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THE POTENTIALITIES OF OCERTAIN CHEMICAL COMPOUNDS
AS FOUD PRESERVATIVES

INTRODUCTION

The purpose of this investigation was to study
various compounds obtainable from ecommercinl sources with
respect to thelyr usofulness in inerocasing the storage
'life of perishable food products, especially with reo-
spect to the storage of such products im refrigorated
warechouscs. In the food industrises Lfruits and vogoe
tables are harvested in season; a major portion of the
harvest is sold for fresh consumption vhile the other
portion ic processed for future use by canning, frecne
ing, and drying. Theso three processes of camning,
froezing, and drying are inhorently complote processes
and the foods thue prepeared are more or less pormanently
proserved., However, in betveon these two c¢lasses of
foods, the fresh and the procoessed, thers is the intor«
medilery class vhioch is intended for remanufacture op
lator processing. This class of food needs %o be stered
or tomporarily preserved in some way. The means now
employed are elithey to freecze them and keep them in
freozer storage {29° F and lowsr) or olse proserve them
(fruits) with sulfur dioxide. The first method is nov’
faced with major difficultics, however, beecause during

the past eight years freezor storage has become
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'1neraasingly eongeonted (14). Thia freoger storage cone
gostion has become 50 acute that food packers are faced
with tho problenm of not being able to gtore the pack
planned for latey months vnless somo appreciable oute
moveméont talkes placo. tWhsn it comss to displacing leas
needed iteoms in congested freegsey storage tho logical
lﬁarst sacrifico would be those of legst sconomic value
or those with the wealtest consumer demend. The class
of foods intended for romanufacture falls under this
catogory. Por this class of foeds, if e satisfactory
agent ves found that could preserve them from micros
biocloglcal detorioration at cool storage tomperaturses
(29-36° P}, theon they could be channeled into cool-
storage varchouses snd thus relieve the eritical cons
gestion of froezor storage space. It was with this
thought in mind that the projest was undeprtekon.

. Another aspoct of the case is that thers 1o e
roal demand for & good chemical food proservative. Just
rocently the National Wine Association petitioned for &
hearing toe provide a tolerance for menochloroacetic acid
in wine (1). Uhen manufacturers petition for permission
to use a pressrvative in such 2 preduct as wine, vhich
is a comparatively stable focd product, the demsnd for
2 pregervative muaé be quite pressing. .

-Food manmufaeturers heve been uweing scdium



benzoate in their products, the only food proeservative
allowed in foods under the provisions of the Pederal
Food, Drug and Cosmetic Act. However, this compound is
noﬁ'saﬁﬂsfaatéry from meny points of view, the chief obe
" Jéetion being its weak pressrvetive effect im neutval or
s1ightly acid food materials (26). | :

This project was undeptaken to sce if a compound
can be found that will effectively and efficiently pro=-
long the storage 1life of perishable food matorials in
cooler storage, and, also, one that will talde the place
of sodium benzoate. |

In looking for a food preservative ono must be
able t0 recognize the attributes that meke the preservaw
tive good. or dosirable. Gershenfold and Peristoin {11}
14s% these attributes as followss

1. It must be offactive against the types of
microorganisme causing decomposition or spoilage.

2, It must be soluble in the concentration used.

5. It mst not be toxic in the concentration in
which 1t is employed. '

4. It must be compatible, must not alter tho
character of the substance to which it is sdded, must
not impart any odor, color, taste, etp. to the produect,
and 1t must be practically nemntral so that it will not
alter the pH of the product.
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5. It should be available or potentially availe
able and not prohibitive in cost.

8. The developed inhibiting effect must be laste
ing 4nd thevefore 1t may not be possible to depend on |
volatile substances, the effects of which disappear after
svaperation,

With these points in mind the project was unders
taken to see if, among the number of new chemical com-
pounds now available, there is one that possesses
qualitios which nearly approach these ideals, Onge
that compound hi#s been found and its structure known
then systematic modifications can be made of its struos
ture in an attempt to increase its activity, lower its
toxicity, or faeilitata"eéee 6;‘." application.
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EXPERIMENTAL

The studies in this paper include: (1) A deter=
mination of the concontration of a selected group of
chemical compounds in broth media and in agar media
vhich will destroy and inhibit the growth of representa«
tive food sy@iiage-mioroargan&sms during the incubation
pericds (2) An evaluation of the preservative action of
the most promising compounds on natural food substances
at (1) incubation temperature and at (ii) cool storage
temperaturesy (5} Toxicity trials on the most promising
compoundj (4) Synthesis and attompts at synthesis of
1mproveahhomolqguea or derivatives of the most promising

. compound} {5) Posts on the synthesized compounds for
(1) their potenocy against food speilage microorganisms,

(11) th@;r tex1e;uy for animals, {(1i1) metheds of anale
ysis, (1v) incompatibilities and potentlating complo-

mmtsz.;'.:.. S o - ...,' Vo

" 1. dost chemical compounds

The list of chemicals showm in Table 1woro tested
for their antifungal properiies.. These chemicals were
obtained from commercﬁal gources anﬁ were choseén because
they haé eppeared in the literature as compounds that
may be of promise for the purposes of thls study,



In the selgction of these compounds a biblioge
raphy of over o hundred titles has beon consulted.
Phese havglincluded‘article@ appearing in sclientifie
Journals as well as those ia ﬁra&@-ﬂeurhals; The crie
teria for pingling out any compound for testing were
deseriptions or data app@aring.in the literaturs which
point favorably to their activity and/or nontexiecity.
Historical oy leogendary connections of the compounds
with the food industries wers also taken into congidop=
@tioﬁ.>‘ | .

It must bo pointed out that the list of test
chemicals was not statle, but rather extremely expans
sible, because eurrent literature was b@ing:@@mtinually
eaﬁauit@@\an@, ag soon as what appeared to be & promising
compound wes bdbrought %o notice, aﬁ@ps‘w@w@ immediately
made %o include that compound in the test list. In
this comnoction it should be stated here that the test
list does not claim %o inciude all the compoundsg that
had appsared in the literatureo as promising £008 preée
sorvativess Undoubtedly some compounds had besn missed
in the literature. Others were not included either bee
cause they were umévailable from commercial or experiw
mental gources oy bocause it was not possible during tho

time of the experiment te contact sources of supply.
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2. Toest and_in&ex organismg

‘Phe scope of the project dictated that the chomie
cals to be tested, once obtained, should undergo a
quantitative screening process whereby those of litsle
promise ag food proservetives would be climinated from
further tests, thus leaving time for more intensive
étuﬁies of tho promising compounds. For this prelinmi-
nayry screening process the chemieals wore tested quan~
titatively for their inhibiting and lethsal activity
against & food spoilage microoyrganism.

The plan as at firat conceived vae o use an
orgenism of knowm identity and one vhich may commonly
be found in food spolilage. Two molds, Aspergillus
repeng and Aspe;
nection. However, these two organisms proved unsatise

peillus ruba, were tested im this eon-

factory in that they were not fast growers, producing
but seanty growth in verious nutrient medis under an
incubation temperature of 30 degrees €. Because other
knownn organisms vhich might be suitable for the purpose
were not immediately available various molds were iso-
lated Lrom foods and th@ir growth characteristiocs
studied. A green mold isolated from gooseberry jam was
found to be & vigorous and rapid growver, producing a

profusion of bright grecn spores and & thick mycelial

-
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mat in two days. This mold was observed to be able to
grow under a wide variety of conditions and was chosen
as the index orgenism in the preliminary trials. It was
later identified to belong to the genus Penicillium,
Other indez organisms used in this study were
obtained from the Amerilcan type culburse collection.
They weret Aspergillue niger, Aspergillus 8ydewi, Ponie
¢illium expansun, Saccharomyces corevisiae, Saccharomyces
pastorianus, and Zygoseccharomyees marxianus (Hanoen). \
These microorgenisms were selocted through reference to
the literature and were sited in theso for their associ-
ation with food spoilage and also for their representae
tive value as more or leos typical mombers of food spoils
age groups {(4,5,6,15,18,19).
These index misroorgenisms of lmomn identity were
used in the deotasilod testing of the more promising
compounds .

3. Proliminary cvaluation of the fungistatic end fungie
cIdaY activity of chosem chemical COmpounds

The fungistatic and funglcidal activities of the /
choscn compounds wore oxamined in liguid nutricnt media
by measuring one milliliter of a solution of the come
pound directly inte the bottom of storilec tubes. To this
was adéded © ml. of broth which had just boonr inoceulated

with mold sporos, Sabouwraud's doxtrose broth was the
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m%@dium used end the spores were obtained from four~ te
six-day-cld sgar cultures of the test opgamiom,

| The concentrations of the chemicels wsed were 10,
7 5, 5.0, 2.8, 2.0, 1.5, and 1.0 mg. per ml. respsctive~
ly. 8ince 8 ml. of broth was added to each one mls of
test solution per tube the final oconcontratiom of chome
ical in the tubes wore one~tonth of the above figures.

In wmaking up these solutions of test chomicals

water was used as the solvent whenever possibles In the
case of certain acids or phenols vwhich were not soluble

in water the water soluble sodium salts were prepared.

When this céuld not be done 6thyl alcohol was used as

eh@e' solvent. In those cases where ethyl alcohol was used
dilutions were so chosen that not more than 0.3 ml. of
alecohol was gadded to any one tube.

When the test organlsm falled to grow in the tube
of .th,e highest dilution then retests were run using 'lbw-_
ey concentrations. Theso concentrations were 0.75, 0.50,
0.40, 0.30, 0.20, 0.15, 0.10, 0.05, and 0.02 mg. per
milliliter.,

The incubation time was three deys at 30 degribes
C. after which the tubes were examined for ,grov:t:h.’ FI;Om

~ those tubes shouing no growth, subcultures were made into

tubes containing sterile broth. The concentration of
the chemical which inhibited growth in the original tube
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was taken to be the inhibiting concentration and the cone
contration of the chemical showing no growth im both
original end subculdured tubes were taken as the lothal
concentration.

. Teble 2 summarizes the date obtained in deter-
mining the effectivencss with vhich the choson chemicals
inhibited growth and destroyed the tost organiswm.

In addition to testing the chomicals om just one
nicroorgmion in liguid medie the chemicals were further
¢ested on three other microorganisme using tho agavr- |
styroak mothod of Waksman and Roilly (87). In thias bvest
each compound was dissolved im waber or aleohol. Uhen
aleohol was used as the sSolvent the dilutions were cho-
sen 1n sueh & manney that no wmore tham 0.3 ml. of alco=
hol was added to sny plate containing 10 ml. of agar.

Eaeh of a series of 7 sterile 10-em. Potri dishes
vas marked off into threo sectors, and to cach of six
dishes was added a portien of the solution to be t@steé,
usually 1.0, 0.75, 0.6, 0.5, 0.4, 0.3, and 0.2 ml, ro=
spectively, HNone of the samplewds added to the seventh,
or control, dish.

Sabouraud’s dextrose agar was melted, cooled %o
45 dog. C., 8ddod in ten milliliter quantities to cach
dish, and mized thoroughly with the sample by rocking
the dish. |
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After tho agar had solidified tho test organisms
were stroaked on the plate, each mﬂbhiﬁ/a-mérﬁea sottor.
Phreo disercte streaks of each organism were maée‘%y
 tweans of an inoculating wire. The wir@:wéa sterilized
in & flame and dipped into & uniform suspension of the
%éat organism, and the thres streaké made“@n the agar
without recharging the inoculating wire. The wire was
| flamed and racharged betwesn platas. 1

The plates were incubated at a temperature of 28
dog. C. for 36 to 40 heups, and the results recordod.

' ' The end point vwas talken ae the highest dilution
‘at vhich growth was completoly imhibitod. The result was
expressed in "activity unito,” the amount of materisl

‘ -which, added to 1 ml. of the test medium, just inhibited
the growth of the test organism,

ﬁn&tage is calculated by dividing the voiuma'of
agar plus added compound im the plate by the welght of
the compound edded to that plate vhich showved the ond
point. Dividing these "activity units™ into a million
will give tho effective inhibiting concentration of the
chemicale in parts per million.



Table 2 S - | _13
Inhibiti and lethal concenﬁrations of test chemicals

againet Penicillium sp. in Sabouraud's dextrose broth

{concentrations in ppm) .
s Innibiting Tethal
Compound congentration ceoncentration

Phygon 223 5
Synkemin 200 200
Synkavite - 200 200

~ 2=methyle-l,4=naphthoquinons 20 100
Xyloguinons 50 100
Roccal 10 - 20
SP=25 .15 20
Phemerod - : 295
Hyamine 1622 23 .25
Byoemine 1@«X : 25 . 25
Imulsept _ 50 100
Dottacide G 40 - 60
Dovtacide A 100 300
Hexylresoreinold 200 200

Gl 200 . 500~
L G-12 ' ' 300 ' ‘500
lonochloacetic acid '750 ' 1,000
Acetic acid #1 000 é% , 000
Sodimm benzoate 1 000 #.,000

~ 2,3,5=triiodovenzoic aecid | 250 : 250 -
3 =diiodo~2=-hydroxybenzoic ' o
“5 acid - 250 250

»dliiodo=4»hyd roxybenzoic o ' -

3 aeid yazoxy 250 2250
~PABA - #1,000 -#1,000-
My eoban %sséiam) #1000 #, 000
Mycoban (calecium) #1,000 #1,000
Propylene chloride #1.,000 #1,000
Propylene oxzide %" 000 72000
Propylene glycol #5.,000 #1,000
Louryl chloride #1.,000 #1,000
Cinnamic acid #31,000 #1,000
Tennie¢ acid #1.,000 #1,000
Lauryl sodium sulfate 250 500
Aerosol CT ‘100 ‘200
Alkanol B #1,000 #1,000
Furfural 400 600
Trioxan ' #1,000 #1,000
Sodium sulfite 1500 ' # "500
Eswell Wo. 309 #1,000 #1,000

#Ineff ictive at highest concentrotion of test
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4, Faeding togis

As coon as Phygon, 2,3-dichlore~l,4-naphtho«
guinone, was obtained and proliminary tosts had showm
it to be promising material for further stuldy, arrango-
monts were made to run tosts on it for toxiecity. The
toxicity trials consisted in feeding the compound to
siz~weck~0ld rats by ineorporating it im thelr solid
ration at the rate of }.0% and 0.2% by weight respectives
lye.

Rosults on these testo showed that those rats that
were put on & ration containing 1.07 2,5wdichlore~l,d=
naphthoquinone rapidly showed toxic symptoms. One test
animal disd afteor being on tho diet for two daysy two
others died after tvolve days. The lone surviver was
chloroformed after fourteen daye becauss it too showed
toxdic symptoms.

The other group of animals recelving 0.2¢ 2,3«
dichloro~l,4~naphthoquinone in their feed alsc showed
toxic symptoms. These animals toolt less feed than was
normal. When they showed but 25 te 50 percont of vhat
should be normal gains in welght at the end of 25 days
on this oxperimental diet the animals were sacrificed.
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Pable 8

Fungistatice activity of test chemicals im
Sabouraud s dextrose agar

IS8 CCRATOMYCo s s SRCONATOMYCos $ASDOr L L1us

COMPOUND $ pastbrienus : corevisise ¢ niger
univs/ge WLt E/ e wice/ge
Phygon 201,000 201,000 201,000
Bemothylel, b
naphthoquinone 34,838 26,000 26,000
Xyloguinong 21,000 21,000 11,000
Synkanin £6,000 21,000 15,286
Synkavite 26,000 21,000 15,286
Roceal 34,333 84,333 6,000
SP=25 34,335 34,585 6,000
Phemerold 6 » 000 101 a@@@ 5] » 300
Hyamine 1822 6,000 101,000 5,100
Ayemine 10=X 8,000 101,000 5,100
Dmmlsept #5,200 5,100 #5,100
Dowacide G 26,000 17,6608 17,668
Dowacide A 17,668 14,333 14,3338
Hexylresoreinol 17,6866 17,866 21,000
Gmd 26,000 6,000 1,100
G-11 5,100 1,100 1,100
Honoechloroacetic .
acid 14,333 14,3383 #1,100
Acetic acid 2,100 2,100 1,100
Sodium benzoate #1,100 #1,100 - #1,100
2,3,5=-trilodobenzois
aoid #1,100 #1,100 #1,100
5,5=-dilodo=2=hydroxy
benzoiec acid #1,100 #15100 #1,100
Sy6=dilodo=4=-hydroxy . _
benzoie acid 1,200 #1,100 #1,200
PABA #1,200 #1,100 #1,100
lycoban {codium) #1,100 #1,100 #1,100
Myeoban (caleivm) #1,100 #1,200 #1,100
Propylene chleride #1,100 #1 5,100 zlgl@@
Propylene oxido i#1.,100 1,300 +1., 100
Propylene glyceol #1,100 #1,100 #1,100
Lauryl chloride #1,100 #1100 f1, 100
Cinnamic acid #1,100 ‘1,100 #1, 100
Tonniec agid #1,300 #1,100 #1,100
Leuryl sodium sulfate 4,010 14,333 2,100
- Aorosol OT 5,100 25,100 10,100
Alkenol B 1,433 1,435 1,100
Furfural 2,100 2,100 2,100
Ppioxane #1,200 41,1060 #1,100
Sodium sulfite #1,100 #1,100 #2,100

# Activity lowey than indicated figure
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5. Antifungal evaluation of the more promising
compounas ' '

As might be expected in a study of this nature
many of the chomicals tested showed very little promise
and were discarded in the preliminsry trials. Certain
members of the assembled compounds, however, showed some
promise and these were set aside for further testing. As
way be seon from Table 2 and Table 3 the most potent
compounds against the test microorgenisms naturally fell
into three groups: the guaternary ammonium compounds, the
naphthoquinones, and the phenols.

Although the nephthoquinones were very potent they
were only obtained for tests after a study of the other
compounds had proeeeded to quite an advanced stage. For
this reasan ﬁhe naphthoquinones only appsar irregularly
in Tables 4, 65, and 6, vhich summarize data obtained on
the activities of various compounds ageinat food spoilage
mieroorganisms.

Pable 4 shows the effsective inhibiting and lethal
eoncontrations of varilous compounds on soven reprosonta=
tive food spoilage ysasts and molds in Sebourauvd'!s dexe-
trose broth. Table & shows the effective preservative
concentrations of various compounds om different food mae
terials. Table 6 summarizes the influence eof storage

temperatures on the proservative power of tho chemieals.
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The date assembled in Table 8 wore eolloeted
beecause it wns conecived that gome ehemicals might lose

theoir preservative activity at lov Somperatures.



Teble 4

Inhibiting and Lethal Coneent;atiopuqfu?est phemicgig in S&bquraud*s Dextrose Broth

_({concentrations in parts per million)

Aspergillus

Penicillium ' Saccharomyces

CONMPOUND _SYDOVI TFLAVUS speciés expansum cerevisiae pastorianus marxianus
Activity -~ Ine L. 1In. L. ﬁ—i T In, L. Im. L 1. T . L.
Roccal 30 30 20 20 20 40 10 10 15 15 15 15 30 40
2 1 20 20 20 3 10 10 15 15 15 15 30 40
Hymaine 10-2 30 30 20 20 20 40 10 10 15 25 15 15 320 40
fyemine 1622 30 0 20 20 3 2 10 10 15 20 20 20 30 40
Héxylresoféinol#lfb 156 150 265 .76 76 66 86..i56 266 166 ibé 156 26§
Dowscide @ 100 150 80200 80 80 80 80 - - - == 150 200
at maximum concentfations of tests

Aerosol OT Ineffective

¥ote: 1In. denotes inhibitory concentration

#Sodium salt

L. denotes lethal concentration

gt



Effective preservat%

Teble 5

ve concentration of test chemicals on foods
concentrations in ppm) .

Raspbérries Blackberries

Cherries Apricots

Prunes Pears Apples

. Beets
COLIPOUND PH 3.3 3.0 3.9 3e7 ... 42 420 33 5.5
Rocecal 100 100 >200 >100 >200 150 50 100
Phemorol 100 00 >200 >0 »200 1350 50 1%
Hyemine 10-X 75 100 125 >10 200 100 25 200
Hyemine 1622 100 75 125 w00 200 150 50 150
Hexylrésoreinof 156 lbé‘ 366 . 106 ~= = 50 -
Dowacide G | o - 366 -- - - - e
Aerosol OT -- - 306 - -- .o ow o
Em&gon '5 5 56 - -- ce ea 46

# Sodium salt

61



Table 6
o : S o o
Inhibiting Concentrations of Test Chemicals on varjous Foods at 28 and 3° C.

(concentra%ions_inAggrtg per mi;lipna

COMPOUND Beets Blackberries Cherxrries Peachnes Sabouraud's
: _dextrose broth

LA SO B B

Hyamine 1622 150 50 == 150 200 100 - me- 20 15
Emulsept | 265 156 -; -156  - 156 --; ..--;' éé —46.
Phemerol 150 50 200 100 200 150 - < 25 13
Hyamiﬁe 10=X 266 léb 156 i56h .156 125 --; -~ B 30 20
G4 T cee cem eme om | —- 266 —— 100 60 40
G~11 | ——- ---. - ---. - 250 - 150 100 75
2-5@%5&3'1-1;4- cnr  ome 40 15 60 40 -m- .o 25 15
naphthoquinone _ ‘ : .
Phygon 40 30 20 I® 40 30 <a- -—- 5 | 5
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6+ Synthesis

Phygon, 2,5-dichloro-l,4«naphthoquinone; a water
insoluble substance, has been found to be highly potent
against the common food spollege microorganisms. It has
also been found to be toxlic. Bince thse chemiocsl struce
ture of this compound 1s Mnown the possibility exists
that through modification of its structurs an improved
compound may be obtalned. Accordingly attempts wers made
to synthasizé e water soluble derivative. At the same
time it was hoped that modiffcation of its structure
would lower its toxicity. _

In plenning oxporiments to synthesize a water
soluble derivative out of an ingoluble organic¢ compound
one of the first reactions to be thought of was sulfonae
tion. Howsver, a review of the liteorature discloses the
fact that 2,%~dichloro-1,4~naphthoguinone cannot be
sulfonated and still retain Ats idontity (3) sinco even
mild sulfonating agents will displace the chlorine atoms
in both positions two and three of the naphthoguinono
ring. | |

It is probably because both the chlorine atoms
are labile that the soluble sodium salt cannot be sue=
cessfully prepared. Discolving 2,5-dichloro-l,é-
naphthoquinone in sodium hydrozide solution produced a
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colored golutlon that turned red onr standing. This
. golution possessed but very slight antifungal activity.
Votwithstanding these limitations to the produc-
tion of a soluble derivative the following reactions wers
attempted. Before these reactions were attempted the
literature was searched. However, only records on ree
duction of 2,3~dichloro=~l,4~naphthoquinone to 2,3=
diehloro«l,4~naphthohydroquinons could be found.

A. Reduction

For this reaction the methods of Claus (8) and
graebe (12) were uged. Clausts method using dilute
stannous chloride was not successful, Graebets method
of reduction with hydriodic acid and red phosphorus was
successful. The method followss

An excess of hydriodic acid in water 1s added to
2,3=dichlore~l,;4-naphthoquinone. Red phosphorus is added
end the reaction mixture kept at 60 to 55 degrecs Centie~
grade for 60 to 90 minutes, with stirring. The mizture
is then filtered, washed with water, then the naphtho=
quinone dissolved with alcohol and ssparated from the
phosphorus residue.

On evaporation of ¢hé alcohol, or through pree-
cipitation with water, 2,3«dichloro«l,4«naphthohydro«

guinone is obtained. The crude produst is then
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recrystallized from alccholic Sﬁd?iodi@ acid yielding
colorless prisms, These prioms acquire a reddich eolop
on long ezposuré to air, M.P. 135-140%° ¢. with decompo=
sition (12).

This compound is moderately scluble in hot alcow
hol, 100 m}. of alcohol at 50 degreos Centigrade dise
solving 10 grams. This solubility is much greaber than
the parent 2,;3«dischlorow~l,4«naphthoquinone whieh only
dissolves to tho oxntent of 0.256 gram inm 100 ml. hot
aleohol.

In asotic aeid also this prepared 2,3-0ichloro~
1,4«naphthoguinone is much more soluble than the parent
pubstanco, 8.%4 grame dissolving in 100 ml. of aceties
acld at 50 degroes Centigrade. The solubility of 2,3«
dichloro«l,4=naphthoguinons in acetic asid at this
teomperature ie 1 gram in 100 ml.

This prepared 2,5-dichloro«},4-naphthohydro=-

guinone is insoluble in cold water.
B. Nitration

The method of Hartman and Smith {(13) fer the
nitration of betasascetylominonaphthalone was followed.
The original method called for the addition of 500 mi.
glacial acetic acid %o 1.82 moles of the compound o be
‘nitrated. The nitrating medium was 200 grams of
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conecntrated mitric aeid oddod dropvwise over o period
of 45 mimntop ‘

, In caryying out this procedure with 2,3e-dichleroe
1 ,4=anphthoquinone me evidenes of reaction wao observede
Tho starting material ves recovercd and identified by
mixed melting point exmperiment.

Ce Roaction for dioxime formation

Gedger (10) and Potier (2;4) both found that the
nitrogen analogues of the quinones and hydroquinencs
rotoin physiologicol aetivity. With this in mind it
vas thought that the following reaction might Yo
profitably attempted

508
, ' P N
~goca | | Ngecl
P a1 R
) ‘f&@?
o /G-rﬁl . s
U ' ]
0 , 'J:sg
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In the study two molecular proporitions of sule
famiec acid were added to 2,3~dichloro«l,4+naphtho~
guinonse. This mixture was treated in various ways.

¥hen this mixture was heated im a water bath at
f$fty dogress Centigrade for eight hours no apparent
reaction took place. The melting point of the resulting
product was unchanged.

When 2,3«=dichloro~l,4~naphthoquinone was first
dissolved in hot aleohol and an aqueous solution of
sulfamic acid added end this mixture rofluxed in a water
bath for sight hours a dark-colored solution with some
purple-colored needles was obtained. Evaporation off
of the alcohol.brought down more purple needles. When |
a Beilsteln test for halogen atoms was made on fhe ro=
ocrystallized needles & negative test for halogen was
obtained. This shows that the reaction led to Aecompow
sition.

Mild heat treatment of a mixture of 2,3~dichloro-
1,4-naphthoquinone and sulfamic acid in which acetic
acid was added as a solvent 444 not bring about any ro«
action. Unaltered 2,3«dichloro~l,4~-naphthoguinone andé
sulfamic acid may be recoversed from the mixture.

When this mixture was refluxed over a water bath
or subjected to more ssvere heat treatment decomposition

of 2,3«dichloro=l,4«naphthoquinone resulted. This was
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evidenced by the compound turning derk and by the fact

that a negétive Beilstein test was obtained,

D. Production of 2e-mothyl«+l,4~naphthohydroquinong«3«
sodium sulfonate

In addition to attempts at synthesis of a water
soluble derivative of 2,5-dichloro~1l,4~naphthoquinone a
water soluble derivative of 2-methyl«l,4-naphthoquinone
was propared., The prepared product was 2-methylel,4-
naphthohydroguinone«3+sodium sulfonate (20). Tho meth~
od followed was that deseribed by Baker, Davis, McElroy
and Carlson (2).

Experiments with this prepared eompound showed
thet, mole for mole, it is as potent as 2emethylel,ée
naphthoquinone against the test organisms in Sabouraudfs
dextrose media. This compound proved more stable than
the commercially available water soluble derivatives of
2+~mothyl-1,4+«naphthoquinone: 4-amino~Zemethyl«l«naphthol
hydrochloride and 2-methylel;4-naphthoquinone diphosphor«
ie acid ester tetrasodium sslt. However, when this pre-
parad compound was tested for 1ts activity in the
presence of naturgl food substances it showed bubt very
little activity. This incompatibility with natural food

substances rules it out as a potential food pressrvative.
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2,5~dichloro~-1,4-naphthohydroguinone

A. Antifungal activity

Teasts with this ocompound against the index
food spoilage microorganisms in synthetic media and
in natural food substances showed that it has high
activity. This activity is summwarized in Table 7.



Table 7

Activity of 2,3«dichloro~l,4-naphthehydroguinone

28

Effective inhibiting

SyTup

4. niger

Stibatrate Organism concentration in ppm.
Egﬁ Ce 3Y Co
Sabouraud s Saccharomyces 20 5
dextroas broth cergvisiac
Sabouraud 's Aspergillus 20 18
dextroge broth niger ,
Potato dextrose  Saccharomyces 10 &
broth _cerevigiae ‘ ‘
Potato dextrose  Aspergillius 10 5
broth ‘ nliser - ‘
Apple juice Amg@rgiliusnnig@r 5 g
Rod raspberry Native fiora | 56 40
" Prunes in Native flora and 80 20
light Syrup ”E. enpanswm
. Prune juice Penieiklium 20 8
expansum o
St@aw%é@ry Séceh&%ém&e@@ 5 2
duice pastorianug
grape wine of 7% Saceharomyces .2 2
alcohol conbent cerevisige ‘
Grape wine of 7% Seccharomyces 10 2
alcohol combent  ellipsoideus )
Apricet purce Aspergilius niger 36 10
Boan Soup Aspergillus niger 8 )
Apples im light Native flora amd 60 20
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B. Toxicity trials
(1) Fesding tests

oral administration of this compound o rats
at the rate of one~tenth of one percent of their on-
tirc solid ration was well tolerated. Thres sixe
weok-0ld rats were fed on this ration beginning
January 2, 1947. After thirteen weeks on this diet
the two males weighed 342 and 361 grams respactively.
Comparison of their rate of growth with standard
growth curves showed that growth had becn essential-
1y normal. However, at the end of the feeding trisl
the fur of the animals had put on a light orange
tinge. This orange color in the fur of the males
changed back to normal after they were put back on
stock ration for 18 days.

On April 24, 19 days after the animalg were
put back on stock ration, the males wore autopsied.
We gross pathology was evident nor 4id sections of
the liver, kidney or stomach show any microscopie
patholegy.

The female, which was a small animel to begin
with, also exhibited no toxie symptoms while on this
diet. ©On lerch 3, sixty days after she was on the

diet, she gave birth to a normel litter of nins,
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The fur of the female also acquired a slight orange
color after she had been on the experimental diet.
This color was more persilstent on the female and even
after 19 days back on stock ration her fur still
maintained that orangs tinge.

During the entire period of the trial the
three test aninmals ate a total of 5012 grams of their
ration. That is, 5:012 gramg of 2,3~dichloro-l,4e
naphthohydroquinone werse taken by the %hree animals,

(ii) Stomach tube tests

Acute toxicitles were alsc determined in rats
by stomach tube administration of the compound suse
pended 4in water and aleohol, Ten rats each weighing
around 200 grams were used for this experiment,
They received 10, 20, 60, 80, and 100 mg. of the
compound respectively., Two test animals were used
for each level.

Absorption after administrations was rapid
since toxic aymptoms appeared within 5-10 minutes.
The animals receiving the highest dosage {100 mg.
per animal) were affected the most rapidly; one
animal died two and a half hours after administration
and the second the night after administration.

The mean lethal dose was 20 nmg. per rat or
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approximately 100 mg./kg. since one of the rats ye=-
ceiving 20 mg. dled. Tho rats receiving 10 mg. of
the compound appeared normal. Subsoguent autopsy of
thesé’animals revealed no gross pathologys.

&uﬁopey of the animals killed by the compound
sheweﬁ that the main symptom was hemorrhage. Death
was always dus o glomerulonephritis, the principal
lesions being hemorrhages. In the acute casses there
vas very evident hemo?rhag@Iin the stomach pylowiss
ovidenses of hemerrhage wore found in the liver and
intesﬁine, though there w&s no @Vid@nc@ of hemorrhag@

'in the c&@eum. Q
- Ce A@say method for &, 3~dichlﬁrc-l,évnaphthﬁhyﬁro~
 quin@n@

An important consideration in the stﬁdy of & food
prasoervative or potential fdod preservative is a methed
fem-analysis of the material, From the stanﬂpoiﬁt of
r@gﬁ%@t@rylQrganizaﬁionslan aspay m@%hod'ﬁg egsential.
Phis 4 easily umd®rs%andabi@ since without a wmethod of
assay thers can bo no effective eongrol.

' For a compound such as 2,3«4ichloro=l,4enaphtho-
hydroguinone where minute qunnéiti@s are reguired an
agaay method musy be found that is very sensitive. %he

colorimetric methods are among the most sensitive of
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enalytical mesthods since photometers have been developed
to such a point that highw~precision instruments are
available to even modest laboratoriss. Because of this
the literature was searched for & colorimetrie method
that might be adapted for use on 2,3«dichloro«l,4«
naphthohydroquinone. An article appearing in the 1941
issue of "Science” by A. Novelli described a colorimetric
asgay method for 2-methyl~l,4«naphthoquinone (21). This
method was tried on 2,5-dichlao-l,4~naphthoquinone and
its reducsd form 2,3«dichloro-~1,4«naphthohydroquinone.,
It was found that with the naphthoquinone the index green
coloration was not obtained; with the naphthohydroquinona
the method wes a8 sensitive as for Zemsthlel,4-naphthoe
quinons.

The method as adopted wes as follows:

1. 1 ml, of a water suspension of 2,3edichlcrow
1,4=naphthohydrogquinone wvas measured into a test tube.

2. Three drops of 0;5% 2,4+dinitrophenylhydrazine
in dilute hydrochloric acid (5N) was added,

3. The mixture was heeted in a boiling water bath
for thirty seconds, then cooled. |

4., Three drops of concentrated ammonium hydrox-
ide was added to the cooled mixture. On addition of the
ammonium hydrozide the color of the solution changed from

yellow to orange.,
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6. 1 ml. of amyl alcohol was added and the mix-
ture shakem.

In the pressnce of 2,5-dishlorsoe«l,4=naphtho=
hydroguinone a green coloy is obtained in tho aleohol
layer. Tho intensity of the green color varics gunmbis
tativeoly with the amownt of 2,$mﬂiahler@—lg4-naph$hohydr@a
quinone present. |

. Remethylel,4<nophthoguinone and zyloguinene aloe
- gave this color reasetion., However, the three compounds
may be differentiated because oach gave differsent ceoloy
roastions whon the acmmonium hydroxide wag added and prior
%o the ndditieon of amyl aleshol. 2,3«dichlorosl 4w
na@hﬁh@hyd@aqmin@na gave an oyangs-red color: xyloguinomno
gave a violet color, and 2emothylel,4-naphthoguinone gave
a green color.

The sengltivity of this methed for 2,3-dichloroe=
1 ,4=naphthehydroquinone was 0.008 mg. That is, five
partes per million of 2,3-dichlorow=l,é-naphthohydrequinons
can be detectsd by this methed,

A spocific method te differentiate 2,3~dichloro=
1,4~naphthohydroguinone from 2-methyl-1,4-naphthoquinons
and xyloguinone 4s to add glacial acetie acid to the
amaonium hydroxide~amyl alcohol mixture, The greem
alcohol layer will tura red-orange if the coler were

due to 2,3~dichloro-l,4-naphthohydroguinone. If the
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greem c@1orvun@edue to the other %wo compounds, a yellow
color will be obtained.

Sinee-2,3~d&chloroel,éonaph%hchydroQuinone is
insoluble ﬂm_watef and very soluble in ether, exztracting
it from foods 1is com@aratively s&mplé. Ten‘gé&ms of the
food material ave takon and extracted with 100 ml. other.
Tho ether layer is separated and evaporated in a wateyr
path., Ton ml. water is used to wesh the residue left
afver evaporation of the ether, and one mi. of tﬁag waah
water assayed for zpsndichlar@~l,%«n@phth@hyd?@quinone
by the colorimetric method Just deéerib@d.

D, Incompatibilities and potentiating complements

in the study of compounds whose values lie in
thelir activities aganinst microorgenisms 1% is deosirabls
to lmow their weaknesees as woll as their strength. For
this reason it is desirable to determine the compounds or
substances commonly found in foods that will antagonize
or vreduce the activity of 2,3-dichloro~l,4-naphthohydro=
quinone.

Posner (22,23) found that many ketones have the
ability to recaet with sulfhydryl compoundsy Klarmann and
Wright (16) found that organic matter impaired germicidal
performence of disinfectants to more or less extent; and

Colwell and MeCall (9) found that reducing agents, such
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a8 sodium acid sulfite and sodium pyrosulfate, suppress
‘antibactericl and antifungal properties of 2«methylel b«
naphthoquinone. Woolley (28) found thaet 2-methylel,4e
- naphthoguinone acts to negate the antibacteriostatic and
antifungistatic action of 2,3«dichlorgs«l,4-naphtho«
quinone .

Following the precedent of theso investigators
tostas were deosigned ¢to find out to vhat extent 2,5«
diehloro«l,4-naphthohydroquinons is entagonized in its
fungistatic activity by organic matter dy suifhydryl

compounds and by reducing osubitancos.
the results obtained.

In testing the effect of organis matter om fungie
static activity of the test compound two seurces of ors
g@ﬁie master wore useds the organic matter as found in
natural stravberry jmi@e-énd the organiec mattor as reproe
sented by protein prepavations. In the L£irst case the
ingrodionts for Babouraud s doxtrose agey were weighed
out in the standard amounis and proportions. However,
instead of using water as zolvent, stravberry Jjuice with
& solid content of 8.27 snd a pH of 4.2 was used. Im the
pecond case a minture of dry protein was added $o
Sabouraud's dextrose eger in an amount equal to 5% by
weight of the prepared media. The protein mizture cone

sisted of squal perts of c¢ystine, casein, yoast extroct,



and tryptone.

In testing the offect of sulfhydryl and rsducing
compounds on the funglstatic activity of 2,5-dichloro=
1,4-naphthohydroquinons, 2-meleculayr concentrationsg of
godium thioglycollate, cystine hydrochloride, sodivm
thiosulfate and sodivm acild suwlfite resgpestively wore
added to 50 milligrams of 2,3-dichloro=l,4~naphbthohydro«
guinone and the whole diluted to 50 milliliters. Appro-
priato amounts of thess binary mintures were then
moasured into sterile pebtri dishes and tholyr antifungal
poteney dotormined dy the agar«streak method (27).

As may be seen from Pable 8 thiogiycollate and
protein are most antagonistic to 2,3-dichlowe<l b=
naphthohydroquinone. Bowover, this antagenism variss
with different organicme,.

Stravwberry julce enhaenced the fungi@ta%ﬁc value
of 2,3-dlchloro~1,4-naphthochyirogquinone probably beeauwse
of the lowering of the pH. It has previovsly beon Lound
that 2,3-~dichloro«l,4-naphthohydrogquinene ig more active
at lowor pH's.

Cystine hydrochloride, sodium thiecgulfate and so=
dium aeid sulfite did not roduce the activity of the coms
pound to a very groat extent. Thoss findings bLoar oub
those of Colwell end MeCall (9) who observed that naphthoe

cuinones with an attached 3J<peogition arse more stable as
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| Teble 8 |
Effect Qf 2,3-&ichloro-1,4-naphthohyd$oquinon@ singly
and in the présence of organie mattef, sulfhy@:yl and
$eduging‘cqmmqﬁn&g on the groﬁﬁh of sé@ehar@myea@'

cerevisime, S. pastorianus, and Aspergillius nig@r,

TEST Concentration @f 2 3-&&@&1@@@@1 4¢
_ naphthohydroquinon@ requipdd to
inhitilt mrowuth of the organisme:

MIXTURE

3. pastorianus S. cerevisiaec
j S ppm ~ ppm pp@
2,3=dichloro=1, 4«
naphthohydroquinone ‘ B '
—2lone — - 10 a3
In presence of 5% '
mixed protein 60, 30 15
In presence of _ '
strawberry juice 5 5
In presence‘of 80 dd um - B
thioglyeollate Imeffective at 100 ppm/
In resgence of cysteine
Eydrochlo&i@s 30 — 10 _ _15
In presence of sodium
thiosulfste 20 20 30

In presence of sodium _
geid sulfite 20 20 20
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antimicrobial agonts thanm those naphthogquinonos whose
three=~poaition is free.

Thile on the subject of incompatibilities and
antagoniems 1t is woell to note also that there are sube
stances which potentiate the activity of 2,3«dichloro=1;
4~naphthohydroguinonc .

As has been stated im an carlier page the active
'ity of 2,3=8ichloro-1,4~naphthohyiroguinone is inereascd
at lower pH's. It has boen obgerved that acetic aeid
increases its activity, eand te am extont much in excoss
$o that which might be attributable to a lowering of the
pPE. Table 9 will show how seetic aecid potentiates the
fungistatic activity of 2,3-dichlore~l,4-naphthohydro=
quinone against Aspergillus niger in Saboursud’s dextrose

broth.
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Eatanﬁiating activity of aeetic acid for

2,3~dichloro~l,4~naphthohydroquinone against

&sFergillus niger in Sabouraud's dextrose broth

" Concentration of acetie

Inhibitine

acid added to 8abouﬁmud’ concentration of
dextrose broth pH 2,3~dichloro=1,4-
naphthohydro =~
S quinone -
Fom - - T
0 6.80 15
0 4,627 15
0 4,48V 15
180 4465 10
250 4455 5
35@ 4455
500 4,48 2

#pH adjusted with HCl
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DISCUSSION

This paper attemp®s to present im a coneise manner
the various experiments undertaken and porformed toward a
atudy of potential pregervatives that might be of use im
the food industries.

The very nature of the projoet necessitated a
Giversificd approach that has dolved inte the realms of
bacteriology, drganie chomistry, and toxiecclogy. On
roading this papey a critie may say thet it is nothing
but a hodgopedgo of minor oxperiments none of which has
been outstanding and none of which has yielded any result
of importence. Indsed he may go on to say th&t\thésa
exparim@nts have been of a supeffi@iai néture, that none
of them has been pmsh@d to compl%tién. Ffomvthe bée~
%ariolégieal point of view he might esgk why were not mowre
test organisms used and why that group of very important
fcod époilag@ microorganisms, the dacteria, was not ine
cluded in the study? | |

From the organic chemistry point of view th@
eritic may ask why were thore not more attempts made ab
synthesis, why was no study madé of the physiological
digposition of the promising chemical when fed %o animals?
In the work on synthesis why were the compositions of the

products not detormined?
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From the Gtenieolegy point of view why were not
more animals used? Why was there no oxperiment set up
to determine the winimum 1eth&1 a@@@ o chronie toxicity
by moﬁth of tﬁa chemicals? ‘.'.
| The snswer to all theaso questions is that ¢ ime
and facilities have been limited. A projeet of this sort
may properly be undertaken by a numboer of @@1&@boma%img
leboratorics, each specializing in i%s own field of
bacteriology, organic chemietry, pharmacology, @nﬂ toxiw
cologys

Wh@n this proﬁéct wﬁs first undertaken it was
realized that 4% would entall techniques im bactoriology,
ergaai@ chemlstry, and toxicology. HNevertheloss 1% was
deeided to undertake ar exploratory stﬁﬂy and to £ind out
what could be accomplished in the time aveilable.

| Angvoring the guestions reised by tho hypothetical
eﬁﬁtie, it may be stated that more té@% organismﬂ Tere
hot used bec&uae‘the'six yeaste and molds chosen as imw
dex organisms have been eited im thenli%@raﬁura a8 hardy
and were thereforé‘regarﬂed to reprosent their groups.
Sacteria were not included because the first aim of this
study was to deal with foods to be held at cool storage
tamperaﬁures, especially foods for remanufacture. Undoy
these conditions, and among this p@rﬁicul&m classg of

foods, molds and ysasts are ﬁh@ predominant spoilags
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organisms,

Iooking over what has been accomplished inm this
~ study it cen be said that it has uncevered e compound
that may have great possibilities in ¢the food field.
This cbmpeund should also be of interest to the pharma-
cologist and to the tomicologist.

2,3-dichloro«l,4+naphthoguinons, the parent com=
pbund from which the reduced naphthohydroquinone was de=
rived, has boen found by Woolley (28) and in this expeori-
ment to be very toxie. This compound antagonized the
bacteriostatic and fungistatic activities of synthetie
vitamin K, 2emethylel,4<naphthoquinone (28). However,
animals poisoned by this compound did not chow signs of
hemorrhage macroscopically as d4id the animals f6d an exw
coss of tho reduced form. The question then raised is
whether the naphthohydroquinone structure ie hemorrhagie
whereas the naphtlioquinone structure poisons by dblecking
other tnzyme systemsi If by moerely reducing the naphtho-
guinone to the naphthohydroguinone form the modo of
action of a compound in the amimal body is entirely
changed without lmpeiring its antimiorobial activity,
‘the poesibility exists ¢that by some other ehanges a
poisconcus compound may be made nonpoisonous. In this
respect the preperation of the imine or the oxime forms

- would prove of great interest.
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The guinones and naphthoguinoncs offey great
challenge o the investigator of food preservatives.
There are many quinones and naphthoguinones among the
naturally occurring antibloties. Among these az%‘@ |
fumagatin, spinuleosin, cmﬂnm, actinomycin, and -
puberulic acid., Im this conneetion it is interosmng‘
%o note that im lay 1946, Raab (256) reported om the
entibacterial action of phomanthronesrelated substences .
end a few months later investigators in Italy followed
with a roport that phenanthrene-guinone vag go superior
in its entibacterial offect that further studies with
related compounds were plamned (17).



SUMMARY

1. The inhibitory action of 38 chemical com-
pounds on the growth of representative food apoiiag@
yeasts and molds was determined gquantitatively.

2. 2,3-dichloreo=1,4-naphthoquinons; & commercial
fungicidal spray, has been found to have poweriul in-
hibitory and lethal activity against the %e&%‘organi@m&
both in synthetic modia and in natural food pubsiances.

3. 2,3-dichlopo-l,4=-naphthoquinone was found %o
have two propertiss which do not adapt the compound fox
use ag a preservative in foods., Vhon fed to test animsls
{rats) it proved highly toxles it is insoluble in water
and thus prosents an application problem.

4, Systematic wmodification of the structure of
2,3=dichloro~1,4~naphthoquinons produscd the redusced
fépmg 2,3~dichloro=l,4~naphthohydrogquinone. This comw

pound proved superior to the parent compound in tho fol-

lowing rospeectss (1) Oral administration of this coumpm
to rats at the rate of one~tenth of one percent of the
entiro solid ration was tolerated without toxie symptoms.
The males showed normal gaimng during the entire thirtecn~
week period of the test. The femals, vhilc on the oxe
perimental diet, produced a l1ititey of nine in due course
of time, and the offspring were normal. (2) This compound

was much more soluble than the parent naphthogquinonoj
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thirty-nine times wors soclublo in alcohol, and oight
times move soluble in acotie amcid. {3) The new compound
was as powerfuvl an antisfungal agent as the parent
naphthoguinonoe . |

5. &2,3-dichloro«},4i-naphthohydroquinone was also
found to be insoluble in water.

6+ In ordeyr to produce o more water-soluble
derivative of this compound the following reastiona wore
attemptod g '

a. Nitration
b. Production of the dioxime form

7. Thoe reactions could not be made to take place.

8s Synthebic vitamin X, 2-methylel,4-naphtho~
quinone, was found to possess high antifungal propeé%ies.

f. A vater-soluble derivative, 2-methylel,4=
napthohydroquinonc-3=sodium sulfonate, wag prepared.
This propared compound was alge highly aetive against the
toat organicms in gynthetic media. However, this active
ity vwas found to be markedly reduced in the presence of
natural food substances.

10, Studies on a method of assay for 2,3-dichloro=
1,4-naphthohydroguinons showsd that 0.005 mg. of %his
compound mway be deteected by o comparatively simple color
roaction. This method can be adapted to & guantitative

tesd and is carried out as followgs 4 water suspension
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of the nephthohydroguinene is mixod wvith & solution of
2,4«dinitro~phenyil-hydrazine in dilute hydrochloric acid
and ‘18 gently heated. A green color is then produced
- with ammonia and amyl alcohol. The eolor produced ie
stable. MNeans ave described for differontiating the
various naphthoguinenes and quinones which giv@ this
color reattion.

11, It was pointed out that & project of this sort
- may properly be undertaken by a nuwber of collaborating
laboratories, cach specializing in 1ts owm £ilold of bace
teriology, organic chemistry, or tonicology.

12, The intoresting aspeots of the physiological
and proservative action of the chemical homologues are

mentionsd.
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