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It is genera~ considered t t oxidi-1 flavor is the ost er10l18 

flavor def'eet bl camllGrciallT pasteurized ilkJ cause it occurs treqwmtl,7, 

1t is a very obj cticnable detect and no easy and prectiosl means tar pre

venting 1ts development in e . rciel. pasteurized milk is be1Jlg used t 

present. 

Matl1" invest!gatora have shOWD that metal caita.minatkm, partioul.arl.7 b7 

c.opper • 1 capable of inducing an oddiaed flavor 1n milk, but sinee t 

1B no general at preamt. (Ilg th 1D8J17 1nwat1gators to tha 

caat cause or causes or the oddized navor, turth&r studies are needed to 

establish these facts. 

The eddit!ce of ucorbic ao!.4 to milk has prone to be •ff ctiv 1n. 

prsrantbg the development o£ oxidised f'hvors. nd since scorb1c acid 1 

a vi in no ll1' present in m.J.k. 1 t seemed tba't further etudiea shwld be 

cmducted Cll the use or aseorbie acid es a practi-c 1 ns for preventing 

the defect in ccrmnercial pasteurized milk. 

The purposes of the atud,y herein reported re (1) to dete:nzdn the 

amount of ascorbic acid which iuust 

A. end • College milk plimt to prevent tba a:dd1aed tlBYor dcnelq,-

ent, (2) to determine the 8ll0lm.t or a orbic acid requbed to prevent the 

o.x1dised tlavor d\n'elo ent !Dda.ced by rySng 81lotmts of added cq,per_, 

( 3) to detera1ne the etreet ct the temperature or storage en the rate and 

extent or the oxidised tla"V'Or development in allk and (4) to stuq the pos

sible role ot the en.,._ e.scorb1o acid oxida • ill the developtant cxi• 

dised tlavar 1n allk. 
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1'be question as to vbat eonstit uteo an oxidized flavor been ou 

jeet df ou o.nd controvcrey for Ill1lflY decades. 

clud that a,ddi· f'l.avor is not a slngle. &vor:, but rather oan ap,-

pl.ied to a oup · f".lavcr , ~ , 3tringent, :pa.pe17, metal.lie end oil¥ 

and I!Grreid (26) are in agroanen,i designate 

mddiz f'lavnr by" oeveral nm:1ea, sueh aa tallcN:r, metallic, eapmr,. eard-

................. and eta.ta that. it l"Gsmbles old stale t, :b and iba 

1t ae a tendcney' to eau.se l)UC~"'l/ sensation that is lasting nnd 

, et al (43) ar not 

lievc t t oxidized fi.avo1" is . it identical with the. tallowy f"la.vor of 

oxidized but.torf'at,. but a separate and di.stinct oft- f'lavor. The modi trond 

ts to consider m:idbed flavors one d an:l or 
constit' ald.dizod i"lavor occurs is no at 

presen~ ~ ar tood. ~ US) thoorhad tha.t the re.tty 

acid ( olein) the but..-:-,"O·t. undergoes ax:idation, sulting in an oxidized 

flavor. his tJlooroy vas oepted and fol.lowed untU the middlo thirtie , 

v et {43) :vaneed the rel.au or lecithin, chief pbospho-

lipid or " ,, a the causo ct axidized flavor 

They a but tat :ln ord to l"'m:lmra 011g stance 

ab::ior · · on th.a fat globu.1& to d:il ·the ~:ffl!l.. 

This wao tod v.tth 

until the t t had 

of phosphorous, which would indicate tbo ,Q<.U,alj..11,,1,Q :toJa.t1 q ~ or 

phospbolipl • butter£ t ,1,i,1,1;.M,1<\.lvith sh, ~ 
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attempt to ind'UCO an odd!Zed f'lavar . The oxidized flavor eauld not be in

from the lecithin-free millet but vas ~ induc in t control 

sat1ple.. As a result of this finding,, thoy co eluded that leeith.1.n ratber' 

than tterf t canses o:ddi d navor 
Henderson and hoQse (19) showed t milk f'at 0£ mtlk tho.t had 

f'lavor slled o~ a i'ra.etio ot ita !.nd.uctio.."l period 

{that period wan the a~ is not subject to Qddat-ton). and it ,m

llkt,~ that tbs o:d.dation of' the f'at was t 'ellCRJgh to, produce tba 

o di"' fl.a.vor. The £net.a that at least one dOf.'lhle bond 

laeithin 1!lOl.cCWSit that leei th1n 1n pu:rttt ta.te ox:ldizes :readiq • and tM.t 

lecithin G up the outer portion oft buttort'at gloh.ile end is ther 

fore .~ to the action of a:d.diziDg agents beforo the bttterf'a.t, are 

evidenca that ledthin, and not. wtterf'n.t, 1a the eonat!tuent off oted when 

oxid1 flavors evelop. 

It hao boon shcNn by nl.ltlleltOU3 investJ.gators th.a~ different lots or milk. 

troa. in en identic ma.nu produce vaey:tng eea or azid.ized tla:v • 

,.,...... ... ~ ( 8) clasnllied milk in re tion to tho developnant oi' o:ddized f'lavor 

in the fol.l.c,wing manner; 

1.. Spontaneous ~....-..... .......... that dovnlopa c:xxidized f'lavors without th& 

aid of ca.ta.qsts. 

2. SUaeept!b1e ,~.fi.-'lil.,l..,IW. that does ot produce sponttmeou:J cddati.on 

but does produce addation 1n the pres 

st.s. 

3. -naoeptible lilk-m1lk that tlavors 

eontaminate1 with certain t.als. 

Tho tir ::1t two clasill · tions are the · .;it 1nmr'ft"'t.n.nt. The third i s 

rare~ ua oxidized. f.le.-vor io tbe coneam. sine it 



nrfocts the prochte , triblltor and can • concorxus 

the e~ Consutl • :teq,, the s.mtmt 

oxidizod f'ls.vor!l apont ia rel.a-ti when tl s :milk 

~ mt-h normo.l milk- it ~s no _ 1n f'lavot,. 

m£Ji51£1 #MPCSAW liMh 

9'14PP4 lJ&vor ~ 

4 

__.:;g;;;; ~nati9B .. In rerl 

dairy ·~ et al (3) 

br:1nging ol)out · dative: C 

ated that ot all he r·~t!'&l"'l'PR concerned. with 

.t,Qli,li,1.u.:z.1;ion,, pan-icu:lar-

q by copper, 1s at .i:resant st • The a :trol of coppe;" con.~11D.Sii,,.. 

tion processing · come~ increaaillgly' ~t 

quality or the products • Tho ro ot WB, apec:LaJJ.a- copper, in 

producing ox!.d1 is believed due to tr cata.l;tic cttect. 

~.w. co ~t.ion• Hww!ker (20) eoncluded. the .tol,... 

o t metal.a and tmi:r er.toots on a:ddir.&d flavors: 

1. Copper, iron zine - unttt far dairy • 

2. ickel., -u<.Ud.&Ul.:,I, and allaya - unttt, tar use '111th high s.c1d 

3. fin and tinned copper - can be withottt Ul ottec:ta. 

recent work by ( 38) mntiltffln!ll'f th& ~ous lli th a:rd 

UA,;&~aQU, na:vor and reports that iron, copper, copper al.lo,-s, clrel. mnc 

unfit £or dair.1 use. The uoe ot stal.nlese oteel. end glae are 
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milk wm-e so a.d,juotod as to empnasize lo\t cterial count fa " quality 

with :u,w terie.l. count. 1 · subject to· oxidation tha1 vith 

a h1gll 'bacterial count. 

Brown, et al {:3) ri ~bat 

milk le sueeop:tl'ble to ad.diz 

wdng up ~ . or by ltn.1~~ 

tla..vor, either' by ~ bac\erial eella 

~duction potelltia4 

e (S) found that count.a of 150. 000 to 200,000 per • vwe need, to 

proi;oct :ra'll 1ld1k <!rd.dati • Sanmer (.38) agl"eed that eontamin,,;, 

lem.1 t ora.blo f devel.opnent of a 1i'i1lJowy flavor. & ~ stated 

that a da1r1 with high e in th$ ~ e of laetatl()n,, 

ooing propar:cy, vashed and ~zed~, eJ.ean rnUldng ·me1a1ocl8 

proper eoolJng 0£ th m1J.lt, ia tborefi l1kel;y to ~e trouble 

tall.ow;y tban a. \d.th scmb COW'S rterent, ea.r or 
the . 

C and :t>coek ( 5) ~ed the role 1ng ~ 

·~,'O he~ a1Df9Qiml and b1!81Will2 1):60. They eonclnd · that 

~~Lm-"'llEl!JSd~ f PHDJ;W - SoJimm- (38) cono1udsd t · t iNsh · · blS 

pooitive potential. that 8!f1' e&.WJ& tending to raise potential vill 

result 1n the r~ of' an ad.di flavor., The tlddition or a _......_ 

QWU<Wl.&t or copper,. or addize f'at,, l"a1 the po :tial. results 

G1"0lmbanlc (15) tatad that di flavor 1a the reaul.t o a 

fflCi.dati on or t!1no1' milk constituent c:cm.stltuenta. supported t 



as 1ov ~per 

e~tion 

6 

t!o a, t 

s ot, od.dation 

complet ox1 :tion ;rroduol? a taste ...., milk 

sy:cmollies 1 oo tol.lowoi 

{ 

t t ~ ,li,..Cl,V'-ll.L

Ylo tltition procooi1s to a 

no develop • 

...... -... ,..iu. ot 1tl Mon) 

·llt"tJtoekr:tar {17) us ed b;." Gu.thrla 

Ex:ri~:tftl!· :mt S-bation [t.GJ:'mll'.~ what etteet indivi~l 

k colored bottles free 

~lt(RU"i!~ at 14'3° • f'ar 30 m!J:n'ti:Kl w.i~~.u 

ct~ into sterlls, 

ccn:cam:J.nation and 

found no Ca!~1.a,.. 

UoZJ of -1;,I.-~.-M 
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o.ddi?ced f Yora in winter than at other a.sons and attri - 1-t to 

lack or r in the diet, and that • 

.reeds h!gb 1n and ascorbic a.cl ia resistant to o:d.d1 

f"I4\tor dfflroloil -. t m1J.k COW$ consuming d:1f7 feeds. 

..__ (-8) found ih«t VA,;l,,l--- f'la.v<>r could eliminated. by£..,_,....~ 

al.talt ~ s!.l.age. B He1ler (2) did not witl Da.hlo 

(8) but found i.bat ~eoeling 1;.u..1ol.Un:,t,;1-S alf'alta ~~~, ~ ilage, or 

sil.age no Sgni.fico.nt eff' et on eopptr tol.aranOG of the milk 

Pfodn 

Hender (19) tcnmd that Dilk cows a su.b-

spacia.l.q auacopt.ible to ion be aue ndlk 

bad a. ~on or :t fats. ~ (.38) t'O't.Jl1d. su tsnanea 

~ might b ppo W pos:dbl f. il"G in tallowy 

tla'V'or conoid • Un teeding ms:, CX':bJt · t!ms at 

short o, d.Mught,, or vbe teed pri.co are h!lgh 1n relation to milk priooa. 

It J.s also eon1'1.lOn d.ur:l.ng tho th of t..lle lactation periJ in the ca. 

of' h m.ng cows.- lb this e. impulso to secrete milk is so high 

no tter how' copimw the .feeding be COW, upon boq 

ffltlltJ!l1P'eS to ma.inta!n the milk 

cause or ore son-1~ thod:1 in 

j the troublt.l vith ta.Umy ,l.~,Vv.r,-:' is 

bettor dair!.e:s • 

.-~ 21~~-- - P teur1· Mon bas 

a ault of this condition and be,.. 

found by mm13' inv t.ig tors to be 

vith ox:ldi tlavors. ~-.... ~ (3$) ti 

dQ1!1100't1l'lf-? of'f'•f'lav Ul 139 0 ~ C 
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C by lels (31) ~ na r-4 t milk el.op 

t: . 

£hvor incro G tho.· 1 uld 

£or . iza.tion 

si to :VO d· or . vor be.rore tbe 1s 

Gje inz .. Trout (ll) fau..."ld t t in . sence 

• fer 30 · 

o. cone 4 · lt dove CXiC.dized .r:l.3voI • i th milk 

:t 167" F., for 30 mimltes undar 1Wnil.att d1t1 1 a he corbic 

acid 

Sm.1m, et e.l {.37) £()'1.llld tba.t e. pa.steur!;zing t fl:'ature or 14,f' • t, 

·0&10e.ct the greatest copper contamination Ulk on the 

145<> F • for 30 tWlt.lto 170° F. tO'J! 30 ?ill.tllm~. 

tlavor:J on stora.g , "".....,..,..... the ()f'f."-flavor was retarded in the 1k paateuri"' 

that pa.:Jtettti-iz . milk more 

1k during aurtace cooling. 

c...-.a.ir. ~~Y,.l.JrA'i;L!m - u and Car,pcntor ( 6) r. , that chlorine solutio 

corroding effect on too cetal,, causing f.t 



~;t'f~> .Qf. ~;qri1nS!Jil .~ Q&\t~ - Jn~m:01.':!i (21) f<'U!ld tl~ ·G\. 1.,$ of -,:e,,..· 

t~11 ::.lelivtt~oo irJ ~ta ~u :ttS ~-poasd to aunligt1t ~- :r~ t~1.n ,~ 

~~ ~e t:fliad~ in glaoo l'i()tt~ ftoon 1:'JO:t'mi:tJg or· uttm~ ~J.:ight1 

~ulo r:ulk in pctpa~ hot~ i~ .t,£teo,t(t(.1 mo~ lJu ~ng ~jht. '2b~7 ea~ 

~~ocl tI'lf1t ·~ l»ttlo.~ oft:ared v~ prot0etim-i .~. awu!ght ~latia1 

tll<::~ ~ (!~~~ l:»ttla:,~ 
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Leeder 6nd lierre!d (27) c-mclttded tbat acerbic acid · a an Smportant 

tsotor m the deftlq-.ent ot cddized flavor, mainly becauae its disappear

ance seemed -to be e.nociated with the ort•f'lavora. Oqgen aa also ineluded 

because the chemical. Ne.Ct.1'*18 ac~ atlCONlie acid diaappeat'lUle& 

addeti -ve in character. When OQ'g8l1 •a replaced by ld.tropn, a 

1D gas p cldng Ulller 'V'&CIUI• the milk less prate to oxidaU 

v.l.:taaldn. e c:mtent was not lawered. Wbitnah et al (47) reported an 1nv ne 

ratio between the aecorbic acid ocat t. and the developu,nt or the oxidised 

flavor 111 lllllk rz.aa d!!'terent bneda ot cows. illltUt8en et al ( 34) obserffd 

t · t when milk dewloped an m:ldS.-4 tl.avor the dNnase in Yitmdn C cen-

t waa calDct.4ent with tbe of.t•flaYor develqaent. 

Ol11C11 and B1'"0llll (33) poatalatec! t in the presence or copper the 

foll~ reactue takes plecet 

Ascorbic cid I Copper (cupric) ~ ~acorbio Acid I Copper (capl"OQ8) 

I ·~ ~ Copper (cupric) I ~ 
~ peradde tlma ~onn.ed 18 ,a strcng addidng $Ubstan.ce and it t'urth&r 

reacts with the pboapholipida to gt · the mddSzed tla'VW. DI' addi.ng o.U 

ot potua!: . , :tc:dide, they p f'ftmted the abaft reactim. fhe cbem1st17 ot 

the aot1<11 ct pots s1e if.dide is explaineci 'b1- a.paon (29) who stated that 

the tiaJJ.dsa have a protect1• actim al tba czidatim of ascorbic acid bJ" 

tOl"lldng a copper halide OCJIIQ>l.ez 1Cll. 

~ end Outbr.!.• (25), attar a:per1menta with hJdrogen parar:1de1 

did not age& with Olsen a.bi Sroe (») and believed that SJJ7 peraride .so 

f .ol'lllecl would be uec1 to cdd1se the residual ascorbic ac14 mid the, f\irt.her 
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pOtJtuhted that ti. a:dd1 fl v £m,lopod when a eertAl!n equil1bri: a 

reached between aaccrb1c scorbie ends. 

Xruk~ am Ou.tbr! (24). 1n an extensive~ of ucorb!c acid in 

latit.11 to ~ tlaTCl" davelopnent,- . r!zed t f'ell.arl~ 

.(1) ion p the or ..f"l,sva s inhibited quick 

.ua1,1~,,.., photoc er· c cal addatia:1 or eorb1c acid to 

debydrca o.rblc acdd prior to pa~za ten and • 

(2) Partial ox:ldaU a orbk acid p s th devel t ot the 

tallowy tlav • 

{3) .ort- Tot" is not ,n eect. bJ' eda.t cq>pel" (0.1 p . ) in lk 

(4) 

ct it total v!TJa:m C cmtent by qtlick ad• 

t1 or ascor ·1c . 

pastenrt•tim to destroy 

.cti tallow;r tl 

acid WbaeqUent 

0'14. 

ag by th e.dditi ot aaoal"b1c ao1d to milk which s J 

pl ·tad of its t'\ wb1c ac!.d 

.Qt .t1¥1Mllllilll' 

SZ omlZll ..-...:.....,.. 
1tencle (22) repcrt.ed addized tJ.avora aore pN"Valent dllri.ng the 111nter 

1l'hen there RS a aoarciV of' g:rGe feeds . than during other 888Saut. Be a].ao 

nported that heating a1lk to sso a. (1aso , • ) ~or.- ti• •imtte• mbib!.ted 

the deftl.opact of! the cxd.d:hled tl.evcr~ whlle milk pa teor.laed a 6.:,0 o. 

(145 ° F. ) tor 30 w!Jmtee &mw,ped m addised fl.aTor at"ter ~ atarap. 

'!enae (22) rw.-ther report,e4 that 0. 05 • 0. 10 mg. ot ~4 per lita waa ~

fi.ci-«rat to cauae the oxld1"4 tla?O;I!' in 1"a1f 1llilk or in milk paateur.1sed at 

6'f' c. (145.4° P. ), wbllo 24-40 times that •amt ot copper d no tt . en 



Cillam (4) ngr~d wft.i:1h J'.?.nda (.22) and. bel:!eved that a:t'.l a:ddiwlng oo~'lt11;1 

i!"J p:resont a. skim ttd.lk· ,thieh acts upon th-'rl lecithin ta J)rodtu» Old.dized 

flavors. & theori1ed that the en~ is cat~~ by- copper and is rtH.,st 

tJi:th $light o.hanges o.~ to t:lm0 (,,,ntl t,erx1fMaromros ot th~ heat trGatm:(int, 

the varl.oos in-var1tigctoN1 S".1cl1 ru1 ,r~uthr!a t>.nd :&~oolmm:-· (17}1 Greenbenk (14}, 

'lhurstm {44),, t1mi Sharp,, Trru.t, rmd Guthrie (36} reported t1wi,. the high nent 

treatmonta lffld rm mhi'bit~ etf'ect m tlKi d0velopJ!!ent or the ad.di~ 

{ 71.l ° C)" or- abo\"13,1 tb:~n 

c.) rw ;o mS-,11utes. 

Ojess!ng ~t :lr~t (ll), m.moludoo. that so·0 c. was the optimum t~pem ... 

tum· f'c.!!lf' v.ttamin C .st-'Lbilitq. Th~ also reported thnt attar p,i~1~tim1 

at 7fl' o. £c.t> 30 minu~Il tl~ aoov"l•bie acid ~dhitad marked stabili.t;,r ht t,hi:J 

di~ £1£nr~ tli"ter throo d.l!zy's staroge ~t o0 c .. to ; 0 c. 
Gm.ltl em Sanme-1• {Li) tnt;'td~ a ~tud.v of t.hG effect or· neat in ret~mmg 

mddiood fla~s, i1ith e,r,t!ieial a.ttentiQ't; tt:, the cooked tlavor. Tl1eJt found 

that tho ct;dted tl-<!!V:Ol• (not the J~t.od tlt,vor of hold3r pestwr.lzed milk) i10s 



in}1cti ~tad nQl,qlnaffl!:.«' st, ~nstulc:ted lt'! ter,rd® (22) prc,V&nted tlffil Q'S:ii!iz,!>,ii 

nt<W~i'!J at ";he ~'!her ·t;en\pizmtll.t"G$. 

Goold (1,3) 1 studied t?dditee flavcrt ind1.:1eed ·by fe~t~ .irc:n i:ntl ft,t~J; 

J:l~l"8ted ~il:phidea. 

~hle (IS) and ~ et ~l (3) f,'r~d mt!'.: Gctitd art1;;l srmne:t> (12) end be• 

h.l".)Vti deEter,.bi:!d tn~ p~:rartrM.aa mid rirq,ert:tea: rJ! fi:eco~h!c a.cid a,d,dr·s~ trm a 

,~ritDt:r of :,l~nt d~4llh, On~ .cf tho 5tt~1~ propt,~t:IJ,;,ns or tI,,,e en.~a frtm 

:!.Ti i!eSt:".rib!n.0 the e~raotc')ri~t.:L¢i'> of (:.l;!'lcorhl.~ oeid cr,d.,lase, Dimar and 

ic~n (9) r:itrited that :tt is c, pro'i:.a5:r.-co,ppor complex. '!'h.EtV h.rt,b,~:r titated. 



40 • The7 ported t t eatum and zinc 1nccti t the in 40 to 

50 minutes and that ma:dwa act1v1t.y oceu.tTed at 3gc> c. D! · r 

1A, (9) atatec:1 that the enrq11e wa relativ~ heat stable, bei)lg atrcTect 

at so0 c. re a bd.-1" pertoct. 

AcoOl'ding toe J'apeaeae publicaticm (1) the fol.lowing na tecl •Ra 

ldlk add! aed aacorbio aeid snl a releti:V&ly _. aacorb1o acid oxidase •• 

-Obtained ·trca it.• 9111191le:r (32) reported that lmnan ndllt 0-cntalns no 

ascorbic acid mddase.. 11mlll7, Guigos (16) end 1Hn1kott {48) oballnad that 

the vi~amin c otnten~ ot mmsn milk is nearl.7 dcnbl.e that ot caw •s adlk, 

human ilk cmt~ an awrage ot 3. S; mg. p tw 100 111. and cow's m1llc cd)oi; 

ta,n1ng an average of 2.05 mg., per l.00 ml. 



~~~~ 9L O &:U it!~~ 
The oeooner (49) method for ascorbic aeid tox atioo in Iiilk umng 

tho Klet·~ill?!l!ner,son hotoelectrie colar:tmoter the 

the 

l . 

n of orbic acid m ztilllt 

o.6 
4.8 

6. 5 
100. 0 

b. 2, 6 Dicbloro ophenol cr;ratals 

e . st.".ndnrd .o.ocot' c d (u.s.P. ) 

d . o. 05 N. a.cetie ncid 

o., Buttered sodi: . acetate solution 

Sodium e.e ta~ 
o.05 N. ac&tic acid 
iotllled teJ' 

n. s~ ~ solution 

• 

to crystals of 2,, 6 diehlorophenolindop l. waa placed in 

and dilu . 1.dth <mough 

rea.dtng of IJX) on the Kletwun:m.ierson pbotoelaetric eol<>rl-

ter, using f'ilter 54 ( ) • 

i n 1nercDent of five mg~" 

15 



B .. 

parts of Vil.beZ"g' a N>e.gent and one ~ of dis.tilled 

tar to maintain a eonstm>.t pH. Ooloriootor ad1ngs wre 

h e and plotti on graph u ·ch u e.::i t ie standard 

nph for Meorbic oold deU1:ll. , ...... ~ ...... a.tion • 

3. ~,ttm 
• A ..,nty-fivo ml.. qaon't.it.y of pipetted into a 125 ml. 

ErL f'laak eon 75 .. of 

.carr1 d out in a smded rtion of the .i;.u.u\U-c:4' tot"Y, out ot 

sure to d!re()t sunlight.,. 

of~ indophmol-aee te soluti ~ oddod. T 

d1a.toJv. 

d Yet'O \d. 

corbic id ph and t 

l-lm"e dete,.1.·i,;u .. u~i.. 

o an o:ddi"" tlAVOl" in t eoll e proces'"' ldlk• a ata.nda:rd copper 

oultate solntio: o par so that ee.ch ml. when ~ l/2 pint of 

milk wuld represent e. co~ contaminati of 1 PJD+ 

9al,rmlat;om1 tQ:. . !on 

R'wl,jtf.,1,.:n.t of l/2 ~t or .- 243. S ~. then 243.8 x O.._OOt'X)Ol : 

.0002.438 0£ eded far ·aaeh l/2 . ot' tdlk. T copper eul.-

16 

ate w..>0d waa CuSO 4• S &i • ht of this :t la 249. 71 



nnd th1 

solution 

!hen• 

.a.ms ot copper One U.t O tho UH.:t,~IU 

l."eCIUll~ 0,2438 of' eopper (0.0002438 X l.000). 

0.2438 t 63.,'7 J t X t 2.49.11 

X : 911;'' gm. ot OuS04 • 5 BzO 

17 



c. 
milk Pl"Ol:!U.OC)-1 

UJO 

s~~'b. 

'tbrt:Mlt•h stainleos 

~ coalsr. 

bot .tf.ller 

t 

IV,.4J,.Ur."" her 

new' .....,.....-fi.__lU st!dnlo s s 

ts to l30° F. and pumped 

Gtv;~n,,,8nneJ.l tintled 

--,.1;.l,Qi,- 6;0l~ ~ tAnk. All -----

w Ut1 edoo 

tor 

to 



• 

n,u-,, ...... bic eeid reqtdrod. to prevent an .~~~ 

~.Iv at and }, 0 

t-tt.t3 studied dill- the :1od f'iam VOCemlli!r' 4.t 1947 to Jmmtl1"7 6., 1948+ 

:or on.ah trial, t :ve 1/2 pint bottleo ·e colleotod tel1' 

the t.tle .r:t1ler. hie. ad.tl: da • tcions were md 

the milk te-q end two sets or six . eh of the bottw ~ a 

treated e fo . : 

On 

tor 72 

SDJ.ttplo l - control - nothing added 

liter- aooo:rbie oc!<l ed 

WJO:Jl"bie acl.d addm 
~~ 4 ;l'.J; mg" liter aacorbic acid aawaa. 

satJpl.e 5 40 mg. par litel- ascoi'bie add aihtod 

s 6 50 • pal" li b1c omd ~O(i 

t ot the samPles :1 etoriEd t IJ)° F,. and 

organol.eptie ~tia tor ~ o 

end 72 ham!"G ft11',,w,,!tHQ 

otbor , srf' F. 

a.nor 24. ~ 

72 bouit 

The resulto btained 1n 10 t;r.inl: o· tb· t of ascorbic acid 

n,,,·-t1 to prt.nGttt mddized or in ~ milk ore m10tm 

l. The Ql'ga.nQJ.opb.ic dst.eri:rdna. tio tar flavor cf'ter 24 o.nd hour 

t inoludcd. in the table since the f'lavor de after 

r'Si:11."'efren'I~. Mire ot tba re :ts ~ ~ ... -...,,,_ 

. ascorbic acid 

19 





suf.ticient to prevent an oxidized flavor during storage at IJ)° F,. and at 

50° F. far 72 hours. The control. samples developed oxl.dized flavors in 

varying degrees ranging f"rom questionable to strong. 

The control samples stored at 40° F. developed a ~ht <»ddized 

flavar in three trials, a distinct oxidized flavor in two trials, and a 

strong ax:id:ized flavor developed in one trial, and no oxidized f'lavor in 

the f'our remaining trials. Th& control. sample stored at 50° F. developed 

a questionable oxidized flavor in one trial, a slight oxidized flavor in 

four trials, and a distinct oxidized flavor developed in one trial, and no 

oxidized flavor in the remaining tour tria.ls. It seemed that the contro1 

samples stored at 5<f> F. developed: oxidized fl.avors o£ lower intensity than 

0 those stored at AD F. 

The milk fortified with 10 mg. per liter of ascorbic aeid showed 

definite protective properties against the deve1opn.ent of an oxidized 

flavor. However• the samples stored at 50° F. developed an ad.di.zed flavor 
. 0 

in six of' the ten trials,, .rhile the samples stored at IJ) F. developed an 

ax:l.dized f'la.vor in seven of the ten trials. 

The results show that milk rort-ii"ied with 20 mg. per liter of ascorbic 

acid offered more protection against the oxidized flavor development than 

the milk fortified with 10 mg. per liter 0£ ascorbic aeid. The samples 

stored at 40° F. developed a slight oxidized tlavor 1n e trials.,. a 

questionable oxidized flavor m two trials, and no oxidized flavor in the 
0 :remaining five trials. The aalllples stored at 50 F. devel.oped a alight 

ax:1.dized flavor in one trial,. a questionable oxidized tlavor in three trials, 

and no oxidized flavor in the remaining six trials. 



·Tho • ~ fo:rtifiod nth 30,. 4Q, 50 . • liter at arbic. em.d 

did t olop an ad.di· 1n err, ot the 1n tl trial 

I ~sults nl.so shor, tbtit ~ tlavora ot lowor intendit:, 

. oted. a.t ,;:P" F. ha.ve retrul tram t · abaarptio ot 

0 
superior in t r cse stoi-ecl at IJJ F. eom~.XI· to thbl!le e 

·~.i:p.,M~ -3tote4 at 50 F. anawm 

1.Gss hie n<:id than did at F. 
G a.ooorbie acid eon in l..2 · 60 ~ ·~ et ;o • ranged 

O. l .. liter- to 0_.9 . • per liter hieher t tllOSe sample ~ a 

1,.0 • per ll to 2.2 mg.. ~ Uta- he.t- than ill 
_<) 

ttiooe p;;loll'll..14t~ B~ a.t: IP F. 
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B • 

. tie 

4, 1947 

m.x~· ,o... · vat of tbe milk 

r.oo o wt . 

101 ........ '"-'u.&.a o tbs toct1ve ett t of a.soar,.. 

~,.u. in T b1e 2. 1: ~ to 

l.lUW,U attor 'nitil<'tf>.r.tttl...-J. 

11 

O'dd.!. 

.f'lawr £ tho asco7'bi.O 

tba.'b In the contl'ol s when O zed f'1avm:' dov1,;~1~ 

ecmrt1'Cll. 



iftRW' 

PBO'l'ECTIVI BFFJ!X:T OP ASCORBIC ACID llRDE.R CC8ERCIAL CQNOITIONS 

-
Date~·~·~··~~ 

, . Dlr1i .:la: iii: dsaa· att,,r n. Ja. aw.au. , · . .. · . 
12- k-47 52.a .39.2 ... 11. e 9.6 ' 
12· S ,3. 2 41. 6 ..... 1e. 2 10 .. 1 I 
12· a so.2 .36.4 ..... 1,.2 6.1 I 
3.2 ... 9 49.9 39. 6 -- U..9 7.k. • 
12-10 so., 40.1 -· 15.7 6.1 ' 12.u 49,,7 33.4 ... 14.7 3.1 I,, /. 

12-12 s2.4 33.,7 -- 12.6 2.4 I /. 
12•13 so.1 ;o.1 ... 13.4 4.7 • 
12•1.S Sl.4 36. ) ....... 1,.2 1..4 I,, 

12.-16 ;2.1 ,a.3 ........ 16.3 8.1 -
12.•17 49.4 29. 4 ...... U.6 o.o /. /. 
12-18 so.3 41. J -- 15.) 4 ,, . ' 2 

12-19 Sl.6 YJ.7 -· 16.1 4.4 I 
12•20 50.1 43. 4 ... 14.9 ,., I 

• c no c:ddized tl.avor I • alight od.41zed novor ./# • ~ · od.dised flavor 
~ 

? • qµeet1t1J.81>le addised flavor # • di.tmot addi-1. f'l.8'Yo:r II#• verf a~l"fl1g od.diled tl.«vor 



IAllrl .a.. 
PROTmTm en:cr OF ASCORBIC ACID tlll)la O<llllDOIAL oamITIOlfS (Cc:ntbmtd) 

nt• i=~·mr~ ~A~: . nm n m, 1,:1;,mn ,a., :ra .1n, nfl'MI . . . . . . 
12-22 49.6 ,S,'1 --
12-23 48.4 33.2 ...... 
U-21. ,2.6 -44 • .3 -
12-2, S1.a 40.4 ... 
12-26 53.2 40 • .3 --
12•27 so.2 ·37.4 -
12•29 47. 4 ,0. 1 __.. 

12•30 50,4 ;s.1 ~ 

12•31 so.4 34.2 -
l • 5-48 51.4 36.S --
1-6 4s.4 .371 • ..... 
l. - 7 Sl.. 2 3g.4 ...... 
1-s ,0.4 47. 7 -
l • 9 so.4 40.2 -
1 .. 10 S0,9 46.4 ..... 
1-12 so., 32.3 ...... 

12.1 6.4 

9.4 1.1 

1,.s 7,4 

1,. 2 s.1 
17. 6 10. 

14,9 6.1 

12,4 ,., 
16.6 12.4 

11. 2 11.6 

14,9 s.7 
13,6 9.7 

16.2 ' 1,.s "l;.1 

15,1 11.1 

16.l 9.8 

15,7 3.1 

.. 
I 

-.. 
-., 
--
• 

-
/. I /. 
I 

-.. 
r I 

(CClltJmud) ~ 



111'*6184 

piurmrm T OF ASCORBIC ACID tmDER CCIWEBCIAL CONPITIOSS (Oant.inued) 

-· J::t1iZP:Lpffi 1~~, •. : ~~~: 
, . bin 76 ta, G9DIII, AOtr ~ =• nsa,, . . . 

l•lj 4s.4 36.l .... 13.1 4.4 I 
1.14 44.4 29. 7 ... 9.1 1.2 I 
1•15 47. 3 34.1 ... 12. 6 a.4 • 
1-16 ,o.6 41. 4 .... 14.? 10., -
1•17 49.3 ,a.6 --- 14.4 10.6 -
1-18 52.7 44.4 ..... 16.7 12.6 .. 
1•19 51.2 39.4 .... 16.s 11.4 ,., 
1-20 48.) 'Yl.9 .... u .1 9,6 -
1-21 s,., M.4 .... 1a. 6 6. 8 I 
1•22 ,s.4 49,6 -- 21.1 1,7 I I ; 
1•23 Sl •. O 37.4 ...... 16.4 1.1 I I 
1-24 '4.6 39.9 .... is., 2.s I ll 
1•25 ,0.1 46. , ..... 16.7 s.4 -
l•a6 49.6 ,,,4 ..... 14.s 6.4 • 

l.-27 50.4 42.6 ..... u., 6.8 ' 
l-28 Sl. J ,99. 8 ... 16.2 s., - ~ 

' (Ccatlraal) 



tMJeE6 
PlOl'PDTlVE EFFD:T OF ASCOBBIC ACID U!illER CCMTIERCIAL CONDITICllS ( Oc:m:tinu.ecl) 

B M, PR :Wu: IIPFlda ,93·4 ed4td '42 JU ;id'1,~!8Ji!t!!ioiiis 14 o\141 , . : 
Date A19plg @e14 per Wier Od.clise4 flavor i · " · · Odcli-1 ever 

, swn 22 m. d9nn oa.r n ••· ,.,. . Dan 1& .,. GtDa ans 12 1a, ne:,s, 
2-,J 54.6 48.3 .- 19. 3 s.s ' 

6 so.3 33. 6 ..... 15. 3 s.1 .} 

2•7 so.7 12.1 .... 15.8 s.2 ,) , 
~ Sl.3 ,s.4 .... 16.1 s .. 2 • 
2•10 S0. 7 36.9 -- 16. 3 12..,., i • 

2•11 51.2 39. 3 -- 1,., 6.6 I 
2-12 51.9 39. :5 -- 1,.9 ,.s , . .,. 
2•13 ,.3. 6 4,;. 6 ...... 1s.4 12. 6 -
2-14 $4.l 41.7 ..... 19. , 15.7 • 
2-16 s2.1 39. 6 ...... ·11.4 8.9 -
2•17 ,2. 6 41.4 ..... 17.1 10.7 • 
2•18 48.7 36.4 - 14.1 3.4 II 
2'i19 48.4 ,s.1 -- 1,., 66 .. 7 

2•20 Sl.4 42. 6 ........ 16.4 11.6 -
2•23. ,2.4 45. 3 -- 17. 6 10. 4 • 
2-23 ,0.3 313.7 .... U..9 2 •. 7 ,. ~ 

·(Continual) 



fw,Jj 

Pll>TECTIVE EP'1llx:t OF ASCORBtC .ACID lJBDER 0€JIMEBDIAL OONDrtIONS (Cdlt•inuad) 

~ ~ iiiiiii wt fRii oii/iiiiii MM iilildl . 
!late ~=====~=am..= A-mite Wf w: WK OddiM4 tla._ .. . ·; . . . · ,iiif .7611:&. PIDD .lttu:·'li1llrl, MIWNI 

2-24 50.,6 '°•1 ..... 
2-25 4;.4 28.6 -
2-26 ,1.6 '9.4 -
2-~ '4.1 43.6 -
2--28 n., 412 • ..... 
3- 1-46 50.7 ,3.6 ,....,. 
). 2 47.7 12.1 --
3- 3 '2.1 44.) -
3- 4 ,o.6 37.4 -
3- s so.s .39., .... 
,. 6 48.7 29.4 --
;.. 8 49.6 32.7 ..... 
,. 9 s2., 40.3 -
3-10 49.4 ,30.7 .... 
3-11 so.1 'J9 7 t 

).12 50.7 31.3 -

14.1 

u.1 
16.2 

1a.1 

16 •. 6 

14.1 

13.1 

16.1 

15.,7 

16."1 

u., 
14.1 

16.'7 

13,4 

1;.2 

l.4.S 

s.2 
1., 
.7 

9.4 

e 

9.4 

10.3 

6.4 

' 6.3 

s 

7.3 

3.4 

8.6 

l.0.4 

I 
,; {, 
• 

' 
/. 
I 

"" 

·-
/. I 
I 

' ... 

/. 

' 
• 

-(ccmtmued) 
N 
~ 



IAJl·I .& 
ll>tltn'fff: ASCORBIC ACID WDlm OCIBIEICUL OOBDff (Cdlt~) 

-~----.,.,---- .. --- ,...,......._... __ . ..• : . . -~-~-~--- _ _,,.... .----~- -. 

J-lJ 50.4 36.J .... 1,., 7.1 ,.. 
,-1, so.a 31.4 ... 1,.0 o • .:, .. 

16 ' ,2.4 -40.1 ...... 17,1 9.6 ' 
3-17 49tt,7 ~4 ... u...4 "'•"' .. 
3-18 53.6 41.4 --- lS.l 10.7 -
3-19 '2.1 39.6 ..... 17.S 6.6 

)-20 s,.s 47.6 ~ 20.2 14.7 • 

)-22 54.5 44.3 .... 20.4 i6. :J 

3-23 50,6 )9.6 .... 1,., ,.2 
3-24 ,2.4 41.6 ~- lS,J 9,o • 
,-2, ,1.7 "·' . 

.-.iii 16.3 s .. 4 • 
' 

3-26 ;2.a 40 .. 0 ..... 1,., u., • 
,-29 .54.2 46.) ..... 19.2 14,7 . 
3-,0 '6.0 a., .. ~ 21.6 17.L.. ... 

;.31 ~.; 4S.l _., 24.1 7,3 

(C<ll~ 
tA 



TAU .i 
J>Ja"EO!XVE Plftl'm! Cl' ASCOEC ACID UIUR.C<JIIEJEIAL CClft>ITIOIS (Cont-1mled) 

~l~ ,a.6 49.3 '~ 23.6 "·' ·• 
2 ,, .. ., 42.1 ........ 1a.4 9.7 -
' ,2.1 ~2 .... 11. 7 10 • .3 • 

4- .s ,,., 39. 7 .... 21.1 u.2 -
... 6 49.3 .21. , - 14.6 a.6 • 

.7 Sl.4 40.1 ,,.... 16.,7 11.4 -
8 ,,., 43.4 , ..... 21,6 1;.2 .. 

4- 9 56.9 46.l ... 21,4 1.3.4 • 
¥-10 ,1 • .2 ,0.1 ._ 22.6 1s.2 

"" 

~ 



c. 

ince 3S liter or 

-.:-. gt $LW'9U 

·Di,l~ gsggm.u, 9.t c;gpper 

tha ~'U't\n:tion of <d:liJUl~ thtvarn 1n the milk W"O!Ce3sed 

of 

· lk prior to 

bot s 

oots ti' 

aet 

s _ _. ..... 2 - 0. 2s · 

s~w 3 - 0. 50 

S 4- 0.:75 

'!Do tor 72. l 

24, /$, . 72 ·l'la'ruM 01~:isi! 

.OE1!1!9Cl edviSDblt, to ·ddt:m"lll:tna 

rom.ilt.:s ob rlals on the 

Q ......... ~ 1n 

ions at 24 · 4S llOlJJL"S, ·h40calllae 

31 
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no 

* 

. o .. ; star · nt. 40° 

~ ......... ,.,. ~,IU.<~l f'lc:v, 

Vo:lf1 ~m.l:t "o;r.:lt.U112".e<i f'lsvor in 

' s ~.I'll_, at, 50° :tad wit o.so p . 

loped ~ 1..11 

The aa..'iJP/1,QO COil'MalillUln~E~ \Ii: F. 



1 0 :;ult 

.. . 

COppEr ' 

milk 

• Colle0 e 

... 

• 

en · ' 

.. 

l.ndueEKl ~zed f'lavw,, another st'lr! ... of i-

U31ng ig lGVda of' aoeorbie a.eid a oonstant 

onotl..O ., 
Dot w 0 ,,. £'or 30 

l ploni. ... For clt ial 

:t:io]. .... 1.0 

• copper QQQr;,ci. -} 100 . ll ~ ot oorbic e.c1d 

Oa<l(:lCI ,} 150 • por 11 tar ct ' ie ae!d 

• 

the other a r;o0 • . • 

e af"tar 24, /Jl, 



ta d 

vene·_ \4th 

t t if1 

diaed .t.hvor c.wv~,~ 

nacornh add W,ltlea.., 

h 11)° F,.. and st o F., I 

acid :t QJ0 • deVell:tpad; 

a. di.flt f'lav<> 1n two ~ .... = 

• li ot aacorbie 

HBV!clTI trhllt,, 

--- .L-.i;.;.i.!V:vr in 

:ter ot ascorbic acid 

~ at so • rlq;,ed a. ffl. ~"!rt u.~-1\,- f.:lilv'(!d'"'' in 

t:1nct tl4vor in ·"""""""'" ,_ ...... ,.."°• and a diad .f'lny;. 

at 50° • &m.:rartmt.JLV developed ~......,"~ 

d.id tt 

'O 1/J ., did not develop 

a 

. m.__;ou.. £~~Yt1r 

J:".1.a~ca.- 1n twb ld".:l:i~ 

• per liter 



De.t, 

10.-28-41 

11, 

ll-6 

ll,..]3 

ll,...18 

ll.-20 

l]...., 

U-24 

·l,2..6 

.....,1 
»!JUN'r OF ASCORDIC AC:tll REQUIRED T-0 PREVEl1r AN OXIDIZED FLAVOR 

IMDUcn, Bi 1.0 PPM. OF ADDED COP ,, 
All milk treo.te.d subaoq_utmt to paatoori~lltion tdth l PPll• noun 

Contltol Q~ 

## 

,#ff 

.. 
1 • 

I# 
./,,f.l. 

II, 

fl. 

# 

# 

- ... 
? -,. 
- -
- -
- .. 
'l 

/. 

-
{. a SlJ.aht 

ti- •· 013t!nct 

"" -
- .... 

- -
... -
-
... 
.... 

- -
... 

- .. 
- .. 

... 
- -
- -
... . ... 

- .... 

.... .. 
- -

tro 

~ 
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3. 

3 - .so 
~-,~4-0.75 

One set Q:t t ,_~ .,.~ ... L.V 

at: . liter of' 

t Jl}° F. or t O , • lt 

milk 

coPJ)or aeneu I 

·<F 50 

eom:cr ll.(llQOQ I so 



1Dllt: at ,rl'- F, ifl a ~tat~ ~olled. ~star in the 1'3iiJk· cold 

:roa~ A ~ ~atura o£ 32°' F. van tilso. ~ to .&Jt~mre th~ 

~• or· t'~e ~ra~ on th&•• and ~t i,t cldcUooa tll!lltvor 

d~ .. 

~ ~~s· o~ 1n :!O ~:a on tb$1 protective ef'tee, of' SO ~ •. 

~ m. r,t ~wh!e; ~ .on l!dlk '14th~ ~ts de~, ~'ed: ~ 

.~bl~ .4., ~he. ~«~ n()t ~e ~ ,<J~ionn ~ ~ 

~ ,411 hcmro ~a the;~ obs~~~ ~ ~ si»r~ al"& 

~~'t!ve .fJt' "1le 1rwmtu <:J~ ar~ 24 ~ .48 bou:ra., ~,,_." it 

~ ti''b~ ~' th$ ·ra-ts tm ~nt of the ~~ ~ tbnt d«e~ 

tn th$ ldlk ~ ~ ~ted 14th the~, ot co~ cou~ 

ln ,J~ SO, i1B• ~ · ll~ ,ef ~Me ooUi vt't$ mtfleiMt to ~cl M 

axt4tzed. ~ la tbe 1dlk con~a.tea with o.zs ~ .ttt Copper',. 

The ,~~ ~~ 'Which eoa-tatnoa 50 1&• F liw 0£ ~hie; ooU. 

but no ~ CQ~ .tJ1d not ~el.op ·. ~ ~ · a.ft:~ Ta ~P ~ 
. 0 . O· 0 . 

• ~ ~el a1i, ~ Z;<J • NJ F,. <fl! :!it :r., fha. ~ ;t~~ with'° 

ng. ~ · lite of ~e ®id and thm 'oontm?tlaated dth ·0 .• 2$ ~ . of 

~~ .df4 not' de~ .~~ flavor, ~ '12 ·~ a~ a't .q- Qf 

\ha~~ ~tnr~ ,w.,:' ~ 

"the .mUJt f~ted 14th SO mg. pe#' l.1~ o£ ~'blc did snit ~n 

~ 14th . ·50 ~ ~ -~ and J1.tored at 'R,.o F*, ~I)Qd ?lO 

md.~ ~ a fO'm"' ~;,, a qmati~ ed.~ .. ~~~ 

t.1.-:f.alf.Pi;r A ~ · ad:~ flavar in n.i.nB· ~.lo,. a ~!net ~ ;tla'or 

.tu. t~ ~~fl.~ .~~ ~r, !n tbs other·~. Wh . 

. at<):rtd at JP,° F-. ~ ~ ~or developecl :in two ~~ a quaatioi.lable 

Qld.di®d ~l"' 4'w~ .in: ~e ~- a .~~~ .a..~~ 
·~ t1d~,: a dt~ .~ t~ tn -one ~ at14 a~ oddieed 



~5-48 
2-6 
2-10 
2-12 
2.,.J.6 
2,.,,17 
2-19 
2.-2.3 
2-25 ~, 
3-
3-3 
-... , 
3-8 
3-9 

10 
3-15 
3-17 
3-1-8 
.3-29 

-... ---
.. 
.... 
... .. 
.... --... 
-
-
.... 

Wlia 
PROTEt;TIVE ffi1m' OF 50 MG. PER L!7ER OF ASCORBIC ACID 

ON MILK m u V AR:lING AMOUNTS OF COPPER ADrmD 

All mUk treated oubsequent to ,p..'\Bteur!zation id.th 50 ~. pei, llto,.- oacorbio acid 

- ..,, ·- - ·~ ~ ~ • ... .... -.. - - .... - - ? - - - - 1 -- - ·- .... " 'I, 
... '.""' ·- ... ,... - ? 7 - - - ... t ... .... - .... ' . :;. . /. --.... ... ..... ... ? .... -- .. ... - - - ... ... - .. .... - ... ? t ... - - ... 

~ 1 - .... - - -., 
... -- ... - ~ ~ ? 

-· - ~ j ... .... ~ - ? f 

--... -.. 
- - - - - ? ? 

... - - - 'f ~ ? - - - ""' ~ .... ... ... """ f . :; -.... -
/.. Slight o:d.diBod flavor ,'ff. Strong oxidized flavor 

,.........,, 

- • No Olddlze.d flavor 
? ._ Questionable. oxidi 

flav~ 
# ·• Distinct md.di~ed rla.vor -fl.#. • Very strong ond1ood tla.vo~ 

~ 



The · nth 50 • pol:" ll.t· ascorbic dd 

o. 75 or J.Ql>Efd ad.di · tn ~ 

' cU.stinct- to 

he results sholi n¢ ·Utd.f. 

be -« i.ous lovals copper cont.wn:tno.tion. -~ !no.id . of odd.iaed 

~ ite'II'(). • tt '!A° ~ bUnd. in ~ .~ ~ w:t not ·a.war$!~ 

m'.i$l1 tl1a tlilk WO S at ~O.. • 1n 

lt vould s 

nas:tmJJM.m~ milk m-oeeo.oo.d , t~ 

For eae ~ tlleJilfe l/2.-plnt rttlsa 

liter· a.cid a&led 

O®~ {,, 75 · • pell'- liter QSCQt"bic acid aa.w,c,. 

s<.fiJ.U.i~ 3 - _.50 ppa. ~~·- ,/. 15 :,• pm- liter $l00rbtti 

75 /., '15 • per ll-



of 320 ... ~ IJ:P ... 
•t 

0 
50 24, 

48, 72 .. 
20 t 7-5 • 

deve:1.<,ped in 0 



. te 

2-6 -.--
2-lO 
2 .... 12 
2-16 
2-17 
2,...19 
2 ... 2:; 
2-25 

,Z'/ 
,WS 
.3 
5 
8 
9 
,lO 

3-15 
,17 

3-18 
3-19 
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PROTl'C.t'IVE EWmT OF 7S trtER OF 

All milk ~t(d 

.__ .. -- ·-........ - -- -- -- -- ---- -- --- -- -....... -- -- -- -- -- -- ~ - ......... 

....... 
• 

---
---------------......... -

on MILtt WITH VAR!IZlG AMOUNT 

--------... ----
~ ---.......... ----

pa~wri on '111th '1$ 

---......... ------- · ----....------

- ---- ....,.;;.. 

- -- -- -- ---
~ 

,..._ - -- ........ 
........ -- -- -- -- -- -- ---- - · - ~ - -- --

• Slight a:dd10od 
• Distinct 

i'l.:lVOI' 

IO ACID 

• U· ... orbic ac11 

- - ~ z % - - j --- ......... .;.. - _...,. J ? - - # # - . ......,. f /. ? 
.......... ~ ? .......... -......... -

'~ X ~ - -- - i 4 ? - - I - -- - f' /.. -- - ? ·- - ~ - ....... ''I-_ 

- - t ~ ~ · -·-· - ? ? ·- - ,f, /. 
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.namaam. 
~ ebd Gnthrl.a (24}, as well a11 s:evoml oth,Jl" imrestigatrrs~ ~· 

ported that rapid tm!datim of as:eorid.1' ~eid ill milk occur& <H'Jnffl.U!'l'ent1;zr l'dth 

the developaent of oxidi~ tlav~~ and th~t t,..\Q oxidation of 4#mirble aeid 

is a key factCX" in tlw development ~ ad.di_~ flttvera in ldlk. 

!be possibility t~t ~a ceu~e mdd!-1 tlav.OZ1'S in milk i.s been 

postulated by Kenda (22) imd Chilam (4). !!nee ·the ~ aseor'hie ac:14 

~ase ta oapahl• or ~ctq O!datzing aecorbic aeld, a ~ et ~-

aeid cddase 1n: mm .. !a re:lated to the oxidised ~ de~t. 

1. fmll!cm Cts~ Rt. ltkil 1tf81UAWDI. tDSm 111dAG m:.14;\aal 

.Atmlz ...... 

Since Ditll?mr att! Zerban (9) reported tbrd; the ~ aacorb1o add .ad.-

&1:1& ia deetrqre4 a~ 116° F.. tor brief per.lode ot ~:t m ~~t •• 

pert~ to d&telm!ffl) the intl-uance !1lf suoh. h&st treatrao:nt m t!ie ~ 

ment or adit.J.ffled flevora 1.n ~.11&. 

·!fro lit~. tYl m.l.k, rep~enw..g ;porti~ or t.'le m1llt tmn feur cows. 

war.o obtn.ihe.d dirE>'etly tra:n tbs mtlldng machine in s tbree•liwr irle~z,, 

tl&sk d~ the attem~ milking. All t]10 equipment. used 1n hendJ~ne tZ10. 

milk waa made cf [!)ass to protect the milk o~~.st mw· metsl c~tion. 

the milk ns Mv:1.deti into four· lots ·ty placing !500 ml-, ot tile milk in 

e~eh ·'4 tc.u- me-liter ~lom.qsr t.htsks. ·Two lets of tho milk were than 

ioborateley' p~led 1n e. water bath at w° F. to't' JO minutes. end the 

·~ two lms cE t.~ milk were laberst~ pttatauriad in a vmtar ba.t.h et 17fP 

tor t:lve miautes. flm :rcur lots of milk we~ t11an eooled to ti<J;,p~9te:bt f.:J:f) 

F. vd.tb tap fttel". Each lot c£ milk was tilen im'tber ,divided into~ 1/2 



~P.,.V l • Cffltrol • past,mriaed If 143 r. f<Jr ,0 8 

Sc.pl 2 • paateurised at 143 · • tor 30 nte.J f 0. 2.5 p op r 

· pl! 3 • cmtroJ. • pa :teur!sed t 176° r. fO'I!: S JldJmtea 

IHUQl,M,.9 4 • p&steurhed at 176 • ~ S te I, 0. 2s pple. copp 

1' lilmpl.es wre then atot-ed at ;2° . , 40.0 • cf' so° F. , tor 72 • Qr. 

tmolsptio detfJDlinati .a tor l'lncr alter 24, 48, and 72 hairs 

:atGrS 

~IM ...... ts obta1ned 1n 10 tri.al.s the p tect1ve ett ct or high t 

pera . ~ a UlAit adc:11 · tla~ " in milk in 

'lahl. 6. T 

hcm9 becauee tha 

'ld.1'.h the Naa].t# obtain attar 24 • Ill g rel,. pesteurizatim 

~dhs't tot 

dizecl flavors nen · tha mill: o tamtaated 111th 0. 25 ppa. or copper. 

The CQltN,l 1• steur1sed at 143° l. tor 30 minute am st at 

32 r., 40 " ·• and so0 , . did a~ d op t!llfT more que.nimable m::L-

·cU.sed flavar- ?2 hmre atonge 1n ..,- or the ten trial quastt 

able odc!iaed tlaYOr na preeeirl't iD ~ two of the asmpl atorec1 t 32° r.,, 
rmr at 40 r.,, and 1n etored at 50 • ccntrol samples 

pa•teur:l.Jllld at 1'16 · F. torn Jl'dmlt a did uat dawl.op ad.di i'lavor 

att«r at at 32° . ,, 40 . , end 'JC° F. t01: 12 1n ot 

·triala. 

Tb$ aamplea pa~ a 143° P. tor JO Dd.nutets and 

with O ' PlD• ot copper &mJloped addised vors m all tr1a1a in Vft'l'II0'1!'1dt 

def1:reea~ r fral sl:1 t to ~ . no bl.a ditf·4D'll'llnoe 

in the in sit.iea the nxiM-1 tla dw oped t -».0 ' · • 40 , . , or 

500 , . 



TABLE 6 --·-
POOTECT!'IJE EF'FECT OF HIGH TFM?51ATWIB EXFOSURE 

AO.i\lNSI' o::IDIZED FLAVOR DEVE10Ft.'1J!i1.' 

Pnstolll'ized at 143"" F. Pasteurized at 143 
£01! 30 1 for J) ' 

UntrrotGd Control · 

Date 
4li4I 

3-2-4.8 -- --- - - -,3 ....... ? - -3-5 - ? - -- -
? ·~-- - ... - -

3-9 ? ? ? - -ll - - - - -3-12 - - --
~ · ~ 

- -13 - ? - t - -3-16 - - -- - --3-17 - - - f J. -
- -: No oxidized tl:J. \1ar /._ :; Slight axidt zed flo. vor 
? : l-'uestton:1ble addized flavor #;:: Distirct o.r..idi zod flavor 

--- · 
----....,. .. 

-- - -- - -- - --- - _...,.... 
.......... - -- - -- ~ --- -- -

= ~trot~ a.ti di zGd :£'.l.n var = Very strorg o:cidized 
flc.vcr. 

~ 



with 0. 25 of copper did not dewlap an oxidised t'leYOr after 72 hou:rs 

when · ·t 32° ., 40° . , or 50 • U _ pasteuri at 176 F-. 

r:1 tJ.o ttoooked tl.a 

li ted ,w.p N 

p 

•ilk 

ith 0. 2s P111l• ot' copper-. t.b 

atiptors to be caused. bJ' the 

o h t.aperature~ 

wl.op n ox1d1 

by • lectat!ni; t tho Oklahcaa and • College utemi 

tm.-aqg coopentlan --. ..... p lnt1:nnar;r .rt,e.tt. milk col.-
• 

lected e1"t the pl.a, 1n · omce gree . "Dtlragl.aart 

ch or 

into two lot or one amae each. One .lot 

s t a t eontral• other lo 

contai!:na tad with 0. 25 • ot ,pper. •• 

F. ror 7l hairs. o oleptic .flavor nd.natiCIUI 

• 

t stored at 40 

aade after 24, 48, 

or in cq,per mtaainated. aamples in 

tr.la1s during 72 ~~- :J11m'lllA'& at 40" P !hare appe.ared to be no 

navor bCJ,-.... .. ,.. 

ed cq, • 

47 



3. Xa aid~~ Sil. 1iiMm~amm Rit. !ml~ .. SJt ~ Jaa. a ~ ... 
~,st: tlfm~ ~ 

Sint» tt~ rapi.'1- OJd.datitm. o!. nseorbic aoitt in 1nilk seerns tci be llmmci,.. 

at'O& with the deYel~nt; t;,f an ~2'al .flrtvr>r1 tt .aeries c,if ~aents WEail 

pertOl'ffled t.o tlrt.el'Sim U Mgh t«r1pemtui-e mtpOSWVJS would. pravent tha ®• 

dat1Qn 't1f tlw anc~b.tc e;e1d m· rrdlk* 

One lt~ of-milk l't)J}rosentmg po:rtiCffl.lJ or the milk .ti,;a 'three 001ro ~1&a 

ooteined d1rectly ~ 't1ut 2?1.D.kintr timehines in e tw°"'ll ter El'-lenttie~ flask 

~. the ~temoon. milld.ng. Jll the equipment 'USffl.i. in mmdling the Eilk 

ffllS mede or ~s to p:rotoc:!i the milk ~i.'l\St m;r ineta1 cmtam!n~ttm. One 

~ and t!tty Ill. partione fit tii.e milk nro then dispensed in l/l pint 

milk bottle&,. tll0 'bottles tbm placed in a wet'l?J!' bath and hoo:tod tp tho 

f"ol.~ t~ra~s: 

Ssm,ple l,.. 7f' P. 

Oample ! • ,etjO F. 

Sample .3 •104°' .F., 

Samp].Q J., •122° F. 

~ s ~1.IIJ&'f!. 

~ 6 ..;158" F. 

Sstple 7 ,.,,:J:67° F. 

Samplo S •l7ll' r. 
~le,- 9 •185° F,. 

Se.mple lo.l.94 o F. 

hlf;J.e ll-20:;:f' F • 

Asm.1r~ ocld. detamiwltiona wm-e t1~'"1e on 0~e11 sunple :i.mmedic'te]J vfter 

the desired tepen:hure fflIS reeehed •. 
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ob 1n 1n .tour t t 

and t1C11 

"'"""-ti of eorbi 0:id ah 

ral, the a-acerbic ac1d cant tant t t,elllti1efti..;. 

bcffe 1-16° r. m.dation d a orb!! e1d to h1droeacorbic e14 

l/+Oo F • ~ ots1 daatru.ct1 !'rail the ""°' F. o 

th 140° • upo,mre 6._ S5 • per liter or a corb:lo a-d.d. 140 F. 

to 176° • the daat:ructlc:11 ot a~ acid : . s W%7 light• with 

ct ~ 0.10 • per liter ot orld.c cii • 4e.at.rac 

acid rapid beta 104° 'l'. , 140 P. with 

or 4. 8 • per liter of a co.rblo ecid. The 

at tuna abofl 1?6 F. 

Jm.uua at. 2nbU?iw at tPSSltld& 

erusna·t 1a act , an a:im~men 

oe, cf" inhibitaz- of 

Two U.ten of llilk1 :repre 

obtained diractly tra:n t 

p rtonaed tc demUUJtftte t intln-

tho extent tru~ ct ucorbi: 

llilk $ e t glasa to protect the J!11l.k gainst 8J1:T tal ti • 

The t0l"t1.f'ied ith 25 g. p 11 ter ot aseorb1e ac:id ti 

divi 1nto t lots of ch. 0 lo ot 

pa teuri.:a at 143 , ~ tor 30 111,'l"ln'l'.lllle d th other lot o.t Jl1lk 



Dato 

.3-S.-48 19.2 1$.6 

3-13 17.2 17.0 

.3-15 17.2 16.4 

3-19 17.8 l?.O 

Average 17.85 17.2$ 

TABLE I 
THE RELATIONJHIP OP 1'S{PEMTURE OF EXt OSUP.ES OF lln.K 

ro THE O'!mAT!O!l (F ASC0Rl3IC ~CID 

Mz, per titer cf Aoo,rbic Acid 
..... -... ----·-·· ~-. ~ 

17.4 12.6 10.4 10.0 9.8 10.0 

15. 8 14.3 9. 8 9.0 s.s 9.0 

14.8 13. 8 12.2 l0,8 10.4 10. 4 

15.a 13. 0 11. 2 11, 0 10 •. 8 ll~O 

15 , 70 14. 42 l0. 90 10. 2 9 .. 95 10 .. 1 

10,0 10.0 10.0 

9. 0 9. 0 9.0 

10. 4 10.4 l0.4 

11.0 11. 0 ll.O 

10.1 10 .. 1 10.1 

'$ 
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la t0?7 F. for £i lldnut am 1 ta th ooled 

to apurc:ar::u:IIH 

or a.ilk. 1lll%B«11ate1y 

vtded 1tlto tour 

""" ... .,. ....... ))Jragl ~lea 

ted as .toll 

al aoh lot 

titi•a into 2 

t 143 1. tor .30 

S 0.1.'l od!lla dietJv'l-dithio oar 

Ssmpl 3 • O . soclil di&'f:JwJ.-cl.i o wa .... ..sc:m= 

Sap1e 4 - ·0.2.s PPI'• copper em.• 
Semple S - OClltl-ol • paatAIUrise4 st 176° r. tar ftw srd:m1tu 

Sample: 6 - O aodlum dt tbrl~thio carbamate a4dal 

so:11• di tbyl-clithio cari>e,aata I, 0.2S ppa •. copper 

e r a 

· fhe resul. s obta1n · in tour tr! 

nd ascorblc oid t!Er'tlGfllll.ruft 

bottle ot ch i,t<:lWJ~ 

tra.oti ot aseorbic a 

ditldo ca , inhibltaP ot eoorbio acid oxldaae, 

acorh!o eid in milk m Ta s. The resul 

dditian of' 0.1% ~ socli di~ 

143 f . tor .30 ic 

t1 . or t ·. the 

uem'l,hL'lll.:J ot mUk past.euri at 143° • tar 30 l!dnut 

• for 72 cm-s, t oczttrol 

l 



ae.ta estmcti~ or 14.4 . , per 11ior,. while thQ saplea tntteti .ttb o.u 
ot scdiua dietb.Tl-dithio .oar te sbomd mt ~e asoorb!;c, aold d•~ 

t!:en ct O.S5 q . per liter. !he aa:mpla tftated d\11 0.11' ealha tietl.v!• 

dithlo. ~te alld then oct\ta!dnatect with 0.25 ppn. of oq,per showed att 

e:varage aseor'bll: ae14 dsstl'\v.,Ucn of 0.21 ag. per Uter• wldl.e the N.tmplt"r& 

CCl'lta.JdJmttld wl'th o. 25 J>PI• ot cq,per ~ an s~ge aetlOl"b1o ·acU. de

atru.ettm or· 25. 7 ... pel" ll:tm·. 

Blmlta olanl7 aiu. that o.U or :..U.ua d1etbFMithto ~rtaaate 1rhtn 

-1494 tt> mill pas~ at w 0 :F. , t.fr .~ milm.te• -· auttlcient to pa,ltl'b 

the, Gd.utle or the ~c ao!-4 ftWll, 1ihen the ldlk •• 4tb~4 with 

:0. 2, ppn. ~ ,copper. 

ln the aaltpl•• purteurll!Ed at 1?6° .r . t« .tlve 1dmt\e.s en:d then atcrad 

at lit)9 P. fer Tl ~. the cm~ suplett lbolJld a ~- a~o acS4 
.. ,, . 

deatNction ot· o. '10 as. pe liter and thesra ~tat ld.th o.U or JIOtlhm 

d1etbr1-dithlc> ~te ·aimed au de!SP a~ n1tl ~ ct o.57 
ag. ~ lite.I-. The S81lpl.$a t:.ated wtth 0.1$ flt.d1um d'ietlJTl!!idittd:.c c~ttt 

en4 the ~tell with o.25 J>Pil• of copper th--1 al\ average e:se~ 

acid de:struetiQl fJt o.ao .,. ll1"7 11ta tilid tcho.ae oon.tam:t:nated w!ta o.a, ppn. 

ot cq,pru- ehoffl ea &&age aeeebie acid dee'ti'uotia:t ct· 0.90 ag. per liter. 

The .rwm:tte clea2r31' ahow that pas~-~ t 1?4° r. ff.'IE' t!.w ~ ns 

~ent to IJl"*vefft the ~tltt1 or 't • ~e .acdcl 111 the _.pi.a with 

and d.thmt C"IPPGl" eddaL 

The hON ntml.tal would._ to ~icat.i!t that the estncUm. o£ a o:"bio 

aQ!d, 1• pOIUdlSl.3' a. to ..,_tic acticn beeauae tll all the r.dltc ted «t a 

~t\ll$ dtic1tnt ~o d•SWOJ' the en.., (176° f :. ft4t' tln ~) ti. 

a~c ao!d ®ntent showed ao s!grdt!oant deenaae dm--ing the 72 hear hcw:l• 

bg peried •hll&. hl the «ntrol aaJII.Piu P84~ 6't 14.3• :r. tar 30· !ds:lutes 



and lf'ith c · there s a se Sn t Uc eold 

cc:ntent t rl • rurtb avid t t tho at 

,o a orbic acid 1n · lk i d\JQ to · at1c cti i epparent tact 

t ( odt 

added the was no sigtdt'icant destruct! of ~ . c 1d in milt 

iJMtd at 141' r. for. 30 trdl':lutes• while !Ji canpsrabL samples 1d. mt t !n-

bib1 a.oteaae 1n the aeoarbia eo14 astNcti 

The or ot the milk o di tb,71 tld.o • 

'q' esba . 6 . d 1liQt ill C rc1al. :Jt.aur.l 

ll1lk to pre · the ad. t1 



DISC SION 

that the d 

t o£ copper 

the act t1 

pr®' t the '£!,;111..:..i.opmsnt of 

pm" ttl.Ik, it 

lGV;;)J.QiX!lCl?lt or the ......... """'"'~ 

l. roquired 75 .. .... 

ro:opoct to 

corb!.e 18 to aos 

a.oCOJ;9bic to in s 

(lowr 

tont r 1n 

() 0 
e (.32 F. 1 ll) ., 

eey littl 

otorod ::n tb oho cool.eta n the, 

thermootat!eal ly eon 1led 1.n0'1.ma:tor in t.bG - lk 

content of tm . 

500 • 

• li 

s 

0 . ) , 50 • u 



at 11:>° r., it i 

stored · ;o° F. \IOU 1.d have 

t~tt s ~, 

· ·• per liter) in 

an oxi flavor. Since tho rla:vO?" of be UUO'.D.: 

(.) 
F, 11J F.. superl.<m to 

ption 

1lhe 

nrst t10lln:il..\l.n 

176° F. 

invest· tion b,Y UU"-W.,. 

.milk 

thea:Qi~)a~ 

SO!lmm." ( ~) cookad ,gor 

.,. • .,,..,-'="' t t phid3S ~ liber ted o.t 0 
';e!:!i,ora-ture ot' 176 F., T 

tbs en~ im'o · uaa ~bic ®id ox:1 • 

Pl'O•::Jen:t.00. .e.u~JLV :l that ~a :b 176° • for ft minute 

prove ad.di-1 r~ in ml.k CO:"lv .......... ~tod vith 

0.25 all mUk c.onta1.'litia. with 0 .,25 of copper. · 

Soa.Der (12) to 

~ - 1'he 

al 



a.scorble acid t 0 ( 16) (~),, BhoYod. t :t 

tailed to do.,=.,u in the COJltrol So.mpl.$8 Or in the -~- th 

tain tho ~ , nsoorbie acid ad. e (32),, and 1'lt-tber 1nee uw~;;:.,. Illilk did 

not d el.op ¢d.diood llaVQl" an vban ~te v:tth 0 .• 25 

per, the resul would · to indicate the possiblo ·tauee. or bie 

aeid aridAso in the dcvolopnent of oxidi· 1n ni1.llt. 

ex,:,os,:iros., the results :a.~,a tbllt tt QQCOl'bic acid content ot 
0 

the :b'1lk 4-'"""'u:i-w_. e~ at t - o '116 F. 

ban (9) ha ~tod. that t 

at 176° F. and sinee the rosulto h01 in reported showed that wen milk 

l . ted ta 176° F. the was no .t'\1.l'tber Mon or ascarbie c1d, it w 11.d 

se - that sibq the oxidatlon or ascorbic ae1d. in 

11~-r.-,ction the~ c b!.c _eid o,r:tdaoo 

and ot to the t, c.tion of libemtocl sulpbid • t 

0 
to the tempGraturo 1ncreaze abovt) 140 . , it therefore s; 

sstruction of ascorbie neid tmS :ua to · ~ic action. 

In the ftperimo: ·:ts wt sodiUm diethylrdi.thi.o ~, e.n i..'lhibltor 

o-f trbie add ox!daae, the~~ t 0 ._l · con't of aod11 

dietbyl,..ditbio to milk ~ .a.t w~ . toi-, :,o 

Jlli.nutcw auttici t the ad dati o£ the . eo.rbic aeid l"'1l 

or copper v e in ~ milk 

nJ!lell'lO\ltncet<l &i::!m"'MriA in _ aorh!.e sd.d 



0 25 or eoppar t 

This rould 

of' ascat" 

~,,..,._. ·ru, ot o.acQI-bie nc! 



• 

3. ·Tho flavor ot h o t dovel.op an ad.dize.<l 

f'. m, in supeio!or - sample t 32° JI. or- at 40° F'"' to t :t; of 

t ~ o mUk d at ;o0 • 

duo to 

60 



dGC:t'etlG""'E )$ -.~..._. t\ 'ta:~~ 

0 
,i.l'J.tl.Od above 176 F,., no ,t,,wi+.1v!Jl!i t:i.oat.1"t!t:!o-

ti te that t 

1na :vatod at temporn 
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