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Abstract:
1.In this study of home canning, peas of the Laxtonian and Perfection varieties were used. The

Laxtonian peas were shelled by hand in the laboratory, while the Perfections were shelled by machine
in the field.

2? The peas were processed by three different methods and for varied periods, as follows:- Oven
method - 90, 120,. 150, 180 and 210 minutes* Water bath method - 180, 216, 252, 288 and 324
minutes. Pressure cooker method - 30, 40, 45 and 50 minutes.

3». The tests that furnished the data for this study were carried out at an altitude of about 5000 feet
above sea level, where the temperature of boiling water varies from 202° to 204° P.

4» The percentages of spoilage occurring in the peas canned by the various methods and periods were
as follows Oven - Laxtonian - 90 minutes - 72.7% " 120 " 90.9 " 150 " 16.7 " 180 " 40.0 Perfection 210
" 51.4 Water Bath -| Laxtonian - 180 minutes - 36.4% irn " 216 " 8.3 Perfection 216 " 70.8 Laxtonian
252" 8.3 Perfection 252 " 46.2 Lstxtonian 288 " 0.0 Perfection 288 " 9.6 Laactonian 324 " 8.8
perfection 324 " 4.2 Pressure Cocker — No spoilage So All of the jars of peas were examined' for
"bacterial content-. The organisms isolated from the spoiled peas were mainly spore-forming
facultative aerobes, often found in soil.

The higher rate of spiiage noted in the Perfection peas that were shelled in the field confirms other
experimental work which has shown the relation between spoilage in peas and soil contamination.

7. When the unspoiled peas were Judged for palatability, those processed for the higher water bath
periods, 283 and 324 | minutes, and some of the peas processed in the pressure cooker for 50 minutes
were scored higher than the others.

8-. Many peculiar flavors were noted by the judges. It is suggested that one of these,, a "beefy" taste,
may be associated with a glutamate having a meat-like flavor.

.9., The penometer tests showed that the majority of the peas-, processed by all the periods and
methods., tended to be too soft rather than too hard.

10. The color of the canned peas, as determined by comparison with standard color disks, was found to
undergo a decided change during six months'* storage in the dark*' This color change was attributed to
the destruction of chlorophylls 11,. in the oven-canned peas processed for periods ranging from 90
minuteseto 210 minutes, spoilage occurred to such an extent that this method with the periods 'used
cannot be recommended. The quality of the peas did not prove desir- able, and the probability of
success from lengthening the periods of processing by this method is not indicated.



12. The amount of spoilage among the jars of peas processed by the water bath method for periods of
180, 216, and 252 minutes was too great to permit the recommendation of these periods of processing
by the water bath method at an altitude of about 5000 feet, The quality of the unspoiled peas seemed to
indicate that further extension of the processing period would produce satisfactory results.

15. The loss from spoilage of -the peas, processed by the water bath method for the two longer periods,
288 and 524 minutes, was no greater than the amount which might be expected to occur because of
slight imperfections in the equipment for home canning. The quality of these peas was judged to be
good, in regard to palatability, texture, and appearance.

14. There was no spoilage among the pressure cooked peas for any of the processing periods. However,
the 50 minute period peas were more pleasing in flavor than those processed for shorter periods, and
were comparable to peas processed by the water bath method for 288 and 524 minutes.
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A STUDY‘OF THE QUALITY”ARD'BAGTERIAL dONTEHT OF
. HOME CANNED PEAS AS AVFECTED BY VARIED METHODS AND
PERIODS OF PROCESSING

INTRODUCTION . - -

Among the most popular products of the home_gérden are
green peas which have for a long time been considered a ehOiéé
‘ vegetuble. Uhfortunately the season iuriné which f%eSh,peas~
‘may be enjoyed is comparatlvely short. It is therefore ﬁe31r--,
able. to preserve them in such a way that they will retain their
original palatability to the greatest possible ‘degree..-

ety

Homemakers have long been aware of the ex:.stinb problems

oonnected,WLth cdnnlna peas, for freguent spoilage has proved ;7
thelr present metho&s unﬁatlsfaetary Whe ther ﬂbis Spﬂllage . -//_

is due. to cannnng OOH&ltLOﬂa, o the kinds of haeterla present,
or to th@ nature oﬁ the vegetable itself is a quentlon which
has not as yet been satlsfactorlly answereda That the nature
of the vegehable eomplleates the problem is quite poss;ble, S
ginece peas with their highly conoentrated protein. and carbohy-
drate content, dnd thalr_necesgary'expcsure to eoptamlnatlon
through the shelling process are guite different. Trom other
vegetables which are ordinarlly preserved. o _

In the study of home canning there has apparéﬁtly been
little effort made to aetermlne by ewperlmental proce&ur

wherein one method or period of prose531ng ig superior to an-




e
dther,'either in prevention of spollage or in preservation of
desirable quality. :It is evident thereioreithat a compéris&n
of the results of canning peas by variei~methoas and periods
of processing is necessary in ordef to'sal#e many of the'home

problems which are connectea with the successful preservatlon

of thls vegetable.'

HISTORY

‘The early studies of camned foods were concerned with

spoilage. There was little difficulty in @eteéting spoilage,

for it was made evident by the undesirable changes which had

‘oecurred in the canned food., An excessively soft or discolor-

ed produet, having a disagreeable odor; and often conbaining
gas bubbles, has always been treated with suspieion-by{?ny)
homemakers _ '

According to Sunderliny Levine, ¢ d Helgan’(27) who made

‘a study of 1nd1ces of spoilage, phy31ca1 ev;&enee is &tlll the

most rellable crlterlon.for spoilage de+erm1natxom, In thelr

labhoratory, phy31eal tegts GOHSLSted of ohservat;ons of odor

and records of suct;ono Desplte the apparent accuraay of phyh

'usical'tests, however, it was eonelude& that it would be necessg-

ary to use both chemieal and hacteriOIOgieal.methoas to detect
all kinds of spoilage.

Chemical methods for spoilage determination as used by
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these workers included tests for total acidity, meaSuremeﬁﬁ
of hydrogen. ion concentration and formol, titration; Theﬁgh
the results of thede tests weretnoﬁ.in thengelves éanelusive
they were eonsi&ere& valuable supplements to the other methods.

Bacteriological tests depéhd on examination of stained
smearé made direetly from the canned fooa; and the culture. of
a sufficient quantity of the suspected ﬁatefia;@ . Buch stuﬁ;es'

“are more valuable in determining the cause of spoilage than in

canned produets in first clasg condition were not necessarily.
sterile,'but frequently'contaiﬁed'SEOres which did not eause
spoilage, provided the can had a good vaguum and a tight seal,.
This being accepted, the mere presémee of bacteris cannot be
absolute pfoﬁf of spoilags. .

For the most part, comméreially‘canned_ﬁoods have been
the suhjeét of these spoilage stu&ies under the leadership ofj
the_Natiénal Gaaners' Association. :ﬁowever, scmé siu&ieé have
been made on home canned Qegetébles of the non-acid group, Lo
whiah.peas.belongu"Sunaerliﬁ (27), Tang (18); and Normington
(22) have deseribed specific -bacteria isolated from canned peas
or vegetables of @ompafab;e aci@iﬁjn The organisms most fre-

guently found were aerobic haeteris, which group includes

B. cereus, B. mycoideéy and others. Anassrobes and thermophiles

of many sorts have also been described as causative organisms

proving ibts exisbtence. In 1921 Iang (18) pointed out that home.

Bacillus subtilis, B. megatherium, B, mesenteficusw Ba vulgaﬁus,
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in spoilage of canned vegetablasw' “ kgk\
Identification of the organisms isolated from cauned gjf#
foods helps to ascertain the source of'cdntaminatiahﬁ~ Nopw
mington @3)10n finding chiefly soil organisms of the Bacilla~
ceae family assumed, that'most'spoilage bagteria in eahning 3
came from thé soil. Bhe therefore suggested that the organ-
.isms gained entrance to the pfo@ucﬁsfthrough soil or dust on
pods transferfga td the ‘peas in shéllinéa dirt from,th§~hands

of the shellers, peas dropped od the ‘floor and picked wups 6r
' . T ! . . %

- dust settling on the peas during siorage befﬂre cannings

Qne'of the factors affeeting the number of organisms pre-
sent during fhe canning ﬁrocess is the condition of the malter—
ial to be canneld. All workers emphasize-the-maintenanae of
¢leanly COH&lLLOHS during the prepar&tgon of the pro@ueas for.
canninge.. Normlngton @2) cites laek of careful hunallng dﬁﬁ
the resultant soil contamlnatlon as eonditlons largely respon—
31ble for high bacterlal coabent.

Eearly 21l bulletins, .containing general canning imstrucﬁ

. tiong, éarry the injunction t0 can fresh material. If the raw

Pood is‘kept for some time Beforg canning,- the opportunity for
multiplication of the hacteria present is great, pafticalarly»
where there‘is warnth, moisture, and darkness; SO ﬁhgt a delay
of even a few hours markedly complicates the prahlem,df sueceess-
fully processing the'proﬁuetm' |

Certain unknown quantities incresse the diffieulty-oi-
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applying—baetériology to the solubion of eanning problems. Most
impoxrtant of these is the initiai concentration of spoilage bac~
teria. Wide variations in this concénﬁration brevent recommended
prﬁeessing methods from heing altogether exéct and constant {(15).
'This:efieetjpf numbers has been consistently demonsirated ih
heatnrésiétanée studies in theiResearcﬁ Leboratories of the
National Canners'’ Assﬁeiatioﬁ,(é)w

Methods of processing canned foods have an important‘bear—
ing on spoilage percentages, since the destruction of spoilage
bacteria is dependent on the effectiveness of the ppoéeséimg‘
method. Processing designates the heat treabtment which the
produet.un&érgoes-after-the material is placed in the govéfed
can, Very little experiméntal work has been done to show the
relative merits of the different home methods which aré in
© . eommon use,~ open kettle, Watef bath, pressure'qooker, and
oven processing.

When the open kettle process is used . the canning material
igs thoroughly cooked in an open kettle and. while hot is packed
into jars which have been thoroughly scalded. The jars are at
once completely seéledq Both the a&equateicleansing of the
jars by scalding and the high temperature of the canning mate r=-
12l at the time when the jars are filled, are faétérs in the
success of bthe open kettle processs Host important, however,
ig the acidity factérl- By .general ex@eriﬁnee‘the‘eﬂﬂelusion

has been reached that only those foods, such as frult, which
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have a relatively high scid conbent, can be safgiy'prséessea~
by the open kettle methods |
The water bath method of processing is also carried out

at the temperature of boiling watex@S The food may or-may:ﬁﬂ%
be precooked; that is, given a short heat treatment befoge be=
iﬁg placed in Jjars. After being filled and sealed, thé j&ré :
are immersed in a boiiing water bath, and are allowed.ﬁe re-
main for bthe 1eﬁgth of time recommen&ed for the particular food-
' which is being canned. |

| The pressure cooker methoataisc reqﬁires that the faéd bé
packed-in the Jjarsy with or'withouﬁ precooking, before being -
" placed in the pressure cooker. The food is then subjected to
a relatively short period of heating by meaﬁs of steam ﬁﬂder

pressure. The temperature maintained in the pressure- cooker

is considerably above the bdiiing point of watery thawfecdmmenﬂﬁh

ed temperature for peas being 2450 ?b The higher temperatured
obtainable in the pressure cooker have made this methoﬁ«gppear
gsgential for processing those foods which are adﬁitteﬁly.ﬁiffi;
cult to can successfullys dince the initial cost of the press~ -
ure cooker practically pronibite the,ownérahip of this piece of
equipnent in many cases, it seems desirsble bo make a careful
comparison of this method with the less expénsive methods of
process iug. _ | _ |

| Oven canning is the most recent procéﬂsing method » The_

jars are filled with food which has been precooked, and are
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sealed before being placed in the ovei. Aith@ugh"thé oven
temperature is kept at about é5ﬂ°‘F@ there have been no data
reported in the literature conecerning the internal temperature
reached. |

Experimental data to show the relative effectiveness of-

these methods of processing are not extensive Normington (28)° .

has carried out some experiments in-eanning vegetablé$~by ﬁhe
wabtér bath and pressure cboker methoas, Her results indicate
" that there is very little dlffefenee in amount of syallage in
the pressure cooked vegetables an& those ‘processed by the Wdter
bath method.

An important condition affecting the occurrence of spoil~
‘age in canned £00ds is aeidiby, méntionéd above in connection
with open kebtle processing. Fess, as typical nom~acid vege-

tables, are never canned by the open kettle method, and it is

the recommendation of the United States Bureau of Home Ecﬂnamics_

{26) that peas be processed solely by the pressure cooker
metho&. Some wnrkers, however, have proposea the addition of
acla t0 non-acid foods in order ‘that such Foods may be process-~
ed at 8 bemperature of 2120 F. OCruess (9), after demonstrat-~
ing'by ezperimental,work ‘that lowering the pH deereased the
amount of sodium benzoatbe requlre& to prevent the growth of

- certain organisms, cuncluaed that Lhe premervatlon oﬂ nonwaala
foods might be greatly faeilitated by the a&dithﬁ.QI“ablﬂ@

Skinner and Glasgow {24) have made pracbical application of
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Oruess' suggestion in the home canning of asparagus. By the

uge of vinegar the processing bime at 2129 P, was redunced from
three hours to one and one-half to two hours, with an accom-
‘ﬁanying deecrease in the percentage of gpoilage over thaﬁ»oecurr—'
ing when no acid was used. By bacteriological examination it
was found that those jars tfeated with zeid showed the presence
of organisms less‘frequently than 4id those not. treated.

Whether or not the amount of meid aﬁ&ea_detraeﬁs from the normal
flavor of‘the produet is still in qqeéﬁiﬁnp /

Conditions of alﬁitgae are also known‘%o‘affeet-the_sueeess
of canning procesaes?’paffieuiaflythesehiﬁ whichh steam pressure
is not used. In theﬂease”of water bath processing, provision
has beén,made.for canniﬂg>a£ higher altitudes by & general
theory based on physical lawgs. This rule, as given.by the
United States Bureau of Home Economics {26), is "for all alti-
tudes above 1000 feet the time should be inereased 803per ceht:
for éach additional 1000 feebt." Tor oven eanhiﬁg a time in=-
creése of 50 péi cent is recummaﬁdeaw_ Unfortunstely there are
no data to show the comparative effectiveness of pressure pro- .
cessing, oven, or wabter bath proeeséihg for prolonged periods. -

The effect of storage on 5poiiage of canned goods has
been merely mentioned by most writers reporting spollage Studf
.ies. Some exﬁerim@ntal work on this subject was done by
:Biester, Weigley and Xnapp ( 2) at the University of Minnesota

in 1920. Several daifferent kinds of vegetables, bobh acid and
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non-geld, were processed by'tﬁe water béth méthod, Sorie Jars

were Stored in an ordinary root cellar for four months, Some

© were stO?eﬁ in a bacterlologleal incubator for ten days, whwle
-others were stored in the root cellar for ten. days. The keep-
'1ng quallty of the canned proﬁuetﬁ Was Judnea accorﬁlng o .

» tagte by the members of the Home Economlcs instruct ional staff,

Results showed that the greatest perceﬂtage of 8p011age—took
pl&oe in the Jjars stored for 10 day» in the 1neubatore Gne of
the eonclu31ons was that storabe GondltLORh may:markedly af;e@t

the percentage of ﬁpOllage& The aes;rabllltj cr atorage 1mmea1-

' ately after caanlng WaS &lso indicated.

1

By far the reater'number of Lhe studies which have been
made on canned foods hdve been relatea to sp011age and. its
causes. Only recently has the qualltJ of unupomled canned

Poods been investigated. However, before studies of qualiby

can.be made some standards of quality‘must be azdopteld. fhese

have been supplied for-use in Judging many of the éémmoa,iruits
and vegebables by the Food and Drug Administration of the United
States Department of Agriewlture (1l)s The standard of gquality
and conditidn.for eanned‘peas is given as follows:- = "Standard
cdnned~peas are the normally'flavorea and normally’ eolo°ed
eannéd fooa eonéisting of the tender, immmture, unbroken seéd
of the common or garden pea (Pisun sativum), with or wnthcut

seagoning {sugar, s8lt), and with or without ad&e& potahle

- wabter. The product LS praetleally free frem.forelgn maﬁerlal
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and, in the dase of prbduéts ngtaining added liguid, the 1iqﬁor
- present is reésonably clear.® '

The varietiss of peasnfor canning should be chosen t¢o gon-
form to these fequirements inasmueh as tye quality may be affect-
ed byuthe»varietya The Aésoaiation'of New York State Canners;
Ince has stated'thatvthe varieties of peas preferred for canning
consist of an early variety having a smoothfékingzéﬂ& latér

varieties, sugar peas or sweét peas, having a wrinkled skin and .
N 1

sweet flavor {20)« In regard to variety of seed, studies heve
also been made to debermine the relative pereentagés‘of nard
shell in peas and bean,vgrietiés (12). Hard shellﬁ'or the pre-
seneé/oi—imyéxmeéble seeds, was reeognize@ by ﬁermeabiliﬁy
tests in whiech tﬁere was evidence of greaf variation in thé
resistance of seed coabs to the entrance of waters So gorrela~
tion between color and hard shell was observed and ?hgre appeaf—
ed to be no mafke& difference between the smooth and wrinkled
-varietieS'in percentage of haid éhﬁlld The least_par@enﬁage
of har& ghell indicates the greatest tenderness of meed coatg.
The Qﬁality of the peas is probably more dependent upon
_prompt harvesting.thanlon variety, since low sugar and high
starch content are typical of peas of low quality, whether a?
g result of delayéd harvesting or as a varietal characheristic.
Boswell ( 7) has shown through biophysical and biochemical
_sﬁudies ofvthe étages of ripening of pEas tﬁat promph hafveéting

| upon the attainment 6f marketable size is imperative to avoi@




] B
the decrease in sugar content and inerease in starch content
which ocecurs as the peas mature, From the sﬁandpoinﬁ of éﬁalityy .
laﬁe plantidg is to ﬁe avcided, since higher temperatures make
a timely harvest increasingly iiffiedlt; _

EVen'thougﬁ the peas sre harvested at the stage when they
are df highestﬁgﬁality, a genefally'reQOgnized,detéribraﬁion
oceurs 6h staﬂﬂihg. The -chemical changes whicﬁ take place at
this time are in all probability, according tolKertesz, (17)
due to the action of enzymes. He has observed that_changes
in freshly picked peas kept at a2 temperature as low as -20° €.
for twenbty~four hbur@ are marked. This observation, howéver,
is gualified by the auﬁhoris comment thatb enzymaﬁie‘aetion may
have had sufficient opportunity to bring about these changes |
zduriug the short period before the peas reached the low tempera- -
ture. He states also ﬁhét &etefioration during storage in pods
is probably not so rapid or exténsive as that oceurwing in -
shelled peas. Gowen*s.worEVShowing that Qaleium béginﬂ to mi~
grate to.thé skin and causes an aypreciabie toughness within.

s few hours is cited by Sayre, Willaman and Kertesz (28).-
Theée workers have studied the correlation of a higheér percent-
age of lime in the skin with its Breater toughness, regariless
of thickness of the skin. In addition to the changes in chemi-
cal composition which Boswell listed in studies of maturing

peas, Sayre, Willaman and Kertesz have noted an increase in

caleium.
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The ftoughening effect of ealeium on peas is agalin mentioned
in connection with canning procefures. Watew containing an ex-
cessive amount of célcium shovld not be used because of its dé-
trimental effect on the tenderness of peas (3 )s TFor the same
reason commereial salt high in caleium is to be avoided.  How-.
ever, Greenleaf has found that most commercial salts are usable
since the amount of caleium in grader brine is not absorbed un-
less it exceeds l% {(13). |

The best guality of Ganné& - peas has a Tairly clear ligquor.
A cloudy appearance is thought by Loudon and Spenéer'(;g) to. be ‘ *“%
caused by rough handling in bleanching, or by the inclusion of
split ox broken peas in the Jjars. Peas which are too mature
or. are overcooked in the blanching proeess often burst an@.allbw
the stareh Lo escdpe into the llquld. Other writers have ex-
plained that some of the starch in the peas is dlssolvea Guring
sterlllaatlon and this. slowly coﬂgulateo to 1orm,a mllky 5us~
. pension of white particles. Several weeks may . be nece%sary pled
comp}ete the precipitation bub eveﬂtually all ox,the sta¢eh
orinihally dissolved is coagulated (25J,~ B

Very 1little has been ertten eoncernlng the efmect QL stor-
age on. the quallty'of home caﬁned foods. In connept;on with the
storage prohlemﬂ Biester, Weigley and Enapp (2 ) attempted to
" compare the resulting palatahility'of the proéuctsf Fromfthaﬁ
standpﬁint,.the'quality of canned vegetablés stored in the oot

cellaf‘Was judged t0 be superior to that of theA@ﬁnmeﬁ‘vegetables
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sbored at incubator temperature.

The sténdard[of gqualiby and cendition for canned peas'as
.givep under theumeﬂarysmapesjamendment 0 thﬁ-féaeéal féo& and -
&rug act has been quoted (1x), To help the qomméreial éaﬁners B
meet the requirements of this amendment, devices for staﬂﬁarai~
zation have been suggestel. Forémesﬁ of these ié an:apparatus
B fof determining theﬁenaernesé of eerﬁain.@énhéd fruitguand
| vegetables (6). This‘qévice hAS*bgen succegsfully usea'to,
measure. the tendefnessjof canned peas, serving as an aecuratbe
and impersonal judge of this factor of their quality (6).

The MeNary-Mapes amendment also requires that canned peas
be "normally cplofe&“a. This term exeludes aistinctly'effsgolor*
el peas, brown, brownspotteﬂ; white or yéllowish whité@ For
experimentgl purposes and comparabive wofk, however; éﬂ aceurate
method of color determination is necessary. A standard device |
for ﬁhe measurement of eolor has been deseribed in &etail By
Dorothy Wickerson, Color Technolqgist of the Buream of Agricul-
tural Eeonomics (Zl)m Based.on.tha Munsell teor.system,.ﬁhia
method has been uged extensively ln,graﬁing agricultural pro—
ducts, notably cotton and other textiles, hay, cereals, canned
foods, and meats, and is readily a&apted to eolor determmgatlon
in canned peas. L : : ¢

It is therefore sppavent from a review of‘the eaﬁning é“kq\%i
. literature, that there -are stlll many questlons to be answered

UK

concerning the home canning of peas. Important amongy ﬁﬁﬁsul ?QD%qu
A A
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blems is that of determining Whleh methods and perlo&s of
'.processing result 1n ‘a mlnlmum of spo;lage, produce peas of
desirable quallty? and are at the same time practicables Inv
lMontana where manﬁ 1ocaiities.have elevations of several
thousand feet above sea.levelﬁ this problem is of special
significancef' The effect of altitude in lowering the boilw
ing point of water makes satisfactory preservatibn'mgre diffi;
cult and emphasizes the need for a detailed investiéatibn and

comparison of the value of various canning proceldures.

EXPERIMENTAL PROCEDURE

Two varieties of-peas?~Laxtonian and Davis? Perfection,
were used in this experimental Worka Laxtonian peas were
avallable durlng boﬁh seasons, 1951 and 19a2, and peaa of
the Perfection variety were also camned in the summer of 193254
Phe Taxtonian is a variety known pflnclpally as a gar&eﬁ.pea
and is used chiefly for home consumption and home canpingw The
Perfection pea ls one of fhe sweet, Wfinkled varieties raised
rather extensi&ely for eommercial Canhinga | '

1 The preparatxon for canning and the actual processing
was done in the laboratory of the Home Economics d4e aenartment ‘3
of the Montana Experiment Sfationf The peas were canned as
soon as possible after picking and in all'éases the‘eanning-'

was done on‘the game day in which the peas were harvested.
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The peas were shelled by hand, with the éxeeptibn,ﬁf the
Perfectién.péas~whieh were shelled 53 méehine in.the fieldn
The shelled peas, after being thoroughly washed, wefe Precook-
ed in small lobs by boiling for five minutess While ho%z.fhey
were yaéked into glass pint jars« Three kinds of jars were
used:-~ Kerrjars with the all metal.li&é’éuppl;e& with a ce-
meﬁt ring for sealing: Presto with glass top and rubber ring
held in place by a metal ring; and the "Atlas" E-Z .Seal jars .
with a glass btop, rubber ring, and metal clamp. The liguid
level of the filled jars was'uniformly“oneehalf‘iﬁch from the
tops Durlng the first season all jars were completely sealeﬁ
before pxoce351ng» Since an undes1rable logs of 11qu1d oeourr-
‘ed in the canning procedurs of the flrst year, and singe it
geemed possible that the infternsal. pressure.caused hy'comyleté
éealing might bring about loss of liquld, if was declded that
all Jars in the SGGQH@.SG&SOH(WQKS 0 De partially sealed.
Partial sealing means that the jars were completely sealed and
then the metal ring was glven a quarter turn backward to.
slightly loosen the 1ide

Throughout eaeh of the suacessxve cannlné seasons three
general methods of proeessxng were employed‘m steam pressure.
cooker, ovenénd water bathe.

Pr009381ng under pressure was done . 1n 8 Ratlﬂﬁal steam

pressure cooker of the eighteen-guart size. The amount of
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water used, two cups, was Jjust sufficlent @o'cover the rack
in the bottom of the cooker: Heat was supplled by a 1290~watL
Calrod plate .of a Hot Point elestric ranre, ‘When the water -
reached the boiling point eleven pint Jjars of hot peaéxwere
placed in the cooker in two layers with an open rack between.
After the cover was adjusted, steam;was'alloweditb eSeaﬁe in
a steaay'stream for five minutes before the petéOek waé closeds
The stean presaure wag then allowea to accumulate untll the
temperature within the cookeF wa.s 2409 F. At ses level 240° Fs
is the temperature eomparable/%o a steam pressure of 10 pounds.
At higher altitudes; such as thé.approxima%e.elevation of 5000
feet at which this experimenbal work was candueted, a correction
must be ma@e in the amount of steam pressure reguired to pro-
duce an internal temperatﬁre of 2400 F. Since'the stmospheriec
pressure at the 5000 foot albtitude is about 12,2 pounds per
3quare 1neh, while at sea level The pressure is 14.7 pounds,
the difference of 2.5 pounds must be added to the gteam press~
ure of 10 pounds, making a total pressure of 12.D pounds.
This is necessary for the reason that the standard pressure |
gauge is so constructed that it records only that internal.
pressure which exceeds the extgrnal atmospheric pressure.
The ﬁrocessing périoa then begins at the ?%me when thé press-
ure gauge reaches 12.5 pounds.

Oven canning was done in a Hot Point electric oven with
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an subomatic heab gontrol. Tﬁe tém@efature was‘élsdleheeke& ;.
by a Taylor oven thermometef;_ The oven with the lower baffle -q:%,?
plate irv place and both the Lower én& upper units turned te‘ |
‘"high".was preheated to 2b00 Fa Ca%e was taken in the,arrange«
ment of the jars in the oven to dllOW Tor free eirculatlan of
the air ‘currents., The Jjars, so sp aced that they would not
touch €ach other, were placed on the rack five irches above '
the bafifle plate. When the Jars of hot peas haQAthus’beeﬁ.

Aarranged, the upper unit of the ovéﬂ was turned off. Sin@éA

the oven was preheated to 250° B, the proeessingA%ime‘began"
as soon as the jars were placed inm the oven.

The contamner for processing the eanned peas by’the

[ E S

Water bath method wids a large wasn boiler with a eover ani

a wooden rack which Titted into the bobtom. For the 1932

S vt Tt YT

Season smaller boilers were used, and the wooden rack was ~ V"ii
replaced by indiviﬁual_ jar ﬁolﬂ.ers,, The water in the boilers, r
3qifiaient in amount to cover tﬁe topes of the jars,té a &épﬁh - | %u
of one to two inches, ﬁas'broqght to the boiling yoiﬂt‘oﬁér; '. | l;'
two 1200-watt Calrod plates of the Hot Foint electric réngé,‘
~The jafs of hot‘precooked peas were then placed in'%he boiling‘.-
water bath. The processing period was caleulated from bhe
time when the wé@er bath resumed boiling. . .1 _ : }
The methﬂﬁs‘oi processing used in the two sﬁﬁﬁessivg | o i

seagons were the same, bub various periods of processing -
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were employed. A study of the canning recommendations for
peas,;- as givén:invbulletins issued by extehsinn‘ﬁepartmentsg
experiment éﬁations, and commercial Ffirms showed that theres
was o wide variation in fhe penio&s”éuggestede In oveﬁ caﬁn—‘t
'ing, for insﬁaneﬁ,‘the prceessing perio&s ranged from QD‘min@
utes to 210‘minuﬁés, The recommenadtlons for pressure eooker.
processing were found to vafy from 30 to 60 minutes, In beﬁh | 1?
of theg@ cases, it seemed advisable +$0 use the upper and lower ’
time limi%s,.éé-well as somé intermédiafe onesﬁl‘Agl wémeﬁl- '
béﬁh periods wefe based on the r§eommeadations made by the
Bureau of Home Economics, United States Department of Agricul- R
ture (26), that peas should be processed 180 minutes atb sea “
levél. They’further sugg estea thaflthe.proéessing peribd of
180 minutes should be increased 20% for every additional 1000
feet of elevation after the first thousagdo By.a&dlng 20%
of 180 minutes to thi» perled the Qroce531ng tlme for an altl-
tude of 2000 feet becomes Elevmlnutma In the same way, the
increase is caleulated for each addltlonal rlse of 1000 - ;eet
and. at 5000 feet the total blme is 524 mmnutes, the lonmest
period used 1n this canning works
For the year 1921 the following Derio&s Were.usedﬁ—

Eressnre cooker at 2400 ri = B0, 40, aO mlnutcs

Oven at 250° F. Co= 90, 120.- n

Water bath at 2020 F. - 180, 324 "
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For the year 1932:-
. Pressure cooker at 2400 F. - 40, 45, 50 wminutes .

- Oven at 2500 . ~ 150, 180, 210 "

Water bath at 202° ¥, = 216, 252, 288, %84 min~

utes.

A total of 8% pint jars of peas was cannei in the summer
of 1931, and 346 pint jars in 1932.

A1l jars were tested for a tight ‘seal and were cooled at
_rocm temperature 1mmed1ately after canning, and,wiuhln twenty~
four hours they were placed in the unheaten ba sement room whe re
£hey were stored atb a temperature ranging from 50 - 600 P, The
storage period for the peas canned in 1931 was éevén‘ﬁd~eight
months. In 1932 ﬁart of the jars were openea during the first;
month fOllOWlng gaming, whlle the remazn&er were stored for
a period of sxx manths before belng eyamlneﬁ°‘ :

Befare the JdI’S Were oyeﬂeﬁﬁ recards were maﬂ.e of the re-
lative amsunt of 11qu1d and sedirent in eqoh jar Phe w&or was
noted and recoraed? and,any,@;§tinet1ve odor was deseribed.

The relative palatsbility of the unspoiled peas processed by
different methods wa.s determined;by tasting. After the peas
had been breught to the b0111ﬂg p01nt, they were then tasted
by a group of uompetent Juﬂges wha berved aurlng hoth ye&rs.'"
Their Judgments were.reeafﬁe@ on the following score card

that had been dévelopﬁd and reyvised until it seemed to satis-

factorily meet the peculiar-requirements of Jjudging peas.
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Impressions of texture recorled thereon gave an estimation oF

the relative tenderness of both the skin and cobyledon of the

PR

. peas.
Grading Chart fbf,ﬁannea.ﬁreen Peasg
Grade each quality as follows: 00 .= Very Boor
' -0 = Poor -
1 = Pair .
2 = Medium
3 = Good.
. ' 4 = Very Good
Sample ﬂo,<r- 7 ' ‘
Quality 1{ 23] 456718109
PLAVOR | B
TEXTURE |
. Skin
Coﬁgiedo@" ]
AVG. GRADE

Bach jar of peaé in which tﬁere“més no readily discern~
ible eviaeﬁce of spoilage wasfﬁubjeetedlté'éertain~§hysiqal
tests intended %o determine the quality of -the peass -As faé
as possible ﬁhé standards of the Fede:al food @nd drugs- ach
as amended July 8; 1930, were used in the evaluaﬁian.af thé
samplesg‘ By means devised to meét ﬁhese.stan&arﬁs for com-
mercially canned peas; & d¢omparatively aecuréte deterﬁination

of color and tenderness was made.

d

/
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The,teﬁderneés of'"cruSh"ﬁof the cotyledon wﬁg.measared
by a method devised by Bonney, Clifford and ﬁepper ( 6} of
the Unlted States Food and Drug.Admlnistratlonn The appars-—
tus whieh they &351gnad for this purposes .is eallea a‘ peno-
meter” (fig. l) and may be useﬁ.for the aetermlnatxon of, ten-
derness in frults and vegetables of many ?1ndso It is possmble.[
by means of this apparatus to measure the ﬁo:cg feguired.to"‘
compress the test piece to a speeified fraction of its éri—,'
»“.ginal diameter. For the crushlng test several peas taken from
- each Jér, were. seleeted aGGOﬁﬁlnb to dlameter, as de%ermlned
- by a vernier callpers The size of the peas chosen for the
" test was lndlcated by the average size oﬁ the varletv of neas
belnﬂ € am;ned,- 4 _

The standard method used fOﬁ eolor determination is des~
'?erlbed 1n a bulletln by Dorothy Eleker on, colcr teehnologlst
- of the Bureau of Agrlcultural Economics {21)7 Aecurate ﬁeter-,
mination is depen&enﬁ upoxn tﬁe méfehin of the color of tne
~ broduct belﬂg tested with a eolcr whleh ia the com3051te af
several standard disks. By the arrangement of - theae color ‘
dlsks,*whleh are caused to spin rapldly, a solor 1dent1ea1
- with that of the pe as may be ohta;nedn .All moasuﬁemaﬂtm are
- expressea aeeordlnb to the Mnnsell.notatlnng formulas for Whleh
are developed ln the bulletln, " '

In addltlon to the physidal tests, a determlnatlon was -

'made of the &Glﬁlty of the liquid in each jar of pess. Wlth




Fig.

_24-

The penometer used iIn determining
the tenderness of canned peas.
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brom ecresol pufple and methyl red indicabors, acidity was:
measured in pE values by the eoiorimetrie mefhca,ﬁeseribé&
by Clark (8). - :{Ji o,

In general the procedure followed in the_baétérialégieai>€L\
.analysis of the canneﬂ.peas'was'very»similar to thab‘aaseribéd‘ R{ﬁ?f
by Esty %nd Stevenson (L0) s Egch jar was washe&.With-mércuric pziél;
.ehlorideﬁsoiutionj and the cover carefully flamed, before be- |
ing loosened by a sterile knife; The cover, was ;ifteé to ad-
mit a sterile pipette by means of which sedimentary 1iQaid'
from;ﬁhe'béttom_of the Jjar was transferred to tnbés»ai @ﬁlture
me@ia, plain nutrient broth for the culbture of asrobes and
dextrose agar. shake cultures to favor the géowth of anaerobes.
Some of the pipetted material was made into smears‘to be
Astainei with earbol‘fuehsip,for microscopie‘exémiﬁation@ The
culture tubes inoeulated fromithe peas weré’in@ubgtea‘at room -
temperature, 359 C» and 55° G, . Those‘culfufésﬂiﬂ mh@eh growth
oceurred were plated in-untrient agar and from these plates |
organisms of different kinds were isolatbed.. Identificabion was o

made by the usual cultural and physiological studies.




- =26~
RESULIS -

In the presentation of these rééﬁlts of a study of the
qua;ity and ‘baeterial eantenf of peas canned by varied method:s |
and periods of progessinég aleaiculatian.of(Spoilagé pereent-
ages 1is g fundamental step in‘thé;arrangement of the data.
Table I shows the bachterial eohtegtﬁand gpollage records of
398 jars of péﬁs pfoeessed by three methods, oven, waler bath
aﬁi pressure cooker for the various periods listed. Bacterial
content appears ﬁo have manifested itself’in‘threé ways:= (1)
by definite spoilage, (2) by growth in cultures made from
apparently unspoiled.peésm and (3) by'auto»sterilizatinna(28)*,:
a condition iﬁ Which.theré is typical bacteriai spoilgge in‘jars :
'from,which no culbtural growth is obtained. The mieroscopic
examination of stained smears made directly from the eannéd
-méterial verified the presence of culbural growth in the first
two cases, and Strengthened the evidence for auto-steriliza=
tion, mentioned in the third case. The higher ﬁercen%ages of
-3poiiage éccur red in the oven canned peas, while the~shorter
water bath periods result in fairly high losses from spailagéo
Peas processed by the longer water bath periods were nearly
free from bacterial growth, and those Whicﬁ are presgure ¢00k-
ed,‘wiﬁﬁ the'exceptian of the 30 minute period, céhﬁain;na
viable org;nisms. iﬁ some of the jarS»in groups having moder-
ate percentages of spoilage, living bacteria are preSeh%@

* See Tanner, p. 961
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_TABIE'I. PURCENTAGE OF SPOITAGE AND BACTERIAL CONTENT OF PEAS CANNED BY VARIZD HETHODS FOR VARIED PERIODS.

oL o e Per cent, Per centy .. |
Variety . - . Method Procesgsing! - To. ‘Per ceuntb. | Unspoiled Jars| Total Jars ~
of of o Period Jars | Total Jars] having Viable| with evidence of .|
- Pea Year Canning Min. fBxaminedy PSpoiled Organisms Auto-sterilization
Lextonian | 19%1-58 | Oven. - 90 11 72,7 0,0 0,0

" ‘ v oo 120 - 11. 90,9 0.0 0.0

i 1932-83 | g 150 12 16.7 0.0 8.8
| S o 180 35 40.0 9.5 - 20.0
Perfectiony * w - - w .. 210 37 51.4 5.5 0.0
Jhaxbtonian | 1951-32 1 Water Bath 180 11 6.4 28.5 . 18.2.

" 1932-23 { i no- 216. 12 8.3 0.0 -~ 8.3 -
Perfeetiony ™ ¢ u L 216 24 70.8 28.5 0.0 -
Taxtonian LA " 252 18 - 8.3 - 9.1 0.0
fPerfection n n " w 2532 26 46.2 . ‘14. 2. 0.0 -,
Laxtonian . ¥ w- w L 288 12 - 0.0 0.0 © 0.0
Perfeetion| " ® - n no 288 21 . 9.6 4,3 4.8 -
Lextonian | 1931-32 u " BE4 10 0.0 0.0 0.0
b 1932-33 u u 224 12 . 8.8 0.0 0.0
Perfeetion] ® @ moooow 324 24 4.2 0.0 0.0
Laxtonian | 1931-32 | Presgure Cooker| 0 11 0.0 9.1 0,0

v " i " w 40 11 0.0 0.0 0.0

w 1938-35 1 - n 40 ‘11 0.0 - 0.0 0.0
Perfection] " i n w 40 23 0.0 0.0 0.0
Laxtonian weoou " L 45 22 0.0 0.0 0.0
Perfection oo it o 45 9 0.0 0.0 0.0
Laxtonian 19313841 " n 50 1l 0.0 0.0 0.0

_ " 1982-95 ¢ - . n 50 9 0.0 0.0 0.0
Perfection| ¥ ® Lo w 50 22 0.0 0.0 0.0
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though the . peas seemed to be edible and in god& qshﬂitiéﬁw
_Auto~sterilizahion occurred irregularly in water -bath and -
oven.pfoceséed_jaré, | ‘ o

A1l of the organisms- isolated from jars of spoiled peaé'
were identified zs members of the genus Baciilus of the
‘Bacillaceae familv'in Bergey's manual (l)@ Organisms classi-
fied as Baeillus subullls were obtalned from.sp01le& pe&s Pr o=
cessed in the oven for 180 aud 210 minutes, and in-the Water
bath.jor 8164 258, 288 and 324 minubes. Bu_vulgatus ang B
mycéiﬁes were also isolated from spoiled peas processed in
. the Qven.foriziﬂ minutes and in the water bath foéﬁ216 and
252 minutes,. From the nanspoiled jérs containing viablé o¢é
ganisms,_ﬁa mjcéides,‘B, gravéblens; aﬁa'ether-baeilli which
| appeared to bevvefy gimilar to ﬁa subtilis, were isolateds
The organisms resembling B. subtilis differéd from it in -
temperature relstions, since they gréw mofe abundantly at 37°
snd 469 C. than at 300 C. Bven though the identification of
" all the isolated organisms_wag not carried to completion,
their relationship 40 B. subbilis was established by demon~
strating that they were gram positive, spore~forming aerobes,
ugually mobiles .The ability of some of these organisms. bo
'grow‘undef anserobic, as well as aerobic5‘conditians was
shown by their growﬁh in dextrose agér\in tubes émé special

plates‘ffom.whieh the oxygen was. removed by absorption in.the
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etlon of pyrogall1e acld with sodmum.throx;de& Wo strictly
anaeroblc organlgms were lgolated.

In the case of auto-sterilization, the baé%eriahgresent@,
presumably responsible Por the syoilége,'eoula be -elassified
only by the'morphologieal characteristics which were évidenced
by a direct smear stained-withfgarbei fuchsin. . Thxee‘&istinét-
types of rods were observed, extremely large roﬁs‘varyiﬁgl .
“greatly in length, long narrow 1rods slightly'bent_~ana soine
short wmde rods which in some cases seemed: very like large
“ GOGGle ‘The pH values of the 11qu1a in the jars in which these
organisms were found was for the flrst type 4od=4. 63 fOr the
- second ype 5.8-6.2, and for #he third type Hod=6.1. -
| - Those . peas whlch gave no evxdenee of bacterial Sp01lagc,
an&.were considerea edlble, were tasted by the judges who
gscored them for palatabilxtyo The average results of ‘the seor-
ing are showu in table II. Though the ratings as & whole are
" low, there ére some ‘general trends whieh may.be poted. In the
columns marked "average, ae31rablllty'of flavoxr! amd."average'
grade™, beginhing with -the peas proqessed 252 minutes in the
waber bath and endiﬁgiwith those ﬁroéessed 524 minubes by. the
game method, will be found consxstently-h;gher semres‘

In seorlng the canned peas for palatability the guﬁges

were asked %o insert gomments eqncerﬁlag any predominant
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TABLE II, AVEBAGE PALATABILITY OF CANNED PEAS AS SCORED BY THEfJUﬁGESo
Variety © Method Processing . AV, Avs Av. P
of: . 4 of Period Desirability | Tenderness | Texture of] Av,
Pea, Year Canning Mins ~ _of Flavor of Skin Cotyledon | Grade
Laxtonian Spring 1952 Oven 90 . - - - 00
. L no.ow i 120 , i o - Q0
n w1933 " 150 - 1 1 e 1l s C 1 s
n Fall 1932 i 180 ) 1 2 = 1= Lo
n - | Spring 1983 m 180 1 2 = I ¢ i -
Perfection | Fall 1932 A 210 14 1% 2 8 =
"  Bpring 1938 { 0 v, . - 210 - T 1 8 2 2 1.
Laxtonian - " 1932 | Water Bath 180 1o 1 l-=- L=
S Fall™ @ oot oW 216 1 2 2 Lo
L | Spring 1953 woooom 216 1 1 2 - 1
1Perfection | Fall -1932 e on 216 1 1 A 1 &
¥ Spring 1933 H - n - 216 1 2 1 s -1
| Laxtonian Fall 1932 n " 252 2 3 - 2% 2
" Spring 1933 LT 262 2 3 2 2
Perfection | FPall 1932 L LS 262 2 & 2 2 "2
oo Spring 1935 noooow 252 1 2 - 1 s 1=
Taxtonian Fall - 1982 " n 288 a2 = 2 % 2 % g =
o ' Spring 1933 u o 288 -2 % 2 Z - g
Perfection | Fall 1932 " w 288 2 e 2 2 % g2 =
L | Spring 193%{ n. u. 288 2 2 2 s 2
Textonian T 198 wooow 324 3 2 - 3 = 2 -
1 Fall " woooon S84 2 - B o = 2
"o Spring 1933 wooooon B34 2 = 5 - 1 2 -
Perfection | Fall. 1932 " " 52 a - R # 2 % .2 =
n Spring 1933 v ‘ d84 2 2 2 2
Laxtonian Spring 1932 | Pressure (ooker 30 2 % 2 ¥ 2 % 1%
it u 1t ’ 1t NS { S 40 1 = Z - 2 £ A
" Fall ) i " 40 2 4 - 2 2 =
i "t Spring 1933 u. u 40 1 1= X o= 1
Perfection | Pall @ 1932 n " 40 1 2 - & = 1
n Spring 1933 | " i 40 1 2 2 1
Laxtonian Fall 1932} ¢ " 45 L& - 2 % z = 1o
n Spring 1933 R o 45 1 s 2 1% 1
Perfection | Fall 1932 " w 45 1 1 s 2 1
L Spring 193% o n 45 1 = 2 1 1-
Laxtonian - n 1938 1§ " n 50 -1 o2 i —— -
L Fall n L n 50 . B o= 8 & AR 8 =
" Spring 1933 " " B0 2 2 % 2 2
Perfection| Tall 1932 n " 50 SR = 2 2 % 2 -
A . Spring 1983 o n 50 1 R - 12 L

2
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peéuliarities of flavor. This résulted in an aceumnlation of
'ﬁescriﬁtive words ascribed to the various kinds of canned peas,
Slnee many. of the words Dubgestln pecvliar‘flavor54a§pearea‘
repeatedly for the peas of.each proeem51n method‘aﬁd.periodsﬂ
it was thought that they could be studied more eaSilylwhén
Lligted aeeoraiﬁg to the‘fraqueney—witﬁiwhich each particular
flavor was noted, as in téble Ilf; -Thﬁ'wards reeufring most
_ frequently are listed in the ¢1r&L ealumn,'whlle those men«
'{ tioned less often are Toun& in the sueceeding eolumnsn I&
wlll be noted in the oven and pxgssmre»eooker gfoups,that the
words "hay", "pland™ -and "old" appear most often; while "gréssy"
npubber® and not infrequently "sweet" or "natursal® oceur in
referenee to the Deas procesged by the Water bath‘methoaa
The seores in table IT for tlie texture of the eotyledon

are not high although ‘in many cases they are above those in

the column marked “average grade". ILow sdores may mean either
that the cotyledons were %ery’hara and arj or that they were
undesgirably soft and watery. The fesult$ in table IV furnish
evidenee that the pezs were, in general, boo soft rather than
too hard. Table IV shows the cl@ssification'ofAtenderness
tests made by the use of a penometers The United States Food
ana-Bfug Administratioﬁ (11) gives no standsrd for satisfactory

cotyledons other than the stipulation that they be crushed by

a weight of mercury nob @xceeding“two pcunas or approxxmately




TABEE-III;. PECULIARITIES OF WLAVOR NOTED IN CANKED PEAS, AS DESCRIBED BY THE JUDGES.

| Variety

Processing -

Predominant Peculiarities of Flavor

1983

oversweet

I rubber

Year Jethod
_of ~ and of Period : Arranged in Order of Fregquency ,
Pes, Season Canning Min. i 5 4 B
S
Laxtonilan {Spring 1933 Oven 150 hay rubber loil { grassy | sweet
R Fall 1932 oow 180 L old grassy { bland - | rubber -
" Spring 1933 " 180 bland sour rubber | hay 1 £ish
Perfection|Pall 1932 L 210 101d : spoiled hay bland metallie
n Spring 1933} - " 210 ‘metallic (only onejunspoiled jar) - B
Laxtonian u '1932] Water Bath 180 old ~ beefy sweet —— -
" Fall =~ 1. woooew 216 grassy . rubber 01l -caramel bland
n Spring 1933 L - 2816 . | rubber | 8grassy 0il starchy . | hay
PerfectionjFall 1932 woooon 216 - jgrassy - | old hay bland cgramel
; " Spring 1983 - N " 216 N St sweet ‘spoiled | acrid- old .
Laxtonian (Fall = 1932 " " 2b2 bland £rassy 'rubber | oversweet | hay
u Spring 1933 w it 258 - hay wo natural | spoiled old
Perfection]Fall 1932 " n 252 | sweet i bland | good old
n Spring 1933 f w 252 hay " old spoiled rubber
Laxtonian {Fall 1932 " n 488 0ld, natural grassy. n "o
" Spring 1933 u " 288 grassy sweet natural | hay old -
PerfectioniFall 19331 n " 268 L "bland 0il sweet “hay
" Bpring 1933 " n 288 " rubber hay 0il sweet
haxtonian | ¥ 1982 . u " 324 oversweet acrid . ——— - ———
" Pall n u t 384 | grassy natural sweet old rubber
f Spring 1933 " n 524 " oil rubber |metallic |hay
{PerfectioniFall 1933 n n 324 H bland £004 caramel sweet
" Sprihg 1933} ¢ " 324 " hay - Isweet bland - rubber
Laxtonian |- " 1932 {Pressure Cooker S0 sweetb oversweet |--- - -
1 L W L4 n 4.0 old n | U - . - o
n Fall n n it 40 rubber beefy. bland grassy hay
" Spring 1933 n n 40 grassy bland hay egg yolk |old
Perfectioni{Fall 1882 R n 40 beefy old gweetb sour spoiled -
w Spring 1933 n " 40 hay bland grassy |spoiled rubber
Laxtonian |Fall 1932 " " 485 bland rubber B 0il hay
" AS8pring 1933 n " &5 - ' grassy oil rubber "
Perfection{Fall 1932 b " 45 spoiled hay bland old grassy
n Spring 1933% n n 45 hay  grassy old bland spoiled
1Laxtonian n 1932 " " 50 too gweet caramel ——— - -
n Fall L n 4 50 hay ‘bland rubber loil grassy
n Spring 1983 " u - 50 - bland rubber - good gour -
{Perfection Fall . 1932}~ " " 50 hay sweet spolled {bland old
n iSpring u " 50 i old

{ spoiled




TABLE IV.

KESS COF CANNED PEAS,

CLASSIFICATION OF PENOHETER TESTS TO SHOW THE RELATIVE TENDER-

Procéss Total Clagssification of Tests o
and 'No. | Very NMed-| ' Veryl Sub=

Period Variety Tests)] Soft} Soft}| ium | Firm| Firm{ Hard{ Standard
Pressure Cookex C : , . T .
20 mins { Taxtonian 51 4 ¢ 19 16 | 10 A X 0
40 " 76 5 25 |. 32 . 8 2 4 0
40 Perfection| 57 5 22 | 101 9 4 5 2
45 w Laxtonian 48 2 12 1 20 .7 5 2 2
45 " - Perfection 33 4. & 13 2 3 . 7 1
50 W Taxtonian 2L 5] b 8 S 0 3 1
50 " Pgrfection 63 b 26 15 - ¥ 7 3.4 0
Water Bath e -1 : ' :
1180 mine Laxbtonian 10 01 1 8 1 0 0 0
216 " u - 20 0 4 9 4 1 2 0
216 " Perfection 23 1 iz 31 .7 0 0 0
252 ¢ . { Laxtonian 33 | 5 13- 81 .0 & 1 0
252 ™©  Perfection 46 3 19 9% .8 14 279 4
288 " Iaxtonian 25 2 10 4 2 4 3 0
288 " . Perfection 63 6 21 15 8§ o 7 B
324 ¢ | Laxtonian 30 6 11 Bl . 4 2 . v 0
224 " Perfection 67, 3 87 21y b 4 5 2
Oven . C S : o
150 mine Taxtonian 18 1 5 1 .6 2 . 4 1
180 = - 57 1 9 24 9 5 - 5 i &
210 Perfection 47 ) 14 B 9 317 3

i ;QQ“
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900 grams. In this experimental work, the pess which regulred

more than this weight are claasi’fie&i. in the .column "Sl;:bﬁ’baﬁ%

("i-a.ﬂ:zd'ﬂ{, 001};‘]'1@&01152 t@rm@& ﬂhara_*ﬂ:s gare those Which Wers 61‘11183]@& = .

by weights above 500 grams; "very firm" peas reguired 400}%6
500 grams} ﬁfirm", 300 to 400 grams; "mediuﬁ“{ 200 to %00 |
gramsi "soft", 100 t0 200 grams; and "very soft”, less than
100 grams. The degree of softness of canned pess is nob &eslmw
nated, as is the hardness, by the standerds of the federal
food and drugs act. Lt was very evident; however, that the
peas c¢lagged as very soft in t&ale IV are not of QE&lrable"
textare@‘ Aecording o the opinions of the dudgea who teabe@
the product for palatablllty, it seems probable that the peas
classified ag "meaiumﬁ or "firm" are most pleasing in‘texture;‘
A standard solor ﬁeét was alsgd applied TP deﬁermimé variéﬁ
tions in the color Of peas processed by varied methods aﬁ&'for‘
varlea periods. In‘tébles V and VI ﬁhe‘avefage golor nobations

are 1isted for hues brllllance and chromas These eolor_terms

are defined by Klekeraﬂn (21) in bhe fol;owing’way: Hue ig

that attribute of color whieh classifiés colors as reddish;

yellowish, greenlsh or bluish; brillisnce is ﬁsé& to distirgo~
ish between o light color and a dark color; and chrome dlsbtin-
guishes a strong color from & weak colors; The origilnal read

ings were btaken in percentages of the total area of the revolv-

ing disk whieh consisted of stanard colors.




TABLE V,. AVERAGE COLOR NOTATIONS. FOR CANNED PEAS EXAMINED IN THE FATL .
K BEFORE .STORAGE.’ -

Year

Processing

Perfection

‘B.90Y

5732

Variety ‘Method Average Color Nobtgtion
of . and - of _ Period _ e 2
Pesa, Season ~ Cauning - HMins Hue .| Brilliance|{ Chroma
Laxtonian | Fall 1932 Oven 180 6:44Y | 5,648 5,53
Perfection{ " " , " - 810 16,297 5,720 5,38
Laxtonian " " I Water Bath 216 16.20Y 5.876 5,86
Perfectionf " n " L 216 6 54Y 5.74% 5.4
Laxtonian n " u " 2862 5,98Y 5,790 B.42
Perfection{ *© n n 1 262 6,01Y 5,692 5.87
Textonian { " B " n 288 5,98Y}| = 5,603 5,68
Perfection} ™ " n ¥ 288 5.91Y 5.716 5.56
- {baxtonian n L " " d84 5. 75Y 5,473 5.58
Perfeection] ™ b " " ‘ %24 6.T2Y | 54677 5.55 .
Taxtonian ¥ n Pressure Cooker 40 6:58Y 1} 5.680 5,70
Perfectionj " u w, " 40 6.15Y 5.658 5.51
Taxtonian n i T " 45 6.05Y . 5.728 5. 57
Perfeection| "' U n n 45 5,867 5,694 5.40
Taxtonian n " " " 850 5.88Y} " 5,786 Ha64
1 it 4] it

5.453
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TABLE VI, AVERAGE COLOR NOTATIOHS FOR CANNED PEAS EXAMITED I? THE SPRING
AFTER STORAGE.
Variety Year. Hethod :roeessing " Average Color Notation
of - and of " Period : ‘ '
Pea . Seagon Canning Ming " Hue [ Brilliance{| Chroma
TLaxtonian |Spring 1933} Oven 150 - 8:89Y 1 54614 - ByR7
n oo we 180 2,86Y | 5790 5+:56
Perfection w u wo 210 2.65Y 5,790 5,60
Laxtonian " 19321 Water Bath 180 5,21Y 44968 5,456
n w 1933 i n 216 2.18Y| 5,824 5,38
Perfection i " " w 216 . 3,197 5:594 5,40
Laxtonian " N n v 252 2:,46Y 1 5,799 5.56
Perfection] © . i w 253 2+49Y |  5.854. 5,50
{Laxtonian n n L n 288 2,5%Y 5,559 5,08 -
Perfection " L w " 288 2:73Y ] D884 5.71
Laxtonian w 1932 n n S B3481Y 5,088 5.23
SN meo 1983 0w o 324 2:61Y 1 5778 5,65
Perfeetion meoono " " b8k 3,69Y. 5,620 - 537 }
Laxtonian ", 1932; Pressure. Cooker 0 4561Y 1 5.170 5,86 |-
RS " 19837 n " 40 4.785Y 55179 533
Perfection] " - LI SR w 40 2,78Y¢F 5,723 5,38 |
-{Laxbonian u n n A 4.5 . B:84Y 5.622 5,581 -
Perfection] * " L n 45 %:,09Y] 5.555 5,44
Taxtonian " no n n 50 1.86Y 5,769 .45
L W n n 50 2, 068Y 5,288 5.28

A .

LRI
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Formulae for arriving at the color notations ére givéﬁ'in a
bulletin issued by the United States Department of Appicul-
- ture (&1)% ) | w I

In table V, which gives the results of color tests made
on the canned peés e£amined in the fall, it will be seen that
the hue notations raﬁge from approkimaﬁely<5;253 t0 6.75Y:
When it is known that 5Y in Munsell's color circle repreéents
a pure yellow and that 7Y approaches green—yellow, and 1Y
approaches yellow-red, it will be seen that a notation of 5 -
7Y signifies a éreater percentage of green ecoloring than a
ﬁotatlon of & ~ 5Y5. In table V the lower hue notations appear
in peap processed by the ionger water bath method.s; With'the'
_exception of the PerfectiOn peas processed for 424 minﬁtese
The notat;on listed for the peas processed In the pressure
cooker for 45 and.ﬁD minute periods are also sllgh+ly'1ower
than those for the peas processed in the oven snd for the short-
est water bath times TIn table VI, which contalins the'reaultg
of color tests made On~thé peas examined in the spring, these
group differences are nob go appafent but notationa'for'the
Laﬂtonlan peas processed in the wabter bath for 180 minutes
and in the pressure cooker for B0 and 40 minutes are signifi-
eantly high. Comparing tables V and VI, which represent peas
opened immediately after'canning and péas opened after six
moriths? sb0rage, E2A markea dl;fereaee is noted. The peas stor-
ed for six months have dlstlnctly lower hue notatlonsn It
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will be noted in both tdbles that the notatlons for br1111~

ance and chroma do not vary m&rkedl; among the dlfferenu methods
and perlo&s of processing or between the two seasons.:

There are several factors, other than palatability and
color, which definitely influence the quality of canned peas.
Importagt amoﬁg"these are'thé odor of the peas, ani:thﬁ aver;.
age amount a@a'eongitipnﬂoi'the liquids In order ta:@emon-
strate the_influeﬁce of the;methoa and period of processing

on these faetors, the- data coneerning them have heen asgsembled

. in table ViI. Although,uhe odor was scored In nearly every

case by an 1nd¢v1dual, rather than a group of gudﬁes, the re-
sults may be com@area with the palatablllty scores listed in
table II. In the two tables the higher seores for desirability “
of flavor are consistently paralleled by thé.higher seores for
odor. - An exeéption'may be nated however, in the easé"ef the
peas processed by*the pressure cookey for 50 minutes where the':'
odor scores are alstlnetly Lower than the guagmant of flavors
Difference bebween the odor of the peas -opgned 1mme&ldtely
after canning and after &torabe are not apparent.

“Howeﬁer, there appears 10 be a difference in the condition
of the liquid in the canned peas examinei in the fall hefore-
storage as compared w;tn th&t in The gars oyened six months

later. -1In nearly'every case there 1S, after storaﬂeg & Sll ant

inerease in the degree of cloudiness.
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.TABIE VII. AVERAGE DATA RECGARDING CERTAIW -PHYSICAL RED CﬂEMIGAL PROEERTILS OF UNSPOIIED PRAS.

Veriety |  Year Wethod, »'Pr009831ng — quﬂl@ 4 e

. of and of . - Period age |Average Amount - Inches| .t Averale Odor*

Pea |- Beason |  Capning Min. | pH. Kﬁf?~£resﬁb | B-Z Beal] Condition Remarks
{Laxtonlan |Fall 1982} * Oven , 180 6.1 | 17 e ¢clear ‘1" hay
Perfection| " n n 210 sl | 1.4 ' e gl elouwdy {1 " .
Lextonisn | " " [Water Bath 216 6.2 | 2,4 mem w2 i
Perfection| " i ", n 216 | 6.2 3.8 S eloudy 1 ;
Textonism | "™ - . w | w . w° . § ‘g5 6.1 2.7 w==  .}sl: cloudy | 2
{Perfection] v n v 252 6.2 2:8 "=z - leloudy | 2= . hay; rubber
Laxtonian | W+ . 0 b LA 1 288 6.2 . 8.6 ' -==  jclear 1. rubber
Perfection] ™ W f - w w ' 288 164l 3.0 4,3 |sl. elomay {1 ™
Taxtonian W w oI on 1t : 324 T 6.1 2.7 o I %, W B -
|Perfection| " "o w.oo-u - %24 6.1 2.9 ——— cloudy 1 rubber -
Taxtonian | " " {Pressure Cooker|{ 40 6 o3 2.4 2.8 - |sls eloudy | 1= hay
Perfectionl " - " . i n - 40 6.1 249 B4 very eloudy {0 "  rubber
Laxtonian | " nopon n . 45 6.1 2,0 2.6 elaudy o w 1
Perfection| ¥ " L w48 | 6.1 1.8 . 2,5 10 strong hay
Iextonian | " e " " - B0 6.2 2.1 2.6 - n T w-
Perfection| ¥ . ™ W " - B0 6.0 115 2,0 very eloudy | 1 " hay
LaXtOQlaﬂ Spring " Oven ‘ .90 } 6.1 - 2,5 elouwdy © 1O M-
. u i i o v 120 5.0 _— 3,0 51, aloudy O Lo

" " 1953 L 150 6-1 1,8 - - " " am

" " " ' 1180 6.2 2.2. ~=-. |cloudy 1
Perfection " L ", i 210 —— 1.3 - very eloudy | O
Laxtonian | © 1952 Water Bath 180 6.5 | . 2.4 B8 'sl° eloudy 1 undercovked

" ; 1953 a 40 216 6.1 1 2.6 e T
Perfection| " u " " 216 6.0 3.1 c—m elou&y 2
Laxtonian | @ R N R n 258 6.1 2.4 == - {gl, cloudy- } 1%+ hay
Perfection| " o " u - 252 6.2 29 - clovdy { 1=
Laxtonian | " I ft 288 6.1 2.4 ~e~ 51, c¢loudy R
Perfeation " w n n 288 6.1 2.8 4,% - leloudy 1z
Laxtonian | U 1932 L . 884 62 38 4.1 sl., cloudy | &a-

t 1 19831 w " 584 6.1 2:06 wew _fCloudy 2
]_Derfee —Ll on " " it n : 524: 6l° :L ) 2@ 77 - - lﬂ 2 . \
|Laxtonian | ™ 1952| Pressure Cooker | 30 6.0 1.7 d.1 - L& -

no- " 1 n T & 40 6.0 1:8 B4 oon 1s metallic

" " 198%). " 40 | 6.1 | 1.8 3,0 om 1 ha; ]
Perfection} v n al . v 40 | 6ol ol d.2 " 1 w rubbery
Taxtonian | © LU SR N n 45 6,40 2.1 2:6 . (o "
Perfection| " i o oo 45 6.0 2.2 2.4 -} M 0 'strong hay
{Laxtonian | " 1982 Sow 59 5.9 1.9 28 8ls . eloudy‘ 1 hay
Laxtonian | " 1983] M L 50° 1 6.9 1.8 - eloqu o "
Perfection| " L " . 50 6s0 ,1w6 1.9 1L 1=

* System of scorlng - 00 = spoiled; Q = poor; 1 = fair; 2 = good
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In regard to the amount of liquid contained in the jaxs,
table VII shows that the average ligquid level in the jars pro-
cessed by'the water bath meth@d is noticesably ﬁigher'than‘that‘
in the jars whiech were canned in the oven and pressure cogker.

Table VIII GOﬂtdlﬂu data coneerning the condmtlon of the
spoiled peas. It will be seen that the scores for odor are
.very low, as would be 1nd¢eated by the general acceptance of
disagreeable odor as a aependable criterion for the dete@blon
of spoilage. The increase in cloudiness which appears with
baéferial grqwfh is also a condition which has éeen consigt-
ently noted in spoilage studies. ‘

Included in tables VII and VIII are"the average DH
values of the 1iquid,cohtained in the jars of the unspoiléd
peas.‘ The averaées for peas prncemsed by varied methods and

periods remalns falrly eonstanb.. Bpoilage, hchever9 is marked

in neariy every instance by a.lowey pPH values
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TABIE VIIT. AVERAGE DATA REGARDING ‘CERTAIN PHYSICAL AND CHEMICAL PROPERTIES OF SPOILED CANNED PEAS,

‘ Variety A Year . Method . . Processing Avér— ' o ‘ Tiquid T ;
of . and | . of Periodl ‘| age |Average Amount - LNCLES =] Average OGor”
Pea, » Season | Cooking ! Min. - | pH. |Keé¥r-Presto | B-4 veall Condition |  Remarks — .
|Textonian | Fall 1953 Oven 180 .| 5.4 | 0.8 —-~  leléar . | 00 may . |
Peyfection M n . n, 1 210 ] 6.0, Byl o} 148 - {very cloudy] 00 sour,putrid
' f -y n Water Bath 216 : 6.5 { 3.9 . - L w00 '
i R B 1 1] o {3 : 252 ‘6,612 2.0 —— 3 tt 1 00 L L1
R om {1 o on 224 6.5 %.0 ——— teed oW oo 1 .
Laxtonian Ppring ¥ Oven - 90 5.8" 2.4 . 3.3 cloudy 00 o
it n LU i - 120 5.8 2.1 - 5.1 sl cloudy § 00 putrid
w " 1953 n B 150 5.8 2.0 " mm-  lvery oloudy| 60 ~ ® .
: " g L " : 180 5.2 2.0 — u " 00 sour,cheesy
Perfeetion| * n L . 210 6.1 2.1 2.8, n R 00 pubrid -
Taxbonian | " 1932 {Water Bath | - = 180 - 3.5 S " 00 _
Perfectiont ¥ 19381 ¢ RALEER B 216 5.6 &.8 4,5 i " - 0 sour,putrid
Laxtonian | » = n | wo.oom 262 6.0 2.5 —— b T o .00 putrid
Perfection| ™ w LU L , 258 6.0. 3.0 - " w 00 )
m g t " L 288 5.4 2.8 4.3 noom 00 sdur
" n it LI %24 . 5.8 2.0 — S B 00

* System of scoring:- |

- 00 = spoiled -
0 = poor
1l = fair
£ =

good. .
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DISCUSSION

The spoilage percentages given in table I of the fesults
-show quite éonclusively that the oOven method of proeéssiﬁg,-
rfdr the periods tested in this expe;imenﬁal work, is hoﬁ gatis~
factory for canning peas at an altitude of about 5000 feeﬁq
Altﬁough-there is little experimental data concerning oven
'canhihg, Panner (28) has stated thaﬁ oven processing is not
40 be recommended under any circumstances for non=acid foods. ﬂ//
He attributes the failure of oven canning to the extremely
slow heab penetrétion which oceurs in Jars plaqeﬁ in the'hot
air nmedium., | N
The unspoiled oven éanned péas_weré not scored very high
for palatability. This lack of desirable flavor, together
with the great loss of liquid from the Jjars, gives litﬁle
aésurange that lengthened periods of processing by this method
would give satisfactory resultss
- The water bath processing for periods of 180, 216 and
252 minutes resulted Iin spoilége gﬁite comparsble in amount
+to that of the oven canned ﬁeasa The ;80 minute‘period'may
immediately’be clasged with the oven prpeessing periods as
unsaﬁisfaetory; both in respect to spoilage and the resulting
. proﬁuét, The:e'aré,ihowevér, some.n@ticeable.irregularities
in the percentages given for the jars proceséé& in the water

bath for 216 and 252 minutes, -in that the Parfection peas had
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spoilage percentages of 46,2 to 7n;é in contrast to 8.3 Der-
cent, among fﬁe‘Lgxtonians processed for 216 and 252 minutééQ
bable I, Hention has bedn mads of the fact that the Perfection
peas were shelled by machine in the field, whereaé the Laxbton-
jan peas were brought unshelled to ﬁhe laboratorjg Hormington
(22) has indicated specifically the neeessity for cleanliness
in shelling, and. other writers have algo p01nﬁed,out the effeect
of care in handllng ‘the shelled peas on the total contamination
of the canplng materlal, The spo;lage percentages among the
?erfection peas is‘probahly'aqe then to the.greater ex@osure

of the shelled peas; a condition which the Daxtonians did notb

undergo.

The spoilage of the Laxtonian peas canded by the 216 and /c;

252 mﬁnute water bath periods is ndfgfeater in amcqnt than the
spoilage loss among the DLaxtonians ﬁrocéssed fcr 268 and 324
minutes, However, the spoilage pereentages among the Perfec-
tion peas, which Wére presumably more highly‘contaminatad;
permit the conclusion thap these shorter water bath periods

do not'allow for any great variation in rumbers of bacteria
present. The influence of raising the average "haeterial
Joad" ‘or contamination is pointed oubt by Tanner (28) and

- Bigelow { 4). Since great variaticns in bacterial contamina—
tion must be expected under the. con&itlons existing during

home canning progedures in different localities and during

&

N
N
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d%fferent geasons, no method or preriod of prpéessing'whi&h
does not allow ﬁor a reasoﬁable fange in this respect‘shbula
be reebmﬁendea; ' '

The guality of the unsp01led peas pleeessed at 216 mﬁﬁ
252 minutes is falrly good, shown by the average llqulﬁ levol
in the Jjars, by the palatablllty Judgments, and remarks eoaccrn—
ing peculiarities of fi&vorg These 1nd1catLons that the mebhod
warrants further investigation uging longer proesssing periods,
are borne oubt by the favorable results of the 288 and 324 min-
ute periods of the same method. | |

It was 0 Be expected that the 1érge-prop§rtion of spoil-
age 1ln the Jars of péas pﬁceéééed by the oven method,agg by
‘the shOrter~periods~of the water bath mefhod would be accom-
panied by extensive haecteriological findings. . in the results
mention has been made of the types of organisms founds . They
coérespond in part with those igolated bj Lang(ls),.Wyant.and  ‘
tweed (50), Bitbing ( 5), and ormington (22), all of m;hr.)m. "
have studied spo;lage in home cahned vegehables. The idanti—
fication of Bacillus gr&veolens, an organisﬁ noik meﬂblosed by
any of bhese workers 1s not’ partlculaﬂly‘algnxfleanb, sznae
this bacillus is of the same group as the other aerobic’
‘sPore—formers and dlffera only in its abiiltv to grow well ab

higher temperatures, as well as at 500 Cos. $he OPtlmum temperaw

ture for mow t of these organiwms¢ TannexGﬁﬁ hag svmmarlzed
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the significance of the organisms such ag were found in this
experimental wofk. He states that aefolbic sporewarminv bae~.
terlia are ord;narlly less heat resistant than the anaerobie
spore- formarb* that thelr presence 1nd1eates either 1nsuffl~
cient processing of leaky cans, bub that their presenee might
be due to unger~processing,'especiallj:in the case of foods
proeessed in.boiling waters

In connectionlwith the isoiation of aeroblg organisms
from the canned peas, there arises'a questicn'concerming the
amount of air which was included in the jars. & spéee:of-ohe—
half inch was iefj: between the liguid level é,nd the 1id, of
each jar. Theoretically, a rather complete Uacgum.islformea
in- this spacée by the condensation of the steam Whleh.gather
there .during the processing perloa, How much alr remains in
this space or 1s dissolvéd'in the 1liguid is not known, How-
ever, it is khown'thétxﬁé;v‘iittle oxygen is reguired by some
aerobic orgdnlsms, partlcularly Lhose which are faculta11Ve,
28 were some of the bacter1a lSOlate@ during this experxmental
workj, It may . be assumed too, that’ faulty sealing ls more
prevalent in home .canning where glass jars and rubber, rings
are employed;'than iﬁ commercisl work whére tin cans are or- .
dinarily used. |

The oceurrence of v1ahle org snisms ip some of the un~

spoiled jars is immediately sqggéstive of faulty technigue,
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since Tang (18) and others Xave stated thabt unspoiled canned
products of low acidity rarely comtain living bacteria. How-
ever, this coundition was confiné& quite definitely to the peas
canned. by the oven method and shorbter water bath periods, in
which all organisms were not destroyed, as is shown by the
spoilage percentages. It is quite obvious that if ihese or-

- ganisms were introduced through poér technique they wonld
have appeared also in some of thé unspoiled jaré progessed

by the more suceessful methods. TFurther evidence is found in
the 1act that the organisms occurring in the unspoile@ peas
are Bacillus graveolens, not isolated from any of the spoiled
jars, and Bacillus mycoides, not associated singly with spoil-
age in these peas, The faet that Bacillus graveolens and the
other unidentified aerobic,3pore—fofmers in the unspoiled peas
are Organiswms which do not grow so well abt room bemperature as
at 400 to 50° C. may account for the abgsence of actual gpoil-
age in jars where these organisms were Tound to be stlll liv=-
ing. It is quite DOSSlble then that prompt cooling and immed-
iate storuge at a temper&ture ranging from 15 to 250 C. inhi-
hited the development of these organisms to the exbtent. thatl
spoilage did not oceur. This view concerning inhibition due
to storaze condibtions is that generally held in regard to

thermo§hilic bacteria whieh do not cause spoilage unless the

tempéf&ture of their sunvironment becomes favorables
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One of two things has probably happenea to those organ-
isms which appear in large numbers in the SUalned.smear ma.de
directly from,the,spollea peas, but which do not grow Whenl
samples'of the canned peas are transferred to the usaal.cul«
ture media. TFirst, the culbure media and incubafing conditions
may not be satisfactory for the‘pSGuliar re@uiremenﬁs‘of these
organiums; Secondly, the organiém%'may have grown nofmally
until the products of metabolism, sueh as organ:c aei&s, have
accumulated to such a aegree that the death- of the bacteria
results. This is the phenomenon Whlch,Tanner (28) aptly re-
fers to as aubo—sterlllzatlono In this experimental wérk; the
acidity determln&tLon in at. leasﬁ a part of these eases whleh
are classed as aubo-sterilization is low enough (4@4 - 4.6)
to Suggést destruction of the organisms by the'excessive 3COUMmA~ .
lation of acide |

The species of the identified organismg is significant
inksuggesting the sources of conbamination. Bergéy (1)
mentions soil as the habifatVOf.éaeh of the drgagismsiiﬁentie_
fied ivi this work. It should be explained, howevera.thétA_
Bacillus s&btilis, commonly knbwn.aé the "hay bacillus" is
found not only i the soil but in hay, on the foliage of
plant$, and in many other gimilar locatilons.  it is then,
readily seen‘thét organismsiof this genus ﬁighx be fqund.in«

abundance On pea: vines.
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The results of the canﬁing by the water bath method fox
perlods long enough 40 compensate forlthe lower boiling point
msintained at an altitude of 5000 feet, aée not in aceﬁrdanee
with tlie predietions of many of the workers who make camning
recommendations. Lven Wormington (22) whose comparison of the
anount of spoilage in the pressure cooked und water babth pro-

cessed vegetables ghowed very little difference in resulis,

concluded that the processing of cold packed canned vegetables

should'be carried out by the steam pressure method, to secure
the greatest probability of success. In this worlk, however,
the loss from spoilsge among The peas processea'for the two
longer periods, 288 and 324 minutes, is not grea%ér than the
amount which might be expecte& to oceur because of Faulty jars -
and rubbers, allowing leakage. OFf a total ol 35 Jars process~
ed in the water bath for-288 minutes, two were spoileay For
one of these Jjars, tﬁere is a record of a cracked‘liﬁ which
was replaced. The re-processing perio@ following thié was
evidently not sufficient to destroy the bacteria introduced
wheﬁ the lid waé changed. Among the 46 jars of peas. processed
for 324 minubes in boiling water, spoilage was noted ig only
two jars. ‘ ' \

Assuming that the proportion of spoilage among the peas
canned by the extended water bath periods is small enough to

warrant the use of this. method in home ganning, it is then
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desirable to compare the guality of these products with the
quality of the pressure cooked peas, which were free from
spoilage and from any evidence of miero-organisms, as will
be noted in table I. The peas processed by the pressure
evoker method; with the exceeption of the fifty minute period,
do not rank so high in palatability as do the peas processed
by the water bath method, as shown in table II. The descrip-
tive words used by the judges in veference to the peas of
these two grdups, table III, further eﬁphasize the differences
between the products of these two methols of cannlug. Wﬁether
the preference for the peas processed by the water bath method
may be associated with the more frequent occurrenee‘of flayors
described as "sweet" and "natural®; or whether "grassy" and
nppbber" flavors are less offensive thun the Thay' and "bland"
taste aseribed to the pressure cooked peas, is not a point to
be réa&ily declded.

So little has been written concerning the substances
responsible for flavors that these peculiar tagtes present
in canned peas must be explained chiefly in theory. If the
Thay" flavor accounts for the low scores given the peas'proﬂ
cessed in the pressure cooker for 40 and 45 minutes, some
reason must be found to explain why peas of the B0 minutbe
period, canned by the same method, and having elso a "hay"

flavor, were scored higher. The judges have mentioned "sweet"
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and "oversweet"® more often in connection with these reas of
the 50 mlnute period and it is possible that the "hay" flavor
is masked by sweetness. If the Lnowleage of the ehemlcal
compounds related to. flavor were more extensive, an ekplané» o
tion might be .offered on the basis of possible volatile prga,
ducts Whieh.may be formed by the longer heating'period at

~ high temperature@. It is guite conceivable that, these sub- '
 ‘ stances, ren&ere&'more volatile by longer heab treatment,
would bé"paftially driven off by the short period of boilihg.
which each of the samples undergoes befdré being tasted.

Much of the disagreeable flavor would then be alssemlnatedg
permlttlng uhe moyre desirable. flavors to govern the gungmenb
-0f taste. Shorter heat treatment, it mlght.be assumed., would
not have the same volatilizing effect and the unpleaéant fla~
vors would predominate, as they.do in the 40 and 45 minubte -
pPeas « | | |

The extensive eolleetion‘of flavors déscribed by the
'Jud sges indicates that Lhere are MUMETOUs unknown subgtances
formed by the-&ecompos;tlon of peas during the canning process.

One of the péculiér flavors“meﬁtionéd,bceasionally ﬁhroughout
the grbups of cahned peas, but particularly among thp$e pro=
cessed at higher temperatures, is a "beefy" taste. A beefy
or meatelike tasfe has been. described in comnection wiﬁh some

‘salts of glutamic acid ( 29. Of these compounds monosoaiuin

srranl P
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giutamate has the most proaounced meat-like flaver, and it
is manufactured extensively in China and Japan Wheré it fup-
nighes the meat flavor sgo often lacking inm the restricied
diets of the Oxient.(le)p. Although.no mention has been made
of the occurrence of this compound in peas, it would be inter-
esting to determing,wﬁether monosod ium glqtamété:is associated
with the beefy flavor whigh seems to ﬂecuf-in peas under cerm-
tain canning conditionso -The high percentage of‘glutamiq
acid which is present in the protelns of peas and inifhe glu~
tathlone oceurring 1n peas 1ls at 1east suggestive that th:a |
glutamate may be formed. .

The chemical reactions related to color change are nearly
as obseﬁre as those relating to the production of flavors, A
very good explanation for the colog change producea by cooking
vegetables in water is.postulated by Halllaay'and Hoble (14).
They - assert that the color change is due, not to solution of
the «reen color 1n the cooking~water, butbt rather to the decom-
~posgition . of the 1nsoluble,eolor1ng sibgtance, chlproyhyllw
Heat -and aéid are most effective’in its destruction. The water
used in precooking the pecxu for this experimental Wofk had a
. pH value of 7.8 Refefrlng to table VI, it will be seen that
the eanﬁing process caused the peasg to lose a gsufficient amount
of acid to give the liquid in the Jars a pH value of about

6.0 to 6.2. In some types of chemical reactions this change




wB2e .
in acidity may be considered of real significance. A&s regafds
the effect of sborage on color which was evidenced 5y a 10S§
of green coloring, it may be agsumed that ﬁhe chemical reagtion
caused hy the presénce of acid may go on fﬁr some time after
the condition. of increased acidity is first established.

That this resection tékes place in the}absénce of light miay
be concluded from the fact thet all the canned peas used for
this experimen%al work were stored in Woodén'cupboaras whigh‘

i

were kept closed. - | : - . C | -
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SULLIARY

-In this study of honme eanning,‘nea$ of the laxtonian and

Perfection varletxes were uged. The Laxtonianfpeas were

" ghelled bv'nand in the laboratory, while the Peffeations

were shelled by machlne in the field.

fThe peas weére prouessea by three different methodb and for

varied perlods, ag Pollows:-
Oven mephoa,a 90, 120, 150, 180 and 210 minuLess
Wafer bath method m‘180, 216, 2b2, 388 and 324 minutes.
Préssure cooker method < 30, 40, 45 and &0 minuﬁeso

The tests that furnished the data for this study were

,eafried out at an altitude of about 5000 feet shove sea

level, where_tﬁé temperatﬁre df boiling water varies from
2020 to 2040 T.

The percentages of spoilage oecurring in the peas camed
by the various methods and periods were as follows:s

Oven - Laxtonian - 90 minutes - 72. 7%

o 120 " 90,9
n, 150 L 16.%
m 180 " 40.0
Perfection 210 n 5le4
' Water Bath - Laxtonlan - 180 minutes - 56 .4%

w e 216 8.9
PerfeetLon 216 " 70.8 7
Laxtonian 252 , " 8.3
Perfection 252 " 46.2 o
Igxtonian 288 A 0.0
Perfection 288 = ™ 9.6
Taxtonian %24 - T . 8.9
Perfection 524 n 4.2

Pressure Cocker - o spoilage
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A1l of the jars of peas were exémined‘for baeterial-edﬂtenta
The organisms isolated from the spoiled peag were Eainiy
spore~-forming Ffacultative aerobes, often -found in soil.
The higher rate of gpilage noted in the Perfection peas
that were shelled in the field confirms othier experimental
woxrk which has-éhéwn;ﬁhe'relatioh-betWeen spﬁilage in peas
and soil pdntaminationb '
When the vngpoiled peas were Judged ﬁbr palafability, those
processed for the highér’wéfer’bath periods, 288 and 324
minutes, énﬂ some oFf the peas processed -in the pregsure
cookeyr for 5O miﬁutes were gcored higﬁer than the others,

Many peculiar flavors were noted by the judges. It is

. suggested that one of these, a "beefy" taste, may be asgo~

clated with a glutamate having ‘a meat~tike flavorc

The pencmeber tests showe& that the magorlty of the peas,
processed by all the periods and methodsﬁ %?ﬂéﬁﬂ.t@/be too
soft rather than too hard.

The coloy of the canned peas., as determined by comparison
with standard color aisksw was found to untergo a decided
change during six months® storage in the darlke This color
change was atbtridbuted to the des@ruction,bf ehlorophylls
n the oven-canped peas processed for perioas ranging from
90 minuteS-to»ZlD ﬁinutes, gpoilage oceurred to such an |
extent that this method‘WLth the periods used cannot be

recommended. The quallty of the peas did not prove ﬂeSlr-
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able, anc the probability of success from lehgthening the
periods of procesgsing by this method is not indicated.
The amount of spoilage among the jars of peas processed
by the water bath method for perioas of 180, 216, and 252
minutes was oo great to permit the recommendabion of these
periots of proeessing by the water bath method at an alti-
tude of ﬁbout BU0O FTeet. The quality of the unspoiled peas
seened to: indiecute that further extension of the processing
perion would produce satisfuctory results. |
Phe loss from spoilage of the peas, processed by the water
bath method for the two longer periods, 288 and 324 mimates,
wus no greater fhan tiie amount which might be expected to
ocour because of slight imperfectiuvns in the equipment
for home canning. The quality of these peas was Judged to
be good, in regard to palababillty, texture, and appear-
ange.
There was no spoilage among the pressure coolied peas for
any of the processing periods. However, the B0 minute
period peas were more pheasing in flavor than those pro=-
cecseld for shorter periods, and were éomparable to peas

processed by the water bath method for 288 and $24 ninutes.
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CONOLUSIOWS

When peaé are‘éanned at an‘alﬁitude of abéuﬁ 5000 feet
by the oven method of processing Ffor periods ranglng
from.gﬁ ninutes to 210 miputes, the resnltc are. unsatls~
factory as Jjudged by the high degree. of gpoilage and the

ponr gquality of the unsp01led peasg

" When peas are canned at an altitude of about 5000 feet

by the. water bath method fdr the perlods of 180, 216 and

252 mlnuﬁes, there results an unsatlsfactory'pfo&uat *vom

the standpoint of spoilage, althOth the quality of the

unspoiled peas is fairly high.

Canned peas of wood guality and minimal spOLl&ge percent&bea
are producea by PTOGGSSLﬂm by the water bdth.metho& for a

period. as shart as 288 mlnutes at an 9ltltu&e of about 5000

feet. - ’

Peas canned by processing for 50 minutes in a pfessufe
cooker at a temperature of 2400 F. and a pressﬁre of 10
pounds {corrected for an altiﬁude of 5600 feet) are free

from spoilage ahd*are of good quality.
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