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ommouMQ mwmTktzm mm mfmm % 

Bf ti&e mm% importaaat fe#f,ii3?@g#,s ©f mm*   fbo ^vodootien 

8f tsia© £« of g^tat iaqportsae^ to tho ^.^enonor #1* a 

000 of tho main p^ofea.tiai in wlm msking £• aoooad* 

fespy fQ»BOiitat£oni»   Fi^at stagf fd^mont&tiotx ffl-ajr bo con* 

t*o&2.6& W nm of spQ-ei©! yoaot tmltwrt® ©a€ $^ft^ 

diossiaj®*   mmmm» soa® typed of wiaos,. t&epe tfe©^ is 

anfasmioiitod atxg«» loft o» ttM©4>. oon b© fftibftoquotttly 

oontaasiiaat©^ with yoaoto m& feogia a $©o©ad.ai?y fewacnta- 

tion*    Thift pooi^lta in gms^ turbiditiooA m€ oodittont^ 

malstog tho idno tw&orfcotoft&o*    {21§p*%MU 

fho oiro^*do^®iopmoiit of volotilo aoido i« anotbo^ 

ps»obl<M vhiek tijo iiid.oo ato&iifoot\sMM^ imy oaopmto»«   fhii 

isoy bo oofttrollod by ot#iot oloaaftiaoos^ pootou^lssoticm^ 

sbooiuspo of O3^"so% «4 tfeo ©.iditioa of ou&fup di09d.do* 

Shouia tho tjitno otiboe^tissitly OOQO i» ooataot triLth tho 

ataoophoa^o for a& extandod potdod of tino^ the ovo** 

dovolopmoot ©f velotilo aoi4# lamy ooet».   Hfhie pvodaooo 

a viiiosoJHUko pro^aot wbloh is uomavtcotoblo oo tDino* 
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At tbs pveeont titE»» e¥#n thoi3#i it p©sa©ss#0 dejp* 

tain di4iftdVQEitagtir8« .»Ulfw dioad-d© is t.he onl^ logeOlsr 

^@CTSitt#a p^tfdxvativd td l>e uved In tarined^ the mibat 

m^lmB di.tmdvintage l>©4Bg wi^aiX'aMo ilmor aad &nt«r* 

fi^dae® witto p»op@3? Agi«^».   in «oi»» win©©, Btt©h «^. €ipple» 

and anttlbiotlov haa off^vod new po&aibilitie* of ^@*» 

aax^rativ^ agest® im Mum*   At&fflaassiadis |4»p«34) 

«ho««d tliafc vitamla % wa® f^f'@«t2,w la Inlsibitiftg 

9deoiida^7 f^m#m.t@tioa In light ssmet totey win®.©* 

fMs iaventi^atiom ddaXt witfe the w® ©f vitamia Bg 

as a pessibXi pv^serviatitrd for Mnsi and had fdur pti^*- 

pO90#«*.to piapoint the amoimt of ¥it@aim % neeggaapy to 

intaiMt ae^andavy fwa«alia*len ia Higtit 8if©^t toke^r wiat* 

atudy tk.0 affaet of vitamin %. to pspw^nt de?®ldpm®mt of 

w&atiXd mim in appl© mi»%. atudsr tiw iaiiifeito^ offset 

of vits»ia % to, light a^ioot app&o tuiiio by foilotdn$ tho 

inosr^aft^ or doareada of aiospoorgaztiana toy plat© eomtisig* 

©nd «tudy tfeft offaon tto @dditio» of fit^Mia % has ©a 

tli© «03.OP ©f a|>p3,@ trin^* 

In aiX gttidioa aulfat1 dioaido was uated m a rof#i?* 

mm atandapd*   fM« imraatigjatiott kaa boon mad® tuitte 



§ 

tm to$& ©f 60tabli8h&ns vitamin % a* aat ffft^tifa- para* 

g©watiTO fOS1 tliBfe 
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fk^r© hm hmn a etnataiat &®m®h icap 44ff@-^iat «n4l 

M&^m is. tba only p**<wsa?v*tiTO that i© legally p&t* 

mittm to b® ttsod ift tsisttt* 

eiOfuv <a£#3s&<l0 haa a pdwarfui antnUoptie mt&m ©xi most 

«poilag.d mietoog^aaimi in wM@*   Ihesa ct&od fta th# H^fctt 

ooneentvationusy it taatto t# p^otaet wiat fe®m 'AJsodsaiiro 

Gg&6fttlon« ^tafoill^#^ the eole^Smg mattdj? pp.@g©ttt? md 

pmmmt® tm immtim of twbt4XtXs»9 tlmMs^ m& mti&* 

mmt® i8;i.p.©ii*-Si0)»   Mmmm* *©» mg-.@4. in mmm* it 

fsam tbif ^MtgincdL ilmm of ths itoe*   ?xia#.«i^abl# 

tfttbiditi** aad dtpotits tesuft to h® pi?oime#^ wten eoiptr 

«fllttt aro pr^fttit,   l^o,$s,4t't: anotrntd of awijew 'tio^ts 

i», w.lii#© oir©r lm$ pmAbtim of tlm® may &i#o Ma^ to ttef 

formation of exsaaaiVd quantltloe of aulfata {^.fp«09#d0)« 

taug aad Wi^g^ad ('2|>-p*i:34) aontien the poaaiDility ^ 

tut yaaat ^aeomla^ r©iis;taat to d\afT® 4i&dti$s 
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$fa& wmmt dw©I^ft©at of new #'teai^^^# ^tiiob 

ecamiuni bpe^w*© jta^t* 

thd tei'm intamin 1 4«iw<l ftoa the QomeatL 0apjw#* 

lioft, J5E@asiaIatioiia#^f it.©iain!S
#. .lias l3©«a applied te tlai 

eeuqpeuod reeog&iged fty DABL {6#p*475«»80) 4ft 1989 ag. 

^pee&fi^dllsr dee»eftdla$ blood $l»t&B6 tla® md idealsi^ 

fltd' ioddpftadeat% I>-F JBam (7^p*d@S) ®sd ^teinitt mi 

StcttkwtaAt (lfp#10S«>I10) in 19$^ ai- ^^met^l J8*si&ytyl*l»4* 

aftpfefeQ.qtaSiioa©.-   nth »#0©0iiti6ft of fclw> f a®t that oth«r 

pmmP^&m* this-   eompgwid WM d^figaaltt fitaala ^« . 

fitiroin 1 e^DU^s Jn leafy vsgetftble^ aad ethe«>■ 
natures. «et8?eee»   Sw@r@S. ft^a^a^ of haetei^lii^ ii9t«ihiy 

of the jaetlAiAa <^ti|ie m& g* ^m^ju, sm^m el«o He* 

#9nth£a£&6 napthoqivdnonee ©nd^wad tsrttth tritastia K activity 

<llfp«187}«   SevewssSii eimloat ^ iritamia K have hean 

atyzitbesi$gd m& om ef thssij. vitawin %f wan feund to he 

not only a ffupe^io? a&tlheneva&asle agaat foj» eliaieal 



vmb* but slm to esh&i^it itisPkoA iab&bltory aetitifty toward 

VitctD&n % nfiMftx 'fete f oMowirss ft^i«t^$ |i@#&feW)# 

NH2-HC£ 

ii aolwMi in wat®i? m& h&& a low o^iar of fe.®s?I^%$V' tlx© 

gum n«gati7« mie'reorganifimt*    l^atfe .g| j^*. (10,.p*02S:) 

y^pevt y^a$t ^peclm w^3?© com|>is©t@ly infeilsllfed ia gbnta* 

§m® mt®t%m. Qm%®M%m o#007S to ©#£& p#r c#iit «t 

po^creaa ofttitoioftl^ po^fQS'i at ©©nemtmfcio&s raagiag -fvoat 
o 

$«Q5 pojf o^nt to OA'005 p0# e^t Wfe^B ij$©d <ax aattf MffW** 

dat y©a.st§' .groim in. a dyath9tl& msaima* 



ZTL dfeugying vitmXn % m a- .food p^o^ewative^ 

FaggioHi (8) fotuad a 0*1 pti* $dKt eoneentfatldn ©f vita* 

mitt S^ had t£a@ ishl.'foi.to^f ^fft^t ©f I per eaixt faiieyll© 

aoi^t m& 0*i p@» ^©a^ aettay^p^hydcoa^ozut^at^*   TKtnaJca 

and Sfimaklta (Ml foiaia t&uit-a ooueotttratioa ©f ^0 FP» 

of vit«m&i& % va* ffii efftciiir© pjpotwvatixrft agent fw so? 

mm®*   fMn eett.Q«&l%ratiett did a©t laflu^ae© tm flavor 

a«id taeta»   tmgm®$ m& frm®im. {%&) foiai t&at vita* 

fflis 1| at a eottovntratidn of ©.*<$ en« to I«© pi#/i.i%®r 

aia aot mintage ths t«idt9 o^ pt©^:©® my tajde effwt* 

-T^ken tas#d sugf a feee^ s^eaev^rativ^^ 

Bit>(&s»#,a»^(la^oa m& Fopiaua |1S)   in #t«%im@ th& 

dffeiet« of vitamin % ati©«l to gvcipe iiBiftt4» foimtl tkat 

cenoentvatlons of & ®g« to SO© aig.*/!* delated oiasit ef 

ft^meiitation tat t^6 0^1 by 1*88 dmys*    ffiwy ffl@»tioa 

that ia f^^a^viaa :jsw#@t wiaea 10 «g* ©f ^It.aaiu |^ with 

S0*40 »$* ©f dulf^ ctioasWfc pw liter glioylt "givt ,l»* 

pswreA «>e«iifttidi«$*   4t:kaaa$tii.«li.s C-i^p^M) in gtox&s&s tte 

oemtrollin^ of ^aeen^y ^^aimtatioa «f tsixsaift wltli n®w 

.pves^rrativetf^ fotoatd v£t«ia % to %# ao^a «ff^oti^e thaa 

pSa$©ilMa# bao£t8&'dl% patult% tftt^a^lin^ t^a^o^lilorl^. 

ats^ooy^ts hydyoohloH^f omw&% i»^iisr#iB# «»& *t»epto« 

ay^a«   Seeontoy faaaeatatioja mn ceoplet^ly mhlbjlLted 

^y ^6 ppm ©f vitamin %»   Sa^fa^oaaa ||..0| nhewsd vita* 

alia '% mnad o©®pl#t#ly «top f eaaentiag wine «i that 
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9Ugar«d wi»e@*   Vit«ala %. B&PQSSW, to p&wmt m&miv®®. 

mcmito&f tmimhfo!M.m-m wtoot «#.©& m& tp. *tQ$ Xt. ia 

pufcmimtim. ®£ B®&m* 

Faggi.©li (8) mmtltmB tim ®%i&Mm %f atsao»p^«$.6 

M&ktlf p&xtisxtth ®ti%m: wM*Qh mmtimm dswdlops aa 

vitaaiia:*  , FTOpwatidas eQ&tsd&i&g vitamin % #@ not Xoa® 

tixm lay eSr ©bitla it f«iisi®i SiMail^t^ly H^m iiig^i^lug 
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V&mmMW MB MlfHODS 

the «R$evi8i0n.t&& m&k &a tMs invoatigatiLon Is 

41.^1^4 into four ua&a p«rb4*   $tm first id a $t««ay of 

tte© iahibitoS'y effect ©f ^itaaia % t© eoBtrol tfa$ 

Iteeoadas8^ f@»ientat£oa ia wiat*    fha seco'a^ i^ a etuay 

of tli© inbibito&y ©ff®©t: 'of iritania % to ©©nt^l tto 

deTOlopneat of irelatile aei<ls An win®*   fh# tMM 4®al.$ 

uath following the lah&feitory effect of vlta»i&' % In 

win©, by Slate eouaMps?' ffeil© tbe fourth is a atttfy of 

tte ooio^ ^haage la ap|>l© wim@ du® to t3te addition of 

vxtanin. Xft m a pre«ervatiire* 

t»,»pa»ati,oa.,of Tm^m$*$m%t^:..mm mm& 

fh# foHotting '&*taPQett*pept<tts8 ag^ ne^la wa« miid 

■ ^aroo^ioat thi* nsrork^ 

|,S ^amp Baoteaggg (sifoo i(aberaterl«a) 

ILO gr^sS' Baotojrti^tojft*   „ <Slfee tmsiboraterie^^ 

S0 graoui Gry«fta^lin$ daxti?o#9 (Baker obeotieai Go *) 

©SO si,* J3i«tilled tt&te* 

fh® pi ©f tM® ne4ia wa^ adjusted to So© by i&e 

ad^itien of a W per eent solution of tartario aeidw 

Fo^a^teea mlllilitera of this eolutioa gm® the duaireft 

pi*   Stale aAJuato^t ^a# #>a@ to give the agai? mediU a 

pa AtoiiXar to that of the- vfiise uae^* 
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A ohaaspaga© ftyaSa yeast QU^UP* (SiftoehagoBaret&g, 

etl$.p<,oldema) that was m®& im thi4 work was ofetaiatt 

fveai tn© fictology lieiboratovy of th« Foai SeehaoXogar 

SdpttPtxnettt of O3P0@» Stat# Goil0$,««   fM;S §i*it'«@ i«r tfe© 

ottft d&$tvl'bu^«>d b^ tli^ atjotr® Iti&o^oboa^r to t*« «ln6ivi09 

in ©rog^Bj as! is eUtttsped ^oa dd:^eaa*p9ptoxi&<»&gta? 

Appi® Jt^e© w®^ vMd an ths raw p^oduet tte@ii@fc.out 

tli^ investigatlon for al}, atMios- ^ftpt $m.m&®®f fesp* 

Bumtatieiu    It is geafrva&ly reeo^alsdd that appSLe w&nA 

tbttA mott othm ixsptto #1" masft.   «§% applt tsiiid 10 idiial 

foi1 ®®%m ®$mm® &®&®Xm $m to its j&gpa&ttetfUtS* pal^ 

,3?^wwpy»tiiyfti FM 

Ho sp0.eifiesatioiia wsx^ $%wm by th« aaaufaettq^t?* 

Jtt is vateu^ soliatol®* has a %m toad^&t^ d^ia d©#® not 

affect fch© flai?oy of th& produ«t to tsMeh it is addtd 

{Ig,.p.323«4)*    fh@ pftp.as'Qd goXutio&g gav« final 



otti6e&tpat£o&8 of 200 ppa* 3LO0 ppa> 9© p{tt» 80 ppa* 

% pp% «sd 0 Jl Ppl* 

fte^iag^ut this i&if®s£ig&ti@» tMi etealeal. tm* «sM 

as a 0Q»pa2?:atiir'i 0fean.a^4»   flio pi^pWiaa aDlutiot&a ga^i 

ppmi> i0O ppffl|. ISO pgm* 100 ps% and 7$ ppm* 

PABf t 

mmh ga?«p«fi (yiti# vini^»y. var* f ©fear I w®i?e ob* 

tanned fi?oa h®M$ CgilifQrai% and fro-Bfa at 0® F« vui^&l 

90^ wto® aftlslag a «IB«11 qittaMty of twmm gt®p@s# 

ttum iat2?dda©€>d int® ths o^oatod gf$p8* wad the fi»©p»m* 

ties iae^attd im 48 fe@t»# At 20® €*   ifeftiw? iaem^^ti^a 

th# £«0n&6i*fei&g amat was aiMd with w&gm&m&ti&t if 

pox»d@ of »9tt3,3r tb«swid ^sd ef^fetd .gir®p©@»    ono- $#M &$ 

tmimleoZ iwda israi ^aid^d to the sm$t to jfeeilitato fer* 

nssitatiea*   f b&i» pveparatioo. tms 4Q««a>fttdd aad «ll<w»sd 

to femmfrnt ifosp a pe^toA ©f ? d©,y«*   fii<s £<»meat*t£o& ©&i' 



the uln© was Btvalned tbvougli ehmm elotk* fh© ^.ae was 

tfterod at ^00 P* f«p a p0?i©d of two we^to* $ti$ i^a^ wa$ 

ttiphfflBkflid to ftmo^©. th0 gtdimmt fommd and $emp%m taken 

f m® % 

Begpeett bHjt at twP/W* »3t*8 

Specific ©PftVity at 2QP/2& 0*9958 

p©r e«&t aXeohol b^ ^oim© 11*60 

$ fetal acid? as tavtayie 9&4A0O ml* 0*699 

VpXatiXd scidig as a^tlo @si*/X00 ®X* 0*0X6 

fho wia© wan not paftt$wift9d aad 7 pdj? cwt by 

weight of <te^' e©«a@5?ga.aS. suovoso ^as add©d to tfci t»Xja# 

prios?   to ltd osper&aitmtaX ^s^' to fd^oap eonditXoiM Jtcw 

tho ifiltiation, of a ft^oon&asT f^smidiitatlea*   Wimes mad© 

for *i&09«ittent oaq^inontaX wotfk w®^§ of similar m®Xy&.%M 

eath tbo aXodioX «ont$nt« ad|u$tod toy ^Xindiag t^en tm&xA 

to X1*0# pes? oeat by voXwto for ©aa® of ®mpmi&m* 

^tlia^assiadis <^p«34) bad &h©m that a^cond^y 

f^xmontatio» In similar t^ino eonld to© imtodbited 
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eompltt&ly Tjltk eo&ffieat^&tiotKS of SO ppm *£ vitamin %• 

m a v^vlod of tits© @3^@^iiEi©ats vitamiB % ©a« addot 

to the wte© in ^a^io^a QCffie^te&tlo&ft a©il@a©s to pia«» 

point the ©©Betatratiom of vitamin 1% wh&ofa woiald im* 

hilait aleohoiio gwodtaetioa doaipiet©!^ fw a period ©f 80 

iagr^t   4S a eoMp»i#©a aulfto? ^ioasidd in. th© fona of 

pot«ki8itim a^tebla^f It® was t®atM »inu3Ltaa»ouali3F in tk# 

Vho p^!0e©€^# ^ro^' testing the ©ffoetLwrntiS ©f iFita** 

min SL was an fo-13.®t7$f   ^Saree bottles <sa©& eomtaining 

149■•O a3L* of .tdno for weh ooneontration* pins tbcpoe 

eontrola ndth no pwoaorvatiye w#r# ns©«i*   fh@ paMmomt* 

tiiroi ^©^t added f^oia. stools solution of mich oonoentra* 

tiong that tbo addition of 1«0 al* brotagSat tho final 

voltw® to 1$O*0 ml* at the dftaiped oonoentratlon*    f&i 

oomewntrations u$#d a^paa^ in ICetbld t* 

$aft&* t 

^aa^Hnratiiro oonoantvvtlon in, pgm 
■.L.i.-.Mrf,'i-,.,'r'Ji-,',r.'..li.',»r .ir-yivn'i it"»    r, i i.i|"H-|ii.ii    HOT  i    /..■■■     w. ';V,Vi I'II»: »■. ■    «i,i|i..,ii' ,1,. ,i.>,vi.':'i«,.i,f,    -.wn JK.JKUKMTH I     I    .. 

Vitamin % 0,1     1     $     10 
. ■mWi'm.ai'.'-.WKrt' I*I ,«>>■- ■    i, ,Ui ».   .',i,. il'Mia «>    i   ,i     n   i i'i.'  ) ■■ j|i.ii   in..;', n,','..   ..,.   n ■ ■     I.   r"''.  r V    i"f- ii   ■< ' I I'H" I.'; If,', i 

lSa# roa^tta fro© osperiment 1 indicated that tba 

coneemt^ation ntatei mm h®timm $ and 10 ppa of vita* 

udLn %■«   fe^ eono^nt^ation -ased in tha second a^aviattBli 

app0aj?i in Sabl© @» 



1«!&# S 

sja.jja 
ooBcuffBAtiois mm m w&mmmf 2. 

PV^B^w&tivd Oeoaeentspatien to spa 

Vitamtn % 6       ?        8       0 

Sulfw 4£dald© ¥S    100    3L@0      20©    S0O 

A1X bottles w@s»e 9to9P»d at rooa tcMqporatwPd*    $m 

bottle of .@a0h s#t was «al2rS5#a f©^ alaoheX eeHotdnt at 

©X^oteal aontmt vraa ths inai©» usacl f os1 m@a8T»iii@ tk# 

st.esada^' f^fM^mtation la the vitte* 

Sb0 aXoohol was date^aiEed Sa ail feM^ sanp^es 

aoc©i?<iiftg to tb.# proeedtpft a®s.ts?ifeid fey the Maoeifttiem 

of OJffielaX Agrleultupal Qh8iitS.st« (S#p«X70)« 

Mat t 

Faraah apples ©f iwwet ©a?! soo^ ira^i^ti©^ wr@ «ib* 

tai&*& lm.®XXj.   mm mm&m& they w©»# inip««t4d wt 

©n^ spoiled apples geuMWddo    ftey w©3?a tho^cugbly tMu»hdd 

and pulv«»»i«ed I.a a eosmufcatiim na^hla^*   Tb» &&&*$%&&& 

app3..©§ w©r® tben p^es:a©4 and the Jid©-© ataved ia. ei^m 

$aHoB |uga.   Aiudytla ©f th© j-aiao is ahoim ia !fabi@ 4* 

$h& juiet tliat was nat iumadiataJ^ uciad wau at03?#t at 



IS 

mA$mx3 m .ams MICE. 
SS5 i;     '   .   .'i   »' "'i "i 

Bfrlat 
malA© Spooifle gravity 
/im.m^    ,  ,y«       ,.at gQO/tfP.pt 

m X4»7 0,51© 3»46 X»aS©8 

(«> X4.7 o«,so@ 3«5X X»0$98 

13) X4«7 Q.SOi 3*53 I*0Si8 

(4) IM a-.:SX6 BmM X«'©§08 

AfQrage X4»7 0*5X0 3*48 x»06dd 

P?9P6p&ti0 a oif mgh AXeoli©! AppXe Wia© 

(11*12 per ednt.by veXtnt0)» a snaXX quantity of Jtiic^., 

a^ut 3/4 gaXXon# «as ladouXatod with a ^.ne yeaat 

emXtiupd {Saceh^Qresrcea ^XXiggoMtup) m& the pe^poratioa 

was i&etib&ted at Si^ o« foi? 48 hours ^   fto ^apidXy f^s?* 

msafcisag |uXe$ vaa adtoi to appt?©&imt#Xy i gaXX®»S'Of 

Jmi©®*.   Fi^r© grama of tdtiimioaX w@a wan a^dedi aad tfea; 

pvepa^ation inedbatedl tfoa? 72 hemps at thitf tQmp*wtfw&* 

At thitf taa^ 7 $88 cant by weight of coaaiefroi&X daxtvead 

vaa add#d to that %h® HwtX mmmtmUm of aXft&hoX wouXd 

be azKourui IX par @#nt by voXun^*   Tfet $*st&@ ^afi s^ain Xa*- 

^u&at#d at thia imsp&te&vapQ m& aXXo^od to twamnt tm 8 

dayi*   fk© fo»ao»tatio2)i «a0 0X000X9- ohaas^od and wfeon a® 

fupthAv aetifity ©maid b^ d§f©oted th$ ^m© waa dtvaln^d 



u 

tbpough ebeesd eloth*    The jowig vin» was stes-ed at 32® 

F* for a poaTiod &£ t mtek**   Gold 0i!3os?agt 16 adfiatagtoua 

8in.cd a oXeapdr wine ii p^Qduc^d as troll aa imhlbi^ias 

gz^vth of. stiopoovsanlsmft^ 

©*© aaalysig of %li# ^n® before ®ad ftfter atmra^ i« 

shorn %n fsM# $• 

Tb^ win* wee r^smoved from oold afcosmgD aad a&phonod 

to roi^oirt the s@di«txi^ :tl^t ims fovmaft*   f&@ sigk^aM 

idne wa® tbsvoisghly adsM and sasplofl t^kta $m malptla 

whiek appeals In. ?€$>16 5# 

WIBl ^TA^miS l,gf ORg AID AF$% gf 011401;   ..     .. 

':• Before     ■   Af fce* 

Per ©eat alcohol by iroltap ll#7 

fotel aclda as fcas'fc.ajp&e' .®n*AO0 i4l*     0*0 ©# 

volatile mm m ac||l4:;:gm*A^ wiU     M&4: ..0*0$© 

De^&$,# bvi* 2Q0/B(f 0*' **!#¥ ^t 

.speoifi© ^writy at: aia^d0 G* o*t©8S       %ii9S$ 

■ "■li •('I'llinfl.'l ' .'i .».i".'i HI"    fir ill" I'     1 ■ ■■ ,1 lll■^[^,i^^.-^jW■'^lJ>^'l)il^.' ' '■   I     'i'""     - ■■.'■'   "■ «    Vn .. I'I.II «i   1,1 nu". . :.   ii.-[»i 1.1,-1.1,1, ii jajn'tn )<l„',T„,i|^'.iH",-.i,-'i-,-i 

gredaetion !» High ^l^jjima® 

3!he pveeedove fw teattog the iablbli&eft e£-*eiatiXfl 

«4id pvedaetion la thf felghe? aleebelie wiae wea ^e 
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£dXl®m$    fta?©© s»p3.@s £m each concentration way^ us©d» 

Eaeh sample eonointM of .4/5 qwart aevomcaspeS MttlS) 

eoataining ©98 aili of wintf    Sfe© pv^ji^weitl^e «re 

added ao that 8.Q nCU Of the stock do3.ut£<m wotali bi?iBg 

the fi£AX voltaao to 600 ndU at tho dsair«d eoncentvation* 

Hhfr ootto^&txNutjlesia ^sed s*® gkom im f;at>l@ d«   Ite^f 

oOKitorol iajapi^s witla nc* ^©®^nratiw.s aMea w@i*© also 

Fvejitervatlvtt Concontapatioa in »m 

Vitamin % 20 40 i§ 
80 100        2m 

Sv&tm dieadto 3,0® 800 WQ 
M .mi'i i"1'    r.',  i , ni'-i   i.",'iir ',   i«M-i;-,r,iniiin »■   ..n- , i'. "i   'l"-ir.'r j m, 1    »■ ,v >, [    .' ,.1 i .1, r ■   ■  

mi bottles wa#e atow&d at ^oom t^npevature oitb tba 

eap:@ looael^ fittad*   411 threa Itottlda at ©@oh #one©a-* 

tvation w©i»# aoal^e^d fw volatile aci<l a^ntent at 90# 

00# 90t Mid 2,80 days. 

Uh© volatiia aoid ooatant in 911 caaaa was dtt^^miKied 

Dy at««m di$tillatioa aoeo^diag to the isr^etdwt datferibad 

by tha iUi8oei&tlo& of OffieiaX 4gvlouXturaX cttamitft^ <S, 



%B 

At fefee ©ad ©f th* if O^day p^rio^ a slight iwoisiift ©^ 

»tirfacsd g^mrth rMQateXiag mold wa* obsorvdd* A» tHis aa^ 

Ha^e affoeted further gyaaly^itjj fcha expevlaKMit was- dis^ 

eontinue4«   fto gr^vrth tma tfh«n ob-s^rvM imd raeordid tt 

la^. ^0., 45, ©§* 75^ »d 9^ 4MJ$:* 

F@r tiil# study JitiloA ®a$ 0'b*«i&ie& witts tba ®m® 

proeedispe as ma© msied ia p^^p^atiom of th© h&g^ft» also* 

belie wia@« 

^P^x*0sKi&Mit93ty ©I g^Horns of Jmle# was ^oao^^d fr« 

std^age m^d placed ia to© §**g-ali@a ©oatMnt^s md tranciSUia 

QXOMI W0#® |>ia^d ovw the t©p.$ of th* coat«in^$ ©ad 

jui«0 «as ^llow^d to t&mfitA at ^ooa t^^imrat^^ witliomt 

thi ^dditata of «p^ ofeeoi&dtiCU ^r y®a«t duttw&y 

fotiA aoidi 

{i! 14»6 0*614 3#4S 1«0$94 

12) 14*7 0;*§16 0*^ .Milt 
Avtorggfts M^d 0*$1& 3»60 i»oe9$ 
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flh* fermentation and the <t$imX0pxa@3at Of if03»atil,i 

foiatll,© ael<l had 40tf4&$$ed la tke yo\m@ «lne^ it vm 

«ts>$tinii4 ^ta?ot!@li oMi't-Q o&eth and thcHpaq^aly «i^i* ' 

a :'i,'^. .!.<>' 

pi Si-^d 

SotaX aoids fiua ta^tavlo acid gnuAOO «1* ^»S6i 

In MW qoohol Wiai 

m# p?o00te# fos? ta-ftiBg: iaMfeitios' of trolaMXe m&€ 

pitbQmtlm in Im aXeoboX trimt ^md as folXomt fb^e® 

a.s»pi@:i ^of ©aeh eonciixt^attiois wesfc ^©^.*   Bft«b .t'iiflpl.© 

eonfiiiitdd of & 4/S quaapu f esw*mpi>@d bottXa aontai&isig 

449 »l-o of tjina*   Ui© proeerrativeA W>J^ ^dded so that 

thd addition of X*G iiiXv of tho jttoole solutiom b^ovtgbt t&© 

fiB®X voXint^ to 4S0*O of tk® goaivod ooaotm^atloa*   fhi 

eoneontrationt uso€ mp®^ ia fs&Xo 9*   fl^©o eQ&tope3L$ 

tsith BO papoaowati^as w©^ aX'fto usad* 



m 

 , , mm a t&® &M'$M% wits 

<.r^t>wr^i^..^rlTTOn^,ai0i.»a.j.^.aiH m . u; 11 ■ niwii."-iB.|ilrj.le.Ka;,fLU ■!■»>■ ^■i,n>>i'WJi.rt.ia^<-fciH*CTiwr» 

vittfflia«« ; 3to   do   so   m m m 

Si23WPur aitiaddd 3.0©   iOO   SO§ 

Ail hottlm wtffli e't:©^@€ at jft&on fcaispw&iu** with tM® 

ea^f looatlr £itttd» ' Ssife. bottl» WM aik«l796d f#p voia* 

til® aeid cont^a^j at 8*^ €*» $*> B*# i©*# ia»# li*^ 17^* 

21** SS^> sad SO^de^r eta*agft p«9Pi«da« 

fli® volatile asii oontant vm d«t«na&aAd by etaam 

dtfttillatlesi to all ^ia|>l#s a«e«z^$ng to tte p^oe^dt^© 

da-aevibad by tha Aaa'oaiation of offiaiel Agrieult^tl 

dhamiatA <9^pt«l7SMd) *• 

mvmtom «< nw jr^..gut» ommt studio 

Appl© «in« wa« mat© loliotfi&s the §«$ s^otaaan^ 

used ia ^apa^ation of islgti i&aohol tali** iaaa pag^ Ml* 

fh^m so ^urthar ftsutntatloa ^ould bo d£teota&* tH# 

yeimg wte® vas atralnad tteetigia eboaaa «loth. md 

plaoad in ©©14 ato^aga at m0 f*   Affeaap two t^aaka *£ 

ifedwag^ tha taitto israa *ettova&« aiphonad^ ^^d ttorotagay 

ni«ad# m& sa&^plaa t&km i&w aaalyaia wbieh ^# va^o-Had 



In fable iO*   Fi^@ pe» mn% by t?#igkt ®f mf ooante^olaX 

Uti^o^ was added to tti# waae to prcmot* ©.ddi-tiett^. 

total «^ld« aft t«ytaapi«t gBu/!®® ml* . Oc^O 

total, ?©i&M3.:@ aclda fi# to^ti.© g»»AdO *&# 0*000 

D©gr0©S tell? at 2Q®/m® G# *2,*4 

speeifi© gsasrity at. $QP/BOP G^ ^*9d47 

fte pFtttd^© few #Dil<wi!«$ <aff00t ©f Tifeipifii % to 

wi»@ IsygAat* «$mting.^i)« M,t©ii®i^l   Ss&f^iirt* t^tw* 

««ip9«d bottiea*' wlt^'^dtitctti p%vg» w»# antocOs^tilf sad 

'Il4i u^.* of «I&II$ ad#d fey tfseHt* p&mt%m t© ©a^i te^ti^.* 

f-i» p3?.0g#w^tiir©a VMIKB' 4dd©4 feom §$mk «oiiiftioe^ <ii tu^ 

' «m£ttn$p«i&ctt« th«fe tte'' Mditloa of i*# al*. bvoia^kfe .the 

^ f in©i ifc&xfln* to tSO-*a »3U afe tbe d#.ai^d. etmea^^am^ia* 

sm«l# afe X» &«, 4ft % % 1% sad %& da^t?   S^ari^J. dilmti^iai 
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xming sterile water tdaiaks %wm made*   All pXfttea wes9© 

mad© twiag doKtooae pspton® agas1 (s©« pAge   9 ) and 

©eimteel ofteif 48 &©ta3ri! ©f ineubation at SQ^ e* 

fable U 

,, ,■   ^momm^ms^m W ^^^ Q«wya»o, ,. .^„ 
 ;,    DJ. Hi I'll ^»..n-».,ir I.'M       ii. n    -un, J,I'„..I     |-|- .11,'    I   ,  ,'  ,JI m. VI    r!i"l       ■ ' ■  ■ tiuii   ln.'i .1'.  m  ■ iirfj ml  .ui.tm .il »■ IMP "1 

?ltam&tt % 10 60 40 

St4f«r 4tcwi4» 10©        200 ^00 

Appl^ wlmo   was JBRA* foiiofdag the sam© prodc^iupo 

tis^a in p^dpavatloi «f Mgli aleehol urln* <«©© pag© ii). 

Hbgii m© fwtfe©^ f«x!B»ntat&Qa e©u3.4 bt t#t©et©A th^* i3lo« 

waa 0'timim0& tte?0ia#t ®kmm elotli aa,d placed in «did 

storage at a$* F» fw* a pewits #f 4 w®©^.*   She isiao wm 

ttadn r^ttove^^ siptom^i^ tltovcn^bklsr nlasoA «uad i«^>l®#. 

takOE f©^ Stta2srs3is?> wbdeh 6i»6 vopeH^d 4n faM,# IS* 

Tfa® proceitar© for atufisri.nig tfe© ®timt ®£ vitainla % 

oa tfe@ oo^ev of appl.^ tda® tttozted for o»d taoiith was aa 



fellers   Sea^wweapped* 4/S qma^t bottles twMp^ tfcior^ 

oiaglilsr eltfanod md 449*0 ml* of Tvine added to tten*   fte 

prd««FVittiv«« ^v©i^ add^a .ftwaa etJQdk solutsiong of guoh 

eoneoat^Ltlomi that the additim of 1»0 ai* b^^mghfe tfe# 

final velwato to 490*d m* at the d©i3fr(g»d ©.©aeentratioa* 

Br<J botttep £03? ©aek oono^nlMpatl^i ©Jid tm with no a^dl* 

tliro^ f w ©antuols «^e uooa*    Jfao oone^sktvationa «i:#d 

app-^^r in fabl# IS* 

■   ^Al^p CtJ^i HBEB FOR Jg|g|rGM^Jgm—^ 

Pw oont AloehoX W voi^aai 3L1»7 

fotaj. ^©ids as %©^t»i© ^»/l0© a&a @.97S 

Volatil® aei^Ls as (Msotle gm*A00 nl* 0«0@6 

spootno gravity et ^O0/^©^ 0* MW 

ceM0fflfSAfi®H3 t?sgp a Apyia? win ggatgp FOE on monm 
'l&ixi&i&zi^^g^^ ■\-K\,' :,>,r1.v,fl-,stft""riKi,v ri;;,!i,„-i f,,-,^';:^,. s^ii'^xwAia^Sfc; i'vi" irW 

"-■   ■' "■ |i.   ww 

fttm&ti % ■       jta    $o    m    so   xoo 

SUUUSP dioxid® 1.00   800   -800 

fkt same pvooodi^o was -o^od fof stui|ring tlM m%@w 
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a»^A^MB W@. JH I^pE TOE 3fQEp gQE. CT^ iCHf^ 

rvlr- ■|--,-r--r ■^..LkFii (BJI. HB. 'Uf t.wrt^iri<i » ,te.L...-.■■..■iu tr I ■■■■ 1 I, r.i r--wl■■-.., [ftj.jl.,.-li-i,-a..^—B.Mia..—I^I^.^^^^.'.I. ■ run. ' B" ■in-ff.w...ii.j   iJi.inuf.iMn c.---.i-i-«fi .fe.imrj.vL.n.Ji^^fenneii -iinriiti ■ »^-» 

tltflaula % 10     60     10©       800 

SiOJPur d&03Ei4$ 100   200     300 

All saais)!®^ w#r© steaML at y^em t^^i^ati^1^*   At 

the m& ®£ titob $t0&$8& p03?i©$s sanplea ww«k tulBen find 

tfe© #.sfeln©ti©2i eooflioi^at read on a Bw&maB ^ua^tB 

Model B0 jipdetvophotonstsp at vav* l^ngthfi 6f 400? 48$, 

4S®> 4^$» ©00* $2$, S80* ©VS, @0O5 &A 62B ailiifflltreii®. 
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EESftifS ABB BISC^SSSOI 

Bffeet ef Vitamin ^ to. Xaliibita^goft^y.F^ffim^lQB 
mMm 

%m ilm% axpsri^Bt appear la f:aM<t 3J ©a j>^#- ST# 

ifttaa *c6o*ging to %ib» i-0iim^m #qmatioa» 

whof@ wtK la caeobol laMMtim la mw ^eat^ ^a® id ttoe 

ftes allowed for a mot^ aoewatft eeopayigHSa b^tcsdon tfao 

fabit %&} pagt i^i :Sfe©W0 tfest 0*3. ppm ©f vitamin % 

h&d n@ iaMMtdFy ^fleet on tho produetdon af aleobfi^^ 

as tlw produet&oa of eloelsoi pafm^ltl^a th&t of tfi^ o©a* 

t»ol aswpl^*   Sbe oone^ntration of i ppm tib&md SO pe^ 

©^mt inM.Mti.oii at it dec7s# feut oaly ©S F@r ©eat at 30 

daysi. ^i<a mo iftttbitio^ at S© aa^ria*   At the 6 ppm level 

100 p©f> oent inhibition was obtalnedA but tfalu vm m* 

dtteo4 to OS p©2* o@ttt at iO da^S ond f inalli1 t© 79 p^r 

eent at 30 <toye of stotag^*    9bi« #0^169 t# indi/eats that 

a£f»otiY«nei«a of titazain % dimisiafefs witb tiina# 



m 

gesfeapa aw to tli® ^a.actiVEti6a of ym®t mlM*- 

trat aoMetai, and mm$.±m& eonstgut fox* thfr entl^# St* 

&&f p€^i©a«   %.© ^.g^ltg fro® febd^ fi^st t^p^iMsat 

iE^eat«€ that tfe© eontgeatratioxi of irlttmia % tM% tromld 

4u®tloa iBlii-Sjitiom. w&s «Al<m3latdd tfet ssw@ way aa tm 

Ss^evimmt 1 Ci^@ puge 8$)* 

At a eoneoKtratlon of 6 ppss# vltaaila %. sM0wa4 100 

p$j? e^at inhlMtien. at 10 day** 90 P^ e«nti ^ 30 4Bgr«» 

mad 82 pw ©^nt at 3© day**.   Afe a coa#©mti?'&.tio3a o^ 'f ppm^ 

100' pe» «mt infaifeit&ftn m® mt^nm for SO 4ay» an* 80 

p«? dfittit iobibltiea tw $0 dayi*   G0i«pi©t#. inMMtioa 

tfavottgb tba p03?io4 af SO aftyi wag sfeo?®. ^sr ttoa 8 spa attA 

9 ppa ooaoonti^atl^isia* 

0iilf^ diosdd© $h®m& a di^timet inS^Dlto^ir '#ff©d.f 

m taw ©©aet^^atlQja incvota^ad ftpom 7B t@ ^©0 ipa^   At 

th® 100 cDdd 95 ppa gftftceatrafciozk** a^ iafejLblti«»-'t»ae 
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PER CENT ALCOHOL AT DIFFERE PERIODS 
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m 

obtained at periods of &$ aa4 SO d£Qr«*   At tb& iSO p'pa 

coae^at^atloni 95 p:#t ^0M% and 90 p®r eemfc toMbiMea 

wa« obtntoad at the. end of 10 a»d 20 dasrs r®Q|>teti^®.i3r> 

tfMI*© only 2B pe* ««ik$ inbibltion «a^ ©lDtsiim©d et tbi ©ad 

of W d^a*    The two Mgliest eaaee&trations of 200 m& 

SO© ppa ^©suited in no lacr^at^ in alcohol at tm #ad of 

10 days* ahotiing a 100 pe* odnt inhibition*   mmfm& 

them two oonoontrati<m» e3Ehibit©d lowm inMbit©^ 

®i£mta -ot 78 pa? emfa m& 91 pw ««»* afoapaotiwly asa 

the 30th da^# indicating that suirt^ dioxidA dooa sot 

poeneaa a lasting aetlon*   Shia- is aiBo indloatad by the 

gv&atop doeraa$« in Inhibitory pem&p notod with tho iowaf 

oaneoKktratlons at tto «ad 0? the SO^daj period* 

ffjBBfflajPigoa of Vlt«mia,„Ka tgith BvSLtW M.Dasidt 

Isa eonp&x&fton*. t&t ishlbit^iry peww of 7 ppn of 

iritaain % 1$ gpoater thaia 900 ppa ef md^iflp di^irf.a# at 

a ©o&c#»tx»atJ.m ©t ©■ pp% thd offeeti-yenstf* #f vitwslni % 

id conpaaraibld to ^OO pitBi of fttalfiir d&oxld®* 

Sgg»ot oj? yitiagt&n fe m jDBhlbltjng tfolatll^ Adlda., gffodue* 

Reaiilte obtained ffrtm tM ^a^erimfiintttl wapk «ft Mgli 

aloohol wine a^® reported in ®a&lee IT aad 18* pege« 33 

and 3% and thown isa Figure IX*    In all caeee the total 

volatile aeldt Is ej@rdeeed ad acetic acid*   All ffeeulfta 



m?® a?itbiBdtie m®m$. of tte&© a©.t©^alaatioag f«? #aah COB* 

eantp&tioa ttae^U   fbds method was used tu© t© the $mai3. 

v&SLAl&Wfi aeires' no^o th^a d.OQS gpu/LOO A.* b.<&t«0©a ^he 

bighast «&$ I<»8«»t S0te«ioinatloa«   fM vol»til9 acids 

Ing to a ilalta fiemiuXa ttt»«d fot eai2.cu3Latiii8 aleoliol 

produet&en iaMDitloaf 

a 

wh©^® "f,M is volatile aeits p^csduotjion in pe» emt^ ttaM 

is tb« voXat&la acia^ produged in th» ««tttvol» aaa %n is 

tli^ tolatil© ae34» produgod in tte soapi^ eimtaiains tto© 

ppd«9rvativ<»* 

faUl^ IT ©M 18 ftb^rar that $0 ppa (&f ^ttdmin % ma 

not tr#^y #ff#eti^^ in imMMfcteg. tfcwi de^fl^patBl: #f voXa^ 

tile aeida*   At th® 3©*a@i^ %m®l 4& pel8 eent inhiMtloa 

vm flhofm# whil^ at 00* and X8^day Xetreld ©2ar i4*i sat 

84*3 p«f esat ln^Mti«&^ r&sp$#tiveXy* ^au «hmm« 

Bft^ctift inhibition wm @k&m with 40 ppa and 60 ppa at 

the 30*day ievelit but this inbib&t&on daeraasad to S@«5 

p^ c©nt and 60,8 per 0©mt inhifeltioB, pedpaetiir&ly* at 

tha X20*daf XairaX*   At SO p&m tti0s?a waa no ?0Xat£X$ 



m 

?QLAfII>B A0.a)3 PRODWOfiW W .EX0H AI<gOHp&. WISE 

Mid Clfflf/i0Q 
C onoe&tratiemi SO. ciaF3 ©o iays 90 ^ay© 3,20 dgya. 

Vitamin % 

20 ^pa 0*002 0*068 0*088 0,312 

40 pprn 0*004 0*03:4 0.070 O*0f4 

60 ppn ©■*00^ 0*01.0 0*©M 0*008 

80 pp® OoOOO ©♦003 0.009 0*024 

100 ppm 0*000 0*000 0*000 0*005 

200 ppa 0.000 0.000 OfrOOO 0*000 

SiAfia^ BiQ^ide 

3,00 ppa 0.01B 0*046 06 064 0*09© 

SOO ppm 0#©O§ 0*090 0.012 0*022 

aoo ppa 0.000 0*000 0.000 0*00© 

GQntitt& 0.040 0*074 0*116 0*148 



m 

PER OMt VQt&txm mm& FBOBiofioi its^s:20i 
m urns. .Aicogoi. WHB       ^   " 

gFmmwBMXm 
—***5^^— 

m®. 
QQnQ®&t®&.t$t®m 90 da^ft #0 dasrs 90 days %2Q $m® 

Vltaada % 

80 ppa 46.0 21.6 24.1 S4.^ 

4© ppa 90*0 67*6 89.7 26 •§ 

©0 ppa 9S.0 86.© 70*7 60.8 

a© p$m 100*0. 90.0 93.2 83. 8 

S00 ppm 100* 0 100.0 3.00*0 98.0 

2©.© ppa 100«0 100.0 1.00.0 100,0 

St&fu* BiOSEid® 

10© ppa 30.0 S7.8 44*S 89*8 

800 ppa 8§#0 87.® m.$ m*i 
SO© ppa 10O#O 3100*6 3,00.0 iOO*0 

g««Mai 0*t, 0*0 0*0 0*0 



FIGURE H 

0.16- 

0.12 

8   0.08- 

o 

0.04- 

VOLATILE ACIDS PRODUCTION 

IN HIGH ALCOHOL WINE 

0.00 

0 30 60 90 120 

DAYS 



m 

aoi<a@ ppodnet&ea* oa? 100 pw ©@nt inhlbltieft* At tm SO* 

day I§¥#1*    Shta o^no^tttpation obtained 96« 926S?; and 

S3tB per e#at inHllS&tioki at ©0*^ 90«»a aad 120**aa3r lewla* 

fii@ two highest eemc&atr&tlonflt 100 ppm aad 800 ppn^ ®^* 

tained X0O per eent iahlbitl<»i at all t&m&»leve!le» ^g^eept 

at the XfiCMtay J.wel# whet^ 93 pep eent inhlbitlosL was 

obtained with tbe 10® ppia eoaee&tvatieo* 

lia thee* »e*ult** &$ was- ahefin in, the iahibltevy 

effect of vitasto % in eoatvoUing eeeottdesy feamenta* 

tien» a reHatiexkehip etxlete b6tt8?tea iritasaim Sg and time* 

In aJJL eaeee eseepting fe» the 90* and 2&0«day level &t 

the so pp® eeneentvatlotiSi. all staect&iiiri tims levele 

resulted la a leqer pe* ^eat inhibition^ tbie of e$iji?$© 

%fm net trm© «Fheve 100 pei9 eent inhibiti^B wa@ obtained 

thvotigheut.the atimmt time levels* 

Sulfu? diosdde ehowed a dietinet iiaMHitar^ etHet 

ae thft eeneentvatlfin inereaeed f^om 10© te 500 wm* A^ 

the ISO^dasr level no volatile acida we^e pvedaeed^ o^ 

100 pep eeat inhibitKm tree obtained* «ith the $00 ppm 

eeneentration#   At the gOO.ppm and 100 ppa @onc@nt*^* 

tiojs@s. $S*l end 98•£ pti8 eent iiihibitioat was ^heon at 

the lS0«»da3r level* 



m 

fitaaiia % ppowd to bo mere ©fttetHVQ %h.m mltm 

aeidse   At th.® 30w&ay lefel SO spa of v&taain. % @h®mi, 

lovely 4© ppst #f 'citsimia ^ obtaimi tmm Qt.fjMjfelv8© 

iablbitioa tfeaa did 80& pp® of sulfttp ^iosia.^^. $Qft 80 

^p® of tfeft ^itwin aoa^at-^ «lth 5#0 pp^ of Bmaj1^? diosc* 

lio*   At fch& dd^day. loirol# 80 s»pa proved Idoo^ vhilo 4© 

ppm of tho vitondUv p2?#¥©d mo&s offoeti^o than 100 pp» 

of oalfter <l£oalt©.   Aloo^ at this t&mo l«vo3.p 80 ppa 

ppevod aoy© offootivo than did $0Q ppsa o^ axaiw diossidt, 

nAtilo 100 pp» of' tho ■BifcanSLn twwi ast offmt±m m 800 pps 

of sv&fig? i&oaeido* feoth ObtAiaia^ 100 pw ®mt mMMi%M.m* 

At tho WJMLay lovoi.» CO ppm of ^ittsta % Md am^h gi?^at©ip 

Inbibifeofy powos? tbaa did X'OO ppm of oolfur dioMdi*. whiX# 

S§ ppaa had mo^'t powo^ thou did BQ© ppxa of .oalfift iioxid©* 

Aiao* at this. Uaio loirO;!,.*: i©0 ppa of tho ^itaftisa proirod 

©g, offoetiv© as SOtppM of !m4f^ dioMd©*   m tho 130* 

day le^ol^. 60 ppa of tho vitgaiis pfoimd sa©^@ off^ctlft 

than 3l§0 ppm of swiftt^ dioasl^ wMio th$ offootiironotts 

of 80 pp® eoiqpovod -taSlfth 80Q ppa of sulfu* daossld^*   Moo* 

at tbie tlmo lovely SOO ppa of v&fcaa&n % pgpovoA as 



m 

!®@ per e:@at iafaiMtioii*. 

f &# anomt of «folfea .«oii*ilkt dwrf ae© gw^k ®fe** 

appeals in fa&a.® 19*■ pas« S8« 

fh# yd«tilt«r steir that- a© «\)efatt$ g^wtla ms tfa* 

served at the JLo^©^. eo&oontration* 3© pps* of vittNttla %• 

9!hJUi wwi tptw for ^1 titissaia % aampl®^ ana. tteo* t&fe 

hightr ooneentr&tloaft 70* 8%. S0# aaa SOO $»pa ea^ can&ttdd 

I'^a tlit ta%:|#* 

Swiftis?' di05d.d© ahiswid a a&sU&et isnbi'bitM^ iff^e^ 

as the eongentratioA 1>&m®m®& f^dm 3,0© t© 06© ppnu 

Siisfet s^#wth app^a^^d at the lIS«*day. X«v«l in tb9 iQO 

gpsa sai^i^ wMS© seugbt' g^ovtk Md nut appear %n tfet 

$00 md 300 wm mm0&® mtll the liQ^ sad X0S*dsf i^r«|.% 

f#^®#t£^t:if *   saftdir^t^ p?0wtia i!mmm®& IR tii@: HOD tp© 

a,&!ipl# at. t6o*a8y S^^yf ■-isteU* i& tta© 800 ssad 300' mm 

$mplm «pp««9rad at l#6*'.saad &80*dgy ^ev^lft^ »08p«Wi» . 

ti^oiy*   Umw gprntttk a^^aa^d i» tha 100- ppm #©^3.# at- 

tha 18QM<dUt7 XatreX Ad. epo^a^ed ©t the gLQwday levol la 

feotk 200 aiid 300 ppa 6«aQantratioa»»   ^hm eoiitr^l 

t}aidpl««t .0fetaia®d h^iwy growth at tha 3L80f*day M^oi* 



m 

f ©bl^ I® 

mgaosGffie,.m AJgE-. ass ss^ssas; 

Agptait ®t (toeewth 
ISO 100 19$ 

.Bay <t 
mo 

JBasat 

& n©B0 none 
3 Boa© iu»u» 

1 nous mm 
2 mm nom 
S mm® xusm 

1 mm* 

1 sent acme 
2 turns nm® 
S meBt ixo&e 

jams 

aon© 

mm® 
' mm 
mm 

mm 
nose 

mm 

mm 
mm 
mm® 

noa© 
Mm 

need 

noli® 

ne&0 

mm 
mm 

iMri&ftt m©ait» hfft^sr ho«e97 hewsry 
might ffltdlmi iB©i4Tai Btodltoa b^fl^y 
•Ugikfe :#iigii$ slight hmw mmw 

etlight ;$ii#t iseAt-w atda-om h&avy 
silgte ttb»d&tin ffii^ii« aediia bd«vy 
mn© slight stediMt »d'di-dm aodiwt 

iiigte    siigfet   nfi^iun   hmwf 
mm.      sii^ht   alight   .ftli#t 
mm      a@4l^a   nddJUati   hs^ttvy 

I ' 
2 

BIO4&I»B. heavy b&avy b^fKVjr h^Bvy tesayy 
sligbt w&xBa -m^m wBti&m Mmt Mmj 
wme      gqaiaa  aedliui   hoaty     towy     heats' 



$9 

waa obirious that ^itmaka % mw By fajp a^^© #ff©etlf«!* 

fli© r^Aviitd iadififttw that Atttfur <aid3dd^ a«0»s- to t<bm 

its imhibitotf ©ffts^ mm® wpiMy thm ftom v&$mi& %* 

Effect ^ y,ttawan.% .to ,$^Mt VpfoMLfr. Aeld«. gSfWteyUott. 

fh® r^a-uats obttt&»«a from fch© ^^evint^atitl t?©^ ©a 

4© and il ©xid afeoi® in Figwd III*,   fto sam@ psb#0@d'us'e 

tu^d for ropoptlttg volatile ml&M papodti&ti<m mS egHim* 

lattag p«# qeuft iEixlfeltiom 1..$ uiie4 hm®* m p&t m®& pi 

iaigix tLXdob^t is&xittii is^d fag# 3©)* 

At a eoagftfitrfttdUm #f 10 ppM* at tk# e*«a«3r 3l0t#i# a© 

fo&&t&$ ^ld« «NI^ p2?o4^e$a» os? 100 pm ce«t SsiWMti#m 

ttag ofetaU&a*   fh« tehibitlatt fiaa i*'#4u##4 in tfm £@%%m* 

itm &§&# and at th« 30#iay X«v6l ©»fcy ©0## p^ fMssit «(M» 

obtaiand*    &# con^is&tr&tiQXL of 80 fpa -t^owtt 100 psr 

e^at iahsfeitieft at tJw» 4«day Iwii?-. 9i»0 ^.oi? e^itt 6t th^ 

@*4&2r 3L0V«1> 6»d finally 58*4 pm mmt m thft 30Nlegr 

lev*!*   $&i& g«m«r«l tJ^tfd «pp#ak*9 tb^oa^e^t m® m* 

.#ia.t$*   As %im mnGmtgakim $M6,mm®&i loo ge» $eat 

liaimbitjioa w^s obtained fo^ a ictagar pa^iot of t&ia»# 



Table 20 

jp-      <H 

43         <g 

■ 

p        $4 

■©; # j©r 
Offl*, /lOO' rail • 

Says S^ora m 
Si.     © 

2 4 6 8 10 IS w 1? 21. 25- m 

.  10 jsm 0,000 0*012 0*024 0*042 0*060 0,087 0:,108 0*144 0*204 0*246 0*300 
20 ppm. 0*000 0*000 0*006 0*018 0,024 0«©52 o,oss 0*111 0,r?o 0,230 0,266 
.30 ppffi 0,000 0,000 0,00S 0*006 0*021 0,080 0*060- 0*086 0,145 0*208 0,252 
40 -ppm 0*000 0,©O0 ©*000 O,0OS 0^020 0,024 0*042 0*0^ 0.1S© 0*165 0*174 
50 |>pa 0,000 0,000 0*000 0*000 0*003 0*015 0,OS6 0*066 0*12^ 0*15S 0,165 
60 pf a 0*000 0,000 OiQOO O,O02. 0,002 0,006 0*009 0*015 0.0S6 0*060 0,09^ 
?0 ppm 0*000 0*000 0.000 0,000 0*000 0,00© 0*OQ9; 0*^2 0,024 0.OS6 0,054 
80 ppm 0*000 0*000 0,000 0*000 0*000 0*000 0*000. 0*005 0*012 0*021. 0*0^6. 
90 ppm 0*000 0,000 0,000 0*000 0,000 -0*000 0*000 ©:*©0O O,00S O*;0O6 0*012 

100 ^pa 0.00© 0,000 0*000 0*000 0*000 0*690 ©♦QOO 0*000 O».0©2; 0*005 0.003 

StJlfer Mtssid© 
100 pgm 0.000 O.O06 0*015 O*0^ 0,086 0,090 0*111 0.1SB 0.168 0.222 0*258 
200 ppa 0*000 0*000 0*OOi 0.009 0*016 0*^6 0,054 0,©S*? 0*135 0*1.68 0,180 
300 ppm 0*000 0*000 0*000 0,000 0,000 0*000 O.OOO- 0*©€^ 0*00S O*-006 0*006 

QmttzoX O*00£ 0,024 0*096 0*120 0,144 0,156 0*180 0*216 0*S12 0,584 0*iB2- 

■■JSh 
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FIGURE HI 

0.401 

0.30 

o 
Q  0.20 

VOLATILE  ACIDS PRODUCTION 
IN LOW ALCOHOL WINE 

CONTROL 
200 PPM SO. 
50 
300 

K5 
SO, 

100    ••     K, 

/ 

/ 

/ 

ID 

0.10 

0.00 •   r  "   *  * 

0 5 10 20 25 30 

DAYS 
so 



fk© two highest o<moeiitj«at£ons ©0 said 100 ppa prod-aeefi 

100 p03? o#nt inhibition at the- I7*aa-7 iwrei, «ad oljtadiisd 

9'M. onA ^9*S p^jp eeut iah&bition* r^ap^oti^dly^ at tsat 

SO^dajr JtdvoH*   She daae 2?0iationship bdtveea th® vitaoin 

and time was notieed to the inhifeltiag off©et of vitaiaia 

% in edntr^XXlng 9ee6n&*py fe^qentatioki and in pr#T«nt» 

Hag th« d#if.0iopEa©n't #f' ,«cM;ll,d acids- in high '^eohol 

«iat (m& pageo dS »d aa^^ 

fMs pveeervatltre j3how@d a distinct inhiteltoe'y e.ff®et 

a^ the eoneentfefttiga ineroemoS from 100' t® 500 ppm*   All 

ooae^ittratioas obtained 100 pw <Mmt inhibition at thi 

2*d^y lo.¥@l»   AgaiA fcha tread of highosp oonooritratioas 

to shofr 100 p©T ©oat Jmhibition ^w lorig^^1 p#3?iods Of 

■timo'i'ai? ahotm*   fiio eomc#ati»&t:ioa of 200 ppm ntoamd 100 

p«» «$nt inhibition at th©- 4*da'r loirol* wttl© S00 ppa 

ihoiffied ^M$ i^hibitioja; at tfm %®*$.®.f lovol*   At tho 30« 

dny Iwl* 100^ ppm. ©howM 40*3 P®v ®®&& inbiDitidn^ whilo 

200 and 300 ppa showed Si*5 and 98*£ por ooiat^ re-spoo* 

tiVOll'. 

oorapagi^on, of yiitaiiini lg, with 3t&fua? ,^aal>d», 

fh^o^hout thft' 05E|>02?im#^t SO ppm of v&tanlti % 

showod gwmtm iEhi'Mtion tban did. 100 ppm of aulfur 



41* V p** e«ntft frtti© 40«3 P^^ e#iVfe was ©bt^utt fo* 

dtdUPiir dioadda*   fh® tmQm&p&ttm. of 8©- ppm. ©t '^ita* 

did ^50 ppa of ^uifw <lt03si<i@#    $^ 3i*4^ iw^i iafai* 

p$v mnt wm mtMim& with atii£v& obtsadM*  At « «©&* 

centratioji ^f 100 ppa thft vitAudn pspoved »w« efjC*«tiin» 

man dad sto pprn ©f ««Afiir ^losddd^ tm 3Q~fa& i@wl ## 

"Bm total a'amfeos? of eolonloti dew&taping p©^   sal* of 

wia®. uposa. plat&i^ is flioim in VM& 22* pag© 40 #    T&Q In* 

;^0ai,& aad ^e^as^ !» .p&IatS.0Ji to t&© ixiitiai Gt>m% tras 

<54l:t-mtat^ ttia app^^f in ^^%0 ^% p&g©il^ aXi4 4^ aft<l is 

Eg ^©4 $wtfm$4 $. tm pm &m% &mmm® in 'Ooloaits m* 

if^lopi^BS W ^» ^ wl»#t   At & eo&oe&taratiof! of ^© .^ppa 

ttttd vit«B)isi show^i thitt 4©ej?oa3© at the 4*day l«ve3»* 

fMI# tlaia' itsrifai^ .Was ol3tiAa#(| at the 1* aiid S*^j 

le^©a..0 with 40 ppffi aad SO pp% rospeoti^^lj*    l1^those 

plfttisi^ af tm th@s@' tlm$ IweXji showed no &®lmim 6&* 

^elopSag*   Suiftsi? diosjii© *hioim4. a 100 par goat dfeeanted* 
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4§ 

at. m& 300 ppm eonc$n$Pat;l<ui»- vAiicAi w^a oistaia^t «^ tk© 

l*etey level* .^farouj^umt the entire inoifeatioa pe^i©d 

200 s>pa &hom&> a graat^ inMbit©^ )p««ev ttm ilt the 

100 pipm ftfeaeeatatetiea of snlft^ 41ext^«.   Xn mtmmim 

the two pfesewatiif^s* 10 p&tt of the vitaiain protet m03?e 

efftctlire than aid 1^ and £®@ ppn ©f aulfur dioxide* 

uhile 40 pps- prmived e» effeetive *e 300 fpa of evt^a? 

dioadde* 

Effoot, of wtmin %u,mj^ ^^mM^mm^^. 

lia,f with om leatth steregei   fhf© extittetioa coeffi- 

cient or B value iog the ddffes^eftt oojioeatratiom levela 

of preeewAtivee appe^' in fablt 24$ g&ge 1© aiid etiowi in 

$he s^eeults dhow that iritendn M^ had «t pfonoi^ioed 

d^kosiiag of feet*, irtsile auifur dioaside had -a bleaehtog 

&££#&&«   fhla ^a# #a^eofsllf $ho« at the ehe^te^ »a^4 

lengths.*   At 400 mu*. the B teXm £$>& the ooatrol wa^ o«do^ 

^hile f ot' the 100 pm ooneemt^ation of vltaffiih S^ ahd $vl# 

sm diois^d^^ it TO# lt:i6 aad (l«4&&# re«peetively#   At the 

higher wave length* this $lf£e***u>e was hot a$ aotioeshle* 

the E value at 625 m Win®, O*;01S foi? %bB eentrel^ 0«009 

and 0*03? for loo i>p© of et£Urup dioa&de m& ^Itm&n %« 

A$ the oonoentretlen of .^ilftxr dioxide incwewrad ftpea 

100 to .2.00 ppa there was not an appreciable di^fe^onoe 
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FIGURE SI 

SPECTROPHOTOMETRIC CHARACTERISTICS 
OF APPLE WINE 

(AFTER   I MONTH) 

400 500 600 

WAVE  LENGTH—M]J en 



la th* MtMfeiag fte.tioti'Av Vitamin %, liJs^wla®, MM not 

tfhtiw en app^ecialji©; asv^ning effect irk^a th» 6©fte©at&a* 

tiom &si©f@au3M fspoa '1.00 %d 'SOO ppu 

By viamial in^p^tloii tfa© wine eontainiag the* vitsaia 

hat a vK^dtf and ^ece^w eo.iof than Sid the ^©atrtl. 015? 

tti&* ooatAHaing the s%if^ 4&Q3&8I&*   fh© oontvel petdeso^d 

a devkea? «a^ a<we &eft<if t^blt e&ior than <lid the wtae- istth 

the sit&£w .4&09cld»» 

Wlttaj' with Five, loatha &tmm®%   fhe aaet&&otl«»i 00*' 

effioieat or E taXues tost the different eeaeent^atioa 

lefels appear im falsie g$» pas© S3 ana showi in Flgwe fI« 

Ae la the #e#u£t« fe^ the wime with ©he »@hth fter*- 

age the aangriUft containing ^itimin B^ poeeeeaed ^ <SUuHce^ 

color ae shetm by the higher I. vataee*   H®f,© setge^ this 

w®e mm aoti*©aWLe at the afcagter wave lengthy*   At 400 

mu the^ I value f m tte omteo^ ia^Xe w®# 0»&9% while 

for the ^D tpa taa^I® df vltanin % eat AUXJPIW divide 

it w«. ©*@ii md ©*B0t*   A.I 68$ mu tte s ?sine sBe# the 

eentvel «6e OwQS9 end *ey th© i^o fps easnqplee ef vitawla 

% end e^^u? diexlde it utm d«dl0 ead o»CK37^ teepes* 

titely**   fhe effeet or iJiem^hittg WP a^pfeening m the ^en* 

©esti'atiea of pffesefff^tife inereaeed «ai not at nptiee* 

ahlis oe it fas in fctee tiiae etered fm ene. sonth^   IM9 

vee ihem W the wae^Xev differenee® .in s veltiee^ 
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FIGURE "21 

SPECTROPHOTOMETRIC CHARACTERISTICS 
OF APPLE WINE 
(AFTER   5 MONTHS) 

100 PPM SO/ 
CONTROL 
100 PPM   K£ 

400 500 600 

WAVE   LENGTH = MJJ 
en 
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2h& eont^ol aamplfs Appea^®^ tlQfa&m., wM.&h soeaied to la* 

diaafeft that tbd uiss© fead &i©a^h©4 <iT3S?ittg fftos'ag®* 

By vlftael inspection ths ultaain % saaspl^a &A m% 

potsta'S as da^k e©|.©r at   did th« wine atoned tG» on# 

moatfe*    Sbe c&Ofy Jtowotre^^ was d^M©^ aad vl«b»y t-hssn 

tte tfontool and miilW dlojdtt ssapXea by a ooeu&ddpabXe 

itad&eftte -tfcat iritamift % vrouid be v<wy b^a^idittl fw 

ftita&fli. ftiwh as as^XA* tto&t Xaek wodh appeal dm.© to th9i# 

pal© «i^dJB9Mtti6«*   Bwaww ia win.m wfa®m. bie-a^Mag ts d#- 



fm fi^st motion oi this W0rk &m%t with piaptlat* 

hibit. $#ednda^y feiaentatioEi.    4 ^@s?i©9 of two ^©M* 

tt^nta was rtm mlug tijLtt&pqtoto mm&mtw&tiQm*   STSMEXO? 

elal pme^oit was &me& fee tte ^tt# aft©^ ®mml®t&m of 

iti$.m ®£ this ®ff©©tt,r©a@Bg of the j^sravwvAtl^e feo ia* 

tdbit g$eoiidftgy ft^aeBtati&sa* 

fte S0c©aa, i^^tlea ^oitaiat^t of lair^stigatiag tht 

tiiklblt©^ 4£t**X Q@ vitomiA S^ to «otitroX' thd produ©* 

tioa of wftat&ut tm&m in fel^b. «aaA iow uSsotei appl© 

ii?in-0s*   Smiftit' <it©3g5,#«> vm used ^g^ls as a eQtaskar&tiw 

ia$©d as tla.# iftd©3£. of «ff4otl^R0»9» 

$hi& tltisrd ©tttioa. «oii»i«t9a. off feilafllng ttott laM^l* 

Sialfw -^ibisil^ was ^«4 a# a. tjtt8$&eM&* $%m€m€4 8«* 

fd^® tha guMitioB, of the pve^d^vatlve^ 8 pev- mm® mm* 

M2GI& $*GBQ$Q vm& a&Wk to the win©*-   plats eouafe* 

©0r# made of wim «t aiff®3rmt ^©rlott* 

fha taut «&et&a& d^ttJLt with tite ^tudy of tii.© effect 

of vitao&tt % #n th$r 001.03? of &pp%® itftm Mtm %*■ and 



m 

&mmM gtorag© p^i^ts.*   Her® agidJa* ®v&tm dioadLdo wa$ 

1#   Vitawltt % ecw$&et*&y iahibitti s^oondavy Jfw- 

mmtati©!! for a Sd*4ay p@s?i©4 at Mmeto^fttlcn. of © ppa* 

m@ inhibitory pomm ©f T pp® of vitawtn % wasS' g^oat©^ 

tSaan mO pym of iialftar' dlosEld©* 

B«   fitamia SQ fipoire'd uoffe 9f^»otiir49> than smlfui8 

a£oid.d@ tn iuMfeifclng volatile a©i<3te' ppoduetieui la both 

ttgli aad liw ftl09M.ie ai>|>.3L@ win.®,   At a ©©ao^at^atloa of 

S© ppi>: vlt«Biiii ig was MOI?© effofitlw tfom 100 ppai of 

sulfur dloslote* 

3«   All ooneontsmtloM of vitamin % {!.©.• 3.0, 00* 

aad 4© ppm) abowed a 100 p©s? o©at d^ovease of oo3>oni<s>$ 

of mleroorgioniMHSr de^iilopisag in plates mad© ftram Mght 

iwoat apple wia^ sa»|)3.#8*   A ooac^at^atioB of 4® ppn of 

iritamia M§ prottt ag #fftctif<$ as' » ppm of fiolfw 

<li©5£id#j; both obtaixHttg a .100 pew O^at (l@oi?#ag# at th© 

l^day porlod* 

4* VlteoHA %|. tirh#n ad&M to appl# wla$>.,. proa^otd 

a daftei* s^d rlohev eolov than was {fbgerwd in th,® oon«» 

t»o3L and amlf\3i? dio^dt gamplet* ffcsia wat trw® la bath 

■fcha 1* aad a*moatla ettupa^e p^lod®* 



m 

^i2?©g^a3.sag «09t» pi»0ir@d imp$$?i®t to s\alft®' 4io3d<3:#. 

fa all wayt*    it impa^tet a ri<*ier ssoios? to appl^ t9in$ 

imd #hoti?#a a mueb »tvone0^ gaaM&leifol&l&a.. poiTO^i. ^aa 

6O«p.»04 OE ooae®&ti*&tioft Tba$i## 



$9 

1*   Alfflqwiat* E* f* and H* I*. Bo stoefcgtadt*   ltmos?2?tegi@ 
6hi©k d&'ie&M of aittary ori^n»   ^oua^al of BidlDgi* 

A«a©ciati0a of offloiai agviiftO.t'Ml ehenlsts^ 1060* 
92.0p* 

«e0«sad0x>y fffiws»tttatioa wi%h tim pmmm&tim®* 
m&Mm$% th&«le»   Cow^XXitty. Oregon state ColX^g©^ 
!$$@*   S^ ax«a>» leaves* 

5*   daroea** w» ?#   fia© prtaeipies m& pap»etiee<i of wsne* 
miOciag*   $& ^d*   sr«tir lofk^ ATi# X047*   47%» 

@«   uaa*. fieBi?ik«   Gbc&efttepi&tttof? tJi^Ml 4a l»teav<e&esn 
imd hiaiM-okta.*   Bioeh«ssa&«eh9 g#i.ts«te3»ft 0:i.Ig47©**4S§» 
I9!@9v 

?'♦   iStam» loja^ik*   Uto aatihaoaosprhagie vitaratn of tii«    ■ 
©Mole*   -Hatupe ISSgedg^SiS,.   l^®*: 

8«   F@tggioli> fiino*    BspeHmente with an anaXog of mta* 
a^sa S at a food -preiie^at&ve*   lgi.«nt lodema 40sl#©«- 
I7Sfr   'l,:@©&   lAi^ttmot^i IA Ofemeal Ab«tjpaolMi 408 
f9S^*    3.98€«) 

9#   |ag^@M;# 1.   Sbe gejpai044ft3l &Pf*efc» of f»»e md 00®* 
Mm& 'm&tva? aio»ldo«   jot^na^ of tb» Soeiety of 
ObdulftfliL laduatfir e7il0*a^   I94So 

3,d«   liawfam^eafe* S*-   Aefeivfttwrft .»d' &nhil>itev« la aHoo^ 
hoi f03?TOatatioa of grapo ututfte*   mm&m d# i*m* 
^titut HattonaX do Xa looiao^ofet Agroaomiitt© (4) »o* 

II*   W^tt* iol3®^t.aom ot &2U   fitawin % as aa aatia^* 
orolsiaX iffi@d4eaaon¥"@S3 ppeeewatlire*   ^ouynal of %h® 
Jma&Qm Ttanaeetttioal Aesoe&atioB ^9tl27*XM* 2,9SQ# 



m 

£2«    Pratt» Rc^e^t^on $% oX*   Vitamin %, as €» ittMbito? 
of th© growtli of fftrigE mQ. &i £&mmfcB,t%Q& by :r®ast* 
Prooee^itig^ of the national Aead^ffiy ©f SeJ.ott©©0 of 
t!i© ffiiittd Stat.©$ of to^rls 34s3SS»SES8*    1§<|8* 

iiintii ^0a«.t« W Titaaia % aad ottuM* aftt&blotigd* 
Odapt'©^ Bt&M)i astodwaadBBtrw d®# Sdane** 4*? 3tvAoad«Biie 

ti«d in Gtttniical Al»$t)?aot«ai €8§10S0f.*, 3,9.S4*) 

14*   Ribew«aii^(to7a&» ^* ssa«a H, FG&B&WSU   "ftprnwablm ©f 

Froea«dlns«: of th&' socla% for Bsspwimeaiafc Biology 
and M©dtein# 07|576»$7d, I04S* 

I0«    faa©kii# SMgekl. a»d E&Q&Q Sa^tkita*.   ffl» effect of 
iritaasia K$ ad a pred^nrativ^ iag©iit for aoy »a«c«« 

2M* l^Sft* Ul>dlapaet4rd is Ofes^ioal Abatraot* It8§ 

X7»   fMiake* SM$f.l£i and Eftrosw) iC»skita»   %.© »ff^et of 
Titamia % ad ft graawvlag agmt, for tfiiak«*   ^otonud 
of F^smentatioa ^©lanolo©- (ft&fta) 20§i9S*I98* XOSlo 
(Abat3?itet$d in eh^Mi©^!. Abtiraoti 47?4il.ii^ liSi*) 

18.   f&nggwpdy* lofe^t and otto franclm*   fit.«iB 1 trpt 
oen^otoitafta ad toew pe©s«vati^@.^   Xeasfeoi^k of tfe© 

•    liaststuti of Ag^lo^iltwa,!. Qhem&eaX ^tihaoXogjr a* th# 
uniV0iP#i% of f@ohnl.44l s^ioneoi (Bud«p0]it# Buagary) 
7«3U5$»t4S# l&tKU    C^b^traot^i in Gh©iiioaI Abstl^otfir 
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