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Spices and condiments have been used since early
civilization not only for their agreeable odor and taste
but also for their preserving properties, In this con-
nection, it might be interesting to study philologically
the word condiment., It is derived from the Latin verb
"deondire" meaning "to preserve,"

Condiments are essentially seasoning agents in modemmn
use, serving to awaken the appetite, to render the process
of eating a pleasure and to aid in digestion of the food.
They are not as a rule, foods in the sense of the temm,
for they are not capable of supplying the body to any
great extent with tissue - building material. They may
aptly be said, in the words of Gauthier, "?o correspond.
to a sort of universal instinct which tends to associate
sensations of an almost artistic order, with the coarse
gratification of hunger.”

The use of condiments has developed through a long
veriod of time., In the times of "primative man," we are
led to believe that the principal articles of diet were
consuwned in the raw state. In course of time, educated
through necessity perhaps, methods for the preservation
of their meats were devised in order to prepare for times

of want, Thus the American Indians in the early days,
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laid up a stock of smoked meat dried in the sun, for
winter use. A further developrment in the preservation
of meats, consisted of immersion in brine, Preservation
by means of vineguar and like condiments were later
steps in the process of evolution.

Condiments were thus originally used as preservatives.
Their continued use, however, has cultivated an acquired
taste for them which has entifely overshadowed their
former use as prescrvatives., Their antiseptic value has
been pfgctiCally forgotten through thelr present use as
neceséities for flavoring foods.

Anong the comparitively late substances introduced
as condiments into European civilization are the spices.
Although primarily used as condiments, scattered obser-
vations have led to the belief that syrices are also of
some value as preservative, It would be interesting to
confirm these fTew observations and to ascertain more
thorourhly by systematized work the extent to which the
spices act as preservatives, DBeyond the knowledge of
their common use as condiments and as occasional medi-
caments, 1little is known of the universally used spices.
This ignorance is excusible in that but 1little investi-
gation has been carried on in regard to their propertiese
The scarcity of rescarch work on so important a subject

is astounding in view of the fact that spices have been
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Imown and used for such a long time.

The habitat of the great majority of the spices ine-
cluding such important ones as cloves, cinnamon, nutmeg,
allspice and pepper, was originally in the East Indies
and the tropics of the Eastern Hemisphere. The only
spices of importance in the West Indieq were vanilla,
ginger and capsicum. At present the cultivation of all
spices is carried on throughout the tropics of both
he:nispheres.

The early commercial history of spices is closely

r7

associated with all of exploration and conquest from the
curliest periods of history. Spices were accepted by
victorious‘uations as tribute. They have enriched nations
as well as caused their downfall., They have served as
international currency and incited wars. They are men=
tioned in biblical passages of the Mosaic writings, by
the early Greek philosophers and also in the Chinese
classics.

Spices were first brought to the attention of FEurope
by the Crusaders. They were imported by the refurning
knights of the faith from Aruzbia which for a long time
was thought to be their source and, therefore, called
the ™land of spice." The rounding of southern Africa by

the Portuguese at the commehcement of the sixteenth cen-

tury, gave a new impetus to the importation of spices
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into Europe. In 1605, the Dutch obtained control of
the spice monopoly by conquest. This monopoly was made
secure by the destruction of spice trees in all but a
few island possessions, and maintained for a long time
until finally terminated by British domination of the
S€dadSe

Spices in ancient times were used largely in con-
nection with religious rites auch as incense for altars,
embalming purposes and sacrifices. Tﬁcy were highly
esteened as perfumcs and served often as presents to
royalty. Not until some time after the opening of the
Rast Indics by the British, did spices come into general
use as condiments.

Therapeutically, *‘he spices occupy no little place
in medicine. In moder.te amounts, nearly all spices
exert an exhilirating effect on the system. They stim-
ulate the secretion and flow of the digestive juices and
thereby aid in the assimilation of food. They are also
excellent carminatives and stomachics.

Over-indulgence in highly spiced foods however is to be
guarded azainst, as irritating effects are produced bo?h
in the digestive truct and on the organs of secretion.
Many physicians, therefore, forbid the use of heavily
spiced articles during gickness and the preriod of con-

valescence, FKven if this were not a common practice,
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the interference with digeétion on account of their pre-
servative properties, would be inferred by our common
knowledge of the chemistry of spices. Many of the so0-
called coal tar products which are of great antispetic
and disenfectant value, belong to what is known as the
aromatic series of carbon compounds, that is, those com-
rounds which derive their name from the aromatic sube-
stances as reprcsénted €.Ze by the volatile oils ob-
tained from spices and agomat%cs. The active constituents
of the spices, especialf??ggetoils of clove and cinnamon
have, it is true, been used extensively for thec preserva-
tion of library pastes, guus, soaps and commercail prep-
arations for external medical use, and also considerably
enmployed for application to carious teeth, but there
appears to be little known about their specific antifer-
mentative action.

In order to sccure specific data on this subject, a
comparative study of the inhibitive effects of benzoic
acid and spice chemicals on yeast was undertaken., Pre-
liminary tests were made, in the ordinary fermentation
tube, with eugenol as principal constituent of cloves, and
with cinnamic aldehyde as principal constituent of cassia.
A5 p.c, emulsion was used in both instances.,* As f?nment

~ *Rugenol, or cinnamic aldehyde 10.0 ge

Powdered gum acacia . 745 g
Water, a sufficient amount to make 200,00 cc.
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ordinary compressed yeast was taken and as medium for
growth a 10 p.c. solution of glucose. The yeast was
mixed with the sugar solution. Of this mixture a suffi-
cient amount was taken to make 35 cc., with varying amounts
of emulsion. The results are recorded in the following
tables. In each series a blank test was made for the

sake of control and comparison.

EUGENOIL.

No.of Amt. of Am%t. of yeast Amount of Resul ts
Exp. Emulsion and Grape FEugenol T
sugar
1 1/2 ce. 34,5 cCe © 0,071 p.c. Complete fermen=-

tation in 6 hrs.
but slow in start-
ing.

2 2 (1.1 34, CCo 0.142 p.c. Only a partial
fermentation,i.e.
abt. 1/2 inch of

002 formed.
3 2 160G, 33, 0Ce 0.284 pec. Slight traces of
car bon dioxide.
4 3  ©C, 32 6C. 0.426 p.c. No fermentation.
5 5 CC. 50. 00, 0.710 p.c. No trace of fer-
mentation.
g 35, CC. 0,000 p.c. Complete fermen-

tation in three
hours.



CINNAMIC ALDEHYDE.

An]to Of 10

No.of Amt. of Percent of Results
Exp. Fnmulsion p.c. Gluccse Cin. Ald.
i ____and yeast

1 1 cc. 34 cc. 0,142 p.c., A little fermen-
tation during the
first 24 hours, i.
e. about 5/8 in.
of CO .

2

2 2 cc. 33 cCe 0.284 p.c. No appreciable
fermentation,
Traces of gas
after 48 hours.

3 S CO,. 32 cc. 0.426 pe.c. No fermentation.

‘ Traces of gas after
48 hourse.

4 4 cc, 31 cc. 0,568 pec. No fermentation.

No gas ‘after 48
- hours.

5] 5 G0, 30 cc. 0,710 pe.c. No fermentation.
No gas after 48
hours.

6 35 CCe 0,000 p.c. Complete fermen-

tation in tube
within 24 hours,

Inasnmuch as the ordinary fe rmentation tubes fail to

give quantitative results, except of the roughest kind,

more accurate determinations were made in closed flasks,

the gas being measured in the ordinary Tunge nitrometer.

When the wmount of carbon dioxide became too great for

the nitrometer, e.g. during the night interval of about

elght hours, the gas was collected in flasks and meas-

ured the next morning.
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In order that the experiments between eugenol,cin-
namic aldehyde and benzoic acid might be directly com=-
parable, chemically equivalent amounts of these three
substances were employed, and the four expe riments - i,.e.,
including the necessary blank - were made at the same
tiue, with the same yeast and under like conditions.

After some preliminary expe rimentation which showed
that even 1/20 percent of benzoic acid or equivalent
amoun’s of eugenol or cinnamic aldehyde checked all fer=-
mentation, several series of experiments with 1/40 per=-
cent of benzoic acid and equivalent amounts of eugenol
and cinnamic aldehyde were made. The results are re-
corded in the following tables.

A 10 p.c, solution of commercial glucose was em-
Ploycd. TFor the sake of more accurate measurements 1
P.Cc. enulsions o} cinmamic aldehyde and of eugenol were
used, Of benzoic acid @ 0.2 PeCo gsolution was employed.
To 75 cc, of the suger solution the requisite amounts

WAL
of preservative solution, respectively emulsion was added,
then enough water to make 100 cc. To the blank 25 CCe of
water were added., As a result, the sugarlr solution rep

resented a strength of 7.5 percent glucosee A like amount

of fresh compressed yeast (1/8 of a small cake mixed with

wate r and ‘he mixture divided into four equal parts) was

added to each flask and the flask cornected with the nitro-
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meter. The four flasks were placed in an ashestos-lined
box rrently warmed with an electric lamp in such a manner
that a uniformm temperature of 30 to 35° - barring accident-

cculd be maintained.
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TABLRE "“ENE TS

Prescrvatives:=-  Blank Bugenol _ Cinn. Ald. DBenz.Acid

Ant. of
Enulsion:=- 0.00 cc., 3,35 cc. 2.70 cc. 12,50 cc,
Ant., of Preser- '
vative:i- 0,000 g. 0.0335 g. 0,027 g. 0,025 g.
Tme  Number of cc. of gas produced.
1/29/09
8:00 AMy  z  <==mee === PR cocwws
9:00 " @ eeses 1,00 CCy =====  =====
10:00 = 1.00 qRETIBeBO ¥ immens —————
10:30 » 6.40 "  7.40 " 0.80 cc. PREE Y ¢
11:00 " 14,00 * 12,00 " 2.00 " —————
11:30 21,80 " 19,90 " 3,20 " —————
12:00 » 30.00 " 27.40 " 4,40 " ———m-
12:30 P.M. 39.00 " 36,20 " 5,00 " e
1:00 = 52.30 " 50,40 "  6.20 " --e-
2:00 » 96.00 " 90,00 "  10.00 " ———e-
3:00 n 130,00 " 126,00 "  15.80 " ———-
4:30 » 189,00 " 175.40 " 27,00 » 0,80
5:30 224,00 " 210,00 " 35,00 " 3.00
6:00 278.00 " 232,60 "  44.80 " 6440
10:00 » 450,00 " 279,60 " 109.80 " ___ 57,40
ek uated bottles on

*Transferred from nitrometer to grad 2
Priday after sfgo otclock. Light in incubator was extin

guished during night because the wires wers dtstzgfgdAzgin
Snow storm., On Monday, the temperature rose o .

decreagsed to 30°C, on Tuesday.



A second series of experiments gave similar results.,

TABLE.TW,

Preservatives:- Blank Eugenol Cinn. Ald. _3Benz.Acid

Ant. of Mixt.:- 0,00 cc. 3.35 cc. 2.70 cc. 12,50 cc.

Ant, of Preser-

vative:- 0.000 g. 0,0335 go 0,027 go 0.025‘72
Time of reading Amount of Gas Generauted.
2/4/09
1:30 PMe @ omaee Shene | eeses -
2:00 » 0,50 cc. 0,80 CCe  ==w== = ece=e
2:30 1,60 " 3,00 " PO SN L R0,
3:00 2.80 " .20 ¥ cmmme  weees
3:30 » 5,00 * 12,00 * cmm wm e
4:00 6,80 " 15,60 " @ saces . eceds
4:30 » 8,40 " 21,20 " . e==ee  ==ee=
6:00 13.40 " 33,00 " = e====  e==<==
9:30 45,00 ® 116,00 * | ww=ea 0.20 cc.
2/5/09
1:00 A.M. 73,00 " 210.40 " 1,60 00« /. Ol
10:00 102.00 " 276,40 " 35,00 " 1.80 "
11:00 109.00 " 290.80 " 39,40 " 1.90 "
12:00 » 115,40 " 313.40 " 44,80 " 2.20 "
2:70 P.M, 136,60 " 380.80 " 58.60 " 2,40 "
3:00 144,40 " 392.60 " 64,40 " 2,60 "
300 154,60 " 415.20 " 70,60 " 2.60

"
5:00 165.60 " 435,20 " 79,00 " o



8:00 P.M.
2/6/09

2:00 »
5:00
2/8/09
2:30 »
2/9/09
11:00 A.M.
2/11/09
3:00 P.M.
2/13/09
10:30 A.M.

193.40 cc. 496,80 cc., 98.20 cc. 3 .40

12.60
245,40 cc, 526,80 cc, 142,20 cc. 15.20
271.40 " 526,80 ¥ 325,200 15.20

292,80 " 526,60 " 337,20 " 15.20

CC.
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Tre most strking feature of th%ée two tables is this
that eugenol, when used in amounts that rperesent the '
chemical equivalent of 1/40 percent of benzoic acid,
aprears to stimulate fcmentation of this sort. In the
first of these two tables, the data show that the blank
test caught up after throe hours and kept ahcad of the
eugencl cxperiment to the very end, From the second
table, however, it becomes apparent that the eugenol ex-
periment not only staid ahead of the blank but gained
throughout, Additional experiments, therefore, seem
necessary to study the behavior of eugenol on ordinary
yeast.

This phenomenon, however, is not so very remarkable
if interpreted in the light of the results obtained when
more hirhly orgzanized plants are subjected %o the in-
fluence of poisonous salts such as copper sulphate etc.
In the work done by True and Kahlenberg on the secdlings
of the ordinary sow bean similar phenomena were observed.
Substances that reveal poisonous effects when used in
toxic doscs, may have & stimulating effect when applied
in smaller deses. s 4 L

To replace the commercial glucose
tain more reliable

used in the pre-

liminary cxperiments, and thereby ob

Tesults, a solution of invert sugar of knovm strength,

Was prepared from cane sugar. A ten percent sugar
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selution was inverted with the aid of oxalic acid (2gacid
to 100g of the syrup) and the oxalic acid removed by heat-

ing the inverted syrup with an excess of calcium car-

o

bonate. The amount of invert sugar in the filtered
syrup was determined by the Defren and Sullivan test
which revealed that all cf the cane sugar had been ine
verted,

The fermentation tests were made as in the previous
series of expe riments. However, fresh lois of cinnamic
aldehyde (Fr. Bros.) and eugenol (Fr. Bros.)were obtained.
This necessitatcd the making of fresh emulsions. In order

t0 be able to measure more accurately the small amounts cf
emulsions necessary for a single expe riment, these emul=-

sions were made of half strength only, i.e. 1/2 PeCoe

strength instead of 1 P.Ce gtrength as heretofore. As &

result an error crept into the first and gecond series

of experiments. The usual amount of emulsion was taken,

but as this was only one-half the strength of the previous

emulsions, the amounts of eugenol and cinnasic aldehyde

were the equivalents of merely 1/60 of the amount of

. ¢ d
benzoic acid taken, not of 1/40. The data of the secon

ble
and third columns are, therefore, not directly Sompah

I.
¥ith those of column four, that is in tables V and V

ctive.
In a way, however, the results are Very ins tru

dilu-
®ugenol and cinnamic aldehyde, when used in these
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tions, evidently act as stimulants to the femment organ-
isms. Whatever the minor variations in the data of
colwms two and three, the totals of gas genereated at
the end of both series of experiments are way above those
of the fourth (benzoic acid) colunn; and in table V even
far ahead of the blank, The diffecrences in the end re-
sults of the blank tests of tables V and VI again empha-
size the necessity of guarding agaihst the drawing of

final conclusions from a single series of experiments.



TABLE VY.
Preser- Blank Eugenol Cinn. Ald. Benz. Acid.
vative:= (1/80). (1/30) (1/40 p.c.)
Ant. of
S0lete ww-ww 3.35 00, 2.70 CC. 12.50 cce
Ant. of
Prescr-
vativete s=--w 0.,0167 g. 0.0135 g, 0.025 g,
Time No. of cc. gas generated.
2/15/09
5130 PMewmnne  cccee c———— -
9:00 " 35,80cc. 15.20cc. 8.60cc. 7.00cc.
2/16/09
1:30 A.M.141.80cc.61,60" 84,00 " 36,00 "
10:30 " 187,80" 96.20" 96,00 " 68480 "
12:00 " 199,20" 129.20" 106,00 " 96,8 "
2:00 P.M.222,40" 136,00" 134,6 " 116,2 "
3:30 "™ 244,00" 158.,4 " 164.2 " 151,68 ' *
4:30 " 254,80" 168.2 " 186.2 " 140.6 "
8:30 * 279,20" 212.2 " 265.8 " 163.0 *
2/17/09
2:30 A.M.292,0 " 261.2 " 352.0 " 186.2 "
12:30 P.M.330.0 ™ 348.8 " 481.00 " 211.6 *
5:30 " 331,6 " 332.6 " 534,00 " 219.2 "
12:00 » 357,83 " 427,2 " 623.2 " 220.8 "
2/18/09
10:00 A.M.414.8 " 510.,4 " 730.2 " 223.0 "
11:30 * 420,6 " 519.4 " 734.6 " 223,0 "



3:30 PoM. 443.,4 cc, 543.2 cc. 754,0 cc. 223,0 cc.

6:00 "  451,0 " 555,0 " 763.0 " 223,0 "
2/19/09 |

1:00 AJM. 473,2 " 589.0 " 779.2 " 223,0 "
11:00. ®  493,2 * 615.4 " 781.8 " 223.,0 "

6:00 P.M. 494.4 " 617.8 " 782.0 " 223.0 "



TABLE ¥,

Preser- Blank Eugenol Cin., Ald. Benz. Acid
vative:- (1/80) _ (1/30) (1/40)
Aat, of
Enulsionsie w---- 335 CCe 270 cCo 12.5 CcCe
Ant, of
Prescry. - -————— 0.,0167 20,0135 ge 0.025 go
Time No. of cc. gas generated.
2/23/09
4:30 P.M., ————— e - -
5330 " 8.6 cC. 11.2 cc. 12.2 ccCo 6.4 CC.
6:00 n» 14,0 " YV 8" b R A 10,0 "
9:00 = 95,0 " 102.0 " 66,0 " 32,0 "
10:00 » 135,0 " 151,0 * 100,0 " 43,0 "
2/24/09
12:30 A.M., 229,0 ®  247.0 " 196,0 " 78.8 "

9:30 » 427,00 " 454,0 " 274.0 " 182.83 "
10:30 = 443.,2 " 477.6 * 291,0 * 191.2 "

11:45 = 467.6 " 508.,8 " 318.2 " 202,6 "
224,6 "

2:00 P,M. 526.6 " 577.8 " 379.8
3:30 = 544,6 " 623,0 " 422,2 " 237.6 "

6:00 590.6 " 680,0 " 476,0 " 257.,0 "
9:15 = 673.0 " 797.0 » 570,0 * 278,0 "
10:00 » 686,0 " 703.4 " 582,0 " 282,0 "
2/25/09 .

10:30 A.i, 763.,0 " 829,0 " 747.0 " 305.0 "



12:15 P.M. 779.0 cc. 843.0 cc. 759.0 cGe 305.200.

2:00 " 817.4 " 883.6 " 795.0 " 305.8 "
5:00 " 859.0 " 925,0 " 841.0 " 306.0 "
3:30 " 899.0 " 969,0 " 886.0 " 306,0 "
2/26/09

8:00 A.M.  1005,0 ® 1073.0 " 990,0 " 306,0 "
11:00 » 1014.0 " 1087.0 "  1004,0 " 306,0 "
2:30 P.M. 1022.,0 " 1201.0 *  1018.0 " 306,0 "
5:00 " 1025.0 " 1208.0 "  1023,0 " 306,0 "
8:00 " 1029.,0 " 1215,0 "  1032,0 " 306,0 "
2/27/09

9:00 A.lM, 1030.0 " 1228.0 " 1040.0 306,0 "
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In the next two series the error made in V and VI was
corrected, so that the amounts of eugenol and cinnamic
aldehyde are the molgcular equivalents of 1/40 percent
of benzoic acid. The data in columns two, three and four
are, therefore, directly comparable.

The most striking result is this that in both series
cugenol and cinnamic aldehyde inhibit femmentution more
than does benzoic acid. With commercial glucose, com=-
pare tables ITI and IV the results were the other way.

Tn both series the amount of ges given off in the
benzoic acid experiment was almost as great as that given
off in the blank test. In this particular, these results
differ greatly from the finals in table VI, but somewhat
less from the Tinals of colwmns one and four in table V.

These resulis are corroborated by those recorded in
table IX, but the differences are less emphasized.

So much for the final results of these series. If

We now compare the earlier results in each series, it be-

comes apparent that, on the whole, benzoic acid inhibits

the initial steps of femmentation longer than do eugenol

and cinnamic aldehyde., There is an axception to this in

table VIII, where the benzoic acid experiment starts way

ahead of the cinnamic aldehyde expe riment.

As to the blank, this, as a rule, starts ahead of

the others, but in expe riment VIT cinnamic aldehyde starts
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ahead of the blank, in experiment VITI both eugenol and
benzoic acid, the latter staying ahead until the end of
B 2 A,
the second day whereas the former drops behind early-the
second Qay. 4y baern.

If the amounts of cugenol and cinnamic aldehyde used
in other expcriments be compared with those supposed to
be found in;cdfsup;’ié will be seen that these substances
might be cxpected to stimulate feormentation rather than
inhibit it., This conclusion might justly be drawn if
catsup contained but one of these inhibitiné agents and
not a considerable number thereof. The next lienr of ex=-
verimentation will, therefore, be devoted to ascertaining
vhat the influence of the total spices on fementation is.
In addition to that the action of vinegar and salt, not

to mention sugar in this connection, will also have to

be tuken into account.
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TABYL'E %I I

Preger- Blank Eugenol Cinn. Ald. Benz. Acid’
vatives:=- & (1/40) (l/QO) (1/40)
Ant, of

Mxt,:= ——— 6.7 CCo B5ed CC, 12.5 cci
Porcent of

preserva-

tlveis = eeea- 0,0335p.c. 0,027 5.3. 0.025p=2
Iime No., of cc. gas generated.

2/27/09

10:50 A, 4 bl b BVICh i) S
10:45 n 0.8 cc. 0,4 cc. l.2 cCs = ==m===
11:00 » 4,0 " 1.6 " 3.8 " ————
12:00 = 6.0 " 2.6 " 4,8 " ————
12:45 P.M, Bed " 4,0 " 504 " 0.6 cc.
2:15 » 30,0 * 25.0 " 7.0 " 62 "
3:30 61,0 " 58,2 " (3 R 17.0 "
4:00 80,0 " 76,0 " 8,0 " 30,0 "
00~ N 102.0 " 104,0 " 8.4 " 46,0 "
8:30 " 162.0 " 142.0 " 9,4 " 93,0 "
10:00 » 221,0 " 175,0 " 10.6 " 147.0 "
2/28/09 :

2:00 A,M, 297.0 " 210,0 " 12,0 * 229,0 "
3/1/0s

9:30 303.0 " 235.0 " 33.0 " 256,0 °
5:00 "M  303,0 " 244.0 " 33,0 " 264.4 "
34%89 AM ~303.o " 254,0 " 33,0 " 265,0 "
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PABLENYTI I,
Preser- Blank Eugenol Cin. Ald. Benz, Acid
vative:= (1/40) (1/40) (1/40)
Amt. of
SO0lei=  =m=== 6.7 CC. 5.4 cc. 12,5 cc.
Percent of
Preserva-
tives- == e=e-o 0,0335p.ce 0,027 p.Cs _ 0.025p.Ce
Tinme No., of cc. gas gencrateds .
3/3/09
9:45A.14, P NP B e 1T SLESFRRP R o 1007 L
10:00 » ceeua 1e2 CCy  =m=== ac—ea
10:30 ® ——eoa 2.8 " o it ¥ 3
11:00 ®*  ceeue 3.0 " cnvne e
12:00 »  acee- Bed " mmee= —omme
12:45 P, M. ————— 4,2 " ————— 1.2 cce.
2:00 » 3,6 CCo 64 " ————- 82 *
2:30 5,3 " VR SRR 3 13.0 "
3:00 10.0 " 9,8 " ————— 22,0 "
4:00 21.6 " 12,4 " ————— 40.0 "
5:00 m 35.4 " 18,4 " = ===== 61,0 "
7:28 # 72,4 " 42,4 " ———-- 112.0 "
9:30 n 118.4 " 59,4 " 0.2 cce 153,0 "
3/4/09
12:30 A.M. 178.0 " 86.4 " 2.0 ¥ 223,0 *
11:00 n 215,0 " 111.4 " 13,0 * 234.0 "
12:00 = 221,4 " 115,38 " 14,0 " 302.,0 "
5:00 P.M. 276,0 " 165.0 " 19,0 * 325.6 "
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3:00 P.M. 300,0 cc., 136.0 cc. 21,0 cc. [ 335.,6CCe
12:00 " 333,0 " 215.6 " 24,4 "  350,0 "
3/5/09

5:00 A.JM. 417.0 " 256.6 " 25,0 "  390.,4 "
11:00 n 435.4 " 26044 " 25,0 "  395,0 "
3:00 P.. 155,4 " £62.6 * . 25.0 % 405.Q*
7:30 " 478,4 " 264,0 " 25,4 "  410,0 "
3/6/09

9:00 A.M, 512,8 " 264,0 " 25,4 "  422,0 "
5:00 P.M. 513.,0 " 264.,0 " 25,4 " 427.4 "
3/7/09

9:00 A.M, 513,0 " 264,0 " 5.4 " 429.0 "

Final 513,0. " 264,0 " 25,4 " 429,0 "



TABRLE - I'X,
Preser- Blank Fugenol Cin. Ald. Benz, Acid
vative:=
Ant, of
Mxte:= —-————— 6.7 CCs 5.4 ccC. 12,5 cc,
Percent
of pre-
servativeies <w<-- 0,0335 P.Ce0,0270 Pocs 0,025 p.cCe
Time No. of cc., of gas generated.
3/8/09
5:00 P.M. e e - SIS
3:46 P.M, l.4 cc. 1.0 cc. 0.4 cc. 0.2 cc,
4:15 » 2.6 " T8:" Yo R/ 0.4 "
5:00 " 4,4 " 2.8 " ls4 " 0.8 "
6:00 * b g BN L 4,8 " 1.6 " 2.0 "
10:00 . 96,0 " 55,0 " 4,0 " 58.0 "
3/9/09
11:00 A.M. 151.0 " 91,0 " 24,0 " 181.0 "
12:00 - ® 158,0 " 92.8 " 49,6 " 153.2 *
2:00 P.M, 192.0 " 97.4 " 564 " 165.,0 "
5:00 = 231,0 * 102.2 " 65.0 . 12502
7:80 % 267.0 " 107.0 " 75,0 " 191.0 "
3/10/09
1:00 A.M., 332,0 " 114.0 " 90.4 " 259,0 "
9:45 * 390.4 " 118.0 " 124.6 " 270.0 "
11:00 39%,0 " 118.2 " 128,0 " 270.2 "
2:30 P.M. 396.0 " 113.8 " 351.6:" 271.0 "
5:00 " 397,0 " 119.0 " 132.6 " 271.8 "

3/11/09



1:00 A.M. 397.0 cce 119.0 cc. 133.6 cc. 275.8cc,

3/12/09
10:00 " 397.,0 " 119.0 " 134,0 " 289,0 "



REPORT ON INHIBITIVE ACTION OF MIXED SPICES.

In serios X, XI and XIT, mixtures of spices were
used, the object being to get some idea of the inhibitive
action of the total amounts of spices that might be ex-
vected to be in the finished catsup. In order to make
these tests comparable in a measure to the factory ex-
periments an emulsion of the modified spices or rather
modified spice oils and oleoresins ﬁg;é taken, The man-
ner in which the amounts were canputed becomes apparent :

from the "Tabulation of spice ingredients."
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TABULATION OF SPICE INGREDIENTS OF CATSUP AND EQUIVALENT
OILS.

Crude Ant, of Amt., of Percent Equivalent Percent

Drug crude crude oil or amount of of phene
drugs for drugs for oleoresin oil or ol or
one qt.of two qts. obtainable oleorcsin ald.con
tomatoes tomatoes from drugs for 1000  stit-
or 500g. or 1000g. g. of cat- uents of
catsup of catsup sup oils.

Cinnamon 2.0 g. 4,020 g. 2.percent 0,0804 geo 75 PeCe

Cloves  0,39g. 0.857 g. 18. " 0.15626g. 90 "
Plmenta 0.39g. 0.857 g. 4. " 0.03428g. 65 "
Capsicum 0.25g. 0,520 g. 12. " 0.0624 g. ==

Pepper 0.21g. 0.467 g. 645

0.03036gs ==

Total

The mixture of phenols and oleo-resin;were triture

ated with 15 g. of powdered gum acacia, to a smooth massi

30 cc. of water were immediately added and the nucleus

of the emulsion perfected. Then water was added to for@

a mixture of 500 cc. This emulsion is sufficient foT

50000. ge catsup, or 1 cc. of the emulsion is the spice

equivalent of or sufficient for 100 g. catsup. An amoun’
of 50 cc. of this emulsion was diluted to make 500 CCe :
of emulsion, thus making an emulsion of 1/10 the strenst™
10 cc. of the latter is required for 100 Ze of catsupe |



Aldehrde Amt, of Percent amount Fmulsion of in-

or phenol phenols of of rhenols and gredients 50
the oils,and oleoresins in times the amount
the oleco=-res- the catsup. required for
ins msed for 1000 g. Catsup.
1000g. catsup 1 cc. of emul-

sion is the
equivalent of
spices in 100 g.

catsup.
Cinnamic Ald. 0.0603g.  0.00603 p.c. 3,015 g.
Fugenol 0.140645.  0.014054 " 7.032 g
Fugenol 0.02228g. 0.00223 1,114 ¢.
0.0624 g. 0.00624 " 3,120 g.
0.03036g. 0.003036 " 1,518 g.

0,02603




S

TABLE N O, X.
Preser- Blank Spices Cin. Ald., Benz., Acid
vative:- (Mxt.)
Ant, of
Blb(t&__.- o o o0 a» o8 10.0 CCe 5.4 CCe 12.5 CC,
Percent
of pre-
servativei= «w--- 0,0260p+¢+0,0270 pece _ 0.025 poeCe
Time __ No. of cce. gas gencrated.
3/17/09

2:45 PQI\.’Ia

3:15 =
3:45 "
4:15 =
4:30 »
5:00 »
6:00 "
10:30 »
3/18/09
8:00 A.M.
10:00 »
11:00 =
12:00 »
2:30 P.M,
3:30 "
6:00 "
8:45 *®

12:00 *

0.8 cC.

l.8
3.0
4.4
7.2
15,0
128,0

338.0
377.0
397.4
413.8
446,0
469.0
510.6
568.,0
613.0

108.0

217.0
249.0
267.0
283.2
313.4
337.0
379.0
433.0
479.,0

CCe

-----
-----
-----
- e -

3.0 cce

60.0 "
68,0 "
736 "
7864 "
88.0 "
96.4 "

120.6 "
153,0 "
182.0 "

CCe

35504 "
386.4 "

'403.6 "

416.,0 "
439.6 "
457,0 "
4508.,0 "
5351.,0 "
567.0 "



3/19/09
9:00 AJM.

11:00 "
12:45 P.M.
3:00 »
5:00 P.M.
7:30 "

3/20/09
1:45 A.M.
10:30 "
12:30 P.M.
5:00 n»
3/21/09
3:00 "
3/22/09
© 9:00 A.M.

658,0
671.4
687 .4
706.6
725.0
746.0

787.,0

839.,0

850,0

365.,0

955.0

986,.,0

CCe 491,0
n 503, 6
" 518,6
" D372
" 556.,0
" 576.0
" 612.0
" 6520
" 660.,0
" 668.0
" 7130
" 737.0

CCe

200,0
213, 6
229,6
249.,4
269,0
291,0

337.,0
397.0
409,0
424,0

480,0

481.0

cc.

658.0ce

660,4
683.0
698.6
714.0
732.0

758.0
771.0
7730
77340

773.0

773,0



TABLE NO. XTI,

Preser- Blank Spices Cin. Ald. Benz. Acid

vative:-

Ant. of

Solution:=- =---- 10,0 cc. __ 5.4 cc. 12,5 cc.

Pcrcent of

preserva-

tivele = <ccu-a - 0,0260p.c.0,0270 pe.cs 00,0250 p.C.

Time No. of cc. of 002 produced.

3/22/09

10:00 AM, ==c== Iy - e

10:18 * 1o BB mwkmms  eewsw 0D R e

10:30 " 2.2 # 0.4 00, 0.8 00e ./ | SliSmmms

11300 - 3.0 " 1,0 " ls4 " 0.1 cc.

11:30Q «*® 4,8 " 2.0 " 2.2 " L e

12:00 : * 6.8 " 4,2 " 2.8 8.2 %
1:00 P.M., 13.8 " 10.0 " 6.0 " 14.8 "
2:15 * 26,6 " 23.6 " 11,4 " 36,0 "
3:00 " 40,0 " 38.6 " 15,0 " 55.4 "

" 4:60 " B0 6.6 " 20,8 " 88.0 "
5:00 83,0 " 93,0 " 28.8 " 104,0 "
6:00 % 99,2 " 118.,0 " 38.2 " 122.4 "
7:00 129,0 " 155.,0 * 55,0 * 152.0 *

10:00 = 194,0 " 225,0 * 88.0 " 195.,0 "

10:30 * 209,0 " 240,0 " 99,0 " 204.,0 "

3/23/0¢

12:30 A.M. 252,0 " 284.0 " 140.0 " 238,0 "



9:45 A.lM.
10:45 "

11:30 ~»
12:00 »

2:00 P.M.

3:30 "
5:00 "
6:00
7:15 »
8:145 n
11:00 »
11:45
3/24/09

8:00 A.IN{.

2:00 n
10:00 n
1n:00 =

2:00 P.M,

4:00 »n

6:00

7:00 »
3/25/09

1:00 A,x,
11:00
12:0¢

4:00 p.y,

288.0
302.8

31646
322,0
359,0
389,0
410.4
432,0
445.0
466,0
505.0
521.0

569.0
585.6
604.0
623.,0
677.0
708.0
73840

752,0

843.0
903.0
916,0

954,4

3322
35246
362.0
418.4
457,0
487,0
516,0
550.0
580,0
632.0

65%40

700.,0
718.0
73846
761.0
3204
855.0
888.0
901.0

997.0
1046.0
1052.8

1082.0

CC.

182.0
192.8

205,0
210,0
247,2
277.0
302,0
322.4
349,0
371.0
410.0

425,0

57640
595,4
610.2
62840
681.0
712.0
74240
755.0

845.0
880.0
368546

910.0

cc,

265,0cc

276.,0
287.4
293.0
325.8
354,0
376.,0
396.6
421.0
443.0
477.0
492.0

512.0
519.0
524.8
530.0
542.4
5480
55240
55440

559.0
559.2
55942
559.2



6:00 P,M.
7:30 =
3/26/09
8:00 A.M.
111:00 "
5:00 P.M.
3/27/09
9:00 A.M.

973.,0
98%.0

1063.0

1071.0

1077.8

1081.0

1096.4

1109.0

1167.6

1176.0

1183.8

1192,0

CCo 921,6
n 930,0
" 976,.,0
" 984,.,0
" 992,0
" 1005.,0

CCoe 559,.2
. 559.2
" 559.,2
" 559.2
» 55,2
" 559,.,4

cc



2 ABLE ND XTI,

Preser- - Blank Spices Cin. Ald. Benz, Acid.
vative:=

Ant, of

SOlutionz- - - 10.0 CC, 5.4 CCoe 1205 CCoe

Percent of
Preserva-

tive:- ———— 0.0260v.c.0,0270 p.c. 0.0250 p.c
Time Amount of 002 generated.
3/29/09
10:00 A.M. —————— e ————— —————
10:18 = 1,0 cce 0.8 cc. 0.6 cce -
10:45 » 2.0 % o8 ® led ® 00 o weewa
11:00 » 24 " 20 " l.8 " - o o
12:0C = 4,6 " 3¢6 " 24 " 4,6 cc,
12:3C P.M. 6.4 " 6.4 " 2.6 " 12,0 "
2:00 370 * 34,0 " 3.0 " 64,0 "
2:45 » 56,0 " 51,0 * 3.2 * 97,0 "
3:45 » 94,0 " 91,0 * 3.4 ™ 129,0 *
5:00 133,0 " 134,00 " 3.8 " 178,0 "
6:00 156,0 " 160.,0 " 4,4 " 191.0 "
7:00 » 19,0 * 199,0 " 5.0 % 215.0 "
9:45 » 268,0 " 275.,0 " 9,0 " 255,0 "
3/30/09
1:30 A.M. 369,0 " 377.,0 " 22,0 % 307.0 "
4:00 = 414.,0 " 431.,0 " 31.0 " 336.0 "
‘7:00 . » 472.0 " 498,0 " 43,0 " 376,0 "



«35«
9:15 A.M. 509.0 cc. 539,0 cce 52.0 cC. 403,0 ¢cC,

9145 m 518,0 "  548.0 " 54,0 " 410,0 "
11:30 AM. 547,0 " 581,0 " 63.0 "  431,0
2:30 P.M. 586,0 " 627.0 " 77,0 " 458,0 "
5:15 628,0 " 675.,0 " 95,0 " 45,0 "
5:45 634,0 " 682.0 " 93,0 492,0 "
7:15 " 652,0 702,0 " 107,0 * 501.0
9:30 675,0 " 732,0 " 119.0 " 515.0 *
3/31/09
1:15 A.M.  715.0 " 781.0 " 143,0 " 535.0 "
7:30 774,0 857,0 " 183,0 " 555,0 "
T11:00 800.0 " 888.0 " 201.0 "  561.0 "
4:00 AW  836.0 " 923,0 " 227,0 " 564.,0 "
9:45 871.0 " 950,0 " 251.0 " 565.0 "
4/1/09
~ 1:30 M 893.0 " 965.0 " 266.0 " 565.0 "
11:30 m 984.0 " 994,0 * 303.0 " 565.0 "
6:00 P.M. 1023,0 "  1003.0 " 313,0 " 565.0 "
4/2/09
9:00 A.M. 1114,0 " 1016,0 " 330.0 " 565.0 "
- 4/4/09
"  565.0 "

102200 " 338'0

3:00 P.M. 1184.0
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The amount of mixed spices taken for the three
series of experiments is based on a catsup formula.
The sugar-yeast mixture was spiced to the extent that
catsup would have been spiced according to the Detroit
formula.

In order to have comparable amcunts of benzoic acid,
the fortieth part of the gram molecule was taken, i.c.
the same as in the expe riments recorded in tables III
to IX. Of cinnamic aléehyde the chemical equivalent was
teken,

In 5oth experiments XI and XII the tubes with mixed
spices and cinnamic aldehyde gave off gas sooner than
did the benzoic acid tube. The latter led from the be-
cinning in ¥xperiment X.

The most remarkable feature of all three series is
this that after several hours the benzoic acid led not
only the cinnamic aldehyde and mixed spices but even the
blank. This would seem to imply that whereas benzoic
acid inhibits in the very beginning more than the other
antiseptics, after the organisms get acclimated to 1it,
as it were, it stimulates their growth, i.e. when used
in such dilutions as 0.025 percent.

This stimul ation, however, does not necessarily

keep up. In all three series it falls pehind the blank

at the end. In X and XII, i.c. in two out of the three



., IR
expc riments, the cinnamic aldehyde has affected the
greatest retardation in the end.
In a general way, it may be concluded, with refer-
ence to ycast, that the mixed spices are not as effective
in the inhihition of fermentation as are corresponding

amounts of cinnamic aldehyde or benzoic acide
INHIDITIVE ACTION OF ACETIC ACID,

In the foregoing experiments the attempt was made to
ascertain something about the inhibitive action of two of
the principal spice constituents, viz. cinnamic aldehyde
and eugenol as compared with benzoic acid. While the

use of these spice constituents as antiferments is largely

restricted by their strong aroma, that of acetic acid is
limited only by its acid taste which in large part can

be neutralized by sugar as is actually done in the man=-

ufacture of catsup, It became a matter of importance to

compare the inhibitive action of acetic acid as con=-

pared with that of benzoic acid.

The experiments were made in the usual manner. In

tables XIII and XIV will be found the results obtained

by using the chemical equivalent of the amount of benzoic

acid employed, also ten times this amount. The 0.0l p.cC.

acetic acid inhibited but very 1ittle. The 0.1 p.cC.

acetic acid inhibited during the first few hours more
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than did the benzoic acide In the end, however, about
three times a8 much gas had been given off by the stronger
acetic acid mixture as had been given off by the benzoic

acid mixture.



211,

TABLE N O.
Prescr- Blank Act.Acid Act.Acid Benz. Acid
vative:-
Ant. of
Solutionie =w=== 1.0 cc. 10.0 cc. 12,5 cce
Percent
Strength:=- - 0,0123psCe 0,123 pe.Ce 0.025 PpecC.
Time No. of cc. 002 gencrated.
4/5/09
10:00 AM, w==== - cn=- -
10:15 n l.2 cc. 0.6 CCo  ==w=== 0.8 B.Co.
10:30 " 2.4 " 1.4 " 0.2 Zce §id
10:45 - ® 3.0 " 2.0 " 0.4 ." ek 0¥
11300 ~® 3.4 " 24 " 046 - ® 2.6 "
12:00 * 6.0 " 5,6 " 2.8 " 5.2 °
2:30 P.M. 50,0 " 79.0 " 22,0 " 29,0 "
2:80 64,0 " 96,0 " 26,0 " 36'0. s
30, % 82,0 " 123.,0 " 34,0 * 43.Q »
4:00 96,0 " 144.0 " 41,0 *® 48.0 "
5:00 = 132,0 * 186.0 " 58,0 " 63,0 "
5330 % 142,0 " 196.0 " 62.0 " 66.0 "
73186 & 197.0 " 262.0 " 86,0 " 82.0 "
10500 % 277,0 " 358.0 " 126,0 " ' 107.0 "
4/6/09
2:00 A.M. 367.0 " 448.0 " 176.0 " 1530 %



7:00 A.M. 460,0 cc. 546.0 ccCe 243,0 feCe 167.,0f.Co

9:30 " 491,0 " 56240 " 266,0 " 178.0 *
12:00 " 524,0 " 619.0 " 269,0 " 187.0 "
5:00 P.M,  591,0 " 696.0 " 344,0 " 196.0
9:45 " 647.0 " 755,0 " 383.0 " 205,0 "
4/7/09
2:45 A.M.  700.0 " 813.0 " 429.0 " 210,0 "
5:00 " 720.0 " 830.0 " 443.0 " 211.0 "
10:00 " 767.0 " 874.0 " 478.0 " 211.2 "
4:30 P.M.  816,0 " 921,0 " 519.0 " 211.4 "
4/8/09
12:30 A.M.  877.0 " 973.0 " 566.0 " 211.4 "
1:30 A 979.0 "  1038.0 " 646,0 " 211.4 "
3500 FH 990.0 ®  1041,0 " . 650,0 " 211,4 "
4/9/09
12:15 /M  1036.0 " 1064.,0 " 6830 " 211.,4 "
12:30 P.M. 1102.0 "  1097.0 " 716.0 " 211,4 "
5:00 " 1124.0 "  1106.0 " 724,0 " 211,4 *
4/10/09
9:00 A.M. 1226,0 "  1145.0 " 740.0 " 211.4 "
4/11/09
" 3:00 P M. 1265.,0 "  1154.0 " 740.0 " 211.4 "
4/12/09

12:00 A.lMe. 1296.,0 " 1160.0 " 740.0 " 211.4 "
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TABLTEB WO, X1V,

Prescr- Blank Act. Acid Act. Acid Benz. Acid.

vative:i=

Ant, of

Solutionie  evw--- 1.0 cc. 10,0cc. __12.5 cc.

Porcent

Strength cnvmn . O OL85 DOe | 0s125D,0s 0085088
Time No. of cc. of gas collected.

4/16/09

10:00 A/M, <==w=- i S R ey
10:30 * - e IR~ = Oy 5 (T
11:00 * 0,6 0Cs =woiom. = iemew e
12:00 7.0 @ 3.0 cco ————— 1.8 g.c.
1:00 P.M. 26,0 " 22.0 " 1.2 cce. 9.0  °*
2:00 » 63,0 " 59,0 " 8.0 ¥ 23.0 "
3:00 " 96,0 " 96.0 " 20.0 " 3,0 *
4:00 " 120.0 " 126.,0 " 38,0 " 83,0 /¥
4:45 * 146.0 " 280,00 * 54.0 " §3.,0: ¥
6:00 » 191.0 " 195,0 " 79.0 " 78,0 *
8:40 " 286.,0 " 278.,0 " 13%.0 * 107.,0 *
9:45 - » 309.0 " 302.,0 " 145.0 * 115.0 "
4/17/09
1:30 A.M. 389.,0 " 3852,0 " 199,0 * 143.0 "
4:30 *» 435,0 " 430,00 " 23,0 " 161.,0 "
8:00 " 483.0 " 477.0 " 275,0 * 179.0 "
9:30 » 502,0 " 495,0 " 291.0 " 186.0 *



10:00 A.M.
12:30 P.M.

2:30 "
5:00 »
7:15 »
4/18/09
3:00 A.M.
11:15 =

8:00-P.M.
4/19/09
9:00 A.M.
2:00 P.M,
4:00 »
6:00 "
10:30 "
4/20/09
9:00 A.M.
3300 P.M.
6:00 "
4/21/09
9:00 A.l.
6:00 P.M.
4/22/09
10:30 A.M.
4/23/09
10:00 "

508.0
538.0

558,0
587.0

609.0

686.0
740.0
790.0

872.0
892.0
902.,0
914.0
933.0

983.0
1002.0

1010.0

1052.0
10'32.0

1068.0

1068.0

CC.

242-
502.0

529.0
548,0
575.0

596.0

672.0
733.0
792.0

883.0
910.0
923,0
939,0
96540

1033.0
1062.0

1076.0

1169.0
1201.0

1245.0

1275,0

CCe.

296,0
325.0

345,0
374.,0
395.,0

469.0
522.0
563.,0

596.0
599.0
599.6
600.0
601.0

602,0

602.0

602.,0

602.0
602.0

602.0

602.0

CC.

190.0 p.c.
203,0 »

211.0 "
221.0 "
228,0 "

243,0 "
247,0 "
248.,0 "

248.,0 "
248.0 "
248.,0 "
248,0 "
248,0 "

248,0 "
248,0 "

248.0 "

248.,0 "
248,0 "

248.,0 "

248.0 "



L &8

In the experiments, the results of which are re-
corded in tables XV and XVI, 0.5 percent and one percent
of acetic acid réspectjvely were used and compared with
0.1 percent of benzoic acid, the amcunt of the latter
commonly allowed as preservative, It becomes apparent
from the tables that whereas in one instance benzoic acid
inhibited fementation in the beginning somewhat more
than did the acetic acid (table XV), more gas was gen-
erated in the end than in either the 0.5 p.Ce 0or 1,0 p.Ce
acetic acid mixtures. In all instances but the bianks,
the amounts of gas given off within several days was
but very small indeed.

Finally,tes*s were made with 1.5 p.c. and 2 p.c. of
acetic acid in ordinary fementation tubes. In neither
instances was any carbonic acid given off, even after

standing for about two wecks.



b
TABLE NO. XV,

Preser=- Blank Act. Acid Act., Acid Benz. Acid.
vative:= BrSpac. Tome,
Ant. of
Solutionie  ===== 10.0 cc. 20,0 cc. 04 g.
Percent
Amount of
Acidia .~ =-=-- 0e5 peCe 1.0 PeCe Ol DeOs
Time NOo. of cc. of gas generated.
1/26/09
9:30" Aills. | wmmms - A e RSB E
10:00 » 1,0 cc. Oed CCe  mmwm= =wewww
10:30 " 2.0 " 0.8 " eceee = =e=e-
1100 158 3.4 " 95 R 0.2 cce. ——————
12:00 " 14,0 * 1.4 7 0.4 " 0.2 cc.
2:00 P,M. 96,0 " 2.0 1.0 * g2 v
3:00 " 132.0}" 28" e 1.8 "
4:00 166.,0 " 2.4 * 1.8 * 2,0 "
5:45 " 224,0 " Bk ® 2.4 " 2.6 "
8:15 " 316,0 " 2.8 " 2.8 * 3.8 "
10:00 & © 0 375.,0 3,0 * Y Wik 4.8 "
12:00 " 412.0 " S.2°* S.8 " 5,2 "
4/27/09
9:30 A.M. 516.0 " B4 " 4.0 " 6.2 "
12:00 " 540.,0 " 3.4 " 4,4 " 6.4 "
2:30 P.M. 568.,0 " S.4 "7 4.6 " 6.6 "
5:45 " 599,0 " 3.4 " 4.8 " 6.6 "

4/28/09



12:30 A.M, 651.0 cc. 3.4 oo, 4,8 cc, 6.6 CC,

9:00 " 703.0 " 3,4 " 4.8 " 6.6 "
11:00 " 714.0 " 3,4 " 4,8 " 6.6 "
7:15 P  754,0 " 3.4 " 4.8 " 6.6 "
4/29/09

110:00 AJM. *816.0 " Bed " 4.8 " 646 "

*Blank was still generating CO when experiment was
stopped. 2
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TABLE NO, XVI,

Pr:ier- Blank Act. Acid  Act. Acid Benz.Acid
Vatlves ;=
Ant., of
Preserve s s==-- 10,0 cc. 20.0 cc. 0.1 g.
Pcrcent
Amount == ae-a-a 0e5 PeCo 1,0 'pe0.  /Oad DEY
Time No. of cc. of gas generated.
4/29/09
10:30 AM, ewwwe== SRS cowae APIS
10:45 » Yo ll O’ 7 fimdboen s | T i iy RGNS s
11300 = GO W e O i R AR
1130 & Sed " 0.2 CCo¢  =m=== 0.2 cc.
12:00 ® 5.0 " 0.6 " 0.2 cc. o.8 "
1:00 P.M. 24,0 " 1.0 " Ou6 " 1.8 "
2:00 55,0 " 1.3 1,0 * 2.6 "
3:00 n 112.0 " 1.4 ® 1.4 ® 3,8 "
3:30 151.0 " 1.6 " 1.6 " 4,2 "
4:00 " 171.0 " 1.6 1.6 " 4.6 "
5:00 " 238,0 " 1.8 " 1.8 " 5,0 "
5:30 " 267,0 " 1.8 " 2,0 " 5.2 "
6:00 " 239,0 " 2,0 " 2.2 " 5.4 "
11:00 " 474.,0 " 2,0 * 2.2 " 5.8 "
4/30/09
8:00 A.M, 649.0 " 2,0 * 2.2 " 6.0 "
| 11:00 " 711.0 " 2.0 " 2.8 " 6.6 "
2:00 P.M, 787.0 " 2,0 * 22 " 7.2 "



6:00 P, M, 835,0 cc, 2e2 GO0, 2.4 806% 7e¢4 cc,
5/1/09

9:00 A.M.  1089.,0 ® 2.4 " 4,0 » 9,2 "
5:00 P.Me 1122.,0 " 5.6 " 4,0 " 9.8 "
5/3/09

9:00 A.Me 1159,0 " " 6,0 " 4,83 " 10.8 "
3:00 P.M, 1159,0 " 6,0 " 4.8 % ' 30,8
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Before concluding the work on the antifement action
of spices on the one hand and of acetic acid on the other,
it seemed desirable to leamn something at least about
the combined action of acetic acid and cinnamic aldehyde
in moderzte quantities. TFor this purpose three series
of experiménts were made (See Tables 17, 18 and 19).

Trom table 17 it willhbe learned that both 0.1 p.cC.
'of benzoic acid and 0.5 p.c. of acetic acid completely
inﬁibited fementation in this case, It will also be
noticed that in the blank test fermentation was slow to
start although the usual amount of gas was eliberated
in the end. What is most remarkable, however, is that

the addition of 0.027 p.c. of cinnamic aldehyde to 0.5

p.c. of acetic acid did not completely check the fecrmen=

tation as did the acid alone. The amount of gas given

off, however, is very smalle TLike in other gseries, this

one shows once more that the unexpected may happen at

any time and that it is not safe to draw conclusions

from a sinzle observations

In Fxpe riment 18, ijn which the yeast appears to have

been in a more normal condition (120 co.}of gas being

'given off within the first 3-1/% hours), gas vas given

off in all four tubes. Benzoic acid lead, followed by

the acetic acid-cinnanic aldehyde
Remarkable in this instance is

ixture, Tinally by

the. acetic acid alone.
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the fact that, at the end, acetic acid alone showed the
smallest amount of gas, the mixture showed but a trifle
more, the benzoic acid most. In no instance, however,
is the amount of gas given off large.

In Experiment 19, benzoic acid leads in the beginning
followed by acetic acid and then by the acetic acid -
cinnamic aldehyde mixture, as one might expect. The re-
markable feature of this series is the relatively large
amount of gas given off in all the tubes as compared
with experiments 18 and 17, The yeast again appea.m' to
have been good and may thus account for this phenomenon.

Tt becomes apparent from these experiments that 0.}
p.c. benzoic acid, 0.5 p.c. of acetic acid and a mix-
ture of 0.5 p.c. acetic acid and 0.025 peCe Cinnamic alde-
hyde have about the same antiferment properties., Whether
the antiferuent properties of double the amount of .
cinnamic aldehyde with 0.? p.c, of acetic acid yould show

up better,experiment alone can determine.
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TABL R O, X VI I,

Presers- Blank Acf‘t. Acia Act. Acid Benzoic
vative:=- +Cin.Ald. Acid
Ant. of Adt. Acid
Solutionie ==--- 10,0 cc.Cin. 10,0 cc. 0.1 go
Ald. 5.4 cc.
Percent Acetic Acid
of Pre- Oe5pscs Cin.
servative:s ----- Ald. 0,027 O0e5 TeCse 0ol Pec.
PeCo
Time No. of cce. of 002 generated.
- 5/18/09
BIRE P UL G | Cmeemais | ] meemmi R SR
4:00 " BLOGC, =wmmmis 1w U S
800 BLD M ket f L meia sk A e
_Bz4s - 17.0 " 042 CCo mm==== == Sk
7345 " A3 00 0@ L e G |
X380 % 94,0 " QLB M [ 717 eeeene iRl e e
5/19/09
SRR LB, 0 Wi R o R -
10:00 " VU B S B b SV VRN cn o ——————
U R T S < Y R il Sl ke
4:00 " BRRO W OB N 7 eeme i S R
880" SOLLO. ™ DRI G L e -
SR san 0% BE N esvRRmAL
5/20/09
1:30 A.M. 424,0 " D8 M. 50 e
12100 - ¥ 5580 " Qi ¥ . i meeseeg i S 3



3:00 P.il.
6:00 »
12500 %
5/21/09
9:00 A.M.
6:00 P.M.
11300 %
5/22/09
8:00 A.lM.
: 5:30 P.M.
12300 o »

601.0 cc, 0.8 cce.

643,0 " 0.8 "
733,0 " 0.3 "
.830,0 " 0.8 "
017,0 " 0.8 "
962,0 " 0.8 "
1027,0 " 0.3 "
1079,0 " 0.8 "
1112.,0 * 0.8 "

*3¢411 running.

- . -

et

- .-

- . - -
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T AB LWIN G XV 1 1T,

Presecre Blank ActilAcid Act. Aciad Benzoic

vative:- +Cin. Ald. Acid
Aut. of Acetic
Solutionie —---- Acid 10,0 10,0 cc. 0.1 g.
cce Cin,
Ald,5.4cc.
Percent of Act. Acid
Prescrva- =---- 0e5 PeceCin.0s5 poce 0.1 p.cC.
tive:- Al1d.0.027
et 1l < DeCoe
Time No. of cce. of COZ gene rated.
5/24/09
210200 A M, wwwen  cesses = oeesss 0 Seaees
19345 » 4,0 cce 0ol CCo w=====-= 0.6 cc.
11:00 " 8,0 WINWEOLR ® || eemewe 0.8 "
12:00 » 270" 0.6 " 0.1 cc. N3 "
1:30 P.M. 120,0 " 0.8 " 0.3 " Leh "
3:00 * 198,0 " 0.8 * 058 16 »
4:00 "™ 240,0 " 0.8 " 0.5/ 1.6 *
5330 » 296.,0 " 0.8 " Qed 00 > D
7580 * 337.,0 * 0.8 " 0,5 " 2 B
2000 " A436.O o 0.8 " 0.6 " 2.0 "
5/25/09
1:00 A.M. 503,0 " 0.8 " 0.6 " 2,0 "
8230 " 615.,0 * 0.8 " 0.6 " 2.2' "
: 12:00 " 665,0 " 0.8 " 0.6 " 2.2 "

6:00 P.M, 758.0 " 0.8 " 0.6 " 2.2 "



9:30 A.M,
5/27/09

*9:00

¢

2

1
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T A'B LBy NO, X1 X,
Preser- Blank Aéj. Acid,.o8 Act. Acid Benzoic
vative:=- 24 +Cin0 Ald. Acid
R il 6 e Act. Acid 10.0 cc. 0.1 g.
Solution:=- 10.0 cc.
Cin. Ald.
5.4 CG,
Percent of =---- Aét. Acid 0e5 DeCe 0«1 7eCoe
Preserva- 0.5p.Ce Cin.
tive:=- Ald, 0,027
VA PeCoe

Time No. of cc. of CO2 generateds

5/31/09

2:00 P.M. ------------------------
2:15 » 12 Clewmmmme = ewwwe - -
3!00 " 4.0 n - we e 001 cc. 002 cC.
%350 v 24,0 " 0.4 ccCo 0.8 " 0.6 "
5:00 ~» 43,0 " 0,6 " 1,0 * 0.8 "
8330 " 72,0 " 0.8 " 1.3 ® 0.3 "
$:30 * 158,0 * led " 2.0 " p P5 W
a0 " 253,0 * 2.6 " 4,0 " l.6 "
10:00 " 349,0 " 3,8 * 6.2 " 2,0 *
11:00 " 384,0 " 4.2 " 7.0 " 2.2 "
6/1/09

1:30 A.M. 516.0 " 5.6 " 10,0 " 5,0 *
R3O0 ° 8l12.0 " Tl ® 16,2 " 3.8 "
11:00 " 847.0 " TR/ " 17,4 % 4,0 "
12:30 P.M. 878,0 " T4 » 18.0-" 4,0 "
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2:30 P.M, 934,0 CCo 748 CCe 19,2 CC» 4,1

4:00 " 978,0 " 8,0 " 20,0 " 4,1
5:00 " 997.,0 " 8.0 " 20,2 " 4,2
9:00 " 1085,0 " 8,4 " 21,6 " a2
11:00 " 1118,0 " 8.6 " 22,2 " 4,2
6/2/09

8:00 A.M. 1187.0 " 9,4 " 2404 " 4,4
5:30 P.M. 1270,0 " 9,4 " 24,4 " 4,4
6/3/09

10:00 A.M. 1348,0 " 9.4 " 24,4 " 4o4



APPROVED: ?W w

iy /QM (99
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