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lmHlogNlizNl milk 6 d(lH-lopIlWlll 1; 
E1frt't (If pnrl inl rn'I'zing 7 (·OJ1l'lu:->ion$._ 20 

Lill1rntun' l'itl'd. ~I 

I: 	 I~TI{()J)l'CTIO~ 

\b I'll(' II:-:~' (If' h()III(1~~'lIiz('d Illilk i" illlT('asill~ rapidly ill the Gnited 
'. 	 Statp:-:_ OIl(> ;-PUSOII is that lI1allY (,OIlSUIIIl'I'S prel'pr lIIilk in which 
\L' 	 IIH' fat i:-; ('\'(,Ill,\' displ'rH'd: :tllothpr is that SOII1t:' ('OIlf;unH'l"S also 

find tIll' Ilonl()~~'lliz('d nlilk 1l1OI'l' palatable thall unho1l1ogenized milk; 
alld flll'lll('rlllOl'l', JIlilk distl'ibll(or:-: IUl\'e prol11oted (itp use of homo
~l'lIizl'd 11Iilk Oil till' baHi::; (If iii' SOfl-('\lnl p1'operties_ ~ome authorl
tip:; c0I1[('I1<1 that soft-('unl Illilk is ilion' I'eadily digested than 
lUI rd -l'U rd mi lie 

"r('if;bel'~, Johm;oll, alld ~I('('ollum (JU):2 'Val IaCt' (J.n and 
'Vnshhllrll (,iii) wpre nlll()n~ rht' first to report thnt homogenization 
chun~es the ell:trueter of till' eunl of mille Hill (1/5), ho\yever, re
ported that l'lIt, reslllts of his work did 110t jllstify the USc of'the 
hOHlO~l'llizt'r ffll.- the lH'odlldion of soft-curd mille ~Iore reeently 
Doan and 'YpJeh (1 t) : '1'1":1('." (28) : Thcophilns, Hanst'l1, and Spen
cer (:!U); Wollllnn (.J7); Bal)('o('k Uf): and othl'I's han' showll that 
soH-tlmlluiik ('an 1)(' produ('('d by hOl1logellizaJion_ 

I 1('o('II'{'<I rnr Pllhlh'IItloll All";l :!7,I!H2, 

" nllli(~ 11111111,.,("::; ill 1I1I("Plltltl'~"~ ("('fl"- to Lit"I'ul.lln· t'ill.'d, II :n. 
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Table 1 also shows that", from a curd-tension standpoint, the maxi- • 
mUIll pn'ssur(> of hOll1o/.!C'nizalioll IIP{'d not Iw /.!I·pa.ter than 2,500 
pounds. Only a slightly gl'pah'r I"('(jlletioll ill curd tellsion is obtained 
at highet· pre;,stll"('s. Thi::; is in agl'p{'nll'nt with work of Caulfield 
and Maltin (.'t). who concln(jp(] that hOlllogPllizing pl'pssnl'es in eX{"NiS 
of 2.500 poulHIs apPp:l1" to bl' of lit tip pr:l("tical "altH' in I"Pclueing the 
(,lIl"d tpnsion of milk. Trac'y (.!l)) also statl'S thai a j)/"PSSlll'(' of 2,:"500 
pounds is slIflkipntly gn'at fOl' nIl pradical pnl"pos('S lis t1lPl'P is 
little to be gail\('lL as I'HI" as 1"(,<1nction in {"lInl tellsion is cOllcel"lled, 
by inen'using the pn'ssul'l' 10 3J100 pOllnds. 

IIO:'IO(iENIZIN(; TE:\II'EIIATl'IIE 

TIll' i;pmpel"llim'(' al' which Illilk is homogt'lliz('d a.l any given PI"(,S

slIn' nil'pds 111(' ('lll"d tensioll of tIl(' milk. As a 1"11 It', tht' highcr tilt' 

It'mppl":ttllre of honHJgcllizatioll tlte 10wl'I" til(' curd. tellsion. (See

tabll' 2.) 


TAHI.~; '2.··-Rrfcc/ Of IIOIIIO!J(,lIizill!1 lelllperoillre on lite cu,.d lell.~ion Of milk 
(I/OII/(/!I('II;Z('(/ III 2.0(1) flO/ll/tl.~ 1J/"('.~.~lIrl') • 

Curd I.l'lIsion ('urd t('l1sion 

IloruoJ.!\'uiz< ._. [ J\lilk l ,\,:lIk·· HOlllogrl1i,. ,\1 ilk ,\1 ilk 
ill~ ll'JII~ Fllpns- ; pl~<;h'lJr. j P":"tt1ur.!: ill~ t(,l11~ I' tYnpn."i" pllst£lur· pn"'I'nT
P('rulIJrt' tl'urizl'd' IZl'd . I1.Nf perut.llTU tl'llri7.('{j i1.l'd iZl'd 

11 i'R i "ftt'r f h,'fore 1 'Ik nrlt1r b('rllrt·. 
I • Iht,)I)10gl'I1-1 hnruogl'n- I tIll IIOlllO!!t'll- hotllngl'll

izinl-! ] Iz.ill~ fzing i7ing 
" ··1 

cp.. Orums 0",,,,.,,£ (JTCl11l.V OF. I Gnl1l1.'t Grtll/l.'f Gmm.,
l~~l 2(1 21 22 ,I 100 IiHI 15riu 25 ! 22 17(1 152:1 !-I la
!-IU 23 21 24 I,' 180 15 1:1 12
150 21 20 IS 

.-.-. J 11 1~, .. 

Tabl(' :2 Sh()\\"!-i that wltt'll II Ilpas(C'ul"iz('(1 lIlilk is hOlllogrllizpd the 
higlll'l" thl' tPIlIjWI'Utlll'(' of hUillogl'lIizat iOIl tIlt' lowl'r its ('ul"d (rnsioll. 
"'hI'li hOlllog('lIiz('d llIilk is pas((,lIl"iZl'd tht, SHIlH' 110 1"111 a I I"Pduetion in 
<'111"<1 1t'II;;ioli m't"lIl";;. "Th('ll hOlllOUt'lIizat iOIl lain's pla('(' after pilstpur
iZal iOIl. hO\\·l'\'('I". sliuhtlv lowl'l" Clll"d IPIISiolls n'slIlt at both thl' 10w('1" 
alld lti/.!IH'I" hOlllog('ilizil;g telllpt'l"atul"('s. This \\"a:-; also found to be 
true at hOlllogt·nizing pn'sslll"l'l'i of' I,noo. 1.500,2,500, and 3,000 pounds. 
1l agn't's with tlrl' rt'~ults of Tracy (JfJ), wlto rpportl'd that \\'11('11 homo
gt'n iZa tion O('C'lII'S af'tt'1" pastt'ul'iza t iOIl somewba t 10\\"('1' ('unl tellsiolls 
l"('suJt at thc lowl'I.· hOlllOgl'l1izillg tI'Il1IWl"al-tII"C. The f!"1"('atel" reduc
IiOlls in tlll"d (-('115ion at 11](' hight'l" tpll1l)(,I'atUI"l's of homogpnizatioll 
al"t' p!"olJably calls('(1. as ('oll('lud('d by Caulfield und Martin CO by the 
('oll1bill(,d ('tf<'ds of heat ITl'alllll'1I1 alld Jloll1ogt'lliza! iOI1. Tlw l\\'t'rag(' 
("lIl"d tt'llsion of thellast('ul"izpd milk u5l'dill this wOl"k was 56 gIll. 
MOIlll'n!Hril'y hpatillg tllis Illilk (0 1800 F. l"edueNI the curd tension to 
as gm. Tmey (2,fJ) has al:-;o PI"(':-;(,lIt('(1 data whieh show that ht'ating 
J"aW milk to ISO' F. rl't1u('('S tIl(' emel tellsion fl"om 5S gill. to 40 gm. 

SINGLE-STMm AND TWO-STAGE IIO,:\IOGENIZATION 

To (ll'h'rmillt' tlrp t'ffl'd of OIH'- allfl fwo-slage hOlllogt'ni7.lItioll 011 the 
curcl tensioll of milk. a prcssun' of :J,OOO pounds on the first stage of a 

• 




KEEPING QUALl'l'Y OF MlTJK 

two-stage homogenizer was gr·adlla.lly transferred to ('he second stage. 
The lIverag(' \"e~;ults IU'(', showlIin table 3.• 

5 

TA.IlW:: 3.-.l!7(fe("/ of l,ra1!.~(('/'/'ill{/ t/w hOIllOfl('nizill{l IJ1·c.~,m1'(~ t1"Ol/l· the (inl to the 
/lecul/(l stope of the hOIlIO!lI'lIizer 011 /11(' cllrd lel1sioll of'mifk 

1"~JUIII()~":'~:~;;'''~lIrt,! I IJOIll:g~HiZ~:~ 1'~'&>I\r<' ('lIrd "1 
. ~frsl R~~~llId! ~;:~rgn I"~::-~IS~:():d II'nsioll I 

SI ng:l~ slng~' f :;tnj.!;(1 stnge\ 
- . - I - - . 

; jJ01Wt!$ l'01l1ltl.v j Or(lm.If PUllltt/.1f }J()UIlII... I ~nl/l;~-l 
3,O()() 0 1'~·(J I,OOIl 2,000I 2, 500 !lOO \:\. 0 flOG 2, 500 :u 1 
2,9<XI I. ~X)(\ 12, [, 0:1. 000 
I. i.~10 I, ,,00 1:1. r. .~ 

• 
The ('.1\'(,('\ of two-;;{ag(' as cOlllpa I'ed with thllt of singlC'-st!tge 

homogt'llizatioll Oil the ('LII't'! tellsioll of rnilk wa~ also dPlermined by 
usi Ill! va I'ious pn~ss\ll'\'s Oil one stage a lid tlwn clivid illg thC'. pressure}) 
lls('d Nl'Jally bl'!\\'C'('1I th{' first nnd se('ond stagC', The avernge result,,> 
obtailwd by lhis PI'Ot'\'tiUl'U {\I'C shown in tahle 4, 

'.rAUI,I': ,I. The' ,'((cci or "2-,~I(l{I(' itolllll{/('lIjza/j()1\ 011 /III' ('II1'r/ 1(,)I.~jllll Of milk 

('urd 
tf"llsiOIl 

Jl(}Jluds l'oull(l.~ l'mlllli.'( (;fll1l1 ... 
,.110 ~.:iO r.no an.n 

I. nOli "(Xl I, (XXI ~t). (l 
1,f~XI i5Q I, [,IXI 17.5 
~. 000 I, (~~I ~, (KIll /5.0
2, :;O() 1. !.!.'in 2,liOO H.O 
:l, U()o , 1,50\1 3,000 t2. 5 ~ 

Tables ;i lLnd 'l show lhnt· thel'(' is no H(lvaniagC' from a, eurd
tension st.andpoint in using a t,\\'o-stagC' homogrnlzcr illst.{'ad of tt 
singh'-st.agC' homogenizel', Thps(' I'PRlIlts HI'(' in agn'Cll1cnt with those 
of oi1H't' im'{lsfigatol's. TIlC'ophilus. HailSI'll, and Hpellcel' (.!t/) eOI1

eluded tlmt singl('-st::II!~' alld two-sfagL' hOllJog{,lIiz('l's \\'PJ'C equally 
('(recti\'(' ill l'{'dll('il1~ till' ('\ml ((,118iol1 of milk, The data obtainr(/ by 
Tl'acy (2,\') il1dicill'('d that sillgl(' and double hOl1lOgrllization at Ulc 
sam(: totnl PI'P;;SUI'C' 11:1\'(' ('olrIpal'abl(' ~'lr(,G(:-i on cUl'd lension, Caul
field nnd 1\lnl'fin (.n ('oll('ludpd tll:lf tlw ('Ul'd trllsi()11 of hornogl'llizpd 
JIIi I k was not. Illakl'ia lIy ('hangC'd by r:eholl]ogl'lIizll Lioll, 

EFFECT OF FAT CO],\TE;';T 

Tracy (SO, p. 57(/) I'cporlNl (ha!, as the but.tC'l'tat content of the 
milk is inCl't'lISNI. thl' (,lIl'd tensioll is TC'lh1l'C'd nnl('s~ at thr smne time 
0)('1'(', is un in('l'\~I1:';(, in (,he Pl'I.'Cl'ntal!l' of spruill solids, Hill (1.4.) 
a Iso presented dMa wh iell show t hut the removal of the fat from 
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milk canses ',11 increllse in curd tensi011, bllt t.hat the concentration 
of fat in a milk is Ilot all indl'x to the CI1l'<1 charactel·. The author, 
using milk obtu'l1led by stn.ndal"di~ing skim milk and creal\l, found 
thnt the higher the fut content the lower the cllrd tension of the mille 
(See table 5.) 

TAII 1,1,: ii. I~fff'('/ of IlIIt/err"t, f'O/ltCnt Oil ('lint /1'1/8io/l (st"l1(/ol'llized s/ciln mil/v 
(11/1/ ('r('"m) 

.".---- _._----,
I 

" ~-" ,. 

('urd tlHlSioTl
i 
I I1I1111l'rrni nllu,'rrnt.

('(mll'n!' l'l1hrllJlO.l"ll1k~HJll1o.! (.'OI11.(1llt l~nhol11() ~Iilk hOlllo
gtlUiZI1tl ~l\I::1l'<J I g('ni7.rd gl'IIi'Nj 

111 Ilk nl, .,(lOli nl,2,000milkJlollllfl~ POIIIIllsI 
-.--, -'1 ..-.- -.•. - -, -. -- --- .-~ ..~---

/'acrl/I OTIIIfI.~ 
1 }'lrrcl'111 Urum.If Omlll,'t

O,()2 O~{,'t"'i :jno :to 50 21 
\.0 58 ,to 

L. ,18 I 18 
2, tJ 5f! n,n Itl~ II ~" ! 

----~- --~-

Tabll' 5 shows thaI: as tlH' bntiPl"fat contellt of tIlt' milk was m
crt'asl'd the curd I ('l1sioJ\ was lowered. It fm-ther shows that the 
efiC'rt of butteri'at ('ontent: Oil clIl'd il'I1Siol1 was gl·ea.i:el' in homogenized 
Illj\}t than in llnIHlIllogl'l1i~l'd milk. Homogenizatioll at 2,000 pounds 
pn'ssul'e had Iw:tC'lically no ('/I'C'et 011 tIl(' curd t:£'nsiOll of skim mille 
TIl(' addition of 1 pC'I'cl'nt of bllttel'fal, howl'ver, caused a marked 
r(,dnctioll in till' eUl'd {fllsion of the' hOlnogenized milk as compared 
with that of tli(' Ullilolllogell i~('(1 mi lie Th is l'edneti011 in CIII'(I tt'nsion 
1'01' homogl'n i~pd milk as COin pa I'('d with til(' IIlIholllOgl'll iZN\ milk 
hecnnw Illort' ilia I'.ked as til(' blltterfat" conient of the III i Ik was in
('I'l·ased. aU()"l' 1 lWl'eent. III dl'fermilling the effect of bllttl'ri'at con· 
I('ni: on I Ill' ('I!l'l! tellsion of .lllilk. no Illall'rial challge in the results 
,,-as obtainp<1 by IIsill!! a hl'o-sta/!e homogl'l1i~l'r as eomp:lI.'ed with the 
r'NHtll s obI a i lied by IIsi llg the single-stagl' hOlllogenizel. 

Thl:' faet that thl~ bllti('rfat content' had a mOL'e marked dfl:'ct on the 
<~llrd Ipnsiol1 (If h()m()gl'lli~('d milk thall on that of Illlhomogenized 
llrilk. sllpports til<' filldillg oJ 'Veislwl'/!••Johnson, and McCollum (,16) 
that thl' (,Ol1c'PlltTation alld ,lllal1lll'1' of displ'l'sion of the fa! are im
portallt ill intlrl('lIcing til(' ('tlrd character, and till' find in/! of Chnmbel's 
(5) thn tad i r('('( n'la t ionshi p exists bl'tll'l'pn <Ipg-ree of fat dispersion 
and dl'gl'l'l' of ('lIrd-kllsioll I'l·duei iOIl. 

EFFECT OF i\lIXI~G HOMOGENIZED MILK Vl(,I'lI l'NII01\IOGENIZED Mn,K 

Th(' ('II rd tpl\sion of III i Ik is I owe 1'('(1 by the add itioll of a softer-curd 
milk. Smith (;2.1) Illixed 4 parts by volllme of normal wholf' (market) 
milk ha."illg :t curd tellsion of appl'oximatl'ly 40 gill., with 1 part of 
simi Inr mi Ik 'I"h icll was treat I'd by hOlllOgenization to I'l'llucl' ib:; cltrd 
tt'nsion to approximately 19 gm., and obtained a resulting mille with 
It curd tC'IlSiOIl of about 28. 

In this inY<'stigatioJl unhomogenized milk, having an :tvcrnge cllrd 
tension of 48 gm., wus mix('(l with homogenizl'd milk having nil average 
curd tl'llsiol1 of approximately 12. The following results were ob
tained: 'Vhen the mixture consisted of 25 percent homogenized and 
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KEEPING QLTALITY OF l\ULK 

75 percent llllhOlllogenized mille the average curd tension of the mix
ture was 31.2, gJll. or npproximatdy 35 percent lower tlmB that of 
tilt' nnhomogenized milk. 

"Then the hOl11ogl',nizl'd and nnhomogenized milks were mixed on 
a 50-50 basis. the an'l'agl' C'Ul'd ten~ion of 1'11(' mixtul'e was 22.3 gm., 
or aPPl'Oxim:ltrly 53.5 pprC'(,llt low('r than that of the unhomogenized
lIli Ik. 

A mixt'tll'(> of 75 p('J'('cnt of hOllH)gpllized and 25 percent of un
hOl11ogenized milk gaye a milk with an average curcl tension of 16.4 
gill .• 01' approximately 66,5 percent lo\\'(>r thall that' of the tU1homo
g('n izl'd m i 11(. 

These I'eslllts show that the curd tension of milk is lowered by the 
addition of milk in which !'Ill' ('lml tension has been lowered by liomo
gl'nization, To obtain a soft-curd milk it is necessary, ho\\,e\'er, to add 
homog(·nized milk in sueh a proportion that the result:mt mixture 
will not have a normal cream litH:'. 

EFFECT OF PAnTIAL FI\EEZI~n 

III tl)ld e1iIllall's milk ft'l'(!lll'ntly iJecOll1l'S partly frozen. '1.'0 deter
mine tht> l'/I'(I('( of paltial fl'l'('zing Oil tll(> ('mel h'lIsioll of milk, botHed 
milk was held for 4 holll's at 0° F., t hell slowly thawed at room temper
atul'e and ('ompal'pd with duplicate' sampl(·s that had been held at 
45", TIl(> pastl'uriz('d milk that had b(>l'1l partly frozen had t1l1 average 
l'lll'd te'llsioll of 63,3 gm. as compared \\'iih U3.S gll'l. for the unfrozen 
l'ampit's, HOlllop:('lliz('d lItilk had HII a\'(,I'ag(' ('tml tl'llsion of 22 gm. 
1'01' both tlll' I'l'ozPII alld IInfrozt'11 sampll's, These' results show that 
the (,ltl'll h'nsioll oj' lIIilk is 1I0t aifpeted by partial freezing. This 
is cOlltra!'y to til(' filldillgs of Bprl',)' (./), who \\'ol'l«'d with compiPtely 
alld jla!'tly froZ!'1I IIlilks, and ('ollt'lu<1pd that the 1'1'l'l'zing of milk had 
a hal'(l~lIillg pff(·(,( UpOI1 till' curd. Tra(''y (B8). "'hile not l'C'porting on 
t11<' p{r(·('j of frpl'zing Oil ('lInl ('118ion. ('on<:ln\lpd. !r O\\'l'\'P I'. from his 
work that t1H'I'P is h'ss ehlll'ning of fat' in milk thn!: has bppn frozen 
and tha\\'('(l if nl(' milk is 1)J'(I\·iollsly hOll1ogt'llized. H(> also states 
that milk hOll1ogl'l!izpd at 2.000-~.OOO pounds and tl1('n froz(>n 'will 
hny(> a. normnl HPIWHrHI!('(' whpl! IIwitpcl. 

HELATIVE DIGESTIBILITY OF HOMOGENIZED AND 
l1NHOMOGE~IZED MILK 

COlIsi(i(>l':tiJll' work. as 1'('\'i('\\'('11 by Doa n un. has bp(>n rlonewhich 
shows that sOft-CIII'(1 milk ,is IIJOI'{' pasil)' digpst(>d and th(>l'eforc mol'!~ 
suitable 1'01' illfant /,p(>(lillg thull harel-('m'd milk. Onl); a few of thes!' 
studips. ho\\'('v('I'. dC'a! with hOlllog(>nizt'd mille Hull (18) reported 
digl'stioll studies whi('h sho\\,pd that homogt'lIizt'd milk run at 1,500 
and 2,500 poullds PI'l'SSUl'e at a tell1pt'I'atUI'!I of 1800 F .• gave almost 
c1upli('atp I'PStrlt>; wit11 tlulse of rcgulal' lI1ille Donn and Flora (10) 
cOl1('lu<lpd that hOll1og£'nization of milk lowers ctlrd tension consider
ably but apparellUy impro\'('s digestibility very slightly, if ut all. 
\Yolman (:38), ho\\,('vcl', in I'('portillg on an extpllsive study with S4;O 
llorll1nl jnfants in Philadplphia, ('oneiuded thut pasteurization and 
hOlllogenizatioll of whole milk ulldl'l' t.he conditions of the study, re
sults in a milk pruduct possessing soft-curd properties and small
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curd characteristics, featurc:! that hc regarded as much to be desired 
in the. artificial Jecc1il1g of infllllts. In II latcr report (J{)) he ahio 
states that milk pasteul'ized and homogl'll ized Ullti(>)" the conc1 itions of 
the study proycd to be m; satisfactory for the fceding or healthy 
infants as wns pasteurized milk boiled for 5 minutes 111 the 1101Jl~'. 
The experimental milks werQ -rcclullboiled. 

It is impossible to measure dig~'stion accuratcly in :'itro, because 
the eonclitions of the stomach (,an not be accln'atel), SlJrtulatell , but 
illdication of digestibility can be obtained. esillg the procedure 
prc\'iously onUined (p. :2')) comparisons were obtai lied, by measnrillg 
the mte of protcolysis in: 

(1) Haw milk and boi1cll milk 'L'he rllW milk used hnd an avcragp 
clIl'd tellsion of GO gill" and after the lIlil k was boi led the average 
ClIrd tl'llsion was Hgm. 

(2) {Tnpastl'llrizcl1 milk and pasteurized homogenized milk. The 
unpast(>urir.c(l Inilk, wit,!) a eU1'(1 tcnsion of 50 gill" wus pastcurized 
and homogenized at 2,500 poullds pressnrc, which lowcred thc curd 
tcnsion (0 all avcrng(> of Hi gIll, 

(3) UnpastNll'ized nrilk and milk pasteurized and then homogenized 
nt 1,000 pounds Pl'l'SSli rc, 'l'hc unpnstc(Jrizpd milk had all averagt> 
eurd jc'nsion of ;)8 g'lll" ",hidl was 10wel'e(1 to :21) by pasteurizing 
ami hOlllogenir.ing. ' 

(4) Pasteurized milk and pas/:l'nrized hOIl1ow'nir.(,d lI1i Ile The pas
teurir.ed Illilk. with an ll\'('rage curd tC'llsioll 01' 4{i gill., was hOl1lo
gcnize<l at :2,;)00 pounds IH'eSSUl'e, reducing tile curd t(>l1sion to 7 gm. 

The Iir::;t. s('('oI)(I. aud third ('ollJparisons were Illadp by a(lding sufti
elf'Ilt of tIl(' a('id-pl'psin (ligesiant to thc milk so that prot(>olysis took 
place at pH 3.5. and I'll(' Imit complu'jsoll at pH 2.0. In till' latter the 
milk \\':\s l'oagulatec1 by adding NilO Hel-pepsin solution antI placing 
in a watpr bath at 37° C. for 10 millutes prior to digestion at pH 
2.0 (p, 2), 

Tlw l'l'sliitswith boih'cl milk itS l'olllpal'(>(l to raw milk. lire prp
SPilt-cd in figm'e 1. .~l. Thesl' ~how that protl'lllysis took p\aee much 
mo)'c rapidly in tll(' boiled milk thall ill the I'HW milk during tl\(> 
HI',,( 15 111i1111t(>S 01' dig('stioJ1, but th(~ (\ilft'l'enl'P in ratt' of proh\olysis 
deen'asl'd anl'r thi" till1l' alld at the Pl1d of 5 hours \YaH practically 
the SII1111' in both milks. Dnring tlw first 15 min11tes an :IYel'age of 
76.5 Pl'I"(,CIlt ilion' proteolysis hatl tak(,11 plan> ill the boiled milk 
thnn.in t11(' I'a\\' milk. Ant'\.' Ilw liI-st 15 IIIil1t1t('~, the aWI'l\p:l' dittel' 
('11('(> in til(' :t1l](lUllt 01' pl'o(t'olysis thnt had Ol'CnITPd ill the raw and 
boih'<J mitk" d(\('I'easNI. i1ll' diH't'I'PIH't' ill -fllY()1' of the latter l)l'in~ 
:H.B. ~5.(), J7.~. 10.:1, H.5, l.G, and 0.4 !,pJ'('l'nL l'l'Slwcti\'ply, at ;30- all~1 
45-llIin\l(p an(~ 1-, :l-. g-, 4-, alld 5-houl' inh'l'\·nls. 

'fht' digl'stioll l't'slIits 1'01' Ilnpast('llrizl'(1 llIilk alld (,OJTcsponciing 
milk \\'11('11 pnstl'lll'i7.t'd and tht'll hOlllop:l'nizt,(l at 2)500 pUllllds. at:l' 
sho\\'ll in Hglll'(' L B. Tlwst' also iIH[i('at(' that tl\(' "o1't-('\Ird (llOln(j~ 
gCllizt,tl) m.ilk bcgins (0 digl'st mol'(' ra.pidly thall t1w hard-cunl (l'aw) 
milk. TIll' c1ifl'PJ'('IH'C ill ratl' or di~('"tioll IYU;'; 56.,), 40.5. i30,L 2:2.2, 
15.4,9.8. '1.9, and 0.8 \)('I'('l'l\(, !'('spN:'t:iwly, at HlP PIlll of the 15-. :30-. 
lind 45-llIillutt\ alld J-. 2-, 3-, 4-, alld 5-holll' irIl('J'\'als. l'CSIWl'li\'ely. 

Compal.'isou of fi~II1'1's l, B, and 1, .Ll, shows tbat protcolysis ill 
ho.mogpnizec1 lIIilk was \"('1)' similal' (0 I'llilt .in boiled mille DIIl'ing 
the first 16-miuute illtCl'nd, diw'stioll (lid !lot procccd as J'apidly ill 
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boiled milk; B, 111 1)111 st ('n rlz('(i milk Hnli jlastenrized hOl1logl'Ilized milk; Ulld 
U, pash~nl'iz('d milk and pnsf'C'nl'izl'(i hOlllUg'I'lIizet! milk. III A anl! n, digestion 
to(!k place at pH a,G, and in OJ lit' liB 2.0. 
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the hOll1ogen ized milk as in the boiled Il1 ilk. At the end of this period 
56,5 percent mOre In'otcoly;;is bad taken plact' in the hOll1ogenizt'd • 
milk tlulIl in the I'lLW milk (lig, 1, B) liS compared with 76.5 percent 
more for boi1edlhnn .in the raw milk (fin·, 1, A). Tbe rate of diges
tion, howev('r. did llot decrease so I'api<'ily in the homogenized as it 
did in the boiled mille At the end of 2 hours the c1ifl't'l:ence in rate 
of digt'stion was 1;'.4 1)('1'('('nl; .l1l0re tor h(lm()~eniz('(l !ha n for ra w 
milkl WlWI'{'llS the mtt' for t1H' boiled milk WHS only 10.3 pm'cent: 
gf'('aCt'l' Ihan in the rllw mille At the end of a 5-ho\ll.' inlernd. tlH'r(' 
WIIH no signilicant (li 11'1.'1.'1.'11<':1.' in UJ(' homogeniz('(l and unpastt'nrizt,d 
milks, 

W"ith unpasteuriz('d ,milk a.nd ('o/.'I'espOIJ(lillg milk pasteurized nnc! 
thell hOlllogen ized Ht 1,000 POlllHI;; PI·l'SSIIl'e. f Iw a"crage <l ig('stioll of 
til(> two milks WlIs vet\' slm iI:n' in trend to that "howt\ whell the milk 
was hornogeniz('d at '2,500 pounds. The. di1l'C'I'('l1ce in amount of 
pl'ot('nlysis hetW!.'(,1l milk 11()l1logeni:(.cd at 1.00t) pOllnch; and unJla:-;
teul'iz('d milk. was consili(,t'Uhly less than the diffl'rl'tlCe b('t\\,(>(~1l the 
milk hOHlogl'llized at ~,5()0 j)ollnds and the 1II1pa;;/PlIrizec1 .rniIk 
(pH 3.5). At the end of 15 minutes of digp"tiol1 tilt' milk hOl11o
gellizN.I at I,(JOO pOlllHls showpd only 27.~ P()l'(,I'llt morp proteolysi:-;. 
WIH'l'eaS that hOl1logt'llizec1 at 2.iiOO pOlillds sho\Y('d ;')6.5 lWI'CPHt more 
than til(' ('OlTl'SPOIHI i Ilg 1I1Jpa:-,tl'lIJ'izpd mi He The rllte of proteolysis 
in milk ho,lIlog('lliz('(1 at 1.00() pounds WHo; ~7.2. 26.S. 7.8, a.s. :U. D.S. 
0.8, and 0.0 percpnf ilion' at: 15-. ao-, and .j;3-l1lillule, and 1-,2-,3-,4-, lind 
i)-houl' intel'YlIls. than ,,,ilh Ih(' 11llpnstl'lll'izpd mill" Th('l'e was P1'lll'
tieHU,)' no difrl'l'enee in IIw anlollllt 01' prot('olysis that had taken plaet' 
in the milk hOll\()!!enizl'd nl LOO(} POllI](is lind in the> IInpa::;tl'lIl'iz('d 
Illi Ik, nt the end ,;"1' H hOlll':' of dige:o:t1on, whpl'l'H::; with nri II;: h01lJo
gt'ni7.('d at ~.50(l pOllllds Pl'l'SSIIl'C' thl' protpoly::;is ill the two milks did 
not bN'ome equalized IIllt il 5 hours of di~l'stioll had taken place. 

Rl';;u Its JOt· sanl])\P;-; 01' pastet\l'izNI lIIi lie as compared to cone
spondillg milk whplI hOlllogelliz('cl Ht 2,:')00 pounds. nrc >ihoWIl in fig
Ilre I, e. This comparisoll \Va>.' IlInde with protl'olysis taking place 
at. pH 2.0. Figurc 1. (', as ('olllpal'('(1 with figul.'(' I, A alld B, shows 
that lowering the pH at whieh digestioll took plaee. from 3.5 f~) 2.0 
gn'atly aecl'J(>l'att'd Ill(' ratp of' proteolysis. . ' 

With digestioll taking place at pH 2.0 (fig. 1. 0) ill 15 minutes the 
pasteurized hOlllogl'lIizprl milk showed 171 percent irion' pJ'otpolysis 
tlln n the PlISIl'UJ'izpd JlI i11" As was tlll' ease wl1l'1l proteolysis took 
pInel' at pH 3.5. tlft~'l' Hi minutes the clittl'l'ellCI.' in the alllount of 
proteolysis bet wel'n till' two milks del'l'easpd and at the ellll of 5 hOllrs 
tl,H' l'~I<'nt of proteolysi,s \\'as pra.dil'ally t~1C }aTIW r:)]' h()~h_ ~Iilks. 
'lhe atffpl'l'nce 111 I'ate of pl'Otl'olysls was 93.0. 04.0. as.n, 1:1.0. o. i. :!.:L 
ami 0.:') percent at ;)0- and 45-lninui('. and 1-. 2-. 3-. 4-. and 5-hoUI' 
intl'I'\'als, in !'a\'ol' or t;hc hOl11ogt'llized milk. 

The rate or proteolysiHin raw and pastl'llI'iz('d milk was alHo com
pared. ]:ll'oteolysis took plncl' at pH a.5. ThE' \latn arc 1I0t I)l'(,~l'llted 
as tl1('rc was no dpfillite rlitl'el'l'nCl' .ill the eatc of protl'olysis betwc".ll 
tht'sl' two milks. Tlw illdi\'.idual dt'tl'l'Inillatiol\,;' made at differl'i:t~ 
Jwriods of digestion showed that at limes sli(yhtly less. and at other 
limes slightly mort'. proteolysis had j nkt'l1 place ill t\w pnstl'llI'izl'd 
milk than ill tlH' raw mille '1'1](' ial'gt'st :l\'pl'agl' \'ariation in the 
alllount of proteolysis oblaill('d at t hl' I'lId of allY digesti \'c period was 
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CURD ABEA 

'Volman (S7) ,vas pl'obahly till' fil'!;i to stl'('ss t·h(' eOl'l'elation be
tween cl1l'cl s1ze and cligc'stibility of milk. U.,ing- an arlifj('ial stomach, 
he found f.ha t the aVl'l'agl' ('ur:d size was lkiel'm1npd by the initia.l 
C'ul'cl tl'11sion Hnd ra.n d11'l,C'tly proportional. to it. l'egal'dless of the 
type' of milk 0I11plo,\'('([, so long- aF i'or(,1gn subsianC'l's ar(' not Pl'l'Sl'llt. 
Hl'gnl'cling- hO'l11og('niz('d mille 11(' stat('s that the ('lInls ohtniJ)('d were 
always I11I1('h finl'l' than {hl' (,llI'{ls of ))I'l'pan'd fnnnulaR {/(,I'in'<1 from 
i<ll'nlieal sl)(,(,1111('n8 of Illilk pnst(,III'IZ('d bllt: not hOll1og(,llized, 

·StOl'I'S (:35), howpvel",follnd that within indi\'idnal types of ('om
.JnPITiall,\' modified milks thl'l'(' appeal's to be no sigllificant ('oIT('la
lion I>(,(",p('n 1.'111'(1 il'IISioll and ('un1 slll'fa('p an'H, Hp Fllggl'stS that 
till's(' HI'l' indl'IW1Hlellt ('hal'a(,(pl'isiics oi' milk, and that rn('h may be'. 
infhH'11C'('d or deil'l'llIin('11 by faeiol's not ('Iospl,)' l'elated, 

rn this il1\'('st igatioll. ('111'(1 HI'P:I I1I('aSIII'l'1I1l'nts W('I'P I11ndl' by IIsinD; 
a tpehlliqu(' Sillli'laI' h) that of "Tohnan (,In, bllt wit it till' ('itanp:(:s 
nll'llti(lIlPd 11('l'pill lIlHh,1' pl'o('pdul'P (p. 3). 011 ('olllpal'illg Ilwsl' 
ntluP1' \\"ith til(' ('III.'<!-«·lIsiol\ 'nll'n}-;III'l'nl('l\i~. it \\"a,; fOlllld that tilt' 
('urd. Hl'l'a cannot· alwavs bp ('(Jl'I'C'Jah'd witl~ ('111'<1 tellsion. This is 
t'~!ll'('iHlly b'III' whl'I'l' th'(' variation!; in (,lIl'd h'l1~ion arC' small, "Thell 
H nlllnbl'l' or dptt'I.'milllttiolls :I1't' a\'PI'ag('d. 110"'('\,('1'. tlW1'1' app('at'S to 
Ill' a I'ntitC'l' dt'f:initl' l'ol'l'C'lntion lH'tw(,pn ('unl HI't'a nnd eliI'd iem-don. 
This i}-; }<itO\\"11 ill tal)h· G. 

'I'AUI.!'; Ii,· -U('/tllilil/ Of ('/lI'd (/1'('(/ til I/U' (,1I1'I1/"IISioll II! mil/.. 

,.:\.Yt'l'tlgli ('urd .A \'t'rnp:~ curd 
arPll t.l'llsinn 

CIII.'] 

l\tlW 1,:\ClO .11iJ·{l'itt1uri1.Nl , l,mXI 411 
HomnRl'Hi;wtl ntH I'rt1s"I:.IUrt l or

l,Om potll:<IS I, :.!l~1 22 
1J,iOO p0uuds ·I,timI I,
2,0110 pounds Ii, ,I{III 1:1. [. 
2,500 1llHlUds ! (l,:lOO 11. 0 
a,(XNI pOUIl(ls II.HI~) I.. _.___1_0.0t 
Tablto 6 ~ho\\"s that, 011 till' a\·('l'age. as the ('ul'll 1l'IlFiOlI of milk is 

!owl'I'('(1 by hOIIlOW'llizatioll tit(' slwl'al'l' al'ea of' till' clIl'd" illl'I'eases. 
'.I'lw intl'pas(' in ('ul'd ~lIl'i'a('\' i<.; probably not signiiieallt fl'om a diges
tin' standpoint \Intil titl' llIilk is itomogl'llizpd at n !H'e~SIlI'l' of 2.000 
pOllllds Ol' mol.'l'. Thp 811\all('1' Clw ('unl~ titai are J()l'I1wd tlw more 
J'('adi Iy thpy wonld. pJ'oba hly 1(':1 \'t' till' siolllal'h, a lid tlW(lI'('i iea lIy the 
gl'elltl'I.' the ('urd n I'PH the IllOl'e I'pad iIy OWY wOllld be attaekl'cl by the 
;ligestive jlli('('". 'I'll(' rad t!tat hOlllogl'lIizl'd lIlilk t'OI'I1I~ ~mall('I' ('urds 
WIth II gl'pntpl' ('lll'(l an':!. thall I'a", 01' pastpul'ized mille indicates tlmt 
itis I11G:'l' pasily digt'sted, 

KEEPING QUALITY 

It hilS h('l'n I'epol'ted by Baiwol'i\: U) allll oth(,I's ('f', If', H}) that 
homog('nizl'd milk is:ls palatable 01' morl' So thull nnliol11ogenized milk. 
In 01'111.'1' to dC'h'l'milll' whetlH'r: 01' 110t hOlllogt'llizl'd milk r:etaills its 
palatability as \\'l'1I as nnitolllog('1l1Zl'(\ llIille eomparative studies wero 
made of thl;' keeping flllalilY of til(' two milks, 
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SUSCEPTIBILITY TO COPPER-INDUCED OXmlZED FLAVOIl 

Holm et al. (.16) showed that homogenization of milk prior to dry •
ing improved the keepabilily of the powder as far as the development 
of tallowincss was ('ollcel'Il(-(1. Traey. Ramsey. und Ruche (J/) found 
that when n copper salt waR addNl to til(' milk nt the ratp. of 2.6 parts 
]X'I' III illion, till' homogen ized milk rema i ned free f!'Om tallowiness after 
24: hourR of inC'lIiJntiOll. Thl' control milk, and milk with ('OPPl'l' nddt'CI 
and pasHed thl'ough the machine without presslIre, however, were 
~tl"ongJ)' tallowy. 

HOlllogenization lIt pressures as low as ;iOO pounds, accol'cling to 
Thlll·stoll. Hl'Own. and ])w.;trnan (37). l'it\t('l' l'l'llllccd til(' intl>nsity of 
the oxidized fh,,'ol' ,'estilting nft{-I' the 11(1(1 it ion of ('oppel' or pn-ventl'd 
it altogethcr, In 110 ('ase was oxidized flavol' c1t'veloped in milks con
tainillg 2,(i p, p. 111, of adclpd ('oppel' WIIl'1I till' homogenizing preSSlll'e 
was 3.000 pOll lids or 1II01'e. Ross (2.:3) pl'esl'nt(-d datu showing that 
hOll1ogpnilmtioll at a pn'sslll'O of 1,500 IHllIIHls pl'C'vpnted the clev(.lop
l1lent of oxidi%Nl flIIVOI', wlwtlll'l' th(l milk was ('oI11nminat-pd with cop
PPI' bdoJ'(.~ 01' 1\ ft{~I' h0111 ogc II izn /:ion. 

Trollt alld OOllid (iJ./) also 1)J'psl'lItec\ data showing that a pressure 
of 1.50n pOllnds has a marked l'fl'('('t in stabili;r.illg the flavor of copp('l'
('ontnminatNI mill" TIH'Y fOllnd, however. that a PI'CSSUI'C of 2.000 • 
pOllnds was III0 1'(' pll'pC'i in'. and that pl'eSSUI'l'H of 2.500 Hnd 3.000 poulICls 
WPl"l' sldli('i('nl: to inllibit thl' developlIH'llt of the oxidizpd fla\'ot' when 
the C'oPlwl' was acldl'd at. till' mte of 5.0 p. p. m. IH'iol' to homogeniza
tion. 'Vlwl1 thp milk was cont:unillutpd afh'I' homogenization. a pL'l'S
Sllre of 3.000 POllllds inhibit('d oxidizNI flavor development in milk 
('ontalllill:lted with ~.r) p. Ill .. hnt this jll'PSSlII'P was illPtJ"P('( i\'p when 
5.0 p. p. Ill. of ('oppl'r \\'(>I'e similarly Hfhled. 

Lal'sPIl, (ioliid. alld Trolit (,!O) ;.;talpd t-hat- hOIIIO!!'Pllizalion iel1rls to 
stabilizp the milk against; oxidnfiOlI: bllt has no infltil'l1(,p on changps in 
till' oxidation-I'('dll('lion pot('ntials. Tn'lIds in Eh WPI'P similar re
gal'dlt-ss of hOll1ogl'niza1.iOI1, 

n('slllts (Jbln iIINI i11 \\'ol'k by tIl(' Hllt-hol' also show that homogen iza
tion I'pianls 01' inhibits tllP dl'\'plopment of copper-induced oxidized 
fh,,'ol'in mille '\'11(>11 (,OPIWI' wHslHldt'rl priOl' to liomogl'nization at 
3,000 pOllnds, 1I01l(' of till' milk URNI den-loped the fI:wor fl'olll the use 
of 3 p. p. m, of ('OPpPI'. TIIP addition of 4 p. p. 111. of copper prior to 
hom()!!pnizllt iOIt. how('vPI'. pl'odu('pd all oxidiz(-d f1l1\'ol' in milk hOlllo •geniz('d lit a.ooo pOlllHls \1'1)(,11 til(' milk before hOll1ogl'lIization devel
olwd the flavor 011 till' additiol1 of 0.1 Hnd 0.2 p. p. nt. of copper. AR 
t-iw SIlS(,l'pt ihility of the lIIilk towal'll oxidation dpc'I'easl'd. fhe quantity 
of ('OPP('I' that cOllld 1)(' a\l<le<:l prior to hOHlogl'lIiz:tiinl'l without cal1sing 
an oxidizC'd flavor inel'('af;('rl. Milk whi('h I'l'qlJiI'pcl t:lll' addition of cop
1)('1' at: til<' ruh' of 1.0 p. p. m. to pl'odlll'~' all oxi(liz('d flavor did not 
dl'\'plop tIl(' flavor afl!'r hOll1ogpnizat ion al 3.000 pOllllds. eypn though 
5.0 p. p. m. of copper wert' addl'd IwioJ' to homogenizution. No milk 
was oblainl'd. howt'Yl'l" to whidJ n.o p. p. 111. of ('OPIWI' ('auld be addNl 
prior to hOlllog<.'lIizatioli witholli: tllP development of nn oxidized flavor 
in the homogl'nized mille 

HomOg"C II ized In iIk is Illll<'h lesR RI1R('('ptibh, to thp clp\'plopment 0 t' a 
COPI)('i'-induced oxidizpd fluvor than unhol1logenized milk. (See 
t.able "7.) 

• 




• • 
TABLE 7.-The effect 0/ homogenization on the development of an oxidized flavor I in milk frorll contaminrzlion with copper 

l:nh(,mogenize<i milk with a copper additkn (p. p. m) of

0.2 0.3 0.4 0.5 0.6Souret· of mll!: ' 
.~--.. ! I "-,--

At2·' ,\t.,,, AI72 ,\t9U A12~ At·IS At72 AtUfl At2~ At 48 At 72 At!l6 At 24 At48: At72 AtOu At24 At 48 . At72 At!l6 
h()ur~ "Oil'" hours hours hours hl)ur$ hours hours hemrs hour. hours hours hours hours' hours hours hours: hours , hours . hours 

._----_ .. "-.--.~- ._--_.-.-- ._--'----,._'-- :-: 
• t..L '.J... • ...1-. .-1- '..:..., f.J..-t..' 1-1.. t.·" •••• t..J.... • f' '-l-' . . I.J.... :•A t;l+ ++ +-rT ~ -r . .,.. .,..; or. +T .. +-:- ++r; ++TT -:-T;, ,+-r... -rt :, t-r" -:-; .r t-r+r tr .r ... ·-1· ......., t;l 


(' 
B + .,..... +-.+ .,. +.,. ++++ .... ++... -r1'T7+++.+-r7-r. -r+7T+-r+ ..7++, T.+. ,................ !. ++ "C 


JJ +
-I +,+, +++ . ++. ++ ++++, +1 _ ++1 +++ +++ Z 

E -j -t -, -, + -.! + ++ ++1 - +1 + +++ Cl 
~' • -I -, -I - + +1 + c; I ' c 

;>
HOmO"l'nized milk' with a cupper addition (p. p. ill.) of- r 

-"1--~' ~ 2.U 3U 4.0 5.0 6,0 

------_._-------- c 
" ,\I, 2,1 ,\t ·1"1 AL 7:! At96 .-\124! AI48 At 72 At 96 .-\t24 .U48 At 72 AtOU f:;;:-~~::;G AI24 At 4~ , At 72 At!l6 

huurs hours hours hours hours. hours hours bours hours hours hours hours . hours hours hourS hOllrs hours hours t hours hours :;;. 

.- ..~- '-"'-'i-'~'---"-!-~-'I'-~"-'-'-'- r++1- -~(-+~-~~~,-;~~A -' + ++ +++ ++++ ++++ ++++, +++++++ ++++ ++++ . .. .. " To
B +, -I + ++ ++; + ++ +++ +++' ++++++++++++++ ..... '.. ,. l ......
C 
D :1'- + + ++ +++++++ + ++ +++ ++++ +' :j:++:++++'++++ 
E 

+ + +: ++ ++, +++11' + ++11 +++'1" +++-I + ++ _. ++ - + + +++
F -I . + -l +1 +i .+1 +1 ++ 

'- ..-'--;-,",-.,---~,:,- ----~ 

I 1I1illllssigll (-) lJHik"I.llS 110 "xhli7.tld fil"'or; += vcr:,. S.iight o7.ldiwd tla"or; ++= sligbt oxidized tla"or; +++= oxidized fla"or; ++++= strollg oxidized tlu,'·)r.
2 Ench milk rcprCSCll(!'\ nu uvernge- of aditren!lll sllmples 

J I-lornogeuizud at ;!,C)(~) pouuds pressun~. 


~ 

~ 
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.An examilHltion of table 7 shows thaI: the smweptihiiity of honlo
genizcd milk to th~ development 01' a, COPPCl:-l11cluced oxidized flavor 
is also rela ted to the sl1scepti bility of the mi I k beforc homogenization. • 
As It rule, it required the addition of approximately 10 times liS much 
copper to hO([l(wcnized milk to produce an oxidized flaYOl", as was 
rcquired to pl'()(TtIC:e n, simil!tl' fluvol' in the SHme milk before homo
gcnization, 

SUSCEPTIBILITY TO SUNLIGHT-INDUCED OXIDIZED FLAYOH 

Hammel' and COI'dns (l.1), Frazier (7;2), Tracy and Ruehe (,19L 
Doan (8), nlJ<1 o{hcl'H have !'tlpol'{ed til a t stll1Iight J11tL'y l'llllSe a tnl
lowy Ot' oxiJizl'd flavor in JlIille IhvieH (1) stnted thnt homogenized 
milk is III 0 l'C sU:'ic'eptiblp to the uction of Iight than the cOI'I'espond ing 
I'ltW mil\(' Hood HIllIWhitc:1 Joulld that dirf:ct sunlight induces the 
de\"(~lopllwnt of a. ('hH,]'ad(~r'is(ie "eappy" OL' "eal'dboard" fla\'or 111 
hO)llogcllizecl milk, wll('l'('aR in pasteurized milk the flavor produced 
is 1ll0l'e of a tallowy nature. 

The authol' found tha t homogclI izcc1 milk is much 11101'0 sUf;C'cptibh' 
to thl' nttion of sllnlight than t.he C'ol'l'esponcling pastclIl'ized mille • 
"Then the Sllillig11t is fmllieiently inh'l1se to producc an oxidized" 
1111\'01' in hOlllOgl'nizpcl milk upon ('XPOSUL'P for one-haH hour, the 
flavor' does JlOt IIppt'ar' in the. pastl'lIrizpd milk nntil it has hel'n px
posed to ill(\ salllc light for 1 hOlll'. The same l'e1atio11 l1eld true 
wlH'1l till' intpn:-;it,y of the light was snch that it producpcl the fI:tyor 
in hOH1(lgenizcd m.ilk a:ftl'r llXpORlIl'CS for 1 alld :2 hours. (Tndcl'·thcsc 
conditions th·, flayor did Hot; appcar jn the pastpl1I'ized l1Iilkbcfore 
it was expos!:'([ -for 2 and 4 hOllt's: 1'('spectiwly, These )'('sillts illCli
{'ate' that hOl11ogl'nizl'd mill. is twice as Sllscopt:illle to the action of 
Sllnlight as pastcuri:wd milk. 

FLAVOII DBVEwl'l'IlENTS DURING STORAGE 

'J'lw fla YOl' dl'vl'lopment;R in both homogenized and pasteurized mi Ik 

during ::;tol'ngt' depend priJllnl'ily Oil the quality of the milk prior to 

stornge (tnd the tcmperatme of storage (see table R). 


3 noou, E. G., ll1U1 \\'UP""J, .A. 11. II"OMOUI!:XIZNI'ION Ott' MAHKE'J' l1t1J IC [('unudn J ')f.'pt. 
M;r. )limcog'rllph ~o. 2;;.],1 liP. 1\)34. [Processed.) 



TABLE S.-Comparison of flavor development,~ 1'n pasteurized and homogenized milks after storage at d(fJereTlt temperatures 

Flavor o(rnHk from 50tlr"e-' 

Storage teJtlJ}(lrnture nnd 
A B cstorage period 

Pll~teurized 

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

Pre.-;tt'rugc............ ... Goud.. 

0-0'
3, C. (9S"P.) for 2·1 hours. 
32" C. (90° P.) for 2HlOurs. 
~" C. (tiS" P.) for

24 hours................ 

2 d3ys............

3 da;os........... 


I Sour, curdll'd. .
..I 

, 

l1omogenized l'a~teuri7.cd 

-! 

Good.................. / SIII!ht ('Qok~d, ,light
I 
("l'd.
Sour, whcycd otL •• , .. Sour,purLI;' WhCYl'd off

'..........____...__..... ... . .. 


i Oood..... .... ..I Good.....______....... Sli~lllf(·ei.l .... 
:....do... ' .... dO................. ) Slight fec'l, ~light old 

.: nigh :;du, slight un· : Sour, unclean ..... __ '1 High acid, ullrl"lm... 
, clean. I 

• 


Hornog~nizeci Pasteurized Homogenized 

Sli~ht cooked, slight Good........... Good. ~ 
t"Jfeed. .

Suur, whoyed off.. .•.. .... .................. :._...................... t"J 

.. ....__................ :lIild acid, slight whey.l Yeasty acid, whey, gas. >.: 


j 
$lightC,·ed ........... Good.. . ...._..... : Good. 
"erplight acid... Hi-;h acid ........... : Sour, curdled. 
Sour. putrid........ Cleonocid.curdled.... Fairly cleanI curdled. 

16 duys......................1 Very sli~ht, ()Id .. ~... Very slight old.~ , Old, oxidized."...... ; OId ....... ~.............. : .................~. 


~ l~~~::::::~~::::.:1::::::.::::::: :.::::::: ::.:.~ ..:::. . • ::::! :::~~:::::~::::::.!.~'~:::::::::::::: :~,~.:~~;: 


S2 
Ci 

acid, ::;; 

~ 
t:" 
rl 
~ 

o 
'-::l 

~ 
~ 

C" 
;-t 

...... 


..... 
~'1 
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TAIlI,~] S.-Oolll/lariso// of //al"or rI""("/O/l//H'III.~ ;// /111-,1(,111";;:('(/ (I//rl /rOIllOft('lIiz('d lIIilk8 afl('r 8Ior(/[IC (/.t diff(,I"Clll IClllperalllr('s-Con. 
----~,-,-,..---

FJn"'"r of milk from source-· 	 ~ 

37° C. (98° P.) for 24 hours 

o 
Storage temperature and 

storage flI'riod J) E F ~ ..... 
~P~~e~l=(-I---i --~'''--rrOJn~~eniz~~l-~-~- -

Va.'{tuurizcII Homogenized Pasteurized Homogenized 
u 
>
t" 
to 

Prestorage. ., . (Jood C1ool1 Good (;uod Cowy, slight feed _, COWl', slight feed. d 

32° C. (90° Y.l for 24 hours !-dean. nei,l; ,light "'IJe~'_: ('Ii'an aei;l, whey, 	 ~ 
t';l:bJ0 C. (&5° Y.) for~-
"':324 hours,.. . . , fiood ..,,' nood 

2dnvs........... .'fSIi!!htncid .. ' High acid .. _, • ZI-•-::.~: ~ :.:.~..~;.;; .••I : ..:.~.~.•.••..•:.....;.~;~•....•:.~.•..~.:.. 

3dn}'s" ____ -. ('Jcfinacid,~Ii~ht whey.' (,Irall acid, whey

6.7° C. (44° F,)for-' : 00 
e.:Goot! ,,_ ......... __ • __ 1 Co,V'y......_._ ..____ .. [ Cowy, -light bitter. ...,


do ... _.••________ , Slidlt oxidized. ______ .: Do.H~~t:::::::==:=:::::~::::1 ...:::::::====:::, I .. :::. :::::::::. GOO~~ 	 __ .:do............. slighL
.. do ..._._..........	: ____ : Slight uncl-,an,
1 " I ,b:ttcr. :::: 

8 days, ............_..............._.._. __.......... .................... rio .... ,Jo ............ __ . j OX'dlZed.-----...._.. -i Bltter,Hr.clean. [fl

10 days .......................................... 0_ Verl·slio;hi. old,. 


t ~;~~l;t~~r,t.~~~:::::::.. :.: ~~::::: :::::::::: ::1 g~: '=' illight ncid, putrid... Putrid,oxidized.____ .• 1 Putrid. bitter. t';l 

00 c~f~t~b~~~~~~~~~~~~~~~:::~ :::::::::::::~:~::::::~: '~~~:::::::::::~::::':' .1.?itt , 	 I "dol(L. 
~.~~ .. - ~ ···~--~- .. ·- .. l .. - .. -·- .. - .. ---·- .. --------  ~ 4 days.•, ....................... 0_ ........
__ .................... __ .......... • .............................. __ ••• ' .... ' __ .... , __ 0_ ....... __ .... __ ..................__ ..... 


o~ :l~r,~::::::::::::::::::::::: ,(lood. '::.:: ::::::::::: _?ood:::::.: ::::::: ': Good. .:.:: :::.::: 'GooiC:::::::::::::: .Sjil!lit'o:iirii~:r:(j:::::::' 'Fec(i;ii';ci';nn~'--'-'-' "1 
Delays.... _____..____._.._. ____ .__ .. ____ ... , __ ... ," .. __ •... __ " . . . .. _._ ... __ • • ........__ • _____ , __ ... _____ •.•_" .• _•.•• ___.......___ 
13 days .. ____...._......____ Slight oxidized.. \Tery ~lip;ht old __ ._ (load ........... (lood, .... ----.. ---1 Slight oxidized .. ____ .. t'nelenn, > 
10 days. -..- •• --.--.....-.. --.... I· .... -...-- .• -..... ·_··.. ------1-- .. -- ......--.-..- ..•. -- ..-- .. ----.---. 

C') 

21days .. __ .... ___ • ____ . Oxidized __ ....... ___ SIi!(htold. ,VerY51ig'htold . ____ .. Vcrr~lightold __ •. ___ , Oxi,IiZl'd. -- .. --.- __ '1 Old,unclean. ..... 

33days.. ______ ••• _____ . OXidiWd,moldY. __ •. _\" Old I '.' . .- "'-"'''.--'-- ..· .... _______ ·1.___ ._ ........._...____ . o 

~ 


35 dayL .. _... ___ •• .. _•. __.... , .. _...... , .[ Old ,Old. . . __ .. _._ .. ! Strong oxidiz~<1 •• ____ • Old, unclean, c: 
43days...___ •.•••• ___ . ·1- ..--.--- . --- ..... ,,-- ... .0 "1" do.. l .... do -- ......... :.- .•do. - •• "--''''1 Do. t" 

••• - ... 

"':3 ---------------- c: 
~ 
t'ii 

• 




17 KEEl'l.l'lG QUALl'l'Y' OF fIIULK 

TIl.blt:' 8 shows that storage had p,'actically tim same effcct on the 
Huvol' of both pasteuriz('(i milk and homogenized milk, It should lx~ 
noted, 110W('\'('I', thaI' the homogenized .milk had it tendency to dete
I'jorn.te slightly more ra.pidly than tim piLSteurized milk, especially 
wh(,11 stored at; the. highet, t('mpemtm'es, It should be not.ed also thll,t 
all oxidized fI:L\'OI' did not a.ppea.r in the hOll1ogen ized milk upon stomge 
{'ven when tlll' milk was pastelll'ized in equipmcnt ("ontaining exposed 
eop})('I", liS "'as tlw eaSe with the milk -(!.'01Il source Ii' and to :L lesser ex
b,'nt with (hat '[I'om sonrees Band D, 

Tahl(, 8 further shows tha.t when either p:lst.curized or homogenized 
III ilk is of good f1:w()r l))"iOl' to st()r:tgc, it can b(' shwed Itt uSllal StOt.':tgl\ 
tl\mperatures "'it·hout. det{'riomt.ion in fI:LVOI' for longer periods than 
al'(' usnally I'l'<]uil'l'd for market mille 

CO\II'''HISONS OF BACTEHIAL GnOWTII AND ACID I)EVELOI'MENT· 

TI':\(',Y (:J[)) has 1)I'(,S{,I1I:('(\ data showing that homogenization in
('l'{'a::-('s the bad'PI'ia) e011l1t of llIi.llc No attempt. was lIlade, however, 
to dei('l'llline tlit' l'aU' of bac:t."{,t'ial growth OL' acid developrncnt in t1l(, 
t W() III i.l ks, 

To det!'I'lIIi:u' wlll'tlwl' badt'l'ia. mult.iply fnstm' and acid develops 
lIlo!'t1 l'H.pidly ill hOlllogeniz('d milk tha.n in the corresponding pas
tcurizNlllIilk, samp!c's W(,I'(, obtained from v:triou;; SOlU'Cl'H, before and 
a 1'1,(>1' 1IolllOgl'llizatioll, and stol'ed at difl'ercnt temperatut'es, Thl' 
init.ial bacterial COUllt, aeidil·.,Y, alld pH V:dll(' were deterlllined priol' 
to plaeillg (he milks in siomgl'. After difl'l'I'('lIt. stomgc pel'iods, 
thl's(' dl't(,l'llrill:diolls \\'('I'l~ 1'l'IWaled. The I'e..<-;ults al'e. gin:'11 in table 9, 

.. il'l1fl- h:H't(Jl"ifilogi("ul \\'UI')\ WtlS dOIlr- hy ;roO I,"rank ('OI1(\t 1l::;:;Oc-l:ttP IIlJll"kf·t"rntJk, sp('eiaIiHI~ 
~ltHI tlw dH'lI1knl wor'l, hy 1I. H~ IJnlh'l\ nssi:-;(uut" dil'llIlsl~ Ph'i:,ion of M1U*k\\t . .l\Ii1k 
Jll\·\.'~{ig:at ions 

http:I'jorn.te
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Tablo 9 shows that with tlH' ('xception of the milk from source A, • 
the ini t.ia 1ba('t\'I'1H I ~'Oll nts of f1l(~ lHlIllogl'llize(/ Illi Ik. Wl'l'l'. higher than 
those of the l'orl'('spolltiing 1I1lholllogPIlized mille The difference wal'; 
quite pronounced in the Illilk from soul'ce D, TIl('s{\ diJi'cl'ClIel'S, how
('n'!', "'ere llot cOllsistentlv l'dll'ct('(1 ill the (,OUllts made after tho vari 
ous pl'l'iodH of storage, 'This ill<ii(':tit's Hl:It 1"'0111 H. hadpl'iologieal 
standpoint thpn' is 110 sigllifi('ant, dill'l'l'l'lItO b(,t \\'1'(,11 hOlllogl'lIizec1 and 
ItllhOlllog('nizNlll1ilks of good quality, 

Aftt'l' lilt' plate'S \\'('n' l'oullt('d. tlH',Y \\'el'p (lo()(h·!l wilh a O,5-p('1'('ellt 

solution of p-nlllillotiiml't.hyJallililll' ll1onohydl'oehloride to determine 

w1\('tll('l' :lll,)' oxidas('-pl'o<ill('ing ('olollies wore lH'l'Sl'nl'. PosjLi\'(' I'('ac

tions \\'l'I'(' 1'01111(1 O('('HRiollallyin t hl' ('as(' of I:mmpl('s thut had l)('e11 

stored at (t C, (:32 0 If) 1'01' IOllg p~'l'io(h; 01' t,illl(', N(~lle of the milks, 

hO\\'I'\'(·I' • .til \\'hl('h oXldaso-pI'O(/IH,:lllg buet('l'In weI'(' 'found dl.'\'l.'lop(Jd

an ()xidizl'd flan))', 

Tnbl(' !) :t1~o ill!lienil'R thai as a 1'1111' Ihl'I'{' was Ill) sig-nificant: {litrel'
('1lC'1' in th(' denolopnlollt of aeid, as showll by tifmtabll' t1eidity alld 
pH dt't(·I'minatiolls. ill the honlOgl'nizl'd nlld t/1l' ullholl1ogenizl'd miUe 
The only ('x('eptioll to Ihis rille was that :rftl'I' aeid dl'\'l'lopnl('nt started, • 
it app:n'('lItly l1e\'('lop('d 1110)'('. rapidly in fhe homogenized 111ilk than 
in the 1Il1holllOgl'niz('(1 11Iilk, This \\'HS sho\\'1l hy tlw dl'fel'minaliolls 
on tiIOSt' r-;:lmpll'S ht'ltl at til(' highe), tt'I11IWI':IfIlI'l'S, The s:ulIpll's ho.lel 
at 0° C, (;12 0 F,) ::;1\(1\\'('</ pl'adi('a 11,V 110 tlla Ilg'P ill Heidi ty l'\'l'1l thollgh 
stlll'(,d 0\'('1' lOllg l)('I'io(]s, 

C()~CLl'SIO~S 

'I'll(' dl'gl\'p to \\'hieh till' ('Iml tpl1siOIl of IlIil!, is 10\\'('I'e([ b,v homogl'ni

zlltion dl'jll'lIds pl'jlna ri Iy Oil t11(' PI'PSSIII'(' of hOllllJgl'1l izat iOll, A pl'es

sllre of :2.1:iOO pOllnds gin·s allllnst til(' Illaxillllllll I'P<llletioll obtainable, 


'\Theil III ilk is hOlllllgl'1l iZl'd IWf'OI'I' if is paRfl'lIl'ize<l, nIP h iglwl' the 

temp('I'atu!'(' of homogellizaJioll t:lIl' 10\\'1'1' Ill(' {'Ill'll tellsioll, ,\Vhell 

hOIll()gl)nization Jollows past('uJ'izalion, hOlllOgl'llizUfiol1 at. til(' pas

t('ul'izatioll tPlllp('l'atlll'!' (':lIIS(,S a slightly highu' curti ({,Ilsion than 

hOlllog('lIizat'ioll at !:t'IlI)H'I'aflll'('S t'ifiH'I'lwlow or ubo\'e til(' pas(l'uI'izillg 

t ('111 \)('1';1.1111'(', 

'1'1('1'(' is 110 :Ich';llltng'p fl'Ol1l a ('ul'!l-tpllsion standpoillt ill IIsing II 

{,\\,O-Rt:tl.!;t' hOIIIOI.!;!'niz(>I' illstl'ad of a >oilll.!;l('-stal.!;(· Ill:l('hill~', 
l\S Hip blltll'l:fnl ('olltpnt of milk is IIll'I'l':tS'(\(l, til(' ('111'(1 [Pllsioll is 

1()\\'l'I'l'(L th(' I'('duct ion Iwi Ill!' 1I11l('h I.!; I'('a ('I' \\'i th hOIlIOI.!;t'1l iz{'(/ III ilk 
thall with IIllholllOgPllizl'(/ nlilk, ' , 

'Vlll'1l hOlllol.!;{'lliz(,(] solf-<'lInl milk is IIlix('(1 ",ith IIl1hnmOI.!;!'llizl,d 
Illilk ill any propol't ion, t h(' t'lIl'd t(,IlSiOIl of tilt' miX/III'(' is only slightly 
10\\'('1' than (]1{' tll('o)'{'fi,,:d a\'('I':tg't' ('unl il'll:-:ioll 1'01' Ihnt particular
('ombiuat ion 0-/' (hl' two milks, 

The ClIl'd t\'llsiol\ of Ilolllol.!;Plliz('(l and lInllOlIlogt'lliz{'d milk iR Ilot 
IJlatel'ia II,\' :d1'P('il'd by pa I'tia i fl'pezillg, 

By dig-('R/ioll in \'ill'o. :wC'ol'(lillg 10 till' PI'O('('(/IlI'P PlIlplo,\'('d ill this 
illvestigation. th(' nd'(1 of pl'ot('()I,\'sisi~ VI'l'y similal' 1'01' boill'd milk 
lind 1'01' hOlllo!!l'niz('(1 mille Pro(:eolysis tak('s pla('(' nlllt'h 1110l'e rap
idly ill eitlH'I' hoil('(lllIilk 01' hOIlH)g('llizNllllilk thall ill raw mille The 
amollnt of pl'Otpolysi::; thai has talwlI pla('(' is pl'adil'all,v (]w S:lIlW for 
:111 Ih1'(,(' ;nilks a I't(')" "1 OJ' 5 hOlII'~, This ill<iicatt's that boiled milk 
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and 	homogenized milk arc 1I10re readily but Hot more completely
di,!.,T('sted than raw milk. 

Homogenized rnilk forms smaller clIl'ds than unilolilogenized milk 
in the pl'esl.'n('(' of artificial gasfTic juice in an anjficial stomach, Tho 
slI1aller curcis af[onl a greater slIL'fHec area 1'01' contact with digestive 
juices, \Vir ich would Sl'('1ll to Illake tilt' hOIIlOgl'lIiJ'.(·d Illi lk 1I10rt' rcadily 
digcsted than the ullhomogenized I1lilk. 

HOl1logpnizat:ion retards or inbibits til(' dp\'plopnwnt of coppel'
induced oxidized flavor in mille This is true whell the copper con
tamillation o(,('lIrs eil:hel' befol'e 01' after hOlllogenizatioll. The degree 
to \\"bieh homogellization \\"ill inhibit- OJ' I'pta["(1 the dp\'e.!oplllent of an 
oxidized flavor in copPcl'-eonhllninated mille and til(> susceptibility of 
hOlllogpni7.ecl milk t-o copper-induced (lxicliz(,(1 fla\'o1': depend on'the 
susceptibility of the Inilk bel'oro homogeniJ'.ation, It requires the 
additIon of appl'oximately 10 times aH Illllch COPPPI' to pl"odll(,(> an 
oxidi7.eCl flavor ill hOIlIOgl'lIizcci milk liS iH I'l'quin'd to pl'odllc(' a similar 
fhl\'OI' ill (-ill' salllelllilk 1)t'l'OJ'P hOlllogpnizatioll, 

HOlllog('1I iz(,(J III ilk is nHleil 1Il00'P sllst'('pl ibll' to I'Ill' adion of Hlllllight: 
than lIl(' ('OITl'spolHling IInllOlllogt'lIizpd Illilk. Homogellized milk re
qtlin's appl'oxilllatl'ly half as IOllg an l'XpOSlIl'(' to sunlight as Ull

hOlllOgPlliz('d milk to PI'O<!II('l' a slllllight-indlw(·<! oxiciiz('d f1:1\'or. 
TIll' fln\"()I' {,h:tlll.!.'t·s ill ilolllogl'lIiz('d IIdlk (lul'illg stOl'ag(' al'l' similar 

to til()s(> .ill pas('lll'izpd IllllloIIIOg('lIiz('d milk. 1:-J'()II1:t' (la\'OI' stand
point tl\(' (\\'(\ IIlilks :lr{' l'qll:t1 ill k('pping qualify ",ilPI! stol'(~d at low 
t('m pel'a tlll'(,H. 

From a baC'fI'I'iulogi('al standpoillt'. as dl't('l'IllilH'd b,v plale COllnt, 
fhpl'p is no sigllifi('a I1f" d i 11'(')"('1\('(' bPI. \\'(,('11 ilOIlH)gl'1l iZ('d a Ild till homo
gt'niz('(1 111 ill\. 
, Th(·I'(, is 110 sir!:nifil'allt difl'('I'('II(:P ill til(> dl',-ploPIIJ('llt of :teid, as 
shoWII by titl':ti aill 0 Hcidity and pll d('t('I'millntiolls, ill hOlllogl'llizect 
alld IIl1honlO/!l'nizl'd llliIlc 
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