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INTRODUCTION

& number of reports have appeared in the literature since 1933
considering faotors which influence the quality of fresh vegetebles from
the time they are harvested until they are canned or froren for the
market, 7The ususl method of Judging the guality of fresh vegetables ia
4o exemine them for good color, fresh odor, sheracteristic flaver, and
firm texture, Sueh eriteria are of value, but they are all primerily
subjective tests and thus may indicate enly gerwral changes in quality
which may be the result of handlings New teets for the determinstion of
gquality have also been introduced.

Among these tests, vitamin € content has been suzgesated as a good
index to quaelity. It has been shown that the vitamin ¢ econtent of some
vogotables 18 grester in oerdain veriebies then in others and that the
gonventration of this vitemin on the percentaze basis deoreosses with
inereasing maturity.

¥eny food technologists have demonstrated # deorease in the cone
centration of vitamin C and other nutritionsl substances during the
proceseing and storsge of fresh vegetables, lNHowever, ne single stiempt
has been mede to test simultansously for all of the chenges that may
indiecate an alteration of quality during holding end processing opere=
tione prior to esmning or feoosings vor to determine the relationship
of microblel growth on wegstables to changes in nutritionsl values.

It 18 the object of this imvestigetion to study the effect of
holding under vinery conditions of blanehing, and frozen storsge on the
quality of several varietles of pees and lima beans; and bo determine
the possible influence of miercbisl setivity upon the destruction of
vitemin € in these vegetabim,



2.

As indicen of sny variation in quality, and as possible explana»
tions for any change that might coowr, the pH, the mieroflors, and
vitanin ¢ and sugar content were studied at regular intervels. To
dumonstrate the possible reletionship between mierobial sotivity and
the destruwtion of vitemin € in pess m lima beans, pure cultures of
bagteria were isolated fyem these foods and tested for their ebility
to destroy vitemin C in vitres
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4.
Fritzgerald (1938) showed these seme varieties of peas lose 30 per
cent of their ascorbic secid content in preparation for freesing; of
this, 10 per cent of the loss was the result of blanching. Horeover,
they stated the minimum loss of vitemin C occurred when the blanching
period used was just suffiecient to inactivate the enzyme, ascorbic
acid oxidase. A one minute blanch in boiling water was reported by
Kertesz and co~workers (1936) to be sufficient to destroy the ascorbic
acid oxidase in peas. PFenton and Tressler (1938) found the vitemin C
content of the Thomas Laxton variety was reduced 38 per cent during
the various processes up to the ectual freesing, Studiesg by Tressler,
Mack and Jenkins (1937) proved lima beans blanched in boiling water
lost from 19 to 40 per cent of their ascorbic eecid content, depending
upon the length of the blaneching period. A 19 per cent deorease
osourred when the lima beans were blaneched for 30 seconds, and when
the blench period wes increased 150 seconds, a 40 per cent loas of
ascorbic acid was detected,

The importance of Fefrigeration in preventing éhe loas of vitamin
C from fresh vegetables has been demonstrated by Jenkine and cow-workers
(1938)s They showed there was practically no loss in vitemin ¢ from
shelled peas when held at 4°C. for 93 hours, but when held at 27°C, =
14 per cent loss in this vitemin occurred in 3 hours.

Chenges in sugar and starch conecentrations in pess have been
reported by Jones and Bisson (1532)s. Their studies indicated that
during storage, sucrose decreased much more rapidly in shelled then in
unshelled pease At 0°C. the percentage of sucrose in shelled pesas

remained almost constant for the entire storage period of 168 dayss
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At 28°Cs about 34 per cent of the suerose was lost during the first 24
hours of storagze and 88 per cent was lost during five days. Little change
in the per cent of starch was noted by these authors in shelled peas
stared at 0°C4 At higher temperstures, they found that starch was more
abundant, Jones and Bisson interpreted these observations to indieate
formation of the stareh through the polymerisation of the sugars, and to
sxplain the loss of sugar. The gzreatest per cent inerease in starch was
noted in semples stored st 25°C,

The cholece of satisfectory indices of guality in fresh end froten
vegetables is a prodlems Tressler (19358) listed a low bsoterial count,
the absence of the enzymes catalase and peroxidase and a high vitemin C
sontent as evidence of a high quality frozen product, snd therefore,
indicative that a good quality fresh produet was used for freezing,

Typss, as well as numbers of microcorganiens, are of importence in the
consideration of changes in quality since some bacteria can Lring about
more rapid deecay of vegetables than others end thus cause greater loss in
mutritionel values Brown (19533) showed the dacterial content of fresh
vegetables suoch as peas, lima bemns, and spinach included many ponwpathow

genie mierocosci, some baeilli, and a few bawwgaavuawan and Saroinae,

After the freerzing of these sams vepetables, Brown isolated many beeilll,

some Flavobacterie, Achromobacter, diplocoecci, streptococci, end organisnms
of the aewuw Lroupe

Studies on the microflors of fresh snd frogen lime beans were conduce
ted by Smart and Srunstetter (1938). They reperted the isolation of

spocies of Achromobacter, Aerobacter, Flavobascterium, Pseudomonas, Sarcinse,

Phytomonas, Vieroeoccus, several specles of baeilli, and many specles of

yeasts and molds from fresh and from blsnched lima besns, After frozen
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storage at 16°F, for from 3 to 16 monthe, portions of the ssme materials
yielded a flore similar to that found on the fresh beans, Zpecles from

three of the generalonly, Aehromobacier, Aercbacter, and Phytomonss, failed

to survive the freezing. ‘“oreover they showed that blanching, cooling and
freszing operstions reduced the microbisl ecount of the lims beans more than
8¢ por cents

In snother report, Smart (1937) demonstrated the survival of specios
of yessts, molds, snd laotobaoilli on fresh peas which hed been seslded for
one, two, and three minutes and then stored at =17,8°C, for five to seven
morthae

The pessible influence of miercbial asctivity upon the destruction of
vitanin C in foods hes not been overlookede. Lepkovsky, Hert, Hastings,
and Fresier (1928) reported Streptocoecus laoctis isd no effeet on the

vitamin C content of orange and tomato julces. Bifano and Servarsi (1935)
infected lemons with Pemieillium disitatum and found the'  vitamin C con=

tent was the ssme as noneinfected lemons,
¥any other investigators have demonstrated the agtion of pathogenie
and nonepathogenio bactaris on thw stebility of ascorbie acids Stepp end

Sohroder (1038) reported s strain of Escherieshia coli espable of decomposing

sscorbie ecid, and Kendall and Chinn (1939) isoleted members of the "Mucosus

e ———— i

awluzwawﬁaa and Enterococous group which fermented this vitamine The latter

workers oxpressed the belief thet speoific strains of bacterie rether than
all straine of any orx species were able to ferment ascorbie aeids For

example, they found s strain of the Flexmer bseillus, one of the "Hucosus

espsulatus™ group and one of Alealigenes thet definitely inhibited the ate

mospherie oxidation of viteamin C while cther strains atitscked the vitemine
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the decomposition of escorbie acid by these bacteria was carried beyond the
reversible dehydre stete, and that ascorbic acid was utilized roadily as a
earbon food when the wedium conbained & suiteble source of organie nitrogen

suoch as peptonss



EXFERIVENTAL PROCEDURE

As Handling of Produects.

s Peass The varieties of peas used in this study were the Dark Podded
Thomas laxton® and Credus grown on the niversity of Varyland's experimental
farm at Ridgely, Yaryland, Each variety was seperstely vined, shelled,
oleaned and greded for size in the comwercial equipment at the experimental
farms Sizes five and six were used in these tests besause they represented
the largest perecentage of the erops After sizing, the pess wers hand sorted
to remove pieces of vine and crushed pess which passed the mechanical
eleaner, lLug boxes 16" x 12" x 12" were filled about twoethirds full with
peas of each variety.

Blenching was eccomplished by placing the peaz in a wire basket and
immersing them in boiling water (100%C,) for one minute. During the immere
ga@ period, the pess were constantly agiteted .ew. moving the wire basket
up .ﬁ& down in the boiling waters The basket was removed and the peas
ringed with untrested cool apring water at a mean temperature of 20°(C, to
stop the action of the hest and to rinse off the remainder of the blanch
waters

After 0,2,5, snd 8 hours holding at epvroximately 30°C., the aversge
tenparature of the vinery, portions of the ssmples were blanched and the
followi ng tests, bacterial counts, pH values, dry weight, suger and vitemin
C content were run on both the unblanched end blanched sampless

As there were no facilities st the farm for laboratory experiments,
samples of unblenched and blanched pesns collected after sach holding peried,
were frosen in gize Hos 1 tin oans by packing the cans in s freezer chest

* In all subsequent discussion, the Dark Podded Thomas Laxton wveriety of
peas will be referred to as the "lexton variety.”
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Total sugar was determined by the Isbell, Pigran, and Frugh (1940) modie
fieation of Sceles cuprousechloride-~iodide method, The suger was extracted
fron 20 grem samples of peesafter thay had been triturated in alechol and
digested over a water bath for one hours Possible interfering protein subw
stances were raeroved by precipitation with a saturated lesd scetate solution.
After removal of the lead with sodiun oxalate, the extraot was hydrolyzed
with hydrochlorie acid, and neutralized with enhydrous sodium carbonates A

10 cubie centimeter aliquot was removed axnd employed in the sotual analysis,

Des Vibamin €. leterminations

le Effest of Handling end Frozen

The ascorbie moid content of pess and lima bean samples was determined
by Bessey and Eing's modification (1933) of Tillman's method in which sodium
Z,6=dichlorophenolindophensl is used as the titrating reagent. The vitemin
wag extracted in an eoid solution consisting of equal parts of 3 per cent
metamsphosphorie aeid and 2 normal sulphurie seid by grinding 20 zrem sawples
‘with seidewashed sand (Thornton, 1938)s Preliminary tests showed that e
grinding period of one and onewhalf minutes was sufficient for thorough.
extraotions The extraect was separated from the sand and other solid materisls
by filtretion through cotton followed by centrifugation. A 1110 dilubion was
prepared from the extrset and 20 cuble centimeter aliquots were removed and
titrated directly with sodium 2,8«dichlorophenclindophenol standsrdized to
equal 0al2 mgs. of vitemin C per euble centimeter of the dye. Duplicate
senples were used for sach test, snd analysis were mede on doth fresh and
frozen stored samples of peas end lime beans. SHSeparate analysis for vitemin

C were nade on green and white beanas

2s Effegt of Pure Cultures Isoleted from Fess and ldrma Heans Upon Pure

Vitamin Cs
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Be pH Determinations

Changes in the Hydrogen-ion concentration of peas and lima beans were
deternined by employing a quinhydroneeelsetrode calomel halfecell potentiow
meter. Hydrogen=ion determinations were made both on the skines and on the
inside portion of the pea ssmplos sepsrately, and on the whole besn in the
case of lima bean ssmpless The samples were triturated in e morter with a
few cubic centimeters of distilled weter, About twowthirde of a euble
centimoter of the triturated sample wes pleced in a small gless oup 4o whieh
a small amount of quinhydrone wsg added and wixed with the smmples The
teporsture wesg noted end the electrodes placed in the eups The Fh value
was resd on the potentiometer and the pH obtained after temperature correc~

tiong were made by use of standard conversion tsbles.

Fe Dry Weight Determinations

The dry weight of peas and liza beans was determined by welighing 20
£res samples of eaeh lot in petri dishess The material was crushed and to
...,agw dish & smell smount of 70 per cent alechol was added to facilitate
rapid evaporation, The samples were placed in a vasuum oven which was held
st & temperature of 75°C. end maintained at a vacwum of 25«25 inches. After
a period of 24 hours, the samples were removed, cooled in a dessicator, re~
weighed, snd then placed beok in the oven, This was continued until constant
weighte were obtained, The samples were then cconaidered free of moisture,

and the per cent total solids celeulated,



RESBULTS
Ae Effect of Handling on ierobial Numbers and Appearance

1s Peass After holding phelled peas two heurs, there wos no great change in
bacterial numbers on oltﬁar the Laxton or the Gradus varietiess After §
hourg holding, the bacterial count incressed 93,33 and 88,13 per cent on the
Laxton and Jradus varieties respoctively, and after 8 hours the populatien
had {nereaged over 9P per eent on both varieties of pesas. The tremendous
inoresse in bacterial population which was obssrved after the § houwr heolding
period was sceompanied by the appearsnes of a slimy and stieky surface cost
on the neas of Yoth varieties, These results are shomn in Table I.

Blanehing one minute in boiling water after each of the holding periods
reduced the baoterial numbers more than 85 per cente

After 24 hours holding at room tempereture, the slimy cost on the une
blanehed pesg, w ich was noticed previously, bYeeame more pronounced and
A@pewd to be bacterisl in erizine. "hen ssmples of urblanched peasg were
‘sdded to flasks of nutrient broth and ineubated for 24«48 hours at room
terperature, & viseous end glimy growth developed sand a vigorous proteclytie
desanposition usually essccisted with bacterial sctivity cceurreds Dilution
plates prepared from these unblanched peswnutrient broth cultures showed a
predominant number of proteclytic becteria as evidenced by a e¢lesr zore
about the colonies growing on ceseinate agare

The surface of blanched peas after 24 hours holding at roam tempersture
bacane oovered with a heavy white moldelike growth that gave a yessty odor,
When semples of blanched peoss were sdded to flasks of nutrient broth and
hold wnder the same e;nﬁiticm ae the unblanched pess, the type of moldwlike
growth just deseribed was noted, Dilutien plates prepsred from the blanched
pessnutrient broth culture showed a yeastelike mold whieh produced this


mailto:kpp@mm.rn

TABLE 1

Fuxbers of Pacteris on Vined Greon Peas after
Variouns Periods of Holding Under Conditions of the

Vinery

17

Effect of holding

Effeet of blenching

(unblsnched peas) {blanched peas)
Holding | Column A Coluwsn B | Colusn C Column D
Hethod of period Bacteria % Snorease| Basteria % decrease
Variety holding in hours | per gram per gram
Dark Podded In lug 0 5,400,000 - 900 99,98+
Thomas Laxton bax 2 8,000,000 10,00 1,890 09,56
5 81,000,000 9533 $,100 99,99
8 £80,000,000 99407 120,000 99,98
3 Q,ﬁm,m 37050 11,@@9 } 9&0?2
& 25,000,000 89,18 T4 ,000 98.87
8 708,000,000 Y9.64 | $,100,000 99456

* Column A compared to Column C.
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TABLE Tlm

Charseteristios of Pure Cultures of Organisms Iaoe

leted from Shelled Oreen Pens

casamom:

Cultures Noe 1 _Fos 2 Ros 3 Hoe &
HORTHOLOGY rods short short shord
Zhape ard single rods rods rods
grouping paira - sincle single sinzle
~pairs pairs pairs
Grem
Besction negative nepatiwe negati-e nerative
Capsule abasent ehgent sbaent absent
Spore sbaont absent absent abaont
Fotility “ negative positive | posltive nezative
Potato opague opequs brizht yellow
Slant grayish - prowth yellowworange | bulyrous
viseid butyrous growth
S— Grawtn SEowth | ——
Jextrose no change AGH» A» no change
Yannite no change A A no chenge
Heltose no changs AR A no change
Suorose no change AG A no change
Tactoge no change AG | & 1. Do ehanze
Indol} negative positive positive nogative
Hitrite negative  positive nepative negetive
{itms slkaline aeid acid glight
11k glow ourd acid
Tutrient || 3+ sw» 4+ 2+ B+
Aroth sedimented surbid turbid turbid
growth growth growth srowth
felntin negative nogative negative regative
ldgquefac=
tion 4
Stareh negative negeative negative negative
Hydrolveis |
flydrogen negative nazative negative negative
Sulfide
Yieroorganisml Achromobacter | Lscherichia |[Flavcbacterium | Flavobaow
most closely || eandicans ecli aurantiascun terium
rolated te fulvrum
» A - aeld

% AG » aoid & ges
s4% 4+ » degres of growth



Characteristies of Pure Cultures of Organisms

TABLE 1Ib

Isolated from Shelled Green Peas

20,

Cultures Hoe B

0.

BORFHULOGY rods coool large
Shepe and single pairs oval
grovping pairs chaing ocells

ehaing
Gram
Fesction positive positive positive
Capsule absent absent absent
Srore abgent absent absont
Motility positive negative nagative
Potato spresding faint pink
Slant gray=yallow white butyrous
butyrous growth growth
growth

YTty HE i A
Dextrose slizht A» slight A glight A
Fapnite no ehange slight A no change
Yaltose alight A slight A slight A
Suorose no change glight A slight A
laetose ng schance 8light A no echange
Indol | negative negative negative
Eltrite negative negative negative
Litmus il no change acid acid
¥ilk ' slizht ourd reduction

reduetion ‘

Butrient 4 sow i+ 2+
Broth turbid turbid turbid

L growth growth growth
Celatin negative negative negative
Iiguafaction
Starch | negative regative regative
Hydrolveis
Hydrogen | negative negative regative
Sulfide 5

Pleroorgeniam most é Kurthie Straptocoocus Rhodotorule

closely related to | teqkmri fecalis srrison

* A« geid
*2% 4 « degres of growth
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ard 92,58 per cent for the first two verieties respectively. Table 11X
presents the above figures.

Blanehing the beans for two and one=half minutes in boiling water
(100°C.) and then cooling them immediately with runmning spring water at
approximately 20°C, resulted in & reduction in baoterial mumbers of greater
than 9% per eent for sach holding periods There wes only one exception to
the above statemente The Baby Fordhook besns whieh were held im rumning
water for & hours showed a deorease in bactarial population of only 72 per
cent ag & result of blanchings The decrease in count betwesn the boanz
exsmined at the beginning of the test and those exsmined aefber & hours of
holding in running water may be oxplained by the dilution effeet of the
ruming weters The orgenisms remaining must have sdhered firmly to the
surfece of the beans and this sdhersnce may expgain the decreaged efficieney
of the blanch in lowering bsocterial numbers,

A camperison of the numbers of bacteria found upon the frozen beanrs
aftor prolonged storage with those present on the beans before fraesing.
indicated ar increaso in the bacteriasl numbers (Table IV). Althouzh thise
inorense wes noted in 21 out of 22 determinstions, the pereentage inoreesse
weg & variable snd thus no general statement may be made at this time,

Among the poesible explanstions for these observations, the following may be
given: a) the breaking up of clumps of basteria during freesing, b) the
sccidentel defrosting of the samples during storage with accompanying microw
blal growth, or e) to the varistions of sampling itself, As mentioned pree
viously, blanghing the fresh product resulted in e grest reduction in bHaee
terisl numbers., The influence of dlanching was still appsrent in the frozen
stored esamples,

The predeminating types of microorganisms present on unblanehed and
blanched beans wore isolated by the serisl dilution method, Tables Va and



TABLE 11X

22

tamber of Bscteria on Shelled Lime Beans after Veriocus Periods of Holding

Under Conditions of the Vinery

Early Zaby
Potate ,

Heuderson
Assceliste

Baby
Fordhook

Effect of holding
{unblanched lima beans)

- Bffect of blanching after

holding (unblenched lima besns)

7,000

Belding e _ -

¥othod of | peried Colwan A Column B Column C Column D
holding | in howrs bacts/gme % increase baots/mne % decresse
In lug o 201,000 | - - 1,200 99,41
box 3 800,000 74,88 800 99.92
6 2,000,000 82495 1,300 99483

24 20,000,000 98,99 - 10,000 99,986

In lug ] 28,300 - 800 9829
box S5 80,000 68.76 1,100 68462
8 500,000 54,14 - 3,000 99.40

24 200,000,000 99.98 36,000 95498

Under o 120,000 - €00 92,60
running 8 10,000 - 2,800 72,00
water 24 1,800,000 93433 §9.61

sdased on bast./sme in Column A axd Column C.



humber of Zeoteria on Frosen Shelled Limm Desnsg Held in lLocksr
Storege at ~18°C, for One Yesr

28.

Treatment Prior to Freesing

Effect of storege

Method of Holding Tnbla: - Blanehed
helding period @ storsge|after storsge | before storeze|after storage
Variety in hours /i bact./pne bacts/gue baet./ g
Barly Bsby] In 1ng 0 201,000 250,000,000 | 1,200 60,000
Potato box 3 800,000 1,720,000 800 $§,000
8 2,000,000 . 2,780,000 1,300 5,400
24 zﬁ,ﬂﬁﬂ,@@ﬁ 2,?@,@%,&3@ ] 1@,9@ @,m
Hernderson In lug O 28,300 890,000 800 2,800
Associate box 3 80,000 580,000 1,100 40,000
8 500,000 720,000 3,000 10,000
24 200,000,000 1,788,000,060 35,000 100,000
Baby Under 0 120,000 500,000 800 7,800
Fordhook running 8 10,000 17,000 2,800 8,700
water 24 1,800,000 35,000,000 7,500 2,000
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Yo give the identity of these typeas based wpon their morphological,
eulturel and biochemieal charasteristics,
Strains were isolated from the unblanched beans which were clesely

related to the following speeles deseribed by Rerzey (1939)s Bacillus

megatherium, Baeillus subtilis, and Staphyloccocus mlbus, ecultures Hos.
8, 9, and 10 respectively.

The blanohed smmples showed a grester veriety of baecterial species
i to the unblanched vegeteble, The different types of bacheria

isolated from blanched limeg hed charseteristics similar to the following

species deseribed by Bergey (1539)s Achromobacter geminum, Achromobacter

nitrificsns, Aercbecter serogenos, Alealigenes metaloaligenes, and
Bagillus parvus, eultures ¥oss 11, 12, 13, 14, and 15 respeotively.

The finding of e greater varlety of bacterie on the blanched limas
is worthy of note. As unbtreated weter wes used in rinsing the beans
after the blanch, it is possible that the water mg;ht have reconteminated
the limas with these baeterisl types. ZJeveral of the types isolated sre
gommonly found in untreated spring water. UNo exsminetions were made on
the purity of the rinse water.

Isolations of the predomineting types of bacterie also wsre nade
frar the beans held in frozen storage at «13%°C. for one yeare Tho Cule
tures of bacteris were purified end identified by the usual methods.
Table VI gives the morphological and biochemical cheracteristics of the
four representative cultures., Cultures Fos. 18, 17, 18, snd 19, were

identified as speciss related %o Beeillus subtilis, Aerobagior asrogenes,

Aercbecter sloacee, and Flavobasteriun butyri respestively. The first

two species were slszo isolated and identified as predominating types on

the mfrosen products



TABLE Ya

Charscteristics of Pure Cultures of (rganisms

Isolated Prom Unblaneched and Blanched Shelled Lime Beanss

28,

w%% peptewpeptonization
2273 + » dagree of growth

“Cultures | Yo. 8 Fo. oy 11 [ Fes 12~
HORFHOLOGY rods rods short short
Shape and § single single coceoid coocold
grouping § pairs pairs rods single
chains ¢haing _pairs pairs
rem ¢ positive - positive negative negative
Reaction
Capsule abaent absont absent absent
Spore oval, central] oval, central] absent sbsent
Motility negative positive pesitive positive
Potato § zrowth growth growth growth
Slant § white white grayish grayish
oreamy oresmy ereamy cremmy
Fri L 3 LA NEY :
Dextrose | As A A A
Mannite g A | alkaline A A
¥altose i A A A A
Buorose § A A A A
Lectose i no chanre alkaline no change alkaline
Indol negative negative positive regative
Hitrite | _nerative positive positive positive
Foser b 2+ growtheers| 1+ growth 2+ growth 3+ growth
JLlitrate §
Iitmus peptess*only | pepts only alkaline no change
¥ilk '
Wutrient | 4+ 4+ 4+ o+
Jroth | fleky growth | flaky prowth | turbid growth] turbid growth
“Gelatin weak positive! ymsit&ﬂ negative | positive
liguefectiont :
Starch wesk positive| pozitive negative negative
Eydrolysis | *
Hydrogen nagative negative. nagative | negative
Sulfide ;
eroorganied Bacillus Beedillug Achromobacter | Ashromobacter
most elosely megatherium subtilis geminum nitrificans
related to |
* A = gold



28,
TABLE ¥

Characteristics of Pure Cultures of Organisms Isolated
fron Unblenched and Blanched Shelled Lime Beansg.

de

HORFHOLOGY |
Shape and it short short cacel in rods
grouping t coacold rods dusters single
j rods single single pairs
i single paire paire chains
i pairs
Gram negative negative positive positive
Resction i
Capsule absent absent abgent abgent
Speore | absent absent absent oval, central
Motility | _positive negative negative positive
Potateo growth growth growth growth
Slant | grayish white white yellow
R oromny oresmy ereany rough
e |_glistening| slistening | glistening | duwll
Dextro g AGws ne change A» A
Harmite B AL ne change A A
¥altose E AG no ehange A A
Sucrosge | AG no change A 1A
Inctose § A0 no ehanze A A
Indol | negative | negetive negative negative
Hitrite § positive | positive positive positive
Koger 44 stey no growth 2+ 4+
Citrate §_growth growth growth
Litmus acid, curd}] alkaline acid ourd pept se»
1k | zes
Hutrient 4+ A 4 2+ 4+
Broth granular sediment granular flaky
rowth growth growth growth
Gelatin neastive nepative negative negative
Liguefaction
Starch negative negetive negative negative
Hydrolyais
Hydrogen negative negative negative negative
Sulfide
¥iercorganism | Aerobacter | Alcaligenes Staphylocccous | Jaeillus
most elosely | serogenes | metalealigenes| albus parvus
related to
* A« apid **% popteepeptonization

#+ AG » acid and gas *5¥% + degree of growth



TABLE V1
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Characteristios of Pure Culbures of Organisms Isolated from Frozen
Shelled lime Beans Meld in Locker Storaze st »18°%C, for One Years

HWORPHOLOGY ,
Shape and } rods small rode | small rodg small rode
grouping 3 single single single sinzle
i pairs pairs aairs pairs, chains
Grem i positive negative negative | negative
Ronction ;
Capsule | abgent ebsent absent abaent
Spore ovel, central |absent abgent abgent
Fotility positive positive positive |positive
' !
Ager slant || grayish, ¢raany opaque opague yellowigh
| flistening  |rlistening | zlistening] eresmy, dull
T e S e e ettt e e
Pextrose A+ Alw» AG no change
Kannite no change AG AG no chenge
Maltose g A FY) AS ne change
Auerose I A {AG AG no chenge
lactose | no change AG 1 AG ne chanze
T
Indel i negative negative negative |[negative
Hitrite | positive positive positive |negative
Yathyl Red nagative nogative nezative |negative
test
Rosar Citratqno growth Sterevgrowthi 3+ zrowth [no growth
Toges= ) negative positive positive [negative
FProgskeur tesd
|
Litmus ¥ilk {ipepte®*+ scid, curd {meid, curdino change
i
#elatin i positive negative positive |negative
Iionefaction
f
Starch positive inegative rerative |[negative
ydrolysis
eroorzani ami Basillus fAerobacter |Aerobacter |Flavobasteriwm
most closely || subtills |nerogenes cloacae  |butyri
related to t f
* A e acid

% A » agld and sas
#2¥ nont. « paptonirzation
#4ut + » Jagree of growth
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Be Effect of Handling and Frosen Storage on the Total Sugar
Content of Pease

The course of totel sugar change ms influensed by holding peeas 2, 5, and
8 hours is presented in Teble VIl The vor cant loss enlculeted on both fresh
ard dry welght basis ie indioated, and the results recorded are the sversge of
duplicate gsamples.

The initial total sugar content of fresh green peas was found to be 308
and 288 mgs, per grem dry weizht basis for the Laxton snd Gradus verieties
respootivelys, The amount of suger lost inereesed with the length of the
holding psriods Fresh pess of the lLaxton veriety ehowed s drop in total
sugar from 308 mgs. per gram to 267 mgs. per gram, a loss of 13432 per cent
during & houre of holdings The Gradus variety, on the other hand, ah&ad 8
loss of 6472 per cent for the semp periode A greater differsnce betwsen
varieties ls observed after the E: hour periocd when the yuﬁmt loss of sugar
was 24,67 per cent for the Laxton vuriety compared to s 13.78 per cent sugar
loss for the Cradus variety.

The blanching process did not materially influence the sugzur loss; as no
definite change in the trend is appsrent from the results obtained (Tadle VII),
However, = slight devietion is noted in the total sugar content of some of
the blanched pes ssmples. This may be due to slight verieation inherent within
the samples of the ssme lot of peag, since the cmu&& of individusl peas may
vary slightly sccording te degree of maturity, growth conditions and cther
factors, Tressler, YMaeck, and Jenkine (1937).

Ce Effect of Handling and Frozen Storsge on the Yitemin C @ontent.
ls Pens, The initial vitemin C eontent of the Laxton variety of peas was
slizhtly higher then that of the Sradus veriety (Tsble VIII, Column ).

Vitamin ¢ lose from the Thomas Laxton peas 18 observed to inerease with the



TABLE VIX

Changes in Total Sngar Content of freen Peas Held for Various Periods !nder
Conditions of the Vinery end irowzen and Stored for Several Days at -13°C.

WW’M Blanched

Holding ngs. % nZ8. 3 < Total BEBe ) 4
period { /gme | loss Jeme loss |[Solids | /gn. loss| Solids | /gm. loss
Jarlety | in hours : 1 b4

Dark Podded
Thomas M

Cradus

63.2 H2x 58,8 6,96 | 21.0 3011 2,274 19.7 | 299 0.66
56,41 11.32 56,3 0.4 | 21.1 267 {13332 19.1 | 295 none
49.81 21,70 49.8 none | 21.6 233 [ 24,671 24,2 | 212 9,01
58,8 - 5h.4 7.49 1 208 | 283] - | 19.9 | 274 3,18
55.6| 5.44 56,4 | none 2.4 260§ 2.12f 18.7 | 301 none
55.2| 6,12 55,6 none | 20,9 2641 6,72 19.8 | 281 none

RO WVANO

6306 - 66" 5.4&* 29;»6 363 - 13.8 321 noneHe

% % loss due to holding
#t § loss due to blanching after holding,
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TASLE VITI

‘Changes in Vitamin C Content ~f freen Peszs after various Periods of Holding 'nder Conditions of the Winery and then Frozen
and Stored for Several lays at -18°C,

v Total :
g solids Ascorble acid content
z , | ‘
§ ° After holding pe After freezing and holding several days in frosen state
e : o j Fresh basis ' § . Fresh is l _Dry basis
& § g .§ "nblanched Rlanched A } fnblanched  |Hlanched Imblanched | Blanched
KRR - fofodups Col,.n | __JCol. B ok ot (a aea
Q.'.Q ﬁ g ﬁ ngs. % ﬁgﬁ"/ “ g L "g g2 - % *&ud % hé«;!hs g NEB N %
~Jariety ‘ _dBe jlogsx | aa, | loss::li ma, : losg txilgm, | loss® lemy [loss+t §gm, lloasw | gm, | losger
ﬁ’k Fodded |0 20,6 |18,8 | 425 - 217 | 32,00 [R.2 ‘ 79 1 = {413 inome R34 | - | .60 | none
omas Laxton : 1 { . 1 v
2 |21.0 {19.7 24 | 400 | 17 | 20.20 | : 14.29 [.13 |none §29 14,71 | .66 | none
5 (2.1 ]19,8 | .23 | 8.00 | .16 | 30.0 Jhu ‘ 9% f. none |412 |none }33 fnome | .63 | nome
8 |26 242 | .20 20,00 | .15 | 25,00 | 34025 {. nome {.0 [none }33 |nome | .4 | none
Gradus +] 20.2 119,92 22 - 14 3641 ‘ } 35, ‘ - «13 |none : - | 66 rione
12 |21 |18 - - - none [.13 |none 3.45 | .68 | rome
5 |20.9 |19.8 - - - | 50,00 |.11  |none 53.45 | .56 | none
8 |21.5 [19.0 - 1 - - 53,33 |.10 |none 160.35 | <47 | mone

# % loss due to holding
#% § loss due to blanching after holding.
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ascorbie acid wag noted after holding for 2 and § hours in either the umghelled:
or shelled semples; but efter 8 hours, a 20 per cent loss oocurred in shelled

Peas,
TABLE IX
Chenges in the Vitenin € Content of Unshelled and
Shelled Gresn Peas Held for Various Periods Under
Conditions of the Vinery.
Unshelled ‘ Shelled
Folding Fons Poas
Variety period Ascorbie asid sontent Asoorbie avid content
in hourd mese/gme | % Toas nEse/ g ioss
Doark Podded | 0 «25 - »25 e
Thomas Laxtoh
2 «24 4 Py Y 4
B 223 8 «23 ]
B «23 8 «20 g 20
24 «22 ‘ 12 o3l g8

2s Lime Beans, A comparison of the sscorbdbic aeld content of fresh green limes
with vhite limes was desirables In every test the green vesns contained cone
siderebly more ascorbie acid then the white (Tsbles X, XI, and XII)e On dry
weight basis, the initial ascorbic meid content per grem of sample of green
limag compared with white limas wag 0,83 mge. to Q.22 mgee for the Early Baby
Potato wariety, 0.9 mgss Y0 Ue43 mzse for the Yenderson Associate variety,
and 0480 mgse Yo 038 mges for the Baby Fordhook variety.

Freeh besns of the thres varleties showed considerable loss of vitemin C
as the result of the blaneh, The average mﬁaz agcorbie aeld ocontent of
duplicate composite ssmples of green and white limas of the Serly Baby Fotato

variety was 0«82 mgs, per grame After bdlanching for 2% minutes at a temperature
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(for the 24 hour holding pericd) showed oonaiderable less in aseorbie seid.
The initisl ascordic aocid content of & composite frozen semple of this veriety
econtained 0430 mgss per gran (Coluan D), Compareble materialas (held 24 hours
prior to freering) contained but 0,08 mgas per greme This represented & 70
per cent loss. In the sase of the Yenderson Assoelste, the initial ascordic
aeid content of a composite frozen semple wes 0.50 mgs. per gram (Column D).
Compareble weterials for the 24 hour period eontained 0.30 mgss per grem, a
loss of 40 per cent due to holding, For the Saby Fordhook variety, the loss
represented the difference between the initisl vitemin C content, whieh was
0sB0 mzse per gram and the vitemin C content of frozen limas held for 24 hours
prior to freecing (Column D)s A mouw; ‘sample of limas for this poriod oon=
tained 0434 mgs, pér gram, and the loss represented a 32 per cent,

During locker storage st =18°C, for one year, there was a consideredle
lose in vitemin ¢ for both wmblanched and blenched deans of all varietios,
Considering the Terly Baby Potato variety, the urblanched green and white
linas soon after freesing (Tabls X, Column D) econtained 0,30 mgse of vitamin C
par gram, dry weight basis, whereas comparable material after frozen storege
(Colunn ¥} contmined only 0.20 mgss per grams This represented a 33.3 per
cent loass during storeges Comparable smmples for the %, 8, and 24 hour periods
also show losses (Columns D & F)e Similar ohanges in vitemin C content is
obhserved for frozen stored semples of both the Hendersoen Asesoclate snd the
Beby Fordhook varieties (Tebles XI end XII, Columns D & F).

Blarched frozen ssmples of the three varieties sfter locker storege for
ong vear showed less loss of ascorble acid than eamparsble unblenched frosen

sampleg,



35.
TABLE X
Early Baby Potato Tariety of Freshly Shelled Lira Deans
Influence of a) holding in lug box at vinery, b) freesing and ¢) fromen storage upon vitanin C.

rOLE sont & in B
Aft.ur fmzing & After freezing & holding
siple; noicine t ;_. 1 zz‘ Q& F.m .g‘
fresh basis| dry basis
‘ Col.E | Col.F
Creen 0 5445 o34 e 063 _062* v 56-5 2T b «50° J30F 43.9 ol4 102 32 gZﬁ‘*
Thite o 62,5 14 22 | 62.8 U6 «10 53.4. «04 «07
Green 3 | 38,2 | 427 18 | .70 41 419 | W15 .10 36 2
White 4748 09 22 58.0 04 7
: m 6 : 40.3 A5 .11 37 25 53.0 12 .08 3 W4
Fhite . é6.3 am 13 » 58.5 003 «05
Green | 24 | 448 | 05 04 | W11 L9 45.8 | .04 .02 .09 .05
Yhite 51.6 03 «06 57.4 «002 «004
Blanched
‘¥hite 4045 «10 «25 4045 <10 25 62.4 05 -08
Gﬁrem 3 32,8 24 J16 48 34 52,2 <19 12 35 -21
- White 36‘2 07 «19 55.0 04 <07
Oreen 6 4.5 «20 12 «58 4] 403 | .17 W11 «43 25
¥hite 37.5 | .03 .09 46,6 | L04 06
"mn 24 39t6 -14 .08 .038 005 40.‘ 013 <07 031 17
White 46,2 01 -2 47,6 «01 02

# Ascorbic acid content of compcsite sample of green and white beans,



TaBLE I

Henderson Associate “’ariaty of F‘reshly Shelled Lima Peans

36.

Influence of a) holding in lugz box at vinery, b) frse:ing and c) frogen storage upen vitamin G,

Holding

Conditlion } period
of the in
uﬁblamhed! '

Creen 9

¥hite

Green 3

¥hite

Green 6

Thite '

Green - 24

%hite
Blanched

Green 0

thite

Creen 3

“hite

Creen 6

thite

Green 24

White

36.8
40.0

23 L16
09

After halding in

91

63
«23

x|

Total . After freesing % holde
' % 1 ;?:,} 1 -1%;%
golids esn N 7 8
, 2 Cola B | Col, F
né‘?f ™ 3901 019 125 f:tl&s «293%
37.5 28 .20 75 450} 39.5 «18 11 b 27
46.5 1l 24 49.8 04 08
42,0 28 .19 67 4 40.4 «12 0B «30 .19
4‘7 ¢6 ’ - 10 Q:!I 45' 8 g03 Cm
50.1 B3 W16 46 30 48.8 11 .06 3 13
56l8 ' -68 .m !14 5006 .91 .02
36.8 23 .16 63 .43 36,2 19 .12 53 o33
40.0 .08 «20 39,.8 05 « 12
36G3 '22 '15 061 -A’nﬂ 39'7 .18 .11 .45 0%
3906 07 :18 43& 8 coé ° 0‘3 =
3443 21 W 61 .40 37.1 A7 .11 45 .28
37.6 07 «18 40.8 04 <10
42,2 «19 12 45 #28 3%.4 «16 10 4D W24
47.8 « 05 .11 43.5 .03 O7

# Ascorbic acid content of composite sample of green and white beans,



TABLE 11
Baby Fordhook Variety of Freshly Shelled Lima Beans
Influence of a) holding nnder rumning water at vinery, b) freezing and ¢) frozen starage upon vitaain C,

Holding After holding B free o After freeming % holding
Condition|period |Total | in fresh state | short holding ti-e 1 yr, at =18°C,
of the in solids |fresh basis , dry basis - : s fresh basls | dry basis
lima Beans!|hours g Col, A Col, ¥ Col, T Cole F
Unblanched _ .
Green o 38,9 1435 25% | .90 L6k 33.9 | .30 22+ | 77 S50+ 39.2 | .20 .13+ | JH1 .32«
Yhite ‘ 47 o2 -15 932 47- 2 oll ‘23 4‘908 006 tn
Green 6 3.1 | .27 a8 7 .54 s | .19 W1 60 .35
Fhite 7.0 | .08 -2 4344 O3 0.
Green | 24 42.9 24 W15 56 34 319 16 .09 50 2%
”ﬁhite 53.2 .% .32 w.s '01 v : .03
Hlanched ,
Green 0 35.2 23 .15 65 42 35.2 23 .15 65 42 34e3 J9 L2 56 .33
White 39.2 .07 .13 9.2 07 .18 41.1 04 .10
Green 6 36.2 RERR T .50 .24 32.3 Jd6 . 50 27
‘&ite 4001 -02 065 33‘3 ‘01 '03
Green 24 30.1 17 10 56 32 32.4 «12 07 «37 20
white %.3 .03 .08 38.3 01 .02

# Ascorbie acid content of composite sample of preen and white beans.
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TABLE XI1la

The Effect of Pure Cultures of “icroorganisms Isolated from Shelled Oreen Peas Upon Vitamin C in Vitro

| iminoculated

Flavobacterium kurthis sheric} Eseherichia
surantigcus % zenkeri goli %14 var, T13# cantrol
Bacterial Bacterial Bacterial m@ml
§ count | § count | g court count § ®
5 |pos./ec, nos, /ce. noa./co, nos. /cc, 4 fé‘é 8
£ {in Tex 'E in T. ? in T in?T :‘!; g§ 'é
B B B £ &al B
6.35 | 12,700 6.35] 6,800 6435 45250 19,700 | .36 100.0 | 6.35
- 37,000 - 12,000 - 258,000 251,000 § .26 |72.2] -
6,50 | 135,000 | 6.62| 83,00 | 6.0 | 505,000 550,000 § 416 |44.5 | 6,35
- | 209,000 | - | 9,000 } - 490,000 620,000 | .15 |417] -
6.68 | 500,000 6.96] 2023000 6.48 | 460,000 720,000 | 404 {111 | 6,00
6474 | 990,000 6498 | 243,000 6450 | 450,000 700,000 § 400 0040 | 6,00

# A stock culture of fscherichia poll was used for mmgmﬁ, gson of vitmin C oxldisirg ability.

#%¢ T denotes thousands,



TABLE ITITb

The Effect of Pure Cultures of “icroorganisns Igsolated from Fhelled Oreen Peas 'lpon Vitamin C in Vitro

Aghromobacter Flavobacteriun mm_%g Uninoculated
Culturea candicans fulvam Harrison control
Ascorbic Ascorble fscoritie
geid acid acid
“ content content, sont.ent
a . n . 8 iBacterial Racterial erial {| °
pe! b glegl 2 g £ 2 | oount count couns * |
238 N §§ E ~ E E inos, /ee. oa./ce, Wns, /ot, -;3; 'é 'g
B¢ = g1gE el ke T in 7 in T :
fis ) FIEBER|l % #ER| % PlEE]l m
0 «36 10,0 | 6.35 +36 100,0 | 6435 830 3,220 25 |} .36 300.0 |6.35
5 25 |72,2) = o261 72,2} - 1.5 209,000 57 |1.26 [2.2 | -
10 «20 {55.6 | 6,40 e21] 53,3 | 6442 | 97,000 294,000 TL [ el6 j44e5 }6.35
15 012 3303 - -20 55»6 - lm,ow 320,0&3 235 115 41'5 had
24 .08 22,2 {6.35 131 50,0 6438 | 73,000 233,000 1,600 |{.04 1.1 |
31 01 |02.8 | 6,06 2161 4445 | 6434 | 42,000 319,000 1,000 «00 [00.0 16,00
' i

# T denotes thousands,
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TABLE XTIV

The Effect of “ixtures of Bacteria Tsolated from Shelled Creen Peas lpon Vitamin C in Witro

Cultures:# Tl o B2 P
Ascorbie Ascorbie
Bacterial acid Bacterial actd Bagtorial
Incubation ph count, , pH count oonbent pH oount
period values| nos,/ce. percent | values | nos, /oo, Bes./  percent| values | nos, Jee,
in_hours in Tx# | present inT "e=y in T
o 6.35 24,000 100,0 | 6.35 23,200 [.36 | 100.0 | 6,35 35,000
5 b 182,090 94'5 had 310,0@ Qw mﬂé o m,fm
1.0 6‘51 630,0&) 33‘3 6"72 1,%0,%@ ' Qoa m)‘O 6.6? a,o&o,mﬂ
15 - 1,000,000 00,0 - 1,500,000 i 00 00,0 - 1,310,000
24 6.94 |2,450,000 0040 7.00 { 2,700,000 00 0.0 7.02 R,450,000
# MH-ll=ls Hixed microflora isolated from unilanched peas.
#-B-2: Mixed microflore isolated from blanched peas.
H-P=3t Hixed culiure prepared from the seven pure cultures of baoteria isolated from peas.

## T denclas thousands.




TABLE XV

L2

Deseriptive Table of “embers of the Colielerogenss Group
Isolated from Unblanched Shelled 7reen Peas
Colonisld snan size Medium size|Mediun size, Hedium size|Glant size
characteristics ireint pink [faint pink [derk pink |ecenter dark{faint pink
on Endo agar leolor zolor ealoy nink celor {color
TR PROLOTY 5
Shepe and jshort rods ishort reds [short rods ishort roda |short rods
grouping fsingle ingle sincle single single
pairs bairs pairs pairs pairs
Orem gative spative negative negative negative
Hegnetion i
ﬁapwls x bsan‘t: absent abgent abssnt
Hotd lit 7 gative negative negative negative
?‘"f 00T »
ﬁnxtrmse jG* AG LG
vannite AG AC
¥altose o ] %
fueroes o chenge 8 AG
Lastoso ho 8 A
Texteln 22 slow ¢ A
Slycerol 80 G A G
Indol positive positive ositive ositive
Fitrite aaitiw ogitive ogsitive Ep_uitiw
Citrete jo growth mrth no crowth  prowth
byoth 54 ¥
Uric eeid e growth %zmrz e orowth grwth Erowth
broth + 4+
Brilliant Green sm g 4 g
Laotoge Bile i
Aroth
Yothy] Ted Test positive rerative bositive pogitive negative
VogeswProgksur ; ecative Aesative popative hoaitive herative
test :
Hydrogen pogative egative fezative
Sulfide ”
felatin pezative hagative hegative
Ilcuefection
Iitrus milk 4 only 4 only 4 only 3 only
Kame of e« cold ¥8. coli '8 BB %. serogenes
hacterium tynienl) (typical) atypieal) (atypical)

* AL - aeid & sas

%% A » goid only

#*% (0 » gag formed
¥44% + «» degree of growth



The Xffect of Varlant Strains of the Coli-ferogenes Croup Isolated from Unblanched freen Peas fipen Vitamin C in Witrn,

TABLE XVI

bdye

Wo. 8 iach. goli !iNo. 9 Zach, coli Isohe gald fiMo. 12 Aera. Zach, golix foinoculated
Cultures atypical atypleal typic control
| _atypical
{scortie scoarbie iscortie gscorbic
acid i acld | aoid { acid
5 . 2 | e P : et |, fommnt :
w2 & = o o 8 =4 L] } - Qo e
235 g [S|EE ¢ FS|EEL § (38R | 2 SRR ¢
gt . - g 158 | ‘ AR . gleo | 0 || ®
£85 A #8881 = nof Bl EE| ® | FIRE | 2 || B|EE =
0 6468 36 ﬁo.e 6.68 63 1436 100.0 | 6.68 1}3& 0.0 | 6.68 (136 %o.o 6.68
5 - 33 P17 - - 131 86,6 - 334 19445 - b 26 242 -
10 - 30 833 | - - 421 58,3 | =~ 32 188,99 | = 420 15546 | -
3.5 - 11 30‘6 - - ,;(X) OG.Q - .1’? 4’7:2 - 116 M»c.ﬁ -
24 6.42 00 fO.G 6,72 6.60 OO 100,0 | 6.55 ﬁm 0040 6,42 [O7 194 | 6,22

# 8tock eulture of fache Iﬁ.@ ia 0oli used for eaxaparison of witamin C exidizing ability,
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The loss of the vitemin in thsse latter tests followed the approximate rate of
nonebacterial oxidation that ocourred in the uninoeulated controls Four
spevies were found to exert a definite protective sction against the oxidation

of ascorble eclds The cultures resembling Alcaligenes metalealizenes,

Baeillus subtilis, Bseillus parvus, and Achromobaster geminus exhibited

varying degrees of protecstion ageinst escerble aeld oxidations For example,
Baoillns subtilis and Baeillus parvus both retarded the oxidation of vitamin

€ up to 378 and 350 hours respectivelys while the culturs Achromobagter

geminun protected the vitamin up to 252 hours end the enlture Alcsligenes
motalesligenes showed protection Yp to 196 hourss Destrustion of sseerble

aeid by the mixed culture lsolated from lima beans wes shown to be at e raete

similar to that demonstrated for the speoies Asrcheeter merogenss, Vitamin C

destrustion by this mixed culture parellelled the destruction of the vitamin
by the mixture isolsted from pesss This would seem to indicate that the
ability of certain organiens to destroy the vitemin is more pronounced than
the ability of the other orgenisms to proteet the vitamin when growing tow
gethoers

The correlstion between the decrease in ascorbic ecid and the pfl was
interesting, Tith the uninoculated control, there is a drop in the pH during
the initial & hours incubstion, followed by a relatively constant pH levels
The sscorbic seid content decreased at & fairly eonstant rate until it
digappears,

¥ith the inoculeted tubes the pll shows an initiel drop during the first
B hours of incubation with a subseguent inocreese in pi level, dependent wpen
the particular culture. The rate of diseppeearance of the vitamin C veried
with the eultures used, Thus there can be no relationship betwsen the loss

of vitemin € and change in pH.
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It appeare that the destrustion of vitemin C and also thes protection of
vitamin ¢ from nonwbasterial exidation is operative only when the bseterial
papulations have increased to millions per eubic eentimeters The initiel

growth of two species of bacteris, one similar to Bacillus parvus and the

other similar to Bacillus megatherium appear to be samewhat retarded by

viternin €, a8 indicatad by & lowering of the visble count during the esrly
ad justment phase of pgrowth,

Es Effect of Handling smd Storage on pH Changes
le Peass The following general statements may be made concerning the ohanges
in pH observed in the umblanched penss 1) as the peried of holding increased,
the pY reedings of both the inslde and sutside portiens decreased; 2) after
holding for 8 hours, the deersease in pH resdings d1d not exceed 0.3 of one pH
with the insids portion of the pess, while the skins showed a marked change
under the ssme oonditlonse Blanching did not lower the pH of the skins or ceuse
any other deteotable changes The greater inorease in acidity observed with
portione of the skin emmpared to that of the inside portion of peas may have
bean caused by the activity of the basteris on the skins (Teble XVIII).

2+ Lime Besnss No significant change wes observed in pH velues in either the
unblanched or blanshed frozen semples of lims besns of the three verieties
(Tebles XIX).

Sipce the pl was determined on the whole besn, it is possible thet eny
change in aeidity or alkalinity whieh wight have taken place on the seed coat
dus to beoterial growth, was masked by the bulffering effeot of the protein

gontent of the besn wher the sample was triturateds
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TABLE XVI{ a
‘The Iffect of Pure Culturss of .eroorganisms Tsolated from Shelled Lima Beans 'ipon Vitanin C
in Vitro
Baeillus Staphylococaus Achromobacter Aerobacter L inoculated
Cultures megathering i nitrificens aerogenas “#ixed culturess sontrol
< A : ! fscorbic scorbie ‘ Ascorbie corbie
% acid acid acid ’ acid
pontent {gontent pontent, fgontent ntent

& $acterial | Bhoterial . bactertal facterial Aaoterial

g w;nt ufr;nt. o am}n!:. ® cm;nt . @ ca;x’nt

P gos,/ce, | gwa. ec. o lwe | S hos.fee, 2 a4 s o /00, cijepl = ./ce. ’

gg in Tus | :m*z L gg 'Eﬂn‘r \’{ﬁg 'é T L §§ "§ T § g‘g -%

- v | L4 1 ﬂg ol é e P 3 0 P

g5 | 5 Blek| = ié’g?i*a #18E| = £18E | =
0 6.5 § 35 440 1139 100.0 .35 | 3,000 1§39 100.0 4.35 | 2,550 {439 0.0 4.35 | 1,400 (P9 1P0.0 €.35
5 2.8 § 76| 1,620 131 79,5 4,52 | 113,000 (LN [79.5 £.65 | 98,000 {20 P4.s 450 | 54,000 (b8 .8 doo
24 6.8 § o 34 3&,0% 21 153.8 4.80 { 292,000 [L00 00,0 §.26 ?92,000 400 «0 8,24 - {19 o7 6,00
36 {W ! &50 2&;% 01 m;g 4?3 719090 plrosdesvaisonns [(RRE TR R (IR AREE] nnomuu....u,:‘! 3!3 04
56 63,009 ‘56 -t m 00.0 Q55 .’36{)’0{” heho fassondeovegionrsensnay » ® 8 ' [ZRFY I XN FEENEEIRETE ] Gio m
73 0'7,(309 . 3&2 - 'tﬁbdﬁotfﬁ‘ I ELE LY R RSN WAL I RATE SR RN PR R (SRS RYEY isssinbsoeosavirdonnsons &o 02
93 ’é’m 000-1.00-’-& -c:».?wuqﬁoncu‘i SodojiderrisisfinibrcssnfBanretsdsidocsitiadinntonscosnfdennihovscrduurssfrintiavors ssspsavrnjece

# %ixed culturer prepared from the elght pure enltures of bacteria isolated from lima beans,
+# T denotes thousands,

#+% Ho reliable oount due to flaky or ssdinented growth,



TABLE XVII B

The Fffect of Pure Cultures of ieroorganisms Tsolated from Shelled Lima Jeans pon Vitamin € in Vitro

48.

a0l 3acillius Achromobagter a;aalgf?ea Uninoculated
Cultures btilis parvius geninum metaloaligenes eontrol
® Asog;gic Ji.a:girgia egfm.c
"'if a _ e acld
gontent @ Lent, ent
& | ‘ {Bacterial acterial Racterial Bacterial
§w ) count o sourt 4 count S count @
pe g ¢ - o8, /ee. B |os./ce. 'é*é .§ nos. /oc, 2 hos,/cc, , g 2 . g
2= ~ gg n T# g fnr il £ HUnT 'é fn T ~ g 'g
g. ] wer b 9 fred = ] 1 ‘ %
£ 21 8k 1 | 8B | & B %ﬁ $5 | &
0 «39 1100,0 750 6.35 4e2 00,0 {6435 700 6435 600 9 ]00.0 $.35
5 32 | 82,1 25,000 5.82 3 76,9 15,90 9,000 «36 70 {71.8 p.0O
12 .30 | 7.9 24,000 6,08 80, %% 6,02 | 77,000 00 750 61.5 B.04
24 36 | 76,9 o 5,96 | 3,900 71.8 15,95 65,000 6.28 | 140,000 48.7 $.00
36 29 | Thed - 6.48 |12,000 66,7 6.2 57,000 6,772 444000 3.3 $.04
56 27 6962 e 6.64 et 6!),1 36.52 1,689,000 f"" wih 10.0 «00
73 25 | 6451 - 7.18 - 61.5 17.02 | 67,000 ob4 - 00.0 p.02
98 ald élos - 7.13 - 83,8 go% 1{}1,@0 u3a - 4 sshsosheae
122 23 59,0 - 7«55 - §1.3 17,25 i i Yo B2 - 4 sasonshren
. v - » - 3w . - » - 4 snesanaPase
%gi .ig ﬁtg - ’gu'g - é’;.‘i Qég - ,19 - heasdessaqrPoes
* - - o bt ex s ;55 bl sevsafonvssnncoscs fhosrfoncosvniose
252 | 013 33#3 - 3.19 hd mog .‘55 - esvahaB sarssirassunfessressantsthosedescanaproe
273 009 2301 e 8‘1,9 - avsBPre e oqc..ﬁ»tuto.oﬁqw‘ntqt.udngcoQobqau assonssncosnfhonsdornasn)ans
300 007 17‘9 - 7‘% - .-st»“o.;octuoechta'oonlvatctco hosnessjensnanfeévsscrssrvediocsduenncePpooe
326 Qol& 10'3 - 7.?6 had sssePicsvenfsracuisisnasnasntsasssBencafosncsguantonfoninsnasoscdbasrsfocsssssPens
350 002 0501 - 8020 - ssesfescssslsocrssdenscsievncvsenMesechovncssaloeveradonncrcsanncvdhbersdeceacvadsee
373 Qm 0000 b IR TR Y INN RS RS EL NN ENE IRFEZ AL R ALY R (RESESEREEEES LEENE LEL L S @ﬁqiﬁq o;ow,uccuu-i}oonucocoaoboat

# T denotes thousends,
#+ No relliable count due to flaky or sedimented growth,
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TABLE XVIII

Influenee of Holding Green Peas Under Conditions of
the Vipery Upon the pH of the Fessgs

i
Holding pH Talues
Condition perioed

Verioty | of pess | in hours _skin tnside
Dark Podded Unblanched 14 700 Ged?
Thomes lLaxton 8 G40 6480
5 8415 .87

8 e B4 T

Blanched ¢ T+00 6488

one minute | 2 6480 7«00

st 100°C, b 8487 8487

8 6,52 8470

Greadus Unblanched ¢ 887 . 6480
4 G482 , 8.81

g 6a40 E.T0

8 8,00 8,70

Blanched 4] 8.89 §490

one minute 2 8.73 ' 8489

at 100°C, ] 6,75 6450

8 8440 8470




TABLE XIX

6O

Influence of &) holding at vinery, and b) frozen storage

upon the pll of lime beans.

B pH values
LI © After freezing snd After freesing and
2 gg holding severel weeks | holding 1 yre st =18°C,
spad |
Varioty 3k §,§ Unblenched | Blanched| Unblanched | Blsnched
4 (o]
Esrly Esbye 0{ Green 8,98 7405 8472 8496
Potato White Ba06 B.98 8478 G488
' 3 green Ba88 6.98 8479 e84
¥hite €458 6.98 BaT4 6467
8 Green 6479 6,88 8,85 6483
White . 6498 6498 84,87 8.62
24 Graen e 62 6498 659 6. T8
White G498 658 6. 90 8458
Henderson : o
Assooiaten 0 Green 6476 824 874 G482
¥hite 8,77 8488 8480 6480
3 Green 8480 877 8480 8488
White 8480 69” 6482 885
Thite 8487 6279 Be72 G789
‘24 frean 84656 £483 8478 6477
White ] @Qm 8 TT 680 6480
Baby _
Pordhookes 0 Green 6482 84968 8483 881
White 6491 6408 6488 6490
& freen 8453 8465 Ge34 G448
White Be78 6488 6472 6488
¥hite Be74 8488 B84 8462

¥ Shelled lima besns held in lug box at vinery.
% Shelled lima beens held under running water et vinery.
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bagterial counts of pess shelled aseptiecally with forceps with peas shellsd
by hand, and with peas shelled by eummercial shelling machines. Their results
indicatal thet the intaet pea in a sound pod ves prectiocslly sterile, and that
the large rumbers of bagteris on the outside of the pod lead b0 the heavy
infestation roted on commercial shelled peass In a preliminary experiment in
this {nvestigation, s handwshelled semmple of peas was found to comtain only
9,000 bnoteria per gram, while the initial bacterial content of vined peass
uged in this atudy varied between 2.8 and 8§ million miervorganisms per gram.
The predmminating species of basteris resembling Achromobaster eandioans,

Flavobsoterius surentiscum, Flavobseterium fulvus, end Xurthia sankeri, igo=

latod from unblanched peas probably eentributed to the slimy cordition of the
peas after several hours holding, for the colonies formed by them upon
ertificial medium were butyrous and even slightly vigeidy although no cape
sules were demonstrated by the etaining procedure.

The pink yeast isolated frem the unblanched peas resembled those of the
genus Thodetorulas Stained slides showed no spores to be pregent when cule
tured on onseinste agsry however, séme budding was noted.

A onewminube blanch followed by immediate cooling, brought sbout 99 per
ceut reduction in the miorobial content of the peas. From e sanitary point
of wview, the blanching process is lndlepensable for it destroved Escherichia
goli, one of the predominsting species iszolated from fresh peass Fresumably
the blanching process would cause similar destruction of related intestinal

pathogens that might be pr esent concurrently with Eacherishia colis 4

spocles of yesst~like fungus and a specles of baoteris, Streptococcus fecalis,

were found to predominate on blanched peass The presence of these two miero=
bial forms on the bBlanched pees may be explained by contemination of the
produst by dust irn the alr or by direct human contact subseguent to blanching
or bothe
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one day was found to be negligible 1n comparison to the loss in this vitemin
from shelled pess of this seme variety held under the seme conditiong

Femner and cowmworkers (1937) observed from their studies on sessonal variation
in vitemin C content, that peas showed less fluctuation in sscorbic meid than
d4i1d the other vegetables uaed, These workers suggested that the pod of the
pes is responsidble for the greater retentian of this vitamin, Jenking, et al
{1938) reported s 12 per cent loss in vitemin ¢ from laxton pess (in pods)
held for 18 hours et 38°C, Thisz percent loss is exsctly the seme as was
obgerved in ouwr studies,

The protective metion of the pod may be two foldsy 1) the exclusion of
air, and £) the prevention of injury, either of which would expose the vitamin
in the cells to ensymatiesoxidative activity, Moreover the pod keeps out
nicroorganiens that mey be able %o atieck the vitemin in the skin tissues.

The chief lose of vitamin € was found to cccour during blanching and
subsequent econling. Detween 24 and 35 per cent of the vitemin € content in
both varieties of peas was lost in thes proeesses, Similar losses in vitamin
C from pess during comrereial preparation for freezing have been reported by
Jenking and co~workers (1638)s In spite of the loss of vitemin € by blsnohing,
the smount retained in blanched samples remained at a fairly constant level
after the blanching when held at low temperatures, probably becauss of the
destrustion of sseopbic egld oxidase by the blanching temperstures mler of
unblanched peas that were frozen after varicus holding periods and held
several days at freezing temporatures showed an exsessive loss in aseorbic
acidy whereas samples of blanched froten pees kept under the seme conditions
showed only a slight losse This demonstrated sgain the value of blanehing in
preventing oxidative decresse in vitamin content, Jenkins, Tressler, sand
King (1938) reported a similer obgervation in which they compared the vitemin
¢ eontent of unblanched end dlanched peas held at ~18°C, for varying periodase
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Vhen the ice oryetale around 10 grem samples of frozen blanched pess were
waghed off ard titrated with indophenol dye, vitamin ¢ verying firom 0,08 to
0407 mgss por grae wes detected from rll of the sempless Ho vitemin C wee
ever detested in the frosen water about unblanched frozen pess. The presance

 of the vitemin in the eryetals about the blanched peas further supports the
faet that the rinse water used in this blenching process removes some of the
vitsmin from the pess without asstually destroying it

The heat of the blanch water undoubtedly renders the pes tissues more
permesble so that the vitemin is more easily removed from the pess by subsew
quent ringing. Fenton and Tressler (1838) found that efter cooking 285 grams
of frosted pess in 282 cubie centimsters of boiling water for 8 ninutes, the
~cooking weter conteined fram 0407 B0 0.08 mge. of vitamin € per cubie centie
mebters The sams suthors found that 36 per cent of vitamin C from & semple of
frozen Themas lexton pees passed into the cooking water, 5P per cent remained
in the peas, and B per cent was asotuslly destroyed, Thus it appears that
while the heat of the blanching process destroys ascorbie aeid oxidase and
other undesirsble entymes, yet the water itself (during blanching and cooling),
removes considerable vitemin C by simple diffusion from the plant tiseuss.
The optimum blenching gﬂﬂm‘ would be the rfinimum length of time required to
destroy all of the sntymes and destroy the minimum smount of vitamin C.
Lertest, Deerborn, snd Meok (1938) found thet hesting peas one minute in

boiling weater most neerly meots the optimus eonditioms.

2e Lima Beans, The inoresse in micrcbial numbers and loss of vitemin C ere good
indices of chenges in guality of freshly shelled limas beans during holding.
The changes in pH were so variable that it was iwposaible to associate pE

changes with loss in qualitye.
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14%tle or no loss in vitamin € is observed for the three verietiss of
besns during 8 hours of holding, but after 24 hours holding, losses in vitamin
¢ renge from 32 to 70 per eent in fresh beens. Blenching the fresh beans for
2é-minntaa a2t IOQ@G; reduced the vitanin C eontent epproximately ongefourth
to onewthird., Tressler and cowworkers (1937) reported similar losses in lima
beans to thossobgerved in this study due to dlanehing.

Unblanched and blenched frosen limsg stored at «18%°C, for one year showed
» decresss in vitemin C, & losz which was less marked in the blanshed semples.
Thig would be sxpeeted since blanching insetivetes the sseorbie acid oxidase
and thus retards the rate and degres of vitamin ¢ reduetion. It is probable
that the reduection in aseorbie mold in the blanched smmples during frozen
storage was due to autooxidetion of aseorbis aseid, whereas the loss in ascorbie
agld in the unblanched samples during frozen storage was dub to ensymatie
aetivity, Jenkins and eowworkers (1938),

Be Effeet of iorcorgarisms Isolated from Pess snd Lima Sesns
Upon Titemin C.

There is very little information concerning the setion of bacteria coms
monly sssoeiated with foods on the oxidation of sscorbic acid. Usselen (1939)
reported thet there was no evidense whieh would indioate that bacteris are
destructive to ascorbie seld, and therefore it would appear thet bacteria ere
not of importance in esusing & losa of ageorbie aeid in foods,

The results of the in vitre tests in which pure cultuwres of miercorganisms
isolated from peas and lima besns were grown in a wedium containing vitemin €
demongirated that certain miercorganisems could destroy viteamin Ce The organe
ians which showed this destructive action towards vitemin C were mainly
nerbers of the coliferm groups In our in vitro tests, it was ohserved that

during the first 5«10 hours ineubation, the numerous strains of coliferm
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SUMARY AFD CONCLUSIONS

studies were made to determine the influsnce of vinery and storage

conditions upon the quality of freshly shelled peas and lime beans in an

attenpt

to detect any correlation botween baeterial aeetivity and loss of

vitamin C from these vegetables during holding et the wvinery. The folloe

wing general statements ey be mede from the results obtained.

Ae Studies of freshly shelled poase

1

24

The incresse in basterisl numbers, lowering of pH resdings, and the
loss of total suger snd of vitemin C providel fairly scourshe indices
of the quality of pess held for verying pericds under the ¢onditions
of the vinez;y-

By the use of the above indices, it has been shown that shelled green
peag should not be held more than five hours under the conditions
which prevailed at the winery in this test, nemely warm and humid
weathar, A holding period of 2 hours was shown to have no adverse
effect deteotadle by the tesis used, but a holding period of B hours
rendered the peas inferior in quality, due namely to shanges brought
about by incroeased basterisl rumbers.

The most obvious change in guality after 8 hours was alterstion in
spprearance of the peases The gurface became covered with s sticky
qgﬁ, and blesehinz of the nurmal peasgreen color was evidents The
blanching period for one minute at 100°C, was effective in destroying
enzymes that oxidize sscorbie seid and in killing the majority of
mierobisl species. Ths normal flora of the unblanched peas ¢aused
proteolytic decomposition, while the flore from the blanehed pess

brought about csrbohydrate decompositions
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A gresm negative short rod, elosely related to Achromobacter

candicans, wes most freguently sncountered in the floras of the une

blanched pess, Two species related te Flevobagteriun aurantiacum

and Flavobacterium fulvum, and & species closely relsted to Kurthie

zerkerd were present in large nmumbers and may have conmtrihuted to the
sliminess of the peass A pink yeast, Rhodeterula spewss found
growing in mixed ocultures isclated from wnblenched p«#m Thle orgen~

fign failed to survive the blanching proceoss, Escherichis coll slso

was isolsted from the unblanched semples of peas. A yeastwlike mold

and Streptosoecus feealis were isolated fram the blanched wegetsbles.

Blanshing of the peas caused s deoroase in vitewin C content of 2¢ to
58 per eents
¥hen held for B hours, unblanched shelled pees lost 20 per cent of the

vitmein but when held for 24 hours, they lost 58 per cants Unshelled
peas held under similar conditions for 24 hawa, lost 12 per cent of

the sgeorble seide

}g‘ Studies g{ Mm beansg.

B¢

e

B

Ineresse in becterial mumbers and s deoresse in vitamin Cuere good
indices of changes in quality of ghelled 1ima beans held for varying
periods under vinery conditions.

After holding two verietles, the Early Baby Potato and the Fenderson
Mﬂseﬂatae, in lug boxes for 24 hours, the beans showed definite
browning, were covered with e stiocky cost and yielded high buecterial
countee The 3aby Fordhook variety, held under running water for 24
hours, gave no obvious indication of deterioretion in qualitys
Slanching for 2} minutes at 100°C, weg effective in redueing the

bacterial count 29 per cent and brought ebout 23.8 to 55,8 per cent

reduetion in ascorbie acid of the beans,
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