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INTRODUCTION

Tine butter made from cream to which butter culture has
been added has a flavor and aroma due to the formation, by
bacterial asction, of materials not present in the milk at the
time of secretion (33). Two groups of substances (15, 11,
és) have been recognized as contributing to the flavor. Vola-
tile acids, Iinecluding acetic and traces of propioniec, form
the one group. The other consists of neutral substances,
called by van Beynum and Pette (35) the C, éompounds. This
group includes diacetyl (CHy.C0.C0.CHg), acetylmethylecarbinol
(CHgy .CO.CHOH.CHy) and 2,3-butylene glyecol (Clg.CHOH.CHOH.CHg).
0f these, dlacetyl is the only one possessing an odor (21),
but the relationship between all three 1s sco close that they
are usually consldered together. Diacetyl is the only di-
ketone which has been detected in butter and butter cultures
in significant amounts (14).

Diacetyl has been shown to be of considerable, if not
primary, importance in the production of flavor in butter,

" and therefore any method whereby the production of dlacetyl
and acetylmethylearbinel, which is claimed to_be its pre-

cursor, in a culture c¢an be lncreased wlll be of great value.
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HISTORICAL

when the cltric acid fermenting streptococci, Strepto-

cocecus eltrovorus and Streptococcus paracitrovorus, were

first isolated (10), butter cultures were prepared by obtaln-
ing a number of strains of each organism and mixing them with

various strains of Streptococcus lactis untll a satisfactory

culture was developed (7). The activity and sultability of
the cultures produced in this way were determined by study-
ing the flavor, arome and volatile acidity (6) of the culture
after incubation. It was found that the production of vola-~
tile acld depended on the totsl acidity (5). A satisfactory
pH eould be obtalned by growing the c¢litric aclid fermenting

organiams in assoclatlon with Streptococcus lactis or by

acldifying the medium with organic or mineral acids. When
citric acid was used, the wvolatlile ascld production was greatly
Increased because this acid is the substrate whioh is fer-
mented to yield volatile acids (9).

Further studies revéasled that diacetyl also plays an im-
portant part in the flavor and aroma of butter cultures (33).
When citric acid is fermented varlous neutral products are
formed in sddition to the volatile acidas. According to asome
investigators (27), the main neutrsl product formed by the
organisms ls acetylmethylearbinol; in neutral medium (6) this is
reduced to 2,3~butylens glycol while in acid medium, under



s,
aerobic conditions, it 1s partially oxidized to dlacetyl (27).
This oxldation reaction, however, never reaches completion,
end & bubter culture regularly contalna much more acetyl-
methylcerbinel then dlacetyl (21).

van Beynum and Pette (35)do not share this view and they
consider that ascetaldehyde is formed by the organisms and
that this substance (36) is the common precursor of all three
neutral sompounds. They belleve that in & neutrel medlum two
molecules of acetaldehyde undergo a Cannlzaro resction to
form one molecule of acetic acid and one of ethyl alecohol.
In an acld medium there are two possaible courses which the
fermentation may follow. If condltions are anasrobic the
acetic acid and alcohol, formed from the acetaldehyde, com-
bine to form one molecule of acetylmethylcarbinol; under
aerobic conditions, on ths other hand, they combine to {orm
diacstyl. Both these compounds may subsequently be rsduced
to 2,3~butylene glycol. Acetylmethylearbinol is always
present in excess beceuse only at the surfaces of the cultures
ere conditions sufficiently aercble for the formation of di-
acetyl. The scheme of ven Beynua and Pette (35) for the de-

composition of citric acid 1s given below:



diacetyl

COOH  CHgCOOH neutral 1/2CHzC00H aero- (H,COCOCH,
| > + bloally 3
CHg + medium 1/20gHg0H |40, !
i
HO-C-COOH . CO acetic acid :
| —> ©0s | reduction
CHg + COg + :
' + CHga CHOHCHOHCH
COCH CHa COCOOH —> CHa CHO aleochol 2,3-butylene
cltric acetic acid carbon dioxide giyeol ' )
acld sarbon dloxide acetaldehyde 1/2CH5CO0H) ' &
pyruvie acid ) ‘ reduction
acid ) !
—> 1/2CgHz0H ) aneero= CH,CHOHCOCH,
medium bically
acetyl~
methyl-

carbinol
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When the importance of dlacetyl as a [lavor contributant

was reallzed, many attempts were made to inerease the yleld

obteined from butter culturea. Ome of the earliest methods

(7) was to lsolate numerous strains of Streptococcus lactis

and ons or both citric acid fermenting orgenisms, jtreptococ-

gus paracitrovorus, and then make varlous comblnatlons of

Streptococcus lactls and the latter organisms until one wes

obtained which had the desirable qualities of a good butter
culture. Later, substances which might be fermented by
butter culture organisms with the production of ascetylmethyl-
carbinol plus diacetyl were sought (24) and it was found that
citric acld was a substrate which was very readily attacked.
The effect of pH (26) was also studied and various acids were
used to lower it to the required level. While satisfactory
results could be obtained with mineral end certain organic
aclds, the most striking results were obtained when citric
acid was used, as 1t not only adjusted the pH but slso provid-~
ed an asbundance of & suitable substrate (24).

Butter cultures were incubated at various temperstures
(8), and 1t was found that at relatively high temperatures
there was a production of various off flavors while at tem-
peratures significantly below 21° C. bacterial sctiviiy was
slowed to such an extent that maximum production of flavoer
materials did not cccur and the cultures were lacking in

flavor. The effect of holding cultures for various periods
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was also studied (19) and it was noted that the most satls-
Tfectory results were obtained when the cultures were allowed
to develop a suiteble pH &t 219 C. and then held at g low
temperature until 48 hours after lnoculation. Under these
conditions reductlon of diacetyl to 2,3~butylene glycol did
not occur as readily as at higher temperatures, and dlacetyl
tended to accumulate. Attempta to prevent reduction of di-
acetyl by adding oxidizing agents to cultures were not suc-
ceasful (18), but 1t wags found that when cultures were grown
in a tank and saturated with oxygen or aerated with air

under pressure s considerable inecrease in yield of diacetyl
was obtained (3). An attempt was made to increase the pro-
duction of acetylmethylcarbinol plus dlacetyl by adding vari-
ous substances of both simple and complex chemlical heture to
the milk in which the cultures were grown (l1). These were

not intended to serve as substrates but rather to inerease the
activity of the organisms. 3Jubstances used were grouped as
eneryy sources, nitrogen sources, products of bacterial ac-
tivity and accessory factors. Certain of the accessory fac=-
tors, iso-ascorble acid, beefl Infusion and tomato jJuice,
caused very mafked incresses in ylelds of mcetylmethylcarblnol
plus dlacetyl. Verious percentages of tomato jJuice were added
to butter cultures and the ylelds of acetylmethylecarbinol

plus dlacetyl compared with those from cultures containing no



tomato juice. Typical results from such a series of deter-

minations ers given below:

Net incresse in Per cent in-
Amount of Juice yield of acetyl- eresse in
in =ilk inoculated methylearbinol yield of
with butter culture plus dlscetyl acetylmethyl-
after adding 0.15 ¢ in culture con- carbinoel plus
citric acid taeining juics diascetyl
Hg. Ni-salt per
200g.
18 6.6 31.1
34 12.8 63.8
57 21.0 94.5
10 ¥ £29.3 114.1
15 ¢ 32.4 T4.6
20 % 25.6 92.2
30 % 11.1 12.2

40 7 -20.8 -41.2



PURPO3ES OF THE STUDY

Since tomato julece has such a marked effeet on the pro-
duction of acetylmethylecarbinol plus discetyl In butter cule
tures, its action was studlied in greater detail, Both fresh
and canned tomatoes were used in the preliminsry trisls (1)
and there seemed to be an indicatlon that some brands of
canned tomatoes were not as effective as others in increasing
the yield. To determine whether such differences actuslly
existed the effects of julces from & number of brands of
commarcially’eannad‘tcmatoea were compared with those of juices
from fresh tomatoes,

An attempt was made to correlate certaln characteristics
of the different brands of Juice with thelr effeets on the
yleld of acetylmethylearbinol plus diacetyl.

The amounts of acetylmethylecarbinol plus diacetyl present
at various stages of the fermentatlion were studied in order
to determine whether tomato jJulce stimulated or accelerated
the production of these compounds. The action would be re-
zarded as stimulatory if the maximum amount of acetylmethyl~
carbinol plus diacetyl wre inecreased by the additlion of to-
mato Julece and as acceleratory if the maximwm content were
essentially the same in the cultures with and without juice,
but the rate of production were increased. The suggestlon has
been made (12) that the mechanism of the breskdown of citriec

acld may not be the same wlth all strains of citrie acid fer-



-13=
menting streptococel, If this be the case, 1t 1s entirely
possible that the response to tomato Juice might voery with
the straln of organism present in the butter culture, Ac-
cordingly, a study was made of the effect of tomato juice on
the production of acetylmethylcarbinol plus diacetyl by a
number of butter cultures,

Tomato julice is definitely acid and to determine whsther
its effect on the production of acetylmethylearbinol plus di-
acetyl is in any way related to its acidity, samples of julces
were neutralized and the effects of these compared with those

of untreated Juices.

To determine whether 3Streptococcus lactls or the citrie
acid fermenting organisms were affected most by tcﬁato jﬁics,
these organisms were isolated and the action of the julce on

the pfoduction of acid by 3treptococcus lactis and on the pro-

duction of acetylmethylcarbinol plus diacetyl by the citrie
acid fermanﬁing streptococel was noted.

A method was asought that would yield a concentreated,
hizghly potent and stable material from tomatoes, which could
readily be submltted to analytical procedures,

A study was made of varlous factors which might modify
the effect of tomato julce on the yleld of acetylmethylcar-

binol plus diacetyl by butter cultures in order to develop a

method of preparing the julce in which 1ts potency would
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not be reduced.

Preliminary studies were made to find the fraction of
tomato juice responsible for its effect on the production

of acetylmethylecarbinol plus dlacetyl.
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METHODS
I. Cultural

Throuzhout the studies whole milk was used as the culture
medium for the orgonisms. It was pasteurlzed by heating in
& flask, which was partislly submerged in boiling water for
1 hour and then cooled as rapldly as possible in running
water.

Citric geid wes added at the rate of 0.15 per cent in
the form of a 60 per cent ayueous solubtion. The pastsurized
and cecoled mllk was agltated vigorously and the citric acid
edded slowly in order to avold excessive coagulation. It was
then inoculated with 2 to 3 per cent of butter culture.

The butter cultures used were those maintained by the
Dairy Industry Section of the Iows Agrlcultursl Eiperimant
Station. Most of them are regularly employed a&s mother cul-
tures for the preparation of commercial lots of butter culture
and these seem to give satlsfactory results in the factories
to which they are sent.

Unless otherwise stated, 300 ml. portions of the inocu-
lated milk were used in the trials. The portions were measured
into sterile, cotton stoppered, pint milk bottles with a
sterile gruduated cylinder. VWhen liqulds were added to the
cultures they were measured into the bvottles first and then
enough milk was added to make the total volume in each botile
300 ml.
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In some of the experiments the controls were duplicated,
but the cultures eontalning the test materials weres not, as
1t was found that duplicates seldom differed sigpnificantly
and 1t was felt that more information could be gained by re-
peating the whole triasl. The cultures were incubated in a
constant temperature lncubator st 21° C. for 15 to 18 hours

unless otherwise stated.

II. Preparsation of Tomato Julces

Host of the tomato Juice used was prepared from comuer-~
cislly canned tomatoes, although Julce from fully ripened
fresh tomatossa was occaslonally employed for comparative
purposes. The canned tomatoes were strained through a double
layer of cheesecloths 7The first julice to come through con-
tained considersble 80114 matter but this was returned to the
filter and in & short time a clear juice was obtalined. The
juice was then dispensed into screw-capped 6 ounce botiles,
100 ml. to & bottle, and sterilized at 15 pounds pressure for
25 minutes. The fresh tomatoes used were dipped Into bolling
water, peeled, sliced and forced throuch a vegetable masher,
The pulp obtained in thlsg manner was then filltered and ster-

ilized in the same way as the Jjulce from canned tomatoes.
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I1I. Analytiecsl

A« Determination of secetylmethylcarbinol plus diacetyl.

The acetylmethylcarbinol plus diacetyl value was deter-
mined by the Lemolgne-van Hiel method (37) as applied by
¥Michaelian, Farmer and Hammer (228). A 200Qg. portion of the
ripened culture was steam distllled after addlng 40 mi. of
a 40 per cent ferrie chloride solution to oxidize the scetyl-
methylearbinol to diacetyl.

Between 100 and 120 ml. of distlillate were collected in
10 ml. of & mixture of hydroxylamine hydrochloride (20 per
cent solution) 1 part and sodium acetate solution {20 per cent
solution) 2 parts. The tip of the sdapter wus placed below
the surface of the mixzxture so that the volatile dlacetyl would
not escape. The distillate was heated to about 85° C. and 10
ml. of a 10 per cent solution of nickel chloride were added
to precipitate nilckel dimethylglyoximate. After the =ddition
of nickel chloride the mixture was sllowed to stend for at
least 3 days at room temperature to ensure as complete pre-
cipitation as possible of the ﬁicksl salt. After this, the
nickel salt was washed into a weighed sintered glass crucible
(Schott-Jena), dried at 110° C., sllowed to cool in a desic-
cator and the weight of t&e.precipitate obtsined. In this
procedure the discetyl produced in the culture and that formed
by the oxidation of the acetylmethylcarbinol is distilled into
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the hydroxylamine hydrochloride-sodium acetate solution where
it forms dimethylglyoxime. When nickel chloride 1s added, &
réd.precipitate of almost insoluble nickel dimethylslyoximate
ia formed.

411 ths resulta sre expressed as milligrems of nickel
salt equivalent to acetylmethylcarblinol plus diascetyl per
200g. culture. About 84 per cent of the acetylmethylcarbinol

present in the culture is rscovered by thls procedure (32).

B. Determination of pH.
All pH determinatlons were made electrometrically using
& quinhydrone electrode end a saturated calomel hall cell.



EXPERIMENTAL

Part I
Comparison of Effects of Juices from Varlous Brands of Canned
Tometoes and from Fresh Tomatoes on Yleld of Acetylmethylcar-
binol plus Diacetyl by a Butter Culture

It seemed possible that Jjuices from various brands of
canned whole tomatoes, and canned tomato Juices might diffexr
in their action on butter cultures, because of differences
in composition or in the canning processes used.

To determine whether such differences exlsted, samples
of four brands of canned tomatoes processed in the United
States were obtained. In the trials which follow these were
designated A, B, C and D. A brand of canned tomatoes gzrown
and packed in the Unlon of South Africa was designated J, and
three brands of Amerlcan canned tomato Julce were designated
E, ¥ and I. As & basls of comparison, Julce was prepared from
fresh, ripe, red tomatoes and from fresh, ripe, yellow to-
matoes grown at Ames, Iowa.

Bach type of juice was edded, in two concentrations - 5
per cent and 10 per cent -, to a butter culture containing
added citric acid, and the culture was incubated 14 to 18 hours
at 21° ¢. To reduce the possibllities of variation in resultis,
due to causes other than differences between the lots of juice,

the same butter cultwre,F, was used in all determinations. In a
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Turther attempt to reduce experimental error, the trials were
repeated four times. The means of these four trials were de-
termined and tﬁase means are the data reported in Table I.

The “eontrols™ are those cultures to which no tomato
juice was added. It will be noted that the mean values of
the controls are not all the same, Only = limited number of
determinations could be made at one time, and, as it reguired
six runs to obtaln the necessary data; there are six differ-
ent values for ths controls. The “"net difference™ was ob~
tained by subtracting the mean valus of the ccntrels.rrem the
mean valus of the trials with tomato juice. The “per cent
inerease™ 1s the net difference expressed as & percentage of
the corresponding control vsalue.

When 5 per cent of julce was added to the culture, the
freah, red and yellow tomatoesa and brands A and B caused the
largest increases in yield, snd no significant® differences
could be observed in the effects of the juices from these
four sources. Brand C was significantly lower in activity
then brands A and B but was still very active. Brands D and
J caused only slight Increases,while the remeining brands

cauged alpnificant decreases, all of which were about the

ﬁEarlier work (2) 4indlcated that differences of 6 mg. are
definitely significant when the ylelds of acetylmethylcar=-
binol plus diacetyl are between 30 and 100 mg., of Ni-salt
per 200z. of culture.



EFFECTS OF

TABLE I

JICES PROM VARIOUS BRANDS OF CANNWED TOMATOES AND FROM PHESH TOMATOES

ON YIELD OF ACETYLMETHYLCARDINOL PLUS DIACETYL BY A BUTTER CULTURE

Cultures incubsted 14-18 hours.

Type of julce

S_per cent juice added

"E Iae ¥»

10 per cent Julce added

Mz. Ni-salt®

:Per cent: Mz. Ni-selt™ 1Per sent

*h ¥0 48 *F @0 S5 9

Juice from red
tomatoes

Juice from yellow
tomatoes

Brand A

Prand B

Brand ¢

Brand D

Brand B

Brand 7

Brand H

Brand I

Brand J

t Hean : tinerease: $ Mean 1 tinerease
Mean : of ¢ Net :in yield: Meen : of 3 HNet :in yileld
of strials:differ~: of Ni- : of ttrinls:differ~: of Ni-
seontrol: with : ence : salt+ :control: with : ence : salts
strials :juice : H : btriels: Juice i
63 88 +25 39.7 61 87 +26 42.5
63 87 +24 39.0 6l 82 +21 34.4
61 84 +23 377 61 77 +16 26.2
59 82 +23 39.0 61 70 + 9 14.7
61 80 +19 31.2 6l Vi +16 26.2
60 68 + 8 13.3 63 63 0 0
65 58 -7 ~10.8 65 55 -10 -15.4
50 44 - 6 -12.0 65 55 -10 ~15.4
65 60 -5 - 1.7 €5 55 -10  -15.4
65 58 -7 -10.8 65 57 -8 =12.3
47 52 + 5 10.0 47 50 +3 + 6.4

#Mg. Ni-selt equivalent to acetylmethylaarbinbl plus dlacetyl per 200z. culture.
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game in magnitude.

When 10 per cent of Julce was added to the cultures,
there was greater varisiion in the results obtsined. The
Jjulecez from fresh, red and yellow tomatoes were most effec-
tive but the addition of 10 per cent of them did not give
greater ineresses than the use of 5 per cent. DBrand A was
8till active, but did not bring about as large an increass
as 1t dld in the lower concentration. The sffectiveness of
Brand B was greatly reduced but it still produced & signifi-
cant inareass, Brand C appeared to be sbout squally potent
in the two concentrations. Brand D caused no change in the
yield., It should be polinted out, however, that this ls a mean
resulty In two determinations the sddition of 10 per cent of
brand D caused increases but Iin two other cases it caused
numerically equal decreases, whiech gave ths result Indicated
in the table. The addition of 10 per cent of brand J caused
an insignificant increase. The remalning brands again
caused significant and spproximately equal decrenses,

When the effects of the two concentrations are compared,
it will be seen that there is a general relationship. With
the resh Jjulces and with brands A, C and J the two concentra-
tiong of julce caused approxlimately the same increases in
yield, with brands E, P, H and I they caused decreases in
each case, and only with brands B end D did the effects of

the two coneentratlons show marked differences, in which
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cases the increases 1ln yleld were signiflicantly less with 10
per cent than with 5 per cent Julce added.

It 1s of conalderable interest to note that the color
of the tomatoes 4id not eppesar to influence the effoet of the
Juice on butter cultures, as the increase caused by the Juice
from the yellow tomatoes was approximately equal to that
cauged by the Juice from the red tomatoea. Thls was true for
both the coneentrsations used.

The dats presented above make 1t evident that fresh
Juices bring sbout the greatest ineresses in yleld, irrespec-
tive of the color of the fruit, but brands of canned tomatoes
and of tomato julces vary greatly in their action on butter
cultures. It seems logical, thersfore, to reason, by analogy,
that they may slso very in thelr suitabillity for use in to-
mato Juice sger (20) or boulllon (17), where they are used in
relatively high concenbtrations (40 pef cent)as

In this connection 1t is of interest to note that brands
4 snd B are those used for the nreparation of tomato Juice
agar and bouillon in the Dairy Dascteriology laboratorles szt
the Iowa State College. These media are very satisfactory for

the culture of Sireptococcus lactis and the citrle acid fer-

menting streptococel, Streptogoccus cltrovorus and Jirepto-

coccus paraclirovorus.
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Part II
Relation of Bffects of Julces from Varlous Brands of Tomatoes
on Yield of Acetylmethylcarbinol plus Diacetyl by a Butter

Culture to Certain Characteristics of the Juices

As the 3uicas‘uaaﬁ in Part I showed such marked differ-
ences in thelr action on s butter culture, 1t was declded to
study certain of their cheracteristics to determine whether
any relation could be observed between these and their
effects on the yleld of acetylmethylcarbinol plus discetyl
by & butter culture. Repressntative samplea of the Julces
used in Part I were examined.

The specific gravity was determined by using a juevenne
lactometer et room temperature (ebout 21° C.) and correcting
the readings to 15.5° C., the temperature for which the instru-
ment was calibrated. The per cent of salt present wes dster-
mined by titrating 1 ml. of tomato julee, diluted by the ad-
dition of 10 ml. of distilled water, with a sclution contain~-
ing 20.06g. of silver nitrate per liter. Potassium chramate
was used as the indicator. A blank determination, using 11
ml. of diatilled water showed that 0.4 ml. of the silver ni-
trate solution was required to obtaln the seme color as that
uged ssthe end point, which necessarily was devl because of
the color of the tomato jJuice; this amount was subtracted
from a1l the values obtained. The pH was determined elsctro~
metrically. The color was determined by ranging uniform

bottles, all containing the same amount of 1liquid, agzainst a
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white background and moving them until they were arranged in
order from the lighteast, which wes designated 1, to the derk-
est,which was8 1l. The results of these determinations and
some of the data shown in Tsble I,{the average net increases
and the average per cent increases in ascetylmethylcarbinol
plus discetyl when 5 per cent of each brand of julce was used)
are reported in Table II. Tor convenience in comparing the
effects of the different brands of Julce, they are arranged
in the table sccording to thsir effects on & culture when

5 per cent of each julce was added. The data indicate no re-
lation between the specific gravities of the jJulces and their
effectiveness in increasing the ylelds of acetylmethyleoar-
binol plus diacetyl producéd by a butter culture.

There was no genersal relation between the per cent of
salt present in a jJulce and its effect on the yield, but 1t is
of consldersble interest to note that three samples, brands E,
» and I, which were obtained from cenned tomato julece, have
salt contents mnch‘higher than those obtained from canned,
whole tomatoesg; these brands caused marked Inhibition of pro-
duction when they were added to a culture., On comparing the
salt contents of the jJuices from fresh tomatoes with those of
the canned tomatoes, 1t is evident that some salt is sdded
during processing. Brand C, which contained the highest salt
concentration of the canned whole tomatoes, was described as

“flavored with salt”, but this concentration of salt dild not



TABLE IX

HELATION OF EFFECTS OF JUICES FROM VARIOUS DBRANDS OF TOMATOES ON
YIELD OF ACETYLMETHYLCARBINOL PLUS DIACETYL BY A BUTTER CULTURE

T

O CERTAIN CHARACTERIZTICS OF THE JUICES

Data on effects of julces are from Teble I

28 88 #%

Rffect of mdding

Characteristica of Jjulce
Juice

Type of julce : Ne

t in- : Per cent

ot % Ths B S¥

s : :
terease in: increase Speclifie : Pper : pH : Relative
tmz., Nle : in Ni- : gravity : cent : value : golor
g1 salt® : salbe s salt ¢ :

Julce from red

tometoas 25 59&7 le 6178 Ox 025 4,28 S
Juice from yellow :

tomatoss 24 39,0 1.0192 0.010 4.25 8
Brand A 23 ST .7 1.0228 0.450 4,26 6
Brand B 23 38.0 1.0240 0e435 4,15 11
Brand C 19 31.2 1,0248 0.590 4,19 5
Brand D 8 13.3 1,02856 0.315 4,823 4
Brand J 5 l0.0 1.0264 0uBT0 4.23 2
Brand H - B - 7.7 1.0193 0.185 4.28 1l
Brand B - 7 ~10.8 1.0243 0.810 4.23 9
Brand I -7 -10.8 1.0858 0.810 4.15 7

#Mg. Ni-salt equivalent

to acetylmethylcarbinol plus diacetyl per 200g. culture.
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appear to affect,significently, the effectiveness of the

julee in incressing the yield of acetylmethylcarbinol plus di-
acetyl by a buttser culture. There sppeared to be no relation

between the pH of the juice and its effect on the yleld.

The relative color of the samples of Jjuice dld not apgear
to be related to the affect on the yield, but a possible
reagon for this 1s that colors were compared after steriliza-
tion.

It eppears that varistions in sterilizing exposures of
only a few minutes affect the color markedly. Observetions
showed that unless the autoclave was opened promptly when the
internal pressure became equal to that of the atwmosphere a
marked dasrkening occurred even at temperatures below the
boiling point. It 18 possible that the darkening was due, at
least in part, to a caramelization and partial hydrolysis of
asome of the sarbohydrate materlel present.

The cheracteristics of brand H are of considerable inter-
est. It had a low specific gravity, & low salt content and
g high pH value. The addition of water during menufszcturing
is a possible explanation of these results., Dilution would
result in a decreasse in specific gravity, a reduction in
acidity, in selt content (if none were added to make up for
this) and perheps indirectly in color, sinee lowered acidity
might reduece hydrolysis and formation of colored materisls.
From the foregoing discuasion 1t appears that the only rela-
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tion between the characteristica of the juices from various
brands of tomatoes and thelr effects on the yield of acetyl-
methylearbinoel plus dilacetyl in e butter culture, was that
when the salt content was relatively high (0.8-0.9 per cent)
the yield wes lowered very significantly below that of the
cultures to which no julce was added.

While the concentration of salt was & posslible expla-
nation of the low yields obtasined with three brands, there
were other brands which also incressel the yield elther slight-
ly or not at all and the characteristics studied did not give
eny explanation for this effect.

The supgestion is made that when Juice from commarcialiy
canned tometoes 1s used for the preparation of tomato julce
aegar or boulllon it be tested for salt, because high concen-
trstions of salt might inhibit the growth of or: anisms as well
as thelr activity. If the medla are intended for very criti-
cal work, it might be advisable to assay the juice biologleally,

using the jJjulce from fresh tomatoes as a standard.
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Part IIX
Effects of Tomato Juice on the Course of the Fermentatlon of
Citric Acid by Butter Cultures

During the serlier work {1) on the effect of tomato julce
on butter cultures, it was noted that usually the production
of acetylmethylearbinol plus diacetyl was inereased by the
added julee, but ocessionslly a whole seriss of determinations
showed practlcally no increase, or sonetimes an sctusl de-
¢rease, when tomato Julce was used. A consideration of these
series showed that they hed been allowed to inecubste some
hours longer than the ususl perliod of 14 to 18 hours, and it
was also noted that when the incubatlion perlod was shorter
than normal the yields of the cultures containing tomato Julce
were very rmuch higher than the controls. Wien the cultures
were incubsted for 24 hours and then held at a low tempera-
ture for another 24 hours, the presence of tomato juice either
produced only veory slight increzses or actually decressed the
yield, elthough the controls contalned more acetylmethylear-
binol plus diacetyl than those 1n¢ubateé for 24 hours.

The results suggested that the production of acetyl-
methylearbinol plus diacetyl was acceleratsed by the addliion
of tomasto julee to cultures, but 1t seemed that finally the
cultures which 4id not contaln tomato jJulce produced sub-
stantially the sams amounts as those which did contain tomato
julce.
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To obtaln more detailed date regarding the mction of to-
mato juice on the ylelds of acetylmethylcarbinol plus diascetyl
by butter cultures, examinations of tﬁe cultures were nmade at
frequent intervels in order to follow changes in the amounts
of these compounds present.

In carrying out each triasl, & comparatively large volume
of milk, the exact amount depending on ths number of analyses
to be made, was prepared and inoculated as ususl. Portions of
this milk, each consisting of 250 ml., were poured into sterile
cotton stoppered hottles. Enough Lottles were provided so
that there would be one for each period at which analyses were
to be made. To the remainder of the milk, sufficlent tomsto
Juice was added to equal & per cent of ths total volume;

This inoculated milk, in 250 ml. portions, was also poured
into a series of bottles. All the portions were incubated at
21° C. The first determinatlons were made 10 or 1€ hours
after inoculation and thereafter determinations were commonly
made every 2 hours.

Rach determination was made on s separate bottle of milk.
gonditions in the various bottles may have varied somewhst,
even though attempts were made to keep them &3 uniform as
possible. It was felt, however, that this method introduced
less variation than would ococur if & large volume of culture |

wore prepared and samples taken from this at intervals. The
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apitation necessary to mix the culture thoroughly so that a
representative sample could be obtained would introduce con-
siderable guantities of alir. The presence of more than the
normal smount of air might result in the oxidation of acetyl-
methylearbinol to dliacetyl and retard its reduction to 2,3-
butylene glyeol, thus yielding results which would be too
high.

The results obtained in seversl experiments using differ-
ent cultures are given in Table III and the data on two cul~
tures which were examined at intervals over & period of 18
hours are presented in Figure I.

A study of the datsa shows that the cultures analyzed 10
hours after inoculation contained only relatively small a-
mounts of acetylmethylcarbinol plus diacetyl. During the
next 10 to 14 hours the amount present in all cultures in-
ereased rapldly and reached & maximum 18 to 26 hours after in-
oculation, After the maximum yield was reached & gradual de-
erease in the amount of acetylmethylcarbinel plus diascetyl
occurred. It will be seen that those cultures with added to-
mato juice contained very definitely more acetylmethylcarbinol
plus diacetyl at the time of the first determination and that
the amount present increased more raplidly than 1t did in the
controla. The former attalned the maximum content 1In 18 to 24

hours after lnoculation whils the controlsz 4id not resch thelr



TABLE IIX

EFFECT OF TOMATO JUICE ON YIELD OF ACHETYTMETHYLCARBINOL PLUS DIACETYL BY
BUITER CULYURES

t Mzs Rl-salts

Eggra : Cult P , 1t . 1t . : Cultur: 15'3'; Cult
fter ure ;3 Culture 7 ¢ OCuiture F  : Culture 1o-5 : Culture gb

lnoe, ¢ Con- 7 1 Con- : B3 & Con= : 63 : Con~ : 57 t Con~ : 5

t trol ¢ Julece : trol : Juice : trol : Julce ; trol : Julece : trol : Juice

10 4.4 746 6.4 T+6 6.6 11.6
12 8.1 14.7 13.7 190.5 17.2 3046
14 18456 32.3 371 46,3 35.7 63.2
16 32.6 54.6 47.0 556 49,7 ©69.0 6245 74.7 50.2 80.5
17 62,1 72.5 66.9 87.2
18 48.8 80,0 ‘ 91,2 111.0 72.6 1053
19 ' 75.2 84.1 78.1 87,7
20 5249 91.8 : 119.7 119,7 94.4 100.5
21 80.8 78.8 - -
22 8745 85.6 122.5 116.2 103.8 102.7
23 7€.4 75.7 86.7 82.0 ‘ )
24 B3.4 83.4 117.2 120.7 99.5 100.9
e5 772 75.0 79.4 8040
26 115.0 106.,7 107.8 94.7
28 11047 956.3 98.5 99,6
29 70.0 72.4 80.2 73.3

#M¥r. Ni-salt equivalent to acetylmethylecarbinol plus diacetyl per 200 g. culture.
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maximim until 21 to 26 hours had elapsed.

Host striking fact of all is that, whlle production was
rmuch more rapld in those cultures contalning tomato julce than
in the controls, the maximum values are about the same with
and without tomato jJjuiece. In the trials shown in Table III
the maximum values of the cultures containing tomato julce
exceeded those of the corresponding controls by en average
value ef only 1,7 mge. which 18 not significant.

From the foregoling data 1t 1s evident that tomato juice
had a marked acceleratory action on the production of acetyl~
methylcarbinol plus diacetyl in butter cultures, since it
inereased the rate of production of these materisls but did
not significantly increase the totsl amounts formed.

'As the maximum yleld of acetylmethylecarbinocl plus diacetyl
was not inecreased by the addition of tomato julee, although
the rate of production was greetly increased, 1t appears that
the tomato juice did not furnish additiaﬁal amounts of sub-
strate from which these substances could be formed, but in-
stead increased the action of the culture. The incressed
activity may have resulted from & more rapid increase in the
number of organisms present, or from a more rapid fermenta-
tion of citric acid by essentially the same numbers of organ-

isms as were present 1n the cultures containing tomato juice.
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Part IV
Comparison of Bffects of Tomato Julce on ¥leld of Acetylmethyl-
sarbinol plus Diacetyl by Different Butter Cultures

During the earlier stages of this work {1) it was noted
that butter cultures varied markedly In thelr response to the
gddition of tomato julce. Cultures whlech normally produced
- low ylelds of acetylmethylcarbinol plus dlsestyl showed con~
siderable increases when tomato Julce was added, while cule
tures which produced compsasrstively large amounts of these ma-
terialas either showed only very slight inecreases or else the
presence of tomato Julce actually decreased the yleld.

At the time, this was ascribed to the fact that the yleld
was limited by the amomnt of eitrie acld present &nd that the
meximum yleld that eould be obtained, when 0.15 per cent citric
acid was added, was about 100 mge of Hi-salt. High ylelding
cultures were believed to be those in which a comparatively
large proportion of the c¢ltrle acld present was fermented to
acetylmethslearbingl plus discetyl, while low yilelding cul-
tures were those in which elther less citric acid was fer-
mented or the same amount was fermented but a greater propor-
tion of 1t was changed to carbon dloxide, acetlc acid and
2,3-butylene glysol so that less acetylmethylearbinol plus
diacetyl was formed, Thus, iIn & high‘yiﬁlding culture the
tomato jJuice could not inerease the yleld significantly be-
cause & maximam yleld of about 100 mgs., of Ni-selt wes already
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belng obtained from the citric acid pressnt. WVhen the yield
of a culture was low the addition of tomato Julce could in-
creass it up to the meximum of abtout iao mze. of lli-salt,
aither by increasing the total amount of cltric acld fermented
or slse by ilncreasing the ratlio of ascetylmethylearbinol plua
diacetyl to carbon dioxlde, acetlic aclid end 2,3-butylene ly~
cols.

In the light of the data reported in Pert III, it appesrs,
however, that the addition of tomato julce to a culture does
not influence the total mmount of acetylmethylcarbinol plus
diacetyl formed, but does have a pronounced effect on the rate
of produstion of these substances. A more lilsly explanation
of the fact that the ylelds of some cultures were inecreased
by the addition of tomato juice, while the yields of cothers
were not significently changed, or else decreased, 1s that
the culturss in which the pressnce of tomato julce increased
the yield were snalyzed after a relatively short incubation
pericd. Those cultures in which the presence of Julce did
not increase the yleld probubly were snslyzed during the
period when the cultures wlth and without julce contained
approximately the same smounts of scetylmethylcarbinel plus
dlacetyl.

In the earlier work {1) cultures were usually inoculated
about 5 pems and anal?zed betwesn O a.m. and 12 ncon the next

day, which gave an incubation period of 16 to 19 hours., As
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the importance of the incubatlion period was not realized st
the time the experiments were conducted, inoculations were
ocecaslionally made as early as 2 p.m. and analyses not started
until 10 &.m., thus making the incubation period about 20
hours,

Reference to Table IITI and Flgure I shows that at the
end of the usual incubation period, 16 to 18 hours, the cul-
tures contalnlng tomato julce showed dlstinet inereases in
yleld over those to which Julice was not added, but after 20
to 24 hours the differences wers much less marked.

When 1t was understood that the addition of tomato juice
did not 1n¢rease the yleld of aeetylmethylearblnol plus di-
acetyl but rather inecreased the rate of production, it was
decided to determine whether cultures differed in their
response to tomato jJuice. Eleven cultures were analyzed at
various intervals after ineculatian to compare thelr respohse
during the pericd when the amount of acetylmethylcarbinol
plus dlacetyl was belng produced rapidly with their response
during the period when the yields of the cultures were approxi-
mately at thelr peaks.

Because of the work involved, only six cultures could be
compared at one time, thus each trisl required two separate
runs to furnish the informatiom. To carry out the test, 6.0
liters of milk were pasteurized and cooled, 0.15 psr cent of

citric acid waes added and the milk was mixsd thoroughly.
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Twenty ml. of each eulture wers added to 1000 ml.}psrtions of
the milk snd thoroughly distributed. Each of these pertions
was divided into two equal parts. To one was added 5 per cent
of tomato Julee whlle the ofther was used as a control. The
cultures containing tomato juice and the controls were then
egain divided into two egual portions. One portion was ox-
emined 14 hours and the other 18 hours after inoculation. The
results obtained are reported as trisls 1 and 4 in Table IV.
In an attempt to galn an idea of the aprroximate time at which
peal produetion occurred, another trial was run in which each
culture was analyzed 17 hours after Ilnoculation only, (not at
14 hours as well). The data are shown as trial 2 in table IV.
To compare the response of the same culture st different
propagations a fourth trial wes nmade in which the cultures
wers incubated for 18 hours; this 1s reported as trial 3 in
Teble IV. |

The table shows that after incubating 14 hours all thoss
cultures to whieh~tamato'§uice hed been added contained more
acetylmethylearbinol plus dlacetyl than did the controls. The
increases ranged from 11.2 £0 34.0 mg.; two™ were relatively
small (1l.2 and 13.8 mg.), one was very considerable {34.0)
while the other eight varled between 21.6 and 29.0 mg.

#0f the two low cultures, 122~F is regarded as belng unsatis~
factory for use as a butter enlture, and H~6 1z used only as
a cheese culture.



TABLE IV
DIFFERENCES IN RESPONSE OF BUTTER CULTURES TO ADDITION OF TOMATO JUICE

Gultures are listed according to the inersacse in acetylmethylearbinel plus dlacetyl
14 hours after inooculatlon

Mpe Ni-salt®
Triel o : Trial &

:
Culture: Triel 1 1 : Trial 4
number : 14 hours after : 17 hours after t 18 hours after : 18 howrs after

2 inoculation i Inoculstion : 3Inoculation : _incculation

tCon=~ : D & 8 Diffs :000~= § O & &t Diffe tCOD- § 5 & ¢t Diffeton~ : 5 © sDifTe
strol s Juice: in 1trol tJuice: in ttro} :Julece: in :trol rJulce: in

: : : ylelds: t : ylelds: $ tylelds: t tylelg®

122~ 57.8 8.0 11.2 - - - T2ed 03,2 +10.9 703 92,8 +21.9
HE 48.8 62.6 135.8 - - - TT.8 7148 = 8.0 71,0 90,1 +18.1
15«3 40,7 623 2l.6 84,0 11342 +89.2 75.2 75,7 + 0.5 1176 120.8 + 2,6
103 63.0 B4.7 21,7 65.4 87.9 +22,5 8847 756 «1341 76.0 73.2 -« 2.8
15=-1 55,9 80.2 24,3 T7eT7 TTel = 0a6 1035.6 10642 + 2.6 88.9 85,5 - 3.4
oD 36.0 61l.4 20.4 6led D643 +35.0 68,0 84,2 +16.2 111.5 111.8 + 0.3
o 52,6 86.1 £6.5 81l.5 88,5 + 7,0 89.1 78.9 ~10.2 T6.6 89.8 +13.2
A 44.¢ T73.0 2841 68.9 8l.9 +12,.0 88.8 86,3 ~ 245 83:3 T9.2 = 4.1
252 42,1 70,8 28,4 68,2 7T7.1 + 8.9 82.7 81.8 09 82.7 80.8 - 1.9
233 33.8 62.8 29.0 70«4 81,2 +10.8 80.9 78.8 2.1 62.8 85,3 +22.5
146 56,8 00.2 34,0 B6,3 79,7 =~ G.6& 87.9 84.0 ~ 3.9 95.7 99,6 + 3.9

t &1

*Mp. Ni-salt equivalent to acetylmethylczrbinol plus dlacetyl per 200g. culture

-Gg.—
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When nine of the same cultures were incubated 17 hours
and then analyzed, 1t was found that seven still showed in-
creases, one showed practically no difference (a decrease of
0.6 mg.) and one showed a decrease of 6.6 mg., Thus after 17
hours, in the majority of cultures, the presence of tomato
juice still accelerated the production, although in one cul-
ture the control had reached the same level and In another
the destructlon of acetylmethylcarbinol plus diacet&l had
apparently begun.

Two trials were made when cultures were incubated for 18
hours aﬂd then mnalyzed, and the results are very variable.
Culture 122-I", the yleld of which was increased the least by
tomato Julce during s 14 hour lncubation period, showed def-
inite inereasses in each trial, culture 0D showed a significent
increase in only one case, 15-~3 showed negligible incress-
es, and the other culbtures elther showed decreases in both
cases or an increase in one and a decrease in the other.

While the above experiment glves considerable information
as to the varliabllity of the response of different ocultures to
tomato Julce, it was decided to study this in grester deteil
by comparing the course of the fermentation of citrie acid,
with and without added juicse. Table III and Figure I include
data for two cultures, 15-35 and 0Ly, which permlt such & con-
sideration.

On referring to the table and figuwre it willl be seen that

the two controls start at approximately the same value, bub
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culture 15«3 produced acetylmethylearbinol plus discetyl

more rapidly and gave higher ylelds than d4id culture 0D. The
former reached & peak some hours before the latter, but on
atudying Figare I it wlll be seen that the rapid increases in
the control cultures ceased at about the same time., The minor
deviations after the rapid increases ceased are probably the
reault of experimental errors.

n comparing the two cultures to which tomato julce had
been added it is evident that they differ grestly in their
reaction to the julce. The rate of produection of scetyluethyl-
carbinol plua dlecetyl by culture 15-3 was only slightly in-
ersased and after 20 hours both the control and the sample
with added juice contalned exactly the same amount of these
materisls. Durilng the next 2+hour period the euntrbl in~-
creased sllightly and after thila, both showed s gra’ual de~
crease. Culbture OD showed & much grester response to the
presence of tomato Julce and the sample contalning julce
reached a pesak value some 4 hours before the control.

The gbove experiment shows that under controllsd cone-
‘ditions in which egual amounts of culture were inoculated
into the same milk conteinlng thoe same amounts of cltrl
acld, two culbtures will differ markedly in their production
of aeétylmeﬁhglcarhinol plua diacetyl and In thelr response
to the presence of tomato jJulce.

It appears, however, that under normsl experimental con-
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ditiong, differences in yleld may occur between different
propazations of the same culture whilch are guite ss reat
as those which cecur between simultaneocus lnoculations of
two different cultwes Iinto the same milk,

Tables IIT and IV include date on the responses of sever-
al cultures to the addltion of 5 per cent tomato Julce. The
increases in the ylelds of acetylmethylcarbinocl plus discetyl
in two propagations of each of thres cultures, at various
intervals after inoculstion, sre summarized below, 'The valuesg
ere the incresses in the ylelds of the ocultures containing
tomato juiece, over the controls.

Increase in Yieldz of Acetylmethylecarbinol plus

Discetyl by Butter Cultures on Addition of 5
. Per Cent Tomato Julce

Hours , M. Hi-salt®
after
inocu-~ Culture ¥ culture 15-3 cultwre OD

lation Trial I 7<rial 11 orisl I Triel {1 Grial I Trial 11

B e

14 13.8 26.5 2l.6 0.2 274 254
17 27.0 7«0 29.2 10.5 3549 350
18 31l.2 13.2 2.6 18.8 32«8 16.2
#Mc. Ni-salt eguivalent to acetylmethylcarbinol plus diacetyl
per 200r. culture.

With culture OD the inereases with two of the thrss incu-
bation periods agreed very well In the two trisls, but at the
third neriod the increases differed considerably and this
lack of apgresment was evident at all three incubation periods
with the other two cultures. The results indicate that al-

though attempts were made to eontrol experimental conditlons
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and treat the varlous propagations of a culture In the same
way, there was considerable verlation in the response of a
culture to tomato julce,

Possible causes of these differences in resaponse at
various propagations of & culture include varistlions in the
amouilt of citrie acld naturally present in the milk and varl-
ations in the aistributiaa of the zdded eitric acid, for al-
though it was added carefully, slizht curdling occurred and
the lumps of curd undoubtedly oceluded asome of the cltrle
aclid. Variations in the amount and setivity of the inoculum
uged and in the temperature of incubation may also have been
inveolved in the discrepancies noted.

The dats prescnbted above indicate that butter culturas
show marked éiffarcncés in thelr responses to the sddition
of tomato jJjulece and also that differences which ocour between
two propazations of the same culture may be as grezt as those
obaerved betwesn two cultures 1nocﬁ:ated simul taneoualy into

nilk from the same lot.
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Part v
Comparison of Effects of Neutralized and Untrested Tomsto
Juices on Yleld of Acetylimethylcarbinol plus Diacetyl
by Butter Cultures

A. HNeutralization with Calecium Cirbonate

In the preliminsry studies (1) 1t was observed that the
addition of ceritsin concentrations (1 psr cent to 20 per
cent) of tomato Juice lnoreased the ylelds of acetylmethyl-
carbinol plus diacetyl by butter cultures, but these Increases
were not proportional to the amounts of julece added; higher
concentrations (30 per cent or 40 per cent) elther caused
smaller increases than the lower concentrations or else low-
ered the ylelds below those of the cultures without jJulce.

The Incrsases in yleld caused by the lowser concentretions
of Julce may have resulted from the lncrease in initizl acid-
ity caused by the addition of an acidic materlisl, The higher
initial scidlity may have meant thiat a pH satisfactory for the
rapld production of scetylmethylearblnol plus diacetyl by
butter cultuwres was reached sooner than in the control culQ
tures. In cultures without added tomato juice, the optimum
pH for the production of acetylmeihylcarbinol nlus dlsacetyl
would have to be developed through the lactlie zcid elabor-
ated by organisms while in cultures contalning added juice,
the juice would contribute a small amount of acld. The re-
duction in yield obaerved when & relatively large amount of

Julee was added may have been due to the fact that the tomato
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Julice, contalning about 0.15 per cent citric acid (34), re-
placed an eguivalent volume of milk which contalined about
0.33 per cent citric zcld (0.18 per eent natirally present
(31) end 0.15 per cent added). Another possibility 1s that
the additlon of a large guantity of the Jjuice to 2 butter
culture seriously upset the buffer capaclity of the milk.

As the pH of the medium has such a marked influence on
the fermentatlon of citric acid by the cltric secid fermenting
streptococel (26, 28,35),the effect of the acidity of the julce
was studled by compsring the effects of neutrallized and un-
treated tomato julces on the production of acetylmethylcar-
bineol plus diacetyl by butter cultures.

Tomato julce was neutrallized by shakling for se&eral hours
with an excess of powdered calcium carbonate and then centri-
fuging the mixture to remove the excess carbonate and the
other solid material. A c¢learer solution could be obteined
in this way than by filtering. The pH values of three samples
of juice before neutralizing were 4.15, 4.16 and 4.32; after
treatment the values were ©6.62, €.23 and 6.42, respectively,
indicating that a considerable reduction in scidity hed been
effected.

Reutralized jJjulce was added to cultures In various con-
centrations and the incresses in yield of acetylmethylecarbin-
ol plus diacetyl were compared with those produced in cultures

to which untrected juice wes added. In order to obtain cul-
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turesa in which the initial ecldity would be as low ss possi-
ble, sodium citrete was added to the milk in one serles of
experiments, while cltric azcid was used in the control series.

In the control series, neutralized juice was added in
emounts ranging from 1 per cent to 40 per cent to milk pre-
pared in the usual way with culture 15-1. Juice from the
ssme lot which had not been treated with caleium carbonste
wasAadded to cultures prepared from the same inoculated milk.
The cultures were held overnicht and then the amounts of
acetylmethylecarbinol plus diacetyl present were determined.
The data on the three trials are presented in Table Vv and
the average valuea are shown in Pigure I7T.

The general results indicate that both types of jJjulce
produced ineresses in all concentrations, but those obtained
when 40 per cent of thé Julces were added were not as great
a8 those obtained when certain lower concentrations were used.
This is in agresment with the results obtalned in the pre-~
liminaery studles. On the basis of average reaults, concentra-
tions of neutralized tomato juice up to 10 per cent produced
greater increaces in yield than the untreated juice. In con-
centrations of 20 per cent and 40 per cent, however, the un-
treated juice had a greuter effect on the yleld, although
both types of jJuice produced much smaller ineresses in the
latter concentration. than in the former. All of the trials

except one, showed & maximum productlon of scetylmethylcar-



TABLE V

EFFECTS OF VARIOUS CONCENTHATIONS OF NEUTRALIZED AND UNTREATED TOMATO JUICES ON
YIELD OF ACETYLWETHYILCARBINOL PLUS DIACETYL BY BUTTER CULTURES WHEN CITHIC

ACTID WAS ADDED

Cultures incubated 16-20 hours.

Hery ﬂiﬁﬁ&lt%

Trialz Juice ; : 3 : : I :
no,. 3 $ ¥No ¢ 14 1+ 3% t 54 ¢ 10% : 204 1 40 9%
s ¢ Juice : Juice : jJjuice : Julce : Juice 3 Juice : Juice
: H 1 $ : : : t
I Untreated 47.2 45.2 55,5 €2.1 73.8 90,8 60.3
Hﬂut!‘alized 4712 46.8 72.8 78.1 82.2 83:5 560 5
II Untreacted 36.5 43.6 63.3 72.5 85.9 88.0 60.6
Nautrﬂlizad 3645 54‘0‘5 67.2 83.2 86,2 70.4 47 . S
III  Untreated 35.1 42.8 59.8 71.4 80.1 84,7 -
Neutralized 3541 49,5 71.9 81,0 82.0 88.8 60.2
Avar-
ege Untreated 39.6 45.8 59.5 68.7 79.9 87.8 60.4
re~ Neutralized 39,6 50.2 70.6 80.7 83.4 80.8 54.6
sults
- sz;age in%?ease for each 1 per cent juice added
1% 29 > G 5 % o % 20 7 40 7
& L0 g i2 X 2 VZ
Untreated 6.7 Se C Ted 6.0 4o 2,53 0¢5§
Heutralized  10.7 10.4 105 8.2 443 £.06 0.435

%M. Hi-salt egulvalent to acetylmethyloarbinol plus diacetyl per 200g. culture.
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Pinol plus diacetyl when 20 pef cent of julce was present.
Table Vv 1necludes data which show the results obtained when
the average increases in yleld, produced by the various con-
centrations of tomato julce, are divided by the correspond-
ing per cent of tomato Julce added, to obtaln the increass
per 1 per cent of Julce at the various levels. The values
given for 2 per cent were determined from the figure. While
they are theoretlical values, they are added for purposes of
comparison. The results show that up to 5 per cent the
neutralized juice was more efficient 1in increasing the yisid
of ascebylmethylcarbinol plus diasecetyl than the untreated
Juice, thaet is, it produced greater Ilncrezses for each per
cent added. It wlll also e noted that the increuses for
each per cent of both types of Juice are rather uniform, in
coneentrations up to 5 per cent. At concentrations of 10 per
cent, the two types of Julce were egually efficlent but less
so then in the lower concentrations, while at concen-
trationa of 20 per cent amd 40 per-pent the eilicienciss of
both types of Juice were relstively low.

In order to reduce the initial scidity of cultures to as
low & level as possible so that the effect of the acidity of
the tomato Jjulce could be studied without the complicating
effects due to the ascidity of added citric acid, sodium
citrate was used. The activity of neutralized and of un-

treated juices was compared in cultuwres contalning this ma-
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terial.

To prepare the gsodium cltrate golution, 50s. of the
hydrated salt, 2 NaygCgHa0p.11Ha0 were dissolved and made up
to 100 ml. with distilled water. In order to add an amount
of eitrate radicle eguivalent to that obtained by adding 0.15
per cent of eitrie acld, it was necessary to add 0.26 per cent
of the sodium salt. Except for the fact that sodium cltrate
solution was used in place of clitrie acid solution, this ex-
periment was carried cut in exactly the same way as the previ-
ous one and the game culture, 15-1, waz used. The results
are shown in Table VII and the mesns in Figure ITI.

(m comparing Tebles VI snd VII it will be sesen that, when
sodium cltrate was used ss a source of cltrate radicle, the
yields of scetylmethylearbinol plus diacetyl showed rather
wider variations. |

On comparing Flgures II and IITI it will be seen that when
citric acid was used (Figure II) 40 per cent of both typss
of Jjuice caused relatively low increasses In yield. %hen
sodium citrate was used (FigureJII), the éulturs containing
40 per cent of untreated julce contained the maximum smount
of acetylmethyle:zrdinol plus diacetyl, and although the yield
of the culture containing 40 per cent of neutralized juice
was less than that of the culture containing 20 per cent,
yet the reduction waa not as marked as in the series in which

¢itric acid was used,



TABLE VI
EFFECTS OF VARIOUS CONCENTHATIONS OF HEUTRALIZED AND UNTREATED TOKATO JUICES ON
YIELD OF ACETYIMETHYLCARBINOL PLUS DIACETYI BY BUTTER CULTURES WHEN SODIUM
CITRATE WAS ADDED

culturea incubated 16«20 hours.

Mr, Ni-gaolts

2 20 g S s

-'[g-

Trial; Juice : : I : :
Nno. Yo ¢ 1% s+ 3% 3 54 ¢ 105 : 0% 1 40 %
H Juice : Juice : Julce : Julee : Julce : julce : Juice
I Untreated ' 3646 51.1 50..7 81.6 6746 67 46 €8.9
Neutralized 3646 60.8 60.1 50.1 5356 46,3 307
11 Untreated 22,5 40.7 5044 60.1 59,9 70.9 74.8
Neutralized 22.5 52,3 58.2 67.0 68,9 60.8 - 58.6
Avelre
age Untreated 29.5 4549 55.0 60.8 63,7 69.2 71.8
re- Neutralized 2845 5645 59.6 58.6 6l.2 53.0 44.5
sults

AVerLoe increase for cach 1

1 2 S 7 : 10 % 20 7 40 7
Untreated 1.4  10.2 7.8 5.4 Too8 55
Reutrallized 27.0 14,0 10.0 5.8 de2 1.17 C.38

%Eg. Ni-galt equivalent to acetylmethylearbinol plus diacetyl per 200z. culture.
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When tormato Juice was present in concentrations up to 3
per cent in cultures contalning sodium cltrate, the yields
of the cultures contalning neutralized julce were greazter
than those of the cultures contalning untreated juice, but
above 3 per cent untreated Jjulce produced greater Increases
than neutrslized juice.

The yields obtained when sodium citrate was used were,
in gmeral, lower than those obtained with the corresponding
concentrations of Jjulce in cultures containing eltric =acid.
A possible explanation of this differsnce is that, at the
time the determinations were rnade, the acidlty of the cultures
containing neutrazlized julce may lave been lower than that st
which the most repld production of ascetylmethylcarbinol nlus
diacetyl occurreda

The addition of neutralized juice to a butter culture con-
taining secdium citrate may have diluted the acidity result-
ing from the formation of lactic acid (practically the only
source of acidlty in the culture) so that the pH of the medium
may not have reached a level at whilch the most rapid produc-
tion of écetylmethylcarbinal nlus diacetyl occurred. When
untreated Jjuice was added, however, the acldity of the Jjuilce
together with that resulting from the lactic acid formed,
probaebly reduced the pH to a level at which more rapid pro-
duction of acetyimethylcarbinol plus dlscetyl occurred.

In cultures containing cltric acid, there was an addition-
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al source of acld, the acidity of the added citric acid, so
that the situation was different from that when sodium citraste
was added.' In the more acld medium the presencs of high con-
centrations of jJjuice apparently affected the yield consider-
ably.

Prom the foregolng discussion it appears that neutralized
tometo Jjuice increased the yield of acetylmethylcarbinol
plus diacetyl by & butter culture., The lowered increases
obtained when high concentrations of Julce were added to
butter cultures containing sdded citrie acid may depend on

the acidity of the culture.

Be Attempts to Renove Citric Acld from Tomato Julce

Attempts were made to remove the citric acid from tomato
juice by prscipitating the scld as a practicelly insoluble
salt in order to determine whether the citric acld presont
in the julce had any effect on the yleld of acetylmethyl-
carbinol plus dlacetyl by butter cultures.

The following modification of the Denige-Beéu method
(34) was used to test for the presence of citric scld before
and after treatment: 1 ml. of the Juice to be examined was
placed in a test tube, the same volume of Denige'é Reégent
{5 per cent mercuric sulphate in 10 per ecent sulphuric acld)was
added and the mixture boiled. A saturated potassium per-

mangenate solutlion was added, a drop at a time, until a pre-



cipltate formed, and then & 8light excess was added. The
mixture was again heated to boiling and the residue of man-
genese dloxide was removed by adding hydrogen peroxide until
the precipitate was colorless. A coplous white preclpitate
indicated the presence of citrie acid In the original Juiece.
Attempts were made to remove the citric acid from samples
of julece Dy tresting them with calcium carbonate, barium cer-
bonate and barlum hydroxide but in euach case, after the mix-
ture was centrifuged to remove the excess reagent and any
precipitate formed, the supernatant 1liquid stlll gave a
positive citric acid resction. This indicated thot clirate
8t1l1l remained in solution. It was therefore‘not possible
to determine, by this method, to whai extent the eltric acld
added in ths julce is responsible for the increasg obasesrved
in the rate of productlon of acetylmethylcarbinol plus di-
acetyl when tomato julece was added to butter cultures.
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Part VI
Effects of Tomato Julece on Activities of the Two Types of
Orgenlsms Present in Butter Cultures
The previous work has shown that tomato julce has a pro-
nounced accsleratory effect on the production of scetylmethyl-
carbinol plus diacetyl by butter ecultures. The present study
was intended to show the asction of tomato juice on the con=-
atlituent organisms by determining whether the actlvity of one
or both was increased.
The constituent organlsms were ilsolsted from butter cul-

tures. The S. lactis cultures were obtalnsd by repeated

plating and pickin: of colonies Into litmus milk. Identity
of the organisms was established by morpholozy, growth in

litmus milk and & negative creatine test (13). The cltriec

acld fermenting Streptococcus used was isolated by plating a
butter culture on tomato juice agar containing a~bromopropi-
onic acid, which largely prevents the development of colonles
of S. lactis but not of the ciltric acld fermenting orgenisms
{29). The identity of the culture selected was established
by morphology, growth in litmus milk and fermentation of cit-
ric acid with the production of acetylmethylcarbinol plus
diacetyl.

A. Effects on the Production of Acid In Milk by g.lsctls

Three strains of 3. lsoctls were used; they were lisolated
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from butter cultures 0D, 15~3 and 232. These organisms were
carried, with frequent transfers, for sbout 2 weeks in litmus
milk and were then inoculated into aterilized milk and ster-
ilized milk econtaining 5 per cent tomato julee. The cultures
were incubated for 10 hours at 21° C. and then the total
acldity and pH were determined every 2 hours for the next 13
hours,

To debtermine the amount of ascld produced, the flasks were
shaken thoroughly to breelk up the curd. Then 10 ml. portions
were removed Ly means of a pipette and the eutsiée of the
pipette was carefully wiped. The contents were permitted to
run into a porcelain casserole and the pipstte was thorough-
ly rinsed with from 30 to 40 ml. of distilled water. This
water not only removed the milk adherlng to the pipette but
also served to dilute the milk so that the slizht brown color,
due to sterilization, dld not interfere with the end point
(39 )« This dilution undoubtedly lowered the titration value
slightly by disturbing the balance of mono- and dibasle
phosphates, bul as approximately the same amount of weter
was used in each determination this should not interfere
with the relationships of the various values cbtained. A 1l
per cent alcoholic solution of phenclphthalein wes used as the
indicator. Titration with 0.1 N scdlium hydroxide was contin-
ued until a faint, but definlte, pink persisted throughout

the sample. The values were converted to per cent lactic acid
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and sre reported in Table VII. The means of the three trisals
are shown in Fligure 1IV.

The individuel trials, whether with or without tomate
Juice, varied, but in general they showed tﬁa same tendency: a
period of rapid increase in the per cent lactic acid present,
followed by a period in which the acld content wss relatively
constant and then g slicsht reduction in the amount of acid
present which weas more definite in the case of the controls.

By studying the mean values as shown in Flgpure IV 1t is
somewhat easier to determine the influence of tomato juice as
the effect of experinmental errors ls minimized. The titra-
ble acldity of the control cultures increaszed rapidly until
18 hours after inoculation. Por the next 4 hours the acldity
was practicelly constant but after this 1t showed a slizht
decline. The initial titrebtle acidity of the cultures con-
taining tomato juiece was higher than thet of the controls,
presumably because of the acidlity of the tomato julce. The
-acid produstion In these cultures was less repld than in the
controls, and both reached approximately the same psak value
about 20 hours afier incubation. After this the scidity of
the cultures containing tomato julce remained practically
constant. The pi values of the control culture showed a
rapld decrease until 18 hours after inoculatlion and then re-
meined falrly constant. The pH values of the cultures con-

taining tomato Juliece followed the same course as those of the
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controls bubt remained lower by sn amount which appears from
the curves to be practically constant.

From the foregelng data it is evident that the titrs-
ble acldity produced by S. lactis in a milk culture was not
increased by the addltion of tomato Juice end that the ad-
dition of the Juiece to & milk culture of 3. lactls lowered
the pH (below the econtrel) by an smount which remained con-
stant throughout the incubation period. When the total
acidity (éhethar arising from the production of 1éctic acid
by 2. lezctis or from the combination of such lactic acld and
the acid of the tomato julce) reached a certain level, the
production of further lactic acid by S« lactls was Inhiblted.
This inhibition apperently depended bn total acidity rather
than on pH, since ;he pagk total seclidity of the controls and
of the cultures containing tomato julce was identleal, while
the pH values ghowed distinet differences. It is possible
that theblcwar pil, which was observed in the cultures con=-
taining tomato julce, resulted from the resduced buffer capacé
1ty of the milk due to its dilution with tomato juice. In
the diluted milk any changes in the coneentration of acid
would produce greater changes than in the undiluted milk.

As the pH of the cultures containing tomato julce dld not
inerease during the fermentation but remained lower than the
pHi of the controls, it can be assumed that none of the zclidle

constituents of the tomato Julce was attacked by J. lactis.
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Be Effects on the Production of secetylmethylcarbinol
plus Diacetyl by a Citric Acld PFermenting Ztreplto-
coccus In Millkk Containing Added Citric Acid

3ince the experiment deseribed in the previous section

indicates very c¢lesrly that tomato julce did not signifi-
cantly incresse the amount of acid produced by Ze lactia when
the organism was ﬁrown in mill, the action of the julce on the
production of acetylmethylcarbinol plus diacetyl by a eliric

acld fermenting organism wes investigated.

The citric acld fermenting Streptocogcus was inoculsated

into milk containing 0.15 per cent added citric scid and also
into millk econtaining 5 per cent tomato julce in addition to
~the cltric acid. These two culbures were srown for 20 hours
at room tempereture and esch waa subdivided into 3 portions.
The acidity of each portion was then adjusted with sterile 20
per cent sulphurlc acid so that the pi values of the portions
ranged from 5.68 to 3;18. The portions were lncubsted a
further 40 hours at room temperature and the amounts of acetyl-
methylearbinol plus diacetyl present and the pH were deter-
mined, The resulits obtained are shown in Taeble VIII and Fig-
ure Ve

The cultures to which no tomato julce was added showaé
the typiecal resulis obtained when the pH is adjuszted to cover
a range of valwes (16,28) The culture having the hishest pH
value contained too little acetylmethyléarbinol plus discetyl

to be detscted by the snalylical method used. As the pl was



TABLE VIII

EFFECTS OF TOMATO JUICE ON ACETYIMETHYLCARDINOL PLUS DIACETYI, PRODUCTION IN MILX
CONTAINING ADDED CITRIC ACID BY A CITRIC ACID PERMENTING STREPTOCOCCUS

Cultures incubated 20 hours. pH then adjusted with 20 per cent HgpS50, and cultures
incubated for an additlional 40 hours.

Control 3 8 _per cent Jjulce added
: 3 ¢ t : ) :
pH H tIncrease 1 Mg. of 1 pHE : sInerease : Mg. of
after : Final t in pH 1Ni-galts® : after $ Pinal : in pH tNi-salts
adding H ;1 during @ t adding pH ¢ during
HgS04 : : incuba~ t HgS0, H : incuba~- 3
ot : tion : 3 .t tion
5,68 5.01 - 67 None 5.66 5.58 04 Rone
5.00 4,99 -+ 01 227 4,88 5.19 «31 race
4.67 5.06 «32 9.5 4.87 5.02 +35 1.9
4,48 4,91 «43 17.4 4,44 4.85 «41 18.8
4,30 4.67 37 33.5 4.285 4.64 -39 39.4
4.01 4,36 « 85 48,4 4,03 4.43 «40 58.4
3.61 4,25 « 54 36.1 3.58 3.96 «38 79.1
3.18 S.22 04 1343 3.18 3.52 34 84.0

#¥g, of Ni-selt equlivalent to acetylmethylearbinol plus diacetyl per 200g. culturs.
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lowered, the yleld inecreased until a pesak was reached at a
pH value of 4.01, when 48.4 mg. of Hi-salt were obtalned.
Beyond this polint there was a rapld decrease in yield of
ceetylmethylearbinol plus discetyl. |

The behevior of the cultures contalning tormrito was, howe
ever, very different. At the higher pH values, t he produc-
tion of zeetylmethylcarblinol plus dlacetyl was much lower than
that of the control, but as the pl decressed, the yield in-
creased very rapidly. The range of pil velues covered in the
trial did not extend far encugh to include the values at
which the yleld was reduced, but from the shape of the curve,
it appecrs that the peal yleld must have occurred at & pH
neay the lowest used, whilech wes 3.18. This yleld wss almost
twice the nmaxinmum obtained when no juice wes sadded. The ine
creaze In yleld probably was not entirely dus to the fur-
nishing of additional substrate (citric acld) by the tomato
Juice, for Af this were the case the naximum yield would be
expected st epproximetely the same pH as in the controls. It
is difficult to acéount for the extremely high production
which occurred at the low pH values.

It will be observed that In all but two of the determina-
tions a sispificant increase in pH occurred during the perlod
of incubation. Thls was due to the decompoaitlion of clirie
acid by the organisms precent. There was no relatlon between

the increase in pid and the amount of acetylmethylcarbinol
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plus dlacetyl produced, so 1t aprears that the destruction of
citric acid is not a measure of the amount of ascetylmethyl-
carbinol plus diacetyl formed.
The data presented above meke 1t evident that tomato
Julce has a profound effect on the production of scetyl-
methylearvinol plus diacetyl by e cltric scid fermenting

Streptococeus. The grectest incresse in yleld does not oceur,

£

as mizht be expected, at a pi which is optimel for the pro-
duction when no Juice is present, but ot & pH which, under
normal conditions, is low enoush to depress the yield very

marikedly.



Part VII

Attermpts to Concentrzte or Dry Tomato Juice

The pﬁasence of & large amount of water in tometo juice
mekes 1t very difficult to treat with solvents or chemiecal
reagents with a view to dividing it into various fractions,
from one of which it might be possible tq obtaln the material
responsible for the acceleratory effect described in Part
ITI.

The [irst method of concentration which suggested itselfl
was that of direct evaporation on e water bath. During the
svaporation, the tomato julce gradually derkened in color
and finally & thick dark brown syrup was obtained which, on
cooling, formed an smorphous mass. The mass was removed {rom
the evaporating dish with difficulty and was found to be very
hygroacople, so mach so that iﬁ a day or two the solid maas,
which had been kept in & petrl dish in & cool chamber, was
reduced to a highly vigcous fluid. When redissolved in water
and diluted to & concentration aspproximately egquivelent to
that of the original tomato Julce it falled to give increases
in the acetylmethylecarbinol plus discetyl production when
added to butter cultures and in certain concentrations actually

cansed deoresses.

3ince svaporation to dryness was not successful, & guanti-

ty of julece was reduced to half of its original volume by heat-
ing on a water bath, but this concentrated jJjulce llkewise
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failed to 1lnerease the yleld of acetylmethylearbinol plus
dlacetyle. All culturses contalning it in various concen-
trations showed & very marked lowering of the yield. A com-
merelial corporation of wide expsrience in the production of
desiccated biological preparations reported that a dry
tomato julee had been prepared. It was so very hygroscopilc
it could be handled only with extreme difficulty. 4 sample
of the materlal was examined and the particles coalesced,
even during weighing, and became gummy In & short time.

Since these dlrect methods of drying falled, a method of
drying was sought in which some inert carrier could be used
to hold the moisture and prevent deliquesence of the dried
Juice. Various concentrations of szar were used and the so-
lutions of agar in tomato julece were dried in cpen petri
dishes at various temperstures. At 110° C. marked darkening
occurred, while at 45° C. darkening occurred unless the dish-
es were cooled a3 soon &8 thelr contents were dry. Uhen 1 per
cent of agsr was used 1t was found to be almost impossible to
remove the thin layer of dry julce and agar from the glass,
to which it adhered very firmly; this difficulty also oceccurred
when 5 per cent of agsr was used, but when the dimshss were
greased with petroleum jelly it was comparatively easy to re-
move the dry materiel. This materisal was also hygroscopie.
(nn being diluted to the consistency of normal Julce, it
falled to bring about an increase in yleld of acetylmethyl-
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carbinol plus dilecetyl when added to a butter culture.

The foregoling tests made it seem probuble that exposure
to the &ir,/at~a comparatively high temperature, caused a
destruction of the accelerating prineciple. Other tests have
shown that sterilizatlion reduces the activity of tomato
julce but when one sample was sterilized t wice and then added
to btutter cultures, it was 8ti1l able to produce -conslidsreble
increases in the yleld of acetylmethylcarblinol plus diacetyl.
Experimental results showed that when 1 per cent of sterilized
Julce was sdded to butter cultures the incresses in scetyl-
methylearbinol plus dlacetyl were 49 per cent of those ob-
tained when 1 per cent of raw julce from the same lot was em=-
ployed. BSimilarly, additlons of 3, 5, 10, 15 and 20 per cent
produced inereases egulivalent to 66, 66, 75, 80 and 72 per
cent of the incresses in yleld obtalned when the raw Julce
was added. Thus, high tempersature alone was apparently
responsible for only partial destruction of the activity of
tomato julce. Thia suggests that oxidation is responsible
for mueh: of the destruction which occurred.

A method was then sought whereby jJjulce could be dried
at spproximetely room temperature. One method which sugrested
itself wes to suspend strips of heavy filter paper approxi-
mately 2 inches by 18 inches, so that they dipped into
peakers, each of which contained 100 ml. of tomato juice. At
first it was hoped that caplllary action would be sufficient
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to draw the liquid far enough up the strips to ensure rapid
drying, but the eveporation proceeded so slowly that coplous
mold zrowth oceurred before drying was completes In order
to Ineresase the rapldlty of drylng, an slectric fan was set
up with two gas burners in front of it, so that a current of
warm alr passed over the papers which were dipped into the
julce as often ns they became dry. By thils method approxi-
mately 100 ml. of tometo Julce could be evaporated in ebout
8 hours. By keeping the papers wlth the dry tomato Juice on
them in a desiccator, 1t was possible to prevent sbsorptlion
of atmospheric moisture. Howevar, when the paper was macer-
ated in warm distllled water, the reconstituted julgce failed
tc have any marked effect on the production of acetylmethyl-
carbinol plus diazcetyl.

Investigators (4) in England found that it was possible
to prepare concentrates of varlous frult juieces Ly freezing
thenm slowly and removing the lce as it formed. This method
vielded c¢concentrates which nad a finer flavor than those pre-
pared by the usual vacuum evaporation. The principle was ap~
plisd to the coneentration of tomato julce in the following
woye. A liter of the jJulce was placsed in a graduated cylinder
and held in an ice c¢ream hardenling room having a tempesrature
of about =-17° . As rapidly as lce formed, 1t was removed by
means of & wire net attached to a handle long enough to reach
to the bottom of the cylinder. The ice was shaken as Iree of
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Julee as possible and tranaferred to a bealker. Vhen the volums
in the ecylinder had been reduced by 100 ml., the next ice that
formed was placed in a fresh beaker; thls genersl procsdurse
wag continued until finally there were 10 beakers each con-
taining lce egquivalent to 100 ml. of liguld end rspresenting
increasing concentrations of the tomato Julces. After about 1
weelz, the Iractions of jJulce were thawed and their effects
on the production of acetylmebthylesarbinol plus dlacetyl by &
butter culture were studied. The yields of these aubstances
when 5 per cent of sach of the fractions was added to cultures
were as follows:
| Yield mg. of Ni-
aalt equivalent
Culture to acetylmethyl~

carbinol plus di-
acetyl per 200g.

culture
gontrol - no tomato Julce 34.8
With 5 per ecent of fraction 1 63.6
¥With 5 per cent of fraction & 60.4
With 5 per cent of fraction 3 G6.1
With 5 per cent of fractlion 4 679
With & per cent of fraction & 716
¥ith 5 per cent of fraction 6 71.2
With 5 per cent of fraction 7 76.4
With 5 per cent of fraction 8 736
With & per gent of fraction © 75,6
with 5 per cent of fraction 10 736

In genersl, the yields were increased more by the hlgher con-
- centrations but there waes no close correlation between the
vields and the concentraltlions of Jjuice added to the cultures;

even thé first fraction was very effective in increasing the
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yield of acetylmsthylcarbinol plus diacetyl.

If a method were available whersby the ice formed could
be freed completely of adhering Julce, it seems probable that
a greater difference between the varlous fractions would re-
sults. In the method used, ruch julce was removed along with
the lce. The data aléo indicate that [reezing does not des-
troy the ability of the Juice to increase the production of
ecetylmethylecarbinol plus diacetyl by & butter culture. It
was felt however that the freezing method did not concenireate
the julce sufficlently to facilitate 1ts study.

An attempt was next made to obtain a stable, relatively
non~hygrosecopic and active preparation from tometoes directly.
These were washed, the green stem ends were removed, and
slices gbout 0.25 inch in thickness prepared. The slices
were placed on waxed paper (to prevent their sticking), cover-
ed with cheesscloth (to keep off flies and other insects) and
dried in the sun. The time required for drying depends
greatly on the temperature, humidity snd amount of sunshine,
but on a warm,clear, fall day 1 day was usually suffiecient to
dry eaéh side of the slices. DBy turning the slices frequent-
ly, even drying was brought asbout. iWhen drying seemed com-
plete, the alices were removed from the wax paper and placed
in a container that could be tightly closed. They remained

in this for several months without developing mold growth
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or apgaaring molst.

The yield of dried tomato was approximetely 4.5 per cent
of the welght of the fresh tomatoes, since 20 lbas. of fresh
frult ylelded 14.5 ozs, of the dried materlal. While this |
type of material is fairly steble, it 1s slightly hygro-
gscopic and should be kept in & tight veasel st all times to
prevent the absorption of moisturse from the air.

A quantity of the dried product was Iinely chopped and
S5g. of it were maecsrsted In 100 ml. of warm water for
several hours. It was then centrifuged, and ths clear jJjulce
was decented. This reconstituted julce was approximately
equal in goncentration to that from frash tomatoeg. The
offact of tne julce from the dried tometoes was compared with
the effect of regular tometo Julce by adding 5 per cent of
each type of Juliee to culbtures prepared in the usual way;
control cultures (without Julce) were alsc included. Typical
results are as follows: in trisl I the Julce from the dried
tomatoes was used raw, in trial II i1t was bolled and in trials
IIT and IV 1t was sterllized.

Yield mg. of Hi-salt equivalent
to acetylmethylcarbinol plus di-

Culturs acetyl per 200g. culture
Trial 1 Trisl Il triel 111 Triel IV
Control 5442 59.9 58.9 9.7
mturﬁ + z’egulw juie@ 79‘0 86.0 644 23.0

Culture + Julce from
dried tomatoes 72.1 85.4 73.9 21.5
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The julece reconstituted from dried tomatoes appeared to be
a8 effective as julce prepared from eanned tomatoes 1ln ac-
celerating thgvproduction of acetylmethylcarbinol plus di-
acetyl by butéer cultu:es. Boiling and sterilizing appars

ently did not affect the potency of the julce.
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Part VIII
Various Factors Modifying the Effeet of Tomato Julce on
Productlon of Acetylmethylearbinol plus Discetyl by
Butter Cultures

Various factors which might Influence the aceelersatory
effeect of tomato jJuice on the production of acetylmethylcar-
binol plus diacetyl by butter cultures were studled in order
to develop a procedurse for preparing juice so that its ac-
tivity would not be seriously impaired. 3ome of these face
tors have already been discussed but the results will be

sumnarized here so that a complete plcture can be obtained.

A. Bffect of Heat

A large bateh of tomato Julce was usually prepsared st
a time. To preserve it untll needed, it was sterilized.

To atudy the éfrect of exposing Jjuice to the steriliz-
ing temperature, 121° C., for 20 minutes, a quantity of Julce
was prepared from fresh tometoes, A portion of it was ster-
illzed and then the raw and the sterile juices were added
to butter cultures in concentrations ranging from 1 per cent
to 20 per cent. A summary of the ylelds of acetyimethylcar-

binol plus dlacetyl obtained 1is glven below:
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Yield mg. of Ni-
salt egulvalent Yield obtained
to acetylmethyl-  with sterile

Culture carbinol plus d4l- Juice as per cent
acetyl per 200g. of yield with
culture raw iulce
Sterilized 8w
Julice iuice
¥iith 1 per cent Juice 24,0 47.0 49 .
With 3 per cent Juice 34.4 52.6 66
With 10 per cent juilce 45,4 60.9 75 %
With 15 per cent Jjuice 50.8 2.3 80 %
Yith 20 per cent juice 48,6 6648 72 3

Prom the sbove it is evident that, on sterllizing, the
nobeney of fresh tomato Juice wuas reduced from 20 to 51 per
cent, depending on the concentration used.

When juice was exposed to heat in open vessels, however,
the potency was greatly reducad and frequently the hested
Juice apreared to exert an Inhibltory action. In attempts
to produce a tometo jJjulce concentrate, one portion of canned
tomato julce was evaporated almost to dryness, and another
portion wag evaporated to about half its bulk, by heating on
a water bath. The meterial which was almost dry was diluted
to approximately the concentraticn of the original Juice and
edded to butter cultures while the partly dried material was
added without dilution. The effects of the two materials on
the yleld of acetylmethylcarbinol plus dlacetyl were as

follows:
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Yield with no Yield with
Juice added mgz. Juice added
of Wi-aalt mos of Hi-salt
eqguivalent bto egulvalent to
acetylmethyl acetyloe thyl-
carbinol plus carbinol plus
dlacetyl per Material added to discetyl per
200gzs culture culture 200p. culture

38.5 1 per cent reconstlituted julce 26.8

3845 2 per cent reconstituted juice 36.9

72.8 5 per cent concentrated julce 61.8

62.2 10 per cent concentrated juice 38.8

72.8 10 per cent concentrated Jjuice 55,2

62.2 20 per cent concentrated juice 3.7

70,8 20 per cent concentrated juice 32,5

62,2 40 per cent concentrated jJuice 5.8

72.8 40 per cent concentrated Juice 40.9

These results show wlde verlations, yet it is evident
that long exposure t0 a high temperature in an open vessel
caused the materials to lose their original acceleratory
property and to inhlblt, partially, the prcduection of scetyl-
methylearbinoel plus dlecetyl.

An attempt was also made to concentrate juice from canned
tomatoes by drying 1t on strips of filter paper. After the
juice had been taken up by these atrips they were macerated
in warm water and the effect of the reconstituted julice on
the production of acetylmethylcarbinol plus dlacetyl was de-
termined. A control culture contailning no julce j;ielded
45,9 mec. of Ni-salt, one containing 5 per cent of ordinary
sterile julce produced 54.1 mg. and the culture contalning the
reconstituted Julice yielded only 17.5 mg.

7o study the effect of exposure of the julice to bolling
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temperatures for a short time, a portion of juice from canned
tomatoes was bolled for 10 minutes In & besker and then 5 per
cent of this bolled juice and 5 per cent of julce from the
same lot which had not been bolled, were added to cultures.
The control culture containing no Juice ylelded 532.2 ﬁg. of
di-salt, that conbtaining the unbolled juice yielded 3€,.0,

and the boiled julce ylelded 8G.4 mj.

From the data presented in the preceding paragraphs it
aprears that exposure to boiling temperatures for a short
time did not affeet the actlivity of the juice, and exposure
to sterilizing temperatures for 25 minutes reduced the activ-
ity only partielly, but that exposure in thin layers to alr
fon filter peper) or heating for a long period in contact with
air on a water bath destroyed the activity of the Julice and
caused 1t to inhibit the productlion of acetylimethylcarbinol

plus dlacetyl to varylng degrees.

R. Effect of reezing

The use of low temperatures to concentrate Jjulce has
been dlscussed in Part VIiI. It was found that freezing and
holding the juice at epproximately -17° C. for 1 week did
not affect its ability to incresase the yileld of acetylmethyl-
carbinol plus dlacetyl. |

C. Effect of the 5elt Content

In Part II various brands of tomato juice were anslyzed
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for salt and 1t was noted that the tiwee brands wihich in-
hibited the production of acetylmethylcarbinol plus dizcetyl
the most, were the ones which had the highest salt contents.
The lowest salt contents were found in juices prepared from
fresh tomatoes and these Juices produced relatively lsrge in-
ereases in acetylmethylcarbinol plus dliacetyl.

D. Effect of Separating the $0l1i1ld YHasterigl from the

Julce

The tomato Julce throwdout these studies consisted of a
clesr julce separated from solid material by filtering. To
determine whether the so0lild material had any grester effect
than the clear juice in increasing the yleld of acetylrmethyl-
carbinol plus dlscebyl, & guantity of pulp was prepared from
fresh ripe tomatoes, One portion was strained before being
sterilized and the other was note On the addition of these
two portliona to cultures in variousvconcentrationa, the follow-

Ing results, which are the means of three trials, were ob-

tained:
Yield mg. of Ni-salt eguivalent to
' acetylmethylecarbinol plus diacetyl
Culture per 200z. culturse
3terilized julce Sterilized pulp
added added
With out eddition 20.8 20.8
With 1 per cent eddition 24.0 SCad
®ith 3 per cent sddition 34 .4 34,9
#With 10 per cent addition 45.4 513
With 15 per cent addition : 50.8 48.4

With 20 por cent addition 48,6 49.8
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In general, there is no marked difference between ster-
ilized juice and the sterllized pulp from the standpoint of
thelr effect on the production of scetylmethylecarbinol plus
diacetyl, indilcabing that the sctive principle is present
in the juice, ruther thaen in the solid meterisnl.

The julce obtained after filtering the pulp was usually
quite clear, but during sterilization it became ¢loudy and on
standing a precipitate formed. To determine whether this
precipitate had eny effect on the yield of acetylmethylcar-
binol plus dlacetyl a sample of sterlllzed juice showing con-
sidereble precipitate was agltated thoroughly to ensure a
uniform distribution of the solid material and then centrl-
fuged for about 3 hours. At the end of this time the solid
material was found to be in & mmss at the bottom of the tube
and the supernatant liquid was very clear.

The socllid materlal obtained was mlixed with watsr. This
suspension, the supernatant liguid asnd a sample of Julce which
had not been centrifuged were added to cultures and the
amounts of acetylmsthylcarbinol plus diaestyl produced were
determined. The suspension and the supernstant liguid rep-
resented an amount of Juice equivalent to & per cent of the
culture, and the julece that was not centrifuged made up 5 per
g¢ent of the culture.

The control culture with no tomato julce yielded B0.5 mg.



of N¥i-salt, that contalning the untrested juice vielded 97.3
mg., that containling the centrifuged julce ylelded U92.9 mg.
and that containing the solid materlal yielded 89.7 ms. Thus,
centrifuging the julce appsared to reduce its potenecy only
slightly, while the so0lid preclpitate ap_ eared to increase

the yield slightly over the control.

On the basis of the influence of the various factors
discussed avove, on the effect of tormto Julce on the vield
of a cetylmethylcurbinoel plus discetyl in butter cultures,
varioua sugcestions can be made regardings the preparation
of tomato julce of igh potency. _

A high selt content may be related to an inhibitory action
on the yielé, thus 4if canned tometoes are to be wsed as a
gource of julce, a brand should be chosen whlch is‘relatively
low in salt., A low calt content, however, did not ensure
that the julce willl be active, as some brands, having guite
low salt canﬁants were found to be gquite ineffective in in-
¢reasing the yleld of acetylmethylcarbinol plus diacetyl by
butter culbtures.

Sterilizing & julce, which was otherwise satisfactory,
left 1t fairly potent, while prolohged exposure to alr at

nigh tempersastures reduced the potency very greatly. The juice
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should therefore be sterilized in screw-capjed rather than
cotton stoprersd bottles, and after removal of the bottles
from the esutoclave, the caps should be screwed down tizghtly
to prevent the 1lngress of air as the contents cool,

IT eritical biolrpgical work were belny done, it nmight
be advisable to grepare the julece from fresh ripe tomatoes, as
this 1s known to be highly pobtent and would be free of added
salt, To avold the reduction in potency due to sterilizing,
the julce could be filtered through a Chamberland or Berke-
feld filter, as tests have shown that the zctive nrineciple
was ascoclated with the jJules and not with the solld mmterial,
so that the efficiency probably would not be reduced by fil-
teringe The Julce could be collected 1in sterile vessels and
frogen until neecded, as trisls have shown that freszing did

not reduce the zectivity of the Juice.
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part IX
Effects of Ether and Alcohol Extracts of Tomatoes on the
Production of Acetylmethylearbinol plus Discetyl by
Butter Cultures

when 1t was definitely eatablished that tomato julice sx-
erted & marked acceleratory effeet on the preductlion of
acetylmethylcarbinol plus diaecetyl by butter cultures, an
attempt was made to isolate variocus fra:tlons which might
contain the substance or substances responsible for the in-

creagse in the rate of production.

Ae. Effects of Ether Extracts

¥ther extracts were obtained in three ways. With the
first proecedure 1000 ml. of tomato Juice were shaken with
100 ml. of dl-ethyl ether, The mixture was allowsd to stand
for several days and then it was salted out with sodium chlor-
ide. The sther layer was separated from the ayueous one, and
evaporated to dryness at room tempsrature. The rssidue leflt
after avayofatian was shaken well with 100 ml. of water but
being of o lipoild nature did not dissolve completely. A4S
this extract from 1000 ml. of Julce was redissolved in 100
ml. of water, it should have contained the ether soluble
materials in approximaetely 10 times the ccncantraticnlin
which they were present in the original Julics.

The second ether soluble fraction was prepared by ex-

tracting strips of fllter paper on which tomato juice had been
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dried ms described in Part VII. The paper wss cut into small
rleces, placed in an extractlion thimble and extracted in a
Soxhlet apparatus. The etlsr was allowed to evaporate at
room temperazture and the residue was telzen up in sufficient
“water to give the same volume as that of the julce originally
used. Accordingly, the suspenslon of ether soluble meterisl
should have been of approximately the same concentration as
in the original Julce.

When 1t was found that the dry tomatoss, prepared
according to the method deseribed in Part VII, produced a
Juice which retained its potency, the third sther soluble
froction was obtained by extracting finely chopped dry to-
mato. In this way a more complete extraction could be obtained
than by shaking the juice, 285 instead of relying on the dis-
tribution co-efficient of the ebther soluble material to csuse
1t to be more concentrated in the ether layer, the extraciion
could be continued untll no further materlael was dlssolved
from the tomatoes. When the ether was evaporated, 1t was
found that, from 5r. of the dry material, about 0.1 ml. of
reddish brown, oily material were obtained. This amount of
extract was obtained from about 100g. of fresh tomato, &s the
vield of dry tomato was about 4.5 per cent of the welght
of fresh tomatoes. The extract was added to 50 ml. of water,
30 that the suspension contained the ether s0luble material

in spproximately iwlice the concentration in which it was



35
present in the original tommntoes. As has already been men-
tioned, the ether extract did not dlssolve in water., In
order to increasse its distribution throughout the cultures
to which 1t wes added, it was emulsified. The extract from
5g. of dry tomsto was added to 50 ml. of a 0.5 per cent agar
golution in a bottle contalning glass beads. When the water
was heated sufficlently to melt the agar and the bottle was
shaken vigorously, it was found that the emulsifyling effect
of the dilute agsar solution and the mechanical effect of the
slass beads combined to form a fairly stable emulsion of the
ether soluble fraction.

The three ether extracts were added to cultures and the
production of acetylmethylcarbinol ;lus diacetyl was deter-
mined. The results obtained are summearlized in Table IX.

Prom the dsta given 1t sprears that the ether extract of to-
mato juice does not influence the yield significantly. When
the meen difference of the determinatlons is calculaited, thils
1s found to amount to -.55 mz., indlcating that In seneral
the ether extract has a neglipgible effect on the yield. It

is of interest to note, however, that @ suspension of the
sther extract 1n agar appeared to produce significant increas-
es in two cut of the three trials in which 1t was used. This
seems to indicate that the failure of the ether extract to
produce sn incrsesse in yield may have been due, 1n part to

the fact that it was not sufiiclently distributed throughout



TARLE IX

EFFECTS OF ETHER — EXTRACTS OF TOMATOES ON THE PRODUCTION OF ACETYLMETHYLCARBINCGL
PLUS DIACETYL BY BUTTER CULTURES

ik

Mae of Hi-salt®

Conecen~- Material added to : H
tration : cultures : Trigl I : Trial IT
of : 3 :Increase @ ¢ Inerease
material: tYleld with :1in yleld :Yield wlth :in yleld
added tother ex- : of Ni- :ether ex~ ¢ of Ni-
: ttract added:salt over:tract addcd:salt over
: H :_control i ¢ _control
0«1 ¢ FEther extract, 83,6 ~0.2 60.6 -4.4
0.5 ¥ prepered directly 8056 3,2 6543 +0.3
1.0 ¥ from julce, suspend- T7+1 ~6.7 54,8 ~10.2 &
2.0 7 ed in water 78.8 ~5.0 54.9 -10.1 o
5,0 7 57.0 +1l1l.1 66G.7 «246
10.0 & 52.2 +6.3 65.5 ~3.8
5.0 ¥ EBther extract of juice dried 43.8 -2.1 64.8 4.5
10.0 % on psper, suspended in water 40,3 ~5.6 61.3 -840
2.5 7 #ther extract of dry tomato 63.8 +0.5 47.6 +0.5
suspended in water
2.5 7 Ether extract of dry tometo 60.8 +13.7 72,6 +347
5.0 % suspended in 0.5 I ager 7746 +177 - -

*Mz. of Ni-salt equivalent to acetylmethylearbinol plus dlacetyl per 200g. culture.
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the culture. Even where the ether extract was emulsified it
still appesarel that the grester part of the activity remained
in the ether insoluble residue. VWhen the sddition of the
smulsion increased the yield by 13.7 mg., & trial with the
- residus increased 1t by 34.3 nmge., and when the emulsion in-
ereagsed the yileld 17.7 mze, the residue inecreased it 26.1
mgs ‘this indlcates that ﬁhile the principle may be e ther
soluble to a limlted extent, the residus retains the greater

part of the potency.

83, Effect of.an Alecchol Extract

To study the effect of the alecohol soluble fraction of
tomato juice, 57, of dry tomato were finely chcpyad, and
shalken with successive 25 ml? portions of 95 per cent alco-
hol. VWhen the extractlon was complete as shown Ly the elco~
hol remalning almost colorlesa, the alcoholie solution was
transferred to a flask snd the alcohol was distilled off on a
water bath. The slechol soluble fraction was shaken with
100 ml. of distilled water and another portion, prepared in
a similer way, was shelten with 0.5 per cent agar solution,
in the same way as the third ether extract. These two alco-
hol extracts were added to butter cultures and the amount
of acetylmethylecarbinol plus diacetyl determined, The con-
trol culture yielded 68.9 ng. of Ni-salt, the culiure to
which the gleochol soluble froction suspended in water was

added ylelded 77.1 mz. and the culture containing the alcohol
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soluble fruetion emulsified with zgar ylelded 81.8 mg. The
residue from the alcohol extraction when dissolved 1n water,
praduced a yleld of 86.3 mz. in the culture to which 1t was
added.

Thus the results obtalned here are very similar to those
obtained when an ether extract wos used. The alcohol soluble
fraction produced &n increase in the yleld but the residue

was more effective in increasing the vield.
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part X
General Considerations of the Sigmmificance of the Citric
Acid of Tomato Juice

The svidencs aslready presented indicated that the  n-
erease in yield of scetylmethylecarbinol plus discetyl when
tomato julce was added to a butter culture was not due to
the eitric ascild naturally present in the tomato Juice (34)
but it was not conclusive.

Four lines of ressoning support the idea that the citrie
acid content of tomato Jjulce can be responsible for only a
very small part of the increase observed.

1. As mentioned earlier, preliminary studles (1) re-
vealed that the addition of tomato Juiees in concentrations
as low as 1 per cent produced marked increases in the yield
of acetylmsthylcarbinol plus dlacetyl., It is known that,
normally, the acetylmethylcarbinol plus diabetyl present in a
butter culture ctomes from ecitric scid through the action of
the cltric aecid fermenting atraptococci although ocecasionally

atypical strains of 5. lactls may produce small gquantities

of acetylmethylcarbinol {(24). The strains of 3. lactis in
the butter culiures employed were apparently quite normal so
that the source of the acetylmethylcarbinol plus diacetyl
presumably was citric acid. In the cultures containing no
tomato Julee the acetylmethylcarbinol plus dlacetyl came from

the c¢itric acid naturally present in the milk aend from that
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gdded at the time of inoculation. If the increase in yleld
resulting from the addition of tomato Julce were due only to

the presence of ecitric acid in the juice i1t must have contained
enough acid to account for all of increased ylsld.

If it be essumed that the addition of tomato jJuice to a
butter culture 4id not increase the proportion of ascetylmethyl-
carbinol plus dilscetyl to other substances formed from eitric
acid, the amount of acld necessary can be calculated, as the
followings exemple indicates.

The citric acid content of milk from individual eows in
Jowa was found to vary from 0.076 per cent to 0.300 per cent
snd sverage 0.18 per cent (34). An additionsl C.15 per cent
of citrie acid was added to the milk at the time of inocula-
tion. It 1s, therefore, assumed that the citric scid content
of the culture wéa apiroxinately 0.33 per cent.

The average yleld of six cuitures containing 1 per cent
of Juice was 26.1 mge Kiésalt equivelent to scetylmethyl-
carbinol plus discetyl per 200g. culture, while the ylelds of
the cultures without juice averaged 19.15 mg. Hi-salt. ‘Thus
the addition of 1 per cent of tomato Juice increased the
vield by G.Qslmg. L
19.15 mg. Ni-salt were produced from 0.35 per cent citric

acié

. { 0.33 26.1 )
< 26.1 mg. Ni-salt were produced from (T3 X 5TIE) per

cent cliric acid. = (.4484 per cent.
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Thus it would require the difference between 0.4484 per cent
citrlic acld and that originaelly present in the culture to
produce the increase observed in ths yield of acetylmethylcar-
binol plus dlacetyl. This 1s, the addition of 1 per cent of
tomato Julce must have increased the cliric acid content by
0.1184 per cent, or the 1 per cent of julce added must have
contained 11.84 per cent of citric zcld. Simllar ealcula-
tions show that if all the effect were to have come from
citric acld present in the added juice then, when 3 per cent
was added the juice would have to contain 5.12 per cent of
citric acid, and when 5 per cent was added 6.77 per cent would
have been necessarye

Analyses (34) of tomato julce show that it contains, on
the avérage, 0.09 per cent free citric acid and an additional
0,06 per cent in the form of lnsoluble cltrate, or a total
citric acid content of approximately 0.15 per cent. There-
fore, the tomato julce added to cultures, could not have con-
tained suffiecient citric acid to bring about the increases
observed In the ylelds of cultures to which it was added.
It seems probable therefore that the addltion of tomato Juice
to a culture alters the conditions under which the eltrile
acld already present ln the culture is fermented,

2. 1If the incresses in yleld, observed when tomato Julce

is added to butter culture, were only due bto the presence
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of elitric acld in the tomato juice, the increases observed
ghould bear a direct relationship to ths amount of julce
added, assuming that the effect of the }Julce on tha_huffer
capacity is relatively unimportant. Typical mean results
from a series of determinations are presented in the follow-
ing summary:

Increase in yield
mz. Hi-szalt egquiv~

alent to acetyl- Hze increase in

Per cent of tomato methylcarbinol plus yield produced
Julce added to cul~ diacetyl per 200z. by each per cent
ture gultwre of 3juice added

14 6.6 mge. 6.6 ng.

37 12.8 mz. 4.3 mg.

5 i 21.0 mge 4.2 mg.

16 }f 2903 mg. 2.‘3 ﬂiga

20 4 25.6 mg. 1.3 mge

3. According to the data reported in Pert III, tomato
Juice accelerated the productlon of acetylmethylcerbinol plus
dlacetyl In & butter culture, but did not significantly in-
cregse the maximum yleld. During the early stages of the
fermentation the production of acetylmethylcarbinol plus
diacetyl In the cultures containing tomato julce was acceler-
ated and thus when an&lyseé were nade at this time, 1t aposar-
ad that the ylelds were increased over those of the controls,
but if sufficient time was allowed to elapse, both cultures
ylelded about the same amounts of acetylmethylecarbinol plus

dlacetyl. This indicated that approximately the same amounts
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of citric acld were fermented 1n both the cultures containing
tomato Juice and in the controls, but in the former it was
fermented more rapidly.

4, As has been mentioned in Part VI, 5 per cent of
tomato Julce was added to cultures of a ciiric acid ferment~

ing Streptococcus, containing added ecltric acid, and the pH

values were lowered to varlous levels by the use of sulphurie
aclds. It was found that at lower pH values the cultures con-
taining tomato juice ylelded larger amounts of acetylmethyl-
carbinol plus discetyl than the controls, but the greatest
ineresse in yleld was not obtained, as might have been ex-
pected, at the same pH value as that of the culture wlithout
jnice, which produced the largest yleld of sacetylmethylcar-
binol plus diacetyl but at a pH suffliciently low to depress
the yield of acetylmethylearbinol plus diacetyl in the con-
trol considerably. It appears thus, that the addition of to-
mato julce does not cause more citric scid to be fermented
under the same condltions as in the controls, but alters the

conditions under which eltric acid is fermented.

The foregoing dats and discusslon indlicste cltiric acid
was not present in tomato julce in sufficlient amounts to
seccount for the incresse observed in the ylelds, and the in-

creases were not proportional to the amounts of jJulce added,



-Gl

thus the juice did not furnish sdditional substrate. This

is confirmed by the fact that tomato juice influenced the

rate of production, but not the maximum yleld of acetylmsthyl-

earbinol plus dilacetyl, indicating that substantlally the

seme amounts of citric acid were‘fermented in both cultures.
In pure culture tomato Juice caused & cliric acid fer-

menting Jtreptococcus to produce a very high yleld of acetyl-

methylecarbinol plus diacetyl at a pH much lower then that at
which the peak production of the control culture occurred,
indicating that tomato julece did not cause more clitric acid
to be fermented under the same condltions as when 1t was ab-
sent, but altered the conditions under which the fermentation

took place.



COKNCLUSIONS

When 5 per cent of juice from red and yellow fresh ripe
tomatoes and from two brands of canned tomatoes was added
to a butter culture, consliderable Increases in the ylelds of
scebtylmethylecarbinol plus diacetyl were produced, and no
significant differences could be observed between the effects
of these four types of julce. Ju1ée from thres brands of
canned tomatoes produced less marked increases, one.of which
was not significant, while julce from four brands caussd de-
creases in yielﬂ, thiree of which were sipnificant and approxi-
mately the same in magnitude.

When 10 per cent of julce was added to butter ecultures,
the Juices from red and yellow tomatoes were most effective
in increasing the yield of acetylmethylcarbinel plus dlacetyl,
but 10 per cent of them dld not give greater iﬁcreases than
S per cent. Only one brand of canned tomatoes caused a
significantly greater increase in the higher concentration
than In the lower. The juices from the fresh tomastoes and
one of the brands of canned tomatoes appeared to be egually
potent In the two concentrations while juices from the re-
maining seven brands was less effective in the higher concen-
trations.

There was no relztionshlp between specific gravity, pH

and color after sterllization of samples of tomato jJulce and
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their effects on the yields of acetylmethylcurbinol plus
diacetyl by a butter culture. The three brands of canned
tomatoes which decreased the yield most had the highest
contents of sodlum chloride. Tomato Julce intended for use
in media should be assayed against Julce from fresh ripe
tomatoes in order to be sure that it will not inhibit the
growth or activity of organisms.

The addition of tomato Juice to butter cultures acceler-
ated the production of scetylmethylcarblinol plus diacetyl
very considerably, but the final amounta of these substances
produced wefa not significantly inecressed. It appears that
from the atandpoint of production of acetylmethylcarbinol
plus discetyl, the effect of tomato Julce on butter cultures
is definitely acceleratory rather than stimulatory.

Cultures differed markedly in their production of acetyl-
methylcarbinol ﬁlus diacetyl and in thsir response to the
presence of tomato julce. Differences occurred between two
propagetions of the same culture which frequently were guite
g8 great as those between two cultures inoculated simultan~-
eously into milk from the same lot. The treatment of tomato
Julce with calclum carbonate ineresased the pH very conslder-
ably and various concentrations of neutralized and untreated
julces were added to butter cultures contalning citrie acid
and the effects compared. All concentrations of either juice

produced increases in the yleld, but when 40 per cent was
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added, the yleld was lower than that obtained by adding 20
per cent. In concentratlons up to 20 per cent, the neutraiized
Juice ceused greater ineresses than the untreated juice, but
in the Ligher concentrations the untreated juice was more
effective. In concentrations un to 6 per cent, neutralized
Julce produced the greater increases for each 1 per cent of
Jjuice added. The increaces for each 1 per ceni of Juice
added were rather uwniform in concentrations u§ to 5 per cent
with both types of jJuice.

In cultures containing added sodium citrate all concen~
trations of both types of julces increased the yield of
acetylmethylecarbinel plus diacetyl but the yields, in general,
were lower than those obtained when citrle scid was used.

The additlion of 40 per cent of untreated julce produced the
zreatest Incresses in yleld. Although the yield of the cul«~
ture contalining 40 per cent of neutralized julce was less
}than that of the culture conteining 20 per cent, the reduc-
tion was not as marked as in the series in which cltric acid
was used. In coneentrations up to & per cent, nsutralized
Julce produced the greater ineresses, but above this concen-
tration the untreated juice produced the greater incresses.

Tomato julce continued to increase the yleld of acetyl~
methylcarbinol ;lus dlacetyl by a butter culture after it
was neutralized.

Attempts were made to precipltate comple tely the citric
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acid of tomato jJulce as the calecium or barium salt, but these
were not sueccessful,

The addition of tomato Juice to a pure culture of 3. lac-
£is did not inecrease the total acldity produced but the pH
values of the cultures containing tomato julce were lower
than those of the cultures without jJjulce by an emount which
appeared to remain constant throughout the inecubation psriocd.
When tomato Julce was added to a pure culture of a citric

acld fermenting Streptococcus and the pH reduced with sul-

phuric acid, the yleld of acetylmethylearbinol plus discetyl
was greatly ineressed, and the greatest inerease ogccurred at
a pH which was ao low that, in the sbsence of tomato julce,
the yleld was greatly decreased.

A juilce reconstituted from dried tomatoes appeared to
be aa effective as juice from canned tomatoes in accelerat-
ing the yield of acetylmethylcarbinol plus dlecetyl by butter
cultures. Bolling and aterilizing apparently d4id not greatly
decrease the potency of this reconstituted juice.

To produce a Julce of high potency, a brand of Juice
low in salt should be chosen and assayed against juice from
fresh tomatoes to determine its effectiveness. Care should
be taken to avoid excessive exposure to alr during proceasing.
For eritical work, 1t 1s suggested that Juice from fresh to-
matoes be filtered through a bacterlia-proof filter and held

frozen until nesded.
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