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Present industrial methods of sterilizing canned vegetables of low 
acidity result in considerable injury to texture, flavor, and color 
because of the high temperatures and long periods of heating neces­
sary to destroy heat resistant organisms. Because of the lack of 
proper facilities, h is not fea~ible in many homes, to apply the temper­
atures necessary to sterilize Yegetables, and heat.ing for one to thtee 
hours, at the temperature of boiling water, a method formerly recom­
mended for home use, has been proved unsafe because it does not 
always destroy the spores of B. boi1{,Z£nus. 

It is a well recognized fact that vegetables of high acidity, such 
as rhubarb and tomatoes, are easily sterilized. It is also well known 
that the addition of dilute organic acids to the brines used in can~ 
ning makes it possible to preserve vegetables of 1o,,, acidity by heating 
at 100' C. 

However, previous investigations showed consiucrable variation in 
the effect of added acid on the sterilization of various vegetables. 
Not all vegetables behaved alike. Preliminary observations ah;o 
showed that at least ,orne of the variations observed could be traced 
to marked changes in pH ,'alne of the acidified brines· during heating. 
Therefore, OIle part of the present inve..o;tjgation was to determine 
the magnitude of these chlUlges in pH value. 

A second part was to determine more accurately than had hee'1 
done previously the effect of acidified brines on the sterilization of 
vegetables of· low acidity artificially contaminated with large numbers 
of heat resistant microorganisms. . 
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REVIEW OP TilE LITERA'rURE 

EXll'f'rimenh; condudt'd by Crue&<.; in 1~1l3-1915 and reported , 
hrietl:v in Circular ] ;")8] of thi:-; station in 1916 showed that peas: 
string- beans, pumpkins) beets, turnips, artiehokes, and asparagus 
canned in brine a(:iditicd with 4 to 6 ounces of lemon juice per gallon 
and proee,<:ised one boar at 212 0 B\ kept perfectly for an incubation 
period of more than a year, while the same vegetables canned in the 
same mallner but in llOll-acidified bril1eF> spoiled. The samples were 
not artificially inoeulatf'd with heat resistant organisms, but the fact 
that thp non~jjeidified cheel.;:s spoiled sho·wed that 8uch organisms were 
pref-ient naturally. 

Diekson/ Burke and W" ard conducted experiments in 1917 and 
1!H8 OJ) the eifl;'.ct of acidified brine on the growth of B. botulinus and 
on thp destruction of its r-;pores by heat in canned vegetables. Their 
cOllclusiollS are summarized in the following quotation: 

Our first sf'ries of experiments show be}'OIHl all doullt tJmt when exposed to 
urines '·ont.ainillg lemon juice ill the amount of approximately ;'j per (',eIlt, a virulent 
toxin is developed Im!le'!' favoring eouditions of temperature. But when the spores 
are exposed to tl~e :JetioJl of boiling watt'.r for one hour in acid hrines of similar 
concentrations, as ill the method of cauning rceommended by Cruess or in a mixture 
of lemon ,iuiee of more tlwil 2 per {'ent) as ill our preliminary experiments, the 
spores are completely destroyed. 

'rheir control samples, not acidified, but heated for one hour in 
boiling wutclf developed growth oJ B. b()tulinu~ an9 a strong toxin. 

Skinner and G lasgow:l report that the addition of two tablespoons 
of vinegar of 4.4- per cent total add (as acetie) per quart of brine 
used in canning 3t:>paragu!:> greatly reduced the time necessary for 
sterilization at 100 0 C. 

""\\T eiss4 determined the cffeet of pH yalue on the death point of the 
spores of a resistant strain of B. b()tu'_inu~. In cit-ric acid of a pH 
value of 3.16 (2.1 per cent acid) the 'pores Were killed in less than 
10 minutes at 100' C., while the time required at pH 6.66 (nearly 
neutral) was 90 minutes. 

The same investigator" found that the spores of B. botulinus were 
killed at looe C. in eleven diff(",,,,t food juices having a pH range of 
2.1 to 8.81 in Ie" than fJl) minutes, in 60 to 90 minutes in those of 
pH 4.22 to 4.4, in 90 to ]20 minutes in those of pH 5.13 .to 5.36, while 
those of pH 5.69 to 6.21 required 150 to 180 minutes. . 
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lTsing spores of thermophiles that are extremely resistant to heat 
Bigelowti and Esty determined the death times in juices expressed 
from various commercially canned ycgetables at 100 0

, 110 0
, 115 0 

l 

and 120 0 C. The time necessary to kill the spores of the Illost resistant 
organism at 1000 C. was as follows: 1200 miuutes in corn juice of 
pH 6.1; ]020 minutes "in pea juice of pH 5.:3; 360 minutes in sweet 
potato juice of pH 5.0; 210 minutes in spinach juice of pH 5.0; 360 
minutes in string bean juice of pH 5.0; 210 minutes in beet jnlce of. 
pH 4.7. and 210 mlIllltes in pumpkin juice of pH 4.5. 

Dickson7 and his associates in 1922 reported experiments in which 
the heat resistances of B. boiul£n'us spores in various concentrations of 
hydrochloric) citric, acetic, and lactic acids were determined. At 
corresponding pH values, there seemed to be little difference in the 
toxic effect of the various acids. The OII ion also exerted a toxic 
effect, as it ·was found that the heat re~ist.ancc was much less in 
alkaline thelll in neutral solutions. 

Esty~ and Meyer conducted all extensive series of. experiments to 
det.ermine the effect of hydrogen ion concentration on the death point 
of B. botlllimus in phosphate solutions, Hifeo pepton solutions, double 
strength veal infusion, spinach ;iuicer and in juiees expres..<.;ed from 
many canned food.s. BecallS(': of the action of buffer substanees, much 
more acid was required to give the desired pH values in spinach juice 
than in phosphate and peptone solutions. 

The s.pores in a citric acid solution of pII 5.26 ·were lOlled in 65 
minutes at 1000 C .. at pII 4.69 in 40 minutes; at pH 4.31 in 20 to 25 
minutes, while. at. pII 7 about. 830 minntes was required. 

Bigelow!! and Cathcart in ~t.udying: the changes in hydrogen ion 
concentration occurring during the processing of many canned foods 
found that the pH value decreased slightly in most 'cases on account, 
they helieved, of t.he coagUlation of buffer substances and the ror· 
mation of weak ~cids through decomposition of organic compounds 
by heat. In one experiment, however, that 'with beans in tomato sauce, 
there was an increase in pH value in thf'. sauce which the authors state 
was" due to diffusion of acid into the beans." Undoubtedly, part of 
the eha,.nge was due to this cause; but we believe, from our experi­
ments with other products, that some of it may have been due to the 
buffer action of compounds leache<l from the beans during processing. 
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CHANGES IN HYl>lWGKN IOK CONCENTRATION DURING CANNING 

The foregoing review of the literature shows that a number of 
investigators ill several laboratories have studied the e.fIect. of pH 
yalue Oil the dea1h point of heat resistant organisms, but that little 
has bfW:ll published on the changes occurring in the pH value of 
acidified brines in canned vegetables during actual canning and steri­
lizing operations. llliless the extent of these changes is known, it is 
impossible to speeify what the hydrogen ion concentration of the 
aeidifiod brine should he at the time of its addition to t.he product. 
Th~refor(' , in our investigations, we gave as much attention to this 
pha&' of the IH'oblem as to teHts on the effect of pII value on the death 
point of III'at resistant spores. 

1. Pl'occd·ltrc.~ Yarious vegetables were prepared for canning in 
the usual manner and a~ de&cribed later. All of the brines used in the 

. {'xlwrim<'nts, t'xeept those for corn, consisted of 2 per cent of salt 
in distilled ,'rater plus varjou~ cOllcentrations of hydrochloric, citric, 
or acetic acid~. TIle brine for corn contained 2 per cent of salt and 
i) per ecnt of sngar in addition to tile added acid. 

The pH values of the solutiolL" when pn'pared for use in the canning 
tests were (~ardul1y eheeked colorimetrically by t.he Clark and LubslO 

method against standardized buffer solutions of known pH values. 

In the first year's experim(mt.s number 2 cans were used, filled to 
the usual height with the same weight of ycgetables. They were then 
tilled ,,,ith tiw brine, but thi,",' was .not measured. III later experiments 
8-oullce cans were used. \Veighed amounts OI vegetables and 
measured amounts of brine were ~ldded. Eighty grams of sweet corn 
plus 125 c. e. of brine ; ]20 grams of string beans plus 100 c. c. of 
brine; ] 80 grams of. !->pinach plus 25 c. c. of brine; and 130 grams of 
asparagus plus 90 c. c. of brine were the ratios used. The later 
experiments, therefore, can be more easily duplicated. 

The filled cans were heated ill live steam at 99° to 110° C. for 5 to 
8 minutes before sealing, the time varying with the size of container 
and character of the produ·ct. 

"Sanitary') (open top) cans' were used and were sealed with a 
hand roll, foot pressure, power driven double·seamer. Test. showed 
that the sealing operations were satisfactory. 

"Processing" in all investigations reported in this pUblication was 
conducted with hoiling water at approximately 100° C. Various time 
periods varying from one·half to two hours were used. 
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After exhausting and again after processing for the various times, 
samples' of the brines -from the cans were taken, filtered, and their 
pH values determined calorimetrically. 

2. Relat·ive Changes in pH r Q,lue during Exhausting and Process­
ing.~Changes in pH value of acidified brines in cans of vegetables 
were greater during exhausting before sealing than during processing 
in the sealed cans. All acidified brines increased in pH value during 
exhausting and most brines increased during proce&"ling. 

Table 1 illustrates the relative cha.nges that were observed ill 
several experiments during exhausting and processing. The table 
presents only a. small proportion of the data obtained. 

TARLE 1 

'l'YPICAL pH VAIJUE CHANGES DURING EXH.\USTING _-\__._-'m PROCESSING OF BRIl<."'ES 

ACIDIFIED 'WITH CITRIC ACID 

!i I pH value of brint" ! pH value of brine 
Yegetahle-and pH value of itR juice 1 pH. va.lue of after exhausting I after 60 minutes 

__________ ! origilialbrllle _ 5--Bminute8 ' proeelllungatlOQ·C. 

Sweet corn, pH6.8 ,. ... 2.8 3 .6 4.2 
Sweet com, pH 6.8 4.0 I 5.6 5.2 
String beaIlB, pH 6.,2 ') 8 I 3 6 I 3 8 

String beans, pH 6.2 4
6 

•. 
0
0 I "6' .. 8

0 
'I ~ . .44 

String beans, pH 6. 2_ . OJ 

String beans, pH 6.2 7.0 6.0 5.3 

~:a::i;~p~~ 4 ....•••• . ·· •· ··•• •••• 1 ~.~ I ; ~ Ii : ~ 
Asparagus, pH 5.4 I 3,6 4.6 4.5 

Possibly' in those acidified brjnes in which the pH value jncreaseq 
during exhausting but later decreased during processing, buffer sub­
stances werc precipitated or decomposed, or acids cir acid salts were 
formed. Continued increase of pH value during processing was 
probably due to diffusion because it is probable tbat during exhausting 
most of the buffer effect occurr.ed from compounds dissolved from the 
vegetables. 

3. Effect of Length of Procesring on pH Value.-Several vege­
tables were processed for 20, 40, 60, and 80 minutes in order to deter­
mine the effect of the length of processing at 100 0 C . . on pH changes 
in acidified brines. Some of the data are presented in table 2. • 

After exhausting and the .first 20 minutes of processing, changes 
in pH value Were slight in most instances. 
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TABLE :3 

EFFECT OI<' LEX(-l'l'll OF PltOCESS!XG OK CUANGES IN pli YALUE OJ' BRI!I;""ES 

ACIDIFTED ""!TD C ITRIC ACID 

._. . .. - i I pll value after proces>ing at lOOQ C. 
] pH vnlue ... ______ .. ____ .... ______ _ 

\\'get /;l hlt'llndpH"I'1I.1uP ()fil~ju ; l'(' ' OfOrll!;lflal I . I ! 
__ . __ ... __ .. ________ I~~I:_, ,~~~n~·!~-:~~~~i~·80111inut6S 

Sweet corn , pH 6.8.. . : 20 I 2.9 i 3.0 II 3.2 3 . 2 
Swel;;'t. corn, pII 6.8, ... "" .. . " ...... .. . ' 2,8 I 4 .0 : 4, 2 . 4 . 2 4 . 2 
Sweet- COl"fl 1. pH 6,8 ... .. ... , .. ... ,," 4,0 5 .4" 5 . 2 \. .5 . 2 5.2 
Swectcort},pHfi.8. _ . ___ ._" ' 1.0 6 . 5 6.2 i 6 . 2 6 . 1 

(1\oi acidified ) i 
St-rillgbeanH l pHti:? 2 . 0 3. 2 3,2 32 3. 0 
String bpan8 , pH 6 , :2 5.4 
':\spa.ragus, pH 5 ,4 (1924) a.l 
Asparagus , pH i). 4 4.6 

TABLE 3 

C'I-iAX(mS IK l'H 'L\ L UE OF ACIDIFIEll BRl:\~S Drn.ING rROCF.SSl~G AS AFF'l<:C'.f'ED 

BY '!'Yl'r: OY Acm 

VegetaLle 

Asparagus (l~?a _i . 
Asparagus 
Asparagus 
Asparagus 
Asparagus 
Asparagus 
Asparagw:; 
SW€('t corn. 
Sweet corn 
Sweet- corn 
Sweet- curn 
Sweet earn 
String beans 
String beans 
String beans 
String beans 
String beans 
String beans 
String beans 
Peas, green .. 
Pea)', green 
Peas, green . 
Peas, green .. . 
Peas, green . 
Peas, green .. 

.... . l Xone 
Hydrochloric .. 
Citric 
Acetic 

i Hydrochloric 
Citric .. . 
A,ceti(' 
None. 
Hydrochloric 
Citrie 
Hydrochloric 
Citric 
None 
Hydrochloric .. 
Citric 

-I '. I pH value of brille 
I Origimd pH value aft.er 1 hoUT at 
! oflmne . lOO"C . 

I 

! 
I 

7. 0 
2.6 
2.6 
2.6 
3 .6 
3 .6 
3.6· 
7.0 
2 .0 
2 0 
4 . 0 
40 
7.0 
2.0 
2,0 
2.8 
2.8 
4 0 
4.0 
2.6 
2.6 
2.6 
3.0 
3.0 
3.0 

5.6 
.5.4 
5 J 
4 6 
5,6 
5,6 
5.4 
6,2 
5.0 
3.2 
,:;.6 

5.2 
5.4 
4 .8 
3.2 
4.4 
3.8 
5.4 
5. 4 
5.8 
5.4 
4.8 
·6.0 
5.7 
5.4 
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4. Comparison of Different Acids.-A considerable number of 
experiments were made to determine the relative changes in pH value 
occurring in brines acidified with hydrochloric, citric, and acetic acids, 
reRpectiv~ly. In table 3 some of the data obtained are presented. 

In brines of relatiYely low original pH value, acetic acid gave pH 
values after processing that "were lower than those acidified with citric 
acid, and citric acid in turn lower than hydroehloric acid. These 
observed difi'cr cncei:l are \'cr)' probably due to the differences in degrees 
of ionization of the different acids. 

Fig. 1. Changes in pH value of acidified brines during processing 
at 100 0 C. 

For practical purposes, citric is to be preferred to ac-etic acid 
because it does not affect thc flavor so noticeably. 

1l hree per cent of lemon juice added to brine gave a pH value of 
2.9 before processing and a pH on carrots after processing of 5.0. 
For a 5 per cent addition of lemon juice, the figures were 2.7 and 
4.8, respectively. A brine acidified to pH 3.0 with citric acid increased 
to 5.2 during' processing on carrots. Apparently the change during 
processing is about equal with brines of equal original pH "alue 
whether citric acid or lemon juice is used. 

5. Comparison of Different Vegetahles.-Typical changes in pH 
value in brines on asparagus, corn, string beans, an~ spina.ch are 
shown in tables 3 and 4. and figure 1. There was S9me variation in pH 
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changes in different lots of the same vegetahle, probably occasioned 
by difierenc,eR in their che~ical composition; e.g., see asparagus in 
tables 4 and 5. lhnwlly this yariation did not exceed .2 pH. 

TABLE 4 

R.ELATJV}; EFFT:CT OF. IlTFFER,EKT 'VEGF:TABLES ON CHAKGES IN pH V AI,UE OF BRINES 

ACIDIJ'U;D 'WITIJ CrTRlO ACID. (See also table 3.) 

V{tgetahle 
'I i pH ,~lu, of bdn, I 

pH value .of I after prool'Ming j Ratio of vegetable 
ongiual~! 1 hourat. loo~c'l~ tobrine ._ 

Carrots. . 
Carrots 
Carrots 
Carrots 

......... .... ! ~:~ ~:! i ~ ~ i :~~;~;: 
4.4 5,4 2: 1 approx. 
4.8 5 .4 2: 1 approx. 

Carrot.s (check,__! ~ ____ -,' ___ ''' ' \' 7.0 I' 5 .4 2 : 1 approx. 
P-e-a-s (g-'C-et-l) - " ~~3~ ~-5.7 2 : 1 approx. 

Peas (green) . : 3.6 6.0 : 1 approx. 
Peas (chec:k) 7 .0 ~~~c-6.-;:0~~j--:-2_:-cl_a._pp,-,_o_x.~~ 
Artichokes . i 2.6 4.6 I 1 : 1 approx. 

!~~~~~~~:: . ! ~7' .• O~ ; .' 3~ j i ; i :~~~:~: 
Artichokes (check). I viI' 1 approx 

Sweet. corn... I 2.0 3.2 I 0.~:1 . 

~:::: ;~;:' .... . .... :: .. _.:.::.::::.:::: I ;: ~ [i !:! ~:: ~ : 
:::;::~.. . .. .. .. ·_Ii~~~:_:(·'~~~~ ~:~ I ~-'-:~_:_::_: :c:/:_~~_ 
String beans .. .. 4. 0 i 5.2 I 1.2; 1 
String beans. .. 6.0 I 5.4 . [1.2: 1 
String bean!' (check) . 7.0 5.4 1.2: 1 
Spinach... 2.8 1--~-1_:7:'-::Cl:_C_~~~-
Spinach... 3.4 4 .2 7 : 1 

S0nuh 3.8 I 
Spinach ____ ~~~~~I __ ~-'-7_:.0:_ __ 
Asparagus.. 2 .0 

Asparagus.. 2. 8 I 
Asparagus. . 3. 6 I 
Asparagus 5.0 
Asparagus . 7. 0 

j 

4.4 
5.6 

3.2 
4.0 
4.5 
5,4 
5.4 

7: 1 
7: 1 

1.4: 1 
1.4: 1 
1.4: 1 
1.4: 1 
1.4: 1 

Evidently peas possess a higher concentration of bnffer snbstances 
than do the other vegetables. It wonld appear that the other vege­
tables named in the table exert about an eqnal effect on the pH value 
of acidified brines, at least on brines of low to moderate pH value. 
At high pH values differences are more pronounOOd, 
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EFFECT OF pH VALUE ON THE DEATH POINT OF RESISTANT 

BAOTERIAL SPORES 

Experiments were conducted with three heat resistant organisms, 
B. sporogenes, B; bofull:n'Us, and a thermophile and with six varieties 
of Yegetables, asparagus, artichokes, sweet corn, peas, spinach, and 
string beans in order to obtain information OIl the effect of pH value 
on the death points of the~e organisms unuer practical canning 
conditions. 

1. Procedure.~In the preliminary experiments in 1917 and 1918 ' 
brain medium cultures of four strains of B. botul£nus from Dr. 1. C. 
Hall of the Bacteriology Department, Unjversity of California, were 
mixed and used for inoculation of canned peas, corn, a.nd string beans. 
Each· culture contained ahundant Rpores, but their heat resistance· by 
test tube tests was not determined. 

In the 1923-24 experiments, 4~day old cultures of a heat resistant 
strain of B. sp(},,-ogenes grown at 37° C. were used; and 3-day old 
cultures in the 1924-25 experiments·. The cultures were diluted 1:3 
with sterile water and 1 c. c. of the diluted culture used to inoculate 
each 8~ounce can of vegetable. 

A resistant strain of a thermophile was obtained from Dr. J. R. 
Esty of the National Canners' Research Laboratory, Washingtpn, 
D. C., through the courtesy of Dr. K. F. Meyer. It was grown at 
55° C., on nutrient agar slants and the organisms were washed from 
the agar with sterile water to give a rich suspension of spores. 
One c. c. of the suspension was used for each 8-ounce can of vegetable. 

A limited number of tests were made also with a suspension of 
r~sist8.nt B. botulinus spores furnished by Dr. K. F. Meyer. This 
sllspension in our experiments was diluted 1 :5, and 1 c. c. of the 
diluted suspension was used for inoculation of each .8-onnce can. 

In a special meat medium of approximately pH 7, the B. sporo­
genes spores used· in the 1923-24 experiments survived 180 minutes at 
lOoo C., but were killed in 195 minutes. In 2 per cent glucose broth 
of pH 7 they survived 165 minutes at 100° C., but were killed in 180 
minutes. 

The B. sporogenes spores used in "the 1924--25 experiments were 
killed in 165 minutes in t.he meat medium and in 135 minutes in the 
glucoS<) broth at lOoo C. 

The thermophile spores were killed in from 315 to 350 minu~es III 
glucoS<) broth o{ pH 7-the · resistance varying somewhat with the 
cultures used. The B. botUlinus spores· survived 275 minutes but were 
killed in .3(JO minu~es at 1(1).~ C, in glu"'" brotlt of pH 'f. 
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As a further eheck on the heat resistance in non-acidified media~ 
inoculated but llon-acjJ_jfied sample~ of the canned vegetables were 
prepared in each experiment. In order to enable us to interpret our 
rf'sults 011 heat reSil'itallee more jntelligently the rates of heat pene~ 
tJ'ation in 8-ounce mlliS uf experlmentally packpc1 stli~llr. beans, corn, 
a-<.;paraglls, spillath) aud eommercially canned creamed cor;tat 1000 C.: 
were ll1NISllred hy means of thermocouples. * Figur/2 gives the 
rt'~ultt') of these nH'aSur(,lIH~lltS. 

"" V V _f=.== ".,. 

1/ / ~p--

A/ /8 /e .....-:: /" 

0 1/ ( I 'l 
1/ / 

;>/ k 
IV / A 

60 1/ / A 

f / C ""'M' ,., ,/ / _D >=, yn 

" F 

of> I 
j_ 

/ Tit!< re IIY 

" /S" " Fig. 2. Heat penetration In 8'OUllC'{' ("-lUiS of string he:lllS, corn, asparagus, 
cOn1m~rcbJly ('1m ned eMil, alld spinach. 

H('Ht pellPtration in spinach was extremely ;.;10w, about 40 minutes 
at lO()G C. being necessa)'Y for the center of the can to reach 99° C. 
rrhe other vegetables tested reached the temperature of the bath very 
yuickly. 

2. Effect of A('ifi£ji(:r] Br-illts o-n Hf'af R(;sista-n('c of B. sporogcncs.­
The d<Jta can lw most emH'eJljelltl): considered according to the variety 
of vegetable ul-ieiL 

(a) Aspnrngu .. ,; TeRtR with this vegetable were made during both 
the 192:1-24 and the 1924-25 seaRons. The data are given in table 5. 
Three cans were used for each concentration in the 1923-24 . experi­
ments and four cans for each in the 1924-25 exper,iments. 

* These test8 were made in cooperation with J. Parcell. 
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The asparagus was cut to fit the cans, washed and then blanched 
5 minutes in boiling ,vater. It ·wus not- graded for size. The spores 
were added before the can WUS Realed and before exhautsing. rrhe cans 
were then filled with brines of the del'lired pH values, exhausted 5 
minutes in live steam and sealed immediately. They ·were put at once 
into boiling water and heated for the length of time shown in table 5. 
Number 2 cans Were ukcd in th{~ 192::~-24 season and 8-ounce cans in 
the 1924-25 season. 

Thr cans were chilled completely to ro~)m temperature in cold water 
after removal from the proces.'~ing yeHsel und then ineubated at. 37 0 C. 
for ;1 months in the 1~)2:~-24 experiment~ and about 2],;2 months in the 
1924--25 experiments. Spoiling was eyjdenced by s,\velling of the cans, 
but was confirmed by examination of the eon tents of the cans and by 
making transfer~ to nutrient mpdia. 

The data of the two seasons agree ill indicating that for brines of. 
equiyalent pH 'i'a111e, acetic acid is somewhat more effective than citric 
in low~rillg the hellt resistance of B. sporogl'nes. The ratio of volume 
of hI'iui:' to weight Ot asparagus "vas greater in the 1924--25 tests, 
'which explains the smaller changes in pH values and lower indicated 
heat resistance in the 1924~25 tests. rrhe 192:1-24 ratio, however, more 
ll(~arly represents commercjal practice. 

In a can tightl~T paeked ... vith asparagus, apparently an original 
pH of 2.6 or less is necessary to insure dl'struction of the B. sporogenes 
spores used in 2 honrs at 100 0 C. 

\Vhen the pH Y£lIlleS after proeeRsing are compared there is found 
a closer (~orrelation betwf'en the re~ult8 of the two J::.ieasons ' experi­
ments. Apparently tht' eritical pH yulue if determined after process­
ing is about pH 4.6, as HIt'. oq:ranism failed to grow after 1 hour's pro­
eess.ing' at 100 0 C. in both season,,) tests, ,,,hen the final pH value was 
4.6 or less. 

(b) Artichokes: Artichokes inoculated with B. sporogenes, canned 
in plain brine of pH 7 and proepssed l ·hour at 100' C. spoiled. Those 
canned in citric acid brines of pH 2.6, 3.0, and 3.6 and processed 
1 hour at 100' C. did not spoil. The final pH "alues were 4.6, 4.8, 
and 5.3, respecti .... ely. 

(0) Siring Beans: Growth'of B. "porage"'s failed to occur in string 
beans after 1. hour)8 heating at 100 0 C., in the 1923-24 experiments, 
even in nOIl-acidified .brine) although the pH value of the non-acidified 
brine after processing WIl.'l 5.4. In the 1924--25 experiments, th"refore, 
the pr~eessing periods were shortened to 1;2 and 1 hour respectively. 



286 Hilgardia [Vol. i, No. IS 

TABLE [i 

EFFECT OF pH VALUE m~ BRINE O:s CANNED ASPARAGUS ON HEAT RESISTANCE 01' 

B. slJorogenes 

Acid 

1923-24 SEASON 

I

i I pH value of I Period of pro--I 
pH. valu(' of I brine after I cet!!:\ing at 100" I 

ongllJ!l.l brine ~ proeesSlng C. in houre 

i
l
--2 -

6 
-\ 5 4 1 i 

I 2.6 i 5.4 I i 

Percent of 
ean~ spoiled 

° 33 
33 

° ° Acet.ic 

Ace,'cic:_c====== 
Hydrochloric . . 

. H [I !!: I 
2.6 __ 4_6 __ ,' _____ ;' ___ "--_ 

3.0 5.5 
3 . 0 5 . 5 

Citric 3.0 5.4 
Citric 3.0 5.4 

100 
33 
66 

Acetic 3.0 5. 2 33 

~Ac:c~et"ic=. =c===== .. " .. ". I 3 ° I 5 2 ', __ --"-__ --:-c0c--_ 

Hydrochlo'ic ... .... ... i
l 

i
3 

•. ;, -1

1

, :5~ :. i6 \ :: 

Citric !j 66 
i 

Acetic . 1 3.6 I 5.4 0 

_A_ce_ti_c ____ ==== ! 3.6 II 54 
None (ch_e_ck-')_ .. ____ --'-' __ 7_O'----'-__ 5_._c_6_-'-_--''----'-_ 100 

Citric .. . 
Citric .. 
Citric 
Citric .. 
Citric 
Citric 
Citric .. . 
Citric 
Acetic . 
Acetic 
Citric. 
Citric. 
Acetic .. . 
Acetic .. 
Citric .. 
Citric ... . 
Acetic .. . 
Acetic .... . . 
None .. . . 
None .. 

.. . . . . .. i 

I 
. .. .. : .. . .. "' 1 

: 

····· ······ ··.·.1 ...... ... "'1 
. .......... . 

1924--25 SEASON 

2.0 
2.0 
2.4 
2.4 
2.8 
2.8 
3.6 
3 .6 
3.6 
36 
4. 5 
4.5 
4.5 
4.5 
5.0 
5 .0 
5 .0 
5.0 
7.0 
7.0 

3.1 
3 1 
3.4 
3 4 

4 ° 
4.0 
4_6 
4.6 
4.6 
4.6 
5.2 
5. 2-
5.2 
5.2 
5 .3 
5.3 
5.3 
5.3 
5. 4 
5.4 

y, 
1 

J4 
I 

J4 
I 

H 
I 

Y, 
I 

Y, 
I 

% 
I 

% 
1 

J4 
1 

% 
1 

o 

o 
25 

° o 
o 

50 
25 
25 
25 
50 
50 
25 
o 

100 
76 
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Citric acid only was use.d for acidifying the brines. Spoiling did 
not occur even after boiling for only V2 an hour when the original pH 
was 3.2 or less and the final pH 4.8 or less. When brines of original 
pH 3.6~ 4.0, and 4.5 were used, spoiling occurred after boiling for 
Y2 an hour but not after 1 hour. At pH 5.0 or above spoiling occurred 
in all cases. 

Evidently some factor other than pH value affects the heat resist­
ance of B. sporogen-es in string beans) becalL"e the spores were more 
quickly killed in string beans than in asparagus in brines which were 
of the same pH value after processing. Nevertheless the critical pH 
value-between 4.8 and 5.0~-was not greatly different from that found 

> for asparagus. 

(d) Sweet Caron: Fresh sweet corll on the cob was purchased ·in 
tne local wholesale market, husked, cut from the cob, canned in B­
ounce cans, inoculated a.<; previously described and brines of various 
pH values were added. The brines in ou(" series were acidified with 
hydrochloric and in another ,vitb citric. aeid. The amount of brine 
used was greater than in commercial practice in order to obtain r~pid 
heat penetration (see figure 2). 

Spoiling did not occur in cans to which citric acid brines of pH 3.2 
or lower were added, whether boiled 1 or 2 hours. Vlhen brines of 
pH 3.6 or higher were used spoiling occurred in all cases after boili~g 
for either 1 or 2 hours except at pH 3.6, heated for 2 hours. The 
pH values after processing were 5.0 and 5.4, respectively. 

With hydrochloric acid brines, the results were similar. The 
critical pH value of the brine after processing appeared to be abollt 
pH 5.0 to 5.2, somewhat higher than with asparagus and string bean •. 

eel Peas (1923-24 season): The peas were prepared for canning 
as in regular ca.nnery practice by shelling and blanching in water. 
They were placed in number 2 cans and each can was inoculated with 
10 c. c. of s ' suspension of s 4-day old spore culture of B. sporogenes-a 
heavier inoculation than was used for' corn, string beans or spinach. 
Brines of three pH values and acidified with acetic, citric, and hydro­
chloric aeids, respectively, were used (see table 6). 

The critical pH value after processing was, for peas with a 1 % hour 
processing period at 100' C., about 5.4 with both citric and acetic 
acids. This corresponded to an original pH value of. 3.0 for &eetic 
acid and 2.6 for eitri. acid. The increase ill pH value was greater 
with pe8s tban with the other vegetables . 

.As in other experiments the critical pH value is affected by the 
length of prooessing. . 
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Cf) !..""~pinach: ~pinach from the local '\vholesale market was 
trimmed, 'washed, blanched five minutf!S and canned in 8~ounce cans, 
] 80 gram:,; per can. Jt ,,'as inoeulated with 1 c. c. of a suspension of 
a 3~da:\' old B. spnr(Jf}('.-nes Npore cnlturp and 2;:; c. c. of brine was added 
per can. In on(' :s('ries citric and in another aceti{: acid was used 
(see tahle 7). 

TABLE 6 

EFl"F.~~T 0)' ACllJ11<'IEJ) BH.rl\Er: ox HF:A'I' HE8ISTANC}: OF B. spuropcnts IN CANl-.'ED 

PF_",-S. (1923-24 SF.ASON ) 

_' . _ .. . , _~ -- . I P~T ,·ahu· of 'I: pH, Yaim' of j Period of I'er <,-en t, of 

_. ____ ~~ ___ t originalbr:_. ~~:~:.:~;:; : '~~~17~~!:~g i ca.ns~)Joiied 
Hydrochloric, ... 2.6 5 ,g I 100 
HydrodJiOl'ic ,. 2.6 5.8 13.1 I 100 
Citric .. . 2,6 5. 4 1 0 
Citric .. 2 . 6 i 5. 4 I .17-'2 I 0 
Acetic,,, I 2 (-j I 4.8 : 1 t 0 

Acetic . _ !.1~~ ... _6_ ; .• ,1 __ 4_.,8 _'I________!li____II ___ ~_ 
BydrMhloric .. : ;{ 0 • (-j 0 1 I 100 
Bydrochlm·jc ! :{ , O ! G. O g-z ]00 

Citric.. a ,Q D,,'! 1 I 100 
Citric.. 3 (I 57 I ]l-:i 100 
Acetic". :~ 0 fi 4 1 33 
Acetic 1_____!!____!!_ __ I~_I__Qf_ ____ 0_ 

Citric .. 
Citric . 
Acetic 
Acetic 

3. G 
3 6 
3 6 
3 . 6 
3. G 
3 6 

6. 0 
6.0 
6.0 
6.0 
5,6 
5.0 

100 
172 100 
I 100 
l~ 100 
1 10O 
172 f>6 

lY2 100 __________ _l __ 7_.0 __ 1 __ 6_0_-'-____ -'-___ _ 

The results '\yith acetic acid were virtually the same as with citric 
acid. 

Heat penetration is slow in spinaeh, a condition that may account 
for some of the ~poilinl!: of samples of rdativ~ly low pH value. Thus 
spoiling occurred at pH 4.2 (referring to brine after processing). 
IIoweycr, even allowing for heat. penetration, decreased pH value of 
the brine was less effective in spina-eh than in the other vegetables 
studied. Probably the leaves matted together in the can and pre­
vented penetration of the acid to all the spores. 

Because of this latter possibility another experiment was made. 
Spinach was blanched in brine acidified with citric acid in one case 
and with acetic in another and was canned in brines of pH 2.0 
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to 6.0. The canned samples were inoculated heavily and processed 
1 and 2 hours at 100'l C: Spoiling liid not occur in any sample. This 
experiment suggests a method of applying acidified brines in spinach 
canning commercially. 

B. Effect of Acidifi.cd B"incs all Heal Resistance of Spores of a 
Thcrmophne.-The spores of t}li~ organh;m withstood 315 minute~ at 
1000 C. in glucose bouillon in a control test, but were killed ill 350 
minutes. 

TABLE 7 

EF'Fl:CT OF CITRIC ACID BR.II'{Ii;S ON THE IIE.AT RESISTANCR OF B. Sl)l)rogt'1tes 
SPORES IN CA!\~'rr;]) SrI:\" ACE 

pH value of oril;!:inaJ 
brine 

1 
~~·~1~.8~-~1 

1.8 
2. 2 
2.2 
2.8 
2.8 
:J.4 
3 4 
4.0 
4.0 
5.0 
5.0 
7.0 
7.0 

I 

pH value of btine 
aftcr pr()(l(lf<sing 

3.2 
3.2 
4. (I 
4 .0 
4.2 
4.2 
4. 2 
4 . 2 

4.13 
4.6 
4 . 8 
4.8 
5.t; 
5.6 

I Petiod of prOl'(>fI;~ ini" at I Per cent'of cans 
lOOQC.lUhollrs spoiled 

!--_._--,. 

[. 
25 

(I 

100 
75 

100 
100 
100 
100 
100 
100 

Fresh corn was prepared and canned as describeed for the B. 
spoFogene..'; experimf·nts. Brines aci(lified wit.h hydrochloric anu with 
citric arids were added. The cans were processed at ]00 0 C. for 1, 3, 
and 5 hOnI'R. Since the pH ehanges during proeessing'ha:ve been given 
elsewhere the detailed data from this experiment "ill not be presented. 

Where the pH value of the brine' acidified 'with citric aeid was 
greater than or equal to 5.4 after processing, spoWng occurred even 
after 5 hours boiling. At pH 5.2 and le:-;.", spoiling did not occur. 
"\\Tith hydrochloric acid, spoiling occurred at pH 5.5 but not at 5.4, 
indicating that hydrochlorie acid may be more toxi{~ than citric. 

One striking observation was that processing for 1 hour was as 
effective as 5 hours, when the critical pH yalue was reached. 

4. Effect of Acidified Brines on H eat Rc,~ .. tance of Spores of B. 
botulinu".-Th. experiments with B. botulinus have not been so 
extensive as with B. sporfJ{le"ts, However; enough was done to COD-
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firm in general the results reported by Meyer, Esty, ",'reiss, Dickson, 
and others (see review of literature). 

Preliminary experiments were made in 1917 and 1918 in order to 
compurt' the " ,eol(l-pad{-one-period'1 and the "lemon juice" methods 
of home eanning. Four straillfi of B. botulinus growing in brain 
medium ·"ere mixed. shaken violently with sterile water, and centri­
fuged. Shaking with sterile v"'ater and centrifuging were repeated 
twiec in ordel to remove some of the toxin and to break up the clumps 
of medium. Spores were numerous in all four cultures. 

For some. of the tests ('ornmercially canned vegetables were used; 
for others, the fre-sh H.'getah}cs. The canned and glass packed samples 
·were inoculated heavily \yith the mixed spore sllspension; heated at 
100 Q C. for one hour: except check samples, and then incubated for 
2~/~ months. Cheek samples were inoculated but not heated. Their 
appearance and odor were then determined and 1 ~. c. of the liquor, 
obtained by crushing the vegetables with the brine and straining the 
resuJting "pnree, J.I was used for subcutaneous inject.ion of guinea 
pigs."" 

::\0 growt.h or toxin formation oecurred in string beans either 
acidified or non-acidified and whether heated or not. 

Heavy g:rowth, gas production and toxin formation occurred in 
peas 'when unheated; when not aeidifif:d and heated 1 hour at 100 0 C. 
and when canned in hrine containing 4 per cent lemon juice but not 
heated. Xo growth or toxin p'l'oduction occurred when they were 
canned in brine acidifipd with 4 per cent lemon ,iuice and heated for ' 
I hour at 100' C. 

Corn nea·vi1y inol!uJated lrith tJ)t~ spores and beated ]~i hours at 
1000 C., with brine containing 6 per cent lemon juice did not spoil 
and was Ilot toxic. 

Since peas were found to be (:Ill ex(~elIent medium for growth of 
B. botulinus, another experiment was ma.de for direct comparison of 
the ilone-perjod-cold-pack" and the I'lemon juice" methods of home 
canning. Canned peas were re-canned, heavily inoculated and treated 
as foUows: 

a, no acid and not heated; b, brine containing 6 per cent lemon 
juice but not heated j C, same as (L but placed in water in wash boiler 
and hrought to boiling for 3 hours; d, same as b but heated at boiling 
point 1 hour; e, same as d but quart mason jars used instead of ean .. 
The cans and jars were incubated for 1 year at 37° C . 

• The guinea pig inooulatiotlfl W(ll"e made by Dr. J. Traum of the Univemty 
of Ca.lifornia, Veterinary Seienee Division. 
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All cans in lots a, b, and c ,spoiled and developed the characteristic 
B. botulinus odor. Lots d and e did not spoil. Ten cans or jars were 
used for each test. 

This test indicates that the "lemon juice" method is much sa.fer 
than the ; '-cold-pack-one-period n method of home canning, even when 
only 1 hour at 100 0 C. is used in the former and 3 hours at 1000 C. 
in the latter. ' 

Vtl e realize that the spores used were not 80 re~istant to heat as 
some s:pore culture~ later deye10ped by Meyer, Dickson, Esty, Burke, 
and others. Neverthe1ess a sun"ival of 3 hours at 100 0 C. is an 
evidence of marked resi~tance to heat. 

A spore suspension of B. bofulim.ts frorn Dr. K .. F. Meyer was used 
recently for a series of tests 'with asparagus and spin.ach.. Thes.e 
spores, according to Dr. }\feyer, '''''(Ire able to survive 300 minutes at 
100 0 C., in a medium of pH 7-whell at their maximum_ resistance. 
Their maximum resistance at pH 7 in glucose broth at': determined in . 
our laboratory at the time of our experiments: v,:as 275 minutes. How­
ever, the incubation period of the heateu tubes ,vas not long enough 
to permit the delayed germiuati.on of a few spores that may have 
survived 275 minutes. 

Brines of pH 2.0, 2.4, 2.8, 3.6, 4.5, 5.0, 6.0, and 7.0 were used for 
the asparagus and brines of pH 2.2, 2.8, 3.4, 4.0, 5.0; and 7.0 for th~ 
spinach. One set of brines acidified with citric acid and one with 
acetic acid was used with each vegetable. 

At each pH value fonr cans were heated at 100 0 C .. , for 1 hour, 
four for 2 hours, and four for a hours. 

The asparagus deyeloped typical B. botulinus spoiling after 1 hour 
of processing but not after 2 or 3 hours when the pH value after 
processing had dropped to 4. The same results were obtained with 
spinach. However, the period of incubation has been less than three 
months-further incubation may change the results. 

In order to produce a pH of 4 or le~s after processing it was neces­
sary to add to the asparagus at the time of canning a brine acidified 
with citric or acetic acids to pH 2·.8 or less and to the spinach a brine 
of pH 2.2 or less or to blanch the spinach ill acidified water before 
canning. 

The percentage of cans spoiling was irregular. Similar results 
were observed in the other three experiments with asparagus imd 
spinach. 

While the experiments with B. botulinus were not so extensive as 
those wit,h B. , sporogenes, neverthelesS they. show that B. botul ....... . i$ 
lIluClh. less resi$tant t~ heat in ca .... of vegeta~es ,oont!lining acidified 
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brines with a fina1 pH value after processing of 4-.0 or less than in 
non-acidified brines under the same conditions. Apparently the 
critieal pH value for B. bot'Uli'lPUS is Im,rer than for B. sporogenes or 
th~ thermophile u~ed in these investigations. 

Rr1IMAHY AXIl CONCLUSIONS 

1. Brines of relatively low original pH yalue increased in pH value 
dut'in~ exhausting by h(>at and during' processing by he_at for moderate 
leng-tlJs of 1 imf'. 'rbj,\.; increase ''',is mud1 greater than could he 
accounted for b~' (liJTu"jon and "ln~ are forced to conclude) therefore) 
that. jt, \filS eauBNl principally by the action of buffer substances 
dis:.;ohed from the vpg'l'tables. 

2. The change was gn'atpf during exhausting than during 8111>­

~pqn('nj Pl'Ol.',{'ssing', 
~~. Brines of hig-h initial pH value decreased in pH value, possibly 

becan~(~ of formation of weak ()r~ani(' acidH sUl'.h as CO!!, II~S) etc., 
:md by precip,ita1ion of buffer suus1anees. 

Brines of low pH YHIue ineI'cased in pH value to a maximum 
durinK tIt\' first part of the heating proces..., ; then on further heating 
d('creased jll pH yuluf') p('rlwps for the reasons just given. 

4. 'rbe increai:ie in pH "alue of acidified brines in canned vege­
table~ was less in brines acidified ,,,H.h citric and acetic acids than in 
those acidifie.d with hydroehloric acid, because of difference in buffe.r 
effects with these aellis. 

5, The chanl!(' in pH during .heating was greatest with peas and 
least with aTtj(~hokes, 

{;. The dfeet of the pH yalue of the urinr. on tlJe heat resistance of 
the spores of ,R, Sjjoro(jC'H-CS amI B. botul-in1ts and a heat resistant 
thermophile was w'r:v pronounced. 

7. The pH ,'alue dllI'ing the heating period, practically equivalent 
to that fonnd after heating, was found to bp more significant in 
relation to the efi'('et On the heat r(~sistanee of spores than was the 
in'itial pH va1ue of the brine because the initial pH value changes 
greatly during heating. 

B. Spinaeh canned ,,,ith a small amount of acidified brine (ratio 
of vegetab1e to brine 7:1) exhibited irregularities with respect to 
effect of pH value on heat resistance of B. gp()rogene.f:lj probably 
because the brine failed to reaeh all parts of the rather tightly packed 
mass of leaxes, Howeyer, preliminary blanching of the spinach in 
acid brine of pH 3 made it possible to easily ste1'i1ize it at 1000 C., 
even when heavily inoculated with B. sporogenes spores. 
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9. The results of these investigations CHnnot be applied directly to 
commercial canning operations unt.il large scale experiment:;; under 
factory conditions are made. ::\ everthele~i':> they show that brines 
acidified with a small amount of citric or acetic acid greatly reduce­
the heat resistance of the spores of heat resistant bacteria and that if 
the decrease in pH value during' heating is taken into account, it is 
possible to sterilize canned vegetableK much more easily in acidified 
brines than in non-acidified brines. 
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