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I. ILTRODUCTICN

A. Object of Study

Of recent years riore consiceration has been
given the materials used in cooking utensils than
for hundreds of years preceding. There are several
reasons for this sudden interest in the materials
in which our foods are cooked. The standards of
rrorer food preparation are growirng more exacting so
that we are incuirirg whether a given metal or com-
bination of metals 1s deleterious in any respect to
the food cocked in it. Institutions have become
vitally interested in more efficient and hence more
econorical production of cooked foods, and have
ceased to sccept without guestion the utensils which
tradition prescribed. If some newer metal or elloy
made a cheaper or a more durable utensil the insti-
tutions have been ready to try it out. oGome of the
metals which have been tried out in recent years
with a view particularly to their use in cooking
utensils for institutions are: aluminum both cast
and spun, nickel, stainless steels, and ionel Letal.
liany aluminum alloys have been experimented with and
also various modifications of the original stainless
steel.

'ihis study was undertaken to deter:iine the com-
parative values of aluminum, one of the stairless
steels, and monel metal first as to the speed of

cooking, second as to discoloraticn of the utensil,
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third as to discoloration of the food, fourth as to
the effect on the flavor of the food, and fifth as
to the solubility of the metal container in the al-
kalis or acids in the liguor from the boiled foods.
A sixth consideration was a comparative study of
aluminum and stsinless steel steamtable jars with
the more usual steamtable jar of earthenware or
vitrified china to determine holding quelity. This
study gives consideration only to conductivity of
heat, effect of the container upon the food and the
effect of the food upon the container. The cost and
the durebility of aluminum, monel metal, and stain-
less steel would give excellent orportunity for
further study. Lonel metal and stainless stecls are
so new in thelr use as cooking utensils that little
information on their length of 1life in relaticn to
their price is to be obtained.

B. Xeview of Literature.

In reviewing the literature little can be found
which has any direct bearing upon the present in-
vestigation. The materials studied, with the ex-
ception of aluminum, are little used for cooking
ourposes outside of institutions. The literature
is chiefly confined to articles published in in-
stitution magazines and advertising booklets of the-
metal manufacturing companies. Numerous metallur-
~~ical books deal with the properties of these metals,
rut have little direct connsction with their use in

cooking utensils.



l. Aluminum

In the article "I[lnings you should know about
aluminum" in The American Restaurant i.agazine, July,
1929, the discovery and process of manufacture of
gluminum is discussed in detail ending with the fol-
lowing swwmmary: "From every viewpoint, lightness,
economy in first cost, and economy due to extremely
long life, economy in fuel due to heat-conducting
and neat-retaining cualities, and finally in safety
from all harmful action of food acids, aluminuwm
utensils for cooking are in keeping with the mocdern
progressive and scientific spirit of the twentieth
century." (1)

gooklets advertising different makes of aluminum
utensils tell the history of its manufacture (2) and
the qualities which malre it give enduring service in
kitchens. There are three main reaons why aluminum
is able to present an attractive argument to tuyers:
Its comparative lightness, comparative cheapness and
resistance to attack by fruit and vegetable acids.

2. otainless Steels

Few magazine articles have been published about
stainless steels because their use in institution
¥itchens is so new. The Ekome nconoriics ews, October,
1950 has an article by Doris 7. i.cCray, which de-
scribes Aallegheny metal as a stainless, easily cleaned
ware having no effect unon food cooed or stored in it. (3)

nany boollets pubrlisred about i llegnheny steel

5

ard =nduro describe their "shiny surface, the ease with
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which they can be clean=d and keont clean, and thei:
imrunity to all forms of food and fruit acids." (4)

5. 1lonel ietal

Two very similar articles describing tre manu-
facture of iionel .etal bv the International Iickel
Company were published, one in (e American ZRestau-
rant l'agazine, (5) June, 1929, and the other in The
notel i.onthly, (6) August, 1930. "In the hotel and
restaurant business the name ijonel Letal has become
synonyrous with quality, durability and clean, shining
surfaces for kitchen equipment." (6) "Today the
restauranteur point with equal pride to the 'front!
and the t'back! of his house. pBright shiny equirment
has made the kitchen a place of beauty, pleasant to
loolr at and more vleasant to work in, maintenance
and replacement costs have been reduced to a minimum
and the ﬁitchen is no longer eatinz uo the cvrofits." (5)

The International iiiclrel Company has published
nurmerous illustrated booklets telling of the ranu-
facture and uses of Lonel ietal. '"iwenty Years of
ionel iLetal" by Robert . Stanley gives the many
improvements made upon the metal since its discovery
in 1905. (7) 1In "iodern i itchens" (8) attractive
illustrations of the metal are shovm and an article
explaining its desiratle charszscteristics is printed.
the unusual combination of properties found in Lcnel
i.etal results in definite economies: saving in

cleaning, repair, revlacements, and depreciation. (8)
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C. Lethods Used in ial'ing the Study

1he methods used in raking this study consisted
cf a survey of the common metals used in cooking
utensils, and of observing foods ccoked by various
methods in containers made of aluminuwn, stainless
steels, and :onel ..etal.

1. oOSurvev of metals used in cooling utensils.

wvidently little has been recorded during the
past few centuries ahout the utensils used for cook-
ing. Archaeologists tell in some of thelir writings
about tne means of cocking by priuitive man. Care-
ful reacding of many books on medieval histcry and on
muropean modes of living gave some information on
the use of cocprer. ;ncyclopedias were studied as
the best source for information on enamel ware, tin,
iron, anc retinned steel, and old cook books published
in the la-ter part of the nineteenth century recom-
mend the use of sucn containers.

i.aterial about the later metels; such as alum-
inum, nickel, stainless steels, and i.onel .etal in
cooking utensils was easily obtained from the manu-
facturing companies and from a few magazine articles.
These were read to determine the methods of manu-
facture and the advantages and disadvantages of each
material.

2. ‘Ine cooking of foods

Various foods were boiled, steamed or balred in
the metal containers and scored by judees for tender-

ness, texture, color, flavor, and in the case of



creamed foods for the leacl of curdling. Alwninum and
stainless steel containers were used for tihne boiling
of vegzetables. .onel .=stal was omitted in this
series cf exmariments as a2 containsr of this metal
for boiling foods is not manufactursed. Baking and
steaming experiments on these same kinds of vsgetables
were carried out using stainless steel, eluminum and
wonel Letal utensils. Coolred foods wers placed in
vitrified china, séainless steel and alurinuxn jars
and lkept on the steamtable for two hours to determine
the rzlative time when dzsterioration sets in and the
raciditv of such deterioration. Creamed foods &nd
mashed votatoes werzs used as thev curdled or detericrated
more rapidly than do others.

S. Chemical tests

Licuor from ths foods beciled in aluminum was
tested chemically to determine whet»er there was a
solvent action upon tne metal. arples of the foods
darlzened by steaming in .onzl ;etél ver=s ashed and
tested chemically for the pressnce of coover and nickel.
D. source of Information

Little information pertaining directly to the
presznt investigation could be secured from sources
other than advsrtising boolzs or interviews. Althoush
exnzrience has tausht indivicduals the effects of these
never metal zontainers upon foods, no data has besn
collected, organized, end published.

Booklets from the International lLickel Company,
tllecheny Stzel Company, Republicun ste=l Corporation,
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and the Aluminum Cookinz Utensil Comvany give definite
informaticn as to the vrocedure of manufacture of tne
metal, and the prover gaces for cocking utsensils. ‘he
rroperties ~hich maize the differsnt metal container
d2sirable were discussed. Illustrations of the
utensils wsrs used showing its many styvles a2t various
vrices. .uch relisble information was obtained from

these sources.

e

“n interview with .. r. iddison, Chairran of the
poard of Dirsctors of trne stearnes Company, an insti-
tution ecuivment firm, furnished furthser interesting
information. e has done sowe experimental cockery
using different kinds of metals for utensils in
steaning foods. =g was kind enough to give nis
results from his studv and also so~e effects of
cocking fcods in metal utensils whicnh had bsen given
nhim by his customers.
ITI. o TALS USAD Iw Too FAZRICATION OF CUOnING UTIUSILS
A. History

ne earliest cookery was probably accomplished
without the aid of any utensils, the food being roasted
by buryving it in hot ashes or coolred by the zaid of
heated stones. (9) Later wooden vsssels carved from
vieces of cedar logs wers used for boiling foods.
1iot stones were put into the vessel to heat the con-

tents. rottsry was rade frow clay and also used for

cooking utensils. "Inere were an abundance of sezthing
pots 21l over the world comwvosed of wood, grass, clav,

or stone." (10) Of courss utensils of such waterial



could not te placed over a fire but tnev could be
filled with water and hot stones thrown into the water
vhich heated it sufficiently to cook any food which
mizht be placed therein. Sesthing is & term used

to describe this rethod since it is not quite the

same as toiling.

Luring the kronze Age vecple learned how to
srelt copver and tin from ores, but it is doubtful
if any of the metal was used for cooZing utensils,
since it'is ¥nown that trev considered them valuable
enough for ornaments.

Iron has been used by man for more than 2000
vears. Aristotles (384-5225.C.) described the nmanu-
facture of Indian steel. (11) 1In ancient times,

5000 B.C. to A.D. 476, food was roasted over the fire
in pots probably made of wood or corper. In ..ssyria
and babvlonia very elaborate utensils of geld and
silver were used. In medieval times until the reign
of Charlemagne it is useless to try to trace race
cheracteristics among the hordes which swept dcwn
from northern “urove uvon Rome. Homan culture was
lost and for focd customs onz must turn back to
barbaric preople. (12)

After the Renaissance elaborate utensils of
copoer, gold, and silver were again used. Yuring
codern tires, 1500 to the present, the restaurants
have been develoned, and iron and courer kettles used
for cookery. In 1693 zxlla rellopg writes in her book
"Science in the Litchen'", "lodern cookery necessitates
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the use of a greater or less variety of cooking
utensils to facilitate the preparation of food.

tost of these utensils are manufactured from some
kind of metal as iron, tin, corper, brass or re-
tined steel." (9) Frorcelain or granite wars was
introduced in the form of coolting utensils in the
later rart of the nineteenth century and was con-
sidered safe and very desirable. Since 1900 great
changes have been made in the kinds of metals used
for cooking utensils and now aluminum has becore a
very popular metal for containers. Still newer are
stainless stecls and lionel ..etal made into containers
for cooking foods. So far the two lattzr are little
used except in institution kitchens. iickel has
been tried in a few institution kitchens, but has
not been very successful.

B. lLetals Used for institution Cooking

l. Lecrease in the use of Copper, snamel, re-
tinned Steel, Iron and Tin.

From the early restaurants in 1500 to almost
the present timme copper has been used for cooking
utensils. Containers niade of coprer are not to
be reco-mended because of the discoloration of som
foods and their metallic flavor, although many cooks
esteem them because copprer is a very good conductor
of heat. Copper is very heavy and nowthat women are
being employed in institution kitchens it is being
discriminated against for that reason. It is also

a well-knowvn fact that copper discolors and turns
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some food green which means that care must be taken
to kecp the copper refinished and clean. Ilecardless
of these facts it is still used in many institution
kitchens especially vhere foreign chefs are employed
and most jam kitchens use it exclusively.

Tin and iron have been and are still used for
nany purposes in institution kitchens, however, not
to so great an extent as formerly. .hat is cslled
tin in kitchen utensils is really a sheet of iron
vlated with tin. Retinned steel is the samne, except
that steel has been used in prlace of the iron and an
extra heavy coating of tin placed on the steel. Tin
is still used a great deal for such utensils as:
bread pans, pie pans, muffin pans, cale pans, etc.
lron especially cast iron is used todayv for deep
frving kettles, frying pans, &nd griddles, but it
has the disadvantages that i1t is heavy and rusts easily.

Porcelain, enamel, or granite ware are all
sheet iron containers coated with a hard smooth enamel.
Enamel ware of even the highest grade is likely to
be injured by excessive heat wnhich by naking the
iron expend faster than the glaze cracks the latter.
1t is also liabls to be affected by acids whenever
there 1s the slightest break in the continuity of the
surface of the enamel. 'hen once acid renetrates
the surface so that it can act on the iron underneath,
it>will gradually undermine the glaze so that it
peels off. (15) Care rmust be taken in handling

enamel ware so that bumps do not cause the enamel



to break off. A chipped enainel van is dangsrous to
cook food because the enamel may break off into the
food at any time. xnarelware when intact is a very
satisfactory material in which to cook since there
is no action on the enamel by food acids or allalis.
1t is inexpensive, light in weight and may be very
attraective in color. <Since it does not wear well,
however, 1t is less and less used by institutions.

Retinned steel is used rather mors now than
either conrer or enamelware. Aclds do affect the tin
and care rwust be tilken to keep the utensil well
covered with tin or the steel will rust and corrode,
but it still hes its place in the irstitution kitchen.
It is hes=view and more exvensive than tin or enamel-
ware, but less so than copvrer or aluminum.

Recently nickkel has been tried for utensils in
institution kitchens, because it is not affected by
food acids and e&lvalis and because of its great
durability. 1t is very heavy, howsvar, and so far
few institutions have used it.

2. I'resent trends in metals used for institution
ccoking.

Ihree reletively new matals are being made now
to replace tne older coprer, iron, tin, enamel and
retinned stez1l utensils used in institutions. Alumiinum
has been kxnowvn and used for ssveral decaces, but it

L]
is becoriing constantly more popular due to improvements
in its fabrication. =tainless stesls are allovrs

made by several companies each usirms a different

rer cent of comrositicon of steel and chrormiumn.



Cnlvy very lately has it teen made into cookins utensils.
ilonel setal is an alloy metal made from an ore con-
taining l.icl’el end corper and is controlled entirely
by ore company in the United States. wome tyres of
cooling utensils are now being racde from iorel .=tal
for institutions. It is reavier than aluminur and
stainless steel so 1s not so desirable as them for
large kettles which must be 1lifted often.

a. Aluminum.

Lluminum is never found native, but in the form
of oxides. All the cowvmercial suprly comes from a
clay called bauxite. Aluminum has a great affinity
for oxvgen and is covered almost imrediately with an
oxide. In 1824 it was first produéed when Oersted
succeeded in naking it #y heating aluminum cnloride
with potassiwm anralgam. It was Charles Eall who first
extracted gluninum in cormercial gquentities from a
clay-like ore. 1t was in his mother's wcodshed, back
of the rambling old homestezad in Orerlin, OUhio that
he set out in 1885 to discover a process for making
aluminur cheaply. Up to this tims aluminwn had bezn
obtained only with éhemicals, slowly anc at & pro-
hibitive cost. 1n February 1886 hall began his new
series of original experiments, passing a current of
electricity through his liquified mixture of clayv and
carbon and so produced aluminum. (2) It cost five
dollars a pound until 1887 when inventions in othner
fields were aprlied to aluminus and the cost fell to

twventy cents a pound. (14)
- 12 -



Aluminum is
utensils; sheets
cut into shapes,

being determined

fabricated in two forms for cooking
and cast. "The she=t alwninum is
round and rectangular, the sizes

bty the sizes of the utensils to be

rade from them. The pisces of shneet metal are talen

to large presses or stamring machines. 1he machines

(&}

are provided with a stationary socket, naving the form

of the exterior of the uternsil to be shaped in it,
end a solid steel die fastened to a moving viston.

The orerator places a riece of sheet mestal cver the

socket, presses & lever, &nd dovm cores the die with

enorrmcus force, stamning the cdisl* into the sccket.

Thus the sides and bottom of a utensil are rade

without seam or solder--are one continuous piece of

metal." (15) Cast aluminum is said byv some manu-

facturers to be supericr to sheet, beczsuse it is

thicker, will not aent and ras no rarts upon which

there 1s a straein. ALluminum utensils rade from

sheets have & strain vhere t-e sides are bent up

from the tottown, but cast aluminum avecids this strain

by being molded. (1€) Cast aluminum has been much

and ras & better finish

improved in the last few vears

thran was formerly the case. &sluminum allcws are being

experimented with &nd are avpearing on the

[4}e

market in the fori of cooking utensils having vary

desirabls prozerties.

b. ionel watal.

":» interestins exemonle of the inadvertent pro

cductior of & useful alloy is tre swelting of a
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niclzel-corper compound, ¥novn to-dav as German silver,
that was smelted in ancient dzvs from a complex
sulfide ore by the Chinese in Yunnan. ‘Thev made this
alloy, which was nared peltung cr raktong meaning
wirite copper, in the time of the itou dwnastv from

221 2.C to A.L. 25. "It contained 18% nickel and

80% covrver. The percent of composition in Germen
silver is very nearly the reverse of that of ionel

..etal, howsver, it 1s interesting to know that an

alloy of courner and nickel was made in ancient times.
~onel ‘etal is macde only by the Internationsl Hicliel

Corzany as thew have exclusive rights to the matte
coming from the Jucburv district, Canada, +the only
vlac=s 1t occurs in large guantities. It is a
natural allcy made from refinings a niclZel-corpper ore
instead of sevarating the rescvective metals. At

first no attemnpt was made to resulsate the amounts

of each metal vhich wen®t into the alloy, hut now

those are made relatively tre sare for &ll the re-

fined alloy, being arnroximetely two-thirds niclkel

and one-tnird cosrer. [he ore is shipned from Canada

to the refireries in nuntington, “est Virginia for
manufacture. ‘The first stev in refinin= ths ore or
matte is to crush it. T1he matte is then passed into
furnaces of tremendous heat vhich trarsforms the sulfide
ore into an oxides ore. This cre is then refired by

the electric furnace or omrnen hearth vrocess much as iron

[
A

3
-

ore. 1t is possible to ninkze 'onel metal synthetical

but the rrocess is so exvensive that it is not practical.
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l.onel i.etal is ductile, flexible, and easily
worked, and can be readily sold=sred or brazed. The
comhined rroperties of ease to clean, hard dense
surfecs, and rust and corrosion resistance have made
onel l.etal containers desirable in institutions
dealing with food. 1t is fabricated into sheets
and then made into cooking utensils frcm these. since
it is necesssry to solder the parts of the utensils
together 1t has not vet been made into round utensils
as stearmtable jars and kettles. ‘lhe gages of ionel
«~etal vary frou twenty-five to ten so that it can
be fabricatea for nany uses. (8)

c. otainless steels

stainless steels are the newest metal alloy used
for institution equivment. "ihe production of
chromium steel 1s not bty any means new, in fact the
literature of iron ard steel netallurgr during the
nineteenth century end the first ten vears of the
present century contains many references to the
prevaration of chromium steels and to some of their
prorerties.”" (18) An alloy called ferro-chromium
wes made in 1876 by Baur a Gerren chemist. Alloys of
this type were first produced commercially by Lr.
cenno Strauss, of the 1.rucr .ork, issen, Germany.

Tneyv have been extensively used in Germany since their
introducticn, particularly'the well-lnowvm &lloy VZA,
tut until recently have attracted little or no at-
tention in this cocuntry. 1he xncduro ware knovm as

A2 wanufactured by the Teprublic Corpcration is
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similar to the Gerrian 2lloy used in the Krupp works
except trat 1t contains some niclel vhich gives it
a greater resistance to corrosion. Trnere are now
seven formulas by which stainless stecls are made.
Six of these eare cof German origzin and the seventh an
English formula is now used by the Allecheny Steel
Ccrroration in the uUnited States.
Stainless steesl was first intrcduced to the public
in 1914 in the form of cutlery. Gnowever, this use
of stairless steel has not been found satisfactoery
fcr institutions since such linives do not hold an
edre. Oince 1919 much progress has besn made in the
ranufacture of stainless steel }itchen eaquipment and
utensils.

Table 1 gives in comparative form the prcoperties
end relative prices of alwrinum, steinless steel and

Lorel ..etal.
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III. Cowparison of Aluminum, <tainless Steel, and
l.onel hetal for Cuentity Use.

Five series of experiments were carried out to
determine the effect of retals and fcods upon each
other. Iew corteiners of aluminum, stainless steel,
and Lonel ..etal were used for all the studies. 1In
two of the cases it was necessary to omit Lonel ietal,
because it waes impossible to purchase it in steam-
table jars. All foods were prervared for cooling
under standard conditions, only fresh vegetables
being used. Such vegetables as carrots, potatoes
and rutabagas were peeled in en institutlon vegetable
peeler. ihe fcod, with the exception of that boiled,
was prepared in quantities large enough to serve
from 125 to 140 peonle. lhe foods in each container
were cooled under as nearly the same conditions and
temperature s possible.

The cooked foods were scored by three judges, all
in the college institution managemnent department, The
following score card was used with twenty-eight re-
presenting & perfect product. 1Tre score card was
adapted from the greding chart sugesested by l.arion
D. Sweetman in her article "Scientific Study cf
Palatability of Food." (23)

Ixperiments

a

A. Boiling
in gluminum and a stainless steel steamtable

jar having a diameter of eight inches and a capacity

of four and cne half quarts were used as containers

in which to boill the vegetables. The foods were
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cleaned, peeled when necessary, and divided in half,
one ralf beinrg put into each utensil. 1The sare
amour.t of soft water, at the sane temperature, usually
from 25° to 48° Centigrade was put on each vegetable.
An institution sized gas range was used to cook the
food, care being teken to have both containers receive
as nearly the sarne arount of hest as possible. The
vegetables were cooked in each conteiner the same
length of time. 1t was not considered necessary to
boil mecre vegetables then was needed for good scoring
samples since many vegetables are not cooked by
boilirg ir most instituticns and hotels. Records
were kent of the temperature of the water when the
food was placed on the rarge, the length of time it
toolr the focd in each container to come to a boil, and
the length of cooking time. The bolled foods were
placed on prlates immediately after taking from the «
stove and scored by three judges. Any discoloratioﬁ
of the kettles on the food was noted and the degree
of intensity in either case. Me color of the liauor
in which the foods were boiled was also observed. The
followirg list of vegetabies were boiled, scored, and
studied in this manner; potatoes, rice, srinach,
cabbage, cauliflcwer, rutabagas, asparagus, and
rhubarb.
5. paking Lxperiments

In the baking of vegetables, pans made from the
three rmetals, aluminum, stainless steel, and L.onel

..etal measuring 12 x 20 were used. [he aluminum
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Baking ran was cast ware, but the stainless steel and
lbonel ..etal ones were made of rmetal sneets of nearly
tlre sare gage. Tre foods were prepared by standard
methods, a vegetable peeler being used fcr the potatoes.
In the case of au gratin foods medium white sauce
and bread crumbs were used. The rice pudding was
made with eggs, sugar, milk, and rice which had been
boiled in an enamel utensil. The samre amount of
food wes put into each container and baked in an
electric oven of even tenmverature throughout. Ihe
vegetables in each pan were cooked the same length
of time and were judged by the score card used for
boiled foods except that specilal attention was given
to curdling wnen milk was used in the preparation of
the food. 1iiecords were kept cf the baking tine,
eamount of curdling, discoloration of the food and con-
tainer, and distribution of tenderness throughout
the pan. The foods studled by baking were; escolloped
potatoes, cabbageai gratin, oniocns au gratin, sweet
potatoes, rice pudding, ard tomatoes.
C. OSteaning Lxperiments

..etal steamers 8 1/2 x 8 1/2 x 17 inches made
cf aluminum, i.orel .etal and stainless steel were
used for the series of exrveriments on steamed foods.
All vegetables were rrerered by the standard methoeds,
sorre bheing sltinned by the vegetable peeler. The sane
amount of food was vut into each of the cortainers
which were placed in a sectional steamer for cocoking.
Care was taken to have the sanme temperature for all

t0 . - _tegmers of fcod. “‘hen the food vwas dore



portions of it were remcved and scored by the judses
as in tre previous experiments. T-e times necessary
for steaming tre food, ard the discolcraticn of bot"-
the food and the netel was recorded. Ffotatoes, rice,
cabbaze, carrots, onicns, svinach, cauliflower,
and asvaragus were steamed in the ranner exrlained
above.
D. CSteamteble =xperirents

Jars made of vitrified c¢hina, aluminum, and
stainless steel having a capacity of four and one
half aquarts were used for holding fcods on tre steam-
table. ‘1he foods were prepared by standard methods
in the kitchen. 1he vegetables were steaned and
scasoned as for usual serving. Ledium white szauce
was used for the creared vegetables. Fresh spinach,
creamed potatoes and creamed cabbage were allowed to
stand on the steam table for two hours. [.asied
rotatoes were tested three tines, twice using cormon
storage potatces of tne Green Valley variety, and
the trhird time using new spring potatoces shipwned in
fron: the soutn. .11k &and salt were added to thre
mas~ed potatces. Two hours is as long'as any one
container of focd wouid be lilely to stand on a
steanteb e during the serving reriod, so tzat wes
considzred a reasonabls tire liinit for the vegetables
to te kert. ine mashed rotatoes, however, were held
on the steanteble at least thres hours so that more
marlzed results in the deterioreticn could be noted.

3

The fcods were scored bv the judges every nalf hour

N



the first hour thev were kept on the steamtsble and
every fifteen minutes thereafter. Tals procedure
for scoring was used because food avrears to detericrate
mucn faster after the first hour than before.
T+ Cnemical Tests

1. Aluminunm

lhe liquor from the foods boiled in the aluminum
stea: table jar was collected and put through a
series of tnree fluted filters to eliminate tine in-
soluble matter. The filtrate was tested for aluminum
as follows. To five cubic centimeters cf the filtrate
five cubic centizeters of Liormal hydrocnhloric acid,
five cubic centimeters of trree normal armmonium
acetate 'and five cubic centimeters of aluminon reagent
or alizarin red was added. After mixing to ellcw the
lake formaticn to talze place tle solution was wede
allraline by the addition of a solution containing equal
rvarts of ammonium hydroxide and armonium cartonace.
A bright red precipitate versisting in tre allraline
sclution indicated the presence of aluninium. (24)
Tre liquid from all the boiled vegetables; potatoes,
rice, cabbage, carrots, celeryv, cauliflower, onions,
rutabages, spinach, tomatoes, rhubarb, and asparagus
vvas tested bv this methed.

2. Copper and wnicliel.

2 semple of all the fcods which were discolored
when steamed in ionel ietel cont:siners was collected
and a raw sample of each of trne foods was also pre-

pared to use as a checlz. Tne senples were evaporatesd



to dryness in a Freas electric oven and ignited in

an electric muffle furrace to a white asa. Tre ashed
material wes dissolved in concentrated nitric acid.
Five cubic centimeters of this solution vas neutralizad
with enmmonium hydroxide, then a slight excess was
added. A blue color at this point indicated tre
rresence of copover. if a red pnrecicvitate apveared

five cubic centimeters of dimethyl glyvoxine

when

was added, niczel also was present. (24)



IV. Discussion

The cooking of fcod in aluminum, stainless steel,
and ..onel letal showed very definite advantages and
disadvantages in the use of each 1metal for containers.
'ime score card used was found successful, since in |
most cases tre judees were in close agreenient.

2o Beiling Lxperinments.

Rlecords of the time it reoulred the vegetables
iIn aluminum and stainless steel to reach a boil
show very definite results.

4 study of Table & shows very clearly that foods
in all cases boiled ricre quickly in aluminum tran in
stainless steel. 1t must be re:xemberesd that in
both utensils the water was at the same temperature

vhen placed on the range, but trat the temnperatures

ct

vere not the samne for all kircs of vegetables. During
cooking the vegetables in the stainless steel

utensil boiled more vigorously around the edge and
burned to the sides of the container. lothing of the
sort could be noted in the aluminum utensil. Con-
sidering thre fact that féod boiled more slowly and
that it burned to the sides of the stainless steel
utensil it is evident that it does not conduct the
heat as readily as aluminum.

Table 4 showing the average score of all tne
judges for the boilirg experiments.indicates that
although in more cases the vegetables cooked in
aluminw: received tihe highest score the differences
ware not in most cases vervgreat and stainless steel

evidently does not alwavs affsct the vesetables which



—-—— —— o ————— v—-



Teable . ILinutes Reculred to Reach boiling Foint

Vegetables - £luminum Stainless Liffererce
Cteel in time

Lsparagus 11 15 +2
Cabbare 11 13 +2
Carrots S 4 +1
Cauliflower O 4 +1
Celery 5 6 +1
Unions 2 1/2 3 +0.5
Fotatoes 12 16 +4
Rice 4 6 +2
Rhubarb ) 4 +1
Rutabagas %) 4 +1
Spinach 9 4 +1
Tomatoes ) 4 +1

Total difference +17.5
kverage Lifference + 1.8



lable 4. ZAverage Scores for roiled Vegetables

Vegretables Aluminumn Stainless Difference
Steel in time

Asparasus 27 24 +3
Cabbage 25 28 -5
Carrots 2o 2l +2
Cauliflower 28 25 T35
Celery 25 1/2 22 +3 1/2
Onions 20 25 1/2 -5 1/2
Fotatoes 28 26 +2
“ice 15 14 1/2 -11/2
Rnhubarb 23 20 1/2 +2 1/2
Rutabagas 16 1/2 15 +1 1/2
Spinach 26 25 1/2 +2 1/2
Tomatoes ’ Z8 25 +5

Total difference +195
Lverage difference +1.25



are cooked in it. ihe scoring of vegetables cooked
in aluminum indicates that in nins cases out of the
twelve trey khad better, flavcr, color, texture an

wers nore ternder than those coc''ed in stainless stzs=l.

T2e re

Q
O

rds Yept of bciling vegstables in alum-
inwm snd stainless steel sncw aiscoloration of the

utensil in nanyv cases. From Table 5 an objection to

m

clumninuwn is evident since it shows discolcration
in more cases and many times in a grestzr degree
than stainless stesl. This dar¥enirg of tihe k%ettle
i1s harmless and can easily be talen out by beiling
acid foods in it or vinegar mav also be used suc-
cessfully. roocs which contain & large amount of
starch as rice .and votatoes discolor aluninum much
rore readily than do such acid foods as rhubarb and
toratoes. 1.0 lire conclusion can be drawn for stain-
less stesl since potatces discolor 1t intensely, tut
rice has no mrore effect on it than do tre acid focds.
2+ Baling =xperlirents

Zesults of sisnificance were obtained from baling
focds in aluminu, stainless stzsel, and ..onel ..etal
nans, although 1little ciscoloration cf the utensils
was found. Tre average scores for baled veretables
(Table 6) doeé ~ive one falrly ohvious resultc; that
foods wnich were be''ed in an elwrinwn nan had the best
color, texture, auality, eard flavor. 1t was noted
trat foods baled in stainless steel and lonel . etal

pans cooled cr even burned around the sides and

rerained raw or pertizlly done nszar the center of the
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Table S. TUtensil Ciscoloration

Vegetable

Lspereagus
Cabbage
Carrots
Cauliflower
Celery
O,ions
Potatoes
Rice
Rhubarb
Jutabagas
Spinach

Tomatoes

Alurinunm

o0 discoloraticn
..0 discoloratiocon

o discoloration

from Boiled Vegetables

stainless Steel

o discoloration
very dark discoloration

very slight discoloraticn

slight disccloraticn slight discolcration

slight disccloration no discoloration

dar!s discoloration

no discoloration

slight discoloration very dark discoloration

verv dark discolora
no discoloration
slightly cdiscolored
clscoloration

no discolcration

tion no disadoration
no discoloration
no discoloration
no discoloration

no discolcration



Table 6. ALverage Scores for ieled Vegetables

Vegetables Aluminum Steinless wonel
Steel
Z“scalloped Potatoes 26 26 26
Cabbage Au Gratin z8 25 24
Onions Au Gratin 28 26 24
Sweet Fotatoes 26 24 24
Kice Pudding 25 24 22

Tomatoes 24 24 24

etal



utensili. Indicating that trese metels did not con-
duct the neat in a suitable nanner for coolzing focds.
T-e only discoloraticn noted wzs in the case of rice
baed in ;onél .etal.

Table 7 shows the gmount of curdling fcund in
bal-ed foods wnich contained milz. “hen just the word
curdling is used in the tahle a 'stage between slight and
extreme is meant. 1his curdline would not be significant
if the food had not been coolred for thre sgxe length of
time arnd at the same temrerature. It is evident that
foods curdled nost in ilonel iLetal and least in stainless
stesl. Sore distinct rrceperty of a metal cannot be
given as a ceuse of the curdling, hovever, the results
would indicate trat metals nav have scre influence unon
the curdling of foods containing milk.
Ce Steaming mxperinents

fable 8, t-e averazes of the scores for steamed
vecetables shows very clearly trhrat foods cooked by
steevring in aluminum are superior or equal in all
cases studied to those cocked in stainless steel or
i.onel Letal. In the cases of most of the vegetables
those coolzed in the Lonel letal steauer were nmuch
inferior to those from the otrher two utensils.

Table 9 shows that wuch of this irnferiority was
due to tre decided affect vvon the color of the focds.
In no csse did alwrinum effect thie color of the fcod

eand stainless stecl did only slizwtly in tvwc cases.

=
@

[
t

Lonel al stearmer vas more easily discolored than

tre other tve. r. iddiscn of the Itearnes



Table 7. Curdlirg of zalred Foods Containing Ililk

Vegetables Aluminum Stainless Steel [ onel letal

tscalloped no no curdling no curdling

Potatoes curdling

Cabbage Au Gratin slight extreme
curdling curdling curdling

Onions

Au Gratin no curdling no curdlirg slight

curdling
Rice curdling slight
Pudding curdling - extreve

curdling



Table 8. Average 3Scores for uoteamed Vegetables

Fotatoes
Rice
Cabbage
Carrots
Cnions
Spinach
Ceuliflover

Asraragus

Aluminum

26

vtainless
St=el

..onel

16
10

25

etal



Table 9. Discoloration of Steamed Vegetables by Utensil

Vegetebles
Fotatoes
lice
Cabbage
cauliflower
Srinach
Carrots
Onioné

israragus

Alumrinum Stainless Steel wonel lLetal

no no discoloration very dark grey

discoloration

no ,

discolcration darlz grey no discoloration

no no - lignt grey

discoloration discoloration

no éiscoloration no light grey
discoloration

no no no

discoloration discoloration discoloration

no discoloraticn no no
discoloration discoloration

no no discoloretion dark grey

discoloration

no lisht grev green dark grey

discoloration



gonipany sald tnat soire of his customers reworted that
votatoes, rice, and cabbage wers discolorsd waen
steamed in ionel [ etal containers. Table 10 sup-
ports his statement. It was found that rice was the
enly foecd vhen stearied in aluminum which was dis-
colored and that cabbagz was the only one affected
in a li%e manrer by stainless stzsel.
D. OSteamntable rzxperiments

Svinach, creamned potatoes, and creamed cabbage
w-en kevt on the steamtable two hours in vitrified
cnina, alw:inum and stainless stezl jars showed a
rarlied deteriofation in all containers. The color
end flavor deteriorated most and rather raridly after
the first hour ancd a half. 71he food in the vitrified
china and stainless steel kert much.better than did
trat in the aluminwn container. Vegetables in the
alunminun jar begen deterioratirg before foods in the
other containers and cooked to the sides of the
utensil before the end of two hours. iashed votatoes

were tested three tires lteeping them on the steantable
three hours. Iy the end of two hours and a auarter

trne food in all containers rad discolored and lost
flevor and fluffiness. Li-e the other foods tested

the masred votatoes cocled to the sides of the alumninun
jar.

Table 11 shcws tihe average scores for the food
evt on the steacsteble. 1t is evident frox these
scores fhat food does not l'eep well in aluniinum on
the steamtable, but tnat vitrified crina coses hold it

~
O -

]
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‘table 10.

Vecetable

Fotatoes
Rice
Cabbage
Carrots
O%ions

Spinach

Utensil discoloeoration from Stesred Vegetables

Alwninunm

no
discoloretion
very extrene
ciscoloration
no
discolcration
no
¢iscoloration
no
c¢iscoloration
no
discoloration

Cauliflower no

discolcration

Stainless Steel

no
discoloraticn
no
discoloraticn
slight
discoloraticn
no
discoloration
no
discoloration
no
discoloration
no
disccloration

Asparagus mo discolcrationno

discoloration

i‘onel Letal

very extrexe
disccloration
very extrere
Ccisccloraticn
very extrene
discoloraetion
no
discoloration
slightly
¢iscolored

no
discolcration
no
discoloration
no
discoloration



Tavle 1l. Avera=ze Scores for Steamtahle Vegetables

Vegetables Alurinum Stainless Vitrified Chira
steel

Cabbage (Creamed) 23 25 . 26

Fotatoes 24 26 27

(Creamed)

rinach 29 A 26 28

Potatoes 25 24 27

(*.ashed)



well and that stainless stezl is retner suverior to
aluminum also but not as good as vitrified china.
This should be noted as tne first time sluminum did
not come first in the scored foods and in this case
it is not even first in relation to the netal con-
tainer. Iurther exrverimental work on holding foods
in metal jars on the steamtable should be carried
out to determine more conclusively the best materiﬁl
to 'use for such containers. 1f possible for use on
the steamtaple, metal contalrers are economical,
because the food can be cookzd in them and the jars
transferred from the range to the steamtable with-
cut the use of an extra utensil.
Ze Chemical Tests

1. Aluminum

Tne liguid from twelve boiled vegetablies cocled
in aluminum was tested for traces of this nietal, and
from the results it 1s evident that aluminum is not
scluble in the liquid from most foods (Table 12).

The fact that potatoes, rice and cabbage gave
positive tests for aluminum does not mean that these
foods when cooked in an aluminuwn utensil would be
in tre least injurious or harmful. The test was so
delicate that one gram of aluminumn in four million
liters of water could be detected.
tihe eluminun was rresernt in very minute guuntities.
Alum balkirg powders contain more aluminu- than could
be got fro:m foods ccolked in aluminum kettles and
neovle use it every davy without harmful results. 1t

- o7 -



I'able 12.

Vegetables

Fotatoes

Onions
Carrots

Tomatoes

Cauliflower

autabagas
Asparagus
Zhubarb

Svinach

Alwainum test

Fositive

Negative



is an erroneous idea that an injurious amount cf
alwrinum 1s got from fcods cooked in containers of
this meteal.

€. Copper and nickel

"rnen foods darkened by steaming in bLonel letal
were tested chemically no positive results were ob-
tained although very delicate tests for copper and
niclzel were used. This would incicate that neither of
these metals cause the discoloration of the vegetable.
F. Summrary of the Liscussion

in general vegetables cooked in aluminum utensils
had better flavor, color, texture, anéd were mors
tender than those cooked in stainless steels or lLonel
1etal. however, niany of these vegetables discolored
the aluminum utensil. In ba%ed creared cdishes less
curdlinrg was observed in the aluminum container.

Stainless steel is slightlyv darzened by cab-
bage, carrots, cauliflower, and potatoes. “hen vege-
tables cooked in stainless steel darken the kettle
they seem to acquire a slight meta.lic taste. :eat
is not conducted well by the steinless steel con-
tainers and the foods easily burn on tne sides wnile
that in the center remains partially cocked.

Lonel etal cconducts the heat so-ewhat better
than stainless steel, but is much inferior in that
resvect to aluminum. OStarchy foods as rice and
potatoes dar%en end are darened wihen cooked in
i'onel ..etal. Cabbage and onio— s are also affected

in ths same way, but to a less degree. In baled
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dishes containing mil¥ extrers curdling occurred vwiren
the food was cocked in l.onel ietal.

On the steamtabls foods retain their original,
flavor, color, and texture longest if lept ia vitri-
fied china. Staeinless steel however :iaizes a very
acceptable substitute. Aluminum is ver~ poor for
steamtable jars and lLonel ietal carnot be purchased
in this style of utensil.

Aice, potatoes, and cabbage wien tested chemically
show very slight amounts of aluminum present after
cooking in a utensil made of thet matal. Very deli-
cate niclrel and covprer tests on foods darkened wren
steared in sonel lLetal give no results, indicating
that these metals do not affect the color of the fcod.

Ve Conclusions

A. Aluminum is the best metal for cooking
utensils although it is discolored by some fruits
anc vegetables. 1In the case of steaming foods stain-
less steel mav be substituted.

B. Ionel etal and stainiess steel do not con-
duct heat readily enough to be used in cooking uten-
sils vhere heat conductivity is important.

C. Vitrified china jars hold fced on the steam-
table better than metal containers, but stainless
stecl mav be used as a substitute.

D. XRice, potatoes, and cabbage after coocking
in aluminum show a very faint vpositive test for this
retal, hovever tre alurinum present is not in large

enouch cguantities to be injurious.
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