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INTRODUCTION 

The preservation of vegetable material by salting or brining is 
usually accompanied by fprrnen tation that is eharaeterizccl by ehcrni
<:al ehanges inalwea by microbiulactivity. The salt eXCl'ts a selective 

• 
l Suhmit,ted for publication December 18,1946. The authors gratefully acknowl

edge t.he aR~ifltance of Charles S. Sullivan and nobert 13. Robinson, .Ir., forlll('rly 
scientific aides, Bureau of Agricultural and Industrial Chemistry, in connection 
with the bacteriplugical observations_ 

764049°--47-1 1 
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Mtion on tlie normally occurring micro-organisms, resulting in a gen
eral fermentation that develops as tho consequence of the growth of 

one or more surviving salt-tolemnt groups. Tlu'se organisms use 11S 

their nutritive material the soluble constit:Ients thnt diffuse into the 
 •brine as a result of the action of salt on the vegetable tissue. As a 

further effect of microbial growth, vlu:ious compounds, suc4 as lactic 

and acetic acids, alcohols, and gases, may be formed as end products. 

The character of the fermentation proper, with respect both to the 

predominating microbial groups involved and the end products Jormed, 

is greatly influenced by the salt conccntration employed in the preser

vation treatment, as well as by the type of vegetable being preserved. 


Bacteriological investigations on vegetable fermentations during 

the past 40 years have dealt chiefly ,vith the prescrvation of cucumbers 

for subsequent usc as pickle products, and with the procluetion of 

sauerkraut fTom ca.bbage. The principal emphasis has becn placed 

on that phase of the fermentation brought about by the lac tie acid 

bacteria. 

The bacertiological work on sauerkraut has b('en adequately re

viewed by p,,'erson in connection with rather comprehensive studies 

of the floral changes during thp fermentation of that product (23, 24, 

25).2 Briefly, Federson's findings showed that the. developed acidity 

resulted from gTowth by gas-forming co('ci of the Leuconostoc genus, 

and llollgas-forming and gas-forming baeilli of the Lactobacillus genus. 

In the normal fermentation thes(' organisms occurred ill thr !:'('qUCllC'(\ 

mentioned aboyc and l'l'})l'l'sl'nted the predominating miel"obial 

changes.. • 

Previous bacteriologiealresC'arch with I"('sp('et to eucUlnbi:>l' f('rl1wn

tation hILS bcen ratht'l' thoroughly ('owl'£'d by Tunnel' and Eagh' (;27); 

l!'abian, Bryan, and Etehdls (14); and Etc111'llsJ Fabian and JOI1('S (5). 

l\lost of the illYestigations rC'pol,tc'd through J0:35 d('ul t with thl~ • 
Chtlractel' of the acid ft'rmrntation. Kot until 1040 was the gaseous 
fermentation by yeasts d('arly indieat('t/ us a part of tll(' fl'l'I1wntntion 
prop('r (4). 1\10re 1'c('('n tlYI it has bN'rt c/c'll1onstrntc'd thilt 11 gn::;pous 
fermentation phasr may aiso bp brought nbout by nwmb(,l's o[ the 
Aerobacter gPllUS (3, 5). Idt'ntifi<-atioll stuclil's (9) haye b('Pll made 
by the authors on the l)l'inc-ipal add-producing badc'ria isolated from 
fermenting cu('umber bl'ilH's at apPl'oximatt'ly 5-,7.5-, and 10-p('I'('(lllt 
strt'ngth, in ('onll('('tion with brining work ('ondudpd IIndc'I' conditions 
typical of the pickle industry. Tlw 49 isola t('s cOllld b(' rpadily classi
fied as b('longing to th(> Lactobacillus gt'tlUS and {\wir eharaet('l'isties 
Wl'l'C tYi)i('al ~of thosc' des('rib('d for Lactobacillus p!antal'um. Yuhl
tde-h, Huurund, and Pl'I"lT (,28) also found this spp('il's in cOlllm(,l'!'inl 
cucumber fprmen ta tions. Eurthl'rll1ol"(" tIll' id('n (iliea tiOll work of 
Pedpl'son (20) would indi('atl' that this s}}(lci<'s of till' Lactobacillus 
genus is common in Yflrious tYIWrl of fl'l'nwllting Y('gt>tablt, Illah'rilli. 

Thus, in general, tlw lar'tic :1('ld baclPl'ia of tlw Lactobacill1ls gPlllls, 
the yeasts, and n1('l11b('I's of tlH' Aerobacter gl'llllS should 1)(' ('ollsid('I'('([ 
predominating groups of organisms nsso(~iat('d with ('W'umlWl" [P/'_ 
men tations. 

During tIw last 3 Y('lll'S, the salling and br'ining ()f\'('g('Labl('~ ot\wr 
than cucumuel's, for sub,wqu{'nt tabl!' usc' as lloHpidd!' pro(lUdl:>, llas 

2 Italic numbers in parCllthci'C'I' refer to Literature ('itNI, p. 60. • 
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been investigated (7,8,11,13,20,29), Such vegetables as green peas, 
green beans, corn, okra, lima beans, carrots, and certa~ileafy vege
tables have been given attention in the studies TcportecL, The work 
was stimulated by the need for additional technical information con
cerning tbis method of preservation, in order that its application might 
be extended to a wider range of vegetable materials, With a cl('arer 
understanding of the physical, chemical. bacteriological, and nutritive 
value changes involved, the salting and brining process can be used 
as a supplementary method of vegetable preservation for both home 
and industry,3 

The publications on the brining of vegeblbl('s 11nve not emphasized 
the chang('s in the predominating bacterial flora associated with the 
various 'tages of the general fermentn.tion of vegetables destinNI fOl' 
use as nonpickle products, The investigations l'eport('cl by Fabian 
and Blum (13) I Wadsworth and Fabian (29), and Etc}l('lls, Jones, and 
HoHman (11) were primo.rily conc(,1'lled with th(' dl'('ct of th(' salting 
and bl'ining proc('dures employed, on the gen('l'o.1 quality of th(· vege
tabl('s studi£>d. 

Fabian and coworkers (13, 29) discussed the fel'mentatic)ll changes 
in pC'as, corn, lima beans, green bC'ans, and okm at tlU'l'e brine con
centrations (10-, 15-, and 20-percent), css('ntially Oil thC' basis of total 
counts and acid-producing baeteria, In that inn'stigatiQI1, little attl'n
tion was giwn to thc nature of the' flora occulTing wbt'n thr. v£'g('tab1c's 
WI'I'(' brinNI at 15- and 20-pr.reent salt. cOllccntrations, but in the yege
tn.blt:'s brincd n.t 1O-pt:'1'cr.nt suIt and gradually raisNI to 15-ppr('('nt salt, 
the acid-producing baetC'ria wC're found to predominat(·, 

"llil(' total counts may gi\'(' n. l'Cflsonabh inciien.tion of'tI\(' ('xlf.'nt 
of microbial uctiyity in brim's, n. bl'e'ak-down with l't'sIH'cl to the' type's 
of groups of predominating brinC' organisms is Jl('('('ssary to g('t further 
insight into the difl'CI'{'nt phases of tI\(' fcrmpntation, 'rhe USe of 
diffel'pntial media for (ktpc(ing lfi,ctic aeid bactrl'in. particulm'ly is of 
prime impol'taJlcr.,. espC'cially at, brim' strC'ngths below 15 pC'I'cC'nt, fiS 

th('l'C' is little 01' 110 growth by tlH'sr organisms at 01.' abow that brine 
strength, 

In'a g(,lle]'al report on bl'i1lC' pl'C'sC'rYation of Y('gC'tables by Etchl'lls, 
,JOIl(,S, and Hoffman (11), th(' author's pOiJltec\ out thr principal bac
t('l'iological change'S occurring in cucumbC'l' frrmc·ntn.tions at 5-, 10-, 
and 15-pe'l'ceut salt brinC's, In addition, the)' suggestC'd that for other 
Yl'getables tllP hasic fermC'ntation cilangps wou]!1 probably bp similar 
in. nn.t1l1't:' to thc CUCllmbN fprnwntal ion, Tn thc· following pag<'s data 
an' prl'spntC'd whic h Btl bsto Ilt ialt:' this eOllclllsion, 

SALT PRESERVNl'lON wlETHODS 

ThC'rC' an' two basic mPlhocls of prC's('I'Ying Yr.g(·tablt:'s hy thp liSP of 
salt. 'rhC'sr. arl' I'C'[(,I'I'('(I to us brining and dry-snlting, in brining, 
fr('sh vcgrtn,hle' matcrial is fhRt COY(,l'pd wi tIt bl'int:' of fi, f!'iY(,Tl conct:'u
trati')n; theu dry salt is added, in 01'(1('1' to maintain the inititll conecn
tration and thus Pl'('V(>Jlt dilution of tIl(' brine' which \\'ould otlwl'wlse 

3 Based on information .o;uOl('rrd durin!!; thr 1943 seu~on, sevcral million pounds 
of V('g('tablrs, >;lIell 11.'" corn, grc'rll pru.", grrcn Iwan,.;, ('rl.-ry, Ilnd okrn, \\'(·rc I'alt
pre:;eT\'rd by commcrciul ron('('rn" for lJ~r in fnoel products, Sub:;(aIlrial amount '! 

werr alllo PI'(,;;'I.'l'vcd in the hom!' by this mNhod, 

http:O-pt:'1'cr.nt
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occur with the withdrawal of wa.ter from the vegetable. In the dry
salting method, dry or solid salt is added directly to the vegetable 
material. The water withdra,wn when salt is in contact with vege
table tissue dissolves the salt and ther~by forms brine. 'Yith both • 
methods, salt brine is directly in contact with the vegetable Lissue, 
and therefore the same fundamental changes may be expected to take 
place in the tissue and in the brine. When a small amount of solid 
salt or weak bI·in!' is employed, an activf.) fermentation causing the 
production of a decided amount of acid usually takes place. Under 
these conditions, the preserving effect of the brine is obtained by the 
combined action of the salt and the developed acidity. On the other 
hand, when a large amount of solid salt or a strong brine is used, 
llsually little brine acidity is produecd. In that case the preserving 
effect of the brine rrsults prineirally from the action of the salt. 

The application of b6ning all( dry-salting methods for presermtion 
of different vcgebbles has been previously summm'ized (11) as follows: 

Dry salting.-Dry salting, using a small amount of ,;alt (2}~ to 5 percent by 
weight) is usually employed for vegetables that llre readily cut or shredded, that 
are hi/!h in water, anel that rontainenotlgh readily fermentable sugar to support 
a \'igorous fermentation-cabbage, lettuce, and turnips are typical examples of 
vegetables that are salted in this manner. Certain vegetables are best preserved 
when II large amount of salt (20 percent by weight) is tiRed. Corn, lima beans, 
and green peas are examples of vel~etables conRidered to be in this group. 

Brining.-Brining is generally used for preser\'ing bulky or whole vegetables 
and those that may be low in water content. Al:;o, brining may be used to ad
vantage where the effect of shrinka~e on the shap,:: and structure of the vegetables, 
caused by the use of dry salt, would be unduly severe. For some veg('tablcs f\ 
weak brine plus a small amount of vinegar is used. The addition of vinegar to 
the brine aids in bringing about a desirable fermentation and averts possible
spoilage. . 

Commereial parkers of such vegetables as green peas, cut grelm •beans, lima beans, and ('ut eorn gcneraJly prefer the recommt'nded 
dry-salting mpthod (8), where solid salt is used at thr rate of .l pound 
of salt for each 5 pounds of blaneiled vegetubh·. This is commonly 
referred to as the 1:5 dry-salting trt'ntmrnt. Sueh a procedure, be·· 
sides being well suited to these vegetablrs, has the added advantage 
of permitting the packing of (,onsiderably more matrrial in a gi.\'en
sized eontainer than is possible with the use of thr br'ining metllod. 

SCOPE OF PRESENT -WORK 

In the work presented herein, an attempt was made to obtain 11, 

clearer insight into the nature of brine flora of vt'getable fermentations 
by differentiation of the total populations into predominating types 
or groups of mjero-organisms. A number of vegetables, therefore, 
were studied with rt'spect to their fermentation behavior under one 
or more brining or dry-salting treatments. In some instances, direct 
microscopic counts are presented in conjunction with counts obtainNI 
by the plating technique. Changes in brine acidity Ore given for all 
fermentations; in a few instances brine pH dt'terminations w/;,rc not 
made. The differential plate count technique was followed in. ob
taining the total count and the populations of ladie. add bacteria, 
yeasts, and coliforms in a.1l but SL'( Coast's. • 
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• 
In addition, examination for mycoderma 4 populations was usually 

carried out on lots at weak brine strengths where growth by these 
organisms was apt to be a factor. Also stress('d were determination 
of the numbers of salt-tolerant cocci, particull1rlyin lots at strong salt 
concentrations, and observations of the colonial types thl1t exhibit the 
ability to peptonize cl1s('in. FUl"thermore, observations were ml1do 
for molds on all lots, but for this gmup only summarized results I1re 
presented. Samples for analysis were taken at as frequent intervals 
as possible, over as long 11 storage period as practicl1blc, in an efforl; 
not to miss any importl1ntphase of tho fermentation proper. 

According to the plan outlined previously, 87 fermentations involv
ing the following v('getables were studied: Or('('n beans, green peas, 
~re('n lima beans, wax beans, white corn, yellow corn, b\ltter beans, 
lettuee, carrots, tomatoes, and okra. Leafy vegetables such as kale, 
mustard greens, turnip greens, and spinach were included, but observa
tions were restricted to microscopic counts and developed acidity. 
Finaily, some observations were made on several lots of brined and 
salted cel('ry. 

In l.\ddition to tho bacteriological studies, observations on the 
general quality of the brined and salted vegetable material were 
made at. intervals dUl"ing the fermentation and subsequent stornge 
period. Observations were also made d l!I'ing this period for evidence 
of malodorous conditiomi associated with development of the butyric 
add bacteria. 

• 
The major part of the experimental work was dOlle during 1942 and 

] 943. 
PROCEDURE 

Bm:-iING AND SALTING TUEAT.lIENTS 

The essrntial detitils of the brining and dry-sal ting treatments 
l'('ported in this study are given in a series of tnbl('s presenting bnc
tt'riological dnta for each vegetable. Other pertinent information, 
su('h as the source, variety) amount, and prcbrining trrntment of the 
diifl:'l'ent Y('gctl1bles l1nd the size nnd type of contuinrJ' is given either 
in the tnblcs, or at the time each vegetnble serlrsis discussed. 

For the most part, th(' brining trratmcnts lIsrd cnn be classified 
nccol'ding to thl:' following tim'!.' modifications: (1) Those in which the 
brine concc'ntratioll WitS brradnally raisrd to 15 percrnt within 4 to 5 
wl'eks; (2j those in which til(' originiLI brine conCl'ntTIl.tion was rnnin
tainNI hy th(, Ilddition of salt; and (3) those in which thl' vrgC'tablc 
mn.~('ria! :\'IlS 111er('ly COV('I'Nt with a brine of.ddiI:itc strrn~th, without 
the addItIOn of more snit. In the last mOllification, til(' unal concen
tnl.tion of the brine coyrl'ing t11(' v(~g('lablc at ('quilibrium would be 
ILppl'oximately one-half tlmt initially USN!. CC'l'tain of the brining 
trt'atnwIlts were furth(>r modified by the addition at the sturt of small 

I For convenience, the terni llmyeockrma" is Hs('d herein to denofe the film
forll1in~ v(!nsts r('spOJl:<ible for the lux\lriant surface ~ro\\'th on c~('ulllb(lr pkklc 
brilJ('s ('xl)(lHCd to the air but sheltered from dirCcllHlnli/!,ht. While the cxprcssion 

• 
IS mii'Ieading, It is hi COUlII10n \lsaf(C in thtl pickl{~ industry. Actually, SC'lllII 
formation in the products to be di;;cmised i.<; probably not Iimit('d to the a:;poro
g('llOlI:4 >"('nsts of the ,UYCQr/rrlll(/ genus but ma\' W('!l iCleludf' sporogenous yellSts 
of Oil(' or more of the r(,lflaining g('llera UIansclnlia, Debaryomyres, ?ichi(l, Zyoo-. 
pic/1hz) of film-forming yeasts (9), 
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quantities of vinegar or lactic acid, or both. The amounts and 
strengths of these, when used, arc given in the tables. 

One: of two types of dry-salting treatments were uSf.'d. TIl(:} first • 
treatment consisted of adding an amount of salt equivalent to a certain 
percentage of the weight of the vegetnblc. The s('cond treatm('nt 
consisted of adding an amount of salt suffici~nt to make a definite pl'O-
Qortion of salt and veget1l.ble by weight, such as 1:7, 1:5, and 1:4. 
These ratios would bc equivalf.'nt to about 12, 17, and 20 percent of 
salt, respectively, when calculated on a weight basis. 

STOHAGE CONDITIONS 

The vegetabks l)1'inNl in 20-gallon kt'gs werc stored under outside 
conditions. SonH' of the unsh€,ltp!'Nl, outside lots Were kept in opC'll
headNl kegs while othcrs werc tightly heuded at the sti1l·t. Th(' aV('I'
aO'e brine temperaturo cIurinO' curiner was about 80° to 90° F and theo . b • 0' -, 

range of temperature during CUl'mg and subsequl'nt storage was from 
95° (high) to about 15° (low). Thp small-scale brining and salting 
e~"Periments were carried out uncleI' IfLboratory conditions and the lots 
wpre stored at room temperature in 32- and 64-ounce glass jars, on 
whicb two-piece metal caps wero used. During active fermen.tation, 
the jars were k('pt partially s('alPd in order to control surface sC'um 
development and at th(' Sftn1C' tim(' nllow the escape of fermentation 
gas. During prolong('d storag(', th('y were s('nl('(l tightly. 

BACTERIOLOGICAL :MEDlA AND METHODS 

Brine samplps werC' taken fOJ' bacteriological examination hy Hwans 

of stC'rile pip(·nes from til(' approximat(' cent('l' of the cGlltainl'I'f'. '1'('n • 

milliliters we1'e tnkPll from tll(' 20-galloll krg's fLnd 1 to 2 millilitl'l's 

from the 32- and 6-!-ounce jars. DC'cimal dilutions of the brin(' sam
pl('s Were ('x(tmiued uccording to thl' pluting teehlliqu(' with l'{'slwrt 

to total number of bacterifL, coliform bad(·ria, lactic acid baett'I'ill, 

sn,lt-tolerant cocci, ppptonizing bactel'iu, yeasts, molds, and myco
derma. For the ohligntc hulophilrs, fL liquid m('(liuTl1 was llscd' (.2), 

TIl(' pl'('puration and usp 01' till' di(!'('1'pntial Tl1Nlia employc'd for (\sti
mating the numbers of UI(, abo,,-(' microbial groups is d('scribed in the 

appendix to this report. 


nllCHoSCOPIC COUNTS 

~ricroscopi(' counts iLrp l'C'portNl fOI' c(,l·tuin of the YPg'C'tablc' f('r

mentations.. ThpsC' \\'PI'(' made by plneing O.Ol-ml. portions of thc' 

f('l'm('nting bl'inf' in s<'qupnC't' 011 slides at Pilch sampling int'('ITI1.I. 

"lwll ('xtl'pmply high populations of brine organisms w('l'e pl'C'spnt, It 

1: 10 dilution of th(' brine was L1s('(L Thc' snl('fl,!'S Wl'I'{' Jll'('p!1l'(,d alld 
C'onntpd (tcC'Ol'ding to thc' nH'tliod of ,rang (SO), a modifi('atioll of 
tht' BI'('('(l (1) tp('lmiqu('. Tilt' pn'pfLmUons \\"('1'(' stninpcl 1l('('i)l'ding 
to th(' KOIwlofi' nnd CO}1P1l ('?J) modification of tlH' Orn,/l1 sUtin. 
TIl(' il.ctun.l counts W('/'P mll,ell' 011 tIl(' basis or tlJ(' lllllnl){'/'~ n.nd mor
phological t,\TpeS of indivi(Lul1! GI'fLllI-positiw nnd (hnnl-lH'galiY!! 
pc·11s pl'('spnt in [11p fields ObSPl'Wll. .• 
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ACIDITY ANDPII 

Titratablc acidity and pH determinations were made on the brine 
samples 1·(·movcd from the approximate center of the containers of 
fcrn~ellting material. The pH dc·t(ll'minations were made with the 
glass electrode. Titrntttble. acidity was detcrmined on cither 2- or 
W-ml. aliquot amounts of the brine by titrating with 0.111 N sodium 
h}'droxidc, using phenolphthalein as the indicator. The vulues W('l'e 

calculated in terms of grams of Jnctic acid per 100 ml. of brine. 'I'ho 
2-ml. sample for titration pm'poses was used wiH'n it was necessary 
to consel'Yc the original brine covel'ing thc vegetable material. This 
was the case "ith 32- and G4-ouncc containers. 

RESULTS 

BmNED WnOLE CREEN BEANS, UNSHELLED LI~IA BEANS, AND UNSHELLED 
PEAS 

TIU'(~e brinillg treatments were uscdin the prc"cl'vation of whole 
grec'n b(,ans (Tendergreen), unshelled lima beans (Fordhook), and 
unslH'l1cd P('ilS. The lima bCHllS and gl'l.'en beans 'were obtained from 
Plorida and thc peas \VeL'C from eastern North Carolina. Appl'Oxi
matdy GO-pound lots of ('ach vegduble W"C1'C bdncd at 5-, 10-, and 
15-p{,l'C(,llt salt conccntration in 20-gallon open-headed kegs which 
were mctinluined undcr out-of-door: conditions. 

GREEN DEANS 

The principal badl'riological chtlnges during f('I'01('ntalion of whole 
gr(i('n beans at th('e(\ brine tl'eMmrnts al'(, shown in table I. Only 
tll(' fermrntaUoll rec('iying 5-percC'nt Ill'inc tl'NtlO1rnt dCYl'lopcd whitt 
('ould be cal1rd 11 typic.n.l acid f(,I'Illl'nlfl.tiOll, and this Wns of model'l1te 
int('nslty. In this ('11se, the gI'owth of the acid:-p('odu('ing bacteria 
took place during tilp first 2 w(',:ks and hl'011ght about n brine acidity 
of approximatrly 0.60 p(,l'cent, and pH o( 3.2. In the 10- and 15
p('l'cent bl'inl's, l(·ss than O.20-p(,l'c(>ut Mid was produced. TIl(> gI·n.dual 
d(>('l'NtSC in t\cidity of thetbr(>(> lots during storage is attributed 
mostly to dilution by rain and b"in(' loss l'rsulting from both ilfunple 
l'cmo,al find contaiIwr !rakl.1.gr. This was common to all brInrd lots 
pxpo~\rd. in ullshelt('l'('(l contn.iners. '1'hr prl'st'l1('e of 1'('iatively f(ow 
ndd-Iyroducing b~d('ria in thl' 15-p(lrccnt brine lot \\'I1.S expect(od, 
sineI' thl'se orgl1.Illsms arc ImabIe to grow to any extent, at that snit 
COllren tration. 

http:rakl.1.gr
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TADLE l.-Fermenta,tion of 60-pound lots of whole green beans in 5-,10-, and 15-percent salt brines I stored under outside 00 
conditions in unsheltered open-headed 20-gallon kegs 

~ K-2 (5-percent brine) K-4 (IO-percent brine) K-6 (IS-percent brine) 	 o 
P1'-~--II ., ..~., ,·-,,-----II-~-~ Z 

IHicro-orgnnisnu; per milliliter of brine l\Iicro-orgnnisms I)('r milliliter of brine Micro-organisms per milliliter of brine 
~ 

nnd acidit.y and acidH,y and acidity ~ 
Age 	 t"' 
in 	 '. -·_----·-·1 \1:1 

dllYS 	 q
Acid 	 Acid

ity 8 
Totu! 	 as pH Total Acid ColiI ,\cid I(' I' I I ity I 1/ Totul IAcid I Coli- ~~~?-I IIforlll- fO~ I: Ypusta ~ (IS, pH cOllnt. form- Yeasts 2 Yeasts 2 as pH 	 ~ 
courJ~ 	 forms luc!ic COli;',/: Iform- forms ~ crs II, lucf Ie crs 	 Inctic

aCId ers 	 Zacid 	 acid 
co

---,--,-,··-·--,,---,---1 1----1-----1-- "" 
~-4 

1'ho/l- 7'/lllll-
Tj 'f'hou- Thou- per-I Tholl- Tholl- Tho 11- Thou- Per- Tholl- Tholl- Tholl- Thou- Per

IJu1I!ill lmnrls s!mds sUl!d,~ ce1lt SII 11 ds sunds .~(/Ilds sunds re7lt sunds sands sands sands cent ~ 
0___1 310 200, 10 o 0.01 ___ 130 0 100 0 0.01 --- 16 3 100 o 0.01___ U2 
2___ 3,500 2,5(0)00 o . 05

1
5. 5 80 50 1 0 .03 0.5 110 50 1 o .035.4' 

4___ ,42, 000 42, 000' 11) o . 164. 5 19 1 0 .09 5.1 10 1 1 .075. 1 t:1 
6___ '3.1,000 31,000 0 2.6 .423.5 13 10 1 . 1 .11 5.1 7 0 1 o .105. 2 ~ 
8__ .1J5,OnO 15,000 0 15 • 54 3. 2 liO 50 1 0 .It 4. 8 8 . 1 o .094.9 ~ 

·10.. ' 70U 700 0 3 .573.213 Ii 1 .1 12 4.8 4 0 .1 o . 105.0 . 
12" 770 710 0 2 . 5;1,:l 21\' 53 53 1 1.2 .13 5.1 3 3 .1 o .095. 4 ~ 
I·L no liO 0 o . 5·1)3. 2 1·18 140 1 10 .14 5. 0 4 1 0 2.115.3
]6__ 30 _.___ 0j 1 .52:3.2 310 200 0 71 .14 4.7 14 7 0 o .104.8 E; 
18_. 12 0, <.01 o .5I13.) 140 140 1 15 · 15 4.5 5 0 1 o .104.9::il 
20'-1 17 0; < 01 o . 4";;3. 1 '17 ·17 <.01 0 .14 4.5 15 1 <.01 13 . IH.9 0140 ______ ___ q22 __ , 20 OJ ,.01 U _. __ • I. 6 6 <.01 0 140 <- 0100 ________
2-1.. 5 0; o , "1713,2j{ 1 0 _______ _ 0 .13 :1:6 250 	 230 . 124. 6 l:30 ________ 77 ______ ___ q2li--l 2 0; . 3i,·----- --_,I 1 - ____ •• ---~--- 4 

~-----
90o ,._ _ __ 240 0,_______ _ --- 0 ________ 58-________ ::il30._ 1 or,-. __ _ 	 300 -_.'- ... _... - 48

34 __1 4, OL ____ _ 	 · 11)'1. ____________________~.j .44,3.1 250 I' 0'. ______ _ 250 	 III .09,4.6 l1'l 
38._ 6 OJ _____ _ 6 i .423.0 196. 1' _______ _ 185 · 09( a 68 0. _______ 	 50 .08'4.6 ______ ___ 7 0 ________42 __1 21 0 • _. __ _ 	 25 ______1__ _1975 1--._.;!---.- _.. -----.1.------_ ______ ___ 10 0 ________ 31 ________ _·J6__ ·1 0,. ____ _ 11 1-_____ ___ 136 01 ________ 118 



• • 
______ 

.0 
0 _____ - IS! 50__ 5 110 119 ------1--- ------ ------ -------2 0 ______ ---------1 lj-------- .10 4. 6 33 0 _______ _ ag ---:0814:7 . ~ s: 54 __ 560 0 .403.0 78 ______ ___ 26 0 _______ _ 15 ______ ___ 1-30 ______., r.R 141 D~ __ ----- ... -- 0 0 --_ ... - .. "'-- 59 ______ ___ 19 0 _______ _ 4 ______ ___ gJ 

-t 63__ 33 0 ______ 0 -- ... --~ ...... - 5 0j ________ . 10 14. 8 . 1 0 _______ _ o .085.0 ....I 70._ .1 0 .393.1 0 81========0 ________ 0 _______ ._ 1. 2 0 _______ _ 0______ ___ g0 ______ .. 77 __ .1 0 ............. ..0-_-- .6 0 
 . 094. 9 .4 0 ________84 __ 5 ______ 01 ________ 1 o .085.0 05 0 ______ 0 . 3li3. 3 .3 0 ______ ___ 0 0 _______ _ 0______ ___ S 
98._ 0 0 -_ ...... .. - 0 °r-------0 ________ 0 .08 ___ 0 0 _______ _ o .08 ___ &;~-0 ______112, 0 0 ______ 0 .323.4 0 ______ ___ 0 0 _______ _ 0 ______ --- t
126 0 0 --- ... ---- ... -- 0 .04 ___ 0 _____________ _0 ______ .2(i ___ 0. ___ • ___ 0 O .03.__ ()T-------

0 

140" 0 0 ______ 0 2 0 ________ 0 ______ ___ 11 0 _______ _ 
168_ 2 0 . 27. __ 4 0 o ------ --- III 

~ 
1 In these 3 brining treatments, the first 2 (5 and 10 pcrcent) were gradually raised to 15 percent within 4 to 5 weeks, while the 15- o 

t.:J 
perccnt treat Illl1' twas lIluilltnillcd ut thut COIlCClltmtion. Ul 

2 l\Iycodcrmu counts less Lhuu 1,000 pcr milliliter ut each plating iutervul. .... 
Z 
:.rj 
t.:J 

; ~ 

~ 
Z 
o 
"!l 

~ 
~ 
1-3 

~ 
~ 
Ul 

cc 
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10 'tECHNICAL BULLE'l'IN 947> U. S. DEPT. OF AGRICUL'l'URE 

As shown in the tabla 1, rathel' p:rolongf'd yeast fermentations 
occurred in both the 10- und tht' 15-perccnt brine treatments. A few 
thousand yeasts pel" milliliter were found at several plating intervals 
in thti 5-P('l'C(,llt brine, but there was no definite indication of pro
gr('ssiv('. popUlations. It is of interest to nota that in the 10-pl.'rcent 
brim' the principal portion of the YNtSt fermentation followed the 
acthity of the acid-producing bach'ria, Apparently, thereforc, fcr
mC'l1table cat'bohvdrate was tl.Yailablp at that tinH' , and some factor 
othpl' than carbohydl'n.tC' ('ollcL'ntrittion accouniNt for the lack of 
(lL'v('lopment of thL' arid-producing hn.ctPl'ill in that brine, 

ThC' data on the' coliform bnd('l'i!L indicate that these organisms 
W('1'e pr('st'nt ~\itin,11y in nll tlll'eo lots, but showed little activity during 
the fl'rmeuhitlon propt'J', 

Since at the tim(' of this s('I'i('s of e~l)cl'imcI1ts, observations for the 
salt-toll.'l'ant cocci WNt' not a Pi1l't of the routine procedurt', it is pos
sible that in SOllle cus('s the total count valu('s shown in the: tables 
illdudc cocci. This would be particularly true .in the ] 0- and 15
pC']'ccnt b,'illes, In t1l(' 5-p('1'('('nt brinps the amount of acidity pro~ 
duccd was sufficient to inhibit the cocci group, 

I.DIA BEA:SS 

The fC'rm('ntatioll l'l'Sltl ts for 1l!lshpllC'd lima hC'alls at tl1l'1.'C' bl'in(l 
COIlc(,lltrntions IU'P shown in fiLbl(' 2, TIt(' dati. indicnt(' tImt artive 
growth by tll(' nrid-prochlcing bnciPJ'il1 was l'('strictNl to th(l iJ-{)(,1'(,C'llt 
brim' t(,(liitu1('nt, Tn this cnRl', although tIll' popUlations remained in 
the 10 million P('I' millilitl'r rling(' for npproximn,t(·ly 3 wl'eks, the dc~ 
nlopNI l)('inC' acidity ,\'a8 only about 0,30 1)('J'(l(,1lt. In til(' 10- and 
15-pt'l'c('ut trcatnwnts n'l'y littlt, acid was Pl'O{\llC'('(1. TIl(' data with 
1'('SJH'ct to the Mid.-producing baetl'ri'l. in til(' lO-perc('nt lot W('1'(' not 
('I(lar, /)('causl' ·of int('l-f(,l'pncp from tht' coliform gl'OU)>, and possibly 
fl'Olll th(' coed, '1'h('s(' groups, 1'end(\('ing ti\(l l)ll1l('s Il.lknlil1(', Pl'l'
n-nt(l{l dC'u,etion of the ttcid-p!'odll('ing ('oloni('s. But judging Crom 
the mt1H'1' low n,('id ('ont('nt of tIl(' bl'i!W, it would nppNll' that the 
lwid-producing bact('l'ia W(,l'(, not tI\(' pl'('\lominll.ting ol·gl1.nisms. 

Th(' ('01il'o1'1115 W('I'(, found in {'onsid(,l'll.hlc> numl)(>I'S during th(' ('nrly 
part of oJI tIll'('(' fe'J'nwnlo Uons, ""hil(l t1lPJ'C> wns no ('yid('n('p of \\'('Ir~ 
ddin('d ypost f(,J'IlH'ntation ill uny of th(' lima b{'un brim's, y('nsl 
n(,t:h'ity \nls noted OIl ;;('Y('rnl o(,(,;lsions in {'Qunts of It fe,,' hlllidr<,d 
pt'r millllitcl', pnrtieulnrly in 1h(' 5-p(,J'('cnt brine lot, 

Th<' bfH'i(>l'iologieoI ('llfInges during (lip ferm('ntntiol1 of uush('Ile'd 
gl'N'n 1)(,11:; tit tlll'N' hl'ilH' stn'lIgths nre shown in tnllip 3, 'flH' p<'l'iod 
of gl'O\\'t h of tIl(' uC'id-pl'Od udng htH'lC'I'in in the' :3- nnd 10-p{'('('l'nl 
In';lH'R if; l'('/lpi't('d in nn incr!'!ls!' ill In'inC' IH'i(/iLy to nbout 0,50 nnd 
0.30 I)('['('('nt, 1'('sp('ctin'ly, within tl pPl'iod of nl)pl'oxi1l1ntely JO nnd 
20 dnys. In tlw 15-p<'['('('nt,iwinl', thi'n' was litUp or no gl'owth by 
Ihp;.\(' orgl111isD)s find tlH' bmw Ilcidity W(IS son1('what less for (hnt 
In'in(' thnn fol' till' ()thpl's, COI'l'Pspondingly low{'(' populntions of Ih!' 
Ileid-pl'oc[w·ing Lmd('I·in. !In' shown [01' th(' 10-pcl:cellt brine trc'uLl)H'nl 
us compurcd to the o-PPJ'('('ut. 

• 

• 


• 
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'1'.\ ilL],! 2,- PU'mentatiol/ (If UO-jIOUlld lot.'1I1( '111I.'1lttl{/lllima brall.'! ill 5-, 10-, (1l1d 15-]Jl'rcl'llt salt brines I stored under outside b:I . " 	 >

c/JlldillOl/S in 1lll,'1ltdtcrfll IJjJI'II-l!nll!Nl20-(.7allon ker7s 	 ("}, , 	 8 
M

II 	 ::0----1- _._. 	 I'II gK-S (5-pt'r('clIl brilll') K]O (lO-p('I'('('lIl brille) 1\:-12 (15-percent brillc) 

o
II 	 C1 ....

I )lil'ro-orguni"lll;; IWI' lllillili[cl' of brim' )1i('ro-orglllli:'lIl:i l)I'r IllillililPI' of brinc II [\1 i('l'o-orgullisllIs per milliliter of brine 
llml acidity 	 &:A1-\(' , flllt! Ileidi ly IIlId llt'idHy 

in ("}, '-«"-,- t" 

dllY,.. 	 ! 
Add- I Acid- \ '1 I I IAcid lIt 

>
,\('id ('Illi 	 TOIIlI ;\eid Coli ' " •• 2 ity liS: Toful j CI( Coli- ,ityas

'I'olnl • , .•: it)' :,Ii:~ pI! 	 pH Z 
(01'111- form,; 'I ('n,;t" - luet Ie ' ('()lull; fortl1- for\1ls 1 (l1.'l[:; luetic y.ll ('OlIllL fO:I~l- forms IYcasts 2!lactic o

('(lUII! 
(l)'~ ! udd 

('rs I ucit! L ~r~! i ' acid W 
t;j 

H 

! Z 
7'holl'/'JWI/- Tho/(- '1'11011- Pel'-

I 
I 7'11011- 'I'lw/I- i 7~0~ 'I'hol/ P('r- I J '1'IIO/I-! 7'h01l-\ 7'/wlI

i 

7'lwlIPer

i .~llllds 15UIl,}S SOlids sUllds ('1'111 t ~ ,mllds sUllds! mll~ 'IU wls /'till 1 I H("I,d.~ 1SIllids .~(wdll sands c('/ll ;1
• O. 01 __ _ ::0

,iO; 100' o D. 01\. ~: ,100; (3\ 00 o o () I i I. oon! ;JOOi IOO oo 120 
2 1. \JOG I.oon -100 o .O(j,i.l~ tHO ,3, ~·10 o · n(5. -I ~ - 700; 101 >1 ,1 ,045. 7 ~ 

• IS -I. ,~ (l00: \3\ ~IO o .0715.311 .(001 100 >10 o ,OGI~' ~ ~ <1 ,")0.000 ,")0. 000 ' I no o _ 07:0.0 .."
(l . 'aR 000 :~}:, oon 10 o , • 27a. !I, 2(iOi (:I) :~100 o , on!,~' 3\:,' ~OOI' ;100 >10 o 
8 :W,OOO 2n, non 10 . a; .28:3. ni 1I0i (3 ) o • lOa. O. .300 .300 >100 .2 . 00',5. 5 > 

9":.( I:j 1('0! ~ 10 . I , J 2i5, 2!1 HiO, 80 . 10 .2 .075,7 :::l
10. 1."),000 '1:1. non I o • · ~')"', 	 ',! I 
12 2!l,()OO :W. DOO',I 1. 21 • 27,1. a', so! ,ll I o • I n~, 2',' . SO, SO ] o • OSI§' 7 ~ 
1·1 !(i. HOO Ili,noo I o ' .27·1. 3:' 20() • 10: 10 o , 11;;),·1 300, < 10 J o - 09,a. 8 

o .095.3 0
iii II. QOO 1l.200, I ~ HI .2;:;,1. {,no 10, 10 o · 12~5. I ! OJ'] () 1 o ,094.8 I:j
lS II. 100 1.1. 100' I I · 2d,4, 5i' 100 10 I o · I Ij5. 3 1 ao 0t 1 . 1

"'0'( ro:' '>10 90' 1 • o · ] )15. ·(l 75 01 0 I o __ ~']!I~,7 g20 .12, (jon 12, (iOO 0 o · _ ..),", - 
i : (iO 0' o , t 30' Oi <. OJ! o22 Ii. 700 Ii. 700: 1 o 	 ".01' 

')0 1 .,: 'I ! ' 	 o .1015. 0 ~ 2.~0() 2. BOO: o • --1'1. h:: SOj' 0 o ' • On,5. "I I Oi !2·' 	 () . ;1 "0) 0' o f !) Oi : o20 I. Ion LIDO; 	 g;\: -~1 0 	 o30 110 ·HOi o 	 o I 01 j t" 
.2211. 0;' i l o 	 o , 1014. 9 M3·1 200 200; 1 	 I ' 0815. "'1: .. I . -- I o .104.8 (Jl

3S 27 	 o · 201·\. iill 180] o .005. Iii S? ' -. .. - _.. - - --I.. _" __ .. 49 0 _______ _42__ , 10 O! o . L 1001 0) o I 	 o --~---I--- ...... 
s.·.· n)(l!IIIll!'" at "1111 nf 1111111'. 	 ...... 



• • • 

':rA13LE 2.-Fel'mentation of 60-pou7lcllots of 1Lnshdlecllima beans in 5-,10-, and 15-percent salt brines 1 stored under outside ~ 
conditions in unshl'lteredopen-headecl 20-gallon kegs-Continued 

ti1 
K-8 (5-percent brine) K-lO (lO-percent brine) K-12 (IS-percent brine) g 

~. ----- II --_. _.-----. 11------------- Z 
H 

Micro-organi:::lllS per milliliLcr of brine Micro-organisms per milliliter of brine l\Iicro-organiciffis per milliliter of brine Q 

and acidityAge und acidity and acidity ~ 
ill b:l 

days --~'.~'------- Acid- I .----~cid-I \ 'd Acid ~ ! Total f 01 _ Coli- r 2 ity as _ Total A<:ld Coli- r 2 ity as Total CJ _ Coli- v- 2 ity ~s pH t:;jj 

I count orm forms Yeasts lactic pH count fOlln- forms Yeasts lactic pH count form forms ... easts lactIC ~ 
Z _1_____ ~=-- .. _____~~~~ __ ~-_ ~e~s :'_Ci_d_______e_rs_._1___ acid 
co 

v~ 

I
Tholl- Tholl- Thou- Thou- Per- Tholl- '1'holl- Tholl- Thou- I Per- Thou- Tholl- Thou- Thou- Per-

~ 

sands sands sands sands cent' sands sands sands salld.~ cent sands sands sands sands 'cent0 ________46_._ 8 0 ___ .__ 0 . ___ . __ '_ 0. ___ • __ _ 0 ------ --- ;:l1 0 ---- ... - --- 4
50__ . 1. ________ ... ____ •• 0 •___ • __ • ___________________ _ 0 -- - -------- 0 !Jl54...--1 6 0. ___ . 0 0.214.5 0 ________ _ 0 O. 10 5.1 7 0 .. ------- 0 0.10 5.1

0 ________58____ 4 0 ______ 0 ______ ___ 5 0. ______ _ 40 0 ------ -------- -_. 0 ________ ~ 63___ .: 4 0 "._._ 0 ____ .. ___ 15 0. ______ _ 0 120 0 "d0 ________ ---.-0970___ I 1. 8 0 ____ . 0 .204.7 li 0 _______ _ 0 .10 5.3 150 0 5.3 ~0 _______ 
77___ j 3 01 ___ ._ 0 --.--. -'- 30 0. ______ _ 0 40 00 _______ . o 
84,__ • I' 6 2 'w.___ 0 .184.8 ------ ------

1 
--------

0 
0 .10 5.5 24 0 ________ 0 

0 .10 5.3 
---

I::j
98.• _ 1 0, ____ • 0 • __ • ___ 0. _____ • 0 _______ _ - ... ---,.. --
112__ 2 0 ___ .-- 0 .16 ___ 01. ______ _ .080 0 

0 ---~~I::: ------ -----~ :::::::: 0 --- ~ 126___ 1 1 ----.- ------ 0 ------ -0- ------ .----- ---.---- .06 ___ ______ 0 ________ 140•• _ 4 0._____ 0 . 12 _. _ 0 _______• 0 0 .07 
168_.. 4 0 ______ 0 ._. ____ " 0 _______ _ 0 

• ____ • ___ ______ 0 _. ______ 0 ------ -- ~ I 

~ For brining details, see footnote 1, table 1. ~ 

J !vlycoderlllll, counts less than 1,000 per milliliter at each plating interval. 

S Absent in 1-100,000 dilution; not detected in 1-10,000 dilution because predominance of alkali-producing organisIDB . 
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TADLE 3.-Fermentation oj 60-pound lots oj unshelled green peas in 5-,10-, an<l15-percent salt brines 1 stored under outside tx! 

conditions in unsheltered open-headed 20-gallon kegs 1; 

::0
K-14 (5-percent brine) K-16 (lO-percent brine) K-18 (15-percent brine) .... o 

t"I -

~ 

o 
Mit.:ro-organi~ms per milliliter of brine Micro-organisms per milliliter of brine Micro-organisms per milliliter of o.... 

and acidity and acidity brine and acidity c 
~ UJ 

:;...  cI 
"0 
d 

Acid- Acid Acid- II1 
.S Total Acid C'oli- ityas Total Acid Coli- ityas Totnl 

Ac;j Coii- ityas pH > 
form- Yeasts 2 l>R form- Yeasts 2 pH form- forms Yeasts 2 lactic ZOJ count forms lactic count forms lactic count ~t:D ers ersers acid acid acid m,<1 

--- - -------------- ------ - ....-.~--.~ - - --- I z 
'l'llOlt- Thou- Thou- Thou- Pcr- Tltou- Tltou- 'l'}101l- Tltoll- Pcr- Tltou- TItOll- Thou- Tltolt- Per
sands sands sauds sands cent sands sands sands sands cent sands sands sands sands cent >:j 

l':l 
0 130 0 10 0 0.01 SO <10 100 0.5 0.01 --- 70 <10 1 0.3 0.01 --- ::0 

0 1 .1 .02 5.3 
326,000 24,000 >100 1.6 .12 4.2 13 12 1 0 .04 5.5 13 12 .1 0 .03 5.4 l':l 

551,000 31,000 >100 1.8 .19 3. 9 10 0 1 0 .06 5.5 3 0 .1 .1 .04 5.5 Z 
I 200 200 1 0 .01 5. 2 43 18 1 0 .01 5.2 10 ~ 

28 1 0 .08 4.7 6 0 1 .1 .03 5.5 
9,20,000 20, 000 0 8. 4 .45 3. 5 60 40 0 2 · 18 4.3 3 2 .1 0 .12 4. 5 !j 

11 121,000 21,000 4 • 
3-

I 3.5·2,800 2,800 0 9 .22 3.8 1 1 0 0 .13 4.6 
13,15,000 .15,000 0° 2 .30 3.0;;2,700 2, 700 0 1 .27 3. 9 1 1 0 

730,000 30,000 0 61 .30 3.5 28 ~ 

.1 .14 4.5 ~ 
15\14,400 jl4,400 0 0 .34 3. T!l, 590 l,590 1 0 .26 3.9 0 0 1 0 .13 4.5 o 
lT16,200 11l,200 <.01 3 .32 3. 7;:1,200 1,260 <.01 0 .27 a.9 0 o <.01 0 .17 4.5 >:j 

o . 5 300 5. 300 <.01 2 · 33 3. Slil, 800 1,800 <.01 3 · ~l 3.9 1 o <.01 .17 4. 5 <: 
]91 • 2,4.00 0 ______ • __ '1, HiO 1, HiD <,01 1 ?- 3.9 1 o <.01 .16 4.4 l':l21 2, '100 <.01 • ~I 0 ______ o120, ______ 3 .17 4..523 2,000 2;000 ... ..... -... - 0 .28 3.9 0 ______ ° l':l-~ 

__ 4 _ .. ___25 112 112 0 ___~ ~~I~~~ 15g 6" _______ ° 0 0 ° 0 ~ 0 .11 4:729 ]20 120 ----,---- .3213.9 18 17 ------- 0 .25 4.0 1 °------ tIl1 _____ 
33 109 ... ------- 1 · 3r3. 8 1 °-----]]4 ° 2 _______ .24 4.0 6 0 ______ 1 .12 4.7 ~ 
37 42 4?t 4 3 .22 4.0 32 23 .12 4.8 rn ° ~I'------- 0 ______ o..______ 0 26 1841 3 0 3 ------ --°-.----- ------1--0 _______ 0 ______ 
45 1 I O!." •• ____ 0 1 3 ------ --- 54 1 !J6 ------ --° :===~~t~ 

~_ 

I-' 
~See footnotes nt end of table. 

"'\'. 
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TABLE 3.-Fel'meniat'ion oj 60-pound lots oj unshelled green Ijeas in 5-,10-, and 15-percent salt brines 1 stored under outside ~ 
, conditions in unsheltered open-headed 20-gallon kegs-Continued 

~ K-14 CS-percent brine) K-16 ClO-pcrcent bdne) K-18 (15-percent brine) o 
p:j--------------11--···--- 11------------ Z 

Micro-orgu'lismsper milliliter of brine Micro-organisms per milliliter of brine ]\;Iicro-organisms per milliliter of H 

and acidity and acidity brUle and acicWy ~ 
t< 

g;" td 
q 

"d I '\ • I Acid- ACid-I IAcid
oj~ r., I el(. . Acid.~ ] otal f'm ColI- - '1St. J1ty U1< ] Total Total IAcid itvas 8

form Coli- JYeasts 2 Coli- IYeasts 21 lactic pH t;jcOlin L 01. - forms )' c.. s Ibetic IpI count forms itylacticas " pH count form
~ 1-3'" ers ers forms acidCIS acid H-< acid 

~------l-------: -'-,-----~- .----:---I~II--.-.-i--,--I-~--l-------I--I-II--I---I--I 1--,- <:> 
,;..

Tholl- IThOll-I Thou- Tholl- per-I I ']'h01l- IJ'/lIJll-1 Thou ']'holl Pel' Thou-I ThOll-I Thou Thou Per -l 

s(/'l/d.~ I sands sancis SCLncis sands sands sands cent sands sand;; sane/s sands cent 
4!) o 0._______ 2 _.C~~~ _ _ _ _ sants 0. _____ _ 1 27 

~ 

29 I 0 ------ ------1--- ~ 53 o I\ 0 ___ .____ 0 --0.-21;4.1 18! 0 _____ _
() ------- o 11 0.1214. 7 rno 0 ________ 0 0 ______ _ 7 0 _____ _57 ..~~:=j:~~ ~ o 42 0 ________ 0 ._____ ___ 1 0 ______ _ 3 0 _____ _62 1 1 t:10 ______ _69 • <1 0.________ 0 o ---:1014:41 .2 0 _____ _ o .1215. 0 ~ 

7U .3 01________ 0 ___ '_:~I~'_~ 2.2 0 _______ o 1 4 _____ _ o() 0 _______ • 0 0 __ • ___ _ o 0 _____ _ ~83 . 2G·1. () . 2 o · ]814. 5 o .0815,84. 2 _____ .__ S 1 n _____ _97 o ()0 ------- o o o11 J _____ ___ 2 ______ _ "')111 .2014.4 29 33 • 16,__ _ 29, 20 _____ _ o .0616.3() 0 ___ .____ 0 ' ______ ,__ _ 3, 0______125 1 o o :>0, _______ _1 ___________]39 .19,__ _ 1 o 12,__ _ o . 06, __ _ G'lI4 0 --- ----- 0 ::c1 ______ _1()7! 1 0j________ 0.'. . 22 __ _ 2 o · 12 _ .. 13 0, _____ _ o .08 __ _ H 
o 
C 
t"' 

1 For b,.,;ning details, sec footuote 1, table 1. 1-3 
q

2 Mycoderma cOllnts le$s than 1,000 PCI' milliliter at each phlting interval. 
E:1 
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• Yeast fermentations were foulld in the 5- and 15-percent brine 
treatments. In the former, growth started during the first few daYf.1 
and lasted about a week; in the latter, growth began after about a 
month, and continued for about 20 days. Yeasts WE're observed in 

,the 10-percent brine at a number of sampling dateR, but no welI
characterized fermentation trend was noted. 

The occurrence of the coliform group in appreciable numbers was 
restrictc.l principally to the 5-percent brine treatment during the first 
wee~. The counts for these organisms in the other two lots remained 
in the range of 100 to 1,000 per milliliter for about 2 weeks. After 
that time they appeared to be absent or in very low numbers. 

MICROSCOPIC COUNTS 

:Microscopic counts were made for the predominating acid-formmg 
bacterial cell types in the 5-percent brine treatments for the till'ee 
vegetables in this series. These are shown in figure 1, together with 
the plate counts for the acid-forming bacteria. 

• 

The data show that similar fermentation trends for the acid-forming 
bacteria were obtained by the two methods used for e..'i:amining the 
fermenting brines, particularly during the active phase of the acid 
fermentation. Later, however, the microscopic counts tended to 
decline to a certain level and remain rather constant, while the plate 
counts, after the peak of activity, showed a continuous decline. 
During the period that the microscopic observations showed relatively 
constant numbers of organisms present in the brine, the stains showed 
the individual cells intact, well stained, and with no detectable evi
dence of loss of definition or other signs of deterioration. Howeyer, 
the plate counts appear to indicate that these cells were either non
viable or incapable of reproducing when plated out on the routine 
culture medium. 

Three principal Gram-positive cell types occurred during the acid 
fermentation. These were designated as large, stout, and small 
bacilli. The cocci were either absent or present in relatively few 
numbers. The large bacilli occurred either singly or in short chains 
composed of two or three elements and ranrred in size from 1 X8 to 
14 microns. The stout bacilli occurred l1smSly singly or in pairs and 
ranged from 1.2 X 2 to 4 microns in size; they were typically blunt
ended and in many cases tended toward a coceo-b:1cillus type. '1'he 
small bacilli varied greatly in arrangement, occurring singly-, in pairs, 
and in chains up to five or six elements, 'with the cell measurements 
ranging from 0.75X1.5 to 4 microns. 

MIXED LOT OF BRJ:\,ED \VUOLE YEGETAm~ES 

The vegetables left over from setting up the brining operations 
described in the previous e.xpel'iment w('1'e mixNl, plac('(l in an opell
hen,ded, unsheltered 45-gallon cask, and thC'J1 covered with a 5-pel'cent 
brine which was maintained at that C'ollcC'ntrntion by the addition of 

• 
salt. Prior to brining, the vegetables were ]',ept under refrigpmtol' 

conditions for about 10 days. 


The purpose of the experiment WltS twofold, namely, to observe the 

nature of the fermentation of a mixture of vegetables, and to ascertain 
whether a prolonged delay between harvesting and subsequent bl'ining 
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FWl7RE l,-Populations of acid-forming bacteria in brined whole green beans • 
(1(-2), unshelled lima beans (K-8), and ul1shdied peas (K-14), as indicated 
by the plate (1') and microscopi-J (~l) eount techniques. 
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would bring about any marked difference in the type of fermentation 
which would take place. 

TABLE 4.-Fermentation oj a ll5-pound mixed lot oj whole green beans 
(63 pounds), 1tnshelled lima beans (18 pounds), and unshelled green 
peas (34 pounds), covered with 5-percent salt brine (20 0 salinity) and 
maintained at that concentration) stored under outside conditions in an 
open-headed, unsheltered 45-gallon cask 

MB-19 (5-percent brine; mixed vegetables) 

Micro-organisms per milliliter of brine and brine acidity 
Age in days 

AcidityTotal Acid l\Iyco-Coliforms Yeasts as lactic pHcount formers derma acid 

Thou- Thou- Thou- Thou- Thou
sands sands sands sands sands Percent 

34---------- 1,600 600 10 -------- -------- 0.01
2 __________ 
340 .07 5. 2
3__________ --------- 1,000 ------0- ... ------

1, 200 900 100 0 .10 4.7 

48,000 48,000 0 10 0 .18 3.9


4__________ 
6______ .____ 106,000 106,000 >.01 0 0 .56 3.2 


52,000 52,000 >.01 0 8 .67 3. 2

8__________ 
10_________ 
12_________ 23,000 23,000 >.01 .. ---- .63 3.3 


12,000 12,000 0 14 .61 3. 3
14_________ --------
4,900 4, 900 0 7 .61 3.4HL ________ --------
6, 200 6, 200 ..... --- ---- ... _...... .62
18____._____ --------- --
8, 600 8, 600 0 8 .62
20_________ --------
4,800 4, 800 .62
22 _________ --------- -------- ... ------
4, 100 4, 100 0 6 .65 3.62·L ________ 4, 200 4, 200 0 32 .62
26 _________ --------
6, 600 6,400 0 2 .60
30_________ --------

430 400 0 31 .62
32_________ --------
380 3GO 0 24 .60
34 _________ --------
470 470 0 4 .61
38_________ --------
350 270 0 50 .59 3. 5
40_________ --------
200 150 0 13 .60
42_________ --------
]29 114 25 20 .60
44 _________ --------
150 120 .60
46_________ --------- -------- -------

95 70 0 21 .60 3. 5
48_________ --------
70 70 .61
51 _________ --------- ... ------- -------

58_________ 111 ------ .... - ... --------- 17 61 .44 

38 26 6 15 .55
65 _________ --------
67 44 ----_ ..... _-- 0 17 .53 3.6
72__ .:______ 23 23 -----' .---- 0 2 .57
86 _________ 37 0 1 36 -------- -----100_______ .1 
 9 - ... ----- ...... --------- 2 19 .50 3. 8 

.8 --- 0 2 .50
115--------1 ... ----- --------13L_______ 

'-.,0 ...... _--22 0 ... -_ .. - .47 3. 8
--------- ... -152________ 132 132 ... ---- .. _-- 0 13 .43
197________ 55 34 .43
--------- --------1--------
I 


The results, shown in table 4, are very similar to those obtained in 
the salting of the given vegetables separatt'ly at a ~omparablc brine 
strength. Substantial poplllations of aeid-formin~ bacteria brought 
about a rapid acid fermentation resulting in a maXllllUm brine acidity 

764040°-47-3 
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of about 0.65 percent. The pH of tho brine was lowered rapidly 
from an initial value of about 5, to 3.~1 in a few da.ys. The acid
forming bll.deria remained in the brine in considerable numbers dur • 
ing the first 30 days; then gradually decreased. Prior to the stlll't 
of the acid fermentation, a fermentatlOn of short duration was brought 
u.bout by the coliform group, whose continued growth appears to have 
been restricted, n:nd finally inhibited, by the acid fermentation and 
the subsequently deyeloppd brine acidity. There WitS little evidence 
of nn nctivE' yeast fermpntation, although the presenee of myeo(\rl'ma 
or s('um yeust was no((>(\ eonsistentiy during the p('riod of nJH1lyses. 

BurNED WUOLE WAX BEANS • 

Four 60-pound lots of wax beans from ('astern North Carolina wel'(~ 
brined aecording to two treatments in 20-gallon open-headed kegs 
which wero stored under outside conditions. All lots were cOYl.'rNi 
with a 4-percent salt brine. In one treatment the brine was main
tained at that concentration, while in the other it was gradunlly 
l'Iliscd to I5-percent bl'irH.' strength within 4 to .5 wet'ks by the addiUon 
of snIt at wecldy intervals. 

Tht' results 0'( the baetcl'iological findings are shown in tables .5 and 6. 
An ('xflmination of the data shows thnt the pl'incipnl microbinl changes 
w('re similar for both treatments. The acid-forming bacteria were the 
predominating orgnnisms and brought l1bout a vigorous fennentlltioll 
l'C'sultiug in II. mnximum acidity of about 0.80 perccmt within about 10 
days. According to the salting sclH'dule followed in the lots in wbit'h 
the brine concentration was raisl'd from 4 to 15 percent of salt, the 
brine str'cngth was still only about .5 pereent at the rnd of the first 10
duy pcl'iod. TIlC'rcforl', the arid pl'oduetion o('('urred in all lots at u 

• 

time when the brine str('ngthwas wl'll within the nwge favoring vigor
ous growth by thl' acici-producing bUeleria. 'fhe pH of tbe b~rine 
dl'errnscd from all inilinl vnlul' of about 5.7 to tbe 3.2 range during the 
stunl' pl'riod. Thl' ueid-producing bnderia rl'mailled in" the brine in 
considerable numbers throughout the pt'riod of analyses in the bplU1s 
kept at 4-perccnt strpngth. In the two lots rais(I(l gradually to 15 
pereent, tlH'se orgnnisms werp. rC'du('t'd to relllti\Yl'ly low numbers 
within a month. 

• 
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TADI,E 5.-Fermentation oj d1lZIlicate 60-1JOund lots .oj w/tole. ~vax ~ean8 in 4-percent salt brine (15° salinity) maintained g; 

at that concentratIOn, stored under outstcle comhtw71S 'L'n unsheltered open-Iteaded 20-gallon ke!Js ~ 
~'_"--'__• ___ '''__ c tt--"""---,......,.""'--""'---"'·'"'~-·......."...----"'~-" 
 l2J 

l:>:l 
}(-20 (..i-percent; brinc) K-21 (4-per~cIlL brinc) 

---,-----_._----	 ~-----~....-----	
C) 

I 
....~licro-organisms pcr milliliter of brine und brine 1l.cidiLy 1\Iicro-orgnnisms per milliliLer of brin6 und brine acidity 


Agc in 
 ~ duys 
Acidity Acidity @

'rolul Aeid Coli 1\lyco ns Tot! Acid Coli- M \'('0- IlS
Yensts pH 	 Yeasts pH

COUIIL formers forms deTIIlll 	 lactic COlli formers forms del'mn I luetic ~ 
acid ucid 

.., 	 ~- C/l-- ,---,---	
~. 

.... 
7'b()!I- -'~"r"r~'l'lrOIl- 'I'hnll-	 TirOl/- Tho/(- 'j'/ItJ1L- 2:'1'111111- Tholl- Tlroll
si/nds slInt/s . sll'/lds : s(I1,ds _~(llld.~ Percellt SCI1It/s .~lIl1ds sCI/llis sa1lds Percent 

• __ .... 0.01 	 O. 02 5.90 [ll 10 I 1 i.---··. 5.7 40 	 ~ 
, 15 l:>:l2. 45,000 45,000 300 0 o .l4 3. 5 61,000 2(iO 0 0 3.5 

3 ' 60,000 HO,OOO 0 0 0 .51 3. ·l 81, 000 0 0 0 .50 3.3 ~ 
4•• . " 310,000 310,000 0 	 0 0 . UU 3. 3 123,000 0 0 3 · ti7 3.2 l2J 

· ,.,- Z
6 .. 60,000 58,000 	 0 0 .7<1 3.3 58,000 ...--_ ... -.--- 0 10 ,() 3.2 
8 'W, 000 4(l,OOO 0 4 .75 3. 3 57,000 ... - .. ----- 0 12 .83 3. 2 
10 3!J,OOO 3!l,OOO 0 38 .77 3. 3 83,000 -...... _---- 0 12 .87 3.2 

o 
~ 

12 20, 500 20, 500 0 8·l .73 3. 3 27.000 ......... - ... _-- 0 33 .79 3.2 
Z14 .. 10,000 10, IlOO 0 2 .73 3. 3 5, SOO _..... _--- 0 22 · 8:~ 3.2 

II; 4,HOO .1, {i00 0 26 .73 3. 3 8, 800 '" ~ ... -- 0 27 .. 83 3.2... k ... __ .. _~. 

'}-	 ~ 18 -- ... ------	 0 _D • fi9 3. 3 3,000 ......... 
", -... - 0 20 .79 3. 2 


20. 430 400 _... _-,..,_ ...... 	 0 27 .77 1,700 0 27 .87 ... ----.. ---- ...... 
22 540 540 ,... ... - ... ,~ ... -	 0 9 .72 540 -----_....... 0 9 .80 ------ ~ 

24. ·1:lO 3(\0 	 0 7.1 .71 2! 2UO -------- 0 4 .80 ----- ~ 26 540 , 320 	 0 200 I .70 4 18 --_ ... ---- 0 'J2 I ,77 -- .. 

'> 
_.... 

') 1;28 IGO . lIiO 0 14 .00 I 3.3 23 tOO ... -- ...... _...... 0 28 .75 o. -' 

30., 21'0 Z8n j 0 .70 I 19 HO 50 39 .78 .... - .. - t"----- ... --	 l"1 
32. 20 70 I 	 0 41 .73·120 j 0 400 .57 L J8 	 C/l120 ________
84 __,1 1, ISO 8(;{) ••• ____ •• .: 700 .57 I 3. 8 29 96 --------1 0 )70 · U8 3. 2

800 __ • _____ .75 ______I3tl • ! 700 tl50 :, ".""_ 	 o i 62 .55 SO 0 52 l--" 
CC 
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TABLE 5.-Fermentation oj duplicate GO-pound lots of whole wa,x beans in 4-percent salt brine (15° salinity) maintained ~ 
at tlUlt concentration, stored u'ncier outside condii'ions in unsheltered oJ1e1/,-headed 20-gallon kegs-Continued 

- -< .,.."--,--........_- -"-1-	 ~ 
IC-21 (4-pcrccllt brine)IC-20 (4-pcrccnL brine) :II 

'_' ______~'4_' ~ 
Micro-orglllliams per millilit.er of brine Ilnd brine aoidity:\licro-orgllnisllIs per milliliter of brine Ilncl brine Ilcidily 

Age ill ~ 
dilYS ttli 	 ClAridity 	 I IAcidity

l\fvel)- 'ILS'1'01111 Acid Coli :\1 \'l'O as Tollll Acid I Coli- IY t 	 pHpH 	 i \.... ells 5YCIl..,ts I dc'rmll 	 count formers u u.s derllla lactic Icount formers form,; 	 Illetie 
I!lcid 	 ~ 

Z-_._, ....._1 	 acid 

Tholl-	 II'1'1/011- I 'tholl- . 
i 

'/'JI()!I- 17'/1/1/1- I Tholl- ThollTholl- Thou- 1Thou-
<0 

Slll/dll , s(/lId.~ I sands S(L1Itis! ,wmds , Perc(,l1/ s(lllIls SlIwls Ii(llld,~ I slImls s(lntis Percent ~I 

320 84 _______ \ 31039 2·10 ' 220 - - 100 80 , 0.56 I 3.3 370 	 0: g~ I"__~._:""(1 ')0 3 i ')-0' .45 , __ , _ 230 0' ______ '1 0 310 	 ~".ij\J I -" \) I'-.-.,- ! _I . j • 	

50 .50 3.3
2 J0 2 10 - - • • 0 I 50 .38; 3. () 36 26 1--------. 	 !7'53 	 31 ________, 00 12 .55(iO , 39 12 I. _~ . 0 ! 57 j .40 47 190 ________ 0 	 I:!-	 25 .453 220 l'.l74 _~I 2~0 .200 II'" . . 1 j 21 1 . ()!

.24 3.8 170 --,._ ......... - ------- 38 .36 I 3.5
88 -.I 260 r------- --~- --! 90 	 0 .37 ~ 102 _J 200 \ ''''-'' • _., ••• _ 0 . 0 .25 210 210 -- ... ----- 4? ________1______ 
1 ((j 	 0 ... - ... ----- 0 

, 0 1-" -.. 0 52 	 0 ~785 -------137. 270 0 .. ------ 0 231--------1------111 785 	 I --------r-.--2 . 30 __ --- 
18·L 	 240 -------- 0 

470 I 470 j- .___-=.::.~_.._._1 4. .20 -._.-_-_-.u..._M

_?4_0...!..__.....l___l..-__!-_--.!___2..-__ 	~ 
el g 
~ 
q 
:l:l 
1:;1 

• 	 • .. • 
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'l'ADLE 6.-Fermentat£on oJ duplicate GO-]Jo'wnd lots oJ wax beams {II, 4- percent salt brine (15° salinity) raised to 15 percent tD 

in 4 to 5 weeks, storfel ~l'I!(ler outside condition.s in unshelterc(l open-headed 20-gallon kegs ~ 
t2J 
::tI 

K-22 (-I-percent brine rniscd Lo 15 percent.) K-2:> (4-pcrcent brinc raised Lo 15 pcrccnt) ... o 
t"' o o ....I~icro-organiSI1lS per millilil('r of brine and brine acidity l\Iicro.orglllliRms per milliliter of brine and brine acidity

Age in &2 
"'--'---''''---'- t" 

! 1M Aciditv a 
days ill'.Tolnl 'Aeid Coli- I . , .. jl\lyco- ACI(I~t? Tolul Acid Coli Yeusts,' 'yco- as lactic pH p:'lcounl ; formers I forllls I) CllstS ! derma 1Iil~~~~ 1C I pH count formcrs for111s derma acid > 

~.I t2J.",. h •. _. __ ., -. 

CIl 
Tholl- , '1'/1011- '1'1101/- r 'l'hol/- 'l'/wu- Per- Tholl- Th()ll- 'I'holl- 'I'holl- Th()l1- I Per- ... 
1!(17I1/S saT/tis .m11 tis ,mlltl.~ SU'/Id.~ cClli 8(/1Ids SC/1uls 8u7I(Is sllllds 8(/lId8 ce1lt Z 

0___ ••.• I -14 0.05 5. 7 20 0 ]0 0.05 ii. 7 l'Ij0 
2... _ .Ioo,oon 100,000 ----2ugl 0 G .14 3. 7 122,000 122,000 2S0 0 .11 4. 0 t2J 
3_ __ _ (\0, 000 60,000 0 0 .51 3.•.1 SS,OOO S8,000 0 - .. _---- -------° .44 3.5 ::tI 
4______ • ,. 57,000 57,O()O 0 0 • (l!J 3. 3 1:>7,000 137,000 0 ------- ------- .60 3. 2 ~ o l6•• _______ 1(\,000 16,000 0 0- .70 3.3 170,000 ]70,000 0 2 3.3 ~ -._. - --I -() ---_ .... ""-- · 74 8. ________ -I~OOO 'J5,000 0 1-1 .77 3.3 40,000 40,000 ---- ... --- .77 3.3 8 
10, ___ , ___ 40,000 -10,000 0 32 .82 3.3 37,000 37,000 -------- 0 26 .84 3.3 > 
12. _______ 20,000 20,000 :::::~::I 33 .78 3. 3 21, ()()O 21,000 ---- ... --- ---- ... -- 21 .78 3.2 :j
].1.. ____ •• 3,400 3,40Q 0 38 .76 3, 3 4, lOG 4, 100 ------_ ... 2 .76 3. 2 ~ 
ilL 7,'100 7, ·100 0 (I • SO 3.3 3,liOO 3, 600 -------- ° 0 13 .80 3.2 
IS 2,800 2, 700 0 34 .7(1 3. 3 1,2(10 1,000 ... -_ ... ---- 0 21 .75 3.2 0 
20 1,600 1,000 0 15 .82 1,200 1,200 ..................... 0 9 .77 l'Ij 

22 25 25 I 3 · SO 16 Hi 0 3 .80 ~- .. - ~ '" ..... «... 

2·, 3 0 0 -I .75 7 0 -------'" 0 4 · 75 o 
2ti 0 0 0 5 .73 3 0 -- ... --.., .. ,., 0 1 .75 tr:I 
28 ~:>O 160 I 0 28 · 1m I 3. I ]S 10 ...... - ....... 0 0 .69 3.1 :; 
ao 2 01. 0 0 .72 0 0 ... "' ...... __ ... , 

~ 

0 0 · 76 td 
.32 3 0 4 .7li 0 0 0 .75 ~(} 

34 ] 0 0 0 .70 3.0 CIl?i ,.: · 110 I 3. 0 o • _______
:>(\ 7 O. ..• _ 0 2 .72 • o r------- 0 .2 ° .77 
jlO••••. __ 2 1 _ ..... __ 0 1 .72 3.0 !) --.----- .69 3. ° l\j~I ...,... 



!l'ABLE 6.-Ferm(,lltation oj du.plicate (JO-pounlllotsof wax beans in 4-percellt salt brine (J5°salinity) ra,ised to 15 percent ~ 
in 4 to 51VCfks, stored 'u'nder outside conditions 'in unsheltered Qpen-h(;aded £O-gallon kegs-Oontinued

I- .~;~I:'::';:I :~:;:i~~~O [' IW",,,I) __I_.. IC-23.(4'P,,,,,,'bri,,, m",d 10 [5 P'''''''') .... __ ~ 
I ~ril'ro·orgnllil>ms l)('r milliliter of urine Itlld brillc acidity I 1\Ikro-orgunisllls per milliliter of brine and brine acidity ~ 

Age in 1_ ' __,_,----.'', t"days 
! \ . 1'\ . I I A . j" td' \. 'I' ., J ('l( 1 ,. I '" t 1 ' \. I C' I' "I (,I( I~y dTntfil Add C01- Y('usls" YC'o-, 1Il1 III1.ticl pH 10 Il I J CJ( I ,·01- Yeasts 1" yeo- us la(·tic pH t" 

, COllllt [orllll'rs i forms u('rmll. i I("id COIIIlL formers forms dcrmu acid :::: 
1 \,. \ ....~ 

,:- ,-,I""" -~- ~ z 
Thou '1'11011- '1'lwlI~ '/'IIMI- '1'11(/11- I P('r 7'11011'1 '1'lw1I- '1'11011- Tholl- Tholl- Per- Q 

~wlIIl$' l!(Jmls sumls 8(111118 81l7uis cent ....sal/tis .: S(/!I(ili SCI 11(18 , SlI1l1is ,~(llHls I relt/.
46 2 1 o o I O.6t o ___ . . - ................ - o 1 0.64. :1 

5:3 o o o o .57 3. I 1 0 " .... --_ .. - ... o 0 .57 3.2 c:l 
(10 o o o o I ,54 3. 2 0: 0 .. -'~ ........ ,...., o 0 .54 3.2. 
7-1 o o o o 1 .50 0 0 .. _... -_ ...... -- 0' 0 .50 w 
88 o o o o .39: 3.3 0 0 ... _... - ... _...... oI 1 .39 3.4'o 0 I .42 ______ ~ 
102 o o o o .42 '._. 0, 0 ... ------ ...o . o Ol __ •• ____C_____ I'dlIH I , o o 0 0 - .... ,..--- .... o I 0 1__ •• - __ 1______ 8
1:17 o o 0 0 

,IS-l. o 
o 

o 
o 

~ ! o o .35 .......- 0 0 ..... ----- ... o I 0 I . 34 1______ ~ 

I ___.!..-___. _e_c+_'_ I>j----.- ..-~~,,-, . 

g; 
S 
o 
c::l 
E3 
c:l 
~ 
l."l 

'"'#• • '. • 
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No typical yeast fcrmentations wcre found in any of the four fer
mentations followed. The mycoderma, howevel', wcre consistently 
found in the brincs of the two lots that were maintained at 4-perccnt 
brine strength i and in the case of those gmdunlly rniscd to 15-perceI1 t 
strength, Uley were present chiefly during the p('riod wh('n the brine 
strength wus below 15 pcrcent. In this connection it should be em
phnsiz('d that in fermentations at low suit ('on('entrntions, exposul'e 
of the brinc surface to sunlight is not, always enough to pl'event tho 
growth of mycodrrma scum. Sufficient growth may occur during 
wurm summer nights to create a surfucc film. FurthCl'mol'(', dul'ing 
a few days of cloudy weather, th('I'e can occur on w('ak brine n luxu
riant growth which, once established, will p('rsi'lt evell in bright sun
light. This actually took place in the euse of lots maintained a.t 
4-p('rcent brinc strength; and in addition the my<'ocl('rmn sC'um aeted 
as n support for a vigorous mold growth which somewhat soft('necl the 
original texture of the beans. 

BRIXED WHOLE GUEEX BEANS 

Fr('shly harvested w('stern North Carolina green beans (T(lnder
gJ'('('n) were packed in amounts rnllging from GO to SO pounds in 20
gallon kegs and cov('red with n 4.5-p(,/'(·ent brine. No further salt 
was added. Duplieate lots of blaneh('d b('ans, unblandH'd beans 
plus vinegar, find un blanC'hcd beans pI us Inc-tie aeid were brim'd. All 
kegs werc tightly hendNI at the stnrt nnd W(,I'(, stor('d unJ('1' outside 
(·onditions. A small hole in eadl 1)('IHI WIIS !l'ft unbung('d dUl'illg the 
first 10 dnys. 

The bnc'i:<'riologieal ehanges that occurred during the f('rnlPlltalions 
are p]'('sented ill tables 7, 8, and 9. 1'h('s(' f(II'l1H'lltntiolls, from the 
standpoint of the prineipal organisms involved, are ess('l1linlly the 
same. The add-forming bn(·t(lria were th(' predominating group. 
Heaching maximum numbers within the first few dnys, th('y remained 
in the brinc at the 1O,000,000-per-millilit('r level for about 3 "r('('ks, 
and ('ontinued to be pres('nt in 10w('1' numb<.'l'S throughout th(' balallee 
of the period of obs('I'Yation, about 7M mOllths. As the data show, 
the maximum addity d('\Teloped ill the lots receiving only 4.5-p('l'(·ent 
brine was approximately 0.65 perc('nt, reached within about the first 
week; while in thosc acidified with vinegnr', and those with luetic 
acid, the maximum aridity val liPS W('I'(I slightly higher. Th(' pH 
values of the brines in aU till' f(,l'l1H'ntntions w('l'(' I'edu('('d to about 
3.5 within a week . 



TAHLB 7.·-Permentation oj'dl£l)licafe 60-pou1/(llols of blanched (2 minutes in boiling water) whole green beans covered with ~ 
4.fi-pcrcclIt salt brine (17° salinity), stored under outside conditions in tightly headed 20-gallon kegs 

~ 
1(·31 (4.5-pClc<'nt b;illC Qllly) K-32 (4.5-pereent bri"e only) £ 

~-.~- ' ....' ._.........--.- ....._- ......... ~--..- -_.- Z 
~ 

'\\licro-orgnIlisms per milliliter of brine nnd brine ncidily Micro-orgllnisms per milliliter of brine and brine acidity ~ 
Age in dnys I . t:'; I j -,....--,--_.•• _,-- a! 

, . ' . AcirJitS ,. AeidH.y c:: 
rulnl ACICJ Ycar/,$ :\1 yeo- J1S llletic pH lotlll ACid Yeasts Myeo- as lsetic pH t' 
COllnt fOrllj('rs . " dl'rllll1. llcirJ count formers dermll Ilcid ~I 

....
'--" .--- Z 

i Tholl- IJ'lwlI- Tholl-Tholl- <D 

'l'IIOIl.~rTld.~ IThousands sa lids .~/I11//s Prr('rnl Thousands Thousands .m1ll/s saTldli Perren/. "
0 _______ •• _ , I 2 0 1 0 0.19 10 ° ° 0 0.19 ______ --I 

2... , .. "".. . 330,000 :130, 000 14 20 .27 3.7 260,000 260.,000 ___ ••• _••___ .___ .36 3.6 c:: 
4.... ., 110,000 J10, ODD 1 0 .63 3.4 IGO,OOO 160,000 0 0 .61. 3.5' 
6__ .. . _I 8~, 000 ~~, 000 1 22 .63 3. ~ 87, 000 ~1, 000 0 4 . 63 3. 5 ~ 
~L ... __I 3:), 000 3 ... 000 0 30 • 59 3. a 67, 000 b2, 000 0 34 . 63 3. 5 
]2.... .. .... JO,300 10,300 0 130 .60 19,000 19,000 0 120 . 65 ~ 
14 n,900 (1,900 0 170 .5$ 14,000 14,000 0 in . 64 ~ 
Hi ., 2. noD 2, (300 0 140 .57 15,000 15,000 ° 150 .65 !":l 
18.. 2,400 2,000 0 300 .58 9,000 9,000 0 21 .67 0 
~O 1,700 1,700 0 70 .57 15,000 15,000 0 60 .66 ".l 
22. 1,020 1,020 0 30 .59 2,600 2,600 0 90 .66 > 
24. ],900 1,900 0 30 .57 1,900 1,600 0 90 .69 0 
2(.1. . ....... 1,900 1,900 0 40 .57 1,040],040 0 20 .65 e:l 
28. 2, 300 2, 300 0 60 . 58 2, 000 2, 000 0 80 . 68 g
30.. 2,600 2,300 0 240 .56 '_.'" 2,300 1,800 0 280 • {'~ t' 
32 ...... '"1 1,450 1,200 0 140 .50 3.5 200 200 0 <10 .62 3.5 0-3 
:H. . ......... ,2,100 1,800 0 260 .53 610 580 0 60 . 65 ~ 
36... 1,300 1,000 ! 0 360 .50 3,800 3,800 0 170 .64. I:"J. -,-,1
39.............. _1 3,200 3,200 I 0 3UO .50 ____ ._ 3130 360 0 10 .64 

41..___________ 3, 1i00 3,600 L_. __ .__ 170 .43 L-____ 350 260 ._._____ • 50 .65 

..,.• ". • • 



• - • - • 
2.800 1,020~~~.....-..... - 2, ROO '--------1 1!l0 ' .52 1.----11 1,020 --------! 190 .631------ tI3 

:'" 
3, ,100 230 . . 501" __ • __... 4S··-· e ••••••• -' 3,000 ',' 0 I 430 340 0 I ]70 . 67 ------ t; 

S; '. . 3. 000 3,900 ! 0 400 1 .-17 .••• -_. 1,200 1,200 0 I 100 .63 ______ 8!i.! 53,., •. -,., 
'" 60 ,.. ' 3,000 2,400 i 0 I 300 j•• -'"'' •---I! 800 800 0 I 120 ----._-- _.____ ~ It 200 ________ ,____ ••• __ ••_____ ______ ...1 71' ...... -. 2,900 2,-100 L. __ .. ele .. • .• j ••• -- -- .I------!I 1,200

1,000 1,000 . 0 j ]70 11 .48 1______ ;1 60 <100 j 0 I 50 .62\______ g-'L',r," ••••••
oil 1; 470 I, -110 0 , 220 .40 f •• ____ 11 970 !l70 ! 0 I <10 .63 ------ 01101 750 750 (' ! <100 <100 , U <10 . 62 e30 .38 ______ ,181 930 830 • 0 " 280 I .37 ,·,-"---11 ]20 . 63120 : 0 <10 ~ 
232 2,200 2,200 0 350 1 .3.1 ___ oj 120 70 i 0 90 • 60 ~ 
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TAllJ,E 8.-Fermentation oj duplicate 83-ZJOund lots oj unblanched whole green beans covered with It.5-pcrcent salt brine ~ 
plus 600 milliliters oj 116-grain vinegar (11.61Jercent), stored "Under outside conditions in tightly headed 20-gallon kegs 

, ... ...--~---
~ K-33 (4.5-pcrccnt brinc+vincgar) I 1\.-34 (4.5-pcrccnt brinc+vincgar) @ 
Z....Micro-organisms pcr millilitcr of brine and brine acidity :Micro-organisms per milliliter of brine and brine acidity 

Age in days ~ . - '"'--""~-'--' 

Total Acid Myco- Acidity Total Acid Myco- Acidity gYeasts as lactic pH IYeasts as lactic pH 

1:"" 

count formers dcrma eount formers dermaacid acid 
~'--'-' :j 

Tholl- Thou- Thou- Thou- Z 
Tlwltsantis Thousanri.~ sands sands Percent Thousands Thousands sands sands Percento____________ to 

~- 1 1 0.20 ------ 0 0. 28 ----- 11=0 
......?aI_ .. ,.. ... __ ______ 240,000 240,000 .48 3.6 116, 000 116,000 0 8 • 37 3 . 8 --t

4... ___________ ° ° ° ° ° 
6______________ 60,000 60,000 ° ° .92 3.4 80,000 80,000 5 10 . 92 3 . 3 ~ 
8 ______________ 27,000 24,000 30 ° 110 ° .86 3.5 46, 000 46,000 110 280 .89 3. 4 • 

5,500 5, 500 0 79 .82 3.5 11, 100 11,100 12 32 . 89 3 . 4 ~12 _____________ 
14 _____________ 23,000 23,000 1 32 .87 ------ 13,000 13,000 0 130 • 90 ----

.9116___________ ~_ 14,100 14, 100 17 .87 ------ 17,000 17,000 2 130 ---- ~ 2(j,000 26,000 0° 120 • ~)O 11, 000 11,000 200 .9218 _____________ ------ ----
20_____________ 22,000 22,000 10 .92 ------ 14,000 1.4,000 ° 12 .94 ----- ~ 

14,000 14,000 20 .93 20,000 20,000 0 40 .9422___ - _________ ° ------ ° ----
\l, 100 9, 100 ° <10 .95 ------ 1, 700 1,700 \) 10 .97 ----24_____________ ~ 
7, \l00 7,nOO ° 40 .93 ------ 8,700 8,700 0 40 .95 -----2{L __________ ~_

28_____________ 7,500 7,500 ° 120 .88 ------ 9, 100 9, 100 0 <10 .93 ----- > 
30 _____________ 4,800 4,800 ° 0 10 .92 ------ 4,700 4, 700 0 40 .93 ----- §

2, 1i00 2,liOO 0 20 .82 ------ 4,800 4,300 260 .93 ----- a32_____ --- _____ 4, 100 4, 100 20 .80 3. 5 1,800 2,000 ° 0 90 .82 3- 5 0 
36_____________ ------ ~ 
34_____________ 

3,800 3, 700 °0 80 .90 8,500 8, 500 70 .92 ----
5,400 5,400 20 .86 -- ... --- 3,300 3, 300 ° 0 390 .82 ----- o3n_____________ 

41_____________ 2, 100 2, 100 ° 0 30 .85 --- .. -- 2,400 2,400 50 .84 ----
1,200 1,200 2,500 2,100 ________1 70 .88 ~ 

44_____________ -------- <10 2,600 ________ ° ----.85 _. ____l,2liO 1,260 -------- 10 .82 r----- 2. 700 160 I .85 ----46__________ ,, __ .80 ______140 140 0 80 1,400 1,400 ° 130 .85 ----
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48_____________ 940 L _____940 o 20 .80 2,300 2,300 0 .82100 -----53_____________ 710 710 o 30 1,350 1,280 re0 40 -------- -----60_____________ 1,200 1,200 4,500 4,300 ---_..._-- -------- -------- -----71_____________ 400 ~ 400 10 <10 .61 2,600 2,600 30 20 .7985_____________ 240 ::tl240 o 20 .60 1,600 1,600 0 80 .67 ....
101____________ 360 360 o 10 .55 180 180 0 90 .77
131____________ 270 270 o 20 .58 150 150 0 20 .75 S 
~32-----------_ 670 670 o 140 .45 j------ 660 450 0 110 .65 
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TABLE 9.-Fermentation oj duplicate 83-pourullots oj unblanched green beans covered with 4.5-percent salt brine plus 183 ~ 
milliliters oj 50-percent lactic acid, stored under outside conditions in tightly headed 20-gallon kegs 

~ 
K-35 (4.5-percent brine+lactic acid) K-36 (4.5-percent brine+Iactic acid) Q 

III 
~ 

Age in days 
Micro-organisms per milliliter of brine and brino acidity Micro-organisms permilliliter of brine and brine acidity ~ 

--------

Total 
count 

Acid 
formers Yeasts 

~fyco- IAcidity
dei'llla as la.ctic I pH

aCld 

----- ------I-~-·· --,-~.---,--- -,---

Total 
count 

Acid 
formers Yeasts Myco

derma 

Acidity 
as lactic 

acid 
pH 

tl1 
q

; 
z 

Tholl Thou Thou Thou <0 

0 _____________ _ 
2 _____________ _ 
4_____________ _ 
6 _____________ _ 
8 _____________ _ 
12 ____________ _ 
14 ___________ ._ 
16 ____________ _ 
18 ____________ _ 
20 ____________ _ 
22 ____________ _ 
24___ - ________ _ 
26 ____________ _
28 ____________ _ 
3o ____________ _ 
32 ____________ _ 
34 ____________ _ 
36____________ _ 
39____________ _ 

Thousands 
1 

280,000 
62,000 
78,000 
14,000 
23,000 
13,000 
38,000 
17,000 
22,000 
7,000 
4, 600 
4,400 I'
4,200 . 
3,400 
2,100 
5,000 
2,000 
2,600 

Thousands 
1 

280,000 
62,000 
78,000 
13,000 
23,000 
13,000 
38,000 
17,000 
22,000 
6,000 
4, 600 
4,400 
4, 200 
2,400 
2,100 
5,000 
2,000 
2, 600 

sands 

°4 
12 

920 
46 
18 

6 
2 

°o 
o 
o 
° ° °o 
o 
o 
o 

sands 
2 

° °210 
33 
37 
48 

100 
26 
20 

140 
!)O 
10 
60 

200 
100 

30 
30 
10 

Percent 
0.18 
.34 
.85 
.88 
.88 
.90 
. no 
.00 
.02 
.95 
.05 
.94 
.00 
.95 
.80 
.82 
.95 
.80 
.90 

3. 6 
3.3 
3. 4 
3. 4 

3.4 

Thousands 
o 

180,000 
40,000 
61,000 

9,300 
27,000 
24,000 
13,000 
3,000 
6,200 
3,\)00
5, 300 
3,500 
1,700 
2, 500 
1, 500 
4, 600 
3, 600 
3, 700 

Thousands 
o 

180, 000 
40,OeO 
61,000 

\),300 
27,000 
24,000 
13,000 
3,000 
6,200 
3, 000 
5,300 
3,430 
I, 'i'ao 
2,200 
1,300 
4, 600 
3,600 
3,700 

sands 
o 
2 

30° ° o 
o 
2° o 
o° o 
o 
o° o 
o 

sands 
o 
0 

240 
46 
58
37 
80

° 
10
20 
10 
10
20 

180 
]20 

30
<10 
<10 

Percent 
O. 20 
.26 
.85 
.77 
.77 
.82 
.84 
.82 
.85 
.82 
.84 
.84 
.80 
.82 
.90 
.80 
.75 
.72 
.71 

3.9 
3.4 
3.5 
3.5 

3.5 

"""--t 

q
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rn 
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_____________ 
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41_____________ 2,200 2, 100 -------- 10 .85 ------ 1,800 1,800 -------- 20 .63 ------ t:n44_____________ 1,400 I, 100 .87 500 500 80 .5446_____________ 1,400 -------- -- - --- -------- ---,--

48_____________ I, 300 I, 300 0 1()0 .85 ------ 4, 500 3, 300 0 130 .52 ------ '~ 
!lOG !l00 0 420 .87 ------ o,!lOO 0, !lOG 0 80 .48 ---,--53_____________ 

1,000 1,000 0 130 -------- ------ 8,300 8, 300 0 50 -------- ------ ....60_____________ o 
71 1,800 1,600 -------- ----- .... -- -------- ------ !l,OOO !l,OOO -------- -------- -------- -----

-- ... --- -----2,200 2,000 10 30 .84 (j, !lOO (j,!JOO 0 <10 .44 b85_____________ o1,850 1,850 0 100 .82 ------ !l, 500 8, 700 0 <10 .40 ------ H101____________ 200 200 0 370 .76 ------ 4, 100 3, 100 0 20 .42 -----13L___________ 300 -----_ .... _-- 0 70 .81 ------ 220 220 0 <10 .40 ------ ~ 232____________ 840 6!l0 0 70 .60 ------ 5,000 5,000 0 210 .34 ------ o 
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Only one fermentation of the series (K-35) gave a well-defined 
yeast fermentation. In the other fermentations the yeasts found 
were not sufficiently consistent or numerous to be considered typical 
in behavior. 

The results of this series show, therefore, that there was no appreci
able difference in the geMr[J f!!rmentation behavior of weak-brined 
blanched green beans, and weak-brined unblanched beans acidified 
with vinegar or lactic acid. The populations of the acid-forming bac
teria followed the same general pattern in all fermentations and the 
maximum acidities developed were in the same range. Furthermore, 
duplicate fermentations of the three individual treatments can be 
considered similar from the standpoint of population trends among 
acid-producing bacteria and developed brine acidity. 

BRINED WHOLE CARROTS 

The experiment with brined whole carrots was the first in a series of 
small-scale brining and salting studies carried out under laboratory 
conditions and stored at prevailing room temperature. Approxi
mately 2-pound lots of the blanched and unblanched whole CIlITOts 
were pachd in 64-ounce glass jars and covered ",ith 6.2-percent salt. 
brine. In addition to the lot treated with brine alone, lots were made 
up with small amounts of vinegar, of lactic acid, and of mixtures of 
vIllegar and lactic acid. In a fifth lot only blanched carrots were 
used. 

The fermentation characteristics for the five lots of carrots are 
shown in tablP 10. In general, the first four listed behaved in a similar 
manner with respect to the fermentation caused by the acid-producing 
bacteria, both as to total populations and developed acidity. The 
acidity developed by fermentation for the lot receiving brine only, 
after about 1 month, was 0.75 percent as compared to about:, 0.70 
percent for those n.cidified with vinegar, ladic acid, and a mixture 
of vinegar and lactic acid. The populations of acid-producing 
bacteria wer.e somewhat lower (about one-tpnth), for the blanched, 
acidified carrots, as compared to the above lots, and the developed 
acidity was slightly lower. 

An active fermentation by the coliform group took place in the 
nonacidified brine, whereas it was not present in the remaining four 
which were acidfied at the start. An active yeast fermentation was 
found in three of the fermentations (CR-3, CR-4, and CR-5) but 
was not present in the remaining two (CR-1 and CR-2). The growth 
of mycoderma scum was satisfactorily controlled in four of the lots; 
a poor jar seal was partly responsible for the heavy growth in the 
fifth lot. 

The fact that the start of the usual acid fermentation was retarded 
somewhat in all five lots can be attributed in part to the low room 
temperature (about 60° F.) which prevailed at night during the 
early period of the experiment. 

The microseopic observations for this scries showed that the Gram
positive baeilli were the principal cell types pl'eEent during the acid 
fermentation. These occurred as large and small bacilli. 'rhe 
former were about 1 X2.5 to 7 microns and wpre present singly, in 
pairs, and in short chains of three or foul' elements. The laU"r 
appeared as two distinct groups with respect to size: Bacilli about 
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TABLE lO.-Fermentation oj 2-pound lots oj whole carrots covered with 
6.2 percent (240 salinity) brine with and without added organic acids 1 


stored at room temperature (60-700 F.) in 64-ounce jars 


CR-l (6.2-PERCENT BRINE ONLY) 

Micro-organisms per milliliter of brine and brine acidity 

Age in days 
AcidityTotal Acid Coli- Myco-Yeasts as lactic I
count formers 	 forms derma acid 

Thou- Thou- Hun- Thou- Thou
sands sands drcds sands sands Percent2 _______________ 

4 _______________ 3 2 60 0 0 O. 06 

140 140 800 0 0 .10
7_______________

9 _______________ 	 52,000 52,000 1, 700 0 0 .20 

98, 000 98,000 480 0 0 . J.5
11 ______________ 

133,000 133, 000 24 10 0 .27 

123,000 123, 000 0 0 500 .55 


§g:::======:::=:j_____________ 3, 200 3, 200 .• 28 0 .75
185 	 74 30 :::::::=, 0 0 -------

CR-2 (BRIXE+ VINEGAR) 

: 
0 0 0 0 0 0.47 

0 0 0 0 .47
~= i _______________ ======::::====!, 	 0 I 

I 


147 147 0 0 0 .47 

180,000 180,000 0 0 f 0 .67


O ______________ i 

11. _____________ ' 580, 000 580,000 0 6 0 .86
]5. _____________
29. _____________ . 210,000 210,000 0 0 14 1,06 


16,000 16,000 1 0 1. 15
--------1185-------------l 16 9 -------- 1 0 --------
I
1 


CR-3 BRINE+LACTIC ACID) 

2 _______________ 1 
 0 0 0 O. 5 0 O. 27

4 _______ - _______1 
 2 2 0 .2 0 .27
7 _______________ 
9 _. ____________ 2, 100 2,100 0 30 0 .29 


360, 000 360,000 0 1,200 20 .43 

490,000 490,000 0 860 0 .53


i~==~~=:====::::l 280,000 280,000 0 30 0 .79
29. _____ •._____ •1 .112,000 112,000 -------- 40 0 .95
185 _____________! 8 5 ----- .. _- 0 --------
I 	 ° 
CR-4 (BRnn:+VINEOAR AND LACTIC ACID) 

2 _____ I 
- ...... _---- 0 0 0 0 0 O. 39 

4.... - .. -- 52 52 0 1 0 .38 

L. 3, 200 3, 200 0 46 3 .37
9___ ----

.47
--- ... ----- 190,000 190,000 0 440 10
11. ________ • ____ 440,000 440,000 0 620 8 .60
15 ______________ 380,000 380,000 0 23 14 .90
29______________ 
141,000 141,000 -------- 4 1 1. 08185. ____________ 10 10 -------- 0 0 ------ .. 

!;lc~ footnote Il~ c'ld of tllble. 
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TABLE 10.-Fermentaiion oj 2-pound lots oj whole carrols covered with 
6.2 percent (24° salinity) brine with and without adde(l orga.nic acids I 

stored at room temperat1lre (60-70° F.) in 64-ounce jars-Continued 

CR-5 (SAllE AS CR-4 WITH BLANCHED CARRors)-
Micro-organisms per milliliter of brine and brine acidity 

Age in days AcidityTotnl Acid 	 Coli- Myco-Yeasts I\..~ lacliccount formers 	 forms derma acid 

I 
;Tizoll- Tholl- Hun- Tholl- Tholl

2 _______________ sands sands dreds sands sunds Percent 
0 0 0 O. J O. 364 _______________ 
0 0 .1 .5 .367_______________ 	 ° 

1,400 0 0 20 1,400 .389_______________ 	 ° 
10,000 10,000 0 20 800 .3811 ______________ 
26,000 26,000 0 80 ;2,400 .37'5______________1 	 i

29______________ 	 51,000 51,000 0 440 280 • ,')4 
27,000 27,000 S t 75 .80185 _____________ 	 -------

• 15 , 015 0 -------
. ---- ,-	 ~ ..-

I CR-l; 6.2 percent brine only. 
CR-2; brine plus 50 milliliters of 102-gruin (10.2 percent) yinegar. 
CR-3; brine phis 5 millilitt'rs of 85-percent lactic acid. 
CR-4; brine plus 25 milliliters of 102-gruin vinegar and 2.5 millilitPrS of lactic 

acid. 
CR-5i same as CR-4 except 1 pound of blanched (2 minutt'S in boiling water) 

carrots llsed plus 0.005 to 0.01 gram of d-iso-nscorbic acid. 

0.8 X 1.2 microns arranged almost always in chains or pairs, and 
bacilli somewhat larger, 1 X 1.5 to 3 microns, arranged singly 01' in 
pairs but seldom in chains. 

The micros('opic cotmts of the Gram-positive cells, as w('ll as the 
plate counts, for the five carrot fermentations, arc prrsented graphi
cally in figure 2. (The results for one of the lpttu('r frrm('ntations, 
also shown, will be discussed in the n('xt Yegetable seri('s.) 

The g('neral similarity of the population CUl"Y(,S, showing compar
able trends for all the fots, was indicated by both count techniques 
uaed. 

LETTUCE KRAUT 

Eastern North Carolina market-type lettuce was used for the study 
of lettuce kraut. 'l'he hends were trimmed of outer ]('ltYCs, halved, 
and the ('orcs cut out. The l('ttuce was thrn ehopp('d and mix('d 
with dry salt. Two 75-pound lots w('re mixed with 2 pl'lwnt of salt 
by weight and packNI in IO-gallon erocks, and one wus put dO\\'!l at. 
2.5 percent. These W(,I"C stored at Toom ternp(,l·tttUl"(" about 70° F. 

The bacteriologital ('hanges during the f<'rll1{'ntations ar(' shown 
in table 11. 'fhe first lot unu('l"w('nt a vigorous and l'upid acid [('1' 

mcntation which reslllt('d ill an addity of 1.8 P<'l"c(,llt aetl'I' about 
1 week A short period o[ actiyit~- by the ('oliform group pt"('('('d('d 
the acid ferm('ntatioJl, and aftt'r about 1 week, a yeast ferm('nlation 
occurred. ~Iy('odl'rmll w('re found contillually after thl' fU'st week 

The charaet('ristics of the acid f(,l'm('ntation in the lots at 2 percent 
and at 2.5 percent salt (LK-2 and LK-3), although somewhat similar 
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FraUItB 2.-Populatiom; of acid-forming bacteria in brincd carrots (CR-l to 
ell-5J and dry-salted lettuce lLK-l) , as indicated by the plate (P) and micro
scopic 1;\1) count techniques. 

to the first, were of less intensity, indicated by the production of only 
about half as much add. There was no cvidence of a('tive yeast fer
mentations in these two lots. The growth b}T the coliform group 
appl.'al'ed compaJ'l1ble> in tbe two f('('mentations when determinations 
for thesc organisms wel'e made (Ll\:-':2 and LK-3'J. In gpneral, the 
rl.'sults al'C' in good ag'l'l.'ement \\Tith those of Hohl and Crul'ss (17), 
particularly with rpsppe't to the activity of the acid-producing bacteria 
and resultant brine acidity. 
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One of the fetn1C'ntations in this series (LK-I) was followed by the 
microscopic and plate count. The results are shown in the lower part 
of figure 2. 11s shown in this illustration the two curves are similar, 
particulady during the actiye phase of the acid fermentation. During 
the period whell the counts decline, however, there is considerable 
diycrgencci and near the end of the fermentation, the curve based on 
microscopic observations appears to level off. This relationship 
between microscopic and plate counts has been discussed earlier. 

TABLE 11.-Fennentation oj 70-p01md lots oj choppecllettuce jor kraut 
at 2- and 2.5-percent salt by u:eight,storecl in lO-gallon crock's at room 
iemper(liltre ('10 0 F.) 

LK-l 12-Pt;R('P.:-;'l· B.UT) 

;'(jcro-organism5 per mil1iliter of brine and brine acidit~· 

AJ,!;e in 
days )1 'co- i AciditrTotal Add (\'li  d ~ I as lactiCcount f,JrIncr~ t form" I erma I acid

I ~<o____.. 

-:----\ 
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'1'/101(- Tholl Thou Tholl-
I Millions Millions 8all'/1! s(lnds sa1lds 11lInds i Perce1lt 

O_______ ~ 7 
 2 10 3 0 O. 03
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 25 J,OOO 3 0 • 18 

2. _. ____ ' 520 520 100 o 0 .60 

:L .... ___ • 1,010 1,010 10 2 0 .85
*_____ 113 1\8 <.01 o 0 L 23 

.) _____ . S80 SSO <.01 o 0 1. 60 
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i'_... _ 380 3:30 200 SO 1. S3 

71 -,~- .. ---~ <.01S____ _ 71 230 40 1.80 
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10.. ___ 3 :3 70 ·190 ... ----,. .. -..... 
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• TABLE ll.-Fermentation of 75-pound lots oj c/wppc(llett'11ce for kraut 
at 2- and 2.D-1Jercent salt by v:ei!/ht, stored in 10-gallon crocks at toom 
tempe7"llture (70° F.)-Oontiuued 

LK-3 (2.5-PER(,~:N1' ~A Ii ) 

Micro-orgfinisms per millililpr of brine find brine acidity 

Age; in 

days 


Total Acid Coli Coli-. ' ~r\'('o- IAcidii~' 
count formers forlllS 1 ,Yeasts dc'rlila as la.ctlCforllls !,3 .1" 

___I' "'_ aCId----1-
i ',Thnlt- Thou-! 'rIlOtI- ' Tholl

ilfillioll8 ,JfI'llioJl8 s(//l~l,~ s(lntl,~ SCI lids SCI/Ids ! Percellti 

0.______ 18 '•.••• ---.,' 6, bOO ·>100 0',8 !,-.-_-.=-,-_._l 0., 00~L ______ . 22 ._ .• _ 23,000: 1,000 ,_, v2. _____ _ 1 

3______ _ 
 25~ i 2~? I <Ig I g g 1-" 2:.rj! :1g 

i110 110 ________1 >- 01 0 I .9., .77''--.5 ---_______ . 
3, 0 .1-.------1-. ____ .. __ 0 ROO I .758______ _ 


0... ___ - 12 1g -. -----'\' _. -. -. -- 00 39'3 . 78~
I" 

1L. ___ _ v 1J .-------.1'--.------- 0 .,,) 
13_ ... __ : f , :'i 1::=====:1:-:::::::: g 16 :f~ 

, I I 
I r'""s-ill-g-l:-)r-jJ:-li-Il-Il-tg~~to.~-;~;;;-( 'Difc~~---'~--..-"'- --- 

~ l"sing IlluryJ sulfllte Lrypto~c broth (Dir('!)). 

3 VILluesshowll rcpr('~ent high('st dilution of brinl'whcrc a po:;itivc (growLh+gas) 


• 
Wfk'! obtained. 

• Xo higher dilutions mude, 

TIl(' pl'(>(lominating ('('11 type's fOllnd during thC' acid fC'rmC'ntation 
W(,l'C' the lal'gC' Ilnd small Cil'llm-p05itiw ba('illi. Thl' form(IJ' w(,r(' 
apPl'oximaldy 1X2 to (j micl'ons and \\'t'1'P arl'tUlgNl singly, in pail'S, 
and in short chains. '1'lIp lattr!', ubout 0.75X1.5 microns, occulTed 
mostly in pairs, with a few O(,(,UlTing singly. 

Dny·SALT....:n C~T GUEEN DBANS 

Blanched, fl'C'1'h, gl't'C'n bPllllS, in 2-pound lots, \\"('I'C' dI'},-sllltNI at 
fOllr difJ'('l'('nt ('on('pntl'atiom;, 2.5 .. 5, J0, Il nd 1;') pl'['('C'nt by wpight. 
Each slllting tl'C'atnwnl WIlS c'arl'iNI out in dupli('uJ(' in 32-oUIl('l' glass 
jars whic,h W('l'(' partilllly s('nlpc\. One' sH WilS stOl'P(\ fl t rOOm ll'Il1I)('l'll
turC' (70° 1<'.) and thC' otlwl' a.t .1'(' fl'ig<'rfl tOl' \pmp('I'lltl1l'(' (:3;j'{l°). The 
baC'trrio]ogieal obS('.I'YI1t1ons mad!' during storag!' I1t both t('mppl'lLllH'('S 
ar!' givC'1l 'in table'S J2 nnd 13. 
Roo~[ TE,\[PJmNITRI~ LOT";.-,-Tn U\(' dl'Y-snltC'(1 gJ'(,(\Jl hNl11S storrd at 

room tempC'I'nlurC' (DSB-l, D~m·'3, DSI3"5, nnd 'DSB"!i 11:; shown ill 
til ble 12, vigorous neid fC'1'll1C'ntntions look plne(' wi thin 3 days in 
thosc at 2.5 and 5 )PI'('('nt snIt, J'('sulting in a lIlflxil1lUBl (h"n'[oprd 
ncidity of npPl'oximntc1y 1.0 p(,l'('pnt for 'both fl'I'IlH'Ilt:ttiOIlS, In the 
lO-p('r('C'nt lot thl' aeid-forming bn.('«'l'ilt, in tt,PIH'rnl, o('('lln'pd ill low('r 
numbers, nnel thC' mnximum lH'jdil~' prodlJc(") W(l!'l SOl1l('\\'hnt l('s5, In 

• this instnnce a s('('ondflJ'V flC'id [!'I'I1}(1lltnlioll, ('ojlwiding with t)l(' (\nd 
of yeost actidty, r('~ult;;d ill nil nppl'('('in.h)p iJII'('Pl1s .. in lll'idily. In 
the 15-pl'l'ecnt snIt tn'ntmeut tht'!'c was no indictltion of nl~id ft'rIIH'11
tation. 
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TABLE 12.-Fermentation oj 2-pound lots oj blanched (8 minutes in 
steam), cu.t green beans, dnJ-salted at 2.5-,5-,10-, and 15-percent saU • 
by weiuht, stored at room temperature (60°-70° F.) in 8E-ounce jars 

DSB-l (2.5-PERCEXT SALT) 

1Iicro-orgallisrns per milliliter of brine and brine acidity 
-----,---,---  ,------=-~1
Age in I 	 I I I 


days 	 Total Acid Coli- Myco- Acidity 

count formcrs forms Ycasts derma as lactic


acid 

Tho 11- Thall- 'l'hou- Thall Thall- Per
sa1lds sawls 8a71ds sallds 8aM3 ce1lt 

3_________ 6,500 6,500 500 o o 0.37 

5_________ 8,000 8,000 0 <.1 o .35 

18________ 8,100 8,100 0 o fJ .96 

U _________! 27,000 27,000 0 o o .73 

31 ________ ,' 81,000 81,000 0 .1 o .88

38 ________ 133,000 133,000 0 .4 o .84

45________ 18,600 18, (iOO 0 ___________________ _ .99 

54- ______ -' 8,200 7,200 0 0 300 .70 

61- _______1 2i,OOO 20,000 0 0 800 .90 

68 ________ , 17,000 17,000 0 20 130 .50 

i5________ 8,900 8,900 0 0 200 )' .55

82_ _ _ _____ 9,400 8, (l00 0 2 200 ,65

89 ________ \ 3,100 I 1,600 0 0 '>10 I .68 

lOL ______ • 10.4001 8,700 0 100 1,000 .71 

109_______1 4,800 4,200 Q 40 28Q .72 

116 I 5, 700 5, 700 0 8 160 I .77 

123:======1' 4,000 1 4,000 ,--.------- 0 77 ) .66 

130_______ 11,000 i 10,000 1__________ 0 140 " .68 
 •144_______ 12,800 ,I 12,800__________ 180 0 .71 


f 
 i; 
--------~------~--------------~------~------~-----

DSB-3 (5-l'mlCEl>T SALT) 
--------7-------;"\----,--,--'....~'-.,._----..,__-----~----

13,400 ! o 17, SOO 1 o 0.22 
O·13,700 t 13,700 140 <.1 .25 


4,000 : 4,000 0 o o .66 

5,000 ! 5,000 0 o o .65 


41,500 I 41,500 0 15 O. .71 

14,100 I 14, .100 0 331 o .62 


3,800 I 3,800 0 170 o .9·1 

2,800 l 2,800 0 40 o .90 


2,100 0 670 210 .. 88
2,800 I

1,500 1,200 0 20 230 .50 


800 (l00 . 0 ' <10 liO ~ 55 

800 I 0 <10 200 .59
800380 I 280 ! 0 <10 )40 I .65 


2, 300 2·\0 I 0 30 .60 

3·10 i 260 I 0 70 1, 2~g II .6(j 

440 < 4·10 0 o 110 .. 63


270 ' _______ "'. <)550 : 	 _i liiO .57 

.. __ ••1,200 '. 1,200 •• 0 5 110 .. .66 


20,000. o 2,500 • . G6 
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TABLE 12.-Fermentation of 2-1)Ound lots of bl<lnchell (8 minutes in 
steam). cut green beans, (lry-saltecl at 2.5-, 5-, 10-, an(l 15-percent salt 
by 'u;eight, siorecl at room temperat'l1.re (60°-70° F.) in 82-ounce jars
Continued 


DSB-5 (lO-PEIICENT SALT) 


l\!icro-orgnuislIls pcr milliliter of brine and brine acidity 

Age in 
days I Coli Myco AcidityTotal Acid Yev,sts M lacticcount J' formers forms derma acid 

--------I~------j---------------I--------I--------I------
'/'b01l- I' Tho 11- Tbou- Tbou- 'I'I/Oll Per

3 ________ _ sands sands sarllis I Bat/d., sands cent 
5. _______ _ o O. 11~: ~gg 1~'--3;800- ~? 5. 5 3.5 .181S ________ 

0, 200 I· !), 200 0 1 o .2224 •• _~___ _ 3. 800 3, 800 0 1031 _______ _ o .32 
38. ______ _ 260 260 0 5!) o .27 

8, SOO I s, soo 0 2, 500 o .2445 •.. _____ _ 3, 000 ! <10 0 2, 200 o .26f).! __ •• ___ _ < 1.0 7, 4006L. ______! 4, -100 I 0 o .20 
14, 000 2, 000 0 11, 000 o · 19 
0,000 I < 10 0 2,800 o .16~t==:=:::11 2, 700 ~ <100 0 2,200 o · 1582_. _____ •

R!). _______ . 'i 300 ! < 10 0 3,800 o .17 
3: 0001 <10 0, 2,300 o ·101. _____ _ 18

40,000 ' < 10 0 ! 65,000 olOll ••• ____ , 60,000 < 10 0 I60,000 o .31 
I Hi_ ••• __ .t 61,600.. 61,600! 0 300 o .4S12a ______1 Hi,200 15,000 !__________ 80 o · '15
130. _•.•_" 6,,>00 3,000. __________ 1 3,'JOO o .491,1·1. __ • ___ : 260 .53!l00 • 10600 i----------I 


D813-7 (15-PEHC'tJNT SAl.T) 


I 84 r---7-4-.,---";;-- " 
3_ ••• __ .• __ 1 o 0.11 
OJ. __ •••• _.' aao f 1$0 .-1 o .12
18·-· _____ 1 ,1·10 j 0 0 36 gI 

· 1324", _____1 70 ! 0 0 o o .1131. __ • ____ , 156 __________ 0 .1 0; · 1238•...•.•__ J,ROO 0 0 12 0; .0845. ___ - __ _ 850 0 0 .7 o .1554 •• _____ _ 200 0 0 22 o61. ______ _ · 12 
2,500 10 ! 0 1,000 o · 1468 ___ • ___ •. 1,500 0 0 1,600 o .0875 .. ______ _ 
2,000 < 10 I 0 700 o • OS82._. _____ 40 < 10 I 0 40 o .OUS!L. _____ _ 20 < LO 1 0 20 o .10101.. ____ _ 61 0 l 0 61, o .09

lOll. _____ _ 470 <10 I 0 o .07116 .• ____ _ 60068 3 : 0 .4 I o · on12a ...• ~ __ _ 40 20 L .2 o .07
laO .• __ ·12 10 ".......... . 3 i. o .07
144. _____ 18 1 j_____ .... _.; 3 1 .06 

http:temperat'l1.re
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TABLE 13. -Fermentation oj 2-P0U71d lots oj blanched (3 minutes in 
steam); cut green beans dry-salted at 2.6-, 5-, 10-, arid lo...percent salt • 
by weinht, stored atrejrigeratol' temperature (35.6°F.) in 82-ouncejars. 

DSB-2 (2.5-Psncm;T SALT) 
"".. • ,_.. •.J;._ ... _.________~"' 

Micro-organisms per lI\ilIi1itcr of brjll~ IIlld brine acidity 

Ago in 

days 
 Total Ariel r;:~~~~ ; y cast~count former:> 

. I 
_,_,____ ,,__ ._.. l __, __ 'i_..* 

!f Thew- . Th a11- . Thall-
I 
! flllll- IhU! Th\)l1- Per

sa{!(I.~ : salld,~ SCll/tiS (hwls drTds S(/fltl.~ cellt 
3_~_______: 52 I 30 13 I 
 o o 0.14
5________ .1 3'> I 22 13 -I 
 o o .15 

18.______ ,' 1,500 <101,700 0, o o · 13
2,1. ______ .' 3,200. <10 3,200 0 o o .IR 
3L ______ , Ii. SOO 1, 6,800 ,1,,[0 0 o 0; · 17
38_______ , 12,100 12,100 0 ; o 0' .20 

45___ ... u_~",' 11,200 11,200 3, u'""~ 0 o 0' .20 

54. ______ I ll, SOD 1If SOO : ° °1 o 0: .27

6L ______ . 15,700 15.700' 0 2 j o o~ ·'>-

~()
68_~ _____ . 16,000 Hi,OOO 0 2 i o o .25

75_______ . 8,000 S,OOO 0 0 ' o o .20 

82________ 15,000 15,000 0 ° o o. ·'>-

~()

SU_______ 0 0 l o 0' .28 

101.___ 4,7110 4,700 0 1 0: 0' .28 

IOfL .. __ , 3, 500 3, 500 0 0 ' 0' 0' .20 

116._..... 5, ·100 5, ·JOO 0 ° ' o a .30 

123....... : 1,700 .'._.. 0' o .2!l 
 •130__ • ____ ! 1, \100 - 1, !)(iO _____ . 0 ; ° o0, .30 

1H.__ • ___ ~ 1, 100 1, 100 15 1 4 o .28 


1
------'--,... - .. 

1
3. _. ______ ! 2·~ . 12 ·1 o o o . 0.12
5. _____ .••; 15 ' 7 .81 a o • 15
18. ______ .' 5 00' o °o o .12

24. __ 5 ·1 a I) o o .1<131 __ _ 30 G 0' o .15
20 ' ° i
38. , .. _-_. 22 ! I o o .1·121 '--------1 
4.3. _." ... 155 ' 1;,;; ..•.•••• o o o 1i)
54. _____.__ 1
2. liDO 2. (j00 0, o o 0' .10
liL. _____ _ 15,700 15,700 . 0 I 2 0'· o I .20
li8. ______ _ 7,};OO 7,800 o! 3: o o .15
75._ •• ___ _ ZO,OOO , 20. 000 ; 0 o OJ 0,82. ______.; • 14


22. 000 22,000 . 0 o 0:SD _______ .' • Hi 

101 •• _____ : W, 000 10,000 0 o 0: ° o .19 


0,700 ' H,700, 0 o 0' o .22
109 ______ _ 7,100 7,100 a 7 o o .23
116___ • __ _ 13,300 13.300 0 o o o .23
123.______ , 12,200 12,.200 " .. _. __ o o o .24

130•• __ __• , 5,000 5, 000 """,_ o o o ,22
I·H._._. __ ~ 4,UOO 4, !JOO ;•• _•• _. _ 1 o .26
° ! ~ I 
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• 
TADLE I3.-Fermentation, of 2-P01tncZ lots of blanc1ted (8 mimLies in 

steam), Cllt green, beans dry-saited at 2.S-, 5-, 10-, and IS-percent salt 
by weight, stored at tefl'igerator temperatll,re (BS.O°F.) in, 82-ounce 
jars-Continueu 

DSB-6 (IO-PERCENT SALT)
--__,--________. ____H_~' 

l\[icro-orghnisms PCI' milliliter of brine and brine ncidity 

Age in 

dllY!> 
 -T-o-tl-Il-!-·-t:i~:~-C-'O-I-i---'!I:-"Y-r---l--!I:- -:ry(.o- ! AC~~it~l\i 

count Jformers forms! ens s dei'lI11t I Cocci l:~f~c 

--- ... ---,----1---'---1 

II Tholl- I Tholl- ,]'h01l- I17m-' IlulI- Tholl- Per

sal/ds ; sands sands clreds drfds .~(I/ld$ cellt 
0.13 
· 12 
.12f~~~~~~] if I 	1:.. 1 J~ 'I ~ i ~ i g , .15 

3L--~----1 10 I 10 ' l' 0 0 0 .13 
38________ 3-1 I 2(1 ----~--- 0 0 8 .05 
·15_____ .-- 23 0 I O' 2 0 0 23 .15 
5<L_______ 250 : 0 	 ] 0 2iiO · 17
61._______ 030: <10 .1 1 0 000

I 	 · 1568________ • 4,500. <100 0 3 0 4,500 · 14
75___ • ____ ! 2,000. < 10 0 0 O· 2,000 .08 
82__ • _____ : 510, < 10 lOgo 0 0 : 510 .07
80________ : 700' <10 	 a 0 l 700 .11
101. ______ ' 830 I <10 	 1 0 ; sao .10 
100_______1 750 l <10 4 0 • 7JO .10 
11 0 I 1, 800 I < 10 I 0 1 0 iI, 800 · 00 • 	123:::::-1' (JIO: <10 i- ____ .·__ ·1 °1 (ilO I · 10 

03000 i .101131°1 .•• ---- 4 «:0 ;--------\ ~ I 0° ! ?t~000 	 .06." ------- I ,-------.! 	 jI 

3 _______--' 44 33 I 5':---0r 0 L--~---' . 0.11 
5 •. _______ : 42 21 1 3 0 0\' 10 .13I 
18________ 1, 21, 8! . S 0 O}6 .14 
24________ 8 I '11': 1 0 0 3. • l·t
31.. ______ 5.4 1 3.3 .2 0 0 2. 1 I . 15 
38________ 1 5.2 .6 __-______ 0 0 . .21 .1\ 

~.'> -------1.1 I2 0 0 0 2 .1.)
<1-1._______ 1. 7 .\) .3 0 O. G I. .15
61. __ •. ___ 3 .8.1 0 0 2 .13 
68___ ----- 7 ·l I'· .3 0 0 I 3 .1075________ 1 1 . I 0 0 ._._____ .07 
82________ 2.2 .8 0 00 j 0 1! 10 .00 
89________ 3 0 i 0 0 2 .05 
10L._____ 2 0 tOO 0 --.-.--- .08I 
in::::::: ~.5'1· i; g g 8'.::::::::\ :g~
1'>3 I 1 . .( 0 i 0 , . _ __ . 05 

• 
0 40130::::::: 6: 3 I ________ .5 " _____ ._ 0j 0 I' 8 .06.08144_______ \ .5. .' o· i 

____L.__......:._ _ ___ ........._.... _.. ~.,,_j '.'__ 
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Typical gaseous fermentations by yeasts were common to all 
tl'eatments except the 2.5-percent lot. III the latter case sporadic 
counts were observed, but no clearly defined yeast fermentation trend 
was noted. :Mycoderma, or scum yeasts, were present continuously 
in the beans at 2.5 and 5 percent salt during the laatpal't of the 
observation period but were not found at the two higher salt concen
trations. This was partly because of the mther long period of carbon 
dio~-ide production by tlie YC'llsts, which by lower.ing the oxygen ten
sion above the brine s'Urface controlled surface scum growth which 
requires o).-ygen.

Observations as to the presence of the coliform group wcre not 
started soon enough to get the typical picture in the 2.5- and 5.0
percent treatments. In those at 10 and 15 percent, as the data 
indicate, the coliforms present at the third and fifth day sampling 
periods did not develop further, 

REFRIGERATED LOTs.-In the beans stored at refrigerator tempera
ture (DSB-2, DSB-4, DSB~6, and DSB~8) as shown in table 13, the 
active acid fermentation' was arrested in the 2.5- and 5.0-percent salted 
beans for about 1 month and 2 months, respectively. After that time 
a rather slow fermentation by the acid-producing bacteria took place, 
resulting in about 0.30 percent of acid. There was no evidence of 
active growth by these organisms in the beans at 10 and 15 percent 
salt, although populations of a few thousands per milliliter were ob
served during the period of analysis. 

An active gaseous fermentation by the coliform group took place 
in the 2.5-percent lot after about 1 week and continued until the start 
of the acid fer·mentation. There was no evidence of their activity in 
any of the other lots) although low counts were observed at a number 
of the sampling intervals. Essentially the same results were obtained 
for the yeasts. Growth of mycoderma scum was absent in all cases. 

An active fermentation by the salt-tolerant cocci took place only 
in the 10-percent treatment after about 45 days, and considerable 
numbers of these organisms continued to be present in the brine 
throughout the balance of the analysis period. There was no evidence 
of their growth above 1,000 per milliliter in either the 2.5- or 5.0
percent salt treatments, the influclwing factor for controlling their 
growth appearing to have been the brine acidity resulting from the 
acid fermentation. 

The results of this exprriment strongly indicate that for dry-salted 
beans, stored at rrfrigt'rator tempcrature, a salt concentration of 
approximatrly 115 P('I'('('llt is required to arrest active fermentation by 
the usual predominating brine organisms. • 

BHINED Al'I-n DRy-SALTED 'VRITE Com~ 

In the next series of experiments, white COl'll was blanched on the 
cob for 10 minutrs in .flowillg steam {md promptly air-cooled. It was 
then cut from the cob and approximately 3.5-pound lots in 64-ounce 
jars were brined at 3.7- and 21-percellt strengths, and dry-salted at 
the rate of 1 pound of salt to 7 pounds of vegetable (1:7), and 1 pound 
of salt to 4 pounds of veCTctable (1 :4). To both brined lots Ii smnll 
amount of vim'gar was add('(l. The dry-salted treatments were done 
in duplicate and one s('t wns st0r('(1 at l'rfrig('rn tor temperature; the 
remaining set and the brined lots were kept at room temperature. 

• 


• 


• 




-----

------- -------

------- ------

--

• 


• 


• 


BACTERIOLOGICAL CHANGES IN FERMENTATION OF VEGETABLES 41 

The results for this series are shown in table 14. In the corn receiv
ing the weak brine, a rapid and vigorous fermentation was brought 
about by the acid:'forming bacteria, resulting in a developed acidity 

TABLE 14.-Fermentation of 3.5-pound lots of blanched (10 minutes in 
steam) 'white corn according to different brininn and dry-salting treat
ments,lstored at1'00m ('70°-80° F:' and rej-ngerator (35.6° F.) tempera
tures in 64-ounce jars . 

CO-I (3.7-PERCENT BRINE + VINEGAR) 

l\'!icro-organisms per milliliter of brine and brine acidity 

Age in 
Aciddays Total Acid Coli- Pcpt,o- ityasCocci Yeasts pH2count formers forms nizers lactic 
acid 

Thou- Thou- Thou- Thou- Thou- Hun- Per
sands ' sancis sands sancis sands drecis cent0_______ 

2_______ 240,000 - ... --.------ 62,000 ------- ------- 0 0.37 4 

365,000 202,000 800 2,000 0 .65 4
5_______ ------

6_______ 1,040,000 1,040,000 0 <100 <100 40 1. 25 3 

208,000 208,000 0 <10 <10 <10 1. 38 3. 72
11 ______ 63,000 63,000 0 <10 <10 <100 1. 20 3.5614______ 58,000 58,000 0 <100 <100 <100 1. 38 3. 60
17______ 37,000 37,000 <100 <100 1. 48 3. 58
20______ ------- <100 
22,000 22,000 <100 <100 1. 57 3. 58
23______ ------- <100 
23,000 23,000 ------- <100 <100 ........ --- 1. 41 3.56


29______ 3,600 3, 600 ---- ..-- <100 <100 0 1. 59 3.5233______ 2,400 2, 100 ------- <10 <10 <10 1. 65 3.5739______ 270 270 ------- <10 <10 <10 1. 55 3.52
46______ 140 140 <10 <10 1. 39 3.48
53______ 40 
------- <10 

<10 1. 39 3. 52
---------- ----_... ------60______ 1. 200 1,200 <10 1.37 3. 45
70______ ------- <10 
2, 600 2, 600 0 0 0 <10 1. 65 3.5078______ 7,800 7, 800 ---_ ..... - <10 <10 <100 ------ -----99______ 90 90 0 0 ------- <10 ------ -----

CO-2 (21-PERCENT BRINE+ VINEGAR) 

0_______ 
6,200 <10 220 5 ------- 0 0.14 5
2_______ 

25,000 <10 5, 500 ------- ------- 2 .17 +45_______ 5, 800 <100 30 <100 5, 800 <10 .20 +48_______ 
2,900 0 2, 900 .16 5.11 L _____ <10 ------- <10 8 

2,800 <10 0 2, 800 2, 800 <10 .23 5.13
14______ 3,100 <10 0 3, 100 3, 100 0 .19 5.08
17______ 4,000 <10 ------- '1,000 4,000 0 .20 5. 15
20______ 3,400 <10 ------- 3,400 3,400 0 .30 5.1023______ 2,600 <10 0 2, 600 2, 600 0 .20 5.12
29______ 890 <10 0 900 900 0 .20 5.05
33______ 450 <10 ------- 420 450 0 .22 5.08
39______ 270 <10 270 270 0 .21 5.12
46______ ------

120 <10 0 100 0 .24 5. 1o53______ 200 <10 ------- 10 20 0 .20 ,5. 12
60______ 40 0 40 0 .22 5.1570______ 2 0 0 0 1 0 .27 5.1578______ 0 20
20 0 ------- 0 ------ -----99______ 13 0 0 13 0 ------

See footnotes n t. end of table. 
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TABLE 14.-Fermentation of 3.0-pound lots of blanched (10 minutes in 
steam) white corn according to different brining and d1y-salting treat
ments,t stored at room (70°-80° F.) and refrigerator (30.6° F.) tempera •
tures in 64-ounce jars-Continued 

Co-3 (1:7 DRY SALT) 

:Micro-organisms per milliliter of brine and brine acidity 

Age in Acid
days Acid Coli- Pepto- ityas
lTotal 	 Cocci Yeasts pH 2 

count i formers forms nizers 	 lacticI, acid ,t 	 __1__,__ 

Thou- Thou- l-lun- Per
sands sands sunds sunds sands dreds cent 
Thou- Thou- Thou

0_______ 44 <10 0 30 0 O. 08 5 
2_______ I, 650 <10 0 soo ------- 0 .10 5 
5_______ 	 0 <100 5, 700 <10 .20 55, 700 <1008_______ 	 4,000 <10 .24 5. 354,,000 <10 0 ------
1L_____ 	 0 .21 5. 044,000 <10 0 3,000 4,000
14______ 3,000 <10 0 900 3,000 01 .27 5.15 
17______ 2, 300 <10 ------- 400 2,300 0\ .26 5.22 
20______ 	 0 .28 5.16870 <10 ------- 300 870 
23______ 	 0 200 240 0 .30 5. 12240 <1029______ 	 0 .31 5. 08140 <10 0 130 140 
33______ 	 230 0 .31 5.05230 	 0 - .. ----- 230 


0 ------39______ 47 	 7 47 

gI .30 5. 02 
46______ 21 0 0 8 21 .34 5. 02 
53______ 5. 08160 0 ------- 0 	 .30 
60______ 	 600 7, ~~g I 0' .25 5. 457,200 <10 ------

118 0 0 <10
70______ 	 118 0 .27 5.10 •
78______ 	 60 060 0 ------- ---- --- ------ -----
99______ 10 ' 0 0 ------- 10 0 -- ---- -----

CO-4 (1:4 DRY SALT) 

0_______ 	 531 0 0 30 ------- o I0.06
2_______ 	 571 10 0 20 ---- .-- O. .07 
5_______ 91 <10 0 <10 100 Ot .07 5 
8_______ 80 0 0 10 80 <10 : · 10 5.92 
lL____ 	 210 510 ' .08 5.77510 <10 0 	 <]0
14______ 	 3 12 o I .11 5.8812 0 0
17______ 	 30 100 01 .10 5. 80100 	 0 - .... ---_ ...
20______ 	 27 o ; .09 5.7627 0 ------- <10
23______ 69 0 0 20 69 0' .08 5. 78 

29______ 69 0 0 1 69 o : .09 5.72 

33______ 160 0 <10 IGO oj · ]2 5.72 

39______ 0 ~--

1 1,820 o ; .12 5. 70
1, 820 ---46______ 	 570 Of 5. Gil570 <10 0 <10 	 · 13
53______ 	 1,500 Oi 5. n51, 500 <10 ------- <10 	 · 10 
60______ 	 280 · 5.38280 <10 ------- <10 0: 12 
70______ 80 0 0 <10 80 0: . 12 5.70o !________ .. ___ 

17g f 0 
78______ 
99______ 	 17g I0 

-----ot=====~ o 
j 
:_._ -T----' 

See footnotes ut end of table. • 
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TABLE 14.-Fermentation oj 3.5-pound lots oj blanched (10 minntes in 
steam) white corn according to different brining and dry-salting treat
ments,! stored at room (70°-80° F.) and rejrigerator (85.6° F.) tempera, 
tW'es in 64-onnce jars-Continued 

C0-3 RE (C0-3 REFRIGERATED, 35.60 F.) 

Micro-organisms per milliliter of brine and brine acidity 

Age in 1

-

days Total 
coun t 

Acid 
formers 

Coli
forms 

Pcpto
nizers Cocci Yeasts 

Acidity 
as lac
tic acid 

pH2 

."~ -

0_______ 
8______ ~ 
14______ 
23______ 
33______ 
39______ 
60______ 
70______ 

Thou
sands 

44 
29 
38 
58 

260 
100 
84 
46 

Thou
sands 

<10 
0 
0 
0 
0 
0 
0 
0 

Tholl
sands 

0 
.6 
.4 

0 

... _.... _-- . 

0 

Thou
sands 

30 
6 
'1 

15 
30 

6 
<10 

8 

Tholl
sands 

20 
38 
58 

260 
53 
84 
44 

I11m
dreds 

0 
<10 

0 
0 
0 
0 
0 
0 

Per
cent 

O. 08 
.10 
.10 
.12 

.07 

.10 

.12 

5+ 
6.26 
6.2o 
6.21 

--'''-
6. 04 
6. 1o 
6.1o . 

CO-4 RE (C0-4 REFRIGERATED, 35.60 F.) 

0_______ 
8_______ 31 0 0 30 ---- ... _- 5+

23 0 0 4 40 <lg IO. 06 
14______ .06 6. 15 
23______ 38 0 .2 18 38 o f .08 6. 1o 

35 0 0 5 35 1 .09 6. 0833______ 51 039_____ . ------- 25 51 0 ------ --- --53 0 ------- 10 53 0 .07 6.04
60______170______ 4"7 0 ------- 7 47 0 .07 6.3o 

v'24 1 0 10 """;' 0 .10 6. 05 
I 

~.-

1 CO-I; covered with 3.7-percent brine (14 0 salinity) containing 6 ounces of 
household vinegar per gallon. • 

C0-2; held at 21-percent brine strength (800 salinity); 2 ounces of vinegar per 
C) uart of brine. 

CO-3; dry-salted at the rate of 1:7, salt and vegetable, by weight. 
C0-4; dry-salted at the rate of 1:~ salt and vegetable, by weight. 
CO-3 Re, ancl CO-4 He; same as ,-,0-3 and CO-4, but refrigerated. 
2 Whole numbers shown represent valucs estimated by test paper. 

of about 1.6 percent and lowering the pH to approximately 3.D. 
'rhese bacteria were the predominating organisms ('ncollntered. Just 
prior to the start of the acid fermentation, there had been a short 
period of activity on the part of the coliform gl'OUp. Theil' growth 
ended promptly with the onset of the acid fermentation. 

The three treatments at considerably higher salt concentration 
showed little or no growth of acid-forming bacteria, and as a con
sequence the brine acidity was relatively low as compal'ed to the lot 
receiving weak brine. The principal organisms noted in these fer
mentations were the coccus forms. The character of the fermenta
tion by these organisms appeared similar for the corn at 21-percent 
brine and for that. dry-salted at 1:7, while for that dry-salted at ]:4 
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the populations of the cocci were somewhat restricted during the first 
month of the fermentation. 

The dry-salted corn stored. at refrigerator temperature showed 
little change with respect to microbial count, acidity, and pH during 
the storage period. The cocci predominated and remained in rela
tively constant Ilumbers during the period of analysis. 

BRINED AN)) Dny·SALTED YELLOW CORN 

The yellow corn was handled in essentially the same manner as 
thnt described for white corn. The material was obtained from the 
North Carolina Agri('ultural Experiment Station and consisted of a 
mixture of Seneca Giant and an experim('ntal ye11o\\' eorn variety. 
Two brining treatm('nts consisting 01 21-p(,l'eent brine with and with
out vincgar and onc dry-salting treatment consisting of 1 pound of 
dry salt to 5 pounds of eorn wercus('d. Approximately 3.5 pounds 
of cut eorn in 64-ounc(' jars werc uSNI in ('aeh tr('atment. 

The results arc pr('sC'llted in table 15. The llsual plate counts 
showed l'elatiYely little activity by organisms oth('J' than the eocci 
group, whose growth was most aetive during about the first 3 weeks. 
The maximum acidity of the three lots was from about 0.20 to 0.30 
percent. The pH values of those without added vinegar showed a 
decrease from the range of 6.5 to 6.7 to about 5.3 to 4.8 during a 
2-month periodj the pH Yalu('s of the corn with added yin ('gal' were 
lower during the early part of the f('rmentation than those of the other 
two lots. 

In the treatments without added vinegar, the corn underwent a 
gaseous fermentation by organisms whose identity was not ren'aled 
by the routine plate counts used in this study. This was the first 
time during the experimental work that a gaseous fermentation was 
encountered at high salt concentrations that cO\lld not definitely be 
associated with activity by either the ('oliforms 01' yeasts. The new 
fermentation started ill the col'l1 at 21-percent brine stI'ength after 
1 week and continued moderately for about 25 days. It was charac
terized by a moderate gas evolution, gas pockets being noted in 
tightly packed COI'l1. The gas was e:-:plosiVl' and was presumed to be 
a mixture of carbon dioxide and hydrogen. Xo distinctive odor was 
detected. Later, the 1:.5 dl'Y'-salted COI'l1 developed a similar type 
of fermentation, which started about the twenty-c·ighth day and 
continued for about a month.s 

After rather intensive cultural observations, the responsible organ
ism was isolated and studied, All attempts to cultivate it on ordinary 
media proved futile. The first growth was obtained in I-percent 
yellow corn broth, provided 15 percent of salt WllS addr.d, llnd the 
broth sealed with petroleum. However, eyen in the COI'l1 medium, 
growth could not be initiated f/'Om the actin·ly f('I'menting material 
when a dilution of above 1: 100 was used. But by use of li\Tl'1' broth 
plus liYer particles, containing 15 percent salt, 01' ·livc·r agar plus salt, 
growth was obtai"ned with dilutions of the fl'l'rnl'nting material as 
high as 1:10,000,000. TIl(' liver media, therefore, was uSNI C'xelu

5 Earlier preliminary work with dry-salted peas indicated the possibility of 
such a fermentation. In that instance, however, fermentation activity cca~cd 
before any definite information concerning the nature of the responsible organism 
could be established. 
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• 
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• 
sively for the cultivation. It was found that during the gaseous 
fermentation in the salted corn the number of organisms was about 
10 million per milliliter, and that the total count of Gram-negative 
cells was about 100,000,000' per milliliter. Gram-positive cells were 

TABLE 15.-Fermentation oj 3.5-pound lots oj blanched (10 minutes in 
steam) yellow corn in 21-percent brine (80° salinity) with and without 
added vinegar, and dry-salted at the rate oj 1:0, salt and vegetable by 
weUjht, stored at room temperature (70°-80° F.) in 64-ounce jars 

YCO-l (21-PERCENT BRINE) 

---~ -" r_·__l\I_ic,...r_o-_o_rg_a_n-::is_n_ls_p_e_r-:-m_i_ll_ili~te~r:o~f~b~r_i-Il~e,~a~n_d-_-b~r_i-n;--e-_-a_c-l_'-d-,i-t:-)-.~~~ 
Age in days f AcidAcid PepTotal Coliform to Cocci Yeasts ity as pHcOllnt forms lacticers nizers acid 

----------;-
Thou- Hun- Hun- Tholl- Thou- Hun- Per-' 
sands dreds dreds sands sands dreds cent 

0___________ 6 0 0 1 6 2 O. 02 6. 75 
3_________ 10 <10 0 5 10 0.02 6.63 
6___________ 140 <10 0 40 140 0.02 6.35 
7__________ 360 0 40 0 .04. 6.02
9 _____ ____ 10 ________ _______ 5 10 0.15 5.1611iL----=---:l 4 <10 1 0 .21 I 4.76 

• 
15__________ .1 0 0 0 0 .28 4.78 
1S__________ .2 0 1.2 0 .21 4.S2 
21. ____ '----1 .2 0 0 0 0 .23 4.7025 _________ , .3 ________ _______ 0 0 0.22 4. S2 

~~=====:==:: O' 1 g ~~~~~~~ ~~~~~~~ ~~~~~~~ g [ 
1 :.~~ 1[, ti~45__________ 1 

52__________ 0 0 0 0 0.20 4.80 

62__________70__________ 0.3 00 _-.--_==-_= ___~___ g g\====:=c=:==. 
91. _________1 . __._l-'--__O-'-__O_._~~---C_:.::..:-- 0 j------j

1'CO-2 (21-PERCENT BRINE+ V1NEGAR) 1 

0__________ _ I I
3 0 1 0 3 0 ~ O. 10! 5. 083 __________ _ I I


830 0 0 i 440 830 0 i . OS! 5. 74: 
9__________ _ 880 0 ! 0 ! 650 880 0 I .OS 1 5. 62 
6__________ _ 

150 ________: _______ : 80 150 0 i .09 t 5.68 
12_________ _ 44 <10_~_____: 20 44 0 ji .09 'I' 5.6215 _________ _ 100 <10 i 0.. 80 100 O. 11. 5.42Ii!. ________ _ 700 0 ______ ) .2 .5 O..20! 4. 58
21. ________ _ o 0 0: 0 _______1 O! .22 4.8825_________ _ o 0 _______I 0 0 I 0 i . 26 4. 72 
31._________ : 

~3S__________ :~ g1-----i-I---o--l ---:5-! gi : ~~ 1: ~~ 
45__________ ;
52 _________ _ ? g :::==== ----:3-'----:8-1 gI : ~~ 1: ~~ 
62_________ _ . 7 0 o! 0 . 7 \ 0 I . 27 4. 7870_________ _ 1 

O 
-----0-+_' -_--_-_- 0 1------,-----

• 
.3 00 __ _____._2__91 _________ _ 

__ ,_,_ J. ____ __ .. _ ___.___.._-II.~~_---" ~:.._~_~._ I ._--!.___'.~ ... _.0. ".:.=.-.:.- _._ 

1 1 ounce of household vinegar added. 
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TABLE I5.-Fermentation of 3.5-pound lots of blanched (10 minutes in 
steam) yellow corn in 21-percent brine (80° salinity) with and without 
added vinegar, and dry-saUed at the rate of 1 :5, salt and vegetable by 
weight, stored at room temperature (70°-80° F.) in 6.q.-ounce jars-Oon. 

YCG-3 (1:5 DRY SA1.T) 

Micro-organisms pcr millilitcr of brinc and brille acidity 

Age in days Acicl-Acid Pep-Total Coli- it~· asform- to- Cocci Yeasts pHcount forms lactic crs nizcrs 

-[-
acid 

Tholl- Hlln- Hun- Thol/- Tholl- H1tn- Per
sands dreds dreds sands sands dreds cent0 ___________ 

20 <10 2 6 20 2 i 0.03 6.453___________ 11 <10 0 4 11 0 .05 6. 506___________ 130 <10 0 10 130 0 .04. 6.309___________ 22 -------- 0 7 22 0 .05 6.3412__________ 49 <10 0 0 .06 6.32------- 4915__________ 90 <10 0 50 90 0 .05 6.1418__________ 22 0 5 0 .08 6.0821__________ ------- 22 
7 0 0 0 7 0 .07 6.1025__________ 

31__________ 7 0 1 7 0 .05 6.02 
38__________ 

-... ----
5 0 .2 5 0 6.06---- ... -- .08 
2 0 0 .2 2 0 .15 5.4245__________ 2 0 0 2 0 . 14 5.22---- ... -52__________ .5 0 ---_ .... _- .1 ... _----- 0 . 12 5.9562__________ .1 0 0 0 0 0 .20 5.3570__________ .1 0 0 0 ...... --_ ...91__________ ------- ------- -----
0 0 0 0 --- _ ------- ------.- ... - -----

not noted. The period of active fermentation in the salted corn 
(Y00-3), starting after about 38 days, coincided with a slight increase 
in acidity and a sharp decrease in· brine pH. In the brined corn 
(YOO-I), a similar behavior as to acidity and pH was noted, which 
likewise coincided with the start of activity of the gaseous fermenta
tion (after about 1 week). 

Thus a study of the isolates made with the liver media showed that 
the organisms were gas-producing, Gram-negative rods, requiring 
reduced oxygen tension and at least, 15 percent suIt in the medium for 
growth. In addition it was found that the optimum pH range for 
growth was 6.5 to 7.0. Growth at pH 5.25 was somewhat slower than 
at the optimum and at pH 4.0 growth was absent. The optimum 
temperature for growth was about 35° F. The fact that none of the 
isolates could be made to initiate growth in the presence of less than 
15 percent of salt by weight in either liquid or solid media indicates 
strongly that the organisms can be classified as obligate halophiles. 
Spores were not present in any of the strains examined microscopi
cally, and subcultures from broth samples boiled 2 minutes failed to 
grow, indicating further that spores were not present. 

To the author's knowledge, this type of ~aseous fermentation result
ing from the presence of halophilic orgamsms has not been reported 
previously in connection with brined or salted vegetable fermentations. 
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BRINED AND DRy-SALTED BUTTER BEANS 

In another series of experiments, two brining and two dry-saltinr.{Y 
treatments of butter beans (Carolina Sieva) were used. In brie, 
these treatments consisted of: (1) Treating blanched beans with 
21-percent brine strength plus vinegar; (2) and (3) givinO" blanched 
and unblanched beans the 1:5 dry-salting treatment; and (4) treating 
unshelled beans with I5-percent brine concentmtion. The lots salted 
and brined in 54-ounce jars ran~ed from 1.5 pounds for the unshelled 
beans to 3.5 pounds for the shelled beans. 

The bacteriological changes that occun·ed during the fermentations 
are presented in table 15. The first tlm'e treatments show fairly 
similar plate count values which indicate relatively little microbial 
activity throughout the period of observntion. The mu...\:imum 
acidity was in the range of 0.20 percent and pH was in the range of 
5.0 to 5.5. The benns with added vinegar showed slightly lower pH 
values. Limited micro binI activity was also indicated by the fact 
tha:t the brine of the first three lots remained practically clear. In 
striking contrast to other vegetables, such as white corn, whieh 
received very similar salting and brining treatments, the saIl-tolerant 
cocci appeared inhibited in the butter bean treatments. This sug
gests the presence of an inhibiting agent in the blanched beans and the 
unshelled beans. In dry-salted unblanched butter beans (BB-4) , 
the cocci were the predominating orpanisms found; but their popula
tions, except at one observation, diu not exceed 40,000 per milliliter. 
This lot shows acidity values consistently higher than those preyiously 
discussed for the butter beans, or for any of the vegetables dry-s!tlted 
in this Tango of salt content; however, the brine acidity at brine 
equilibrium (achieyed after about 3 days) was likewise higher. 

DRy-SALTED RIPE TmUToEs 

Ripe tomatoes (Marglobe) ,vere dry-salted at the ratio 1:5, salt 
and vegeta.ble by weight, and at 5 percent salt by weight. Approxi
mately 2 pounds of quartered tomatoes in 32-ounee jars were used for 
both experiments. The results for the two fermentations are shown in 
table 17. 

In the tomatoes that received the 1:5 salting treatment the com
bined effect of snlt and the initial acid content of the tomatoes appears 
to have been sufficient to inhibit the development of the usual brine 
organisms within the period of observation. The acid content alone 
would be sufficient to inhibit active growth by the cocci and coliforms, 
and the salt content (17 percent) high enough to restrict the growth of 
the acid-forming bacteria. In the tomatoes sltlted at 5 percent by 
weight, except for a vigorous yeast fermentation, and a few thousltnd 
acid-producing bacteria per milliliter, there was little evidence of the 
presence of organisms. 

BRINED AND DRY-SALTED OKRA 

Three I-pound lots of whole okra and one of cut okra were handled 
as follows: The whole vegetable received three brining treatments: 
15-percent brine with and without added vinegar, and 5-percent 
brine with added vinegar. The cut vegetable was dry-salted at the 
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rate of 1: 5 by weight of salt and vegetable. All the lots were stored 
in 32-ounce glass jars. 

The results of tilis series, presented in table 18, show that the • 
fermentations at the three 15-percent concentrations behaved in a 
similar manner, particularly with respect to the acid fermentation. 
Little growth by the acid-producing bacteria was found; consequently, 
the brine acidity was low. A small amount of vinegar added at the 

TABLE 16.-Fermentation oj 1.5- to 3.5-pound l-,ts oj raw and blanched 
(5 minutes in steam) butter beans under different brining and salting 
treatments I stored at room temperature ('rOO-BO° F.) in 64-ounce jars. 

BB-1 (21-Pt:RCEx:r BnrXE+ VINEGAR; BLAxC'm:o BEANS) 

Micro-organisms per milliliter of brine and brine 

acidity Acid


Age in ityas 

;days . I I' I 1l1(,~ic pH 2 

Total Acid Coh- ~ Pep- C·,· I . aCid . 
___.. ,o"n'. {o=,~ {"m, I'M""':---==-: 1OM', 1___ .___ _ 

; Hun- ! lJun- ! lJUll- 'Hull- Per
"Illllldrl'f/s ' 111111dreds j dreds I dreds i dreds dreds cent 

0_________ 30 0 \' 0 1 0 i 0 : i , O. 12 5 
3_________ 5~ : 0 . 0 1 10 :._______ 0:.18 5
7________ "~ _ 0 0 _______ 2 . 0,.21 5.151 

10________ 15' 0 01 1[ ~; 0.215.12 
13________ 8 0 J 0 0 8 I ]:.20 5. ]2 

}g===::::: ~ i g:======= g , _____ =_' g : 19 ~: g~
22_.______ 2 0 i 0 1 1_______ 0.21 5. or; 
28._______ 1 : 0 ! 0 1 L.____ 0.23 5.05 •32_______ • 3 0 _______ 0 I 3 I 0 .22 4.98 
38_______ " 0 0 i------- 0 , 0 , 0 .21 5. or; 
45________ 0 0 : 0 0 ! 0 : 0 .23 5.04 

~~:===::==I g-------00--:I:::::O::jl.----- 02--f~---40-I' g: ~g ~: g~
6IL._____' 4 0 . 27 5. 15
ii________ 0 0 1-______ _______ ' 0 . 0'___________ _ 
98________ 0 -________ 0 

1
i-------;------- 0 ____ _ 

BB-2 (1: 5 DRY SALT; BLANClIglJ ]h~AXS) 
.-.-.. -. 

0_________ 200 , o i 0 i 60 ______ _ 13 _________ , 30 0.12 i 4 + 
i _________ 80 ; o ! 0 t-------'------., o .17' 4 + 

o .18 5. 5810________ , 5 I o 
0 
I 
1 

0 ------ -I 80 
0 4 5' o 18 5. 53 


13________ 2 : o i 0 3 20 o .15 5. 54
o ,_______ 0 216._______ 3 . o .19 5, 50
19_ •. __ ._. 1 o 0 o .18 .5.•56
22________ 1 o 0 1 o .20 5.52 
28________ 0 o 0 0 J------- o .22 5.48 
32_______ _ 0 o 0 I 0 o .18 5.32 
38________ 1 o 19 5. 480 t 0 
52________ 90 • 
45_.______ no oo .-----3--1 100! 11 0 o J6 5.42 

o 30 I 90 ; o 15 5.4959_______ 9 : o .22 5.55
69________ 3 o .2i 5.52~! ~_(_ .. ~J. ____ ~_ "____ ..7i________ 20 I __ __ o ______ ,98_--_____: 6 ' o 0 , _______ , 5 o _____ _ 

._,---- •See ioot,~ot~s ut CUll o( tuble. 
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TABLE 16.-Fermentation oj 1.0- to S.o-pound lots oj raw and blanched 
(5 minutes in stea,m) butter beans under dij/ere71t brini71g and salting 
treatments 1 stored at room temperature (70°-80° F.) in 64-ounce jars-
Continued 


BB-3 (15-PERCEXT BRINE; t;XSIIELLED BEANS) 


Ii
Micro-organisms pcr milliliter of brine and brine 

acidity :>\cid-


Age in 1,,____--;-___--,-__--.,-__---,___,---__ , Ity ~s, pH 2 

days I I,lactic 1 


Total Acid; Coli- I Pep- Cocci Y casts I,' acid ','
eount formers '_! tonizersforms 
i ,---- __;__ ' ,---,--1-

Hun- t I11m- HU7l-, I11m- I Per~ I 

0________ _ Hundreds 11ll71dred.~ drcds I dreds ! <freds drecls ; crnt ,
I 


420 o 30 110 _____ ~_ 0 0.015' 5
3 ________ _ 
]0 <10 0 ____ .__ _______ 0.05 5 


7______ . __ o 0 _ _ _ _ _ _ _ _ _ 0 . 08 5. 34
2 

13_______ _ 

10______ __ 

3 o 0 1 3 O. 10 5. 28 

o o 0 0 0 O. 12 5. 14.
16_______ _ I o 0 0 . 11 5. 22
19_______ _ o 2 _______ 0.14 5.283
22_______ _ 
Q' o -----0-; 0 _.. ____ ~ 0.14 5.12

28_______ _ o3!L _____ _
3S_______ _ 4 ~ -----~-! ~ -----4-1 ~: i~ ~: g~

130 o 60 130 i O. 16 5. 0,1 

D- _______ 110 o 0 50 110 ' O. 17 ' 4. 98 

45_______ _ 

_-') 100 o 30 100 O. 20 5. 02
fi9 _____ • __ 
69 _______ _ 140 o 5 140 0.17 5.05 

77_______ _ 140 () 0 20 140 O. 20 5. 02
o _______,_______, 58 0 ___________ _

58
98_______ _ o 0 _______ 8 0 ._____ .'_____ _8 

!
- .. 

DB-4 (1: 5 DRY SALT;C:-1B1,A:-1CllBD B~~A:-1:;) 

"'""~---
0________ _ 200 _3________ _ 4, ]00 o 580 1 0.04 5 


<10 2 ') 
7________ • <10 1 • _D 5 


<10 <10 <10 o 0 · .37' 5.4410_____ ._. 10 o o 1 I 1 , 0 .38 ;). ·10
13_______ _ 3GO o o 260 I 360 0 .46 5.34.
I G_______ _ 

19_______ _ SO o 0 .43 5.32 


]30 13b22_______ _ o 161 0 • ·IG 5.38
340 !28_______ _ o o 40 I 340 0 .46 5.26 

320 , o Oil I 320 0 .54 5.24.
32. ______ _ 1,170 ' <10 f 20 I 1,170 0 ~ ..15 5.12
38______ ~_ 
280 <10 ==~====! 10 j 21;0, 0 .44 5.20·15 _____ ... __ o j o . 0 ; 

D-')________ _ 2 <10 ______ .! 0 ?_ I 0 .58 5. 16 
. !-_.---
.,0 0 .46 5.21 

59~ .. __ 20 <10 _.. _ •. .1 <10 20 . 0 .50 5. 55
69. __ -__ . 290 o o 10 _,,_._.77_______ _ 0 .47 5.20 
98_______ _ 10 <10 0 ... ...... - .. -"'~-~-

70 o -- ---0-,-" --o-l:" ==- ==. 0 - .. - ... - ...... -

i BB~l;-I;lancil(.c1 :;h('II(:(1 b('an!';(2, 75 pounds) hel(! llt .21-j)t'rt'(mt brine (80'; 
:;;alinity) concrlltration+ 1.5-ounce dl1('p;ar. 

BB-2; blanched slIt'lIed lJean:; (3,4 pound;;) dry-salted at the rate of 1 :iJ, salt 
and ,·egetable . 

BB··3: unshelled beans (1.75 pound,,) held at IS-percent brine (600 salinity)
concrntration. 

DB-I; unblanch('d shrlled beans (1.2 pounds) drY-iialted at the ratc of 1:5, 
salt and '.'ege(able (24-ounce jarl. 

2 )Yhole numbers shownrcprcscnt \'a1url; estimated by test paper. 

http:BB~l;-I;lancil(.c1
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TAHLE 17.-Fermenta.tion Of 2-pOU1!(llots of "iJJe toma.toes dry-salted at 
the rate of 1:5 h]/ weight and 5 percent by weight, stored at room tem
lJcrature (,lao F.) in 32-0111lce Jars • 

'l'--t (1:5 DIn: SA1,T) 

-----,-------- '--' ..----------- 
Micro-organi$ms per milliliter of brille and brine acidityI 

Age ill 	 j 

days 
J 	

I .Acid-
Total Acid .i Coli- Pt'pto-· C' . Y 'a t- . ity as't CO\tnt 	 ', fOl"llH'l's ! Conn;; nizcrs .OCCl ~ i!;;. lactic I' pHI ! : ncid 

:-}-J-u-n---\ JIun-

I 	
1';~II1-:f-;;:: :,-:::! 'rl!~:- p:-I .

dreds dTCcl.~ I ciredl;! :. dreds ! dreds ,clrccls ('/!nl!
0_________ 10 ; 0 , 0 to; 10 I 0 0.52 I 3. 6·~ 
3_________ 0 ' 0 I 0 0 0 I 0 ______1. __ 

6___------ 0 0 _______ 0 0 o.:!:~ I ? ~~ 
9_________ 0 0 0 0 0 O. Iv 3. uS 
1 L ___ ---- 14 3 0 0 11 O. 79 3. ii;j
14___ .. ___ 0 0 0 0 0 O. 7ii. 3. 56 
17________ 1 0 _______ 0 '1. 0 .66 3.55 
20________ 2 0 ______ . _' __ '__ 1 0.70: 3.53 
23_____ .__ 0 0 _•.• ___ 0 0 0.70 3.60 
21-_____._ 2 0 _••. ___ 0 1 0.72 3.60 
34________ 3 0 ___ •• _____ .• __ 2 0.67 3,57 

39._______ 0 0 0 0 0 0 1------ -.---46________ 4 0 ___ ._. _____ .__ 4 7 _0'_' _ 

_71_-_-_.-_-_"_.-'-'-.._-_2_._0 0 _____________ ~ ___=..-- _.-_-_--_-.;,....__ • 
, r·~·"-·~,· 	.~~---t 

i Tholl-I Thou-	 1 . I ' 
I ,0 _________ I, sancis I I ; sauds I 

0.5 0; 0 ------Hl! 5 t 1 O. 62 3. 723________ 75 i ______ •• _, 0 \ __ -_, _, 
I 

~! 	 o 4
6______ -_.' 140 <100 • __ • _ _ <10 1 < 10 ' 5, 400 • S2 3. ()~
0._---_---: 230 ! <100 i 0 ; 0 < 10 31.. 000 .9R 3.7·111 ________1 <: 10 14.200 03 3.7,1Ij~ ;-------O-! gI ~lg. < lOIn, ROO • 94 3. j.11~-.---________ ---I:1/ ISO 100 .....' < 10 1 <"10 7,100 ,81 I 3.7020_____ •• .' 430 20. ___ <10' <10 3, 700 • SO. 3. 7223___ •• ___ : 550 40 1 0 ; o 2,800 ,8227_______ .' 250 100. ,::::1 < 10 < 10 1,400 ) • SO a. (\53·L____ • __ ' 500 100 _ _ • __ , 0 , 2:30 3.7ii30 _______ _ 	 <: 10 .57·j 

0200 .220 < 10 :;f1g I~g .-- ...:.......
46____ •• _~ 520 300 _. H_. .~71 _______ _ 
30 o 	 2::\ ::•• r-= :: 

I 

, ....------"-'.-~-,... "'. <

stnrt (OK~'l) r(·sultrd in $Iig-htly highN' Il('idity vlllurs nnd lowrr pH 
vnlu('s as ('ompar('d with two lots to ",hid) viIwgal' wns not aC\<kd, 
FurtlwrmoJ'e, this nddition of vilH'glll' appC'iu'pd to (,X(,l't a, ('('larding 
influ('uce on til(' growth of the cpceus forms, thC' /H'pdominlllillg' typt's 
found. As the data show, the llse of It lower snit-content brinr 
(OK-4) reslllt('d in a, vigorous acid fel'IMntntion. A vi~orolls YPilst • 
Iermentutjon llS w(']J deyp]op('d J1ftrJ' ahout 1 werk nnd ('ontinlH'd 
actiy(! for ovr1' a month. Th(\)'(' was no ('\'hlrnrl' to show lha t the 
coliform group wilsactin, in !tny of the fOUl' frnnentatiOlls followed. 
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TA11LE IS.-Fermentation oj i-pound lots oj 'ldole and cut okra at 
different brining ([nct dry-saltin[! trcat ments I stored at rOom temlJe1'a
t'ure (60°-70° Ii'.) in S2-ounce Jars 

01\:-1 (15-PHIlCENT BIUNE+ VlNEG,\R) 
-----,1----'--"'·,. 

! i\Iicro-organisms per milliliter of brine- and brine acidil,y 

-1---'~-~" ..,~ 1 ! '.",---Age in 

days ,I I Acid-
J 

Total I Acid 'I Coli- p(·pto- C .... 'y .. ityas
cOllnt ! formers forlll'; nizcrs O(;d casts inetic' pHt 

I i acid I 

-";':OI~~''', Ill/n- I Ill;: rr/:~'I-~;I::-r;:-~-JllIlI

sands ; dreds dred.~ (dr('d.~ .~(/lId.~' tlreds crllt 
L._______ 0.21 0 0 I 0 0, 0 O.IG 4.48 
3_________ <. 1 0 0 , O! <. 1 . 0.21 4. (j2 
6.________ <.1 0 ,, ____ 0_.' 0 i <.1 0.2..1 4.7(1
9.____ .___ <.1 0 ' 0 i <. I 0.20'1. 71 

12______ -- <. 1. 0 1'........ <. 1, 4. iii
0, O. 22 

15._______ 1 0 0 ·1 1 0 19 •.1. i5 

IIL______ .5 10 " """ 1 . 3 0.17/ .J.78 

26________ 9 0 i ... ' _ 0 9 0.20 4. 75 

3L.______ 6 01too (j 0 '------ ----__
as________ 16 0.______ _______ 16 0 ______,_____ _ 

~_3_-_-_--_-_-_--_,___~,,,~.====.---.. 0 ._..~:--:-----.--_"' ;. __________ 
OK-2 Cl:5 nHY):';'\llr) 

------.,.----;---_.....---"_._-'..•" ......"-----.,.---.---;----
L_______ 31 0 • l·t ; 50: 31 5. 52
0 IO. 071 

3_________ 14 10 I 1 I 40 14 O! . o~, 5.25 

6.-------- 6 0 0 ! 6' 6 0 I . 18' 5.46 

9•• ____ ~__ 2 0 \-------1 2 f 2 0, .la 5.41i 

12.. ______ 2 0 _______ \ O' 2 0' . 17 5. ·12 
1;"; .. ______ 5 0 ______ • 5 5 0,13 5. (10 

19_____ __ 42 0 <10 42 0.12 5.55 

2(L --- .2 0 --.---- 0 1.1 0 .20 5.40
31--_-- ___ 1 ]6 0 I 0 ! 1 16 0 _. ___ • __ • __ _ 

31L_______I .8 0 !-- __ . __ I_______ 8 0 ----.- ----- 
63________ --------- ---------, 0 ------- ----.-- _______ •______1_____ _ 


" t f-----'--_. -.. -..- - 
OK·3 (15-PEl!c"x'I' TIltI,(B OX1,),) 

.... -,-, , ... ,-- 
1_________ I 


j.J I 
 1.1; 0-, O. ~~ I
,1.________ 0 2 20 5. 50

7:. ________ 34 20 0 ! 17 30 ! 0 I . In I 5. fiG 
au 30 ' ...... _'" __ .. r 7 5. 81
'10________ f'> 4 .. :)~ 10 3060 1-------_____ 1 •• OilO~ I 

! 
5~ i')S
1a____ •• __ 130 0 -~-~~=·1 3 130 ' 0 \ . 10
17_____ "__ ', I G. OS 

7 0 ... .:<10 7 I 0 I .10 , 5.75
24 ________ I 
 1 I () ... 3 l 0 . 12 i 5. 78

'>0 I Ii) 0 i 0 0 16 0 I 


36________ I j ~~."" .. :-----
t---------! 250 ...... _--- ....... ..,." ....
61. _______. j------_ .. _{, -....... -... ,.. 250 ., ... _--

'1 l ................ - ....... r 0 1- ... ---- ... -- -- ..... - ...... ~--".- ...... - <. .. ... --
! ,_..'_-_. f I I I 

~ 

I 
", 


----"~~.. " -" flee fOOllloh'~ lit ('11(1 of lable• 
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TABLE lS.-Fermentation oj 1-pound lots oj whole and cut okra at 
different brining and dry-salting treatments 1 stored at room tempera- • 
ture (600 -700 F.) in S2.-ounce jars-Continued 

OK-4 (O-PERCENT BlUlIm+ VINEGAR) 

Micro-organisms per milliliter of brine and brine acidity 

Age in I Aeid-I 
days ! Total Acid Coli- Pel>to- COCCI' it'· as 

count formers forms nizers Yeasts) In"ctl'c I>H: OOWII----,----i-~--l---Il---I---'I--- ---'--

Tholl- Ilun- H1l1l-!lllln- Tholl- Hun- II Per
sands drcds drcds drecls sands drecls cellt11--------- I, 000 I, 000 36' 2 a 2 a 10 ' 0.32 4.40 

2_________1• 520, 000 , 520,000 0 0 0 10.79 3.52 
3_________ 1 720,000, 720, 000 0 0 0 10 1. 03 3.38 
4_________ 1 .iOO, 000 I 500, 000 a 0 a 10 1. 08 3.52 
7_________1 \J6, 000 I 96,000 ------- 0 a 470 I .88 3.50 
10________ '1 50, 000 I 50. 000 _______ 0 0 29,000..95 I 3.48 
11________ ---------1--------- ------- 0 0 Ill, 000 I----·-l'----13________ ; 20, 000 t 20, 000 _______ 0 0 5, (JOO • 92 3.45I 

17________ \ 18,000! 18,000 1'_______ 0 0 8,500 .95\ 3.45 
2,L______ i 4, !laO 4, GOO _______ 0 0 810.97 3.50I 

29________ ! 3, OOO! 3, 000 too 0 10,200 ______ ,____ <_ 

36--______1 1,500 i 1,500 1_______ 0 0 900 ______1_____ _ 
61.-------1 lUO ; _________ 1 0 0 0 ------1:-----. 

i I ~__!_...;:....___!..__~______"'___. 

10K-I; Wholc ok,ra held at 15-percent brinc strength CGOo salinity) plus 
2 ounces household \,lllcgar. •

OK-2; Cut okra dry-salted at the rate of 1 :5, snit and vcgetable by weight, 
OK-3; Whole okra held at 15-percent brine st.rength. 
OK-4; Whole okra covered with 5-percent (200 snlinity) brine plus 1 ounce of 

vinegar.. 
2 Zeros in column indicate that these micro-orglLnisms were not detected on the 

1-10,000 dilution plates. 

BmNED AND DRy-SALTED SHELLED GREEN PEAS 

In addition to the e:xperiments previously described on the bl'ining 
of unshelled green peas, a numbrl' of small-scale experiments were 
conducted with shelled f,rreell peas. These involved brining nnd 
dry-salling tren.tmellts of 12-ounce lots of both blanched n.lld l.ln
bln.nched pras stored in 16-01.111Ce glass containers nt room tempemtl.lre. 
The various feJ'mentn.tions were followrd with respect to the }>re
dominn.ting orgnnisms OCCUlTing in the bl'ine and to developed brino 
acidity, 'rho results of this study mny be summarized as follows: 

In the brining tren.tments, four initial brine cOllcrntrations were 
l.lsrd for bln.nched peas, nn.me1y, 5-, 10-, 15-, fLll,d 20-pel'crnt salt, and 
were maintn.in('d at thrse strrngths by the nddition of salt to the 
brinrd mn.terial. The bncteriological rrsults showed that nt brine 
strengths ilrbove 5 percent, correspondingly lower populations of ncid

• 
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producing bactrria occurred. This wns reflected in progressively 
lowel' amounts of developcd brine acidity. The maximum acidities 
rcsulting from fermcntatIons in 5-) 10-, 15-, 0,11(1 20-pcrcent brines 
Were about 1.0 0040, 0.25, and 0.15 perccnt, respectively. The 
maximum populations reached by the acid-forming bacteria were 
nbout 800,000,000 pel' millilitcr in the 5-perceut brine treatment as 
comparcd to 40,000,000 and 300,000 for tho 10- and 15-pl'l'cl'nt 
trcn.tnwnts, respcctivcly. Onl,\' a few thousands of these organisms 
per milliliter werc noted in the 20-percent lot, and they were prescnt
only during thr fil'st fcw days. 

'rho coliform gl'OUP, prcscnt in all four brining treatmcnts, was 
most It('lh"e in the 5- and 10-pcrc('nt bl'inrs where they rpached 
populations of about 7 million per millilit('r after about 1 wCe'k, and 
had a rather prolonged pe'riocl of activity as compared to previously 
discussed fe1'1l1(lntations by thrsc organisms. This prolongeel period 
is possibly explained by the buffrl'in rr effl'ct of the blanch('d P('I1S, 
because the usunJ dfl'ct of appreciable brine acidity toward inhibition 
of this group appears to have beel1 lessened. At the point where 
thl' maximum pOI)t11ations were observ{'d in both brines, thl' brino 
a('idities app(>Itl'N sufficiently bigh to bring about pH conditions 
usunlly considcrcd inhibitory for growth of the colifol'ms ill brinNI 
YC'gl'tnbl(> fl'l'm(>ntntions. In thcsc instances, how{'ycr, the pH 
lev('1 had not bcen r{'cluccd below 5, n. Il'vel still within the range 
found sn.tisfnctory for growth. The coliform group, while pl'CSl'nt 
also in thcl 15- and 20-p('rccnt brinc trcatml'nts during tlt{' fil'st 10 
days, occurred inlow('i' numbcrs at those stl'C'ngths than in the 5- and 
1O-pcl'cC'nt brines. The' maximum numbers obsl'I'YCd in the two strong 
1.)I'ines we're' at about thl' 1,000,000 pCI' millilitcr len!. 

Obs(,I'Yatiol1s 1'cY('a1(><I thnt tll(' salt-tolel'nnt coccus forms were the 
prNlominnting orgnnisms found in the 15- and 20-pel'cent brine'S nnd 
that tlwy w{'re continually prcs{'nt throughout th{' 36-dny sampling 
pNiod. The populn.tiom; not{'d werc highcl' in til(' 15-pel'cent tr{'nL
nwnt than in th{' 20-pl'l'('ent. '1'11(' mnximum llumb('l's in t11(' fOl'm('1' 
wel'(, within lilt' 20.000,000 ncr milliliter 1{'y('l, while ir\ the lnttrr tlH' 
populntiOJlB 'W('I'(I about ollP:'tpnth as llunWrous. III thr pens brin{'d 
Itt 5-pl'I'('('nt strength the salt-tol{'l'Itnt cocci werc eith('r absent 01' in 
ypry low Humbcl's; a fnct appar('ntly due to th{' inhibitory eff('ct of 
til(' acid d('YC'lopNI in this f('rmentation. In the 10-pf,'rcent brined 
P('(\,8, ho\\'eyeJ', th{'y w{'['e present in appreciable numbers, although 
thl' d(,y{'loped brine acidity hnc! J'{'nchcd about DAD percent, which 
onlinnl'ily would be considerC'd sufficient to bring about It pH range 
unt'n,\"orabl{' for f,'l'owth, particularly in a, mcdium not highly buffered. 
Actu111h', the pH of the brine was about 5.6, which is well within the 
range for th{' development of theso organisms. 

The buffering effect of the peas was further demonstrated by tPA 
fuct that the brine of the 5-percent PN1S deyclgped a titratableacidity 
of approximately 1.0 percent, whereas the pH of tho b1'1ne was 1.5, 
a pH yalue considered relathr ely high compared to that for other 
vegetables at this snIt concentrn.tion. Ordinarily, the brine pH level 
is about one unit lower for a comparable amount of titratable acidity. 

Neither y{'asts nor myeoderma were found in any of the brines ill 
this s(>ri{'s (hu'in~ the period of analyses. 
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In the dry~sa1ting exprriments, duplicate lots of blnnchecl and un
blanched peas, with and without addrd vinegar, were salted according • 
to the 1: 5 trrat~nrnt. Fiftern milliliters of nO-grain vinegar was 
used in the acidifiecllots, The results wrl'e similar to those previously 
described fo1' thl;' pras briurcl at 15- and 20-pcreent strengths, The 
('occi werr the pl'incipal oL'gnnisms found throughout thr observation 
period, When vinrgar was addrd to rither blanched 01' unblanched 
salted p('as, the maximum populations of the cocci found were reduced 
about tenfold, Consistrntly higher numbrl's of these organisms were 
presrnt throughout tlw frrrnentalion p('riod in the blanehl'Cl peas as 
comparrd to thosr l)l'(lsrnt iuunblanehrd pC'as. For example, during 
a prriocl extending from the sixth to twenty-first day, the counts 
rangrd from 122,000,000 to 690,000,000 pet' milliliter for the dl'Y
saltrd blanched pras, as ('ompared to 900,000 to 10,000,000 for the 
unblauchrd lots dUTing the sanw pP['iod, The period ('hosen repre
sl'nted the active phase of growth activity, 

The frrml'ntation of both blane1wd and unblanched salted peas 
resulted in V('1'Y litt1r developrd brinl' aciciit¥, the ,range being from 
about 0,10 to 0.20 pel'cl'nt, The corrrsponchng brlllc pH range was 
fl'o~n 5,7 to 5,2, In tho lots acidifiC'd with vilwgal', the titratablc 
at'idity was about 0.50 P('J'cput for both blanched and ullblanched pras, 
This illdieatrs that very little acidity was pl'odu('ed by the fermenta
tion, Although the quantity of vl1wga1' adcll'cl to these lots was 
appreciable, thr brine pH was not dellc'C'ssed below 5.0. '1'his shows 
again the effect of the bufr('J'ing action of th(.' pras, 

13m!';]';!) LEAPY YEGE'l'ABLES 

Leafy Yl'grlableR, such us kale', mtistul'd grN'ns, Rpinaell, and tmnip •greens, wr1'(' bl'iurd in )6-pound lots ill 32-OUllCl' glass jars accol'ding 
to flvt' treatmrnts for ('aeh vegrtabk,. The tn'atuwnts uspd wC'1'e 
rss('nlially the Sfimc as thosr pl'l'yiously outlinpd for the canot scrips, 
except that, only half llw quantities of lac-tic acid and vinegar wrl'P 
us('d. All Jars \\'(,l'e stol'rd at room t<'mpe['atul'e and were l'xamined 
at intervals of 4,7,10,13, imd 82 clays, according to the microscopic
('ount technique, Plate counts W('I'(' not maclr, 

Since tIll' miC'l'os('opiC' ('ounts show<,d all lots similar with resprct to 
total cell populations dUl'ing til(' f(,l'c1ll'ntation poried, only tbr most 
outstanding individual \'al'iations will br dis('uss('d, l!~OI' tho most 
part, the b['int' fl'l'l1wntalions of this vrg(·tnble srl'i(·s stal'tc'd within 1 
or 2 clays and Tt'a('hNl popUlations of about 100,000,000 c<'lIs p<'l' 
millilitrr 5 to 7 days aft('I' brining, 'l'lwu thr counts eir('lined to 
1,000,000 to ] 0,000,000 P('I' millilil 1'1' and 1'('mainNIl'platively ('onstant. 
FC'['ffirntation activity apPl'al'('d to (,OW[' the' first 2 wrC'ks. The lots 
with addrd lactic acid \\"('1'(' I'dal'(jNI fl, day 0[.' so in starting, as com~ 
pm'C'd to the othPI'S, but late'I' showed similar lotal er11 populations, 

Th(~ predominating ('ell typpsin (11(' f('L'llwntations \\'('rr the aeid
produC'ing, Gram-positiv(' bacilli, dividC'd into two prineipal morpho
logical groups, the large Hlld the small bacilli, 1'11<' lal'gr' budlli wel'(l 
aboutt x2,5lo 8 mi(Tons in sizr, usually O('C\ll'l'N\ singly, btll in some in
stanees Wc['r in short chains of two to fOlll' ('Iernc'Ilts, vThe small baeiIU 
were apPl'oximatpl)· 0,7 i5 tol X 1.5 to 2,5 microns in, siz(' and o('('ul'I'cd 
for the most part RingI,)' oc' in pair;;, Thc ('o('('i \\'('t'(' eithel' absent Or • 
in rather low numbers in the majority of the fermentations, But in 
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tho mustard gl'eens that receivcd 5-pet'('l'ut bl'ine only, the cocci pre
dominated and ranged in size from 1.2 to 1.5 microns in diumetcl', 
ocolll'rillg singly, in pairs, 01' in tetmds, 

The only instance in which tho Gram-l1L'gative bact(,l'ia predom
inated during the aetivo fermentation period in the leafy vegctn,ble 
series, wns in the cnse of the spinfl.eh that received 5-pcrcent brine, 
The total cell counts at tIll' snmpling inl,eryals in this lot were sub
stantially ]OWOl' (less thltH ol1l'-half) than for the acidified lots in the 
spinach sel'i('s ns a wholl', ];'1lI'111('1'11101'0, this was th(' only lot of the 
20 INtI'y YC'g('tn,ble ferIl1l'ntations 1'('corclC'd in ",hii'll the mnterial dis
int('gl'at('(l and wns eonsi<l(,I'('(1 spoiled, Ll'Sfl than 0.10 pel'cl'nt bl'ine 
acidity was d(IYl'lopl'd in this lot fiS eompltl'cd to about 0.50, 0.35, amI 
0,40 pel'cpnt in the Imlp, mustard gl'l'{'ns, und turnip grccns, respec
tively, that had 1'C'cl'ivl'd the Sltlll(' Ll'pntment. 

BHINED AND DHy·SAL'I'EO CELEHY 

Sev('rallots of cui; and wholp cdcl'Y in till' !'ItW, stpamecl, 01' cooked 
condition wert' saitNl and I>l'in('(1. 'I'I\(' six tl'('atm('nts USNI W('l'{l as 
follows: One lot of mw cut eelel'Y ,\rns dl'y-sn.ltt'd ILt 2.5 percent by 
weight; the s('col1(l wns snitl'd according to the 1:5 PI'oc(lduI'C; the 
third WfiS stpnm(l(l 5 minllt('S find SI1.1tl'd with the 1:5 tl'('atmcnt;; 
the fOlll'th WIlS cook('d 10 minlltps ILt 5 pounds' StPfL111 PI'PSSlIl'e and nlso 
salted with til(' 1:5 tren,tll1t'llt; the fifth lot eonsisting of I'Il.w bunch 
(~(II('I'Y WitS bl'ill('d at 15-1)('I'('~'nt eOll('('nll'nt.ioll; nnd titt' si.-,th lot C01l

sisting of ('ook('(l bUlleh ('('IPIT was saHNI with Uw 1:5 tl'pntmcnt. 
In thefil'st fOUL' of tll(' tl'('lltll1('Hts IislNl, 2-POUlld lots of cut CplCl'y 
in 32-ounc(' glass jn,rs W(,.I'(, lIs('d; while in the I't'mainlng two ILP
j)l'oximatl'ly 20 pounds of ('('I(,I'Y in. lO-gallon cI'o('ks W('1'C used. All 
W('I'(' stol'l'cI iLl. room t(,Il1IH'l'nttlJ'(·. 

On tIl(' basis of obs('I'vat:ions cov(,I'ing n. 2-month storagp pel'ioci,
11l('1'(, WitS Jittlp ('\'i<1l'n('(' of growth of miCl'O-Ol'ganisms in nny of the 
fiv(' high-sfdt-eontNH lots, Til is ('oneillflioll is bas('cl on till' low pInto 
counts, tit(' absellc'(' of gns (lvoluation, Itnd tll(' fn.et thnt tIl(' bl'in('s 
l'('mu.inc'<l praetienlly el(·HI'. 'nil' possihlt' ('xc'('ption \\'1],8 in tilt' l'ILW 

huneh ('('lpl'}' at li5-p('t'C'('nt bl'in(' str(,llgth which show('d populations 
of salt-toI(,I'nnt coeci 1:0 th(' (IXblllt of about 50,000 P('l' millilit<'l' 
1],f'!:p1' about 40 days. '1'he n.eidity 1'01' nil tl1(' bl'itwd /1,nd snltt'CIIots 
!Lf't('1' n.bout 2 1l10ltths wus withitl tile I'all~p of 0.2S to 0,35 pt'l'('pnt, 
the major part of whiph was PI'(,St'llt inilin,lIy, TIlt' p.H range of the 
bl'itl('s wns fl'om 4.90 to '1.52 nfl{'l' tlw sn.me stomg(' mtl'l'Yul. 

In tilt' (,pIpIT salt('d at 2.51WI'('pnt b.v w(·ight an lldivl' fpl'lllC'ntatioll 
h;>' tlw It('i(l-produdng bn.etPI'in, I'('stlll(ld in til(' J'ol'IlHLtion of n. COll
si<it'rabJp nmount or !lcid. TIl(, f('I'l1wntfLtion was YP1'y similar to thlLt 
j)n'yiollsly disC' usst·d fol' ktt tll'(1 kl'au t. 

DISCUSSION 
,Vitll only one 01' two (lx('i'pLioIlS, Ihp salt eoncentmtioJl11S(I(l in lhe 

pn's(I['vlttioll tl'l'ntnwnt 1'/1,IIH'1' thnn tilp ty(JP of v('g(·tahl(' ('x('J't('d the 
gl'(,ll,tt'stin{[ul'Il('l' on miC'l'obinl HoI'lL, in. th(' Yll,l'ious Vl'gptfLb)(' fpl'l1wnta
tioHs dpsel'ilw(L in this publi('lLtion. '1'11(' difleu!'lsion, tl1 I'I'('fo1'(', wilt 
}lC' pn'sl'lltC'd fl'om Ow stltlHlpoini of till' W>lwl'nl ]'(IIMionships whie-h 
npP('!L1' to ('xist i>l'tw('('u tIl!' j)1'Nlominating lyp<'s cf ol'glLnisms found 
nnt! lh(' ll.ntUl'e of t1l(' salling !l,nd b1'inillg tl'(,l1,tmeut, 
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ACID-FORMING BACTERIA. -Active fermentation was developed by 
acid-forming bacteria with all the vegetables studied when the amount 
of salt used was within their growth range. A dh'ect relationship 
was observed between the bacterial populations found and the salt 
concentration employed. In fermentations at low salt content, 5 
percent or lower (such as used for lettuce, wax beans, carrots, green 
beans, white corn, and okra), large populations usually occurred. 
Oorrespondingly smaller populations were found when increasingly 
higher salt concentrations were employed. At 15 percent salt or 
above, little if any growth by the acid-producing bacteria was observ
ed, since this appeared to be above their range of salt-tolerance. 
These relationships were similar to those reported for cucumber fer
mentations (6). The influence of salt on the fermentation activity of 
this group of organisms was also reflected in the amount of developed 
brine acidity. Fermentations at increasing salt concentrations re
sulted in the production of lower amounts of brine acidity. This 
relationship was likewise in agreement with that reported for brined 
cucumbers (18, 19).

OOLIFOm.I GRO"CP.-Growth of coliform organisms in the vegetable 
fermentations studied occurred over a rather wide range with respect 
to salt concC'ntrations. Typical fermentations were observed in 
lettuce at 2.5 percent salt, and in brined shelled peas at 20 percent. 
The fermentation was gaseous in nature and behaved in a way similar 
to that reported for brined cucumbers, where this type of fermen
tation yielded substantial amounts of carbon dioxide and hydrogen 
(5, 19). In brines of low salt content, 2.5 to 5 percent, such as used 
for green beans, carrots, peas, and white corn, the development of 
these bacteria ·was found to be almost immediate and seldom lasted 
over a few days. The limiting factor for their continued growth in 
weak brines is attributed to the inhibiting effect of the brine acidity 
resulting from a simultaneous development of the acid-forming 
bacteria. Because of apparent sensitivity to acid, the coliform group 
was usually inactive in fermentations such as encountered with 
brined carrots that were acidified at the start by the addition of small 
amounts of vinegar or lactic acid. Howeyer , in a highly buffered 
medium such as salted shelled peas, the frrmentation may be con
siderably prolonged in the presence of a decided amount of developed 
acidity.

IdC'ntification studies were not made in the present investigation; 
however, in cultmes isolated from both cucumber (5) and olive 
fermentations (3), the genus Aerobacter predominated among the 
coliform bacteria found. Members of the Escherichia genus were not 
isolated in either case. 

YEAsTs.-Active 6'TOwth of yeasts was found in a variety of the 
brined and salted vegetables studied and was characterized by a 
gaseous fermentation which resulted in the evolution of mther large 
amounts of carbon dioxide. In general, once yeast fermentation was 
started, there appeared to be little correlation between the salt con
centration used and maximum yeast populations, but as a l'ule, the 
salt content of the brine appeared to influence the time at whi('h 
yeast activity began, as well as the total period during which signifi
cant populations were present in the brine. LTsually, fermentations 
at low salt content-about 5 percent-started earlier, and were of 
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shorter duration than those at higher concentration -10 to 15 percent . 
The developed brinl' acidity appeared to exert no significant inhibitory 
effect on the general yeast fermentation, nor did acidification of 
brines at the start with small amounts of vinegar or lactic acid appear 
to inhibit the general fermentation behavior of the yeasts. Thus, 
yeast development in vegetable fcrmentr.tions was encountered over 
iL rather wide range with respect to both salt and acid contents of the 
brine. These results arc in agreement with those reported for the 
yeast activity in cucumber fermentations (4,5, 6, 1.9, 21). 

CoccL-The occurrence of certain salt-tolerant cocci in vegetable 
fermentations at high salt concentration was mentioned recently in 
connection with fermentation of salted green beans and peas (11). 
In the presl'nt study this type of fermentation has been found COmmon 
also to other vegetables, such as COl'll and butter beans, q,t high salt 
eoncentrations. These organisms are apparently sensitive to small 
amounts of add~d organic acids (such as laetic and acetic) j or appreci
able brine acidity. They arc not, however, partieulurly restricted 
by high salt concentrations, such as brines of upwards of 20-percent 
strength. Furthermore, the results fOI' dry-salted green beans indi
cated that the cocci were able to develop under refrigerated con
ditions (35 0 F.) in the presence of 10 percent salt and in the' absence 
of appreciable brine acidity. But in the case of both f,'1'een beans and 
white COl'll, storuge under refrigf.'rated conditions at 15- to 20-percf.'nt 
salt content appeared sufftcient to restrict the active growth of the 
cocci. 'rhe fermentation by these organisms was not found to be 
gaseous in nature, nor did they scem to contribute aPPI'('ciably in 
acid production, although detectable amounts might have bef.'n 
found in instanecs where growth took place under reduced o:\:ygen 
tension. The cocci's lack of tolerance toward acid is a reasonable 
explanation for their usual absence in fermentations at concentmtions 
well within the growth ra.nge for the acid-forming baeter·ia. A portion 
of the cocci that appean·t! in high-salt-conll'nt brincs had the ability 
to peptonize casein. 

PEP'rONIZING BAcTEllTA.-The peptonizing bacteria Wl're not con
sidered a distinct microbial group such as thl' lactic acid bacteria, or 
the coliforms, nor necessarily a predominating type as far as the 
brine organisms found in tlus study were concerned; but rather, as 
the term implies, distinction was basl'd on the ability of certain 
organisms to peptonize a protein such as casl'in when grown on nutri
tive caseinate agar or a similar medium. In low-salt-content brines, 
the peptonizing bacteria occurred chiefly at the start of fel'mentation 
and then disappeared promptly when an appreciable amount of acid 
was produced by the lactic acid bacteria. In vegetable fermenta
tions at high salt content (corn, butter beans, peas, and okm), and 
in the absence of appreciable brinc acidity, tIl(' pl'ptonizing ba('tpl'ia 
found usually were the saIt-tolerant cocci. 

:MYCODERMA (FILM-FORMING YEASTS). -For the purpose of this dis
cussion, the mycodel'ma group refers to the genera of film-forming 
yeasts responsiblc for the ltL"Xuriant surface scum commonly associated 
with pickle brines exposed to the air but sheltered from direct sunlight. 
In geneml, they arc difl'ercntiated from most other brine yeasts in 
that their' surface growth is chipfly oxitln.tiyc and an alcoholic fer
mentation is not ordinarily produced. In the presence of air, the 
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film-forming yeasts usually H.ppear able to oxidize readily alcohol 
and organic acids such as lactic and acetic (16). This affords a 
reasonn.ble explanation for the decrease in brine acidity during stor
age in those lots of vegetables in which active scum growth appeared, 

In vegetable fermentations, the salt content of t.he brine may 
retard growth and yet may not efl'ectively control scum yeast de
velopment on the exposed brine surface, particularly if the latter is 
sheltered from direct sunlight, Under such sheltered conditions, 
smface growth may occur at salt concentrations upwards of 20 pel'
('ent. lIo,ve,'er, in the present study, there was little evidence that 
these organisms grew undernC'n.th the sUl'faC'e of strong brines as did 
the brine yeasts; but in weak brines of 5 percent or less, growth was 
fotUld in sevC'rfti instances that was not associated with a surfaet' 
film. This is in keeping with previous work which has shown thnt 
rather slow scum yeast growth results in utilization of thl' brim 
acids and sugars, even under a layer of heavy mineral oil (1£), 

In tll(' strictest srnse, conditions that ]wrmit the growth of scum 
ean hardly be considt'I'('(1 typical of those fnvOl'ing a fermentation on 
whieh the best observations as to the predominating microbial brine 
florll !hay br made, A luxmiant growth of scum, making sampling 
difficult, may result in an exaggel'l1ted total bacterial count and con
fuse the subsul'ftwC' [wine yeast count. Fmtbermore, the unrestricted 
surfaee growth may dc'stroy all or a portion of the brinc acidity, anti 
in c('rtain instanecs he·lps provide a foundation fOl' mold growtb 
such as was noted in brinNl wax beans, which may seriously nffC'ct 
the textme of the ngptabh· mnterial. 

1[OLDs,-Observations w('rC' made for molcls at ('Itch bl'inC' sampling 
interval for all the vegetable fC'rmentittiol1s studied, Bl'cat)i:i(' thl'.\' 
were frequently present on the vegetabks before they we!'e brill('d, 
some molds werc generally found at the' time till' mat('rial was sait('(l 
or brined, but gnulunlly decreased and ,VC'I'P ('11 tirdy absent after 0. 

few days, In th(1 ff'W instane('s where mold popull1tions appeared in 
the brines in signiflrnllt numb('rs aftl'l' lh(' first we('k or so, their 
presence could be' directly assoeiated with surface mthC'!' than sub
surface mold growth. For this reason molds are not considered 
among the pI'pdominating groups of organisms associat('d witb 
microbial cbangl's in brine, and in tbjs respect can be put in the sanw 
('Mcgol'Y with til(' film-yeast group. However, their possibll' in
fluence on the' PI'('s('1'v('d vl'getable mat(,r1al Cllnl10t be oVt'I'lookNL. 
Heavy mold b'1'owth oectll'l'ing on thl' brine suda('('. of wgl'tablt' 
matC'rial, as found on wax \wans, ('an be ('xtl'ell1('ly importallt f/'Olll 
the standpoint of loss of texture, • 

H.U,Ol'HIUJS,-TbE' possibility of a gns('otls fprll1l'ntn.tion by Il1Nnbl'l's 
of the halophilie group of haett'rio. hns Ilot beell given attPrltion in 
('onnection with the i)l'ine vpgetable fl'l'I11entatioll work pl'e\'iously 
l'epol'ted, The prineipnJ difl'cr('Jlce bl'twC'en th('sc orgn.nisms, fOlllld 
in the yellow eOI'll fermentations, and the other pl'pdornino.ting groups 
discussed in this papt'r with l'clntion to the C'fl'C'et of salt on tlH'rn, 
appears to be as follows: The groups of baeterin llwntioDed pL'P,iously 
are considered to have fac'ultati ve sal t-toh'l'nnce ('itnrnC'tpristi('s, 
because they can grow in salt brines of diirerpnt str'pngths and also 
('all be cultiyatcd with "flse in the absC'nce of such amollnts of salt; 
whereas, gas-producing, halophilic: organisms were ('llC'ount('I'N! that 
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• 
displayed an obligate relationship with respect to salt requirements, 
sinee at least 15 percent salt was necessary in the medium before 
isola.tes could be cultivated. 

OONDITION OF YEGETABIJEs.-Results for the observations on con
dition of vrgetables made during the fermrntation and subsequent 
storage period for green beans, green peas (unsiwlled), lima beans 
(ullshelled), canots, and certaiu lrafy vegetables have recently been 
published (7, 11). They showed that after a storage period. of 6 to 12 
months, all lots, except one spinach treatment, were well preserved 
and had good color and odor and firm texture. Similar results have 
been observed for lettuce, COl'll, butter beans, wax beans, tomatoes, 
shrlled peas, okra, and celery after about the same length of storag('. 

• 

B-U'l'YRIC FERlIriNTATION.-In this study, nOlle of the 87 lots of 
vrgrtablr materinl obsrl'vrd during active fermrntation and storug<' 
ga3,re ('vidpnce of thr malodorus condition associat.NI with the growth 
of anarrobic, saccharolytic, butyric acid bacteria of the Clostridium 
genus. Favorable growth conditions, v"ith resprct to both brinr pH 
itnd salt cOlltrnt, wrre generally absent. For ('xample, in fermrntn
tions at low suIt concentration, used for readily f('rmentabl~ Vl'gP
tables, such as lrttllce, carl'ots, green beans, and okra, a vIgorous 
laetic acid fermrntation l'rsulted which rapidly lowered the brine pH 
to well below the usual tolerance of the butyric acid bactrria. With 
vrgetables such as rorn, butter beans, peas, and celery, brined [lIld 
salted above 10-pel'ecnt concentration, the salt alone would be e0n
sidered suifLeient to inhibit the repl'Oduction of tiH's{: organisms. 
There is the possibility too of intC'rfcring aetion of otlH'r mierohiul 
groups present. 

Apprehension, th(lr!'forC', Trgarding the public l)(\lllth aspN't of 
salt-preserved Y(lgrtnbll's thnt hav"e Iwen brinecl or salted according 
to approved practic·cs (8) is unWalTiLl1ted. Neyertheless, it should be 
pointrd out that thr growth of this group of ol'~anisms (as well as the 
more dangprolls protl'olytic types, i. e., CZ. botulw~lm) might take plaee 
in brines having pH values above 4.5 and containing less than 10 
prrccnt salt. In view, also, of the buffel'ing action noted for blanched, 
sllC'IJt·d grern peas, the practice of brining or suiting this YegC'table, or 
any other with similar bufl'ering eap[lcity, bplo,,' 10-prl'c(lnt salt 
eOllcen tl'U tion, m1gh t be q llrstionable. 

According to Gilillund and ·Vaughn (15), the butyric fermentation 
is commonly found in cerUlin types of green oli\-e pipkling processes. 
Of the 50 cultures of nonprotl'olytic butyric acid bnderia isolated 
and identified by thesr workprs, none was e!1pable of deyrlopin~ at 
pH 4.3, and only one strain was able to grow with 6.0 peJ'cent salt in 
the cultural medium. 

SUM~rARY Al\l) COXCLUSIOXS 

Results of a bacteriological invrstigation dpnling with the preserva
tion of a number of vegetablrs by usP of one or morr brining and dry
salting treatments have been prpsellted. \YHh the yeg(\tablC's used, 

• 
and under the conditions that rxisted for this study, the following 
grneral conclusions are indieutrd: 

In most instances, mierohial activity of varied intensity aecom
panied vegC'table PI'C'sC'l'vation by salting 01' brining and WflS prpsrl1t 
over a wide range with respect to both the type of vegetuble und the 
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amount of salt used. Fermentation resulting from the development 
of one or more salt-tolerant groups of micro-organisms. took place in • 
preservation treatments ranging from 2.5 percent to 20 percent salt 
concentration for the vegetables studit'd. 

The predominating groups of micro-organisms found were: The 
acid-forming bacteria, the coliform group, the yeasts, and the coccus 
forms. The development of the ucid-formil1f:F bacteria in the various 
v('getable fermentations wus restricted prinCipally to suit coneentl'U
tions below 15 percent. Growth by the yeusts and the eoliform bac
teria wus found over u,n extended I'allge with rl'spect to the umouuts 
of suit employed in the suiting und brinillg treutments (2.5 to 20 
percent). Salt-toll'rant cocci, in most instances, we're the predomi
nating orgnnisms found in 1'l'rmentalions at high salt concentrutions. 

The organism responsible for the Ill'W type of gnseous fermentation 
encountered in brillNI nnd in (!l'y-sultee! y('llow com ut 21 and 15 
perc('nt snit eon tent, l'(\sp('(~tivel'y, wus considered to IlfiY(' an obligate 
1'('lationship towfil·d suit, in that it could not be cultivated in the 
absence of less than 15 PC'I'C('ut salt by weight. 
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APPENDIX 

BACTERIOLOGICAL MEDIA AND METHODS 6 • 
COLIFOIDI BACTERIA 

BUlI.LUS'r Gl'.EES LACTOSE Bl LE AI1AR.-Brilliant greelllnctose bile agar (Difco 
formula' was found to be a satisfactory medium for estimating the relative popu
lations of the coliform bacteria group. It was prepared and used according to the 
direction!; supplied with the dehydrated procillct. Strict attention was paid to the 
mcdium's sensitivity to light: when cOlwenient. it was prepared just prior to lise: 
otherwise, it was stored in the refrigt'rator. On this mt'dillll1, subsurface colonies 
of the coliform bacteria art' deep red in color against a blue bnckgrolllld. 

The plates wert' incuhatt'c\ IS hOllrs at 35" C. and the number of coliform colonies 
per milliliter of brine COllnted. 

ACID-F010IDiG BACTERIA 

l\(;TRITI\'E CASErSATr; AGAR (Difcol.-Xulritive caseinate agar, which has 
pro\'ed successful for detrrmining population trench; of Ilcid-producing bacteria 
during thr fernl('ntation of cucllmbrr pick)';:; (6, Ell, provNI to be just assu('cPl'Sflll 
in connection with til(' frrmcntation of U.c, bril1pd and salter! ycgt·tabl(,g r('portt'd 
herein, and in enumerating total coud, salt-tolerant cocci, and peptonizing 
baetrria. 

The medium WIIS prcpllr(>d accordin!{ to the dirC'clions pro\'idec! with lhe 
dehydrated product exc'C'pt that 0.0·1 ~rallls of dry brom-crC'sol-purple was ndd(>d 
pC'r liter of di,,!;oh'ed lIlNlilim us an indicator, Hinel' nutritin' caspinutl' u!!;ar 
('ontllins le"s ugar than thl' usual :;olid media, care should be C'xl'rci>:c'd in til(' 
amount of ml'dillll1 pOlll'('d per plllle, as \\'1'11 IlS in cooling thl' pilltl':l, in or<l(>r 
to avoid solidification diflicultie;;. 'Xot (lv('r 15 m!. of medium was l1~rd prr plate 
to insurC' a rc'usonulM Rolidification. time. During hot weathrr, facilities for cool
ing the platC's wern providNl.

The acid-forming hartrriu ::;how on this nl('dillll1 Il prC'cipitatrd zoue of (,1I5ell1 
ancl.a yC'll()\\' color IIbout tIl(' ('olony, In tht' ;:tudy diHc'u;:!'ee! in this publication, • 
the de'KI'ce of Cllfr[n IJI'N'ipitu( iOIl and ehangl' in coior of til(' il1dkator from purplr 
to ypllo\\' YariNI, dr[1Pllrling on t hr a(~t h'ity 1I11e! tY[ll' of arid-CorIJH'r l)rt'i'('Tlt, 
Ruhi'urfacc coloni!'s r!1ngC'd ill !'iz!' frolll about 2.5-3 mm. to 0.1 111111. or (',..s aud 
\\'pre mostly c!lipt iral ill :lhapp, !:4l1rflt\:r growl h \\,1\."; u,;uall~' ;:('aut. Orca,..iollully, 
n high pcrcentage of tiny colonip,; (0,1 1)1111, or IpH) wus found in e('I·tnin \'pg!'tabll' 
ferll1{'ntations. " Growth of thc' Ileid-forlllill.g bartl·ria ('onld ()frc'n be grpa! ly 
Pllhallced by the addition of 0.1 Ill'reNt! t\rxt rose tn Ihp lllNIiunl. :,im'p tlw addi
tion of dextrose likcwbe {'nIHlIlcP:, t1w growth of y ..a"t;; pr('~Pllt, ('Itr!'flll ('xamina
t ion of yea"ts b{'('ollll's n(,('I'S3ury to "PImraU' 1lwUl from t hI' llei<l-prod\1cinK 
bacteria. ThiH diff('f(,lltiat iOI1 i::; fu<,ilital I'd by til(' fact t hat till' a('id-forllliu~ 
bnct<'riu usually OC('\lr ill mll('h l!:rpatpr 11111111)('1'<; [han th(' Y!'II~ts dllrin!!: ttlC' 
simllltun('onR Ilc(iYity of thp two gl'Ollpo;. FII1'thprmor(', the add-forming iJa('tpria 
givc an acid r('aetioll an(1 rn"pin pn'('ipil alion, Whl'fl'U'; ;'I'!I"ls (,lid to gin' 11 

slightly uikulin(' rpartioll. OuI.\' tlu' la('to"'!' f('rnlf'ulirm Yl'!lst", Il~ a rll1<', grow Ollt 
wcll 011 thi", mNIium. In tid,; illn'~tif.!;nti{)ll, \\ IWIl it wa" dOl1btful wliptlwr y!'asts 
were confusing the COllllt (.f Ill'id-flll'fIIillg bl\('u·dn, Illl' ('OIOldl'ii Wl'!'i' :,(!lim'll, 

Xt'TRITl\'E C',\i;,;lXATI': .-\OAR.- ,\Ithollgh Tll1trith'c ('a~pil1utp Il,!~ar is not COIi

side>rl:'d a difT('frutial nwdilllll fM the' !';ilIt-t{1I('rnllt rO('(,Il" form", it WII;; I'nti,,

factorily ul'(>(i for ('~tilllntill/!; thl:' 111111111(>1':; of 11((';;(' orl!;alli;;m~ pri"('nt ill IJrillP;: 

of high ~a1t COlleC'Il( ru t ion. Di(fr'rPIl t illt ron was lJa.,pl! (J1l ('olouinl rharlH't('ri~1 ir.., 

on the> IIl!;lIr and hy l'tlliIwd prpparlltio!l~ Jlwde frol1l thp prin('ipal cfll"llit';; [lr!'~C'llt. 

III routine> C'Xlllllil1ation of hrim'':: of hil!;h ;'alt ('()u(,Pltlrtltiolt. th(',,, Ilrgtlui"m;:. a~ 


6 The' mcdia and mrthoc];; de'4('rihc·rJ hrrcin r(,('piltly havp }'N'n pllh;i:,;hpc! 11(/1 in 
reviEcd and enlarged form to ('owr \'ariolls tY[lI~'; of hrillC'd, ;;nItl'rl, aud pirkh'd 
veg('tabJC'E and YPI!;NahlC' proclurts. • 
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n rull'. ar(' thC' principal typC's found on the above plating medium, Tht-ir prC's

• 
C'IlCC' is WHlIlIIy indicllted by two predominating colonial typrs; A grayish-whilt'. 
('ntirr, gIist('ning col(lfl~' of moderatC' sizC'. and a llimilar colony thut is light orange 
to )'elloll" in color, Thr sllbsurfll('C' colonies of both (YPC'" apprar c"IIipticnl (0 
I<'ntic'ulur in shnpC', TIl(> c('IIs of the white coloninl tyPC are distincth' slUllIIC'r 
thun those' of the pigllHmtC'd \"ariely, • • 

TIl(' majority of the cocc'i encountercd were alkali-producers, as shown b~' lhrir 
rea!.'tioll I\"hrn _c;rown nerohit'IlII.I' on nU(rilil'r C'useinulC Itgur with illdit'lllor 
uddpd, t 'ud('1" rC'ducC'd oxygC'n-(('nsiull, hOll"e\"C'r, ns C'llcOlllltrred in dp(·p sul>
SlIl'f11('(' coloJlip.~, SOIllC' typC's gn ,'C' un aC'id I'('UCtiOIl. oft(On suflic'i('nt to precipitnte 
Wlle'g of (IUli<'in about the indil"iduul colonies withill i2 hOllrs; but. upon prolungc'd 
il1eulllltiUl1, tIl(' relletio!l Ilsuully bC'('nll1(' alknlhH', Thus, earl' !!lUst hc' ('x(>/"('bcd 
to PI"('I'C'Ut the /"C'cording of slIeh acid-p/"odueing ('ocei coloniC's liS true lIeid-forllling 
bll(·tl'l'in of til(' hl("tic: group, pllrtiC'ulnrly 1I"11(In t1WSl' ('olollips ure found in brill('S 
thnllJordl'r on til(' rnnp;c' of snIt eonC'Plltratioll [olC'rulC'C1 hy the Illetic~ arid blletprin, 
Thi~ Jlr('c':uttion IIP('(I uot apply 11'11('11 hrim's nrC' wl'll within the ranp;e for acth'e 
g-rowl\l of the' 1tH'lic aC'id bllC'(pria, ~ill('(' UH'1l thc\ dC!I'C'lupC'CI acidity is llQrtllUlly 
RumC'i!'!l! (0 iuhihit g/"(lwth of tll('~e ('()('C'us forms. 

For thi::; IllNlilllll. thp plntr;; II"('J"C' inC'ubatecl i2 hou/";; at 35" C, aod first coulltcd 
u;; ((I totnl ('OIOllip;;, nrid-fo/"mirw; C()l(jlli('~, and c'oC'C'i ('olon!"s ]It'l' llJillilitPr of hrine, 
For II /"('('O/"d of thr 1IIl1uiJl'r of lX'ptOl.i/illg- hll!'tC'"ia the plates Werf,\ thell flooded 
wit h It ii-pc:rrC'llt "ol!ttioll of g-i:lC'inlIH,C't ir IIC'id, The colonies surrounded by clear 
zOlles were recorded us peptonizing baetl'ria, 

YEASTS 

• 

,\nnln~:Tl TlKXTHOS€ AC1;\lt,·~ 1'(,lIst populntiom; ill the ferlllPnting ycgt'tllhle 
tnhlp brim'::; werc' (]Ptpl"ntillC'cl b~' the' II~P of lIC'iclilipci dc'xtl'll~(' agar. Thi~ nwdilllll, 
whi<'h hilS 1)(>('11 IIS(,(] pn'I'i()lI~ly ill ('IIC'U III iJPI' fC'rIlWn!lU ion studlp;< I.~, ;i, tn, 
('oll"bt,.: of ol"dinlll'\' df'x(l'OsP nc;nr (Difc'o forlllulal 10 whh-h oj 1111. or ,..tcrilt. 5
PPr('Pllt InrtHrie II<:ill i" add('(l -to 100-1111. HlllOlln!s of thc ulI'ltNI uJ;lIr prior to 
pOllriug nIP pln.tcs, 'I'll(' nddition of tll(' tal"turk lleid. hringill).! tlt(' lJI[ of thl' 
ll1editllll to 3,5 -3,7, iuhibit;; IIr(h'p dc,\'ploprm'lIt of til(' ot hpr 1"'lIul iJril\p {)rgulli~llIs. 

Orea;;ionally, ~'('nst" arp foulld at C'(Jlll'l'll tnt liolls of Hi to 20 Jl('I"('f'nt ~alt IhILL 
do Ilotc;row Ollt W(·lI Oil til(' n\('dilllli ('ontuining IIIP lI~lIal Hmount of tartaric 
Hriel (:j), ,[f the umoullt of Illrtnric ll(,iel is IOI\"i'I'('« to 3 1111. I)('r 100 1111. of IIINliulIl 
this ('oll(litioll i::; u:-;Ilallv C'ol'rc'('Il'cl, Tlw lIIodifipd 11I('lIilllll shollid lI"t hp Ih('d, 
hO\I'PI'C'r. \llwn tll!' kllejll"ll salt ('ontput of t 11(' hrill(' "lllllpico I" Illlleh Ilt'low I.') 
P<"l"C'Pllt; otl1('rll"i;;(' thc add-forming hnC'lprill will ).!row !lut slIlIi('iPllth' to ('cHlflhl' 
th(\ ,n'a:-t C·Olllt!. ()r(,!l.~iOllllll,\', d1lrillg UI1 1I('liv(' add f('rnu'lltntioll hI' hll,(h 
u('id-tol(,l"Ullt f;trnill' of the' lactie group, SOIlI(, tin,l' ('olollips h('gill to I'hllW through 
cI'cn II"bc'll Ill(' flill Ufllollnt of tHl"tari(' nrid i" IIS('<1, TIH'~p III 11l1PfOlI", "'Illull 
IHldpl'l'lop(,d a('id-produC'in!!; JlIll'{coria rolollif's fOl"ln I~ hnlo ('fiN'! Ilholit tllP ypust 
or ul,\'C'odPrllln C'oloui('s II"hprp til(' !I("ld rf'llC'tioll I;; prp;;ulllflhl,\' of Ips" C'ol1('t'ntratioll 
(hnll til!' ;;IIIToIIIHlinc; 1ll!'Clillm, ..\l'idlfiNI drxtros(' :lgill" is cll'linit(,ly prpfprrpd for 
dptpC'ting: y('u~t;; in brillP fPrIllf'nlntioll 01'(,1' Wort nr :\[111t IIgur .... hH·C' !ltp plJ 
rungp laboltt ·Ui to 5,.i, rp;;(l!'t'til'('I,I') for tllp lat 11'1' 1Il(,din is IlIltc'h b::s inhibith-c 
for th(' Jnctic n('id hllctPria, 

~J""COIJElnJ'\ (FIL)I'FOH~JJNG Y1;;ASTS) XCIiI) )IOI.lJ:i 

A('IIlIFIED rh:x'l'nosl~ .AnA It,~ (,prtaill condit ions, i. (", ll\"llilnblr fr('(' oxyg('n 
and nbs(,lIcP of dirpet ~lIItli_l:dlt, may permit Ilctiv(' /-(l'Owlh of 1ll,\'C'ocl('l"l1Ia S('1I1Il 
und molds 011 tIlt' surfl1('(' of hrillPd Ilnd piekl('d rnatNiul. TI\('~l' orp;allbllls will 
grow Oil! Oil ltC'idifiN! d(>xt ros(' agar, :'Iolds ulld YC'Il;;ts ('un n'llllily 1)(' cli,;tin
J!;lIi~ll('d by tlH' difrl'r!,l)('p in til(> app('arnl1cC! of t h('ir ('olouil'I'. wllPrl'!ls rOllt im' 
diffprC'ntiation uf Ill1l1filrll-forlllillJ,( yl'a;.;t .... ulld lllyc'(Hlt'rlllu ~(,1II1l Yl'il"t ~ llIay 
pr('~!'llt ;';Ollte eli/lielllt", ~lIl"fn('p (lololli!'''; of I'l'a"ts illrliC'lltiv(\ of !lIy('Wlt'l'I1llL 
;;CIIIII nr!' Ilormally flat', <llIll, irTPC;ltlnr, Hnd "'pre'arlill!!; II~ ('out rll,..tpd \dt h nlh'l'd, 
rouud, whitt" glbtPllilu,:, Ulld ('l1tirc' for tirilll'-,I'PII;;t ('ohml!',;, l:>lllburfuc'p ;;C'\III1
.\"(·n,;t ("ol()ui('~ apP"ilr whitp lllH! fllZZY, 1\-ilPl"pa;; brilJ{' ."1'11:-1,; art' 1lI0"t1.1' plliptielll 
IIIHI Pllt ire, :'1 \"{'orl(,1'I11Il ~('11111 (·oloui.." ,dtr'll ~t uilll'd IIppNlr tt) Il(' 11111'1(· up of 
rat Ili'r Illrp;p, irrl'l-(lIlar, !'IOIl).!Il!pcl rplk rII (hc IIh"pw'e of ~toru).!(' C'undit ion8 

• sllitulJl(' for ~('ltll1 g-rowtlt, "urII c'ololli!'s Ilrc rare·ly found, 
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An estimate of the numbers of the SellIu-yeast grollp occurring in the brine or 
liq\lor sample, mostly as the result of surface scum dt~velopnwnt, can be made as 
follows: Incubate plates 3 days at 32'-35° C. and record Il\llllber of yeast, 1Iweo
derma scum, and mold colonies per milliliter of brine or liquor exumillcd. \\'hen • 
yeust colonies are llot well developed "oil-hin 3 duys, tho iucubution period should 
be extended to 5 days. 

OBLlGATE IfALOPHlLES 

1,\\'.1':11 BROTH Pt.rs SAt:r.-Lh'er broth pi \IS snit wus used as the mediulTI for 
the dl'tpC'ti()n of the gas-producillg, Gr/ull-lwgati\,e, oblignte halophiliC' bacteria 
reported in dry-salted nnd brincd yellow corn at 17 and 21 percent liah rcspec~ 
th·ely. Either Jj\'C'r agar containing 15 percent salt or LivC'r brolh pJUl' suit cun 
be used. Tlw liquid mNliulll is probably more convenient to hundle. 'I'll<' basic 
liver broth was prC'pured according to the following formula of Cameron (8) 
exccpt that peptone was replaced with tryptonc: 

Ground be~f liver is mixed with walC'r in til(' proportion of 500 grams 

1,0 1;000 cc. This mixture is boiled slowly for one hour, adjusted to 

approximately pH 7.0, nnd boi1('d for an additional 10 minutt's, aftrr 

which the boilNI muteriul is pressed through rlwese cloth nnd the liquid 

is mude to 1,000 cc. '1'0 the broth arc added 10 grams of peptone and 

1 grtlm of dipotassiulll phosphate. The reaction is ndjusted to pH 

7.0 * * * 

Fifteen p('rcent C. P. !>ltlt by wright was adclpd to the broth which wns tben 
put illto $~ x 6 illch tn/}es containiug about one-half inch of partially dripd liver 
particlps remaiuing from lhp broth pf('pnrut ion. Thr tub('s were uutoclaved al 
Iii-pound pn'SI'Ufe for 20 miuutes. Tube'S of tlw lIk'diu, prrviollsJy IWllted ill a 
wat!'r bath Ilnd c()()Jpd, Wefe inoculatNI with dl'cirnul dilutions of the snmple and 
sCllled with 1 to 2 mHlililers of sterile, rrwlfed petroleum j!'lly. Positive lUbl\!l we're 
indicated by tlw rni"ing of the pNroleul\1 spnl ml a r('sltlt of gas production, und 
the absenc(' of /lOY distinctivc odor. '1'h(' tllbC's we're' inclI!)llted at 35" C'. for ,} 
dnys ane! Qbti('rvec! dnily for posith't'!\. t"l'u!llly, growth WfiS prompt und viJ!;or
Oh~, of tell RltiOcieIlt 10 mise tlte s('al to the cotton plug in 2-l hottrs. Tllb(~s 
showing turbidity but no gus usually in(licated the absence of halophiles and the • 
prC':;f.'ll(,(, of COCCI. 

IIa\ophilcs mllY he found ill ('ertain brirws that grow better with less than l5 
pcrC('llt :;nlt in tli(' l'ulturn[ mcdin. For SUGh tYPl'S, the !i\'C'r mediulU should be 
adjusted to the approximate COll('('ntration of the fermenting brine. 

Xo intcrf('renc(' has bN'n !'llcounter('(\ to clate by the I!;rowth of the coliforrns 
or ~'('u"ts in Uti,; lJlrC\inll) during thc test for obligate hnlophilC's, Such mi"rht be 
Ilnth'ipatNI, prodr\('d th('Y WNt:' pr('scnt in the 'iUmple, since both groups grow 
n'adily in fCrml'lItilll!; Y('gC'tablr brill!'s nt high snit concentration nnd hoth nrc 
gas producers. The luck of int('rfl'r('nC'C' i5 pr(';;1l1l1!tr>ly duc to tl\(' knowll inability 
of Y(,llstii and coliform:; to initiate' snti:,ru('tory (·arly growth ill InboratOf): 'media 
at C"'cn llIol\rmtly h!gh ;;alt cou(,Ptltrntioll without prc"iOIl:l subculturing. Thc 
TPduc('d (lXYI{('11 t('nl;lOl1 of the mcdlum probn\,ly al,;o ex('rts a retarding effcct. 
:;:\e\·t'rthel<';;~, routin(' dcl('nnillntiolls are desirublC' for thC' YC'Il.<:ts and coliform 

bllctCrill, ill!'Jurling stllincd preparations, 011 any brinc that id bcing exnmined (or 

obligate halophilcs. 


• 




t 


, . 

: 

.. 

" 

-'


