that they may be handled in
ways that will render them both nujritious and palatable.

Some attention has been given 10 theﬁ in connection with
the loss of ﬁheir nutrienbs; especiallﬁ minerals gnﬂ vitaming,

where methods of cookery, addition of salt and amounts of
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gpoking water were considered,

Changes in thé_flavor of vegetables have been taken into

account from the standpoint of retaining the mild flavors and

preventing the development of strong flavers duning cooking.
There has also been some evidence to indicate that cer-
tain preeautions, éuoh as.the'degree.Of'heat, the length of
the cooking period, and the acidity of the Water‘usod, should
be obéerved‘so phat'tﬁe originai green, yellow, red oxr mhite’
color of the vegetable might be retained.
Occasionally, various authors have oublished time-tables

for the cooking of vegetables, but upon comparison, their re-

oommendations'eipher do not agree or they suggest a wide range

in time, In only a few cases, has there been ahy'menfion_of
the temperature, for which the time was specified.

It is evident, then, that there is a need for more infor-
mation about the temperature maintained during various methods
of cookery and the rate of heat flow'into the végetables sub~
'Jectea to these methods,’ s0 that a product may be obtalned
that is satisfactorily cooked. For this reason, this study
has been carried on in connection with the Home Economies De-
partment of the Montana BExperiment Station, in an attempt to

establish some tlme-temperature relatlonshlps in the cookery

of vegetables,
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HISTORY

Prior ﬁoil9L?,_very'liftle work had been carfied on to
determine the nature of vegetable foods éna the most satis-
factory methods for their preparation. Gufside of recipes
in cook-books, there was little published material.

Then in 1917, Parloa (14) published a bulletin on the
'cooking‘of vegetables, giving some descriptions of thelétruc-
ture and composition of the piants and the principles uﬁder-
lying their preparation for.food. However, no exact times
were mentioned for their cooking periods'énd only the sugges-
tion was. made that they should be Gooked until tender.

In a series of experiments carried on later by Halliday
and Noble ( 8) at the University of Chicago, emphasis was
placed on the.length of the eooking‘time.in relation to the
losses of nutrients, flavor and coloxr ih vegetables, when
they'were‘cooked ﬁy various methods.' éhey'definitély recom-
mended certain methods in order to avoid these losses, and
advocated a certalin range of time for coéking each vegetable
with the advice to "cook it only until tendexr”.

While considering cooking methods and the resultiﬁg
losses, the question arose as to the advisability of using
salt during the boiling process. DLanman and Minton (11) in-
vestigated this problem and concluded that the color of vege-

tables was not nobiceably changed by the addition of salt to
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to the boiling water. While they found that in some cases
there was a greater loss of nutrients due to the presence of
salt,‘there appeared to be enough advantage in the texture
and flavor of the cooked vegetables to warrant its addition -
at the beginning of the cooking periodq In none df tﬁéir |
work, however, did they mention Whether fhe salt had any effect
on the temperature of the cooking medium br whether it affected
the length of the eooking period. Daniels (4 ) stated that
chemigally pure . sodium chloride had no haidening effect on thej
substances of which vegetables are cémposed,'but'the calcium
contained in most table salt gave results similar to that of
cooking in hard watefa

-dptimﬁm times for cooking as determined by séﬁﬁipg, per-
centage losses in solids and total ash whén the vegétébles
were cooked to a satisfaectory texbure, and the H-ion .concentra-
tion of the water after cooking were ineluded in the résults
of studies conducted by Field, Server, and HMilner (6 ] on
some California fruits and vegetables;ﬁ The optimum dooking
time, they sﬁggested; fell withiﬂ‘the ranges given by Halliday
and Noble {8 ) Witﬁ the exception of cabbage and turnips.

In a study of baking vegetables electrically, Swartz (19)
pointed out the time required when the vegetables were haked
at various teﬁperatures; When medium potatoes, unpeeled,

were placed in an oven at 500° F., they were done in 40 min-
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utes, but at 2500 F., they were done in 3 - 3% hours, No
method was used for specifically determining when the vege-
~tables were done, asﬂthat was based soleiy on fthe opinion of
ﬁhe investigato&. | o

Sinoda, Kodera and Oya. (lé) also seem to recognize a re-
lation between timg and temperature in thelr study of the
critical temperature in cooking sweet potatoes, They ad&ise
the cookiﬁg of the sweet potafo at higher temperatufes for
shorter times due %o the fact that a morphological change in
the\starch granules is observed at temperatures higher than
80° ¢. ©Polymerization of the lower sugars begins, and the
taste is largely influenced by the content of these unknown
folymerization pfoducts.(l?)

Another faector to be COnsidered.in‘the relation between
time and temperature in cobking is altitude. At higher alti-
tudes the temperature of boiling water is lowered and that
necessitates an incrgasé in the cooking time. Thiessen (20)
in her bulletin published by the Wyoming fxperiment Station
has presented reoommendatibnﬁ.for'eooking'vegetables at an
altitude of about 7000 feet abave sea levei, but her sugges-
tions concerning the times of cooking were not very definite.
Also in judging the point at which the vegetables were done,
she merely pierced tﬁem With‘a fork to test their tenderness.

A study of the:time requifed for eooking potéﬁoes at'an

altitude of 5000 feet above sea level was made by Gill (.7),
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who concluded that the size of the piece of potato is.a faetor,

whieh influences the length of time,- a one-ineh cube réquir-
ing 25 minutes of boiling and a two-ineh cube, 30 minutes.

. Apparently, then, the length of time required'to‘cook
a vegetaﬁle at'a‘certain temperature depends upon the rate of
heat flow or heatlpenefrati@n in that vééetable at that par-
ticular temperature: Some studieé of the rate of heat pene-
tration in cooking have been made by Magoon and Culpepper (12},
Bigelow {1), and Thompson {21),. but these have been chieéfly
from the. standpoint of the commercial canning of fruits and
vegetables. TFor measuring the rafe of heat penetration,
they inserted either thermometers or tﬁermocouples intoe the
center of the can, but not necessarily into the center of
the pieces of food material, Gonseq@ently, their results
indicafe the.heat flow inthe liquid or cooking medium a8
.well as in the fruit or fegetable. The same thing might be
.said of a study at Iowa State College, where Redfiéld, Nelson
and Sunderlin (15) experimented with heat penetration in '
meats and vegetables, processed in giass containers. They
found that the variables used in canning as size of jar,
closeness of pack, initial temperature and consistency of '
the vegetables have a decided influence on the time reguired
fdr penetration of -the heat to the center of the Jjar.-

Some workers haqe felt that a method of standardization
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was needed in crder to determine when a vegetable had been
de31raply cooked. The ordlnary Way of Piercing with a forL
Wae recognized te~be uncertain and subject to variance w1th
indiridual judgment. In attempting to set up a desirable
standard for eooked carrots, Landreth {10) used a Vieot
'apparafue which measuréd the bressnre required to. drive a
needle inﬁd a cube of carrot in five seeconds. Lancaster

and Sweetmen,(é ) defermined‘the "doneness™ of uniform slices

" of poteto by means of a penetremeter%; Iﬁ,eensispedAof a blunt,
uniform needle whien penetrated the'eeoked vegetable under a -
ten gram Weighﬁ. The aﬁonnt of penetration into the Végetab;e
was measured. They also studied the spee& and evenness of

: eooklng in relatlon to maturlty, 81ze, perlod in storage and
varlety of potato. Recently another penetrometer has been
dev1sed by the Unlted States Food and Drugs Admlnlstratlen.

1% also has a blunt, unlform needle which penetrates the eook-'
ed vegetable but the weight is supplled by a weighed flask to
whieh mercury is added until a small light indicates that the
needie nas,penetreted to the desired deptn. The We@ght of

the flask and the mercury it comtains .is recorded as the weight

reqaired‘fer penetration or an indieation of the tenderness of -

the vegetable.
These studies eomprise‘praetieally all of the scientifie

ﬁork that has been done along the line of vegetablé caokery.
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Igvestigations on the relaﬁion of time to'temperatufe:or the
rate of heat penetration have been carried on chiefly in’eon-
negtion with commer¢ial canning., Recommendations for the time
of cooking vegetables by home methods are not very specifiec
with the resulit that many vegetébles are often poorly cooked
and therefore unpalatable. -

In view of this situatibn there appears to be & need for
further securate investigation in the field of home qookery
of veéetables, particularly in regard to- the rate of heat flow

at various cooking temperstures.




~11-
EXPERIMENTAL PROCEDURE

The vegetables chosen for this study were potatoes, carrots,
beets,”onions and cabbage, since they are commonly growﬁ in
Mbntaha“gnd.large quantities ef them are usually stored~f§r
winter consumption.

These vegetables were obtained from local truek gardens
where bthey Wwere kept in pits and readily available during the
winter months. The variebies used throughout the study were:-
potatoes, Netted Gem; carrots, Chantenay; beets, Dark Red;
onions, True Spanish; and'cabbage,ybénish Baldhead;

Bach vegetable was prepared for co&kefy acGording to cer-
tain adopted methods, The carrots were thoroughly washed with
s vegetable brush, then some Wefe serapeld, while ofthers were
allowed to retain the skin. A sample weighing approximately
500 grams was used for each eboking'test. For the samples,
the carrots were cub as accurately as possible into one-inch
cubes, two-inch cubes, -and one by two-inch pieces, respective-
1ly. Thé one by two=-ineh piéces were always secured by cutting
a two-inch cube lengthwise., ,

The potatoes were washed and peeled with the exception -
of those that were to be cooked in the "jackets", The 500~
gram samples of potatoes also consisted of one-inch cubes and
two-inch cubes, respectively, with thé addition of some samples

of whole potatoes, approximately two by four inches in Sizes
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The beets were washed‘well and left whole with the sking
on during cooking, for the reason that the? "hleed" when eutb.
A measurement of the diameter and 1éngth of each beét wa.s
taken,

The Qnions‘were washed and the hard outer layers were
peeled off beforé ¢coking. They were alsd left whole and
measured for diameter and length.

The cabbages were stripped of their coarse outer leaves
_and were ‘then cut into quarters. ﬁeasurements'of the length
aﬁd width of the cut surfaces were: recorded as the sige of
the individual piecgs. |

'In addition to detérmining thg weight of each sample,
it seemed desirable t6 obtain itS‘VOlﬁqu To do this, the
sample was placed in a receptacle of kh@wn volume and tap
water was added unbtil the lower meniseus of the waber was
on a level with the graduated mark on the receptacle. The.
difference between the.vdlﬁme‘of the,réceptacle and the vol=
ume of the water added gave the volume of'the gsample of vege-
table.

The methods of cookexry used fpr‘these tests were boiling,
steaming,‘steam pfessure cooking, and baking, eithef directly
or in casseroles. '

Tor boiling, two covered aluminum sSauce pans, of four-

gquart capacity and similar in structure, were used as utensils. .
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Thelr respective weights ineluding covers were 332 and 335
grams., Two holes were‘6ut in the cover of eéeh pén to pemit
the insertion of rubber stoppers holding.either cﬁemieal ther-
mometers of thermocouple wires. 'In most oases,>750 cc. , 0f tap

water, with a pH of 7.8, were pouréd into each pan to sefve‘as

the cooking medium. This water was taken from a large contain-

er where the water had been stirred in order to bring it to an
approximately uniform temperature. The heat was then supplied

by two 800-watt Calrod plates on a Eotpoint electric range

with the controls turned to "high"™. These plates had previous—

ly been calibrated to show that they supplied heat at equiva-
lent rates. The pans of Wgter were placed on the hot eleetrie
plates at a definite time, and when the thermométersw suspénd-
ed in the steam over the water, indicated that the boiliné
point‘corresponding to the barometrie pressure had been reach-
ed, the samples of vegetable were added and the cqntrols were:
turned to "medium".

For steaming the vegetables, a Conservo steamer was used.
This eonsisﬁs of a square copper water-pan (11 x 11 x 2 ineches)
surmounted by a fin-plated cabinet (12 x 12 x 18 inches} hav-
ing four wire shelves and two doors. After the pan had been
filled with tap-water, the steamer was plaged on one 8Q0-wat t
Calrod plate of the Hotpoint electric range with the contral

turned to "high", When the water was boiling vigorously and
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the steamer filled With steam, the vegetable samples, arranged

in wire baskets,,weré placed on the. two upper shelves; The

thermocouples were introduced through an opening in one .gorner

of the top, where ordlnarlly a pipe was inserted for the addi-
tlen of more Waterq
In steam pressure cooking, three s1zes of National Bress—

ure Cookers were used:~- the 10 quart gize welohlng 9% pounds,

. with a total volume of 8560 ce.; the 18 quart size Weighlng

17% pounds, with a total volume ¢f 18,900 ce.; and the 25

quart size weighing 20 pounds, with a total volume of 24,850:co.

The amounts of tap water added bd'gach‘p;essure cooker for
gach samplé cooked were:- 350 cea’tolfhe 10 quart'sizé} 500 ec.
to the 18 quart size; and 750 ec;'fo:the'25 quart éiZeg In
each casé; the heat was supplied by'an 800-watt Galrod‘plate
of the Hotpoint electric:range with the control turned to
Fhighﬁ; AAé'soon as thé ﬁéter boiled vigorously,'producing a
liberal amount of sfeam, the vegetable samples were pﬁt into
the cooker. . The.safety-vélve in the cover was rém@vedhand\
a rﬁbber~sfopper carrying the insulated thermocouples was
tightly forced into the opening. The cover was thegxpiaéed
on the doéker and the Wing;nut sorews carefully tighteneds
The pet-coek was left open and soon a steady flow of steam
came'from the opening. This stream of spéam was allowed bq,

continue. for five minutes, so that the air might beigomplete—
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1y removed, then:the pét-coqk was closed and the pfessure wa.s
allowed to develop until a tempefature of 2500 F. was)reachedP
This temperature was maintained Within the bressure cooker ag
long as~désir§d,, | - |

The di;egt baking of the vegetables was carried On in a
Hotpoint eieétric.oven (14 x 18-x 18 inehésf.providéd with an
automatié héat @ontrol..'The eontroié‘of the upper and lower
. elements were tﬁrned to "high".and the oveh ﬁas brehéated to
375° R, The’sa@ples were then placed on & rack held in the
| eighth groove from the bottom. The thermocouples were brought -
into the oven through the opening at the back designed for
steam'escape, The eleefricity'was.then turned off the upper
element, |

Sincé most of the vegetables were nof adapted to direet
baking, the plaﬁ of baking vegetables in casséroles as develop-
ed by Swartz (l9)1was used, Four covered pyrex cassgroles;
having uniform'volumes of 1% quarts and'similgr weights, were
secured for this purpose. The vegetable;- samples were put
into the casseroles‘and just before they'were'placed in‘the
preheated oven, 250'0?. of hot tap water were added té each,
The thermocouples brought in at the back cf‘the oven were in-
troduced into the casseroles through holes bored in the covers.

Thermocoﬁples were used in_eéch cooking test in order to .
determine the rate éf heat flow in the vegetables. Certaiﬁ

R AR
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pieces in each sample of vegetable were selected as test
pieces and the hot-end junction ofﬁa thermocouple was insert-
ed so that its tiﬁ just feached the eenter of 8 piege. By
this means the'temperature ak the'eenter’GOuld be obtained
at one-minute intervals. The equipment used for this purpose .
consisted of four six=foot Hoskins thermocbubles, high resist-
ante, No. 22 B & S gauge and asbestos insulated. By means of |
four Hoskins flexible leads, of high resistance type and stan-
dard length, these thermocouples Wereveennected to a four-point
selective switeh, which in turn was comected to a Hoskins py-
rometer, type T4 5502 F., high resiefande,'with.automaﬁic cold
end eompensation.
| While'cooking the vegetables b& boiling, steaming, or

baking the temperature at the center of'tﬁe vegetablekvradually
approached the b0111ng point of water and thls temperature was
maintaired untll the eooking process was eompleted. The amount
of time that was required at the boiling temperature'varied
with the vegetable and the method of eooklng. |

A group of four judges from the Home Eeonomlcs Department
of the Experiment Station scored the cooked vegetables. The -
vegetebles were first.allowea t0 e00l S0 that:thé heat woul&'
' not mask the-fle&of. Judging sheety were supplied with each:
sample to be scored. Each sheet contained a. grading score

based on tenderness, texture, flavor and color. Each of these
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factors was in, tﬁrn divided into six\gradations{ beginning
’w1th the most de31rable°

In addltlon to the Judglng of eaeh sample of eooked
vegetables, a penetrat;on,test for tenierness was made on at
least three pieces from éach samplé»ﬁith,a peneﬁrometer,
This piece of e quipment Ras devised‘by members of the Food
- and Drug Admlnlstratlon of the Unlted States Bepartment of
Agrieulture - -0 use in. determlnlng the tenderness of‘foods
under the provisions of_thechNaryamapes amendment to the
Federal food and-drugs act. '
| The llquld remalnlng in the cooklng vessel at the com-
pletion of each experiment was tested for its pH value by.
the colorimeter method suggested by Clark (3.

This series of tests has been applled to the vegetables

selected for thlS study  -and to var;ous-s;zed pieces. of these

vegstables,‘fof the purpose of cémpafing their time-tempersa-

ture relationships during cookery.
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RESULTS

In presenting the results of this'iﬁvestigatién, a series
of tables will be used, giving the data for the cdoking of each
vegetable by the various methods, and other resuits that aceom-
panied thése tests, These will be supplemented by a set of
graphs showing the heat flow through the vegetables'or the
time~temperature relationéhips existing dgring their eookery.

Table I shows the average‘fesults obtained in the cooking
of carrots. It will be noted that 'in the boiling of eafrots,
some samples were cooked in tap water without salt, while in
. other cases salt was added to thetwater at the beginning of
the cooking period. In two instances distilled water was used
in place of tap water, both with and without salt. In observ-
ing the average number of minutes required to cook these various
samples under the conditions gpecified in the table, it will
be seen that the size of pilece affegts the length of the cook-
ing time, the ;arger the piece, the longer the time, The addi-
tion of salt to the tap water appears t0 have no effect upon
- the total cooking time. With distilled water, both with and
without salt, there are some indlcations that a slightly
'ionger acoking time ig needed., When the 2 1‘8 inch pieces -
of carrot are eooked with the skins on, instead of being serap-N
\ed, they seem o require a longer cooking period. Although

the baking of vegetables in casseroles in the oven has been
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i

Method Condition No. Av.Size| Av. Wi.| Av.Vol. Kind -Vol. of} Wt of | Cooking JAYQ No.
. of . of of Piece | Sample | Sample of Water Salt Pemp. '| Minutes}
Cooking Carrot {Trials “in. SmS, CeCs Water. CeC. . gms. oF, Cooked
Boiling seraped 4 1 x1 |} 503.0 600 tap 750 - 20%.2 | 30
' " u 2 1 x2 | 53L.0 6.60 u 750 - 202.8 35
" " 8 2x 2 | 5b47.6 .| 585 " 750 - 203.4 40
" n 4 Iyx" % | 501.5 575 u 750 5 20%.2 30
u - 2 1x2 | 528.0 640 - 750 5 202.8 35
" c 8 2 x 2| 512.7 608 B 750 5 202.4 38
" n . 10 2x 2 | 524.4 610 distilled| 750 - 202,9 42
" moL ) 2 x 2 | 518,0 617 " 750 5 203.1 42 -
" with skins 2 1x2 | 543.0 620 tap 750 - 202.1 %5
" W n 2 2 x 2 | 563.0 750 n 750 - 202.1 44
" w u 2 1 x 2 | 553.0. 640 n 750 5 202.1 35
u I 2 2 x 2 | 563.9 750 u 750 5 202.1 44
Steaming | seraped 4 I x 1 1 490.0 625 n - 1000 - 202.9 35
" T L 8 2x 2 |.511.4 648 i 1000 - 203.1 44
n witli skins 4 1x2 | 887.5 635 n 1000 - 203.3 40
n T 4 2x 2 | 517.5 655 u 1000 S 20%.3 46
Baking® seraped 5 1x1 | 501l.6 636 " 250 - 202.4 82
" ' " f 3 2 x 2 | 5l4,7? 637 " - 250 - 202.4 90,
P.CY* 10 qt.] * 1 1 x1 | 463.5 610 u 350 - 250.0 3
-ono1g.m | " 1 "1 x 1 | 506.0 600 n 500 -- 250.0 3
moogs M n 1 1x 1 | 498.0 660 u 750 -- 250.0 3
L Lo " 1 1x2 | 535.0 660 n 350 -- 250.0 5
w18 ¥ " 1 1x 2 | 535.4 640 " 500 - 250.0 4
"o og5 u 1 1x 2 | 518.5 — " 750 - 250.0 4
LA (el n 1 2 x2 | 537.4 660 " 350 -- 250.0 6
moo1g ™ w 1 2 x2 | 531L.3 640 n 500 -- 250.0 5
noog5 M oo 1 2x2 | 537.5 670 " 750 - 250.0 . 5
‘" 0" |with skins 1 2x2 | 550.5 52 n 350 -- 250.0 12
woo1g moooou 1 2x & | b79.0 590 " 500 -- 250.0 “11
w . g5 M n u 1 2 x2 | 550.0 660 w 750 -- 250.0 10

* Baking in covered casserole
**¥ Steam pressure cooking
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recommended by some workers, the time needed to céok carrobs
by this method,is\twieexas long as for. boiling. The time for
steam pressure cooking ié noticéably shorst, in‘fact, about'one—
half as long as the time usually suggested for carrots at
260° F. in the timé-tab;es.

Figures 1, 2, 3, 4, 5, 6 ahd 7 show a graphical representa-
tion of the average heat flow in cooking carrots by these var-
ious methods. These graphs are plotted from the thermocouple
realings taken at intervals of one or two minﬁtes.' In figure 1
a comparison of the‘heat flbw in piecésof scraped carrot of
different sizes shows a sharp curve in the case of the smaller
plece and & more gradual curve in the larger pleces:/ When
salt is added to the cooklng Water the total cooklng time is
the same as for unsalted Water and the~heat curves are very
similar. It will be noted in»fiéure 2 that the rate of heat
flow in carrots is the same when the cooking medium is either
tap wafer or dAlstilled water withoﬁt salt, but fhe addition
of salt appears to cause a sharper risérwith‘tap water than
With distilled waler. }n figure 9, curves gre shown when the
skins were left on the carrots during the boiling process.
Since the 1 x 2 inch pieces were prepared'by‘cutting w2 X &2
inch pieces lengthwise, the skin: was left on only one side
and the time for boiling was the same as for boiling the

seraped 1 X & inch pieces (see figure 1). The 2 x 2 inch
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TCMR
FO
Tap water without salt Top watt." with salt
30 40
TIMC — MINUTES
Fig. 1. Curves showing the time-temperature relationships

during the boiling of scraped carrots, cut into
pieces of various sizes, in tap water, without

and with salt.
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temp.
Tap water
Distilled water
Without salt with salt
TIME — MINUTES
Fig. 2. Curves showing the time-temperature relationships

during the boiling of scraped carrots in tap water
and distilled water without and with salt.
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210 Ibp water without salt lap water with salt
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10 20 30 40 50 GO 70
TIVE — MINUTES

Fig. 2. Curves showing the time-temperature relationships
(luring the boiling of carrots, with skin on, in
tap water without and with salt.
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TEMR
EO
Car >oto - Scraped Carro\s with shins
190 -
TIME - MINUTES

Fig. 4. Curves showing the time-temperature relationships
during the steaming of carrots, scraped and with
skins.
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40 50
TIM5 — MINUTES

Fig. 5. Curves showing the time-temperature relationships during the baking
of scraped carrots in casseroles.
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/ | 25 quart P.C.

40 50
TIME — MINUTES

Curves showing the time-temperature relationships during the cook-
ing of scraped carrots in pressure cookers of three sizes.
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FO

 J— Carrot scraped
------ Carrot shins on

IOquart P.C. m/18quart R.C //25 quart P. C.

TIME: — MINUTES

Fig. 7. Curves showing the time-temperature relationships
during the cooking of carrots, scraped and with
skins on, in pressure cookers of three sizes.
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piece éompletely encircled by skin appéars to have a slower
rate of heat flow, both with and without salt in the cooking
liquid, and this resulted in a longer cooking period.

It will be seen in figure 4 that steaming appears to
cause a lag iq‘ﬁhe heat flow in scraped carrots when cpmﬁared
to that of boiling and the total time is longer. VWhen the
skins are left on, however, the rate of heat éenetratiom more
nearly approaches thgt during boiling.

There is a noticeable laé in the heat flow‘when carrots
are baked in casseréles as indicated in figure 6. Again, thé
size of piece makes éome difference and the total time is
double that of boiling.

Flgure & represents a comparison of the bime for cooking
various- 31zed pieces of carrots in three sizesg of pressure
cookers. In each case the smallest piece required the short-
est time. jAll of thé graphs are much steeper than in any
other method of cooking. A comparison of the bressure cooking
of 2 x 2 inch pleces of carrots Wlth and W1thout bklns is
shown in flgure 7: The heat flow in the pieces w1th skins
appears ta be much more rapid when cooked in the 10 quart
and 18 quart pressure cookers, but about the same as the
scraped carrot in the 25 quart pressure cooker.

Table II‘gives‘the average resﬁlts.that were found in

the cookingfof potatoes. Agéin it will be noted that in boil-
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TABLE IT. COOKING DATA FOR POTATOES.

“Method - Condition | Wo. Av.Size | Ave W, | Av.Vol. |} Kind | Vol. of | Wt. of| Cooking| Av. No.
of - of of | Piece Sample | Sample - of Water | Salf | Temp. | Minutes
Cooking " | Potato. Trials in. gus. . GaeCh Water { c.e. | gms. OF, | Cooked
- Boiling peeled 4 1x1 |501.5 590 tap 750 | - 202.6 20
n " & 2 x 2 [49%.0 565 S 750 - 202.6 42
" v 4 .1 x1 |502:5 558 " 750 5 202.6 | 20
" u & 2 x2 | 525.0 570- -oon 750 | . 5 | 202.6 42
" " 4 5% x 15| 605.8 5%5 " 1000 | -- 202.8 42
u with skins 4 3% x 15| 514.5. | H50 - " 1000 - 202.4 40
" peeled 4 Bg'x 1y | 486.5 553 n 1000 5 202.8 42
" with skins| 4 35 x 1&{ 530.0 588 " 1000 5 202.4 4Q
Steaming peeled 4 1 x 1 | 49%2.0 568 n 1000 - 208.8 32
L u 4 2 x2 |-497.5 | 540 n . 10000 ] -- 202.8 44
Baking™ ‘ " 4 1x1 | 505.0 55% .o 250 | == 205.4 52
" ne 4 2x 2 [ 497.0 | 545 u - 250 | - -- 203.4 52
e with skins 4 85 x 2 | 560.0 465 " -—- - 25040 56
P.CT* 10 gt |peeled 1 | 1x1 [510.0 550 n © 850 | -- 2500 3
w18 om b omo 1 1 1x1 | 5806.0 545 .on 500 «=- | 250.0 3
35 wp o oom 1 1x 1 | 5050 560 - on 750 | - 2600 | 3
N " 1 2 x2 | 550.0 590 oo 350 | -= 250.0 | . -12
o1 L 1 2 x 2 | 510.0 550 n 500 . | . --~" 260,0 t: 11
®. 25 # " 1 -} 2x2 |490.0 560 L IS T+ RN IR 250.0 | 10

*: Baking in covered casserole
Steam pressure eooking
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ing the 1 x.liinch plece réquirés a much shorter cooking time
than the 2 x 2 inch piece, in this‘cage less than one-ﬁalf the
time is needed. The addition of salt ‘£0 the cooking liquid
appears to have no effect on the time. The peeled whole ﬁota—
toes apparently require a little more time than the whole
rotatoes that 'are cooked ﬁith the skins’on. The steaming of
the 1 x 1 inch piece demands a distinetly longer tiﬁe than
for boiling but the 2 x 2 inch piece appears to need very
1ittle more time. Baking again requires the longest time of
all the méthods studied, The size of the piece appears'to
make no difference in the time required for baﬁing potaﬁoes
in the casseroles. The cooking péeriod for the potatoes baked
with the skinslon in direct oven heat af 3500 F. conforms to
recommendations by others who have made similar studies. The
pressure eo&king periods'are very much shorter fthan those
suggegtéd in time-tables. The 2 x 2 inch pieces of potato

required from three fq ﬁour times as many minutes as the 1 x 1

ineh pieces.,

Flgures g, 2, 10, ll 12 and 19 glve a graphlcal represen-

tation of the average heat flow in cooklng potatoes by. the
four methods studied. The thermocouple readlngs upon which
the graphs are based were taken every mlnute durlng the press-
ure cooking and every two minutes during the boiling, steaming

‘and baking of the potatoes. Figure 8 shows the heat‘flow
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Curves showing the time-temperature relationships

during the boiling of peeled potatoes, cut into

pieces of various sizes, in tap water without and

with salt.



-32-
Tl%vff?

lap water without salt lap wuter with Suit

W nole peeled — -—--mmmmm-
Vvnoie, with sking----------

TIME: — MINUTES

Fig. 9. Curves showing the tine-temperature relationships
during the boiling of whole potatoes, peeled and
with skins, in tap water, without and with salt.
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Fig. 10. Curves showing the time-temperature relationships
during the steaming of peeled potatoes, in pieces
of different size.



o

230

210

190

170

150

130

110

90

70

50

11

J

-34-

10

20

Curves showin
during the ba

30 40 50
TIME: — MINUTES

ki

60 70

the time-temperature relationships

ng of peeled potatoes

in casseroles



-35-
TEMR
Fa

30 40
TIME — MINUTES

Fig. 12. Curves showing the time-temperature relationships
during the baking of whole potatoes with skins on.
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-Auring the boiling of peeled potatoes of\iifferent éizes. The
curve for the 1 x 1 inch piece is much more abrupt than the
curve for the 2 x 2 inch piece and the total time is much short-
er. Again the a@dition of salt to the cooking water seemed ﬁo
caﬁse no gréat difference in the ecurves., It is evident from
figure 9 thatb thé heat flow in the poﬁatoes boiled with skins
is very similar to that of the peeled potatoes. There is a
greater lag in the heat flow in the 1 x 1 inch pieees 6f steam~
ed potatoes than in boiled potatoes as shown by figuré 10.
Figure 11 shows the curves for the baking of potatoes in cass-
eroles. They are fairly similar for the two siges of pilece |
but the more fldttene& curve indicates the 1onger time required.
The heat flow in potatoes baked in thelr skins is given in ‘
figure 12. The curve is somewhat similar o that of baking
in casseroles but is slightly steeper. TFigure 13 shows the
curves for the pressure GOOklng of p@tatoes. The smaller
piece, 1 x 1 1nch has the sharper curve but the curves for
the three sizes of pressure cooker are rather similar.

The average results obtained in the cooking of beets
are glven in table ITI. It will be ﬂotieed that a longer
cooking time is required for beets than for any of the other
vegetables studled. There is relatively very little diffexr-
ence in the amount of time required for boiling when salt 1is

added to the cooking water or when no. salt is used. Steaming




TABLE IIT. . COOXING DATA FOR BEETS.

“H8 -

Condition

Kind

'V01. of

€ooking

Avo'ﬂb;

Method To, Av.8ize| Av. Wt. | Ay.Vol, Wt. of
- of” ‘of - of ‘Piece Sample Sample of Water Salt Temp o Minutes
Cooking Vegetable |%rials | ins gms . €aCa Water CoGo EIS o OF. Cooked
' Boiling ‘with skins 4 3 x 2 | 554.5 495 1 ~tap 1500 - 202.8 138
: n i Moo 4 . 3x2 | 626.5 | 750 n 1500 5 202.9 -} 130
Steaming n " 4 3 x 25| 590.0 | . 740 n 1000 - 202.4 140
Baking™ on t 4 3x 82 | 546.2 627 " 250 - 202,.4 150
B.OTF 10 qtaf ™ n 1 3% x 3£] 500,0 520 m 850 - 250.0 57
R | ow n 1 3% x 22| 406,0 380 LI 500 - 250.0 52
mo.25 .n | = " 1 35 x 5%| 491.0 .- u 750 - 250.0 | - 52
TABLE IV. COOKING DATA FOR ONIONS.
Boiling peeled & 2x 2 | 484.5 573 tap . 750 - 203.2 48
u om0 "4 2 x2 | 5i1.5 610 n 780 5 202.8 48-
Steaming = n 4 2 x 1% 51%7.5 675 n 1000 - 20%.2 58
Baking”™ n 4 2x 2 | 496.2 6453 u 250 -- 202.9 90
P.GF* 10 qt.f @ 1 .22 x2 | 476.0 560 n 350 - 250.0 .8
® o 1g wop oow 1 22 x 2 | 504,0 54Q " 500 - 250.0 ). 8
To25 n u 1 2+ x 2 | 506.0 56 " " 750 -- 250.0 . 8
TABLE V. COQOXING DATA FOR CABBAGE.
Boilin ‘quartered % x 2% 516.0 740 e 750 - 202,.8 24
y e Tuaztere 5 3 % 2% | 494.0 675 o 750 5 202.8 ) 20
Steaming | ® 4 3 x 2L | 507.0 690 n 1000 -- 208.2 | 26
Baking -om 4 3 x 2% | 495.0 645 " 250 -~ 208.3 | 50
P.C¥*10 gt " 1 3% x 25| 605.0 670 " 350 - 238,0
R. 1g ® u 1 2L x 25| 47240 650 n 500 - 250,0 <) . @
25 M u 1 3x2 V506:.0 | 710 " 750 - 230.0 7

-

* Baking in covered casserole

** Steam pressure cooking

!

*¥% Pinished cooking before

See table’

reaching 2500 F.
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appears to.réquire about the same amount of time as boiling
and the timé for baking is slightly greater, -Apparenﬂly,
beets can be cooked in the pressure cooker in aboubt one~third .
to one-half the time reguired for boilings

Figures 14, 15, 16 and 17 include the graphical represen-
tations of the heat flow during the cooking of beets. Figure
14 shows the effect of fhe presence or absence of salt in the
cooking water. From the  thermocouple readings taken every
two minutes during the boiling of the beets, there appears to
be very little differehce vnder the two conditions. The heat
flow during the steaming of beets is shown in figure 16 in
eomﬁarison with onions and cabbage. The cabbage has an abrupt
curve wWith & short steaming time; the onions show éome lag and
the time is inereased; while the beets have a decided lag in

heat flow and the total time is much greater than for the other

- vegetables. Figure 16 presents a-cémparison of the heat flow

in cabbage; onions and beets during the baking in casseroles.

A1l of the curves are more flattened than in any other method

of cooking and the total times are all increased over those

of steaming and boiling. The pressure cooking of béets is
graphically represented in figure 17. The steeper curves and

the higher temperatures reached asccount for the shorter period

. of cooking time.

Table IV shows the average results obtailned during the
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Fig. 14. Curves showing the time-temperature relationships during the boiling of whole beets in tap water
without and with salt.
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Fig. 15. Curves showing the time-temperature relationships during the steaming of cabbage, onions and beets.
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Fig. 16. Curves showing the tirne-temperature relationships during the "baking of cabbage, onions, and beets in
casseroles.
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¢ooking of onions. 4s compared wifh.boiling in tap water alone,
the addition of salt 4o the cooklng water appears to make no
difference in- the total time requlredq Steaming seems:to in-
crease the time somewhat and baking almost dpﬁbles the time
.required. The size of the pressure cooker apparently makes
no differénee in the time that is neeessary for cooking onions
at 250° F, ‘

| Figures 15, ‘16, 18 and 19 present the graphs showing the
‘raté of heat flow in.onions. The curveg in figures 15 and 16
have already“been discussed in comparison with the cooking of
beets, Figure 18 shows the similarity in the curves when salt
is added to the boiling water or when it is omitted: In both
cases the,total tiﬁe remains about the same. -The curves thab
are presented in figuré 19 showiné thé time and temperature
in eoakinglonions iﬁ the three sizés of pressure eocokers are
very similar, as Would be indicated by the times that were
given in table IV. |
| Table v glves the average results in the cooking of
cabbage. There is some evidence that the additien of salt
to the codking water decreases the time required for boiling.
Steaming appears to require one and one-half as much ﬂime_as
boiling, and baking requires twice as much time as boiling.
Cookinghcabbage in the pressure cboker regulted in a satig-

: factofy product wheﬁ the inte:hai témperature of the cookef
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Fig. 19. Curves showing the time-temperature relationships
during the cooking of whole onions in pressure
cookers of three sizes.
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reached appreximately 2300 F}"The cabbage was very much over~-
cooked when the temperature Within'the cooker was allowed to
reach 250° F,, as recommended in some of the bime tables.

FPigures 15, 16, 20‘and 2l are graphs representing the
heat flow in cabbage when cooked by various methods. Thermo-
couple readings taken at one and two minute intervals were
used in plotting the curves. Figures 15 and 16, showing the
curves for steéming and béking‘eabbage have already been dis-
cussed in connection with the cooking of beets and Qnions.3
In figure 20 it sppears that the addition of salt to the boil-
ing water made a more abrupt curve of heat flow and resulted
in a shorter cooking period tham when no salt was used. Figure
21 ahOWS~the heat flow in cabbage during pressure cooking. ﬁThe'
very abrupt rise in temperature explains\why the cabbage was
cooked by the time the internal temperature of the cooker had
reaahed 2300 T,

Directions for the use of the~p?esSure cooker state that
"the processing or cooking period begins when the indicator
on the dial registers the fequiréd“pressure"o Observations
made here during the antinued risefof pressure cookers of
different sizes have led to the conclusion that t00 little
attention is given to the period of time preceding the cooking
period and the effect that it might have upon the length of

the‘cooking period. For instance, the directions again state
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that "the petcock is t0 be closed as:soon as steam begins to
issue. from it, indieating that cold aif has beén driven out®.
A study carried on at Iowa .State College (13) advises that
steam should be‘g;lowed to escape fréﬁ the petececk in a steady
stream for 7 minutes in order to drive‘out.the éir and make it
possible to attain the desired temperature: In connection
with this present study, made at an altitude of 5000 feet
above sea level, it was found théﬁ a period of 5 minutes of
streaming steam was éufficient to remove the air.

In order to assemble all of the data relative to the ex-
periments'on pressure eooking, including not only thé cooking -
periods but also all of the preliminary periods, table VI was
compiled. Iﬁ the,ﬁumber of minutes that elapsed from the time
until the steam appeared and égain from the closing of the
peteoek until the pressure was reached, there appears to be
considerable variation, This seems 1o accompany the difference
in size of pressure cooker as well as the differenece in size
of piece, It’is interesting to hote that the earrots, potatoes,
beets and cabbage Wére»judged as done when cooked to an internal
temperature of 2300 F,, with thefexcéption of onions that were
done at 215° F, ‘

Tebleg VII, VIII, IX, X and XI give the average scores
that were assigned td the color, texture, tenderness and flavor

' of the cooked vegetables by the group of judges. The results
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TABIE VI. COMPLETE DATA FOR STEAM PRESSURE COOKING.OF THE VEGETABLES STUDIED, SHOWING THE MINUTES
PROCESS AND THE INTERNAL TEMPERATURES

REQUIRED FOR DIFFERENT STAGES IN THE

25

REACHED IN THE VEGETABIES.
Size Size Initial . Min.until Min,of Min. from - Min,
of Pressure Temp Steanm Steam Glosing Petcock at
Fiece . Qooker Vegetable Appears Eseape to Pressure Pressure
Carrots - seraped | : _ , o 7
lx1 .10 gt, 62° F. & --95° F, 5 --180° F.i 3 --210° T, 3 --231° F..
1x1 8 v 68 "3 --99 5 -=175 6 --313 3 --230
1x1 25 74 4 --90 5 --160 6 --214— - 5 --230
1'x2 10 qt. 669 F. 4% --920 F. 5 --156° F.| 6% --209° F. © 5 --2810 F.
lx2 18 = 67 6 --100 5 -~155 7 --2Q7 ' 4 --231
1'x 2 25 © 57 8 --94 5 -~155 7 --214 4 --230
2x 2 10 gt. 60° F, 10 --72° F. 5 --135° F,| 5 --=189° F, 6 --230°0 F,
2.x2 8 64 14 --100 5 --145 9 --198 5 --230
2,x2 g5 *® 58 12 --100 5 --150 9 --209 5 --230
{Carrots - with skins '
2.x 2 10 gt 61° F. 3 --75° F. 5 --1410 F.| 3 --174° F. 12 --250° F.
2 x 2 18 62 7 --72 5 --110 8 --174 11 --2%0
2x2 g5 " 66 8 --75 5 --110 9 --172 10 --230
Potatoes - peeled _ 7
1x1 10 qt. 67°.F. 4 --108° F.| 5 --176° F.| 4 --213%F. 3 --2300 F.
1x1 18 v .64 6 --120 5 --180 6 --215 5 --230
1x1 25 1 87 10 --120 5 --173 6 --217 & --230
2 x2 10 qt. 65° F. 4 --65° F., | 5 --108° F.{ 3 --160° F. 12 --280° F.
2 x 3 8 " 61 6 ==74 " ~17H --113 6 --160 11 --230
_2x2 25 T 66 8 -=75 5 --109 9 --181 10 --230
1Beets - whole ' o v
3 X 33 10 qt. 49° F. 2 -~49° F, | .5 --51° F. B--60° F. 57 --230° F.
3 X zi 18 ® 62 3 --62 5 -84 5 --74 52 --230
3% x 37 25 1 62 7 -=65 - 5 -=74 g =-100 52 =230
Onions - whole ' | ,
2% x 2 10 qte 560 F. M --68° F, |. 5 --1130 F.| 5 --160° F. 8 --215° F.
2% x 2 8 60 M —=75 & --116 6 ~-162 8 -=-215 -
2i x 2 65 10 --80 5 -=115 6 --162 8 --210.

o




TABLE VI. (continued)
Size Size | Initial | Min.until Min.of Min. from

~of Pressure - femp. Steam Steam - €losing Petcoek |
_ Piece _ffo,ok_er , ‘il‘ggetable E g;apears Eseape; 1‘:0_, chessure;—
Cabbage - gquartered _
3L ox 23 10 gts | - 579 F. | 4 --75° B.| 5 -=197° F.| 3 --230° 7.

By x 2& 18 v 62 - {2 -=175 + 5 ~~206 5 --230 - -

& x2 S -~75 5 =-136 8 -=-230

25 W

60

-39~
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TABIE VII. AVERAGE JUDGING SCORES AND RESULTS OF TESTS ON COOKED CARROTS.

- Method Condition | Size | Salt Av. Judging Scores™ Av. | Av.pH Value
. of { - of 1 of .l . in’ ‘ e . ~ — Penetiration Cooking
Cooking + | Carret .Piece gms . €olor | Texture | Tenderness| Flavor gms. Ligquid
Boiling scraped 1xZX - 4,7 2.6 3.6 2.9 Bod - 7.0
- " ® lx2 - 4.1 2.6 3.2 2.7 £33 ]
b " 2x a2l -- 4.5 Go7 3.6 4.0 . 288 7.0
o i 1x1 5 4.3 3.2 4.4 T 3.2 285 7.0
= w 1x2 5 4.3 2.5 2.9 2.8 354 7.0
u - “ 2 X 2 5 4:05 50,0 100 2.0,8‘ 256 R 700
AR n 2x2| -- 4.3 2.6 2.6 3.2 566 5.8
meow " 2 x 2 5 4.6 2.5 3.6 3.2 303 5.8
n with sking| 1 x 2 - 4.3 2.5 2.8 1.9 369 7,0
" " " l2x2 -- 4.2 | 2.5 3.1 2.5 279 7.0
= n " f1x2| 5 4.4 1.8 26 2.2 321 6.8
i ' N " b ‘ 2 X 2 5: 4.1 203 207 20‘4 288 7.0
Steaming sceraped lx1 -— 446 246 3,4 2.5 . 819 7.8
" ‘ w 2 X 2 - 4’0‘4‘ N 2,4: 209 2.6 390 ,_7.8
n with skins |1 x 2 - 4% 2:3 2.9 2.7 438 7.8
" nooow 2 x2 - 4.7 2.9 4.1 3s1 247 7.8
Baking®™**  |serapea 1x1 -- 4.3 2.9 2.8 2.5 - 313 5.8
: K e 2 x2 -- 4.7 | 2.6 2.1 3.1 374 5.9
g POEERR LD g5 v 1x1 - BT 2.5 2,8 1.7 205 ———
n 18 " " l X l - 4.5 Zn‘l 4.5 . 501 141 7.0
" 25 !-t - 1 l P 1 -—— 39? 502 406 202 152 7.0
" NV " 1x2 -- 4.5 2.3 3.2 2.6 157 6.3
v 18 ® " 1x2 -= 4.5 3.6 3.3 2.9 138 6.1
n 26 mwy| om 1 x 2 - 3.5 5.8 3.6 2.2 192 -———
" 10 = o 2x2 - 4.4 2,8 1.8 2.1 123 6.4
" g ® " 2x 2 - 3.7 2.1 1.8 1.3 87" 6.1
!-' 25 n L 2 X 2 - 4:.4 ”'20?“ 2‘6 20‘7 121 -
ki 10 "iwith skins {2 x 2 -- 5.8 2.8 3.3 _ B.4 168 6.8
" g v woow 2x 2 - 4.5 3.8 .2 2.7 109 6.1
u 25 - LI 2 x 2| == 4.1 %.6 1.6 2.2 119 . 6.8
* System used in scoring vegetables:- ¥ pistilled waten
I ¥k% Baking in covered cassgerole
0 = very pooxr _ ) ¥EFX Steam pressure cooking
1 = poor
2 = fair
4 = medium
4 = good
5 = excellent
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TABIE VIII. AVERAGE JUDGING SCORES AND RESULTS OF TESTS ON COOKED POTATOES.

e thod Condition | Size Salt © . kv Judging Scores® | Av. - | Av.pH Value
. of ‘ of . of " in - Sma : = Penetration| Cooking
Cooking . | Potato ~ Piece gmS . Color | Texture | Tenderness | Flavor gms . Liquid
Boiling peeled 1x1 | =-- 3.5 4,0 4.0 2.8 139 6.5

n B » Sl 2x 2 - 3.5 4.3 3.8 2.6 104 6:4
n - w 1x1 5 3.0 - 4.5 3.6 3.8 149 - 6.2
" i 2 x 2 5 3.3 4.5 4,3 2.5 154 . 6.5
" " 3% x 13| -~ 3.3 4.2 4.2 4,0 108 7.0
" with skins ’.5—% x-l—é— - 5.2 : 4.2 D ad 3.8 147 6.9 .
n peeled 5% x 1zl B .4 4.5 4.6 4,3 103 7.0
" with skinsids x 15| 5 3.1 4.5 T 4.8 4.3 146 7.0 -
- Steaming peeled 1lx1 - 4.0 2.8 B.1 3.3 136 7.0
n . -u 2 X 2 - 4:50 4:00 5&9 305 101 6.6
Baking™™ v 1x1 -- 3.7 4.0° 3.5 Bk 211 6.0
" n 2x2 | =-- 3.4 4.4 39 3.6 166 - 6.0 .
i with skins|%% x 2 - 2.9 | 4.6 3.5 3.0 95 ———
Poeff** 10 q_ﬁopeelea l = l - 4:00 4:05 4:00 4.0 89 ) ‘6.7
u 8 @ v 1x1 | == 4.0 . 4.6 3.3 2.6 129 6.8
" 25 n " l X l - 4.0 40,6 2.6 205 106 608
n lo n - u 2 X 2 - 5.0 M4,0.5 2.0 . 1.0 126 658
" g n " 2x2 - 3.0 4.5 2.0 1.0 141 7.0
" 26 © n 2 x 2 - 3.0 4.5 3.5 1.0 129 6.9
* System used in scoring vegetables:~ ** Baking in eovered casserole
’ FE¥® "Steam pressure cooking
0 = very poor '
1l = poor
2 = Tair
$ = medium
4 = g0 0d
5 = excellent
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TABLE IX. AVERKGE JUDGING SCORES AND RESULTS OF TESTS ON COOKED BEETS.

| Method.

Condition | Size | Salt Av. Judging Scores™ . Av. Av.pH Value
~of -of .t of " in —— S - ‘ Penetration Cooking
{ Cooking Vegetable | Piece | gms. | Color! Texture | Tenderness | Flavor snms . Liquid
Boiling [with skins| 3 x 2 - 4,3 S 4,1 4.2 386 -
" . B m 5 x2 5 4.5 3.5 4.2 4.2 404 -——-
Steamin§ n "y dxakl -- 4,5 2.7 5.8 %:5 410 -
Baking™ -om v | 3 xoa-f s 4.4 B bm B4’ 5.5 591 _—
PoCE* 10 qts’| ' v 3l x BE| - 400 3.3 4.0 4,3 258 -
* . 18 vt woow zé-x‘z%, -- 5.0 348 3.8 3.8 415 -==
no 25 ® " 1 _3:2; x 3=l -- ) 2.0 4,0 4.0 221 ——
TABIE X. AVERAGE JUDGING SCORES AND RESULTS OF TESTS ON COOXKED ONIONS.
Boiling Ipeeled 2x 3 - 433 3.9 4.4 4.8 - 6.0
| " mo 2x2 | b 3.8 3.9 4.3 4.5 —— 5.8
Steamin n o 2 x l’% - 4.0 200 4:g 0 4,0 hafaked 608
- | Baking® " 2x2 | =-- BT 2.7 1.9 2.8 _— 543
P.CEM* 710 gt n 2k x 2 -- 1.0 340 1.0 0.0 - 5.4
" 8 " n = x 2 | =-- 1.0} 3.0 1.0 0.0 ——- 5.8
" 29 1 ) " 2‘% X, 2 —— 4,0 500 5.0 0.0 - £:0
. TABIE XI. AVERAGE JUDGING SCORES AND RESULTS OF TESTS ON COOKED CABBAGE.
" -Boiling quartered | & x 2%. - 3.0 ' 88 4.8 4.2 - 6.4
con om0 5x 25 B 3.0 | 4.0 4.6 5.0 - 6,53
StGamiﬂg " . 5 X aé‘ - 5.0 500 4:05 2.;.-9:‘. heandd 700
Bakini*' " 5 x 8| -- 4.0 Bo 2 3.6 3.3 -— -—
P.C¥*F 10 gt ¥ 3% x 8% -- 34 0 5,0 8o 5 3.5 --- 7.0
noo1g8 ® " 3L x 24| -- 4.0 3.0 4o 0 %40 --- 7.0
'-, 25 ny .“ 5 x 2 ¥ hadiond 3.0 5. 0 4:.0 5@'0 - . am 7 00’
* System used in scoring vegetables:i- *i: Baking in cavered~cgsserole
0 = very poor , *¥ Steam pressure cooking
.1l = poor .
2 = fair
& = medium
4 = good
5 = excellent
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of the penetration tests for tenderness are also found in
these tables in order that they might be compafed with the
Jjudges' opinions of‘tenderness, Ko pehetration tests were
made on onions orlcabbage because of their strueture. The
average hydrOgen.ion concentration of the cooking liquids
as expressed in pH value is 1istea here for all cases ﬁheré
it was pdssibie to make the tests colerimetrically:

It will be seen in table VII that the pH value of the
cooking‘liquid when carrots were boiled in tap water was
usually 7.0 but when they were baked in tap water this value
fell to 5.8 which was similar to that of the distilled water
in which carrots were boiled. The pH value of the liquid
after‘the pressure egoking of carrots seems to indicate great-
er acidity than after boiling or,stéaming. A1l of the pH
values for the liquid used in cooking onions were gotiqeably
lower than the pﬁ of the tap watef itself., Iﬁ the cooking of
cabbage the pH wvalues were lower for the liquid from boiling

than from steaming and pressure eooking.
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DISCUSSION

From the data presented in the preceding tables and
graphs, it is apparent that certain factors are involved in
theorelationship between the time required for cooking vege-
tables and the tem@erature at which they are cookea.

Perhaps one of the most outstanding factors in this re-

lationship is the size of the piece of vegetable to be cooked.

It has been consistently observed in this study that when large

and small pieces of the same vegetable were codﬁed at the same
temperature, the larger piece always required a longer cooking
period., This is probably due to the greater distance through
which the heat must flow in order to reach the center of fhe
larger piece. However, it 1is interesting te¢ note that the
different times requirea for heat penetration iﬁ%o different-
gized pleces of the same vegetable are 'not always in direct
proportion‘to these sizes, that is; it does hot.usuélly t ake
exactly twice as mueh time for heat to reach the center of a
2 x 2 inch piece as a 1 x 1 inch piece. This appears to vary
with the texture and structure of the vegetables;
While.eanning.of vegetables is a process somewhaf differ-
ent from their direct cooking, it should be noted that, in
canning, the size of the can islé’fécﬁdr that'has been consid-
ered in determining the time of the pfobessing period.

Bigelow (J.), of the National Canners' Association, states
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"the time necessary for heet to penetrate to the center of
cans of &ifﬁerent s;Ze is approximately proportional to the
square of the radii of‘ﬁhe eaﬁsﬁ It should be understood that
this refers only to the time necessery to bring the centef of
the cans t0 specified temperatures." Magoon and Culpepper (12)
conelude that the differences in the diameter of the contain-
ers are of much less importance in those matérials in which
there is a free liguid than in materials of heavy consistency,
s0 there is little difference in the processing period of
No. 2 and No. & tin cans of st:iﬁg beans, but there is con-
siderable difference in the processing period of No. 2 and
Noe. & tin cans of sweet‘corn. Redfield, Nelson and Sunderlin
(18) at Iowa State College recommend additional times for
processmng quart jars over the tlmes requlred for pint jars.

The only worker who -has used deflnlte gsizes of vegetable
pieces in determining their cooking time at a certain tempera-
Cture is Gill (7 ) and ner work was limited to potatoes: How-
ever, her resulte coincide with the results found in this.
study. A lack of recognition of the effectﬂdf size of piece
upon the length of the cooking period for vegetables probably
accounts for the wide range of tlme glven in tlme tables
which have been presented by a number of the workers.

Another factor that seems to have received little atten-

tion is the internal‘temperéture of the vegetableﬁthat should




-59_
be reached when it is cooced. .Denton (5 ) in 1922 ‘stated that
"with the exception of meat, eggs and custards, most foods
cooked under ordinary household conditions reach a temperéturei
of‘approximately 100° (boiling point) throughout their mass
by the time they are ldone™, whether cooked in boiling water,
in ah oven, Or in hgﬁ-fét at 2000 CL;'more pr less. However,
it mey readily be shown that the temperature attained within
a given time period is altogether dependent upon the size of
the- food masss Boiled potatoes Weighiﬁg 200 grams or less, are
done at 979-99° C., those ﬁeighinglﬁeo'grams oy more,]afe done.
" at 900-959 C." In this study, conducted at an altitude of
5000 feet, where the boil;ng point of water varies from 94.5°
to 95.5° C., or 202° to 204° F., the vegetables cooked by
boiling, steamlnw and baking always reached an 1nternal tem~
perature eomparable to the boiling point of water, regardless
of their size. In addition, it was always necessary to hold
fheﬁ at this internal temperature for a certain. period of
time before they were done. This will be seen in the last
‘ portion of each eurve in,the graphs;‘ A recent stg@yvxeported
in 1933 by Stout and Drosten (13)'6n the neat flow through
bakery products, shows a 31m11ar condition that exists during
the baking Qf bread. They state that when oven t enpera tures
varied from ZOOOth 2509 Q; the igsidg temperature of a loaf

of bread did not exceed 1009 to 101° €. during baking. This
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temperature had to be maintained for a£ least & period of

9 minutes to produce a done loaf of breed,

During the pressure cooking of vegetables at 2500 F.
or 15 pounds pressure (corrected for this altitude), they
always seemed to be "dGone" when the internal temperature of
the vegetable reached 230° F, This appareﬁtly was the correct
internal temperature for all vegetables tested, regardless of
size, |
Another questlon that .enters into thls problem of vege-

table cookery is whether the addition of salt to the water
makes any difference.in the total time requirei for boiling
vegetables, Preliminary to this study a test was made by
adding 5 grams of salt to 750 eec. of tap water, alloWing it
t0 boil and comparlng its b01llng temperature with that of
an equlvalent amount of water hdving no salt. There was no
increase in temperature, according to a mercury thermometer,
when salt was present,. An examiﬁation of the.data and graphs
will also show that there was practically‘no difference in
the time or temperature for cooking vegefables,:whether sa;t
was present or'absent. This seems to be consistent with the
findings of others. Magoon and Culpeﬁper (12) state that
"sodium chloride has yery little directleffect upon the rate
of change of temperature in the ean, during canning.m -

Stlll anothexr mabteﬁto be con31dered in the eookery of
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vegetables 1s whether the presence or absence of their skins,
during the ceooking process, has an& effeet on their rate of
cooking. Potatoes and carrots Weré_used.for these tests aﬁd
the results indicate that the presence of skins on the earrots
may retard the rate of heat flow, but the skins on the potatoes
seemed to cause a Slight increase 'in the rate of heat flow as
compared with peeled potatoeé. This diﬁferenee might be attri-
buted to the fact that the pieces of c;rrot wére cut ét both |
ends in order to obtain a 2 x 2 inéh piece while the potatoes
were cooked whole and had no cut surfaces, Whether it is a |
difference between cut skin or intact skin, or in texture of
skin, has not been determlned,

In making a comparlson of the four methods ofacooklng
that were used in this study it was noticed that there seemed
to be a difference in the fate at which each kind of heat,
depending upon its soﬁrce, penetraﬁed the vegetables. ‘Steam
pressure cooking always required the least amount of time to
eook the vegetables. Boiling came next in time regquired;
steaming next; and baking was the slowest process. This is
partlcularly interesting when their respective temperatures
are nofted:~- gteam pressure cooking, 250 o3 b0111ng 202° Fg
steaming, 2029 to 204° F.; and baking, 3500 F. It would
seem that there must be some difference in the quality or

quantity of energy derived from each of these four media that
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bring the heat to the vegebabls, particularly the. latters -

In sonsidering the different végetables it was found
that they varied in the fa@e at ﬁhich they eooked. lThis,
doubtless, is caused by uﬁlike strustures found in the ftypes
of vegstables used:- potatoes are tubers or underground stems;
carrots and beets are rootbs: oﬁions are bulbs: aﬁd'cabbage is
a compact .head formed of leaves. It is also recognized that
the maturiﬁy of vegetables may have some effect on their cook-
ing rate. In this study the vegetébles were practically uni-
form in their degree of maturity as they had been stored in

pits fsr three to four months.

In studying the graphs,that.repréSent the time-temperature

relationships Quiing the Eoiling, steaming and baking of vege-
tables it will be seen that they may be divided into three
distindt periods. The first period consists of a fapid rise
of temperaturs within: the vegetable, lndlcated on the. O‘rea.ph
by the flrst, steep portion. The second period is ‘one of
progres31ve decrease in the rate of temperature rlse, which
.results in the curved part of the graph. .The thlra or final
period 1erne‘of constant temperature where the center of the
vegetable has attained the temperafure of boiling water. The
iength of the third ﬁeriod varies with different vegetables
and with different methods of cooking. In the grsphs repre-

senting Q@essuxe;éqék;ng these psriods are not apparent.
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In addition to the faetors which have just been diseussed
there are some obsérvat;ons which are interesting to'note.
‘From the teété for tendéfness thaf‘were mad.e With the peno-
mdter, it was evident that different weights were necessary
to penetrate different kinds of vegetables, evenlthbugh they
were all scored as fdone“ by the judgesf This indicates that
our ideas'about the qualities tha% mark the "donexness" of
vegetables vary with each vegetable, !

' Another‘observainn that seems to be related to the time
and temperature required for cooking vegetables 1is fhe hydro-
gen-ion concentration of the water iﬁ which they Wére cooked.
This study appears to show a greater aéidity of the liguid
after pressure cooking and baking in:caséeroles than in the
other methods, when expressed in pH values. .It may be possible

“that the high temperature in pressure cooking and the long
period in baking have tendencigs to0 cause a chemiecal change

in the vegetable with a resulting increase in acidity.
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SUMMARY

In this sﬁudy of the time-tempefaﬂﬁre,relationships in

the cookery of vegetables, the following vegetables were
used: - carrots; potatoes, beets, onions:and cabbage;

Thesé vegetables were qqoked by boiling, steaming, direct
baking, baking in cagseroles and by s@eam pressure cooking.
The cooking tests, that furnished the data for bhis study,
were carried on at an altitude of about 5000 feet ébove
sea level, whére the temperatqrg of boiling watef'varigs
from 202° to 204°‘F.

lhermOGouples, with thelr hot-end gunctlons 1nserted 1nto
the exact center of eagh piece of vegetable tested, 1nd1-
cated the temperature-within the vegetable at definite

time intervals. | |
From the déta presented, it is.apparent that eertaln factofs
are involved in the.relationship between the‘time.required
for cooking vegetabies and the temperatqre‘at which they
are cooked. |

One of the most important factbrs ié the size 6f the piece
of vegetable, A'large piece requires a longer cooking |
period than a small piece, even'thoggh the time is not in
direet proportion %o, the size;

In boiling, steaming and baking vegetables; it is neceséary
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f?r’the center of the pieée to reach the boiling point
of water and maintain that temperafure for a'certain‘
perioed of time,‘depgnding on the kind of vegetableland
method of cooking.
During the pressure cooking of these vegetables at 250° F{'
or 15 pounds pressure (corrected for an altitude of 5000

feet) they were &one when the‘internal temperature of the

vegetable reached 230° ¥, In the case of cabbage this

temperature was reéehéd before‘ﬁhe température ih the:
presgure cooker wag 2500 F,

éhe addition of salt to the waﬁer‘when boiling vegetables
did not appear to make any diffefencé in the boiling temp=
.erature of the cqgkingsliquid, nor in the‘total time re-
quired for cooking.

When pieces of camrét were-preﬁared for'eookiné by cutting
off the ends but leaving the skins eneirqling'the carrot,
the heat flow into the piece of vegetable was retarded.
When potatoes were cooked With the skins left on intact
there seemed to be g slight increase in the rate of heat
flow as compared with peeled potatoes.

In making a‘eomparison of tﬁe four methods of cooking it
wa.s nofed that there seemed to be a difference in the

rate at whieh the héat in each metho@ penetrated the vege-

tébles« Steam pressure cooking always required the least
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amount of time to cook the vegetables; boiling éeme next{
steaming next; and baking was the elowest processs
These vegetables differed in the rete,aﬁ which they cooked,
doubtless due to a difference in their structure.
Graphs representing the time-temperature relatienShipe
during the boiling, steaming and baking of vegetables may
be divided into three distihet'periods.‘ Tne firet is steep,
indicating a rapld rige in temperature; the second is curv-
ed, showing a decreasing rate of rise; the third is hori-

zontal, showing mainmtenance of constant temperature.

Penometer tests of cooked vegetables show that the term

"doneness“adoes not mean that they a1;~have_the same degree
of penetrablon. ' | | ‘

The higher acldlty'of the liguid from pressure eooked and
casserole-baked vegetables suggests that some chemical

change has oceurred durlng these CODklng processes.
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~ CONCLUSIONS
The time requifed to cook a vegetable depends on the
rate at ﬁhich heat peﬁetrates to its center and produces
a de;irable degree of'tenderness, known as "doneness®.
In comparing the four methods of cookiné used in this
study, steam pressure, with ité higher temperature,
éaused a more rapid rate of heat.penétration and thus re-
guired the leas?t amount of time for cooking the vegetables.
Boiling came next in time required; steamihg, nexti and
baking was the slowest process.
With the exception of steam pressufe cooking the rate of
heat penetration into the vegetablgs falls into three
periods. In the @irst, there is:a rapid rise in tempera-
ture; in phe sécpnd; 3, slower rate of increase in tempera-
ture; and in the'third, maintenance of a constant tempera-
ture.
The size of the piece of vegetable Eo be cooked affec@s
the.ﬁimé required for the‘penetratign of heat: The laxge
er the piece the ionger thé time that is required for
cooking.
In boiling,qﬁhe addition of salt to the cooking liquid
dées nowb appreéiably raise its boiling temperature nor

does it appear to affedt the time required for cooking

vegetables.
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