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3BB V&Bmi&US TEB OF 0EBTA2H GBESIG&L C0WOt}lBS 
AS W8& PRBSi8RVATIVBS 

fli© pujpposa of tb&e inveetlgfttlen was to stody 

^©rioua &0Ta$Qwi!&-8 dUt&izmbl® ffom 'eoMa®x»©iai doisreed with 

pespeet to VkMiv msdfmlness ia inerdaalftg th© stopas© 

lif© of p&Fiefc&tole food ps-oductst ©specially trith r«* 

sp@et to the storage of ©ueh pfodneta ia rdfpigearated 

uarehoas®©*    !to tlw food iadviBtriod fmiti and ve§.©« 

table© as?© har^ated ia seasoni & major portion of tba 

bariroat its gold for fresh ooas^mption ubl&a the other 

portion is prooo^sed for futile m® W aaftning^ freea* 

ins,# aitd drying«   fhea® three processes ©f e©Emisagf 

freeaisag, and drySjag are isshereatly complete processes 

cuad the food® thus prepared are aere or less pemsmeatly 

preserved.    Ho^e^er^ ito betoeeia these two elasse® of 

foods,, the fresh aad the pvooaaaed^ there is the inter- 

laediary ©laee ^hi@h is intended for ressasmfaeture or 

later pro0©s©isig.:   fhia class of food needs t© h© stored 

or teaporarily preserved ia soa© way.    The saeans aow 

©©ployed are either to freeze them and keep thera la 

freoser storage (89* F and lower): or els© preserve them 

(fruits) with ©ulfiar dioaeide*.   fh© first method is now' 

faced with aajor difficulties, hotiaver, hecause dm?ing 

the past eight year© freezer storage haa become 
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inertasinglf ©ong©®t©€ (M)« fht® frasaes* storage coa» 

g©sti©B has boeoae so aeufe© that food pafe&ers are faeod 

critti the problem ©f not bei»s aW@ to store the pa<?k 

plsxmeci tow lAt&e aoatths vnleM som© a^pr©c2.al>l0 otit^ 

aoiFOffleat takof placo*.   Wx®n it edmas to di&plaoing'le&sa 

aeodod it©sae in eOBgegtad fr©©g^s? atofage the 2,ogie@l 

first sacrifie© i?omld Da tkoB© of ioast ^coaoasi© vaim© 

OF thos© t?itk th<s ^r^aMest ©oasiywor demaad..   *&& olaad 

of food© tnt©niod fos? romaaiufaoimp© falls untsr tills 

eafc©g©ry<«   for tlii-s ciass of foods, if a ssatisfaefeorf'' 

biological d®t©ri6ratiosa at e©ol sto^g© t©ap0rattii*0S 

(89«3S0 W)e fchaa thejr neulA-be ohasmolM tntt o@o|^ 

dt^ra^ ^»a?^iott«©s ©jad tlms frdiieve tbd oritictl eon* 

gestioa of f»ee«M»r atorag© ©paeo.    It was ■ with t&is 

thought- ia miad tbftt th© pr#|@#t was tmaotttftfettu 

' jasaotlier ftspoet of %h& ems®- is tliat there ie a 

rotal fiemEuod for1 a good ehomieal food pros©r^ti^o.    ^ist 

roeentl^ th© lational Wine &es©cl©tl©si petitiomod f<» a 

faring to provld® a tolerane© for moaoottloro&ootle ncid 

In t?iae (!>•   Wim naoufaetwer^ petition for pefulssloa 

to us© a preservativ® ia mi@& a product aa tjiu©,, whieh 

£© a GOEE^parativ^Xy atabl© food prodaet^ the d©ffiand for 

a preservative mast b0 qjait© pr@ssissg* . 

■ Food asamt^aeturers hav© boom uaiiag ©odiraa 
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bcmsoAte in their products, fch© onlj foodi |)f@sej?^ativ^ 

allowed la f ood^ undov thd provis£©ns of ths Fedentl 

Foot,, ©rag and cosaetio 4et«   l©w©v©r^ ikia' otrnpomA &» 

n&t' satlafaefori' froa mnf points ©f 'vldir^ tM efeief ofe* 

Jeetida'being itss ti!?@&& itreseriretive ©ff©et ''In nemtral or 

©lightly aeld foofi uatoriai^ (2©)* 

finis project was undertftteen to see If a ©o^otasjia 

«en fee fouod that will ®ff@st£voly eni @ffieidntly pro- 

long tM@' storftgd life o^ perishafel© fc>od wii&tieAd in 

ooelev 0t©rag©i and^ alftft* ©n^ tlmt will taMt tli© plaee 

of ^oiiiffi feemsoat©.. 

In looking for 'a food' pr©©©rvativ© on^ 'amefr fee 

a^l© to'- reeognifee tfa® attribmtogi timt mak© the pFftsdroa* 

tive gooi. or a^airabl©.*.   i®rah©nf©ld &na 9drlatein (11) 

lie% ttoa© ^ttrifeistes #s folloiisf 

1*   it must fe® effeet&ve ag&iatt tk©^ types' of 

aieroorgsnis®© eamsing ieoompoeltion ©r spoilage* ' 

£#   It 'must b© solwblO' in the' eeneentpatlon taeed. 

S#   It w&ft not b© texie la the eoneeatratlon in 

t;hich It  is  t&W$lQJ<S&. 

4»-    It iBost b© eoi^patiblQ^ saxst not alter the 

eharaote? of the enhfttanee t© which it 1© added* waBt 

not lapmrt any odor,, color* taste, etc* to the produet, 

and it rnsast he praetie&lly nentral so that it will not 

alter the pH of the product* 
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5* it should to© available OP potentially avail* 

atela an<l not ppaMbltive in cost* 

6« fh© d©v©lop0.a intetifeiting #ff@©t mxBt b© last* v 

ing ana-tfasyeffeye it w&f not b© p©E©ibl@ to depend ©n 

volatile substaneos, the offects of v}xlch disappear after 

evaporation* 

With these points In mind the project was under- 

taken to see if * among the nurabejp of new ehenleal com- 

pounds now available, the?© ia one that possess©© 

qnalitlef whioh nearly approach thea© Meals* onm 

that ©oagpoma has been fotmd and its etriiotitr© known 

then systeiaati© ffiodlfieationa can be soade ©f its strne* 

t«re in an attempt to inerease ite aetivity, lower its 

toxloit^^ or faeilitate ease of application. 
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Tha sfcuaies la this paper includet    (1) A deter* 

miaatloia of tte® eoiacdstratiom of a s&laeteQ groujp of 

chemical conpotanda %& broth aecila aM in agar media 

>,     tfMcfo will doatroy m& iaMfeit th© growth of reproaoata* 

tlvo food spoilage microorgismism© during the incubation 

perioaj  {%) An ©iralmatlon of the preaermtitr© action of 

the moat promising coitspounds on natural f ooi substances 

at (1) iaoiibation temperature and at (%%) eool etorage 

teaiperatiiareai (S) foxiclt^ trlale on the most promleiag 

cortrooundj   (4) Synthesis and ottompts at s^/nthosls of 

improved homologuea or derivative© of the roost proralalng 

coa^otsndl  (8| t&8t$ on the e^iatheeigei eoia^ounda tow 

(1) the'lr potency a@ainat food epollaise ail0i?0irganisfiia.»: 

{li} their toxieity for .'animals*. :liii) i^ethod© of anal* 

ysls,  (it) incompatihllltiea and potentiating ci@a|jie* 

ment»; ,,• , 

'!♦    feat chemical eompoun&a 

fhe list of #hemi«ale shotm in fa^le It^gs tested 

. j/   for their antiifun^al_.prop©r^|.ea*. fheae oheniloal^ •were 

ohtainod frot* eonraierciai soirees and t^ere ©hosen hecausi® 

they haf appeared in th© llterattjr© aa eonqpowids that 

may he of promise for th© purposes of this study. 
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Jn the 3©l$efc£©& of these €©fflp0ws«ls a Tblbll^g* 

fitfkf of otror s tendred ti^le© ha© beea eoas«lfe®i, 

fhoa© Imv® included artiel©© ©ppeaflng la s@i©a^£f£© 

Jouttnaia as well as those la tirade jeufnaie*   fh© es?l* 

t©ri& fop einglteg out aay eoffijpouiad tor tsstiag w©^© 

d©s®Fipt£ons ov &at& appearing la the liter-at'sipa which 

po$.nt fafofafelj to thQir aeti^itf araa/os9 nontesielty* 

fiietorJLoal os* legend&gy eomioetioBS of the ©oapowaQs 

with the food ladustfie® were also tok^m into conslde?* 

atioxu      ... 

It saast fe@ p©3»t©d out that the list, of test 

cheaaioals "®a© not atati©* hut rath®r €str©B©ly ©sspam* 

sifel©, bacaus© eia?3?-©sat litsifatw© wai being, coatianaall^ 

oo&eulted. a&d* ©^ aooa as what appeared to lb© a p^oai^iag 

compound. was te©\ight to notice# ©t<i>pi ^©2?© ismafilatolj 

asai® to iaelmd© that eonpouad In the test liat*    tn 

this eoanaetion it should t>© stated h©s?e that th© test 

list doe© not oMia t® inelude all th© eoa^onmd© that 

had appeared' ia the literature ag proiaisiag food p?®* 

sorvatives*    TSadomhtedl^ ©oa® coffipo^mds had h©ea missed 

in th® literattsPO>    ©they® xmre not inoltided either be- 

eaus© they wr© iMnuavailahl® f^om cosaasreial or experi- 

mental g©w©©8 or l3©ea«s© It was not poaaihl© during the 

time of the experiment to eontaet sowcea ©f supply. 
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&•    feet $Md index oyganlsittp 

flie .©eop© of tfe p?Q$®Qt diets feed Vbafa th® e1i©M* 

eaXs to b© t©0t©d| oa«© obtained # elto^ild. i2si^©rgo a- 

Qmeatitatlv© scy^esing process xj&®v®hf thos© of little 

ppouls© at food pr^sortratives womld M elialmatod frois 

ftwther tests, t&u© leaving tine fox* m&p® Ixntmsisitrd 

studies of tho proKisiftg coiapouads.    Fox5 this pi?®limi« 

n&wf rnvmnlng prooess tli@ cheaieals wr® tested quaa* 

titat.i^©ly for tfesir Siabibitiag and lotte^l aetivit^ 

against a food spoilage saicroorganlsia. 

The plan aa at first c©neeive<S was to uo© an 

orgasiisia of k»o,sn ideatlty and- on® tstiick tmf oosiaonl^ 

toe fam& i» food apoilago*   fwo molds* Aapargillaa 

pepeae and' AeaeygillttB r^a#, war© tested in tiiis eGn* 

n©ation.   However* these two organ&Qias prov©d ungatia- 

faetorsr in that they- uera not fast growers* p^odueiaig 

hut aeant^ growth in various nutrient media vuader aft 

incubation temperatur© of 30 degrees C»   BOOQUS© other 

knovm organisma uhioh might ho suitahlo for the purpoa© 

v@re not immediately available various molda v/er© iso- 

latad from fooda and th©ir growth oharaetoristica 

studied»   A green mold isolated from gooseberry Jam was 

found to bo a vigorous and rapid grove** producing a 

profusion of hri^t gr@©» spores and a thio^ rayceliai 

•*, 
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idfet In too anys*   This mol4 was o^sdryod to be abl© t© 

grot? tiaSea? a ©ids vaxdefe^ ©f ooadltions oM was chosen 

as tfee index ©rgaaiesa ta th© ps?0lifflitmr^r tptois*   It waa 

later identifla^i t© h<9%ong to th@ g^nus {fe&loilXittiiu 

Otlaer iaaos ©rismlsms ua^a Sa this stwty trave 

©fetaiHaa from the te©J?ieaia tgfp® ouXtvtre <j©Xlestio». 

Th&f trove t Aaperglllua niger^ A$i>®*»g£litts Syd©^!, feni* 

e&llittn @x|>asiusum, SaeeharoH^cea e©p©vlsiae# Saoohapoi^©©® 

past©i?iagius;t &w& lygosaeehai^ss^os m^xiaa^a .(Hanson). 

flieso ®|cs»©0r,sanlsiia waj?©- selected thr©u#i vefe^enee to^ 

th© llteratur© ani W@JP© eitea in these fey their naaoei* 

atien T3ith foci apoilag© and also fosp their ^eppeeentft*" 

tive valu© ©0 m©F© ©F leee typical membera of fo©d dpoil* 

ag© gs?©»ps  {4f5,©tl§t18#19). 

mieee index adoroorfiftnidAe ©f tecnm identity were 

us©€ in th© detailed testing of tfe© ttope ppeslaing 

3. 
q itetivi 

fhe ftmgiftati© ani funsieidal ftetivitlee eff th©    / 

©h©s©n eojipousads wey© esEamlaed in liquid amtri^at aedia 

Iqr pwaaucins ©^^ oilllliter of a. solution ©f the eoia* 

pomid direotlgr intm th® botte® ©f eterile tuhea»   f@ this 

mi© added ® nl* of fcroth which had just h©©a. iaeeulated 

with m©ld eperea*   S&ho&x'aud,© de^tros© tooth xm& th© 
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m&Hlvm used m.& tli® spores wsp© oTbtalaeg fj^oji foui»* to 

0'lx*dagr*oid a^r eultu^-eK ©f thd test of^alem* 

fh© aonC'entr^tions of the etieialeal® u^oi wti9© 10> 

7»5# ©•.0*- S^ 8«0^ 1,5^ aswl 1*0 mgf, per ml* Vftflpeotlve* 

ly.    Since 9 ml. of "br-oth wan added to each ono ml. of 

tsst solmtion p©? tut>@ the final conconts»atloiB of ohem- 

leal In th© tubes t?©*1© on©*t©3atii ot th® aljotr© figures* 

In making up t&e&e solutions of tost chomicals 

water was used a© the solvent wb©n@v©r posslblQ*    In the 

case of certain acids or phenolo v;hich v;ere not solublo 

In water fcho vmtcr solublo sodium saltc v/ore prepared* 

Wbsn thic csuld not be done ethyl alcohol v/aa used as 

tb.o solvont *    In thono eases v/hero othyl alcohol, v/as usod 

dilutions i7ere so chosen that not moro tban 0*3 ial* of 

alcohol was addod to any om tube* 

llhen the te$t organiam failed tj» grow in tlm tufc© 

of the highest dilution then rate at s were aim using lev* 

er conoentrationa *   fhese eoncentrationa tfere 0»^@» 0*601 

0.40, 0«30A 0*20* 0.15, 0.10, 0*0&t and 0*03 mg* per 

iaill Illter. 

y i The incubation tisi© wa@ three days at SO deg3?iSaB 
i/ . 

C. after t^hioh the tub©s wer© ©samlaed for gromth* from 

those tubes showing no growth, subcultures war© made into 

tubes containing atari!© broth* fh© ooncentration of 

th© cheaieal whioh inhibited growth in th© original tub© 



was tak©m %© h® tfa® Sahi^itlag ©©p.e®mtyatlosi aad tk© e<m* 

oesit^atlosii of ths eliefflioaj. showing n@ gre^tk la feotfe 

original oM sBibeultoped tubas w®^© taken aa tk#. l©tteai 

eesieesitrat Ion. 

fabl© S imanapS«68 the $&t© ©t>taiBSi im a@t@i?* 

mtelsig thA ©ffwtiveiiMifi v&tli c&iefe the c&o8@si ota^aieals 

isihiteit@i growth aad ^©at^o^ed tho test orgliaisffl* 

2a addition to testing the eheaioals on |mst one 

adleiKMHPgttaifiai In l&qpia medie, the ehealeale wew IWtliffir 

tested oa thvee oth©?? i©ici>©orsani$aas usin^ th® agas?* 

9tvea& aetbod of Saksjoan and I^iJIy (&?}*    In this test 

each oOE^oyna vn& dleaolved in wafc@z» 03? alcohol,   llhea 

aloohPl tra@ u^ed a© tbe ©©i^ent ttoe dll^ttidns mv& oh©* ■ 
sen in sueh a saaner that no stop© than 0.3' ml* of alco- 

hol tms a«M©& t© «fiy plat^ eoatainiag 10 a&«. ©f agay* 

Sa©h ot a series of 7 ete*£l# 10«»ea* P©tJ?i <ai0Si0j| 

tja® laafkad off into thro© seetors^ and to -©aoh of six 

dishes was added a portion of the solution to fc© tested, 

usuallj LO* QJ7$t 0*6* 0*5* 0.4# 0.^, and 0*8 tdL* 3?©* 

speetivelgr*    lono of the samplers added to tho seventh*. 

or eontrol, dish. 

Sahovopaod^s dextrose agarras nalted^ cooled to 

4© deg. c.j, added in ton milXl&iter quantities to sash 

dish* and alxod thorouglaiy vith the sample fcj vosklng 

the dish* 
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Affcey the agar M<a solidified the test orgcuaisBS 

w©^0 streaked on tb.# platt, ©acH withla a warkisi a^fttov* 

fhre© 4!&ei»ete streak© of ®mh ovganism t7©p@ jiad®^ b^ 

meana of aa inoeulattog wijpd.' f'li© wire' vm storiliMd 

ta a fl'CTie and'Alppiad isato a' uniforia euapenftldn of tfe^ 

tsat organ&amt &®& *^@ thr©a sta?@ak0 raa^ ©n the a^s? 

without' recharging th® isioeulatiag r/ir©*   fh® wire xm» 

fiamod aad r©charged b©t^©©ia platea* 

fh© plate© w®r© lncubat©<l at ia teapi&ratw© «f 28 

S©g* C* for S6 to 40 hours# an<§ th© results rtcordoa* 

' fh© (md point ^aa t&isea as th® hi^st QiXutiom 

at ©hich gjpobth waa eoiapXatel^r-In&thltefl'*   fh© reault was 

'©3tpr®ss©t in ^activity «iiit9#
v th@ aaount of material, 

tMch, ftdfied to X all* ©f the %e$% aeQivo^ Just iahibttdd 

'tho growth ©f th© teat ©rgoBiati* 

©sitag© is calculate® W divtaiag the voltiaie of 

a®ar plus ai<a©d c©s#©UEi in the ptata by the uei^fet of 

th© co^pouxid aaaei to that plate \7hich lihoyei the eaS 

pois&t*   I>ivia.iag th©©.e %etliritr mitg:t* tot© a aillioa 

«£& giva the effective Inhibiting coacentratioa' ©f the 

QhealeaXa itt part® perailliea* 



Inhibits 

fable 2 x^ 

and Isthal concentrations of test chemicals 

against Penieilliraa sp*  in Sabouraud's dextrose broth 

 a- '' 
Coapoimd eoneentratiog 

'tathal '" 
concentgat'loa 

s 

Vhygm 

^ 8*inethyI«l',4«najfathoquinott.e 
Xylqctuinono 

Hyarain© 1622 
B^aafn'© 1©*X 

Bott&eMe G 
UOTacid©'! 
EesylresorcInol 

^-©-4 

Monoehloacetic acid 
Acetic acid 
SodiiM 156113© at© 
2 i3,5'"triiodo'benzo|e acid    ., 
3 * 5^diiodo*2-hydr.ox3rben25©ie 

■•   acid  '■   • 
3 t5*dilodO-*4*hsdrox3rben30i€ 

acid 
SABA '    - 
Wyoohm (sofilom) 
M&eo%<m (caiciuitt.) 
Propylme ctiloride 

Propylene glyeol 
Lauryl chloride 
Cinnamie acid 
fannic acid 
Lauryl eodium ©nlfata 
Aerosol Of 
Alkanol B 
Jtarfur-al 
friox.an© 
Sodium eulfite 
BstvelX !©• 309 

250 

25© 
000 
000 
000 
000 
000 
000 
000 

#3.; 000 
#1,000 

250 
'100 

#1,000 
400 

#1,000 

5- ' 
200 
20© 
100 
100 
20 
2§ 
2$ 
2| 

%QQ 
60 

300 
200 
500* 

'500- 
1JO0O 

jfL;00© 
#,000 

250 

250 

'2^0 
,|l-000- 

4000 
^1,000 
a; 000 
^1,000 
#l;000 
#I;GOO 
#li00© 
p., 00© 

5©o 
200 

#1,000 
    .1  ,1   ,n. 1 .IIII'I mi MI.  1  f   11   «i»-i.i.»r.i.ii.i   . i.n' :i  »r »II..».-..-■:.1.1. I.I.    n  ■   i.        ■ .1   ,i 

§Meft let if© at highest concentration of test 



H 

ik® so@a as flj^goat S,3-*dieklo^@*l«4»naphtSi0* 

qmiaoa©, was obtained a©i proitoinafy testd h&ft $.ho%m 

if to b© pvoadsisg agLterial fof furthor stiaiy^ ©rfang©* 

aoafes war© sjad® t© w\m tests on it fof toisieifcy,    ®k© 

tosicitf trials o«isi8t«4 in f@©<3ing the oos^oyna to 

elx««»6fe*d&d i^at© by inoot^orating it in tlu»to solid 

ration at th© rat© of 1*0^ aaa. D#0$ b^ w@i^t rotpoefi^o* 

Rosults m t}i99e te»to ^lioi?©^ that thoso i?ats tbut 

trope put ©a a ration eontaining %»Q$ 0«$«<liehleff9*i«4« 

isapfetfeocptinono rapidly sbotved toxic sp^toffl^*   On© t©©t 

aniEaX 6led after being on tho diet for two da^sji- two 

others died after toelw dajfo*   Tli@ lone ssypvliror tsnaa 

eblevofOMMd after fourteen Says beeanee it too sliowod 

tosie ays^toms, 

fh© other group of animal® reeeivtog 0*3^ 2#S* 

aiGhloro*lt4>*naphthoQuinono in their feed also thotittd 

toxic QfmptomB*   These anlsmla took loss feed than was 

normal.   iXfhen thoy showed but 2S to 80 percont of vstet 

ahoxild b© norml galtia in vei^it at the end of 26 $8&8 

on this azperinental diot t^o anlaals wore ©acrifiood. 



fable © 

fteaglstafcie activity of test eheaieals ia 

IS 

tSsoe&arosigrceE i tsaeobaromycestAapa^gillos 
C0E5F@I31P              ? sasttorieaas s cefofigiiao 8      nig©8? 

tmitis/g* taaiis/g» unita/s* 
PSiygoia 201,000 201,000 201*000 
2*ia©tSiyl*l,.4«*- 
Biapht&oqmiiaoa© 
lfl@quia©B@ 

34*$38 26*000 26,000 
31*000 21,000 11*000 

S^Jkamiss. 20,00© 21,000 15*286 
Spiteavit© 26*000 21*000 15*886 
E©©e©3. 34?333 34*333 6*000 
Sf*2S 34*333 34,333 6,000 
fh&jmTol S^OOO 101*000 §*3$0 
B^ABilae ISSS: 6»000 101*000 5,1@0 
Hy©aiia# 10-»3C 6*000 101,000 5*100 
liamlsept #5*100 5*100 #5*100 
D©w@@£i© a 26*000 17*666 17*866 
Dowacid© 1 17*666 14*335 14*333 
HoxylFsaospe iaol 17,666 17*666 21*000 
0*4 26,000 6,000 1*100 
6-X1 5*100 1*100 1*100' 
MoaoeMofoac Q tic 
aoid 14*333 14*333 #1,100 
Ae©tie ©eld 2*100 2,100 1*100 
Sodiua bonzoat© #1*100 #1*100 #1*100 
2^3«5-triiodotoen8olo 
aoid #1*100 #1*100 #1*100 
3, 5-dii©i©-2*!ifdvosc^ 
1&©sisoi<g acid. #1*100 #1*100 #1,100 
SftSnliiodo^^h^dpoaE^ 
b©»s@i@ acid #1,100 #1*100 #1*100 
F41A #1,100 #1,100 #1*100 
S^eobaa ^sodima) 
Slyeoban fealei^M) 
Propylea® ■©■hles?id© 

#1,10© #1,100 #1*100 
#1,,1O0 #1*100 #1*10© 
#1,100 
#1,100 

#1*100 #1*100 
?^©pyl®n#) ©ssM© #1*100 #1*10© 
Propylene glye©! #1*100 #1,100 #1*100 
XAUvyl chlojpidigi #1*100 #1,100 #1*100 
Ciimmnd© acid #1,100 #1,100 #1,100 
faimie a® id #1*100 #1,100 #1,100 
hwa^jl sodium sulfate i    4,010 14*333 2,100 
A®roBol Of 6,10© 25,100 10*10© 
43J£aii©i B 1*433 1,433 1*100 
WVPtvariblk 8*100 2*100 2,10© 
ffiosam© #1*100 #1,100 #1*100 
Sodi^B aulfit© #1*100 #1*100 #1,100     . 

# Aetivity lowav thm indicated figura 



16 

.§•• Agitifqaaa&l evaluation of th® mdve  promlsija^ 

M might be oxpectod in a study of this nature 

imnj of tfo®  eh©mi©ais t©st©4 showed V©3^F little promise 

and XJQVO  diocarded in the prclimiiiar-y trials. Certain 

ffiembera of the asseiablea cosapounda, however., showed dome 

promise aid theso were set aside for further testing* Ao 

r,:ay he seem from Table S OTKI Tablo S the most potent 

eeiafteuni© against the test micreorg&Ktisjae naturally fell 

into throe groupst the quaternary aramonlum ooapounds, the 

naphthoquinones* and the phenols. 

Although the naphthoquinonee were 'very potesit they 

^ere only ©Maine& for tests ^fter a etu^y of the other 

con^ounSe had pro#96de6 to quite an Mlraacei stage* For 

thi® reaeoa the naphthoquisaeii©© only appear irregulariy 

in Table a 4, Sfl m&  ©> nhieh smuaa^ize data obtained on 

the activities of various .eesapounde agaimat food spoilgge 

ffiieroorganiess• 

fahl© 4 shows the effective inhibiting and lethal 

eexieent rat ions of various QompamMB on seven representa- 

tive foot spoilage yeast© ani melis ia Sabouramc! * e dest*- 

troe© broth* fable @ ©hons the effective preservative 

©©neentrations ©f various ooHpouMe ea different fool ®a* 

t©rials*, fahle © eunroarlaes the influence ©f storage 

temperatures on the preservative power of the ehesicals* 



b^oamso !% 'sms eosiesi^ei that ©om© aboiaie&l* nl^t loeo 



Table 4 

Inhibiting and Xethal Concentration of Test Chemicals in Sabouraud»s Dextrose Brotb 

(concentrations in parts per millionl 

Aspergillus PenicilliiM ^.ccharoniyces 
COIPOXMD.       ,     SYDOtl    MAWB species    esgpansum    cerevisiae    pastor ianus    mafacianus 

Activity -» In, L*    In. L* m» L.       In,      I,. ' In.   '    JU»   " In. L. In.      L. 

RoccaiL 30    30    20    20 20    40      10 10    1$ 15      15        15 3O      40 

Phemerol 30    30    20    20 20    30      10        10    15 15      15        15 30      40 

Hyaaaine 10-X 30    30    20    20    20    40       10 10    15 15      15        15 30      40 

Hyawine 1622 30    30    20    20    30    30       10 10    15 20      20 30 30       40 

Hexylre8orcinoA50 150 150 200    70    70      60        80    150      200    100      100        150    200 

Bowacide Q 100 150    80 100    80    8©      80        80      —        —      —        —        150    200 

Aerosol Of Ineffective at maximum concentrations of tests 

Ifote:    In.  denotes inhibitory concentration L» denotes lethal  concentration 

#Sodium salt ^ 



Table 5 

Effective preservative concentration of test ch^aicals on food© 
 (concentrations in ppm) 

COWOWD 

Rocoal 

jerries BlacMierries Clierries Apricots Prunes Pears Apples Beets 
pH ^.3       ^.o   3»9     3»?    4*3   4-«Q   3*3   5*5 

Phemerol 

100 

100 

Hyamine 10-X   75 

Hyamine 1622    100 

Hexylresoreinoi 1^0 

Dowacide Q 

100 

100 

100 

75 

100 

>aoo 

>200 

125 

125 

300 

300 

>100   ■p>200    150   50 

^lOO 

^-100 

>100 

100 

>200 

200 

200 

150 

100 

150 

50 

25 

50 

50 

100 

150 

200 

150 

Aerosol Of 300 

I'hygoa 5 50 

# Sodium salt V0 



Tahl© 6 
O A 

Inhibiting Concentrations of Test Chemicals  on various Foods at <I8    and 3    C. 

___. . .,. , , {concentratioas in parts per million! 

G<MPOOTD Beets        Blackherries        Cherries        Peaches 

Hyamine 1622        150    50        -—    IJO 200      100 

Etaulsept 

Phemerol 

200    150 —    150 

l^O      50      200    100 

G-4 

150 

200      150 

Hyamine 10-3C        200    120      150    l^O* 150      125 

200 

250 

Sa'bo'prau&'s 
dextros© broth 

100 

20 

60 

30 

60 

150   100 

3V 

40 

25    15 

20 

40 

7? 

2*!!Mtoyl-l,4.- 
naphthoquinone 

Phygon 40  30 

40  15 

^;0 W 

60   40 

40 30 

25    15 

5    5 
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ThggQtei  Sj.3»<3iok3.oro*2,4*nagfetii0qu|iioa®#. a wat©r 

insoluble sufegtaao©! Ms boen fomi<3 t© bo iiigfeiy potent 

against the cosmon foofi spoilage microorganisms. It has 

also bsea found to bs toxic. Since the choaical atime* 

tupo of this compound is 'known the poaaiMlity osists 

that through modification of its structure an improved 

eoaipound xmj be o'btainQd. Accordingly attempts WQVQ mad® 

to synthesiso a uater soluble dorivativo. &,%  the samo 

timo it uas hoped that raodificatloa of its structure 

wouM lower its toxieity# 

Ba planning oxporimenta to sp^thoaiz© a wates? 

solubl© derivative out of an inaoluhlo organic cos^>oun<a 

on© of tho first raactions to bo thought of was ©ulfona* 

tlon* However* a roviow of tho ilteratupe disoloses th© 

faot that St3*'<Si<!'hl0r©*'I#4*»naphth0quinono eannot ho 

aulfonated and still retain its identity (1) eino© ©von 

mild sulfonafcing agonte will displaoa th© chlorin® atoms 

in fcoth poaitions two and throo of tba naphthotttinon© 

rinjs« 

It is probahiy haeause hoth th© e&iofin® atoiaa 

are lahil© that th© aolulji© ©odltm salt oasmot b© s^@- 

c©ss:fully prepared, ©isaolving 2#3*iichl0ro*lt4- 

naphthoquinon© in aodiura hydrojcid© solution produeo^ a 
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©olos'sd solution that turned r©d oa sta&di&g* 'Shld 

B&lutlon possessed tot "Very slight stntiftixig&l aetlvity, 

Hotwithstandiag thes® limitations to the produo* 

tiom of a soluble derivative the following reactiosxs1 were 

attempted.. Before these reaetloas were attexapted the 

literature ^ras searched • However, only records ©a re- 

duetioia of 2,3*dichl©ro«»l,4«naphthoQuiBone to 2#§- 

diehloro^l^i^naphthobydroQUimione could he fo\md. 

A. Reduction 

For this reaction the methods of Glaus (S) and 

Graefe© (12) trere used* Clauses method usiag dilute 

stahhous chloride was not suec®ssful# ©raehe*s aethed 

of reduction with hydriodie acid md red phosphorus was 

suce©ssful# The method follows« 

to excess of hydrlodic acid iaa water is added to 

2#S*diehlor©i-lj4*naphthoquiaosae. Sed phosphorus la added 

and the reaction mixture kept at §0 to 55 degrees Oenti* 

grade for 60 to 90 minutes, with stirring* Th© mixture 

Is. then filtered, washed with water* then the naphtho* 

quinoae dissolved with alcohol and separated from th© 

phosphorus residue* 

On evaporation of the alcohol* or tbrough pre* 

clpitation with water* 2,3-dlehlor0»l,4*naphthohydr©- 

quinone is obtained. The crude product is then 
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©B long ©sposa^^ t© air, $3*F« 1SS»M00 c. Mfeh ieeoi^o* 

s£fei©a (12).. 

fMs eoi^oaaa is noderately soXmbl© M h®t aid©* 

hol.$ 10® ml.* ©f aie©&@l a$ SO d^fipeea 0©fitrigrad© ^i©* 

©©2^im@ 10 gfaas*    fhi$ aoluhitltj is mu^M greater tbass 

tla© par©Qt 2#S*dieM0!Pe»l.#4*naphtho«|ttiiaone trMeli onlf 

diaeotves to the extco&t of 0*28© @ra» in XOO ail,, hot 

aleohol* 

Ba aoetie aeid also tsMS pr^fafiaa S,S*a£<BSilord» 

l^^napMljoquiaone is m&ch. aar© so^table tSma tla© parent 

subataneOi ©*i4 graaui iiisol^Ssg im 100 ml* of aeetitt 

acid at SO dep-©©© Oeatigrade*    fho aolubiXlty of 8,3* 

diehlore«lji'4*4mp&tho<iut&oae in aeetie aeid at thia 

toaperatui3® ia 1 $pw in tQO B^» 

quimoa© is Sasolu^X© its, e©Id vater* 

B*    Hitfatiajs 

fb® method of lartsiasa ^ad isitk (13) for the 

aitrati©si of heta'^aeet^laa&aoaaphthalene m© followed* 

5he orisiasil method called for the addition of 500 ml* 

glaei^l aeetio aeid to 1*62 mole® of %h<& ootapound to ho 

aitrat©d.   Tha aitrating J5i©diua waa ZOO graa© ©f 



m 
4o&ednt?*t«4 ^itrie mM ^MUtod drooled ^^©r a pevlo4 

* 

& <5^5Sf lag out tMss pteo^dsa^ witls. it3»dl#^2.®r0* 

0«i$«? (S.01 aaA tdttes ($4) feo% found tliat tti? 

]a£tf@g©sa ®m@1L©gia©s of tfeo fiaiaoEts ©s^ IhydroquiDeaes 

retain pUyeiaSogiQ©! m%%^%%w*   Wltli tMs in mind it 

uas thoegiat t!^t the folioa&ig reoe'tlon migM 1?© 

^^^^ -MI- 

^HWL- 

JV 

^3K 
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3Qa the study two moXeeuXa? proportions of sul» 

fasalc aei«3 wore added to 2>5<*>€lioMoro»l#4«ii&phtho» 

qtalnon©*    This mixtiar© tsras treated !& varioms wajs. 

When this aixtUFe was heated in a water bath at 

fifty iegr©©0 Centigj?&d$ for eight hoxirs mo apparent 

reaction took place.    The melting point of the i»©sm2.tlng 

p^odtaot was ianehftnge<a» 

When 2#3*dieMo3?©*3.#4*aaphthoquin©ne <sra© first 

dissolved in hot aleohol and an aqueoms solution of 

sulfaraio aeid added and this mixture pdfluxed in a ^ater 

hath for eight ho\jrs a dark-«solor©d solution "Qtith ©om© 

piFple-ooloFed needles V&B obta-ined.    Evaporation off 

of the alcohol brought tiovm more purple needles*    When I 

a Beilstein test for halogen atoms wa^ mad© on the re* 

crystallized needles a negative test for halogen ^as- 

obtained*   This shows that the reaetion lei to decompo* 

sition. 

Mild heat treatment of a mixture of 2,3*dichlo?o« 

1^4-naphthoquinone and sulfaaie acid in Aieh acetic 

acid ^ras added as a solverit did not bring about any re- 

action,    maltered 2,3*dichloro*l,4-naphth0quinone anS 

sulfamie aeid may be peeovered from the mixture. 

When this mixture was refluxed over a mter bath 

or subjected to more severe heat treatment decoraposition 

of 2>3*dicMoro*l»4~naphthoquinone resulted.    This was 
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0vid©no®<3 "by the ooMpound turning dark and by th®  fact 

that a negative Beilsteln test was obtained* 

X5. I^oductlon of 2*-raethyl*lj4-jiaphthohyd2?OQulnon©*S-» 
sodium sulfonate 

In addition to attampts at apithesiia of a water 

soluble derivative of 2#S*diehloro-li4*naphthofui!ione a 

water soluble derivative of 2~a9ttoyl*l,4«*naphtfooqul]aon© 

was prepared* Ttse prepared product was 2*methy 1*1,4- 

napht^ohydroquinoae^S^sodiura sulfonate (20). fh© math* 

od followed was that described by B&k&r* DaviSj McElroy 

and Oarlsoft (8). 

Experiments tsrith this .prepared compound showed 

that, mole for mole* it is as potent as 2~in©thyl<*l»4» 

naphthoquinone against the teat organisms in Sabouraud's 

dextros© media* This cos^ound proved more stable than 

the eommercially available water soluble derivatives of 

2*m®thyl*l,4*naphthoquin0ne t 4'*a»ino-2»a©thyl*l*naphthol 

hydrochloride and 2-mathyl*lt4»naphtho<tuinone dlphosphor* 

ie acid ester tetrasodium salt* However^ when this pre* 

pared compound was tested for its activity in the 

presence of natural food substances it showed but very 

little activity, fhis incompatibility with natural food 

substances rules it out aa a potential food preservative* 
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?♦. 2S S^-d ichloro-'l, 4'*»najphthohydroqaiaone, 

A. Antifimgal activity 

Tests with this ooapomid against th© indax 

food spoilage microorganiaras in Qynthatie media and 

in natural food substances showed that it has high 

activity* fhis activity ia euramariaed in fahl^ 7« 
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Table 7 

Aetivity of 2#S*<aieM©^©»lj>4'»napMli®h3rir©qmisiom© 

Sli^^tgatc Orgmiaa 

20 s 

20 IS 

Potat© dd3ttP09d 
eorevlsia® 

1© a 

Asporgilluo Kl i 

Apple $®m &mz>®lll^ .^ifflg. S ft 

Red yaagbergy       gative fle^a 80 iSL 
tfatlve '£l*x& ami 
^fl;jmafiattat  

8© 20 

l^^in© Juie9. ^AieillittB g@ © 

Strawb©»>j?3r £ 

Qrape wiiao of T^ 
ai@Qhol 0©Bt©at. 

0j!?ape niii© of 1% 
jalcqhol > ooatteatS 

Haeetiarafflgroos 
iioilJ|yeoid9yLS 

1© d 

teS'i^Q.fe ^ure®:     .   AflpegglUttfl nlfiey SS 10 

Boem sqiajp ^spcy^illas ni^eg 5 § 

lativ© flora asii §0 20 
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B. fexicity trials 

(i) Feeding tests 

Oral administration of this coapotmd to rats 

at the rat© of Qne*t©&th of one pereent of their ©n- 

tlr© solid ration was well tolerated! • Three six* 

we&k-ol<3 rats were fed on this ration beginning 

Jamaarj 2,, 1947, After thirteen weeks on this diet 

the tuo males weighed S42 and 361 grama respectively* 

Cosparison of their rate of growth with atantard 

growth curves showed that growth had been essential- 

ly normal. However* at the end of the feeding trial 

the fur of the animals had put on a light orange 

tinge. This orange color in the fur of the males 

changed baefe to normal after they were put back on 

stock ration for 18 days. 

On April 24, 19 days after the animals were 

put back on stock ration, the males were autopsled. 

lo gross pathology was evident nor did sections of 

the liver, kidney or stomach show any microscopic 

pathology* 

Th© female,, which ms a small animal to begin 

with, also exhibited no toxic symptoms while on this 

diet, @-n Search 3, sixty days after she was on the 

diet, she gave birth to a normal litter of nine. 



The fuy of the femal© also ao-qulr^S a slight ©f»a»g® 

eolor aft©3? she hai beeii on the experimental diet. 

This color wa.© more persistent en the female and! e^en 

after 1© day© fo&ek on stoefe ration her far still 

tetaintained that orange tinge. 

During the entire period, of the trial the 

three test aniraala ate a total of §012 grmas ©f their 

ration. That is, 5*018 grama of 2,3*diehloro-l,4*' 

naphthohydroquinon© were taken by the three animals. 

(ii) Stomach tulje tests 

A,<mte toxicities t?ere also determined in rats 

"by stomach tube administration of the compound sus* 

pended in water and alcohol. Ten rats each weighing 

aroOTtd 200 grams ^ere used for this experiment. 

They received 10, 20, 60f 80, and 100 mg* of the 

eompoimd respectively* Two test animals wore used 

for each level. 

Absorption after administrations was rapid 

since toxic symptoms appeared within §-10 minute©. 

The animals receiving the highest dosage (100 mg« 

per animal) were affected the most rapidlyj one 

animal died two ©nd a half hours after administration 

and the second the night after administration. 

The mean lethal dose was 20 mg. per rat or 
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sipprosiffiat®!^ 100 sag./kg, sisse© on© ©f the S'afc® s?©- 

oelvlng 2© mg* died*   Ha© s?at.s ^©ooiving 10 mg* of 

the ^©apoiaai a^ptarei ao^a^tl.    Sufe@©qa©nt wat&^&j of 

thos"©' aaisals ^©^ealei no gross pathology* 

M.t®pBf of the ©niwls Icill^d' tjy tTas oospouM 

showed that the mala spj^jtoa was heaoi'i'hsg© •    Death 

tyas always dm© ^© glomatttlo&egbrifci&fL th© principal 

l©©ions being h©xaorj?hagefi.    In th© ^©ut© eases there 

uaa vej?|' evident h©HM>rx»hag# in th® ©toameh pylo^iBj 

©vldenee^ of hesserrhag© w©i»© fonni ia th© liver anS 

intestine., th©u#. there wa,s no ©vld®n©© of hemorrhage 

in th© ©a©GOT* 

C*   Am&j aetshoa for S^S-diehiorofl^^^naphthohg^r©* 
• qminon© 

m isportant ©onsiderati©^ in th© stuady of a food 

preservative ©r potential food preeerv&tlve is a netlied 

for aisalysis of th© rasteri@l,    Froa th© standpoint of  . 

regfe&fttery ©rganisations an mimj aJ©thod■ is essential, 

fhis is ©ssily und©rstandiihl© ©ineo ifithout a ^©th©^ ©f 

assay th©!'© ean be no effective control*     ' 

For a fteapouad «aeh us 3#.§*di©M0r©»l>4»nafhfeh©*' 

hjdroqulnon© irh@r© ainut© quantities are required aa 

asaay method sast fee f©und that ig- v@ry aensitiv©.    fh© 

©oioriaaetrio methods ar© aisong. th© m©at sensitive of 



52 

analytical methods since photometers hav# heen developed 

to stach a point that high»precision instruments are 

available to even modest laboratories• Beeaua© of this 

the literature was searched for a colorim®trie method 

that might be adapted for use on 2,3*4ichloro*l,4* 

naphthohydroquinone, An article appearing in the 1041 

issu© of "Science0 by A» Movelli described a colorimetrlc 

assay method for 2*methyl»1^4*naphtho<|uinon© (21). This 

method was tried on 2#3*diehl<ap*l,4*naphtho<|uSnone and 

its reduced form 2t3*dichloro*l,4*naphthohydroquteone» 

it was found that with the naphthoquinone the index green 

coloration was not obtained; with the naphthofeydroquinon® 

the isethod was as sensitive as for 2*aelg|i|?l»lt4-naphtho*- 

quinon©» 

•the method as adopted was as follows: 

1. 1 ml, of a tyater suspension of 2#S#diahlcr'
!>* 

1,4-naphthohydroquinone was ©easared into a test tube. 

2. Three drops of 0.©^ 2,4*dinltrophenylhydra2lne 

in dilute hydrochloric acid (6M) was added, 

S. The mixture was heated in a boiling water bath 

for thirty seconds* then cooled. 

4. Three drops of concentrated amaoniua hydrox- 

ide was added to the cooled mixture. On addition of the 

aiTOOniua hydroxide the color of the solution changed from 

ye Hot? to orange, 
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S#    | ail* of saapl ai©@3&©l was a<id©d ©ad fch© sal^*   ■ 

|sa the p^®©©^©© of d9S«dio&lovQk*l«4«n£k9htSu»» 

layes0*    fk© £at®K©it^ of the gfeea eoloa1 varies ^jKQgati* 

feativciXy witfe the ©.mowat of g#S»di©kloi'<i*1^4-mQp&t&©Si^iS'©* 

■2*m9thyl<*Xj4*na|>htho^te3a©a© ©M syloquiaoa© mlm 

gav© thie mlm ve^^ioa*    ao-eever^ the fete©© e^sapomids 

aaf b© diffejpeatSUiteS t>@©ama© Q&tih gair© different ^©lo^ 

spea^tlone uhea tht t®®oalnaffl M|iF©xia@ was aii©<a ©ai pa?!®^ 

to the aiditien of mfl ^ledhol*   S0.S*ii©MoF©«lfl4* 

imphthohytootaiao&e gave- an o^onge^reS eol©rj aqrloquinone 

gaif© © violet eolos'i, aaS 2*isetlK3ri<»»1^4*4m|ftithoqttSaone gave 

a g^ooE (Sol©?5, 

fh© aeneltlvlty of this »th©«3 foi5 S^S^lohloiw^ 

l94'hnaphthoh3raspoquinone was @*0D5 ag*    ¥hat i®# five 

part© g>@r million of 2«:9«aiehloro«*l#4*n«9hthoh^»oquiaone 

ess be deteeted by this saethod* 

A epeoifie method to differentiate SyS^dlehloro* 

li(4*n@phthohyas,oqifiinon© tvom 2*a0thyl-l,4-saaphth©qmte0Si© 

and xfloqiaiiaoia® Is to add glaeial eoetle sic id to the 

anaoniw hydroxide*afflgr.l aleohol mSjctw^©,    fhQ gr©o& 

alcohol layor will turn *ed•orange if the eolor waue 

du© to 2y@«dichloro^l«4«naphthohydroqui£ione*    If th©' 
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gF©e2a -color warn du© to the other two eosa^oojads* a jollov 

©olor will b© obtained* 

Sine© S^S^diehloro^l^^naphthohydroqmisaoa© is 

insoluble iia. water and very soluble" in etherj,. extracting 

it froa foods la eomparatl^elF simple, tm gresas of the 

food material are takosi and extracted with 100 ml, ether, 

ffee ether la^er is separated and evaporated in a water 

bath, tm al» water la used to wash the residue left 

after evaporation of the, ether* and one ml, of this waah 

water assayed for 8.?S»diehloro*lj,4*naphth0h|
rdf'O^,miaon© 

by the coloriiaetrie method Just described* 

£>, incenpatibilities) asid pot eat iat tog co^plessenti 

In the stud'y of confounds' trhos© values lie in 

their activities against alevooffg&riisns it is deBirable 

to Imow their weatoe©©©s as. well as their strength. For 

this reason it ie desirable to deterain® the coapounds or 

substances eoBBaonly found in foods that will antagonise 

or reduee the aotivity of 2#S*dieh\oro«*l*4-naphthoh^dr0- 

quinone, 

foisner (2B.t2-3)  found that san^ tee tones have the 

ability t© react with sulfhjdryl eoffipoundsf Klaruann m& 

Wight CIS) found that organic patter impaired gerraiciial 

perforaan©© of disinfectants to ner© or less extent; and 

Colwell and Ho Call (9) found that reducing agents $. such. 



as sodiwm acid eulflt© and soii^aa pjsposnltatQ, @np®r®m 

-antibaeterial m® antifimei&l propefties of 2i»n0tli7l*l»4«' 

na^htboquinozs© •   Wooliey (S8) fdimi that S*i»efchgrl*lf4* 

aapJithoquijaoa© mets to gi©g®t@ the antibaetd^iostati^ aad 

antifwngistatic aotlon of 2i)3*ii©l3il©sB0*ii,4*»aaplathd* 

qmiaon©. 

Following th© pyacedeat of th©$0 invsstigatos'S 

t®ata ■©re.s?® fle'sigaea to fiad out to t?hat exfediat 2,3* 

diehl<aN>*lt4«4aaphthoh^dpoqttinooio is ^Ltag©aiig©a in its 

ftmgiatatio aotivity hf organie inatta)p by sttlfhydryl 

compoBn^s a^S hy ^©dmeisig s^bstasne^a •   fabl® 8 staisas^ia©© 

th® rQsmltg-obtsiii©^* 

tn tasting -the eftteet of ofgani© smtto^ on f^agi* 

static aetivitf of th© test eo^owd two sour©©a of or* 

gaaie mattesp f?©s»® usadt th© 02?gaBi© saattas? as fovshd ia 

natural 8t3?awb83?ST jmie© -and the orgasie nattav as roppa* 

a<35at®<l by p^oteia preparations*    jei th© fi^at ©as© th© 

iagftsdlsiat© for Sab©tjg?aciid*a dastroa® agasp t?®^e ^©igh^d 

■out in th© stalsd®^d, amonsnts and: proportions*.   However, 

iastea^l of using tmtor as solv^B^ strawberry Juie© t?ith 

a solid oontent of 8.2^ and a pH ©f 4*2 -was m®©d.    la th© 

seconi eaae a atstw® of dry pr@t#ia ^as added t© 

SabOMraud'a Sextrosd agar is an amomt equal to §$ by 

weight of the prepared media.    Th© protein aistw© eon*- 

aisted of equal parts of ey&tine* casein, y©a®t ©straot. 
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la t®©t3jag the of feet of solfhydpyl a®^ vedueiag 

compoumfls ©m the ftsigistat ie ciotivity of 243«d£eSilesP9* 

soaiiam thioslyeollate* eystine li^dvoehltoride^ ©©iiwi 

thloeuXfate aad soii^ a©£d aulfite ^©^^©©ti^aly ■was5© 

eidded t© 50 milllg^aaa of 2J>3-ai©hlo»'0-l94»BapM&0&5€g,o* 

qisim©^© ®ad the vhol® diluted to §0 mlllil&ters*    £kppw®<* 

ppieite amowits of thea« ^tnewf nixtupes vjere th@a 

ffltaa^^M tot© sterll® pet^l dish©® tsid thote antifuag&l 

p©fe©B@^ detevraSaed hj the agftrtetroak aefehod (87)* 

Ae aaj be ©e©B fjpoa 9abl6 8 thioglyeollate aai 

protein ©s?® most aialagoialiti© to 2#S-di@hl©F©*i<)4- 

naphth0hjd^©q^l)a0n©.    Howsvey^ thia amtagoaiaii vax5!©© 

with different orge&ifias* 

at^airbQi's^ |ui®© entaanodd the jftmglstat&e value 

©f 2aS'*di@h|i0r®»l>4'*a^phth0h|dF0fuiiaoae! prdbably beeauso 

of the l©t7es»iag of th@ plf#    It tea pp©Piously be©n fonaM 

that 2s^*di©hloiB0*1^4-imphfch0hid^@quSa0a© is aor© a©tiv© 

at lower pH*6* 

Gystiao hjrdroehlorlde* ©odiua thlosulfat© aM s©* 

diuisi a©id eulf it® did not veduee the aotivlty of tb® <i©s* 

poiaad to a ve»y great extcait*    fh$s<$) findings b©©r out 

those of 00iT?©ll ©ad meOall (9) vfia® obse^^ed that nssphtlfe*' 

quinone© with an attached S^positioja QS
9
© mop® stable a© 
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Bffeet of 2(3*dieliloro«'lt4-ttaphtholQrdroquinone singly 

and in the presene© of orgajrjie matter,  eylfbydyyX and 

reducing cos^oirnds ©n the growth of .^coharo.s»yc©fi 

e©r©vi8i®©,  S. pagtorlanus, and lsp©rgillus raig©r« 

TEST CtoaoontratloQ of S ^MQUlbm^lA^ 
naphthohydroqulttono ret'utsi4 'to 

MIXTURE ' Inhibit (growth'or the'oxj^animftt ^   ' 
S. g"ast©3Fl^y'@" '" 'is'. 'cereVisiS©' " .&.' "n'£g'<§F° 

ppia ppM ppa 

2,3«'dich;u>rf>~lv4» 
naphthbhydtoquinoae 

a'Jtoao 10 XQ 15 

In presence of ^ 
nto^d protein . 60,  BO    15 
■ ■mi, i<..ii   ii ..ifiiw wmii>ji'» yH-,«",n j.jiiiij,j/.«w»ra^.;jr-ii>;itii,:i'1»i,Mt,;iii^,i«iiiii.iiiiiii]   .mi   n.wii^TV -'« «' .;vj,».jfpii;« ,14  ■.   .« .-..^.T ■ . 

In presence of 
straxs/'berry Juice 5  ? 5 
««.—   ■"I. rn. i«.'»  ^...'■■"J^uni;. ii|ii.ltiiiiii«,l,,ij,.ii..r.:i|^l«. f,T«i «» Tiw   n.iu'jjtwnff m  irr.,^W: ii] i).ih<*V-i» i ., in , , .!..■■■   , , tT : - 

In presence of soditsm 
thioglycQlia.ie   ,   ,,, ,   ,   ,,    ..Simeff eotly.jg,. at 100 mm/i 

In pce-soice of eystein© 
hydrochlorlda 30 10 15 

In presene© of sodia® 
thiosalfat® 20 20 30 

la presence of Bodium. 
acid ealftte . .15 .."10 SO —■■.imW^OHM^^m-tilii I .it'll . »,;»UM.I«    I.   I'Vi'   pi . , mi, i. iiip'«r,«lr<l..i,»  »,.i.    «.i »«.iil.     i|       ■!■   I    11,111,    ',n ■.!.'■    <    ■ , «, n  
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antiaisrobiai agont® thim those naphthoquiraoftes whoso 

ttee@^posltloa is fr©©. 

Ihil© on the subj©et of IneosapafclMlitieii ami 

antagoaisa® ifc is ^©Xl feo saot© also that ther© a^e sm^- 

stanees uhioh pot©ntiat0 the activity of g^^^i^hloE5©-*!^ 

4»naphth0hyte©f&in©n©. 

A© hae b©eE stated im aa ©as?!!©? pag© th© a©tiv- 

Ity of 2>3-diehlos»©»a.i4*naphthoh2^s?ofatooa0 is Msi4©®©©^ 

at lowof pH*a.    It has !>©©& observed that a@eti© a©id 

iaeraases its activity^ and to &J» @2st©jat mmeh ia ©3K©©:0S 

to that fihieh might h© attributahX© t© a lowering oi the 

pi,    fabl© 9 will show hot? aeotie aeti potentiat©© the 

fuagiata^le activity of 2,§-ai0hl©!?©~l,4*mphth©h$$s>©* 

quinone a@atest Aapergillueft niges? in Sahoufamd's iest^os© 

hjpoth* 
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Potentiating activity ©f aeetie acid for 

2,3-dichlor©*1, 4*napkt,dobydroqvainon® against 

AspergiXXus nige? in SaboKyaud,g dextrose ■foroth 

Coneeairation of aeetie 
acid' add©d to Safeous^iad*© 
desstrose "broth 

ppa 

0 

0 

0 

180 

350 

#pH adjusted wttti EG% 

6.80 

4 

65 

55 

55 
48 

Itihilaiting 
eoneentxation of 
2,3«4ichXoro«>lt4* 

QUinone 

X5 

X5 

X5 
X0 

5 

5 
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fMs prnp©?" attempts to present i» a oonoise msmoF 

the varl©^® exporimeats imdertakeei tuai p©Ff0jm®d t®w@s?^ a 

stuiy of potential preaorvatives that ssight b© of us® to 

tti© food Industries'* 

The ^erj nutT^r® of the p^ojeet neeeeeitateol a 

aitrersif i©d approaoh that haa dalv©^ into the roalsas ©f 

baeteriologyt orgaaie eheiiiiatry# anfl toxleology*   On 

rsading this papaf a eritie may say that it is aothing 

but a hodgopoSg© of uinof ®5£p©Fia©nt0 aon© of whieh ha.® 

heea outstanding ami none of which has fioXfisd angr reoult 

of iaportanoe*    Bi^®©<a h© imy g© on to ©©$• that these 

©xperiraents h$iv© been of a supea»fi©ial natwe* that none 

of thea has heen pushed to eos^letiont    From the hac^ 

teTioldgieal point of view h© might ask tfhf uas?® no^ aoy© 

test organisms used and wh^ that gi»0up of vescy important 

food spoilage microorganissas* the bacteria, \?as not in* 

eluded in the studyf 

Pro® the organic cheadstry point of view the 

oritio raaj ask vMj were there not more atteapts s!ad@ at 

s;pithesis.? wtog was no study mde ©f the physiological 

disposition of the promising chemical ^hen fed to anisaato 

Ba the work on synthesis why were th© eoa^positions of the 

products not deterained? 
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Wt'om %h.® tosioolog^ point of view iMj was?© not? 

fflos8© animals u®©«l?   WIJJ was ther® no ©Epeyimeat set up 

to determine the aiaiaw lethal doae ©^ eteoaic toaieitsr 

hy momth of the cheaicalat 

flte answer to All these qaesti©aa is that time 

aa<3 ffte&litles have heea limited,    & pvojeet of this s©pt 

may properlsr h© im^es'tetlcoa hy a jauiafeof ©f eollehor^tixig 

laboratories^ each specialising ia its o^m field of 

haeteriology^ • opg@aie daeaistry, ^havstetoologsr^ aiM tosi**- 

eology^' 

\^h©a this projeet was first tmSertakesri it xvm ■ 

realised that it rcould entail t©otoiquee in t>aetei?iology? 

©rgaai© cihemidtry^ aaa toxicology*   Heverth^loss it was 

deoiddd to wxflertatee aa esploratery study aai to i&M out 

\sh&t eoald he aecoiipliisheii ia the ti»© tvailshle* 

Ansverlng the queatioai raised by the hypothetical 

oritiej, it may he stated that mar© test orgaaisma wer© 

not used heeamge the six yeasts ®ad so©Ids choaea a® ia* 

d©» organiaisag have heea cited ia the l£t©ratm»© a© hardy 

©ad were therefore regarded to represeat their grotxp©. 

Baeteri© vmr® not iaelmded hee&us© the first aim of this 

study TOSS to deal with foods to he held at eool storage 

tefflpes-atOTes., ©specially foods for pemnufaetur© •    teSor 

these eoaditioas, aad ©moag this partiemlar ©lass ©f 

foods,, molds ©ad yeasts are the predoainaat spoilage 
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looking 0^82? wlmt has "boeft aeeoalplish@<3, ia this 

study' it e@n b@ said that it MB tmeova^ed a ©ompo^Bd 

that aay have @?©at possibilities ia the food field, 

this ©©mpowid should also be of iat©r®st t© the phasi»- 

c©iogist and to tha t©a:i©©logi§it* 

S^S^diehlo^O'wl^^naphthoquinoiie^ the paroat com- 

pouad f^om which the r^duead 5aaphth©hydr©<|ui2ion© t7&s d®-* 

riired^ has h©@xi fomd by WooIl€»y (28) ©sad ia this ospss'i- 

mQnt to be ir©ry tosie*    this ao^jound antagonisod th© 

bactarioststic and fungiatati^ aeti^itis® ctf 07nth«tie 

vitamin S# 3*m®thyi*'1^4*n®phthoquin0Si0 (28) •    Scradve?» 

©niasala ppiaenod by this ooapouad did not ©how sigi&s of 

he^^fhagei mae^osoopioally as did the aairauls fed && ®s- 

cess of th© peduood torm*    fha question thoa raised is 

whether th© naphthohyiroquinoae■ struotus"® ia heaorsphagi© 

Chorea© th© maphthoquinone st3?uetU3».e poisoas by blocking 

othor ©nsgfm© syst®ja©5    If by aievoly ^©duclBg th© aaphtho- 

quiaoa© to th© saaphthohydfo^uinoiii© form' the mod© of 

aetion ©f © ©©abound In the c«iMal body is $nti#e!y 

©hanged without iapalriag its aatitaiovobial aetivity, 
!th© possibility ©ssists that by ©©as oth©r ©hang©© a 

poisonous eoiipQund smy b© md© iao^pois@a©us.    M this 

£>©speet th© propaipatioa of th© isiE© ©^ th© ©sia© fosais 

would pfov© of gr©at iat©r©st«. 
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fh® fmixion®© and naphthoquinones of for gy©at 

e^allengo t® the investigator of fooS p^esef^ati^®©♦ 

There ©re ®an^ qisiBOBea smfi naphthoquiaoa©© affl®ng th© 

fwsagatixi,  spSnulosia,. citffiatfca* aetin©i^r©ln, saM  • 

pttberullo acid..    Jki this e^maetjlon it is tote^sstiMg 

to aote that in May 1946, Raafe (S&f'reported oa th© 

©ntibacteriai aetida ©f ph©mnfcfcjp<aa©*3?elafc®d subet©n©©s^ 

©aa © few Momths Xatts* iavestigfttora to Itai^ f©l2,<§w@$ 

with a poport that ph@nan&hr@n@*(p&none was s© smpefios4 

in ita ant iliac t es0 ial offeot that fwther studies with 

^©latei oompomidls w©^© plam©$ iVt)» 
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wammx 

1, Tfa® isfeibltox^ a©tioa of 38 ehoioaleal eoa-^ 

poimds on the growth of rop^eseatatlve food ispoilag© 

2r@aats aad molds m© ^etosmined qu®atltativ©l|f» ' 

2*    2»3-d.iehl©s,©'-l,4-ngtphthoqTai3a©a©^ a ooswei?©lai 

fungieiaaX &w®-7t ha® h@®^ fetsod to h&TO pocr^fttl to* 

hibitory aiid lethal, ftctlv&ty againdt the test os'gamismi! 

both In a^athetio a©d£© and 2a matiuml, food gmbstamees., 

3*    2,S-dl<sh|Lo^©-l>4-'naphth0quiiaosi© m@ fcmndl to 

hm® two properties •©hieh do aot adapt the eosponmd f ©s* 

use as a preservative la fooda*   fslhea fed to teat aate&ls 

(rats) it proved highly toatiftf it is toiiolt&hl© lit wat©r 

and thas preseats an applieatioa prohlew* 

4.    S^rstemat&e modifieatioa of the gitruetm3©- of 

£*3^i0Moro~lf4»aaphth©q^is@B§i produced the reread 

foraj- S|.'S«>di6'hloro'*l#4««aaphthoh3^roquinond»'   This #©a* 

poimd proved superior to the parent ooHpowid in the fol- 

loniag respects j.    (1) ©ral admiaistFatioa of this ©©apemai 

to rats at the rate of oae^teath of oa© percent of the 

entire solid ration oaa tolerated without toxie nyuptowB* 

The male© showed norsml gains dmriag the ©satire thirteesa* 

week period of the test,    fh® fesal©, uhil© ©a the ex** 

periaental diet, produced a li'lt'ife?^ of aia© ia dme eomrs© 

of time, ©sid the ©ffep^iag w®%>® noraml.    (2) fhis eoapmad 

was imeh aor© eoluhl® thaa the pa^eat aaphthoqmiaoaej 
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thirty-nine tima sjoro solubXd la elAohol* ani eight 

tisass mos^e s©lmM© in ©©©tie so id*.    {§) Hha n®® eompQim& 

uas as pcm©2>£m3. QM aati*fisx@al ag®nt as fch© pa^asst 

jaaphtlioq^iaoa© • 

5*    29S^iehXoro»l#4<4kft^itfaol^fly,eq^inond was al©@ 

fo^mfi to foe inminhl® m water. 

3*    Xa order to ps»©dme© ©. aor© wat®^-solm%3.<s 

de^i^ativ®- of this eoffipomsS th@ following rd^etions VOTO 

attaaapted s 

a.   ffitvatien 

to,    ftoduetion ©f tla® dioscino form 

7*    fk® ^©action© eomld mot b® saad© to tak© plac®. 

8«    S|Btk®tio ^itaain K, S<*m©tSi^i-i,4-mapht!i©- 

quinone* ^ras fomd to pedftess higfet ontifungc^L propertloe. 

©.    & v&to^-solutola d€iFi1?ati^©, 2*metbsrl*X#4* 

naptk©kfdroqiain©ii©*3*soii,UHi tmlfonate* t^as prepared* 

fkis prepared cosqpound ^as al@o higkl^ aotlv© agatsaist tka 

toat ofgaaiams in eynthdtie media.    Eow©vef.|. thie aetiv* 

ity xm& fevoad to b© maspkoilf rod^toed in thd proe^ao© ©f 

natural food mabsfcano©®. 

10*    Studies ©a a m©thod of assay for 2^3<*dieliloro« 

I#4*iiiaphtlj.0kyd2,0«|«ain0ne skow®d that 0.005 mg. of this 

eospotaad siay b@ detested bj a coiaparatiwuly simpl® oolor 

roaetion*    This motkod ©as^ b© adapted to a quantitative 

test and is ear^iod ©ut as follows?    4 wat©2? suspension 
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of th© napMhohydfoqiainon© is w&xM with © solutioEi ©f 

2tf4«<3iH£t5?o*|>ii©ngr|-li^ara25in© to dilute Ssytoochlorie aeM 

BM -IS gently heateS* ' A gr©'©n ©©lo? ia th©a produoaS 

tilth amiioxiS,® mai angrl al:eobol«   ¥he ©oiof p^od^eod i© 

'stable*' Tteaneas?© desevibed tor differentiating t&e 

^arloms naphtboqulnenee (and quinones vhieb giv© this 

colox8 x»eaetl0&» 

11 •    It was minted ©tit that © prejeet of this sojpt 

my pTopmlf b© uad@s>tak©a by a nmsabsF ©f oelltfbor&ting 

iabovatoviea^ mQfa apeelaliaing ia Its eon field of tee* 

tejpiologf, orgaial© ehemietry^ ©^ tosnleology* 
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